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Y ,nK 621.039.553 

OCOEEHHOCTH PAEOTl>I HMIIYJThCHOro PEAKTOPA HrPHK B KBA3HHMIIYJThCHOM 
H JJ,BYXHMITYJibCHOM PE)KHMAX 

B. B. An.npeeu, M. IO. Emrnoe, A. B. Ke.npos, E. r. JleuaKos 

Pct>5IU-BHHHTcD, 456770, r. CHe)l<HHCK l.Je.m16HHCKOH 0611. 

CTp11eeJ1eHbl peJyJihT3Tbl HCC/leJIOB3HHii pa6oTbl peaKTopa 11rPl1K B 11eTp3.llHUllOHHblX JUUi HMllYJibCHblX peaKTOpOB pC)KHM3X pa60Tl,J - J1Byx­

mmy111>CHOM H KBaJltHMnynhCHOM, npe.llJIO:t.CHl,J cnoco6bl nOBblWCHHJI 3KCnnyaTaUHOHHblX BOlMO:t.HOCTeH peaKTOpa B yK333HHblX pe:t.HMax pa60Tbl. 

BBEJlEHHE 

B TeYeHHe 30 JJeT 3KcnnyarnuHH peaKrnp l1fPl1K 

JapeKOMeH,llOBaJJ ce6.11 KaJ< MOWHblH HMnyJJhCHblH HCTOY­

HHK HeihpOHHOro H faMMa-HJJJYYCHH.11, llOJBOJI.SIIOlilHH 

sapb1tpoBaTb napaMeTpbl HMnyJJbCa .ueneHHii B WHpOKOM 

.UHanaJ0He [ 1,2). 11MnyJJbCHblH pe)lmM peaKTOpa l1rPl1K 
,UOCTaT0YH0 xopowo OTpa6oTaH II npHHUHITHaJJbH0 Hl1-

•1eM He OTJJHYaeTC.11 OT pe)l(HMa pa60Tbl APYrHX HCCJJe.uo­

RaTeJlbCKHX peaKT0p0B no.uo6Horo JUlacca. PMHaUHOH­

Hble xapaKTepttCTHKH peaKTopa KfPHK (q,J110eHc tteH­

TpoHos ~ 1,5 . 1015 
Heihp./cM

2
, ,UOJa raMMa-KRaJITOB 

~ I ,4 . 106 
pall, np0.U0Jl)l(HTeJJbH0CTb BOJ,UeiiCTBHSI HJJJy­

YeHIUI 2-100 MC), peanttJyeMhle 8 3T0M pe)l(HMe, ITOJR0-

Jl.lllOT pewaTb WHpOKHH cneKTP Janay HCCJJe,U0BaHH.11 pa­

,UHaUHOHHOro BOJ!{CHCTBHSI Ha o6paJUbl. O.uHaKO cywecT­

syeT p.11.!l JaD.aY, nocrnH0BKa KOT0pbtX TPe6yeT OTPa6oTKH 

s HeTpallHUH0HHblX Jl)l.11 HMITYJJbCII0.-0 peaKTOpa pelKHMax : 

- .UBYXHMITYJJbCH0M, s K0T0p0M reHepHpy,oTCSI !{Ba 

nocJJe.uosaTeJlbHblX HMITYJJbCa .ue.neHHH C ,UJlHTeJJbH0CTblO 

Ha IT0JJYSblCOTe OT 3 .uo I 00 MC H 11 HTepsanOM MeJKAy 

liHMH OT 0,7 .uo IO C. 

- KsaJHHMITYJJbCH0M, K0TOpblii xapaKTepttJyeTC.11 0T­

HOClffeJlbllO He60JlbWHM BblXOA0M HCHTPOHHOro H raMMa­

lflJJyYeHH.11 H ,UJlHTent,HOCTblO BOJneiiCTBHSI OT 0.1 .uo .ue­

CSITKOS ceKyHn. KsaJHHMllYJlbCbl MOryr 6h1Tb 0,UIIOKpaT­

l·lblMH H TIOBTOp.lllOlilHMHCSI, B TOM YHCJle B nape C o6hl4-

IILLM HMITYJJbC0M. 

B .uaHHOM coo6weHHl1 paCCMaTPHSaJOTC.11 3KCnJJyarn­

UHOHHble SOJMOJKHOCTH peaKTopa J,ffPHK s yKaJaHHhl)( 

peJKHMa)( pa60Tbl [3). 

3 

JlBYXIIMIIYn:LCHLJH PE)KHM PA60Thl 
PEAKTOP A HrPHK 

Bee cywecTBylOWHe pacrnopHble HMITYJJbCHble peaK­

TOpbl pa60TalOT s pe)f(HMe reHepHposaHH_SI 0.UHOKpaTHblX 

HMrlYJJbCOS ne.neHHH, O,!lHaKo .!lJlSI HeKOTOpblX HCCJJe,UoRa­

HHH Heo6XO.UHMblM CTaHOSHTC.11 peJKHM noJJyYeHH.11 .usyx 

nocne.o.osaTeJJbHblX HMITYJJbCOB C HHTepsaJJ0M speMeHH 

MeJK.uy HHMH Mettee le. 
Ha peaKTope l1fP11K ,UJl.11 6blCTporo sso.ua peaKTHS­

HOCTH HMelOTCSI YeTblpe nornoll(alOll(HX HMllYJlbCHblX 

CTep)f(HSI (11C) c HeJaSHCHMblMH nHeSMaTH•leCKHMH npH­

so.uaMH. B o6bl'IHOM HMllYJJbCH0M pelKHMe see 11C nepe­

MelUa!OTC.SI CHHXp0HHO, YT0 06ecne'l1rnaeT peaJJHJaitHIO 

11MBYJJbCa C HOMHHaJJbHblMH napaMeTpa11,111. Jln.11 pean11Ja­

UHH pelKHMa napHblX HMllYJlbCOS npenycMOTpetta S03-

M0lKHOCTh He3aSHCHMOro nepeMeweHHSI Ka)f(,!loro 11C OT 

nporpaMMHOro yCTpoiicrna - 6JlOKa BpeMCHHblX KOMatm 

(EBK), KOTOpbtH o6ecneYHsaeT tte3as11c11MbtH SblS0JJ. 

CTeplKHeH HJ aKTHSHOH 30Hbl (A3) H HX c6poc n~ Ja)laH­

HOH nporpaMMe s HHTepsane OT O ll0 99 C. MHHHMaJJb­

Hl,IH HHTepsan Me)f(Ay KOMatt.[laMH EBK - O,J c. 

3cpq,eKTHSHOCTb ( "sec") YeTbtpex 11C s HeS03MY­

weHHOM peaKTOpe COCTaBJlSleT 5 p3<j,, H npH SblSO,!le H3 

A3 Rcex l1C sec Ka)f(,!loro l1C cocrnBJ1}teT ~ 1,25 p"". 
OimaKO npH npOH3B0JJ.CTSe napHblX HMITYJlbCOB Bee 11C 

npH reHepauHH STOporo HMllYJlbCa HJMeH.SleTC.SI B 3aBHCH­

MOCTH OT cnoco6a peaJJHJau1111 nepsoro HMllYJlbCa If HH­

Tepsana Me)l(Jly HHMH. flepBblii HMllYJJbC C 3a.uamtblM 

3HeprosbUJ,eJJeHHeM B03MOlKHO peanHJOSaTh, SblBO.IUI H3 

A3 omrn. nsa J,\JIH TPH l1C, npH 3T0M speM_.11 sbrno.ua KaK 



o.u1-1oro, rnK II rpynm,I 11C cocTaBJJllCT ~ 0, I c. l11111u1rn­

posa1111e HMnym,ca ocyu1ecTBJJlleTCll Ja C'ICT 1-1ei-hpo1-1os 

co6cn.1e1111oro cpona. KaK HJsecTHO. s pacrnopHbJX MM­

nyJ1bCllhlX peaKTOpax cpopMHposaHHC HMnyJlbCa npOHC­

XOJlHT Ja C'-lCT BHYTPCIIIIHX MCXUlll13MOB caMornweHHll, 

KOTOpblC B OCJJOBIIOM C8513aHbl l' paJo rpeBOM TOnJHIBHOro 

pacrnopa H 06pa3osa11HeM B IICM nyJblpbKOB pauHOJJHTH­

'-lCCKOro ra3a. 8 peJyJlbTaTe 3THX 1Ipoueccos B03HHKaCT 

3JJa'-lHTCJlbHOe 111-1epUHaJlbl-10e ,uaBJ1e1me, npHBOJllllllee K 

pa311eTy TOnJJHBHOro pacrnopa H nepesony peaKrnpa s 

no,uKpHTH'ICCKOC COCTOllllHC. KaK llOKa3aJIH 3KcnepHMCJ-I­

TaJlbllblC HCCJlC.UOBaHHSI, peaJJH30BaTb BTOpoi-i HMnyJJbC B 

HHTepsa.ne 0-0,7 c nocne nepsoro HMnynbca Ha peaKTope 

11rPl1K HCB03MOJKHO. 8 TC'-lCJ-lliC 3TOro speMeHH CHCTeMa 

B03BpaLUaeTCSI B COCTOSIJIHe. 6JJH3KOC K KpHTH'-lHOCTH 11a 

3ana3)1bJBal0lllHX 1-1eihp0Hax. TTpu 3TOM pa3JlCTCBWallCll 

A3 B03BpaUJ.aCTCSI K nepsoHa'-laJJbHOH KOHcpHrypaUHH, 

'-laCTb panHOJIHTH'-lCCKOro ra3a BblXOJlHT H3 pacrnopa H 

co611paeTcsi s cso60JlHOM 061,eMe 1-1an pacrnopoM. Ton­

JlHBHbJH paCTBOp nepeMCWHBaCTCSI, ero MaKCMMaJlbHall 

TCMnepaTypa rJOHHJKaeTCll H Bb1pas111-1saeTCll no 061>eMy. 

EcJJH no OKOH'-lUHHH 3TOro npOMCJKYTKa speMCIIH BblBCC­

TH HJ A3 BTOpylO rpynny 11C (H3 OCTUBWHXCll B 30He) H 

o6ecne'-lHTb Heo6xo.1mMyJO CKOpOCTb HX JlBHJKCHHSI, TO 

6yneT BBC)lCHa H36blT04Hall peaKTHBHOCTb ( 1-2,5 ~a<j>) . 

EcTeCTBCHHO, '-lTO llOCJle npOHJBO)lCTBa nepsoro HMnyJTb­

ca neneHHH nepsasi rpynna 11C He B03spall.laeTCll s A3 11 

TOllJlHBO H3 KOpnyca He cmrnaeTCSI. TTapaMeTpbl no11y­

'-lCHHOfO BTOporo HMllYJlbCa 6ynYT HCCKOJlbKO OTJlH'-laTbCSI 

OT napa~1CTpOB o6bl'II-IOro HMnyJlbca, nony'ICIIHOro npH 

BblBO)le aHaJJOrH'IHOH rpymlbl CTeplKHCH. Omt JaBHCllT OT 

CTeneHH 3asepweHHSI scex npouecCOB B A3, npHBO)lllll.l,HX 

K pocTy peaKTHBIIOCTH, T. e . OT speMCI-IH MCJKJly HMIIYJlb­

caMH. KpoMe Toro, BCJIH'-lHHa K03cpcpHUHCHTa rawel-HISI 

peaKTHBHOCTH BO BTOpOM HMnyllhCe JaBHCHT OT 11aBJ1emtll 

panHOJIHTH'ICCKOro ra3a Han 3CpKaJJOM TOnJlHBHOfO pac­

TBOpa. HaCblll.l,CHHOCTH TOnmrna panHOJTHTH'-lCCKHM ra30M 

H TCMnepaTyp1,I Tonmrna noc11e nepsoro HMny111,ca. 

TTpH. HCCJlC)lOBaHHH peJKHMa napHblX HMITYJlbCOB Ha 

peaKTope 11fPl1K npoaeneHbJ 3Kcnep11MeJ1Tbl .1wsi nsyx 

sapHaHTOB: 

- Ha peaKTope 6blJIO ycTaJIOBJICHO '-lCTblpe 11C, 11 

BBOJl peaKTHBHOCTH ocymecTBJISIJICll no CXCMaM: I 11C + 

3l1C; 211C + 2l1C; 2l1C + I 11C; 

- 11a peaKTOpe 61,1110 ycrnHOBJICHO JISI rb 11C, II BBOJl 

peaKTliBJIOCTH ocyweCTBJlllJlCll no cxeMe 211C + 311C. 

l111Tepsan speMCHH MClK.UY crnpTOM Ka)J().lOi-i rpynllbl 

11C 3a,uasaJJCSI paBHblM 0,9 c. TTpH npOBCJICIIHH nycKOB 

OCYlllCCTBJlSIJIUCb perHCTpaUHll n-y-u~myJJbCa C IIOMOUlblO 

llCJIHTCJlbllblX Heihpott11b1x KaMep n111a KHK-15. BeJ111-

'lI11-Ia :mepros1,Ine; 1eHHll per11cTp1-1posa11acb no UJTaTHbJM 

MCTO)lHKaM, HCrJOJlb3YCMblM Ha peaKTope. B rn6111-1ue np~t­

senellbl xapW<TepHCTHKH noJly'ICIIHbJX THOH'IHblX HMIIYJlb­

COB ne11e1rni-i JlJISI PaJJIHYHblX KOM61rnau11i-i rpynn 11.C. 

Oco6e11110CTblO peaml3aUJm napllbJX HMIIYJlbCOB llB­

JISICTCSI TOT c:paKT, 'ITO lt/lSI nony'-leHHll 1noporo H~lllYJlbCa 

c Tpe6yeMblMH napaMeTpa~llt 1-1eo6XOJ.J.HMO KOMneHCHpo­

saTb .uonommTCJlbHYIO OTpHuaTCJlbHYIO peaKTHBHOCTh, 

B03Hl1KalOW.YIO 3a c•JeT ynoMSIIIYTblX BbJWe npoueccos, 

npmtCXOJlSIIUHX B A3 npH raweJIHH nepsoro l1Mny11 bca. 

3TO MOJKHO npOCJICJlHTb Ha npHMepe pean1-13auirn napHblX 

11MnyJlbCOB no cxeMe 2l1C + 3l1C. BBCJlCIIHall peaKTHB­

IIOCTb B nepBOM HMnyJlbce COCTa8JlSIJl8 2,4~3<p• 3HeproBbl­

JlCJleJIHe 27. 7 M.U)K, no11yw11pIrna 5, I MC. Bo srnpoM 

liMIIYJlbCC COOTBCTCTBCHHO sse.ue1111asi peaKTHBHOCTb co­

CTaBHJla 3,6~a<j>, :rneproBb(JlCJICHHC 20,0 M,UJK, no11yw1-1-

p1-1I-Ia 5,7 MC. 113 cpaBJICHHSI napaMeTpOB ltMllYJlbl;QS BH)l­

HO, '-lTO 3HeproBblJlCJICHIIC BO BTOpOM HMHYJlbCC JH!JKe, 

XOTll BeJlH'IHJla BBCJlCHIIOli peaKTHBHOCTI{ 6hllla 60111,we 

Ha 1.2~3<p- .[laHHOe o6CTOSITCJlbCTBO 061>S1Clll1CTCSI TCM, '-lTO 

npH J-laJlH'IHH B CHCTCMC "MOUJ.HOro" 8Hy-rpet111ero HCTO'-l­

lrnKa 1-1ei-iTpo1ms (S/ >> I) .llflll re11epaum1 BTOporo HM­

ny11bca, BO-nepBblX. He xsarneT CKOpOCTll BBOJ]a peaK­

THBJIOCTH (40 Pie), sO-BTOpblX. Ko::>cpcp11u11e1-tT rawemrn 

60JlbWC, 'ICM npH cpop1,.rnposa1-11-111 nepsoro HMllYJlbCa, B­

TPCTbHX. CTapTosoe COCTOllJIHC peaKTOpa no peaKTHBHO­

CTH HHlKC HKC. 

C11e11yeT OTMCTHTb, '-lTO np1-1 pa6oTe l1C no 

cxeMe 2l1C + I HC s nepsoM m,my111,ce ocyUJ.eCTBJlllCTCSI 

BBOLl peaKTHBHOCTl1 BblWC MrHOBCHHOii Kp11TH'IHOCT11 H 

pea!IH3YCTC51 o6bl'-ll·lblH HMllYJlbC JlCJICIIHII, BO BTOpOM -

BblWC 3ariaJ.Ub1BaJOUJ,CH KpHTHLIHQCTH, lJTO npHBO,l.ll1T K 

peamtJaU~IH KBa3HHMny11bca. THflH'-lHllil cpopMa HMnyllbCOB 

npH pa6oTe peaKTOpa B 3TOM peJKl{MC npe)lCTaBJ1e1-1a 11a 

pHC. I. 

Oc1-1osHb1e napaMeTpbl napHblX 1tMny11bcos Ha peaKTope HrPHK 

CxcMa .r1011:1<c1-1IIsi 11C 111C+311C 211C+211C 2HC+3HC 211C+ll1C 

(KBaJHHMnyllbC) 

06wee 3HeproBhJJlCJ1CHIIC, M,U:1< 34,4 44,9 48,0 24,5 

31-1eprOBbUlCJ1em1e B 1-M 11MIIYJlbCC, M.UlK 5,0 28.3 27,7 18.5 

3HeproBblllCJ1CJJJ1C BO 2-M IIMny.fJbCC, M,UlK 29.4 16.6 20.3 5.8 

no.1yw11p1rna 1-ro I1\lllYJJbca, MC 85,0 5,0 5,1 6.8 

nonyw11p1111a 2-ro 1I,rnym,ca, MC 4.8 6,4 5.7 60- 500 

Bpe~u, MelK.Qy 11Mnym,caMII, MC 910 960 955 > 1500 
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rpy1111 3UH83llb1B810lUHX 1-1ei-iTpOHOB; C;(t) - K0HUeHTpa­

UHSI npenwecrneHHHK0B 1a11a31Ib1Bal0lUHX 1-1ei-iTpOHOB i-i-i 

rpynrn,1 ; n(t) - 11eihpo1-1HblH noTOK B peaKTope; k(t) - K0-

3cpq>HUHe1n pa3MH0JKemrn 1-1ei-iTpOHOB C yYeT0M raweHHSI. 

1,0 

PHc. 1. <l>opMa napHblX HMnynbCOll, nepBblH HMnyJTbC 0,2 + ----1----1---+---+---+----JT---j 
Ha MnlOBeHHblX HeilTpoHax, BTOpOH - Ha 3an8Jllb1D8IOWHX 

KBA3HH.MTIYJibCHhtli PE)KHM PAEOTbl 
PEAKTOPA HTPUK 

Cnoco6 npOH3B0JlCTBa KBa3HHMrlYJJbCOB Ha JanaJJlbl­

BalOll.(HX Heihpottax BO MHOfOM r!OXO)I( Ha cnoco6 npOHJ­

B0.!lCTBa HMnyJJbCOB Ha MrHOBeHHblX HeHTpOHax (3). 
11MelOTCSI ,nea OTJlH'lHJI, OllHO HJ KOTOpblX CBSl3aHO C ee­

JIH'IHH0H BB0JlHM0H peaKTHBH0CTH, a Jlpyroe - co cnoco-

6oM JarnyweHHSI peaKTopa n0CJJe Kll83HHMHYJJbCa. Oc­

H0BH8jl oco6eHHOCTb KBa3HHM0YJJbCH0ro pe)l(HMa JaKJJIO­

'!aeTCSI B TOM, 'ITO peaKTOp npH reHepamrn KBaJJiHMrlYJlb­

ca nepeBOJlHTCSI B CTapTOBOe COCT0SIHHe HH)l(e MrH0BeH­

HOH KpHTH'lH0CTH H 1103T0MY B cpopMHpOBaHHH KB83HHM­

nyJJhCa yqaCTBYIOT 3ana3Jlblll310ll.(He uei-iTpOHbl. Ha pHC. 2 
(KpHB8jl I) n0Ka3alla cpopMa KB83HHMllYJJbCa, noJJy'leHHO­

ro Ha peaKTope 11fPI1K. nocJJe JlOCTH)l(eHHJI crnprneoi-i 

peaKTHBHOCTH KBa3HHMrIYJJbC 11HHUHHpyeTC51 Hei-iTpOHaMH 

BHYTpeHHero HCTO'IHHKa, MOIUI-IOCTb peaKTopa HapacrneT 

no 3KCnoHel-!Te (npH'leM nepHOll pa3roHa CBSl381-1 C peaK­

THBH0CTblO COOTI-IOWeHHeM "o6paTHblX Yacoe"). fawe1-1He 

peaKTHBHOCTH Ha nepeJlHeM cppOHTe KBU3HHM0YJJbC8 o6y­

CJlORlleH0 B OCH0BI-IOM TepMH'leCKHM pacwHpeHHeM T0ll­

JIHBHOro pacrnopa. '.:ho 00JlTBCp)l(JlaeTCSI pac•1eTHblM MO­

JleJJHpORaHHeM: KpHB8.51 2 Ha p11c. 2 51R/151CTC51 peweHHeM 

CHCTeMbl ypaettel-lHH (I) C yqeT0M rawel·IHSI peaKTl1BH0-

CTl1 3a C'leT TellJl0B0ro pacwHpeHl1SI TOnJJHBa: 

l 1i(t) = [k(t)(I- P)-1]11(1)+ z)-; C;(t); 

C(t) = k(t) P;n(t) - A;C;(t); 

11(0) = 110; 

C;(O) = C;O; 

k(O) = kO; 

i = 1, .. . ,6. 

( I ) 

0,0 0,5 1,0 1,5 2,0 2,5 C 

Puc. 2. 3KcnepHMeHTaJlbHal! (I) u paC'lCTHal! (2) 

cjlopMbt KB83HHMllYJJbca Ha peaKTope HTPHK 

Ha pHCYHKe BHJll-10 y,noruteTBOpHTeJlbH0e COBnalleHHe 

3KcnepHMeHTaJJbH0ro H pacYeTttoro nose,ll.e1-111S1 peaKT0pa 

B nepeoi-i noJT0BHHe K0JI0KOJJa K883HHMTTYJJbCa. Bo BT0-

poi-i noJJ0BliHe K0JIOK0Jla KBa3HH~mym,ca 1-ia6J1101IaeTCSI 

SIBIIOe 11ecoOTBeTCTBHe pac'leTHOm H ::>KcnepHMel-!TaJJbl-10-

ro noeen,el-!J,ljl peaKT0pa. 3TO llOK83blllaeT, 'ITO K03cpq1H­

m1e11T rawemtsi peaKTHBI-I0CTH B Te'le1-rne KBa3HHM0YJJbCa 

He SIBJrneTCSI TTOCT0SIH'.I-I0H BeJJH'IHI-IOH. nepeMCl-!HblH K0-

3q><pHUHel-!T raweHHSI 06yrnorute1-1 R/1HSllll1eM Hl-lblX qJH3H­

'leCKHX npoueccos B rnnmJBH0M pacrnope peaKTopa npH 

re1-1epamrn KB83HHMTTYJlbCa llJTHTeJJbH0CTblO J C B 0TJlH'IHe 

OT npoueccoe npH re1-1epau11H 06b1Y1-1oro HMny11bca llJTH­

TeJJbH0CTbJO 3 MC. B KBa311HMTTYJJbCH0M pelKHMe HHepuH­

aJJbH0ro Jl8R/lel-!HSI B T0rIJIHBI-IOM pacrnope HeT, TT03TOMY 

B npouecce 1-1a6opa 3HeproBbl,UeJJeHHSI B03HHKaeT MOMeHT, 

Koma K01-1ue1npaUHSI PallHOJlllTH'leCK0ro raJa B TOTTJIHB­

H0M pacrnope npeebtwaeT nopor pacTBopHMOCTH raJa 

npH JlaHHOM Jl8R/lel-!HH. 8 pe3yJJbTaTe 1-1a•rnHaeTCSI npo­

uecc HIITet-lCHBH0ro BblJleJJeHHSI pa,nHOJIHTH'lecx:oro ra:rn 

HJ pacrnopa B BH)le ny3blpbKOB, npHBOllSIIUHH K ra30B0MY 

"pacnyxa1-1H10'' A3 H, Kai( CJtellCTBHe, K pe3KOMY yseJJH­

'lel·IHIO KO::lq>qJHUHel-!"ra raweHHSI peaKTIIBI-I0CTH. 3TOT 

npouecc II0CHT noporoBblH xapaKTep H 38BHCHT OT 3Hep­

fOBblJleJleHH51 ('IHCJla ,neJJetrni-i) B A3 peaKT0pa, a TaKlKe 

OT npeJleJJa pacrno pHMOCTH ra3a B T0nJIHBH0M pacTBope 

11a MOMet-lT lla'laJJa KBaJHliMnym,ca. noc11e TTOJlCT81-!0llKH 

B MaTeMaTH'leCKYIO ~IOJleJJb peaKTopa ::>KC11ep11MeHTaJJbll0 

onpeJleJJeHIIOH 38BIICHMOCTH K03cpq>HUHeHrn raweHHSI 

peaKTliBHOCTH OT 311eproRbl1leJ1eH1rn G(E) pac yen-13.51 KpH-

r,ne f - epeMSI JKH31·1H 1-1ei-hpOIIOB (llJTSI peaKT0pa J-trPl1K 88.51 MOlUl-lOCTl1 peaKTopa YJ10BJ1eTB0pHTeJ11,HO C0BOaJJa 

f = 22 MKc); A;P, - 061llenpH1-1S1Tbte napaMeTpbl wecrn c 3Kc11ep11Me1naJJbllOH no eceii JlJ11-1Tem,11ocTH KBaJ1mM-
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nynbca, '!TO nO.D,TBep)l()laeT pHC. 3. TTpH 3TOM K03<f,<f)HUH­

eHT pa3MHO)l(CHHSI Hei-iTpOHOB B CHCTeMe ypaBHCHHH (I) 

npCJlCTa8JlSICTC51 II BH)le: 

k(t) = kCTBPT - G(£)11(t) dt . 

A/Ao 
1,0 r-------.--,--;::-,.--;,--,----,---.---, 

•• 2 
0.8 ~---+---11---+----"<-+---+---+----I 

0.0 

0.0 0.5 1.0 1.5 2.0 2.5 J.O C 

PHC. 3. Peam,Hrui (I) H pac'!eTHaJI (2) QJOpMhl KBa3HHMnyJlhCa 

Pa6oTa peaKTOpa s KBaJHHMnyJlhCHOM pC)l(HMe xa­

paKTCpHJyeTCSI npe)l(Jle scero .ll,)lHTeJlbHOCTblO m,mynbca 

.D,CJlCHHH Ha nOJI0BHHe BblC0Tbl s .D,HanaJ0IIC 0,1-10,0 C, 

'!TO o6ecne'IHBaeTCSI CTapT0BblM COCTOSIHHCM peaKTopa 

1-!H)l(C MrHOBCHH0H KpHTH'IH0CTH H cpopMHpOBaHHCM HM­

nynbca .ae.nel·IH ii Ha 3anaJ.D,bl83IOLUHX I-ICHTp0Hax. TTp11 

3TOM 3Hepr0BbUlCJICHHC B peaJIH3YCM0M HMnyJTbCC npH 

o6bl'IHblX ycIIOBHSIX He npCBhlWaeT 6 MJJ,)I(, a Q)IIIOCHC 

HCHTpOHOB B KaHane C0CTa.B.JlSleT 8,5 . 1013 
HCHTp./c~/. 

YBCJlH'ICHHC CTapTOBOH peaKTHBHOCTH npHB0JlHT K yse­

JlH'ICHHI0 3HeproBb(J],CJICHH.SI, HO np11 3T0M CHCTCMa xa­

paKTCpH3YCTCSI nepexonoM Yepe3 C0CT0SIHHC KpHTH'IH0-

CTH Ha MrHOBCI-IHblX HCHTpo1-1ax H re11epauHeH HMflYJlbCa 

C JlJIHTCJlbHOCTblO Ha nonyBblC0TC 2,0- I 00,0 MC. J103TOMY 

yBeJIH'll183Tb CTapT0BYIO peaKTliBH0CTb IICJlb3SI. '-1To6bl 

o6ecne'!HTb YBCIIH'ICHHC .D,03bl pa.D.HaUH0HH0ro 803.D,etiCT­

BHSI Ha o6pa3Ubl, HCOOXO.D,HMO Y.D.Cp)l(aTh MOLUH0CTb peax­

TOpa Ha MaKCHMaJlbH0M ypOBHe, ysemt'IHBaSI JlJIHTCJlb­

H0CTb KBa3HHMilYilbCa. 3To MO.lKHO ocyLUeCTBHTh, CCJIH 

o6ecne'IHTb KOMnCHC3UHIO noTepH peaKTHBHOCTH 3a C'ICT 

raweHH51 nOBTOpHblM 880.D,OM peaKTHBHOCTH B npouecce 

cpopM11posa1-1HS1 HMnynbca .D.CIICHHH. Ha peaKTope HrPHK 

nOBT0pHblH BB0.D, peaKTHBHOl.:TH B03M0)1(H0 peamnosan, 

JlBYMSI cnoco6a~rn: 

- nyreM HJBJ1e<1CHHSI WTaTHOH KOIIBeprnpy10LUCH 

BCTaBKH, conepJKalUCii norn0TIHCJlb HCHTp0HOB, HJ UCII­

TpailbH0ro KallaJla peaKT0pa; 

- C n0M0LUbl0 H3BJIC<iCHHll HMIIYJlbCHblX CTCplKHCH 

H3 A3 peaKT0pa. 

OCI-IOBHblM Tpe6osaimeM llpH n0BT0pHOM BBOllC pe­

aJCTHBH0CTH 5111JlSICTC51 yneplt<aHHC CHCTCMbl HHlKC MrH0-

BCHHOH KpHTH'IH0CTH. 3TOMY Tpe6osaHHIO y.D.0B.JlCTBOpSICT 

BB0}l peaKTHBH0CTH C n0M0LUbtO K0HBCpTHPYIOLUCH BCTaB­

KH (CKOpOCTb BB0.D,a C0CT3BJl51CT 0,4 p* le). ,IJ.ri51 nporno-
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3Hp0B3HIUI II0BCJlCHHSI peaKT0pa np11 BBCllCHIIH }l0ll0JlllH­

TCJlbll0H peaKTHBH0Cnt KOHBepTHpyt0LUdi BCTaBKOH npo­

BCllCH pac'!CT nporpaMMOH M0JlCIIHp0B3Hl151 C Y'ICTOM ne­

peMCHH0ro K03Q)Q)HUHCIITa rawe11Hll peaKTHBHOCTH, a 

T3KlKC Bbl'IHCJICH OIITHMaJlbl-lbl~i M0MCI-IT Ha'!aJla BB0}la 

peaKTHBI-IOCTli. PaC'ICT n oKaJaJI, '!TO npH BBOllC peaKTHB­

HOCTH 0,2 p* s MO.MCI-IT MaKCHMyMa KBaJHHMCIYJlhCa pea­

JIHJYCTCSI HMnyJlbC C cpopMOH, 6mt3KOii K Tpeyr0JlhllO~i. H 

31-1eproBbUlCJICI-IHCM 6011ee 9 M,il)I(. CMeLUClll1C n0BT0pH0-

ro BBOlla peaKTHBI-I0CTH BO BpCMCI-IH npHB0llHT K YMCl-lh­

we11HIO BKJla,ua B o6w.ee 3HeproBbUleJICIIHC OT BTOporo 

HM0YJlhCa. PeaJlblfhlC KBa3HHMCIYJlbCbl, nony'lel-lHhlC Ha 

peaKTope 11fPl1K B xone Hccne11osa1-111il, non.TBep111-1n11 

npaBHJlbH0CTb paC'ICTHOH M0.Ut!HH peaKTopa. Ha pHC. 4 
npencTaBJ1eHa cpopMa KBaJHHMnynbca, nony'leH1-1oro c 11c­

noJ1bJ0BaHHCM Jl0110JlHHTCJIMIOro BB0}la peaKTHBH0CTH 

K0IIBepTHpytOw.eH BCT3BK0H. n o pe3yJlbT3TaM 3KcnepH­

MCHT0B M0)l(H0 cn.enaTb BblB0ll. '!TO ll0BTOpl-lblH BB0.U peaK­
THBI-I0CTH K0I-IBCpTHpY10LUd! BCT3BKOH 1103B0J151C'r Il0}ll-lSITb 

3HeproBbUICJletme B KBa3HHMnyilbCC B cpen.1-1eM Ha 10%. 

A/Ao 

0,00 0,50 1.00 1.50 2,00 C 

P11c. 4. <t>opMa KBa3111iMUYilbCa C .non0JIHIITeJlbllblM BB0.U0M 

peaKntBH0CTH K0HBeprnpyioweii BCTaBKOil 

CYlUCCTByeT npyrasi B0JM0JKH0CTb Il08TOp110rO BB0.D,a 

peaKTHBI-I0CTH. KaK HJBCCTIIO, HMnym,c peamnyeTCSI 3a 

C'ICT H38JlC'-ICI-IHSI WTaT!lblX I1C HJ A3 peaKT0pa. BC.IUl'-JH­

Ha H36blTO'II-IOi-i peaKTHBIIOCTH np11 3T0M COCTaBJlSICT 

0K0JI0 I P:,cp JlJISI Ka)K.uoro HC 11p11 061,eMe A3 50.0 n. 
,ll.J151 o6ecne'ICHHSI CTapT0BOH peaKTHBH0CTl1 npH npo1n­

B0.ll,CTBC KBa3HHl>tnYilbC3 .U0CTaT0'IH0 H38.JlC'ICI-IIISI 0.ll,H0ro 

H3 'ICTb1pex .HC peaKTopa .HrPHK. OcrnswHecsi TPH HC 

BBC.ll,Cllbl s A3 11 COCTaBJl!IIOT Janae peaKTHBH0CHI 0K0Jl() 

3 Pa<1>, K0T0pbli-t B03MOJKII0 perurnJ0BaTb npH HJBJ1e<1et11H1 

11C. CT11eB~1aTH'ICCKHH npHB0Jl H3B.JICKaeT CTCplKCllb 33 

O. I c. '!TO 03Ha'laeT sson I Pa<1> co cKopocTbto IO P:,q/c. 

TaKoii BBOJl peaKntBII0CTH 1-1enpHCMJ1eM. noCK0JlbKY pe­

aKT0p 11pH 3TOM 3aBCll0M0 11epexomn KPIITH'-ICCKOC co­

CT05111HC 11a Mrll0BCllllblX 11eihpo1-1ax. MOlKIIO YMCHhW HTb 

.D.o6asKy peaKTHBII0CTH np11 H3BJ1C'lem111 HC, ecnH ycrn­

H0BHTh "orpaHH'IHTCJlh xon.a". npu 3T0M JlJIHHa llBll)l(C-



--

lllfSl CTep)KI-ISl orpaHH4HBaeTCSl TaKHM o6pa30M, 4·10 4aCTb 

HC ocrneTcsi B A3 11 ero sec MOlKeT 11axo.u11TbCS1 s npe­

,uenax OT O .uo I Pl<!>- nosrnpttbli-i 000.u peaKTHBHOCTH c 

llOMOLl.lblO HC C .. orpaHH4HTeneM xo.ua" npHBO.UHT K yse­

Jll14eHIIIO :;111eproBbutene1-111si .uo 9,4 M)l)K. Ha p1-1c. 5 

npe.ucrnru1e1-1a cpopMa KBaJHHMnynhca, nonY4eH11oro c 

~1Cll0Jlb30Ralll-leM )lOllOJIHHTeJlbHOro BllO.Ua peaKTIIBHOCTH 

l1C c orpa1-11-1•11-1-reneM xo.ua. 

A/Ao 
1,00 

0,80 -'--------+-----~- --------< 

0,60-+-------+------ .,,__ ____ __, 

0.40--+-------1------1-- ----~ 

0,20-+-------+------ -t---------1 

o,oo-+--.::;:::::__+-_ -.-----i~---=::::;::::=::::::i 
0.00 1.00 2.00 C 

PHC. 5. <l>opMa K.Ba3HHMnyJJbCa C nonOJIJiHTeJlbHblM BBO.UOM 

peaKTHBHOCTH HC C "orpattH4HTeJJeM xona" 

nporpaMMa MaTeMaTH4eCKOro a1-1an1-13a KBaJHHMllYJlb­

COB noJsonsieT pewaTb 06parnyt0 Ja,ua'ly - onpe.ue11e1-11-1e 

peaKTliBHOCTH CHCTeMbl B JllOOOH MOMeHT BpeMellH no 

.UHllaMHKe pa3BHTH.!I MOLl.ll-lOCTH pea,nopa. B Ka4eCTBe HC­

XO,UHl,IX .uaHHblX 6blJ1 3a,ua1-1 MaCCHB .UUHHblX KBaJHHMllYJlb­

ca 11eo6xo.UHMO~i JlJlHTeJlbHOCTH 1-1 np.!IMOyronhHOH Q)OpMbl 

H nony4etta JaBHCHMOCTb .UOrlOJlHHTeJlbHO BBO.!IHMOi-i peat<­

THBHOCTli JlJlSl no.unep)KUHH.!I llOCTO.!IIIHOH MOLl.lHOCTH peaK­
TOpa OT BpeMeHH, KOTOpa.!1 np1-1se.ue1-1a Ha pHC. 6. Teope­

TH'lCCKH Ha peaKTOpe l1fPl1K B03M0)KH0 llOJ1Y4e111-1e KBa-

311HMllYJlbCa C cpopMOH, 6J1113KOH K npS11.10yroJlbHOH, H 

3tteproBbUleJleHHeM OKOJlO 20 M)l)K. )lJ1.!1 peanHJUUHH 

TaKOro KBaJHHMllYJlbCa Heo6xonHMO MO.UHq:>HUllpOBaTb 

CHCTeMy ynpaBJJeHH.!I l1C, 'lT06bl o6ecne'lHTb 8B0.!l peaK­

THBI-IOCTl1 C nepeMeHIIOH CKOpOCTblO. 

P3<1> 
1,4--~-~-~--~-~-~-~ 

1,2 r 

I 1,0 V 

0,8 I 

I 0,6 V 
0,4 I 

I 0,2 

--L--'v 
0,0 

0,0 0,5 1,0 1,5 2,0 2,5 3,0 C 

Puc. 6. 3an11c11MOCTI, He06XO.UIIMOH KOMnc11cau1111 

llOTCpll peaKTIIBHOCTlf OT npeMCIIII 
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Hccne.uosaHHSl BOJMO)KHOCTeH 113MelleHHSl napaMeT­

pOB KBaJIIHMnynbc11oro pe)K11Ma peaKrnpa 11fPl1K npo­

se.ue1-1b1 TaK)Ke B 1rnnpaBJ1e1-11111 llOBblWeHH.!1 )laBneHH.!I B 

KOpnyce A3. Ko:1cpcp1-1u1-1eHT raweHHSl peaKTHBIIOCTH s 

peaKTope J1-1a•n-rrenb110 BOJpaCTaeT np1-1 1-1apa60TKe :1Hep­

rosb1JJ,CJ1e111-1ll OKOJJO 4 M}l)K. 3-ro CB.!IJaHO C o6pa30B3HH­

eM pa.u11on1-1TH4ec1rnro nna, conposo)l(Jlaiowero npouecc 

.ue11e1-tHll ll.Uep ypa1-1a B pacrnope nerKOH BOJlbl. TTp1-1'leM 

3TOT raJ 06pa3yeTCll B pacrnopeHHOM BH.Ue H HaKanJJHBa­

eTCSl B TOllJlHBe .uo or:ipe.ueneHHOH noporoBOH KOHUeH­

TpaUHH, npeBb!WalOLl.leH KOHUeHTPaUHIO HaCblllleHHll. 

nocne .UOCTH)KeHHll noporoBOH KOHue1npau1-1H npOHCXO­

.UHT BblXO.U pa.uHOJlHTH4eCKOl'O raJa HJ paCTBOpa B BHlle 

nyJblpbKOB. 11MeHHO C 3TOro MOMellTa "BKJllO'!aeTcll" ra-

30BblH MexaHH3M rawellH.!I peaKTHBHOCTH . KOHUeHTpaUl-lll 

ll8Cblll.leHH.!I JaBHCHT OT COCTOSIHHH paCTBopa B MOMeHT 

npOH3B0,UCTBU KBa3HHMllYJlbCa (,uaBJlellHll, TeMnepa·rypbl H 

T. ll.). DblJlO npeJlJlO)l(eHO llyTCM no,ua'lH .uaBnCHHSl B 

KOpnyc A3 nepeu npOH3B0JlCTBOM KB33HHMnynbca OOBbl­

CHTb paCTBOpHMOCTb pauHOJlHTH'!eCKOro raJa B pacTBOpe, 

'!TO 8 KOHe'lHOM C'leTe np1-1ee.ueT K BKJllO'leHHIO noporo­

BOro K03cpcpHUHeHTa raweHHji peaKTHBHOCTH npH 60Jlb­

weM 3HeproBbl,llenemrn. 3Kcnep1-1MeHT llOJlHOCTblO no.u­

TBep.uHJJ 3TO npe.unono)l(e1-11-1e. 8 xoue 1-1ccne)losa111-1it Ha 

peaKTope 11fPl1K 6brn pean1-13osa11 ICBaJHHMnynbc c m-

6blTO'lHblM .uaBJ1e1rneM B Kopnyce A3 4 am, cpopMa KO­

rnporo npe,uCTaBJleHa Ha pHC. 7. )l}Jll cpaBHeHJ-tji B 3TOM 

)Ke Macwrn6e np11eeue1-1 a1-1anorH'lllblH KBaJHHMnynbc 6e3 

H36blTO'lll0fO .uaru,eHH51 R KOpnyce A3. 3KcnepHMeHT 

llOKaJan, 4TO raJOBblH MexaHH3M raweHH.!I peaKTHBHOCTH 

BKJll04aeTCll np1-1 1-iapa60TKe Htnerpana 11a 2 MJl)K 6onh­

we, 'leM B KBaJHHMllYJlbCe 6e3 HJ6bITO'lHOro ,uaBJieHH.!I 8 

KOpnyce A3. 3-ro .uaeT OCIIOBa1-11-1e npe.unoJlO)l(I-ITb, 4TO 

BOJMO)KIIO cywecrne1-11-1oe ysen11'le1-11-1e ::itteprosb1,11eneHHll 

np11 pa6oTe peaKTop:i 8 pe)l(HMe KBa3HHMllYJlbCa npH no-

8blWe1-1110M llO - 20 am ,uaBJieHHH B Kopnyce A3. 

A/Ao 

1,0 

I/ \ ~ I\ 
0,8 lj' I \ 2 \ 

0,6 ' \ \ /J 
0,4 

I 
l 

f'---
0,2 

V 
_/ 

0,0 
0,0 1,0 2,0 3,0 4,0 C 

Puc. 7. ctiopMbl KB33J11f',mym,ca 6e3 H36bJT011HOro llaBJICHIUI 8 

KOpnyce A3 (I) II C H36blTO'lllblM Jl31lJlCIIHCM (2) 
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3AKJIIQqEHHE 

KpoMe HMOYJlbCHOfO H CTaTH"leCKOro peJKHMOB pa-
60Tbl HMnynbCHblH peaKTop l1fPl1K MOJKeT 3Kcnnyarn­
poBaTbCSI B .UBYXHMnyJlbCHOM H KBa3HHMOYJJbCHOM peJKH­
MaX, 'ITO 3Ha'IHTeJlbHO pacwHpSleT cneKTp ero 3KCnJ1ya­
TaUHOHHblX 803MOJKIIOCTei-i . Ksa1HHMnyJJhCHblH peJKHM 
nOJBOm!eT s WHpOKHX npe.uenax (OT 60 .uo 10 000 MC) 
sapbHpOBaTb MlfTeJlbHOCTb o6ny'leHHSI o6pa3UOB . .llsyx­
HMOYJJbCHblH pelKHM naeT 803MOJKIIOCTb nony'laTb paJ­
JlH'IH ble HMnyJJhCbl co CKBa)l(HOCTblO MeJKllY HHMH OT 0,7 
JlO HeCKOJlbKHX CeKyHll, a TaKJKe KOM6Hl·taUHIO HMOYJlbC -
KBa3HHMnyJlbc. HOBblC pe>tCHMbl ycTaHOBKH l1fPl1K MO­
ryr 6b1Tb HCOOJlb30BaHbl B 3a!la<Jax no HCCJJenosaHHIO 
803}leHCTBHJI 113Jly'leHHSI Ha o6pa3Ubl, H3Y'ICHHIO cpa30BblX 
nepexonos s 11em11u1-txcS1 MaTeprrnnax, B 3KcnepHMeInax 
no srnepHOH HaKa'IKC Jla3epos, np11 HCCJle}lOBaHHJIX cp113H­
'!eCKHX npoueccos s A3 pacTBopttoro peaKTopa HT. 11. 
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H <l>JIIOEHCA HEHTPOHHOro U3JIYl-IEHIDI ITPH PAEOTE PEAKTOPA MTPHK 

B ,llBYXUMITYJThCHOM PE)KHME 

B. B. AHJJ.peee, B. H. A«t>auacbcB, ,ll. B. liyxnu, B. Ii. GwtKOB, B. T. fpoMOB, A. B. KeJJ.pos, 
0. A. Muura1os, B. Il. Ily.uoe, A. K. Cepe6psKos, B. JI. CTpsxuuu 

P<NIIJ,-BHHHT<D, 456770, r. CHe)l(HHCK Yem16HHCKOH 06J1. 

flpll paIIH3UHOHHbJX lfCllblT31-111llX H BblllOJHICIHIH HC­

CJlC.UOB3TCJlbCKHX pa6oT Ha si.uepHblX (pH3H'iCCKHX ycrn­

HOBKaX BHJ1l1T<fl JlJUI H3Mepe1msi JlOKaJlbHblX napaMeT­

pos H:l/ly'ieHHSI npHMCHSIIOTCSI CTa11.uapnnosaHHLJe HHTe­

rpa.nLHble MCTO)lbl. .3cpcpeKTHBHblH no KpeMHHIO cpmoeHC 

HCHl"pOHOB ( <l>J<j,) 113MepsieTCSI C llOMOLULIO aneCT0B3H-

HOH no o-rpacnu MCTOJlHKH PHJI-H, a aKcno3HUHOHHast 

Jl03U raMMU-113.fl}"-leHHSI ( Dy ) - Jl03HMeTpH'iCCKHMlf CTCK-

JIUMH Cf.ll-8, anecrnsa11HblMH B l1A.3 HM. H . B . Kyp'ia­

TOBa. .lleTeKTOphl B npouecce 06.fl}"-ICHHSI HaXO)UITCll B 

mlCCHBIIOM COCTOSIHlfll , ll03TOMY pe3yJ1LTUTbl HJMepeHHii 

npellCTaBJISIIOTCll BeJIH'iHHaMH <l> J<j, 11 Dy , KOTOpble B03-

.UCHCTBYIOT Ha OOJl}"-laCMLlti o6beKT c MOMCl·rra e.ro ycrn­

l-lOBKl1 H ,[1,0 H3BJIC'ICHHll. 

Ha pacrnopHoM peaKTope HI'PHK 0Tpa6orn11 pe)KHM 

reHepawm CJlBOellHblX HMllYJibCOB, 3H3'ilffCJILHO pa3.rm­

'iUIOLUHXCSI no JlJHITCJlbHOCTH H mne11CHBMOCTH 113.fl}"-le­

lHlll. B K3Hane peaKTopa C mrrepBaJIOM 0,7-1,0 C C03Jl3-

IOTCSI llOJISI HJ.ll}"-ICHHSI co c11eny10LUHMII ypOBllllMH 3KCll0-

3HUHOflHOH Jl03bl raMMa-113.lly'ieHHSI 11 cpJJIOCHCa Heiii-po-

1108 ( <l>H) c 3Heprnei-i E ~ 0, I M3B: 

I-A HMnym,c - JlJlHTen1,1-1ocTb - 15 MC, Dy - I05 P, 

<l>H - 1014 
HeHTp.lcM

2
; 

- 2-ii mmynhc - J1JIHTeJ1L11ocTL - 0.3 c, DY - 5-104 P, 

<I>" s; 5 · IO 13 
Heiii-p./cM

2
• 

B npouecce oTpa6oTKH nsyx11Mny111,c1wro pe)l(l!Ma 

B03MHKJl3 Heo6xO)lHMOCTb ll3Mepe,msi 3cpcpeKTHBHOro 

cpmoe11ca HeihpOHOB 11 3KCIT0311Ul10HIIOH ll03hl ra~1Ma­

HJ.llY'iCHIISI B MO~teMT Ha'i,L13 H OKOll'IUHHll l!Topom IIM­

ny111,ca. 3-ra 33Jla•1a 6bl.lia peweHa nyreM Mott1nop11pooa-

111rn 11a6opa <l>H II Dy c nocJ1e11y10w.eii npHBSl3KOH na11-

111,1x no LlllH3MlfKC Ha6opa K a6COJIIOTllblM 3ll3'1ClfllllM, 

H3MepeHllblM no CT.lHJlUpTHblM MCTO[lHKUM. 
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MOHHTOPHPOHAHHE HAEOPA ,ll03bl 
r AMMA-II3JJY1IEBIDI 

KoHTpOJlb Ha6opa 3KCl103HUHOHHOH Jl.03bl raM.Ma-

113.fl}"-lellHll OC)'IUCCTBHJIH KOHJJ,CHCaTOpoM, cnau ttanplllKe­

HHSI Ha KOTOpOM o6yc.noBJ1eH B OCHOBHOM JlOJOH raMMa­

HJJl}"-lel-llfSI. l11Me1-1e1me 1-1anpS!)l(CHHll Ha KOIIJlCHCaTope npH 

OOJJ}"-leHHH HMeeT 3KCITOHCHUHaJlLHYIO 3aBHCHMOCTb OT Dy 

/3.U(t) - Uo[ l - exp (-Ky· Dy)], (I) 

rne /3.U(t) - cnM 11anpll)Ke1-111J1 11a Ko1-1ne1-1carnpe; U0 -

Hanpst)l(eMHe 11a KOIIIICHCUTOpe IIO 0611}"-ICIIHSI; Ky - pa-

llHUUHOIHIU5! 'lYBCTBHTCJILHOCTb KOHJlCIICaTopa K raMMa­

HJJly'ieH11IO. 

JlocTOHIICTBOM KOHllCHCaTopa 8BJlllCTCSI MaJlblH 

'"TeMHOBOii'' CaMopa3pS1Jl, He npeBblW310lUHH 5% 3U cy­

TKH, 'iTO llOJBOJlS!eT K011TpOJ1HpOBaTb Ha6op ll03bl B Te'ie­

Hlfe JlJIHTCJlbHOro BpeMeHH. HopMHPYll pe1y11LTaTbl l-13Me­

peHHSI llHMUMHKH Ha6opa Dy 113 llOKa3atlf.{JI Jl.03HMCTpH-

'ieCKHX CTCKOJI CfJI-8, MO)KHQ 110.fl}"-IHTb llalHlble O l!CJllf­

'iliHe I103bl raMMa-HJJIY'iCHHll B J1106oi1 MOMCIIT speMeHH . 

Ha p11c. I npHBeJICHbl na111-1L1e no pernCTpau1111 tta6opa 

JlOJbl Ha peru<Tope HfPl1K B pe)l(11Me re11epau1-111 JlBYX 

llOCJICJlOBUTCJlbHblX HMllYJlbCOB 113.ll}"-ICHHSI. KOHl"pOJlb 

1-1anpll)l(e111rn Ha KOH.UCHCaTope B 3TOM speMel·IHOM IIHTep­

Bane sem1 c noMOLUblO necsirnpaJp}!JlliOro A1U1. no 

OKOll'iUHltH 3TlfX HJMepellHH KOHJlCHCUTOp BHOBb nepeJa­

pS!JK,UlCll .a.o 1rnnpsi;+;e1111si U0 11 nam,11eiiw11ii cnau Ha-

npll)l(e1111J1. 06ycnoBJ1ellllblH BOJJieHCTBHCM raMM3-HJJ1y­

•1e11Hl1 UKTl11!11pOB31-IHOfO paCTBOpa. KOIITpom,pol!aJIH CTa­

Tl1'ieCKI-IM sonbTMeTpoM. noc,1e cmrna pacrnopa npoueny­

PY nepe1ap}!JlKlf flOBTOpll1111 f\11081,. H cnau uanpst)l(CIIHSI, 

o6ycJJOBJleHHblH smneiicrn11eM raMMa-HJJIY'lCIIHll aKTHl!l1-

poBaf-llll,IX 3JleMe1rros KOIICTPYKUHII peaKTOpa, HJMepSIJIH 

Ha MOMeirr 1-13B.llC'iCHH}l llO'll!MeTpll'iCCKlfX CTeKOJI Cf,U-8. 



IlocneJJ,osaTeJJbHOCTb npouecca pernCTpauI,rn H n o.,Iy4eH­

Hble B 3KCllepHMeI1Te JJ,aHHble O COCT8RJ151I0LW1X cyro4HOH 

JJ,OJbl (B npo uettTax) npHBeJJ,eHbl Ila pHC. 2. 

D(.I). 0TH C.l 

1 

o.a 

o.a 

0.4 

0.2 

_]_ 
-<-1-

0 0.5 

Jr~ ~ 

2 

-

1,5 2,5 3,S ,.c 

P1-1c. I. Ha6op ll03bt raMMa-1-13Jly4eHHll Ha peaKTope 11-rPHK 

B llBYXHMnyJJbCHOM peJKHMe: I - OKOH4aHHC m,mynbca N~ I ; 
2 - Ha4aJJO HMnynbCa N~ 2; 3 - OKOH4aHHe HMllYJlbCa N~ 2; 
4 - OKOH4aHHC nporpaMMHOH pa60Tbl peaKTopa; 5 - OKOH4a-

HHe pernCTpaUHH 

P, 

Cn11s pacnopa Hlene-tcH11e 

!lt"TO.'TO a (f.lJ. 

0 
u, t1•J .7 C rr-/200c:: 

\ Clo 

6 

0 

o, 

-IS% 55111'o 1~. 'JOI'~ 

6 

0 L-.J....__.>:.,__J___JL,..._.J.......i __ ..,__ _______ __,__ 

PHC. 2. CxeMa npeMCHHOii mrnrpaMMbl MOHHTOpHpOBaHHll Ha-

6opa nmhI raMMa-113JJY4eHHS1: a - cpopMa cnnoemrnro HMnynbca 

H3JlY4eHHS1: 6 - HanpSIJKeHHe 11a KOtmeHCaTope; B - n1-1arpaMMa 

Ha6opa _ll03bl raMMa-113Jly4eHHSI . XapainepHblC T04KH Ha rpa­

cjJHKe tta6opa J103bl: 1-5 - Te JKe, '-ITO ll Ha p11c. I; 6 - OKOH-

'-la.HHe CJllIBa paCTBOpa: 7 - H3BJ1C4CHHe .llCTeKTOpOB CrJl-8 

MOHHTOPKPOBAHHE BA60PA <I>JllOEHCA 
HEBTP0HOB 

KoHTpOllb 1rn6opa QlJIIOeHca HeiiTpOHOB B 3aBHCHMO­

CTl-t OT ero BeJJl-t'-IHHbl MO)KHO ocymecTBHTb C llOMO[UblO 

TpaH3Hcrnpos KT30 I, KT3 l 2 H KT316, Ko-ropbIe 1-1c­

noJ1b3YIOTC51 B MeTO.UHKe Pl1Jl-H B Ka'-leCTBe JJ,eTeKTOpOB H 

HMe!OT Pa3.flH'IHYIO '-IYBCTBHTeJJbHOCTb K Hei-iTpOHHOMY 

H3Jly4eHI-IIO. l-hsecn10, 4TO pe3yJJbTaTOM B03.Uei1CTBl-151 

HeiiTpOHHOro H3JlY'-leHHSI 4epe3 .llJlHTeJJbHbli-i nepHO.ll Bpe­

MeIu-1 nocne o6nyYeHHll (cy-rKH 1-1 6onee) 51BJl51tOTCll Heo6-

parnMMe CTPYKTYPHble AecpeKTbl , KOTOpbte npHBOJlllT K 

YMellhWeHHIO K03cj)qmu1teHTa yc1-111eHHll TOKa h21 B cxeMe 

C 06LUHM 3MHnepOM. 113Me11ett1-1e o6pan,oii BeJ1H1-H!Hbl 
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3TOro napaMeTpa CB513aHO C cpmoeHCOM Hei-i-rpOIIOB mt­

Hei-i11o i-i 3881-!CHMOCTblO [I) 

I I --- = Kcfl , , 
h¢ l1o 

(2) 

nie h0 , h¢ - senw-11-1tta h21 JJ.O 1-1 nocne o 6n y 4eHH51, a 

K - K0 3Q)QJHUHeHT pa.uHaUHOHHOH 4YBCTBHTeJJbHOCTH 

AeTeKTOpa. 

IlpH HMflYJlbCHOM Hei-i-rpOHHOM o6JiyYeHHH llOJlynpo­

BOllHHKOBblX CTPYKTYP 1-1apl!JJ.Y c 06pa3oea1-1HeM tteo6pa­

THMblX nospe)l(JleHHi-i 11a6JtIOJlae-rcs H OT)l(Hr TepMH4eCKH 

HeCTa6HJlbHblX AecpeKTOB. 3TOT npouecc llpHHl!TO xapaK­

TepH30BaTb K03QJQJHUHeHTOM onirnra (AF), npe.UCTaB­

JlSIIOLUHM co6oi-i OTHOWeHHe 'IHCJla noepeJK.L1ett1-1i-i B MO­

MeHT BpeMeIrn t K 4Hcny CTa6HJlbHblX n o spelK.LleHHi-i. Jlnjj 
61-1nOJ1llpHblX Tpal-13HCTOpOB K03QJQJl-!UHeHT OT)l(Hra onpe­

lleJJlleTC.s! H3 Bblpa)KeHHSI [2] 

I 
----

AF(t) = h(t) ho 
I I 
---
he,; Ito 

(3) 

113MeHeHHe rrapaMeTpa h21 B npe.nnOJlO)KeHHl-t MrHOBeHHO­

ro B03Aei-iCTBHll Hei-iTpOIIOB C y'-leTOM cpaKTOpa OTlKHra 

OTIHCbll\aeTCll COOTHOWe~rneM 

I I ---= Kcfl,¢ AF(t), 
h(t) h0 

(4) 

a s o6meM cny4ae :na JaBHCHMOCTb onpe.nenHeTcl! HHTe­

rpanbHbtM ypaBHeHHeM 

I I I 

--- = K Jcp(t)AF(t-t)dt , 
h(n 'ro o 

(5) 

me cp(r) - fJJlOTHOCTb nOTOKa Hei-iTpOHOB B MOMeHT spe­

MeHH t. 

3aBHCI-IMOCTb AF(t) J],llSI JleTeKTOpOB Pl1Jl-H npH TO­

Ke HH)KeKUHH /) = 5 MA 6blJJa flOJlyYeHa B 3KcnepHMeH-

TaX, BblllOJlHeHHblX B HaTypHblX OflblTax H Ha HMllYJlbC­

HblX pea.KTOpax. BHll ee np1-1ee11eH Ha pHC. 3. 

AF 
1.6 

u 
1.4 

1.3 

1.2 

1.1 

I 

\ 

I 10 1 

\ 
~ 

"'-
---......._,.__ 

r--_ 

1-103 1·1111 l,c 

PHc. 3. <l>a1srop OTil(Hra A JIH .aeTeKTopoo PHJl-H 

)lnll MOIIHTOpHpOBallHll 11a6opa cpn1oe1-1ca 1-1ei1-rpOHOB 

npHMCHl!JlH MeTO.ll JJ,HCTallUHOIIIIOro lt3Mepe111-1si TOKa 6a3bl 

-rpa1131iCTOpa (npH llOCTOSIHliOi-i BeJJH4HHe 3MHTrep11oro 



TOKa /, = 5 MA). HanpS1JKem1e Ha BLIxo.ue cxeMLI np~t 

3TOM nponopuH011anb1t0 o6parnoii BeJIHYHHe (h21+ I), T. e. 

Knp u =--
Bbl< h21 + I 

(6) 

)lnHTe..TlLI-IOCTL HMIIYJlbCa MfllOBeHHOro HJJlyYeHliSI Ha 

pacrnopHLIX peaKT0pax 'JaBHCltT OT :meproBhUleJleHHSI I.I 

31CTHBH0H 30He 11 COCT3l\JJ}leT lta peaKTOpe nfPJ1K 3- ( 5 MC 

(Ha nonyBblCOTe). TT03TOMY nonpaBKH, Y'-IHTb1Ba1owHe 

BJlHSIHHe q>aKTopa onrnra, I.I pacYeT <])><I> B ceKyHJlll0M 

111nepsane H 6onee M0lKH0 BBOJHtTL B npeJlfl0JJO)KellHH 

MfllOBeHHOfO 803.UeikTBHSI, T.e. no COOTI-IOWeHHIO (4). 

3aBHCHMOCTb Ha6opa q>moeHca BO speMeHH CTp0HTCSI 8 

0TH0CHTe.flbHblX e)lHIIHUax. a JaTeM 11opM11pyeTCSI Ha 3113-

,,e~IHe <]):,¢, HJMepeHHOe no MeTOJlHKe Pl1.Il-H: 

h(t) h0 (7) 

3TO COOTHOWeHHe SIBJlSleTCSI 0CHOBHblM JlJUI paccMaTpH­

Bae~mro MeTO.Ua MOHHTOpHposa111rn. 

Ha p11c. 4 npHBe.QeHbl pe3yJlbTaTbl HJMepeHHSI B Te­

YeHHe 60-ceKyHllHOro npHpaLUeHHSI o6parnoil Be.f1H4Hllbl 

napaMe-rpa h21 Tpa1-1J11cTopa KT312 (s ornoc,ne.riLHblX 

e.u11H11uax). no.riy4e1-1H1>1e tta peaKTope HfPJ1K B pe)KHMe 

re1-1epau1111 0JlHH04HOIU HMnyn1>ca. Bo BpeMSI B03.UeHCTBHSI 

HMnynbca HJJ1Y4em1S1 11a6nt0J1aeTCS1 pe3Koe np11paweH11e 

6roosoro T0Ka. no OKOH4atiHH MrH0BeHHOfO 113JIY4eHIISI 

HJlyr .usa K0HKyp11py10WHX npouecca - OT)KHf .ueq>eKTOB R 

Tpatt3HCTOpe, YMeHbW8IOLUHH 6aJOBblH TOK, If 803.Ueii-

0TH. e.n. 

0,8 

l /h(t)-l/h0 I 
- -----b ____ ! _________ .. _____ , 

v:.>·-- I 1 

.,/~ I I 
- -· I ! 4 I ' 

l/h(t)-l/h0 )-AF(63)/AF(I) 

0,6 i I 

0.4 

0,2 _., ... 

0 -· I 
! 

0 20 40 I, C 

CTBHe Ja11a:i.ubmaI01.Uero K0M11011e1rra 1n.11y4e1111S1. Bson no­

npaBKH Ha q>aKTop OT)KJ-tra ll03BOJISleT ncmyYHTb BpeMeHHOH 

xon tta6opa <])J<j,. l10K33blBalOLUHii, 4TO B Te,1e1111e 40 C 11a-

6JII01laeTCSI Jlla'llffeJlbHblii pocT, 06ycnoBJ1eHHblH 803.UeHCT­

BHeM 3ana3JlbIB3IOLUero H3Jty4ellHSI. KaK BH.!HI0 H3 pHC. 4, 

BKJl8.[l ero B nOJlHhlii q>moettc tteiiTpOHOB COCTaBJUleT 

~ 15 %. 

8 pe)KHMe rettepaUHH C.UB0eHHblX HMIIYJlbCOB 118 pe­

ainope 11fPl1K H3Mepe11He 11a6opa <])><I> Bhlfl0JlHSIJIOCb 

TpeMsi rnnaMH .ueTeKTopos - KT30 I, KT3 I 2 H KT3 I 6. 
XapaKTepttblfl BH.U nOJlyYettttblX .uallHblX 6e3 yYeTa BJHISI­

HHSI q>aKTopa 0TlKHra np1rne.ue1-1 Ha pHC. 5. TTOK33al-lHSI 

.neTeKT0pos KT301 H KT312 npaKTHYeCKH cosna.uaioT, a 

CHfllaJl KT3 I 6 HMeeT s cpaBHe~llil-1 c IH1MH 6onee peJKHH 

cna.n. '[TO CBll.!leTeJlbCTByeT O 60JlbWeii CK0pocn1 OTJKHra 

.ueq>eKTOB. Xapa1nep CHnlaflOB .uo HaYana BT0poro HM· 

flYJlbCa TaKOH )Ke, 4T0 H B pe)l(IIMe reHepau1111 0.!IHH04H0· 

ro HMnynbca. 8JlHSIHHe OT)t<Hra yepe3 I C CTaH0BHTCSI 

11ecywecTBeHHb1M 1-1 Ha6mo.uaeTcS1 Ha6op qimoeHca 1-1ei1-

Tpo1➔0B, 06ycnoBJ1eHHblH 3anaJ.UbJBalOLUHM HJJ1Y4e1rneM. 

Ha pHC. 6 np11se.ueHbl 3aBHCHMOCTH 1-1a6opa <])3<j>. 

no,1yYeHHb1e c yYeTOM q>aKTopa OT)lrnra. TTonpasrcy Ha 

0TJKltr llBO)lHJlH Ha HHTepsane MeJK.ny nepBblM H BT0phlM 

HMnynbC8MH. B JIHSIHHe 0TlKHra noc.11e H84aJla RT0poro 

HMnyJlbCa He Y4HTb18aJlH, noCKO.flbKY pac•1eT B 3T0M cny­

yae 6onee c.110JKe11 - ero tteo6xo.u1-1Mo seCTH no C0OTHO­

weHHIO (5), a nonyYaeMrui np11 ::>TOM nonpaBKa He3H84H­

TeJrbHa. )lnSI cpasHemrn Te~mos 1-1a6opa Ha .u1-1arpaMMax 

npe.ncTaBJleHbl naHHble O Ha6ope .U03bl raMM3-H3Jly4eHHSI, 

nonyYeHHble C n0M0lllblO MOHHTOpa .U03bl. 

0TH. e.u. 

1,15 

1, 1 

1,05 

0,95 

0,9 

0,85 

0,8 

-· 

·--i 
I 
! 

- ·----1 
' i 

__ I 

·~·~···· 

0 

I 

1-l/lr•"h·1~ 
1.----" 

"--J---t--. I .......... ......... •······ I ····r· .. • 
.,.-·······(·············r ······· I 
\_(l /h(f)-J/h0 ) ·AF(63)/AF(f) 

2 4 6 8 /, c 

Puc. 4. C11rnan Tpat1J11crnpa KT312 11 paccYHTaH111,1ii no HeMy 1-1a6op cpmoeHca 1-1eiiTpo11o!l rm peaKrope HrPHK 

n pe:>KIIMC reHepa1.m11 0.IUIH0'IH0ro IIMIIYJlbCa (cnpaRa nprrneneHLI 3aBHCl·t~IOCrH Ha H841UlbHOM Y48CTKe) 
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I /h(l)- l/h 0 , 0TH. e.n. 

.................................... 1 .. ------·-----·----t---_;;;;;.~=---t 

0,8 r .~.~l~--~--'.-- ~T~ 1i2 

o. 6 ... .. ............................ T ............................................ - ............................. -.......... .. 

KT3I6 
0, 4 ........................... ·-······ ......... ,_, ... ,.,_,, ................. ,_,,, ................... ···-············-····· ...... . 

0 ,2 .................................... ·····--·--·····-·····-··"·0 • ............................................ . . ................ . 

0 ................................. .... - .......................... ................................. __ _ 

0 2 3 t, C 

PHc. 5. Ila11ttb1e .neTeKTopoe PHil .. H (6e3 yYeTa cpauopa 

OTJKHra) B JlBYXHMITYJlbCHOM peJKHMe 

0TH. e~. 

0,8 

0,6 

0,4 

~ .. ·i I I .-L 
I 

I r i 
,[{ereKTop KT3 12 

.... ! i I ·-··· 

_l~P\I ! 

i ··-··-

!\..-Mo~11Top .no3bl · 

··- ··-· i ........................ I ..... - ......... L ....... 
i ; i 

~( l/h(t)-l/h0 ) • AF(2,7)IAF(t) 
0,2 

0 

.... ·-··· ! I ! 
! i l i 
i ! 
I ' ' 

0 2 3 t, C 

JaBHCHMOCTh AF(t) .neTeKTopos KT3 I 6 HMeeT, no-

BH.UHMOMY, 6011ee Kpyroj,j xo.n B 0611aCTH MallblX speMeH, 

HC)l(eJll-1 npe11CTaBJ1e1mrui Ha pHC. 3. TTpH'lHHa paCXOJK.[le .. 

IIIISI .naHllhlX no TeMny Ha6opa <l>3<j> Me:>K.ny HMOYJlbCUMH 

He SICHa 11 Tpe6yeT YfO'lHCHHJI. 

flo peJyJlbTaTaM 0Tpa60TKH paCCMOTpeHHblH MCTOll 

HJMepeHHSI <l>3<j> HMCCT YllOBJlCTBOpHTCJlbHblC 3KCn11yaTa .. 

UHOHHble xapaKTep1tCTIIKH BO scex HCCJlCllOBaHHblX pe­

lKHMax 0611Y4eHHSI. CxeMa HJMepeHHSI llOCTaTO'lHO npo­

CTa, a peJyJlbTaTbl HJMepeHHH. HMCIOT xopowy10 BOCllpo­

HJBOllHMOCTb, TO'lHOCTb H B OCHOBHOM COOTBeTCTBYIOT 

npeJlCTaBJlCHHSIM o <pH3HKe 11a6111011aeMb1x npoueccos. 

0TH. e~. 

0,8 

0,6 

0,4 

0,2 

0 

.. ! ' j ·····••·•· --
' I 

I ,[{ere1ITop KT3 16 I r ! I I 
- ·'! 

i 

~ I ... 
I .... f\_ I I 

I MOHl1TOp ll03bl 

_,, ... I i I 
i I 
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PHc. 6. IlaHHble no tta6opy <l>,4> H Dr B .nnyxHMnynhCHOM pelKHMe pa60Tbl peaKTopa HrPHK 

BHllHO, 'lTO 11eTeKTOpb1 KT3 I 2 (H KT30 I) Me.lKJly 

HMllYJlbCaMH noKaJblBalOT TeMn Ha6opa <l>3<j>, MCHbWHH, 

'ICM MOHHTOp ll03bl raMM3-H3JlY'lCHH.8, 'lTO COOTBCTCTByeT 

H3WHM npe.ncTaBJleHH.slM O pa6oTe peaxTopa. CpaBHCHHC 

3THX napaMeTpOB DJ]SI )leTCKTOpa KT3 I 6 nOKaJbrsaeT COB .. 

na,neH11e TeMnos Ha6opa <l>3<j> 11 Dy np11 t ~ 0,3 c. He .. 

6011hwoe paJJ1H'l11e, 1rn6111011aeMoe 11enocpe11crneHHO no .. 

CJle OKOH'laHHSI nepeoro HMnyJlbCa, 06ycnoBJ1eHO TCM, 'ITO 

COUCOK JIHTEPATYPbl 

I. Ky11aK0B B.M., Da,nblrHH E.A., Waxoeues B.11. 11 

.np. ,[{ei-iCTBHC npOHHKalOLUCH pa.n11au1111 Ha HJlleJIH.8 3JleK .. 

TpOHHOH TexHHKH / flon pen. E.A. Jla,nblrHHa. M.: Cos. 

pa.D.HO, J 980. 
2. fperop11 E., CaH.nep X. Hecrnu110Hap11b1H OTlKHr 

necpeKTOB B 0611Y4CHHblX KpeMHHeBblX np116opax. -

TI1I13P, 1970, T. 58, N<.1 9, c. 34-49. 
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<l>H3WIECKHE OCOEEHHOCTH HMIIYJlhCHOfO PACTBOPHOfO PEAKTOPA lffYAP 
C PA,lJ,J-IAJihHblM PA3JIETOM TOIIJIHBA 

E. r. JlesaKos, A. ll, 3aiiues, A. r. Kponoryxuu, H. Il. KypaKos, B. Ii. JIHTBHH, A. B. JlyKHH, 
A. E. JILnKKH, 0. A. MKHraJoB, B. M. Onapuu, A. M. TTepesaJioB, A. Ii. CaIDKHHa 

P<1>5IU-BHHHT<l>, 456770, r. CHe)Kl1HCK lJe.m1611HcKoii o6JJ. 

PacCMOTJ>CHbl oco6CHHOCTll KOHCTpyKUHH. COCTaea TOrumea II pc:.KHMOB pa6011,1 paCTBOpHOf'O HMnyJJbCHOro pea~7"opa jjfY AP. B KOTOpOM 

palllCT T0I1JIIIRH0f'O paCTsopa BO spc~IJI mmyJJbC3 JlC/lCHHII npOHCXOJlllT npemIyweCTBCHHO B pa/llHUlbHOM HanpaBJJCHltlt. np11BCJlCHbl OCHOBllblC 

llllCp110-cjJ1tJH'leclCHC, rllJlPa.BJJll'ICCKHC It p3lll13UIIOIIHblC xapaKTCpHCTHKH peaKTopa. 

BBE)lEHHE 

l·byqeHHe 803,UeHCTBIUI HMnyJJhCH0ro Hei-iTpOHHOro 

H raMMa-H3Jly'leHIHI Ha 3JleMeHTbl pa.nH03JJeKTpoHHOH 

annapaTypbl (P3A) H pa3Jllf'lHble MaTepHan bl SIBJlSleTCSI 

o,uttoi-i HJ BaJKHhlX 3a,na'l, pewaeMblX e P<1>51U-BHl1l1Tct>. 

,LlpyroH Ba)Kl·I0H 3a,natJeH llBJJlleTCll HCCJ1e,uoea1rne H3MeHe­

HHH MeXaHH'lecKHX xapaKTepHCTHK ,ueJlllWHXCll MaTepHa­

Jl0B (,LlM) npH HMnyJJbCH0M pa30rpeee. 

Bcne,UCTBHe 3T0['() B C0CTaBe 3KcnepHMeHTaJlbHOH 

6a:ih1 BHHl-1.T<l> eH,uuoe MeCT0 JaHHMa10T HMny11bCHb1e 

Sl.!lepHble peaKT0pbl (l15IP), KOTOpble no CB0eMy Ha3Ha'le­

llHI0 SIBJllllOTCll HaH6onee M0W.HblMH (cpe,uH ,neecnlblX 

na6opaTOpHblX HCTO'lHHKOB) HMnynhCHblMH HCT0'lHHKaMH 

HettTp0HH0ro H raMMa-H3Jl)"'leHHll. Cpe,uH HHX 3K0H0-

MH'lll0CTbl0 H BblC0KHMH ,U0CTHrHYTblMH napaMeTpaMH 

TI0Jl.SI H3Jly'leHHSI B 60JlbWHX no o6oeMy n0JJ0CTSIX Bbl,Ue­

JllllOTCll pacTBOpHble HMnyJJbCHble peaKT0pbl. OcHOBHblM 

tte.nocTaTK0M pacTB0pHblX 1151P llBJJ.lleTC.SI 3Ha'll1TeJlbM0 

60Jlbillll.SI 110 cpaetteHHIO C MeTaJJJIH'!eCKHMI! peaKT0pa~rn 

,u.mneJlbH0CTb HMl1YJlbC0B ,ueneHHH H C00TBeTCTBeHH0 

MeHbWll.SI rJJJ0TH0CTb n0T0Ka HdiTpOHOB. 

YMellbWe~me .!lJlHTeJJbH0CTH HMnyJJLCa 11pH ¢opCH­

poeaHHH pe)KHM0B pa60Tbl peaKT0pa CBSl3aH0 C 1-1e11po­

nopmt0HaJJbH0 CHJlbHblM p0CT0M MexaHl1'leCKHX m1rpy30K 

Ha Kopnyc H 1103T0MY orpaHH'leH0 ero KOHe4ll0H 11po'l­

H0CTblO. Bcne.nCTBHe 3T0ro npH ¢opcHpOBaHHH pelKHMa 

pa6oTbl pacTBopttoro l15IP 11au6011ee ym1eepcanbHbJM, a s 

Pll.lle cny'laee H e,u,rncTBeHJ-10 B03M0lKHblM llBJJSleTCSI 110-

HCK 11y-rei-i CHHlKeHHll ,UHllaMH'leCKHX 11arpY30K 11a MaTe­

puan K0pnyca aKTHBH0H 30Hbl (A3). 
8 '!aCTliOCTII, ,!llHlaMH'leCKHe 11arpy3K11 B03M0)l(H0 

CI-IH3HTb B TaK0M ycTpoikrne, K0T0poe ll03B0JllleT pa3-
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MewaTh )KH,UKYIO A3 Ha JleK0T0poM paCCT0llHHH OT CTe­

H0K Kopnyca, TeM caMhlM nonycKall ee palTleT nocne HM­

ny11bca ,ueJleHHH B 110JlHblH TeJJeCHblH yron 

("pa3pywa101UallC.S1" A3). 
B 1979 r. eo BHill1Tct> 6buia Ha'-laTa pa3pa60TKa pac­

TB0p11oro 1151P HOBO['() noKoneHH.SI, B K0T0j)OM .!lJlHTeJlb­

HOCTb rettep11pyeMoro HMl1YJJbCa .lleJJCIIHll COCTaBJJ.SleT Mettee 

I MC np11 coxpaneHHH npHe~rneMblX BeJJH'lHH HHepUHaJJbH0-

ro .naBJJeHH.ll, a TaK)Ke 1-1ccnenoea1me xapaKTepHCTHK peaK­

Topa H B011pOC0B 6e3onaCHOCTH ero 3KCnnyaTfillHH. 

B 11pouecce pa3pa6oTKH peaKTopa, reHep1-1py10ll.lero 

6011ee KOpOTKHH 110 cpaeHeHHIO C npe>KHHMH pacrnop­

HblMH peaKT0pa~rn HMl1YJJbC M0IUHOCTH H HMeIOll.lero 60-

.11ee WHp0KHe 3KcnepHMeHTaJlbHble B03MQ)KH0CTH, 6b1Jl 

11pe.!lJl0)KeH C0BepweHH0 HOBblH cnoco6 pa3MeWeHHSI 

pacTB0pH0H A3 H yc-rp0HCTB0 .!lJl.ll ero peaJJH3aUHH [ 1,2). 
HoBHJHa npe.llJl0)l(eHHll 3aKJl104aJJaCb B TOM. 'IT0 pac­

TB0pHall A3 K M0MeHTY Bso,ua Ha'laJJbH0ti H36blT04HOH 

peaKTliBH0CTH ,UQJJ)l(Ha 0CTaBaTbCSI HenonBH)KHQH H HMeTb 

'leTKHe rpaHHUhl (KaK 8 OObl'!Hb[X paCTB0pHblX peaKT0-

pax). Ho B TO )l(e BpeM.ll Otta .!I0JlJKHa Hax0,UHTbCSI Ha He­

K0T0p0M pacCT0llHHH OT CTeH0K K0pnyca. T. e. 6b1Tb 0T­

.lleJleHH0H OT HHX soJ,uyrnHoH "nonywKott". Ceo60.n1-1oe 

pa3MelU_CHHe A3 C HCll0Jlb30BaHHeM 803.UYWHOH no.nywKH 

nocntraeTCll np11MeHem1eM COTOl10,U06HOH K0HCTpyKUHH 

C MH0lKCCTB0M rnyxHX B03.!lYWHblX "KapMaHOB". pacno­

Jl0)l(eHHblX no 1rny-rpeHHeMy 11epi1MeTpy UHJlHll,UpH'leCKOH 

CTeHKH K0pnyca. npu 3ano11tteHHH TaKOH KOHCTpyKUHH 

pacrnop0M BIIYTPH 803.llYWHblX KapMaH0B C03naeTCSI He-

6omwoe H36blTO'lHOe .naMeHHe raJa (B03.!IYWllall no,uyw­

Ka), K0T0poe H npe11llTCTByeT .llaJlbHei:iweMy 3allOJIHeHHIO 

KapMa11a (6onee no,upo6HO K0IICTPYKUHII 3T0f0 JlHCTaH­

UHHpy1owero ycTpoi1crna npirne,ue1-1a HHlKe). 



Bo speMSI HMnynr,ca .ueneHHH pa3BHsaIomeecsi m1ep­

uHa.r1b1Ioe )las.11e1rne so ~rnoro pa3 npesblwaeT Jia'laJJbJIOe 

)lasneHMe raJa B KapMa11ax, H paCTBOp MO)KeT CB060JlHO 

paJJJeTaTbCSI KaK B aKCHaJlbHOM, TaK H n pauHaJJbllOM IHl­

npaBJlellHH. 

C)leJJal!Hble oueHKH noKa3aJJH, 'IT0 Ja C'leT yseJJH'IC­

HHSI nosepxH0CTH pa3.11eTa A3 (npH npO'IHX paBHblX yc­

JlOBHSIX) YJlaJJOCb CIIH3HTb ,rnepU.Ha.JlbHOe )laBJIe1-111e B tt6i 

B 4-5 pa3, H 3TO HHHUHHposano 11poBel1ettHe KOHCTpyK­

TOpCKHX pa6oT, Hccne.uosaHHe sonpocos npe.uenos pac­

rnopHM0CTH conH UO2SO4 H ee TepMw1ecKoi-i crni-iKo­

crn, K0pp03H0HH0H CTOi-iKOCTH MaTepHaJI0B K0pnyca H 

MHoroe Jlpyroe. 

HH)Ke npe.ucrnaneHbl K0HCTpYKUHJI Koprryca A3 peruc­

Topa H ero TeXH0JlOnt'leCK0H CHCTCMhl, a TaK)Ke 0Cl·I0BHble 

pe3YJlbTaTbl 3KcnepHMet-ffaJlhHLIX HCCJle)lOBaHHH [ 1-5]. 

KOHCTPYKJ..llUI PEAKTOPA SITYAP 

B cocrns peaKTopa 5IfY AP sxo.un: 

- K0pnyc A3 C MexaHH3M0M ynpaBJ1S1I01UHX CTep)K­

Hei-i H MeXaHH3M0M 3arpy3K.H 06pa1uos; 
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- CTeHJl Jl}HI pa3Me!lleHHSI Kopnyca A3; 
- TeXII0JI0rH'leCKOe o6opy.uoBaHHe, 11pe.u11aJHalJell-

HOe Jl}lSI xpatteHHSI T0rIJlHBa, ero npHrOTOBJleHHSI nepe.u 

B0C11p0H3B0l\CTBOM A3 Ii II0llalJH B Kopnyc peaKTopa; 

- nyJlbT ynpaanem1si peaKT0p0M. 

OT.UeJJbHblM 3JleMeHT0M TeXHOJ!0rl!'leCKOi-i CHCTeMbl 

SIBmteTCSI pauuau.H0HHblH K0Irryp C raMMa-06J1YlJUTeJ1eM -

ycTpOHCTBOM, C noM0!llbl0 K0T0poro o6pa3Ubl M0)KH0 

06.llYlJUTb OCTaT0'lllblM raMMa-HJJ1Y'leI-1HeM 0CK0JlK0B .ue­

nem-111, o6pa3yl01UHXCSI B T0nJIHBH0M pacrnope npH pa6o­

Te peaKTopa [2]. 
Kopnyc A3 Bbll"JOJIHeH l\Byxcnoi-iHhlM u pa36op111,1M 

(pHC. I). CHJJOBru! lJaCTb ero C0CT0HT H3 Tpex )leTaneii: 

8Hew11eH CHJlOBOH o60JJO'IKH (co6cTBell!IO KOpnyc), 

BttyrpeHHeH CHJ!OBOH o60J10'-IKH ( rHJlb33) H KpblWKH, K0-

TOpble H3r0TOB.Jlellbl HJ BblCOK011p0'-1II0M CTaJIH 30XfCA. 

Me:-KJlY 3THMH o6oJlO'-IK3MH pa1Meme11a repMeTH'-IHaSI 

ar,myna, H3rQT0BJleHHaSI 1,JJ KOpp03HOIH-IO-CTOHKOH aycTe­

HHTHOH cTanH 12Xl8HIOT H HMe10masi cno:-KHYIO ope6-

peHHYIO K0HCTp)'K.l.lHIO - l\HCTaHUHHPYIOI.UHH 3KpaH, no-

3B0J!SII01UHH 0T.UeJlSITb Jlpyr OT .upyra B03.llywHOH npo­

CJ!OHKOH UHJlHHl\pH'leCKHe nosepx110CTH A3 H aMnyJlbl. 

Puc. I. Kopnyc A3 peaKTopa 51rY AP: I - BHCWIHlll CIJJl0BlUI o60J10'1Ka KOpnyca c KpblWK0ii; 2 - a!.myn a: 

3 - UCHTpaJJbllblH 3KCnepHMCIITaJlbHblH KaHa~: 4 - HC (CBCJlCHbl K UCIITPY A3): 5 - aMOpTHlUT0pbl MeXaHlnMa HC: 

6 - CJHIBHOH Tpy6onpoeon: 7 - CB11HU0Ball 6HOJlOlll'ICCKal! 3Ulll11Ta (uenO.[lBlilKHaJI '18CTb); 8 - BIIYTPCHHSISI CHJlOBal! o60J10'1Ka 

(n!Jlb3a): 9 - cpnatteu lKCCTK0CTII; 10 - CBIIHUOBall 6HOJlOrH4CCKlUI 33lllltTa (nO.UBH)l(HaJI lJUCTb); 11 - onopulUI nnurn: 

12 - nonnecKa Kopnyca. PaJMep&1 B MHJlJlHMCTpax 
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CBHHUOD311 611onorll'-ICCKall 38lUIIT3 Kopnyca co­

CTOHT H3 11e1IOJlBH)l(HOH It 110 .l!Bll)KHOH YaCTeH TOJlWHHOH 

4,5 CM K3lK.UaSI. no.UBHlKlla.H •taCTt, npH IIOBOpOTe MOlKCT 

OTKpblBaTb OKHa. HMelOLU,HeCll B HenO)]BH)l(HOH YaCTH , B 

pe3yJlbrnTe o6nyYaeMble 06pa31.u,1 Moryr pa1MewaTbCll B 

Henocpe.ucrneHHOH 611H1o crn OT Kopnyca A3. Kopnyc 

ycrnHOBJJeH t-ta onop,wii nmrre c n o Mow,1,10 wecni nap 

pe3HIIOBblX aMOpTH33TOpOB. npe,uHaJH3'teHHblX ,UJlSI 

.ueMn<pHpOB3Hl1SI ero KOJ1e6a1rnii B sepTHKaJlbHOM Ha­

npaBJJellHH noCJte HM11y;11,ca .uene1111ii. 

PeaKTOp ~ITY AP HMee-r .usa HMllYJlbCHblX cTeplKHll 

(sepxHHH H IIHJKIIHH), KOTOpbte HCl10Jlb3YIOTCSI .!U]SI 6htCT­

poro 8B0.!13 peaKTHBHOCTH, a B CT3THYeCKOM pelKliMe pa-

60Tbl BbtnOJIHSIIOT TaKJKe cpyHKUHH .uonOJlHHTeJlbHblX op­

raHOB asapwHHOH 33WHTbl. 

11MnyJlbCHble CTeplKHH (11C) BbtnOJlHeHbl s cpopMe 

nOJlblX UHJIHHJlpOB 113 HeplKaBetowei-i CTMH, 3anonHeH­

HblX rHJlp11110M JlHTHll (90 %-ro 06oraweHHS1 
6Li). CHc­

TeMa ynpaBJleHHSI XO.UOM HC H nHeBMaTHYeCKHe npHBO­

Jlbl, ocyweCTBJlSIIOIUIIC nepeMCIUeHHC HMITYJlbCHblX 

CTep)tCHeH, BbtnOJlHeHbl TaKHM o6pa30M, lfT06bt K3)1(Jlb(H 

CTeplKet-Ib MOr nepeMeLUaTbCSI He3aBHCHMO OT .upyroro. 

B TeXHOJJOn-tlfCCKOH CHCTeMe peaKTopa 51IY AP HMeeT-

CSI .usa H.UeHTHlfllblX SlllCpH0- 6e10nact1bIX 6a'1JlOHa-

xpatHIJIHLUa TOOJlHBHOro paCTBOpa - OCHOBHOi-i H JanaCHOH. 

Pam-iauHOHHbll{ KOHT)'p peaKTOpa (raMl\13• 

00Jl)"i3TCJib) COCTOHT H3 lfCTblpex O)lHHaKOBblX nJlOCKHX 

(TOJll.UHHOH - 5 CM) eMKOCTeH-MO.UYJlCH (pHC. 2), KalK,UblH 

HJ KOTop1,1x npencrnBJllleT co6oi-i 6noK B cpopMe napaJJJ1e­

nenHne.ua c ra6apHTHblMH pa3MepaMH 54,0x54,0x5,0 CM . 

Btty-rpeHHHH 06-beM MOJlyJlSI, KOTOpblH MOJKHO 33ITOJlHllTb 

TOJ"IJlHBHblM pacrnopoM, paset·I npHMCpHO IO Jl. TOJILUHHa 

ITJlOCKOro CJlOSI paCTBOpa pas1-ia 4 CM. 

P11c. 2. raMMa-o6nyYaTeJlb. 4eTb1pe MOLlYJISI co6pa111,1 

B l!H.UC IIJJOCl::Oii 06J1yYaK>1ueii IIOBepXIIOCTH 
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MellSlll B3aHMHOe pacnOJlOJKetrne Monynei-i, MOlKHO 

co:inaBaTb pa3JlHYHble KOllq:JHrypau111-1 HCTO'!HHKa r3MMa­

KB3HTOB. no 38BepweHHH pa60T C HCllOJlb30BatrneM raM­

Ma-06nyYaTem1 pacTBop BHOBb B03BpawaeTCSI B 6anJJOH­

xpa1iHJ1HLUe. 

Texuonorn'-lecKaH cm.'Ter.rn peaKTopa 51IY AP co­

CTOHT HJ pacrnop11oro H ra3011oro KOHTypoB (pHC. 3). 

PHc. 3. TexHOJIOrHlfeCKrui CH<..,eMa peaKTopa HrY AP: I - A3: 
2 - KOpnyc A3: 3 - 6HOJJOrH4eCKrul JaulHTa; 4 - HHlKHHi-i HC; 
5 - aepxHHi-i HC; 6 - np1rnon JarpyJKH o6paJuoa; 7 - Heii­

TpOH HblH IICTOYHHK: 8 - raw,1a-06ny'laTenb; 9 - BeHTHJlb PY"­
HOH; IO - cjlH.%Tp O'IHCTKH ra3os: 11 - Hacoc MeM6paHHblii; 

12, 16, 17 - I1aTlfllKH ,!lallJle!!Hll; 13, 14 - 6a.rtJJOHbl-Xp3H1-IJIHl!l3 

lKH.UKOro TOOJlHBa; 15 - faJOBblH 6a.rmo11: I 8 - KJJanaH Hop­

MaJlbHO OTKpblTbli-i: 19 - HCKpOBOi-i BOCOJJaMeHHTenb; 20 - npH­

BOLl 6HOJJOn!'leCKOH 33WHTbl: 21 - KJJ303H HOpMa.rtbHO 33Kpbl-

Tbltt: 22 - o6pa3eU Ha o6JJ)'lf3TeJlbHOi-i ll03HUHH 

K paCTBOpHoMy KOHTYPY Text1onornlfeCKOH CHCTCMhl 

OTHOCSITCll: Kopnyc A3; 6aJJJlOHbl-Xp3H1-IJIHLU3 TOOJlHBHOro 

pacrnopa; raMMa-06J1ylfaTe.nb; 6aJJJ1011-c6opHHK npon11rnro 

npH asapHH pacrnopa (Ha p1-1c. 3 He noKaJaH); coenHHH­

TeJlhHb1e KOMMYHHK3UHH C 3anopHOH apMaTypoi-i; TeXHOJlO­

rHlfeCKHH npHllMOK. fa30Bb!H KOHTYP CHCTeMbl BJUllOlfaeT B 

ce6SI raJOBblH 6aJUIOH, MCM6paHHblH Hacoc JlJUI OTK3lfKH 

raJa, HCKpOBOH BOCrlJlaMeHI-ITe./lb rpeMylfero ra3a, COCJlHHH­

TeJlbHblC KOMMYHHKaUHH C 3anopHOH apMaTypOH. 

TCXHOJIOfl-l'lCCKHH UHKJI llOJlylfCHH.SI HMITYJlbCa CO­

CTOHT 1-13 HeCKOJlbKHX OCHOBliblX onepauHH: ll0Jl3YH TOn­

JlHBa B Kopnyc; perynttp0B3Hl-tll peaKTHBHOCTl-1 (nOHCKa 

CTapTOBOro COCTOl!HHll): reHepauHH HMITYJlbCa neneHHH C 

n0Mow1,10 "sblcTPena" HMnynbCHblX CTep;1rneA 1n A3; 
pa360pKH A3 (CJlHBa paCTBOpa 1-13 Kopnyca peaKTOpa); 

CJKl-tr3Hl-lll 06pa10BaBweroc11 npH reHep1-tpOB31lHH HM­

ny.llbCa nen eHHH pan.1-tOJlliTHlfeCKOro ra3a. YnpallJlCHHC 

BCCMII onepaUHl!MH TeXIIOJIOrHlfeCKOro UHKJla aBTOMaTH-

3HpOB3HO H se.ueTC)I C ny1lbTa peaKTopa. 



UPHHIJ,U:n ,llEHCTBIUI PEAKTOPA SlfYAP 

AKTHBHble JOlibl BCeX HJBeCTllblX K HaCTOl!llleMy 

speMeHH pacTBOpllblX HMnymCHblX peaKTOpOB (l1J1H, 
811P, 3fll1P, l1fPl1K, SILENE) s1,11I0J111ettbI B cpopMe 

UHJHIH,11.pa co CB060,11.HOH nJlOCKOH Bepxttei-i rpaHHuei-i . B 
T8KOH reoMeTpHH Bee nepeMe[lleHHll )l(H,11.KOl'O TOnJIHBa 

Moryr npoHCX0.UHTb JIHWb B sepTHKaJlbHOM HanpaBJ1eHHH, 

H Ml! Hee MO)l(HO noKaJaTb, '-!TO M3KCHMaJlbHOe HHepuH­

aJlbHOe .naBJ1eIme B pacTBope P11" ~ (H/rI12/, r.11.e H -
BblCOTa A3, a L)/2 - nonywHpHHa HMnyn1,ca .neneHHH. 

TTpH cj:lHKCHpOB8HHOH nJJOTIIOCTH pacTBopa 38BHCH­

MOCTb Putt ~ H2 
8HaJlOrH'-!Ha 33BHCHMOCTH P,111 ~ (M/S)2, 

r.11.e MIS - Macca pacTBopa, onIecennrui K n1IowanH no­

nepe'-lttoro ce1.Jettiu1 A3. 

O.nttaKo npocrne pewettHe Bbm0JJHHTb A3 s cpopMe 

nnocK0ro CJIOll C ue.riblO CHHlKeJ-tH)I BeJlH4HHbl P,rn HelKe­

Jl8TeJlbHO KaK HJ-38 HeB03MOlKHOCTH flOJ1Y4eHHSI B 3TOM 

CJ1Y4ae 6oJJbWOH 3KCnepHMeHTaJlbHOH Sl'-!eHKH (rnna ueH­

TPaJlbHOro 3KcnepHMeHTaJlbH0ro KatiaJla) C BblCOKHM H 

O.UHOP0.11.Hb!M cpmoeHCOM HeHTpOHOB, TaK H HJ-Ja peJKOro 

CHH)l(eHH)I o6beMHOH COCTaRJUIIO[lleH TeMnepaTypttoro 

K03cpcpHuHeHTa raweHH)I peaKTHBHOCTH. 

C1-1ryauH51 cyllleCTBeHH0 MeHlleTCsi, ecm1 nnocKHH cnoi-i 

"ceepttYTb" s UHJJHH.UP, OCTaBHB BHYTPH ueHTPaJ1bHb1H Ka­

ttan, H OCYllleCTBlffb B03M0)KH0CTb pa3.lleT8 T3KOH CHCTeMbl 

KaK B pa.D.HaJlbHOM, TaK H B aKCHaJlbHOM 11anpaB.T1eHHH. 

PaCCMOTpHM Ka'-!eCTBeHHO, K8K BJlHSleT HaJHf'-!He ll'-!e­

eK Ha 60KOBOH nosepXHOCTH Kopnyca A3 11a napaMeTpbl 

HMnyn1,ca .11.eneHHH. 8blnOJ1HHM oueHKH Mll A3, y KOTO­

poi-i CB060.11.HblMH SIBJUIIOTCll sepXHllSI OJlOCKaSJ H 6oKOB8SI 

UHJlHH.UpH'-leCKaSJ nosepXHOCTH pacTBopa. TaKasi M0,11.eJlb 

A3 n03BOJ1HT nony'-IHTb sepXHIOIO oueHKY yMeHbWel-tHll 

.naBJleHHll no cpastteHHIO C A3 06bl'-IHOH KOHcj:)HrypauHH. 

Bocnonh30B8BWHCb npH6JlHJKeHHblMH peweHIHIMH ypaBHe­

HHH 3HJ1epa H HenpepbIBHOCTH, HaimeM ,UJlll CJlY'-laSJ llBH­

JKeHH.ll Tonn11sa B A3 c p83.llH'-!H0H reoMeTPHeii pa3.lleTa: 

< m >, Ii, = t:,,PS,; 

< Ill >r vr = t:,,PS,, 

me <m>z,r - 3Cj)cpeKTHBHble MaCCbl paCTBOpa s A3; Sz, s, -
nnOCKaSJ 11 UHJlHH.11.pH'-!eCKaSJ cso6o.nHble noeepXHOCTH 

pacTBOpa; t:,,p - p83HOCTb .naBJleHHH B pacTBope H 38 pac­

CM8TpHBaeMOH CB06011HOH nosepXHOCTblO. .il,JJSI oueHOK 

nOJlO)KHM, '-!TO .naBJ1em1e 6ycpepHoro raJa Ha.II. paCTB0pOM 

H Ja ero OOKOBOH nosepXHOCTblO (T.e . B B03.11.YWHblX no­

JlOCTllX )14eeK) B Te'-leI1He 60JlbWeH 48CTH HMflYJlbCa 011H­

H8KOBO H paBHO H8'-18JlbllOMy Po, TaK '-!TO t:,,P = p - Po, 

me p - .11.aru1emte B paCTBOpe. YlJHTblBall 3TO, H8H)leM 

COOTHOWeHHe MeJK.ny CKOpOCTSIMH Vz H Vr H CMell.(eHHSIMH 

nnoCKOH t:,,z(t) H 6oKOBOH !:,,r(t) nosepxttocTeii pa3Jle­

Ta10meroc11 pacTBopa 

< m >2 S 
V =--~ 'v· 

r < Ill > r Sz z, 
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Ouet1KH noKaJanH, '-!TO .nnsi A3 peaKTopa 5IrY AP c 

BMCOTOH pacTBopa H ~ 40 CM, s11ewImM R - 20 CM H 

Btiyrpe11HHM Ro - 10 CM panHyCaMH pacrnopa H ero TOJl­

lUHH0H M = R - Ro~ 10 CM BblnOJIHlleTC)I HepaseHCTB0 

M (t) < m >2 S, H !:,,z(t) --=--~ ---= 
t:,,R < 111 >, S2 t:,,R H 

3 R + R0 H 2 !:,,z(t) !:,,z(t) 
= - ----=- --- >> --. 

2 R+2R0 M 2 H H 

OTCIOlla CJ1e11yeT, '-!TO a6COJ1IOTHOe H OTI-I0CHTeJlbllOe 

H3MetteHHll nonepe'-!HOro paJMepa A3 cymecTBeHHO npe­

socxomrr 8118J10fH'-!Hble H3MeHeHH)I BblCOTbl A3. no::iTOMY 

BOJMymeHHe nn0THOCTH pacrnopa s A3 BO speMll HM­

flYJlbCa 06ycn0BJ1eHO B OCHOBHOM BOJMyweHHeM none­

pe'-IHOro paJMepa. TTpHMeM s nepBOM npH6JJH)KeHHH, '-!TO 

HJMeHeIme Ha.11.KpHTH'-!HOCTH peaKTOpa 06ycJ10BJ1eHO H3-

MeHeHHeM o6beMa paCTBOpa, T . e . 

t:,,K(t) = -y. t:,, V/Vo . 

113 3TOrO COOTHOWeHH_SI H llblnOJIHeHHblX oueHOK 

BH.nHO, '-!TO B TaKOH CHCTeMe o6paTll8SI CBSl3b o npe.nenll­

eTCSI s OCHOBHOM panHaJlbHblM CMe[lleHHeM 6oKOBOH no­

sepxHOCTH A3. OueHHM BJlHSIIIHe .11.ByMepHoro pali1eT8 

A3 Ha BeJ1H4HHY n,aBJleHIUI B pacTBope . .il,JJl! :noro Bblpa-

3HM OTHOCHTeJlbHoe HJMeHeHHe o6beMa pacTBopa Xv '-!e­

pe3 panHaJ1ht1oe t:,,r(t) H ocesoe t:,,z(r) CMememtll cso6o.n­

HbIX nosepx11ocTei-i A3 s BH.ne 

t:,,V !:,,r(t) t:,,z(t) 
x. = Vo = X M + H' 

me x = 2Rl(R + Ro) = 4/3 - 4HCJleHHblH MH0JKHTe.nb. 

no.ncTaBHB 3TO Bblp8)KeHHe B npH6J1HlKeHHoe pewettHe 

ypaBHeHHH 3HJ1epa H HenpepblBH0CTH H C4HT8SI, '-!TO B 

TelJeHHe HMrtyJlbca 11e.net1HH CMemeHHSI !:,,r(t) H !:,,z(t) Ma­

Jlbl, H8HlleM 

x,.(t) = t:,,P(t) Sz (1 + X ..!!...._§..r_ < m >z )· 
< m >i ,H t:,,R Sz < 111 >, 

Ih aHariH3a nocnent1ei1 cpopMynbt cnenyeT, '-!TO YMCHbWe­

HHe 11aBJ1e1HU1 (H, cne110BaTeJ1bH0, MHTeJlhtl0CTH HMnynb­

ca) onpenenlleTCSI K03cpcpHuHeHTOM 

( 
H S, < 111 >z) Kp = I +x----"'- . 
M S2 < m >r 

TTpoaH8JlH3HpyeM p0Jlb Ka)l(Jloro H3 COMH0JKHTeJJei-i BO 

BTOp0M CJlaraeM0M: 0TH0Wem1e 3cpcpeKTHBHblX Mace He-

60JlbWOe H COCT8BJISleT 

< m >z 
< m >r 

3 (R + R0 )2 27 
= = 

4 R-(R+2R0 ) 32' 

0TJ-I0WeI111e nosepXHOCTeH palJleTa .U0B0JlbH0 BeJlHKO Ii 

COCT8BJ111eT 

S 2· R H 16 
-L=-----= 
Sz R + R0 t:,,R 3' 

OTH0WeHHe TOJl[llHH pacTsopa B oceROM H panHaJlbHOM 

HanpaRJJeHH)IX TaKlKe BeJlHKO H COCTaBJllleT: H/t:,,.R = 4/ I. 

..,, 



A11amn noKaJblBaeT, '!TO 0CHOBHOH 3q:>q:>eKT CHHlKe­

llHll J1aBJ1eHHll 06yc110BJ1eH .!lBYMll cpaKTOpaArn: yseJlH'!e­

llHeM nJl0lUallH CB060llHOii noBepXH0CTl1 T0nJlHBII0fO 

pacTB0pa H yMeHbWe~JHeM T0JllUHHbl CJI0ll paCTB0pa B 

pruJ.HaJlbH0M ttanpaBJleliHH. B HJletUlbH0M c11y•rne (6eJ 

y'leTa BJlHllHHll pe6ep, nepeMbl'!eK 1-1 npyrnx K0IICTpyK­

UH0IIHblX 3JlCMeHTOB) Kp "' 26. llnsi peanbHOH reoMeTplrn 

Kopnyca M0lKH0 HaHTH, '!TO Kp "' 15, 3T0 no<JTH B nsa 

pa3a MeHbWe. '!eM .ll)UI HJleaJlbH0H KOHq>HrypaUHH. Cne­

.nosaTeJlbH0, 0lKH.UaeMasi JlJJHTeJlbH0CTb HMnynbca B peaK-

rnpe 5lrY AP M0lKeT 61,1n s ~ Jis, T. e. s "' 4 paJa 

MCHbWe, '!eM a peaKT0pe c A3 o6bl'IHOH KOHcpttrypaUHH 

11 paB1Ionp0'IH0M Kopnyce. 

noCJleirnee o6cTOSITeJlbCTBO n03B0JllleT cyLUecTBeHH0 

CHH31ffb .!lJlHTeflbH0CTb HeHTp0HIIOl"O HMllYJlbCa peaKT0pa 

(np11 coxpatteHHH YJleflbH0ro 3HeprOBbl.UeJle~1Hll), .llllll Ye­

ro Heo6XOJlHMO n0BblCl1Tb K0HJ.leHTpaUHJO SUJ,ep rop1o'lero 

( 235U) B pacTBope H C UeflblO onTHMl13aUHH reoMeTpH'!e-

CK11X pa3MepoB A3 BBeCTH B paCTB0p 3q:>q:>eKTHBHblH no-G- rfl0THTeJlb HeHTpOHOB, HanpHMep, KallMHH. 

t. Oct10BHble pac'leTbl HeHTpOHH0-q>H3H'leCKHX xapaK­

TepHCTHK npoB0JlHJlHCb no nporpaMMaM MeTona MOHTe-

0 Kapno, KJIAH (pac<1eTbl KpHTH'lttocrn) H 11Pl13MA-.ll 

C\j (pac<1eTb1 cpnmettcos H noJ Hei-iTpo1-1os H raMMa-Ksa11Toe) 

C HeHTp0HHblMH K0HCTallTaMH EAC. 

C"') .llaHHble, nony'leHHble B pac'leTax, CBl1.!leTeJ1bCTB0Ba-

~ J111 0 BblCOKOH 3¢q:>eKTHBHOCTH paCTBOpe1rnoro nornoTH-

~ TeflSl )la)Ke JlJJll cny'laJI BblC0K0K0HUe1np1-1poeaHHblX pac­

~. TB0p0B (Cu - 460 r/n) 11 ll03B0JISlnH 11a.uellTbCll lia 803-

M0lKII0CTb Jl0CTHlKeHHSI TPe6yeMoro KpHTH'leCK0fO o6be­

Ma A3 peaKTopa 51.rY AP c n0M0IUblO sapbHp0BaHH.SI 

KOHUCIITpau,HH ypatta H KaJlMIUI B pacrsope (.!lJlll CHCTeMbl 

6e3 11ornonnem1 ttei-iTpottoB B Tonmrne ::>To npenc-raru1si­

no 61,1 neCbMa CJl0JKHYJO Ja.uaYy). 3To llBHJI0Cb 0CH0BalJH­

eM .llll.SI 0TKa3a OT npose.ue11HS1 npe.usapHTeJlbHblX LIOporo­

CT0SIIUHX KpHTMaCC0BblX 3KCnepHMCHT0B, K0T0pble 6bUJH 

HeH36eJKHbl npH cp113H'!eCKOM nycKe .upyrnx pacTB0pHblX 

peaKTopos. 

<l>HJH'!eCKH~i nycK peaKT0pa np0B0llHJlCll II TpH 3Talla. 

Ha nepeor.t 3Tane B Kopnyc peaKT0pa JaJlHBaJlCll 

pacTBop c K0t1u.ett-rpau11ei1 ypatta Cu - 155 rln, KOTOpb1H 

pattee HCn0J1b30BaJ1Cll B Ka'!eCTBe T0nJlHBa .!lJlll CHllT0ro C 

3KcmIyarnu111-1 B 1984 r . peaKrnpa 3JIHP. 110 npensap11-

TeJ1bHblM oueHKaM, KpHrn'leCKHe napaMeTpbl A3 peaKT0-

pa 3JIHP II peaKTopa 5lrY AP c T0nJJHB0M peaKTopa 

3JIHP (A3 N2 I) 61,1n11 nocrnT0'III0 6JJH3KH. 3rn npeno­

npenem1J10 TaK)Ke 6nHJOCTb reoMeTpH'leCKHX paJMepoB 

A3, "secos" HMOYJlbCHblX CTeplKHeii, BpeMeHH ;KHJIIH 

MrJJ0BeJIJlblX HeiiTpOHOB H npH cpas11e111111 napaMCTp0B 

HMnym,ca JleJleHHH 003B0JISIJI0 oueHHTb BJIHSIHHe Ha HHX 

H0B0ro cpaKTopa - paJlHaJlbH0fO pa3JleTa T0MHBa. 

Ha BTOpOM nane (pH3H'leCKOro nycKa A3 

" nocTpaHBanac1,'' 110 BblC0Te no npoeKTII0l'O JHa<IeHHSI 

H - 40 CM (BMeCTO II = 26 CM Ha nepB0M :nane). np11 
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3T0M K0JIUCHTpaUHll 
235 LJ B paCTB0pe 61,UJa HeCK0JlbK0 

yseJJH'lelJa (.uo - 170 r/J1). a H36bITO'!HaSI peaKTHBH0CTb 

II0JlaBJJllJlaCb BBe11eH1ieM B paCTB0p C0Jl11 cynbcpaTa Ka.!l­

MHSI ( Ced - I r/11) (A3 N2 2). Hccnenosa1111si .ua1moi-i c11c­

TeM1,I ll03B0JIHJ1H .uaTb 0TBeT Ha CJlellyJOLUHe sonp0Cbl: 

KUK BJIHlleT ll0fJI0THTeJlb HeHTpOII0B (Cd) Ha K03cpq:>HUH­

eJIT raweHHSI peaKTHBH0CTH, 3aBHCl1T nH BeJlHLJliHU HHep­

UHaJJbll0fO naru1e11HS1 np11 PallHaJlbH0M paJJJeTe T00JlHBa 

OT BhlC0Tbl A3, KaK0Ba BeflH'IHHa MaKCHMaJlbH0f'O HJMe­

HellHll peaKTHBH0CTH CHCTeMbl npH YBeflH'ICHHH .uaBJJe­

Hllll Ha.u "3epKaJJOM" paCTB0pa. 

HaKOHeu Ha TpeTbeM 3Tane q:>113H'leCKOro nycKa 61,1-

Jla 3KCnep11MeJ1TaJlblJ0 HCCJlCll0BaHa pacc11HTaHHaSI pattee 

paCTB0pllaSI CHCTeMa C BblCOKOH KOHUCHTpau1-1ei-i ypaHa 

( Cu ~ 460 r/11) 11 JHa'IHTeJJM10~ "np11canKott" Cd 

(Ced - 5 r/n, A3 N2 3), K0T0pall n03sonHJ1a nonyYHTb 

npoeKTHble napaMeTpbl HMOYJlbCa .ueneHHH H C K0TOp0H 

peaKTop 5lrY AP 6bm cnaH B 3KCllJJyaTaU,HJO. 

OJJHHM H3 0CH0BHblX M0MeHT0B B Hccne.uosaHHllX 

npouecc0B, np0TCKaJOWHX B paCTBOpHoii A3, 6bU10 H3-

MepeHHe BeJlH'IHH H xapa1nepa B03HHKal0IUero HHepuH­

aJlbH0ro naBJJeHHSI . 

,llOCTOBepHble cse.ue1-111ll 0 .!lHHaMHKe H BeflH'IHHe 

np0TeKaJOIUHX s pacrnopHOH A3 rn.upomrnaMH'!eCKHX 

npoueCC0B npenCTaBJllll0T 60J1bWOH npaKTH'leCKHH HHTe­

pec KaK onpe.UeilllJOLUHe np0'IH0CTHble xaprunepHCTHKH H 

pecypc K0pnyca. BMecTe C TeM rn.ap0.UHl·la.MH'leCKHe npo­

uecCbl onpe.UeJllllOT TaK)J(C MexamnM raweHHll peaKTHBH0-

CTH H, CJJeJl0BaTeJlbH0, napaMeTpbi HMOYJlbCa .ueneHHH. 

CTpH 11ccnenoBaHl1H rHllP0llHHaMH'leCKHX llBJleHHH B 

A3 peaKTopa 51.rY AP (A3 N2 I, A3 N2 2 H A3 N2 3) 

np0113B0llHJIHCb H3MepeHHll BeJJH'IHHbl HHepUHaJll,H0ro 

.uaBJICHHSI, CK0p0CTH nepeMell.leHHll rpattl1Ubl paCTB0pa, 

nepeMetUeHH.SI Kopnyca peaKrnpa, .uecpopMaUHi-i Kopnyca 

1-1 CJIHBH0ro Tpy6onposo.ua. 

,llaBJleHHe B T00JIHBH0M pacrsope Ha nepBOM 3Tane 

Q)113H'leCKOro nycKa 113MepSIJI0Cb C n0M0LUbJO Kpe1Uep0B. 

Ha BT0p0M H TPeTbeM :nanax q>H3H'leCKOfO nycKa 

.uaBJIe1me H3MCpllJ10Cb C Jl0M0IUblO TpaHccpopMaTOpHoro H 

HH.!lYKTHBH0f0 naT'll1K0B, perHCTPHP0BaBWHX BpeMe1rnyJO 

3aBHCHM0CTb nporn6a MeM6paHbl. KoHCTPYJ<UHll HJMepH­

TeflbHOH wTaHrn c MeM6paHOH, HH.!lYKTHBHblM H K0H­

TaKHlblM11 naT'IHKaMH npHBelleHa Ha pHC. 4 . 

B 60J1bWeH 'IUCTH HJMepeHHH B Ka'leCTBe nepBH'IH0-

ro npeo6pa30BaTeJ1SI }laBJlCliHll HCn0JJb30BaJ1Cll HHJlYKTHB­

HblH JlaT<JHK Ml1-20. L(J1.si npeo6pa3oBaHHll K0MnneKcHo­

ro conp0THBJlCHHSI JlUT'IHKa 8 3JleKTpH'leCKOe HanplllKe­

HHe 6b1JI HCn0J1b30BalJ HHllYKTHBHblH BblC0KO'l3CTOTHblH 

npeo6pa3oBaTeJlb 11B0-2. ,ll11HaMH'leCKaSI KaJJH6p0BKa 

ocy1UeCTBJ1S1J1aCb C HCll0J1b30BaJ-tHeM 11MllYJlbCHOH KaMepbi 

nas.ne1111S1. B1,1xon11oe 11anpsiJKeH11e npeo6paJosaTensi, 

nponopu11011asIb11oe 11aBJ1eH11JO, pernCTp11posanoc1, c no­

M01UbI0 ocu1-111norpacfJos C8-13, C9-8 1-1 u11cpposoro K0M­

nneKca p e rncTpau1rn HKPOl1. 
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PHC. 4, KoHCTpyKUHll H3MepHTCJlbH0H WTaHrn: I, 6 - rai-iKH; 2,5 - YllJIOTHHTCJlbHblC npo1U13.llKH; 

3 - JIHHHll CBll3H C H3MCp11TCJlbHblMl1 K0HTaKTa1-rn; 4 - K0Mnayttn; 7 - "naposoii" naTpy6oK; 

8 - naT'-IHK JlaBJICHHll .llll.H-20; 9 - H3MepHTeJibHblH K0HTaKT: IO - TepMonapa: 11 - K0pnyc WTaHnI; 

12 - Ka6enbHblH lKryT 

CKOpOCTb nepeMeweHIISI pacTBopa B eepTHKaJlbHOM 

HanpaRllemrn OUCIIHBaJ13Cb C rlOMOWblO KOHTaKTH0ro ypoe­

HCMepa, KOTOpblH npe.ncraR/lllJI co6oi1 44 H30I1Hp0B3HHblX 

K0HTaKTa, BblBe.llCHllblX 4Cpe3 CTCIIKH H3MepHTeJibHOH 

WTaHrH B pacreop. ITpH nepeMCWCHHII pacreopa tm,OJlb 

K0HTaKT0B MCHllJIOCb 0MH'lCCK0e conpontRJJCHHe Me)Klly 

KOHTaKTOM H crettKOH TP)'Ubl OT I MOM .no 50 KOM, 4TO 

yeepeHH0 pentCTPHPOBaJJOCb H3MCpHTeJibHOH CHCTCMOiL 

f1epeMe111e1-1He Kopnyca peaKrnpa e oceeoM uanpae­

neHHH ("no.UCKOK Kopnyca") pernCTpHp0BaJIOCb Kpewep­

HhlM H Tpattc¢opMaTopHblM .uaT4HKaMII, pa3MClllaCMblMH 

Ha HC3aBHCHMOH OT Kopnyca no.ueecKe no.a ero JlHHlllCM. 

C nOM0LUblO nbC30aKCenepoMeTpa OUCHHBaJIOCb ycKope-

1-rne JlBHlKCHH.11 KOpnyca. 

BenH'lHHbl .nect,opMaUHH Kopnyca peaKTOpa 11 CJIHB­

HOro Tpy6onposo.na perHCTPHPOBaJIHCb TeH30.ll3T411KaMH 

2<I>KITA-5- lO0rB 11 2<I>KITA-3- t oors, KoTopbre pa3Me­

wan11cb B HHlKHCH H cpe.nHeH 43CTH "oKHa" B 611onorn-

4CCKOH 3alUHTC KOpnyca H B Tpex o6naCT.!IX (BepxHeH, 

cpe.UHCH 11 HH)l(HeH) CJIHBH0fO Tpy6onpoeo.ua. 

B Ka'leCTBe npHMepa Ha p11c. 5 npHBC.D,CHbl BpeMeH­

HblC JaBHCHMOCTH M0LUH0CTH 11 JllIB.llCHHll B HH)KHCH 'lac-

rn A3, a TaKJKe cpopMa C11fHaJJa KOHTaKrnoro ypoBHCMe­

pa w1.11 HMnynhca nenettHH N2 58. BpeMeHHrui cpopMa HM­

nyn1,ca perncTp11poeanac1, c nOMOlllblO <I>3K c nJ13CTMac­

COBblM CUHHTHJlJlllTOpOM. 

P11c. 5. 0cUHJIJIOrpaMMbl HMllY!lbCa 

N2 58 (£ = 9,8 MII.JK) : I - KottTaKT­

HblH naT'-IIIK ypoBllll paCTBOpa B 

K0pnyce (pa3/ICT HJ T04KH N2 38 B 

T0\.fKH N2 40 II N~ 44): 2 - Jl3T'-IIIK 

JlanJlCHllll <Pma., = 2,3 Mna): 3 -
Jl3T'-IHK cpopMbl HMnym,ca (5 Mdnen.) 

Pe3yJibTaTbl HJMepeHH.11 napaMCTPOB HMnyJibC0B ne­

JICHHH H fHJlp0JlHHaM1t1.fCCKl1X xapaKTCp11CTl1K peaKT0pa 

.slrY AP (A3 N2 3) np11eene1-11,I B rn6n. l. 

Ta6n 11ua 

Pe3yJibTaTbl H3MepeHHSI napaMeTp0B HMnynbC0B JlCJlCHHH H rnnpon1rnaMH4CCKl1X xapaKTepHCTHK peaKTopa .slrY AP 

(A3 N!! 3) (tta'laJJbHblC ycnos11.11: R;n = 8,8 CM, Rex= 19,8 CM, HA3"' 38 CM, Cu= 465 r/n, Ced= 5 r/n, 

R;n, Rex - 01-1yrpe111111ii 11 3¢¢eKT11BHblH s1-1ew1111H pa.n11yc1,I pacTBopa) 

Ha'laJJbHrut YnenhHOe 
MaKCHMaJlbHOC 

BpeMCHHOH HHTepean 
HttepUHaJlbllOe 4HCJIO JJCJJCIIIIH nonyw1tpHHa 

H3.llKpHTH\.f· JHeproBb(JleJICH lie, 
naBJieIme e pacrnooe, Mna 33 HMllYJibC IIMllYJibCa, MC 

MelKJly 1111KaMH 

HOCTb, tiKp M.!lJK/11 
I -ii fiHK 2-i,l n11K 

naBJieHllll, I-IC 

0,009 0,24 0,8 0,9 0,26-1018 2,02 5,0 

0,016 0,49 2,3 4,6 0,58-1018 0,95 1,6 

0,021 0,71 5,4 13.5 0,83-1018 0,81 1,2 

0,027 0.85 11,2 37,2 1,12-1018 0,68 0,65 

18 



PaJJleT T0nJ111Ba II ero 1naHM<l1leiicTRHe C pe6paMH 

a"-mYJJbl H 11pyrnm1 ::i11e~1e11TaMH Kop11yca (nttacpparMoi-i. 

KpblWKOii) TUK)KC C03Ll310T KpUTK0HpeMe11111,1e HMnyJll,Cbl 

J.l3BJleHHSI, K0T0p1>1e np11110)1SIT K nepeMeUICIHISIM K0pnyca 

BBepX-811113. Ha p11c. 6 11pusene111,1 0CUIIJIJI0lpaMMbl CHr­

HaJJa J.l3T4HKa nepeMellletrnii K0pnyca (''riphl)KKH 

KOpnyca"), nony4e11111>1e H HJMepe1tHSIX !(JUI HMnyJJbC0B C 

pa3!1114ll l,IM ::i11eproBblJ.leJ1e1111eM. 

Pttc. 6. Ocwuu1orpaMMbl lHIT'IHKa nepeMelUClll1SI KOpnyca 

peaKT0pa 51TYAP: a - IIMIIY.'lbC x~ 46 (£ = 9,5 M.[l:K, 

pa:rnepTKa OCUIIJIJIOrpacpa IO Mc/}.leJl., 4YBCTBIITCJlbH0CTb 

100 MB/.ue.1.): 6 - 11Mny;1bc N~ 62 (£ = 14,6 Mll)I(, 

pa3BCpTKa OCLlllil.Jl0rpacpa 20 MC/.ue.n .• 4YBCTOHTC.%H0CTb 

200 MB/ncn.) 

C11cTeMa KpennetllHl Kopnyca paCC4HTaHa tta BCJHl-

4HIIY nepeMCLllCIIHJI Kopnyca BBepX- 811113 [L',/1] = 6 MM. 

rt03T0MY rtpH peallbHblX BCJHl'IHHaX [lih] :', 0,8 MM aMop­

nnaT0pbi CHCTCMbl KpenneHHSI rI0J.lBCCKH pa6oTatOT c 

He3H34HTCJlbH0ii Harpy3K0H. 

flpH 3KCnep1111,1e1nartbllblX IICCJIC.!1083HIISIX tteihpoH-

110-cpH3H4eCKHX xapaKTep11crnK A3 peaKrnpa 51rY AP 11 

napaMeTp0B HMIIYJlbC0B .ileJICHHH 11porpaMM3 HCCJICLI0B3-

Hl1it BKJIIO'lana B ce6S1: 3KcnepHMCHTbl Ha '"ttyneeoii" 

MOIUII0CTII (Kp11TM3CC01lble 0llhlTbl. 113MepeHHSI riepH0)l0B 

pa3ro11a, 3cpcpeKTHBHOCTH HC, 6apoMeTpH4CCKOro K03cp­

cj:>H u11e1-rra peaKTH BH0CTH. ::icj:>cpeKTHBHOro BpeMCHl1 )1(1131111 

MrH0flCllllblX 11eihpOHOB); IICCJICLl0B31tHC peaKT0pa B CTa­

n1<1eCK0M pe)KHMe ( H3MepeHHe TeMnepaTypttoro K03cp­

cj:>11u11eHTa peaKTl1BH0CTH, KanH6pORKY J.lCTeKT0p0B, 113Me­

pe1-111e cj:>JIIOCIICOB 11 311eprent'ICCKHX cneKTp0B HeihpoH-

1101'() H raMM8-H3JJY4CHH.SI, 1nyYeH11e pan11auHoH1-1oi,i 06-

cTaH0BK11 ll noMeLUe111151X. CMC)KllblX C TCXII0J10rH4CCKHM 

3lUlml pemnopa. 11 Ha 0KPY)KUIOLllCH Tepp11TOpHH); 11c­

CJJenoua11He peaKTopa B HMrIYJlbCHOM pe)Kl1Me (Y'f04HeHHe 

3qJ(pCKTHBHOCTH HC. onpeneneHHe 33BHCHM0CTH 3Hepro­

BI,tne.r1e111151 11 upeMClll!0H cpopMbl Hl>1nYJlbCa OT 1n61>IT04-

H0i~ peaKTIIBH0CTH, oueHKY 11HepU113JlbH0ro .ll,3BJleHHSI 11 

LIIIIIUMll4CC.:KHX H3rpYJ0K Ha K0IICTPYKUl110 peaKT0pa). 

HJMepeHl151 B0JMYlUCHHSI peaKTIIBH0CTH peaKT0pa 

51rY AP npoB0LlHJIHCb HCCK0JlbKl1M11 MCT0.!18MH: 110 ne­

pH0D.Y pa3ro1-1a HartKpHTl!'lCCK0ro peaKTOpa; 11MnynbCHblM 

MeT0LI0M B C0CT0SI.Hl1H 3anaJD.blB310lllCM Kp11Tl14H0CTH 11 

11a 110.LIKpHTH'leCK0M pea,nope; MeT0[l0M c6poca HeH­

Tp0HH0fO HCT041HIK3. 

l13MepeHHC peaKTHBH0CTH MeT0[l0M 0.[lHH04H0ro 

11eihpo1111oro HMflYJJbCa np0B0LlHJI0Cb C HCfl0JJb3088H11eM 

Manora6ap11T11oro re1-1epaTopa He.ihpoHOB, o6ecne411sato-

1Uero HMrIYJlbC C BblX0.U0M )10 ~ 2 . I 09 
HCHTpOHOB H 

llOJJywHpHHOH ~ 2 MKC. HeiiTpOHHblH ll0TOK pentcTp11-

poB3JlC51 KaMepoi,i ne11e1111.S1 KHK-15- l 11 MonepH11311po­

uaHH0ii KaMepoii neneH11.S1 KHT-54. 
C11rnan1>1 Jan11c1>rnan11cb c noM0lllbto 61>1CTporo AUTT 

TP508. PeaKTliBHOCTb Cl1CTCMbl Bbl411CJISIJJUCb no cpopMyJJe: 

p/~4 = I - a/aR , 

s K0T0poi,i a = 1/n(t) dn(t)ldt - HJMepHeMaJI nocT0SIHHa.si 

cnana 0Cl!OBIIOi-i rapM0Hl1KH; aR - ll0CT0SIHHaJI cnaua 

0CHOBH0H rapM0HHKl1 LIJJSI Cl1CTeMbl B C0CT0SIHl111 331133-

LlblB8IOlUCH Kp11Tl14H0CTH (n0CT0SIIIHaJI Pocc11). 

Kp11rn<1ecK11e napaMeTpbl peaKrnpa .HrY AP, 11JMe­

peHH1>1e BO speMH BT0poro H Tpen,ero 3TarI0B (p113114e­

CK0ro nycKa, np11Bene111>1 B rn611. 2. 

Ta6n11ua 2 
K .p11rn4ecK11e napaMe-rp1,1 perunopa HfY AP. 11JMepeHHb1e BO speMsi BT0poro 11 TpeThero 3T3110B (pH3H'lCCKOro nycK a 

napaMeTp A3 N~ 2 A3 N!! 3 

O61,eM paCTIJ0pa ll CIICTC~IC, ll\13 42 39.5 
Ko1-1ue11Tpau1rn U (90% 235U) 11 1>acrnope, r/c~rl 0,170 0,465 

KOIIUCHT03Ullll Cd B D3CTll0DC, r/C\1.1 O,OOL 0,005 

Kp11n14ecK11B o6beM pacTBopa np11 11C B AJ. m13 39.2 37,9 

Kp11T114eCKlll! BblC0Ta pacrnopa np11 11C H AJ. CM 40,8 38,6 

KP111 ll'leCKllil 11b1C0Ta pacrnona 11011 11C 1111e A3, CM 34.5 33,5 
noCTOllHHlll! Pocc11 o.,, = [3,,,JI , c· 1 541 1420 
3cjJcjJeKTIIBIIOC BPCMll :Kll'.IHl1 ~lrHOIICH!lblX HeHTJ)OIIOR, MKC 14,8 5,63 

3cbdieKrn1i11oc1 b 1111;i.:11ero 11C. IL,, 3.34 3,18 

3chrbcKTllllllOCn, 11cpx11cro 11C. fL., 2,55 1.5 
BmMytUeHIIC peaKTllllHOCTII "no ll0Jlllllal11110 .. il)lll A3 
c H,n = 33.5 CM np11 Po= 1,18 Krc/cM

2
, (3:,,1/CM 0,94 0,9 

C'KOPOCTI, UB0,!la pea.KTIIBII0CTII np11 ··aLICTPCJle·· 11C. fl_,/c 70-100 70-100 
Cn1T11<1cCK11i1 t-.O..:ld)cb11u11c11r ra1ue1111~ llC~KTl!llllOCTII. n,,l°c -0.048 -0.031 
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n 

Bo speMsi cp1-1J1-11-1ecKoro nycKa peaKrnpa 51rY AP 
6blJIH no.npo6HO HCCJJe.nosaHbl xapaKTepHCTHKH HMnyJJb­

COB .neneHHH: JaBHCHMOCTH noJJHOro 3HeproBbl,lleJJeHHSI 3a 

HMOYJlbC £, nHKOBOi-i MOUlHOCTH <I>, WHpHHbl 1-11,rnyJl bCa 

Ha nOJJOBHHe BblCOTbl 1:,12. K03qJqJHUHeHTa raweHHSI '( H 

.UOJlH nepe.nHeH nOJlOBHHbl KOJIOKOJla HMnyJlbCa O OT H3-

6blTO'IHOH peaKTHBHOCTH p Jl)lSI peaKTOpa C He3arpy)KeH­

HblM o6pa3uaM H 3KCnepH MeHTaJJbHblM KaHaJJOM. YKaJaH­

Hble JaBHCHMOCTH npHBe.n.eHhl Ha pHC. 7-9. 

6, %; y, P1<1Y'MJllK 
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KaK BH,UIJO HJ npellCTaBJleHHblX Ha pHC. 7 JaBHCHMO­

CTei-i , npH YBeJJH'leHHH 880.UHMOH B HMrlYJlbCe pea KTHBHO­

CTH O'leBH,nHa Te11.neHUH.ll K cpopr,rnpo BaHHIO 6011ee CHM­

MeTpH'IHOfO HMnyJJbCa .neneHHH, y KOTOp o ro JlJlHTeJJbHO­

CTH nepenHero H 3a,nHero cppoHTOB npHMe pHO OJlHHaKOBbl, 

H K 803pacTaHHIO K03<pqJHUHeHTa raweJIHSI peaKTHBHOCTH. 

Ha pHC . 8 npHBe)leHbl 33 BHCHMOCTH n o 11y wHpHHbl H 

rlHKOBOH MOU(HOCTH HMny111,c a )leJJeHHi-i OT o 6paTHoro 

nepHOJl8 pa3roHa ( 1/D H OT peaKTHBHOCTH . 
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PHC. 7. 3aBHCHMOCTH ,!1.0JIH nepe.a.HeH llOJIOBHHbl KOJIOKOJla HMllYJJbCa (6) B o6meM 3HeproBbl.lleJJeHHH, K03q>q>HUHeHTa raweHHll (y) 
H OTHOWCHHSI non yurnpHHbl llMnynbCa K nepllO.UY pa3roHa (T1n/n OT o6parnoro nepHo.a.a pa:.iroHa Ml! A3 .N'2 2 (a) H A3 .N'2 3(6) 
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Puc. 8. 3 aBHCIIMOCTH non ywHpHHbl T112 H H31·t60JJbUJeH HHTeHCHBHOCTII 4HCJla /leJICHHH Cl> .!UUI A3 .N'2 2 (a) 

H A3 .N'2 3 ( 6 ) OT o 6paTHoro nepHOlla paJroHa H 1136blT04HOH peaKTIIBHOCTII 
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TTHKOBU51 M0LUII0CTb 11pHMep110 nponopu1101IarlbHa 

o6paTHOMY nepH0Jly II CTe11e1m 3/2, 4T0 HaX0.UHTCSI B 

C00TBeTCTIIHH C oueHKOH, npHBO.llHM0ii ilJUI pacrnop11oro 

peaKTopa KEWB. 

113 cpaBHeHH.Sl BeJIH4HH cJJ (BapliaHTbl a H 6) BHJIII0, 

'IT0 KaK B CJly4ae "Me)1J1e1111oi,i" A3 N2 2, TaK H B c11y4ae 

"6btCTpoi-i'' A3 N2 3, ::>cpcpeKTHllllble 11peMe11a )KIIJHH 

MrttOBellllblX 11eihpoHOB .UJISI K0T0pblX C00TBeTCTBellliO 

paBHbl 14,8 11 5,63 MKC, npH 0il11HaK0B0i1 Be.JlH'llille 1/T 
peaKT0p .ll0CTHraeT npHMepH0 OJlHHaK0B0ii rtllK0B0ii 

M0IUII0CTH. O).lHUKO H3-3a pa311blX BpeMeH )l(H'ntH HeH­

Tp0HOB 3T0 np0HCX0JlHT npH cyiuenBeHHO pa3JIH4HblX 

3Ha4em,six BB0JJ,HMOH peaKTHBIIOCTH. 

3aBHCHMOCTb 31·1eproBLIJleJleHHSI B Hl',t11yJ11,ce OT 06-

paTH0f0 11ep110.ua paJroHa H BBe.neHH0H pea.KTIIBH0CTH 

.ruIsi A3 N2 2 H A3 N2 3 11pw11eJJ,e11a Ha p11c. 9. JJ.,151 yJ.to6-

crna cpaBHeHH.Sl JaBHCHM0CTII BeJlH4HH 3HeproBbl,lleJtetHt.SI 

wKana 1/T, c·
I 

061.1..1rui. a WKaJlbl p, ll,4, ilJlSI KIDK.JJ,oi1 A3 -

H Ii.UH BHJlYMbli ble. 
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PHC. 9. 3aBIICIIMOCTb 3HeproBbl,!leJJCHllll 8 HMllYJlbCC 

OT o6pan10ro ncpH0.!la pa3roHa 11 llBC/.ICIIHOH peaKTIIBIIOCT11 

ll.1111 A3 N~ 2( I) 11 A3 N~ 3(2) 

J,13 pHCYHKa CJte.nyeT. 4T0 llblJle.rtHBWaslCSI B HMny111,ce 

3Hepnrn, C00TBeTCTBYIOl.l..lllil 0Jll11iaKOBOH BBe,lleHH()II peaK­

THBII0CTH, B A3 N2 2 H A3 N2 3 npuMepIm o.n1111aK0Ba (c 

T04H0CTbl0 ~ 20 %) C Y4eT0M paJJJH'IHH 8 TennoeMK0CTH H 

BeJlH'IHHe K03cpqJHUHellTa raweIm.S1 peaKTHBII0CTH: TellJl0-

eMK0CTL A3 N2 2 HJ-3a MellbWei-i K0IIUeHTpauHH C0JlH 

UO2S04 B pacrnope 111,1we, 4eM TernIoeMK0CTb A3 N2 3, B 

1,4 proa. HO H K03cpq>HuHel-lT rawe11HS1 peaKHIBII0CTl1 ilJl~ 

A3 N2 2 B cpeJJ.MeM B 2 paJa B1>1we, ,,eM JlJJSI A3 N2 3. 

HcCJ1eJ.lOBa1111si npoCTpa11crne1I110-':lIIepren14ecK11x 

xapaKTep11crnK nomi HefrrpoHOH peaKTopa 51rY AP co­

cTosimt B 011pe.uene111111 '.:)t1eproBb1J1e.rieum1 B T0llJlHBII0M 

pacrnope II H0pM11p0BKe no 3TOii Be.rtll'-1111le WTaTHLI X 

cpencnl M0IIHT0p11p0Blclli11SI ; 311eprent4eCK11X cneKTp0B II 

npoCTpaHCTBellHhlX pacnpe.ue11eH11~i cpmoellCOB 11eiiTpo­

H0ll H 06J1aCTSIX, npe.n11aJ11at.JeHHbl1( il.fnl paJMell.(etrnSI 06-
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JIY'laeMblX o6pa3UOB; :311epren1•IeCKHX cneKTpoB qJJlK)CH­

C0B H 11p0CTpallCTBeHHhlX pacnpe.neneHHH ll03 raMMa­

KBattT0B B0Kpyr peaKTopa. 

Ha 0CH0BC 11poseneHH0ii pa6on,1 COJ.llaH 

O6PA3UOBblH HCTOLfHHK HEHTPOHOB Ha 6a3e 

peaKTopa 5lfY AP - OH-P-"51". K0TOp1.,1i-i sinmieTcsi cpen­

CTB0M HJMepeHIIH 2-ro pa3psi.ua. 

no na1111blM aKTHBaUH0llllblX H3MepeHHH, MeT0.U0M 

HanpaBJJeHH0ro paCX0lKJleHHll 6blJlH B0CCTaH0BJleHbl 

3HepreTH4eCKHe cneKTpbl HeHTp0H0B. 

Llmpcpepe11u11ari1,111,1e cneKTpbt <p(E) noKaJa11bI ua 

p11c. JO. 

IE+j 
~ .. 

1[-t4 
I' ' 

"" IE+) 
~ ~ I 
le I 

IE+I 

I ~ 

0 I 

; 

~ I ~ 

' 11 111111 
IE-:! 

IE-J § I 

IE-I 

\ -

IU -
IE-7 16-6 IE-5 IE-4 16-3 IE-2 0 I IE+I IE+2 

P11c. ] o. n:mpcpcpcHl.ll1aJlbHblC cneKTpbt Hei-iTpOIIOB 

peaKTopa 51TY AP: • - KaHaJJ A3; ♦ - 6oKosoc 0KH0 

Cpe.llJ-tSISI 3Heprn11 HeihpoH0B J]JJSI arreCT0BaHHblX 

06J1aCTeH 1-1eihpo1-111oro ll0J151 paBlla C00TBeTCTlleHH0: 

Eg?-K = 0 , 9 l ± 0, 03 M::>B; Egn-K = 1, 11 ± 0, 03 MJB. 

11JMepeHHe HHTerpanbHhlX !l03 raMMa-H3Jly4eHHSI 

npoB0.llHJl0Cb .ueTeKTopoM LlTC-0.01/0.1 1-ta oc11011e c11-

J1HKaT11oro CTeKJla C aKTHBHpyeMOH no6aBKOH (1-tHKe.rtb). 

B Ta6Jl. 3 np11Bene1-1b1 '.:)KCnepHMeliTaJibl-lblC naHHbie, 

xapaKTepH3YIOll.lHe 0nt0WCHHC MnlOBeHH0H H CY'fO'IHOH 

.ll03 B Pa.3JIH4HblX T04Kax ueHTpMLH0ro KaHana. To'l­

ll0CTb ':lKCnepm,teHTMbl-lblX H3MepeHHH norno1.1..1e1u1bJX 

,uo3 raMMa-113ny4em1si oue~rnsaeTcsi ·s 30 %. 
Ta6n11ua 3 

Pacnpene.net1He JJ.03bl raMMa-KBaHT0B Ja I c (DI) H 

Ja I cyrKl1 (D) no BblC0Te fi UCl·rrpaJlbH0ffi KaHaJta 

(h = 0 C00TBeTcTByeT ·'noJJ,OWBe" KOpnyca) 

11p11 311eproBbmeneImH B A3, pan110M IO MLl)I( 

UeTeKToo h, CM D, , KP D, KP DID, 

I 84,5 5,35 8,43 1,57 

2 64,5 16,0 26,16 1.63 

3 44.5 99,3 145,0 1,46 

4 24,5 193,3 300,0 1.55 

5 4.5 55,3 78,3 1,34 

6 - I 5,5 4,58 6,67 1,45 



MaKCHMaJJbHblH HMnynbc ne.neHHH peaKTopa xapaK-

-repHJyeTcsi CJie,llylOLUHMH napaMeTpaMH: 

- nom1oe 3Hepr0BbUleJieHHe 

B A3 . . . . . . • • • • . . . . . • . . • • . . . . 33,4 MJ].JK; 

- nepH0ll HapacTaHHSI 

M0LUH0CTH .•. . .••.••• • • •• .•. • •• - 210 MKC; 

- WHpHHa HMnyJlbCa 

Ha nonyBblC0Te 0HKa • . .. . ......... - 680 MKC; 

- OHK0BaSI M0LUH0CTb , , . . , • , . , . - 0,6· 105 MBT; 

- y.uenbHasi M0LUH0CTh ... •... ~ l ,28-I03 
KBT/cM

3
• 

OnopHble 00JISI peaKTopa xapaKTepH3YIOTCSI cne-
11y10U1HMH BeJlH'IHH8MH: 

a) ueHTpaJlbHblH 3KCnepHMeHTaJibHblH Kattan: 

- nOJIHblH Q)JJIOeHc 

ttei-i-rpottoB . • , . ... • .• .. . . 1,67-1015 
tteihp./cM2

; 

- Q)JIIOeHc HeHTp0H0B 

c 311eprnei-i E,, > 0, I M3B . •• 0,98· 1015 Hei-i-rp.lcM2
; 

- cpe11ttS1j[ 3Heprnsi ttei-iTpottoB <E,,> ... 0,91 M3B; 

- 0JI0TH0CTb noTOKa 

Hei-iTp0H0B ' . ' • . . . ..••. 2,4• 1018 
HeHTp./(c·cM

2
); 

- .11033 MrH0BeHH0ro raw,1a-H3Jl)"-IeHHSI 6,3· 103 fp; 

- M0LUH0CTb JJ.03bl MrH0BeHH0ro 

raMMa-H3JIYlJeHHSI •. • .. • .••• • . . ' . • 9. J06 fp/c; 

- 11033 faMMU-H3Jly'leHHj[ C y'leT0M 

3U0a3.llb183IOLUHX raMMa-KBaHTOB •••.... 9,0· I03 fp; 

- cpe11HS1S1 3Heprnj[ raMMa-KBaHTOB <Ey> 0,85 M3B; 

6) 6oKOBOe 0KH0 B 6HOJIOrH'leCKOH 3aW.HTe (5 CM OT 

noeepxHocTH Kopnyca): 

- OOJlHblH ¢moe11c 

HeHTpOH0B . . . . . • • . . . • . • 0,99· 1014 
Hei-i-rp./cM

2
; 

- qJJIIOeHC HeHTp0H0B 

c 3Heprnei-i E,, > 0,1 M3B ... 0,74-1014 
ttei-i·rp./cM

2
; 

- cpe.UHllj( 3Heprm1 Heihp0H0B <E11> . . . I, 11 M3B; 

- OJl0TH0CTb noT0Ka 

HeHTp0H0B . . .. .. .. .. . . 1,4• 1017 Hei-i-rp./(c·cM2
); 

- 11038 MrHOBeHH0ro raMMa-H3Jly'!eHHj[ .. 5,1 · 102 
fp; 

- .11038 raMM3-H3Jly'leHHSI C YlJeT0M 

38033JlblB8IOW.HX raMMa-KB3HT0B • • . . • 6,0· l 02 fp; 

- cpe.111-1n 3Heprnll f'dMMa-KBaHT0B <Ey> 0,97 M3B. 

CTo BeJlH'IHHe 0JlOTH0CTH 00T0Ka HeHTpOH0B H 

M0LUH0CTH 11031,[ MrH0BeHII0ro raMMa-HJJJY'leHHSI B ueH· 

TpanbH0M 3KCnepHMeHTaJlbH0M KaHane pe.aKT0p 51rY AP 

He HMeeT aHan0roB cpenH H3BeCTHblX pacrnopHblX peaK­

T0pOB H 33HHMaeT npoMelKYT0'IH0e 00Jl0JKeHHe Me)l(Jly 

HHMH 11 peaKT0paMH c MeTaJIJlH'leCKHMH A3. 

3AKJl101.JEHHE 

OcllOBHble HT0rH pa60Tbl C0CTOSIT B cnenyJOLUeM: 

- co311au pacTBoptt1,1A 11Mnymc11b1H peaKTop -rpene­

ro n0K0JleHHSI, B K0T0p0M 33 C'leT npHMeHeHHll llHCTall-

UHHPYIOLUero ycTp0HCTBa pa3.JleT T00JlHBa H0CHT npe­

HMyLUeCTBeHH0 pa.uHaJibHblH xapaxTep, '!TO n0380JllleT 

cyLUeCTBeHH0 (B 3,5 pa3a) CHH3HTb BeJlH'IHHY HIIepUHaJlb­

H0ro naBJleHHll; 

- C03113HHblH peaKTop HMeeT CKB03HOH 3KCnepHMeH­

TaJlbHblH KaHan, 6oJlbWYIO noeepxH0CTb 1-tapYlKHOH cTeH­

KH K0pnyca, .ll0CTynHylO llJlll pa3MeUleJIHSI o6ny'!aeMblX 

o6pa3UOB, BCTpOeHHblH B TeXHOJlOrH'lecxyJO CHCTeMy pa­

llH8UH0HHb[H KOHTYP llJISI o6nYlJeHHll KpynHora6apHTHblX 

o6pa3UOB raMM3-H3JIYlJeHHeM OCK0JlK0B .ueneHHSI, '!TO 

pacwHplleT ero 3KcnepHMeHTaJlbHble B03M0lKH0CTH; 

- HCCJle.U0BaHbl rnnp0llHH3MH'leCKHe SIBJleHHll B T0n­

JlHBH0M paCTB0pe, onpeneneHbl Bee 0CH0BHble SI.LlepH0-

Q)H3H'!eCKHe xapa.KTepHCTHKJ-1 H napaMeTpbl noneH H3JIY­

'!eHHll peaKTOpa, '!TO 003B0JlHJl0 arreCT0B8Tb ero KaK 

06pa3uoe1,1i,i HCT0'IHHK Hei-iTpottoe O11-P-" 51"; 

- 33 C'!eT CHHJKeH (,lj[ HHepUHaJJbH0ro .uaBJleHHj[ B 

pacTB0pe (npH YBeJIH'leHHH Q)JllOeHca HeihpoHOB B 3KC­

nepHMeHTaJlbH0M Kattane) ynanocb COKpaTHTb llJlHTeJib­

HOCTh HeHTpOHHOH BCOblWKH (no cpaBHeHHIO C TeM )Ke 

napaMeTp0M HMllYJlbCa y peaKT0p0B BTOporo ll0KOJleHHll) 

B 4 paJa H yseJIH'IHTb llJl0TH0CTb n0T0Ka HeHTpOHOB B 

ueHTpaJJbH0M KaHane s 5 paJ. 
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YJlK 621.039.573 

l-lEHTPOHHO-<l>U3H4ECKHE XAPAKTEPHCTHKH 
TPEX30HH0f0 HMTIYJibCHOfO PEAKTOPA TMPAH 

A. A. CHODKOB, B. H. LJepameu, B. n. KOlllMJIKOB, B. H. JIHTBHH 

P<l>5f.U-BHHHT<l>, 456770, r. CHe,1<1rncK Yem1611HCKOH o6n. 

np1me11CHbl HeiiTpo11Ho-¢1rnt'ICCKIIC xapancpllCTHKII II npoattarJll31tp0BaHbl oco6eHHOCTII KOMllllCKCa THPAH. KOTOpblii 06ecne<11111acT q,mo­

CHC Hcii-rpOHOB B KaHaJJC }lllaMcTpOM 25.2 CM /lO I . 1015 
t1eiiTp.lcM

2 
C coxpanellHCM KOpOTKOii IJOJJYU11tp1111bl mmy11Lca .'ICJICHJtii - 70 MKC. 

BBE.llEHHE 

TpeX30HHbl~i HMnyJlbCHbli-i peaKTop anepHO)lH'leCKHH 

C HeHTpOHHOH CBSl3bl0 MelKllY aKHIBHblMH 30HaMH 

(Tl1PAH) cocTOHT H3 nsyx301111oro HMny11LcHoro peaK­

Topa .6APC-5 [I] H 6ycTepa-peaKTopa, ycrnHOBJ1e1rnoro 

OKOJIO EAPC-5. 

Tl1PAH C03llUH B CBSIJH C He06XO.UHMOCTblO pacum­

pem1S1 B03MOlKHOCTei-i peaKTopa EAPC-5 no 06J1}"1e1-1mo 

6o11bWHX o6beKTOB 11 o6ecne'l1rnae-r yse,1H4e1rne cfmK)euca 

11eihpoHOB B ue1npaJ1bliOM Ka11ane .UHaMelpOM 25,2 CM 

I 1015 .. / 2 ., .uo • HeHTp. CM C coxpa11e11HeM KOpDTKOH nony-

WllpHHbl mrnynbCa .ue11eHHH - 70 MKC. 

HeihpOHHO-qJH3H4eCKlle xapaKTepHCTHKH onpe.ue­

JleHbl KUK llJlll H3011HpOBUHHOro 6yCTepa. TaK H JLl"ISI Tpex-

30IIIIOH CHCTeMbl, xapaKTep113y1owei-i Tl1PA1-l B uenoM. 

B1-1yrpe1-1HS1ll 6eJonaCHOCTb KOMrIJ1eKca Tl1PAH 06ecne­

'le1rn OTp11uaTeJ1bHblMH CTaTIICTll4eCKH~I. KBa311CTaTH4e­

CKHM H .UHHaM11•1eCKHMM Te'-'tneparypHblMH 3cpq)eKTaMH, 

KOTOpble nocTOSIHIIO "BIUHO'leHbl" 6JiamJ:tapll HaJIH41110 B 

KalK.UOH aKTHBHOi-i 30He (A3) CHJlbHOro BHyrpeHHero H6i­

TpOHHOro HCTO'lHHKa (S8 l-xt, > I). 
KoMn11eKc Tl1PAH ssene11 s <>Kcnnyarnu1110 so 

B HHl1TcJJ B 1994 r. 

OOCTAHOBKA :i>KCITEPKMEHTA 

Tl1PAH llBJ151eTc.11 Tpex1011Hoii CBS1JaH11oi-i s Heii­

TpOHHOM OTHOWeHl1H CHCTCMOH. Ero Kp11Tl14eCKllil KOll­

cjJHrypaUHll 06pa3yeTcS1 111 LlBYX A3 EAPC-5, A3 6ycTe­

pa-peaKTOpa (sepxHHII H H11::+:HflH 6110KH), .UHCTaHU1IOll-

11oro 3arpy3o4HOro yc-rpoiicrna (.ll3Y). o6pa:iuos c Ka11-

cyJJoii rop11101nanb11oi-i 1a1-py1K11 (Kr3). Ha puc. I np11-

senem1 cj)0To1pacj:>11S1 KOMnneKca Tl1PAH Ha narurn no11-

l'OTOBK11 JKcnep11Me1na. AKrn1i111,1e 3011b1 EAPC-5 paJse­

ne11b1 11a l ,5 M, HH::+:Hllii 6JIOK 6yCTepa onyute1-1 Ii OTBe­

JlCH Ha 0.3 M OT nepx11ero 6noKa. 

Puc. I. 06urnii s11n KOMIIJlcKca Tl-1PAH 

B KOMnJJeKce THPAH np11Me11S1eTCll oc11os11M KOH­

cp11rypau11S1 EAPC-5 (puc. 2). A3 UHJIHHllpH'lecKoii cj:>op­

Mbl C 11apylKHblM JllHIMeTpOM no 3KTl1BHOMY MaTep11a.11y 

22.6 CM, BblCOTOii 21,8 CM, ue11TpaJJbHblH KaHaJI 6,0 CM. 

B Ka11a;1e yc-ra110BJ1eHbl pery11S11opb1 peaKrns11ocrn (PP). 

PaccTOllHHe R MClKLlY ue1npa11,111 A3 cocrnBJ1S1eT 33,7 CM. 

Puc. 2. Ko11q111rypaU11ll EiAPC-5, 11pHMetn1e~HU1 u THPAH 



-

A-A 

586 220 ,2 

600 L __ 2_60 _ _ . 

PHC. 3. CxeMaTH4CCKaJI K0HCTPYKUH!I peanopa-6ycrepa: I - eepXHHA 6110K; 2 - crep)l{HH H3 11e11J1w.eroc11 MaTepHruJa; 
3 - T0/lKaTC/lb; 4 - npy)l{Htta 

A3 6ycTep-peaKTopa nOKaJatta Ha pHc. 3. Otta co­

CTOHT H3 Hell0llBH)l(HOl'O sepxHero 6noKa (86) H llOll­

BHlKHOfO B ropH30HTaJlbHOM H eepTHKaJlbHOM HanpaBJJe­

HH.SIX HHlKJtero 6noKa (HE). B 6noKax ycTaHORJleHbJ 

crep)l(HH HJ ypatta-235 (90 %-ro 06oraweHH.S1)+ IO % 

MOJIH61leHa, KOTOpble pa3MelllCHbl B )lBa p}lJla no OKpylK­

HOCTl1. BHyrpeHHHH P}lJl coneplKHT 32 CTep)l(H.11, a BHCW­

HHH - 28. flpH llOJTHOCTblO C0MKHYTblX 6JJOKaX JlliaMeTp 

llOJI0CTH JlJl}l OOJl)"'eHH.!I paeeH 25 ,2 CM. 

feOMCTpH.!1 0llblT0B ll0KaJatta Ha pHC. 4. 

CTJ 
7 

P11c. 4. reoMeTpll}l OllblT0B: I - Kancyna AIU! Jarpy3Kl1 o6pa3-

U0B: 2 - HlllKliHH 6JIOK peaKTopa-6ycrepa; 3 - llCTCKTOpbl 

cpopMbl IICHTp0HHOr0 H~lnYJJbCa; 4 - llCTCKTOpbl M0IJHI0CTII 

EiAPC-5; 5 - ecpxm1ii 6110K A3 peaKTopa-6ycrepa; 6 - ,1eTeK-

ropb1 M0WH0CTH; 7 - ,arpy304H0C yCTp0HCTB0 llJlll o6pa:JUOB 
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CTeH.ll 6yCTep-peaKTopa ycrnHaBJ1HBaeTO1 oKono A3 

EAPC-5 TaKHM o6pa30M, 4TO paccrn.sitt11e L OT nepenttei-i 

nJIOCKOCTH A3 6ycTepa Jl0 JIHHHH, COCllHHSIIOIUCH ue,npbl 

A3 EAPC-5, MOlKHO 6bIJ10 HJMe11S1Tb oT 38 no 68 CM. 

TTpH 3T0M paCCTOSIHHe s OT 33.!lHCH llJIOCKOCTH A3 6yc­

-repa no .ll3Y HJMCHSIJl0Cb OT 4 Jl0 16 CM. B JaBHCHMOCTH 

OT pacCTOSIHHH L H s o6pa30Bb18aJlHCb pa3Hble pa3MH0-

.)l(aJ0IUHe CHCTeMbl. 

B -ra6JlHUe npHeeneHbl xapaKTepHCTHKH HCCJICJlye­

MblX CHCTeM II K03cj:,cj:,HUHCHTbl YMHOlKeHHll Q 6yCTep­

peaKTOpa. DC-I, nc-2, KC- I H KC-2 HCCJTCJl0Ba./lHCb 

T0JJbK0 e CTaTH4eCKOM pe.)l(HMe. KC-3 H KC-4 HC­

cnenoeai11-1cb KaK 8 CTaTH4CCKOM, TaK H B HMllYJlbCH0M 

pelKHMe. 

Xapax:-repHCTHKH HCCJJenyeMbJX CHCTeM 

Komjmrypa-
h, MM L, CM S, CM Q CHCTeMa 

UHJl 

113om1 pooatt- 190 HEi 00 

HblH peaKT0p- tta HY (6eJ Kr3) < 10 1mc 

6ycTep (P6) 0 00 45 nC-1 

Eiycrep- 12 4 - 00 KC-I 
peaKT0p C 

0 16 < 1000 nC-2 
1arpY304HhlM 

7 KC-2 ycrpoikrnoM 7 

THPAH 0 > 38 00 ~ 45 KC-3 

( CB!IJattttaJI 5,6 53 16 60 KC-4 
TpeXJ0HHaJI 0 68 7 135 
CIICTCMa) 5,6 68 16 60 

n p II M e 4 a H II e. Q - K03cpqHtU11CHT YMII0lKCIIIIJl 6yc­

Tepa; HnC - HJBCCTllall ll0,1KpHTl1lJCCKa!I CIICTCMa; nC - fl0ll· 

KpllTlllJCCKa!I CHCTeMa; KC - KpllTHlJCCKaJI CIICTCMa. 



YOPABJIElUIE KOMllJlEKCOM 

KoMnJJeKc Tl1PAH ynpas.mieTCH e.!l1111oi-i c11cTeMoi-i 

y11paBJ1eIrn.11 11 3all.lHTbl (CY3), KOTOpas 06pa3osa11a H3 

CY3 6APC-5 11 6ycTepa-peaKTopa, BblllOJIHeHHblX c co-

6mo.uett11eM Tpe6oBatrnii, npem,HBJJHeMblX K CY3 HM· 

nyJlbCHoro H,Uep11oro peaKTopa. 

YnpaBJ1e1111e peaKHHIHOCTblO ocyll.leCTRll.lleTC51 pery­

Jll1PYIOll.l11MH 3J1eMeHTaM11 6APC-5 11 IIH)K.HHM 6noKOM 

6yc-repa. EAPC-5 pa6orneT KaK cs513a11Hllil c11cTeMa np11 

OJlHHaKOBOM 'IHCJle J.teJteHHH B KaJKlloi-i A3, T.e. 

Y A31 /YA32 = I, np11 3TOM pacc-ro.11m1e R MC)K.JlY uetnpaMH 

A3 cocrnsmeT 33,7 CM. TTp11 TaKo~i reoMeTp1111 EAPC-5 

11Mee-r 11a1-16onbw11e K03cj)cp11u11eHTbt Cll513H K12 = K21 = 
= 4,613:,q,-

PeaKrnBHOCTb 6ycTepa pery1111pyeTCSI IIH)K.HHM 6.fJOKOM, 

KOTOpblH MOJKeT nepeMell.laTbC51 110 ropH3OHTMH 0-30 CM H 

110 sepTHKM11 0-19 CM, 'ITO llO3BOJl51eT yc..,aHaBJ111BaTb 

HY)l(Hb!H K03cpcp11u11eHT yMHO)l(eHH51 B npe11e11ax OT 6 no 

135 11 6eJllnacHoe cocTO.11H11e (Q < 10) np11 c6opKe­

pa36opKe A3. 

fe11ep11posa1111e HMrlYJlbCa .!leJJeHHH B KOMIIJleKce 

Tl1PAH ocyll.lecrnm1eTCS1 BBO.UOM peaKTHBHOCTH nyreM 

HJBJ1eYet11151 113 A3 EAPC-5 peryJ151TOpos peaKTI-IBHOCTH B 

pe)l(HMe "MotUI·IOCTb" [I]. 

-5.0 
0.45 

-4.0 

-3.0 

-2,0 

-1.0 

HEiiTPOHHO-<l>H31fl-lECKIIE XAPAKTEPHCTHKU 
KOMIIJlEKCA THPAH 

Ha puc. 5. np1-rneneHbl pac,1en1b1e 1IIa•1e111rn peaK­

ntBHOCTei1 KOMJ1JleKca (p~ = Pceg3), ·IecntpOBatlllble no 

3KCnep11MeH'1"aJlbl·ILIM ,UallllblM, H OTIIOWellHSI MUUUIOCTeH 

Ko11.1no11e1n (x NplNy) JL0SI pa3HLIX 111a'Iem1ii 

peaKH1BIIOCTei-i H3OJJHpORaHHblX peaKTOpa Pp 11 6yCTep­

peaxTopa Py (1necb H fl .UaJJLHe11weM CI-IMllOJIOM "y" OT-

111eYeHbl napaMeTpbl, OTHOC.1111.lHeCSI K 6yc-rep-peai-aopy, 

KOTOpl,IH .!lJISI KpaTKOCH1 Ha3BaH "yMHO)l(HTCJleM") 

- ( 01]) OTP) I Pp - Py+ ~Pp + ~Py + K)'Px - KPY ~, 

np11 x = const nonyYHM Pp = Py + const • 

TTp51Mble, pacnOJJO)K.eHHble non yrnoM 45° K QC)IM 

KOOp.UHHUT, xapaKTepH3YIOT CHCTeMl,I C llOCTOSIIIHLIM OT­

IIOWeHlleM MOll.lHOCTeH (x = const), a Kpl1Bble Jllll-lHH 

xapaKTep~13YIOT CHCTeMhl, llJI.SI KOTOpblX peaxnrnt-lOCTb 

O11111-laKOBa. 

Jln.11 scex CR5!3aHHblX c1-1cTeM "Bee" pery111-1py1omero 

a.neMeHTa (P3) s csoei-i KOMnot1e11Te 11e MeH.11eTC51 , a ero 

"sec" B CB.Sl33HHOH CHCTeMe 1-13Mel-lSleTCSI B WHpOKI-IX npe­

.uenax. 

0.70 

L = 68 C 1 

Q0ycT= 135 

1.65 
JaOlt.Jlll,I.BBk.)IU3JI 

Kplffil"tHOCTh 

0.0 

I .O _.}1rnoatHHaJI 

L.J.-'----"--.J.....l..J.-'------'--.J.....L.J.....J......_...J.....L..JL.J.--'-..,__.J.....JL.J.----'-------'--.J.....L.J....L.----'----'--'----'--'------'--' -.p1rr11
1
1Hm-n, 

0.0 -0.S -1,0 -1.5 -2.0 -2.5 -3.5 

f)i; , 11:,q, 

P1-1c. 5. PaCYCTllblC 111aYCMl1ll peaKTIIDll()CTl1 Kll~rn!leKca (p,) B JallllCIIMOCTII OT peaKTIHIHOCTII KOMl"IOHCltT 

(l-1C - HMnym,c111,1i-l c-replKe111, EAPC-5, 1-16 - Mll;+;H11ii 6.r10K 6ycrepa) 
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me NrfNy - ornowe1-111e MOll.lH0CTCH K0Mn0HeIIT, yCTaH0-

BHBWeecsi nocne ssona P3. 
Ha pHC. 5 ll0KaJa110 HCCK0JlbK0 npHMepos BB0Jia P3 

B KOMn0HellTax. TaK, 11p11 flOJl'bCMe H6 B 6yCTepe 1-1a 

HeCK0JlbK0 MHJlJlHMeTp0B ll3 T0'IKH I B T04KY 2 "sec" 

3THX MHJlJIHMeTpOB B CBSIJaIIH0H CHCTeMe 

t1p:'u; = 0,48P:,cj>. a np11 nepesone HJ T0'IKH 6 B TO'IKY 7 

t1p~-16 = 0,47P:,cj>, rnrna K3K t1prifin = 0,7P-xt,. 

TTp11 BBOJle l1C HJ TO'IKH 4 B ·1o'IKY 5 

t1p~c = 0,40P-xt,, a np11 nepexo)le HJ TO'IKH 2 B TO'IKY 3 

t1P~c = 0,47[3l<j>' T0r}la K3K t1p~3t = 1,48[3:,q,. 

ECJlH P3 BB0JlHTCSI HJ p3JJlH4HblX C0CTOSIIIHH, 110 

3TH C0CTOSIIIHll HMCIOT 0JlHll3K0Bble 3H3'1eHHSI 0TI-I0WeHHSI 

M0ll(HOCTeH, TO ero "sec·· B CB5133HIIOH CHCTCMe He MeH51-

eTCSI. Hanp11Mep, npH nepe11o)le l1C H3 T0'leK 8 H lO B 

T0'IKH 9 11 11 H nepeBolle HE HJ T0'leK 12 11 13 B TO'IKH 

9 H 11 HX "seca" P3 coCT3BJ151IOT t1p~c = 0,40[3)$ H 

t1pITT = 0,45[3-xt, JlJlSI 06011x c11y4aes. 

TaKHM o6pa30M, npH cpasttellHH JlBYX(HJIH HeCK0JlI,­

KHX) c11y4aes ssona 0JlHOro H Toro lKe P3 ero "sec" 11 

CBSIJ3HIIOH CIICTeMe 6yJleT 60111,we Jlllll CJ1Y43SI, B KOT0-

pOM n0CJle BB0)la Jl0CTHrllYT0 60111,wee 0TII0wem1e MOll.l­

HOCTeii : M0ll(II0CTH KOMll0l-lellTbl, 8 KOTOpoii BBOJlHTC51 

P3, K M0LUH0CTH ilpyroH K0Ml"IOIICHTbl. 

l13MeHeHHe "secos" P3 1-1eo6xOJ.lHMO Y'IHTb(BaTb np11 

nepexo)le OT pelKHMa KaJIH6poBK H K H MnyJlbCHOMy pe­

lKHMy. JJ.;151 no11y4eHIISI Me1-11,weii pa3HHUbl MClKJlY 

"seca~rn" l1C 11pH K3Jltt6posKe II reHepHp083HliH HM­

ny111,ca JleJJemti-i 11eo6XOJlHMO K3K MOlKllO 6mtJKe II0JlX0-

JlHTb K M/1-lOBeHH0H KPHTH4HOCTH (K 0TII0We111110 M0W­

H0CTeH, pe3JlH3yeMblX B HMllYJlbCe) HJ111 11pH nepexone OT 

crnpT0B0ro COCT0SIHHll np11 KaJ1H6po11Ke K CTapT0B0MY 

C0CT0SIHHIO 11pH re1-1ep11pOB8HIIH HMllYJlLCa IIB0JlHTb 0JlH-

11aK0Bble peaKTHBH0CTH II KaJl(ll0H KOMrIOHellTe, TOr)la 

0TH0we11He MOll(IIOCTeH He HJMeHHTCH, CJleJl0B3TeJibl-l0, 

He H3MellltTCSI H "aec" l1C II C8513allHOH CHCTeMe. 
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Ha11pHMep. 11p11 BBOJle HC 1n T0'IK11 14 s T04KY 15 

onpeJleJI5leM "11ec" 11C H c11cTeMy 11epe11om1M H.6 GyCTepa 

113 T0'IKH 14 R T011KY 16, a 113 T0'IKH 16 B T0'IKY 17 - P3 
peaKT0pa, JaTeM BB0JlHM HC HJ T0'IKII 17 s T0'IKY 18, 

"sec" K0Toporo ocTa1-1eTCS1 pas1-11,1M "secy". onpeneJ1e1-1-

1-10My 11p11 KaJIH6pOBKe. 

11MrIYJlbCl,I JleJICIIHii B K0MIIJleKce re11epHp0BaJ11-ICb B 

pelKHMe "MOlUHOCTb". B1-1yrpe1-111Hi-i HCT0'IHIIK He!iTpOIIOB 

Se C0JJtaB3JlCSI B C0CT0SIIIIIII J31133JlblBalO[ileii Kp11TH'IH0-

CTM 11a M0LUIIOCTI! - 2 BT II Jl000JlllHTeJlI,HQ WT8TllblMH 

HeHTpOlillhlMl1 HCT041111K3MH: 

- 2 HCTOLfHHKa - 5,0 • I07 
1-1ei-iTp./c y A3 6APC-5; 

- 2 HCT0'11-111Ka - 1,5 • 10
6 

1-1eiiTp./c B A3 6APC-5; 

- I 11crn•11-1HK - 1,4 • I 0 6 
1-1ei-iTp.lc y sepxHero 6J10-

Ka 6yCTepa. 

Oco6e1-111ocTH 11011y4e1-1Hl! HM11yJ11,cos neJ1e1111i-i B 

K0MllJleKCe C0CT0SIJIH 8 CJlenyIOLUCM: 

- 8 K0pOTKHX CTapTOBblX nepHonax ( - 5 C ); 

- npu J1-1a•111TeJJhH0M nanemrn "seca" HC (s - 4 

paJa ) Jl.TlSI Jl0CTHlKeHl1SI HJ6bIT04110H peaKTHBH0CTH H6 

6yCTepa JlOllOJlllHTCJlbl-10 rt0JlllHMaJICSI Ha K3JlH6p0804HYIO 

BeJIH4HIIY peaKTHBII0CTH ( t1p:'u; = 0,4~J4> ); 

- BblCTpe.Jl peryJlSIT0paMH B pelKHMe "MOI.LlHOCTb" 

npoHJB0JlHJlCSI 334ac·1y10 Ha ¢011e HJMeHl!IOll(eiicl! M0ll(­

H0CTl1 K0MllJleKca. 

Ha pHc. 6 1101rnJa11 npouecc ¢opMHposa1-11151 HM­

nyJ11,ca JleJICHHH BO epeMeHH, paCC4HT3HHblH no npo­

rpaMMe RRY npH L = 68 CM, Q = 140 H 8Prr/8r = 30 

(([3-..i/c]). l13 pHCYHKa B1-fJlH0, '!TO 33 speMSI pa3Bl-fTH51 

11Mny111,ca 0THowe1rne MOll.ll-f0CTeA NoapcfNoyCT HJMe1-1sieTCS1 

113 - 1%. 

Ha pHc. 7 np11Be)leHbl 33BIICHM0CTl1 peaJlHJOBaHIIOH 

B 1-fMny111,ce HJ6bIT04HOH peaKTHBHOCTH B K0MIIJleKce H 

aqicpeKTHBHOrO speMellH JKl13HH Mn-IOBeHHblX HeiiTpOH0B. 

Ha pHC. 8 npHBCJlCHbl 38BHCHM0CTII 311eproBbl./.le.Jle­

HHSI JlJISI scero K0MIIJieKca OT cKopocn, ssona 1n6blTO'l­

t1oii peaKTHBH0CTI!. HJ pucy11Ka BHJlll0, 'IT0 a11epr0BbU1e­

JlCl1He B CHJlbHOii CTene1-111 38Bl1CHT OT 0TH0WCIIHll 'IHCJ13 

Jle.J1e111-1ii B peaKTope u GyCTepe Y rfYy. 
Ha p11c. 9 11p1rnene111,1 JaBHCHM0CTH 31-IeproBblJle.Jle­

l-lHSI B K0MnJICKCe OT n011ywHpHHbl 1-fMrIYJlbCOB ne11eHHH. 

BttJll-10, 4T0 llpH 0JlHHaK0Bb(X ll0Jl)'I.UHpHI-IaX MQ)!(IIO no­

JIY'IaTb paJ1-11,1e :mepros1,me11eHHS1 s HMny111,cax H, 11ao60-

poT, npH pa3Hl>IX IIOJiyw11p1rnax M0)Klf0 II0J1y4aTb 0JlHHa­

K0Bble a11epl'OBhUle.JlCllMll. 

--
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PHC. 6. npouecc cpopMHpOBaHIUI HMnyllbCa .ue.neHHH 
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P11c. 7. 3aBIICHMOCTb pca!1H30BaHHOH B HMny11bCC H36b1TO'-IHOH pea.K.THBHOCTII 

OT CKOpOCTH BB0ll3 peaKTHBHO(,'Tll H 3cpcpeKTl1BHOro BpeMCHH ;!(HJHH 

MfllOBetlllblX HCHTpoHOR 
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Puc. 9. 3anltC11MOCTb MClK.llY aHcproBbl.lleJJCIHlllMH B KOMllJleKCC (a) H 6ycrepe (6) 
OT nonym11p11H 11Mnynbcoa .nenett11i-i ( x = Yp/Yv ) 

Ha p11c. IO npttae.ne11b1 Jae11c11Mocrn "secoe" P3 B 

KOMnJleKCe OT OTHOWeHl151 'IHCJla JJ,eJleHHH 8 peaxTope 11 

6yc,-epe. 

TTOCT051HHa51 cna.na HeHTpOHOB B KOMilJlCKCe ( CX ~ ) 

onpeneJl51JiaCh no napaMeTpaM HMilYJlbCOB ne.neHHH : H]-

6b1T0•111oi-i peaKHIBHOCTH H nepttO.UaM 1rnpacrn~11-u1 MOLil­

HOCTH. B pelKHMe "MOW,IIOCTb" npouecc cpopMHp0BatIH51 

lfMnyJlbCa JJ,eTepMHH1tpoea11. T. e . B nonKpHTHKe MOll.1,­

IIOCTb KOMnJleKCa COOTBCTCTByeT peaKTHBHOCTH. a BblWC 

28 

KpHTHKH Iia 3aml3,!lhIBaIOW.HX Hei-iTpo1-1ax JJ,allHOH peaK­

THBHOCTH COOTBeTcTByeT onpene.neHHblH nep11on pa3ro11a. 

Ha nepenHeM cppOHTe HMilyJibCa npoHCXOJlHT ttenpe­

pbIBIIoe 1-13Me11et111e nep11ona. TaK KaK B80,[J,HTCSI peaKTHB­

HOCTb, HO eCJIH B3l!Tb 1ia116011ee KOpOTKHH nepHO,!l, TOT. 

KOTOpblH CHCTeMa HMCCT nepe,n 11a•1ar10M 3aMeTHOro rawe­

Hllll. TO 3TOT nep110n 6y,neT npaKTH'!CCK11 COOTBeTCTBOBaTb 

H36blTO'IHO~i peaKTHBHOCTH, peaJ1113yeMOH B HMIIYJlbCC. 

Ha pile. 11 np1rne.uet1hl aKcnepHMCHTaJJbHblC 3ailHCH­

MOCTH o6paTIIhlX nepH0,!108 OT H36bIT04HOii peaK n18HOCTH. 
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Puc. I I. 3aeHCHMOCTb o6parnoro nepllOJla pa3ro11a MOLUIIOC..'TII 

OT 1136hlTO'-IHOH peaKTHBHOCTH B HMnyJlbCe 

811.ntto. 4TO cpyHKUIHI ½ = /(,1.p~) )l,Jlll KOMllJleKca 

HMelOT JJHHeHHYIO JaBHCHMOCTb. a yrnbl 11aKJ1011a onpe.ue­

Jll!IOT nOCTOSIHHble cnana. 

H a p11c. 12 npusenettbl 3KCnepHMeHTa./lhHhle 3aBH­

Cl1MOCTlt C~ OT OTHOWeHHii Y p/Yy H pa3ttblX L JUUi CllC-

reM KC-3 (cf1Jlow111,1e n11111111). B11nim, '-ITO C~ 3ae11csiT 

OT L. TaK, ttanp11Mep, wu, KC-4 npu L = 68 CM 11 

YpfYy = 1,6 c~ = 1,64 · I0-8 
C, a ll.JlH L = 33 CM It 

YpfYy= 1,6 C~ =2.43- lff8 c. 

l-13 pHC. 12 BHJlllO, '-!TO 11p11 ye, altOBKe B 6ycTep o6-
cK ( 11 T paJua c J<!> BOJpac-raeT. TaK KaK smpacrneT Y • UK, ll.Jlj! 

KC-3 r; = 2.5 • 10-8 
c, a ll.Jlll KC-4 - £; = 2.85 • I0-8 

c. 
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3KcnepnMeHTaJlbHble KpH Bble JaBHCHMOCTli MaKCH­

MaJlbHOii HHTeHCHBHOCTII OT CKOpOCTH BBOJla peaKTHBHO­

CTl1 ll.JlSI o.u11oii A3 llOKaJaHl,I Ha p11c. 13. Hai160JlhW3ll 

IHITellCHBltOCTI, nocrnrnyra s HMllYJlbCe 7: OJltla A3 -
1.9· 1021 

.nen./c, !lBe A3 - 3,8· I 021 11en.lc, B 6ycTepe -

3,l·l021 
n.en./c 11 B KOMnJJeKce - 6,9-1021 

JJ.f!J1./c. Ha11-

6on1,wasi MOULIIOCTI, KOMl!JleKCa s MOMeH r. COOTBCTCT­

BYIOWHii sepw1111e HMllYJlbCa (n11K0Bal! MOIUHOCTh), co­

CTaBJISICT 223 fBT. 

Ha pile. 14 11p11Be)..le11bl JaBHCHMOCTH llOJJYWllp1111hl 

HMnym,ca nene111tii OT CKOpOCTl1 BllOJla peaKTHBIIOCTH R 

KOMnneKc ll.Jlll KC-3 11 KC-4. ycrnH0Me11111,1x 11a pa3HblX 

paCCTOllHIUlX OT A3 peaKTOpa II pa6oTalOIUHX 11a pa3HblX 

OTIIOWe11HSIX 311eproBbl)leJ1e1111~i >'p/Yy, 
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PHC. 13. 3aBIICHMOCTb <1>., OT CKOpOC'fH B80Jl3 peaKTllBIIOCTII 

Ko3cpq>HUHCIITbl rawemu1 peaKTHBII0CTH K0MnJICKCa 

B uenoM onpeJ1enS11111cb H3 coon1owe1111S1 

dp~ 
YK = yx(ro). 

1'136bJTO'lHrul peaKTHBH0CTh ( dp~) K0MnJICKCa onpe.uem,­

JJaCb 110 K3.J!H6poBKC, a '-111C.no llCJlCIIHH, npOIICWCllWHX 

ll0 M0MCHTa to, C00TBCTCTBYIOLUero MaKCHMaJlbllOtt HH­

TCIICllBH0CTH )leJICHHH B HMnyJlbCe Y"(to), Bbl'-IIICJll!Jl0Cb 

Ha 3BM nyreM 111-1TerpHposaHHll ct,opMbI 116hpo1rnoro 

HMnyJlbca, 3apernCTpHposa1111oro ACP-3 JlCTeKTOpaMH 

JlcJ>1 H JlcJ>3: 

30 

IQ 

YK(ro) = JcJ><r)a1, 
IJ 

me cJ>(r) = cJ>p(r) + Cl>y(t) - HHTCIIC11B1-I0CTh )lCJlCHHH fl 

K0MnJlCKCe H K0Mll0IICHTax C00TBCTCTRCIIII0. 

cJ>opMbl 111,myJlbCOB B peaKTope II 6yc-repe C0BmlJlaJJH. 

OnpeneneHllhlH TaKHM o6pa.30M KO::lCpq>HUHCHT raweHHll 

peaKTIIBHOCTII Mor 6h1Tb KUK KBX311CTaTH'ICCKHM, TaK 1-t llH­

HaMl1'lCCK~IM. BJJHSIIIHCM 6yc-repa 11a 1lHHaM114eCKHe K03<f>­

cpHUHClffbl f"dWCIIH51 K0MIUlCKCa npe11e6peran0Cb, TaK KaK 

JlCT1UIH A3 6ycTepa, Bhin0m1e1111b1e 113 )leJ151lUCl"OCll MaTe­

p1-ta11a, 11p11 .1131-fllblX 11ep11o)lax pa3mlla "pa6oTaJlH" 8 KBa'..IH­

CTaTll'JeCK0M pelKHMe H 11paKT l1'lCCKl1 11e B036)')1(J.l8JUtCb. 
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PHC. 15. 3aBHCHMOCTb y. <a.CT OT OTIIOWeHWI ::mepfOBbtneJ1e1rni-i 8 K01,rno11e11Tax KOMnJleKca 

KmDHCTUTH'leCKHH 1<03cpcp1-1u1-1e1rr ramellH.!I peaK­

H1BHOCTl1 6ycTepa onpenem1nc.!I HJ ypae11e111-1.11 

t,.plflOJl 

=--y-
Yy y 

Y Uo) 

peaKTHBHOCTh. norauIemIa.11 ~I-

IIOllOITeJleM B CBOeH CHCTeMe; zY 
t,.p~JOJl 

L\p~, 
- OTHOWeHIIe 

peaKTHBHOCTII, noralllCHIIO~i 6yCTepoM B rnoeii CllCleMe, K 

peaK l"HBIIOCTII, norameHHOii HM JKe 8 CB.!IJ8HHOii CllCTeMe 

31 

(onpe.uemieTC.!I np11 KaJ11-t6poBKe H paBHO OTHOWeHHIO peax.-

THBIIOCTei-i 
L\pltlOJI 
__ H_6_)• 

K ' 
L\pH6 

Y. to 
yY(r0)=i. J<I>p(r)ar - '11-tcno 

Yp IJ 

nene1111i,i B y~1110JKHTeJ1e, npo11cwenw1-1x no MOMeHTa 

to, COOTBeTCTBYIOLUero MaKCHMaJlbllOH HHTCHCHBHOCTH 

nene1111H. 

1'h6b1TO<JI Ifill peaKHiBHOCTb KOMllJleKca raCIHC.!I pe­

aKTOpOM 11 6ycTepoM, T.e. 
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rne Ap~, Ap~ - L,acTH H36bno411oi-i peaKnrn11ocTH cssi-

3a1111oii CHCTeMbl, norawem,oi,i peaKTOpOM H 6yCTepOM 

C00TBeTCTBeHH0. 

8 eJIH4HHa peaKTHBHOCTH, noraweHliOH peaKT0pOM B 

csoei-i CHCTeMe, pastta 
to 

Ap~'on = Yp f <DP(t)8t, ,, 
a B KOMllJICKCe noraCHTCSI B zP = Ap~Jon I Ap; pa3 

MeHbWe, T. e. 

Ap"'on I to 
Apk = _P_ = -yp f<l>p(t)8t. P zP zP 

IJ 

BeJIH4HHa onpenemrnacb npH Kar1H6posKe P3 H 

A k 

pastta ~, a <l>(t) H3Mepsinacb JJ.<l>, H JJ.<l>2. 
Ap:~0,1 

noc11e onpe.ue.neHJ,ISI Ap; Bbl4HCJl~JIHCb peaKTHBHO­

CTH, noraweHHble 6ycTepoM B CBll3aliHOH H H30!1HposaH­

IIOH CHCTeMax: 

Ap~ = Ap~ - p;; 

Ap~1on = zY · Ap~ . 

PeJyJibTaThl onpeµ.eJieHHSI KB33HCTaTH4eCK0ro K03cp­

<pHUHeHTa rawettH51 KOMnJieKca JlJISJ cHcTeM KC-3 H KC-4 

npHse.ueHbl Ha pHC. 15. 

Hccne.uosai-rne HeHTpOHHO-cj)H3H4eCKHX xapaKTepH­

CTHK n0Ka.JaJio, 4TO KOMnJieKc THPAH HMeeT tteCKOJibKO 

oco6ettHOCTeH, He HMetolUHXCll y 0JlH030HHblX HMnyJibC­

HblX perunopos. 

Oco6eHHOCHI K0MnJieKca. 

I. napaMeTpbl IIMHYJlbC0B ne11e1mi-i B K0MnJieKce MO­

ryr H3MeHSITbCSI B WHpOKHX npe.ne11ax. Ontto H TO JKe 

3HeproBhlneJieHHe B KOMnOtleHTaX MOJKeT 6h1Tb nony4eHO 

npH pa3!1H41-lblX noJiywHpHHaX II Hao6opoT. 

2. BpeMSI lKH311H MrH0BCHHblX tteihp0H0B B KOM­

nJieKce MO)l(H0 perynHpoB3Tb, H3MellSISI flOJIO)l(ett11e 6yc­

Tepa OTHOCHTeJlbH0 peaKTopa. TaK, npH pa6oTe c 6ollb­

WHMH o6pa3U3MH, KOTOpble CIUlbl-10 (B 2-3 pa3a) yseJJH-

4HBalOT l ~ 6yCTepa, MOlKH0 II0Jiy4aTb K0p0TKHe C 

t 112 :5 I 00 MKC HMny.r1bcb1 .nenettHH. 

3. B K0MllJleKce M0)l(f-10 yCTallaBJIHBaTh o6pa3Ubl 60Jlb­

WHX pa3Mepos, 4CM B peaKT0pe, TaK KaK BKJIM B peaK­

THBHOCTb 6ycTepa OT HCCJJenyeMoro 06pa3ua M0)l(eT 

6b1Th B nsa pa3a 60JlbWe ( - 8 !33<1>), npH JTOM BKJla,U OT 

6yCTepa C o6pa3UOM B peaKTop M0)l(HO OCTaBHTb Ila 

npe)l(tteM ypostte ( - 4 13,rJJ) ny-reM ysem1•1ettHS1 pacCTOll­

HH51 l. 
4. "Beca" P3 KOMllOHellT KOMnJleKca JaBHCllT OT 

OTIIOWCHHSI nonKpHTH4HOCTeH KOl\fflOHCHT H, cneno11a­

TeJibl-lO, OT OTHOWeHHll MOIUHOCTe~i H He 33RHCSIT OT pe­

)l(HMa pa60Tbl KOMnJieKca. Orpa11H4e11He no Q :5 135 

CBll3atto co 311a41neJJbHblM nane1-111eM " secos'' P3 peaK­

Topa. OpH tteo6xo.uHMOCTH ysem14eHHll Q6yn (MaKCH­

MaJibllall TeMnepaTypa ttarpeBa aKTHBHblX 3JleMeHTOB 6yc­

Tepa - 550 °C 3TO nOJBOJlSleT) 1-1eo6xo.nHMO yseJIH4HTb 

"seca" P3 peaKTopa. 

no HeHTpOHHO-cjJH3H4eCKIIM xaprunepHCTHKaM H 

napaMeTpaM KOMIUleKca pa1pa60Ta11a MaTeMan14ecKasi 

MO.Ueflb KHHeTHKH TpeXJOHHOH CHCTCMl,I - Tl1PAH. 

JAKJDOqEHHE 

CmnatttthIH H '3KcnnyaTHpyeMbIH so BHl111T<l> cjJ11-

JH4eCKHH KOMnJieKc THP AH no3som1eT npOB0.UHTh wH­

pOKHH Kpyr Hccne,aoBaHHH no pa.aHaUHOHIIOH CTOHKOCTH 

60JibWHX (nHaMeTpOM no 25 CM) 6JIOKOB P3A c peryJIH­

pyeMblM no 06-beMy 06pa1ua npocj)HJieM cj)J110ettca HCH-
- I 1015 - / 2 TPOHOB 60JibWHX 3Ha4eHHH, no . HCHTP- CM . 

ABT0pbl Bb1pa)l(alOT 6naroµ.apHOCTb npeµ.ce.naTeJIIO 

KOMHCCHH 110 cj)H3H4eCKOMY nycKy KOMIIJleKca KyBWHHO­

sy M.11. (BHl1l13<l>) H rpynne c0Tpyn11HK0B BHHHT<l> -

ropttOBOMY r.A., 3axaposy B.B., Ko1-1npaHHHY C.B., 

Kpy-rosoA Jl.B., TTo.abe3)1(1iX A.JI., 4e6oTapesy A.A. 1a 

ycnew11oe sbmoJ111ettHe pa6oT. 
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OE YMEHhlllEHHH )l)IHTEJILHOCTH HMIJYJThCOB ,UF..JIEHHH B PEAKTOPE THPAH 

A. B. JlyKHH 

P<l>511..l-BHI1HT<l>, 456770, r. CHe)l(HHCK Y:ertS1611HcKoii o6n. 

BblOOJIHeHbl K3'1eCTBeHHblC OUCHKH BOJMO;KIIOCTil yMellbllleHHJI Jl/1HTe.flbHOCTII HMOYJlbCOB JICJ1e1111ii B MHOl'OJOHHOM peaKTOpe THPAH 6eJ cy­

mecree!IHblX 11JMe11emtii ero KOHCTPYKUHH. 

PaccMo-rpem,e B0JM0lKH0CTH yMeHbWeHHll ll.JlHTeilb­

HOCTH HMnyJlbcos neneHHi-i s perunope THPAH, cocTOll­

weM H3 nsyxJ0HH0ro HMnynbCHOro peaKTopa 6APC-5 H 

no.uKpHTH'leCK0ro yMH0lK1ffen_ll HeHTJ)OHOB PYH, 6e3 cy­

mecTBeHHbIX H3Met1e11Hi-i ero K0HCTJ)YKU.HH npencrnsm,eT 

onpeneneHHbii-i HHTepec. TTonywHpHHa HMnyJlbca .uene­

HHi-i B HMnynbCHOM peaKT0pe onpe.uenlleTCll CK0J)0CTblO 

yMeHbWeHH_ll peaKTHBHOCTH H BpeMeHeM lKH3IIH MfH0-

BetlliblX HeHT{)Of-108. B HMnynbCHOM peaKTope ca~10racl1-

wero .ueHCTBHll CKOpOCTb yMeHbWeHJlll peaKTHBHOCTH 

3aBHCJ,ff OT 3q:>q:>eKTHBHOCTH o6paTHOH CBSl311 H BpeMelUI 

lKH3HH MrHOBeHHblX ttei-iTpoHOB. 8 CHCTeMax C 11e.u.ocra­

TO'!HOH 3Cpq:>eKTHBHOCTJ,IO o6parnoi-i CBll3H HCnOJlb1YeTCll 

npHHYnJffeJlbHblH BblBO.ll peaKTHBHOCTH BO BpeMll HMTIYJlb­

ca nene1-mff (B Ka'!ecrse npHMepa MOlKHO yKaJaTb 1-1a HM­

nymcHhie peaKTOJ)bl nepHOJHt'!ecKoro nei-icTBHst HEP-30 11 

116P-2.). TaKHM o6pa30M, B03MOlKHblMH nyrllMH COKpa­

weHH_ll llllHTeilhHOCTH Hei-iTpOHtlblX HMnyJJbCOB B peaKTO­

pe THPAH stBJlstlOTCll YMeHbWeHHe speMeHH lKHJHH 

MrHOBeHHblX HeHTJ)OHOB Ii ysenH'letme CKOJ)OCTII rawe­

HHSI peaKTHBIIOCTH B Te'!eHHe HMnym,ca neneHHH C no­

MOLUblO cneu,Hanbllb!X MeXaHH3MOB. PaCCMOTJ)HM n0O'!e­

pe.uHo aTH cj:>aKTopb1 6onee nonpo6Ho. 

OE YMEHbD.IEHlfH BPEMEHH )KH3HH 
MrHOBEHHbIXHEHTPOHOB 

B onHH0YH0M HMrIYJlbCHOM nsyxJOIIIIOM peaKT0pe 

EAPC-5 nonyw11p11t1a MaKCHMaJlb11oro HMnyJIbca cocrns­

JllleT - 50 MKC, B TO speMst KaK B peaKTope THPAH 3Ta 

BeJJHllJilfa MOlKeT B03pacTaTb npHMep1-10 B 1,5-2 pa3a, 

T. e. no 70-100 MKc. OnHoi-i 113 oc11os111,Ix npHLfHH srnro 

llBJU!eTCll ysemIye111-1e spe~-1et1H lKH3HH MnIOBellHblX Hert-

• Wa6am111 E.n. l·hmyJTbCHbtc pcrunoph1 Ha 61,1CTp1>1x 

HdiTpotiaX. M.: ATOMH1JlaT, 1976. 
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TJ)0H0B B CHCTeMe. XapaKTepHoii oco6eHHOCTblO Tpex-

30HHOro peaKTOpa Tl1P AH llBJJlleTCll TO, '!TO scj:>cpeKTHB­

II0CTh o6paTHoii CBll3H B nsyxJoHHOM peaKTope 6APC-5 

cywecTBeHH0 (npHMepHO Ha llOJ)ll.llOK) 60JlbWe, YeM B 

no.uKpHTHLiecKOM Yfl.fllOlKHTene Hei-iTpOHOB PYH. CneJlo­

saTeJJbHO, PYH MOlKHO paccMaTpHBaTb KaK CHCTeMy C 

JlHHeHHblM OTKJIHKOM, T. e. KaK CBOeo6pa311blll OTpalKa­

Teilb, paJMHOlKaiow11ii 11eihp0Hbr. B p<ThrKax rnKoro non­

xona BnHS11111e PYH Ha xapaxTepHCTHKH yCTaHOBKH npo­

llBHTCll B ysenH'lellHH speMeHII lKH3HH MrHOBeHHblX HeH­

TJ)OHOB H CJlBHre C0CT0SIHHSI KJ)HTH'lHOCTH. MolKHO noKa-

33Tb, 'lT0 s HJon1-1posaImoM peaKTope EAPC-5 11 peru<.T0-

pe 6APC-5, I-rnxonsiweMcst B coCTaBe peaKTOpHoi-i c11cTe­

Mbt Tl1PAH, 6yJlyr 0.llHHaKOBblMH H3YaJlbHbte B03Myw.e­

HH_ll peaKTHBHOCTH H HaYanbtlble noCTOllHHble pa3roHa. 

TTocrn.si1-11-1~ pa3roHa ll.Jlll peaKTopa THPAH pasHa 

6K &K, I I 
a=-= -----=a1-· (I) 

1-xp /)(jll f-xp2 t,.Kro X 
1+-----

f-xp1 t1Kfo 

8 npasoii YaCTH 3T0f0 COOTIIOWetflij{ a, < aio = oK,ll,,t,10 
(Oto - nocTOllllllaSI pa3roHa B H30JlHJ)OBaHHOM 6APC-5 

np1-1 B03Mywemrn peaKTHBH0CTH 0K1, /3<f>IO - BpeMll lKH3-

HH MrH0BettHblX 11ei-iTpOHOB B HJOJJHJ)0BaHH0M EAPC-5), 

nocKOJJbKY 13,t,I > l,,t,io 11, KpoMe rnro, X > I. Cnenosa­

TenbHO, nonyw11p1-1t1a HeHTJ)OHHOro HMflYJJbCa B peaxTope 

THPAH , > to - nonywHpHHbl HMnyJlbca B 111on11posat1-

HOM 6APC-5. YMe1-11,wet11-ie nocTOllHHOi-i pa3rot1a wu, 
peaKTopa THPAH no cpast1et1HIO c HJo;rnposa1-111btM 

EAPC-5 onpenenlleTCll 1-1ecKOJJbKHMH cpaKTOpaM11: 

- yseJlH'!eHHeM speMeIH! lKHJHH MfHOBeHHblX Hei-i­

TJ)0II0B B EAPC-5 B coc-rase KOMnneKca Ja C'leT nosrnne­

HH_ll nonOJll-lHTeJ(bllblX rpynn OTpa.JKel-tHblX HeiiTpOIIOB OT 

JlOllOJlHHTeJJbHl,IX K0IICTJ)YKU.1-10I11I1,lX 3JJeMeHTOB B peaK­

Tope, OT aKTl1BIIOi,i 30Hbl (A3) YMIIOlKHTeJJSI II 3JJeMel-lTOB 

ero KOHCTPYKUlrn (3a c,,eT ::,rnro cj:>aKTopa B cpopMyJJe (I) 

/3<f,1 > /,cj,10); 



--

- YBeJIH'leHHeM BpeMeHH lKH31!11 MrHOBeHllblX Hei-i­

TpOHOB B )'MHOlKlrre.ne B cocTaBe peaKTOpa THPAH Ja 

C'leT nollBJlemrn J10nOJ1Hl1TeJ1bHblX rpyn11 OTpalKemtblX 

Hei-iTpOHOB OT A3 peaKTopa ~t 3JleMeHTOB ero KOHCTpyK­

UHH, a TaKlKe 0Kpy)Ka10wero sewecTBa (3a C'leT 3Toro 

cj)aKTOpa B cpopMyJie ()) /34i2 > /1<1>20); 
- ysemt'ICHHeM cpeJ1Hei-i "::icpcj)eKTHBIIOi-i" JlJIHllbl ue­

nO'IKH "oT .ueneHHll JlO ,UCJlellHll" Ja c•teT Heihp0HIIOl'O 

B3aHM0J1ei-icTBHll MCJKJ.ly 6APC-5 H )'MH0lKHTCJICM 11ei-i­

Tp0HOB (3a C'leT 3Toro cj)aKTopa 13 cpopMyJ1e (I) BCJll1'11111a 

X > I, npH'ICM X yseJIH'IHBaeTcsi l: yMellbWeHHCM /J.K 20 ). 

TI03TOMY B Ka•teCTBe B0JM0)KllblX nyrei-i, HanpaBJlCH­

HblX Ha yMeHbWCHHC BJIHllHHll Ka)KJloro 11'.l nepe'IHCJleH­

_HblX cj)aKTOpOB, M0Jl(H0 yKaJaTb cneay1ow11e. 

I. Yse.nH'ICHHe ::icpcj)eKrns11ocrn JaW1tTb1 A3 6APC-5 

OT "MCJlJICHHblX" 0TpalKCHHblX ttei-iTpOHOB. 3.uecb, OJ1Ha­

K0, OTMCTHM, 'IT0 A3 EAPC-5 HMeeT ::icpcj)eKrn1111y10 ::ia­

wwry HJ eewecTea, co.D,ep::trnwero 
1°B, TOJtWHHOi-i (110 

10B) - 0,5 rlcM
2

. no 3TOi-i npH'IHHe yeeJIH'ICHHe ::icpcpeK­

THBH0CTH JaWIITbl A3 6APC-5, n0-811.JlHM0My, npaKTll­

'ICCKH HCR03M0lKH0. 

2. YseJ1H'le1111e ::icpcj)eKTHBIIOCTH JaWIITbl A3 )'MHO­

lKHTCJISI OT MeJlJleHHblX 0TpalKeHHblX HeiiTp0H0B. 8 3T0M 

HanpaBJlellHH HMeCTCll onpe.ueneHIJbli-i pe3ep11, ll0CKOJILKY 

JfilUHTa A3 PYH Bblll0J1He11a 113 KMMHSI T0JlWHHOi-i 

0,05 CM H HMeeT BblCOKYIO 3QJQJCKTHBIIOCTb JIHWL no 0T­

H0WCIIHIO K HeihpoHaM C 3Heprnei-i MeHee - 0, I 38. Tip11 
IO 

3aMeHe Ka,UMHll Ha seweCTB0, co.ueplKamee B, T0JIWH-

HOii (no 
10B) - 0,5 r/cM

2 
::icpcpeKTHBHOCTb 3aLUHTbl, 6e3-

ycJI0BH0, YBeJIH'IHTCll. 

3. YMeHbWeH11e BpeMeHH HCi-iTp0IIHOro BJaHM0.11,ei-i­

CTBHll MelKJ.ly 6APC-5 H )'MH0JKHTeneM B03M0lKH0 npu 

)'MCHbWCHHH ,UJlHHbl uen0'IKH JleIICHHi-i B PYH, Bbl3BaH­

HOi-i tteihpoHOM, polKJlCIIHbtM B EAPC-5. TiocneJUtee 

Jl0CTHraCTCSI )'BeJIH'ICHHeM fl0JlKpHTH'IHOCTII YMHO)KJ,ffeJISI 

(T, e. BCJll1'111Hbl fJ(:lO) H C0OTBCTCTBCIIH0 )'MCllbWeHHCM 

pa3MHOJKa10w11x CBOHCTB. OJll1aKO 3TO Tpe6yeT pa60TLI 

KOMnJlCKCa npH B03M0)KH0 MeHbWHX paCCTOllHHllX MelKJly 

6APC-5 H )'MH0)KHTeJ1eM 11/111111 npH B03M0JKH0 6omw11x 

3HeproBblJleJJeHHllx Ja HMnynbc B A3 6APC-5. OTMeTHM, 

'!TO npH. )'MCHbweHHH paccT0llHHll MeJKJlY 6APC-5 H yM­

H0lKHTeneM TaKJKe C0KpawaeTCSI speMll nepeiteTa 11eii­

TpOH0B Me)l(Jly l-111MH. 

}13 CKaJaHH0ro CJICJlYIOT npaKTH'leCKHe peK0MeH.!laum1. 

I. 3aMeHHTb 3aw11Ty A3 PYH OT oTpalKeHHbtX uei~-

108 - ( TPOH0B tta sewecrno, C0J1epi1rnmee • TOJill.\HH0H no 

I08) - 0,5 r/cM
2
. 

2. 3KcnnyaTHposaTb K0MnJleKC np11 B03M0lKH0 

MeHhWHX paccTOllHHSIX MeJKJJ.y 6APC-5 H yMH0lKHTeneM 

11ei-iTpOIIOB H npH B03M0JKH0 60JlbWHX 3HeproBblJleJlelJH­

SIX Ja 11Mny11Lc s A3 6APC-5. 

no nOBOJlY BTOpoi-i peKOMe1tJ1aUHII onteTHM, 'IT0 

'111CJIO 0TpalKCHllblX HeihpOHOR pe3K0 YRCJlll'IHBaCTCSI np11 

YMCHbWe111111 paCCTOSIHlll! Me)l(Jly B3aHMOJleiicTBYIOWHMII 
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Ko1--mo11e1naMH (nponopu1101-taJ1b110 - R-4, me R - pac­

cTosi11He MelKJlY K0Mll0HCHTaMH), n03TOMY He HCKJIIO'ICH0 

cymecTB0BaJIHC onT11MarlbHOf'O paCCT0llHHll Mell01.y 

6APC-5 H yMHOlK11Tene1v1 Heihpo11os (oco6eHHO npH tte­

Jl0CTaTO'IH0 ::icpcpeKTHBIIOi-i 3aLUlflC H3 KU.UMIUI OT Me.u­

JtellllblX 11ei-iTp0H0B). 

06 EICIIOJ1b30BAHRU fiPHHYJlllTFJibHOrO 
BblBO}lA PEAKTIIBHOCTII 

B peaKTope THPAH HMnyJJhC J1ene11Hii rac11Tcst Ja 

C'ICT )leHCTBHSI o6paTHOH CBSl3H B peaKT0pe 6APC-5 

(3cficpenHBllOCTb 06paT11oi-i CBHJH B PYH npHMepH0 11a 

nopsi.uoK Me11bwe, •teM s peaKTope 6APC-5 11 ee .ueiicT­

s11eM M0JKH0 npe11e6pe'lb). PacCMOTpHM B0JM0JKH0CTb 

yseJlH'leHHll CK0p0CTH rawe111tl1 peaKTHBH0CTH B CHCTeMe 

Ja C'leT BHCWHero 11pHHY.UHTCJlbHOro BblB0Jla peaKnlBH0-

CTH (c n0M0WblO cneuitaJlLII0ro ynpoi-icTBa). 

Pemaop THPAH - c1111bH0CBstJaHHall c11ci-eMa. no­

::noMy JlJISI aHaJIH3a ee KHHCTIIKII HCll0Jlb3YCM O.UHOTO'le'-1-

110e np116J1HJKCIIHC. CooTBeTCTB)'IOtUee ypaa1-1e11He Ktrne­

THKII HMeeT BH.Ll 

An(t)=(p,(t)+p, (1))11(1); n(l=0)=n0. (2) 

]JleCb A - epeM51 reuepau1-111 Ml II0BellllblX H6iTpo110B B 

CHCTeMe; 11(/) 11 no - HHTeHCIIRH0CTb .uene1111i-i B M0MeHT I 

H ee 1-ta•taJlbllOC 3Ha'leH11e; Pr(/) , p;U) - H3MeHeJHUI pe­

aKTHBHOCTH, o6ycJJoBJleHHblC JlBHlKeJJHeM 3JICMeHT0B pe­

ryn11poBaHHjJ (HtUleKC "e") H JlCiiCTRHeM o6paTllblX CBll­

:iej:j (HHJleKC "i"); T0'IKa 1-1a.u 6yKBOi-i 3.UCCb 11 )l.i/lee o6o-

3Ha'laeT J111cpcpepe11u11p0Ra1111e no speMem1. ,Unsi oue11rn 

JlJIHTeJlbH0CTH HMnyJlbCa J1eJ1eHJ1ii npe;J,CTaBHM peweHHe 

ypaBHeHIUI (2) s BHJlC 

11(1) = 110 exp( In [n(t)/110]} 

H HCTTOJlbJyeM pa3JI0JKCH11e noKaJaTCJlSI 3KCII0HCHTbl B 

PS!Jl Tei,i.11opa B6JlH3H M0MeHTa epeMeHlt ,,,, - M0MeHTa 

ll0CTHlKCHHSI MaKCHMaflbHOi-i M0WH0CTl1 . 8 paJJIOJKeHHH 

Y'ITCM TpH 'IJlCHa JlO BToporo n0pllJlKa MarJOCTH BKJII0'IH­

TeJlbll0, TTOJl)''IHM 

n(t)c::n exp{ii(t,,,)(1-1 >2} . 
,n 2n,,, IN 

1'13 3TOl1) CO0TH0WeHHSI cne.uye1 np116J1HJKe111-1oe co-

0TIIOWCHHC JlJISI nonyw11p11tta HMllYJlbCa JleJICmtii 

8 -In 2 
1 = /-,----,- (3) 

(-ii~.~ )r 
311aMetta-re.111, no,uKopem1oro BbtpaJKe1111si onpe.ue;1sieTC}I 

JlllQ)cpepeHUHpoBaHHeM ypas11e1111S1 (2) 110 speMeHH Ii M0-

MCIIT ,,,. II paseH 

ii(r ) u + u 
-~= C I 

n A 
(4) 

"' 
rJ1e uc. = P~ .. (I~) - cKopocTb yMe11bwe111111 peaKrns110-

cn1 Ja l:4er JlBHlKCIIHll 3JleMeHT0B perym1poBaHHSI (HH-

--



)leKC "e") l·I neiicTBIHI o6paTHblX cssneif (HHlleKC "i"). 

C )"leT0M ll0CJlC)lHC.-0 C00TII0WCIIIHI Bbrpa)KeHHe JlJlll 

oueHKH rt0JlYWHpHHhl HMrtYJlbCa (3) npHIIIIMaeT BHJl 

't=~- (5) v~ 
CKOpOCTb yMeHbWeHHS! peaKTliBH0C nt 3a C'!eT Jleli­

CTBHSI o6paTHblX CBll3eli HCll0CpeJlCTBetlH0 CBSIJUHa c JlJlH­

TeJlbll0CTblO HMllYJlbCa, :ny BeJJH'-lHHY M0JKH0 oueHHTb no 

¢opMy11e u, ::::: 2pof,:, me Po - MaKCHMar&bllaSJ peaKTliB­

H0CTb npH pa60TC peaKTopa B peJKHMC Ml II0Bellll0IO 

cKa4Ka HJlH K0MlleHCaUHSI peaKTHBII0CTH Ja nepsyt0 110-

Jl0BHHY HMllYJlbCa np11 pa6oTe peaKTopa B pe;+;HMe 

"MOUlHOCTb". l1cnonb3YSJ ll0CJlC)lHHe JlBa C00TII0WellliSI, 

npHX0JlHM K ypasttem110 ,!IJJSI oueHKH ll0JIYWHpHIILI HM­

nynbca C )"leT0M BHCWHCro BblB0)la peaKTl1BH0CTH B BIUle 

,:2+2p0 _,:_A·8-ln2=0. ( 6 ) 

Ue U 0 

PeweHHe :noro ypa1meHHll 11peJICTaBHM CJlellylOLUHM 

o6paJOM: 

2-= ✓ \+2 _ _!_; 'to=A·4·1n2; Z=u,·i:0 _(7 ) 

to Z Z Z Po Po 

l1c11om,3yeM 3T0 peweH11e wu1 aHan1na B0JM0)l(HOCrn 

yMeHhWeHHS! llJlHTCJlhll0CTH HMl1YJlbC0B )leJlellHH B peaKTo­

pe Tl1PAH . .Um, 3Toro B Ka4ecTBe oueH0K 11pHMeM, YTO 

,!IJJJI 113onHposa1rnoro peaKTopa EiAPC-5: A - 0 ,0 12 MKC, 

Po - 0, Ip""' ::::: 0,00067 H 110 qiopMyne (7) 'to ::::: 49,7 MKC. 

U;o::::: 2pofi:o::::: 4.02·!0
1 

(},iq!c ::::: 27 c-
1
, a mu1 peaKTopa 

Tl1PAH: A - 0,018 MKC, p 0 - 0,075(}3<1>::::: 0,000503 11 110 

qiopMyne (7) i:o ::::: 99,3 MKC, u;o ::::: 2pof,:0 ::::: 1,5 I· I 0 3 

P,iq!c ::::: 10, I c-
1
• B rn6mme npuae)le111,1 peJyJtbTaTbt pac-

4eTOB 110 q>opMyne (7) OTH0WCHHH ,:li:o H u/u,o = 0,52 

npH pa3JlH'!HblX 31·ta4CHHSlX napaMeTpa z. 
CornacHo )laHHblM Ta6JtHUhl ll)1Sl yMeHbWCHliSI Jl)IH­

Te.rtbH0CTH HMnym,ca JleneHHH B peaKT0pHOH CHCTCMe B 

JlBa pa:m (Z - 4) Heo6xomtMO 06ec11e'!HTb CK0p0CTb 

npHHYJlHTCJlbll0f0 BblB0Jla peaKTHBH0CTH (C ll0M0WblO 

cneuHanbttoro ycTpoi-icrna) 11p11Mep1t0 B nsa pa3a 6on1,­

wyt0. 4CM 3T0 Jl0CT11raeTCS! B H0MHHaJtbll0M peJKIH,IC pa-

60Tbl Ja C'leT llCHCTBHS! o6pantb1X CBS!JCH. HanpHMep, 

'lT06bl yMeHbWHTb ,llJJHTCJlbH0CTb IIMl1YJlbC3 )lCJleHHii B 

peaKTope Tl1PAH, Tpe6yeTCSJ yCTpoi-iCTBO, 06ecne'l11-

sa1omee npm1yn11TCJlbHbti-i BblB0ll peaKTIIBH0CTH co CK0-

poCTblO Uc - 0,S·Z·U;o - 3-10
3 

P,iq!c ::::: 20 c-
1
• 

nonOlKHM. 4T0 M3KC~IMaJJbH0e B0JMywe1111e peaK­

THBH0CTH K0MllJleKca, o6ycJIOBJICIIIIOe BblKJIIO'IClllleM 

IICHTPOIIHOro B33HM0JlCHCTBHS!, C0CTaBJHfeT ~p - 4(},<f, II 

llJlll 3T0ro HY)l(II0 nepeMeCHITb Hei1'rpm1Hy10 JaIJlHTY 11a 

paccrnS111He HEAP, - 20 CM, paRH0e BblC0Te A3 EiAPC-5. 

B JT0M CJl)"lae CK0p0CTb nepeMCWCHHSl JaLUIITbl vll!Q 

C0CTaBIIT: 

V1aw = UcH6APcf~p - 20 (c-
1
)20 (cM)I0,0268:::: 150 Mic. 

3-ro Jl0BOJlbH0 BblC0KllSI CK0pOCTb MCX3lilt'leCK0ro ne­

peMCWCHHSI Jl0BOJlbll0 ~laCCHBHblX npe)lMCT0B, K0T0PYIO 

IIY)l(IIO peanHJ0BaTb B peai<T0pHOM 3ane (OTMCTHM, '{TO 110-

X0;+;HC yCTpoikTBa pacc~1aTp1rnan1tch pauee A. A. CHonKo­

BblM). OuemrM B03M0.)f(II0CTh Jl0CTlf)l(Cfll1Sl TaK0ii CK0po­

CTH C n 0 M0Wbl0 JlBYX THrt0B ycTpOHCTB. 

noMCCTl1M 0JlHY H3 JOH peaKT0pa BIIJTpH K0Jll,Ua HJ 

noJJHJTHJlCfla TOJ1Ull1110H npHMCpH0 IO CM (60JlbWC npo-

6era 6btcTpblX HeHTPOHOB) c 0KII0M BhlC0T0ii 20 CM 11 

WHpHH0H npHMepH0 20 CM (ce4CHHC A3 EiAPC-5). npu 

11paLUCHHH K0JlbU3 C 'laCTOTOH V = 1500 o6IMHII npH ero 

pa.a,Hyce R = ) M .nHHCHHrul CK0p0CTb JlBH)l(CHH51 rpaHHUbl 

0K11a HanpoTHB A3 cocrna1n V = 2rcRv ~ 160 Mic. Bpe­

MSI, B TC'le1rne K0T0poro C0BepwaeTCSl 0Jl11H o6opoT JlHC­

Ka, COCTaBJISieT T = ]Iv = 0,04 C, '!TO snomte Jl0CTaT0'lH0 

,llJJSI BblB0Jla peaKT0pa B npencTapT0B0e C0CT0SIHHe C no­

M0UlblO Jlpyntx, Me,!IJJCllllblX 3JleMeHT0B perynHp0B3Hl1Sl 

peaKTHBII0CTlf. TaKHM o6paJOM, 113 3T0il oue11KH cnenyeT. 

'lT0 yMeHbWeHHe Jl)lHTeJJbH0CTH 11Ml1YJlbC0B JleJJCHHi1 a 

K0MllJlCKCe npHMepH0 s )lBa paJa BB0JlHC pCMbH0. OJl­

H8K0 nnaToi-i Ja :no 6yneT cywecrne1111oe ycno)l(He~rne 

UICTCMbl y11paBJJCHllll yCTaHOBKOH. 

B Ka'!CCTBC npyroro TCXHll'ICCK0ro pewellHSI M0JKH0 

npeJl.Jl0lKHTb 6JIOK H3 110Jlll::>THJICHa C npHMCpHhlM paJMe­

poM 200x 20x IO CM, KOT0pblH JlBHraCTCSI B sepTHKaJlbH0i,i 

nnocK0CTH MeJK.Uy peaKTopoM EiAPC-5 11 yMH0)l(HTeJJeM 

(mrn MelKD.y J0HaMH peaKTopa 6APC-5), HanpHMep 

cnpaaa HaJJCB0. B 6noKe HMCCTCS! 0KH0 C00TBeTCTBYI0-

UlCii w1-1pH11h1. OueHHM nas.nemte raJa, 11eo6xomrMoe ,!IJJSI 

pa3ro11a TaKoro JneMeHrn. np11 ero Macce 111 = 50 Kr, 

MaKCHMaJJbH0M CK0p0CTH Jl811)1(CHHSl V = 150 Mic. WIHHC 

paJroHa L = I M H ITJ10LU3.UH nopWHSl s = 0,02 M
2 

HC06-

2 

P 
111V ~ 

X0JlHM0e .D.aBJ1e1111e n13a C0CT8BHT = -- - .>0 8TM. 
2Sl 

3-ro Bll0JlHC Jl0CTll.)f(HM0e Jl3BJICIHIC, K0T0poe M0lKII0 

peartH3083Tb B na6opaTopHblX ycnoBHSIX. 

TautM o6pa30M, M0)l(HQ K0f-lCTaTHp0BaTh. 4T0 

yMe1tbwem1e Jl)lHTeJlbll0CTH HMllYJlbCa JleJlCHHi1 B peaKT0-

pe Tl1PAH npHMCpH0 a 2 pa3a, T. e. Jl0 40-50 MKC, 

Rll0JlHC ll0CTH)l(HM0 B na6opaTOpHblX ycJI0BHllX. Om1aKO 

CJtenyeT rl0Jl'ICpKHYTb, l(TQ peanH38U11SI 3T0~i R03M0)1(110-

crn Il0CTHfaCTCSI ueHoil 3H3'lllTCJlbHblX ycJJO)l(JfelIHii CHC­

TeMbl ynpaBJICHHSI peaKTop11oii ycrnH0BKOii. 

Oue11Ka 0TIIOWCIHtii i:li:o It uefu;o npH pa3Jlll'lHblX 31ta'ICflllS!X napaMeTpa z 110 q>0pMyJIC (3) 

z 0 0,25 0,5 0,75 I 1,5 2 3 4 5 10 
TITo I 0,99 0,828 0.775 0,732 0,667 0.618 0,549 0,5 0.463 0,358 

u./u;o 0 0.125 0,25 0,375 0,5 0,75 I 1.5 2 2.5 5 



---

Y)lK 621.039.56 

PE)KHM YIIPARJIEHH.8 CJIAGOCBH3AHHOH CUCTEMOH EAPC-5 
O,UHHM PErYJUITOPOM PEAKTIIBHOCTH 

B. H. qeparnen, A. A. CttonKOB 

PC1>51U-BHHl1TCI>, 456770, r. CHe)KHHCK l.fem16HHCKOH 0611. 

Pacc~10-rpeHbl cjJHJH'leCKlte oco6eHHOCTII ynpllllJlellllll CBWJ3HIIOil CIICTe~mii C ManblMlt K03<jxj)IIUIICIITa.MII CllH111 TOnbKO omrnM pCl)'mnopoM 

peaKTIIBHOCTII. Jla1111L1il pclKIIM ycneWHO 3KC.-UJyaTHpyCTCH 11a EAPC-5. 

B npouecce 3Kcn1IyaTaUHH 6APC-5 [I] 6h1J1 pa:ipa-

6ornH H peanHJ0BaH H0BhlH y.no6Hhlii pClKHM re11ep11po­

eamu1 HMnyllhC0B D,elleHHi-i ''MOIUHOCTb", 06ec11e4HBal0-

1UHH BHyrpeHHIOI0 6e30naCHOCTb peaKT0pa. B 3T0M pe­

lKHMe nepe.n HMnyllhCOM B axntBII0H 30He (A3) C03JlaeT­

CS! CHllbHbli-i BHyrpeHHHi-i HCT04HHK Jana3)lbIBal011.lllX Hei-i­

Tp0H0B (S8 / >> I) , a reHep11posaHHe HMnyJlhca .ue11eH11ii 

B C8113aHHOH OtCTeMe ocyiuecTBJIS!eTCS! cmrxp0HHblM Bbl-

80.U0M HJ A3 .neyx pery11S1rnpoe pea.tcTHBH0CTH (PP); PP 

SIMS!IOTCSI HeHTp0HHblMH "11osywKa~111" (CMec1, 6opa C 

non1-1crnponoM) H coe.n,rneHbl eJ11-tHOi-i Tpasepcoi-i, nepe­

Mew.aeMoi-i MexaHH3M0M ynpaBJ1e11Hst (MYP). CTpH 3T0M 

nopM0K nony4eHHS! HMnynhca cne.ny10iu11i-i: 

- BblX0.!l B CTapT0B0e COCT0S!IIHe no nepH0JlY pa3ro­

Ha (T. I Ha p11c. I); 
- nepexo.n B KpHTH4eCK0e C0CT0SIHHe Ha 3ana3Jlbl­

BaJOutHX HeihpoHax H 11a6op s. Ha M0W.II0CTH 2-3 BT 

(T. 2 Ha pHC. I) (npH 3TOM pp onyiueH B He06XOilHMOe 

nonol!<errne, a HMnynbCHbIe cTepll<IIH HC I, 11C2 110.UHS!Tbl 

llJlS! KOMneHcaUHH); 

- "ebrCTpen" HC l 11 HC2 (J1C o6ecne411sae-r nepc­

xo.n BblWe C0CT0S!HHS! KpHTH41-10CTH Ha MrH0BCIIHblX Hei-i­

Tp0Hax), CHCTeMa HaX0JlHTCS! Ha nepHo.u.e pa3r0Ha (T. 3 

1-1a pHc. I); 
- "BblCTpen" pp (T. 4 Ha pHC. I), o6ecne411BalOUlH~i 

Heo6XOJlHMYIO CK0p0CTb BB0ila peaKTHBH0CTH <P-,¥'c); 
- pa3BHTHC HMnyJlbCa Ha q:>OHC BB0.!la peaKTliBII0CTH. 

Pe)KHM 61,111 3KCnepHMeHTMbH0 OTpa60TaH Kax Jl)ISl 

OJlH0ft H30mtp0BaHHOi1 A3, TaK Ii !UIS! CHCTCMM 11pH pac­

CT0S!III-IH Me)l(Jly ueHTpaM~t A3 L = 0,33-0.5 M. Op11 

60llbWHX paCCTOS!HHS!X Tpasepca YTSI)KCJIS!CTCS! H MYP He 

o6ecne4HB3eT Heo6XOJlHMblX CK0pOCT6i 880.!la 11361,IT04-

HOil peaKTHBIIOCTH; HCll0lll,30Batllfe JlBYX IIC338HCHMblX 

MCXaHH3M0B He Jl3CT Heo6XOJlHMOi-i C~tHXp0HH'laUIIH B 

JlBHlKCHHH pp I H PP2 (HYll<HO t!.t < 2·t112). 
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PHC. I. 113MCliCIIIIC no.11Kpl1TH'-lli0CTH A31, A32 11 Cl1CTCMbl 

A3 l +A32 B npouecce norry<Ic11HS1 HMnymca .11e.nem1A : 

I - CTapT0B0C C0CT0SIH1te: 2 - COCT0SllillC K0Mne11cauIrn PPl 

c noM0IJlblO HC I, 11C2: 3 - BblCTpe.il MC I. 11C2: 4 - BbK'TpeJ1 

PP! - H~tllYJTbC 

Heo6XOJll,IMOCTb pa60Tbl peaKTOpa npH pacCT0SIIIHH 

MClKJlY ue11TpaMH A3 .uo 1.5 M B03IIHKaeT B cny4astX o6-
ny'lCHHS! np0TSJ)l(eHIII,IX ofueKTOB. AHaIIH3 ypaBIICHHH 

KHlleTIIKH CBS!3aHH0ii CHCTeMbl n0Ka3bl88eT, 4T0 ynpaB­

JIS!Tb TaKHMH CHCTeMaMH M0lKH0 nYTeM H3MCHCHIUI peaK­

THBH0CTH T0JlbK0 B O.UHOH K0Mn0HeHTe. O03TOMY B 3T0M 

Ha11paW1e11m1 6b1JlH 81,III0JIIICHl,I pac4eTHbte H 3KC11epH­

MCHT3.JlbllblC pa60Tbl. 

1. OCOliEHHOCTll PE)KHMA 

OJlllHM H3 rnaBllblX 11apaMeTpOB, xapaK-repHJYI0W.HX 

CHCTeMy, S!BJlSleTCSl 0 TII0Ulem1e M0W.HOCT6i )lCJICIIHii B 

A3 (112/111), K0T0poe 011peJ.J.CllS!CT('}I orno weI1HeM IIX pe­

aKTHBHOCTCH. 8 11pouecce Kan11GpoBKH mmyJlbCllhlX 

CTep:lKHei-i Ball<II0, 4TO0bl llemt4Hll8 n2/n1 0C'laBaJl3Cb no­

CTOS!HHOH, 4T0 803M0JKI-I0 npH 81\0)le peryr 111py1ow11MH 

3JleMetlTaM~I B A3 I H A32 OJ1ll01i II TOH :.t(e peaKTHBII0-

cnt. BcnH4HHa 112/11, ycTaHUBJIHIJanacb C n0M0W.bl0 



c-rep)Kttei-i To11Koii perym1posK11 (CTPI 11 CTP2). npH 

paCCTOSIHJ,UIX MC)l(Jly ueHTpaM11 A3 L11 = 1,5 M K03<pqllll.1,H­

e11Thl CBSl311 k12 = k21 = k;i = 0,25 P,4,, a B c.r1y4ae yc-ra-

ll0BKH non11::inwe11osoro 6J101rn Me;+<ny A3 ku = 
= - 0,05 p:xj,, 'ITO y)l(e cpaBIIIIM0 11 na)l(C MellbWe BCJIH-

411Hbl nepexona peaKHIBIIOCTH llblWC KpHTll'lCCKOH Ha 

MrH0BeH11b1x Heihpo11ax (BKC), T. e. ~p > k;j-

Ho s HaweM c11y4ae, ecmt paccMa-rp11saTb Kp1nep11i-i 

·'cHJlbHoA'' cssi311 I 2]: 

C2 8k, (t) - -ok1 (t) - f. 
Z(t) = 1 «I, 

!i I ~kl I + I M, I e -I 

(I) 

rne ~k1, ~k2 - nonKpHTH'lH0CTH A3 I H A32 npH co­

CT0S1111rn rncTeMbl B BKC; 8k1, 6k2 - H3Me11e1111si nonKp11-

TH'lH0CTei-i A3 I H A32 B Te'lCHHe HMilYJlbCa; f I , f 2 -

BpCMClla lKHJHH HCHTp0HOB B A3 I 11 A32, TO npH ( I , f 2 

11 8k1 , 8k2 ,>TOT Kp1nep11~1 Bhm0JJHSICTCSI, T. e. JlJlSI nony-

4CIIHSI JauaHH0ro 0TH0we1111>1 ::i11eproBbl)leJJeHHii B HM­

nym,ce Y2!Y, nocTaT0'lH0 B CTapT0B0M COCTOSIHHH BLl­

nom-1eHHSI YCJI0BHSI 

!2.=1 
n1 Y1 

(2) 

11 BB0na ll o6eux A 3 on11HaK0BOi-i peaKTHBH0CT11. 

KpoMe TOH), Ka)KJlasi 11Jon11posa11Hasi A3 noJJlKHa 

11MeTb nocTaT04HblH "3anac" peaKTl1BH0CTl1 (peaKTl1B­

II0CTb A3 BblWe KpHTH4H0CTl1 Ha Jana3nbJB3IOLU11X HeH­

-rpoHax np11 ll0J10lKCHl111 BCCX perym1py10llll1X ::JJlCMeHTOB 

Ha sepx11eM ynope) 

~PA31 2': 1.2- kl/ - ~p;i = 1,55P,4,: 

~PA32 2': 1,2 - ky = 0,95P:xj,, 

(3) 

CK0p0CTb nepeMelUCHH>I pp 11p11 BblCTpeJJe COCTaBJISIJJa 

6,5 M/C. 

51c110, 'ITO npH OJll-lOH 11 TOH lKC Mexa1111•1ecKOH CK0-

p0CTl1 PP. yseJHt411Bllil 0TH0WCH11C 112/111, Mbl, C onHoi-i 

CT0pOHM, yseJJl1'1HBaeM .Ll,0JllO :meproBLIJ.ICJleJIIISI (OT CYM­

Map11oro) B A32, a C npyroA - TepsieM B CKOp0CTl1 BB0.Ua 

1136blT04HOi-i peaKTHBH0CTl1 B CHCTeMy. MaKCHMaJlbH0e 

::JHeproBbl)lCJJCJ-tHe B A32 pea.r1H3yeTC51 npH lli/111 = I, a B 

CHCTeMe - np11 n ·i/111 - 0,41. 

npH 1-1a6ope B11yTpe1111ero HCTO'lHHKa B C0CT05111HH 

KpHTll'lH0CTH Ha Jana3.U,hl8aJ0lUHX Hei-iTpo1-1ax M0lUHOCTb 

A3 I pas11a 2-3 BT, a M0lllH0CTb A32 3HU'llffeJJhHO 

6on1,we. Bo3MO)l(Hhl J.IBa cnoco6a KOMneHcau1-11-1 0Tp1-1ua­

Ten1,11oi-i peaKTIIBH0CTII, BHOCl1MOH pp I B CHCTeMy KaK 

HC I 11 l1C2, TaK 11 TOJJLK0 c noMOJUbIO HC I. 

npu nepsoM cnoco6e KOMneHcau1111 112/111 - IO (T. e. 

M0l.1.(HOCTb B A32 pas11a 20-30 BT) H HCJHa411TeJJbHble 

nepeMelllemui HC I 11 HC2 no3BOJJSIIOT K0MneHCHposaTh 

MaKCHMaJJbllYIO 0TpHuaTeJJbHYIO peaKTHBH0CTb PPI. np11 

BT0pOM cnoco6e 112/111 - 2 , T. e. MOlUH0CTb A32 JHa'lH­

TeJlhHO MeHhWe, HO "seca'' HC I He XBaTaeT JlJ151 KOMneH­

caum, PPI B 6oJJhWHHCTBe rny<JaeB, T. e. Heo6xonHMo 

.uonom111TeJihHO onycKaTh PP1 no Heo6xo}l11Mom pa6o'le­

ro II0J10)1(el-fl1SI, a 31-la411T H BblBOnHTb npe.usapHTe.lJbH0 Ha 

60JJbWYIO M0lUH0CTb CHCTCMy. 

nocne BbICTpena HC I 11 HC2 (nepen BblcTpenoM 

pp)) Cl1CTeMa BblXOJlHT Ha CJJeJJ.y1om11e peaKTHBH0CTl1: 

PA31 = -),45P,4,; PA32 = 0,95P,4,; PA3l+A32 = 0,97P:xj, 

11 HeKOTOpblH npmte.lKY'fOK speMeHH no BhlCTpe.ria pp J 

llaXOJJ.HTCSI Ha O'leHb KOp0TK0M nep11one pa3roHa, KpOMe 

Toro H84aJJbl-laSI M0JUHOCTb A32 paBHa 20-30 BT. l1M­
nyJlbc .UCJJCHl1H Ha<J111-1aeT pa3BHBaTbCSI B Ka)KJloii A3 C 

pa.JJ111'1HblX ypos1-1eA MOlllHOCTei-i, CO0TBeTCTBeHl-10 rawe­

HHe B Ka)l(JlOH A3 6yJJ.eT 1-1a•111HaTbCSI 8 pa3JHl4HblH M0-

MelfT BpeMCHl1 npH nponoJllKUIOllleMCSI BB0JJ.e peaKTl1BHO­

CTl1. B pac<JeTax no nporpaMMe TWOR (2-T04e'11-1asi MO-

rne ~p~i - BKJlart 8 peaKntBHOCTL A3 perymnopa pe- JJ.eJJL peaKTopa) 6blJJO noKa3aHO, 4TO JlJ]SI KU)KJlOi-i CKOpo-

aKTl1BH0CTl1 np11 ero llaXO)KJlCHl1~1 Ha 1111)1(1-feM ynope 

(HY). 
Or OTH0WCHIHI MOLUHOCTeii 38BHCHT 11 KaJJH6poBKa 

PP, T. e. M0JK1-10 Jarmca-rb 

(4) 

r.ue 6p;~on - IIJMeMe1me peaKTIIBIIOCTl1 B 1130J1Hposa1111oii 

A3 np11 nepeMClUCHl111 Ha I MM pp OTH0CHTeJJbllO IIJl)K­

Hero ynopa. np114e1,1 "sec" PP B cssiJa1111ow cHcTeMe 11e 

110 
npeBblWUeT 31-faLICIIIISI <-i-)ky, T. e. np11 111 = 111 lie npe­

n2 

BblwaeT 11-1a11e1-n1S1 KO::icpcp11u1-1e1-na CBSl311. MaKCl1MaJJhHa51 
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CTl1 BB0Jia cymec-rsyeT OllTHMaJlbl-laSI peaKTHBHOCTb, BBe­

ne1111e K0TopoA npHBeJJ.CT K M3KCIIMaJlbllOMY :rneproBbl)le­

JJelll1IO, )laJlbHei:iwee )Ke yseJJH4Ctll1e 1136blT041-IOH 880.UH­

M0H peaKTl1BIIOCTH np11B0Jll1T He T0JlbK0 K YMCHbWCH11IO 

cyMMapH0l'O 3HeproBLU~eJICIIHSI, HO 11 K 113Me1-teHHI0 0)1(11-

naeMoro on1oweM11>1 Y2/Y1 • 

TTpu pa:.1Meme1-11111 06J1y4aeMblX o6pa3UOB s Ka1-1ane 

A32 M0)KeT Gb!Th rIOJJC3Ha eme onHa oco6e1-IHOCTb CBSl­

)allJJOH CHCTeMbl, B K0TOpoi-i B OTJJHLJHC OT 0.UHH04110ro 

peaKT0pa, r.ue ::i11epr0BblJJ.CJ1CHHSI H no11yw11p11111,1 11M£1YJIL­

COB llCJJeHHH 0.Ll,1-103lla4110 JaBHCSIT 11pyr OT .upyra, HMeeTC)I 

803M0lKH0CTh H3MCl-l)ITI, IIOJ1yw11p1my HMnym,ca np11 on­

HOM II TOM )t(e ::!Hep, OBbl.UeJ1elll1H B A3 (11 1-1ao6opo1"), 

T. e. nony4an, .UOCTaTO'll-10 K0pOTKHe 11MllYJJbCbl .uene1111~i 

npH 11e60JlbWl1X ::i1-1eproBbUlCJleHH>IX. 



2. 3KCUEPHMEHTAJibHMI ITPOBEPKA PE)l(HMA 

,D.m1 3KCnepHMeHTaJlbHOH nposepKH pe)KHMa (reo­

MeTpHll OnblTa npHBe)].eHa 11a pHC. 2) npHWJlOCb JHaYH­

TeJlbHO )'MeHbWHTb speMll Jauep)KKH BblCTpena MYP no­

cne BhICTpena l1C I, l1C2 c t:.1 = 4 c no - 0,2 c, TaK KaK 

npottcxonHno npe)KJJ.espeMettttoe cpa6aTblBaHHe noporo­

BblX cxeM c6poca HJ-Ja HaXO)K)leHHll CHCTeMbl Ha K0pOT­

K0M nepHone paJrotta. 

A31 

---- l = 1.5 M ___ _,.,.,. 

P1-1c. 2. reoMeTpHll onb1Ta: 1- PP; 2 - n.~1-1Ta; 

3 - lllT0K; 4 - nOJ1H3TJ,!JJCHOBblH 6noK 

A32 

B cep1m nonyYeHHblX HMnyJJbC0B ,neJleHHH 6bUJO 

ll0Ka3aHo, YTO napaMeTpbl HMnyJlbCOB B pe)KHMe 

"MOll.lHOCTb" 11 B pe)KHMe "OlKHJ].att11e" npaKTHYeCKH 

0)lHHaKOBbl. CTapTOBble OTHOWeHHll MOll.lllOCTei-i Bbl6H­

paJJHCb s )lHanaJOHe nifn,, paBH0M 0,25-1. 

TTOJl)"leH IIOMHHaJlbl·lblH HMnyJJbC C YHCJlOM neneHHH 

- I, 1 • 1017 
neneHHH s KruKJlOH A3 (orpaHHYeH11e cs.sna1-10 c 

BOJMO)KHOCUIMH MYP no CKOpOCTH BB0Jla peaKTHBHOCTH). 

B HMnynhcax c ku - 5-10-
2 13,<1> ( noJJH3THJ1e1-1osr,1i-i 

6JJOK Me)KJJ.y A3) 6bUJa BblllBJle11a ell.le OJJ.Ha oco6eHHOCTb, 

JaKJlt0YalOll.lllilCll s TOM, YTO npH pa6oTe OJlHIIM pp s pe­

lKHMe " Moll.lHOCTb" HeJlb3SI llOJlY'-IHTb paBHble no ::mepro­

BbUleJleHHIO s o6eHX A3 HMnyJJbCbl neneHHii, )lJlSI KOTO­

pblX H36blTOYHall peaKTHBHOCTb 6btJla 6bl 60JlbWe Jlla'-le­

HHSI K03cpcp11u11ettrn CBllJH t:.p 2:: kif . Cm1wKOM MaJlblH 

"sec" pp He nOJBOJUleT o6ecneYHTb npH BhlCTpene Heo6-

X0)lHMOH BeJlHllHJ-lbl H36blTOlfHOH peaKTHBHOCTH, yseJJH­

YeHHe lKe "seca" pp B nattHOM cnyyae B03MOlKHO TOJlbKO 

npH yMeHbWellHH OTHOWeHHll n2!11,. TTpH MaJJOM KOacp­

tpHUHeHTe CBllJH (ku < t:.p) "paJBll3Ka'' CBllJa~tHOH CHCTe­

Mbl BO BpeM.SI "KOJJOKOJla" HMnyJJbCa nene1111j.j He npoHC­

XO)lHJla. Ha "xBOCTe" HMnynbca OTHOWCHHe MOll.lHOCTeH 

HJMeHllJlOCb HJ-Ja paJJlH'-IHblX nonKpHTHYHOCTeH A3. 

B JaKJII0YeHHe MO)l(HO CKa38Tb, YTO pelKHM rettepH­

posattHll HMnyJJbCOB neneHHH "Mouu1ocTh" B CBllJaHHOH 

CHCTeMe (Luu= 1,5 M) OJJ.HHM pp ycnew1-10 3KCnnyarnpy­

eTCll Ha 6APC-5. 
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3. n. Marlla, U. C. Ilorpe6os, H. C. IlyrmtKOB, A. B. 60'-I.KOB, A. H. BonKos, A. H. MaJioHpoCJiasueu, 
IO. r. fop11nuLrn, B. A. BllOBenKo, IO. M. KououeuKo, .H. 3. KaHD.ueu 

P<t>lli.J.-BHHHT<t>, 456770, r. Ctte)KHHCK t{e;u16HHCKOH o6n. 

On11CaHbl K0HCTJlYKUIIR II ueiiTjlOHHO-cplllH'leCKHe napa.,1erphl IIMnyllhCHOH na1ep110-peaKTopH0H yCTaH0BKII JH1PA. npCIIH33H3'1CHHOH )l!IR 

11ccneJ10B3Hllll ycnoBIIH non)"lelll!R re11epau1m 11aJep11oro lllJl)"ICHltJI B 6on bWHX 061.eMax np11 l1llep11oii H3K3'1KC. OJKIUl3CTCH. 'ITO Ha yCTaH0BKC 

M0:KCT 6b1Th nony'ICHa re11epai11tJ1 mL1cp11oro Hl/l)"ICIIIIR B HMnynhCC )l!IIITcnhllOCTblO HeCK0nhK0 MIU1/IIICeKytUI C 3HepmeH 5-10 KJllK . 

K 11acT0S1lUeMy apeMeHH .!l0CTHrttyrbl onpe.aeJlelHlble 

ycnexH 8 H3y'leJ-IHH si.aepH0H HaKa'IKH na3epHblX cpe.a 

0CK0JlK3MH AeJlellHSI C HCll0Jlb30llaHHeM HMHYJlbCHblX 

SIAepHblX peaKTopoa (11.51P) H M0JKII0 C'lliTaTb ccpopMHpO­

BaBWHMHCSI 0CII0Bllble K0J-ICTPYKTHBllble oco6e1111ocn1 

HMHYJlbCJ-I0fO pea1nopa-J1a3epa. 011 A0JlJKeH COCT0SITb H3 

AOCTaT0'IH0 60JlbWOro 110.!lKPHTH'leCK0ro naJepttoro 6no­

Ka, Ha6paHHOfO H3 Jla3epttbJX 3JleMeJ-IT0B B BH)le JlJll-lllllblX 

T0IIK0CTeJ-IHblX Tpy6oK, II 0TII0CHTeJlbH0 He60JlbWOro 

3anam11oro 11.51P (1111H 11ecK0J1bK~1x perunopoa), pa3Me­

maeMoro aHyrpu m13epHoro 6noKa. 3anam,11b1H HMnymc­

llblH peaKTop (311P) SIR.lllleTCSI OCH BHblM 3Heprern'leCKHM 

K0Mno11e11T0M ycTaH0BKl1 , onpenensieT ee xapaKTepH<.:THKH 

B UeJI0M, TaKHe Kall. 3HeprollbU1e.net111e 3a HMHYJJbC, JlJlll­

TeJJbll0CTb HMllYJlbCa, 'laCT0Ta HX fl0BT0peHHll H Jlp. na3ep­

HblH 6JlOK .!l0JlJKeH HMeTb K03<p<pHUl1eHT YMH0JKeHl1SI 1-1eA­

-rpo11oe - IO H 0TH0C HTeJlbll0 0.!III0po.!lH0e 110 OObeMY HeH­

Tp0Hlloe none. OnTH'leCKaSI c11cTe~rn npeA1-1a31-1a4e1-1a JlJlSI 

cpopM11poaa1-1Hsi e)llrnoro ny'IKa na3ep110ro 111nY4e1-111si 11 

BblBeJlel-lHSI ero 3a npe.!leJJbl ycTaH0BKH. 

PaccMaTpHBaeM.ui 8 naHH0M coo6meHHH peaKT0pH0-

JlaJepHaSI ycrnH0BKa JU1PA pmpa6aTb1eanacb JlJlSI o-rpa-

6onrn H 0flTHMH331..J.1UI YCJI0BHH, npll K0T0pblX np0HCXO­

JlHT 1-1a1-16onee ::icpcpeKTHBHaSI reHepau1-1si na3ep11oro H3Jly­

'le1rnsi npH smepHOH 11aKa'1Ke II 60JlbWHX 061>eMaX, H Ha­

X0JKJleHHSI TeXHH'leCKHX pewellHH, 11eo6XOJlHMblX JlJlll 

C0]JlUHllll M0ll.lH0ro HMrIYJlbCII0ro peaKTopa-Jia3epa. Cxe­

Ma y CTUH0BKH npuee.uetta Ha pHC. I . 
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P11c. I. CxeMa ycraH0BKl1 JIHPA: I - peaKTop; 2 - JJaJepHblH 
6JJOK: 3 - JJaJepHaJI KIOBeTa; 4 - 6cTOllflait Jaw11Ta: 5 - OT­

KaTHait .uoepb 

OetiOBOH ycTaH0BKH SIBJlSleTCSI onTH'leCKHH KBaHTOBblH 

ycHJJHTeJlb C SIJlepHOH HaKa'I.KOH, COCTOSlll.lHH H3 peaKT0p­

H0ro 6noKa (PE), moepttoro 6noKa (11.6) H onTH'leCKOH 

CHCTeMbl. B Ka'!eCTBe peaKT0pH0IO 6JlOKa HCfl0Jlb30BaHbl 

nea H)lelrrH'll·lblX pacTB0pHblX HMflYJlbCHblX peaKT0pa 

JlPAKOH, pa6oTaJOIJ..lHe c111-1xp0t1tto. XoTS1 pacTBop1-11,1e 

peaKTOpbl H He SIBJISII0TCSI 0llTHMaJlbHblMH YCTJ>OHCTBaMH 

.!IJISI M0ll.lH0ro peaKTopa-naJepa, o.n.11aKO npocrnrn 11x yc-r­

poiic-rea, 6e3onacH0CTb B 3KCru1yaTaUHII II npHeMJleMbJe 



Sl.!lepHO-q>H3H'leCKHe napaMeT]Jbl (WHpHHa HMnyJlbCa Ha 

llOJIYBblCOTe - 2 MC, ,meproBbl,[leJleHHe - 30 MJllK) SIBH­

JlHCb onpelle.JJSIIOll.lHMH rum HX HCnOJlb3083IIHSI B na6opa­

TOpHOH YCTaHOBKe. 

3a OCIIOBY KOHCTPYKUHH 6bu, BJllT n OJIOlKHTeJlbllO 

3apeKOMeHllOBaBWHii cefot peaKTop 3JU1P, KOTOpblH 6b1Jl 

C03llaH H MHOf'O JJeT 3KcnnyaTHp0BaJlCSI B 

P<l>51U- BH1111T<l>. B KOHCTPYKUHIO aKTHBHOH 30Hbl (A3), 

OllHaKo, 6burn B11eceHbl HeKOTOpbte ycoeepweHCTBOBaHHSI. 

11cnOJlb30BaHHe llJlSI KOpnyca A3 THTaHOBOro cn11asa 

BT6 BMeCTO 11eplKaBe10ll.(eH CTaJIH H IIaMOTKa 11a 60KOBYIO 

nosepxHOCTb B Ka,Iecrne 6aunalKa nonHMepHoro sonoKHa 

APMOK noJBOJJHJJH YMeHbWHTb ra6apHTHbJe paJMepbI 

A3 6e3 CHHJK.eHHSI npe.UeJlbHOro a11eproBbUleJJetrnS1 H co­

OTBeTCTBem,o ysem-l'IHTb nOTOK BblXOllSlll.lHX HeihpOHOB. 

11ccne.uosaHJ1jl, nposenettHbre Ha MaKeTax Kopnyca, no.u­

rnep.uHJ111, '!TO TaKM KOHCT]JYKUHSI A3 cnoco6tia BbUlep­

lKHB3Tb y.uapHble H HHepUHaJlbHble HarpY3KH, 803HHKalO­

ll.lHe B Kopnyce BO speMSI np0113B0.UCTBa HMnyJJbCa. 

Jlm1 rettepauHH HMnyJJbca HCIIOJlb3YeTCSI 0llHH HM­

nyJJbCHblH CTeplKeHb HJ aMOpq>HOro 6opa, o6orall.(eHHOf'O 

HJOTOnOM 6opa- IO .uo 80 %. 11MnyJlbCHblH CTeplKeHb 

pa3Mell.laeTCSI s ue1-1TpaJJbHOM Kauane, TaM JKe ycTattarurn­

saeTCSI H 6JJOK .ueTeKTOp0B HeihpOHHOfO nOT0Ka. 

.il.nSI non6opa onTHMaJJbllOH K0HUeHTJ)aUHH ypatta-235 

B paCTBOpe H onpene.neHHSI Sl.!lepHO-(pH3HYeCKHJC napaMeT­

pos peaKTOpa nposeneH PSl.!l pac'!eTOB. OpH 3TOM HCXO.UH­

JJH H3 ycJJOBHJI YJl.eJlbHOf'O 3HeproBbUleJleHHSI B A3 -

l M,UlK/JJ , KOT0poe SJBJISleTCSI OOTHMaJlbHblM .!lJlSI TaKOf'O 

THna peaKTOp0B, TaK KaK o6ecneYHBaeT HOpMaJJbHblH 

TellJIOBOH pelKHM pa6oTb[ (T - 250 °C). Cso60llHM no­

JlOCTb Hau 3epKanOM pacrnopa B KOpnyce A3 npHHSITa 

paBHOH IO JJ, YT0 SIBJIS!eTCSI llOCTaT0YHblM JlJ[jl o6ecneYe-

IIHSI TenJJ0BOf'O pacwHpe11m1 TOflJJHBH0f'O pacTBopa B M0-

MeHT I1MnyJlbCa H BblXO.Ua panH0JIHTH'!eCKHX raJ0B. 

PacYeHlblC napaMeTpbl peaKTOpa npHse.ueHbl B 

Ta6JJ. J. 
Ta6n Hua I 

napaMeTpbl peaKTOpa JlPAKOH 

MaTe 11aJl T011Jll1BHOro aCTBO a uo so B H 0 
Ko1rne11T auHsi U-235 B acrso e 150 r/n 

30 n 
::hie fOBblJleJJCHHe 33 HMll :rlbC 30 MD,:+: 

2 MC 

5 
17,2 MKC 

1,3 M38 

0,33 
200 3TM 

BHeWHHH nHaMeT A3 44,5 CM 

PaccTOSIHHe MelKll ueHT aMH A3 )50 CM 

JlaJepHblH 6JroK COCTOHT HJ CeMH H.UeHTHYHblX ycH­

JIHTeJlbHblX na3epHblX KIOBeT C 19 JJaJepHblMH 3JJeMeHTa­

MH B Ka)l(JlOH. BOCbMaSI KIOBeTa, SIBJISIIOll.laSICSI reHepaTop­

HOH, RKJJI0YaeT BOCeMb Jla3epHblX 3JleMellTOB (JIA3JI). 

JIA3JI KIOBeT 33KJJIO'leHbl B aJllOMHHHeBylO Tpy6y ,UHa­

MeTp0M 300 MM H pacnonara!OTCSI s ue~i s TpeyronbHOH 

nepHOllH'leCKOH pewence c waroM 60 MM. Tpy6a Janon-

11sieTCll nerKOH BO.UOH H OKpy,KaeTCSI rpa<pHTOM, o6pa3yll 

Jla3epttyl0 KIOBeTy (pHC . 2). BHeWHHe pa3MepbI KIOBeTbt: 

ceYeHHe - 430x430 MM, .!lJlHHa - 3800 MM. KK>BeTbl Kpe­

llSITCSI (CTilrHBalOTCSI) B m13epH0M 6noKe C nOMOll.lblO wecTH 

CTaJJMlblX neHT WHpHHOH I 00 MM H TOJlll.lHH0H 2 MM. 

C11apylKH 6JJOK KIOBeT 0Kpy)l(aeTCSI ll0JIH3THJieHORblM 0T­

palKaTe.neM TOJlll.lHHOH JOO MM. 

Puc. 2. Jla3ep11ast KIOBeTa: I - OllTH'lCCKOC mrno; 2 - OTK3'!110H naTpy6oK; 3 - qmatteu; 4 - 3JJCMCHT Kpen.11ettm1; 

5 - JlA3Jl; 6 - IIMIITaTop; 7 - aJJIOMHHHeaast Tpy6a; 8 - 3aMeA/111TeJlb-rpaqmT: 9 - JaMCJlJlliTCJlb-BO.!la 
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Ka:>K.L(bli·i JlA3Jl C0CTOIH 11X Tpex KOHUeHTp11'leCKHX 

i-py6oK. Ha Bl·!yrpeHIII0IO noBepXH0CTb BHyrpe11116i i-py6-

KII HJ Hep:>KaBeJOwei,i CTaJ"IH ).ll1UMeTp0M 48 MM Hall0CIITCSI 

cJlOH MeTaJ1J111'lecKoro ypaua-235 (06oraweH11e 90 % ) 

TOJUUHHOU 6 MKM ( 11 MrlcM
2

) . J].Be F1Hew1rne Tpy6KH HJ 

a!llOM111-HISI co CJl0eM ypaHa-235 MeJKlly HIIMH T0Jlllll1H0H 

12 MKM (22 Mr/c~l) npenCTaBJllll0T co6oi1 11MHTaTOp, K0-

TOpb1H CJlY:>KHT Jl.lUI Jl,0Be)leHHSI Kp11Tl-f'lHOCTl1 Jla3epuoro 

6noKa no KJ<P ~ 0.9. np11 ::>TOM 06wID1 Macca ypaHa-235 B 

naJepH0M 6noKe COCT3BJllleT ~ 20 Kr. JlA3Jl 3arepMeTH-

311pOB8libl C T0pU0B np03palfllblMH .IUlll naJepH0ro H3Jly­

'lellHSI onn1•1eCKHMl1 OKH3MH, ycTaHOBJleHllblMH n0,!l yr­

JJOM 6plOCTepa, 11 Jan0JllieHbl JJa3epHo-aKTHBH0H cpenort, 

B KalfeCTBe K0Topoi-i 11cn0JJbJyeTCS1 He-Ar-Xe CMeCb np11 

HOpMaJJhHblX YCJJ0Bl1SIX. 

K norrn3THJJeHOBOMY OTpa:>KaTeJJIO np11Mbll<aeT 6HOJIO­

rw-1ecKllil JawHTa yc-raHOBIOI HJ 6eT01-1a TOJIUlHHOH 500 MM. 

C TOpUOB JJa:!epH0ro 6JJOKa 3Ulll11Ta BbinOJIHSleTC.!I 113 'le­

peJlylOlllHXCSI CJJOeB CTaJJH H r10JlH3THJJeHa cyMMapH0H 

TOJIUlHH0H 350 MM, o6pa3ylOUlHX OTKaTHble JlBepH, KOT0-

pb1e 0TKpblBalOTCSI Ha BpeMSI HMllYJJbCa. 

n.nSI onTHMl138Ul1H K0HCTPYKUHH JJaJepHoro 6noKa 

6blJlH npoBeJleHbl pac'leTbl llOJl.!I H3Jly'leHHSI 11 nepet1oca 

HeHTpOHOB B CHCTeMe peaKTOpHblH 6JlOK-Jla3epHblH 6JJOK-

33LUHTa. TTpH pac'leTax onpeJleJlSIJIHCb 'll1CJla JleJleHl1H B 

JJaJepHblX KIOBeTax, a TaK:>Ke nom1oe lfHCJlO JleJJeHHH B 

naJepHOM 6JJOKe Ha OJlHH HeHTpOH peaKTOpHoro 6JlOKa, 

COCT0.!1111.ero HJ JlBYX peaKT0pOB. TTpH 3TOM BUpb11p0Ba-

JIHCb IUI0Tl·IOCTl1 3aMe)lJll1TeJJett B KI0BeTax ./lllSI .!lBYX CJ1Y­

'l3eB: non113T1111e11a 11 rpaqmrn, a nuoKe 11ccneJ1,0Banoc b 

llaJJH'lHe 11 0TcyrcTBHe 80.[tbl B peweTKe HJ JlA3Jl. Hccne­

JlOllaHO BJIIUIHHe 11a 3HeproBI,IJleJJe1rne B JJa3ep110M 6J10Ke 

3KpaH0B 113 6opa-10 ~t Ka,!lMHSI BOKpyr A3 peaKTOp0B. 

Pac•1eTbl npoBO.UHJJHCb no npo rpaMMe TTPH3MA, 

npenHaJ Ha'leHHOH JlJISI peweH11S1 MeTOJl0M MoHTe-Kapn o 

3M,a'l nepeuoca H3Jly'leHHSI B S1.Uep1-1b1x peaKTopax H KpttT­

c6opKax. PeJyJJbTaTbl pac'leTOB npHBe.L(eHbl B Ta6JJ. 2. 

Ow116KH B onpen e11e1-11111 no111-1oro 1-mcna 11.e11eH11ii 

cocTUBJ1S110T I 0-15% . B rn6n11ue TaK:>Ke np11Be.neHb1 pac­

C'l11Ta11Hb1e Ha OCH0BamtH )lallHblX 0 IIOJII-IOM 'IHCJle .neJJe­

Hl1H 11 nepBblX D,eJleHHSIX K03cpcp11u11eHTbl YMH0:>KellHSI 11 

K""' rncTeM (Q = 1111/11 1; Kxt, = I - 1/Q). 

HJ pact.JeT0B c11e.nyeT, 'lT0 np11MeHeH11e nOJJH3Tl1Jie­

H0B0ro 3aMe)lJll1TeJJSI B na3epHblX KIOBeTax B CO'leTaH11lt C 

JaMeJ1JJl1TeJ1eM B B11.ne JJerKOH BO.Ubl Me)K.!l,y JlA3Jl .naeT 

3Ha'll1TeJIMIO MeHbwee 3HeproBhlJleJlet!He B JlA3Jl Ha 

0.llH0 ne.ne1111e B peaKTOpHOM 6JJOKe, 'leM 11cnOJib30BallHe 

rpacpHTa B C0'leTaHHH C JJerKOH BO.llOH. 3Ta :>Ke KOMnOJH­

UH.!I cywecTBeHHO YJJ}'lfWaeT paBHOMepH0CTb pacnpe.nen e­

Hl1.s! 31-1eproBblJleJJelll1SI Me)K.lly KIOBeTaMl1 11 B)lOJlb KI0BeT. 

OTCYTCTBHe BO.Ubl Me:>K.ny JlA3Jl HJIH JaMeHa BO.Ubl Ha 

rpacp11T cywecTBeHH0 yxynwaeT 1-1ei-iTpott1-1b1e xapaKTep11-

cT11K11 CHCTeMbl. nyreM 113MeHellH.s! nJJOTH0CTH rpaqmTO­

BOro 33MeJlJll1TeJlSI M0:>KHO llOJlYlfHTb K xj, Tpe6yeMOH Be-

Jl l1'll1Hbl. 

Ta61111ua 2 

PeJyJlbTUTbl pac'leTa HeK0TOpblX H6ii-pOHIIO-<pl1311'leCKl1X xapaKTepHCTHK CTeH.na ycTaH0BKl1 JlHPA 

N 
4HCJ10 lleJlCHHM B 116 Ha KocpcjJHUlteHT 4HCJJO llCJ!CHltM B 

n/n 
CocraB CHCTCMbl O)lHO lleJlCHIIC B Po Y~tHOJKCHHll Kxt, Po OT Hei-iTpOHOB 

fl] fin Q = llnfT11 )leJlCHll.s! B 116 

I 3aMeWlltTeJlb: 03 c p = 0,5 Po, 
B KIOBeTax BO)la, norJJOTl1TeJlll HCT 0,0242 0,0685 2,8 0,64 7 3-10-4 

2 3aMeLIJIHTCJlb: n3 Hel , 

s KIOBerax BOJia, nornonne.ru1 Her 0,0513 0.155 3,0 0,67 5,6· l 0-4 

3 3aMeL1J111Tenh: C c p = 0, 75 Po, 
B KIOBeTax BOJla, llOrJJOTIITeJlSI HCT 0,0383 I.II 29 0,97 5,3-10-3 

4 3aMeLIJIHTeJJh: Cc p = 0,75 Po, 
B KIOBCTax eon a, nornOTIITCJlb eCTb 0,0425 0,56 13.2 0,924 2,8· 10-3 

5 3aMCllJIHTCJlh: CC p = 0,75 Po, 
B KIOBeTax HCT BOJlbl, nornOTIITeJlb eCTb 0,063 0,098 1,56 0,36 l,8· 10-3 

6 3aMCllJIHTe.Jlb: Cc r = 0,75 Po, 
B KIOBeTax BOJla, norJIOTIITeJlb eCTb, 

HCT 3KpallOB BOKpyr A3 0,075 1,68 22 0.95 I 5-10-3 

7 3aMellJIHTeJlb: Cc p = 0,75 Po, 
e K ,onerax eoua. nornoT11TCJ1b ecru. 

BOKpyr A3 KaJIMIICBblii 3KpaH 

TOJIIUllliOi1 I MM 0,Q71 I.I 15.5 0,936 7, 1· 10-3 

8 3aMellJIHTeJJb: C c p = 0.6·Po, 
B KIOBCTaX BOlla, norJJOTIITeJlb eCTb, 

BOKpyr A3 KaLl\,11lCBbtii 3KpaH 

TOJJIUIIIIOH I M\1 0,073 0,71 9,73 0,9 6,4- 10-3 

n p 11 M C LJ a H 11 C. 8 n. 1-5 BO.Kpyr A3 60pHblii JKp.111 . 

41 



OnTl-1Ma.rJbHOH KOHCTJ))'KUHeH na3ep1-1oro 6noKa yt,a­

ll0BKH Jil1PA LUISI non~eHHll MaKCHMaflbH0ro ::>Hepr'OBbl­

.ueneHHll B JIA3JI np11 Kl</! ~ 0,9 SIRJISleTCll IICll0nb30Ba-

HHe nerKOH BO.Ubl Me)KJ],y JIA3JI H rpaq>HTa co cpem1eii 

nnornocTblO 0, 7 OT H0pManbH0H (Pep = I, I r/cM
3

) . 

31-1eproBb(JleneHHe 8 peaKT0pHOM 6JIOKe 3a C'leT 11eH­

TpOH0B .ueneHHSI B naJepH0M 6noKe 11e npeBblWaeT I % 

OT non1-1oro 31-1eproBb(Jlene1-111si B peaKTopHOM 6noKe npH 

HMH'IHH 3KpaHa 113 6opa- JO B0Kpyr A3 peaKT0pOB. np11 

3TOM ::>KpaH 113 6opa- IO B HeCK0nbK0 pa3 ::>q,q:>eKT11Bllee 

3Kpaua 113 Ka.nMHSI, ll03T0My llB.lllleTCll 6onee npellllO'ITH­

TenbHblM. 

KOHCTJ)YKU11011Hbie, llOrJJOIUalOLUHe 11eHTJ)OHLI MaTe­

pHMbl (HanpHMep, )((ene30) CYLUecTBeHH0 B.llliSII0T 11a HeH­

TJ)OHHO-q:>H3H'lecK11e napaMeTpbl moepHom 6J10Ka H .U0mKllbl 

6b1Tb ~TeHbl npH pa6o•1eM npoeKTHJX)B,lHHH yc-raH0BKH. 

Cy1UeCTBe1-11-1oe yMeHbWe1-rne K l</1 J1aJep1-1oro 6noKa 

npH ycTpaHeHHH BO.Ubl H3 KIOBeT SIB.llSleTCll non0)((l1Tem.­

HblM q:>aKTOpOM KOHCTp)'KUIIH, TaK Kai<. o6ecne'IHBaeT 

si.uepttylO 6e3onacHOCTb npH 803M0)l(HblX asapHHllblX CH­

Tyau11six Ha ycTaH0BKe. 

Ko::>cj:>q,11u11eHT 11epaBH0MepH0CTH 3HeproBbllleneHliSI 

BJJ,0nb KIOBeT He npeBblWaeT .a.eyx, ecnH HCKJII0'IIHb 

Kpaii1-111e 150-200 MM, Ha K0T0pbIX npoHCX0,UllT pe3K0e, 

eLUe s .usa pa3a yMeHbwe1-1He :meproBLmene1-rnll. YMeHb­

weHHll K03q:>q:>HUHeHTa HepaBH0MepH0CTII 3HeproBbllle.rJe­

Hl1SI no ,llJlHHe H o6'beMy na3ep1-1oro 6no1-a, 110-BHllHM0My, 

M0lKHO .UOOHTbCSI nyreM npoq,,urnpOBallHSI TOnLUHHbl cnoeB 

ypatta-235 B HMHTaTopax Ha nep11cj:>epHH naJepttoro 6noKa 

H.JIH nyreM npoq>HnHJX>BaHl1SI fUl0THOCTli JaMe.llJJHTeJlll. 

llnsi onpe.neJtellHSI C0CT0llllHJI JIA3Jl (TeMnepaTypa 

cnoes, .uaBJ1e1111e raJa) nocne 11Mnyn1,ca 11 onpe.nene1-1iu1 

epeMeHl1 ero llORT0pliOfO HCl10Jlb308UJll1ll 6b1Jll1 npose.ue­

Hbl TellJJOBble pac'!eTbl JIA3Jl. JIA3JI C0CTOllJl 113 Tpex 

KOHUeHTpH4eCKllX Tpy6oK co CJI0SIMl1 ypa11a HU B11yrpe11-

HeH Tpy6Ke 113 1-1eplKaBe1ow_eii CTaJlH H MellUly llBYMSI Ha-

6 

py)l(t1J.1MH 113 an10M1tHHll . ra3 s JIA3Jl npencTaB.11S1J1csi a 

BIIJJ.e CMeCH 113 paBHblX MOJlbllhlX llOJJeH apro1-1a II remtll . 

HeKOTOpb1e pe3ym,TaTbl pac•1eT0B np11seneHbl 8 Ta6JJ. 3 . 

Ta6;111ua 3 
HeKOTOpL1e pe]yJll,TaTbl TetUI0BblX pac'leTOB JIA3JI 

(£ = I ,5 MJl)K/Kr, £,83 = I )l)((/cM
3

, T112 = 5 MC) 

TTapa.'-1eTp 

MaKCIIMaJlblllUI TCMnepaTypa BHyrpeHHCfO 

CJIOJ'I voa11a, °C 

MaKCIIMa.JlbHIDI TCMnepa-rypa 11apyi1rnoro CJIOSI 

YJ)aHa, °C 

MaKCH.Ma.JlbHIDI Ter,mepaTypa 1333 B J1A3J1. 

oc 
MaKCIIMaJlbHOe )181lJ1CIIHC raJa B J1 A3Jl no-

Pac'ICTHOC 

:i11aYcm1e 

175 

307 

992 

CJle IIMnYJJbCa, aTM 8,6 
CpeJIHS151 TeMnepaTypa ra3a B JIA3Jl '1epe3 5 c 

rlOCJJC IIMnYJJbCa, •c 60 

B1,1paBJIHBa1-111e TeMnepaTypbl no TOJl~HHe JIA3Jl 

npOHCXO.UHT llJJll CJlOeB ,n MI0Ml1HHll TOJlLUl1110H 4 MM 3a 

Bpel\.lSI, paBHOe 0,2 C. 

O1rrn'leCKa51 Cl1CTeMa ycTaH0BKH no.upa3.UeJLlleTCSI 11a 

110.UCHCTeMy yc11neHHll 11 cj:>opM11poBaHl1SI naJepHO(l) 113JlY­

'leHHSI tpHc. 3) 11 no.unicTeMy perncTpau1111 ero napaMeT­

poa. 3a.ualOLU11M re1-1epaTOpOM SIB.lllleTCll 0.UHH 1{3 JIA3JI 

re11epaTop1-1oi-i KIOBeTbl, B K0TOp0M npo11CXO.UHT CR06on­

Ha51 re1-1epau11S1 11J1.mynbca na1ep1-1oro u3Jly<1e1111S1. nocne 

3a,na1owero re11epaTopa na3ep1-1oe 11JJ1y<1e1-1ue nenuTCll Ha 

OTJJ,enbHble llY'IKH C 0!HIHaKOBOH 3Heprnei-i, K0T0pbte Ha­

npaBJJlllOT~ll 8 ceMb JIA3JI npensapHTeJlLII0r'O ycH.JleHHll 

3TOH JKe re11epaTop1-1oi-i KIOBeTbt. Jlai1ee naJep11oe 11JJJ~e-

1-111e 11a11paBJ1S1eTcj[ 1-1a renecKon1,1, pacw11pjtfOLUHe ero 

anepTypy no 300 MM. a JaTeM OHO nocrynaeT 8 KIOBeTbl­

ycHJlHTenH. nocJ1e yCHneHHj[ anepTypa H3Jly<1e11HH 

YJ1.te11LwaeTcj[ no I 00 MM. 11 11a3ep11oe 11JJ1y'leHHe nocne 

q:>OpM11poaa1mS1 BblB0llllTCjt Ja 6HOJl0fH'leCKYIO JaLUHTY Ha 

Cl1CTeMy pernCTpaUHH. 

P11c. 3. CxeMa OnTlt'ICCKOfO KaHilJla ycTaJIOBKH : I - KIOIICTa 1aua10wero rcHcpaTopa: 2 - KIOIICTa-yc11JIIITe.llb: 3 - TCJ!CCKOII; 

4 - J1A3Jl-retteparop: 5 - J1A3JI 11penoap1He.Jfl,lf(lf0 yctUICllllSI: 6 - nonopOTllblC 3CpKana: 7 - IOCTl1pOR04llblH JlU3Cp 
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3KcnepHMCIITbl no HCCJ1e11osam110 He-Ar-Xe muepa, 

pa6oTalOLUCf'O Ha 11m111e B0JlHbl 2,026 MKM. noKa3aJlH, '-ITO 

npH 31-1eproBKJ1aae ~ I ,Ull<lcM
3 

It .!UIHTeJlbll0CTH HMnyJlbca 

re11epaUHH 5 MC 803M0;+(CJ-I YlleJJbHb!H 3HeproC1>CM C aK­

THB!-1011 cpCllbl - 8 JllK/JI. B 3THX ycJlOBHSIX K03<p<pHUHCHT 

yc1rne1-1HS1 cna6oro c11r1-1aria pase1-1 - 2,3 · 10·2 
1/cM H Hlt­

TCHCHBH0CTb HaCbllUCIIHJt - I IO B-r/cM
2

• Pac'-leT yl.:11J1e1111sr 

KB33HHenpepb1BII0f'O CHrnana B cpene C npHBCJlClillb[MH 

Bb!WC napaMeTpa~rn noKa3aJI, '-IT0 B 3THX YCJJOBHSIX 31tep­

rQC1,CM c npenoapHTeJlbHOro yCHJlliTeJISI COCTaBHT 85 % OT 

3anaceHHOH B I-ICM 3Hepnm, a C OCH0BJ-I0ro KUCKaua ycliJle­

llHSI - 80 %. To CCTb 31-tepntSI nroepnoro H3JlYlfCHIISI, Bbl­

pa6aThJBae~t0ro B ycrn11osKe JU1PA He-Ar-Xe cpe.noi,i Ha 

.llJIHHC B0Jlllbl 2,026 MKM, COCTUBIH ~ 4,5 K.ll:lK. 
Ycrn1-1osKy JU1PA npe.nnoJ1aranocb paJMCCTHTb B 

cneUHaJlbllOM 3.llallHH, HMCtOIUCM peaKTOpHblH 3M H HC­

o6XOllHMble TCXH0Jl0rH'-ICCK~te II0MCIUCHHSI Jl}lSI ee cpy11K­

UHOIIHp0saHHSI H 06CJJyi1rnsa1-1m1. CTCH.ll YCTal-l0BKH, 

-~---- ----- ------------ ---

BKJlKl'-IUtOW.Hii peaKTOp111,1il 6JlOK, Jla3epHb!H 6110K, 61tOJlO­

ll1'1CCKy10 3UW.HTY Ii 0nTH'-leCKYIO CHCTeMy, pa3MCLUaJICSI 8 

peaKT0pH0M 3aJIC, HMCI0W.CM nJI0LUallb 24x 17 M Ii BblCOTY 

8 M. 3an HMCCT 6eTOJ-1HblC CTCllbl TOJlLUHHOH 2 M, OTKaT­

HL!e 6eTOllllblC .usepH tt K0JlJlHMaTop .ll]lSI BblBCJlCIIHSI HJ­

JIY'-ICHHjj B coce111-1ee fl0MCIUCHHe. 

OueHetta pauHaUH0HHaSI o6CTaHOBKa (.U03bl HCH­

Tp0HH0f'O H raMMa-H3Jly'-leHHS1) B peaKT0pHOM 3aJle Ii 

CMe:+:llblX noMeLUeHHSIX 8 M0MellT HM0YJlbCa H II0CJle Hero 

3a C'-leT 0CK0JlK0B .UeJJeHHSI. 113 paC'-ICT0B cnenyeT, l[TQ 

3aw.1na YCTaH0BKH o6ecne'-IHBaeT B03M0:+:H0CTb pa60Tbl 

3Kcni1yarnutto1111oro nepcmrana s peaKT0pH0M Jane '-1epe3 

CYTKH n0CJIC HMnyIILCa. 

PeJyJJbTaTbl pac'-ICTOB paaHaUHOHHOH o6CTaHOBKH 

np1rne,ue1-11,1 B rn611. 4 H 5. 

Ta6J1Hua 4 

CYMMapHblC ,!l03bl 11-y-113Jly'-leHl1SI B peaKT0pH0M Jane 11 B0Kpyr Hero B M0MCI-IT HMCTYJlbCa 

Ha11MeHOBaHJte TO'lKlt 
PacCTOllHlte OT ueHTpa CyMMapHall .1103a n+y 11a 

npHMe'-laHHe 
CTCH.!13, M 2 - 1018 .!leJl. a P6, fop 

Ha OCH CTeH.!la Y 0TK3THblX llBeoei,i 3,0 1, 1 · !05 -
Ha OCH cre11.11a 8,0 1,6. !04 -
Ha oc11 cre11.na 13,0 9,4 · 103 -
8 CMelKHOM ll0MCUlCHIIH 16,0 5 · 10-3 

CTetta 113 06w11-1oru 

6eTOHa T0Jllll11HOH 2 M 

B CMCJKII0M noMeUleHHH 16,0 5. 10-5 CTeHa lt3 JlHMOIIHTonoro 

6eTOHa TOJllllHHOH 2 M 

Ha nepllMCTpe lUaJrnll 11anp0THB CTett.11a 10,0 4 · 10-4 -

Ta6nuua 5 
Moll.lHOCTb ll03bl y-H3Jly'-leHHSI OCK0JlK0B lleJICHHSI 8 peaKT0pll0M 3aJle •1epe3 I 'I H 25 '-I n0CJIC 11MOYJibCa 

HaHMeHOBaHIIC T0•IKlt 
PaccTOllHlte OT UeHTpa MOUlHOCTb .1103bl raMMa-HJJ1Y4eHHll, Mfop/c 

CTeH11a, M 

'leoe3 I 'l 4epe3 25 'l 

Ha OCII CTeH.!la y 0TKaTHblX 11aepefi 3,0 5,0 0,057 

Y 6oK0BOH noneDXIIOCTII CTeH,Ua 2,0 7,8 0,088 

y 60KOBOH noaepXHOCTll CTeH11a 4,0 3,1 0,Q35 

y 60KOBOii noaepXIIOCTlt cre1ma 6,0 1,6 0,018 



Y,UK 621.039.512 

METPOJIOflfllECKOE OliECJmqEHHE HEHTPOHHl>IX H3MEPEl:ll-lH HA jl<f>Y BHHHT<I> 

B. H. JIHTBHH 

P$5ll.l-BHHl1T<l>, 456770, r . CHe:iKHHCK Y.erui6ttHCKOH o6n. 

J,1J110:+:eHbl OCH0BHLIC 'J1)e00Ballllll I( MeTJ)Ol!0n!'tecKoMy o6ecne'te111110 eJlHHCTBa 11eihpo1tHblX IOMCpeHHit u a Sll'.I>Y H npllHUHnbl ero nocrpoemlll. npu­

BeJICHa nosepo'tHall cxeMa cpe,ill'I11 IOMCpeHHH cplllOCHCa H fl/101110CTl1 nOTOKa HeirrpoHOB Sll'.I>Y BHHJ-ITCI>. Onpe.nC!leH0 Ha.JH3'tCHHC OCH0 BOflQflaraJOUOfX 

3/JCMeHTOB CXCMbl - pa6o'tero 3TI\/10113 H o6pa.Juoeoro IICTO'tlnll(a HClrrpoHOB, COlllaHHblX 11a 6a:Je pea>-'TOpa oAPC-5, HeihpoHHOH pa/010MCTpH'tCCK0H )Cra· 

H0BKlt. Kp.rrKO omtCaHbl cpe,ncrea IIJMCpeHHii xapaKTCp11ClltK noneii HCITTpOIIOB It pe3)'JlbTIITbl HX npaKlll'tCCK0n) npmleHCHtlll. 

B npaKTHKe Hay'IHblX HCCJJe.uosarrni,i npH pa3pa6oT­

Ke H HCnbJT8HHH IIOBblX MaTepHaJJOB H pa.uwo:,meKTpOH­

I-IOH annapaTypbl H8 pan.HaUHOHHYJO CTOHKOCTb WHpOKO 

HCITOJlb3YIOTCll ll.UepHO-q:>H3H'leCKHe ycrnHOBKH (51<l>Y). B 

COCT88 3KCnepHMeHTaJJbHOi1 683bl MO,Ue.r111py10urnx ycrn­

HOBOK P<I>51U-BH1111T<I> BXO.llllT CJJe.!1.yJOWHe 51<I>Y: 

- 6blCTpblH aTOMllblH peaKTop c .!1.BYMll aKTliBHblMH Me­

TaJJJIH'leCKHMH 30H8MH 6APC-5; 

- peru<TOpb1 c ru<nrnHoi-i JOHOi-i (A3) pacrsopHoro rn­

na - .11fPl1.K 11 51JY AP; 

- peaKTop .llJlll npose.!1.eHHll HCCJJenosaHHH no ll.llepttoi-i 

Hru<a'!Ke mnepos 36P-JI: 

- peru<mp .llJlll s1-1ewm1x 06.nY4eHHi-i Kpy1rnora6ap11T­

HbJX omeKTos PYC-B; 

- HCCJJenosaTeJJbCKHe KpHTH'lecKHe c6opK.H B COCTase 

ycra1-10BKH <I>K.fiH-M; 

- MOWl-lblH 1-1ei-iTpoHl-lb(}t re11epamp Hf-1211. 

TTMll 1-1ei-i-rpo1-1os, co~asaeMLre pa3HblMH 51<I>Y, Moryr 

cywecrseHHO OTJIH'l8TbCll H3-38 KOHCTpytc.THBHblX oco6eHHO­

CTei-i A3 H MeCTa, Bb16paHHOro .llJlll 06.ny'leJ!Hll o6p83UOB. 

TTo3TOMY .II.Ill! KoppeKTHOi-i HHTepnpenu-11111 11 conocraMeHHll 

pe3yJJbTaTOB 3KCnep11MeHTOB, llQ/ly'laeMblX npH HCnbITm!HllX 

Ha pa311H'IHblX ycra110BKax, Heo6XO.UHMa .ueTa.llbH8ll Hllq:>Op­

MaUHll o npoc-rpa1-1crse1-11-10-:.ueprern,1ecKHX pacnpe.!1.eJJeHHllX 

H BeJJH'IHHax cpmoeHCOB 11ei-iTpollOB, 0 noJax H MOWHOCTllX 

.ll03, co~asaeMblX 113JIY4e1rneM B HCCJJe.!1,yeMblX o6p83U8X H 

MaTepHanax. 

111-1¢,opMaUHll o6 3TIIX xapaKTep11CT11KaX JlQJl)Kl-18 ltMeTb 

He TQJibKO .UOCT8TO'IHYJO IIOJIHOTY H JlOCTOBepHOCTb, 110 H 

y,uoRJleTBOpllTb TpeOOBallHllM rocy,UapCTBeHHOH CIICTeMhl 

e)lHIICTBa 11efr1poHHblX H3Mepe11Hi-i 11a 51<I>Y. 3m npeJ.lnOJla­

raeT o6l!JaTe11b11oe MeTpoJtornYecKoe o6ec ne,1e11He H3MepH-

'18eMblX Ha pU3HblX ycraHOBKax, ua ypOBHe 3H8'lemti-i no­

rpeWHOCTei-i , ycraHOBJleHl-!blX .llJlll Jl8HHblX 3KCnepHMeHTOB 

HJIH HCnblTaHHH. 

8 Ka'leCTBe OCHOBHOro H onop1mro MeTO)la 1-1diTpoH­

HblX H3Mepett11i-i Ha 51<I>Y, KUK 1-1a.ue)lrno ro 11 1-1aH6o11ee nQ/1-

1-10 )'JlORJleTBOplllOWero TpeOOBaHHllM pe8KTOp110H .ll03HMeT­

pHH, npHHllT MeTO,U 1-1eiiTpoHHO-aKTHBaUHOHHblX H3Mepe11HH 

(AMHl1) [I]. 

Me-rpMOrn'lecKoe o6ecne4e1111e HeihpOHHblX H3Mepe­

HHH C flOMOLUblO Mero,ua AMH.11 BKJIIO'laeT: 

- Ha6op 8JCTHBaUHOHHblX (J(HA) H )leJJHTeJJhHblX )leTeK­

TOpOB (JlHJl) C JlOCTOBepl-10 H3BeCTl-lblM 'IHCJIOM ll.llep H30TO­

noB-MHWeHei-i ; 

- HaJJH'!He 6aJ cnpaoo'IHblX Jl8HHblX no ce'leHHllM pe­

aKUHH H l!JlepHO-cpH3HlfecKHM KOHCT8HT8M, Heo6XOJlHMblM 

.!l.Jlll pac'leTa xapru<Tep11cTHK nOJJei-i 1-1ei-iTpo1-1o s no peJymrn­

TaM HeHTpoHH0--8KTHB81.J,HOHlll,IX H3Mepe1-111i-i; 

- p83pa6oTKy annapa·rypttblX cpeJICTB H MeTOJll-lK H3Me­

pe11HH 8KTHBHOCTH llHA H onpeJieJJeJHlll 'IHCeJJ nene1rn_j,j B 

,lIHJl; 

- p83pa6oTKY M8TeM3TH'leCKOro H nporpaMMHOro anna­

parn .11./lll onpe,ueneHHll 1-1eo6XO)lHMblX xap8KTep11CT11K llOJJei-i 

1-1ei-i-rpo1-1os; 

- C03.llaHHe CHCTeMbl rocyn apcrseHJJOH H Be.UOMCTBel-1-

HOH nosepKH cpe.ucrB H MeT0.!1,0B H3MepeHHH ( nosepKa H 

arrecTaUttll annaparypbl, CJIH'leHttll MeTO.UHK 11 T. n .) . 

<I>opMHp0B8HHe CHCTeMbl MeTpO.nOrn'leCKOro o6ec ­

ne'!eHHSI 11eihpOHHblX H3Mepe1-111i-i 11a 51ct>Y BHl1l1Tct> 

JIUlfaJJOCb OJIHOBpeMeHliO C HX 3Kcn.ny ai-au11eii ~, pa3BHBa­

JIOCb napaJJJleJll,HO C pewe1rneM 8HaJJOl1-l'lllblX 3U)lU'l B 

Pct>51U-BH.Hl13<I> (r. Capos). YJKe B 1974 r. B peJyJJ bTa­

Te COBMeCTHhlX YCHJIHH 06011x HIICTIITYTOB 6bl.lll1 o npe,ue-

TeJJbllhlX MeTOJlHK It annaparyp11b1X cpencTB. no)l MeTpOIIO- 11e1-11,1 OCIJOBllbJe ny-rH pewemrn 3TOH 3aJlU'IH. Tor)la 3Ta 

n-J'leCKHM o6ecne'le11HeM II HHM8l0T KOMnJJeKC HUY4HblX, pa6orn npOB0.!1,HJJaCb T0.111,KQ II paMKa x s11yqrnse.uo MCT-

opra111nau110HHblX 11 IOpHJIH'leCKHX MeponpHllTHii, 11anpas- B,;()lfb)X MeTpO.llOnt'leCKHX CTa1-1n apTOB. C 1980 r . B pa-

JICIJllblX 11a cornacyeMOCTb pe3yJILT8TOB 113MepettHii, nQ/ly- 6oTy no MeTpOJJOnt'leCKOH anecrnu1111 51<I>Y BKJIIO'IH.nCl! 
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BHJ.111<l>TPH (r. MocKBa) KaK opra1-11naum1, ynorn10Mo-

4e1111rui roccrn1111apTOM P<l> 11 orneTcrne1111asi Ja o6ecne-

4e1rne e.u111-1crsa HJMepemtii H0l-fl1311pylOlUefO 11lfly'-lemn1. Bo 

BH11l1Tct> c noM0I.J..lbl0 c11euHan11cToB BH.J.1l1ct>TP11 6bLna 

npose.ue11a aTTecrnui-ut llOJlll 11eiiTpoHOB peaKTopa 6APC-3. 

3a-reM EAPC-5. npol.UJl11 3Kcnepnny H 6bUIH aTTecmBattbl 

pM cpencTB 113MepeHHii (Cl-1). pa:ipa60Ta11a Jl0Karlbllllil no­

sepo'-11-tfill cxeMa 11cxonH1,1x o6pa:iuoB1,1x cpencrn HJMepe1111i,i 

qlll10e11ca H mr0THOCTH noToKa 11efrrpo110B 5J(f)Y BH111-1T<l>. 

OcHOBHblM 11p111-1u11noM 06ecne'-le1-t11l! e)ll1HCTBa 1-1ei1-

Tµ0llllblX H3Mepe1111i,i 11a 51.ct>Y SIBJlSleTCll neueHTpaJJ1130-

BaHH0e, HO enH11006paJ1-1oe (pernaMe1-trnpoBam1oe) B0C­

npo11JBe11e1-111e e)lltHHU BeJJl1'-ll-tl-f B YCJI0BHJ.IX MaKCHMaJlb­

H0rD npH6JlH)l(ellHll K pa60'-IHM H3MepeHl1.llM C 0.D,l-f0CTy­

ne1-t'laT0H nepe11a4ei,i en111111u 11enocpencTsemrn pa6o'-111M 

cpeJlCTBaM 113MepeHl1H. B Ka'-lecrne TaKH.X cpe.UCTB nepe­

,ua'-IH e)lHH11U CJly)l(aT o6pa3UOBblH HCT0'-11-fHK HdiTpOHOB 

H HeihpOHl-tlUI pa.Jl110MeTpH4eCKlUI ycTaH0BKa. DepBbl~i 

K3K eD.HHl-tUa Mepbl, BT0pall KaK cpe.UCTBO 113Mepe1H1ll. 

OpraHH3aUHOHHOH 0CH0B0H Merponorw-1eCK0ro o6ec­

ne'-lelll!ll HeATp01-t1-tb1x HJMepeHHH Ha 51.(f)Y BH.HHTct> l!B­

m1eTCS1 rocy11.apCTBe1-t11rui noBep0'-IHlUI cxeMa llJlll cpeJlCTB 

HJMepeHHH cp1110et-tca H nJJ0THOCTH noT0Ka HeHTpoHOB t-ta 

5l(f)Y (CM. pHcyt-toK). CxeMa pa:ipa6orntta B coorneTCTBl111 

c rpe6osa1111si~111 11 noJ10)l(et-t11siM11 rOCTos 8.483-83 H 

8. 105-80 110 o6ecne'-leHHIO e)IHHCTBa HeihpOHHblX HJMe­

pe1-111~i 11a 51<l>Y. 

Bo rnaBc noBep04H0H cxeMbr CT0HT rocynapcrne11-

HblH cneuHaJJbllblH 3Tarl011 (fC3) en.~IHHU flJlOTHOCTH 

II0TOKa H qmt0e11ca lleHTpOHOB, KOTOphlH HaX0.1.1,HTCSI BO 

BH.11Hct>TPl1. rc3 npeJ.tHa:JHa'-leH J:l,llll nepe)la'-111 e.1.1,HHHU 

BeJJH'-IHH pa6o'leMy 3TaJIOHY H HeKOTOpblM o6pa3UOBblM 

cpeACTBaM HJMepeHH~i BHI1l1T(f) nyreM K0CBellHblX H3-

Mepe11HH HJlH np11 noMOUlH KOMnapaTOpa. 803M0Jt<lla 

TalOKe 11 npSIMlUI nepena'-la eAHHHU BeJlH'-IHH (TenJJOBble 

HeiiTpo111,1 1u111 c ,mepmeil 14,7 M3B). 

Bo 8Hl1J.1T(f) a11anom'-l11bre cpyttKUHH BblllOJIHlleT pa-

6o,111ii 3Tar1011 (P3) nOJJsi 11eiirpo1-1os. B cocrns P3 sxonu-r 

onopttoe noJJe OTT-3 11a 6me peaKTopa 6APC-5 11 KOM1u1eKc 

H3MepHTeJlbllblX Cpe)ICTB. P3 noJBOJll!eT BOC11pOH3B0.UHTb 

eJll,11-JHUbl Be.1111'-IHII aKT11BIIOCTII JlHA )IBYMJI He3aBl1Cl1MblMH 

cnoco6aMH. TTepBblH OCJIOBaH Ha pac'-!eTe e)IHHHU Be.flH'-IHII 

no H3BeCTHOMY cneKrpaflbHOMY COCTaBY HeHTJX)H0B onopH0-

ro fl0Jlll, ce'-lellHJIM peaKUHH H smep110-cp~t3H•1eCKl1M KOH­

c-ramaM JlHA, Cl1CTeMe M01111TOp11poBaJJH.SI cpnt0e11ca Heii­

Tp0II0B WTaTllbl.MH CpellCTBaMH peaKTOpa. Brnpoit cuoco6 

HCn0JJbJyeT o6pa3U0Bble CpeilCTBa 113MepeH11H 1-ro pa3plUla -

cneu1rnnH3HpOBaHHblH 1-ia6op aKnrnau1101111blX It .U.eJJHTeJlh­

HblX neTeKTOpOB II pan110MeTpH4eCKYIO ycTaHOBKy YPH-1-2. 

TaKIIM o6pa30M, BhlllOJllllleTCSI BllyrpeHHHH K0HTJX)Jlb BOC­

npo1nsenernrn ew11-111u se.n11'-l1-111 11 06ecne'-111eaeTcll B uenoM 

em-111c-rso CHC"reMbl llei-!TpollHblX H3Mepe1mii Ha 51.<llY 

BHl11'1T(f). 
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Cne.uyt0UJ.11MH 0CII0BOfl0J1ara1oll.lllMJI 3JleMelJTaMl1 

n0Bepo,111oii cxeM1>1 BHl-111Tct> j,ffiJ1S110TC5J 06pa3uos1,1e 

cpencrna H3Mepem1ii I ~t 2-ro pa:ipsmos, BX0J1S1LU11e B 1,.oM­

nneKc cpe,UCTB 113MepeHHH Jia6opaTOpH11 59-2. B 11X co­

CTaB BX0JlSIT o6pa:JUOBblii HCT0'-IHHK Hei-irp0HOB OJ.1-P-16 

Ha 6a3e peaKTopa 6APC-5, pa.uH0MeTp11'-1ecrne yc-ra11os­

KII YPH-1-2 11 OCY-ll-9, 11a6op1,1 aTTeCTOBa11111,1x ax.rn­

BaUH0HllblX 11 neJil1TeJ1bllblX .aeTeKT0p0B. 31'11 CJ.1 arre­

CTYIOTCSI BHJ.1J.1(f)TPl-1 H B JlaJJhHeiiweM 11aXOJlS1TCll non 

ero K0HTp0JJeM. Ha 0CIIOBe 3T0ro KOMnJleKca aneCTylOT­

Cll o6pa3UOBble 11 pa604He cpeJlCTBa HeiiTpOHHblX HJMe­

peHHH, BXOJlllll.llle s cocrns J.tpyrnx 51<l>Y BHJ.1J.1T(f). 

B AMHJ.1 11cnon1,3yeTCll 15 a.KTHBauuo11m1x neTeK­

TopoB TellJlOBblX H pe30llaHCllbIX tteihpOHOB, 23 noporo­

BbIX H 6 Aem1Ten1,111,1x neTeKTopoB l2]. JleTeKTop1,1 u3ro­

TOBJ1ettb1 BO BHl111T<ll HJlH B3l1Tbl HJ cra11napTHb1x aTTe­

CTOBa1rnb1x 11a6opoB BHJ.111<l>TPl1. Bb16op Mep111,1x peaK­

u11ii 11 KOHCTpyKUHH neTeKT0poB fl0JB0JJl!IOT 0XBaH!Tb 

ttei1Tp0Hbl C 3Heprnei-i OT 0.025 38 )IO 18 M38 B .uuana3o­

He cpnt0eHCOB TeflJlOBblX HeiirpOHOB 60J1ee 107 
HeHrp.!cM

2
• 

6blCrpblX - 6onee I 09 
1-1eii.Tp.lcM

2
. 

Unsi 113Mepe1rni-i 11aBe)lellH0~i aKTHBII0CTH o6J1Y4eH-

1-IblX ,UHA HCl10Jlh3yeTC51 raMMa-cneKTpoMerpH4eCKl1H HJ­

MepHTe.llbHblH K0MnneKc l1KO-U-2. B ero cocrnB BXO.lll!T 

nonynpOBOJlllHKOBhlH 6nm: ,AeTeKTHpOBall!ISI (TTnrl 113 oco-

60 '-IHCTOro repMaHHll, '-IYBCTBHTeJlbllOCTb 74 MM
2

) 11 CUHII­

THJlJll!UHOHHble 6JJOKH (.um1MeTpOM 80x80 MM 11 30x5 MM). 

TTorpewHOCTb onpeneneHHSI '-IHC;la peaKUHH (aKTHBaUHOH­

HblX HHTerpanos) 06J1y'-leHHhlX JlHA C0CTaBJllleT 4-8 % 
np11 )I0BepHTeJlbHOH Bepml'rHOCTH a = 0 ,95 (3). 

OnpeJ1eJ1em1e '-l11ceJ1 ne.neHHH s1,mom1sieTCll no Me­

TOJlHKe TBep)I0TeJlhHblX TpeK0BblX nemneJlbHblX neTeKTO­

p0B. B Ka'-lecrne pernc-rpaTopos 1-1cnoJ1hJyeTCS1 cmoJ.ta 

MYCK0BHT. B COCTaB annapaTypHblX cpe)ICTB ::JTOH MeT0-

JlHKH RX0JlSIT yCTall0BKH AMYP 11 TTPOTOKA. K0TOph1e 

nOJB0JllllOT a1,ecTOBl,1BaTb JleJllllUHeCJI CJl0H no 1130TOn­

H0My COCTaBY 11 no '-IHCJlY l!Jlep H30TOnOB-MHU.le11eii. no­
rpeWHOCTb onpeneJJellHSI nemne.llbllblX 1111TerpaJI0B co­

CTaBJil!eT 3-7 %. 
.l1)1S1 BOCCTaHOBJleHl1SI cneKTp0B HeiiTp0HOB liCfl0Jlb-

3yeTCSI nporpaMMHblH anrop11TM, pa3pa60TaHHbIH Ha oc­

llOBe Mernna 11a11paBJ1e1moro pacxolK.lleHJ-tll (MHP) [4]. B 

Ka'-leCTBe Ha'laJlbHblX 11p116JH1)1(eHHi-i BOCCTm1arurnsaeMblX 

cneKTpOB HCnO.ll b3YIOTCSI .ua1-tHble '-IHCJlel-11-IblX pac'-!eT0B 

Mo11Te-Kap110, cneKTpbI 1-13 6H6.111-10TeK11 Knaccmp11u1-1po­

Ba11Hb1x c11eKTp0B 11eiiTpOHOB 6KC-2. MeTOJ.l MOJ.leJlbllblX 

cneKTpOR. TTorpelllH0CTl1 BOCCTaHaBJIMBaeMblX cneKrp0B 

oue1nrna10TCll MeT0Jl0M CTaTHCTl14eCKl1X HCnblTa!IHi-i H 

COCTUBJlSIIOT 5-20 % 12], 
8 Ta6n. I npHBeneHbl 311a,1e1-1w1 aKTHBaUJIOllllblX H 

)lemrrenbllblX ftHTerpanos, HJMepe11111,1e J.lJlll onop1-1oro 

nom1 OTT-3 11 06pa3uosoro HCTO'-IHl1Ka O11-P- I 6 peaKTO­

pa 6APC-5. PeJyJlbTaTbl Boccrn110BJ1e1111si cneKTpos 11eii­

Tpo11os B C)KaTOii 6-rpyn110Boii cpopMe IlaHbl B Ta6J1. 2. 



rocynapcTne1111b1it cneuitaJJbHblH 3Tano11 
e)ll!HIIU nJJOTIIOCTl1 llOTOKa II <j>moe11ca 11eiirpOHOB Jlilll R<llY 

(Ha peaKUHH T( d, n)'He, pan11ottyKJ1HJlllhJe 11e11rpoHHL1e HCTO'IHHKH) 

1 
MeTOA 

KOCBCHHI.IX 

HlMCpCHHH 

(K) 

Cmt'ICllltR 

npu nOMOlUII 

KoMnapaTopa 

(C) 

PA60'-IHH '.HAJIOH 

MeTOJI 
npRMbl X 

lllMCpeHHH 

(fl) 

Onopttoe none OII-3 HCHTpOHOB 11a liAPC-5 
6r=7-20 % (cnei..-rp HCHTJ)OHOB, 0,1-18 MJB) 

~ O6pa3UOBa51 HeihpOHIJa51 pa.n.110MeTp11YeCKa51 

ycrnH0BKa YPH-1-2 00= 4-8 % 

O6paJUOBhlH IICTOYHIIK 

HeihpoHoB 11a 6APC-5 
011-P-16 60=12 % 

O6pa3u0Bb1i1 plUlH0Me-rp 
___ __ ,H o6pa3UOBble neTeKT0phl 

liAPC, 
36P, 

<llKEH, 
HT-12 

O6pa3U.OBblH 

HCT0YHIIK HeHTpOHOB 

11fPHK 00 =!6 % 

IITPl1K 
60=12-20 % 

OCY-11-9 60 =4-10% 

O6p33UODblH 

HCTO'IHHK 1-teilTpoHOB 
SlfYAP 80 =!6% 

SlfYAP 
80=12-20 % 

ATTecryeMble 

TO'IKH no11e11 

HeHTJ)OIIOB 

Jl<llY 
(IICTO'IHHIOI 

HeiiTpOHOB) 

o.=16 -20% 80=12 - 20% 
1~---:".".": .. ~=~·b····===--=-•:..;;·:..:....:· ·=·-.:...:· =--~-===:-··;-·-·····-~-- I - · · 

Pa.n110Me-rp 
Ha EAPC 

t t 
Pa.n110Merp 

1-1a 36P 
Pa.n110MeTp 

1-1a Hf-12 

t 

PaJ1110Merp 
Ha 11fPl1K 
H .5IrYAP 

Pat1HOMeTJ)bl 

11 }leTeKTOpbl 

HCHrpOIIOB 

o.=s-20 % 

nmiepo'IHM cxe,m cpencrn H3McpeHHii fPJIIOeHCOB 11 nnomocrcii ncrroKOB 11eiiTpo11os 51<t>Y P<l>RU-BHl111Tc(> 
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Ta6miua I 
311alJeHHSI aKTHBaUH0HHblX II .uemrreJlblll,IX HHTerpanoB, HJMepe1111b1e J.1.)151 onopHoro rl0Jl.ll 

11 06pa1uoeoro HCT0YHHKa 6APC-5 

PcaKUHSI aKT11ea-
)Kpa11 

On-3 
UHH )lCJ1CHl1SI OION; (8, %) 

197 Au(n,y) Cd 2,62c+0(5,8) 
55Mn(11,y) Cd 1.29e-1 (8,0) 
63Cu(n,y) Cd 2,96c- I (7,8) 
23Na(n,y) Cd 6,60c-3 (7,7) 
235U(11J) Cd 2.33e+ 1 (8,5) 

239Pu(nJ) Cd 3,25e+ I (8,5) 
239Pu(nJ) 108 -

231Np(n,f) Cd l ,77e+ l(8,5) 
103Rh(11,11') 8,63e+0 ( I 0) 

238U(nj) Cd 2, 96e+0(8,5) 
11 ln(n,11· J 2,02e+0(6,3) 
58Ni(n.p) 1,00e+0(4,9) 

32S(n,p) 6,20e- I (7,0) 
54Fe(n,p) Cd 7,90e-l (7,3) 
27 Al(n,p) 3,84e-2 (8 .6) 
56Fe(n,p) Cd l ,0Je-2 (6,2) 

24Mg(n,p) I ,44e-2 (7,3) 
27 Al(11,a) 6,40e-3 (4,8) 

203Tl(n,211) 2,54e-2 ( I 0) 
1271(11,211) 9.90e-3 ( 10) 
19F(n,2n) 6,80e-5 (8,0) 

Ta6111-1ua 2 

fpymIOBble cneKTpbl HCHTJ>OHOB onop11oro n0Jl.ll 

H o6pa1uoeoro HCT0YHHKa peaKTopa 6APC-5 

311eonill l·ICHTDOIIOB. M38 
on-3 

Et Ek+I 
OH-P-16 

0 0,1 0,058 0,044 

0,1 0,4 0,217 0,186 

0,4 1,0 0,305 0,308 

1,0 1,4 0.111 0,118 

1,4 3,0 0,197 0,227 

> 3,0 - 0,112 0,117 

OH-P-16 

Q[1/Q3 0/QNi (8, %) Qp/Q3 

1,03 8,78e+0(5,5) 1,00 

0,91 -

1,03 2,67e-l (7,5) 1,00 

1,06 8,60e-l (9,0) 1,04 

1,00 - -

0,96 2,79e+l(8,5) 1,01 

- 2,44 e+l(l0) 1,07 

0,98 l ,76e+1 (9,0) 0,96 

1,03 8,80e+0 ( I 0) 0,97 

1,0 1 2,80e+0 ( 10) 1,03 

1,00 l,97e+0(6.9) 0,99 

1,04 1,00e+0(5,0) 1,08 

0,99 6,32e- I (7,0) 0,94 

0,94 -
1,03 4,26e-2 (9,0) 0,98 

0,97 1,09e-2 (6,4) 0,99 

0,99 I ,47e-2 (8,8) 1,02 

1,04 7,14e-3 (4,6) 0,99 

0,98 2,66e-2 ( l 0) 1,01 

1,01 1,05e-2 (10) 0,99 

1,00 8,50e-5 (8,5) 1,00 

HeihpOHOB Jl)ISI o6p33UOBhlX HCT0lJHHK0B HeiiTpOHOB co­

CTaBJ1S1eT 12-16 % np11 .uoeep11TeJ1bHOH eepOSITH0Cnt 

a= 0,95. 
Pa6oYHe Hei-iTpoHHble H3Mepemui Ha 51<l>Y B o6U1eM 

BH,Ue BKJll0lJaJ0T onpe}leneHHe npocTpaHCTBeHH0-

3HeprentlJeCKHX xapaKTepHCTHK no11eii Hei-iTp0H0B. npoee­
.ue,me TaK0fO po.ua H3MepeHHH J]Jl.ll KaJ!Gl0ro 0TJleJlhH0ro 

0llbn·a HJlH HCnblTaHH.ll SIBJU!eTCSI CJI0)KH0H H -rpyJloeMKoii 

3a}la<tdi, a mae11oe, YT0 TaKoii no}lX0Jl 11a npaKrnKe 11euene­

coo6pa1e11. no3TOMY 3ana•1a pewaeTcS1 nyreM H3Mepe11H.S1 

M0HHT0pHblX BeJIHlJHH. CBSl3b Me)l(Jly rl0KaJaHHSIMH MOHHT0-

pa H i-pe6yeMOH BeJllf'IHIIOH (cneK-rp, q1moeHC H .up.) onpe­

.UCJlSII0T 8 pe1yn1>TaTe npCJlBapHTeJlbllblX HCCJle,nosaHHH B 

.Jln51 B0Cnp0HJBe.cteHHSI cpmoeHCOB Hei-iTpOH0B B 06- pa6oYeH TOYKe rIOJISI . .lln.ll BocnpoH38011CTBa MOHHTOpllblX 

pa3U0BblX HCT0lJllllKax cnyJKaT 11eTeKT0pbl HJ cepbl 11 BeJU!lJHH cJTyJKaT o6paJUOBble cpeJ:t(,'TBa H3MCpeHHH 2-ro pa:i-

HHKCJlSI. l1111-1epe11He aKTHB3UHH cepllblX llCTCKT0p0B Bbl- p5111a liJIH pa6o4He cpe,nc-rea H"3MCpeHHii. B KalJecTBe TaKO-

nomrneTl'SI 11a o6pa3UOBOH ycTaHOBKe 2-ro pa3p51,na OCY- BblX CJl~aT PaJJlHlJHOTO pona panHOMCTpbl - CUHHTHJJJISIUH-

Il-9. AKTHBaumo 1-HIKeJleBblX ,neTCKT0p0B-M0HHT0p0B OIIHble cneKTpoMeTpbl raMMa-H3JIY4ellHSI, yc-raHOBKa J]JISI 

H3Mep5110T 11a CUHIITHJIJlSIUH0IIII0M pa.ctH0MeTpe (OllllOKa- HJMepem1st 3.KTHBIIOCTH cepllblX ,neTCKTOpoB OCY-11-9, 

Ha.JlbHJ,lfl cneKTp0MeTp nom1oro nornoU1eHHS!). OepBblH cneKTpoMe-rp rdMMa-raMM:1-COBllaueHHH aHHHIWISII..\H0HllblX 

PaIIH0MeTp aTTeCTyeTCSI BHHH<l>TPl-1. BTOpoi-t c noMo- raMMa-KBaHT0B. B PSI.UC CJTyYaes 11pH npoee11em111 oco6o 

lJJ.blO o6pa3UOBOii YCTall0BKH YPH-1-2. OTIIOCHTeJlbllaSI 0TBCTCTBeHHhlX 3KCnep11MeHT0B HCn0Jlb3yeTCSI HenocpeJlCT-

norpew11ocTh 113MCpCHHil ax rHBH0CTII He xylKe 0.5-3 %. BCIIII0 YPH-l-2. <l>moeHCbl 11eii-rpOHOB, paCC411TbIBaeMblC no 

A6co1110THllil norpewH0CTb onpc11ene1-JHl'1 q>JlJOeHCOB pe3yJlbT3TaM HeH-rpOHIIO-aKTHBat..lHOIIHblX H3Mepe1mii Ha 
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YPH-l-2, xapaKTepH3YIOTCll cne.uyt0Ll.lHMH .u11a11roo11aMH no­

rpew11ocTeii: 2-5 % .!lJUI TeruJ0BbIX, 8-16 % .[lllll HiUlTenno­

BbIX 11 6bJCTpblX, 10-30 % .!lJUI npoMe)l(yTOlfHblX HeHTJ)OHOB. 

B COOTBeTCTBHli C Jl0BepOlfHOH cxeM0H .!lJUI cpe.ucrn 

H3Mepett11i-i 110J1ei-i ttei:i1po1-10B 5l<l>Y BHI111T<l> H tta octtoee 

K0M11JleKca o6pa.3UOBblX cpe,uCTB H3MepettHH, K0T0pble aTTe­

CTYIOTCll BHlH1<l>TPl1, na6oparnpm1 59-2 Hl1O-5 ,uatto 

npaeo npoBOmlTb CaMOCT051TeJlbHYIO aTTeCTaUHIO ttei-iTpoH­

l-lblX nOJJei-i ocex .upyrnx lUlept-1bIX ycraH0BOK BH1111T<l> 11 

cpe.UCTB H1MepeHHH 8 pattre o6pa3UOBblX cpencTB H3Me­

peHHH 2-ro pa3pll.ua 11 pa6olfHX cpe.ucrn 1-11MepeHHH. TaJC 

Ha oc1-1one nonei:i 1-1ei-iTpoH0B peaJCrnpoe 11fP11K H 

5ffY AP C03.llaHbl o6paJUOBbJe HCT0lfHl1KH HeHTpOIIOB [3). 

Ha ycTaH0BKe Hf-1211 11poee.ue1-tbl CJleKTJlaJlbHbJe HCCJle,uo­

BaIIHll ropH30HTaJlbH0fO nyqKa HdiTJ)OHOB H B .UaJlbHei-iweM 

[UlaHHpyeTCll C03llatme Ha ero 6a.3e o6pa:3UOBOro HCT0lfl-fHKa 

11eihpoHOB JlJlSI .U03HMeTJ)H'leCK0ro conpOBOlK,lleHHll npoue­

.uyp nyqeBOH HeHTJ)OHH0H TepanHH 0HKOJl0rnYeCKHX 3a6one­

BllHHH [3). 

Pa.3pa6oTaHHblH K0MflJleKC o6pa3UOBbIX H pa60lfHX Cl1 

xapru<TepHCTHK nonei-i tteHTJ>OIIOB 51<l>Y no1eonHJ1 npoeecrn 

OOJlbWOIJ o6beM HaYlfHbLX 11 npHKJla/lHblX pa6oT n na6opa­

TOpH1,IX H llOJlHrQHJ-lblX HCCJle.!l0BaJ-IHllX, npoB0.llHMbLX BO 

BH.l111T<l>. 
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IlEPCIIEKTHBhl PA3BHTIDI METO)lA )lHHAMW-IECKHX KOHBEPTOPOB 
YJlhTPAXOJIO)lHblX HEHTPOHOB HA HMilYJlhCHOM PEAKTOPE EIITP 

)l. r. Kaprnrnos1
, A. IO. Mpb1'1Ka1

, r. B. Hexaes1
, A. )l. Porou1, A. )l. CrnnKa1, A. B. CTpCJIKoB1

, 

B. H. lllueuos1
, Ii. B. 6arp,rnoe2

, M. H. KyuUIHuoe2
, H. T'. CMupuos2 

10H.5fl1, 101000, r. Jfy6Ha MocKOBCKOH o6n. 
2P<l>5IU-BHHI13<l>, 607190, r. Capos HH)KeropOJICKOH o6JT. 

8 nepBblX 3Kcnepm,,etlTaX Ha peaKTope 6HrP no reHepauim YXH MCTO!lOM !l11H3MH'ICCKOro KOHnepTOpa nOJl)"lClla nnOTHOCTb YXH 
26±5 Hefrrp./cM

3 
nplt 3HeprOBbl!lelleHltl1 B mmynbCe 125 MJ].:K. 06cy-A<J1a10TCll 801\10:KHOCTlt yse.Illl'lellHll nJlOTIIOCTII tteiiTpOHOB, nony'laeMblX Ha 

3TOH ycraHOBKe. 

J1cnoJ1bJOBaHHe YJ1b1-paxoJ1on.ttbIx Hett-rpOHOB (YXH) 

B q>~aMeHTaJlbHblX H npHKJJa)).HblX HCCJle)).OBaliH_SIX JaBH­

CliT OT HHTeHCHBHOCTH nocTymwro HCTO'IHHKa YXH [ l, 
2]. YXH HMelOT CKOpOCTb - 5 Mic H COCTaBJUIIOT HCKJJIO­

'IHTeJlbliO MaJlYIO )).OJll0 (- 10-12
) OT MaKCBeJJJlOBCKOro pac­

npeneJJeHHll TellJIOBblX HeHTpoH0B B JaMe)).JIHTeJJe. B Ha­

CTOlllUee BpeMll MaKCHMaJlbHal! nJlOHIOCTb YXH-102 
CM-

3 

llOJly'leHa Ha BblCOK0nOTO'IHOM CTaUHOtiapHOM peaKTOpe 

11HCTHTYTa Jlay:.-JlaH)l(eBeHa (.11J1Jl, fpeH06Jlb, <l>paHUH_S!) 

MOlUHOCTblO 57 MBT C HCnOJlb30BamteM CMelUel!Hll MaK­

CBeJlJIOBCK0ro pacnpeneneHH_SI TellJJOBblX tteiiTpOHOB B 

XOJIO)).HYIO 06J1aCTb B lKH.llKO)).eihepHeBOM 3aMe)).JIHTeJJe 

np11 TeMneparype - 20 K. OKOJJO TpHJluarn JleT CY1UeCT­

syeT Hnell HaKOllJleHHSI YXH B CBepXTeKy'leM rem-rn, Oll­

HaK0, HCCM0TpS! Ha MHOlKeCTBO nonblTOK, 3Hi 3KCnepH­

MeHTbl ll0Ka He onpaBnaJJH 11aneJKLt f3]. HecKOJJbKO JJeT 

ttaJan l4) nJJll CJ1a6onornowaiowero JaMe)).JIHTeJlSI 113 

TBepnoro neif-repm1 3KcnepuMeHTaJJ bH0 6bma noKaJaHa 

B03MOlKHOCTb cyweCTBeHHOro YBeJJH'leHH_SI 3q>q>eKTHBHO­

CTH HCl10Jlb30BaHH_SI llOTOKa TetUI0BblX 11eihpo110B JlJlSI 

re11epau11H YXH. 3To .uaeT onpeneJJeHHhre 11anelKLlbt Ha 

yseJJH'leHHe )).OCTHlKHMOH llJlOTHOCTH YXH, onHaKO Ha 

nyrn K pea.imJau1-11-1 3Toro npoeKrn cy1UecrnyeT MHoro 

TeXHH'leCKHX TpynHOCTei-i . 

n ocKOJlbKY B nonaBJJJIIOLUeM 60JJbW UHCTBC 3KCnep1t­

MeHTOB cocynbl ll0CJle II8KOHJleHliSI YXH 3am1pa10TCll OT 

HCT0'IHHKa YXH Ha RpeMsi nposenett11S1 H3MepeI111J1, TO 

6oJJee 3cpcpeKTHBHO liCl10Jlh30BaTb HMnyJJbCHblH pe)KHM 

pa6oTbl peaKT0pa. npH KOT0pOM OJI BKJll0'!aeTCll TOJlbK0 

BO speMll H8fl0Jlllellllll . TTpH 3T0M llJJ0TH0CTb TenJJOBblX 

11ettTpOH0B B 3:1Me.UJJ11TeJIe (a 3Ita'IIIT H nJJ0TII0CTb re11e-
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p11pyeMbIx YXH) BO ~moro pa3 60J1bwe. Ha :.To snepsbIe 

yKa3aJJ <I>. JI. Wan11po [5]. B nepBOM 3KcnepHMeHTe, 

BblllOJlHeHHOM no 3TOH cxeMe [6], He ynaJJOCb TIOJIY4HTb 

CYlUCCTBeHttoro ysen1-1<1eH1tll llJl0THOCTH YXH. B pa6oTax 

(7, 8] 6bmo noKa3aHO, '!TO )).JISI yseJIH'ICHliSI reHepaUHli 

YXH noMHMO 1-1cnoJ1b30Ba11Hl! cy1Uecrnett110 60JJbwei-i 

llJIOTHOCTH TenJl0BblX Hei-iTpOHOB 8 liMllYJlbCe peaKTOpa 

MO)l(HO liCl10Jlb30BaTb MCT0ll )).HHaMH'!eCKOro KOIIBepT0 pa. 

Cyrb 3TOro MeTona JaKJJIO'laeTCll B HCl10Jlb30BaHHH )).Bli­

)l(YIUerocll co CK0p0CTblO V 3aMe)).JIHTeJJll (KOHBeprnpa 

YXH), B KOTOpOM CY1llecrne11Ho (no JaK0HY 1/v) nonaBJ1_Sf-

10TCll CC'leHHSI JaxsaTa II Heynpyroro paCCCSIHHSI YXH. 
npensapHTeJJbH0 o6pa30BaBWHXCll B 3T0M lKe 33.Me)).JIHTeJJe. 

ll;Isi peweHHSI 3TOH 38)).a'IH 6b1Jl Bb16paH peaKTOp 

611fP [7]. 06J1ana101UHH peKopnHblM 3Ha'!eH1-1eM q>JllOCH­

ca H nJJOTHOCTH nOTOKa TellJI0BblX Hei-iTpOH0 B B 3aMe.U.Jfli­

TeJJe, pacnOJI0lKeHHOM s6mnH ero aKTHBHOi-i 30Hbl. 

B pa6oTe (8) or111ca11a YCTaHORKa, HCn0JJbJYIOlllal! MeT0ll 

)).HHaMH'lCCKOro K0HBeprnpa Ha peaKT0pe EHI'P, a B pa-

6oTe (9) npHBeneHbl nepBbte pe3yJ1HaThl no re1-1epau1m 

YXH Ha 3T0H ycrnHOBKe: noJJyYe11a llJJOTHOCTb YXH 

26±5 11ei-iTp./cM
3 

s nsyxmnposoM cocyne np11 :.1-1eprosbI­

neJ1eHHH 125 M)l)I(. TTpH MaKCHMaJlbll0 nonycTHMOM 

:rneprOBbuteJJeHIIH llJlll peaKTopa EHfP - 280 M)l)I( cJJe­

nyeT O:l<H)).aTb )'BeJIWleHHll llJIOTIIOCTli YXH B HeCK0Jll,KO 

pa3, '!TO no-npe)KHeMy 11aMttoro Mellbwe 0JK11;iae~t0ro 

pac,IeT11oro 3lf a'!eH 11si - I 05 
Hei-iTp./cM

3 l 8). 
Pac'!eT npoB0)).HJICSI B npeunOJlO)f(eHHH, '!TO cjJJIIOeHC 

TenJJOBblX HeihpOHOB 8 llOJJH3THJJe11osoM 38Me)).JIHTCJIC, 

npKMblKaJOUieM BllJI0THYIO K KOpnycy :lKTHBHOii 30Hbl 

El11P, C0CTaB.llllCT - 1015 
11ettTp.icM

2
, a CO0TBeTCTBYI0-



... 

lllilll rlJIOTIIOCTb II0T0Ka TerlJl()BblX 11eiiTpOHOB BO BpeMSI 

u~myJlbca - 5-1017 
Heihp./(cM

2
• c). 

nposeneHHble ClleUHlUlbHblC IIJMCpellHSI pacnpet1.e-

11eHl1ll TertJIOBblX Hei-iTpOIIOB BO BpCMSI HMllYflbCa B KaHa­

ne (n11aMeTpOM IO CM) .um1 LlBHlKCIIHSI YJl8BJlHBUIOLUero 

KOHTeHHepa YXH noK,DaJJH. '!TO peanbHllil nnOTHOCTb 

rennOBblX Hei-iTpOIIOB BO BpeMSI RCrlblWKH peaKTopa 6onee 

4eM Ha nopllLlOK MeHbWe 3TOro 3Ha4eHHSI. TTpH4HHbl 3TOro 

38K.JII04alOTCSI 11: a) JHa4HTeJlbHOM ocna6s1e111111 nOTOKa 

TennOBblX Hei-irpOHOB CTeHKaMH KOHTei-i11epa; 6) 3HaYH­

TeJlbllOH ynaneHHOCTH (- IO CM) OCH KaHana OT nepeD.Hei-i 

CTCHKH JaMCLlflHTCnSI; B) HCKOT0pOM 0TTOKe Tenn0BblX 

Hei-iTpOIIOB HJ ue111·pa B,!l0flb OCH KaHana. KOHTei-iHep D,Jlll 

YXH npe.uc-raBJ1lleT co6oi-i saKyyM11posaHHb1i-i cocy.u HJ 

HCp)l(aBCIOl.l..\CH CTanH D,HaMeTpOM IO CM c T0JIIJ..lHHO~i 

CTeHOK 4 MM, D.JIHHOH 30 CM, Maccoi-i - 3 Kr. YcKopem1e 

KOHTei-iHepa IIPOilYKTaMH B3pb1Ba COCTaBnSleT ~ 5-104 
g, 

npH 3T0M B cro CTeHKaX B03IIHKa10T HanpSl)l(CHHSI, 6JJH3-

KHe K npe.ueny ynpyrnx .ueqiopMauui-i D.nll 11eplKaBe10LUe~i 

CTanH ( ~ 50 KrlMM
2
), K0T0pblC 6blJJH onpe.UeJTCHbl CTaTH-

4CCKHMH HCrlblTal-lHSIMII Ila rn.upaMH4eCK0M npecce D,JlSI 

KOHKpeTHOH K0IICTPYKUHH. OnbIT rIOKaJaJ1, 4T0 0LlliH 

TaKOH KOtITei111ep BbUlCp)ICHBaeT 6eJ rt0TCpH repMeTH4HO­

CTH 5-6 BblCTpen0B pa3rDHHOro ycTpoi-icTBa, nocJie Yero 

ero .UHaMeTp y OCII0BallHSI ysenH4HBaeTCSI Ha 0,5 MM. 

B npHHUH0e JaMCHa MaTepuana K0HTei-i1-1epa Ha UHpKO­

HHJ'.i, 06nana10LUHH 31-!aYHTeJlbH0 MellbWHM CC4CHHeM Ja­

xsarn, a no np04HOCTHblM xapaKTCpHCTHKaM OYellb 

6mnKHH K HeplKaBCIOLUCH CTaJlH, rIOJBOflHna 6bl YBCJIH-

4HTb nOT0K TellflOBblX HeihpOHOB ll KaHaJJe B 1,8 pa3a. 

C UeJlblO yueflH4CIIHSI rIJlOTHOCTH ll0T0Ka TCflJIOBblX 

HCHTpOHOB ll KaHane 38MeD.JJHTem1 npe.unonaraeTCH OrlTII­

MH'.lHp0BaTb ero Ha OCIIOBe paC4CT0B MCT0.U0M MOHTe­

Kapno no nporpaMMe MCNP. PacYeT noKa3aJ1, YTO y.ua­

ne11ue HCK0T0poro KOflH'ICCTBa nonH3THneHa 113 o6naCTH 

38MC1UIHTeJ]jj Me)l(Jly KaJ·IM0M H 11epe,!1HCH CTCHK0H JaMCD.­

JIHTeJlll, npHMb1Ka10LUei-i snnornyio K Kopnycy peaKTopa, 

n03B0flHT YBeJlHYHTb noT0K B Ka11ane B - 2.5 pa3a [9]. 
OXJia)l(JleHHe nom1::iTune1-iosoro KOHseprnpa YXH 

lKH.UKHM aJOT0M D.aeT YBeJIH'leHHe rtflOTH0CTH re1-1epauHH 

YXH B - 4 pa3a [I]. )lnH ysenw-1e1-1usi 3¢qiexrnsHocrn 

0XJl8lKD.eHHSI 110JIH3THJICII HCl10flb3YCTCSI B Bil.UC CMa4H­

BaCMblX lKHJlKHM aJ0T0M rpaHyJJ JJJtaMeTp0M 2-3 MM, Ja­

KJIIO'ICHllblX B afllOMHHHCBblH KOHTeii11ep .!1.HaMCTpOM IO CM, 

BblC0T0i-i 5 CM H TOflLUHH0i·i CTCH0K 5 MM, K0TOpblH pac­

nonaraeTCll Han TpaHcnopTHhlM KOHTei-iHep0M. 1-1enocpe.u­

CTBCHIIO 11epen ero BX0,[lHblM OK.HOM. 

AnlOMHHHH o6nanaeT 6onbWHM CeYeHHeM aKTHBa­

UHH D,JlSI K0pOTK0lKHBYLUHX H30T0l10B, H, KaK flOK83aJ1 

0nblT, llKTHBHpOBaHHblii KOHTeii11ep KOHBepTopa CBOHMH 

raMMll-flyYllMH 110flH0CTblO 6JlOKHpyeT neTeKT0p YXH 

(11ponopu11ottanbHblC CYeT4HKl1 C 
10BF3) 11pH ero .U0CTaB­

Ke B H3MepHTeJibHblH JaJI BMecTe C KOHTei-ittepoM YXH 
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noc11e !ICOblWKII peainopa. no3T0MY afll0MHHHeBblii K0H­

TeiiHep KOHBepTopa 11ocne TOpM0)l(CHHSI OTileJISICTCSI OT 

-rpaHc11oprnpyeMoro .uar1ee KOHTei-i11epa YXH. TTocKOJtbKY 

aJOT o6na.uaeT 3Ha4HTCJlbHblM Ce4eHHeM Jax BaTa TellJI0BhlX 

Hei-iTpOHOB, TO 3a 20--30 C .uo BCllblW.KH peaKTopa npe­

KpaLUaeTCSI 110Jl84a )l(IIJlK0ro 830Ta B K0HBepTop. OcTaTKH 

)l(HJlKOCTH H3 KOHBep-ropa ycnesa10T HC11apHTbCH, npH 3T0M 

3Ha'IHTeJlbHOro 0T0rpesa 11omt3Tl1JieHa He npOHCXO,!lHT. 

B 11pHHUHne ysemt4etme speMeIIH xpa11e1-111si YXH B 

Tpa1-1cnoprnpyeMOM K0HTCHHepe He M0)l(eT 6bITb npH'III­

I-I0~i Ha6mo.uaeMoro 6oJibworo pacxolK.lleHHSI Me)l(LlY pac­

'ICTllblM H 3KCnepHMellTaflbl-l0 11ony4e111lblM K0Jlli<leCTllOM 

YXH, nocKonbKY J1-1a4e1-111e 11110-r1-1ocrn YXH B K011TeH-

11epe naeTCSI ylKe 11pHBe.UeHHblM K M0MeHTY BCl1b1WKH 

peaKTopa. TaK KaK 1-1e113secTeH cneKTp YXH, .uocrnsnHe­

MblX B KOHTei-iHepe, TO MO)l(HO .uonyCTHTh, 4T0 B o6nacn, 

.!I.CTCKTOpa YXH .!I.0CTasneHbl T0flbKO 04CHb MCD,JlCHHble 

YXH, BpCMSI xpaHeHHll KOTOpblX C0CTaBJJSleT 30 C, a spe­

MH xpaHCHHSI YXH co CK0p0CTHMH, 6Jrn3KHMH K rpaHH4-

H0H CK0p0CTH CTCH0K KOHTei-i1-1epa ( ~ 7 Mic), 3Ha4HTeJlh­

H0 MCHbWe. l1MCIIHO :na lKCCTKaSI 4aCTb Cl1CKTpa YXH 

COCTaBJISICT 11onaBJ1l110LUee 60JibWHHCTBO B nonH0M Cl1CK­

Tpe YXH, LlflH KOToporo H np0BOLlHJlCH pac4eT, 1-10 3Ta 

6oraTaSI 1-1ei-iTpot1aMH 'laCTb CHflbHO nonaBJleHa K M0MCH­

TY t1a•1ana HJMepemti-i B .ueTeKTope YXH. Mo)lrno npcn­

noJiolKHTh, 4T0 no 3T0H 11pH'IHHe MOlKCT npo11CXO.UHTb 

noTepS1 11noTHOCTH YXH s 5-10 pa3. l.!rn6b1 BHecrn llC-

1-1ocn. lla,!10 nposeCTH cneuHaJlbtlblC H3Mepetll1ll JaBHCH­

MOCTH epeMeHH xpa1-1et1HSI YXH B -rpa11cnopTH0M K0H­

Tei-it1epe OT HX Cl1CKTpa Ha .upyroM HCT0YHHKe YXH. 

YsenH4CHHe epeMeHH xpa1-1et11-1si YXH s K0HTei1t1epe 

ll,0fl)l(HO rnaBHblM o6paJOM CYLUCCTBCHH0 ysenH'IHTb il0fllO 

6onee )l(CCTKHX YXH. 

He S1Ct1b1 n0Tep11 YXH, 11poucxOD.HLUHe H3-3a BH6pa­

UHH H ycxopeHHH CTCH0K cocy.ua BO epeMH ero Tpat1c­

noprnp0BKH. TeopernYeCKOe paCCMOTpeHHe He 110KaJano 

cyLUeCTBCHHbIX 110Teph YXH Ja CYeT TaKHX npoueccos, 

0JIHaKO :no o6CTOSITCflbCTBO 110D.neltOtT 3KC11epHMCHTaJ1b­

H0H nposepKe. 3.uecb MOlKH0 onteTHTb, 4TO nepBble 

npe.usapHTCflbHble 3KCnepHMeHTbl 110 MHSIHHIO ycKope­

HHll H BH6pau11ii Ha yD.eplKaHHe YXH, 11pose.ueHHblC Ha 

peaKTope 11JIJI. 110Ka3MH, 4T0 MaK.pOCK0flH'leCKHe ycK0-

pe1111S1 .110 ) M/c
2 

cyLUeCTBCIIH0 lie BJIHSIIOT Ha npeMSI xpa­

HCIIHSI Tpa11cnoprnpyeMhlX YXH B o6bCMe - 20 n, on11a­

K0 3BYKOBble Kone6aHHll CTeHOK TaKOro K0HTei-i1-1epa cy­

wecTBeHH0 yMeHbWalOT epe~rn xpaHeHHSI YXH. )lnsi 

0K0H48TeJlbH0ro 0TBeTa Ha 3TOT B011p0c -rpe6y10TCSI 

3KCnepHMCHTbl 110 BJIHHHHIO s116pau11i-i, co6CTBCIIHblX 

3ByKOBblX KOne6a1-111i-i H ycKope1111i-i C KOHKpeTllhlM 

TpaHcnopTllblM K0HTei-iHepoM YXH. Tax11e ::ixcnep1-1MeH­

Tbt y.t1061-1ee ncero np0BOJlHTb Ha c-rauuo1-1apH0M BblC0K0-

n0T04H0M HCT0'tHHKe YXH. 



neTeKTop YXH 0CH0Ball Ha 3cpcpcKTe HaIpeBa (He­

ynpyroro paccei111m1) YXH 3a onu11 yJ.1ap 11a ne11Kax 

l(OHTellHepa Jl0 3Hepnrn TenJJ0BOro 11eihpo11a. KOTOpblH 

pentCTp11pyeTCll o6bl'-IHblM CTaH)lapTllblM 6opHblM C'leT­

'lliK0M. PacYeTHllil 3cpcpeKrnBHOCTb K YXH TaKoro .ueTeK­

Topa C0CTaBHJla - IO % H 11aX0AHTCll B xopoweM corna­

Cltli C npllMblMH li3MepeHHllMH ::icpcpeKTliBHOCTH K TCIIJI0-

BblM HeHTpOHaM, HCX0J.llllUliM H3 MCCTa paCII0JIQ)KeHHll 

KOHTCHHepa. npH pac•1eTe ::icpcj:,eKTIIBHOCTH no11araJ10Cb, 

'-!TO cpeJlllllll :meprHll lle'lCTHblX YXH Ha CTe11Kax KOll­

-rei-iHepa cocTaBJJlleT ~ 10 ~rnB [10], 0J.llJaK0 11a nosepx-

110CTH CTellKH Hatuero KOHTei111epa 3T0 3~Ja'ICIIHC M0,KeT 

61,1Tb .upyntM, IIOCK0JlbKY 11eT yBepeHH0CTH, 'lT0 6epHJJ­

JJHCBOe noKphlTHC CTell0K cox pa11sieTCll co speMeHeM. H 

oco6eHHO II0CJle orp0MllblX 83pb1BllblX neperpyJ0K. no­

CK0Jll,KY npoueCCbl p-pacnaua HCHTpo1-1a H paccellHHll 

YXH 11a ocTaT0'lH0M r:ne (BaKyyM - 10-2 
rnpp) s Tpa11c­

nopTH0M KOHTeiiHepe 11eJHa'!HTCJlhHbl, TO 3cpcpeKTHB­

II0CTb 1-1awero )leTeKT0pa JaBHCHT OT on1owe11Hll ce,1e­

HHll Heynpyroro paccesiHHll K ceYeHHI0 :iaxsarn Ha ll.Upax 

CTeHKH KOHTei-iHepa. '.:ho OTH0we,rne paBH0 - I, o.u11a­

K0, ecm1 6epHMHeBoe fl0KpblTHe 11apyweH0, TO Ha no­

eepXH0CTH Hep,KaBe~wei,i CTaJJH Moryr Hax0.ll,HTbCll THTa­

H0BblC BKpanJJeHHll, pa3Mepo~t npee1,1wa1owHe ,UJIHHY 

B0Jll-lbl YXH. 11a K0TOpblX 3cpcpeKTHBI-IO JaxsaTbJBa~TCll 

YXH [ 11]. CTporo onpe.uemnb 3cpcj:,eKrns1-1ocTb .ll,eTeKT0-

pa YXH B03M0,KH0 T0JJbK0 B pe:iyJJbTaTe llpllMOro 3Kcne­

p11Me11Ta C TaKHM JieTeKT0pOM Ha CTaUH0HapH0M peaKTo­

pe, B K0T0p0M cpaBHHBaeTCll K0Jlli'leCTB0 YXH, 3anyc­

KaeMblX B 1-1aw KOIIKpeTHblii TpaHC110pT11blii K0HTeHHep, C 

K0JJH'leCTB0M :iaperncTpHposaHHblX 11arpeThlX HeihpOliOB. 

8 3KCnepuMeHTaX Ha CTaUH0HapllblX peaKTopax 

HJ1e11rncfmKaUHll HarpeTblX YXH 06bJ'lHO np0HCX0)lHT no 

BHJ.lY 3aBHCIIM0CTH HIITCHCHBII0CTli perncTpauHH 11arpe­

TblX HdhpOHOB OT epeMeHH C M0MCIITa H30JlllUHH cocy.ua 

xpa11eHHll OT HCT0'lHHKa YXH (3aKpb!TliC BXO)lllOii Ja­

CJI0HKH) [ 10]. OpH ,>TOM C'leT ACTCKTOpa TenJJ0BblX IICH­

TpOH0B YMCHbwaeTCll no JaBHCHMOCHI. 6JJll3KOH K 3KC­

ll0HCHLlfla.JlbH0H. Ii co BpeMeHeM BblX0nltT 11a fl0CT0llll­

HblH ypoBCHb, KOTOpblH onpeneJJllCTCll cp0H0M TCflJIOBblX 

1-1eihpo110B B MCCTe pacn0JI0lKCHlill .UCTeKT0pa. Op1t no­

CTall0BKC 3KCnep1tMe1na Ha HMflYJJbCliOM peaKT0pe cj:,OH 

neTeKT0pa 011penem1eTCll Jana.JJJ.blBal0LUHMH 11eihpoHaMH 

nocne BCflblUJKH peaKT0pa. H ero speMCHHall JaBHCH­

M0CTb 110'1Tl1 cosmmaeT C YMeHbWel!HCM f1JI0TII0CTl1 YXH 
B K0IJTei-ittepe, 11aX0JllllUCMCll B II0J10CTl1 neTeKT0pa. 8 

TaK0M cnyYac 11.ueHrnqmKaUHll YXH npoxon11T no pa3HO­

CTH C'leTa )leTeKT0pa OT KOHTCHHepa C Hano.r111e1JHl,IMH B 

11ero YXH 11 KOHTeii11epa. s KornpoM YXH 1aBenoMo 6b1Tb 

He ,U0JIJKIIO. nnsi 3T0ro B K0HTCHl!ep npe.ueapHTeJlbH0 .UO 

BCllbllJJKH peaKTopa HanycKaJJ0Ch - 300 T0pp remts,. aT0-

Mhl K0T0poro 61>1CTpo HarpeBa.JlH Ja BU'lCllllblC C0CYJ.!0M 

YXH H BbIBo11111111 11x 1n K0HTciiHepa ·3a BpeMll - le 
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HHMH0ro MCl·lbWC epeMeHH TpaiIcnopTHpOBKH KOIITeHHe­

pa OT aKTIIBH0ii 3011bl peaKTopa J.10 J.leTeKT0pa. Op11 HC-

110Jlb30BaHl1H B Ka•1eCTBe JaLUliTbl neTeKTo pa OT HCHTpO­

H0B - 40 CM )l(CJle3a It - I M~l Ka.ll,Mlill cj:,OH OT :ianaJJJ.bl­

llaJ0LUHX uei-iTpOHOB no BeJll1'11iHe C0BriaJI co c•1eT0M 11a­

rpeT1,IX YXH. O'!eBli.ll.HO, •rro rnasJ-Hlll cocTaBJJllI0LUall 

cj:Jo~rn - 3T0 6b1CTpblC Jana3)lblBaJ0LUHe Hei-iTpOHbl, npoxo­

JlllLUliC K J.lCTCKTopy no BCCB03MQ)Kl·lb1M LUCJIJIM H Ka6CJlb­

HblM Ka11anaM B JaLUHTH0H CTelle peaKTOpHoro JaJW. 61,1-

JI0 nposepe1-10 npenn0JI0)KeHlie. 'lT0 0CH0BHblM KaJlaJl0M 

I1p0Ca'll1BUl!Hll HCHTpOIIOB llBJIJl~TC>I WCJIH B w116epe 

Hawe~i yCTaH0BKl1. nnll 3TOro B 3aJle peaKT0pa Ha nyrn 

Me)KJlY a.J<THBHOH 30110ii peaKTopa H WH6epoM 6b1Jia yc­

Tall0BJICJJa 6opco.ueplKawasi fl0JIH3TlineH0Ball rJJlHTa T0JI­

WliH0H 30 CM, OJ.lHaK0 JaMCTIIOro yMeMJ,WCHH>I cj:,011a 

.ueTeKT0pa 3T0 He J.laJI0. OYeBli.ll.110, rJJaBHOii npli'lliH0H 

3Ha'!HTCJlbH0fO cpotta .UCTCKTopa llBJlllCTCll HaJIJ,1'11-le OT­

KpblT0ro KaHana B JaillliTC )lCTeKT0pa, no K0TOpm1y K0H­

TeHHep c· YXH 110CTynaeT B JieTeKTop. 811011He sepollnto, 

'lT0, C0BepweHCTB)'ll JaLUliTY, MOJ!CH0 ,uo6HTbCll 3Ha'!H­

TCJlbH0l'0 yMeHbWeHHll cpOHa OT peaKT0pa. nnll np11Mepa 

o6paTHMCll K pa6oTe [ 12), B KOT0p0H cpoH BblCOK03cp­

cpeKTHBHOro rem1esoro c'leT'lHKa 60111,wux paJMepos B 

3ULUliTe Ha paCCTOllHHH IO M OT aKTHBII0H 30Hbl peaKT0-

pa CM-2 M0WH0CTr.~ 100 MBT cocrns1rn ecero 1 c·
1
, a B 

11aweM CJlyYae llJlll MCI-lee 3cpcpeKTl1BHOro C'-!CT'lliKa Ha 

TUK0M J!Ce paCCT0lll-11,U.I OT aKTHBH0H 301-!bl 611fP M0LUII0-

CTblO Bcero - l MB-r (Ha 10-i,i ceKyHAe llOCJle I-I0~HI­

J-laJJbllOro HMflyJlbca) cpm1 COCTaBJllleT IO c "
1
• 

EcJJH yCTp8HIITb see Bbiwenepe'!HCJleHHble npe.ll,110-

JJaraeMble np11'1Hllbl 31ia'lliTCJlbH0ro 11eC00TBeTCTBHJI pac­

'!eTH0ro 11 nony'leH11oro K0JJli'tecTsa YXH 11a El1rP, To 

TaKOe HCC00TBCTCTBHC MOlKeT nepeCTaTb cywecTB0BaTb. 

OJ.111aK0 Bll0JlllC eeposin10. 'lT0 .uecllTHKpan1oe paCX0)K­

.uetrne Me:lK.lly Teopen1 YecK 11 paccY 1rra1-111r.1M 11 3KC11ep11-

MeHTaJlbH0 fl0JIY'!CllllblM BblX0llOM YXH HJ K0J-IBepTopa 

BCC-TaKl1 0CTaHeTCll. B TaK0M CJJyYae 3TO 6yJ.1eT eu~e 011-

11 HM n0JJ.TBep)KlleH 11CM .uaRt 10 cywecTBYJOLUero H 1\11-10ro­

Kpan10 Ha6JJ~)laeMoro cpaKTa - JlCCllTl1KpaTH0ro HC)l0C­

TaTKa B Bb1xone YXH 1n K01mepTOpos [ 12]. 3rnT 3cp­

cpeKT Ha6mo.ll,aeTCll 11a CTaU110Hapl-lblX peaKT0pax, H H31i-

6onee Bep0llTIIOe ero o6'bllCHCHHe HaX0JlliTCll s flJI0X0M 

nponycKaHl1H 11ei-iTp0HOBOJlOB. 11Cfl0Jlb3YCMblX .!J.Jlll li]BJIC­

'lCHHll YXH uJ aKTHBH0H 30111,1 peaKT0pa. B Hawei-i 110-

cTa1-1oeKe 3KCnepuMeHTa HCHTpOIIOBO.[la 1-1eT, H CCJlH :>TOT 

necj:J11UHT YXH coxpaHHTCll. TO 3TO 6y.D.eT llpllM0e yKa3a-

1111e 1ia 11ec0Repwettcrno Tcop1111 re11epau11~1 YXH. 
AsTop1,1 6naronapHhI 8. Cl>. Ko11ecosy 11 A. C. Ko­

weJ1esy :ia no11e:i111,1e peK0MeH.uau1111. r . H. Macnosy 3a 

II0M0Wb 11pH npouene111m aKT11Bau110llllhlX H3Mepe1111i-i 

nornKa 11eiiTpo11oe, B. H. Eor.n.a11osy II eceMy nepco11any 

peaKTopa 611fP. 06ecne411sweMy '-!CTKYJO pa6oTy peaK­

Topa B pa31ibIX pe:4rnMax . 
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Y.UK 621.039.55 

01..I;EHKH 3<I><l>EKTHBHOCTH 6LiD KOHBEPTOPA (TEfUlOBhlX HEHTPOHOB 
B EhICTPbIE) B 3KCIIEPHMEHTAJlhHOM KAHAJIE PEAKTOPA HBB-2M 

I IO 1 I C I IO 1 IO. H. 3yeu , . A. Ky11nnn'-I , B. ,U. Jlapueu , . H. CTpeJJbllOB , . H. qepuyxuu , 
2 2 2 C 2 JI. H. MeuLKHH , 6. r. Il011ocyxuu , B. H. ToKapeu , . IO. MnTpo4>auou 

1P<l>.H_U-BHHHT<l>, 456770, r.CHe)KHHCK 9em1611HCKOH o6n. 
2C<!) HJ1KJ13T, r. 3ape'1HhlH CBepMOBCKOH o6n. 

npencraaneHbl peJyJU,TaTbl 113MepemlJI :icjlcjleKTHBHOCTII 
6LiD KOHBepropa TCIUIOBblX HCiiTpOHOB B 6blCTpble HCiiTpOHbl peai::uuii (DT), (6LiT) 

CHHTe3a c JHcpmeii £ - 14 M3B U JKcnepm1eHTaJlbHOM K3HaJIC peaKTOpa HBB-2M. Haii;Je1111oe 3H.l'!CHHC 11on11oro KO,cjltjlllUHCIITa KOIIBCpCHII 

COCT3B/Ule'T K = 3,47-I04
. BnepBble nOJ\)"ICHa pa:mem.H3ll 3KCnep11Me1rrant.HllJI oue11Ka K03¢cj)HUHeffTOB KOHBepCHH IC'= 2.11-104

, ~ = l.36-I04 
33 

C'!el' YKaJaJIHblX BblWC peaKUHH CHHTeJa COOTBeTCTBCHHO. 

Ur151 npoBe}leHHSI noJJHOMaCwTa6HblX HCCJJenosaHJ-1fi no 

panHaUHOHHOMY MaTepHanoseneHHIO B HHTepecax C03.llaJIHSI 

TepMOMepttoro peaKTOpa 11eo6xonHMbl HCTO'-HIHKH 14-M3B 

ttdiTpOHOB C HenOCTHJKHMblMH Ha cyweCTBYIOLUHX ycrn­

HOBKax napaMeTPaMH [I]. B 3Toi-i cssi3H npencTaamteT 1111-

Tepec paccMOTpe1111oe B pa6oTe [2] npeJU1o)Ke1rne o npH­

Mettemrn TsepnoTeJJbHOro 6LiD KOHBepTOpa rum npeo6pa-

30BaHJ-t.SI TellJIOBblX HeihpoHOR R Kat-iaJJe RblCOKOnOTO'IHOro 

peaKTOpa 11BB-2M [3] (r. 3ape4Hbti-i, C<l> H11.KJ13T) 

B 6btcTpb1e tteihpott1>1 c a11eprnei-i £ = 14 M38 B pe3yJtbTa­

Te (na)-peaKUHi-i Ha Mpax 6Li C o6pa308aJiHeM 61,JCTpblX 

Sl.llep Tp1n11.ll (Eo = 2,74 MaB) 

6Li + 11 ➔ T + 4He (q = 4,79 M::iB. aT = 950 6) (1) 

H nocJJe.llytOLUHX peaKUHi-i Cl1HTe3a Sl.llep TPHTHSI C Sl.llpaMH 

.lldiTep11.S1 11 6Li 

D + T ➔4He + n (q = 17,58 M38); (2) 

6Li + T ➔8Be + 11 (q = 16,02 M38). (3) 

BnepBbte 11a B03M0)KIIOCTb TaKOl'O KOHRepTHpORattHSI 

Hei-iTPOHOB 61>1JJO yKaJaHo R pa6oTe 14], a JaTeM 6onee 

nonpo6Ho oHa 6bma HJ}"letta R pa6ornx 15-8]. 063op 

pa6oT no 3TOMY HanpaB.JleHHIO npHReneH R [9]. ComaCHO 

npHIISITOMY R pa6oTe [9] onpe.lleJJeHHIO 3Q)Q)CKTHRHOCTb K 
6LiD KOHBepTOpa "TenJJORble Hei-iTpOHht - 14-M38 HeH­

-rpott1,1" xapaKTep1nyeTcS1 OTttowe1111eM cKopocTeH reHe­

pauHH ttei-iTpo11os CHHTeJa (2), (3) coorneTcTBett1-10 IV 11 , 
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. L. 
N I K CKOpOCTH nomow_eHH.ll TenJJOBblX tteii-rpo11os IV T 

B KOHRepTHPYIOLUeM CJIOe: 
·o 

K = KD + J<1-i. Ko=!:!__. KLi 
' NT' (4) 

no .llaHHbtM pa6oT [6--9], pac4eTHoe JHa4ettHe K03Q)qJH­

UHeHTa npeo6pa30BaHHSI TenJJORblX Hei-iTpOIIOB R 6blCTpble 

Hei-i'rpottbl c £ = 14 M3B J.lJJSI 6LiD Ko11sepTOpa ttaxonHT­

csi B ,llHanaJOHe K :::: (1,5-2,9)· 10-4. 3KcnepHMeHTaJJbHO 

3Ta seJJH4HHa 6b1J1a onpe.llene11a TOJJbKO R pa6oTe [6]. rne 

JU1S1 1-1ee 6hmo nony'ieHo 3Ha4ett11e K = 2, I -I0-4. 

UeJlblO pa60Tbl SIRJJSl/lOCb H3MepeHHe 3qJQ)eKTHBHOCTH 
6LiD KOHRepTopa 1-1 ouettKa nonsi 14-MaB Hei-iTPOHOR B 

6oKOROM Kattane peaKTopa l18B-2M. 

Onpenenetrne 3qJq>eKTHBHOCTH 6LiD KOHBepTOpa 6b1-

no npoRe.lleHO B 0.llHOM H3 60KOBblX ROJ.l03anoJJHeHHblX 

KaHaJIOB (06x50 CM) peaKTopa l1.BB-2M c H3ReCTHblM 

pacnpe.o.e.neHHeM nOTOKa TeflJIOBblX tteiiTpoHOR RJ.lOJlb OCH 

KaHana. )lnSI H3MepeHH.ll noTOKa Hei-iTJ)OHOR C £ "' 14 M38 

H noc11enyt0wero Bbl4HCJJeHHSI K03q>qJHUHeHTa K (4) HC­

nOJJb30BllJICSI aKTHB3UHOHHblH HIIJ.lHKaTOp (Al1) 113 UHp­

KOHHSI C ecTeCTRetrnMM H30T011H4eCKHM COCTaROM: 

90Zr (11, 211)89Zr C Enop,., 12,2 M::iB. (5) 

61,uio nposene1-10 .D,Ba peaKTopHbtX ::iKcnepHMe1na no 

onpe.lleJJeHHIO aq,q,eKTHBHOCTH 6LiD KOHRepTOpa C 11e­

CKOJibKO OTJIH4310LUHMHCSI KOHCTPYKUHSIMH 3KCnepHMeH­

TaJlbllOro yc-rpoikrna (3Y): 8.10.96 - c 3Y I M 14.08.97 -

C 3Y2. 0606we1111aS1 cxe~rn 3THX 3KCnep11MeHTaflbHblX 

ycTpoikrn noKaJatta 11a pHc. I. 
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Puc. I. 06061Uemuu1 cxeMa 3Y: I - Tpy6a; 2 - HK-I; 3 - ueHTp aKTHBHOH JOHLi; 4 - <I>K; 5 - HK-2; 6 - nnaCTHHa. PaJMepbt e CM 

OcHOBHblMH 3JleMeHTaMH 3Y llBJllllOTCll: 

- H3MepHTeJtbHal! KJOBeTa l1K- I, npe.ncntB.llllJOLUal! co-

6oi-i Ja'leXJ1osamIy10 s CTaJtbHOH ( I 2X I 8H IDT) HJlH HHKe­

neBbJH repMeTH'lHblH KOpnyc TOJILUHHOH 0,2 MM CJIOHKY c 

.UBYMll OnTH'leCKH TOJICTblMH .Wlll TeflJJOBblX HeH1J)OHOB 
6
LiD CJIOllMH (020xl,7 MM, m:.: 2x0,415 r, iT~ ~ 9) H 

pa:iMeLUeHHblMH Me~y HHMH CJIOllMH Al1 (Zr H Ni); 

- H3MepHTeJtt>Hall KIoseTa HK-2, no.no6Hal! l1K-1, c 

TeM JIHWb OTJIH'lHeM, 'lTO CJIOH H3 
6
LiD B Hei-i 3aMeHeHbl 

Ha CJJOH H3 
6
LiH; 

- cpoHOBall KJOeern (ct>K), co.nep)l(aLUM AH 6e3 KOH· 

seprnpyJOLUHX cnoes; 

- aJIIOMHHHeBall nJtaCTHHa Ce'leHHeM 30x2 MM (B 

3Y I) HJHt yroJIOK ce'-!eHHeM 30x I Ox 1.5 MM H3 aJIIOMH­

HHesoro cnnasa CAB (B 3Y2) .nJtll KpenneHHll H3MepH· 

TeJlbHblX H qJOHOBOH KJOBeT H ueHTpHpOBaHHll HX Ha OCH 

60KOBOro KaHaJta peaKTOpa; 

- o6ca.nHall 1J>y6a HJ Hep)l(aBeJOLUeH CTMH I2X 18H !OT 
TOJILUHHOi-i I MM B CJIYlJae 3Y I HJIH HJ cnnasa CAB 
TOJIWHHoi-i 2 MM B CflYlJae 3Y2. 

Bee.neHHe B cocrns 3YI, 3Y2 KIOBeT l1K-2 c 
6
LiH 

CJIOllMH HMeJIO UeJtblO pa3.neJ1bHOe onpe.neJteHHe KO::lcpqJH· 
D L' 

U.HeHTOB KOHBepClfH K ' K ', COOTBeTCTByJOLUHX peaKUH· 

llM (2) 11 (3 ). 'ITO paHee lie .UeJlaJIOCb. Bse.neHHe qJOHOBOH 

KJOBeTbl npe.UHaJHa'laJIOCb .Wlll oueHKH aKnmaUHH Bhl-

6paHHblX HHJlHKaTopOB 6blCTpblMH peaKTOpHblMH Hei-iTpo­

HaMH c E > 12 M::18. 

06nyYeHHe 3Y B 60KOBOM KaHaJte peaKTopa 

l1BB-2M B o6oHx ::1KcnepuMeI1Tax nposo.nHJIOCb B TeYe-

HHe to= 20 MHH npH MOLUHOCTH peaKTOpa W = 15 MBT. 

flpH 3TOM noTOKH TenJIOBblX HeHTpOHOB B MeCTax pa3-

MeLUeHHJI H3MepHTeJtbHblX KJOBeT l1K- I H l1K-2 e HeB03-

M)'U.teHII0M KaHane (6e3 3Y) COCTaBHJJH: 

<po/= 3,01-10
14 

Hei-i-rp./(cM
2 

• c); 

(6) 
T 14 ~ 2 

(j)Ho = 2,63 • 10 ueH1J>.l(cM • c). 

flo H3MepeHHblM 3IJaYemtllM aKTHBIIOCTeH UHpKO­

IJHeBblX H HHKeJteBblX HH.UHKaTopoB 6blJIH oueHeHbl 3Ha-
D ,.,L· 

'leHHll K03qJqJHUHeHTOB KOHBepCHH K , I\. I H llOTOKOB 

I4-MaB HdiTpoHOB. Bee Heo6xo.nHMbte .nJtll a-roro napa­

MeTpbl paCC'lHTblBaJIHCb MeTO.UOM MOHTe-Kapno no npo­

rpaMMe MCNP [10) c KOHCTaHTaMH ENDF/BV. Yrnosoe 

pacnpe.neJJeHHe HeH1J>OHOB CHHTe3a 8 11K npHHHMaJIOCb 

H30TpOnHhlM, a HX 3HepreTH'leCKOe pacnpe.neneHHe pac­

C'lHTblBaJIOCb 110 KHHe!'.1aTH'leCKHM COOTHOWeHHllM H .naH­

HblM O Ce'lel!HSIX peaKUHH (2), (3), npHBe.neHHblX 8 pa6o­

Tax [11,12). 

PeJyJlbTaTbl oueHKH :,cpcpeKTHBHOCTH 
6
LiD (

6
LiH) 

KOHBepTHPYIOLUHX CJIOeB B npose.neHHblX 3KcnepHMeHTax 

c 3Y I, 3Y2 npHee.aettbt B Ta6n11ue. r,1:1e HH)l(11He 111-1.neKcbI 

D. H yKa3blBUIOT Ha MeCTOIIOJIO.)l(elJHe HHJlHKaTOpa B 3Y 

(B KJOBeTe l1K- I HJIH l1K-2 COOTBeTCTBeHHO), a sepu111e 

HHJleKCbl D. Li yKa3bl83IOT Ha HCTO'lHHK HeH1J)OHOB, Bbl· 

31,IeaJOLUHX aKTHBaUHIO HH.UHKaTopoB (3a C'leT 11ei-i1J>OHOB 

DT HJIH 
6
LiT CHHTe3a). 113 -ra6JIHUbJ BHJlHO, 'ITO no11y­

YeI1111,Ie B .nsyx 3KCnepHMeHTax pe3yJlbTaTbl y,aoBJ1eTBOpH­

TeJ11,HO cornacyI0TCll Me~y co6oi-i. 

floTOKH KOHBepTHpoeaHHl,IX HefrrpoHOB C £"" 14 MaB H KO<lqJqJHUHeHTbl KOHBepCHH 
6
LiD (

6
LiH) CJIOeB 

· e H3MepHTeJI bllblX KIOBeTax 3Y I, 3Y2 

<Poo, (/J Li Li 

3Y D ' <PH , KD· !04 K1-i. 104 K· I04 

I 010 11eihp./(cM2 · c) 1010 IICHTD.l(c~? • c) 10 10 IICHTP./(cM2 · c) 

3YI 1,60 1,12 0,98 2,04 1,43 3.47 

3Y2 1,67 0,98 0.86 2,19 1,28 3.47 
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OcHOBllble pe3yJlbTaTbl IICCJle,noBaHHSI COCTOSIT B c11e­

,ny10LUeM. 
BnepBhle no11y1.JeHa pa3.[leJlbHa5f 3KCnepHMeHTaJJbHaSI 

oueHKa K03cj,qJHUHeHTOB KOIIBepc,111 Ja C'leT peaKUHH 

D(T, rl)
4
He H 6Li(T, n)8Be CHHTeJa B 6LiD KOHseprnpe: 

KD "" 2.1 l . l 0-4' KLi "" 1,36 • I 0·4 COOTBeTCTBeli HO. 

HaH,Ue1111oe CYMMap11oe J~ia'leHHe K03cpql11UHeHTa 
D ,A.i 4 

KOHBCpcHH K = K +I\-"" 3,5 · 10" npHMepHO s 1,7 pa3a 

npeBblWaeT pattee ~13MepeHHOe 3Ha1.Jett11e 3TOH BeJJHlJHHbl 

K = 2,1. 10·4 [6] H npHMepHO Ha 20 % BblWe MaKCH­

MaJlbHOH pac'lernoi-i oueHKH K"" 2,9 [7,8] .!lJlSI 6LiD KOH­

Beprnpa. 

OpHMeHellHe 6LiD KOHBeprnpa B 6oKOBOM Ka11a-

11e peaKTopa HBB-2M no3so11sieT coJ.naTb noToK 

6b1cTpb1X - 14-MaB 11eihpo11os cHHTe3a q>s "" 2,7x 

x!010 tteihp./(cM2
• c). 3a pa601.JHi1 UHJUl peaKTopa 

11BB-2M t "" 500 ,, B03MOlKHO 11enpepb1Bt1oe H np11611H-

311TeJ1bHO 0.[lHOpOJlHOe 0611)"-leHHe o6pa3UOB pa3MepoM 

- 4x20 CM c cpmoe11coM 14-MaB tteihpOHOB <I>s "" 

;::; 5 . 1016 tteihp./cM2
, lJTO He.!lOCTHlKHMO .[lJISI cymeCT­

BYIOLUHX HCTO'IHHKOB 14-MaB 11eiiTpo1-1os. 0Tc10,na CJ1e.ny­

eT, lJTO 3Y C 6LiD KOHBepTOpOM B Ka11ane BblCOKOflOTO'l­

HOfO -ren11osoro peaKTopa rnna HBB-2M MOJKeT CllJlKHTb 

.nocrynHblM, cpaBHHTCJlbH0 rtewesblM H YHHKaJJbHblM .[lJlSI 

HaCTOSILUero BpeMeHl-1 HCTOlJIHIKOM 14-MaB HeHT])OHOB. 

B .nono1111e1111e K on11ca11ttblM Bb!We H3MepeHHSIM Me­

TO.[lOM Mome-Kap110 6b1J1a nposertetta pac'leTHasi oue11Ka 

noJU1 HeihpottoB CHHTe:ia c 3Hepmeii - 14 MaB s 6oKo­

BOM KattaJle peaKTopa 11BB-2M c u11m111.np111.JecKHM 6LiD 
I 

KOHBepTOpOM. KOHBepTop npe.ncTaBJlSIJl co6oii .nsyxc11oii-

HYIO KOaKCHanbHYIO Tpy6y 113 tteplKaBCJOWeii CTaJJH C 

TOJllllHHOii CTeHOK I MM, C HapylKHblMH pau11ycaMH 060-

JlO'leK R1 = 19 MM 1-1 R2 = 22 MM, .!lJlHHOii H = 400 MM, 

MelK.!ly KOTOpblMH paJMewru1csr Kottseprnpyt0lllHii 6LiD 

CJlOH TOJllllHHOH ~ = 2 MM. 

flpH K03qJqJHUHeHTe KOHBepCHH K = 3,5· J0·
4 

(CM. 

Bbtwe) 1-1 MOLUHOCTH peaKTopa W = 15 MBT B ue11Tpe 

nOJlOCTH KOl·!Beprnpa pa1MepOM 27x300 MM MO)K_JiO OlKH­

rtaTb flOTOK HeiiTpOHOB CHIITC3a C 3Heprneii - 14 M3B 

<Pl4;::; I ,2· 1010 HeiiTp./(cM2 
• c). YMeHbWeHHe BeJJHlJHHbl 

<Pt4 npHMepHO B 2 pa3a no cpas11eHHIO C npose.neHHblMH 

H)MepeHH.SIMH CBSl3aHo C lJHCTO reoMCTpH'leCKHM cpa1no­

poM paccMaTp1-1eaeMoii MO.!leJJH KOHsepTopa. 

B aHaJJOrH'lHOH nocTaHOB.Ke C UHJlHH.UpH'lCCKHM· KOH· 

sepTOpoM npose.neHht pac'leTbt c 3aMeHOH 6LiD Ha LiD 

CJlOH C JIHTHeM eCTeCTBeHHOro l-130TOnl,f'fCCKOro COCTasa 

(p = 0,87 r/cM3
) TOJlll(HHOH ~ = 7 MM H BHyTpCIIHHM pa­

.UHyCOM R = 19 MM. B 3TOM CJtyYae Ko= 2, 1 · 10"4 , KLi"" 0 H 

B ue.HTpe nOJIOCTH LiD KOIIBepTopa MOlKHO OlKHll3Tb IIOTOK 

HeHTpOHOB OT CHHTe3a <Pt4 ;::; 0,54• 1010 tteiiTp./(cM2 
• c), 

'lTO npHMepHo B 2 pa3a Me111>we, •JeM c 6LiD c11oeM. 

PaccMOTpeHHbtH HCTO'lllHK I 4-M3B 11eihpoHOB MO­

lKeT Ha~iTH npHMeHeHHe LtJUI 11apa60TKl-1 HeiiTpOIIHO-
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.ueq:iHUHTHblX H)OTOflOB (c n03HTpOHHOii aKTHBIIOCTblO) B 

.!ll1antOCTH'leCKHX LlCJlSIX H Ll)UI aKTHBaUHOHHOf'O a11aJJH3a. 

Hapa60TKa p+-aKTHBHblX l-130TOIIOB MOlKeT 6btTb 

ocymecTBJ1eHa B pe1y111>rnTe (n, 2n)-peaKUHH 11a crn6H111>-

111>1x H30Tonax. Ce1.Je11H51 JJTHX peaKUHH HMelOT noporo­

s1,1i-i xapaKTep c 3HeprHeii Enop > 8 M<1B, 11 .UOJlll TaKHX 

1-tei-iTpOHOB s peaKTOpax rteJleHHSI npeHe6pe)l(HMO Malla. 

fl03TOMY 0111-1 He flO.[lXO.USl'r .[lJISI noJJy'leHHSI 1-1eiiTpOHIIO­

.necpH UHTHhlX H30TOIIOB. 8 HaCTOSIUlee 1.1peMS1 IIX no11y1.Ja­

lOT, KaK npaBHJlO, C nOMOlllblO YCKOpHTCJleii 3UplllKellllblX 

1.JacTHu B peaKUHllX rnna (p. 11), (d. n), (a, n), (p, d) H 

np. He,uoCTaTKOM TaKOro cnoco6a SIBJlSleTCSI IIH3KaSI npo-

1-13B0.[lHTeJlbliOCTb H BblCOKrut CTOHMOCTh, H no 3TOH npH­

'IHHe flOJlY'lCHHe TaKHM cnoco6oM l-130TOnHblX HCTOlJHH­

KOB nOJHTpOHOB C aKTHBHOCTblO 6011ee 107 
DK CB513allO C 

60JlbWHMlt TPY.UHOCTSIMH. 

Opose,neHHble oueHKH rIOKaJblBaIOT, lJTO npHMeHeHHe 

.um1 3THX ueneA 6LiD KOHBepTopa no3BOJ1HT noJ1)"-lHTb 

H30TOntlble p+-HCTO'IHHKH C ,!lOCTaTO'lHO Bb!COKHMH .um, 

HaCTOSIWero speMeHH xapaKTepHCTHKaJ\tH: 

npu Tin= (10-100) .a.Heii c Ap+ = (105-107
) 6K/r; 

npH Tin =( I 00-1000) .nHeii c Ap+ = ( I 05 -I 06
) 6K/r. 

OpH 3TOM B03MOlKHO OOJl)"-lCHHe o6pa3UOB 8 60KOBOM 

KaHane peaKTopa 11BB-2M c UHJlHHJlpHYecrnM 6LiD 

KOHBepTOpOM (Q!3,6x40 CM) o6beMOM JlO 250 CM3
. 

0.nttoii H3 BalKHblX npo611eM C03,UaHHSI TepMOSl!lepttoro 

peaKTopa SIBJl.SleTCSI oueHKa 3KOJ10rH'lecKHX f10CJ1eJ1CTBltH 

,UOJlroBpeMeHHOii pa6oTbl TaKOro peainopa H, B lJal.,HOCTH, 

HaKOt"IJleHl-1}1 pa.uHOaKTHBHhlX .!lOJlf'OlKHBYlllHX npon.yKTOB C 

nepHO,UOM no11ypacna.na Tirz <! I 00 JleT, o6pa3YfOlllHXCSI B 

MaTepHanax ero KOHCTJJYK.1 . .1,IHl non .neikTBl1CM HeHT])OHHO­

ro Hl/1)"-leHH.ll DT f1Jla3Mbl c 3Heprnei-i E""' 14 M3B s pe-

3YJlbTaTe .uayxCTynett'laTblX peaKUHH aKTHBaUHH. B pa6o­

Te [ 13] paCCMOTpeHa B03MOlKHOCTb 1-1cc11e.nosaHHii MHOf'O­

CTyneHlJaTblX peaKUHH aKntBaUHH KaH.!lHJlaTHblX MaTe­

pHMOB TepMOSIJlepHoro peaKTOpa B CMeW311110M Heii­

Tp0HHOM no11e 6oKosoro Kauana peaKTopa l1BB-2M 

C 6LiD KOHBepTOpoM TenJlOBblX HeitTpoHOB B 6btCTpble 

HCHT])OHbl (DT), (6LiT) c111ne1a c atteprneii E - 14 M3B, 

KOTOpbte Ha cyJUeCTI.\YfOlllHX HCTOlJHHKax I 4-M3B HeHTpO­

HOB npaKTH'leCKl1 11eB03MOlKl-!bl. OTMe'leHO, lJTO npe.n.rta­

raeMbtii MeTO.U HCCJJe.nosaHltH n03BOJ11-1T no11y1.JHTb 3KClle­

pHMeHTaJlbHYIO HHqJOpMaUHIO, tteo6xo.nHMYIO .[lJlSI TeCTH­

poBaJ-11,fSI coorneTCTBYIOWHX pac'leTHblX 11porpaMM. 
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PAOIETH0-3KCIIEPHMEHT AJlhHLIE HCCJIEl(OBAHIDI IIPOXO)K)lEHWI 
14-M:3B HEHTPOHOB B MOl(EJUIX 3AW:HTHl>IX KOMil03Jilll:JilH H3 )KEJIE3A 

M. H. AH.llpees, B. B. Ac1Jauac1,es, A. r. 6eJ1esH111u, C. 6. 6ynaTeuKo, A. n. BacHJ11»ea, 
SI. 3. Kaui.ues, H. H. KocrenKo, B. H. JIIITBHH, A. B. Jlona11rnu, B. l(, JIIOTOB, 

l(. B. MapKoscKnii, r. B. MoK1Nee, B. JI. P0Mo.11anos, A. M. PR6unun, IO. A. CoKOJios, 
B. r. Cy66onm, B. A. Tepexuu, B. M. lIIMaKoe 

P<l>511..{-BHMMT<l>, 456770, r . CHeJKHHCK 1.Je.mi6HHCKOH 0611. 

ITpCllCTaaJICIILI PCJYIILTBTI>I benchmark JKcncpH~ICIITOB 41lll ecpmtmKBUIIII nporpaMM p8C'ICT8 ncpcuoca IICfiTpOIIIIOl'O II l"llMMB·lllll)"ICllllll OT 

KCTO'IHHl(B TCpMOIJlCpHLIX uciiTpOHOB B TOJICTLIX lau!HTHLIX KOMROJHUllllX 113 J(CIJCJa, IIMCIOWHX HCOAHOpollHOCTH B IIIIJIC lllCJICii . 

B coepeMCIIHLIX npOCKTax pa3pa6aThtBaCMLIX TCpMO­

imepHblX peaKTopoe (T.HP) KOHCTpYJCUHH 3lllllHT o6naaa­

lOT cnoJKHOH HCO.IIHOpO.IIHOH ctpylCT)'poH, xapaKTCpH-

3YJOlllCHCH HaJJH'lHCM B HCH nOJTb[l( HJlH 'lllCTH'IHO JBnOJJ­

l!CHHblX lUeJICH H KBHaJJOB palJIH'IHLIX cpopM, p83Mepoe H 

JCOHqJHrypauHit B pH.lie HCcnC.IIOBaHHH 6blJIO nOK83attO, 

'!TO HaJJH'IHC Heo.1111opo.11HOCTCH It nOJJOCTCH B 3BlUHTC 

nprucTH'ICCKH onpe.JleJtHCT pao.HaUHOHHYIO OOCTBHOBKY 

peaJCTOpa. 

B HBCTOHlUCC BpCMll HaH60JJee 3!p!pCKTHBHblMH ,WI.II 

pac<teTa peanbHblX TpeXMCpllblX KOMrt03HUHii 38lUHT, 

HMCIOlUHX 11eo.1mopo.1111ocTH, llMlllOTCH nporpllMMLI pac­

'ICTa 11a ocuoee MCTO.lla MoHTe-Kapno. 

Heo.1111opo.11HoCTH e JatUlfTe T.HP CYlllCCTee11110 yc­

nmKHlllOT npOBC.llCIIHC pac'!CTOB xapaKTCpHCTHK nOJJeH 

Hlll}"lCHHll H yee.nH'IHBalOT HX norpewHOCTH B CW13H co 

JIIB'IHTeJtbllOH aHH30tpOm{eH H 6onbWHMH rpao.HeHTllMH 

PatlHBUHOHHblX nOJJeii . npH 3TOM CHCTCMBTH'ICCKHC rtO­

rpeWHOCTH paC'ICTOB, CBll3811HblC C MeTO.IIHKOH paC'ICTa, 

HCnWJ&JYCMOH 6H6JIHOTCKOH HJl.CpHO-!pH3H'ICCICHX KOH­

CTilHT, ynpomeHHHMH pCWlhHOH l'COMCTpHH, He Moryr 

6LtT& onpe.11e.ne11&1 3apa11ce. 

,11,rui OUCHKH BCJlH'IHllbl 3THX norpeWHOCTCH .IIOCTa­

TO'IHO 3cpct>eKTHBHblM llBJlllCTCll TeCTHpoeaHHC pac'ICTOB 8 

3KCncpHMCHTaX THna benchmark [I] C ynpOlUCIIHhlMH 

MO.lleJtHMH cpparMCIITOB 381UHT. Mo.11enH <pparMCHTOB 38-

IUHT .IIWl)KIILI HMCTb npocrylO, y.110611yJO ,llJlH npoee.u.eHHll 

pac'ICTOB reoMetpHJO (wap, UHnHllllP, napanJJenenHnC.11), 

HMHTHpOBBTb COCTaB MaTepHana JBlUHTbl H ee reoMCtpH­

'ICCKHe paJMCpbl, HMHTHpoeaTL Te HCO.!lHOPO.IIIIOCTH, 

BJIHllllHC KOTOpLlX ua TOlfllOCTL pac'ICTOB HBJIHCTCH npe.11-

MCTOM Hccne.11oea11HH. 11t.tHTaUHH TCpMOH.IICpHOTO HCTO'I-
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HHK8 HCHTpOHOB OCYll!CCTR/lHCTCll C HCrtOJTb30BallHCM 

re11eparopoe 14 MaB-11eiitpo11os. 

npoBe.JlCHHC 3KcnepHMCHTaJlbltblX Hccne.11oea11HH C 

MOJlCJlllMH 38lllHTHblX KOMn03HUHH ,llJlH TCCTHpOBBHHll 

pac'ICTOB llRilllCTCll 0.IIHHM H3 OCHOBHblX HanpaeneHHH 

.11ellTC1lbHOCTH CYll!CCTBYJOllleii e Ml1<l>11 na6opaTOpHH 

"Heittpo1111b1ii rettepaTop", emrnaenHeMoH .llOKTopoM 

!pH3HKO-MaTeMaTH'ICCKHX HBYK PoMO.ll8HOBblM B. fl. 3a 

nocne.111111e l'O,!lbt e aTOii na6opaTop1tH 6Lma Bbmon11e11a 

cepHll HIITCpeCHblX benchmark 3KcnepHMCHTOB C MO.IIC­

RllMH 31UUHT HJ lKC/leJa, BICJTIO'IBIOIUBll ::lKcnepHMeHTLI no 

HCcne.JlOBallH 10 npoXOlKJlCHHll 14 MaB-HCHtpOIIOB e Mo.11e­

AAX lKC/ICJHOH H lKClleJOBO.IIHOH 3an.tHTbl TOJJIUHHOH 40 CM 

co lUeJUIMH [2), 3KcnepHMCHTbl C MO.IIC11llMH JBIUHT HJ 

lKeJtC3a TOJJJ.l1HHOH 50 CM CO IUCJUIMH. 

npCJICTBBJIHCMa.11 pa60Ta, npoBO.IIHBWWICll BO 

BHl111T<l> coeMCCTHO c M11<l>l1 e nepHo.11 c 1997 no 

1999 IT. Ha HCHtpOIIHOM reHepaTOpe Hf-12 UCl!Tpa neii­

tpOHHOH TepanHH, llRilHCTCH npononlKCHHCM 3THX 3Kcne­

pHMeHTWlbllLIX HCCJIC.IIOBBIIIIH C MO.lleJlllMH 3BlUHT H3 1Ke­

RC38 TOJJIUHIIOH 100 CM, HMeJOlUHMH IUeIIH. (B pa6oTe 

TaK)KC npHHHMaJtH yttacTHe COTPY.IIIIHJCH Hl1113<l>A HM. 

E<ppeMoea (r. Ca11KT• neTep6ypr), npoeo.11HBwHe Monep­

HHJBUHIO 11eittpOHHOrD reuepaTOpa Hf-12; HayttHO­

llCCfle.JlOBBTeJILCKOro KOHCTpyKTopcKOro HHCTHTYTa 3Hep­

TOTCXHJIICH (H11Kl1'.3T); PoccuikKoro 11aytt11oro ue11tpa 

"Kyp'laTOBCKHii HHCTIITYT" (PHU Kl1) , BLlnOJIIIHBWHe 

BMCCTC C COTpY.IIIIHKBMH MaTCM8TH' ICCKOTO OT,D.eJlCIIHSI 

BHl111T<l> pac'ICTLI aKcnepHMCHTOe.) 

Ha pile. I npHBC.IICHa CXCMa :;)KCHepHMCIITaJtLHOII 

ycTaHOBKII. 
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PHc. I. CxeMa 3KCnepHMeHTam,HOH YCTaJfOBKH: I - TpHTHeBrui MHWeHb - HCTO'IHHK HeihpOHOB; 2 - MHWeHHblH y:ien; 

3 - 33lllHTa: 4 - 3KCnep11MeHTMbHru! c6opKa (CTa.rib); 5 - pacnOJJQ)KeHHe llleJJH: 6 - JJHHHSI pacnoJJOlKeHHll Jle'TeKTOpOB: 

7 - na3 JIJlll KacceTbl C JJ.eTeKTOpaMH (pa3Mepbl B MM) 

OcHOBY ycTaH0BKl1 C0CT38JUleT 3KCnep11MeHTaJlbHrul 

c6opKa, co6paHHrul 113 Ha6opa CTaJlbHblX 6JJOKOB. KoHCT­

PYKUl1SI c6opK11 nmeom,eT co611paTb pawH'iHble M0.UM11 

He0.UH0p0JlHblX 3al.J.ll1THblX K0Mn03HU11H, B TOM 'il1CJle co 

memlMH 11 nOJlblMl1 KaHanaM11. 3Kcnep11MeHTaJlbHrul 

c6opKa paJMemanacb Ha nOJlB11lKHOH nnanpopMe, no3so­

m110mci1 perynHposaTb nonolKe1me c6opK11 omocHTeJJbH0 

HCT0l.fHHKa 11eihp0HOB 11 ocymecTBJUITb Tpe6yeMylO no 

YCJJ0B11SIM 3KCnep11MeHTa nuaTeJlbll)'IO IOCT11p0BKy. 

l1CTO'iH11KOM HeHTpOHOB npH npose.ueH11H 3KCnepH­

MeHTOB SIBJlS!JlCSI 11Mel01.ll11HCSI B 3KCnepHMeHTaJlbH0M 0T­

.ueneHlm HHCTHTYTa HeHTp0HHblH re1-1epaTOp Hf-12 c 

BblXO.U0M HeihpOHOB .uo 1012 
Heihp./c. Unsi yMeHbl.lJeHHSI 

Bl<Jlana B peJyJJbTaTbl HJMepemtH Q)OHa pacceSIHHblX B 

noMel.J.lCHl111 HdiTpOHOR MHWellHbIH )'Jell HCHTpOHH0ro 

reHepaTopa pacnonaraJICSI B 3lllll.HTe HJ CHIJIH, ycrnH0B­

JlCHHOH snnornyIO K 3KCnepHMeHTaJlbHOH c6opKe. 

<l>oTorpact,1111 3KCnepHMCHTaJlbH0ro 3aJta, 3KCnep11-

Mel1TaJlbHOH ycrnHOBKl1, MHWCIIHOro y3Jla HCHTpOHH0ro 

re1-1eparnpa np11se.ueHbI Ha pHc. 2-4. 
B npouecce 3Kcnep1-1Mewros .ueTeKTopaMH, ycrn11os-

11e111-11>1M11 B HCcne.uyeMbIX M0)leJISIX, 113MepSIJil1CL a6co­

JllOTHbIC, 11opM11posam11,1e Ha 0.!lliH HeHTpOH HCTO'iIIHKa 

.. 1151 ( /) CKOpocnt Bb16paHHb1X noporoBblX peaKUHH: n n, n 
115*Jn; 64zn (11, p) 64

Cu, 
27 Al (11, a) 24Na, 19F (n, 2n) 

18F. Ha6op .U0fI0JllISIJICSI peaKUHeH 
233U (11, f). Unsi H3MC­

pe·Hl1SI CKOpoc-reH noporOBbIX peaKu11ii np11Mel1S1JlHCb aK­

T11BaUHOIIIIble .ueTCKTOpbl npSIMOYfOJlbHOf'O CC'iCHl1.SI HJ 

IIHllHSI, UHIIKa, :JJIIOMl1IlltSI, Q)TOponnacTa, 11JfOTOBJlCIIIll,IC 

113 oco6o l.fHCTblX MaTepHanoe. Pacnpe.ueneHl1SI peaKUHH 
233u (11, /) HJMep.SIJI11Cb C l'IOMOI.J.lbl0 perncTparnpoR OCK0Jl-
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KOB .uene1111i-i - T{)CKOBbIX J].eTeKT0poB Ha OCHOBe CJIIO.llbl. 

O0MOlKK3 CO CJlQeM 
233

U npS!M0yroJJbH0H q>opMbl pacno-
233U 11aranac1, ennoTH)'IO K perncTparnpy. Y.11cno SUJ.ep Ha 

noll}l0JKKe onpeJleJtSIJIOCb MeTOJl0M cx-cneKTJ)OMeTJ)Hl1 . 

3HeproBbl.lleJlem,e (pa30rpeBbI) nO)l .uei-icTBHeM HH11yu11po-

83HH0f0 faMM3-H3JIY,-IeHI-UI B pa3JIH'iHblX THnax MOJleJleH 

113MepS!JlOCb C nOM0LUblO TepMOJlIOMl1HecueHTHbIX .ll03H­

MeTp0B CaSO4 11 SrSO4• Un.si onpe)leneH11S1 nornoLUe1111oi-i 

.ll03bl B )KeJleJe 6b1Jl3 11cn0Jlb30Bat1a JlHHeHHa.SI HHTepnOJI.SI­

UHSI no 3Q)q)CKTl1BHblM 3TOMHbIM H0MCpaM )'KaJ3HHblX J].e­

TeKT0p0B . 

vl3MepeHl1SI CK0poCTCH S1J1ep111,1x peaxu11i-i 11 pa3orpe­

BOB 6bIJIH BblnOJlHetibl JlJlSI 'iCTbipex OCHOBHblX 11 0.llH0ro 

Kan116poBO'iHOro B3p113HTOB MOJlCJleH J31Ul1Tbl: 

- 6eJ weneii; 

- c 40-MM ueHTpallbH0H IUeJihlO; 

- co IUeJlblO, CMell.leHHOH Ha 65 MM OT ueHTpa s 

sepTHKaJlbH0M 1-1anpaBJ1eH1111; 

- C .UBYM51 I.J.leJJ5IMl1, OJIHa 113 K0TOpblX npOX0.11.IH ro­

p1130HTaJlblIO 110 ueHTPY c6opK11, a BT0pa.SI CMeIUeHa B 

BepTl1KaJlbH0M HanpaBJ1e1-11111 Ha 65 MM. 

CxeMa M0.UeJll1 C .UBYMSI l.lleJlSIMl1 np11se11eHa Ila p11c. 5. 
Kan116pOBO'fllbIH eap11aHT MO,neJJH - M0.11.CJlb CfIJl0W­

HOH JKeJleJHOH J3IU11Tbl T0JlIU11HOH 500 MM. v!JMepeHl1SI C 

KaJ1H6poBO'fHblM sap11aHT0M M0.11.eJlH 1103B0Jl11Jll1 conocTa­

Bl1Tb 3Kcnep11MeHTaJ1bHbie na1-1Hb1e BHl111T<l> c a6co1110T-

111,1MH J.l311HblMH, nonyYeHHblMl1 B MJ1<l>J1 .llJlSI no.no6HbIX 

M0,Uenei-i 33IUHT TOJlIUl1HOH 500 MM, a T3KJKe nposecrn 

a6comornyl0 Kamt6pOBKY KaHaJlOB M0HHTOp11p0B3Jil1SI 

HeHTpOIIHOro nOTOKa ycTaH0BKl1 Hf-12, 11Cn0Jlb3YSI 11aH­

Hhle Mvl<I:>11. O6blLIHO HCn0Jib3yeM3.SI ll}lSI onpelleJleHl1ll 



Pm:. :2. 3Kcnep11Me11TallbllhlH 13.JI 

Pm:. 3. 3KcnepllMCHTaJThHblH TpaKT 11eiiTpol1HOro rcttcpaTOpa Puc. 4. 3KcnepHMCIITaJlhllllil ycnUIOBKa 

(BII.U co CTopom,1 KOJUlllMm opaJ 

a6cOJJIOTIIOffi BLIXO.Ua ttefrrpollOB MeTO!UIKa C'lC'Ja conyr­

CTB)'IOLUIIX tteiiTpoHaM a-YacTIIU peaKwrn T(d. 11}
4
He 

11e M0I1rn 61,m, npuMeHctta 11a I e11epaTope H r-12 HJ-Ja 

CJIOlKHOii 11.01IcTp)'KU1111 Mt:we1rnoI o y1I1a. 

Il;1S1 m.:ex MOJ]eJJeii JalllllT 11:lMt'jlt'llllll ctwpo­

neii llilCpHblX peaKU11ii 11 p,uorpeBllB llpOR\1,111.'llll'h 8 

nJIOCKOCTII. 11axomrnweiic>1 11a pau:nillllllll 80 CM OT 

11epeu11eii mmepXllllCTII JaWIIILI. TTLl.llll)KCHlle !.le·Ie11.Iu­

poH cpuKc11pos.u1oc1, s Kaccc-rax. ycTaIIa11.r11ma11w11xl.'.ll 11 

113Mep1rreJ1hHOii II.IJ{)CKOCHI Jill 1lepn11,a.I111. P,nMewe1111e 

.ueTe1aOpl)B Hllyrp11 c6opK11 lllUI\Cl.'111.11() criecnt " ~1111111-

59 

MYMY BJll1llllll\! JIU pe::iyJJh'la-J bl 113Mepe1rnii 11eHTpOIIOB, 

paccestII111,Ix B nmteLUt'IHllt. ILnll MO.UeJJeii Cll.' IOWllblX 

JaUlllT 61o1m1 npoBel.(CHLI TaK)KC ltJMepellltll pacnpene­

_1 1e1111ii cKoponeii si.uep1I1,Ix pea11.u11ii II pa3orpesoB 

lll.(0.111, llCII MO.UCJleii. 

4aCTb '.:)l(CflepuMeIrra'lb11hlX pe1)'JlbTa-! OB - 11po­

c·I pa11l'. I lk'11I11,Ie pac11pene; 1e1111>I CKopm:Tcii peaKu11ii 
19f(ll, 211)18F; 27Al(II, a)2~Na; 6-lzn(ll, p)MCu; 
ll~lll(II, 11') 11 ~*!n; ZHU(ll,j) II Ml>llillL>l'.I1I IIL)IJIOLUCIIIIO~i 

Jl()]l,I I UMMa-ll'ill)'4t'llllll ll ,10;1e.1111 C J!HY\lll LUC.illlMII -

11pI111e11e11a 11a p11c. 6.7. 
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PHC. 7. Pacnpe.ue.ne1111e MOll.ll-lOCTII nornowc1-1110ii JIO)J,1 raMMa-HJ!lY'{CHHII Ha nepTHKa/11,HOH IIOBepXHOCTH MOlleJIII )all.ll!Thl N~ 6: 
c::=i - lKCJICJO; Cl - BOJllYX 

K aK BHllH0 113 pHCYIIK0B, pacnpeneneHHSI CK0p0CTdi 

Slllep llblX peaKUHH non JleHCTBHeM 6bICTphIX Hei-iTpOH0B 11 

1103 raMM3-H3JlY'feHHSI HMet0T D pa11011e UleJieii SlpK0 Bl,1-

pa.lKeHHhle MaKCHMYMbl, onpe)lemu1 33 33UlHT0ii pan11auH-

0HHYIO o6CTaHOBKy. MaKCIIMaflbf-!ble rpan11eHTLI HeH­

Tp0HHLIX H raMMa-nonei1 33 33ll(HTO~i Jl0CTHf'3l0TC51 11a 

rpamme UleJJeH. 

Jl.nsi ecex 3KCnepHMeHTaJibllblX MOlleJleH TOJlll(HHOH 

I 000 MM 61,m nony'leH K0MnJleKC pac<JeTllblX .ll3HHblX 

cKOpocTei-i S1.llepH1,Ix peaKUHH 
I9F(n, 2n) I8

F; 
27 Al(n, a)24

Na; 
64Zn(n, p)64Cu; 115In(n, ,r')115*ln; 

233U( j) n, , a TaKJKe n poBe.aeHbl pac<JeTbl ,1HeproBhllleJ1e-

1-111 51 B pa3.llH4Hbl X T04Kax MOJleJleH 33LUHT. Bee paC4CTbl 

npoB0.llHJJHCh MeT0Jl0M MottTe-Kapno. B PHU "Kyp4a­

TOBCKHH HHcrnryr", H J1KJ13T, Ml1<l>l1 paCLieTLI npoeo­

.lllUIHCL no nporpaMMe MCNP-4a c 11cnoJ1LJosa1111eM pa1-

HMX G116J1HOTeK S1.llep110-ctmJ1t4eCKHX K0IICTaHT. Pac'leThl 

BH.1111T<l> nposo.uu1111c1, no pa3paGornu11oi-i B HHCTHTy-re 

nporpm.tMe n Pl13M A C 6H6Jll10TCKOH S1.Uep110-

q>1n114eCKHX K0HCTaHT 6AC. Pa11ee no.ao6Hble pac'leTbl 

6bl.fll1 Bblrl0Jllfetll,I .llJ]SI 3KCnep11Me11nUtblH,IX MOJ]eJleH 

M!-1<1>11 TOJllllHH0H 500 MM. np11 ::>TOM pe3yJJLTaTbl pac'le­

T0B no nporpaMMe n P.113MA LV151 noporollblX .aeTeKrnpos 

11y4we ecero corJtaC0BblBafll lCb C 3KC11ep11MCIIT0M. 

np11 Bhln0JlliCHHlf scex pac'leT0B ll,./lll YMClll,LIJCIIIISI 

norpewH0CTH paC4CT0B IH.:II0JIL30BaJlltCh c11euI1a1H,HMe 

MaTeMaTlt4CCKl1e MCT0llhl: MeT0.!H!Ka pac11pe.aeJIet1lill Be­

COB HCHTpOHOB H q>OTOHOB Ha cneu11anb1JhlX nJJ0CK0CTSIX . 

11 UHJll1H.llp114eCKHX K03KCl1allMlhlX 11osepx11ocnIx. MeT0-

Jl.HKa "nos1,IweHIIH ealKHOCT11". MCTl),ll 11eatlaJI0f01l0l"0 

M0JleJI 11poaa1111ll. 

61 

Ornowcm1e pac<JeTHbl X 11 3KCnepHMel!Ta.JlbllblX 3Ha-

4e1111ii (C/£) B Ka)K.llOH TQl(KC 0.llHOii H3 HCCJleJJ.yeMblX 

MO.!leJlCii 331Ul1T (Mone.flH C JlBY~UI ll(eJ1SIM11) np11ee.11e110 11a 

p11c. 8-13 Ha 'ilTI-Ix JKe p11cy11Kax yKaJa111,I "KopH.!10pb1" 

3KCncpHMCHTaJlbHblX ow1160K. 

B PHU "Kyp4aTOBCKHH 1111crnry-r" pac<JeTbl nposo-

1111J111c1, C ll.llepllblMH JUJHHblMII .llJ]ll )KeJle3a 113 6H6.rlHOTe­

K11 EFF. )].nll 1n0Tonou 
54

Fe, 
57

Fe, 
58

Fe ucnoJ1b30Ban11cb 

.aa11111,Ie 6H6JmoTeKH EFF-2.4. a ,!IJIH H30TOna 
56

Fe - ;ia11-

HhIe 611Gn110TeKH EFF-3.0, peK0Me1111oua111-11,Ie MAf AT3 

.!lflll Jat.1e1UcH11H nar1111,Ix )l(eJle3a ENDF/B-VI s 61-16.n11orc­

Ke FENDL-2. }LfJSI OCTaJlbllblX ::>JleMeHT0ll M0JJ.eJll1 HCII0Jlb­

J0BaflHCb ll.llep111,Ie .uar111L1e FENDL-1.1. Jlrlll pac<Jern CK0-

poc-rei,i aKTHBal~IHt 1.leTeKT0p0B HC00JlL30Ba.JlaCb peK0Mell­

Jl0BaHHa51 M A fAT3 6116n110TeKa JJ.03HMeTp11•IecK11x ce•Ie-

1-111i1 lRDF-90. C-rarncrnlJeCK3ll norpewllOCTb pac'leTOB 

C0CT3BJISIJ1a 5-8 %. 

B HHKH3T pac<JeTbl nposo.111rn11c1, c S11.tep111,IMII 

.ua,1111,I1,111 6116J1110TeK11 FENDL-1 . 1. npH npoee.11e111111 

'ilTIIX paC'lCT0B CC'ICHIIH aKT1lflau1111 .llJ]ll IIHJUlll Ii q>To pa 

6L1J1n R3HTbl 10 6!16m10TeK11 ENDI=tB-Vl, a .llJISI UHHKa ,n 
6116mmTeK11 JEF. 

CucTeMa K0IICTallTII0l'O o6ecne'lCHIISI paCLICT0B n o 

nporpaMMe nPl13MA conep)l(HT TeKcT0BbIe (11CX0Jll 11 

l)lfL'J108hle fo16J11WTCKII (nPOM) c11et-Tpa.rIbHLIX 11eil­

Tp0llllblX KoIIcrn1-1r (6AC, ENDF. ENDL. IRDF-90) c 

ll31111l,IMII 0 f"aMMa-o6pa30Bat11111. CllCKTp:UlbllLIX ¢cno 11-

HhlX K HCTallT ( WrnpMa-l11pa::im1) C o6pa30BaHHeM )a­

psilKeHllhlX ll3CTIIU II t-0HCT3IIT Il3311MOlleiicTBHSI -.iapll­

lKCHHblX '!aL"ll1U C BeU!CCTB0 M. 
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CTantCTH4eCKHe norpewHOCTH pac4eTOB CKOpOCTeii 

noporoBbIX peaKUHH COCTaBJlSIJlH 1-5 %, peax.uHii 
233U(n, J) - 5-10 %, MOll.lHOCTeii nornomettHoii JJ.03bl 

!1lMMa-H3J1)'4eHHSI 2-6 %. 
KaK BH.IlllO H3 npHBe.IleHHblX pHCYIIKOB. Ha6mo)laeT­

CSI cymecTBeHHOe, npeBblWalOll.lee 3KCnepHMeHTaJlbHbie H 

pac'leTHble norpeWHOCTH, pacxolK.IletIHe pe3yJlbTaTOB 

pac'leTOB KaK MelK.Ily co6oii, TaK H C 3KCnepHMeHTOM. B 
cllJJOWHblX MO)le.TJSIX 3a(llHT 3TH paCXO)K.IleHHSI YBeJIH'lli­

BalOTCSI no Mepe Y.IlaJletIHSI )leTeKTOpa OT HCTO'IHHKa Heii­

-rpOHOB; B MOJJ.eJJSIX co ll.leJUIMH - npH CMe(lleHHH .IleTeK­

TOpOB OT LUe.Jleii K KpaSIM MO)leneii . .[LIJSI TO'!eK, pacnono­

)KeHHblX B6JlH3H llleneii, on1e'!a10TCSI c11y4a11 OCUHJlJlSIUHii 

pac'leTHblX .IlaHHbIX, '-!TO MOlKeT 6b(Tb CBSI3aHO C 60JlbWHM 

rpaJJ.HeHTOM PaJJ.HaUHOHHhlX noneii B 3THX 0611acTSIX. 

Pac'leTbl 3HeproBb(JleJleHH51 B lKeJle3e B UeJIOM xopowo 

cornacytOTCSI C 3KCnepHMeHTOM, 33 HCKJllO'-!e1-1HeM o6nac­
Teii s6nH3H meneii, me BeJJHK BKJlaJJ. B JJ.03Y 1-1eihpo1-11-1oii 

KOMnOHeHTbl H3J1)'4eHHSI. 

Pe3y111,TaTbl pacYeTOB cKopoCTdi peaKUHH 
233U(n, J) 

no nporpaMMe ITP113MA OTJlH'!a(OTCSI KaK OT peJyJlhTa­

TOB Jlpyrnx pac'-leTOB, TaK H OT COOTBeTCTBYIOlllHX 3KCne­

pHMelffaJlhHblX 3Ha'-leHHH, 'HO MOlKeT 6b1Tb 06yc110BJ1eHO 

npH6Jll,f)KeHHblM onHCaHHeM nepettoca 1-1eiiTpOHOB B Ten­

JlOBOii 0611acT11 H Tpe6yeT KOppeKTHpOBKH CelJeHHSI nene­

HHSI 
233U(n, J) JJ.JJSI :noii o611acTH 31teprnH. PeJyJJbTaTbI 

npoBe.Ilel-lHblX 3KCnepHMeHTOB H pac4eTOB yKaJb1B3IOT Ha 

tte06XOJlHMOCTb npO,UOJllKeHHSI HCCJJe)l08311HH ueoni-10-

PO.IlHblX 3311.lHT T.HP, HMelOLUHX nOJlble K3HaJlbl. 

Ilpe.IlCTaBJ1SieT HHTepec npoeene1me HccnenoaaHHii 

3311.lHnlblX KOMrt03HUHH, HMelOll.lHX Katrn.Jlbl pa311H'-IHOH 

¢opMbl co BCTaBKaMH BJlOJlh CTeHOK K3HaJ10B H3 MaTe­

pHallOB C llllblMH, 4eM y MaTepHaTJa 33(llHTbl, pacceH83IO­

LUIIMH H fl0rJJOll.l3l0lllHMH CBOHCTB3MII. CpaBttettHe 

peJyJlbT3TOB pac,,eTOB II 3KCnep11MeHTOB nOKa3blBaeT, 'lTO 

1-1eo6XOAHMO COBepweJICTBOB3Tb MeTOAbl pac'-leTa 33LUHT 

60JlbWOH TOJllllHHbl. HMelOLUHX HeO.IlHOpO.UHOCTH . 

Heo6XOAHMO TaK)l{e COBepweHCTBOBaTb 3KCnepH­

Mel-lT3Jlbllhle MeTOAbl HJMepeJIHSI xapaKTepHCTHK Heii­

TpOIIHblX noneii C MaJlhlM cjmioeHCOM H CHJlbHO CM51f-

4eHHhlM cneKTpOM. IlpHMe1-1e1rne AJJSI 3THX ueneii aKTH­

BaUHOlll(blX )leTeKTOpOB noTpe6osano npOBe)lemtSI JJ.JJH­

TeJlbHblX o6JJy'!eHHH. CHJlbHO CMSI!"'¾eHHblH cneKTp HeH­

TPOHOB. ¢opMHPYIOll.lHiicSI 1a 60111,wHMH TOJlll.lHHaMH 

lKeJleJa, CTaJl npH'lHHOH pOCTa BKJlaJ].a 8 pe3yJlbTaTbl H3-

MepettHii (11, y)-peaxuHii Ha MHKponpHMeCSIX, HMeIOll.lHXCSI 

B MaTepHanax neTeKTOpOB, 41'0 npHBeJlO K yxy.IlWeHHIO 

TO'IHOCTH H3MepettHii Ha 6oJlbWHX TOJi lUHHax. 
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Benchmark-experimental and Analyses on Streaming of 

14 MeV Neutrons in Iron and Iron-Water Radiation 

Shielding Mock-ups with Slits. Preprint, 003-1994, 
MlPhl, Moscow. 



Y,UK 621.039.54 

KPHTMACCOBhIE H3MEPEHIDI B P<I>JIQ-BHHIIT<I> 

B. A. Tepexnu, IO. A. CoKOJIOB, 3. II. Marita, IO. H. qepuyx1m, A. B. JIYKKH 

P<l>51U-BHl1HT<l>, 456770, r. CHe:lKHHCK lJeJU16HHCKOH o6n. 

CHcTeMaTH3Hp0B3H om,,r P<ll51U-BHJ1HT<l> no fl0CT3H0BKe H npose)lem110 KpHTM3CC0BbD( H3MepeHHii C p33MH0JK3IOWHMH Heiirpmtbl CHCTe­

M3Mll. On11Cb1BaerCJ1 HCT0PIUI KpHTM3CC0BblX 113MepeHHii B P<ll51U-BHHHT<ll H tteK0T0pble pe1ynbT3Tbl. PacCM3TpHB3IOTCJI oco6eHHOCTH nocra110B­

Kll II nposeJJeHlill KpHTM3CC0BblX 3KCnepHMeHT0B benchmark nma. 06c)'JKJl3IOTCJI B0JMQ;o(flbte nyrH fl08hlWCHlill T0'IH0CTII fl0JIY'f3eMblX )13HHblX . 

np11BOJIJITCJI CCblJlKH Ha 0nllCa.HHe KpHTH'1ec1rnx p33MH0Jl(3IOWHX CHCTCM benchmark THna. co6pa.HHblX H HCCJ1e)l0B3HllblX B p33H0e epe~tll Ha l':TeH­

Jl3X <llK6H. 

BBEJlEHUE 

Uenh HaCTmmtei-i pa60Tb1 - o6o6meHHe H CHCTeMa­

THJamui 0llbITa H peJyJlbTaTOB pa60TbJ Pcti5IU-BH11.11T<1> 

B 06J1aCTH KpHTMaCCOBblX H3MepeHHH. 

Ha'IHiiaSI c 1958 r. B Pcti5IU-BHl1l1T<l> 6b1Jrn 11c­

c11euosaHbI Kp11TMaCC0Bble xapa1nep11CTl1Kl1 6onee lJeM 

400 pa3MH0)l(a10m11x Hei-iTpOHbl c11cTeM. Ha ctJKEH 11po-

11oum111ch 3KCnep11MeHTbl no npoxo)l(JleHl110 HeHTpOHOB 11 

r3MMa-KBaHTOB '1epe3 pa3Jl114Hble MaTep11aJ1bl, o6nYlJa­

TeJlbHble 3KCt1ep11MeHTbl, BbinOJHUIJ111Cb .upyrne pa60Tbl. 

l1MeHHO Ha 3TOH ycTaHOBKe, cneu11aJ1bHO np11cnoco6J1eH­

HOH .!lJlSI pa6oTbt B Hl\rnyJlbc110M pelK11Me (ctJKEH-11), B 

irnsape 1964 r. 6b1Jia nonYlJeHa nepsrui B Pocc1111 ynpas­

nsieMrui M0lllHlUI HeHTpOIIHlUI BCllblWKa. 

UCTOPHSI KPHTMACCOBhlX RJMEPEHHli 
B P<J>SIQ-BIIHHT<l> 

ITepBblH CTe11.u .!lJlSI KpHTMaCC0BblX 113Mepe1111i-i - qrn-
3HYeCK11H KOTen 6bJCTpb1x HeHTpo11os ( ctJKEH) - 6bm 

BBeJleH B 3KCMyarnu1110 B MapTe 1958 r. B 3Ha411TeJlbHOH 

cTeneHH OH 6blJ1 noxolK Ha csoero "cTapwero 6paTa" -

ctJKEH 113 ApJaMaca-16 (Pcti5IU- BH11.l13ct>), o KoTOpoM 

ynoM111-1aeTCS1 B soc110M111-1am1six A.,U. Caxaposa [I). <l>KEH 

6bu1 co:,maH KOJJJleKTHBOM BO rnase C JI. 6. flopeUKl1M 110.ll 

Henocpe.llCTBellHblM pyic0BOJlCTBOM 11alJaJJbHHKa QJ113HlJeCKO­

ro ceKTopa B. lO. faspunosa. 

ct>KEH H noMetuermsi .!lJlSI 11ero 6bmH roT0Bbl B 11a­

Yane 1958 r., 0.llHaKO aKTHBllaSI 301ia (A3) K 3TOMy spe­

Mellll eme He 6bUia 113fOTOflJle11a. fl03TOMY QJl1311YeCKHH 

nycK CTeH.lla 6blJJO peweH0 npoBOJ.ll1Tb c HMesweHCSI s 

HJICTHTyl'e c6opKOii H3 ypaHa-233 MaCC0H - 6 Kr. nose-

66 

,UeH11e c6opK11 .!l0 COCTOSll-11151, 6J1113KOJ"O K Kp11THYeCKOMY, 

OCYllleCTBJlSIJJ0Cb C nOMOlllblO OTpa)KaTeJlSI 113 CTaJlbHblX 

o6onotJeK, 'ITO 11 6blJIO c.uenaHO B MapTe 1958 r. B K0HUe 

I 958 r. c KOM611HaTa "MruiK" 6bma nonyYeHa A3 113 

BbtCOK006orame1rnoro ypaHa-235 , H c 3Toro speMeH11 Ha 

ct>KEH Cl1CTeMaTl1YeCKl1 CTaJ111 npoB0.lll1TbCSI KpHTMacco­

Bble H upyrne S1,Uep1-10-¢113114ecK11e 113MepeHHSI. K HX 

411CJJY 0TH0Cl1Jl11Cb 113MepeHl151 nOCTOSIHHb(X cnaua MrHO­

BeHHblX HeHTJ)OHOB 11 np0CTpaHCTBeHHblX pacnpeueneHHH 

lJHCeJl ,!leJ1eH11H B c6opKaX 113 BblCOK0060rall.leHHOfO Me­

TaJJJ111YeCKOro ypaHa C pa3ll114HblMH 0Tpa)Kal0llll1Ml1 06o­

JJOYKaM11. Oco6oe MeCTO B pa6oTe na6opaTOp1111 3aHHMa­

Jll1 Kp11TMaCC0Bble J.f3MepeHl1SI C MO.UeJJ.Sll\111 siuepHblX 3apS1-

.!lOB, a TaK:lKe 11CCJJe.ll0BaJiHSI, CB513aHHble C C03,rta1-111eM 

QJ113H'leCKl1X OCHOB H 0CH0BHblX np111-1u1rnos Kp11TMacco­

BOH 6eJonaCHOCTH. 

CTeHJl npeimaJHa'lancsi .!lJlSI nposeJJ,eHHSI Kp11TMacco­

Bblx 11 J.tpyrnx HeHTpOHHO-QJH311YeCKHX 3KcnepHMeHTOB C 

Cl1CTeMal\rn, coueplKalllHMl1 MeTaJJJlHYeCKHe .uensim11ecsi 

MaTep11aJlbl. B nepBbte fO,Ubl TaKHe HCCJle.ll0BaHl1SI nposo­

.ll11J111Cb C MaKeTaMl1 sinepHblX 3apS1.llOB 11Jll1 HX ¢pan.1e1-1-

TOB 11 6b1Jll1 1-1anpaRlleHbl Ha nOBblWeHl1e T0YH0CTl1 pac'le­

T0B xapaKTepHCTHK SI.UepH0J"O opylKl151 •. [l03.u1-1ee 0CH0B­

IIOH ueJJblO 113MepeHl1H SIBJlSIJlOCb peweHHe npaKTl1YeCKl1X 

11 MeTOJ.lOJI0rHYeCKl1X Janay no o6ecneYeHl1IO Sl.!lepHOH 

6e3011acHOCTl1 pa6oT C MeTaJIJ1HYeCKHMl1 .UeJlSlll.lHMHCSI 

MaTepHaJJaMl1 H nony•teHHe benchmark JJ,aHHbtX o Kp11T11-

YeCK1tx napaMeTpax Cl1CTeM C MeTaJIJHtYeCKHM11 ,UeJJ51llll1-

MHC51 MaTep11anaM11. Benchmark .ua111-11,1e uc110; 1t.J0Bru111cb 

.llJlll K0ppeKT11p0BKH HeHTpOHHblX KOHCTaHT, 11Cll0Jlb3ye­

Mb1X 11p11 nposeue1-11111 pa3Jl11'1Hb1X HeHTpmmO-QJ113ll4eCKl1X 

pacYeTOB. 

C M0Me11Ta csoero COJJW11~u1 <PKEH ::iKcnnyarnpo­

BaJlCSI HIITeHCHBHO H pa3H006pa3HO. CTe11.u C nepBOH A3 



ucn0Jll,30BaTICSI He T0JlbK0 JIJISI KpHTMaCC0BhlX H3MepeHHH, 

ti0 H 8 Ka•1eCTBe HCT0LJHHKa H3.11YLJeHH}I B HCCJtell0BatntslX 

np0X0)l(JleHJHI HeHTpOliOB H raMMa-KBallT0B Yepe3 CJI0H 

H3 pa3.ll11LJHblX ~iaTep1rn.J10B, 113MepeHH>IX 3HepreTHLJeCKHX 

cneKTp0B 11eihpoHOB H raMMa-KBaHT0B Ja T0.JlCTblMH 

CJ10}1MH 3allU1Tbl, B TOM LJHCJle B03llyxa. 

8 CBllJH C 11eo6XOllHMOCTblO pauHaUH0HHblX HCCJlell0Ba­

HHH pauH03JleKTpOHH0H annapmyphl (P3A) B J1a6opaTOpHblX 

yc.r10BHllX B 1962 r. JI. 6. TTopeUKHM, IO. n. M1moBall0BblM 

H B . H. KoHHOBblM 6bl.JlO npeJlll0lKeHo HMeswyt0cll B HX 

pacnop>1lKet1H11 s cocTase <I>KEH Kp11rnyecKy10 c6opKy 

1-13 Bb1c0Koo6orawe1moro MeTM.JlHLJecKoro ypaHa nepe­

secTH Ha pa6ory B cpopc1-1posaHHblX pelKHMaX 11 HCII0Jlb­

J0BaTb B Ka•1eCTBe HCT0LJtlHKa Hei-iTpo1rnoro H f'dMMa-

1-13.JlYLJeHHll. )lnll 3T0H ueJIH noJ1yccpep1-1LJeCKHe ypaH0Bble 

lleTaJlH HJ B~ryrpeHHei-i LJ3CTH c6opKH 6bl.J1H HJMe•reHbl, a 

B 06pa1osaswy1ocsi rl0JlOCTb llHaMeTpOM I 0,7 CM 6blJt 

BCTaBJleH ccpepHYeCKHH KOHTeHHep C BHeWHHM llltaMeT­

poM 9,5 CM H BHyrpeHHHM llHaMeTp0M 9 CM. B KOHTe~i-

1-1ep ll0MelUaJIHCb 06J1yLJaeMbJe o6pa31..lbl. B 3a3op Me)l(Jly 

aKTHBHblM MaTepHM0M II KOHTeHHepoM no.uaBa.JlCll 803-

.uyx, OX.Jla)l(JlaBWHii KOHTeHHep H c6opKy s CaMblX rop.Si­

'IHX Mecrnx. TTpH pa6oTe ycTaH0BKH Ha M0lUH0CTH .uo 

2 KBT s TeLJeHHe flO.JlYLJaca MaKCHMa.JlbH0e yse.J11-1Ye~rne 

TeMnepaTypbl o6paJLlOB He npeBbJWa./10 15 °C, a a.KTIIBII0-

ro MaTepHMa A3 - l00 °C. 

Op1-1 pa60Te 1-ia M0lllH0CTH 2 KBT s TeLJe1me noJ1yYa­

ca B ue11Tpa.l1bH0H 110.Jl0CTH c6opKH pea.JlH30BblBaJICll 

<hn - •• I 1014 ·2 6 'P''IOeHC HeHTp0H0B, paBBblH ~ . CM ' LJT0 blJl0 

y.lKe ll0CTaTOLJH0 llJISI MH0rHX HCCJlellOBallHH 110 pa.uHaUl-1-

0HJ-IOH CTOHKOCTH P3A. 

B 1963 r. 61,u10 npoBelleHo llaJlbHei-iwee ycosepweH­

crnosa,rne <I>K6H, ll0JB0JlHBWee 3KCll.Jlyarnp0t:laTb ero B 

HMllYJlbCH0M pelKHMe. )lnSI 3TOH LleJlH A3 H3 llOJ1yccpep1-1-

•1eCKHX .nenmej:j C BHYTpeHHei-i ue11Tpa.l1bllOH ll0Jl0CTbl0 

llHaMeTp0M l0,7 CM 6bU1a ycTaH0BJ1e1rn Ha CTa.JlbHOii no­

J1yccpepH'leCKOH K0HCTPYKLlHH, lKeCTK0 C0ellHHeHHOH C 

onopHblM (11eJ10llBHlKHblM) K0Jlbll0M CTeHJla. K 3TOH 

CTa.JlbH0i-i no11yccpepe CHH3Y 6bU1 npHKpernJeH CTB0JI 

m-1esMaTHLJeCKOH nywKH, R K0T0p0M 110.U nei-icrnHeM 

Cll<aToro 803.[lyxa M0)l(H0 61,mo nepeMelUaTb HMITy.rJbCllblH 

CTeplKeHb - MellHblH LlHJlHH.Up llMMeTp0M 7. 7 CM, llJIHHOH 

11 CM H Maccoi-i 3,4 Kr. 3Ta ycTaH0BK3 6hlfla HaJRaHa 

<I>KEH-H • Otta nruia HaLJM0 pa3BHTHJO HanpaB.lleHHSI 

HMny.rJbCHblX peaKT0p0B C MeTaJlJlH'leCKHMH A3 1-13 noJly­

ccpepH'leCKHX .neTaneii c 6om,woi-i ueHTpallbHOH ll0Jl0-

CTbJO, Bll0CJle.UCTBHl-1 ll0JlYLJltBWHX 1133Ba1U1e 36P (aKcne­

PHMeHTaJlbllbli-i 6hlCTpblH peaKTOp). 

Jlilll llOJIYLJCllllll 11MflYJlbC0B .ueneJJHH Ha ycrnH0BKe 

<l>KEH-11 1-1cnom,30BMCll 1-1aHoo.11ee 6e3011ac11b1ii pe)KHM, 

llpH K0T0poM peaKTHBIIOCTb HenpepblBH0 BBOUHJlaCb B CHC­

TeMy npH HaJlHLJliH fl 11ei-"i CHJlbll0ro HCTO'IHHKa Hei-iTpoH0B. 

Oepsb1e 11Mny11bCbl lleneH11ii Ha ycTaJI0BKe <I>KEH- 11 

fibUlH fl0JIY'leJJb[ B llHBape 1964 r. (T. e. Ha 11eCK0JlbK0 
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Mecsiues paHbWe, 'leM 11a nepR0M fl PocC~IH HMnyJlbCH0M 

peaKTope 6APC- l [21). )lnSJ MaKCHMaJlbH0ro 1rnnyJlbca 

fl0JlH0e 'IHCJI0 .ueJ1e1-11-1it Ja IIMllYJlbC 6bmo paBH0 

1,5. 101
". '-IHCJl0 .ueJleHHii B 6b1CTpoi-"i '-lac111 1-!MrlYJlbCa -

JC, 0,35. 10 . 11011yw11p1-11-1a IIMllYJlbCa - 220 MKC, yBeJJH'le-

1-!He cpe.u1-1ei-i TeMnepa-ryp1,1 A3 - 52 °C. 3To 61,11111 nep­

Bhle B P0CCHH M0lllllble ynpas.nsieMble HMflYJlbCbl .ne11em1i-i, 

n0J1Y<JeHllble B J1a6opaT0pHblX yCJl0IUlllX. 

Ha•11111aS1 C 1963 r. 6bU1 HCCJle.U0Ball ueJlbIH Pll.U KpH­

TIILJeCKHX c6opoK, C0CT0lllUHX 1-13 A3 C 60JlbWHMH ueH­

Tpa.JlbHblMH fl0JI0CTSIMH H pa3.ll11'-1HblMH 0Tpa.lKatOlUHMH 

o6oJJO'!KaMII. TT03UHee 3TH HCCJle.uonaHHll llOCJlYlKHJHI oc­

HOBOH llJl.SI co:maHHll HMnyJJhCH0-CTaTH'leCK0ro peaKT0pa 

36P-200M, Ha Mo.nepHH3HpoBaHH0M sapHattTe K0T0poro 

36P-J1 s HaCT0llWee BpeM.SI np0B0JlllTCll HCCJle.uosaHHll 

aKTHBHl,IX cpen llJlll JlaJepoB c si.uep1-1oi-i ttaKaLJKOil (3). 
5 a11peml 1968 r. 11a ycTaH0BKe <I>K6H npH HCCJle.[l0-

BaHHH KpHTMaCC0BblX xapa.KTepllCTHK aKTHBIIOH 301-fbl 

36P- l l O (cocTOsiswei-"i HJ noJ1yccpep11'-1ecK1-1x .neTanei,i 

C 0Tpa.lKaTeJleM H3 ecTeCTBeHH0ro ypatta II fl0JJOCTblO .UHa­

MeTpOM 11 cM) npou30wen TparwJecK11i-i CJlyYai-i, npHse.n­

wHii K. rn6eJIH IO. n. MHJIOBaHOBa 11 B. H. KOHH0Ba. no 

0K0H'laHHH pa6oLJero .UHll 0HH 3a,ueplKMHCb R!l,B0eM, 'IT0-

61,1 3aBepwHTb LlHKJl H3MepeHHH B03MyweHHSI peaxTHBJ-10-

CTH aKTHBIIOii 30llbl 3EP-J IO npH ll0MeweHliH B ee l.leH­

Tpa.JlbHYIO II0JI0CTb ccpepbl 1-13 n0J1H3THJlel-Ja C 811ew1111M 

.UHaMeTp0M 11.0 CM. TTp0B0.[lHJlHCb H3MepeHHll KHHeTH4e­

CK11X xapaKTepHCTHK pa3.llH'lllb)X sapHaHTOB A3 peaKTopa 

36P MeT0il0M ''KOTeJlbHbIX wyMos". Ha c-re11.ue <I>KEH 

6hma co6patta K0IICTpyKLlHSI, ll0KaJallHaSI 11a puc. 1. 

2 

0 ,., 

Puc. I. CxeMa c6opK11 aKTIHJHOil JOH hi 36P-I IO co ccpepw1ecKoii 
o6o.nOLJKOH 113 nOJlll3TILTJCHa B ec B1tyrpe1mcil no.noc,11 11a CTCIUII! 

<llKEH: I - 1!epx1111i,i 11011yccpep11YecKHH <YrpaJKa-rem, 1n np11pon110-
ro ypru-1a Maccoii 308 Kr: 2 - ccpep11'-1eCKIDI 30Ha 1n ypru-ia 90 %-ru 
o6oraU(CHHll JlH3MCTJJOM I I (}-183 MM: 3 - ccjlepa 113 ll0Jl113TIU1CH3 

(550 r); 4 - lllllKIIIIH (n0l!Bll)l(lfblH) O'rpaJK3'1CJJb 113 11p11pom1oro 
ypa1-1a mIa,1e-rpoM 183-400 MM 



CTOJIO)KIIB n0JlH3Tl1JJeJIOBYI0 ccpepy B ueHTpaJlbHYI0 

0OJI0CTb Hl1)KHei-i Yacrn A3 11 co6pas spyYHYIO ee sepx­

lllOIO Y3CTL, OTBen:-rBellllblii pyK0B0Jll1TeJJb C nOM0ll.lblO 

TeJJb<t>epa, 113)Kl1MM Ha KHOl"IKl1 PYYHOro llYJlbTa ynpas­

JJeHHll, CTaJl onycKaTb sepXHIOIO •1aCTb 0Tpa)KaTeJlll 113 

np11pOJ1HOro ypaHa. 8 3TO spe1,H1 OH H3XOJlUJICll Ha pac­

CT0ll1111H - I , 7 M OT A3, a onepa-rop, CTOll ll0YTl1 BnJI0T-

11y10 K A3 (11a paCCTOSIIIIHI - 0,5 M OT OCH c6opK11), 

11anpaBJUIJJ pyKoii onycKaBWl1HCSI o-rpa)l(aTeJJb. CKopOCTb 

JlB1l)Ke1111ll 0TpaJKaTeJUI COCTaBJUIJla ~ 6 CMIC. He JlOH,1.JJI D.O 

CMb1Kalll151 OTpa;KaTeJlll C OCHOBH0ii YaCTblO A3, CHCTeMa 

nepewna Yepe3 COCTOlllll1e MfH0Be1111oi-i Kp11Tl1YIIOCTl1 11 

BbUlaJJa HMllYJJbC 6blCTpblX Hei-iTp0HOB. no KOMaHne OT 

6blCTpo11.eiicrny10W.ei-i asap11iiHOH 3aW.HTbl np01130WeJI 

c6poc Hl1)l<Hej:1 YUCTH OTpa)l(aTeJJll, 11 caM0rJ0D.D.eplK11BUI0-

ll.la51Cll uemtrui peaKUHll nene1-111tt (CUP) npeKpaT11J1acb. 

CornacHO oueHKUM, B CHCTeMe Jl0 nepexona ee B ll0JlKpH-

6 10
16 .. 

THYeCKOe COCTOl!HHe np01130UIJ10 - • IleJlemrn. 

CTp11 0CMOTpe CHCTeMbl ll0CJle asap1111 6b1JJO Bbl51CHe­

H0, YTO sepXHl!l! rJ0JJ0BHHa 0Tpa)KaTeJJSI He IlOXOillUla ,110 

CMblK3Hl1ll Ha 2,5 MM. ,ilJJl! BWIBJleHHl! TeXHHYeCKOH Kap­

THHbl asap1111 6blJJH Bblll0JlHelibl Kp11TM3CC0Bble 113Mepe­

Hl1ll, pe3yJJbT3Tbl KOT0pblX n0Ka3aHbl Ha p11c. 2. 

AC KCI 

1n BblCOKoo6oraweHHOm ypaHa 100 MM COCTaRHJJ BeJntlfHHY 

Q- JO. 
CTeHJl .DJJll KpHTMaccoBblX H3Mepe1rnii <I>K6H 3KC­

nJ1yarnposancl! ilO 1969 r. npaKTHYeCKH 6e3 113Me11e1111ii. 

B I 969-1970 IT. OH 61,ui cyll.lecrne11110 MOI1ep11113HposaH. 

Hosrui ycTaHOBKa <I>KEH-M 6b1JJa ycTaHoBJJeHa B ueHTpe 

3KCnepHMCHTaJlbHOro 3aJJa pa3MepoM I 8x I 2x8 M. B6JJH3H 

CTeluta 6b1Jl ycrnH0BJlCH reHepaTOp 14-M.aB HeiiTpOHOB 

(Hr- I 50M), 06ecnelfHsa1oll.lHii BblXOil Il0 ~ 1011 
Hei-iTpoHoB 

B ceKytt.uy. CTeHbl, non H n0TOJJ0K 3aJla noKpblTbl CJJ0CM 

6opHposattttoro 6ern11a (Maccosoe conep)KaHHe np11po.n.-

11oro 6opa B 6eTOHe COCTaBJll!eT He Me11ee 3 %, TOJlll.ll1Ha 

CJIOSI paeHa JO CM), YTO CHl1)KaJJ0 BJll151Hl1e OTpalKeHHblX OT 

HHX HdiTpoHOB Ha pe3yJJbTaTbl H3Mepe1mii. 3m ycTaHOBKa 

3KCl1JlyaTHpoBaJJaCb IlO I 999 r. 

HalfHHaSI c 1958 r. CTCHJl HenpepblBHO KOMllJJCKT0BaJJ­

Cll pa3JJH'IHblMH Ha6opaMH IleTaJJeH H3 IleJllllllHXCl! H ttene­

Jlllll.lHXCl! MaTep11anos pa3JJ11'1HblX COCTaBOB H KOH<t>Hrypa­

UHH. 113 3THX D.CTaJlCH Ha HeM co6HpaJJHCb H HCCJlellOBa­

JlHCb pa3H006pa3Hble Kp11Tl14ecKHC Cl1CTeMbl. CttaLtaJla 3TO 

6blJJH JlCTaJlH TOJlbKO ccpep11lfeCKOH <l>opMbl, HaH6oJJee 

YAOOHOH ,llJlll TeCTHp0BaHHll npOB01lHBW11XCll TOrna 011.H0-

MepHblX lleHTJX)HHO-<l>H3H4eCKHX pacYeTOB. B 1981 r . no 

KC2 

,.., ,,. 

.,., 
c-i 

KC3 

PHc. 2. CxeMhl HlUIKp1trnYeCKOH CHCTeMhl B MOMe1n asap11u (AC) 11 KpHTIIYCCKHX c11cTeM (KCI. KC2, KC3) , 

3KcnepHMCIIT3JlbHO HlyYeHHblX Jl[ISI BbUIBJJeHHSI TeXIIH'leCKOH KapTIUlbl asapHH 

8JJHllHlle OTpalKaTeJJei-i Ha peaKTHBHOCTb CHCTeMbl 

B6Jlll3H KpHTH'lHOCTH 6blJJO oue11e1-10 3KC11ep11MeJ-1TaJlbll0 

11 C0CTaBHJJ0 ,DJISI HHJKHero OTpa)KaTeJJl! - 2,3 w,ell.lMM 

(- 0,3 [33<j/°MM), llJlll sepx11ero 0Tpa)KaTeJJll - 4,6 w.eJl.lMM 

(- 0,6 [33<j/°MM). Cpas1111sasi na11t11,1e no KpHTHYHOCTH AC, 

KC I, KC2 (pHC. 2), BHD.110, YTO noTeHu11an1,110 sse11.e1111asi 

HUIIKpHTHYHOCTb np11 asap1m no Kp11T3a3opy Me)K,lly sepx­

Hl1M OTpa:i+rnTeJleM H l!JlpOM BblCOKOOOOraUleHHOro ypatta 

C0CTaBJllleT +5.5 MM, YT0 CO0TBeTCTByeT nepeXOilY '1epe3 

HHlKllee Kp11rn•1ecKoe COCTOl!HHe - 25-30 W.C)l, (- 4 13-..i,). 
CKOJX)CTb 880,113 peaKTHBIIOCTl1 11p11 3TOM COCTaBJll!Jla 

- 40 f3:,tfc. Pa:36opKa CHCTeMbl nOKa3aJJa, YTO IIOJl 113Tl1Jlell B 

0OJlOCTH OIUlaBHJlCSI. 6e3 3all0JIHCIIHl! nOJJOCTH n0Jl113Tl1JJC­

IIOM c6opKa ll0.llKpHTHYlla. Kmi¢¢11uHeHT YMIIO)KCHHll 

c6opK11 npH 3a30pe Me)KJly H11)KIIHM 01paJKaTeJJeM 11 wapoM 
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HHHUHUTHBe E. H. Aspop11Ha, A. n. Bacwn,esa, JI. 6. no­

peuKoro H 11. C. florpe6ona CTellJl 6bUl OCHall.lCH pa36op­

H0H onb1THOH MOJlCJlblO 6nattKern (POME) ./Ulll npoeene­

HHl! l1CCJJe11.osa1-11111 B UCJll!X K0ppeKT11pOBKl1 KOHCTaHT 

B3aHMOJlCHCTBHll tteHTpOH0B C BCUleCTBOM np11 3Hepnm 

14 MaB [4]. POME npencrnBJrneT co6oi-i npaKTHlfecrn 

cnJJOWHOH U11JJHHJIP 113 06eI1HCIIHOro ypaHa, C0CT0llll.ll1H 

113 KOJJeU Rl·leWHeH (Il113Me-rpOM 70 CM) 11 cpem1ei,i (IlHa­

MeTp0M 40 CM) 3011 II Il11CKOB ueHTpaJJbH0H 30Hbl (Illia­

MeTpOM 20 CM). 

L{anbHe.i-iwee pa3BHTHe KpHTMUCC0Bble 3KCnepHMCHTbl 

s P<I>51U-BHl1HT<I> nonyYHJHt 11p11 nepexo,ue K UHJmHJl­

pH'lecKoi-i reoMeTp11H HJMepeHHH . .ilnll 3TOro K0MJUJeKT 

POME 6b1JJ ,11onom1e11 .n.11cKaM11 H3 BblCOKoo6oraLUeHHOro 

ypaHa, nnyi-oHHll H pa3IntYllblX He}leJJSIW11XCll MaTep11anos 

C TOJIUll1HaMH OT 0,5 11.0 5 CM. YT0 n0380JlHJ10 co6paTb 113 



tlHX 60JlbWOe 'IIICJlO pa111006pa3HblX KaK fOM0fellllblX, 

TaK 11 reTeporeHHblX KpHHIYeCKHX 11 n01lKp11n1•1eCKl1X 

CHCTeM, xapaKTep111yeMblX cosepwe11110 pa:lJH14HblMl1 

'.i)lleprern•1ecKHMH 11ei-iTpOIIHblMH cneKTpaMH. no1uttee 

6bUIH H3fOT0BJleHbl KOJlbUa BHewHeii 11 cpeuttett 30H 113 

II0JHl3THJleHa H KOJlbUa cpem1eH 30llbl HJ nom13THJ1e11a 11 

CBIHIUa. C IIOMOWb!O TaKom KOMnJleKTa lleTaJleH CTaJlO 

B03MOJKHhlM npoaene11ue cy1uecTBe1-1tto 6onee p:rnwo6-

pa:rn1,1x no nocTaHOBKe KpHTMaCC0BblX H3Mepe,rnii. YeM 

'.:>TO 6h!Jl0 B03MOlKIIO C .aernmtMH ccpep114eCK0H cpopMbl 

(5-9]. no cywecrny, c6opKa POM6, llBJlllllCb .ueyxMep-

11oi1. 1aHHMae-r npoMeJKyro•111oe no110JKe1me MeJK.ay ccpe­

p11YeCKl1MH (01lHOMepHblMl1) c6opKaMl1 H Cl1CTeMa~rn THna 

E<l>C [IO]. KOTOpble 00380Jll!IOT MOlleJI HpOBaTb TpexMep­

llblC ci-pyKTYPbl. TeM caMblM B c6opxe POME ynanocb 

COBMeCTHTb npoCTOTY, np11cywy10 cct,epw-1ecKHM 0llHO­

MepHblM CTPYKTypaM, C 6oraTblMH B03MOlKII0CTllMH, npH­

CYlllHMH CJl0JKHblM CHCTe~taM nma E<l>C. 

C Hcno111,1osa1-111eM CTeuna <l>KEH npoao1.111n11c1, 

nepBhte c6opKH A3 Bcex HMflYJlbCHblX peaKT0p0B rnna 

EAPC. 36P 11 yMH0;KHTeJUJ uei-ii-pottoB PYH. Haplllly c 

KpHTH'lCCKl1MH 3Kcnep11Me11TaMH Ha CTeHllC 6blll0 Bbin0.IJ­

HeH0 60JlbWOe 4HCJ10 11JMepeHl1H cneKTpaJlbliblX xapaK­

TepHCTH'K Hei-iTpollllb(X no.TJdi pa3JlH4HblX CH'CTeM, M01lC­

n11py10uu,rx cpparMellTbl HCKOTop1,1x llllepHblX H TepM0-

llllepHblX peaKT0p0B Ii HX 3aLUl!Tbl. DLUIH paccMo-rpeHLI 

CHCTCMbl C Yepe1tyt01ill!MHCSI CJlORMli H3 11pHp01lH0m ypa­

Ha, JlHTIUI H B0.U0p01l0C01lep;+eaL11HX MaTCPHaJl0B, a TaKlKC 

CHCTCMbl C HCT0YHHKaMM 14-M3B Hei-iTpOIIOB 11 11eihpo­

H0B cneKTpa 1lCJlClll1Sl (Mo.aenH 6na11KeTIIOH 30IILI rn6-
Pl1JlH0f0 -repM0.s!.Uep1-1oro peaKrnpa). OCIIOBIIOH ueJlbl0 

'.:lTMX H3MepeHHH (KaK II .ilJlll KpHTMaCC0BhlX 113Mepe11HH) 

SIBJll!JlOCb nonyYeHHe benchmark .aaH11L1x. np111 OllHblX llJlSI 

TeCTHp0Balll1ll paC4CTllblX MCT0.UHK H HCll0Jll,:JyeMblX B 

HHX llllepHblX KOIICTallT. 

TTp11 M01tepH111au1111 <l>K6H B 1969-1970 rr. ero 

K0HCTPYKUIUI B 0CH0BH0M 0CTanacb npelKHeii, H H0BblH 

CTeH.il no CB0HM TCXHl14eCKl1~1 xapaKTepliCTliKaM 11e 0T­

JlH4aJICll OT crnporo. B HeM 6bUIH JIHWb JaMeHCllbJ H3H0-

WCHl-lble JleTaJlH H peKOHCTpyHp0Ba~rn MeXaHHYeCKaSI 

YaCTb: BBe.ae11 Mexa11H3M .illfCTa!IUHOHHOH e6opK11, ,nro­

T0BJleH IIOBblH nyJlbT ynpaBJlClll1ll; OCllalJ.lelillblH coape­

MeHHblMII np116opaM11, 11 ycosepweHCTB0Ba!la Cl1CTeMa 

ynpaBJlt:HHSI 11 3:llllllTbl. 

TTpOll0JllKaBWa.s!Cll B Te•1e1111t: HCCK0JlbKIIX JJeT 3KC­

nnyaTaU11Sl CTeH)la ll0Ka3aJla. 'ITO 11Cll0Jlb30Ba1111e MaCCl1B­

H0ro Il0R0p0TII0ro CT0Jla C03JlaBM0 cywecTBCllllble HC­

yuo6CTBa np11 c6opKe Kp11TH4CCKl1X CHCTeM II 51BJISIJl0Cb 

11CT04IIHK0M 3lla4HTCJlbllblX 1.I0II0JIHIHCJlbHblX HeT0YH0-

CTei,i 11p11 ux benchmark 01111ca111rn. TTocne1.111ee co3)laaano 

Tpy1.111ocrn B u1rrep11pe-rau1111 pacxolKJJ.eHl1H pe1y11hTaT0B 

pacYeT0B l·I 3KCnepHMCIIT0B 11 3aTpyJlHS!_JIQ 11pouecc K0p­

peKTllp0BKII IICII0JlbJ0BaBUIHXCfl np11 HeiiTpOHHblX pacYe-
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TaX !11.lep110-(p113114CCKHX K0HCTaHl. np11 pa60Te C TOJl­

CThlM 601,.0BhlM ll11JIH111lpH'lCCKIIM 0TpaJKaTCJICM IICII0Jll,-

30BalllfC II0B0p0THOfO CT0Jia 61,UtO IICB03M0lKII0. no '.i>TIIM 

np11•11111aM B 1973 r. OOBOpOTMblii CT0JJ co sce~III 0'1110-

CIIBUJIIMIICSI K 11eMy MeXUIIH3MaMH 61,u1 )lCM0HT11p0BaH ll ll 

llaJlbHeiiweM 11e HCrl0Jlb30BaJICSI. O11pe,ueJ1em1yK) pom, B 

Jl11KB11,UaUIIH nosopornoro CTona Cbtrpru10 TaK;+(C II0llblUJC­

HMe 0llblTa 11 KBaJlH(pH.Kau1111 3KC11ep11MeHTaTop0B, pa6o­

TaBWMX C Kp11Tl14eCK11Mli CHCTeMaMH Ha 3T0H ycTallOBKe. 

Ha p1-1c. 3 noKaJa11 s11ew1111~i BH.U cTe111.1a <I>KEH-M. 1-1a 

KornpoM co6patta c11cTeMa 113 neTanei-i K0MnneK-ra POME. 

P11c. 3. Cre111.1 JlJlll KpllTMaccoobtX H3MepeH11li <t>K61-I-M, 
Ha K0T0pOM co6paua CHCTe~a 113 ypaHOllblX (TCMHblX) 

11 ll0Jlll3TIUlCH0RblX (CBeTJlblXJ .UHCK0B KOMruteKTa POM6: CJJeBa 

muma (,"J'OHKa C JICTCKTOpa.MH HCHTJX)HOB, cnpana - 11diTpOHHblH 

rc1-1epaTOp 

omtCAHHE K0MllJIEKTOB llETAJlEii 
113 JlEJUlll(IfXC.H H HEJIF.JI.Hll(HXC.H MATEPli IOB, 

HCfl0Jlb3YEMblX IlPI1 KPHTMACC0BhlX 
113MEPEHIDIX 

8 llaCT0l!L11ee BpCMll B C0CTaBe Kp11TH4eCK0ro CTCIUia 

<l>KEH-M 11MeeTCll flSITb K0MnneKT0B 1teTa11ei,i 113 neJlll­

lill1XCll MaTepuanoe. Ko~mneKTbl 1-4 C0CT0SIT 113 nony­

ccpepHYec1mx CJl0eB, K0T0pblC 8 co6paHHOM BH)le o6pa-

3Y!Ol Tpll ccf>epll4CL'Kl1e Cl1CTCMbl : llBe H3 BblCOK006ora-

1ile1111010 ypa11a H 01.IHY 113 llJlYf0HHll. l1MelOTCSI TaKJKe 

OOJ1yccpepH4CCKHe 1.1eTaJIH 113 11e.UCJlllll1HXCll MaTep11anoo. 

Pa:iMepLI BCCX llOJ1yccpep11Yel:Kl1X }leTanei-i y1-111¢11u11p0Ba­

llbl. KoM1111eKT 5, HMe1om11H 1-1a1sa1111e POM6. BKJ110•1aer 

8 ce6Sl .illlCKH H"J BblCOK006ornlJ..leHHOfO ypm1a 11 11nyro­

lllHI, a TflKlKe l.111CKl1 H K0Jll,Ua 113 pa3.1111'1HblX 11eue.1Jll­

lilllXL'>I MaTCp11anon. 11x pa:iMepbl TaKlKe y1-111cf>11uupona111,1. 

113 3THX llCl anei-i M0.-KH0 co611paTb pa1Hoo6paJHl,le u11-

JIUl·lllPHYeCK He CHCTCMbl. O1t1ia 113 THllH'lllblX KpHTl1'1C­

CK11X CHClCM, co6paHHblX H3 ueTaJleii K0MOJICKTa POM6, 

II0Ka3aua Ha puc. 4. 
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P11c. 4. PaJMHOA<aJOUHlll CIICTeMa 113 11en1.11eil K0MnJJCKTa 

POM6: I - ucttTpa%HM 10tia; 2 - npo6Ka 113 
238U; 3 - 1-1ene­

Jlll1U11ecll MaTepHa%1-pa,6as1nen11 (rn.r11111rna 11e 6onee 8 CM); 

4 - 1111acpparMa: 5 - HCT041-HIK IICHTpOH0B: 6 - TapeJJKa: 7 -
WT0K nopw11ll: 8 - nOJlCTaBKa: 9 - cpellllllll JO Ha; IO - BHCW­

Hllll 1011a: 11 - .!ICJlllllllfCCll Marep11afJbl: 12 - A3: 13 - npo6Ka 

111 238U; 14 - onop11asi Tpy6a. PaJMepb1 B MM 

TEXHOJlOrlUI CEOPKJ:I KPMTt,flfECKHX CHCTEM 
THDA BENCHMARK 

TTp11 11crne,1.1osa1-11rn 11a KpH'rCTeH.ne c6opoK nrna 

benchmark nom1Mo TO'!HhIX cse.nett11ii o MaTep11anax, 11:i 

K0TOpblX lf3l'OTOBJiellbl JlCTaJIH c6opoK, lla)l(JI() IIMCTb 

T0411Yto reoMeTpHto CHCTCM, 4T06bl He BH0ClfTb .nonomrn­

TeJlbllblX norpeWHOCTeH np11 pac4eTe xapaKTepHCTIIK 

nposepllCMblX CIICTCM C HCn0Jlb30831-111CM KOMnbtoTepHblX 

KO,llOB. Jl.Jlll TOro 4T06bl B UCJlOM xopowo onucaTb reo­

MeTplii0 HCCJle.nyeMOH CHCTCMbl, -rpe6yeTC51, 4T06b! OHa 

cofa1panac1, HJ nernndi npocToi-i 11 npas11111,1-1oii reoMeT­

p1m. KpoMe Toro. HYlKIIO aKKypan,o H T04H0 onpeneJJHTb 

o6ume pa3Mep1,1 II 3a30pbl MC)KJlY 'laCTllMl1 Cl1CTCMbl. 

Ha KpHTCTett.ne <DK6H-M HMCIOTC51 11a6op1,1 at.:rnsuo­

ro MaTep11ana (ypaHa-235 11 w1yromrn-239) JlRyx pa1110-

1m.n11ocTeii no cpopMe - Ha6op1,1 llKJlailblBalOIUIIXCll llpyr B 

.npyra llOJJyccpepH4CCKl1X .neTa.fJeH 11 11a6op1,1 11JI0CKl1X JlHC­

K0B. CoOTBCTCTBeHHO 11MCI0TCll H 1rn6opbl J.teraneii 113 KOII­

CTpYKUH0llllhlX MaTepmumB (ypau-238. Fe, Al, Ti, Ni, Be. 
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CH2• Pb 11 .np.), n03BOJ1ll1ow11e co611paTb pa:.!MII0)l(atowwe 

CIICTCMhl (PC) ccpepH4CCKOH JJH6o UH.JIHHJlpH'!CCKO~i cpopMbl. 

TTp11 c6opKe CHCTCMbl, KaK npaBHJIO, p,nfornatoTCll Ha 

nse •1acTH - 11em)JlBHJKttyto, sepxtttoto, pa1MewaeMy10 11a 

onopHOH -rpy6e MexaHtl'leCKOro CTeHna, H noJlBH)l(HYK>. 

IIH)KHI0I0, pa3MewaeMyto Ha 110.llllHJKIIOM nopw11e CTe1111a. 

Pery1111posam1e peaKTHBHOCTH s PC ocywecTRJilleTCll c 

rIOM0Wbl0 JlHCTaHUHOHl-!OfO HJMe11e1111l1 paccTO>IHHll MCJK­

.ny •iacniMH PC c ny11bTa ynpaBJJettHll <DK6H-M. Henon­

BHJKHb1e '!aCTH CHCTCM no,llJleplKHBatoTCll T0IIKHMH )lHa­

cpparMaMH, pa3MewaeMblMH Ha CflCUlla.JlbHblX aJKypHblX 

110,llCTaBKax. no.nBH;+[HblC '!aCTH ccpepH'!CCKOii cpopMbl 

IIOMeW.aIOTCll B T0HK0CTCHHblX ccpepH'!CCKHX 'lawax, a 

llOJlBH)KHble '!acn1 UHJlHHJlpH'!CCKOH cpopMbl - tta TOIIK0-

CTCHHl,IX KOHycax . .llnll KOHTpOllll 3a C0CTOllllHCM co611-

paeMOH CHCTCMl,I no BblXO,llllWeMy HCHTpOHHOMY n0TOKY 

o6bI'!HO 6m1JKe K ueHTPY '!acrn PC c Me111,weii no.a.KpH­

TH'IHOCTbto noMeLUaeTCll Hei-iTpOHHblH 11CT0'111HK Cf-252 

10
6 .• I 

MaJlblX pa3Mepoll C BblXO.llOM - HCHTp. C, He BH0Cll-

WHii 3aMeTHoro BKila.na B KpHTH'!HOCTb PC. 

Hy11esoi-i 3a3op Me)l(.[ly 'laCTllMH PC onpeJleJillCTCll no 

ct,aKTy KaCaHHll '!3CTCII C npensapHTeJlbHOH 3aMCHOH Bepx­

HCH 'laCTH HJ aKTHllH0ro MaTep11a,1a ee MaCCOB0H KOm1ei-i 

(11cnOJ1b3Yll ypaH-238, Fe H T. n.). TTepeJl 3THM JaJop Bbt­

pas1msaeTCll no OKPYlKHOCTII C nOMOWbl0 wyna 0,05 MM. a 

MOMCIIT Kaca11Hll 'laCTeH PC onpe.nem1eTCll C II0M0lll.blO 

'laC0BOro HH,lll1Karnpa 114-10 c uenoi,i JleJICHHll 0.01 MM. 

B ,!.lallbHCHWeM 3a3op KOHTpo1111pyeTC}I C nOM0LUblO YKaJa­

TeJHI nepeMewe1111i-i cTettna <t>KEH-M c T0•11-1ocTb10 O, I MM. 

Kp11rn'!eCKHH 3a3op hKp Me)KJly '!aCTllMH PC, npw 

K0TOpOM K-.q, paBeH I, onpe.ne.r1l!eTC)I 11yreM H3Mepe111rn 

3aBl1CHMOCTH fl0JlKPHTH'!H0CTH !l (!l = I 000/Qu, r.ne Qu -

x:m>cfxpHuHeHT YMHO)KeHHll PC) OT 3a3opa h 11 mrnei-i11oi-i 

3KCTpanoJ1llUHH !l(h) ➔ 0 (npw 3TOM h ➔ hKp) no T0•1-

KaM c Qu = 100-500. TTorpeWHOCTb 3KCllepHMCHTaJlbH0IU 

onpeneJlCHllll hKp• Cllll3aHHllil C 0llpCJ.leJlCHHCM 3a3opa 

MC)l(J.ly 'laCTllMH PC 0IIHCailllblM cnoco6oM H norpew110-

CTbl0 3KCTpan0J151UHH, C0CTaBJllleT !lhKp - 0.2 MM, '!TO B 

11au1eM CJlyYae 3KBHBaJleHTIIO norpeWH0CTH B K,xi,, paB­

II0H - 0, I %. 3Ta BCJlH'!HHa no.nTBep)KJlaeTCll fl0RTOpttbl­

MH HJMepeHHllMH 11a TaK HaJhJBaeMblX onop111,1x KpHTH'!C­

CKHX Cl1CTeMax, Jl}lll KOT0pblX BCCb npouecc c6opKH npo­

B0.llHTCll JaHOB0, KpOMe Toro, npoBO.lllffCll onpenene,rne 

KpHTH'!CCK0r0 3a3opa no peJyJlbTaTaM H3Mepe1111ii nepHO­

JlOB pa3roHa CHCTCMbl JLnll paJJJH'!HblX lla.!lKPHTll'ICCKHX 

no 3anaJJ.lI,IBaI0UIHM HeHTpOHaM COCT0llHHii CIICTCMbl. 

nm,11111,10 l"eOMCTpli'ICCKOH COCTaBJlllK>wei-i U oGwyto 

3KCnepmtCIITaJll,Hyto norpeWIIOCTb 011pene11eHHll KpHTC0-

CT0}IIHlll {T. e. np11 K,cj, = () BX0,IUIT U Ka•1ecrne 0CH0BllblX 

COCT3ll.lHll0Wall norpeWHOCTb, Cll513atrna51 C Bmll!HHCM 

HCY'!TCHHblX OTpa)l(aTenei-i 11 cp0HOBblX HeiiTpOIIOR, a 

TaKlKe 11orpewHOCTb co.nep;+;aHHll 0CII0llllOro 11J0T0lla ll 

aKTIIBH0M MaTep11ane PC, K0T0pllil Cl1JlhHCC BCero f IMlleT 

lia 11orpeWH0CTb K,xp. no 11poBe,llCHHhlM 11awt H]MepeHl1-



SIM 803MyweHHii COCTOSIIIHll KpHTH'-IH0CTH PC pa311H'lll0H 

octtacTKOH, a TaK)l(e npoee.nettHblM oue111<.aM H a11amny 

,npyrnx cpaKTOpOB. 3TH .nonOJlllHTeJlL,Hble norpewll0CTH 

cocTawu110T Kal!Ulasi 11e 6onee - 0, I % e K'4. TaKHM 

o6pa30M, CJUI:UlblBasl 3TH norpeWII0CTH lle33BHCHMblM 

o6pa30M, HMeeM 3KCnepHMellTaJlbHYI0 norpeWIIOCTh on­

pe.neneHHSI K'4 B COCT0SIHHH KpHTHYH0CTH no 3ana3,Ubl­

Bal0WHM HeiiTpOHaM nopsw.Ka - 0,2 %. 
no cpas11eHHIO co cq,epHYeCKHMH CHCTeMm,rn ropa3-

.no 60JlbWHe B03M0)1(H0CTH llJUI c6opKH np0CTblX no reo­

MeTpHll H pa311006pa3HhlX PC o6ecneYH83IOT Ha6opbl 

,UHCKOB H KOJleU H3 aKTHBHhlX H ,rnepTHhlX Ma-repHaJlOB 

KOMnneKTa POM6. CTpH c6opKe no Bb1weonHCaHH0H 

-rexHonorH11 HCcne.nyeMble PC y.naeTcsi om1caTb c 6onh­

wei-i T0Y II0CTblO. 3a nocne.ntlHe 10 JleT Ha KplnCTett.ne 

<1>K6H-M no.no6patto oKono 300 uHmrn.npH4eCKHX KpH­

T1t4eCKHX CHCTeM KJ1acca benchmark , co.nep)l(all.lHX e1>1co­

K006orawett111>1H ypatt-235 H nnyrnirni-i-239, KaK 6e3 

OTpaJKaTeJleH, TaK Ii C TOJlCTblMH OTpa)l(aTeJJllMH H3 ypa-

1-1a-238, fl0JlH3THJieHa H ce,mua, a TaKJKe 60JlbWOfO YHC-

11a reTeporeHHblX CHCTeM C pa3JlH4HblM pa36aR11eHHeM 

aKTHBH0ro MaTepHana K0HCTPYKUH0HHblMH Ma-rep11anaMH, 

YTO ll03BOmleT KaJlH6poeaTb Heihpom,o-cpH3HYeCKHe 

pac4eThl Ha CHCTeMax C WHp0KHM .UHana30HOM HJMeHe-

1111SI xapaKTep1-1oro Jlflll HHX 3HepreTHYecKoro cneK-rpa 

HeHTpOHOB. Opouecc c6opKH U11JlH1UlpHYeCK0H CHCTeMhl 

C ll0JlH::rrnneH0BblM OTJ)aJKaTeJleM noKaJaH 11a pHC. 5. 

B COOTBeTCTBHH C .neHCTBYIOWHMH npaBHJiaMH H HHCT­

PYKUHSIMH c6opKy HeH3BecTHblX KpHTHYeCKHX CHCTeM 1-1a 

CTeH.ne 8 TeXIIOJlOrH'leCK0M 3ane ocywecTBmleT 0TBeTCT­

Bel-11-lblH PYKOB0.UHTeJlb pa60Tbl 8 C0CTaBe CMeHbl nepco­

Hana, 8 KOTOpblH BXO.llliT OTBeTCTBeHHblH K011Tponep, 

HaYaJlbHHK ycrnll0BKH (crnpwHH 11H)l(eHep ynpaBIJeliHSI), 

a TaKJKe Jle)l(ypHbli-i .U03HMeTpHCT. TeneBH3HOHllbli-i K0H­

TpDJib npouecca c6opKH 11 ero npoToK01rnpoeat111e ocy-

1Uecrn11sieT 11Ji)l(eHep no 3KCn11yaTaUHH, HaX0AS!lllHHCll 33 

nynhTOM ynpaBJJeHHSI ycrnllOBKH' 

YaCTb HCCJ1e.noea1111blX KpHTH'leCKHX CHCTeM 6blJIH 

no.neeprttyrbl oueHKe • H npe.ncTaBIJeHbl e Me)l(.Qy1-1apo.u1-10M 

cnpaeoYHHKe [ 11 ]: 
TOM I - llJlyt"OHHeBble CHCTeMbl H3 MeTaJJJJa (Htt.neKC 

Pu-MET-FAST); 

TOM 2 - CHCTeMbl ,n BblCOK006oraLUeHHOfO ypaHa: 

- MeTaJIJlHYecKHe CHCTeMt.1 (HH.neKc HEU-MET-FAST), 

- CHCTeMbl H3 Menuuia co cneKTp0M HeHTpOHOB 

npoMe)l(YT04HOH 3Heprn11 ( HHJJ.eKc HEU-MET-INTER), 

- pa36aBJ1et111b1e cm;TeMbl (H11.neKc HEU-MET-

MIXED); 
TOM 6 - CMeWal-lllble ru1yro1111i1-ypa110BbJe CHCTeMbl : 

Oue11K11 npoBOJlltJIHCb II0Jl p}'KOB0JlCTB0M Bacum,ella A. n. 

ll10roeb1M 8. ,U. c )"la<..,11eM KruU111eBa 51. 3 .• Op.noBa A. 11., CoKo­

llona IO. A., nepeJK0111tta B . .n., Tepex1111a B. A., K0Jb16aeea P. 

M., <l>11JJ11111101Joi.1 3. 51.. 4epttyx1rna IO. 11 .. WMaKOBa B. M. 
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- Mern111111t1ecK11e c11cTeMbl (HH.UeKc MIX-MET­

FAST), 

- CHCTeMLI H3 JlM co cneKTJ)OM Hei-iTpOHOB npoMe­

)l(YTO'IHOi,i '.3Hepnrn (1-t11.neKc MIX-MET-INTER), 

- pa:i6ae.net1Hb1e cuCTeMbl (111i.neKc MIX-MET-

MIXED). 

P11c. 5. C6opKa UHJJHHD.pH'leCKOH CHCTeMbl C nomunmeHOBblM 

OTpalKaTeJleM. B ueHTpe - 0TBeTCTBCHHbTH PYK0B0JlHTeJlb, 

ocy1uecTB.illl10lllHH npouecc c6opKH CIICTCMbl 

0630P KPHTHl{.ECKECX CHCTEM C 
BblCOKOOliOfAW:EHHbJM YPAHOM li IIJIYTOBHEM, 

COliPAHHhlX HJ IlOJIYCcl>EPHlfECKHX )lETAJIE0: 

B npenp111ne P<l>51U-BHl1l1TC1> [ l 2] np11ee.ueHb1 pe-

3y11bTan1 pa311H'lllb1X KpHTMaCCOBblX 113MepeHHH co ccpe­

p11YecKHMH CIICTe1"HlM11, co.nep)l(aWHMH .neTaJlH 113 BblCO­

K006oraweHHOr0 ypaua (K0MllJleKTbl 1-3) H nnyroHHSI 

(KOMIIJleKT 4). THnH4llaSI cxeMa flOCTaHOBKH 3KCnepH­

MeHT0B co cq>epHlleCKHMH KpHTH'lec,rnMH CHCTeMaMH 6e3 

OTpa,KaTenei,i np1-tee.ne11a 11a pHc. 6. 

2 

3 

z 
5 

6 

7 

8 

Puc. 6. CxcMa KpHTMaccosoro JKCllepHMCHTa co ccpepH'ICCKOH 

c6opKoii 11a CTe~we <JJK6H-M: I - A3; 2 - ttciiTpoHHbri-i 11CTOY· 

IIIIK: 3 - MC/lllllil Y3LUKa; 4 - II0pLUCflb c..-reHJia; 5 - IIOlfl,CMHblii 

MCXatlltJM; 6 - 1111acjlpan.ia; 7 - CTaTlbllllil O0JlCTaBKa; 8 - IICllOJl· 

BlllKllllil 0CII0lla c..,e,wa 



HeK0T0pble 1-13 HliX ( I 3 CHCTeM) np0WJlH MelKJlyHa­

poJlHYIO aTTeCTaUHIO, a HX 11aJsamt.ll H HHlleKCbl npHBe)le­

Hbl B MelK.llyHap0llH0M cnpaB04HHKe [ 11 ]. 

Oli30P UHJiliHJlPlfllECKHX KPHTHllECKHX 
Cl1CTEM, COliPAHHhIX HJ JlETAJIEH 

KOMUJIEKTA POMli 

B pa6oTe (12] npHBeJleHo KpaTKoe on11caH11e ::1Kcne­

p11MeHTaJ1bHo-KpHTH4ecKHX CHCTeM, H3MepeHHSI C K0T0-

pblMH 6blJIH Bbln0JlHeHbl 8 Te4em1e 1984-1999 rr. : 3KC­

nepHMeHTallbHO- KpHTH4eCKHe CHCTeMbl 6e3 orpa)l(aTCJ1eA; 

C 0rpa)l(aTCJl.l!MH 11a Topuax; C pa36aBHTCJ1SIMH 8 ueH"rpallb­

HOH 30He H 0rpa)l(aTC/UIMH Ha Topuax; C 60KOBblM 0rpa)l(a­

TeneM H3 n0J1H3TI-UleHa TOJILUHHOH 10 CM; C 6oKOBblM OT­

pa)l(3TCJleM T0JllUHH0H 25 CM H3 o6el{HeHHOfO ypaHa; C 

6oKOBblM 0rpa)l(aTeJleM TOJIUJHHOH IO CM H3 o6ellHeHHOro 

ypatta, n0JlH3THJleHa 1-UIH CRHHUa; C 60KOBblM KOM6HHHpo-

8311HblM orpIDKaTeJleM TOJlW.HH0H 25 CM H3 o6em1eHHOro 

ypaHa H 110JlH3THJleHa. 3TH Cl1CTeMbl 6blJIH co6paHbl 1-13 

lleTaneil K0Ml1JlCKTa POME, BKJll04a51 llHCKH H3 ypaHa, 

11J1YT0HHSI H He,11,C/UILUHXCSI MaTepHall0B. l13MepemlSI C HHMH 

6blJIH Bblll0JlHCllbl C nOBbIWeHH0i-i T04HOCTblO, see 3TH 

CHCTeMbl 0THOCSITCSI K benchmark rnny. 

HeKOTOpble HJ HI-IX ( 18 CHCTeM) npOWJlH MelK.llytta­

p0llllYIO aTTeCT3UHIO, HX HaJBaHH8 H HHlleKCbl np1-1ee.neHhl 

B MelK,llyttap0JlH0M cnpaB04HHKe [ 1 ) ]. 

3AKJIIO qEHH E 

C M0MeHTa nepBblX KpHTMaCC0BblX 3KCnepHMeHT0B, 

sbmonHeHHbIX B P<l>5JU-BH.11l-1T<l>, npmilllo 0Ko110 40 neT. 

HaCT08llla8 pa6oTa nOllB0.UHT HeK0T0pble HT0!li 3THX 

HccneJ10Bar1Hil B P<l>5JU- BHl111T<l> B nepH0Jl c Kottua 

50-x rr . .no 1999 r. 3a 3TO epewi 6bu10 pewe110 MHoro 

K0HKpeTHblX npHKlla.nHblX 3aJl84, CBSl3aHHblX C coeepweH­

CTB0BaHHeM SlllepHblX 3apS1Jl0B H 06ecne,1eHHeM KpHTMac ­

C0BOH 6eJonacuocrn pa6oT c pa3MH0lKaJOLJ.J.HMH HeHTpo­

Hbl CHCTeMaMH. DbUlO HCCJlell0BaHO 6011ee 400 KpHTH4e­

CKHX pa3MH0)l(afOLUHX Hei-iTp0Hbl CHCTeM benchmark rnna 

H3 BblCOKOOOOraLUeHHblX MeTaJtJJH4eCKHX ypana H 11J1YT0-

HI-UI. B TOM 'IHCJle 601,ee 300 CHCTeM UHJ1HllllPH4eCKOH 

cpopMbl. CnellyeT on.teTHTb. 'IT0 OTJIH4HTeJll,HOH oco6eH­

H0CTblO KoMnJleKTa POME S1BJu1eTcS1 UHJIHHllPHYecK.ui 

KOIHt>HrypaUH.ll YHHQ)HUHpOBaHHblX no pa3MepaM l{eTaJiei-i. 

3To no3eonH110 11e T0JlbK0 o6ecne4HTh benchmark T04-

H0CTb H3MepeHH~i .um, pa3!1H41iblX KpHTH4eCKHX CHCTeM. 

110 H 3H84HTCJlbH0 pacwHpHTb KJJacc HCCJle)lyCMblX CHC­

TeM no COCTaBy 11 83aHMH0MY pacn0Jl0)l(eHHIO JleJlSILUHXCSI 

H HellCJlSILUHXCSI MaTepuanoB no cpasHeHHIO co ccpepH•Ie­

CKHMH CHCTeMaMH. 

TTpose.neHllble HCCJle)l0BaHH8 co ccpepH4eCKHMH H 

UHJllH1JlpH4eCKHMH CHCTe taMH , co.nep)l(alJ.lHM11 BhlC0K0-
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06orawe11Hble MeTaJJJIH4eCKHe JlCJlSILUHeCSI MaTepHailbl, 

n0Ka1a11H 6onbWHe B03M0lKH0CTH ycrnH0BKH <l>KEH-M s 

KpHTMaCCOBblX 3KcnepHMeHTax, a TaKlKe JlallH 06w11pHblH 

MaTepuan JlJl.SI sepHQ)HKaUHH nporpaMM Hei-iTp0HHO­

Q)H3H4eCKHX pac4eT0B pa3H006pa3HblX pa3MH0)1(3IOLUHX 

CHCTeM H peweHH8 npaKTH4eCKHX 1a.na4 SIJlepHOi-i 6e10-

nacH0CTH. Ha HX OCH0Be np0B0JlHTCSI arrecTaUHjj cneK­

TpanbHblX tteilTp0HHhIX K0HCTaHT EAC s nporpaMMax 

P<l>5lU-BHl111T<l> pac4erns K34> MeT0.U0M MoHTe-Kapno 

JlJISI o6ocHOBaHHSI si.nepH0H 6e1onacHOCTH pa60T C .UCJ1Sl­

llll1MHCSI MaTepHaJlaMH (13]. 

PeJynbTaTbl KpHTMaCC0BblX 3KCnep1-1MeHT0B, Bbln0Jl­

HeHHblX s P<l>5JU- BHl111T<l> s pa3Hoe epeMsi, no11y4HJ1H 

MelK,llyHapo.nttoe npH3HaHHe. DOJlbWOe 4HCJ10 KpHTH4e­

CKHX CHCTeM (ccpepH4eCKOH H UHJIHHJ.lpH4eCKOH cpopMbl) 

npoWJ11-1 Me)l(Jlyttapo.n11y10 aTTeCTaUHIO H HX benchmark 

onHcaHHe npHse.netto s cnpaeO,..HHKe [ I 1]. 

nanbHeHlllee pa3BHTHe KpHTMaCC0BblX 3KC11CpHMCH­

T0B CBSIJaHO C YBCJ1H4eHHeM 4HCJ1a ttei-iTpoHH0-

Q)H3H4CCKHX napaMerpos, xapaKTepH3YIOlllHX HCCJleJlye­

MYIO KpHTH4ecKylO CHCTeMy H onpe.nem1eMblX 8 0llHOM 

3KCnepHMeHTe, a TaK)l(e. C n0BblWeHHeM T04HOCTH no11y-

4aeMblX pe3ynbTaT0B. K TaKHM Hei-iTpOHHO-cpH3H4eCKHM 

napaMerpaM Kp0Me KpHTH4eCK0ro 3a3opa MO)KH0 0THe­

CTH, HanpHMep, noCTOSIHHYIO cnana (acHMnT0TH4eCKYIO 

n0CT0SIHHYIO cna.na) MrH0BeHHblX HeH-rp0H0B JlJISI KpHTH-

4eCKHX H n0llKpHTH4eCKHX CHCTeM, a TaKlKe 0TH0Wem1e 

Bb16paHHblX CTatt.napTH30BaHHblX 4HCeJ1 peaKUHH 8 onpe­

JleJJeHHblX T04Kax CHCTeMbl. noebIWetrne T04H0CTH OnH­

caHH_ll 3KcnepHMeHTaJlbH0 HCCne.uosaHHblX KpHTH4eCKHX 

H n0JlKpHTH4eCKHX CHCTeM, n0-811JlHM0MY, CBSIJaHO C 

6011ee TLUaTCJlbHblM aHaJ1H30M norpeWHOCTei-i 3KCnepH­

MeHTaJJbHblX )laHHblX. a TaKJKe C BHenpeHHeM HOBblX 

MCT0.U0B aHaJJHJa norpewHOCTCH pe3yJlbT3T0B HJMepeHHH 

WI.SI 6onbWOIU 4HCna CHCTeM (co6pa11HblX 1-13 O.UHHX H Tex 

)Ke .neTaneii) C y4eTOM KOppCllSIUHH MelKJlY HHMH (9]. 

TTO-BHJlHMOMY, He 8 nonttoi-i Mepe HC4epnaHbl H 803-

M0lKHOCTH pacwHpeHHSI H0MeHKJla-rypbl HCCne.uyeMblX 

CHCTeM. HCCM0Tpst Ha HX 6oJlbwoe pa3H006pa3He. B 3TOH 

CBSl3H M0)KHO yKaJaTb 11a SIBHYIO orpaHH4eHHOCTb npose­

.llCHHblX K HaCT0SILUeMy speMem1 KpHTMaCC0BblX H3Mepe­

llHH C HH3KOo6oraw.eHHblM ypaH0M (5-20 %) H orpa6o­

TaBWHM sinepllblM T0nllHB0M 311epreTH'leCKHX y cTaH0 B0 K 

[ 141. K T0MY lKe Mll0fHe H3 HHX 11e OTH0CSITCSI I( 

benchmark rnny. OnpeneneHHblH HHTepec M0lKeT npell­

cTaBJlstTb TaK)l(e H3y4eHHe aHOMaJJHi1 KpHTH4HOCTH, SIB­

JlSIIOLUHXCSI. C onttoi-i CT0p0Hhl, HCT04HHK0M c n eK-rpanbH0 · 

4yBCTRHTCJlbH0i-i HHQ)OpMaUHH JlJISI cosepwe HCTB0 BaHHJI 

KOIICTaHTH0fO o6ecne4eHHSI 11e wrpOHII0 - cpH3H4CCKH 

paC4eT0B. a C .upyroi-i - BalUlblMH JlJISI peweHHSI npHKlla.n­

HblX 3311a4 no 06ec11e4e111110 .S1J1ep11oi-i 6eJonac110CTH np1! 

06pame11HH c .UCJ1S1LUHMHCS1 Ma-rep1-1anaMH [ 15]. C THMyno 

JlJISI )laJlbHei-iwero pa3BHTHSI KpHTMaCC0BblX 3 KCnepHMeH· 

T0B SIBJlSII0TCSI noTpe611ocTH B .uaHHblX, n 0380Jl.SIIOUllf) 
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~,aaelKHO BepHQJHUHpOBaTb HCnOJlb3yeMble B HeiiTp011MO­

cpH3H'leCKHX pac•Iernx H,UepHble KOHCTaHTbl lie TOJlbKO B 

06J1aCTH COCTOSIIIIUI KpHTl1'1H0CTH. 110 H B lll111aMH'leCKHX 

ycJtOBHSIX, xapaKTepHblX ,!lJlSI pa3BHTliSI asapHH. Ba.JKHl,IM 

yCJ!0BHeM JVlSI 3T0ro SIBJlSleTCSI pa3BHTHe CBSl3eii C llPYrHMH 

HHCTHTYTaMH CTpaHbl, a TaKlKe pa3BHTlte MelK)ly11apO.UllblX 

cssi1ei-i . 
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)l.ru1 COJ;JaJlllll \leTOJlll'ICCKII JaMKH)'TOl'O aijrop11nta sepnqn1KaUHII 6aJ M/ICpHblX 11aHHhlX Ha yCTaHOBKe cJ>K6H-M co c6opKoii POM6 npoae­

)ICHa ccpllll Kpl!Tll'lC('J(IIX 3KCnepHMeHTOB Tllna benchmark. npoBe)leHbl 3KCnepmieHl'hl no onpe)leJICHHMM KpHTH'lCCKIIX KOIIQ:IHl)'pau11ii. IICCJJeJIOBa­

llllllM BOJMYI.Uemtit peaKTIIBHOCTII. Ubl)BaHHhlX YilaJICHIICM 'laCl H ,lleJlHUJerncll MaTep11a,1a. H UJMepeHHllM 'lllCe./1 peaKUHii 3.KTHBaUIIOHHblMH H )leJIH­

TCJlhllbl~III JJeTeK rnpmm ,L~ 65 UILijlfll,1Pll'lCCKHX paJMHOJKaJOUIHX CIICTe~t. 

OnHoii H3 83)1(111,IX 3aJla'l Q)liJIIKH peaKT0p0B 51BJl51eT­

C51 pa3pa6oTKa MeTonos oueHKH norpewHoCTeH np1-1 pac­

'leTe xapaKTep11CTHK 5111epHLIX ::mepren1'leCK11X ycrnHO­

R0K, 06ycnoBJ1eHHblX norpeWH0CTSlMl1 HCn0Jlb3yeMblX 

si11epHblX K0IICTaHT, a TaKJKe pa3pa60TKa MeT0ll0R K0p­

peKTllpOBKII s111epHolX 11aII111>1x 110 pe3yJlbTaTaM 3KCnCpH­

MeHT0B nrna benchmark. Pewe1111e no1106uoii 3aaa•11-1 

ocyll.lecrn.11>1noc1, B paMKax npoeKTa MHTU N~ 116. 

TTpe,11_11onaranoc1., c03nan, MeT0J1J1L1ecKH 3aMKHYTblH anro­

pHTM Repmp1-1Kau11H 6a3 511lepHbl)( 113IIllblX. HCn0JlbJyeMblX 

np~, paC'ICTaX HeiiTp0111iO·Q)lf3Hl(eCKIIX xapaKTepHCTHK 

peanopoB n111a 883P. il,J151 nposepKH cm11aBaeMoro 

anropHnla 61,1.11 11pose11eH Ul1KJI 3KCllepHMeHT0B Ha yCTa­

H0BKe ct>K6H-M. 

ct>K6H-M npe11crnB.11steT coGoi\ ycTaH0RKY 11Jlst Hc­

c11e110BaH1151 Kp1tn1<1eCKIIX paJMH0:it(aK)ll.lHX HeihpOH!,J 

c11cTeM (PC>. KoHCTPYKTHBllO ycTall0BKa cocT01n 113: 

- MexaI111<JeCK0l'O CTeHita. 11a K0T0p0M np01lJB0illfTC51 

c6opKa PC II ll3MeJleHHe ee peaKTHBHOCTH ny-reM c611H­

;+;eI11rn •tacTeii PC: 

- CHCTeMbl pemc·I pau1111 Hei·iTpo1111oro H raMMa-ll0T0-

K0B. BblX0J.l511UltX H3 PC: 

- nynbTa J]J1cra11u110I11Inro ynpaanemrn nepeMetue­

I-nte.M <JaCTeii PC. 

Co611paeMasi PC. t..aK 11pam1J10, paJ611saeTcS1 11a use 

•iacnt ( npHMep110 pas111,Ie no 311a•1eHHS1~1 K,.p), pacnono­

;+;eI1111,Ie 0lllia 11an 11pyroii. 8 npouecce llllCTaHUII0HH0ro 

C0Jll(lKeHHSI npononttTCSI ll3Mepettlle Kp11Tl1'leCKIIX napa­

MeTp0R PC. norpeWIIOCT!, 011pe11e11e1111si KpllTlt'leCK0ro 

Jmopa lt,p MelKllY •taCT51Mlt PC cocrnBJ1S1eT 0.2 MM. 11To 

cooTBeTCTBYCT norpeLUH0CTH onpe11enett1151 K3¢ ~ O, I % . 
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3KcnepHMeHTbl np0B0llHJIHCI., c K0MllJleKTOM ,l:\eTa­

JleH POM6 (pa36opHrui onhtTHrui ~mneJlb 6nattKern) [ 1,2], 

K0TOpb!H npe.UCTaBJISleT co6oi-i Ha6op reoMeTpH<JeCKH 

C0BMeCTHMblX 11eTaneit B BHJle UHJJHH.llpH'leCKHX KOneu 

pa3IIH'IH0l'O ,llHaMeTpa. 113 3THX K0Jreu M0JKH0 co6paTb 

ueHTpa.JlbllYIO, cpe111110IO 11 BHeWHIOIO 30Hbl PC. KOJlbUa 

BHeWHeii 30llbl HMel0T BHeWHHH ,llHaMeTp 70 CM, BHYT· 

peHHHH )..\HaMeTp 40 CM II 1nroT0BJ1eHol H3 06e11He1rnoro 

ypatta HJIH 110JIH3TJ,!Jlelrn, KOJlbUa cpe.utteH 30Hbl HMel0T 

BHeWHHH n1-1aMeTp 40 CM, BHy-rpeHHHH ,l:\HaMeTp 20 CM 11 

H3l'OT0BJleHbl 113 06e11HeHHOro ypatta, ll0JIH3THJ1eHa HJIH 

CBHHUa. .U1tCKH ueHTpailbH0H 301-fbl HMeJOT BJleWHHii 

lll!aMeTp 20 CM H H31'0T0BJleHbl H3 BblCOKOo6orawe1rnoro 

ypa1-1a, 06cJ11-1euHoro ypatta, nomrnTHJJeHa, Be, BeO, Pb. 

Fe. Al, Ti, Mo, Ni, Nb IIJIH W. B K0MnneKTe HMelOTCSI 

llHCKH 113 nny-roHHSI n11aMeTp0M 12 CM, K0T0pble 11JISl 

reoMeTpH'leCK0ro C0BMCll.lCHHSI C 0CTaJll.,HblMH .ueTaJISIMH 

ycTattallJl11BalOTCSI 8 cneUHaJ!bHblC ueHTP0B0'IHble K0JlbUa 

113 aJJIOMIHIHSI HJJH n0JIH3THJleHa. TTpHMepmu1 KOH<tJHry­

paUllSI CHCTeMbl, co6paHHOH 113 JJ.eTaneH K0MnJleKTa 

POM6 c 6oK0BblM oTpa:iKaTeneM, noKa3aHa Ha p11c. 1. 
3KcnepHMeHTbl np0B0llHJIHCb c 0llH0THllHblMH no 

KOHQ)Hrypau111-1 PC. Kall<Jlasi PC cocT0llJia 113 6oKOsoro 

0TpaJKaTeJISI (60) 1111aMeTpaMH 40 H 20 CM, rnpueBblX 

OTPaJKaTenei-i (TO) rnnw11tto11 JO CM H aKTHBH0H J0Hbl 

(A3) llllaMeTp0M 20 CM. B Ka'!ecrne MaTep11aJ1a 0TpalKa­

TeJlei;j IICl10Jlb30BaJJCSl JIH60 ll0JIH3Tl1JleH, JIH60 06enHeH-

111,,ii ypaH. AKTHBHble 30Hbl C0CTaBJ1e111,1 H3 '1epe.uy10ll.lHX­

CSl llHCK0B 113 fl0JIH3THJle11a l·l lleJISlll.lCl'OCSI MaTep11ana 

(.UM). B Ka'!ecrne .UM 11cn0J1b30Ban11cb 1111cK11 1n n1.,1co­

K006orawern1oro ( ~ 90 % ) ypa,-rn H nnyT0HliSI (pHc. 2). 
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P11c. 1. Komjrnrypau11ll PC: I - 6oKOB0H OTpa)KaTe.rn,; 2 -
aKT118Hall 3011a; 3,4 - lll1CKII 113 BblCOK006oraweHHOro ypaHa: 

5-8 - lIHCKH H3 nnyroHHll: 9 - BTYJlKa ft cn11ua ll!lll KpenJleHHll 

HCT04lilfK8 HCHTpOH0B; 10 - HCT04HHK IICHTpO~IOB: 11 - HHJK­

HllH 11 12 - BepXHl1H TOpUCDble 0Tpa.KaTem1; I 3 - 3330p MelK.!ly 

sepXHCH (I) H HHJKHeil (II) 43CTllMH A3: 14 - KOJlbUCBall npo6-

Ka 10 BblCOK006oraweHHOro ypaHa: 15 - UCHTp11py10lllHC K0Jlb­

ua ft3 n0J1113TIUICIIa; 16 - lIIICKII IIJ n0J1113TIIJlCHa; l 7 - rapen­

Ka; 18 - wroK nopwHll; 19 - onop1·1ast nm11a; 20 - rpy6a; 21 -
,1111a¢parMa: 22 - UCHTp11pYJ0lllCC KOJlbUO 113 MIOMHHl1ll (Macca 

ypaHOB0ro lIHCKa ~ 5600 r, Macca KOJlbUCBOH ypaHOBOH npo6-

KH ~ 155 r, Macca l(J,!Jll1Hllp114CCKOH ypaH0B0H npo6KH ~ 20 r, 
M8CCa rmyrOHIICB0ro lIHCKa ~ 950 r) 

6 

P11c. 2. Ko11¢urypau1u1 lIIICKOD (I), K0JlhUellblX (2) II UIIJlHIU1p11-

4ecKJIX (3) npo6oK 113 06orawe11Horo ypa11a (a) H ru1yrom1si (6): 
l - nnyr01111ii; 2 - 4Cxon HJ cra.1111 I 2X 18H I OT 
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Cne,llyer on1entTb, 4T0 B 3KCnep11Me1rrax 11Cll0Jlb3)'­

eTCll Oil.Ha MeT0Jll1Ka 113MepeI-HHI KpHrn4eCK0ro Ja3opa, 

0/l.1111 H ·1e lKC K0MilJleKTLI neraneil, 0CHaCTKa H Mep11-

TeJJbHbl~i 1111cTpyMeHT. TTo3TOMy JlJJll 113Mepe1111il co cna6o 

pa3JlH 'laIOLUH M Hell CHCTCMaMH C0CTaBJlll J0LUHC norpew I 10-

CTH onpe11e11eJ1Hll K3q, npaKTH'ICCKJ.I 0,llHHaX0Bbl 11, cne.ao­

BaTeJlbH0, oT11oc11renbHilll 11orpew11ocTb benchmark .aa11-

llb1x B "pa3HOCTHbIX" (T. e. npH MaJl0M 803MyweHHl1 

peaXTHBII0CTH PC) 3KCnepHMCHTaX M0JKCT 6b(Tb 3Ha4H­

TCJlhH0 MCHbWe HX o6LUeH norpewuocrn s 0llHII0'IH0M 

3KCnep11MeHTe. 

IJPOBE)lEHHE KPHTH3MEPEHHH 

DblJIO Bblll0JlHCH0 weCTb cepHH 3KCnepHMCHTOB. B 
Ka]l(Jl0H cep1111 np0B0llHJ111Cb KpHTMaCC0Bbte H3MepeHl1ll H 

113Mepe11Hll 4HCen peaKUHH C aKT11BaUH0HHblMH 11 .aenH­

TeJJbHblMH llCTCKT0paMH. HmKe B rn61rnue npHBC,llCHbl 

KOM6Ht1au1111 Marep11a;1os OTpalKaTeneil 11 A3 scex cep11il. 

Jlnsi 0flHCaHH_SI Q)H3H4eCKHX cxeM H:CCJlC,ll0BaHHblX 

PC wcnonbJyerc» cJ1eJJ.yI01UaS1 cpopMa 3anwcH. Ka)KJJ.all 

CHCTeMa 0flHCbIBaeTCll cpopM)'JlOH, COCT0SILUCH H3 .asyx 

'laCTCH, 3aKJ1J0'ICHHblX B CK06KH 11 pa3.aeneHHblX 31iaK0M 

"f'. Jlesasi 'laCTb 0llH:CbIBaeT ue,npanbli)'IO A3 11 C0CT0HT 

H:3 C)'MMbl CJJaraeMMX, Ka)l(Jl.oe 113 X0T0pblX 0flHCbIBaeT 

0,llHH CJIOH . CnaraeMbte C0CT0llT H3 CHMBOJla MaTep11ana, 

nepen K0T0pblM CT0HT 4HCJJ0, yi<a3b1Ba101Uee T0JIIUHHY 

CJI0ll B caHrnMeTpax. YpaHOBble ll.11CKH 6e3 npo6oK o6o-

3Ha4aIOTCSI "U", C K0J!LUCBOH 11 U11JlHHJlpH4CCKOH npo6-.. ... ~- . 
KaMH - "U ", T0JlbK0 c K0JlbUCB0H npo6KOH - "U ", c 

npo6Koil 113 o6e.atteHttoro ypatta - "Uo". J]..nll cJJoes, 

conepJKam11x JlHCKH H3 nnyrottHll, "I Pu(IAI)" 03Ha4aeT 

CJIOH H3 nJJyroHHSI C)'MMapHOH T0JIIUHH0H I CM B ue.H­

Tp11py10LUeM K0JlbUe 113 Al. nosTOp5110LUHeCSl CTPYKT)'pbl 

060311a'1aJOTCSI CK06KaMH, BH)'TpH K0T0pblX onwcaHa 

3JleMettrapHall lltJCHKa, 11 CT0JCIIUHM fl0CJJe HHX MH0)KHTC­

JteM, yKa3hJBaIOIUHM 411CJ10 n0BTOpeHl1H. 4HCJ10 B CK06-

Kax o603Ha4aeT BeJJH'IHHY KpHT3a3opa. npasasi 'taCTb 

0flHCbJBaeT 6oKOBOH 0TpaJKaTeJJb. OnwcaHHe COCT0HT H3 

nsyx cnaraeMbJX, nepsoe 113 KOT0pblX yKa3bJBaeT MaTep11-

aJJ H BblC0Ty 0TpIDKaTenSI 110 HH]l(Hero cpe3a sepxHeil 

4aCTII ue,npanbH0H 30Hbl, BT0poe CJiaraeMoe yKa3b!BaeT 

MaTepHan H BblC0TY o-rpalKaTenJCI OT 3T0H rpaHHUbl ,llO ero 

Bpex11ero cpeJa. nopllJJ.OK onwcaHHll c11esa 11anpaso <.:o-

0TBeTcrnyeT pacn0JI0JKeHl110 JJ.eTaneil B PC CIIH3Y BBepx. 

nru1ee 6y.ayr npHBellCHLI KpaTKHC pe3yJlbTaTbl Kp11T­

H3Mepe11HH B I, 2 M 6-il cepm1x. 



MaTep11a.11b1 tnpa)l(aTe.neii H A3 

Ccp11S1 60 H1t:4<HIIH TO Bepx1mii TO JlM o A3 Bcero PC 
PC JlflSI 

06.r1yt1et111ii 

I nomt3Tl1J!CII n ornl3TIIJICII noJll13TltJICtt Yoa11 10 I 

2 nofllt3Tl tJICII noJJH3TJIJJell noJJ lf3T11Jleli nnyrmmfi 4 I 

3 O6eirneBHbtil no 1113H1Jleli O6e.UliCHHblH ypaH n.ijYTOHHil 24 2 
ypaH 

4 O6e.u11eHHblH voaH O6em1e1rnb1ii voat1 O6em1eHHb1i-i voaH Yoatt 8 2 

5 noJlll3Tll!ICII noJJH3TJIJJCH noml3TIIJlelt YpaH H nnvrott11ii 9 I 

6 O6CJIHCHHblH ypall O6e.uHeHHblH ypaH O6eJIHeHHblH ypa11 YpaH II rtJJYTOHHH 10 I 
HJlll rt0Jllt3TIIJH!II 

ITepBa11 cep1111. 
(I0CH2 + (lu··+ SCH2) · 2 + 1u· + (2,71) + (SCH2 + 

+ I U .. ) · 3 + IOCH2)I(33,75CH2 + 32,95CH2) (PC i ). 
On1-1ca1111e PC np11senetto s rn6,111ue. PC I 6bUia B3SI­

Ta K3K "6aJOBaSI'', a 0CTartbHble 0TJll1'laJlHCb OT Hee 0T­

cyrcTBHeM Tex 11Jlli IIHblX llCTaJICH H3 JlM, 'lT0 r103B0JlllJI0 

H3MCpSITb B0JMyllleHHC peaKTHBH0CTH PC (TaK )f(C non61-1-

p8.TlHCb PC H B nocne]ly1ow1-1x cepHSIX). 

O111-1caH11e PC H pe3ym.TaTOB I-ii cepHH H3MepeHHSI lz,p 

PC Ornw111e seoxttefi yacn1 A3 OT PC! h,n, MM 

PC! - 27, I 

PC2 Bo BCCX Tpcx JIIICK3X 0TCYTCTBylOT 19.~ 
npo6K.11 H3 U 

PC3 B 1-M JIIICKC 113 u - npo6Ka H3 u 22,45 

0 = 3,5 CM 

PC4 Bo 2-M .u11cKc 113 U - npo6Ka 113 U 22,30 

0 = 3,5 CM 

PCS B 3-M .llltCKe 113 u - npo6Ka 113 u 20,75 

0 = 3,5 CM 

PC6 B 1-M .u11cKe 113 U - npo6Ka 1n U0 19,0 

0 = 3,5 CM 

PC7 Bo 2-M JIHCKC 1n U - npo6Ka 111 U0 19,4 

0 = 3,5 CM 

PC8 B 3-M .u11ci,;c 1n U - 11po6Ka 11, U0 19,45 

0 = 3.5 CM 

PC9 3-H JIIICK 113 LJ 3a,1e11eH 11a illlCK IIJ Uo 5.7 

PCI0 3-fi .llllCK 113 LJ y6pat1 3,9 

OTMCTHM, YT0 see npHBCllCHlll,IC 3H8YCHHll h.p nony­

YCHbl llJlSI onpe.neneHH0H TeMnepaTypbt Jana. JlJ1i1 PC. 

0IIHC31lHblX B Ta6J111UC, cywecrnyeT 33BHCHM0CTb KpHTH­

yecK0ro 3a3opa.0T TeMnepaTypbI PC h.p(T1). 3-ra 3as11c11-

M0CTb 6bl.TJa Bbll1BJ1e11a B 3KCnepHMeHT3X C PC I, K0r.na B 

'leTblpex rl0BT0pHblX H3MepeHHllX, Bblll0JlHetrnblX B TeYe­

tnle HC)leJIH, 6btJ1H IJOJ1yYett1,I pal!tH'lHblC JHa'lCHHll h.p, 
llJlll K0T0pblX a6COJIIOTHaSI BeJIH'llllla 0TKJI0Hetntll OT 

cpen11ero 311a,1eI➔ HS1 paBHS1nac1, 6.h•p ~ ±0,03 CM. 

npH 11poseneIrntt o6nyqaTCJibHblX 3KC1tepHMeHT0B Ha 

M0WII0CTH ~ 60 BT (pttc. 3) 6b1Jl0 no.riyqe110. YT0 npH 

HarpeBallHH CHCTCMbl 11a 30°C BCJlHYHlta hKp yBeJIH'IHBaeT­

Cll npH6JIH3HTeJlbHO 11a 4 MM (T. e. ~1MCCM - 0, ( 3 MM/I °C). 

nocKoJtr,Ky Jlllll PC c no.uo611oii Kottqmrypau11eA 

HJMepeHHblii "m111eii111,1ii sec" no.uBH)l(HOH ,Iacn1 A3 
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B6JIH311 C0CT0llHHSI KpHTH'lH0CTH COCTaBJISICT - O.i2P~MM, 

TeMnepaTypHblH K03cpcpHUHeHT H3MeHCHHSI peaKTHBH0CTH 

paseH ~ 0,02P3ip/0 C. 

h. MM 
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I I I I 

21,S 

I I I I 

..... _____ L. _ ....... i .. _ ...... . 1 ____ . -~. ?t ........ _ 
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20 40 60 80 100 

Puc. 3. 3aBHCHM0Cfb Kp11na,opa OT BpeMCHH 

npH o6JJyYCHHH neTeKT0pOB 

Brnpaa cepua. 

/, MHH 

( JOCH2 + 2,5Pu(2,5CH2) + (0,8) + 1Pu(0,2Al + 0,8CH2) + 

+ 1,5Pu(l,5CH2) + I0CH2)I(21,37 + 20,5CH2) (PC[). 

On1-1caHHS1 PC H pe3yJibTaT0B 2-A cepHH H3MepeHHSI /z•P 

PC Ornl1'-nte oeoxHei1 yacr11 A3 JIJJJI PC2 h,n, MM 

PCI - 8,0 

PC2 3aMeHa sepxHero JIHCKa 113 Pu Ha Al 

K0JlbU0 - IIMll1'3T0D rJVCT0Tbl 0,9 

Oco6eHHOCTblO .a.aHHOii cepHH 3Kcnep11MeHT0B SIBJISI­

JI0Cb 60JlhWOe 31-la'lCt!He BeJIH'lHHbl nepexona. 8 peJyJlb­

TaTC H3MepettHH nony'leHo, YTO I MM 1a3opa s1,Iwe HKC 

C00TBCTCTByeT ~ 65 UCHTaM. TaKHM o6pa30M nepexon 

MC)l(.llY HKC H BKC cocTaBJ111eT ~ 1,5 MM. 

ll1ecra11 cepm1. 8 3TOit cepHH A3 co61-1parracb B BHJle 

KOM61rnau1rn .UHCK0B 113 ypatta H llJlY,-0HHSI H, KaK 11 B npe­

Jlhl.!lYlllMX cep1rnx, 0.1111a HJ c6opOK llWJSUlaCr, "6a30BOH". 



( IOUo + I U + 5,5CH2 + I u• + 5,5CH2 + I U + 5,5CH2 + 
+ (3,64) + IU + 5,5CH2 + IPu(ICH2) + 5,5CH2 + IU .. + 

+ 1OUo)/(29.4U0 + 3O,6Uo) (PC3) 

OnHcattHe PC H pe3y111,TaTOB 6-i-i cep1rn H3MepeIIHS1 h,l'. 

PC 
Orm-t'-IIIC Bepx11ej.j 'laCTH A3 

h.p, MM 
JlJlll PC4, PCS 

PC3 - 36,4 

PC4 Y6pa11 BCPXHHH JUICK 113 ypalla C npo6K3MII 25,8 

PCS Y6paH BCPXIIHii JU-tCK HJ I1.nYTOHHll 20,2 

(IOCH2 + (I Pu( ICH2) + 4CH2) · 2 + ( 1,49) + I U + 4CH2 + 

+1Pu(ICH2) + 4CH2+lU
88+ 1OUo)/(29.4U0+ 3O,6Uo)(PC8). 

Om1caHHe PC H pe3y11HaTOB 6-i-i cepHH mMepettHSI h.p 

PC 0Trn1Y11e oepxHei-l YaCT11 A3 JlJlll PC9 lzen, MM 

PCS - 14,9 

PC9 Y6paH oepx1111ii JUICK HJ rlJJYTOHHll 1,6 

B 5 H 6-i-i cepHsix H3MepeHHi-i PC non6ttpanHc1, rn­

KHM o6pa30M, '-IT061,1 no 11O3MO)KHOCTH HCCJlCJlOBaTb CHC­

TCMbl, II KOTOpblX conep)Kal11-te O,[lHOro H3 BHJlOB .IlM OT 

MaKCHMIDlbHOro KOJIH'-ICCTBa YMCHbWIDIOCb no MHHHMIDlb­

HOro. Bcero 6bU10 nono6patto 19 nono6t11,1x PC. 

IlPOBE.llEHHE 0.3MEPEHKii XAPAKTEPB.CTHK 
HE8TPOHHhIX IlOJIEil 

AKTHB3UHOHHblH MCTOJl HCHTpOHHhlX H3MepeHHH 

(AMHl-1), .llBJISIIOUlHHCSI OCl-tOBHblM MCTOJlOM HCCJlCllOlla­

Httji nei-i-rpOHHblX nOJICH, pean113yeT TPH MCTOJlliKli 113Me­

peHHSI '-IHCeJl peaKUHii, KOTOpblC OCIIOBaHbl Ha Tpex TH­

nax JlCTCKTOpoe: 

- aKTllB3UliOHHble .ueTeKTOpbl (A.U) TenJJOBblX, pe3O­

HaHCl-tblX 11 6blcTpb1X 11ei-iTpOHOB; 

- JleJJHTeJJbHblC llCTCKTOpbl no BblXOJlY nponyKTOB 

JleJICHttll; 

- TBCPllOTe.JlbllblC TpCKOBble .UCJJHTeJlbllble JlCTCKTOpbl. 

B MCTOAHKax 11CllOJlb3YIOTCSI HJiepHblC peaKUH11 (n, y), 
(11, 11'), (11, p), .(11, 211), (11, a) H (11, f). Cocrns A.Il Bb16pa11 

TaKHM o6pa30M, '-IT06bl oco6eHHOCTH B CC'-ICHHSIX peaK­

UHii (pe30H3HCbl HJIH nopom) 6bum JlOCTaTO'IHO paBHO­

MepHO pacnpelleJJCHbl 110 11cc11enyeMOMy :mepreTH'-ICCKO­

MY JlHanaJOHY Hei-iTpOHOB. B UCJIOM 011 COOTBCTCTByeT 

HHTepsany OT Ten11oeoi-i ,>Heprn11 no 15 M::iB. B uen.six 

cpopMHpOBaHHSI onpeneneHHOH cpopMbl 311epreTHYCCKOH 

YYBCTBl1TCJlbllOCTH HCKOTOpblC .ueTeKTOpbl np11 o6Jiy'-leHHH 

OKpy)KCHbl 3KpattaMH. nornoLUaIOLUHMH 11/11J1H 33MC,ll.J1SIIO­

LUHMII 11ei-iTpm11,1. ECJJH llCTCKTOpbl BIIOCSIT 11CK3)KCHHll B 

HCHTpOHHOC pacnpenene1111e HCC11enyeMOH CHCTCMbl, TO 

ne11a1OTCSI COOTBCTCTBylOLUHe nonpaBKH. 

XoTll AMHH. no onpe.ue11ett1110, S1BJJS1eTCS1 HttTe­

rpanhttblM MCTO.!lOM, 11COOJ1b3OB3HHC Ha6opa aKTHBaUHOH­

llblX .ueTeKTopoe C paJJJH'-IIIOH 31-tepreTH'-leqrni-i '-IYBCTBH­

TeJlbHOCTblO nO3BOJISICT onpe.UeJlSITb 11 .!l1iq:>cpepe1-tu11anh­

llble xapaKTep1-1crnKJ1 no11ei1. B P<I>5IU-BH1111T<I> pa3pa-

6orn1-1a nporpaMMa ROCCTal-tOBJICHH.ll 311epreTH<teCKHX 

cneKTpOB H QJJ1IOCHCOB HeihpOHOB no .naHHblM aKrnRaUH­

OHHblX IIJMepeHHH. TaKHM o6pa30M MO)l(HO nony...HTb 

npaKTli'lCCKH BCIO 1-teo6xom1~yt0 liHq:>OpMUUHIO O npo­

CTpattCTBCHHO-31-tepreTH'-ICCKHX xapaKTepHCTHKax HeH­

TpOHIIOro nom1 - Q)JllOCHCe, cneKTpanbHblX K03qJQJHUH­

CHTaX, cpe.nttei-i 3HeprHH HeihpOIIOB 11 T. n. 

HoMeHKJlaTypa JlCTCKTOpOB B UCJlOM COOTBCTCTByeT 

06UlenpHHSITOMY B peaKTOpllOH .UO31iMCTp111i cocrney. 3To 

KacaeTCSI KaK Bb16opa peaKUHH, Ta]( Ii TeXHOJIOrH'-ICCKHX 

H KOHCTpyKTllBHblX oco6e1111ocTei-i HJrOTOBJICHHSI. 60111,­

WHIICTBO llCTCKTOpos HJroTOBJ1e1-t1,I 1rn60 so BHHHT<I>, 

1rn60 so BH.l1I1<I>TPYI. Bee .neTeKTOpbl npe.nCTaBJJ.silOT 

co6oii .UHCKOo6pa31lble o6pa3Ubl .UH8MeTpOM 50-5 MM 11 

TOJILUHHO~i o. 1-2 MM . .UeTCKTOpbl HJfOTOBJICHbl H3 oco6o 

'111CTblX RCUlCCTB (peJOHaHCHble - Ha OCHOBe cnnasa C 

aJIIOMMHHCM 11111-t ::>nOKCli.UHblX CMOn, noporoBble - H3 

JlHCTOBOro npoKaTa). Bee .!lCTCKTOpbl arrecTOB3Hbl no 

YHCJJY SI.Uep li3OTOnOB-MliWCIIH. 

OcttORHble S1.Uep110-cpH3H'ICCKHe xapaKTCpllCTHKH aKTHB3UliOHHblX JlCTCKTOpOB TenJJOBl,IX 11 HanTenllOBblX HCHTpOHOB 

PeaKmu1 3tteomsi oe3011aHca. 38 neouo.u no11yoacnana 3HeDn-tll Y-ll1f!Y'le11Hll, K38 
I64Dv(11, v) I65DY - 1/v 140,4 MIIH 362: 546 
176Lu(11, y) 177Lu 0,142 6,71 CYT 113; 208 
1s1Eu(n. y)1s2Eu 0,461 9,3 Y 842 
I 151n(n. y)l 16111 1,46 54,0 MltH 417; 1293 

197 Au(n, y) 198 Au 4,91 2,69 cvr 412 
152S111(11. y)l53sm 8,05 47.1 Y 103 
t86W(n, y) 1s1w 18.8 23.9 Y 686 
139La(n. y)l40La 72,2 40,26 Y 1596 
59Co(n, v)0°Co 132 5.272 JICT 1133; I I 73 

55Mn(n, v)56Mn 337 2,579 Y 847 
63Cu(11. y)64Cu 577 12,70 Lj 511 
23Na(n. yJ24Na 2850 15,00 Lt 1368: 2754 
soCr(n. y)s I Cr 5490 27.70 cvr 320 
45Sc(n, Y)46Sc 7170 84,0 CYT 889: 1121 

·17Cl(n. v}38CI 25300 37.21 MlfH 1642: 2168 
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OcHOBllble SIJlepHO-cjJH3H4eCKlle xapaKTepHCTHKH aKTHBaUllOHl-11,IX aeTeKTOPClB 6bJC1'pblX HeiiTpOI-IOB 

PeaKUllll 3cbdJeKTll8Hbli1 nopor, M38 llepHO.D, ll0ilYPacna,aa 3uepn1ll Y-H3Jl'{'lCHlill, K38 
23sU(11, I) • ,.,. •• 

103Rh(n, n')10J111Rh 0,7 56, 12 Ml111 20,1 
I ISln(n, ,t')' 15111111 I.IS 4,49 ,, 336 

2.1sU{n, /) 1,5 •• ... 
199Hg(n. n')l99mHg 1,4 42,6 MIIH 158: 374 

47Ti(n, p)47Sc 2,2 3,40 CVT 159 
58Ni(n, v)58Co 2,5 70. 78 cvr 81 I 
64Zn(n. v)64Cu 2,6 12.70 'I 5 I I 

nS(n, p)32p 3,0 14,29 cvr £"-··· = 1,71 
54Fe(n, v)54Mn 3.0 312.2 cyr 835 

204Pb(n. ,i')204mpb 4,0 I, I I 5 'I 375; 900 
27 Al(n, vf7Mg 4.6 9,46 MHH 844 
56Fe(n, p)56Mn 6,2 2,58 'I 847 
24Mg(n, p)24Na 7,0 14,96 'I 1369: 2754 
27 Al(n. a)24Na 7.2 14,964 1369: 2754 

203Tl(n, 2n)202Tl 9.5 12.2 cvr 439 
93Nb(n, 2n)92Nb 10,5 10, 13 cyr 934 

1271(11, 211) 1261 10,7 13,02 CVT 666: 389 
19F(n, 2n)18F 13.0 1,830 'I 5 II 

63Cu(n, 2n)62Cu 12,9 9, 76 Ml11i 511 
90Zr(n, 2n)89Zr 13,0 3,268 Cyr 910 
64Zn(n, 2n)63Zn 13,5 38,3 Ml1H 511; 1150 
58Ni(n, 2n)57Ni 13,7 36.0 4 1370: 1890 

'<t>op1•,111pyeTCSI JKpa1rn11,m H3 Cd H 10B: •• onpe.neJJSICTCSI HCn0Jlb3YCMblMH noporoBblMH .D,eTCIIT0paMH. 

l. ,il;JSI l13Mepemrn aKTHBaUHOHHblX HHTerpanos ofuiy­

'leHHblX AJl HCnOJ1b3YCTCSI o6pa3UOBall cneKTpOMeTpH4eCKaSI 

ycrnHOBKa 1-ro pa1pMa YPH-1-2. B ee cocTaB BXOJ1S1T: 

- raMMa-cneKTpOMeTp Ha 6JlOKe H3 oco6o 'IHCTOfO 

repMaHHSI 5.[lEf-2K-75 H repMaHHH-JlHTHCBOro JlCTeKTO­

pa .[lf.[lK-638: 

- raMMa-cneKTpoMeTp Na(l)Tl paJMepoM 80x80 MM; 

- OJlHOKaHaJlbHblH raMMa-cneKTp0MeTp Na(l)TI pa1-

MepoM 50x5 MM. 

A6comon1a.si norpewHOCTb onpeae_lJellHSI aKTHBUUH­

OIIHblX HHTerpar108 3-5 % ( I cr). 

2. .[leJlHTCJlbHblC JlCTCKTOpb! H3 MCTaJIJIH'leCKOro 

ypa11a . .[leTeKTOpb1 111 235U (~ 3x2x0,l5 MM, ~ 15 Mr), 
238U (~ l0x0,2 MM, ~ 300 Mr) repMentYH0 ynaKOBaHbl B 

n0JJHMepttyio nJleHKy. JlpOBO,USITCSI a6COJ1l0Tllble H3Mepe­

HHSI JlJ]SI onopttoro JlCTCKTopa Ha ynOMSIHYTOH o6pa3UO­

BOH ycrnHOBKe YPH-1-2, a OHIOCHTCJlbHbJe H3Mepemrn 

,!lf(SI acero OCTaJlbHOro tta6opa 1m CUHHTHJlJlSIUHOIIII0M 

raMMa-cneKTpOMeTpe. JlorpeWHOCTb a6COJllOTHhlX IUMe­

peHHH 3-5 %. JlorpewHOCTb OTllOCHTeJlbllblX H3MepeHHH 

2-4 % (lo). 

3. TsepnoTenbllhle TpeKOBble aeJIHTeJlbllble neTeKT0-

pbl. .Hen OJl b30BaJl llCb aeTCKTOpbl HJ CTaHJlapTII hi X 11a60-

pos .[lKH H CH, cno11 H3 H30T0IIOB U, Pu, Np, 11:.iroTOB­

neH11b1e BO BH1111T<I>. u cno11 WJ 1nornn0B U, Pu, Am, 

Np, Po, 113roTOBJ1eHttb1e so BHHl13<I>. C110H, 1rn-0ToB­

neHHb1e BO BHHHT<l> 11 BHl1113<I>, npoxon.siT anec-ra­

uiuo no HJOTOnHOMY cocrnRy H 411c;1y SI.Uep H30Tona-
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M~1wett11 no MCTOJlHKe BH1111<DTP11. JlorpewttocTb on­

peneneHHSI 4HCJia SIJlep 1,5-2,5 %.8 Ka4ecrne perncTpa­

Topa HCI10nb3yeTCSI CJllO.Ua MYCKOBHT. JlorpeWHOCTb on­

peneneHHSI 'IHCJia .aene11HH MeTOJlOM TT.[l.[l+cniona 3-4 % 

( I cr). MeTOJlHKa a1TecTosatta B paHre pa6o'!ero cpencrna 

11JMepe1111.si. Ycrn11osKa neTeKrnpos npoBOJlHJJacb no PC, 

KUK noKaJaHO Ha pHC. 4-6. 

8 
4 

't:;:~~~~~ir-3 
2 

9 

Puc. 4. CxeMa paJMCIUCHIISI K0HTCHHCpoR c JICTCKT0paMII s Bepx­
Hdi <JaCTII AJ paJMH0lK8IOIUCH CltCTCMhl: 1-5 - K0HTCHHCpbl C 
JlCTCKT0paMII 8 o6,1Y4aTe/ll,HblX T0lU(ax; 6 - rI0J1113TIIJ1Clf0BblC 
npo6Kll .D,llaMeTpoM I, 18 CM: 7 - uemp0B0'lHhle K0JlhUa IIJ 
aJII0Ml11111~: 8 - Jl11CK11 113 ll0Jlll3TIIJlCHa: 9 - ypall0BblC JllfCKll. 
Tl, T2 -T0'lKII H3).1epe11m1 TeMnepaTyp TepMonapa~rn Tl, T2 



H eKOTO JhJe xapaKTe JHCTHKH 0 6 JIYY3TeJlbllblX 3KCnepHMe~rrOB 

'.3J(CnCDJIMCHT I 2 3 4 5 6 

MOlllllOCTb, BT 3,0 0,6 60 60 60 60 

8DCMll 06JJY'ICHllll. MIIH 14 18 ~ 90 - 100 ~ JOO ~ 100 

Ha6oo KOHTCiiHCDOB Cd6-Cdl0 All6-AIIO Cd6-Cdl0 All6-All JO All-Al IS Cd l-Cd5 

- Q(inyY8CMblC JlCTCKTODbl TDCKOBblC ToeKOBblC AKTIIB8U1101111blC AKTIIB8UJIOHHI,IC AKTIIB8UHOLlllblC AKTIIB8UIIOILH blC 

-,,. II· MM (T; . °C) 14,8 18,7 13.7 (13) 18,0 18,0 ( 11 ) 13,2 

-h,roK, MM (T K· °C) - - 17.7 -

A-A ll 

01205_0,z '? 
------------ II) 

..; 

21 ,7 (39) 22,2 (44) 17, 1 (36) 

P11c. 5 . <l>parMeHT scpx11eii 'laCT11 o6n}"laeMOH c6opu1: 1.4,6.9 -

AIICKII 113 nnyroHHll ; 2 ue1rrpoBOYHblC KOJlbUa 113 

nOJll13Tl1JlCHa; 3 - JlHCK 113 nomt3THJJCHa; 5 - onopHOC KOJlbUO 

H3 anlOMHHHll; 7 - )lHacpparMa U] CT3Jlll; 8 - TepMonapa, TI -

cnai-i TCpMonapbt (TO'!Ka 113MCpeHHll TeMneparypbt); IO - JlHCK 

113 aJIIOMHIIH_ll JlJl_ll ycraHOBKH JlCTCKTOpOB (o6JJ}"laTCJlbHall no311-

um1 I); I I - JlHCK 113 nomt3THJ1Clia JlJlll ycraHOBKl1 JlCTeKTOpOB 

(o6JJylfaTCJJbHal! n0311UHll 2); 12 - JlCTCKTOpbt HeiiTpOHOB; 13 -
npo6KH HJ noJJH3THJJe11a: I 4, 15 - cjlparMeHTbl ropuesoro 11 

60KOBOro OTpaJKaTe.neii COOTBCTCTBCIIHO 

....!L 
j_ 

0200_0,. --------~~----·~' 
0196 •O I ~ 

....!L 
062 

a 

<,j 

C) 

..; 

2 

6 

PHC. 6. K0Hcjlftf)'pau1111 JIIICKOB Jl]lll ycrattOBKII JlCTCKTOpOB: a - 113 anlOMHltJtll ( Mareplla.11 AMr6): 
6 - 113 nOJHl3THJlClla: 1 - CKB03llb1C OTBCpCTllil, B KOTOpble YCTaHaBJ111B8JOTCll JlCTCKTOpb1; 2 - npOTOlfK3 

nOJI TepMonapy (BblrIOJllleHa TOJlbKO B anlOMHllltCBOM lll1CKe). BHJl 8 nOK83blB8CT B3p1131iThl I. II 
(ntnbl llltCKOB) pacnoJJOlKCHIIJI ornepCTHii no.u JlCTCKTOpbl B Al .UIICKax. .LJ.mi CH2 JlllCKOB 

83pll811Tbl pacnOJlOJKCHIUI ornepcT1111 a11anorHlflibl 

Pa3JIH'1Hble Htrlbl JlCTCKTOpOB cpop~H1pOB8Jll1 B naKe­

Tbl, KOTOpble COCTasm1J11JCb HJ YCJJOBIHI M3KC11MaJlbllO 

B03MQ)f(H0i-i HHQ)OpM8Tl1BHOCTl1 B o6nacn,i OT TeOJlOBblX 

11,0 6blCTpblX Hei-iTpOIIOB. B K8)KJlOM OllblTe B naKernx 

YCTaJJ8BJll1BaJll1Cb JlCTeKTOpl,1-MOl·llHOpbl H3 IIHKCJlll, '!TO 

l"IOJBOJl51Jl0 COBMe.ll.l8Th Jl81111 hie paJJlbl X o6JJ)"lCHHH 11 

Y'lHn1saTb 1nMe11e1111e cpyt1KU.Hii pac11peJleJ1e111rn B ,as11-
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Cl1MOCTl1 OT BCJ111'1Hllbl KpHna.3opa. TTaKeTbl npu Heo6xo­

J]J1MOCTH n0Mewan11c1, s Ko1nei-iHepb1 113 Cd ( I 5x IO MM, 

0,5 MM). 

TTOJJHJ,le Jl8HHble no aKTHB3UIIOHHblM 11 neJ111TeJ)b­

I-lblM IIHTerpanaM JlJISI 1-i-i cep1111 3KCt1ep11MeliTOB np1rne­

J1ellbl s rn6n11u.e. 



3KcnepHMeHTa./lbHble H pac4eTHble 3HaYeHHll aKTHBaUHOllllblX H .lleJIHTeJlbHblX HIITerpaJIOB 

PeaKI.UIJI 3Kpatt YpattOBblil .1111CK noJJH3Tl1JlCHOBblil llHCK 

Q;IQNi (1u, %) 
175Lu(n, y) - I ,48e+4 (6,8) 

175Lu(n, y) Cd 4,44e+2 (7,0) 

164Dy(n, y) - 0,92e+4 (4,6) 

164Dy(n, y) Cd 2,05e+2 (5, 1) 
115In(n, y) - 1,75e+3 (4,3) 

I 151n(n, y) Cd I ,05e+3 (4,9) 

197Au(n, y) - 7,67e+2 (2,4) 

197 Au(n, y) Cd 5,07e+2 (2,5) 

1s6W(n, y) - 3,37e+2 (10) 
186W(n, y) Cd 2,08e+2 (10) 

t39La(n, y) - 3,43e+1 

l39La(n, y) Cd 5,l7e+O 
59Co(n, y) - I ,67e+2 (2,8) 
59Co(n, y) Cd 2,97e+ I (3,0) 
55Mn(n, y) - 5,02e+ I (2,9) 
55Mn(n, y) Cd 5,8le+O (4,5) 
63Cu(n, y) - 1,95e+I (2,8) 
63Cu(n, y) Cd 2,44e+O (3,0) 
23Na(n, y) - I ,90e+O (2,8) 
23Na(n, y) Cd 1,46e-1 (5,0) 
5°Cr(n, y) Cd 3,94e+O (10 %) 
45Sc(n, y) Cd 5,40e+O (3,0) 

mu(n, y) - 3,23e+ 1 (4,2) 
235U(n, y) Cd 2,66e+1 (4,5) 
235U(11,f) - 1,40e+3 (5,0) 
235U(n,j) Cd I ,46e+2 (4,0) 

239Pu(n, /) - 3,61e+3 (5,0) 
239Pu(n,j) Cd 2,00e+2 (4,0) 

231Np(n,/) Cd l,46e+I (6,5) 
1151n(n, n) Cd 1, 74e+O (3,2) 

23sU(n, /) Cd 2,71e+O (6,0) 
47Ti(n, p) - l,64e-1 (4,5) 
64Zn(n, p) - 3,21 e-1 (3,6) 
58Ni(n, p) - 0,93e+O (2,9) 
56Fe(n, p) - I ,04e-2 (3,6) 

24Mg(n, p) - 1,26e-2 
27 A1(n, a) - 7,43e-3 (3,9) 

.ll.nll BOCCT3HOBJlCHH.ll cneKTpOB npHMCHllJl8Cb pa:ipa-

60T3HH3ll B BH1111T<l> nporpaMMa. B Ka4eCTBe 11843./lb­

HblX npHfoJH)l(CHHH HCflOJlb'.!083./lHCb pe:iyJlbTaTbl pac•1e­

TOB 110 nporpaMMe MCNP H ci-a11.11apTHb1e cneKTpbl HJ 

6H6JJHOTCKH 6KC-2. OpH BOCCT3HOBJICHHH cneKTpOB 

HCnOJlb30B3./lHCb TOJlbKO "Ka)I.MHp083HHblC" .11.CTCKTOpbl. 
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Qp/Q::i Q;IQNi (Ju, %) Qp/Q3 

-* 5,41e+4 (6,8) -* 

-· 8,88e+2 (7,0) -* 

-* 3,35e+4 (4,4) -· 
0,96 4,44e+2 (5,0) 0,96 

0,90* 5,26e+3 (4,4) 0,80* 

1,00 2,06e+3 (4,6) 1,00 

1,05* 2,37e+3 (2,4) 0,94* 

1,00 9,76e+2 (2,4) 1,00 

0,96* 1,05e+3 (10) 0,86* 

1,00 4,15e+2 (10) 1,00 

0,93* l,46e+2 0,85* 

1,00 l,07e+I 1,00 

-· 6,77e+2 (2,8) -· 
1,00 5, I 4e+ I (3,0) l,00 

0,91* 2,16e+2 (3,0) 0,82* 

1,00 l,08e+I (3,5) 1,00 

0,76* 7,30e+1 (2,8) 0,76* 

1,00 4,26e+O (3,0) 1,00 

-• 7,27e+O (3,0) 0,95* 

-* 2,76e-1 (4,0) -• 
1,00 7,40e+O (10 %) 1,00 

-* 1,04e+ I (3,0) -· -· 7,03e+1 (5,0) -* 

- * 4,45e+I (4,1) -• 
1.35* 4,39e+3 (5,0) 1,73* 

0,98 2,61e+2 (4,0) 1,00 

1,37" 1,27e+4 (5,0) 1,57* 

1,05 4,35e+2 (4,0) 1,04 

1,00 I ,48e+ I (6,5) 1,00 

1,00 1,61e+O (3,5) 1,02 

0,99 2,58e+O (6.0) 0,98 

1,14* 1.62e-1 (4,5) 1.14* 

1,05 3,25e- I ( 4,0) 1,04 

0,95 1,00e+O (2,9) 0,96 

1,00 1,21 e-2 (3,6) 0,99 

1,30* 1,42e-2 1,28* 

1,00 7.97e-3 ( 3.9) 1.01 

CpenHee paCXO)l()I.CHHe 3KCnepHMCHT3./lbHblX H paC4CTHbIX 

3H34CI-IHH 3KTH83UHOHllblX HHTCfPaJlOB 3 %. )lOJJll TCnJJO­

BblX HCHTpOIIOB onpe!leJJllJ13Cb C norpeWHOCTblO 8 %. 
Boccrn1108./leHHble cneKTpbl !lJHI 1-H cepHH 3KCnepHMef-l­

TOB npHBCJJ,CHbl Ha pHC. 7. 
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PHC. 7 . .Umpq>epeHUHaJlbHble cneKTpbl HeHTPOHOB: I - 8 UeHTpe ypaH0BOro ./.lHCKa; 

2 - B ueHTpe nOJJH3THJJeHOBOfO ./.lHCKa; 3 - cneKTP HeHTp0HOB JleJJeHl-tll 235U 

3AKJilOlffiHHE 

B npe,l.lCTaB.lleHH0M J.l0KJJa,ue Ha npHMepe np0Be,/.le­
HH51 0./.lH0f0 KpynHoro UHKJla H3MepeHHH noKa3aHbl 803-
M0JKH0CTH ycTaH0BKH <l>KEH no: 

- npoee.uem,110 benchmark H3Mepem,1i,i KpHrn'!eCKHX 
napaMeTpoe p33Hoo6p33HbtX PC, M0./.leJ1Hpyt01UHX OT./.leJ1h­
HbIe ::meMeHTbl :;mepreTH'leCKHX peaKTOpOB H HHblX pa3-
MHOJK3IOIUHX YCTPOHCTB; 

- H3MepeHHIO BJ!HllHHll MaJlblX 803./.leHCTBMH, H3Me­
Hjif01UHX peaKTHBHOCTb PC; 

- H3MepeHHIO xapa1<TepHCTHK Hei-iTPOHHoro noJlll PC 
8 PaJlHaJlbllOM H aKCHaJlbH0M HanpaBJJeHHSlX 60JJbWHM 
K0JJH'!eCTB0M J.leTeKT0pOB 0,/.lH0BpeMeHH0. 
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IlOCTAHOBKA BENCHMARK 3 KCIIEPUMEHTOB C KPUTWIECKUMII CUCTEMAMH 
HH3KOOEOfAIUEHHOf O YPAHA 

IO. H. q epnyxHH, B. A. Tepex1rn, A. II. BacHJJbCB, IO. A. C0KOJJOB, IO. A. JlyKHH, B. Jl, Jlt0TOB 

P<I>51U-BHI1l1T<I>, 456770, r. Ctte)KHHCK t.Jemr6HHCKOH 0611. 

O6C)"AU13eTCll noCTaH0BKa benchmark 3Kcnep11MCHTOB C KpHTH'lCCKHMH reTeporeHHblMH CltCTeMa~m. co11eplKaWHMlt MCTaJl/111\JCCKIIH ypa11 060-

rawemteM MeHee 20 %. 8 pallllf'lHblX H3p)"A<HblX OTpa;«aTeJJllX (nOJUl3Tl!JlCH, 06e1111eHHblii ypaH, lKeJJCJ0) II palllH'IHblX C00TH0WCHIIIIX IICJlllWCl'OCll 

MaTepuana It B0II0P0I!0C0I!ep;icamero Marep11ana 8 aKTIIBH0ii JOiie c6opoK. 

O60CHOBaHHe KPHTMaCC0BOH 6e3onaCHOCTH 3arpy3KH 

KOHTeHHepoB .!!JUI nepeB03KH H xpaHeHHll peaKT0pttoro 

T0nJlHBa B H0pMaJlbHblX 11 asapHHHblX ycJl0BHllX np0B0-

.uwrcsi o6hl'rno pac'!eTH0 c 11cno11b30Batt11eM nporpaMM 

MoHTe-Kapno, no3B0J1SIIO[ll11X Bbl'IHCJlSITb BeJlH'IHHy 3cp­

cpeKTHBHOro K03cpcp11u11eHTa pa3MH0)l(eHHSI HeHTpOHOB 

( K'l<j)) TJ)eXMepHblX K0HelJHbJX peweTOK 113 TenJl0BbUle-

JlSIIOlllHX c6opoK, B TOM lJHCJie 11 HeperyJ1S1pHblX, KaK 3TO 

M0lKeT 6b1Tb B CJlYlJae aaapHH. CymecTBeHHOH lJaCTbl0 

TaKHX nporpaMM SIBJUleTCSI HX K0HCTaHTH0e 06ecnelJeH11e, 

K0Topoe, B CB0IO 0'!ep e.Ub, Tpe6yeT 3KCnepHMeHTaJlbH0ro 

no.urneplKJleH HSI. 

B HaCTosimee apeMSI HaKonnetta 06w1-1pmu1 3Kcne­

pHMeHTaJlbHasi HHqJOpMaUHSI no KpHTHlJeCKHM c6opKaM, 

KOTopasi MO)l(eT CJ1Y)l(l1Tb OCHOBOH .!!JUI npoaepK11 H K0p­

peKTHp0BKH HeHTpOIIHblX KOHCTaHT (CM., Hanp11Mep, [ 1-
41). O.uHaKO e OCHOBH0M 0Ha nony'lel-Ia Ha c6opKaX c Bbl­

COK006oraweHHblM SI.UepHblM T0nJlHB0M, Ha roMoreHHblX 

c6opKaX 11JlH Ha c6opKaX C BeCbMa CJlOlKH0H KOHcp11rypa­

u11eH aKTHBI-I0H 30Hbl (A3), '!TO 3aTpy.um1eT 11Cll0Jlh30Ba­

HHe ll0CJle.UHHX B KalJeCTBe 3Kcnep11MeHT0B THna 

benchmark .a.nsi c11cTeM, o6pa3yrom11xcsi npH 3arpy3Ke 

K0HTei11-1epoB peaKT0pHblM TOnJIHB0M. 3Kcnep11MeHTOB 

nma benchmark .a.nsi KpHTH'leCKHX reTeporeHHblX c6opoK 

C Hl13KOo6oraweHHblM ypaH0M C 06orawe1-111eM l130T0110M 
235U 11 E a:: (3-20) %, xapaKTepHblM JlJlSI peaKTOpHoro 

TonmtBa, cpaBHHTeJlbH0 MaJl0. 06 3T0M CBH.UeTen bc-rsyeT 

npe.a.no)l(ett11e US Nuclear Regulatory Comission (R. E. 

Cunningham ) no nposeJ1eImI0 no.a,ofaroro po.ua 3KcnepH­

MCHT0B, c.uenaHlloe BO BpeMSI poCCl1HCK0-aMep11KaHCKOH 

ac1pe'111 y'leHblX-Sl,!lepLU11KOB B ltl0He 1993 rona B r. Anb-

6YKepKe. H ony6nHKOBaHHblH B CWA nportto3 noTpe61-10-

cTd1 B Kp11TMaCCOBblX 113MepeHl1SIX Jl0 2000 r. [5]. 
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illHpOKHe B03MOlKHOCTl1 JlJlSI npoae.ueHHSI TaKHX 

3KCnepHMeHT0B B HHTepecax 06ecne•1eHHSI Kp11TMaCC0B0H 

6e3onaCHOCTH 3arpY3KH KOHTeHHepoe peaKT0pHblM TOn­

JlHBOM HMeeT KpHTCTeHn <I>KEH (qJH3HlJeCKHH K0TeJl 6h1-

CTpblX 1-1eii-rpoHoB) c M0JleJlblO POM6, 11Me10lllHHCS1 e 

P<I>51U-BH11J1T<I> r6J. 
PaJ6opHasi onbJTHasi Mo.uenb 6naHKeTa ( POM6 

6bma cm.uaHa BO B Hl111T<I> B 1981 r. JlJIR nposeneHml 

11ccnenosaHHH B 11HTepecax KOppeKTHpOBKH KOHCTallT 

B3311M0.UeHCT811jl HeHTpOHOB C aewecTB0M B o6JiaCTl1 

3HeprnH .uo 14 M::iB. POME npe.a,CTaruu1eT co6oii npaK­

rn'leCKH 6e33a3opHblH U11Jl11H.Up 113 o6e.a,HeHHOro ypaHa 

(0,5 % 235U, BblCOTa 90 CM, ,llHaMeTp 70 CM, MaCCa 6,5 T, 

cpe.a,HSIH nJl0TH0CTb 18, 75 r/cM
3
), COCTOHLUl1H H3 KOJleU 

BHewHeH 30Hbl C BHeWHJ,fM .IJ,HaMeTp0M 70 CM 11 BHyrpeH­

I-fHM - 40 CM, K0JleU cpenHeH 30Hbl C BHeWIIHM Jl118MeT­

poM 40 CM 11 BHyrpeHHHM - 20 CM 11 JlHCK0B ueHTpanb­

H0H 30Hbl Jll1aMeTpOM 20 CM. KpoMe Toro, 8 K0MrlJleKTe 

POME 11Me10TCS1 Ha6opb1 .!ll1CK0B A3 113 BblCOKoo6ora­

llleHH0ro ypa11a (E ~ 90 %) (.UHaMeTp 20 CM, TOJlLUHHa 0.4 
H I CM) H nny-r0HHll (.uHaMeTp 12 CM, T0JllllHHa 0,45 CM), 

a TaK)l(e 1-ia6opbl .UHCKOB 113 Pa3JlH'IHblX K0HCTPYKUHOH­

HblX 3aMeJ1JllllOllll1X 11 nornomarolJ.(HX HeHTpOHbl MaTe­

p11anoa (.u11aMeTp 20 CM, TOJllUHHa OT 0,5 JlO 5 CM), '!TO 

.uaeT B03MOlKII0CTb llJlSI o6pa30BaHl1SI 60nbWOfO '111CJla 

pa3HOo6pa3HblX f0M0reHHblX H reTeporellHblX KpHTH'le­

CKHX M 110JlKpHTl1lJeCKl1X c6opoK. xapaKTep113yeMblX co­

sepweHII0 pa3.11H'IHblMl1 11ei-iTp0HllblMl1 cneKTpaMH . 

Hanw111e e cocrnse POME ne-ra11ei-i npocrnii reo­

MeTp1111 C onpe.ueneHHbl Ml1 C BblCOKOH TO'IHOCTblO pa3Me­

paMH 11 C0CTaBaM11, a TaKlKe B03M0)KH0CTb C BblCOK0ii 

TO'lHOCTbl0 Ollpe.UeJlSITb C0CT0Sllll1e KpHTH'IHOCTH n03B0JlSI­

IOT 110JlYlJaTb H3JlelKHble 3KCnepHMeHTaJlhflble .uaHHble (Tl1-

na benchmark), np11ro.u11hIe .llJISI K0ppeKrnpoaKH Heihpmr-



llblX KOIICTaHT, 11CIIOJlb3YeMblX B pac'leTax peaKTOpllblX 

CHCTeM. TunH'lHllil norpewHOCTb onpene.netlHll BeJlH'lHHbl 

K )(j, KpHrn'lecrnx c6opoK coc,,arurneT 1-1e 6onee 0,2 %. 

Ha cTe1-1.ue <!JK6H 3a speMll, npowenwee noc.ne ero 

C031].aHHll, lf3y'lellO 6011ee 300 KpHTH•1ecKHX c6opm,:, .!lJlll 

6oJlbWHIICTBa H3 KOTOpblX 11pose.aeHbl H3Mepe,rnll TOJlbKO 

KPHTH'leCKOro COCTOllllHll. 4acTb IIOJly'lellHblX np11 3TOM 

pe3yJlbTaTOB BOWJla B cnpaBO'lHHK [I]. 

B 11acTOl!LUee epeMl! Ha CTettne <!JK.EH MOryr npo­

BOllHTbCll cne.ny1ow11e 3KCnepHMeHTbl: 

- non6op KOHcjJH1ypaUHH CHCTeM, KpWl'H'lCCKHX no 

3ana31].b1Ba!OLUHM HeHTpOHUM, C TO'IHOCTblO onpeneneHHll 

KpHTCOCTOlHIHll ( K )(j, = I) He xy)l(e 0,2 %; 

- onpe.neJleHHe B "pa3HOCTHb!X" 3KcnepHMeHTaX 

BKJlal!OB B peaKTHBHOCTb KpHTH'leCKHX c6opoK OTHOCH­

TeJlbllO 11e6om,w11x o6pa:iuoe; 

- HJMepett11e npocTpa1-1crne1rnoro pacnpenene,rnll B 

KpHTH'leCKOH CHCTeMe 'lHCeJI nene!IHH H cneKTpaJJbHblX 

ltHlleKCOB ,rn pa.3JlH'lllblX 3JICMCHTax C TO'lHOCTblO He xy­

lKe 3-5 % JlJLll OTHOCHTeJ(bl-11,IX H3MepeHHH H Mettee IO % 

llJlll a6COJIIOTHblX H3MepeHHH; 

- onpeneJ1eH11e HeHTpOHHblX cneKTpoe B KpHTH•te­

CKOH Cl1CTeMe C rIOMOLUblO MeTO.llHKH aKTl1BaUHOHHblX 

HHJlHKaTopoB (0611yYeHHe 1-1a6opa aKTHBaU110HHblX 11flllH­

KaTopoe, 113MepeHHe UKT11BaUHOHHblX Hf!Terpanoe, BOC­

CTaHOBJJeHHe 11eHTp011HOro cneKTpa C 110MOLl.lbl0 cneuH­

aJlbHOH MaTeMaTH'leCKOH nporpaMMbl). 

XapaKTepHOH oco6eHHOCTblO 3arpY3KH KOHTeil1-1epoe 

peaKTOpHblM TOllJll1BOM llBJll!eTC.ll TO, '!TO OHO pa3Me1Ua­

eTCll B K01neii1-1epe B BHne pel)'IlllpHblX peweTOK. no:.:JTo­

MY Tecn1poea1-111e HdiTpOHHblX K.OHCTallT llJlll pac'leTHOro 

o6oc1-1osamrn 6e30ITUCHOCTl1 11X 3arpyJKH 11.0JllKHO ocywe­

CTBJll!TbCll C y'len)M reTeporeHHOCTH o6pa3yIOLUeHCll npH 

3TOM CHCTeMbl, '!TO oco6e1rno BalKHO Jlilll B0,U03anOJIHeH­

Hb1X KOHTei-it-1epoe (H3•3a Tpyn1-10 Y'lHTblBUeMoro 3cpcj:leKTa 

3KpaHHpOBKH pe30HaHCOB y 
238

U). 

KpHTCTeH,U Cl>K.EH n03BOmleT npOBOJlHTb HCCJJeno­

BaliHll KpHTH'lHOCTH 0.!lHOMepllblX peweTOK H3 ll'leeK 

pa3JlH'lHOro cocrnea. Bo BHl111TCl> TaKoH OflblT 61,m 

npoeeneH C CHCTeMOH, COCTUBJleHHOH H3 ~ IO O,!J.HHaKO­

BblX H'leeK, MOD.eJIHPYIOLUHX xpa1-1e1-111e MeTaJJJIH'leCKHX 

.O,eJlllLU11XCll MaTep11aJJOB C BblCOK11M. 06orawe1111eM B 3a­

uu1wa10LUl1X KOHTeihtepax [7). AH8..IIH3 ero pe3yJJbTaTOB 

noKa3aJI, '!TO pa.JJH1'll1e Me)KJ.ly 3KCnepHMeHTaJJbHb!MH 11 

pac'leTHblMH 3Ha'leHHllMH K :$ MOlKeT nocrnraTb ~ 2,5 %. 

B TO )Ke epeMl! JlJ)ll O)lHHO'lHblX c6opoK C BblCOK.006ora­

U(e1111b1MH neJlSIWHMI-ICSI MaTep11aJJaM11 3Ta neJJl1'111Ha, 1-1aii­

J:lem1a.ll C TOH lKe CHCTeMOH KOHCTal!T 6oJJee 'leM JlJlll 

250 Kpl-lTH'leCKIIX c6opoK, He npeBblWaer I %. 

MOlK"HO npe.nnOJlO)l(HTb, 'ITO Jl/lll peweTOK C ypaHOM 

HH3KOro o6orawemtll, xapaKTep1-1oro JlJlll peaKTopHoro 

TOnJJHBa, BeJ111'111Ha ~ K )(j, 113-3a B03paCTaHHH pOIIH pe-

'lOHaHCHblX 11eiiTpo110B 6yJ1eT ewe 60JlbWe. 3TO 11.e11aeT 
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]alla'ly IIOJ1y'leHl1ll 3KCnep1-1MeHTaJJbHblX llallllblX THna 

benchmark llJlll pewernK c 1111JK006orawe11ttblM ypa1-10M 

sec1,Ma aKTYaJJbHOH 11 tteo6xo.n11Mott. 

B pa6oTe I 5] OTMe•iaeTc.ll, 'lTO benchmark Kp11niKc-

11ep11MeHThl C IHl3K006ormuem-tblM ypaHOM (E ~ 20 %) 

11eo6XO.llHMbl TaK)l(e lUlll llOBblWeHHH HM_elKIIOCTH o6oc­

HOBaHl1SI KplHMaCCOBOH 6e30llUCHOCT11 pa3H006pa3HblX 

TeXHOJIOll1YeCKl1X onepau11i-i, 11cnOJ1b3yeMblX B ll)lep110-

TOll.lll1BHOM UHKJJe (pa3nen " Criticality experiments 

needed to support low-enriched uranium operations", 

3ana'l11 N2 202, 203, 208). 

.Ilnll pewemtll 3TOii 3aJW'l11 B )laHHOM npoeKTC npeJ1-

J1araeTCSI JJ,OnOJ1Hl1Th KOMn11eKT A3 Kp11TcTe1-1.na <!JKEH 

JlHCK3Ml1 H3 MeTaJJJIH'leCKOro ypa1-1a 5 11 20 %-ro 06ora­

we1mll 11 npOBCCTH C Hl1MH KpHTl1'leCK11e 3KCnep11MeHTbl 

THna benchmark C HCnOJ1b]OBa1111eM TOJICTblX OTpa)l(aTe­

JleH 113 MaTep11anoe, flOJIY'lHBWHX WHpOKOe npHMeHe1-111e 

np11 KOHCTpy11poeaHHH Tpa1-1cnopTHblX KOHTeHHepoB .!lJlll 

peaKTop11oro -ronmrna (ypatt o6entteHMbIH, lKCJle3o, no1111-

::iT11J1e1-1 ). npeneap11TeJJhHO npoeen.e1-11-11,1e pac'leTbl noKa-

3aJJH, 'ITO O)lHOMepHal! peweTKa 113 ll'!eeK C COCTaBOM 

CH2-U( I O%)-CH2, Mo.ne1111py10LU11M asapHHHoe 3arnrme-

1111e K01tTeii1-1epoe C peaKTOpHblM TOnJIHBOM, B YKa.JUHl-lblX 

BblWe OTprut<aTeJlllX MOlKeT 6b1Tb n.oeen.e1-1a no Kp11Tl1'le­

CK.Of0 COCTOlHIHll no 3Ufla3)lblBUIOLUHM HeHTpOHaM np11 

'l11cJ1e ll'teeK Ill" 6oJJee 30. 
f1IlaHHpyeMble 3KCnep11MeHTbl rl03BOJISIT 01.(eHHTb 

KOIICTaHTHYIO COCTaBJllllOIUYIO norpew1-1ocrn paC'!CTHOro 

o60CHOBUHl1)1 Kp11TMaCCOBOH 6e30naCHOCTH 3arpyJK11 KOH­

Teilttepoe peaKTOpHblM TOnJIHBOM KaK cywecrnylOIU11X, ;aK 
11 BIIOBb pa3pa6aTblBaeMblX. np11 3TOM OTMeTHM, '!TO npo­

rpaMMa rmairnpoeaHl1ll pa6oT MOlKeT 6b1Tb llOllOJIHeHa H 

COOTBeTCTBYIOIUHM o6pa30M CKOppeKTHpoeaHa Ha B3aHMO­

np11eMJ1eMOH OCMOBe C TeM, 'IT06bl yYeCTb no-rpe6HOCTl1 

cneuHMHCTOe cTpa1-1 - yYpenHTeJJeH cj:loHn.a MHTU. 

Ue11ecoo6pa31-1ocTb npellJlaraeMott pa60Tb1 06cy~a­

J1ac1, 11 61,ma ono6pe11a eo epeMll ncTpeci11 cneu11aJJ11cToe 

P<!J51U-BHl111T<!J c npencrn1rnTeJ1.llMl1 !NEEL (J.Blair 

Briggs, USA) e r. C11elKHHCKe B OKTH6pe 1997 r . 
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OI(EHKA KOPPEJUIIJJffl: rrorPElllHOCTEH B OIIJICAHHH BENCHMARK 
KPHTlfllECKHX CHCTEM, HCCJIE,LJ.OBAIDILIX HA CTEH,LJ.E <l>KEH-M 

A. B. JlyicHH, JI. IO. CaMoHJioua, ,LI.. B. XMeJJLHHUKHii 

P<I>51U:-BH11HT<I>, 456770, r. CHe)t(l1HCK lJeJU16HHcK011 o6n. 

npoBe)leH aH3JJH3 norpewnocreii )I/Ill WCCTII cepHii KpllTMaCCOBblX benchmark 3KCnepHMCHTOB C UltilHHJlpH'ICCKlfMH CHCTeMaMII 113 ypatta H 

nnyrOHllll B TO/lCTOM OTPaJ«aTe.ne 113 nonH3TIUieHa IUUI o6enHeHHOfO ypaHa. co6paHHblMH Ha CTe11.11e <llKEH-M. Jl,rui KaJl(.ll,Oii cepm, BblOORHCHbl 

OUCHKJI norpeUlllOCTH om1caHHl1 KpHTH4eCK.HX CHCTeM. Y'ITCHbl KOppCllllUIHI Me)KJly paJHblMH lfCTO'IHHKa~m norpeWHOCTeii. npe.D,nOlKeH 3JJl"Opl!TM H 

np11BC)ICH np11Mep nocrpoeHl!ll KOBapmmHOHHOH MaTpHUbl OWH60K. 

PeJyJlbTaTOM KpHTMaccosoro 3KC11epHMeHTa l!BJlSleT­

Cll HJMepe1-me KpHTH'!eCK0l"O 3330pa Me)l(J].y 43CTl!MH HC­

CJle)lyeMOH pa3MHOlK3l0llleH CHCTeMbl (PC) H ee no111-1oe 

0llHC3HHe. 3a30pb1, C0CTaBbl MaTepHaJl0B, paJMepbl H 

M3CCbl .ueTanei-i HJBeCTHbl C norpeWH0CTl!MH, K0T0pble 

06yc11aBJ1HBalOT norpeWH0CTb BeJlH4HHbl K-;41 JlJ].SI Ka)l(J].OH 

CHCTeMbl. 8eJJH4HHa norpewH0CTH onpe.ue1111eTCll T04H0-

CTblO 0llHCaHHll peanbHOH PC H 4Y5CTBHTeJlbH0CTblO Kaq, 
K norpewH0CTH HJMepeHHll Ka)K.lloro napaMeTpa. 

UenblO HaCT0l!I.Ueii pa60Tb1 l!Ml!eTcl! oueHKa no­

rpewH0CTH 0TIHC3HHll 65 KpHTH4eCKHX CHCTeM (KC), 
co6paHHbJX Ha cTeHJle (f)K.6H-M HJ )leTaneii K0MnneKTa 

paJ6opHoii onbITHOH M0.lle.JlH 6naHKeTa (POME) H npe.n­

CTaBJllllOIUHX co6oii c6opKH HJ BblCOKOo6oraweHHOro 

ypaHa H llJlYTOHHSI 8 T0JTCT0M 0Tpa)l(aTene HJ ll0J1H3THJle­

Ha HJIH 06e.uHem1oro ypaHa [I]. DblJIO Bblll0JlHeH0 wecTb 

cepHH KpHTMaCC0ltblX H3MepeHHH. 8 '!eTblpex cepH.SIX 

HCl10Jlb308allHCb ypaH0Bble HJlH llJlYT0HHeBblC .UHCKH B 

ueHTpaJlbHOH J0He. B nnoi-i H wecT0H cep11llx s ueH­

TpaJlbH0i-i 30He 0.llH0BpeMeHH0 ycTaH38JlHBaJlHCb .UHCKH 

HJ ypaHa H r1J1YT0HH.S1. KpaTxoe on11catt1-1e KC HJ Ka)l(J].0H 

cep11w 11pe.ucTaBJ1eHo s Ta6n. I. 
TTorpeWHOCTH K-;41 .ll./UI HJY9eHHblX 65 CHCTCM He 

l!BJll!IOTCSI HeJaBHCHMblMII, TI0CK0JlbKY npH HX c6opKe 

HCl10Jlb30BaJlHCb 0.llHH H Te )KC .llCT3JlH H'.l .lle.Jllll.UHXC.SI H 

tte11e.r1ll1UHXCll MaTepwanos. Hanwcrne Koppern,uwi-i Me)l(J].y 

norpeWH0CTl!MH pa3HblX KpHTH4eCKHX CHCTeM CJTe.uyeT 

Y4HTbl83Tb npH HCl10Jlb30 BaHHH C0B0KYllH0CTH HHq>opMa­

UHH /lJlll KoppeKTHp0BKH MCpHblX .ll3HHblX. L{Jll! 3T0ro 

M0lKH0 HCl10Jlb3083Tb K0sap11aUH0HHble MaTpHUbl 0WH-

6oK [2], .llH3!'0HaJlbHble 3JleMeHTbl K0TOpOH eCTb 3Ha'!e­

HHll )lHcnepCHH norpewH0CTH K3!f, Ka)l(J].0H c6opKH, a 

He.r111aroH3JlbHble 3JleMCHTbl - K0BapHau.Hll norpeWH0CTH 

Kaij, JlJlll .usyx pa3HbJX c6opoK.. 8&16op anropHTMa no­

crpoeHHll KOBapHaUHOHHOH MaTpHUbl OWH60K JlJ]ll KpHT­

MaCC0BblX 3KCnepHMeHTOB COCTaBJlllCT 0JlHY HJ 3a_na4 

Jl3HHOH pa60Tbl. 

.Unll 0UCHKH Heonpe.neJTeHHOCTCH K-;41 paccMaTpH­

saeMblX PC H 110CTp0CHHSI CO0TBeTCTBYIOlllCH K0BapHaUH­

OHH0H MaTpHUbl OWH60K HCTI0Jlb30BaJ1Cll no11xo.n, B paM­

Kax K0T0poro Tpe6yeTCll: 

Ta6n11ua I 
,UeJJ.SIIUHHCll MaTepHan H MaTepHaJlbl 60KOBOro 11 T0pUeBblX HHlKHero H sepxuero OTpalKaTenei-i 

JlJlll PaJJlH4HblX cepHH 3KcnepHMeHT0B 

HoMep 60 IIM HTO BTO Bcero CHCTeM 

cep1111 

I n OJJll3THJ1CH Yoa11 nomt3TIIJICH nom13Tl1JICH 10 

2 no11113Tl1JICH n 11vroH11H noJIH3THJlCH n oJIH3THJICH 4 

3 O6enHeHHblH ypaH nnvrOHHH nonH3THJICII O6en t1eHHblH voaH 24 

4 O6enHeHHblH vnaH YoaH O6enHet11tb1i-i voa11 O6en11e1rnb1i-i voaH 8 
5 □OJ!li3THJICH Ypa11 11 nnvrom1i1 n QJ11,l3Tl1J!Cli nOJIJ-l3THJlCH 9 

6 O6en11e11ttb1i-i vnaH YoaH 11 Mvr01rni-i O6e,nHCHHbli-i voaH IIJIH l"IOJ1H3Tl1JICII O6enHeHt1b1i-i voaH JO 

n p 11 M e 4 a H H e. 60 - 6oKoBoi-i oTpalKaTeJlb: !IM - nem1w11Hcll ~taTepHan: HTO - 1111JK.t1Hi-i TopueB0H OTpalKaTenb; BTO -

BCpXHIIH TOpl.leBOH 0Tpa)l(aTCJlb. 

85 



- 011pe,ueJ1HTb nOJllll,IH Ha6op BeJlll'-11111, OT K0T0pblX 

JaBIIClfT KJ,t, paJMHO)l(a!0lilei-i CHCTeMbl, C C00TBeTCTByro­

lilHMH norpewrrocrnMH 11x HJMepe111uI; 

paCC'-IJHaTb KO::>cpcf>11u.11et1Tbl '-IYBCTBlfTCJlbH0CTli 

K,4, K B0JMylileliHI0 Ka)l(llOH HJ 3THX BeJll1'-111H Mll Bcex 

pacc~taTpl!BaeMblX Cl1CTeM: 

- Mll Ka)l(,!loi-i KC paCC'IHTaTI, cocTaBJllll0LUHe mIc­

nepc1111 K3¢ 11 npe,ucTaBIITb IIX B BH.Ue rpynnbl HeK0ppe­

J111pyI0LUHX MelK.uy co6oi-i HCT0'IIIHK0B 11eonpe.uene1111ocn1 

BeJIWIHllbl K,<j>; 
- oueHIITb B03M0)1(1Jble K0ppeJlllUHl1 MelK.Uy norpew­

ll0Cnll\111 xapaxTep11CTl1K, 06LUHX ,!Ulll pa3HblX KC (K0-

3QJ<pHUHeHTbl K0ppeJlllUHH), ~, nocTp0HTb K0Bap,-taUH0H­

HYIO MaTpHuy norpewHocTei-i . 

51c110, 'ITO T0•11Ioe pewe11He nocTaBJ1e1111oi,i 3a,aa411 

Tpe6yeT orp0MIIOro 'lHCJla pac'JeT0B ( Hanp11Mep K03Cpcj>H­

u11e11T0B 4YBCTBl1TeJlbH0CTH )lJlll K3)1(,!l0f0 napaMeTpa Ka­

lK.U0H CHCTeMbl). KpoMe Toro, nOCKOJlbKY paccMaTp11Bae­

Mble PC 11MeI0T cJ10)1(11yI0 Ko11cjmrypau11ro, KoppeKTHhlH 

paC'JCT K,<j> ,!lJlll HHX B03M0)1(Cll JlllWb C n0M0lilbl0 npo­

rpaMM MeT0,Ua MOHTe-Kapno, Tpe6yrow11x 60JlbWl1X Ja­

TpaT M3W11llH0r0 BpCMCHH. TT03TOMY c.uenaeM PH.Ll np11-

6Jll1)1(eHHH, rl03B0JISII0lilllX JaMen,o YMCHbWlffb 411CJ10 

pac'leT0B, He yxy.uwM CIUlbH0 TO'IH0CTb nonriaeMhlX 

peJyJlhTaT0B. ,U.ru1 ::>Toro cpe.u11 BCCX BCJ1H'll1H, 11cn0J1b-

3yI011.lHXCll )lJlll om1caHl1ll PC. Bbl,/leJIHM Te, 'lbll 11eonpe­

.uenet1H0CTb peaJJbH0 BJlHlleT Ha K,<j> ( npeHe6perM TeMl1, 

'1h11 B0JMyLUet-111}1 npaKT114eCKH He BJ111lll01 11a K,<j,, 11a­

np11Mep. BJJalKH0CTh sm11yxa, 113Me11e1-111e TeMnepaTyp1,I, 

MeJlKHe ,ueTaJJl1 11 T • .u.). K IIHM 0TH0CllTCll: Macca, cpopMa 

11 pa3MepbI, C0CTaB (3JleMeHTHblH 11 1130TOnHh1H) .ueTanei-i 

113 K0MllJieKTa POME; Bem1'1111-1a Kp11T111JeCKoro 3a3opa: 

0Tpa)KemI1,Ie OT cre11 11ei-iTpot1b1. TTp11 3T0M Heonpene-

1IeH11ocT11 IICK0T0pblX napaMei-poB (cJle,/lOBaTCJlbHO, 11 

C0OTBeTCTBYI0lilM Heonpe,ueJ1et1H0CTb K,<j>) 11MelOT CJly­

'laHHblH xapaKTep ( pa3Mepb1 11 Macca 11eTanei-i, BeJ111'111Ha 

Kp11rn1JecKoro Ja3opa 11 T • .u. ) . npe11e6pe)l(et111e norpew­

H0CTllMl1 .upyrnx napaMeTp0B npllB0.UHT K CMCLUeliHIO 

K3¢, T. e. BH0Cl1T Cl1CTe~1aTWleCKYIO ow116Ky B pe3yJlbTaT 

H3Mepe11 Hll ( 11anp11Mep, BJ111llH11e 0Tpa)l(eH H blX OT CTell 

Jana HeHTpOHOB, 0TJ111411e IICll0JlbJYJOlilC.roCll np11 01111ca­

HIIH (3,4] 1130,-on11oro cocrnBa .ueTanei-i 113 ,UM OT Hx 

nacnopTttoro 11 T • .u.) 

Eonee 11eTaJ1bllQC pacCM0TpeIrne nepe411CJlCHHblX 

s1,1we napaMeTpOB no3aom1eT 11peHe6pe% Heonpe11enet1-

t1ocrnM11 xapaKTep11CTHK npo6oK 113 BblCOK006oraweHHO­

ro ypaHa (B CH.fly HX MaJlblX pa3Mep0B 110 cpas1-1e111110 C 

I(IICKaMH); TOJILUHllaMH H MaccaM11 aHTl1K0pp03H0HH0ro 

noKpblTHll ypaJJ0BblX .U11CK0B It o6oJJ04KH .U.11CK0B 113 nJJy­

T0llllll; XIIMIJ'leCK11M C0CTaB0M .ueTaneh 113 fl0JlH::lT11JleI1a. 

06em1eH11oro ypaHa, anIOMHJIHll, pa3.fJl1'1HblX BHil0B CTaJ111. 

3.uecb, 0I(HaK0, 0TMeTIIM, 4T0 11eonpe.ueJ1eHHOCTb B co.uep­

lKattHJJ H30T0IJ3 
235U B KOJlhUaX Cpe,uHeH 30Hbl H3 o6e,u-

11e111Ioro ypaHa ( COCTallJllll0LUHX OTpaltWTeJlb) 0 Ka3blBaeT 

JaMeT1Ioe BJIH.lllll1e Ha K,.p, II0CK0Jl bKY, 11ecMOTpll IIa 11113-
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Koe co.nepJKaH11e (- 0,5 %), ero Macca B 0TpaJKaTeJ1e (113-

Ja 60J1LWHX pa:iMepoB nocne.u11ero ) conocrns11Ma c Maccoi-i 

.U.HCK0B 113 BbJCOKoo6orawe11Horo ypaHa 11 1U1yroI-JHll. 

KpoMe Toro, npe11e6pelKeM COCTUBJllllOlilei.j JH1Ct1ep­

c1111 K,4,, 0 6ycJ10BJ1e1rnoi-i 11orpewHOCTblO HJMepeHHll 

Mace J11061,1x .ueTanei-i , n0CKOJlbKY fl0CJJCJlllll.ll t1aM11oro 

MeHbwe norpewuocrn 11JMepem1ll paJMepo s (LIJlll ypaHo­

soro .U11CKa norpeWHOCTl1 113Mepe11Hll MaCCl,I 11 T0Jllill1Hbl 

paBHbl COOTBeTCTBeHH0 - 10·5 
11 - 10"3), a KO::lcpcp11u11eH­

Tbl 'IYBCTBHTeJlbH0CTl1 K3¢ 0,UHOrO nopll,UKa. 

npe11e6pe)KeM TaK)l(e Maf!blM B0JMylilellHeM K3¢ 11ei-i­

Tp0HaMl1, orpa)l(eHHblMH OT nofla 11 CTeJJ Jana, llOCK0JlbKY 

BCe paccMaTpHBaeMbJe 3,/leCb PC 11MeJIH TOJlCThJe oi-pa)l(a­

TeJll1 113 n o1IHaTHJ1eHa 11n11 06ent1e1rnoro ypaHa (pac YeT .llJlll 

OD.HOH HJ 1111X HOKaJilfl. 'IT0 Y"eT H0Jla 11 CTeH Jana .uaeT 

B0JMyLUeHHe K3¢ He 60J1ee - (8,0 ± 0,3) . 10·6). 

TaKl1M o6pa30M, 0CHOBHOH BKJlaa B BeJl l1411HY c yM­

MapHOii .u11cnepc1111 Ka<j> Kp11TH'leCKl1X CHCTeM naIOT no­

rpew1-1ocrn H3MepeHHH pa3Mepos .ueTanei-i (.u11cKoB HJ 

BblCOK006oraute~1Horo ypa11a 11 n11yi-0t111ll, IlHCK0B 11 K0-

neu HJ 06e,ut1eHHOro ypa11a H noJIH3THJle1-1a); IIJ0T0flH0ro 

C0CTaBa Bb!COK006orawem1oro ypaHa 11 flJlYTOHHll, a 
.. 23su 6 TaKJKe MaCC0B0H Ll0JlH 8 C0CTaBe 0 e.uHel-JH0r0 ypa-

Ha; KpHTH'lecKoro JaJopa. 

Koacpcf>11u.11e11Tbl 4YBCTBl1TeJlbHOCTH K3¢ K Maf!blM 

B03Mylilel1HiIM xapaKTep11CTl1K paCC'lHTblllaJIHCb )lJl.ll on­

H0H-nsyx PC 113 KaJIC.llOH cep111-1 3KC11ep11MeInos, LIJlll 

K0T0pblX 0HH 6blJIH MaKCHMaJlbl-lbl. 3TO ll03B0JlHJIO 

yMel-JbWl1Tb o6beM Bbl'IHCJleHHii 11 fl0JlY'll1Tb oue1-1Ky 

CBepxy HeonpeneneHH0CTH K,i:i,- Pac'leTbl np0B0)lHJlHCb 

MeT0ll0M Mo1-1Te-KapJ10 no nporpaMMe MCNP [5] c Hei-i­

TP0HHhIM11 K0HCTa11rnM11 113 61-16J1110TeKH ENDF-8 V. 
TTpH a11an113c 1-1eonpe,ueJ1eHH0CT11 K,<j>, CBll3aHHOH c 

norpewll0CTblO 113MepeHHll 1130T0HH0r0 cocrnsa nnyT0-

mlll H BblCOK006oraweHHOro ypaHa, 11eo6xon11MO Y411Tbl­

saTb, 41'0 np11B0Jll1Mb1H B nacnopTe H30TOllHblH C0CTaB 

3Tl1X MaTep11anoB H0pM11poBaJ-1 I-Ia e.ll._111111UY- C n e.ll_OBa­

TeJlbH0. BeJ111'11111a npouenTHoro co.uep)l(allHll Ka)K.!loro 

1130TOlla He llBJJlleTC51 He3aBHCHMOH. TT03TOMY llJUI onpe­

,/leJleHl1ll llHCnepc1111 K,i:i, 61,um fl0CTpoeHhl KOBap11auno11-

Hhle MaTp11Ubl JJ.Jl}I 11poueHTH0ro co.uep)l(aH11ll 1130T0n0B B 

nnyroHHH H BblCOK006orameHl-lOM ypa11e. YYeT Ko ppenll­

Ul1H B norpewH0CTllX onpe.ueneH11ll 1130T0flHOro C0CTaBa 

,UM fl0JB0JlHJl 33MCTII0 yMeHbWHTb (Ha nopllllOK 11 6onee) 

C0CTaBJllllOLUYIO .u11cnepc1111 K)<j> (3a C'leT 0 TpHUaTeJlhHblX 

11en.11aro11aJJhHblX 3JleMeHT0B KOBap11au110 HHOH MaTp11Ub1). 

TTp11 3T0M BeJlH411lla ,unc11epcm1 onpe11e.rJ l1eTCll TeM, Ha­

CK0.fJbK0 paJJIH'-lalOTC51 KOacpcj)1m11eHTbl 4YBCTBHTe.fJ bHUCTH 

JlJI» pa3llbIX 1130T0flOB. B npe,ueJlbll0M CJly'lae pase11crna 

,)THX K03cj:Jcp11u11eHTOB .u11cnepCHSI paBHa HYJIIO. 

PaCC'll1Tat1J1hJe 311a•Iemu1 0T.UeJlhHblX C0CTaBJJ»IOLUHX 

mIc11epc1111 K3<J>, a TaKJKe BeJJHY1111a CYMMap11oi-i 11eonpe­

nenet1Hocrn 6-K~ npH .UOBep11TCJlbH0 H sep0llTH0 CTH 90 % 
.lIJlll PC HJ Ka)KJ.loi-i c ep1111 3Kcnep11MeHTOB npe.ucrnBJJeHbl 

ll Ta6Jl. 2. 



Ta6mma 2 
CocTaBJISIIOIUl1e cyMMap11oi1 ,UHCnepCHH H Bemt'IHHa Heonpe.ueneHHOCTH K:,q, .!lJlll weCTH cepHH 

KpHTMaCCOBblX 3KCnepHMellTOB 

H oMep cep11 11 I 2 3 4 5 6 
D(t.Kp,.) - 1,1 - 10·6 2.5 - 10·1 - l ,2 · 10·6 1,0 · 10·6 

D(6Km) l,l · t0·1 - - 6,6 · 10·8 5,7 · 10·8 7,0 · 10·8 

D(t.Kr "') 5,6 · I 0-8 4,7. 10·8 3,4 · I o·8 3,9 · 10·8 2.2 · 10·1 5,5 · 10·8 

D(6Ko11) - - 8,4 · 10"8 3,9 · 10·8 - 2,6 · I 0-8 

D(t.K,p,,) - 1,1 · 10·8 5,2 · I 0-9 - 3,4 , 10·8 2,3 · I 0-8 

D(t.K, s11) 1,2 · 10"8 - - 1,5 · 10-8 2,4 · 10·8 2.0 · 10·8 

D(M tRt J) - - 4,0. 10·1 2,3 · 10-7 - 2,9. 10·1 

D(t.K, .. -) 1,3 · 10·8 4,8 . 10·1 1,5 . 10·1 3,0 · 10·8 1,1 · 10·1 8,3 · I 0-8 

of 5,0 . 10·4 1,4 · 10·4 8,2 · 10·5 4,4 · I 0·4 3,5 · 10-4 5,0 · I 0-4 

M..., 1,2 · 10·3 2,2 · 10-3 1,6. 10·3 1,5. 10·3 2,4 · 10·3 2,5 · 10·3 

n p II M e 'I a H II e. D(t.KP\J), D(t.K5u), D(6KcH2), D(t.K8u) - coc-raRJ11110w11e .u11cnepc1m, cs113a11H&Ie c norpewHOCTSIMH o 

pa3Mepax .!IHCKOB H3 nnyromui II UbJCOK006oraweHHOro ypaHa, .llCTaJleH H3 nOJ1113THJleHa H o6e.uHeHHOfO ypatta; D(t.K~p.) II 

D(t.K~u) - COCTaBJUIJOlliHe n11cnepcIrn, CBJl3fillllble C norpeWHOCTblO onpe.ueneHHSI 1130TOnHoro cocrasa nJIYfOHHeBblX II ypa­

HOBblX .UHCKOB, a D(t.K~8U) - C Heonpe.ueneHHOCTblO B co.nepll(aJ-I1111 
235U B cocrnne o6e.nHel-iHOl'O ypatta; D(Mh•p) - imcnep­

CHJI, 06ycnoRJTeJUJaSI norpeWHOCTblO H3MepeHHSI KpHTH'ICCKOro 3a30pa; 0~ - CHCTeMaTH'leCKaSI COCTaBJISIIOWaSI norpeWHOCTH 

3a C'leT OTJlH'IIISI COCTaoa ./lM. HCflOJlb3yeMOro npH OIHICllHHII KpI1TH'ICCKIIX CHCTeM, OT ero nacnopTHOl"O. 

Bee paccMaTp11saeMb1e Jnecb PC co6i-1pan11cb HJ ne­

rnneii KOMHJleKTa POM6, no::irnMy 01111 HMenH 061UHe 

HCTO'IHHKH Heonpe.uenem1ocTeH B 3lla'leHl-111 K:,q,, CBSl3aH­

Hble C norpewl·IOCTSIMH om1caHHll .uernnei1 3TOro KOM­

nneKTa. Cne.uosaTeJlbHO, MelK.Uy norpewHOCTllMH B K:,q, 
JJ,m1 pa3HblX CHCTCM cyw.ecrnyeT ,UOBOJlbHO CHJlbHM KOp­

PeJUIUHll. 3-ro 03Ha'!aeT, '!TO He.u11aro11anbHble 3JleMeHTbl 

KOBapuau11m111oi1 MaTpHUbl norpewHOCTeH .!lJlll 60JlbWHH­

CTBa CHCTeM (no Kpaiiuei-i Mepe .!lJlSI CHCTeM, co.uepJKaIUHX 

OJlHHaKOBblH .UM) 6ynyr He TOJlbKO OTJlH'-IHbl OT HYJlll, HO 

H 6J1H3KH no BeJlH'-IHHe K COOTBeTCTBYIOlUHM n11arottanb­

Hb!M 3JleMeHTaM. B nepsyJO oyepen& 3TO OTHOCHTC11 K PC 
113 0.!lHOH cepHH 3KCnepHMeHTOB. TT03TOMY MO)l(HO npe.u­

nOJlO)!(HTb, '-ITO npH a11an113e npose.ue!IJ-lblX KpHTMacco­

BblX 3KCnepHMCHTOB Jl)lll ITOJl)"-leHHJI KOHCepBaTHBHblX 

oueHOK .!lJ15! norpeWliOCTeH cpyHKUl10H8Jl08, ITOCTpoeH­

HblX no pe3yJlbTaTaM 3THX '3KcnepHMCIIT08, enon11e npH­

eMJlCMblMH 6y.uyr cne.uy1om11e np116J1H)Kettmi: 

- B npenenax o.u1-1oi1 cepHH 3KcnepHMe!ITOB norpew­

HOCTH s K:,q, MIi mo6blX .neyx KpHTH'ICCKl1X CHCTCM 

MOJKHO C'-IHTaTb lKCCTKO KOppemwosaJ-1t1blMl1 ( r;;• - I) 

(3.uecb npeHe6peraeTCll OTCyrCTBHeM Koppemru1111 MelK.lly 

norpeWJ-IOCTllMH HJMepeHHH KpHTl1'-leCKHX 3a3opoB .!lJlJI 

pa3llblX CHCTeM, '-!TO npHBO.!lHT K 3aBblWCHHIO o6wero 

K03q>q>HU11CHTa Koppemiu1111 r;r ); 
- npH paC'leTe KOsap11auHH norpeWHOCTH B K-.cp 

(He)lHal'OHaJlbHblX 3JleMeHTOB KOBap11au110HHOH MaTp11Ubl 

ow1160K) JJ.Jlll mo6blX .usyx Cl1CTeM 113 pa3HblX cep11H 3KC­

nepm.1eHTOB MOJKIIO HCITOJlb30BaTb COCTa8JllllOW.11e JlHC­

nepCHH, M8KCHM3JlbHble .!lJlll KaJK,!lOH 113 cep11i-i ; 

- Jl]lll Cl1CTCM 113 pa3Hb!X cepHH MelK.Uy COCTaBJUIIO­

WHMH norpeWHOCTH K-.cp, CBJl38HHblMH C Heonpe.uene1-11-10-

CTSIMl1 B xapaKTep11CTl1Kax neTaJlCH 113 0.!lf-lOro H Toro JKe 

MaTep11aI1a, cywecTByeT JKecnasi KoppenJ1u11si ( r;{, =I). 

C yYeTOM c.uenaHHblX nptt6nHJKCHHH ITOCTpoetta KO­

eap11auHOHll851 MaTpHua OWH60K, '-IHCJlO CTpOK H CTOJ16-

UOB KOTOpott paBHO '-IHCJlY cep11i1 KpHTMaCCOBblX 3KClle­

pHMCHTOB (Ta6n. 3). 
BalKJ-IOCTb 6onee CTpororo BbJ<ll1CJleMHll 3JlCMeHTOB 

KOBap11au11011HOH MaTp11Ubl MO)KCT B031-111KHyrb np11 a1rn­

JlH3e "pa3HOCTHblX" '3KCnepHMel-lTOB, T. e. KOOW o.u1-1a KC 
OTJlHYaeTCll OT npyroi-i MaJlblM B03MymeHHCM ( HanpHMep, 

yuane1111eM .u11cKa 11n11 npo6oK HJ .UM). B 3TOM cnyyae 

J-laJlH'IHC CJ,fJ!bHOH KOppenllU11H MelK.!ly norpewHOCTllMH 

K'4> 06e11x CHCTCM IT03BOJT5!CT CYlUCCTBCJ-IHO YMCHbW11Tb 

11eonpe.ue.r1eHHOCTb 8 "oTJIOCHTeJlblib!X" HJMepeHl1llX. ,Ilnl! 

Ta6n11ua 3 
KosapHaUHOI-IHllil MaTpmta norpew110CTH .!l)lll WCCTH cep11ii Kp11TM8CC08blX 3KCnep11MeHT08 

Cepm1 I 2 3 4 5 6 

I 1,9. 10·1 5.1 10·8 4,4 • 10-8 1,5. 10·7 2,1 10·1 1,6 · 10-1 

2 5,1 · 10·8 1,6 · 10·6 5,7 · 10·1 4,3 · 10·8 1,3 · 10-6 1,1 · 10·6 

3 4,4 · 10·8 5,7 · 10·1 9.2 . 10·1 4,0 · I 0-7 6.5 · 10·1 9,4 · I 0-1 

4 1,5 . 10-7 4.3 · 10·8 4,0. 10-7 4.2 · I 0-1 1.7 . 10-7 4,2. 10·7 

5 2.1. 10·7 1,3 · 10·6 6,5 . 10·1 1,7 · 10·7 1.7 , 10·6 1,3 · 10·6 

6 1.6 . I0-7 1,1 · 10·6 9.4 . 10·1 4.2 · 10-7 1.3 . t0·6 1,6 · 10·6 
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peanHJaUHH 3TOro MOlKIIO orpaHH'IHTbCll noCTpoeHHeM - npeHe6peranOCb BJlHllJ-IHeM ypallOBblX npo6oK 

KOBapHaUHOHHOH MaTpHUbl norpeWH0CTH 0TlleJlbHO .DJ(ll o60HX THII0B H .UHCKa HJ o6eJIHeHHOro ypairn; 

Ka)KJlOH cepHH KpHTMaCC0BblX 3KCnepttMel!TOB. OpH 3TOM 

anropHTM noCTpOellHSI OCTaeTCll npelKHHM, a Y,-O'!HeHHSI 

rpe6y10T K03cpcpHUHeHTbl 'IYBCTBHTeJlbllOCTH H Ha6op 

.neTanei-i llJI_SI Ka)K.llOH KOHKpeTHOH CHCTeMbl H3 .aaHHOH 

cepHH 3KCnepHMeHTOB. 

B Ka•1ecTBe npHMepa 6b1Jia nocTpoe11a K0BapttaUH-

0HHast MaTpHua OWH60K )lJISI KC, co6paHHblX npH npoBe­

.neHHH nepBOH cepHH KpHTMaCCOBblX 3KCnepttMeHTOB. 

HanOMHHM, '!TO Bee 3TH CHCTeMbl OTJlH'lalOTCll OT 6a3o­

BOH (PC2) MaJlblMH B03MytUeHHllMH: BCTaBJleHHblMH UH­

JlHHJlpH'leCKHMH H KOJlbUeBblMH npo6KaMH (PC I, PC3-

PC8), 3aMeHOH 0.ll.HOro ypaHOB0ro .!lHCKa Ha .D.HCK H3 

o6e.nHeHHOf0 ypaHa (PC9) H H3oSITHCM 0./lHOro ypaHosoro 

.!lHCKa (PC I 0). Bcne.acTsHe :.Toro nptt pac'!eTe aneMeHTOB 

KOBapHaUHOHHOH MaTpHUbl HCIIOJ1b30BaJlHCb CJ1e.11yt01UHe 

nptt6JlH:KeHHll: 

- cyMMapHast JlHCnepCHll norpeWHOCTH )l.flll CHCTeM C 

'leTblpbMll ypaHOBblMH JlHCKUMH (PC9, PC 10) OTJlH'!aeTcst 

OT JlHCnepc1rn OCTaJlbHblX CHCTeM Ha BeJlH'IHHY, CBSl3al-lllYIO 

C Heonpe.11eneHHOCTSIMH B pa3Mepax II H30TOIIHOM COCTaBe 

O.UHOro OTCY,-CTBYIOIUCfO .UHCKa (KaK H paHee. npe.11nonara­

eTCll, '!TO Me)KJly 3THMH COCTaBJISIIOIUHMH norpeWHOCTH 

llJI_SI pa3HblX JlHCKOB OTCY,-CTByeT KOppenstUHll); 

- KOBapttaUHOHHble (He.aHaroHaJlbHble) '!JleHbl MaT­

pHUbl OTJlH'!alOTCll OT .!lHCnepcHOHHblX (.11HaroHaJ1bHblX) 

'!JleHOB BeJlH'IHHOH JlHCnepCHH, 06yCJ10BJICHHOH Heonpe­

.ue;1eHHOCTblO onpeneneHHll KpHTH'!eCKOro 3330pa. 

B Ta6Jl. 4 npHBe}leHa KOBapHaUHOHHall ~iai-pHua no­

rpeWHOCTH. 

OpHBe}leHHall KOBapHaUHOHHall MaTpHua HCIIOJlb30-

BaJJaCh B. n. )KapKoBhJM H .up. (Hl1Kl13T) s npoue.uype 

KOppeKTHpOBKH ll.UepHblX naHHblX. 

Pa6orn BbmOJlHllJJacb no npoeKTy MHTU Ng 116-96. 

Ta6J1HUa 4 
KosapHaUHOHHast MaTpHua OWH60K )lJHl PC H3 nepBOH cepHH KpHTMaCCOBblX 3KCnepHMel!T08 

PC l 2 3 4 5 
I 1,9. 10·1 1,8 . 10-7 1,8 · 10·7 1,8 . 10·1 1.8 . 10·7 

2 1,8 · 10·7 1,9 . 10·1 1,8 . 10-7 1,8. 10·7 1.8 . 10-7 

3 1.8 . 10-7 1,8 . 10-7 1,9 . 10·7 1,8 · 10-7 1.8 . 10·7 

4 1,8 . 10·7 1,8 . 10-7 1 8 · 10-7 1,9 . 10·7 1,8 . 10·7 

5 1,8 · 10-1 1,8 . 10·1 1,8 . 10-7 1,8. 10·1 1,9. 10-1 

6 1,8 . 10·7 1,8 . 10·7 1,8 . 10·7 1,8 . 10·7 1,8. 10·7 

7 1,8 . 10·7 l ,8 · 10·7 1,8 . 10·7 1,8 . 10·7 1,8 · 10·7 

8 1,8 . 10·7 1,8 · 10·7 1,8 . 10-7 1,8. 10·1 1,8 . 10·1 

9 1,5 . 10·7 1,5 . 10·7 1,5 · 10·7 1,5 · 10-7 1.5 · I 0·7 

10 1,5 . 10·7 1,5 . 10·1 1,5. 10-7 1,5 · 10·1 1,5 . 10·1 

COHCOK JIHTEPA TYPLI 

I. Kpas'leHKO B.f., JlHTBHH B.11., JlyKHH A .B. H 11p. 

KpttTMaccosb1e benchmark aKcnepHMeHTbl H H3MepeHHll 

'IHCeJl peaKUHH C UHJlHHJlpH4eCKHMH CHCTeMaMH H3 ypa­

Ha, nny,-oHHjj H noJJH3THJleHa 1-1a cTe1-1.ne <l>KEH-M: TT pe­

n pH HT Ng 159, CtrelKHHCK: P<1>51U-BHl111T<l>. 1999. 

2. HoBHUKHii n.B., 3orpacp 11.A. Oue11Ka norpew­

HOcTei-i pe3yJlbTaTOB H3MepeHHH. Jl.: 3HeproaTOMH3.!laT 

(JleHHHrp. OT,ll-HHe), 1991 . 

3. Kozybayev R.M ., Lyutov V.D., Perezhogin V.D. 

Unreflected cylinder of highly enriched uranium. 

Identification Number HEU-MET-FAST-015. 

"International Handbook of Evaluated Criticality Safety 

Benchmark Experiments". Volume 11.c. Highly Enriched 

Uranium Systems. NEA Nuclear Science Committee. 

(NEA/NSC/DOC (95)03/11 ), 1996. 

6 7 8 9 10 
1,8 . 10-7 1,8. 10·1 1,8. 10·1 1,5. 10·7 1,5 · 10·7 

1,8 . 10-7 1.8 . 10-7 1,8. 10·7 1,5 . 10·7 1,5. 10·7 

1,8. 10-7 1,8 . 10·7 1,8 . 10·7 1,5 • l0"7 1,5 . 10·7 

1,8 . 10-7 I 8 · 10· 7 1,8. 10·7 1,5 · 10-7 1,5 · 10·7 

1,8 . 10-7 1.8 . 10-7 1,8 . 10·7 1.5 . 10·7 1,5 . 10·1 

1,9 . 10·7 1,8 . 10· 7 1.8 · 10·7 1.5 . 10-7 1,5 . 10·7 

1,8 . 10·7 1.9 . 10·7 1,8 . 10·7 1,5 . 10·1 l,5 · 10·7 

1,8 . 10-7 l ,8 · 10·7 1,9. 10·7 1,5 . l0"7 1,5 . 10·7 

1,5 . w·1 1,5 . 10·1 1,5 . 10·1 1,7. 10·7 1.5 . 10" 7 

1,5 . 10·7 1,5 . 10-7 1,5 . 10-7 1,5. 10·7 1.7 . 10-7 

4 . Kozybaev R.M, Lyutov V.D., Soko lov Yu.A. , 

Perezhogin V .D . Beryllium- and beryllium oxide­

reflected cylinders of plutonium. Identification Number 

PU-MET-FAST-021. - ' ' International Handbook of 

Evaluated Criticality Safety Benchmark Experiment". 

Volume I.e. Plutonium Systems. NEA Nuclear Science 

Committee. (NEA/NSC/DOC(95)03/I), 1996. 

5. MCNP - A General Monte Carlo Code for 

Neutron and Photon Transport. Version 3A. LA-7396-M. 

Rev. 2 Manual. UC-32 Issued: September 1986. 
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PEAKTOP IU'PHK KAK HCTOqHHK TEIIJIOBbIX HEHTPOHOB H OCKOJIKOB )lEJIEHJIH 
B HCCJIE)lOBAHIDIX PEAKTOPHbIX MATEPHAJIOB 

B. B. Am.pees, A. B. KeJJ,pos, A. II. KHCJIHI-'bm, Ii. r. JiesaKos, B. H. JlnTBKH 

P<l>51U-BHJ1MT<l>, 456770, r. CHe.)l(HHCK l..JeJrn6HHCKOH 0611. 

PacCMOTpCH eonpoc npHMCHHMOCTH HMnynhCHOro pacreop11oro peaKTOpa B HCCJlenoeaHIIJIX 110 6eJonaCHOCTH :mepreTH'ICCKHX peaxTopoe. 

npHBCJlCHbl PeJYJlhTaTbl npHMCHeHllll KOHBePTHPYJOll.lHX yc,-poiiCTB, OOJBOJllllOll.lllX B w11po1rnx npenenax MCHllTb cneKTpaJibHbJC xapaKTepHCTHKH 

peaKTopa. Or111caH IICTO'IHHK OCKOJIKOB JICJICHIIJI JIJlll HCCJICJIOUallllJI JIC!pCKTOo6paJoBaHHll 8 KOHCTp}'KUHOHHblX Marepttanax. 

BBEJJ;EHHE 

Oco6eHHOCTb coepeMeHH0ro nonxo.ua K npo6neMe 

6eJonaCHOCTH cylUeCTBYIOlllHX H BH0Bb pa3pa6aTbtBaeMbIX 

3HepreTH4eCKHX peaKT0p0B C0CT0HT B TOM, 4T0 HapH.Uy C 

Tpa.uHUH0HHbIMH HCCJJe.U0B3HHSIMH, HanpaBJJeHHblMH Ha 

n0JlTBeplKJleHHe 6eJonaCHOH 3KC0JJyaTaUHH ycTaHOB0K B 

npoeKTHbIX pe)l(HM3X, 0TMe'laeTCSI Heo6XOJlHMOCTb npo­

ee.ueHHSI HCCJ1e.U083HHH Sl,llepH blX 3HepreTH4eCKHX ycrn­

H0B0K B JanpoeKTHblX aeapHSIX, npHB0.USllUHX K pacmiaB­

JleHHIO 3KTHBH0H 30Hbl (A3). 
HaJ,f60JJbWHi-i HHTepec npencrnBJJsieT Mone1rnpoeattHe 

npoueccoe, np0HCX0IDIIUHX B peaKTHBH0CTHblX aeapHSIX H 

aeapHSIX C 6bICTpOH noTepeH TenJJ0H0CHTeJU1, npHB0.llSI-

IUHX K nnaBJJeHHIO A3, nepeMemeHHIO T0OJIHBa H ero 

B33HMO.Ue1-iCTBHIO C Te0JJ0l·I0CHTeJJeM H 3JleMeHTaMH K0H­

CTpyKUHH . 

Pewe11He TaK0ro rnna 3a.ll3'l B0JM0lKH0 Ha HMnyJJbC-

H0Be peaKT0pa l1fPl1K H aKTHBHblX CJJ0eB (coe11HHeHH_SI 

ypa11a, HaHeceHHble Ha 00.!lJIOlKKY), paJMemeHHbIX B cne­

UHaJJbHOH 3Mnyne. 

I. OllUCAHHE PEAKTOPA HrPHK 

Kopnyc A3 peaKTOpa (p11c. I) npe.D.crnsm,eT co6oit 

T0JICTOCTeHHblH UHJIH1-l.!lpH4eCKHH C0CYJl H3 Hep)l(aBelO­

LUei-i CTaJJH .ll,HaMeTp0M 610 MM 1-1 Bb!C0T0H 1090 MM. 

KpoMe pa6oYero 06beMa K0pnyc A3 HMeeT JlBe 00JJ0CTH: 

fl) 760 

2 

HblX peaKTopax c A3 B BH11e pacTBopa conei-i ypa11a B 7 
nerKoi-i 110.ue, B tJaCTH0CTH peaKTop l1fPl1K [l]. l1M-

nynbCHble peaKT0pbl TaK0ro THna 0TJIH'l3IOTCSI BblC0KHM 

qJJJIOeHCOM Hei-iTp0HOB (<I>H = 1015 
Heihp./cM

2
), .!lJIHTeJlb­

H0CTbl0 HM0YJJbCa 10-3-J C, .U0CTaT04H0 60JlbWHMH Ka­

HaJJaM11 .!lJISI o6JJYtJeHHll o6paJUOB. A3 TaKHX peaKTopoB B 

MeHbWeH CTeneHl1 4YBCTBHTeJJbHa K JarpylKaeMblM B Ka­

HM o6pa3U3M, '!TO n0JB0JJSleT npHMeHSITb MaCCHBHble 

K0HBepTHpy!OIUHe BCTaBKH • . IIJMeHSII0IUHe 8 WHp0K0M 

llHana301-1e cneKTpaJJbllbIH C0CT3B IBJJy<IeHHll. 

B nattnoii pa6oTe paccMoTpeH sonpoc npHMeHHM0-

CTH peaKTopa l1fPl1K s HccJJe.D,oBaHHllX no 6eJonac110-

c,-H 3HepreTH'leCKHX peaKT0poB. Op11ee11eHbl peJyJlbTaTbl 

np~tMeHetllUI K0HBepnipylOlUHX YCTPOHCTB, n03B0JISIIOLUHX 

B WHp0KHX npenenax MeHl!Tb cneKTpaJJbHbJe xapaKTepH­

CTHKH H3Mepel-lHH peaKT0pa. flpHBe)lellbl TaKlKe pe3y11b­

T3Tbl no C03llalll1IO HCT0'IIIUK3 0CK0JJK0B neJJeHHSI 11a oc-

89 

8 

6 

PHC. I. PeaKTop HrPHK: I - 0TBCpCntll JlJ] ll HMOYJJbCHblX 

CTCplKlleH; 2 - Bepxt-l>Ill nOJlOCTb; 3 - CIIJJ0BaJl ll-lllb3a; 4 - 0KHO 

JL[ISI 06J1y<1ellltll ; 5 - Kopnyc A3; 6 - CBIIIIUOBM :iaurnrn; 

7 - TOnJlHBHblH paCTB0p: 8 - Kattan llf]SI 0611y<1eHHjl 



Bepxmrn 2 (250x450 MM) l!CllOJlbJYeTCll B KalJeCTBe 801-

nywuoro pecHBepa Mll Mexa11111Ma mrnyJJbCHblX nep)l(­

H6i (11C), ttl1)1(HHH 8 ( 31 Ox5 IO MM) llBJlSleTCll :JKcnepu­

Me11Ta.i1b11b1M KaHanOM Will pa3Mewe111rn o6nyYaeMblX o6-

pa3UOB. BHYTpettHH~i JlHUMeTp Kopnyca 510 MM, TOJllUl11ia 

OOKOBbIX CTe110K 50 MM. Ha s11eLUtteii 6oKOBOH no11epx110-

CTH HMelOTCll KOJlbUeBl,le pe6pa. 11pocTpa11cTBO Me:lK.l.ly KO­

TOpblMH Janorn-tetto CBHHUOM 6, TOJlLUHlrn CHHHUU 70 MM. 

B CBHHUOBOH 3aLUHTe HMeeTCll OKIIO 4 nnsi BblBOAa HJJIY­

lJellHll. Ha BepxHeH KpblLUKe KOpnyca A3 CMOHTHposa11 

Mexa11113M HC. 

feHepaUHll HMOYJlbCa ne.nel!HH npOH380JlHTCll OYTeM 

6bICTpOro HJBJ1el!em1S1 11C 113 A3 38 Cl!eT caMOHHHUHH­

poBallHll HeiiTpoHaMH B1-tYTpe1111ero HCTOlJHHKa. PaJMe­

wem,e 06J1yyaeMblX o6pa3UOB B ue11TpaJlbHOM KaHane 

npOHJBOJ].HTCll C llOMOUlblO MeXallH3Ma 3arpY3KH o6paJ­

UOB. KpoMe Toro, o6JiyYaeMble o6pa3Ubl MO!Yf 6b1Tb pa:3-

MeLUeHbl y 60Kosoi1 nosepx11ocrn Kopnyca A3. 

<l>H311KO-TCXHH'lCCKlle xapaKTepHCTHKH peaKTOpa. 

TonJIHBO B peaKTOpe l1fPl1K npeAcrnw,sieT co6oi1 pac­

TBOp COJIH ypa111111-cy11bcparn B JlerKOH BO.Ue. KoHueHTpa­

UHll ypaHa B TOrJJlHBe C u6oraweHHeM 1130TOIIOM 
235U 

90 % COCTaBJllleT I 15 r/11. Janae TOflJlHBa B peaKTope 

paBeH 60 JI, Macca ypa11a 6,9 Kr. noJIH3ll peaKTHBHOCTb 

CTepitrneH COCTaBJllleT 6 133<1>- 3cpcpeKTHBHOCTb TOrJJlHBl-10-

ro pacTBopa npH "nocTpOHKe" A3 110 BblCOTe B6JJH311 

KpHTl1l!eCKOro COCTOlll-tllSI 11a 381l83)lblBalOLUHX t-teihpot-tax 

pas1-ia I (33<1> / 11. 

HOMHllaJlbllOe :JHeproBbl)leJ1e1111e. pean111yer,me B peaK­
TOpe llpH BBO.UHMOII peaKTHBIIOCTH 6 (3...p, paBHO 60 M.U)t( 

18 
(2,0 • IO JleJl.) • .U,rnTe.nbHOCTb HMllYJlU:a Ha llOJIOBHlle 

-3 
BblCOTbl n11Ka MOLUIIOC"I H npH 3TOM COCTaB.nlleT 2.4 • IO c. 

JJ,.1u1 MaKCHMaJlbHOro HMllYJlbCa (60 M.U)I() B KaHane peaK­

Topa B TO'IKe, COOTBeTCTBYIOLUei-i MaKCHMYMY pacnpene.ne-
15 2 

Hltll, q>JJIOeHC HeH1"pOHOB paBeH 1.5 • 10 11ei1-rp.lcM ; .U03a 
6 

raMM8-KB8HT0B 1.4 • IO pan. npu ,rrOM cpe,ll,HllSI :i11eprnsi 

Hei1-rpo11os 0,8 M::iB. a raMMa-KBaHTOB - 0,9 M:iB. HaH-

6o11ee BaJKHblMH napaMeTp8MH, orpaHH'HIBalOlllHMH 31-te.p­

fOBbl)leJ1e1111e B pacrnopHblX peaKTOpax, SIBJlSIIOTCSI Ter.me­

paTypa TOIIJIHBHOro pacTBopa H .ll.HttaMHlJeCKHe ttanpll)l(e­

HHll B KOpnyce A3, 06yc110BJ1eHHble 6blCTpblM pa3orpe­

BOM paCTBOpa H Bbl)le11e1111eM raJOBblX flY3blpbKOB. 3KC­

nepHMeHTbl llOK333.IIH, '!TO BeJJHlJHlla HHepuHanbHOro 

naBJ1e1111si B TOIIJIIIBHOM pacTBope 11fPl1K He npes1,1waeT 
2 

JOO KrclcM .u.nsi MaKC11Man1,11oro HMnyJ11,ca 60 M.UlK. 

l11Mepe111-tllil 6i.1c1"pOH TepMonapoii TeMnepaTypa pacrno­

pa ll8XO.UltTCSI B )lHanaJ011e 20-250 °C B 3aBl1CHMOCTH OT 

::i11epros1,1.ue11e1-111si. 
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2. HJMEHEHM.E CilEKTPAJlhHhlX XAPAKTEPHCTHK 
PEAKTOPA 

)lrlll paJJIHlJl-tblX HCCJle.llOBal eJlbCKHX JaJ].alJ Tpe6yeTCll 

K8K ylKeCTOlJeHHe cneKTpa 1-tei-i'rpOHOB, TaK H yse1111l!ett11e 

JlOJIH TellJlOBblX 1-te(iTpOHOB. 

l1r,myJlbCHblii peaKTOp llBJllleTCll MOLUHblM 11CTOlJHH­

KOM tteihpo1-11-1oro H raMMa-HJJlyYeHHll. J],nsi THflHlJl-tblX 

pacrnopHblX HMllYJlbCllblX peaKTopOB OTIIOWeHHe ::icpcj:>eK­

THBHOro cpmoe1-1ca 1-1ei-iTpo1-10B (E,, > 0.1 M::iB ) K AOJe 

raMMa-HJJly<leHlfSI (B pa.a.) COCTaBJ151eT ~ I :2.0 , TOrJ.ta KaK 

nnsi MeTanJJHYeCKHX peaKTopos rnna EAPC, EHP 0110 

pas110 ~ I : 0,5. TaKHM 06pa10M, np11senem1asi K eJ.(1111w1-

110My cpmoe1-1cy HettTpoHOB COllYTCTBYIOlllaSI Jl03a raMMa­

HJJlyYeHHll B pacTBopHblX peaKTopax BblLUe npHMepHO 

B 4 paJa, lJTO 06yc110BJ1eHO npo3p8l!IIOCTblO A3 JlJl}I raM­

Ma-KBUIITOB. 4acTO 80 3HHK8IOT J3)lalJH, Tpe6yiow11e JlHC­

KpHMHHHpOBaTb O.UHH 113 BH,ll,OB H3Jlyl!eHHll. )lr1S1 peweHHSI 

Bblweyn0Msittyr1,1x J3Jlal! Mll peaKTopa 11fPI1K 6"11111 

pa3pa6oTal-tbl KOHBepTHPYIOLUHe ycTpOHCTBa, KOTOpble 

ll03BOJlHJ1H cywecTBeHIIO YBeJlHlJHTb 06J1yYaTeJ1bHble 803-

MOlKHOCTH. 

Ha peaKTope 11fPHK pa1pa6ora1-10 H sse.uetto s 

3KCnnyaTaUHIO 20 KOHBeprnpylOLUHX BCTaBOK B 3KCnepH­

MeHTaJlbHblH K8llaJl, npHl!eM, HCl10Jlb3YSI 38Mewe1111e CJIO­

eB OT paJJIHlJHblX BCTaBOK, BOJMOlKHO C03.[l8Th ~ 50 cy­

LUeCTBeHJIO paJJ111lJal01llHXCll KOM6H1-tau11h KOHBepTOpOB. 

Ko1-1BepTOpbl 11MCIOT cpopMy. 6mrncyio K cpopMe :JKC­

nepHMeHTaJlbHOro Ka11ana. T.e. llOJlblH UHJIHHJlp C 11011y­

ccpep11l!eCKHM KYllOJIOM. 0CHOBHble napaMeTpbl KOHBep­

TOpOB np1rne.L1.eHbl B Ta6Jl. l. 
11ccneAOBattHe KOHBepTOpOB Ha peaKTope 11fPl1K 

BKJllO'taeT CJ1e.L1.y10L.Uee: 

- H3yYeHHe napaMeTpOB A3 H peaKTHBHOCTH CTeplK­

tteH ynpaBJ1e1111si npH pa6oTe peaKTopa c KOHBeprnpylO­

lllHMH BCTaBKaMH; 

- HJMepettHe cneKTpOB 11 cprnoeHCOB 1-tei'iTpOHOB, JlOJ 

raMMa-KB8HTOB BHYTPH KOl-tBepTopos. 

np11 pa6oTe c KOHBeprnpaMH H3 CH2, 8 4C , 
10B, 

Eu203 M8KCHMaJlbHO pean111yeMoe :i1-teproBbl)leJ1ett11e He 

npeB1,1waeT 20-38 M.U)I(. C UeJlblO yse.n11Ye1rnsi 3ttepro­

Bbl.llene1-111si np11Meptto .uo 50 M.UJK 6b1J1a pa3pa60Ta1-1a 

cneuHaJlbHall BCTaBKa H3 ,UeJllllllerocsi MaTepHana, KOTO­

pasi 1103BOJIHJla KOMlleHCHposan, llOTep,o HeHTpOHOB. 

KoMne1-1caTop no cpopMe BblllOJIHeH KaK KOHBep-r11-

py1owasi BCTaBKa C .UROiittblMH CTaJlbllblMH CTeHKaMH, 

BHYTP" KoTopoii 1ac1,111a11a oK11c1,-JaK11c1, U30 8(yprui-235, 

o6orawem,e 90 %) B CMeCH C nopOLUKOM Si02, Hafll-llJHe 

KOTOporo fl03BOJJSleT YMCHbWHTb paJorpeB ycTpOHCTBa BO 

speMsi 06J1yYettHll. Pro6aBJ1eH11e U30s s KOMnettca-rope 

n o pOLUKOM Si02 113MCH}leTCll 110 BblCOTe C yYeTOM pac­

npe.L1.eJ1e1-tHll HeHTpOHHOH IIJIOTHOCTH peaKTopa. 



Ta6n11ua I 
Cocran H re0MCTpH•ICCKHC napaMeTpbl K0HBepropos 

Tttn KOHBCpTOpa CocTaB MaTepHa/1O8 no CJJOSIM Tonw11tta llttaMe-rp 
CJIOSI, MM KaIrnna,MM 

TpexCJJoii H blH I - 108, 06orawett11e 92%, p = 1,2 r/cM3 2,5 
2 - U30 8 , o6oraweHMC 90%, p = 2,0 r/cM3 8,0 260 
3 - 235U, 06ora1J.1ctt11e 36%, p = 18,8 r/cMJ 60 

KoHBCDTOD In 84C Kao611J1 6ooa, cnocccoaaHttb1ii c nom1cT11oonoM, o = 1,32 r/cM3 40 230 
KoMsepTOD H3 B 10 600, o6orawc,me 90%, p = I ,2 r/cM3 8,0 250 

KmrnepTop In CH2, I - nomlJTHJlCH, p = 0,92 r/cM3 30 246 
4WT. COCTaBHble 2 - no,111JT11JJeH, p = 0, 92 r/cM3 22 228 

3 - nom1Jrnneu, p = 0,92 r/cM3 8 228 
4 - nOJlH3THJleH, p = 0,92 r/cM3 50 88 

KottaepTop HJ Be, I - MeTaruJ, p = 1,85 r/cM3 10 208 
3 WT. COCTaBl·lble 2 - MeTa.JlJl, p = 1,85 rlcM3 36 130 

3 - Me-rann, p = 1.85 r/c~,3 44 48 

KottsepTop 113 Eu20.1, 2 wr. 0KHCb eBponHSI s nommpomrneue, p = 0,94 r/cM3. 40 228 
Eu,Ov IO % (no Macce) 30 210 

KOHBCDTOD 113 238U Merann, o = 18,8 r/cM3 14 280 

KottaepTOp HJ Cd H CH2, 7 WT. 1 - MeTann, p = 8,65 r/cM3 0,5 
COCTaBHblC 2 - nonHJr11neH, p = 0,92 r/cM3 10 72-204 

K0Mne11carop pa3MCW3CTCll B Kam1.ne peaKT0pa MC­

~ K0pnycoM A3 H 0JlHHM H3 K0HBepropos (
I0B, 

Eu2O3, CH2) H noJB0JUICT JaMeTH0 YMCHbUJHTb soJMywe­

HHe A3, yBenH'-IHTb peaKTHBH0CTb CTCp:lKHCH H C0OTBCT­

CTBCHH0 ysenH'-IHTb pean113yeMoe B HMnynbCC :meproBbl­

JlCJJCHHC. 

OcHOBHblC napaMCTpbl peaKT0pa 11rP11K npH HC­

n0JJb30BaHHH HaH6onee HHTepeCHblX K0HBepropos npH­

BCJlCHbl B ra6n. 2. 3Ha'ICHHC cpmoettca HC.iTpOHOB H Jl03bl 

raMMa-HJny'ICHHll JlJUI 3KCnepHMCHT3nbH0ro KaHana npH­

seneHbl npH :meproBbUlCJJCHHH s A3 I M,[l)I(. 

3arp)'3Ka e JKCnep11MeH-
TaJlbHbJH Kattan 

Kattan nycroi1 

KottsepTOp J13 84C 

KmrnepTOp Tpexcnoiittb1ii 
108 c KOMnettcaropoM 

CH2 (1 = 40 MM) 

CH2 (t = 40 MM) 

C KOMnettcaTOOOM 

CH2 (t = 30 MM) 
H Be (t = 90 MM) 

CH2 (t = 40 MM) 
H Be (t = 36 MM) 

CH2 (t = 40 MM) 
11 5 CJ!OeB CH,+Cd 

Ypatt-238 

Eu203(1 = 40 MM) 

Eu203 C KOMneHCaTOpOM 

CneKTpanbHble xapaKTepHCTHKH peaKTopa 11fPHK 
npHBCJlCHbl B rn611. 3. 

Ta6nHI.ta 2 
TiapaMeTpbl peaKT0pa MrP11K c K0HBCpTOpaMH 

KpHTH4CCKHii OObCM Bee l1C, O~rax.1 
<l>moeHC HeiiTpDHOB, 

no1a y, OrnowettHe 
11eiiro.l(cM2 • MfuK) 

np11 p = 0 np11 o ... 13:><1> M)llK 
OOJ!HblH £>JOO K3B 

paJllMlllK nl y 

49,5 55,0 6,0 60 2,5 · 1013 1,2 • 1013 2,4 . 104 1/2,2 

54,8 57,7 4,5 38,1 1,7 · 1013 8,9. 1012 2,0 . 104 1/2 

51,2 55,4 4,8 54 1,6 · 1013 1,2 · 1013 1,9. 104 1/1,5 

52,4 56,1 5,8 53,6 1,7 · 1013 8,6 . 1012 1,7. 104 1/2 

54,6 57,3 4,4 35,4 1,4 · 1013 5,7. 1012• 2,3. 104 1/2,8 

52,2 55,2 5,2 50 1,5. 1013 6,2 · 1012 1,7. 104 1/1,4 

56,2 59,1 4,2 30 2,2 · 1013 3,7 · 1012 1,9. 104 1/5,6 

56,8 59,3 4,3 32 2,6 · 1013 6,3. 1012 2,8. 104 1/4,9 

57,5 59,9 3.5 21 1,2. 1013 2,0 · 10
12 4,0 · 104 1/22 

49,2 54,6 6,0 63 2, I • 1013 1,4 · 1012 7,9 · 103 1/0,6 

55,0 57,8 3,8 29,1 1,4 · 1013 6,8 · 1012 3,5. 104 1/5 

51,8 56,1 5,6 50 1,2 · 1013 6,4 · 1012 2,5. 104 1/3,8 

n p J,f M e 4 a H J,f e. KpMTH4eCKHH ofueM npH P.iax - o6bCM pacrnopa B K0pnyce npH BBCJlCHHblX B A3 HM0YJlbC­

llblX creplKIISIX. 
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Ta6Jrnua 3 

CneKTp lleHTpOHOB Ha peaKTope l1fPJ.1K B 33BHCHMOCTH OT nma KOHBepTOpOB 

McCTonOJIOJl(CHHC 

llCTCKTOpOB 

0KHO B CBIIIIUOllOii 33UH!TC 

3a CBIIHU080li 331UIITOH 

KoHeeprnp HJ CH2 (r = 30) 

11 Be (1 = 46 MM) 

E < 0,3 38 

1,2 

1,0 

2,6 

4,1 

40 

69 

TaKJ-IM o6pa30M, npHMeHe1111e p33JlH4HblX KOHBep-

.D.orui HCHT 01108 B Cl"ICKT e, % 

E > IO K::>8 E > 100 K3B E, > 3 M38 

72 62 6,3 

75 65 4,4 

60 48 4,2 

91 54 6,9 

97 73 7,5 

61 51 8,0 

88 71 7,5 

91 54 6,3 

52 41 3,5 

29 24 1,5 

.U.1u1 CMS!f'ICHHSI cneKTpa HeHTpOHOB B 3KcnepHMeH-

THPYIOLUHX BCTaBOK B 3KcnepHMCHT3JlbHOM Ka11ane 110- T3JlbHOM K31HIJle BOKpyr aMnyJlbl p33MCLU3JIHCb KOHBep-

3BOJllH: THPYIOLUHC ycTpOHCTB3 H3 pa3JlH4llblX M3TepHaJ108. 

- CMSlf'lHTb cneKTp HeihpOHOB, YBeJIH4HB JJ.OJllO Tell- r.11aBHblM KpHTepHeM Bb16opa onTHM3.llbHOH KOHCT-

.llOBblX Hei-iTpOHOB C 1,2 110 70 %; PYKUHH KOHBepTopa SIB.llSICTCSI COJ)lat-lHC M3KCHM3JlbHOfO 

- y)KCCT04HTb cneKTp HCHTpOHOB, nOJHIOCTblO J.lHC­

KpHMHHHposaB TCfl.llOBble HCHTPOHbl; 

- H3MellHTb COOTHOWeHHe n/y B ~ 40 p33: 

- yMeHbWl1Tb BKJ13.ll. f3MM3 - COCT3BJUIIOLUei-i H3Jly-

4CHHSI 8 3, 7 pa3a. 

- yseml4HTb BKJlall f3MM3 - COCTUB.llSIIOI.UCH 8 10 p33. 

3. 3KCITEPHMEHThl no lliIABJIEHHJO JIHOKCH)lA 
YPAHA B COCTABE TB3Jla 

Ha4HH3SI c 1990 r. BO BHJ.111T<l> BCJJ.yTCSI noHCKO­

Bble pa60Tbl no HCCJlC)lOBaHHIO npoueccos, HMHTHpy10-

LUl1X 6b!CTpb1H ttarpes TB3Jla II nocne.11.y10LUee B33HMO­

ACHCTBHe paCll.11383 TOfl.llHR3 C M3TepH3.113MH o60J104KH 

TB3Jla H TCnJIOHOCHTeJICM 8 npOMblW.llCHHblX peaKTOpax 

npH TlOKeJlblX aBapHS!X [2]. 
Orpa60TK3 113MepHTeJlbl-lblX MeTOJlHK ~· HCCJlCJJ.083-

IHle BeCbM3 6blCTpb1X (- I MC) asapHHHblX npoueccOB 

np0Be.11.e11b1 Ha peaKTOpe HfPHK. Ton.11HBHb1e o6pa3Ubl 

(cpparMeHTbl T83Jla) ycrnttaRJHIB3.llHCb R 3KCnepHMeH­

T3JlbHblX aMny.llbHblX ycTpOHCTBax, HMelOLUHX JJ.Be CTene-

1111 repMeTHJ3UHH. 

8 3MIIY.llC HMCIOTCSI repMeTH411ble BBQ.II.bl .IUUI 110.n­

KJIIO'lellHSI .llHHHH CBSl3H HJMepHTCJlbHOH an11apaTyp1,1 C 

.neTeKTOpaMH conpoBO)K,l.lCIIHSI. AMny.llbl B pa3J\H'lHblX 

3KCnepHMCIIT3X OCl-!aLU3JlHCb Jl3T'lHK3MH Ter..mepaTypbl, 

CMeLUellHSI rpaHHUbl TOIIJlHBHOro 06pa1ua, .ll.38.llCHIUI B 

11enOJIBUJl(HQM TCIIJIOHOCHTeJie. 

0,aHaKO c11eKTp He~iTpOHOB peaKTopa 11fPl1K JIOC­

TaTO'II IO )KCCTKHii (JJ.OJlSI TenJlOBblX 11ekrpOHOB ~ 2,5 %) 

JI.llSI ocyLUecrn.r1eHHS1 TpeGyeMoro pa3orpesa cpparMeHTOB 

TB3JI. 
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q>J110eHca TCllJlOBblX Hei-iTpOHOB npH MHIIHMaJlbHO 803-

MO)l(HblX 803MYLUeHHSIX peaKTHBHOCTH, BHOCHMblX KOH­

BepTOpOM s A3. 

Ha OCHOBaHUH paC4CTHblX H 3KCnepHMeHT3.llbHblX 

pa6oT 6h1Jl0 Bb16paHO KOHBeprnpy101.Uee yCTpoikTBO, 

3HaJIOrH4HOe H306pa)KeHHOMY Ha pHC. 2 (KOHseprnp HJ 

llOJIH3TH.lleHa TOJllUHHOH 30 MM, H3 6epHJ1Jll1SI TOJllllHHOH 

46 MM, rpaq>HTOBblH OTp3)1(3TeJlb TOJILUHHOH 200 MM), 

KOTOpoe nOJBOJlSleT peaJJH30BaTb B aMnyne q>JllOCHC Ten­

JIOBblX Hei-iTpOHOB I, I · I 015 
HeHTp./CM

2
, '!TO COCT3BJUleT 

70 % OT no.11ttoro ¢.111oettca. 

2 

3 

4 

P11c. 2. KoHeepTop n KaHa.rJc: I - a~111y,'lbHOe yCTpoiicrno; 

2 - nomt3TllJ1CHOBblil KOHBepTop; 3 - 6ep11JU1HCBblH KOJIBepTop; 

4 - rpacj)IITOBblii OTpaJl(aTCJll, 



PeJyJlbTaTbl ::nccnepHMeHT3 co CB060JlHblM H360pOM 

T36JJeToK HJ U02 (6eJ Ja'leXJ"!eHHR B 06oJJO'lKY) noK33a-

1u,1 , 4TO npH peaJJH33UHH HMllYJlbCa 60 M.UJI( B Ta6nen,e 

y,ueJJbllOe 311eproBbl)leJJe1IHe npH pa3JlH41-f0M 06oraw.e1-1HH 

110 
235U COCTaBJJReT: 

2 % (no M3CCe) - 0,39 ± 0 0 ,02 K.[l)l(/r; 

6 % (no M3CCe) - 1,12 ± 0 0,07 K.Ui1dr; 

IO % ( no Macce) - 1,85 ± 0 0, I K.[l)l(/r. 

B Ka'leCTBe cneJlyiow.ero 3Tall3 61,1no nposeJle1-1He 

HCflblTalnHI cpparMel-lTa TB3J13, 0KpyJKeHHOro BOJl0II . 

T36JJeTKH HJ U02 c 06oraW.eH11eM 6 % (no M3CCe) no 
235U p33Me1UaJIHCb B CTaJlbJIOH Tpy6Ke C BHyrpeHHHM 

JlH3MeTp0M 5,55 MM H T0JllUHH0H CTel-lKH 0,5 MM. <I>par­

MeHT TB3J1a oKpyJKaJJCsi npwnaRKHOH K HeMy MeJlHOH 

TPY6Koil . J33op MelKJly Tpy6K3MH (2 MM) 3a11on1-1e1-1 sonoi,i 

(pHC. 3). 

__I 

PHc. 3. AMnyna c cJ>parMeHTOM TB3Jla, oKpy)l(emwro so.aoi-i: 

TC - TepMOCOllpOTIIWlCHHe; BP - TepMonapa BOllb<ppaM-peHHH; 
XA - TCpMonapa Xp0MeJJb-aJJIOMeJJb 

B Kauane, o6p330B31-fl-lOM BttyrpH pa6o'lHX Ta6JJeToK. 

cso60.11uo paJMelUaJJHCb TpH son1,cpp3Mope1-1Hes1,1e (BPI, 

BP2, BP3) TepMonapb1. Ha BHewttei-i nosepx1-1ocrn 060-

JJ0'lKH TB3Jl3 6bum npHsape1-11,1 TepMonapbI rnna xpo­

MeJ1b-aJ110Me11b . .UaT'lHK TepMoconpoTHane1-1HS1 TC npen­

CTaBJJSIJJ co6011 )leTeKT0p- M0HHTOp, C fl0M0IUblO K0TOporo 

onpenensincsi 311epross0Jl s rn6neTKH TB3Jla. 

B1-1yrpH aMnyJlbl 6bUJH ycTaH0BJJeHbl 3KpaHbl - UH­

llHHJlpH<leCKHH lf3 B0Jlb(pp3Ma H £1JlOCKHi1 HHJl(HHH H] 

T3HTaJla, npeJl0XpaHSIIOIUHC OT ll0113Jl3HHll pacnnaBJJel-lH0-

ro TOflJJHBa Ha nencolUlaBKHe HJlH 11eCTOHKHe K TellJlOB0-

My y.11apy 3JleMeliTbl K0HCTp)'KUHH aMllYJlbl. 8 K.a'leCTBe 

pa60•1ei-i cpeJlbl B aMnyne HCllOJlb30BaJICll aproH. 
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np11 peam,f]aUHH 1-1a peaKTo pe 11rPl1K 31-1eproBbJ.JJ.eJJe­

t1HR 60 M.UJI( JlOCTHmyr 3HeprosB0Jl B rn6neTKax HJ U02 c 

06orn1Ue1-1HeM 6 % (no Macce) no 
235U ~ 1,6 K.LlJK!r. TeM­

nepaTypa Ha o6p33U3X, 3aQJHKCHp0B31-1Hall B 3KCnepHMeH­

Te, 6buia 6JlH3Ka K TeMnepaType IUl3BJlelll-UI B011bcppaM3 

(3420 °C). YacTb JlHOKCH.lla ypairn 61,ma pacllJJ3B.JJeHa, 4TO 

ll0JlTBCP)l(Jl3eTC.SI Bb16pocoM MaTepHaJJa M3CC0H - 2,4 r 
no ue11Tpa.rlbH0MY KaHany TB3Jla ssepx H BHHJ 33 npe­

JieHbI cpparMeHrn TB3Jla BHyrpH aMnyJlbI (pHc. 4 ). flo­

J1Y1Jel-fbl TeMneparyp1-10-speMe1-11-11,1e 33BHCHM0CTl1, X3paK­

TepH3Y!OutHe npouecc KHlleHHll Hell0.llBH)l(II0rQ TellJJOHO­

CHTeJl_ll B np11cTe1-1041-1oi,i o6nacrn 060110'lKH TB3Jla c 

MaKCHMaJlbH0H TeMnepa,-ypoi,i KHlleHHSI B0.ll.bl ~ 170 °C. 

P11c. 4. B11.11 33CTblBWei-i 'lacnt MaTep11ana Ta6JJeTOK, 
BbmJJeCHyaweficsi nsepx no n1-1y-rpe1-11-1e1,1y Ka1-1a11y TB3Jla 

OueHKH llOK333JlH, 'lT0 sse.n.e,rnoro Tenna 6blJTO Jl0C­

TaT0'll-10 .ll.Jlll n11aBJ1eHH_ll JIHOKCH.D.a ypa1-1a C noc11eny10W.HM 

llJl3BJleHHeM CT3JlbHOH OOOJlOlfKH H 11cnape1meM B0Jlbl, 

0.D.H3KO n11aBJ1eHHSI CTaJlbH0H o6oJJO'lKH He np0H30WJl0 

113-33 ll0TepH TellJ13 33 C'leT Bb16poca 'l3CTH pacn11aBJ1eH­

HOro .11110KCHJla yp3H3 3a npenenbI TB3Jla. 

TaKHM o6pa30M, Ha peaxrnpe HrPHK BOJMOlKH0 

npoBe)leHHe HCOblT31-fHH cfJparMeHTOB TB3Jla C Tellll0HO­

CHTeJleM, HMHTHPYIOlllHX ynaneHHe HJlH 0CT3H0BKY Ten­

Jl0HOCHTCJlll npH JanpoeKTl-fblX 383pHSIX 1-13 B0Jl0-B0Jlj!HblX 

peaKTopax. 

4. IIOJTYlIEHHE OCKOJJKOB .llEJIEHHSI 

11cT04HHKH 0CKOJIKOB ne.nellHll HCfl0Jlb3YIOTCSI B pa3-

JIH'll-lblX o6naCTSIX (pH3HKH. TaKHe HCT0 411HKH np11Met-1S1-

I0TCll, 11anp11Mep, JlJISI reHepaUHH mnepHOf'O 113JlYIJeHHSI, 

COCTaB.Jl_llSI OCH0By TaK Ha] blBaeMblX Jl33epoB C SUJ.ep1-1011 

HaKa'lKOii, .ll.Jl.SI H3y'leHHSI npouecco s paCllblJleHHSI TBep­

JJ.blX TeJt, 11Jy'leIrnsi npo ueccos pari11au11ott1Ioro JleQ)eKTo­

o6p33osaHHSI, pan11aUHOllltoii XHMHH. 



Ha peaKTope l1fPHK 61,1m1 11poBeJ1ett1,I pa60T1,1 no 

C0JJJ.allHI0 HCT0'IHHKa 0CK0JIK0B .n.eJieHHll c ueJJblO o6ny­

Yemrn paJJIH4HblX MaTepHaJI0B II I13Y'leHHll BJIHllHllll Ta­

K0ro 113JIY4eHllll Ha CBOi-icrna TBepl.lhlX TeJl. 

11croYIIHK 0CK0JIK0B .uenet1Hll llJlll pa.u11aUH0IIHblX 

HCCJ1e.uoBaHHH COCT0HT 1n: 

- HCT04HHKa HeHTpOII0B; 

- K0HBep-ropa llefiTpOHOB B 0CK0JIKH .ueneHllll 

(KHOJ].), npe.n.crnBJu110wero co6o~i CJIOH aKrns1-1oro Ma­

Tepttana (ypatta) 1-rn nonnolK Ke; 

- 3KcnepttMeHTaJJbHOH aMnyJlbI. coneplKawel'i KHOJl 

H o6n)"laeMbte 06pa3u1,1 H 06ecneYttBa10wei-i noKamna­

uttto pa.uttoaKTHBllbIX sewecTB. 

8 KaYecrne MCT041il!Ka tteiiTpOHOB IICII0Jlh30BaJlCSI 

peaKTop rlTPHK c KotrnepTOpoM. npeo6paJy10mttM 61,1-

CTPbie tteihpOHbl s TellJlOBble (pHC. 2). 

B KaYecrne KHOll npHMeHstmt cnoi-i U3O 8 11a non­

no;icKe HJ cm,asa AJl I. 
3Kcnep11MeHTaJJbttrui aMnyna 11pe.acrnw1steT co6oii 

TepM0CTaT, HMelOWHH pa31>eMHblH cpnatteu C BaKyyMHblM 

YnJl0THeHHeM. 4epe3 cpna11eu repMeTH4H0 BB0.USITCSI CHC­

TeMhl, 06ec11ettttsa10wtte: 

- ox11aJK.aeHHe KHOJl 11 o6paJuos; 

- 0TKa'lKY 06-beMa aMny111,I .uo 10·3 MM pT.CT.; 

- Janom1etttte a1>my111,I raJ0M (11anpHMep, apmHoM); 

- HJMepett11e J.1aBJtett11st ra3a; 

3.fleKTPH'leCKHe H3Mepe1111st C ll0M0IUhlO I 9-
K0HT8.KTH0ro pa3'beMa. 

CttcTeMa oxna)KJ.le1-11rn 11pencrnru1steT co6oii an10M1-1-

1rnesy10 Tpy6Ky C npoTeKa!OIJ.lHM B Hei-i lKH.UKHM aJ0T0M H 

HMeeT TepMopa3BSl3KY OT OCIIOBH0ii K0HCTPYKUHlf. 

Ha Tpy6Ke OXJJa)l(JletH-!Jl s11yrpH aMnyJlbl Kpenl!TCSI 

aJII0Ml1HlleBble ll0JIKH C HCC.ne.uyeMhlMH o6pa3uaMH H HC­

T04Hl1K3Ml1 0CK0JJK0B }.leJJetHtSI. OoJtKII c11a6JKeHbl CHCTe­

MOi-i nonorpesa. 3To .ll0JllKH0 o6ecnettHTb 11cnape1-111e 

raJa, oceswero Ha 11CT0'l1t11Kax ocK0HK0B .uenem-tll 11 06-

paJuax nocne HX oxnalK.!leHHst J.l0 aJ0THbIX Te~mepaTyp. 

KoHCTpYKUl1ll Kperu1eHIISI fl0Jl0K Ha Tpy6Kax 0XJlruK­

I1etHlSI fl03B0J1SleT sapb11p0B8Th K0JJHYeCTB0 p3J.lHaT0p0B 11 

o6n)"laeMhlX o6pa3UOB H MetlSITb HX ll0JI0lKeH11e 110 BblCO­

Te a~fllYJlbl B 33BHCHM0CTH OT Tpe6osaHHH 3KCnepHMeHTa. 

060J10'1Kl1 11 6om,WHHCTBO .aernnei-i aMnyJJbl Bblll0Jl-

11e1-11,1 113 aJII0MHtlHeB0l'0 CllJlaBa, 'IT0 1103B0JJSleT yMeHb­

W8Tb 1-1aBe.n.e1-11-1yt0 aKTliBH0CTI, ll0CJlC o6ny'lellHSI a1.111yn1,1 

B HeHTpOHH0M ll0T0Ke peaKT0pa, K0HCTPYKUHSI aMIIYJll,I 

o6ccne'lHBaeT Ml1HIIMaJlbH0e speMll 1nane4em1_si o6pa3-

U0B. KoHCTPYKUlill aMny;I1,1 npe.unasJ1e11a Ha p11c. 5. 
l1JroToBJ1em11,1e KHOJl ycrnttas.mrnanH s aMny.ne 11a 

cneu1rnJ11,Hl,IX nepJKaTe.JlSIX - IIOJlCTaBKax B K,UHl.fle peaK­

TOpa HfPHK. TTposom1m1 ucCJ1eJl0BaHm1 csoiicrn KHO.ll 

npu CTaUIIOllapll0M If IIMIIYJJhCII0M 06.rty'lCHHH. OJlHO­

BpeMellll0 llp0B0.UHJlll o6JTy'leHUe o6pa3UOB 113: BOJll,qJpa­

Ma. 1111porpacj)HTa. cpepp0IIHKCJlCBOro Cll.llaBU If T . .u. 
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8 3KCnep11MCHTaX HJMepSIJJH cpmoeHC 0CK0JIK0B. K0Jlll'le­

CTB0 ll.Uep pacnbuteHH0ro ypaHa, TCMnepaTypy MIIWetrn If 

o6pa3UOB. 

2 

0120 

Puc. S. 3KcnepttMeHTaJlbHllll a~my.na: - BCHTIUII, BaKyyMHblH; 

2 - KaH..UI K0HBepTopa: 3 - CHCTeMa 0XJlaJK.UelHlll: 4 - cnurnH 

C o6pa3UOM: s - flOJIKa C CIICTeM0H nonorpeoa: 6 - TepMOCTaT; 

7 - pa3bCM: 8 - Tpy6Ka TCpMopa3B513KII 

B peJyJJhTaTe npose}leHIIOH pa60Tbl C03J.l311 IICT0"1-

Hl1K 0CK0JIK0B .aeJTeHHSI Ha 0CliOBe pansop11oro peaKTopa 

Hf PH K. 06ec11eY1rna10UJ.11ii crnrnYecKoe H 1tMny111,rnoe 

0611y4e~111e MaTepHaJI0B. 

Pa3pa6orntta K0tlCTPYKUllst repMe1wrnoii 3Kcnepu­

MellTaJlbH0H ru-111yn1,1 wIsi paJMeUJ.ellHst KHO,ll. 06pa3uos 

H .ueTCKT0p0B. Pa3pa60Tallbl MCTOl!IIKH onpeJ.leJJellliSI 

cpmoe1-1ca 0CK0JIK0B. BCJIH4Hllhl 3lKCKUHII sr.aep ypana, 



TeMnepaTypb1 KHO.D. s MOMe1n H noc11e 0611y11ettm1, paJ­

HOTOJJLUHHHOCTH KHQJJ. H MaCCbl 
235LJ B aKTHBHOM CJJOe. 

PaJpa6oTaHHrut TeXIIOJIOrHll 11aHeCeHHll aKTHBIIO!'O 

CJIOll Ha nO.llJIOlKKY KHOD: noJBOJJlleT nocT11raTb BeJTH'IH­

Hbf cpmoeHca OCKOJIKOB - 5 . 10
10 

l/cM
2 

H HHTeHCHBHO­

CTH OCKOJIO'IHOro HJJly'leHHll - I • 10
13 

1/c npH coxpa­

HeHHH UeJIOCTHOCTH KHO.U H MHHHMaJJbHOH 3lKeKUHH 

l!llep ypatta. 

MaKCHMaJJbl-lO llOCTHn-tYTbIH cpmoeHC OCKOJIKOB COCTa­

BHJI - I . 1012 1/o/ npH HHTel-lCHBHOCTH - 4 . I 0 14 
1/c. 

Pa60Tbl no COJllaHHIO HCTO'II-IHKa OCKOJIK0B .ne.neHHll 

nposene1-1b1 np11 no.ll.!leplKKe MHTU (npoeKT .N'!! 467) non 

naYlJHblM pyKoso.11.cTBOM B . <I>. Xoxpl!KOea. AernpbI 6na-

rorrapl!T C0TPYlll-lHK0B 3KCnep1-1MeHTaJlbHOro OTJJ.eJJel-l~lll 

BHl1l1T<l>, npHHHMaBWl1X y'laCTHe B HCCJJe.uosaHHl!X HC­

T0YHHKOB OCKOJIKOB ne.ne111-tJ1 . 

CilHCOK JlHTEPATYPbl 

I. Ke.upos A.B., TacKHH B.6., HesonHHYHH H .H . H 

np. PacTBOpHblH HMny11bCHb1i-i peaKTop H.rPl1K. 
BAHT. Cep. <l>HJHKa .stnep11b1X peaKTopos, 1989, .N'2 4, 
C. 3-8. 

2. Bac1111bes A.TT., fopHH H.B., K0Jb16aee P.M. H 

np. 3Kcnep11MeHTaJJbHble B0JM0lKHOCTH peaKTOpa 

11rPl1K s HCCJleJIOBal-lHl!X no 6eJonaCHOCTH llllepllblX 

peaKTopos. - J,faseCTH.ll BblCWHX YlJe6HblX JaeeneHH~i. 

Cep. ~epttrut 3ttepreTHKa, 1994, ebm. 6. 



Y,UK 621.039.564 

0 C0BEPIIIEHCTBOBAHIIH fAPAHTHU liE30IlACH0CTM 
ITPH 0EPAU(EHMM C Sl.llEPI-fhIMH MATEPHAJIAMH 

H. II. BoJJornuH, 3. TI. Mar.aa, H. H. CaBHH, B. A. Tepexuu 

Pct>51U-BHl111T<t>, 456770, r. CHe)IUJHCK lJem16ttHcKoi-i o6n. 

PaCCMOTPellbl nyrn yc1tnemu1 331Ul1Tbl ~aepHblX MaTep11anoe OT BHYTPCHHCH (KaK CJT)"laiittoil, TaK II UeJTeHanpaMeHHOii) yrpo11,1 11 OnbJT COJ-

11a1111s CIICTCM 1aU11n1,1 e P<l>51U-BHl1HT<ll. 

Ballrnoit Jana'!ei1 JlJJSI Pocc1rn OJ.I.HOH 113 BC.U)'I.UHX 

si.nepHbIX CTpaH MHpa - SIRJlSleTCSI 06ecne'lett11e rapaIITHH 

no HepacnpocTpatteHIH0 11 coxpaHH0CTH MepHblX MaTe­

p11ar10B (51M). 

O6pawett11e c 51M Tpe6yeT K0MnneKcHoro attan11Ja 

06ecne'leH11S1 6eJonacttocT11 nposo.n11MblX pa6oT ("rapatt­

THl1 6eJonacHOCTl1''), BKJllO'lalOLUero s ce6si sonp0Cbl 

Sl.llepHoH 11 pan11au11ottttoi1 6eJonac11ocrn np11 3KcnnyaTa­

u1111 SlllepHblX ycTpOHCTB, coxpaHH0CTH 51M, 11epacnpo­

CTpaHeHHSI si,nepttoro opy)l(HSI, oueHKH 3K0Jl00i'leCKIIX 

nocne.ncTBHH B03M0lKHblX HHU11JleHTOB. TaKOH nonxo.n 

noJB0mleT no.n0HTH K pewe,-11110 npo6JteMbl 6eJonaCHOCTl1 

c11cTeMH0, c 06w11x noJ1m11ii cTpyKTypbt ynpaw1ett11si 11 

KOHTp0JJSI o6paweHl1SI C 51M, HaX0llSILUHMHCSI B nonpa3,ne­

JJeIIHH B COCTaBe ycTaH0B0K HJHI Y4eTHblX e.n111111u, B 

npouecce JKcnnyarnu1111 11J111 xpaHeHHst. 

Pa60Tbl c 51M se.nyrcst Ha ocHose C)'I.UecrnyIOLUeH 

H0pMaTllBHOH AOKyMeHTaUl1H. OXBaTb1Ba10weit JaMKHYTblH 

UIIKJl sonp0C0B 3KCnnyaTaUH11, c6opKH-pa36opK11 Slllep­

HblX YCTPOHCTB. 11X Y4eTa. xpa1-1eH11S1 11 TpaHcnopTI1p0BKH. 

Ha 6aJe HOpMaTHBHOH Jl0KyMeHTaUHl1 no Sl,llepH0li u 

paa11aU1-10HHOH 6eJonaCHOCTH JlJ]SI K3)Kll0H si.nepuoii ycrn­

H0BKH pa3pa60Ta11a H BBe)leHa 3KcnnyarnuH0HHast A0KY­

MeHTaUI-ISI. K0HKpenn11py10LUaSI 06w11e npaBHna npHMe­

HHTeJJbllO K csoeii cneu1-1cp11Ke. CJIOlKHBWaSICSI CllCTeMa 

pa60Tbl, 0CH0BaHHaSI rJiaBllblM o6pa30M Ha oprat111Jau11-

0IIHblX np11HUHnax. 6a3Hpy10LU11XCSI I-la 60JlhWOM 0llblTe 

pa6oTbl Ha smept10-onaCHblX y'laCTKax B 0TpacJtll H 11a 

npeunpHSITl111, .no II0CJJem1ero speMeHH 6hlJJa JlOCT8T0'lH0 

3cpcpeKTHBHa. 

BMeCTe C TeM B HaCT0SILl.lee speMSI B CBSIJH C pe·1KHM 

113Me11ett11eM IIOJIHTH'leCKOH II 3KOH0Ml1'lCCKOlt o6cTaHOB­

K11 B CTpaHe Heo6XOJll1Mbl wam 110 IIJMet1eHl1IO Tex11ono­

rHH o6pall.lellHSI c 51M. Ha rocy.napCTBellH0M M 0TpaCJie­

B0M ypos11e - 3T0 cosepweHCTB0RaHHe HOpMaTHBHOH 

fiaJbl, Ha ypos11e npe.nnp~ISITHSI l·t 11011pa311eJ1e1IHSI - 3TO 
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BHe11peu11e TeXHH•IeCKHX aBT0MaTHJMpoBaHHblX cpe.UCTB B 

.neHCTBYIOLl.ll1e amopHTMbl q,yttKUHOHHpOBaHHll TeXH0JI0-

m'leCKHX npoueccos, BKnI0'last xpa1-1e1-111e. Bbl.lla'ly 11 

TpattcnoprnposKy 51M . Beeb )1(11JHettHbIH u11KJ1 51M B 

C0CTaBe ycTaHOBKH HJJM Y4eTHOH ellMHHUbl, K0HTaKTbl 

nepcottana C 51.M ll0JllKHbl aBT0M8TH'leCKl1 1-1ane)KHO OT­

CJielKMBaTbCSI 11 np0T0K0JlHp0BaTbCSI (llHCTaHUHOHHO MO­

H 11T0pH p0B3TbCSI). 

B peweHHM npo6neMbl rapat1rnii 6eJonacttocrn, Ha 

Haw RJfJlllJl, B paMKaX pa3Bl1TMSI K0HU,enuMH llHCTaHUll-

0HHOl'O M0HHT0pHHra uenecoo6pa3eH KOMITJJeKCHbJii llOJl­

xo.n, paccMaTpHB8IOWHH BttyrpeHHIOJO H BHeWHI0IO yrpo­

Jy, HX KOM6MHaU,HIO, a TaKJKe aHaJJM3 B03M0)KHblX no­

cnenCTBHH. B naHH0H pa6oTe paccMaTpHBaeTcsi nYTb yrn-

11e1-11-1st 38LUHTbl, rnaBllblM o6pa30M OT BHYTpeHHeH yrpo3bl 

(KaK CJJY43HHOH, TaK H ueneHanpaBJ1eHHOH). KOT0pyIO Mbl 

C'lHTaeM 1-1a116onee 3Ha'!HM0H. 

B ''OcHOBiibIX npaBHJJax no y'leTy H K0HTp0JJJO 

stnepttbIX MaTepMaJtos"' (OTTYK-01-95) oT,nenbttbJe 3011b1 

6ana1-1ca MaTepHaII0B (36M) onpe,nenSIJOTCSI "HCXO.USI 113 

Tpe6oBaHHH J10KaJJli3aUHH B03M0lKHblX ll0Tepb 11/HJJ11 x11-

Ll.let111H sinepllblX MaTepHaJJ0B, ll0CT0BepH0l'O aHaJIHJa 11X 

cue~taplleB. 06ecne4e1-111S1 ll.UMIIHMCTpaTl1BH0f0 K0HTp0JJSI 

Ja SlllepHblMII MaTep11ariaM11 B K3)Kll0H 36M". 

3EM xapaKTep1nyeTCSI CB0HMl1 HllllHBHJlYaJJl.>HblMH 

TeXH0JJ0rn•1eCKHMJ,f npoueccaMH o6paweHHSI C 51M, 6y,nb 

TO pa6orn peaKTopttoH ycrnH0BKH, npouecc np11eMa -

BbU.la'l11 yYeTt1h1x emrn11u,, npouecc HHBettrnp1naui111 51M 
11 T. A. B 'laCTJI0CTH, y'leT 11 K0HTp0JJI, 51.M SIRJISICTCSI 011-

IIOH 113 C0CTaBHhlX 'lacTelt TeXH0Jl0l'li'leCK0ro npouecca 

06pame1111si c 51M. 
8 11acTOS1lllee spe~UI C ue..111,10 CIIIOKel!HSI pHCKa 0WH-

6oK (3JJoro yM1,1cna) nepcm-ia11a. orne'!aJOLl.lero 1a 6e30-

11ac11ocTb 06pawe1111S1 c 51M H pa3JJl1'lllb1X 36M. npeJl0T­

spawett1rn 511lepHoro Teppc1p113Ma, o6ecne'lellHll ypoBHSI 

y'leTa 11 K0HTp0JlSI 51M. CO0TBeTL'TBYJOLUero cospeMellllblM 



-rpe6osaHHSIM, BO BHJ111Tct> Bel.lyrCSI pa60Tbl 110 pa3pa-

60TKe aBTOMaTH3HpOBaHHOH CHCTeMbl y4ern H KOJrrp0JlSI 

51.M. HHTerpHposatJIIOH C 3JICMCJffaJvHI <pH3H4eCKoii Jall.lH­

Tbl. )K1nHeHHO B3lKH0 :ny pa6oTy rum pa3JlH41lblX 36M 

opraHH•JH0 CK00pLUiHHp0BaTh C neiicTBYKllllHMH TaM TeX­

HOJl0n14eCKIIMH npoueccaM1t 06pame1111H c 51M . Oon-

4epK11eM, '!TO fl n0HSITliC " K0HTpOJlb 51M" BKJllO•IaeTCSI H 

K0IITp0Jlb C npHMCHCHHCM TCXHH4CCKHX cpel.lCTB TCXH0-

Jl0n14eCKHX npoueccos Ha S1Jlep11b1x ycrnttosKax, conep­

lKamHx 51M. SIRJlll!Oll.ll1HCSI OCHOB0ii rapaHTHH 6eJonacHO­

CTlt cpyHKUHOHHpOBaHHSI naHIIOH 36M . 

8 pe3yJlbTaTe JaruJaHHpOBaHH0H pa6oTbl ll0JllKHa 

6b1Tb c03na11a UHTerpHp0BaHHru! aBT0M3THJHp0BUHIJa51 

CHCTeMa ynpaBJICH11SI HllCPH~naCHblMH pa60T3MH. 

KaJKJlJSI 36M nomtrna 11MeTb csoii nepHCpepHHHblH 

asrnMaTHJHposaHHbIH KOMnneKc (OAK), pa6oTaKJlllHH no 

HHJlHBHJlYaJlbHOMY aJirOpHTMY H CBH1am11,1ii C BblUJCCT0Sl­

lllHM JlHCner-1epCKIIM ny11KTOM (nTI), 11enpepb1BHO KOii· 

Tpom1py10lllHM 11 11poT0K0J1Hpy10lllHM scio pa6ory IlAK. 
f1pHMCHHTeJlbHO K 36M CaMoro pa3.llH4H0ro Hll3Ha-

4CHHSI 6onee TOCfJ-lblM HaJBaHHCM, B03M0lKH0, 6yneT aMe­

pHKaHCKHH TepMHH "1-t1-1TerpHposa1rnaS1 aBTOMaTH311p0-

BaHHa51 CHCTeMa ynpaaneHHSI'' 36M (Integrated 

Automated Control System - IACS). 

OepBblH. OllblT C03JlaHl1SI TaKOH CHCTCMbl 6hm nony­

•teH npH pa3pa6oTKe nepHcpepHHHOro aBTOMaTH3Hp0BaH-

11oro KOMnneKca C<l>3YHK RM JlJlll xpaHHJlHll.la y'leTHbtX 

enmtHU 0Tnene1-1HH 3KcnepHMe11TaJ1bHOH. <pltJHKH P<l>51U­

BH1111T<l> s 1994-1995 rr. 

<l>parMeHTbl MaKeTa TTAK xpaHHJlHWa MCTaJlJlH'!e­

CKHX 51M 6blJlH nponeM0HCTpHp0BaHbl aMepHKaHCKOH 

Koop.1urnauHoH1t0H rpynne no MPCaA M JlOJl0lKCHbI Ha 

KOH<pepeHUHH B CWA r I]. 
Ha 0CH0Be nOJ1Y4Cl1HOro onbJTa 6blJlH pa3pa60TaHbl 

H c¢opMyJtHposaHbl OOll.lHe K0HUenTyaJlbHble Bonp0Cbl 

noCTp0eHHSI HHTerpHpOBaHHOfi CIICTCMbl y4ern. K0HTp0mt 

H qJH3H4eCKOH 331UHTbl 51.M s P<l>51U-BHl111T<l>, npel.l­

c-raBJ1e11111,1e 11a MClKJlyHapOJlHblX KOHcpepeHUHHX 8 MocK­

se 11 HOBOCH6HpcKe [2. 3]. Ba)IO·lblM M0MellTOM noCTpoe­

HHSI K0Huenw111 SIRJlllCTCSI Bbt6op onTHMaJlbHOii CTeneHH 

HHTerpaUHH (conp.SllKCHH.SI) CHCTCMbl yYeTa H KOIHpOJlll C 

CHCTCMOH q>H3H4CCKOH 33lllHTbl 51M. Ha Haw B3l"Jl.s!Jl. 

HHTerpau11.S1 3THX nsyx CHCTCM Jl0Jl)t{Hll 6b1Tb MHJ-JHMaJlb­

Ha, CHCTeMa y'leTa H KOJITpon.si (CYHK) H cucTeMa qJH3H-

4ecKoii JllWHTbl (C<l>3) Sll.lepHblX MaTepHilll0B Jl0JllKHbl 

HMeTb pa3Hble llHCneT4epCKHC nyHKThl 11 pa:.JHble CHCTeMbl 

ynpaBJIClll1ll. 

,Un.si Ka)t(Jloii 36M JlliCflCT4epCKHH ny1tKT UBT0MaTH-

3Hpoea1111oii CltCTCMb~ y<leTa 11 K0HT]J0JlSI 51M JlOJl)l(CJ-1 co­

.lleplKaTb nonpo611b1ii pernaMellT 06pall.lCH1tSJ c 51M c ariro­

PHTMOM nei1CTBHH: np11 KaKHX Hapytuemrnx 11ano HCMeJl­

llCHHO o6pamaTbCSI B CHCTCMY oxpaHbl, np11 KaKHX - HH­

<l>opMHpOBaTb PYK0BOJlCTBO JlJlSI npHHSITlill pewemtll. 
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04eBHLll10, '!TO 4CM CJJ0JKHee TCXIJ0JI0niSJ o6paLUe ­

l J H,SI c 51M, TeM CJl0lKHee HJlC0 JlOfll.SI, a.rrropltTMbl 11 aBT0-

MaTH33UltSI CO0TBCTCTBYIOlllHX npo ueccos B Ka)l(JJ.OH 36M, 

TIAK KOTOpbtX JaMK11yrb1 11a ,UTT, K0Topb1i-i, B csoio 0'le­

penb, caHKUH0HHpyeT, K0tlTp0J1Hpye-r H np0TOK0J11-tpyeT 

see llJICpH~naCHbJe pa60Tbl. 

PaccMOTJJHM npHMep II0CTpoeHHH CHCTCMbl ynpaBJie­

liHSJ 36M peaKTOpH0H yCTaH0BKH. 

Jlocryn K flAK 36M 1-tMeeT tta•taJlbtiHK na6oparnpHH, 

Ha4aJJbl1HK 11 crnpw1-1i1 HHlKCHep ynpaRJJettHSJ SIJlepHblM 

peaKT0p0M B C00TBeTCTBIHI C yCTall0RJICHHbJM nopSILlKOM. 

11MeCTCSJ HCCK0JlbK0 pelKltM0B cpyHKUHOHHposaHHSI 

TIAK: 
- pa6orn c llOKYMCHTaMH; 

- 11enocpel.lCTBeHHrui p a6orn 11cnonHHTeneH s 36M; 

- pa6orn no 3KcnnyarnuHH ycrnH0BKH. 

B naM,StTH O AK nonJKeH 6b1Tb Jatteceu (MO)l(eT 6b1Tb, 

yepe3 CB.SIJb C ,UTT): 

- 6aHK naHHblX 06 HCllOJIIJHTeJISIX; 

- lKYPHaJl HapSJll0B; 

- JKYPHa.rJ aKcnnyarnuHH; 

- JKypuan H3MepeHHH; 

- HHBCHTapHblH cnHCOK 51M; 

- oneparnBllblH. lKYPHaJI pa6oT c 51M; 

- 0T'!eTbl 0 <pH3H4eCKOH HHBeHTapH33UltH. 

CymecrnyeT nsa euna .!lOCTyna K 36M (4epe3 TTAK 

nOLl KOHTPOJJCM ,UTT): 

- caHKUHOH1tposaJ-JHblH, - K0rna Jl0CTyn ocymecTB­

JJSleTCH B CTporoM C00TBeTCTBHH C pernaMeHTOM pa60TbJ; 

- 1-1ecaHKUl10HHpOB3HJ-JblH - npH HapyweHHH perna­

MCHTU pa60Tbl. 

f;1ae11rui MblCJlb K0HUenu1-111 noci-poeHH.SI CHCTCMbl 

ynpaBJieHHSI 36M C0CTOltT B TOM, 4TO BCSI HHq>OpM3UHll 0 

C0CT0SJHltH 36M It B3311MO)leHCTBHH C Hei-i 4eJlOBeKa 

Jl0JllKHa asT0MaTH4CCKH 0TCJlClKHB3ThCSI H <pHKCHpOB3TbCSI 

JlJlSI npHHSITH.SI CO0TBeTCTBYIOlllHX peweHHH 1-ta yp0BJ-te .!lfl 

C B03M0)J(llOCTbl0 nepena4H HH<pOpMaU,HH Ha yposeHb 

npellnpHSJTH,St . 

B pelKHMe caHKUH0HHp0BaHH0ro Jl0CTyna K 36M 

Jl0JllKlibl 6b1Tb npenycM0TpeHbl (B TOH 11JlH HHOH nocne­

.llOBaTeJlbH0CTH, B TOM HJIH HJ-J0M 06beMe) cnenyt0lUHC 

3JICMCHTbl pernaMe11Ta: 

- CaHKUHSI 11 K0HTp0Jlb .uocryna B 36M; 

- CIICTeMa Y4CTa (6aJbl Jl3HllblX, HX ci-pyKTypa, nep-

C0HaJI. napaMel"pbl pa6on,1 ycTaHOBKH, JanHCH B )l(YPHaJlbl); 

- <pH3H4eCKaSI HHBCHTap1nau1-1.si ( nepHOllH4HOCTb, 

MeT0l.ll-lKH, KaJrn6poBKH 11 T. n.); 

- JlBHlKCHHC (6aJJaHC) 5JM; 
- CBSJJb C qJH31t4CCKOH 3alllHTOH . 

8 pelK1tMe t:allKUH011Hp0Ballll0ro l.l0CTyna nocJJe 

H,!JCIITH<pHKaUHH .flH'IIIOCTH np11 llXOJle B CltCTeMy, 33110Jl­

liCl111ll 11apS1Jla lia pa601-y. nOJly<JelJH.SI calJKUHH BbllUC­

CT0Sllllero PYK0B0JlHTCJl SI npOB0JlHTCSI 3aJ1JlaHHp0BaJ111aSJ 

pa6orn. Op11 3T0M <pllJH'!eCKH n o ny4aeMaS1 HHqJOpMaUH.SI 



C pa3JIH'lllbIX 11.aT'IHKOB npOTOKOJlHpyeTCSI aBTOMaTH'leCKl-I 

B pea.IlbllOM pe.lKHMe epeMeHH, a 11.pyf'llil HHqJOpMaUHSI 

qJHKCHpyeTCSI B .lKyptta.ne HJMepeHHH (.lKyp11a.ne 3KCnnya­

TaUHH) H COOTBeTCTBeHIIO 6a1-1Ke 11.aHllblX. 

B pe.lKHMe nOllblTK.H 1-1ecaHKUHOHHpOBaHHOro 11.0CTY­

na K 36M BOJMO.lKHbl JI.Be c~nyaUHH: 

- npH npSIMOM 11apywemrn C<l>3 (cpa6aTbrna11He 

11.aT•IHKOB Tpeeorn, aeapHHHblX 11.aT'IHKOB) 11eo6XO.D.HMa 

HeMe)lflellllaSI peaKUHSI oxpaHbl; 

- npH 11apywe1-11rn pernaMerna caHKUHOHHpoea1111oro 

11.oc-ryna K 36M (owH6KH ll CallKUHH, y'leTe, H!).ellTHqJH­

KaUHH, HIIBeHTapH3aUHH H T. Jl.) Jlfl aHaJIH3HpyeT l·tapy­

WeHHe 11 npHHHMaeT COOTBeTCTBYIOll.lee peweHHe no Ja­

pauee no.11.roTOBJleHHblM a.nropHTMaM. 

H11Terpau1rn C<l>3 H CY11K 5lM ocyll.leCTBJYSleTcsi 'le­

pe3 Jlfl B OCHOBHOM Ha 3Tane 11apyweHHH pernaMeHTa 

11ecaHKUHOHHpOBaHHOro 11.0CTyna K 36M. TToJlHaSI xpoHO­

JlOrH'leCKaSI HHq>opMaUIHl O npoueccax B 36M cpopMHpy­

eTCl'l H XpaHHTCl'l B JlTT. 
Ka)t(JlaSI 36M .[J.OJl.lKHa o6nanaTb nOJlHOH KOMnbIOTe­

pH3HpOB3HHOH HHqJOpMaUHOHHOH CHCTeMO~i .11.aHHblX 0 

CBOeM .lKH311eHHOM UIIKJJe Ila OCHOBe: 

- Ha6opa .11.aT'lHKOB; 

- nporpaMMHO-KOMflblOTepHOH CHCTeMbl c6opa, o6-

pa60TKH H xpaHeHHl'l HHqJOpMaUHH; 

- CHCTeMHOH CBSIJH C ilPYrHMH CHCTet.laMH. 

KottcpHrypaUHl'l TaKOH HHqJOpMaUHOHHOH CHCTeMbl 

RBJ15leTci:i HH.D.HBH.UyaJ1bHOH .llflR Ka)l(noii 3EM. Ee no­

cTpoeHHe OCI-IOBblBaeTCSI Ha cyll.leCTBYIOll.leM opraHH33UH­

OHHOM OnblTe pa60Tbl. 

Pa31lHTl-te eepOSITIIOCTHO-CTOHMOCTHOro cnoco6a 

oueHKH 3cpcpeKTHBHOCTH .[J.eHCTBH5l paJJIH'!HblX CHCTeM 

SIBJllleTCSI BeCbMa 83.lKHblM o6CTOSITeJlbCTBOM KpHTepHSI 

Bb16opa KaKOH-JlH6o KOHcpHrypaUHH. PerurnJaUHSI pac­

CMOTpeIrnoro nOJlXO;J.a 6y;J.eT cnoco6cTBOB3Tb llOBbIWe­

l-lHIO i:i.11.epuoii H panHauH011noi-l 6eJorrac11ocnt i:i.11.ep110-

onact1bIx pa6oT, ycHJleHHIO KOIITpOJYSI Ja coxpaHIIOCTblO 

5IM H pe.lKHMa 11epacnpocTpa1-1eImS1 i:i.11.ept1oro opy.lKH_ll. 

8 11aCTOllll.lee BpeMSI .11.Jljj CI-IH.lKeHHl'l BepowrnocTH Ha­

pywerrnll npaBHJl 6eJonact1ocrn npI1 pa6oTe I-ia KpHT­

cTe1-1ne BHe11.pi:ieTCl'l CHCTeMa KOHTpOJlll 11.0CTyna B pea.K­

TOpl-lblH 3aJl H CHCTeMa aBTOM3TH3Hpoea~11-1oro npOTOKO­

JYHpOBaHHSI npouecca c6opKH pa3MHO.lKalOll.lHX CHCTeM C 

JallHCblO Ha BH.11.eoMarHHTOqJOH. 
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OCOEEHHOCTH <l>H3H'IECKOH HHBEHTAPH3AQJill1 R)lEPHLIX MATEPHAJIOB 
B BALK-<l>OPME B COCTABE .H)lEPHO-<l>H3WIECKHX YCT AHOBOK 

B. B. AttllpeeB, A. B. Kellpon, £. r. JleBaKOB, A. E. JlbnKHH, A. M. IlepeBaJJOB 

P<I>..Hll-BHH.l1Tel), 456770, r. Ctte)KHHCK lJe.ru1611ttcK011 0611. 

PaccMOTpeHbl oco6CHHOCTI1 Y'feTa It KOHTPOilll JIM 8 BHJte pacroopoo. CnenaHbl pet.:OMCHJl3Ultl1 no ycosepweHCTBOBaHIIIO CHCTeMbl KOHTpOJ1JI 

11 Y'feTa JIM np11 nepexone Ha HOByJO CHCTCMY npOBC/ICHHJI <flltJH'fCCKHX IIHBCHTap1133Ullii pacTBopOB. 

BBEL{EHEfE 

B cocrnse 3KCnepHMeHTaJlbllOH 6a3bl BHHI1Tct> 11a 

npon1lKeHHH 6onee 30 neT HCnOJJb3YIOTCSI pacrnopHb1e 

HMflYJlbCHble peaKTOpbl, smepHblM TOllJlHBOM B KOTOpblX 

S1MS1eTcS1 pacrnop cynb!parn ypaHHJJa B nerKOH (06bfl1-

11oii) BO,Ue. )KHJHeHHblH UHKJJ TOIIJlHBHhlX pacTBOpOB 

xapaKTepHJyeTCSI: 

- 3Ha'IHTeJJbHOH J]JIHTeJJbHOCTblO (TOOJJHBO J]JISI aK­

THBHOH JOHbl (A3) nepsoro pacTBop11oro peaKTopa 

3JU1P 6b!JTO npHroTOBJ1e1-10 B cepemme 60-x IT. H .uo 

HaCTOSILUero BpeMe1rn <JaCTH'-1110 11aXOJlHTCSI 11a xpaHeHHH 

B xpaHHJJHLUe, a '-laCTH'IHO HCOOJlb3yeTCSI B peaKTOpe 

HTPHK); 

- p331lH'HlblMl1 H3MeHeHHSIMH XHMH'-leCKHX coe.um1e­

HHH H qJH3H'-leCKHX cpopM: 01111 fOTOBHJlHCb H3 OKCH,!lOB 

ypaHa H ypaHOBOII CTPY)l(KH, nepeBOJlHJlHCb H3 IIHTpaTOB 

B cynbq>aTbl, pa16aRJ1S1JlHCb H BbtnapHBaJlHCb. IlpH 3TOM 

pacTBop, npHroTOBJleHHblH J]JISI OJlHOro peaKTOpa, MOr 

'-laCTH'-IJ-10 HJIH IIOJlHOCTblO HCOOJlb30BaTbCSI B npyroM pe­

aKTope, npoHJlSI 1-1eon1-10Kparny10 nepepa6oTKy H nepe­

ynaKosKy. 

Y'-leT H KOHTpOilb .sinepHblX MaTepHaJJOB (}IM) B pac­

rnopax JlO llaCTOSILUero speMeliH B paMKax ,!leHCTBYIOLUeH 

Ha npe.unpHSITIHI Cl!CTeMbl y'leTa, KOHTpOJJSI H q>H3H'-le­

CKOH JaLUHTbl }IM OCHOBhlB3eTCSI Ha nacnopTHblX .U311llblX 

(KOJIH'-leCTBO, 3JleMellTHblii 11 1130TOOHblH COCTaB!,I) no­

CTaBLUHKOB, aKTaX lia nepepa60TatlllblH TOrulHBllblH pac­

TBOp, yCTa110Mem11,1x IIOpMaX 6e3B03BpaTHblX 110-repb, 

onepaTHBHOH 3KCllJJyaTaUHOIIIIOH JlOKyMellTaUHH, a TaK­

)l(e Ha CHCTeMe no.urneplKJJ,eHHSI coxpaHHOCTH 51M B npo­

uecce mrne1nap11b1x csepoK. 

Bsw.uy 11peLlCTOS1LUero l13Me11em1S1 B HIICnrryre MCTO­

LlH'leCKIIX llOLlXOJlOB K y'-leTy 11 KOHTpOJIIO 51M. KOTOpble 

6yayT OCIIOBblBaTbCSI 11a HJMepeHIISIX KOJIH'-leCTBa BCelO 
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HaJlH'-IHOro MaTepHana, BOJHHKJla 11eo6XOJl,HMOCTb onpo-

6oBaTb HeKOTOpble npeJl,JlaraeMble H3MepHTeJlbHble MeTO­

llHKH npHMeHHTeJJbHO K UeJJJIM cpH3H'-leCKOH HHBeHTapH-

3aum1 (<l>H) smepHblX MaTepHaJJOB B BHJJ,e pacTBopoB, 

HaXO.llSILUHXCSI B TeXHOJTOrH'-leCKIIX CHCTeMaX HMnyJJbCHblX 

SILlepHblX peaKTOpOB (l15IP). Bb16op pacTBOpHblX l1.5IP B 

Ka'-leCTBe llHJIOTHblX ycTaHOBOK Jl,JISI npoBeJJ,eHHSI npofa1oi-i 

ct>H 6b1J1 06ycJ10BJ1eH Tpe6yeMoi-i KBaJJHqJHKauweii nepco­

HaJJa, ero roTOBI-IOCTblO OCBOHTb HOBYIO H3MepHTeJJbHYIO 

TeXHHKY H npoaHaJJH3HpoBaTL np1tMel1HTeJ1bllO K pacrno­

paM npH'-IHHl,I BOJMOJKllblX pacxO)l(JleHHH B y'-leTHblX H 

H3MepeHHblX KOJIHYeCTBax }IM. 
B I 996-1997 IT. e paMKax K01npax:rn N2 777236 

6bma nposene11a npo611a.si cpH3H'-lecKa.si mrne11Tap1nauHsi 

JJ.BYX napTHH pacrnopoB C np11MeHeHHeM Jl,JISI HJMepellHH 

KOJIH'leCTBellllblX xapaKTepHCTHK }IM HOBOro o6opyuosa­

HHSI (3J1eKTpOHHble sechl Sartorius BPl2000S. noprnrns­

HblW raMMa-cneKTpoMeTp InSpector, annapaTypa J1Jl51 C'-IH­

Tb1sa1mS1 pa.u11auHOH1-1oro nopTpern). 

B I 997 r. e paMKax KOHTpaKTa N2 329530 6brna 

BnepBble 81,IIIOJllleHa oue11Ka npHMeHHMOCH1 MeT0.1108 

1-1epa1pywa10wero aHai1111a w1si no)lTBeplKJleHHSI coxpaH­

HOCTH RM s A3, OCHOBaHHaSI Ha li3MepeHHSIX peaKTOp­

llblX xapaKTepHCTHK. IlOJJYtfeHO, '-ITO c TO'IHOCTblO - 5% 

nepCOHaJI peaKTOpOB HMeeT BOJMO)l(HOCTb flOCTOSIHl-10 

KOl-1Tpo1111posaTb coxpaHHOCTb TOOJIHBHblX paCTBopoB, 

npOBO.llSI H3Mepe1iHSI KpHTMaCCOBblX napaMe-rpOB H napa­

MeTpOB KIHleTHKH peaKTOpa, IIOJlTBepll(JlalOLUHX HX H)leH­

TH'IHOCTb C napaMeTpaMH peaKTopa Ha MOMeHT q>HJH'le­

CKOro nycKa H coxpaHIIOCTb MaTepHaJJOB 8 A3. 
B npe,llCTallJleHHOM HH)Ke C006LUeHHH KpaTKO pac­

CMOTpeHbl BOnpOCbl, CBSl3aJIMble C oco6eHHOCTSIMH npooe­

J.J.CmtSI Cl>l1 B TaKIIX .UOCTaT0'-1110 CJIO)l(llblX TeXIIOJIOrH'-le­

CK11X CHCleMax. KOTOpbll,HI SIBJllllOTCSI CIICTeMbl peaKTOpoB 

HfPl1K 11 51rY AP. 
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CTPYKTYPA H COCTAB Y'-IACTKOB, 
CO,llEP)KALUHX .HM B murn PACTUOPOB 

Peainopbl 5lfY AP H HrPHK - IOM0relll-lble HM­

nymCHble peaKTop1,1 C paCTBOpHoii A3 - pacnOJIOlKellbl B 

OT,UeJlbllblX peaKTOpHblX 'Janax . Ko11CTpyKUHH It TeXHOJI0-

rH4eCKlie CHCTeMbl 3THX peaKTOpOB no,uo6Hbl, 0TJIH4He 

HMeeTCSI TOJlbK0 B K0HCTPYKUHH KOpnyca A3, B KOJIH4C­

CTBe H COCTaBe TOHJIHBl-iOfO pacrnopa. 

B KalJeCTBe TOnmrna HMnyJlbCHblX S1Jlep1lb(X peaKTO­

poB HrPHK 1-1 51fYAP 1-1cnom,1y10TCS1 pacTBOpb1 cyJ11,cpa­

rn ypaHHJla (UO2SO4) s nerKoi-i so,ue, co,ueplKall.lHe He-

6onbWHe KOJlli'leCTBa cepHOH (0, I % ) H a:30THOi-i 

(0,01 %) KHCJlOT. O6orall.leHHe ypaHa B TOnJlHBe H30T0-

noM 
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U COCTaBJJSleT OKOJIO 90 %. O<.:HOBHble xapaKTe­

pHCTHKH T0nJlHBHl,IX pacrnopoB peaKTOpos np1-1se,ue111,1 B 

rn6111-1ue. 

Y4en11,1e xapaKTepHCTHKH TOnJIHBHblX pacrnopos 

peaKTopos vtrPHK H .filY AP 

OfueM KoH UCH-
Macca 

Ko1-1ue11Tpa-

PeaKTop pacrnopa B Tpa Ulfll 
235u, r UHSI norJJOTH-

cHcreMe, n 23su . r/n Ter1si Cd. r/n 

51rYAP 38,3 458, 4±2 17538.73 4.7 
l,ffPHK 60, 1 115, 6±2 6890,5 -

OpH qJH3H'leCKOM nycKe peaKTopa pacrnop B KOJ1H-

4eCTBe, onpe,ueJJeHHOM Ha 0CH0B8HHH npe,usapHTeJlbHblX 

pac4eTOB, 3aJ111BaeTCll H3 S1,uepHo-6e3onacHblX K0HTei-i11e­

poB s O,UHH HJ ,!ll!YX 6aJJJJOHOB-XpaHHJIHlll peaKTopa. OpH 

3TOM K0HTp0Jlb Ja MaCC0H H 06beMOM JaJIHT0ro pacTBopa 

se,ueTCSI KaK C HCnOJJbJOBaimeM J1a6opaTOpHbJX 113Mepe­

liHH (no 3amtCSIM B nacnopTe), TaK H npH II0MOlllH ypoB­

HCMepa 6anJ101-1a-xpa11HJJHll.la, O61,eM 3aJJHToro pacrnopa 

qJHKCHpyeTCll B 3KCITJlyarnUHOHHOM lKypwwe peaKTOpa H 

B onepanrnHOM )Kyp11arre pa60Tb1 c 51M. 

flOCTOSIHHblM MeCT0M xpaHeHHSI TOfl.nHBHOro paCTB0-

pa s peaKT0pe SIB.nSIIOTCll 6aJJJIOH1,1-XpaHHJIHll.la (OCHOBHOH 

H pe3epBHbti-i). 

Eanno11-xpa1mmnue npe,u11a311a4e1-1 LUISI LUIIITeJibHoro 

xpa1-1eHHll T0nJ111s1-t0ro pacTBopa 11 npencrnBJ1S1eT co6oi-i 

repMeTH4HYIO UHJJH11JlpH4CCKYIO eMKOCTb, B KOTOpoi-i yc­

TaHOBJJeHbl ypOBHeMep JlJlll HJMepeHHSI ypOBllll pacrnopa, 

TepMonapbl ,!J,Jlll HJMepeHIISI TeMnepaTypbl pacTBopa, 3a-

6opHblH Tpy6onposo,u LlJlSI no,ua4H pacTBopa H3 6rummia­

xpaHHJIHllla, CJlHBI-IOft 1·1 BOJllYWHblii Tpy6onpOBO,!lbl. Ea.n­

JIOI-I 1nrornBJ1e11 H3 11ep;,1rnse10LUei-i CTaJtH l 2XH I OT, 

RHYTpeHHHH ,UHaMeTp ero 195 MM, Jl)llll-la 2630 MM. Ll.nsi 

o6ecne4eHHSI si,uep11oii 6e3onaCHOCTH B.U0,1b OCH 6anJIOHa 

no scei-i JlJlltHe pacno11olKe11a repMenf4HaSI rHJJhJa c ua­

PYlKHbIM ,UHaMeTpOM 74 MM, -ianoJ111e1111aS1 Kap6H.UOM 6opa 

B Blt)le npeccoBaHHblX 6pHKeTOB. nomtblii 061:>eM 6aJIJIO­

~ta 65 JI, 

Oco6e1tHOCTblO K0IICTPYKUH~t TeXIIOJl0fH'ieCKHX CHC­

TeM pacTBop111,1x peaKT0poB BHHYIT<l> S1BJ1S1eTcS1 HanH•rne 

JlByx pe3epsyapos LlJlll xpa11e1-1HS1 TOIIJJHBa, coemrne1m1,1x 

Me:+:.uy co6oi-i 11 c KopnycoM A3 CHCTCMOii Tpy6onpORO­

,ll,08 B 06wy10 3aMKHYl'Yl0 TeXHOJ10rH4eCKYIO CHCTeMy. 

TonJll!BHblH pacTBop nOCTOSltlll0 xpaHHTCSI B 0JltlOM 113 

pe3epsyapos-xpmHlJJHlll 11 nonaeTCll B Kop11yc peaKTo pa 

T0JlbKO Ha BpeMS! ero pa60Tbl Ha M0LUHOCTlf HJIH B HM­

nyJTbCII0M pelKHMe. 

Tex1-iOJ10n14CCKa51 CHCTeMa HMeeT 1-1a BblXO,Ue e,UHH­

CTBeHtlYIO T04Ky-BeHTHJlb OT6opa npo6, KOTOpall Hyll<Jla­

eTCll B KOIHpone. 

B Ka•teCTBe 6aJiaHCOROro pe3epsyapa Ha Bl\O,Ue TeX­

IIOJIOrH4eCKOH ClfCTCMbl HCn0Jlb3yeTCll 0.UHH H3 pe3epBya­

pos-xpa1tHJIHLU T0nJJHBa, KOTOpblH 6blJI npOKaJIH6posa1-1 

.ilJlll onpelleJJeHHSI C00TH0WCHHSI MelK.lly ypoBHeM paCTB0-

pa H ero 06'bCMOM. 3TH KaJ1H6poR04Hble H3Mepellllll llB­

JllltOTCll HCXOLll-lblMH JlJlll RCeii yYeTHOH ,U0KyMeHTaUHH H 

6anaHCOB MaTepHan0B 11a ycTaHOBKe. TTpHHUHn TaKOro 

nO)lXO,Ua COCT0HT B nepeHoce HJBCCTH0ro C .UOCTaT04IIOH 

TO'II-I0CTblO (- 3 %) o6beMa pacrnopa, LUISI KOTOporo 113-

Becn,a MaCCOBaJI KOHUeHTp3UHSI no ypa1-1y, Ha K0JIH4eCT­

B0 ypa1-1a B TCXHOJ10rH4eCKOH CHCTeMe peaKTOpa. 

AnnapaTbl TeXHOJlOrH4eCKOH JIHI-IHH H CHCTeM KOM­

MYHHKatlHH (Tpy6onpOBO,Ubl, KJJanaHbl) HMCIOT pa3BeTB­

J1e1rny10 nosepxHOCTb (LLJlSI peaKTopa 51rY AP nJI0LJ.J.aJlb 

06opy.uosamu1, HMelOLUall KOI-ITaKT C paCTROp0M, COCTaB­

JJSleT - 12 M
2

). BcJte,UCTBHe 3TOro no paC4CTH0-

3KCnepHMeHTaJJbHOH o ueHKe B TeXl-iOJ10rH4eCK0H CHCTCMe 

peaKTopa nocJ1e H3BJJe4eHH>I H3 11ee paCTsopa see ell.le 

ocrneTC>I - 0,35 JI B paJJ1H4HblX ll0JJOCTSIX H - 1.2 JI 8 

BH.Ue MOKpoi-i nneHKII, CMa4HB3l0ll.leH BHYTpeHHHe no­

BepxHOCTH annapaTos. 6onee TO'IHoe onpe.ue11e1rne HeH3-

BJJeKaeMblX 0CTaTK0B B llaCTOSILUee RpCMll He npe,ucTaBJISl­

eTCSI BOJM0lKllblM , 

Co11eRble pacrnopbl cnoco6Hbl K 3lla4HTeJlbH0MY 

paCCJIOCI-IHIO, 4TO npH OT6ope npo6 H3 eMKOCTeH BblCO­

TOH - 3 M npHB0,UHT K Heo6XO,ll,HMOCTH pa3pa60TKH cne­

UHaJJbtlOH MeTO,UHKlt npo6ooT6opa. K 3TOMY JKe npHBO­

,UHT H Bb11la,ue1me B OCll,ll0K nep0KCH.UU ypaHa. 

CYinECTBYIOlIJ.AH CHCTEMA Y'-IETA H KOHTPOJISI 
HM HA HMUYJihCHhlX PEAKTOPAX 

B 0CH0BY cyll.leCTBYIOlllei-i CHCTeMbl yqern H K0HTpo­

JlSI 51M flOJlO.lKeHa C0BOKYHII0CTh opraHH3UUH0IIHblX Mep, 

BKJJI0'Jal0LUHX npouenypbl Bbl,!1U4H, c,ua4H 51M, ,uonycKa K 

pa6oTe H pa6ory C 51M, B CO'leTamtH C opraHH3auHei-i 

qJH31!4eCKOi1 JaLUl!Tbt IJOMeLUeHIIH , r:ae np0BOllllTCSI pa6o­

Tbl c 51M. 

OpH 110J1y4eH1rn npe,unpHSITHeM 51M, HnYLUHX 1-1a np11-

l'OTOBJ1e1111e TOnHHBHl,IX pacrnopos, II KalJeCTBe yqeTl-lblX 

,uaHtlblX 11p111-1HMal0TCSI yYeTHble ,uamtble on,paBHTeJlll. 
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Ha Ka)K,uyt0 Tex1wnorn,1ecKy10 011epau1-110 npu nepe­

pa6oTKe Tonnusa (a TaKJKe npH npose)leHHH npocpHJJaK-

1 

i 



rw-1eCKHX pa6oT 11a peaKT0pe) ycrn1-laBJ1HBaeTCll II0pMa 

6eJB03BpantblX "noTepb". 6eJB03BpaTHblMl1 noTepllM11 

51M 51B.Jllll0TC51: c6poc co CT0'-IHblMH B0J.ta~tH, 3axopaHH­

saeMble TBep.ll,ble 11 lKHJ.lKHe 0TXQJlbl, He noJlJleJKaurne 

nepepa60TKe, 0CTaTKl1 5IM B neM0HTHp0BalHI0M H Jaxo­

PoHeHH0M TeXH0J10rl1'1eCK0M o6opynoBaHHH peaKTop0B. 

HopMbl 6eJB03BpaTHblX noTepb }IM onpenemll0TCll Ha 

()CH0Be 3KCnep11MeHTallbHhlX J.taHHblX H Moryr MeH51TbCSI B 

reYellHe nepH0Jla 3KC11JJyaTaUHH 115IP. 8 ycJl0BHSIX 3KC­

rmyaTaUHH T3Kl1X CJl0)KHLIX TeXH0J!0rHYecKHX CHCTeM, Ka­

KHMH SIBJ!lllOTCll. CHCTeMbl 1151P, 3TH H0pMbl yYlffblBaJ0T 

TOJlbK0 cpenHHe K0JIH'leCTBa 6eJB03BpaTHblX noTepb H llB­

JllllOTCll HCT0'-ltlHK0M Heonpenene11110crei-i B Cl1CTeMe yYeTa. 

B H84aJJbHOH CTailHH 06paw,eH11ll c 5IM (npH nepe­

pa6oTKe 11cxo.1J,11oro nponyKTa B pacrsop cynbCpaTa ypa­

HHJla 11a Y4aCTKe PXJ1) C0CTaB.JllllOTCll nacnoprn 11a nap­

THlf npHroT0BJleHH0ro paCTB0pa, seneTCll Y4eT 6e3B03-

BpaTHblX n0Tepb H HX CfJHCaHHe. 

TTpHroTOB.JleHHbJe napTHH pacTBopa nepenatOTCll BO 

speMSI cf.JH3H4eCK0ro nycKa Ha llJlepHyto ycTaH0BKY C 

ocyw,eCTRJlettHeM npHHUHna nepC01l8JlbHOH 0TBeTCTBeH­

H0CTH 1a 06ecne'-!e1-111e Hx coxpa111-1ocTH. nocne noJl6opa 

A3 (onpeneneHHll KpHTMaCCbl H Tpe6yeMoro 1anaca K0-

JlH4CCTBa pacrnopa) aKT0M BBona peaKTopa B aKcnnyaTa­

UHIO ycrnHaBJH1BaeTCll nonycTHM0e o6Luee K0JIH'-ICCTB0 

5IM B TeXH0JIOfl!'-!eCK0H Cl1CTeMe peaKT0pHOH ycTaH0BKH. 

OcTaBWal!CSI YaCTb pacTBopa B03BpawaeTCll B xpaHHJlHIUC 

H Bn0CJ!CilCTBHH HCll0Jlb3yeTCll KaK T0flJIHB0 BH0Bb co1na­

saeMblX peaKT0pOB, BOJM0lKl-10 TaKlKe ero HCfl0Jlb30Batme 

)lJlll npoBeneHHll cf.JH3H4eCKHX HCCJlellOBal!HH. Bee nepe­

MClUCHHll T0nJIHBa aKTHPYIOTCll, npH 1-1eo6xon11MOCTH ero 

nepepa60TKH C H3Me1-1e1meM KOI-IUeHTpaUHH BblrtycKal0TCll 

H0Bbte nacnoprn. 

Ha OCH0BaHl1H y4eTHblX }laHHblX C0CTaBJleH C0HC0K 

(nepe4eHb) H8JIH'-IH0ro Kom1•1ecrna 5IM, B C00TBCTCTBHH 

C K0T0pblM nepH0JlH4eCKli np0B0illiTCll HX csepKa. 

nocne 880113 ycTaH0BKH 8 3KCJ1JlyaTaUHI0 Ha 3a}laH­

HblX peJKHMax pa60Tbl coxpaHH0CTb T0rtJlHBa K0IITp0JIH­

pyeTCll no noKaJaHH_S!M yp0BHeMepoB, ycTaH0BJleHHhlX B 

6an.no11ax-xpaHHJlHIU8X, C npHB.Jle'-leHHeM nepH0ilH'-leCK0-

ro al-laJIHJa npo6 paCTB0p0B 11 c ll0M0IJ.lblO n0J.tTBCpll<,Ue­

H11ll Hel13MCIIII0CTH llJ1ep1m-cf.JH3114eCKl1X xapaKTepHCTl1K 

A3 11 napaMeTp0B Kl1HCTH.Kl1 (HanpHMep. apeMe1-111 JKl13Hli 

MrH0BeHHblX HeHTpOH0B, CBll3aHH0ro o6paTHO nponop­

U1101-laJibHOH 33BHC11M0CTbl0 C KUHUeHTpauHeii ypatta B 

pacTBope). 

B o6513aHHOCTH oneparnpa peaKT0pH0H ycTaH0BKl1 B 

Cl1CTeMe yYeTa H K0HTp0Jrn HM 8X0ill1T sene1-111e onepa­

THBHOH il0KyMel-lTaU11H 11 pa6o'-IHX 3an11cei-i, y4aCTHe B 

Cl>l1, ycrnH0BKa n.nm16, 11posepKa CIICTeM H3Mepe1-11151 

YP0BHll pacTsopa B 6armo1-1e-xpa1111n11we, npo6ooT6op 11 

Katrrp0Jlb napaMeTp0B peaKT0 pa }lJlll ll0)frBeplKl tal0IUHX 

liaTIH'-ll1e 51..M 113MepeHHH. 
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OTBeTCTBellHOl'Tb 33 coxpaimocTb paCTB0pa 5IM 
HeceT 1-1a•1aJ1bHl1K ycrn1-10BK11 . 01-1 06ecne'-!11saeT see 1-1e-

06xonHMb1e Mepbl }lJlll rapaHTl111 coxpa11110 CTl1 51M 11a 

y cTaH0BKe. Bee ::lTH Mepbl il0KyMellTaJlbH0 3a1-1ece1-tbl B 

11IICTpyKU1111 110 3KC11J1yarnuH11 ycTaH0BKH H 065133TeJlbHbl 

JlJlll Bbln0JltleHl1ll. OHH BKJllO'-lal0T 8 ce6ll one'!aTb1Ba11He 

K0pnyca peaKTopa, BCIITl-fJlll oT6opa npo6, ll0MeW.eHHll 

peaKTOpHoi-i y cnlH0BKl1, C)la'-!y peaKTOpH0H yCTaH0BK.H ll0Jl 

oxpatty. )1.nsi HCKJII04elll1ll CJlyYaeB XMUleHl1ll 51.M np11Me­

HSleTCll npas11no, 3anpew,at0wee pa6ory s peaKTop110M 

noMeW.eHH~I 0llH0ro 'leJI0BeKa. 3-ro npaBHJl0 T3KJKe pac­

npocrpaH_S!eTCll Ha BCKpblTl1e peaKT0pH0fO ll0Me1UeHl1.ll . 

l-1Met0w,11iicll B Pct>HU-BHMHT<l> 0111,1T noKa1 1,rnaeT, 

'!TO cyw,ecTBylOIJ.lall CHCTeMa yYeTa H K0HTJ)()Jlll 5lM Jl0CTa­

T0'lf 10 1-1anelKHa. He 6blJIO BblllB.lleH0 H11 0JlH0ro c.nyYall 

npollalKH 5JM 11a peaKT0pllblX ycTaHOBKax. '!TO nonrnep­

JK.UaeTCll nep110.uw-1eCKHMl1 CBepKaMl1 11 l1HBe1-1Tap1133U11llMl1 . 

On1-1aKO BCJlCllCTBHe CJIQ)Kl-10!'0 npouecca np11roT0B­

JlCHl1ll. pacTB0p0B, HeB03M0 lKH0CTl1 ero no.n1-1oro H38Jle'!e­

mtll H3 TCXH0J!OrHYeCK0ro o6opyllOB3Hl1ll, OTJlQ)KeHl1H Ha 

CTeHKax 6anJJOHOB-xpaHl1Jll11U, K0pnyca A3 11 npyroro 

o6opynoBaHl1ll, TPYJlHOCTeii B onpeJJ,eJ1eHl1H ll0Tepb np11 

npocf.J11J1aKTH'-leCKl1X pa6ornx H T. n .• B pe3yJlbTaTe OTCYT­

CTBl1ll npllMblX 113Mepeu11i,i HaKanJ111BaeTCll pacXOllQlCHl1e 

8 cf.JaKTl1'-leCKl1X 11 neKJ1ap11pyeMblX K0JIH'leCTBa.x 5IM, TaK 

KUK 11 Hel13BJle.KaeMblC K0JIH4eCTBa 5IM, 11 H0pMbl 6e3B03-

BpaTHblX noTepb He M0ryT 6h1Tb B H3CT0lllJ.lee Bpe~rn on­

peneneHbl C .nocTaT04HOH T04ll0CTblO. 

TTp11 n.na1111pyeM0I\.I nepexo)le Ha ~IHYIO CHCTeMy Y4e­

Ta H K0HTp0JJll 51.M C np11Me11e11HeM cospeMellllblX Tex­

HH'-leCK~IX cpe.ucrn 113Mepe1111i-i 11 K0HTpomt , K0T0pall 6y­

J.lCT 06.nauaTb 60111,wei-\ il0CT0BepH0CTblO H 0CH0BblB3TbCll 

Ha onpeJ.tc!lleHHl1 K0JIH'-ICCTBa 1-1ey•ne1-11-1oro 5IM. BCJleilCT­

Bl1e 6uJlbW11X 1-1eonpenene1rnocTeH 8 ycrnH0B.llCIIHblX B 

HaCT0SIW,ee apeMll H0pMax 6eJB03BpaTHblX ll0Tepb HeH3-

6eJKHO 8031-IHKtlYT B0np0Cbl cornacoaaHHll npeJKI-IHX 

Y4eT111,1x H H0BblX H3MepeHHblX K0JIH'-ICCTB 5IM. 8 pe-

3YJlbTaTe 3T0T'O no B11enpeHl1_ll HOB0H Cl1CTeMbl Y4eTa C 

TeXHH'-!eCKl1Ml1 cpe.nCTBaM11 tteo6xo.n11MO oue1-111Tb HX 

11p11Bll3KY K K0HKpeTHblM TCXII0Jl0rH.llM. 

)KH3HEHHbTH QHKJI H )lBIDKEHHE TOrumBA 
B PACTBOPHhJX PEAKTOPAX 3A BPEMJI 

BX 3KCDJ1YATAUHM 

)K11311e11llblH Ul1KJI T0nJIHBa 8 811ile paCTB0p0B ypa­

HHJ1CYJ1bcf.Jarn s sone t UO2S04+H2O) 11a•11-1uaeTCll c 113-

Me1-1e111-1_51 XHMHYCCKIIX H cpH3H'-leCK11X cpopM, TaK KaK 11C­

X0 illlblMl1 MaTep11ar1aMH .UJlll ero np11fOT0 BJJeHHll c.nylKaT 

nop0WKl1 113 U30g, }1CTaJll1 113 MeTaJIJIH'leCKOro ypaHa, 

noJ1J1elKaw11e nepepa6oTK e (YT11JJ 113auu H ), o-rpa60-ram1oe 

)Kl1J.lK0e T0llJIHB0, pacTB0pbt ypaHHJIHIHpaTa. 



B npouecce nepepa6oTKH HcxonHoro MaTepHana 

pa3m1'!HbIe 11apnrn np~trcnawnrnaeMo ru pacrnopa HMeI0-r 

pa3JJH'!HbIC Ko11ueIrrpau1111 , It npH CJIIIBe HX B 6aJIJlOH­

xpaftHJHILUe peaKT0pa Ko11ueIrrpau1tll ypafia B o6weM 

K0JIH'!CCTBe paCTB0pa onpe.uemIerc11 paClfeTIIblM nyTeM. 

Jlnsi peaKTOpa 5lrY AP BO 13peMSI ero !pH'3H'leCKOro 

nycKa B paCTB0p no6a1JJIWICll II0nl0TlffeJII, 11eiiTp0II0B Cd 
C KOHUCI-1Tpau11eii 4,7 r/11. TTp11 I1Cll0Jlb301J3Hl1H pacrno­

poB ypaHHJlCYJlbQ)aTa Ha6J110.ua10TCH paJJJH'lllbH.~ XHMH'!e­

CKHe peaKUHH, np1t1J0nllLUHe K u6pa30BUHH/O nep0KCH)la 

ypaHa C ll0CJleitylOLUHM IJhlrla.ueIrneM era IJ OCUJl0K. 

B ron1I11se s HeJHa'!HTeJibll0M Ko1I11lIecrne npHCYTCTsyI0T 

TaK)l(C nponyKTbl K0pp03HH HeplKaBeIOLUeH CTaJIII. 

3a BCI0 K3MllaHlt10 peaKTopa (BpeMll pa60Tbl Ha 

M0LUH0CTH) B ero A3 npoHCX0JlHT neneHHe 1-1e 6011ee 2 r 
235 LJ, 1103T0My 3T0T K0MllQl-lelff ll0TCpb B y'!eTl-lblX Jl0Ky­

MeHTaX lie 0TpalKaeTCSI. 

8 npouecce 3KCllJTyarnUHH peaKT0pa 803MO.lKH0 H3-

MeHeHHe KOHUeHTpauHH ypaIrn 8 pacrnope BCJTeitCTBHe 

panHOJIH3a B0Jlbl B npouecce HMllYJlbCa ne.neHHii ~, BblXO­

.ua panH0JIHTH'leCKHX raJ0B (H2 + 02) Ja npeneJTbl TeXH0-

JI0rH'!eCK0r0 K0HTypa (11anp11Mep, 3T0 np0HCX0JlHT B 

cJTy'!ae HenoJTHOH pereuepau1rn rpeMyYeii cMec11 raJos 

(H2 + 02) H JlaJlbllCHWeH paJrepMeTHJaUHH TCXHOJIOrH'!e­

CKOH JIHHl-11-I C ueJlblO npoBe.uemtll KaKHX-JIH60 pa6oT). 

)ln.ll B0JMeLUCHlill llOTepb BO.Ubl H IJ0CCTaH0BJleHHll K0ll­

ueHTpaUHH ypa11a B pacrnop BB0llHTCll C00TBCTCTBylOLUee 

KOJlli'!CCTB0 IlHCTHJl.TIHp0BaHttOH BO.Ubl. 803MOlKHO H3bll­

THe '!acrn pacrnopa np11 oT6ope npo6 HJTH )lftll npyrnx 

ueJJeii C ocpopMJlCHHCM C00TBeTCTBYIOLUHX Ja1111cei1 B 

lKYPHaJJe YI.JCTa 5LM. 
DblJI npoBe.lleH 3HaJlH3 y'leTHblX )laUlll,IX KOmt'leCTBa 

51.M B Te'leHHe IJCero lKH3ltCIIH0ro UHKJJa 3TIIX MaTep11a­

JlOB Ha npennpHSITl1H. KOTOpblH IJKJIIO'!aeT B ce6.ll 3Tnllbl 

llOJTy'!eHHSI, nepepa6oTKH, HCfl0.llb30BUHHll npH 3KCl1Jlya­

T3UIIH pacrnopllblX HMllYJlbCHLIX peaKT0pOB (c CaHKUH0-

HHpOBaHHblM 11epeMewemteM MelKJlY pa31Jli'II-II,IMH llllep­

llLIMH ycTaHOBKUMH). 3axopo11e11Hll OTXOJ.lOB, 11po11011-

)l(alOLUeroc.ll xpaHe1-111si B xpa11wrnwax. 

AHaJHt3 IlllliJKeHHSI npoB0JlHJlCll no Y'ICTHblM .llOKY­

MeHTaM, onepaTHBllblM )l(YPHaJlaM Ii pa60'!HM TeTp3Jl.l!M . 

OH noKaJaJl, '!TO HMeJOWHCCSI Ha OTBeTCTBCIIIIOM xpa1-1e­

llli H y HCllOJIH1ffeJ1ei1 K0JlH'!eCTBa 51 M CO0TBeTCTBYIOT 

y'leTHblM naII1-tbIM. 3nt pe3yJThTaTI,f no1rrseplKJ.la10TCH H3-

MepeIHISIMH Q)li311'1eCKHX xapaKTepHCTHK peaKTopoB. 

llTOnI AIIPOliAJ.lHH H )IEMORCTPAUHH 
METOl[IJK (J>ff B PAMKAX KOBTPAKTA x~ 777236 

B 1996-1997 n ·. B paMKax KOHTpaKTU 6bLJ1a npoBe­

JleHa 11epRall a11po6aUlil.f MeTO.!l11K Q)H]lilJCCKOH l1l1Be11Ta­

pInaumt '!aCTli T0llJHIBl-tblX paCTR0poB. UeJl}IMII IIIIBewra­

p1nauI111 )IBJl)IJIIICI,: anpo6aUHSI 11081,IX 11pHHUHIIOB II Me-

T0JlllK 11poee11CH1ill H)MepeHHii K0Jlli'!eCTBa 51M C HC­

II0Jl L30 BUHHeM npHo6peTeHHOro B paMKax K0lITpaKTa 

o 6opy.llOBaIIHll 1-1 CHCTeMbl IIJlCHntQ)HKaUHH 51M lnSpec­

tor; 0IITIIMlt3UUHH npo uenyp IIJTaHa (1)11, oueHKa HHllHBH­

.llYaJlbHOH ll0 3bl pa.u11auH0HHOro B03.lleHCTBHH 11a l(Jlell0IJ 

Hl1BeHTapU3aUHOHH0ii KOMHCCHH, pa3pa6oTKa BapuaHTa 

TeXHOJIOnt'leCKOfi 11HCTPYKUIHI Ha npoue.llyp1,I npose)le­

~llrn (1)11 , RlleJlpCHHe CHCTeMhl HJJeHTHQ)HKaUHH ytleTHblX 

en11Imu C IICllOJlbJOBalll·ICM 6ap-KOJ]OB, o6y'!eHHe nepco­

HaJla H0BblM 11pem1011araeMblM MCTQ)laM npoBe.llefili)I (1)1:1. 

JleMOIICTpaUH_SI MCT0.ll0 B HIIBCIITapu3aUHH no.uTBepn HJla 

11aJ1I1tIue 51M. Ja51BJIeIrno ro n o yYeTy Jl/lll peaKTopa 

51rY AP. C T0'IHOCTbl0 - 3 %, 0)lllaKO np11 3T0M K0JIH'le­

CTB0 51.M B IICl1JBJleKaeMLIX OCTaTKaX npHHHMaJIOCb pac­

lfeTltLIM o6pa30M. 

TT0J1y1.Je1-11-11,1ii npo61-11,1ii pe'3yllLTaT M0 )l(IIO CllHTaTb 

y.llOBJlCTBOpHTeJlbHblM C yYeTOM Toro cpaKTa, '!TO Ha y'la­

CTKe PXK. rne np0B0.llliTC}I aHaJHIJ npo6. CMellHJICSI nep­

COHaJl, npOBOJlllWHH HJMepeHHSI. 

Pe3y.TJbTUTbl npo6HOH cp113H'leCKOH HIIBeHTapH3aUHH, 

OrtblT 3KcnnyaTaUHH pacTBop1-11,Ix H5f P BO BHl:11:1T(l), 

cywecTByI0WU}I npaKTHKa y'leTa, BKJl lO'lall HHBeHTapH3a­

Lllfli 51M B paCTBOpax • .aaioT 0 CH01Ja1111e npoaHaJlli3Hpo­

BUTb cneKTP npo611eM. pewaeMblX npH 1111BC11TapH3aUHH 

paCTB0pOB. co .uep)l(UlUHX 51M. H Bblpa60TaTb Tpe6oRallHSI, 

11pe.llMIBJl)ICMble K MCTO.llHKaM npoBe)lellltll (1)11 C yYeT0M 

o6wero nna1-1a K011Tp011}1 Ii YI.JCTa 5LM B llHCTHTy-re. 

flpoee)le1111asi pa6o-ra noKaJaJia, '!TO npose11eH11e cDH 
pacTBopos aKTl18HblX 301-1 BeCOIJblM MCTOll0M -rpe6yeT llJlH­

TCJlbH0H (HCCKO.nbKO MeCSIUeB) OCTUH0IIKH peai<.Topos, pm­

pa60TKII MeTOllHK B3SITl1H npo6 Ii 0UCIIKII K0JHllfecrna He­

H3BJleKaeMoro MaTepHruia. TaKHe Cl)_l,j CBSl3aHbl C 60.llblllli­

MH Jl0308bIMli I-IalpyJKaMII Ha 11epCOHllJI (no 0.2 fop/1.Jen.) 

Ii M0ryT np0B0.!llfTbCH He Yawe OJlHOro pa3a B TClfClrne 

3-5 JICT. 

PEKOMEH.llAURH no COBEPWEHCTBOBAHHIO 
CHCTEMbl 11HllEHTAPH3AUITTI PACTBOPOB YPAHA 

8 MC)l(l1HBe1-trnpH3aUHOlllll,IC 11epHOJl(,I KOHTp0.nb :.ia 

coxpaHH0CThlO 51M MOJKtlO npOBOlll1Tb MeTOllUMH ttepaJ­

pywaiowe ro atta.ri 1t3a. 

3nt ~1eT0Jlbl Jl0Jl)l(III,I 0TIJe'!aTL rpe6osaHHHM, npeJlb­

HBJlllCMl,IM K MeTOlll1KaM HJMepemtH KOJl lllleCTBa 51M: 
- T0'IH0CTb 1nMepe1-tHH MCTO)laMH 1-1epa3py111aiowero 

a11llJl1na .U0JlJKHa oGecne'IHBaTb rapa1-1n1t0 coxpa1111ocnt 

51M 11a K0HTp0J11tpyeM0M y'!aCTKe (2o - 3 % ); 

- np11Me11S1eMble MeTO.Ubl ll0 Jl)l(Hl,I npo iiTH C00TBCT­

crnyIowyt0 a1TeCTau1110 ; 
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- ll0JllKH3 6LtTL 8lle)lpe11a CIICTCMa np0T0KOJlHpoBa­

llllSI peJyJ1 1>TaTOB H3Mepemtii n o MeTOJlltKaM 11epa1pywaio ­

wero a11amna. r10 3BOJ151I0LU3SI CBSl33Tb llOJlY'leHllblC ll3Hllble 

C IICTOpHeii MaTep1taJIa. xpaHHLUeiicll R 6max Jl3HHhIX: 



- JlJJll no11ytte1111l1 rapaHTHii 3Q)(peKTHBHOCTH npHMe­

ueHIHI MeT011os 11epa3pywa10Luero a11arnna .uom,rna 6btTb 

pa:1pa60TaHa np rpaMMa K0trrp0Jlll 11JMepHTellLHblX Me­

T0.llllK, BKJIIOl.f3IOU13ll 11poue,uypy Karrn6pOBKH, llJ13110Bble 

nposepKH MeT0ll11K HJMepCHHll, MelKJ1a6opaTOpHble npo­

rpaMMbl K0HTpom1 Kattecrna IHMepeHHH. 

O6ecneye~rne Rblll0JIHeHHll Tpe6osa11Hi-i np11MeHHM0-

cn1 MeT0.ll0B HepaJpywaiOLuero aHamna K pacrnop11b1M 

11MnyJlbCHhlM peaKT0pHLIM ycTaH0BK3M 51BJUleTCll HaH6o­

JJee TPYJ.lOeMK0i-i 33.llaYei-i, TaK KaK cneumpwiecKHe oco-

6eHH0CTl1 TCXH0J10111'leCKHX CHCTeM 3TH>- peaKT0p0B 11 

HX ycJJ0BHll 3KcnnyaTaUHH B 31131.fHTeJJbHOH CTene11H or­

paHH'IHBatOT 3QJQJeKTHRHOCTb 60JJbWHHCTBa H3BeCTHblX 

MeT0II0B 11epa3pywat0ll.(ero 311aJIH3a. 

TaK, Hanpm,1ep. MCT0,lll1Kfl K0HTpom1 He .ll0JDKHbl 

Tpe6osaTb 3H34HTellbllOH nepecTpoi1KH TeXHOJlOl'H'!eCKOH 

CHCTeMLI peaKTopa. Heo6XOJHIMO, '!T06bt 11posepKy MO)K­

H0 6btJJo c.uenaTL 11enocpe.ucrne11110 s 11pouecce TeKywei-i 

3KCnJJyaTaUHH peaKTOpa. 

8bt6paHHall MCT0,llHKa KOHTp0JJll coxpaHH0CTH .HM s 

peaKTOpax .ll0Jl)Kf13 o6ttapy)l(l183Tb npOna)l(y 3tta•tHTellb­

HOi1 •taCTH pacrnopa C.llHHOBpeMem10 11JlH cyMMaptty10 

n0Tept0 11ecK0J1LK11x 11e60J1hWHX nopu1-1i-i pacrnopa. Op11 

TeKyutei-i nposepKe llaJJH'lHSI 5LM npaKTH'leCKH 11eB0J­

M0)1(110 HCn0JJb30B3Tb CTUH,llapnlble MeT0.llbl, TaK11e KaK 

BJBeWHBa1111e, n03TOMY l10Jl)Kll3 6b1Tb o6ecne'!eJ-Ja Ha­

)lC)l(H0CTb KOHTµ0Jlll IICCKOJlbKHMH HeJaBHCHMblMH K0C­

BeHHblMH MeT0.UHKaMH onpeneJJeH Hll KOJJH•1eCTBa 51M. 

MeTOllbl K0HTp0JJll IIOJJ)KIJl,I 1103B0Jll1Th np0B0IIHTh HJJBeH­

TapH33UHI0 B pa60'lHX CHTyamtllX npH BblBOJle peaKT0pa 

B KpHTH'leCK0e HJ!H 6JJH3KOe K HeMy C0CT0llHlle. BpeMll , 

Tµe6yeMoe Ha nposeneH1-1e 1rnseHrnp1-13aUHH peaK1opa, 

l10Jl)KH0 C0CTaBJJllTb HC 6onee .usyx 'l3C0B, BKJIJOllall see 

BCn0M0raTCJlbHhle onepawrn, '!TO noJB0J111T np0BO.U11Th 

nposepKH ll0CTaTO•tH0 43CTO, 6eJ ywep6a 0CH0BHOH pa-

6oTe peaKTopa . .Qon:>KHa 6bJTb nuaTeJthH0 npopa60Ta11a 

npouenypa HHBe1nap1-13au111-1, 'IT06Lt o6ecne•tHTh 11neH­

TH'lHb1e ycJJ0RHll np11 KpHTMaCCOBblX H3Mepe111HIX (reo­

MeTpHll A3, OKpylKeHHe K0pnyca peaKT0pa u T • .u.). 

8 XO)le nposeneHHll HHBetnapH3aUHH C llOM0ll.(blO 

MCT0.llOB 11epa3pywa1outero a11aJJHJa B cocrnse pacTBopa, 

co.ueplKauterocll B TeXIJOJl()fH'leCKOH CHCTeMe peaKT0pa. 

rI0J.l)lC)KaT nonTBep)l(llelH1IO c11eny10ll.(He xapaKTep11CTHKH. 

I. O6:heM 3aJJHToro s 6anno1:1-xpaHu1rnwe pacTBopa. 

3m BeJIH'!Hlta HJMeplleTCll UJTaTltblMH ypooHeMepaMH KOII­

TaKTHOro IIJIH 'lCTBCplbllOJIHOBOro nma, BXO.Ullll\llMH B co­

CTaB ycT3110B0K, KOTOph1e. on11a1rn. lie o6ecne'!HRalOT i-pe-

6yeMOH T0'!HOCTII l1JMepe1111il (2-3 % ). .QJ!ll o6ecnetteHHll 

Tpe6yeMOH T0llJIOCTII Heo6xo.u1-1Ma noCTaBKa llyJblpbK0BOr0 

ypos11eMepa (babbler-301-1n). pa3pa6orn1111010 B BNL. 
2. TeMrJeparypa pannopa. Heo6xnn1-1Mo YtIHTb1BaTb 

HJMCHe1111e nJIOTIIOCTH paCTB0pa np11 H3Me11e111111 TeMne­

paTyp1,1. Te~mepaTypa pacrnopa B paJJ111'!HbJX To•1Kax 

TeXHOJ!OfHl.fCCKOH CHCTeMbl HJMeplleTCll C rl0M0ll.(hlO 

WTaTIJblX TepMonap ycTaH0RKH. 

1. (ir)0TH0CTb paCTB0pa. Heo6XOllHMa noCTaBKa KOM­

Mep'leCKl1 nocryn11oro CANBERRA XRF - 1-111cneKTopa, 

KOTOphlH 0llll0BpeMeHH0 Mor 6bJ 11CrJ0Jlb30B3TbCll B HJMe­

peHHllX .upyn1x 5lM B balk-QJOpMe (HanpHMep, BXO.llllut11x s 

C0CTaB KOtiBepTopoo B BIU!e nopOWKOB). 803MO)KH0 TalOKe 

HCll0Jlh30Ba1rne .llJlll 3T0H UellH ycTaH0BKl1 InSpector, npH­

o6perneMOH .llJlll H11Be11Tap1-1JaUHH 5IM no KOHl'paKTY c 

LANL, JlJill yero tteo6xo.uHMO np1-106peTeHHe naxeTa npo­

rpaMM Win Axil MOlleJJH S5005, sepcHsi 4.00. 

4. H1orontt1,1ii cocrao 11 o6orawettue RM. CTpenno­

naraeTcll npHMe11e1111e MCTOllHK C HCfl0Jlb30BaH11eM npo­

rpaMM MGA. FRAM. Bo3MO:>KHOCTh np11MeHeH11ll 3THX 

MeTOllHK .llJlll H3MepeHHH TOnJJHBH0rO pacTBopa Tpe6yeT 

cneuHaJJbHoil nposepKH. 

5 KpHJW-jeCKJ,Je napaMeTpbJ tt napaMerpbl KHHeTH­

KJ:1. .QJ!ll nonTBepJK.UeHHll 11eHJMeHHOCTH KpHTMaCCOBLIX 

H3MepeHHH "roJJoi-i" 30libl (He OKpyJKeHHOH 0Tp3)1(3Tellll­

MH H o6paJUaMH) 11eo6xonHM KOHTµOJlb KpHTH'leCK0ro 

o6beMa, H3MepeHHe nOCTOllHH0H cna.ua MrHOBCHl-lblX HeH­

Tp0HOB 11 onpenene11He speMeH11 )KHJIIH HettTpOHOB B 

CHCTeMe MeT0)lOM 0llHI-I0'!HOro HMnyJJLCa. 

6. TiapaMe:rpLJ HM0YJ]bC0B ne.neHJ,Ji,j. TTpe.unonaraeTCll 

nonTBep)l(lleHHC napaMeTµOB HMflYJlbC0B ne.JJeHHH, rettepH­

pyeMblX npH OIIHHX H TeX JKe H34aJlbHblX HatlKpHTH'IHOCTllX 

11 B YCJJ0BHllX H)leHTH'!H0CTH HCXO)ll-lOf'O COCTOSIHHll A3. 

CTpH HHBetnapH33UHH Bcero KOJJH'leCTBa 5IM, Haxo­

lll!Werocll B 301·1e 6aJtaHCa MaTepHaJJOB xpaHeHHH, Heo6-

X0llHM K0IITp0Jlb napaMeTpOB, ll0380Jllll0ll.(HX onpelleJJHTL 

conep)l(attHe 51M s K011TeiiHepax. MeTOllbl 1-1epa3pywa10-

utero 3HaJIH33 .U0JllKllbl o6ecne'lHTb H,lleHTHQJHK3UHIO 

pacTBopa BO BHyTpe1-111eM KOHTeHttepe 6e3 ero BCKpblTHll, 

HO )lJlll Bbln0JllteHHll 113MepeHHii 3THMH MeTOll!lMH 11.onyc­

KaeTCll 11 na)Ke 11eo6xon11Mo HJR11eYe1-11-1e s1-1y,-pe1-11-1ero 

KOHTeiiHepa HJ Bl·ICWHero. 

MeTOllbl 11epa3pywaioutero a1rnn113a noJJ)l(HhJ npm,te­

frnTbCll B CO'leTaHHH C npyrHMH cyuteCTBYIOutHMH MeT0-

.Uat.lH HHBCI-IT3pH33UHH (B3BeWHBaH He KOIITeHHepos H 

onpe11.e11eH11e co.uep)l(aJIHll ypaHa MeTOII0M oroopa npo6). 

KomeiiHepbl M0ryr co.uep)KaTb pacrnop, KOTOpblH 

HCrJOJlb308aJJCll np11 pa6oTe peaKTOpa H, KaK CJle,llCTBHe, 

ftMeeT 81,ICOKHH ypOBCHb 113JlY4eHHll. MeTO)lbl 11HBeHTapH-

3aUHH J.lOJl:>KHbl 06ecne'l11BaTb HIICHTHQJHK3UHIO pacTBopa 

B KOHTeHHepe B yc.rI0BHllX ll0BbtWeHH0ro raMM3-QJOHa 

HJ111 Tpe60B3Tb 0TH0CHTeJJbH0 He6onLWOH npoMe)KyT0K 

speMeHH .llJlSI ClllllKemtll 3T0l'O yp0Bllll (trnnpHMep He 60-

JJee on11oro Mecllua). 
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.QJ!ll ouellKH B03M0)KH0 'TH onpeJ(eJJeHMll K0fll1'JeCTBa 

ypa11a B pacTBope B03M0)KIJQ npHMeHeHHe aKTHBHOro 

c•1eT'IHKa cosnane11HH HdiTpouoa (A WCC), CJJa6o 4yscT­

BHTeJth1-1oro K raMMa-cpo1-1y. 



MeTOllhJ ttepa3pyw;;11011.1ero a11arnna JlOJllKHbl non­

TBepJKJWThCll lf3MepeHHSIMH, npoBOllHMblM~l Ha OCIIOBe 

flO.llHOH H1tBe1nap1nau1rn pa3pywaJOW.HMH MeTOJl3MH, C 

ueJlblO HJ1e1rrnqmKUUHlt 5IM MCTOilUMH 11epa3pywaJ011.1ero 

aHaJJH3a 11pH nOBTOpHOH HHBCHTap1t3aUHH. ,U.nsi 3TOrQ, 

Hanp1n1ep, np11 lll-1Be11rnpH3aUHH KOHTeHHepoB C pacrno­

pa~m fJJJatrnpyeTCSI liCll0Jlb30BaHHe MeTOLta CHSITHJI HX 

Pa.llHaUHOIIHOro nopTpeTa. 

3AKJUOqEHHE 

Jlnsi np0Bene1111S1 cpH3H4eCKOH HHBeHTapH3UUHH 5IM 

B balk-cpopMe c npHeMneMOH T04HOCThJO 2-3 % B 11a­

cTosi11.1ee BpeMsi BO BHHJ1T<l> pa3pa6ornH mia11 Mepo­

npHllTHH, npenycMaTPHBaJOW.HH pa3pa6oTKy npoueJlypb1 

npoae11eHHSI <l>H H arrecrnu,110 MeTOJlllK H3MepeHHH, KO­

TOpble MOryr 6b1Th llOJlO)f(eHbl 8 OCHOBY HOBOH CHCTeMhl 

Y4eTa H KOHTpOJJll 5IM, aHMOrH4HO npHHllTOH B CWA H 

MAf A T3, 11 npouenypy KoppeKuH~i B Y4ernb1x llOK)'MeH­

rnx, OCHOBatmyJO Ha pe3yJlbTaTaX nOJlHOH <l>H. 

no pe3yllhTUTaM npo6HhJX <l>l-1, npose11eHHblX 

s paMKax KOHTpaKTOB c LANL 11 BNL, nano 04eBH.UHhlM, 

•no w1si nep11om-1•1ecKHx HIIBCHTapHJauHi-i 5IM B balk­

cpopMe c11e11yeT, KaK npaBHJlO, 11Cfl0Jlb30BaTh MeTOJ.lhl He­

pa3pywaJ011.1ero aHaJJHJa. J.lJUI 4ero 11eo6xoJlHMO np1106pe­

Te1me 11 BHenpeHHe 8 npaKTHKY H3MepeHHH llOflOJlHH­

TeJlLIIOfO 06opynosa 11Hll (XRF lnSpector 11 nY3blpbKOB01l) 

JOHna, p:npa6oTaHHOro B BNL). 

,U.nsi llOJlfOTOBKH nepexo.ua OT cyw.ecrnyt011.1ei-i CHC­

TeMbl y4eTa K HOBOH CHCTeMe C npHMeHCHHeM TeXHH4e­

CKHX cpellCTB H3MepeHHH HC06XOJ.lHMO npoaHaJlH3HpOBUTb 

TPe6oeaHHll y4ern 5IM, JJUXOllllW.HXCll 8 TCXHOJJOrH4e­

CKHX CHCTel\,taX peaKTOpOB, K H3MepeHHllM KOJlH4CCTBa 

pacrnopoB C BbmyCKOM COOTBCTCTBYIOU.IHX JlOKyMeHTOB, B 

TOM 41.fCJle nporpaMMbl oueHKH scex BOJMO)f(JlblX HHBeH­

rnpH1aUHOHHblX KOppeKUHH, BHOCHMblX B Y4eTHblC 3anH­

CH. Ca11,rn KOppeKUHH IlOJllKHbl 6b1Tb llOllTBepJK.UeHbl HJ­

Mepe1rnS1MH B paMKaX {pH3H'leCKOH 1rnse11TapH3aUHH, JlJlll 

'!ero npH npHHllTIIH HOBOH CHCTeMbl Y4eTa If KOHTPOJlll 

5IM B paCTBOpax C HCIIOJlb30BaHHeM TeXHH'lCCKHX 

cpeJlCTB He06XOilHMO nposecrn llOilHYJO nepBH4HYIO HH­

BeHTap1naUHIO scex ypaHOBblX pacTBopos. 



Y.UK 621.039.56 

HEHTPOHHhIH METO)]: KOHTPOJUI CO)]:EP)KAHIDI H30TOl10B IIJIYTOHIDI 
B OTBC 3HEPrETJfqECKHX PEAKTOPOB 

IO. H. qepnyxuu, B. A. TepexHH, IO. A. CoKOJJOB, C. H. CTpeJJbUOB 

P<1>51U-BHIH1T<I>, 456770, r. CHe)l(HHCK l.Je.nst6HHCKOH o6n. 

npeJl/lOJKCH MCT0/1 KOH'll)OJUI COACPlKfilllill 1130TOnOB Myromtll B OTPa6oTaBUJHX TC[UlOBhl/lCJUIIOUlHX c6opKaX 3HCpreTll'ICCKIIX IIJlCpl!hlX peaKTO­

poe. OCHOBalltlhlH Ha HJMepeHIIH nonl!hlX HCiiTpoHHhlX BblX0/108 HJ OTBC. PacCMQTPCHa cxeMa peanH3aIJl1U MCTO)la C nOMOWblO "Maprattueeoii Ballllhl". 

PewettHe Jana'! Hepacnpoci-pattemui ne.1u11.UHXCS1 Ma­

TepHanos H sinepttoi-i 6eJonact1ocrn nptt o6pamettHH c 

OTpa60TaHHblM sinepHblM TOMHB0M Tpe6yeT C03JlaHHSI 

ttaneJKllblX MeT0JlHK K0HTp0ml H3K0nJJeHHjf H30T0n0B H 

MYT0IIHll s OTpa6oTaBWHX TenJJ0BbUl,eJJSIIOUlHX c6op1eax 

(OTBC) 3Heprern'!eCKHx peaKTopos. B 1-1acrnsimeii pa-

6oTe paCCM0TpeH HeHTpOHHblH MeT0Jl TaK0ro KOHTp0JJSI. 

MeTOJl 0CH0BaH Ha H3MepeHHH tteihpOHHOro H3Jly-

4eHH}I OTBC, K0Topoe JlJlll 6oJJbWHHCTBa Tennosbtx pe-

(l 

aKTOpos c HH3Koo6oraI.UeHHblM ypanoM (HOY, e s; 5 %) 

npH BblropaHHH rnnnttsa W ~ 15 MBT·CYTIKr U nocne 

xpaHeHHSI B 6accei1Hax BblJlepJKKH /8 = 3-20 neT npaKTH­

lfeCKH nommcTbto onpeneJUieTCll t1a.1<onne1rneM B HeM 
244Cm, H HCn0JJb30B3HHH K0ppeJJj!Ul-lH MelKJly conepJKa­

HHeM B OTBC H30T0n0B Pu H 
244Cm [I]. 

3-ra K0ppemlUHll llBJlSleTCSI cnencrnHeM T0fO, '!TO 

1-1aH6onee 31-13<11-!Mble H30T0nbl MYT0HHSI ( 239
-
242Pu) JJeJKaT 

s ueno'IKe npespameHHH llJlep 
238U s 

244Cm (pHc. I). 

!: p·co,83) 

241 Am 242Am 

rn 152 r 
433 ner R 16 q 

(l (l 

243cm 

30 net 

p+ 

243Am 

7,4•103 ner 

Ill /: 

244Am 

nl 26 MIIH 

g 10,1 q 

Jr p+co, 11) Jr 

✓ 
(l 

(l 

87,8 ncr 

23su 
4,47-!09 ner 23,4 '11111 

240pu 

6.54• 101 
nCT 

242pu 243pu 

3,87 • I 01 nCT 4,95 'I 

(l 

244 pu 

8,26· IO 7 ner 

PHC. I. cJ.>parMellT CXCMbl lUICpHblX npeapa111e1111ii aKTIIHOU.!IJlblX 3JICMCHTOB np11 HeihpOHIIOM o6Jl)"lCHW1 

11111Koo6ora111ett11oro ypa11a [31 
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KaK 110KaJan aH,1JHl3 cywecrnyIournx JKcnep11MeH­

TaJ1bHbtX ~t pact.feTHblX J.lUHHblX, 3UBHCl1M0CTb lllITellCHR­

H0CTH Heihpo1111oro H3Jly•IeHmI OTBC peaKTopos nrna 

BB3P, LWR 11pI1 W > 15 MB-r-cyi'/Kr U, ,. > 3 ro!la c 

xopoweii T0'IJ-I0CTbl0 onpe)lemIeTCll C00TliOWeI111eM [I] 

N = waog-Pne-O,Q382ta; 

CXo = 4,1-4,6; ~O = 1,8-1,9. 

3m JaBHCliM0CTb ycnewHo 1-tcn0.TlbJyeTCll B FORK MeTO­

JlHKe, p,npa60TUH HO ii B LANL .II.JUI K0IITp0Jlll MAr A T3 

peaKT0pHblX 3a1rnceii s1,IropaH11ll OTBC Ha A3C c Ten­

Jl0BbJMH peaKTopaMH [2]. 
AHaJIOrH'-IHblH aJHl.JlH3 cnpaB0'-lllblX Jl3llllblX [3] 0 

C0Jleplt<aHHH H30T0fl0B flJlY,-0Hltll (11139-42 C00TBeTCTBeI1110 

wu1 239-
242Pu) s OTBC TaKHX peaKTopos 110KaJa.rI. '!TO 

HX 3aBHCl1M0CTb OT W, E HMeeT TaKOH lKe 811!1 

CJleJIOBaTeJlbHO, 

m - iJX,. 
I • 

m;- Wa;g-Pi, 

ex 
X,=-' <I 

CXo 
(0, I ::; X, ::; 0,6). 

8 pe3yJlbT3Te npH !pHKCHpOB3HHblX 31-!at.feHlillX E, ,. 

H T0'-IH0CTH 1nMepe1-111H N - cr0 :,; IO % TO'-IH0CTb onpe-

)leJleH 1151 BeJll1 'I 11 II 11139-42, no oueH KaM, COCTaBHT 

cr39 S I %; cr40 S 2 %; CJ41 S 3 %; cr42 S 6 %. 

rnopoM con11 Mapra1111a (KaK npas11JI0, MnSO4) s pe3ym,-
s~M s6M .. .. 

TaTe peaKUHH - 11(11, y)" n fl0Jl )leHCTBHeM HeHTp0H0B 

HCT0'-IIIHKa (OTBC). Ht1Te1--p11posamte 1-1ase)le1111oii aKT1tB-

11ocn1 ocywecTBJllleTrn nepeMewIrnaI111eM pacTso pa c 110 -

cJ1eJlyI0LUHM OT60pOM npo6b1. np11 3TOM a6COJ110THLlii 11J-I­

Tel--paJlbHLIH BblX0Jl HeiiTpOIIOB HCT0'lHHKU 0llpeJ.1eJ1S1eTCll C 

T04HOCTbl0 B IICCK0JlbKO np0UCH f"OB, T0'-IIIOCTb 0THOCH­

TeJlbl-lblX 113MepeH1tii M0lKCT fiLITL JJY4We ~ ) %. 
803MOlKH0CTb 11JMepeHl1ll HIITCHCHBH0CTH 1-1eiiTpOH­

H0ro 1tJJ1y,IeH11si OTBC yKa3aHHLIM cnoco6oM 6w1a oue­

He1-1a s pac<teTax, s1,111omIeI11I1,Ix MeT0J.lOM Mo11Tc-Kapno 

Ha np11Mepe c6opoK peaKTopa BB3P- I 000, KUK Ha1160-

J1ee CJI0lKHblX J.l.Jlll l1JMepemIll, '-IT0 CR513all0 C I1X )lOCTa­

T0'III0 60JlbWl1MH pa3Mepa1'1M (0 - 23,4x420 CM, J.l)lHHa 

aKTHBHOii JOHLi LA3 = 353 CM), CJJOlKHOi-i CTpyKTypoi-i 

pa3Mewe111rn B HIU -ronn11sa (6onec 300 TB3Jl J.llrnMeT­

poM 0, 91 CM 113 J.lH0KCH)l3 Hll3K006oraweHHOl"O ypa11a B 

060J10'-1Kax 113 UllpKOHHSI) 11 60JlbWOH Maccoi-i ypaHa 

(mu= 430 Kr. E = 4,4 %). B pac<JeTax 11Cfl0Jlb30BaJ13Cb 

roMoreH Hall UltJllflUlpH'-1eCKl1--C HMMeTpH'-IHall M0)leJl b 

TBC. CooTse-rcTBYIOlllrui pac•IenIM cxe"rn c11cTeMbI, Mo­

.ue.r111py1owcii TBC B cocrnse ,UK, noKaJaHa Ha p11c. 2. 

KaK noKa3aJI11 nposeJ1e111-11,Ie pact.feTbl, nomIoe 'l1tcno 
55Mn(11, y)-pea.K.UHii B CJJ0e M0IIHT0pa (Nny) B npHHllTOi-i 

M0JleJI11 .UK c OTBC cpas1-111TcJI1,Iw cna6o 33BltCl1T OT 

Jl.rill 1131,1epeHHll N npeJl.JlaraeTcsi HCllOJlbJOBaTb Te~mepa1-yp1,I, cocTaBa (Bb1ropa1-111si) OTBC 11 npocTpaH-

"MeTOJl MapraHueBOH Ballllbl" [4] C npHMeHeHHeM cneu11-

aJlbJ-10rO JIHarnocrnt.fecKoro KOHTei-iHepa CUK) JlJlSI 

"cyxoro" paJMellleHHSI B HeM OTBC 1-1e11ocpeJlcrneIrno B 

6accei1He HX BblJleplKKH (6B ). 

MeTOJl OCH0B311 11a H3MepeHHH aKTHB3UHH Mapra11ua 

B JieTeKTHPYIOllleM c.1Ioe .UK, oKpyll<alOllleM OTBC, c pac-

OTBC 
Cd 

0 12,29 13,7 13,75 

CTBe111Ioro pacnpeJle.TJeHl151 B 11eh 11CT04Hl1K0B HeiiTpOHOB. 

'!TO .UCMOHCTp11py10T -ra6,1 . I, 2, me npIrne.neHbl peJyJILTa­

Tbl Bhl'-IHCJ1eH11i-i BCJ1114Hllbl N,ry, H0pM11posaI1111,Ie Ila I 

1-1eihpott (Ho) HCTO'-IHHKa B OTBC, npH paJJ1H'lHblX npeJ1-

11ono::Ke1-11151x o cocrnse OTBC (rn6n. I) H npoc-rpaHcT­

seHH0M pacnpe)lenemrn 1-tei-iTp0H0B s OTBC (Ta6n. 2). 

r 

> 
14,0 24,0 24,5 64,5 CM 

PHc. 2. Pac'leTHa>l cxeMa M0J1eJ111 ilK c OTBC BB3P- I 000 (pai111a'lbllbltt pa3peJ, lAJ = 353 CM) 

Ta6n11ua 

npoCTpm-tCTBCIIIIO-O)lHOpOJll-lblH IICT0'IHHK B OTBC 

BapuaHT B2, B3, B4. 85, 

W, M BT -cyr/Kr U W= 0 W = 40.5 W = 26.9 \V = 13.4 

Nny, 10-3 IIO-I 333 325 327 329 

n p It M e 'l a Ii II e. B'.2 - CBe;t<ee rnnmrno (2-15
Uo.044 Bsuo,956 Oi Zro,83, p = 3,74 r/cM

3
); B3-85 -

BblfOJJCRWee TOflJIIIRO C )"ICTOM llaKOfUleHIHI B HeM aKTlfllOllllOB It 11a1160.11ce 113;t(liblX .LIJlll K,q, npoJlyKTOB J1eJ1el11tll 

np11 r. > l rnJ1. 
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Ta61rnua 2 
Cse)l(ee TOnm1eo, W = 0 

Bap11aHT n-HCT0'lllHKa ro = s2 rt r2 f3 
SI : S2 : S3 0,326:0,348:0.326 0,3:0,4:0,3 0.55:0.3:0, 15 ST 

Nnv• 10-J Ho- I 333 333 333 339 

TT p 11 M C 'l a H 11 C. f3 - T0'lC'lHblH HCHTpoHHblii 11CTO'lllHK B UCHTpC OTBC; f'O-f2 - KYC0'lHO-0JlH0po.UHblH HCHTpoHHblH 

HCTO'lHIIK no JlflHIIC OTBC, paJ611rnA Ha 3 0611acrn c JlfllillaM11 l1A3 : L2A3 :L3A3 = 115: 123: 115 (CM). 

Y.uenbHasi aKTHBHOCTb 56Mn s c11oe MOHHTopa e .llJlSI .llJlHTeJJbHoro "cyxoro" xpaHeHHSI OTBC, •no se.ueT K 

npHHSITOH cxeMe .UK c OTBC BB3P- I 000 npH W = nosbIwe1-111t0 Hx 3KOl10Mw-1ecKoi-i 3Cp(j)eKTHBHOCTH . 

= ( 15-50) MBT ·CYTIKr U, t8 = 5 1IeT H speMeHH 0611yl!e-

HHS1 to = JO MHH COCTaBHT 

• 4 
AMn = (50 - 1,3 ·IO) 6K/11, 

l!TO BnOJJHe .llOCTaT04HO .llJISI ee HauelKHOH perHCTpaUHH, 

CJIC,llOBaTeJlbllO, pacct.rnTpHBaeM b!H MCTO,ll TT03BOJTHT H3-

MepHTb BbIxo.u HeHTPOHOB OTBC ( iv ) c Heo6xo.u11Moii 

.llJlSI KOHTpOJTSI co.ueplKaHHSI B HHX HJOT0ITOB Pu T0'lHO­

CTblO (cro ~ lO %). 

3AKJIIOlffiHHE 

CoJ.naHHe npe.llJlaraeMOH MeTO.llHKH H st1e.upeIrne ee 

Ha A3C no3BOJTHT pewHTb He TOJlbKO 3auattH KOHTpOJJSI 

Ja pelKHMOM ttepacnpocTpaHeHHSI si.uepHblX MaTepHaJJOB, 

HO H cymecTBeHHO o6JTef'lHT pewet111e 3a.ual!H o co6mo­

.ueHHH !IOpM si.uepHOH 6eJonacHOCTH npH YBeJlHl!eHHH 

BMeCTHMOCTH TpaHcnopTHOro yTTaKOB04HOfO KOMnJTeKTa 

CIJHCOK JIHTEPATYPhl 

I. <l>ponoe B .B. 5l.uepHO-q>HJH4eCKHe MeTO.llbl KOH­

TPOJTjl .QeJlSILUHXCSI BeLUeCTB. M.: 3tteproaTOMH3,llaT, 1989. 
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Proceedings of the 5-th l nternational Conference on 
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YllK 621.039.514 

BOCIIPOM3BE,1J.EmrE 3HEPfETWIECKOH 3ABHCHMOCTH IIOTOKA HEHTPOHOB 
B IlPOUE)IYPE MHOfOfPYIIIIOBbIX Bh.~UCJIEHHM 

B. n. r ope.rioB, A. H. fpe6eHHHKOB, B. H. 11JlhllH, r. r. <l)apa4>onTOB 

PCllfil..l-BHl1l13<D, 607190, r. Capoa HH)KeropoJ1c1<011 06J1. 

npe,!IJIO,KCHbl cnoco6bl eocnpOIIJBC,UCHIIJI ,Heprern\JeCKOH JaBIICIIMOCTH nOTOKa 11eii'rpo11OB B npoue.aype ~mororpynnOBbllt Bbl' ll!CneH11ii. np11-

seneMbl peJynLTaTbl pac'leTos. 

REPRODUCTION OF ENERGY DISTRIBUTION OF A NEUTRONS FL ENCE IN A PROCEDURE OF M LTIGRO P 
CALCULATIONS/ V.P. GORELOV, V.I. [LJIN// The methods of reproduction of energy distribution of a neutrons nuence in a procedure of 

mulligroup calcula1ions are offered. The result.~ of calculations an example are adduced. 

BBE,UEHHE 

KaK H3BeCTHO, pe3ynHan,I MHOrorpynnOBblX Hei-iTpOHHO-cj:>H3H'feCKHX pac'feTOB HHTerpa.ribHbIX xapaKTepHCTHK 

paccMaTpHBaeMOH CHCTeMbl 11MeIOT KOHCTaHTHYIO norpewHOCTb. 3-ry norpewHOCTb MOlKIIO pa36HTb 11a nse COCTaB­

JlllIOW,He. Tiepsrui COCTaBm11owasi, Bbl3b1Baf0Wal! OCHOBHOH HHTepec, o6yc110R.11e1-ia 1-1e11ocpencrneHHO OWli6KaMH B 3Ha­

llHH JaBHCllll(IIX OT 3Hepnrn 3JleMeHTapHblX xapaKTepHCTHK B3am1onei1CTBHll Hei-iTpOHOB C SIJlpaMH (OWH6KH HeiiTpo1-1-

I-IbIX naHHblX), KOTOpble HCnOJlb30BaJJHCL npH no,IIroTOBKe MHOrorpynnOBbIX KOHCTaHT. B-ropasi COCTaBJilllO[Ual! 06y­

CJIOB.ne1-1a HCllOJlb30BaHHeM npH 3TOH no,IIroTOBKe B Ka'fecrne secosoii cj:>yHKUHH 3HepreTH'feCKOH 3aBIICHMOCTli llOTOKa 

1-1ei-iTpOHOB, JIH60 nocTyJrnpoBaHHOH H3 06w1-1x cj:>H3H'feCKHX coo6palKeHHH • .r11-160 onpene;1eHHOH 3apa1-1ee Jl]lSI CHCTeMbl 

6JIH3KOf'O K paccMaTpHsaeMoii KJlacca. 3n1 ouellKH 3HepreTH4eCKOH 3aBHCHMOCTH llOTOKa Hei-iTpOHOB He nepenaJOT B 

nom-IOH Mepe HH).ll-!BHJIYaJlbHblX oco6emt0cTeH )VlSI KOIIKpentOH CHCTeMbl, •no II npHBO.!IHT K .!IOllOJIIHITeJlbHblM no­

rpeWHOCTSIM MIIOrorpynnoBbIX KOHCTaHT (B 'f3CTHOCTH, rpynnOBbIX cneKTpOB pacceSIHllblX Hei-i-rpoHOB), a 3113'-IHT - K 

nonom11neJ1hHblM norpeWIIOCTSIM pacYeTHhlX HHTerpaJibHbIX xapainepHCTHK. EyneM lla:JbIBaTb nono6m,1e KOIICTalITbl 

nepBH'fHblMH. TipHMepoM nepBH4HblX MI-IOrorpynnOBblX KOHCTaHT )IBJll!IOTCll 26-rpynnOBbie KOHCTalffbl EHAE-64 [I] . 

Pac'feT nepBOH COCTaBJlSIJOWei-i KOHCTaHTHOH norpewHOCTH npH 3HaHHH KOBapH3UHOHHOH MaTpHUbl ow1160K 

rpynnOBblX KOHCTallT MOlKeT 6bITb nposene11, ttanpHMep. no MeTO!lHKe 1-13 pa60Tbl [2]. BHHSIHHe BTOpoii COCTaBJUIIOWCH 

KOHCTaI-ITHOH norpeWHOCTH BpM JlH npeBOCXO,IIHT BJIHSIIIHe nepBOH COCTaBJll!IOLI.leH, HO npH HCrIOJlb30BaHIHI cospeMeH-

1-IblX uei-iTpOHHblX naHHl,IX, norpcwHOCTH KOTOpbiX 33MCTIIO MeIIbWC norpewHOCTei-i ,IIaHHbIX, HCll0flb30BaBWHXCSI, Ha­

npHMep. npH llOJlYYeJ-IH~I KOHCT3HT EHAE-64 [I], BTOpal! COCTaBJlSIIOtUal! MOlKeT OKa33TbCSI 6JJH3KOH K nep11oii . 

npH onpe,!leJJellHH BTOpoi-i COCTaBJll!JOtUei-i KOHCTaHTHOH norpeWHOCTH KUKOH-JIH6o xapaKTCpHCTHKH paCCMUTp11-

saeMOH CllCTeMbl Heo6X0.!1HMO nepeHTll OT nepBH41lblX rpynnOBbIX KOHCTallT K BTOPil'IllbIM. Jlnsi nonroTOBKH BTOpH4-

HblX KOIICT3HT CHenyeT HCl10Jlb30BaTb Te lKe uei-i-rpOHHbie JiaHI-Ibie. KOTOphie HCl10Jlb30BaJU1Cb npH nonroTOBKe nepBH'I­

HblX, a B K3'1eCTBe BeCOBl,IX cpy11KUHH HCHOJlb30BUTh ouellKII 3HeprcTH'feCKHX 3aBHCHMOCTei-i llOTOKU HCHTpOHOB B pm­

JIH4HhlX o6JiaCTllX paccMa-rp1-1saeJ1.10ii CHCTel\.lbl. TaKHM o6pa30M. KUlKJlOH 0611acn1 CHCTeMbl JlOJilKHbl COOTBeTCTBOBaTb 

CBOH BTOpH4Hble KOIICTatlTbl . 

Jlnsi oueHKH yKaJaHHbIX ,mepreTHYeCKHX 3aBIICl1MOCTeii MOlKIIO B nepBOM npH6JIHlKeHHH HCll0Jlb30 BaTb pe3yJlbTa­

TI,I pacYeTOB 1\.11-IOrorpynnoBblX cneKTpOB IIOTOKU HeHTpOIIOB B ::JTHX o6nacn,x, 11p11 npose.11e111m KOTOphIX 11p11MeHl1JlHCb 

nepBH'fHble KOHCTaHTbl. noc-raTO'fllO npOCTbie MeTOJ.lbl TaKoii oueHKl-1 06cy)l(JlafOTCll B 11aCTOS1Weii pa6oTe. 
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I. BOCnPOH3BEAEHIIE 3HEPfETHLJECKOfl 3ABHCHMOCTH OOTOKA HEMTPOHOB 

TTycn C llOMOUlblO nepBH'IIILIX KOHCTallT npoBe,Uellbl pac'leTbl xapaKTepHCTl1K KOHKpeTHOH CHCTeMbl, 1-ianpHMep 

S1J1ep11oro peaKTOpa. 8 peJyJtbTare CTaHOBWfCll lt3BeCTHblMII MIIOrorpynnoBble cneKTpbl (j>; nOTOKa Hei-iTpoHOB B paJJlH'I­

HblX o6nacrnx 3TOH CIICTeMbl. Tpe6yeTCll BOCCTallOBHTb 3HepreT11'1eCn1e JaBHCl1MOCTl1 q>(E) flOTOKa Hei-iTpOHOB B 3THX 

o6naCTllX, HCl10Jlb'JYSI TaKHe cneKTpbl. 

ECJ111 CJle.UOB3Tb cpopMMH3MY Ce'1e1111i,i pa36aBJJelU1SI 11. 11. 6011.uape11Ko [I], TO .!lJlSI q>(£) MOlKHO Ja1111caTb Bb1pa­

lKetn1e 

q>(E) = q,(£) 
r.,01<£)+or. 

3.uecb q,(£) - rnauKast cpyHKUHll 3HeprnH, MHOrorpynnOBblM aHaJIOfOM KOTOpoi,i llBJlSIIOTCSI npOHJBe,llellHSI 

$; = (r.,or.i + or.)q>; . 

(]) 

(2) 

B ypas11e11Hl1X (I) H (2) 11CllOJJb30BaHbl 06m11a'leHl1ll: r.,o,(E) - JaBHCHMOCTb OT :rneprHH MaKpOCKOlll1'1ecKOro llOJlHOro 

ce•rel•IHll B33HMO.UeikTB11ll HeiiTpOHOB 8 TOH o6nacTH paccMaTp11BaeMOH CHCTeMbl, .llJlll KOTOpOH npOBO.!lHTCll BOCCTaHOB­

J1e1111e q>(£) (st.uepHble KOHUe1-npau1111 COOTBeTCTBYIOT cocrnsy 3TOH 06nacn1, a M11KpOCKOllH'leCKHe ce'leHHll ee cpe.u­

HeH TeMnepaType); or. - .no6aBKa, KOTOpast ::1cj:>cpeKTHBI-IO Y'IHTblBaeT KOlle'IIIOCTb o6beMa 3TOH o6nacrn; r.w,,i - rpynno­

Bble MaKpOCKOllH'leCKHe llOJlHble ce'1em1S1 B 3TOH lKe o6naCTl1 (MHKpOCKOllH'leCKHe rpynnOBble Ce'leliHll 6JJOKHpoBaHbl 

no ee COCTasy C y'leTOM BeJlH'IHl·lbl or. 11 COOTBeTCTBYIOT cpe.u1-1ei1 TeMnepaType 3TOH o611aCTH). no peKOMeH.nau1111 113 

pa60Tbl [I] BeJJH'-lHHY OL MOlKI-IO OUelil1Tb 110 q)OpMyJJe 

s 
or.=1,s-, 

4V 
r.ue s - llJIOllla.llb sceH BHewtteii nosepXHOCTH paccMaTpHBaeMOH o6naCTH, a V - ee 061>eM. KaK BH.UHM, BblpIDKeHHe 

(1) nepe.naeT BJlHllllHe 3HepreTH'leCKOii JaBHCHMOCTH MaJ<pOCKOllH'leCKOro nom,oro ce'leHHll, 8 TOM 'IHCJle 11 8 pe30-

HaHCI-IOH 06nacn1 31-teprnH, Ha 31-tepreTH'leCKYIO 3aBHCHMOCTb llOTOKa HeihpoHOB TeM JaMen1ec, •1eM MeHbWe or.. 
8 ccpep11'1eCKOH reoMeTpHH MO.lKHO y•1eCTb 31-tepreTH'leCKYIO JaBHCHMOCTb or., HCflOJlb30BaB .llJlll 3TOro peJyJJbTaTbl 

pa60Tbl [3]. B 3TOM CJJy'-!ae 8 Bbtpa.lKeHHH (2) CJJe.UyeT JaMeHHTb OL Ha Ok;. 
TT pH pac'leTe nepB11'1HblX KOHCTallT, T3KHX, HanpHMep, KaK 6HA6-64 [I] . .llJl.ll KaKoro-TO si.upa 6e30THOCHTeJJbHO 

K TOMY, B COCTaB KaKoro MaTep11ana 01-10 BXO.lllff, HCl10Jlb3YIOT secosy10 cpyHKUHIO 

<Po(£)= x(E) 
O IOI(£)+ OQ 

(3) 

3.necb x(E) - rJla,!lKall H, KaK y.lKe rosopHJJOCb, IIOCTyJtHpyeMast cpyHKUH.ll 3Heprn11; o,o,(E) - 3Heprern'leCK3ll 3aBHCH­

MOCTb MHKpOCKOflH'leCKOro llOJlHOro Ce'leHHll 833HMO.!leiicTBl1.SI Heiil'pOIIOB C paccMaTpHsaeMblM SI.UpOM, COOTBeTcTBylO­

lllall B 06UleM cny'lae 33.llaHHOii Te~mepaType; Oo - Ce'leHHe pa36aBJ1e1-111.ll. Pac'leT nepBH'IHblX KOHCTaHT HJlH, 110 KpaH­

Hei-i Mepe. rpynnOBblX MHKpOCKOllH'leCKHX Ce'leHHH npoBOJ)JIT .llJl_SI HeCKOJlE,KHX JHa'leHHH Oo 113 HHTepsana [O, ex>]. llnst 

onpeneneHl1Sl MIIOrorpynnOBblX KOHCTawr paccMaTpHBaeMOro Sl.llpa npH yKa3aHHH BeJJH'¾HHhl oI: H MaTep11ana, B COCTaB 

KOTOporo 3TO st,!lpO BXO.UHT, HCJl0Jlb3YIOT npoue.[lypy, npeJlJJO.lKe111-1y10 B pa6oTe [ J ]. 

KaK 811,!\HM , OTJlH'IHe secoBOH cpy1-tKUIH1 ( l) OT secosoi-i cpy11KUHH (3) CBSl3allO He TOJlbKO C O.lKH,naeMblM 1-1ecoBna­

.ue1-1HeM cjl(E) 11 x(E). Jlpyrast npH'IHlla OTJIH'!Hll Bbl3Balla TeM, 'ITO 8 Bblpa.lKeHHH (I) B npH6JJH.lKeHHH HeJaBHCHMOCTH 

o:E OT 3Hepn111 Ml! KOHKpCTHOfO si.upa H3 COCTaBa cpeJlbl 11e JaBHCHT OT 3HeprHH TOJlhKO Ta 'laCTb Ce'leHH.SI pa36aBJ1e­

llHS1, KOTOpaSI CBll3aHa C o:E. B seCOBOH .lKe <PYIIKUHH (3) BblllY.lK.llellbl C'IHTaTb He 3aBHCSIUlHMH OT 3HeprHH H MHKpO­

CKOllH'leCKHe norn-1b1e ce'leHHH scex l!.Uep H3 npe.unonaraeMoro cocrnsa, KpOMe ce'!eHHH pacc~1arp11sae~10ro S1.11pa. 

TaJCHM o6pa30M, 3a,ua4a BOCCTa11osneHHll 3aBHCHMOCTH q>(E) CBOJ]HTCSI K Jaua'le BOCCTatlOl!JleHHSI q,(£) no 3Ha'!e­

HHllM q>;. KOTOpbte onpe.uenellbl paBeHCTBOM (2). HaJOBeM cpyHKUHIO cjl(E) o6o6l.J..leHHOH llJIOTHOCTblO coy,napeHHH, a 

3lla'!elll1SI q,, - MHOrorpynnOBblM cneKTpOM o6o6UlellHOH llJlOTHOCTH coy.napeHHH. 

JlorosopHMCSI HyMeposaTb rpynrtbl, Ha'IHHast C 60JJbWeH 3HeprnH. fiy.!leM C4HT8Tb, '!TO 3HeprHll "CWHBKH" <f>epMH 

EF, np11 KOTOpo~i pacnpe.uenettHe 3aMeJlJISIIOUlHXCll Hei-iTpOHOB nepexo,nuT B pacnpe.nene1-111e renJlOBblX Hei-iTpOHOB, 

pacnono.lKetta B rpynne c HOMepoM i = / . 
PaccMOTpHM CHa'!a.na rpy,1111,1 C HOMepaMH i = 1-(/ - I). T. e. 06J1aCTb 6blCTpblX 11 3aMellJ"ISIIOLUHXCSI HeHTpOt-108. 

B 3TOii o6;iacrn y.uo61-1ee nepeHTH OT ;mepnrn £ K 6eJpa:iMep11oi,i nepeMeHHOH, 11e-rapn111 u = ln(£00 IE), r.ue Eoo - Bh16i1-

paeMaS1 BeJlll'IIIHa, 11anp11Mep, Eoo = JO M3B. £y.ueM C'IIITaTb nepBOHa'laJlbllO, '!TO OTCyrcrnyeT TepMOll.UepHhlH flHK. 

np11 pewem111 110CTaBJ1e1111oii 3a!la'IH 1-1eo6xo,nmt0 coxpaHl!Th H11Terpan1,1 
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(4) 

11,- 1 

KpoMe T0ro, cpyHKUIISI qi(u) JlQJl)f(l-18 6h1Tb noJJ0)KHTeJlhHOH H HenpepblBHOH BMecTe co CB0HMH npoHJB0JlHblMH Ha rpa­

HHUax rpynn. 

B rpynne I npeJlJlUraeM IICll0Jlh30BaTb cneny1muy10 annp0KCHMaUHIO HeH3BeCTIIOH cpyHKUHH: 

Ol I 2 (2) I 3 (3) 
¢i(11)=¢i1,1 +(11-u1)¢i1.1 +2(u-u1) ¢i1,1 +6(u-u1) ¢i1.1. (5) 

B rpynnax C H0MepaMH j = 2 - (/ - I) npeJl,JlaraeM annp0KCHMaUHI0 3aBHCHM0CTH qi(11) cne.ay,muero BH)la: 

,1. _ ,1. ,1. ( 1) I ( 2 ,1. (2) 
't'(u) - 'l'i,I + (u - II; )'t';,1 + 2 u - II;) 't'i.1 . (6) 

OoTJ)e6osaB, lfT06bl cpyHKUHSI (5) H ee nepBrut npoH3B0JlHruJ paBIUIJlHCb HYJIIO B TOlfKe LI = llo H lfT06bl npH j = I 

Bhlll0JlHSIJI0Cb C00Tt-l0WeHHe (4), fl0JlylfHM CJle)ly!OlUHe Bblpa)KeHmt Jl,JJSI paclfeTa HeHJBeCTHblX ll0CT0SIHHblX 113 BblpaJKe­

HHll (5): 

3qi1 I 3 (3) 
qill =-+-Au1 qill; 

· Au1 24 · 

(ll _ 2 I 2 (3) . 
qil I - -qi! I +-Au1 qil I • 

' Au1 ' 6 ' 

(2) 2 2 (3) 
qi!,! = -::--fqil,I +} Au1 qil.l · 

L>UJ 

BenHlfHHY qi?1) ClfHTaeM napaMeTp0M, 3HalfeHHe K0Toporo ,U0Jl)KH0 o6ecnelfHTh ll0Jl0.lKHTeJlbH0CTb BOCCTaHaBJlHBaeMOH 

q>yHKUHH. 

Bb1pa)KeHHSI Jl,JJSI paclfeTa Hel-13BeCTHblX ll0CT0SIHHhlX B ypaeHeHHH (6), KOT0p1>1e o6ecnelfHB8IOT HenpepblBHOCTb qi(u) 
H ee nepeoii npOH3B0JlHOH Ha rpaHHUax rpynn C H0MepaMH i = 2 - (/ - 2) H BblllOJJHeHHe (4) Jl]lll j = 2 - (/ - I), HMelOT 

BHJl: 

qi (I) (I) 
qi (2) _ i,I - qi i-1,l 

,,l - Au • , 
PaccMOTpHM Tenepb rpy11ny C H0MepOM / . OcTattOBHMCSI Ha oco6oM CJJylfae, Korna 31'0 ll0CJleJllHISI rpynna H E,.1 * 

* EF. B o6nacTH TenJI0BblX 11ei-iTpOHOB yno6Hee B Ka'leCTBe nepeMeHH0H HCllOJlh30BaTb BeJJHlfHHY E. npeJl]laraeM npH· 

MeHl!Tb Ha 0Tpe3Ke (0, EF] 0JlllY H3 JlBYX CJleJlylOlUHX annpoKCHMaUHii 3UBHCHM0CTH qi(£): 

{

Eexp(-~)h +EJPJ. ~<~; 
qi(£)= T AE1-1 E1-1 

EJ}I) +..!._£2 Jfl, ~>~, 
2 AE1_1 E1-1 

rne / 1, JP>, JP) - HeHJBeCTl-lhte nocTOS1HHh1e; T - TeMnepa-rypa uei-iTp0HH0ro raJa HJJH np116J1H)KeHHO TeMneparypa 

cpen1>1; !).£; = (£;.1 - £;). Ha HHTepsane [u,.1. IIF] 6yneM HCll0JlbJ0BaTh annp0KCHMaUHIO 

( ) 
(I) I 2 (2) 

qi u =qiF,1 +(u-uF)qiF,1 +2(u-uF) qiF.1• 

rne IIF - Jlernprnsi, C00TBCTCTBYIOII.lal! ,>HeprnH <l>epMH EF. 

OoTpe6yeM HenpepblBH0CTH cpyHKUHH qi(11) H ee nepeoi-i npOH'3B01UlOH B T0'!Kax 11,.1 II IIF H Bblll0Jll-lCllll}I paseHCT­

Ba (4) np11 i = /. noc11e 3T0ro M0.lKH0 flOJlYlfHTh c11eny10ll.lHe BblpalKetrnSI JlJISI Bhl'IIICJleHHSI He1nseCT!lblX ll0CT0SIHHblX 

qi F.l, qi~\ H qi~_>! : 
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Pac,1eTbJ nocTOllHHbJX Ji, 1}1>. J}2l MOlKHO nposecrn no cj:JopMynaM: 

a) <J)1.1/!:i.E1.1 < <j>,IE,., 

2<1>F.I + <I>~\ 
II =T 3 ' ; 

EF exp(-EF IT) 

(I) <l>F,1 
11 =-2 - II exp(-EFIT); 

EF 

2.!. + ,h(I) 

/
(2) __ 

2 
'f F,I 'I' F,I , 

I - ' Efr 

1p> = <l>F,I _.I_EFIP). 
£} 2 

TiomlTHO, KaK 113MeJH1Tb npen.TJOJKeJJHbJe BbJWe a1111pOKCl1Mau1-u1 JaBHCHMOCTI-I <!>(£) npH £,., = EF, Pa.rut 3KOHOMHH 

MeCTa cj:JopMyJJbl JljUI paclfeTOB COOTBeTCTBYJOLUHX K03cj:J<pHUHeHTOB He npHBOJVITCil. 

TiycTb Tenepb rpynna c 110MepoM / 11e srnJ1i1eTci1 nocne.uHeH rpynnoA. B rpynnax c HOMepru.rn i = 2 - (/ - I) cne­

.uyeT HCrJOnbJOBaTb np1-16JmlKeHJ-1e (6) H COOTBeTCTBYIOLUHe cj:JopMym1 JlJl)I paClfeTa KOacpcjJHUHeHTOB. B rpynnax C HO­

Mepa~rn i = I - ( / - l) npeMaraeM np11Me1rnn, a11np0Kc111,1au1110 

(ll I 2 (2) 
<!>(£)=/i,1 +(£-£,)/,.1 +2(£-£,) /;,1 ' (7) 

a B norne.u11eii rpynne C HOMepoM i = f 3clBIICHMOCTh 

q>(E) = £/}ll + .!_ £2 J}2l + .!_ £3 /}3). 
r.l 2 ,,I 6 ,.J (8) 

TioTpe6oBaB 11enpephlBHOCTH BOCCTaHaBJJl!BaCMblX cpyHKUHH 11a rpaHHUaX rpynn C HOMepaMH i = /- J H coxpaHe­

Hlrn HJfferpanoB <I>, Jl.lHI rpynn C Te~rn )l(e IIOMepaMH. IIOJIY411M cne.nyJOLUHe cpopMyJlbl JlJlll pac4era HeH3BeCTJlblX K03cp­

(pHUHeHTOB: 

a) wu1 i = I 

_ 3 2 6.E; (I) . 
fi.1 - !:i.E <I>, - £ <l>,-1,1 - 2 (<l>,-1,1 + <l>;-1,1), 

, i-1 2E;_1 

(I) 
f._(I) = 2 Q>· + <l>H.I + <l>i-1,1 

t.l E !:i.E- ,-I.I £2 
1- I I i-1 

2 
!:i.E- Ji.1; 

I 
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nepHO.llHOH aKTHBaUHH KOHCT})YKUHOHHblX MaTepttan0B 
JlllH Tept,10ff.llepHblX peaKTOpoB B CMCWaHH0M HeHTpOHHOM 
none peaKTOpa .aeneHIUI H 

6LiD-KOHBepTOpa TCrtnOBblX 
HeHTpOIIOB B 6blCTpblC 11eiiTpOHbl C 3Heprneii - 14 M38. 
TTpenpHHT .N'2 154, BHMl1T<I>, 1998. 
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PAOIETH0-3KCIIEPHMEHT AJlhHLIE HCCJIEl(OBAHIDI IIPOXO)K)lEHWI 
14-M:3B HEHTPOHOB B MOl(EJUIX 3AW:HTHl>IX KOMil03Jilll:JilH H3 )KEJIE3A 

M. H. AH.llpees, B. B. Ac1Jauac1,es, A. r. 6eJ1esH111u, C. 6. 6ynaTeuKo, A. n. BacHJ11»ea, 
SI. 3. Kaui.ues, H. H. KocrenKo, B. H. JIHTBHH, A. B. Jlona11rnu, B. l(, JIIOTOB, 

l(. B. MapKoscKnii, r. B. MoK1Aee, B. JI. P0Mo.11anos, A. M. PR6unun, IO. A. CoKOJios, 
B. r. Cy66onm, B. A. Tepexuu, B. M. lIIMaKoe 

P<l>511..{-BHMMT<l>, 456770, r . CHeJKHHCK 1Ie.mi6HHCKOH 0611. 

ITpCJlCTall/lCIILI PCJYIILTBTI>I benchmark JKcncpH~ICIITOB JIJlll ecpmtmKBUIIII nporpaMM pBC'ICTB ncpcuoca IICfiTpOIIIIOl'O II l"llMMB·lllllY'ICllllll OT 

HCTOIIHHl(8 TCpMOIJlCpHLIX uciiTpOHOB B TOJICTLIX lau!HTHLIX KOMROJHUllllX HJ J(CIJCJa, IIMCIOWHX HCOAHOpollJIOCTH B IIIIJIC lllCJICii . 

B coepeMCIIHLIX npoeKTax pa3pa6aThtBaCMLIX TCpMO­

imepHblX peaKTopoe (T.HP) KOHCTpYJCUHlt 3lllllHT o6naaa­

lOT cnoJKHoii Heoirnopo.11Hoii ctpy!CT)'poii, xapaKTepH-

3YJOlllCHCH HaJJH'iHCM 8 Heii nOJTb[X HJlH 'illCTH'IHO 3anon­

l!CIIHblX llleJICH H K8llaJ108 p8lJIH'iHLIX q>opM, pa3MCpOB H 

JCOHqJHrypauHii. B pMC HCcnCJIOBaHHH 6blJIO nOK83attO, 

'!TO HaJJH'IHC Heo.11110po.11HOCTCH It nonoCTCH 8 JalllHTC 

npax:TH'ICCKH onpe.JleJl!ICT pao.HaUHOHHYIO OOCT8HOBKY 

peaKTOpa. 

B HllCTO!llllCC BpCMH HaH6onee 3!p!pCKTHBHblMH ,ilJI!I 

pac<teTa peanbHblX TpeXMCpllblX KOMrt03HUHii 381llHT, 

HMCIOlllHX 11eo.1111opo.n11ocTH, HRIUIIOTCH rtporpllMMLI pac­

'ICTa Ha OCIIOBC MCTO.lla MoHTe-Kapno. 

Heo.1111opo.nHoCTH e JatUlfTe T~P cymecTee11110 yc­

nmKHHIOT npOBCJICIIHC pac'!CTOB xapaKTepHCTHK noneit 

H3nyttCHHH H YBCJIH'IHBalOT HX norpewHOCTH B CW13H co 

3118'1HTeJlbllOH aHH30tpOmteii H 6onbWIIMH rpao.HeHTllMH 

pa.tlH8UHOHHblX noneii. npH 3TOM CHCTCM8TH'ICCKHC rtO­

rpeWHOCTH paC'ICTOB, CBll3811HblC C MeTO.IIHKOH paC'ICTa, 

HCnWJbJyeMOH 6HMHOTCKOH Hn.CpHO-!pH3H'ICCICHX KOH­

CTaHT, ynpomeHH!IMH pCWlbHOH reoMeTpHH, He Moryr 

6LtTb onpe.11ene11b1 3apa11ee. 

,!J,rul OUCHKH BCJlH'IHllbl 3THX norpeWHOCTCH .!lOCTa­

TO'IHO 3cpct>eKTHBHblM HBJlllCTCll TeCTHpoeaHHC pac'ICTOB 8 

3KCnepHMCHTaX THna benchmark [I] C ynpOIUCIIHblMH 

MO.lleJl!IMH cpparMCIITOB 381llHT. Mo.nenH <pparMCHTOB Ja­

lllHT .IIWl)KIILI HMCTb rtpocryio, y.no611yJO ,llJIH npoee.ne111tH 

pac'ICTOB reoMetpHJO (wap, UHJlHHllp, napa.JtJ1enen1tnC.11), 

HMHTHpOBaTb COCTaB MaTepHana JlllllltTbl II ee reoMCtpH­

'ICCKHe paJMepbl, HMHTHpoeaTL Te HCO,!lHOPO.!lHOCTH, 

BJU{HIIHe KOTOpblX ua TOlfllOCTL pac'!CTOB HBJIIICTC!I npe.11-

MCTOM 11ccne.noea111tii. 11t.tHTaUHH TCpMO!l.!lCpHOTO HCTO'I· 
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HHKll HCHTpOHOB ocymecTR/lllCTCH C HCrtOJTb30BallHCM 

re11eparopoe 14 MaB-11eiitpo11oe. 

npoBe.JlCHHC 3lCCrtCpHMCHTanbltblX Hccne.11oea111tit C 

MO.!lCJlHMH JalllHTHblX KOMnOJHUHH ,llJIH TCCTHpOB8HHll 

pac'ICTOB .!IRilHCTCll 0.IIHHM H3 OCHOBHblX HanpaaneHHH 

.neHTC11bHOCTH cymecTBYJOllleii e Ml1<l>11 na6opaTOpHH 

"Heittpo1111L1ii rettepaTop", emrnaan11eMoH .noKTopoM 

!pH3HKO-MaTeMaTH'ICCKHX 11ayK PoMO,!l8HOBblM B. fl. 3a 

nocnC.IIHHe l'O,!lbl 8 3Toii na6opaTOpHH 6LIJ18 Bb1rtOn11e11a 

cepHH HIITCpeCHblX benchmark 3KcnepHMCHTOB C MO.!lC­

JT.!IMH 31UUHT HJ lKC/leJa, BICJTIO'i3101llru! ::lKCrtep1tMeHTLI no 

HCcne.JlOBallH IO npoxo)ICJleHHH 14 M3B-HeHtpOIIOB B Mo.11e­

nHX 1KC/IC3HOH H lKClleJOBO,llHOH 3an.tHTbl TOJllllHHOH 40 CM 

co llleJUIMH [2), 3KcnepHMCHTbl C MO,!lC11HMH JalllHT HJ 

lKeJIC3a TOJJU1HHOH 50 CM CO lllCJUIMH. 

npCJICTBBJl!ICMa.11 pa6oTa, npo80.11HBW8!1CR BO 

BHl111T<l> coeMecTt10 c M11<l>l1 e nepHo.n c 1997 no 

1999 IT. Ha HCHtpOIIHOM rettepaTOpe Hf-12 UCl!Tpa neii­

tpOHHOH Tepan1111, llRJl.!leTC!I npo.nonlKCHHCM 3THX 3Kcne­

pHMeHTWlbllblX HCCJIC.110B8IIHH C MO,lleJIHMH 3BlllllT H3 JKe­

neJa TOJJlllHHOH 100 CM, HMeJOlllHMH lllC/111. (B pa6oTe 

TaK)KC npHHHMaJtH yttacTHe COTPY.!lllHJCH Hl1113<l>A HM. 

E<ppeMoea (r. CaHKT•neTep6ypr), npOBO.IIHBWHC MO,!lep­

HH38UHIO 11eittpoH11oro reuepaTOpa Hf-12; Haytt110-

nccne.J10BaTCJ1LcKoro KOHCTpyKTopcKOro HHCTHTYTll 3Hep­

TOTeXHJIICH (H11Kl1'.3T); PoccuikKoro 11aytt11oro ue11tpa 

"Kyp'laTOBCKHii HHCTIITYT" (PHU Kl1), BL1rtOJ1HllBW1te 

BMCCTC C COTpY.!lllHKllMH MllTCMllTH'ICCKOTO OT,lleJICIIHSI 

BHl111T<l> pac'ICTLI 3,ccnepHMCHTOe.) 

Ha pile. I npHBC.!lCHa CXCMa :;)KCHCpHMCIITaJtLHOII 

ycTaHOBKII. 



6) J.l.llll i = (/ + I) - ( J -1) 

J.<Il _ 2 fi-1 ,1 - fi .1 _ J}I) . 
i,l - l1E i-1,l• 

i 

(I) (I) 
!}2) _ /;-1,1 - l;,1 

i,I - l1E 
I 

B) Jl!lll i = I 
(I) _ 12 6 (I) • 

/;.1 --2-<l>i -& li-1,1 + /;-1,1 • 
E;-1 ,-1 

(2) _ 6 2 (I) 4 (I) . 
/;,1 - --2-fi-1,1 - -£ .f;_1,1 - -E /;,1 • 

£,-1 i-1 i-1 

(3) _ 3 3 (I) 3 (2) 
/;,1 - --3-Ji-1,1 +-2-.f;-1,1 -~ /;,1 · 

E;-1 E;-l ,-1 

BblWe B o6owx H3 paCCM0TJ)eHHblX 1-IaMH CJl)"lru!X npoueuypa B0CCTaH06JleHHjl Ha<IHHaeTCll C rpynnbl I H 3aBep­

waeTCll B nocJleJlttei-i rpynne. Ha:ioeeM TaKOH n0JlX0Jl B0CCTaHOBJleHHCM CJteBa 1-1a11pa80. 

MO)l(HQ HCn0Jlb30BaTb H B0CCTaHOBJ1e1-1He cnpaBa HQ./le<IO, Korua B0CCTaH06JleH1te Ha'-IHHaeTCl'I C nocneuttei-i rpyn­

Obl Ii 38BepwaeTCll B rpynne I . B 3T0M CJ1)"18e npe.!lJlaraeM HCO0Jlb]0BaTb annp0KCHM8UH11: 

a) J.I.Jlll i = I 

6) J.I.Jl}I i = I - ( I -1) 

B) J.l.)lll i = 2 - V - 1) 

(9) 

r) JlJlll i = I 

( 10) 

Be.JlH'IHHa tJ.~ 6yJ1eT Bbln0JIHl!Tb p0JJb napaMeTpa, KOTOpblH Jl0JJJKeH 6b1Tb nono6paH TaK. '-IT06bl B0CCTaH8BJlH­

BaeMal! cpy1-tKUHll npmmMana rl0JI0JKHTeJJbHble 3H8'-leHHll. 

nocTynrui uanee TaK JKe, KaK H BbtWe, nony'IHM CJleJlylOU.lHe cpopMyJibl Jl}lll pac'-leTOB K03cpq>HUHeHTOB: 

a) i = I 

6)i=/-(/-I) 

_ 3 . I (I) . Ji.o - Ac-. <I>; - 2/;+1.o --:;AE;/;+1.0 • =, -
/}ll _ 2 Ji,o - li+1,o _ 1.(1> . 

i,O - /1£ i+l,O • 
I 

(I) (I) 
J}2l _ /;,o - l,+1,0 

i,O - /1£ 
I 

112 



£. /,(I) npH'leM npH i = ( / - I) 31ia'ICHHll Ji+l,0 II i+l,0 paBllhl 

11 

COOTBeTCTBCllltO; 

s) i = ([ - I) 

r) Wlll i = 2-(/ - 2) 

_ /(I) I 2 (2) 
El-I T,o +2£7_/J,o 

/ _!n + £- JS2l 
1,0 /-1 1.0 

(I) (I) 
cp(2) _ cj,i+l,O - cj,i,O 

,.o - t:.u-
' 

(2) _ 6 2 (I) 4 (I). 
cj,,.o ---2 cj,;+1,0--;-cj,;+1.o--;-cj,;.o, 

!:.u; u.U; u.U; 

,1,(I) ,+, 

cj,(3) = J t:.ui'+'i+l,O -'+'i+l,0 __ 3_cj,(2). 
,.o t:.u7 2!:.u; ,.o 

TaKHM o6pa30M. pac'leT K03q>q>HUHCHTOB BO Bcex npeJVIOJKeHHblX HaMH annpOKCHM8UHllX 38BHCHMOCTeH cj,(u) HJIH 

cj,(E) npH HJBeCTttOM 311al!eHl1H napaMeTpa MOJKeT 6b1Tb npose,ueH no at·laJIHTHlleCKHM q>OpMynaM. Tpe6yeTC.H onpe,ue­

JlHTb napaMeTp, 06ecne<1HBat01llHH noJJOJKHTeJlbHOCTb BOCCTaHaBJJHBaeMOH q>yHKUHl-1. 

EcnH JlflSI onpe,ueneHHSI napaMeTpa 11cnOJ1h30BaTb nporpaMMY Solver 113 nporpaMM11oro o6ecnelleHHSI 3fleKTpomthtX 

Ta611Hu Microsoft Excel 97, TO Janaya ¢opMy1111pyeTc.H cne,uyt01ll11M o6pa30M: ttai-lrn JHa'leHue napaMeTpa, 06ecneYH­

Rat0ll.lero 3KCTpeMyM mo6oro 113 q>yttKUHOHaJJOB 

llpH BOCCTallOBJleHl1H C,'le8a Ha11pa80 111111 

I 2 (I) I 3 (2) 
t:.u,cj,, I --t:.u; cj,,-1 +-t:.u;cj,,-1 

' 2 · 6 · 

t:.u "'· o +~t:.u2,1,(lol +~t:.113,1,(20) 
t'+'I, 2 1 '+'t. 

6 
t'l'1. 

np11 BOCCTaHOBJleHHII cnpa8a Ha.JIC80 rtpH ycJJOBHH llOJIOJK11TeJ1bHOCTl1 HCKOTOpblX BeJlH'IHII. B 06ll.leM cny<tae ::ll'HMH 

BeJHf'IHlla~rn llBJUIIOTCSI JliaYellltSI cj,{11) 11a cen;:e /I 113 Ht-nepsana [ ZIJ, 11/- 1 ], BKJllOYalOll.lei-i rpaHHUbl 3l'Oro 1-HITepsana Ii 

rpamtUbl rpynn OT 112 ,!10 Zl/-2, H 3lla'leHIHI cj,(£) 1-ia CeTKe £ HJ Htnepsana ro. E1 ]. BKJ110'l3Klll.ldi TOYKY E1 H rpa­

HHUbl rpynn OT E1+1 AO EJ-1. Ecmt rpynna c IIOMepoM / l!RJlSICTCll rtOCJlel{He~i H £1-1 :t: EF, TO ilOJl)KHU 6btTb 06ec­

lleYe11a rtOJlOlKIITeJtbHOCTb 3113'-leHHH cj,(11) Ha ceTKe II 113 HHTepBll.lla [111, II F], BKJIIO'lalOUleii 1paHl1Ubl 3TOro IIHTepsana 

1-1 rpaHHUbl rpynn OT 112 JlO 11/-1 • Ii JIHl'IClll1~i cj,(£) Ha ceTKe £ H3 HIITepsana [O. EF]. 3aMCTHM, 'ITO 6eJpa3JlH'lHO 
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KaKoii nm 3KCTpeMyMa. min IIJlH max. RbJ6HpaTb, TaK KaK T0JlbK0 'IT0 yKa1aHHhle cpyHKUH0HaJlbl llBJISU0TCll li.0 HCTall­

TaMH, paRHl,IMH q>;. noJl'!epKHeM, '!TO pac•teTbl napa~teTpa CJleJlyeT 11p0R0.UHTb C JlBOIIIIOii T0'!II0CTb!0. 

Molt<HO ccjJopMynHpOBaTI, Jana'ly 110 onpeJ1eJJeHHIO napaMeTpa H Hlia'le. il'lll 3T0f'O .U0CTaT0'III0 j"leCTh. YT() BeJIH­

'IHHbl. rJOJI0lKHTeJlbH0CTb K0T0phlX Jl0JIJt(IJa 6h1Th o6ecne'leHa, JlHHef1110 3aBHCllT OT napaMeTpa. C11enosaieJJbllO. H,UI0 

1-1akn1 TaK0e 31-Ja'leHHe napaMeTpa. 11p11 K0T0p0M see coorneTCTBYIOUUle 11pl!Mble pacn0JIO)t(eHbl JIM 0Cl,J0 opm11-1ar. 

CTpH B0CCTaH0BJteHHH CJlella 1-IGllpaao, 11anpHMep, ycTaHaBJll1BaeM o6JJaCTb .uonyCTHMhlX ·311a4e1111ii napaMeTpa B CMblCJle 

ll0Jl0lKHTeJlbH0CTH <!>1,1 ' 3aTeM nepeX0JlHM K <!>2.1' np0JleJlbJBaeM TO JKe CaM0e M o npe.uem1eM 06J1aCTb nepece'leHIHI 

JlBYX 0611aCTeH, JaTeM nepeX0JlHM K <1>3,1 H T.Jl. 

HeJlb3ll yrsep)t(JlaTb, 'IT0 np11 rno6m1 rpynr10B0M pa36HellHl1 113Me11eH11eM 0JlH0f'O 11apaMeTpa M0JKH0 .uo6HTbCll no­

JJ0)t(HTCJlbH0CTl1 Rcex nepe'IHCJ!eHHblX BblWe BeJlH 11HH. ECJlH np11 HCl10Jlb30BUIIHH KUK0r0-T0 113 ll0JlX0il0B IIJMeHeHllll­

Ml1 napaMeTpa, Ha•111Hall C K0HKpen1oii rpynmt, HeJlb3ll no6HTbCll II0J10lKHTeJtbH0CTl1 BOCCTaHaBJll-!BaeMoii cpy1tKUHH. 

M())t(H() 6bUIO 6bt lla'laTb 06beJ111HeHHe rpynn . O.UHUKO ::no orpy6nl!eT npoueLtypy B0CCTaH0BJleHHll , H Mbl npew 1araeM 

npyroit ll0JlXOJl. 

npeneapHTeJlbHbte pac'leTbl ll0KUJaJlH, 'IT0 npeKpaLI.1ett11e Tpe6yeMoro B03JleHCTBl1ll napaMeTpa M0JKCT 11aCTynaTb B 

o6naCTH 3Hepnrn 3aMeilJllllOlllllXCll HCHTJ)OHOB. me B KaYeCTBe nepeMeHHOH HCIIOJlb3yeTCll JleTapr11ll. nycn 113MeJJe­

HHllMH napaMeTpa He y.uaeTCll Jl0611TbCll IIOJI0)t(HTeJlbHOCTH BOCCTaHaBJ111BaeMOH cpyttKUHl1, IIU'l11llllil C 1pytlllbl C H0MC­

p0M i'. nycTh np0B01l11TCll BOCCTaHOBJlCliHC CJleBa H[lllpaBO. B rpynnax C H0MepaMII i = l -(i'-6) Jacp11KCHpyeM peJym,-

raTbl, B TOM '111CJle 11 napaMeTp <1>?/ . KaK ll0KaJblBat0T pac'ICTbl, TaKoi1 CJlBHr llRJlllCTCSI Ml1HHMaJlbllblM JlJUI o6ecne'le­

HH.ll COOTBeTCTBlill nosene1111ll q,(11) nosene1rn10 ntCT0rpaMMbl <I>; np11 H3MCHeHUII COOTBCTCTey1011111x i. B rpyn11e C HO­

MepoM i = (i'-5) npe)lJlaraeM np11 HCll0.llb30Bal·ll111 np116J!Hltl:eHl1SI (6) norpe6oBaTb np11 ui'-6 11enpepb!BJI0CT1t TOJlbKO q,(11) 

11 Bblll0JlHeHl1SI paBeHCTea (4). Toma JlJUI YKaJ:umoro 3lla'leHHll i K03cpqJHUlleHTbl CJle)lyeT Rbflll1CJISITb 110 cpopMy.llaM: 

_ $; I 2 t2) . 
¢; I - 2--<l>i-l I +-L'1u; <I>; I • 

' L'1u; · 6 · 

q>(I) = $,,I -<!>,-1,J +_!._L'1u q,(2) . 
,,1 L'1u 2 , ,.1 

I 

3JleCb BeJll1'111Jla <l>~•~s I 6yJieT Bblll0JlllSITI, p0Jlb H0Boro napaMeTpa. HJMCJtel!HSIMII KOT0poro CJICJlYCT no611BaTbCli llOJl0-

)l(HTeJlbH0CTH BOCCTaHUBJll!RaeMo?i cpy1·JKUHH B rpynnax C II0MepaMll i ~ (i'-5). B rpyn11ax C II0MepaMH i > (i'-5) 110-

npeJKHeMy c11enyeT 11CllOJlb30BaTh np116J111)t(eHl1ll (6)-( 8) 11 npeJlblJlYllll1e cpopMyJtbl JlJISI pac'leTa K03<p<p11U11CHTOB. 

nycTb Tenepb np0BO)lllTCll B0CCTaH0BJ1e~111e cnpaaa HCU/e60 H IIMeeT MeCTO a11aJ10rH'll1all c11Tyaum1. PeJyJlbTaTbl. B 

TOM 'IHCJle H napaMerp 1f,2d' cp11Kc11pyeM B rpynnax C HOMepaMl1 i = (i'+ 6)- /. Heo6XOJll1MOCTb TaK0m CilBHra Ta JKe, 

'11'0 11 B CJly'lae BOCCTaH0BJleHlill CJle6a HanpaBo. 8 rpynne C H0MepOM i = (i'+ 5) npeilJlaraeM npH 11Cll0Jlb30Bal!Hl1 

np116J1H)t(eHHSI (9) noTpe6oBaTb B TO'IKe "i'+S 11enpepblBH0CTl1 TOJlhKO <j,(11) 11 Bblll0JJHeHHli paBeHCTBa (4). Tor)la JJJlll 

YKaJaHH0ro 3Ha'leHHSI i K03¢cp11u11eJ1Tbl C,'le)lyer Bhl'll1CJlSITh no cpopMyJJaM: 

t 1 2 ~) 
q>, 0 = 2--q>i+l O +-L'1u; $; O; 

· !lu1 ' 6 · 

q,llJ _ <!>;+1.0 -<l>;,o I L'1u;<!>t,.2ol. 
,.o - L'1u 2 ' 

I 

Be.nwmHa <l>~•~s.o 6yJ1eT Bblll0JlHSITh pom, H0B0ro napaMeTpa, 1-tJMeHCHllllMH K0T0porn CJle)lyeT Jl06H BaThCll n0JJQ)KH­

TeJlbHOCTH BOCCTaHaBJllJBaeM0H cpyHKUHH B rpynnax C H0MepaMII i ~ (i'+ 5). B rpynnax C H0MepaMJ·l i < (i'+ 5) 11eo6-

X0.UHMO HCll0Jlb30BaTh np116J111)t(eHHll (9)-( 10) 11 11pe.u1,111yLI.111e cpopMyJlhl JlJlll pac'leTa K03qJqJHUHeHTOB. 

TaKHM o6pa30M, npH CMCl·te napaMeTpa B0JM0ltl:eH KOIJeLJJlblH pa3p1,1e nepeoii 11p0HJB01lllOII BOCCTaHaBJ111BaeMoii 

cpyHKUHl1 1-ta nep11oi-i 110 11anpaBJ1eHHI0 B0CCTaHOB.flCIIIHI rpam1ue rpynn1,1 , 11a'lllllall C KOTOpoii llCll0JlbJYeTCll HOBbtii 

napaMeTp. 

npeJ.JJJO)t(lfM Tenepb Jl0ll0Jltll1TCJll,ll ble npHeMbl JJ.Jlll oco61,1x C,'lj"laee. EcJIH HeoTp11uaTeJlbl-l0CTb U0CCTaJlaBJlltBae-

MOH cpy11KUl1H Jl0CTltraeTCll npH TaK0M 3llaYeJIIHI napaMeTpa q,g) , 'ITO llMeeT MeCTo HepaseHCTBO 

( I I) 
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TO BOCCT31iOBJJeHJl<UI <pyHKUHSJ nplfllHMaeT B rpynne I 0TpHUaTeJlbllhle ]lla'JCJJl,JSJ 8 HeKOTOpOH 0KpeCTHOCTH T0'-IKH uo, 
K0T0plUl TeM WHpe, '-lt:M 60i lbWe M0ilYJlb JleBOH '-laCTli HepasettCTBa. ,IJ,.11SJ ycTpa1-1e111U1 3T0ro IICJJ.OCT3TKa Hl1'-1ero 1-1e oc­

,-aeTCSJ, KaK 061,eJlHJ-IHTb rpyrn1bl I 11 2. 

np11 B0CCTaJJOBJICHJHI CJ/efla H(lllpaeo M0lKeT 0KaJaTbOJ 0TpHU3TeJlbHOii BeJlHLJHHa 1s1> . '.:ho JHa'-IHT, '-ITO B HeKO­
/ ,l 

TOJ)0H OKpeCTHOCTH HyJJeBOH 3HeprnH ll0CCTaH0I\JleJIJl8}) <pyHKUHSJ np111111MaeT 0Tp11uaTeJJbHbJe )Ha'-let·JHSJ. )lJJSJ ycTpatte­

JHHI 3Toro 11euoCTaTKa Ha)l0 fJOTpe6osaTb fl0JIOlKHTeJJbH0CTH ff,? npH onpeneneHHH napaMeTpa. 

Ecn11 B0CCTaH0B.llCHJie ocylll.eCTRJllleTCSJ rnpaea HGJ/eBo. OTJ)HUaTeJJbH0H M0lKeT OK838TbCH seJJH'IHHa <l>i:6. 3To 

3~JaLfHT, 'ITU BOCCTaHOBJJeJ-JHaH cjJyllKUHSJ 11pHmtMaeT 0TpHU3TeJll,Hhle 3Ha•-1et111SJ B HeKOTopoil OKpeCTHOCTH uo . ,lJ,.nSJ 

ycTpaHeHHSJ ::noro 1-1enocrnTKa cJ1eJlYeT noTpe6osaTb nono:.une111,11ocTH <1>L16 npu onpe.11ene1-1111t 11apaMeTpa. 

Dp1-1 11cnon1,3oaa1-11111 Toro lKC nonxo.na napaMeTp ft,~ M0lKeT oKaJaTbCSJ TaKHM, '!TO 6yneT BblflOJlHSJTbCSJ 1-1epa­

seHCTBO 

2 I (2) 
--$7 --:;E7_1J- < 0. E~ .., 1,0 

/-) 

3To 0JHa'-!aeT, '-ITO B0CCTaHOBJJeHH,UJ <pyHKUHSJ OTpHuaTCJlhHa B HeKOTOpOH OKpecTH0CTH Hynesoi-i 3Heprn11 . .!l.nSJ ycT­

paHCHHSI 3T0ro 11enocTaTKa cnenyeT 061,e)lHIIHTb rpynm,1 C IJ0MepaMH / H (i -1). 

fpynnosoe pa36Hetrne M0lKeT 6b1Tb TaKHM. lfT0 npH 0TCY'fCTBHH CTOp0HHHX HCTO'-IHHKOB HCHTpoHOB COOTBCTCT­

BYJOl.l.l.CH 311eprn11 mnerpanbl <l>i B 11eCKOJlbKHX nepBblX f1>YTiflax MOl'Y'f 6b1Tb M8Jlbl. KpoMe T0fO, Ha <pOHe 3THX MaJlblX 

<1>1 npH on:yrcTBHH IICTQ<IJHIK0B TCpMOSJ,'lepllblX HeHTpOHOB H np11 HaJIH'-IHH COOTBeTCTBYJOl.l.l.eH HM yJKOH rpynnbt B 

Heii M0lKCT IIMCTb MeCTO JaMeTtlblii nposari rHCTOf1>8MMb) <1>1 . 8 TaKHX ycJlOBHSJX napaMeTpH38Ultll K8K npHeM no 

o6ecne'-leHHIO llOJl0lKHTCJlbHOCTH BOCCTaHaBJlHBaeMOH cpyHKUHH M0lKCT 0TK838Tb B 3TOH o6nacrn.. TTo3TOMY T8KHC 

rpynnLJ UeJJecoo6pa3HO 061>eI1HHSITb JlO 11a'-1ana BOCCTaJ·J0BJleHH51. TTpHMep TaK0H CHTyauHH 6yneT npencTaBJleH B cne­

.UyJOI.J..l.eM pa3}lCJIC. 803MOlKIIO 061,e}lHJ·JCIH!e no a,rnnornlfH0H npH'-llllle 11 HeCKOJlbKHX llOCJle}lHHX rpynn. 

DycTb Tenepb HMeeT MeCT0 TepMOSJJlepllblH llHK. TTpHCBOHM yJK0H rpynne TepM0SJJlepHblX HettTpOHOB HH.UeKC i1. 

Han11t1He TepM0SJ.Uep1mro llHKa 03HalfaeT Bblll0JJJ-leH11e 11epaBeHCTR 

<l>,,-1 <$11 ><l>,,+l· 
TTpe}lJlaraeM llOCTynaTb cnenyl0I.J..l.llM o6pa30M. B rpynnax C H0Mepa~rn i = I - ( ii - I ) cne)lyeT HCf"I0J1b30BaTb npH6JlH­

lKeHHSJ (5) JI (6) H C00TBCTCTBYIOl.l.l.HC cpopMyJlbl Jl)lSI pac'-leTa K03<p<pHUHeHTOB. nocne onpeneneHHSJ napaMeTpa CTaH0-

BHTCSJ HJBeCTJIOi-i BeJJH'-1111-13 <1>1, -1.1 > 0. 8 f1>Yllne C H0Mep0M i = i1 npeJl)laraeM HCfl0Jlb3088Tb "TpeyronbHYIO" an-

npoKCIIMaUHIO 

{

"' 2( )<l>;,o -<l>H.1 
'+'i-1.1 + u - ui-1 , 

( ) 
~u, 

cp ll = 
"' 2( ) <l>;,1 -<l>,.o 
'l''l + U-11 · 

I, I ~ lll • 

noTpe6osae coxpa1-1e1-1Hsi HHTerpa11a <I>;, , noJJY'fHM <p0pMyny MSJ pac'-lern <l>i.1 npH i = i1 : 

4 
<1>1.1 = -;-<I>; - 2<1>,.o -<1>1-1,1 . 

D.11, 

BeJIH'-IHHY <I>,, ,0 6yneM C'IHTaTb napaMeTp0M, 3Ha'-leJJHe K0Toporo JlOJJJKH0 o6ecne'-IHTb llOJlOJKHTeJlbH0CTb BOCCTaHaBJJH-

BaeMoil <pyHKUHH B HIITepsanax C JIOMepaMH i ~ if • KaK BHilHM, npe)lCJlbHblM SJBJl51eTCSI cne.uyJOI.J..l.CC 3118'-ICHHC napaMeTpa: 

2 I 
$;1 ,0 =~<I>;, -:,-<l>;,-1.1, 

L>.Ulr -

np11 K0T0p0M seJIH'-IHHa <l>,,.I o6paw.aeTCSJ B HYJIL. TTycTb Jl.JISI o6ecne'-leHHSI llOJl0JKHTeJlbtl0CTH B0CCTaHaBJlHBaeMOH 

<pyHt.:UllH B rpynne. 11anp11Mep. C H0Mep0M i rpe6yeTCSI nallbHei-iwee yseJlH'-leHHe <I>; 0. Ec,rn i 3aMeTHO 60JlbWC 
I• 

(it+ 6), IIJ)C).UlaraeM npcrnecrn CMe11y napaMeTpa TaK. KaK 61,u10 CKaJall0 BbJWe Jl)lSI CJIY'-l<UI B0CCTaH0BJlCJJHSI CJleBa 

Ha11pa80. EcJIH )KC i 6om,we ( i, + 6). HO 6JJH3KO K 3TOMY II0Mepy MJlH i Me111,we ( i, + 6), npeJlJ]araeM ll0CTynaTb cne-
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.llYIOLUHM o6pa30M. B rpynne TepM0st.UepHblX HeiiTp0H0B HCII0Jlb3yeM 11pe.ueJ1bHOe 3Ha'leHHe napaMeTpa cl>, 0 H IIepe-
1 , 

1-1yMepyeM rpynrlbl , npHCB0HB 6blllweii rpynne C f-l0Mep0M ( i, + I) II0Mep I . naTJee npoue.uypa B0CCTall0BJlCHIISI :mepre­

Tl1'leCKOii 3UBIICl1M0CTH llJ)0B0)lHTCSI TaK, KaK 61,1110 IIJJIO)KeHO BbIWC np11 OTcyrcTBIIH TepM0stllepH0f'O IIHKa. B '.:!TOM 

c11yYae Ha 1-1oeoii rpa1-111ue 110 6y.11eT p,np1,IeHa neperui 11po1neo.1111rut. 

B1,1J1eJ1HM nna oco6b1x CJl)"last. Ecm1 i1 = 1, TO ee1111<11rna cl>o.1 = 0 . Ec11H i1 = 2, To B nepsoi-i rpynne npew1araeM 

HcrIOJlb30BaTb npH6JJHlt<eHHe (6). ll0Tpe6oeae paee11crna 11ymo B TO'lKC 110 cpyHKUIIH cj,(11) H ee nepeoi,\ np0H3R0)lHOii 

11 BblrtOJll-leIIHSI (4) npH i = l. Toma KO'.:lct,<t>HU1lel1Tbl MO)Kf-10 Bbl'lllCJlSITb 110 q:iopMy11e 

cp<n-1) 
cp(n) =(3-n)-l_,l _ 

I.I ~lll • 

Ille /I - 0 2· ,1,(0) - "' · ,1,(-1) - "' - - • 'l'J.I = '1'1,1 • '1'1.1 = 'l'l · 

2. LIHCJlEHHhlE TTPHMEPhl 

B Ka'Jecrne npHMepa paCCM0TJ)HM 38Jla'ly B0CCTaf-l0BJleHIUI npe.llJl0lt<Cf-lHbIMH cnoco6aMlf <l>YHKUHH cp(u) 8 aKTHB-

11oi-i 1011e II B 0Tpalt<aTe11e cct,epH'leCK0H KpHTH'lCCKoi-i c6opKH PU-MET-FAST-01 1 (coKpaLUeHH0 pmfl 1). XapaKTe­

pHcTliKH 3TOii c6opKH npHB0llSITCSI B Me)l(JlyHap0Jlll0M cnpaB0'lHHKe (4]. AKTHBHIDI 301-13 c6opKH pmfl I C0CT0HT H3 

Mern.nJ111'lCCK0r0 IUl)'fOHHSI, BblCOK0060raLUellllOf'O H30T0ll0M 
239Pu. C6opKa HMCeT BO)lSIIIOtt 0Tpalt<aTeJlb TOJllUHHOii 

25,4 CM. nnsi aKTHBH0j.i 30Hbl BeJIH'lHl!a 01: = 0,27295 CM-I, a .llJlSI 0TpalKUTCJlSI 01: = 0,03896 CM-I. 

Op11 peweHHl1 ypae1-1eHHSI nepeH0Ca npHMeHllJlOCb S16·llpH6JJHlt<e1-1He Sn·MeTona [51 H HCl10Jlb30BaJ1HCb nepBH'IHble 

1-1eihpo11Hb1e K011CTU11Tb1, nonroToBJ1e1-11-11,1e no 61-1611HoTeKaM 1-1eiiTpoHHblX na1-11-1b1x ENDL-78 11 ENDF/B-6 c noM0LUblO 

nporpaMMhI RMK apx1rna BEND [6J. npu pac'leTe napaMeTpa 11cno1I1,3oea11ac1, nporpaMMa Solver HJ nporpaMMHOro 

o6ecne'lel!Hll 3JleKTJ)0HHblX Ta6J1HU Microsoft Excel 97. npu :!TOM Mbl np0llBHraJlHCb II0CJJenoeaTeJJbH0 OT rpynnhl K 

rpynne, Bbl'IHCJlSUI napaMeTp, ec.rrn :no Heo6XOJlHMO, Ha Ka)K1IOM ware no i H nepH0llH'lCCKH np0H3R0,Ull 11poeepKH no­

BT0pSleM0CTH HaiiJJ.CHH0ro peweIHrn . CTpH B0CCTall0BJJCllllli HCllOJlb30BclllHCb 31-la'leHHSI cl>, , cyMMa K0T0J)blX 110 BCCM i 

paRHllJlaCb I. 
C11a•1ana 61,111a pacn10TpeHa 3a,n,aya eoccrn110BJJemrn no pe3y11HaTaM 8-rpynnoBLIX pacyerne cl>, . fpaHH'lHbie 3Ha-

'te1111S1 11eTapnrn Hcno111,3osaBwerocH 8-1pynnoeoro pa36He11Hll paBHbl np11 £00 = IO MaB: u0 = - 0.35 • . 111 = 0,5, 

l/2 = I, U3 = 2, 114 = 3, 115 = 4, 116 = 6, 117 = 8, Ilg= 00, Cpe.UHIOIO TeMnepaTypy c6opKH pmfl 1 MO)KH0 npHHllTb pae­

llOil T = 300 K [4]. np11 oueHKe 31Ja'ICIIHSI EF orpallH'lHMCSI HCll0Jlh30BUIHteM npH6JlHlt<eHHOtt cpopMyJibl 113 pa60Tbl 

[7] EF = 7T. K0TOpru! cornacyeTCSI C peJyJlbTaTaMII 6011ee paHHHX OUCII0K. Toma Jlla'leHHSI UF. ~F.1 H ~F.2 paBHbl 

17,82; 6, 7049 ft 3,0310 CO0TBCTCTBelrn0. 8 3TOM npHMepe ,llJISI 06ec11elJCHHll ll0JJ0)!(HTeJlMI0CTH BOCCTaHaBJlHBUCMOH 

ct>YHKUHH 11e npHWJl0Cb MCHSITb 11apaMeTp 11 np1-16eraTb K JlOllOJlHIITeJlbHbIM MepaM IB pa3,ue1Ia I. 3Ma'leHHe napaMeTpa 

B UKTl1BH0ii 30He OKa3,lJl0Cb paBHbl~t cp\~l = 0,777753 ... , a B UTJ)UlKaTeJJe q>e) = 0,009527 ... 

nnsi 0611acTei-i TOii lt<e c6opKH 6b1J1a pacc~10TpeHa 3a,ua'la BOCCTal-lORJICIIHSI no pe1yJlbTaTaM 38-rpynnOBblX pactJe­

TOB cl>,. fpa11uu1,1 rpynn npe,ucTaeJ1e1-11,1 e rn61111ue. CTpH pac'leTe 11ernprni-i ttcno111,3oeanac1, ee11H•IH11a £00 = IO MaB. 

CMeHa nepeMellllblX npmtCXOllHJla e 33-i-i rpynne npH ROCCTaJ-IOBJlellHH CJleoa HWlpaoo HJlH s 32-H rpynne npH ROC­

CTaH0BJlCIH1H c11pa«a H(Ull'60. B Ka)KJlo~i 0611acTH c6opKH K0HCT31-1Tbl 6bUIH 6J10KHpOBUllbl 110 C0CTaBY npH ytJeTe BCJll1-

'lHlibl oI: C ll0M0WblO MCT0,UHKH HJ pa60Tbl [ I l H C00TBCTCTBOBaJlH cpe!!Heii Te~mep,rrype c6opKH. XHMH'leCKllll CBSl3b 

B0,ll0po,ua ll BO.UC He 6b1Jla Y'lTCl!a, HO 6b1Jl Y'lTell npouecc peTepMaJlHJaUHH 11ei1TpOHUB Ha B0JJ.0J)0JJ.e. 

nepen B0CCTaHOB.TJeHHCM B aKTliBI-IOli JOI-IC 6btr1H o6beJJ.HHellbl 1-3-SI rpynnbI, TaK KaK 3Ha'leHKSI cl>, B llllX MaJlbl, 

a B eeCbMa yJKOH no JJeTapl HH 3-i-i rpynue IIMeJICSI H 3aMCTllblH "npoean" rncrorpaMMbl cl>1 • O11HaKO ll npouecce B0C­

CTaH0BJlellHH CJleoa Hl111pll80 CTano Bblll0JlHSITbCSI ttepaeeHCTB0 ( 11 ). 3TOT He)l0CTaTOK 6blJI yc1 paHeH o6beJJ.HlleHHeM 

I- 4-H rpy11n. np11 na111,1-1eiiweM Boccrn110BJ1eH1rn n0Tpe6011a11ac1, 0JlHa c~1e11a napaMeTpa e rpy11ne 26. Hai-ine11m,1e 

311alJCHlill napaMeTpOR, o6eCllC'IHRW11e llOJlO)KHTCJlbHUCTb cj,(11), paBllbl cpe)4,l = 0,0470864 .. . cl>i~,\ = - 0,0021466 ... 

np11 B0CCTall0f\JlCHltli cnpaea HGJleeo TaKJKe 6b1Jlll o6be,UHllellbl I- 4-SI rpynnbl II ll0Tpe6oe:uiacb o,u11a CMe11a napa­

MeTpa 13 rpynne 13. Hai-i.u,e~1111,1e 311a,1em1H napaMe-rpue pa11MhI: fi'.~l = - 424,4680 ... 38"3, cpg~o = 0.0481255 ... Pe-

3YJlhTaTbl B0CCTaH0R!lellHSI CJreea H(lllpaoo 11 c11paaa HCUieno B aKTHBtlOii J0He pmfl] 11paKTH'leCKII C0BmLnlt. HecyLUe­

crne11111,1c pa]Jll1411SI IIMCI0r MeCT0 B OKpeCTIIOCTSIX T0'leK "1J = 5.370888 H 1125 = 14,58123 113-Ja K0He'lH0rn p,.npbl-
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,... 

na nepsoii npo113sonttoii 6eJ 113MetteHHH 3HaKa B ::H11x TO'lKax np11 CMette napaMeTpa . .Ilnll 111111t0CTpau1111 rpacp11'lecK11 

Ha p11c. I np1rnene1-1bl peJyilbTaTbl BOCCTat·I0B.HeH11ll c11eaa Hanpaeo 11 cnpaea HCU1eao B rpynnax c H0MepaMH 13-14. 

Pa3JIH'll151 B TOltKe u25 = 14,58123 e1Ue Mell bLUe. 

fpaHHUbl rpy1111 38-rpynnosoro 11pH6JlH)l(eHHll 

HoMep £,-1 £, u,-1 u, 
fPYllllbl i 

20 M38 17,5 -0,69315 -0,55962 

2 17.5 14,1 -0,55962 -0,34359 

3 14,l 13,9 -0,34359 -0.3293 

4 13,9 10,5 -0,3293 -0,04879 

5 10,5 6,5 -0,04879 0,430783 

6 6,5 4 0,430783 0,916291 

7 4 2,5 0,916291 1,386294 

8 2,5 1,4 1,386294 1,966113 

9 1,4 0,8 1,966113 2,525729 

10 0,8 0,4 2,525729 3.218876 

11 0,4 0,2 3,218876 3,912023 

12 0.2 0,1 M3B 3,912023 4,60517 

13 100 K3B 46,5 4,60517 5,370888 

14 46,5 21,5 5,370888 6, 142287 

15 21,5 . 10 6,142287 6,907755 

16 JO 4,65 6,907755 7,673473 

17 4,65 2,15 7,673473 8,444873 

18 2,15 1 K3B 8,444873 9,21034 

19 1000 38 465 9.21034 9,976058 

0,035 

0,030 

::, 0,025 - !II. 
:a. •• 

0,020 

0,015 

5,0 5,2 5.4 ll 
5,6 5,8 6.0 

P11c. I. <l>parneHT JamrcHMOCTH $(11) 11a 11rnepnanc II e [5, 6] 
n aKTHBIIOH JOIIC pmfl I : - - 38-rpynnosoi-i cneKTp $;, 
BOCCT3HOBJ1CHIIC CJleBa 11a11paeo; - - - - 38-rpynnonou 

cneKTp $;, 0occra11oa.nem1e cnpaea /l{Lfleeo 

HoMep £1-1 £, u,-1 u, 
flJYllllbl i 

20 465 38 215 9,976058 10,74746 

21 215 100 10,74746 11.51293 

22 100 46.5 11 ,51293 12,27864 

23 46,5 21,5 12,27864 13,05004 

24 21,5 10 13.05004 13,81551 

25 10 4,65 13,81551 14,58123 

26 4,65 2,15 14,58123 15,35263 

27 -,15 1,205 I 5.35263 15,93162 

28 1,205 0,904 15,93 162 16,21902 

29 0,904 0,603 16,21902 16,62393 

30 0,603 0,362 16,62393 17,13421 

31 0,362 0,241 17,13421 17,54105 

32 0.241 0,181 17,54105 17,82735 

33 0,181 0,129 17,82735 18,16604 

34 0,129 0.086 18, 16604 18,5715 

35 0,086 0,052 18,57 15 19,07461 

36 0,052 0,034 19,07461 19,49949 

37 0,034 0,026 19,49949 19,76775 

38 0,026 0 19,76775 

0,0245 

0,0244 

0,0243 

::, 
0,0242 

-e- 0,0241 

0,0240 

0,0239 

0,0238 

9 10 11 12 

ll 

P11c. 2. <l>parMeHT JaBIICIIMOCTII $(11) 11a HHTCpaane II E (9, 12] 
n OTpaJKaTene pmfl I : - - 38-rpynnoooi,i cneKTp $;, 
11occTat-1OBJ1eH11e cJ1eea 11anpaeo; - - - - 38-rpynnoaoi,i 

cneKTp $;, llOccratroa.ne1rnc cnpaea 11GJ1eeo 

B 0Tpa>KaTene npH BOCCTaHOBJleHl1H CJle8a H0llp080 npensapHTeJlbH0 6blJ1H 06'beJ11HleHbl rpynnbl 1-5 no TOH lKe 

npH'lHHe, '!TO H B aKntBIIOii JOHe. OnHaKO nocne TaKOro o6'beJlHHCHH51 CTan0 Bblll0JlHJ'ITbCll HepaBeHCTB0 ( 11 ). ,/lnll 
yc-rpa1-1et1Hll ::noro 11enocTaTKa OK33a./10Cb JlOCTaTO'lliblM o6'benHHHTb rpynnhl I- 6 nepBOl13'laJlbHOro pa36HeHHSI. CMeHa 

napa.MeTpa noTpe6osanacr, B rpynne 26. Hai-inettttb1e napuMeTpbt paBHbJ: q>~~6_1 = 0,0025825 .. , q>~~I = - 0,0003955 ... 

npH B0CCTaH0BJ1eI11rn cnpaBa H.QJle80 TaKJKe 6bIJlH o61,enm1e11bl rpymlbl 1- 6. npH BOCCTaHORJJeHHl1 no-rpe6osanacb 

CMe11a napaMeTpu B rpynne 20. Hu~ine1-1111,1e napaMeTpbI pas1-1bI: ft,~ = - 51851,24 ... 38_·3, q>~i~o = - 0,0001057 ... KaK 

11 B aKTHBHOH JOI-le. pe3yJlbTaTf,I BOCCTUIIOBJleJ-11151 CJleBa HanpaBO 11 c11pa«a HlUleBO npaKTH"ICCKH COBllaJJH. C11a6ble 

pa3JIH'lHll np0llliJ(lllOTCll JlHWJ, B OKpecrnocrn T0'leK Z120 = 10.74746 11 U25 = 14,58123 HJ-3a pa:ipbrBa nepsoi-i npo-

HJB0JlHOH 6e3 li3Me11e1111l1 3HaKa B 3THX T0'lKUX np11 CMetre napaMeTpa. ,/lnll HJlJll0CTpau,rn rpa<pH'leCKH Ha pHC. 2 np11-

Benettbl peJy.l!bTaTbl BOCCTatlOB./lCHll51 CJleBa FWllpC180 Ii cnpaea HaJletJO B rpynnax C H0MepUMH 19-22. KaK BHJlHO HJ 
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pHcy1-1Ka, cornacHe enom1e npHe~UJeMoe. Pa3/1H4Hll B OKpeCTIIOCTH T04KH U25 = 14,58123 Toro lKe nop.11,uKa • 4TO H B 

OKpeCTHOCTH T04KH t/20 = 10,74746. 

8 CB513H co CKaJallllblM 1-!aMH npeJVJOlKeH 3KOHOMH41lb1H nonxo.u, 11aJBaHHblH acmpe'IHbLM BOCCTaHOBJte,rneM: on­

HOBpeMeHHO npOBO,U.IITC.11 BOCCTaHOl!Jle11He CJ/efJa Ha11paao np1-1Mep110 /lTUI nOJlOBHHbl o6tuero KOJll14ecrna rpynn H 

c11paaa HQ./leBO WI.II OCTa.llbHbtX rpynn. HanpHMep. 8 CJ1y4ae HCl10.llb30BaBweroc51 HaMH 38-rpynnoeoro pa36HeHHSI B 

aKTHBHOH JOtte pmfl I npH 8C111p€'1HO.M BOCCTallOBJleHHH MOJKHO noneJJHTb KO.llH4eCTBO rpynn nonoJJaM. B OTpalKaTeJte 

pmfl I llpH acmpe'IHO.M no,uxone BOCCTaHOBJleHHe CJ/€(JQ Hanpaao MOlKIIO nposonHTb no 20-i-i rpynnbl BKJll04HTeJlbHO, a 

BOCCTaHOBJJeHHe c11paaa Haneao B rpynnax 21-38. B o60HX CJIY'HUIX npH HCfl0Jlb30BaHIHI acmpe'IHOW BOCCTallOBJleHHll 

CMellbl napaMeTpa He -rpe6yeTCR. 

11TOfOBble peJyJJhTaTbl 80CCTaHOBJ1eltH51 npenCTaB.JleHbl rpacflH'ieCKH Ha pHC. 3-8. DocKOJlbKY see KpHBbte HMeJOT on­

HY IIOpMHpOBKY, HX cpaBHeHHe nOJBOJl.SleT flO.llY4HTb 1-iarnRnttoe npe.ucrns.nettHe O noc.11encrn1u1x nepexona npH BOCCTa­

HOBJJeHHH OT ManorpynnOBblX cneKTpOB <I>; K MHororpyitnOBblM. B paCCMOTpeHHOM npHMepe o6pawatoT Ha ce611 BHHMa-

HHe Hey.uoBJJeTBOpHTeJJbHble C q>H3H4eCKOH T04KH 3peHHll peJy.llbTaTbl BOCCTaHOB.lleHHll rtpH HCflOJlb30BaHHl1 8-rpynnOBblX 

cneKTpOB <I>, B 06.11aCTH 3Hepnrn 38Me.ll)UIIOWHXCll HeHTpOHOB. ,iln51 yc-rpa11eHH51 3TOfO He,UOCT8TKa He06XOllHMO }le.llHTb 6-

8-to rpym1b1 8-rpynnosoro pa36HeHH51 Ha 6011ee Me.llKHe H oco6eHHO rpynny 8, TaK KaK £ 7 "" 3,4 K3B >> 

>> E F "" 0, 18 3B. Cna6asi HeMOHOTOHHOCTb ¢YHKUHH <l>(u), BOCCTal-JOB.lleHHblX no 38-rpynnOBblM cneKTpaM <I>;. 11a 

OT,Ue.llbHblX y4acTKax 8 o6naCTH 31-!CprHH JaMe}lTllllOWHXCll Hei-iTpOHOB, me WHptrna rpynn npaKTH4eCKH nOCTO.IIHHa, 

o6ycnoBJJeHa HeMOHOTOHHOCTbto HJMe1-1et-1Hi1 <I>, npH HJMeHel-11-IH COOTBeTCTBytoU.lHX i. 
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P1-1c. 3. rpaqmKH 3ao1-1c11Mocr11 cp(u) Ha HtlTepsane II e [-1, 1 IJ 
s aKTHBHOii 3011e pmfl I: - - 38-rpynnosoii cneKTp 4>;, 

ecmpe•moe soccraHoBJTeHHe; - - - - 8-rpynnosoii cneKTp cp;, 
soccTa11oaneHHe CJ1eea Hanpaso 
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PHc. 5. rpaq>HKH 3aJJHCl1M0CTII 4>(11) 11a HHTepsane II E [ 16. 22) 
B aKrnu11oii 3011e · pmfl I: - - 38-rpynnosoii cneKTp cp,, 
ecmpe1111oe uocCTaH011J1e1111e; - - - - 8-rpynnosoii cneKTp ~;. 

ll0CCTall0MCHHC c11eea HQIIJ)OBO 
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P11c. 4. rpaq>lfKH 3aJlHCHMOCnt cp(u) Ha Hlffepuane " E [ 11, 16) 
B aKTIIBII0H 30He pmfl I : - - 38-rpynnoBOH cneKTp 4>;. 

ecmpe1111oe eoccraHoBJTeHHe; - - - - 8-rpynnosoii cneKTp 4>;. 

0.06 

0.04 

0 .02 

-1 0 

B0CCTaH08JlC11HC CJleBa Hanpaeo 

.,.-...... 1' -------· . -........ -. 
2 3 4 5 6 7 

u 

, 

! , 

/ 

, ., 
,,. 

B 9 10 11 

Puc. 6. rpacp11K11 :ianucHM0CT11 cp(u) Ha mffepeane II e (-1, 11] 
R OTpa:KaTene pmfl I: - - 38-rpynnoooii cneKTp cp;. ecmpe•moe 

BOCCTaH0RneHHe; - - - - 8-rpynnoooH cneKTp cp;, IJOCCTa.JI0llfJCHIIC 

c11esa 11anpaeo 
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P11c. 7. rpaq>11KH JaB1tc11Mocr11 ~(u) 11a 11ttTepsane 11 e l 11, I 6J 
e oTpaJKaTene pmfl I : - - 38-rpynnosoA cncKTJ) cp;, 6cmpe•moe 

BOCC"raHOJ11CHltC: - - - - 8-rpynnosoj.j cncKTp ct,/, BOCCTaHOBJlCIIIIC 

c;1e6a Hanpa6o 
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P11c. 8. rpaq>IIKlt 3MIICIIMOCTII cp(11) 11a HHTCpBane II E [ 16, 22] 
II OTpll)KaTene pmfl I : - - 38-rpymIOBOH CrICKTJ) cp;, 6C111pe11-

HOe BOCCTaJIOBJlCHIIC: - - - - 8-rpynnoooj.j cneKTp cl,;, BOCCT,IHOB· 

J1e1me c11eBa Hanpa6o 

3AKJIIOY:EHIIE 

Jlm1 npH6J1H)!(eJmoro )"ICTa BJ1Hlllll-OI 311epreT1-l'ICCKOH 33BHCHM0CTH Ce'lel-IHH Ha :mepreTHlJecKyJO 33BHCHMOCTb no­

T0Ka Hei.iTpOHOB npe.!Jj]O)!(eH0 BOCCTaHa8JlH83Tb no pe3yJlbT3TaM MHOIOrpynn0BblX paClJCTOB 3HepreTH'lCCKYIO 338HCH­

MOCTb 0606LUem1oi.i nJJ0TH0CTJ-1 coynapeHHH . M11ororpynnoBOH cneKTp 0606w.e1111011 nJJ0Tli0CTll coy11apeHHH $; CBll33H 

c MH0rorpynnOBblM cneKTp0M n0T0Ka HCHTp0H0B (j), C0OTIIOWCHHCM (2). 

8 paJ11eJ1e J npellilOlKCllbl JlBa no11xo.ua K pewCHHIO nocTaBJICHII0H 33Jla'lH. TTepBblH HJ IIHX HaJBaH BOCCTaH0BJlC­

HHeM c11eaa HGllpG60. TTpH ero HCnOJlb30BaHHH B0CCTall0BJICIIHC Ha'lHllaCTCll C 11a1-160J1bWCH :;mepn-111 H 33BepwaeTCSI B 

llOCJlCJll(ei,i rpynne. B npouecce B0CCTaHOBJICHHll npeJlyCMOTpeli nepexo.u OT JlCTapnrn KaK HC33BHCHM0H nepeMCHHOi.i 

K 31-teprn1-1 B rpynne, B KOTopoi,i pacnoJ1olKe1rn ::mepnrn cI>epMH. 

BTopoi1 no.uxo.u Ha383H B0CCTaH0BJlCllltCM c11pa6a HWle6o. BoccTallOBJlCHHC ocyLUCCTBJl_llCTCll B 11anpaBJ1CHHH, 

npoTHB0n0Jl0lKHOM 11anpaBJ1CHHIO, Hcrl0Jlb3YCM0MY npH npHMCIICHHH B0CCTall0BJICHHll Clle6a Hanpaao. 8 npouecce 

B0CCTaH0BJlCHHll 11penycM0TpeH nepexon OT 3HeprnH K3K HC338HCHM011 nepeMeHH0H K JlCTaprm-1 B rpynne, CJlCJlyJOLUCH 

no HanpaBJJCIIHK> BOCCTaH0BJlCHHll 33 rpynnoi1. B K0TOpOH pacnOJI0lKCl!a 3Hepnrn <J>epr,.rn. 

Ka)((Jlb(H H3 110.UXOJlOB rapaHTHpyeT 11enpepblBII0CTI, BOCCTaHaB.rIHBaeM0H q>yHKUltH 11 ee nepBOH 11p01!3BO.UliOH Ha 

rpa1111uax paJne.na rpynn II coxpa11e111-1e 3aJ).3HHblX HHTerpanos 4>,. PaC'lCTbl K03q>q>HUHCHTOB 8 npCJlJIOlKCHHblX an-

npOKCHMaUHllX BOCCTaH3BJ1HBaeMOII cpyHKUHH MOryT 6h1Tb nposeneHbl no aHaJIHTH'lCCKIIM q>OpMyJlaM . 

Oco6oe BHHM3HHC y11e11e110 rapaHTHH n0JJ0lKHTeJlbHOCTH B0CCTaJ-WllJlHBaCM0i-i q>YIIKUH~I. no ::>TOH npH'lHHe npoue­

nypa BOCCTaH0BJleHHll llR.lllleTCll napaMeTpH'leCKOH. 3HalJCIIHe napaMeTpa, o6ecne'lli8alOLUCe flOJlO)!(HTeJlbH0CTb, npen­

n0lKCII0 Bbl'lliCJlSITb KaK pewem1e mo6oii 113 llBYX 33JlalJ, ccj>opMyJrnposairnblX B pa3.lleJJe I. PeweHHC OllHOH 1-13 HHX 

M0lKIIO nony'IHTh C flOM0lllblO nporpaMMl,I Solver H3 nporpaMMlfOro o6ecne'ICHHll MCKTp0Hllb(X Ta6JJHU Microsoft 

Excel 97. 
B PaJlleJle I TaKlKe npellJIQ)l(CHbl JlOn0JJHHTeJlbHblC npHeMbl llJlll 06ecne'leH11S1 flOJJO)l(HTCJlbH0CTH B0CCTaHaBJ111-

saeMO~i q>yHKUHl-1 B 11epBOH HJIH II HCCKOJlbKHX nepBblX H B llOCJ1e.u11ei-i HJlH I\ 11eCK0JlbKHX noc11e.aHHX rpynnax. KpoMe 

T0ro, KaK 11on0J1HHTCJlblll,IH npHCM no o6ecne'le1JHIO n0J10)1(11TeJlbH0CTH npellJI0lKeHa CMCHa nnpaMeTpa C q>HKCUUHCH 

npeJlblllYLUHX pe3yJJbTaTOB B0CCTaH0BJICHHll, B TOM 41-ICJle 11 npe.UblllyLUero napaMeTpa. Ha nepB0H no XOJlY II0CCTaH0B­

neHHSI rpaHHUC rpynnbl, Ha'lHHllil C KOT0poii JleHcrnyeT H0llblH napaMeTp, 803M0lKell K0He'lHblH pa3pb1B nepBOH np0l-13-

II0JlHOH BOCCTaHaRJH1BaCMOH q>yHKUHH. Oco6o orosopeH cJJy'laii, Kor.ua IIMCCT MCCTO TCpM0llllCpHblii IIHK. 

Pac'lCTbl. npHMepbl KOTOpblX npe.UCTclR!lCHbl B paJJICJle 2, llOKa3aJIH npaKTH'leCKOC cosnaneHHC q>yHKUHH, BOCCTa­

H0BJIC(lllb(X c11eaa na11paao H cnpaaa HGJle({O npH IICfl0J(b30BallHH 38-rpynnoBblX cneKTp0B 4>; . B 3TOH CBll3H npe11J10-

lKe11 3KOIIOMH4Hb1H fl0./.lX0ll, Ha3B3HHblii llaMII BClllpe'IHbl.M B0CCTaH0BJ1e1111eM: 0Jlll0RpeMCHIIO np0B0)lHTCSI B0CCT31108-

JJe1rne c11eea Ha11paao npHMepH0 .ll]Jll II0JI0BHllhl 06LUero K0JHl'ICCTBa rpynn II Cl/{JGIJQ H(U/e80 ll)1_ll 01.:TaJlbHblX rpynn. 

Bcmpe'lnOe B0CCTall0BJICll!-le ue.necoo6pa:mo npHMCHllTb 11p11 60JlhW0M K0JIH' ICCTBC rpynn H np11 ero HCn0Jlb30RaHHII 

M0lKCT He fl0Tpe6osaTbCll CMellhl napaMeTp0R. 

norne B0CCTaHOBJlCHHll 3HepreTH'leCKoii 3UBHCHMOCTH 06061ue1111oii rlJl0 TII0CTH coy.uape1111ii paC'lCT 311epreTH'IC­

CKoi1 3URHCHM0CH1 rl0T0Ka HeiiTp0HOR cne.uyeT np0B0.UHTb no q>0pMyJ1e (I). 3TOT cneKTP ~10)1(CT 6b1Th 11Cfl0Jlb30BaH 
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npH pac"!eTe MH0rorpynn0RblX KOHCTallT B TOH 0611aCTH paccMaTpHsaeMOH CHCTeMbl, Jl)Hl KOTOpOH npos0,UHJIOCb B0C­
CT3H0B.TJe~rne 3HepreTH"leCKOH "lallHCl1M0CTH. 

EcJIH 61,1 pe% U1Jla 0 ll0Jiy"letIHH Mltomrpynn0BblX K0IICT311T no 6a30BOii CHCTeMe MYJlhTHrpynnoBblX ,uaHHhlX 

(HIUleKC j), TO 3TY csepTKy npH ycJI0BH~f cosnan,emui rpaHHU MH0rorpynnosoro npH6JIH)l(eHHll C HeK0T0pblMH rpaHH­

uaMH MYJlbTl1rpynnosoro pa361leHHll M0)l(H0 np0B0)lHTb, 11anpHMep. 110 cj:>opMyJlaM 1-13 pa60Tbl [8]. B 3THX cfiopMy.TJax 

CJie.uyeT n0Jl0lKHTb ue~IIIOCTb 11ei-iTpOH0B lie 1UBHCSILUeH OT npoc-rpaHCTBeHHblX Ii yr.noBblX KO0p.UHHaT H HH,UeKca i, a B 

Ka4ecrne MYJlbTHrpynnosoro cneKTpa n0T0Ka ttei-iTp0HOB HCl10Jlb30B3Tb cneKTp 
111 EJ-1 

J q>(11)d11 (or Jq,(E)dE) 

"1-I E; 
cp j = 

r.,a,.J + or, 
3.uecb cfiYIIKUHll q>(u) (HJlH q>(E)) C00TBeTCTBye-r TOMY HHTepBany C H0Mep0M i MH0rorpynnosoro pa36HeHHll, K0TOp0MY 

np111-1a.n.ne)l(a-r 111-1TepBanb1 c H0Mepa~rn j Mymrnrpynnosoro pa36HeHHSI. 
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Y.UK 532.593 

PACIIPOCTPAHEHHE Y)lAPHhIX BOJIH B METAJI.JmqECKUX IIOPOUJKAX 

l ' 2 10. A. KpbICaHOB , C. A. HOBHKOB-, A. B. qepHOB 

I
Hl1U Tl1B. MocKBa 

2
P<t:>.HU-BH11113<l>, 607190, r . Capos. Htt)l(empo11cKID1 o6n. 

npe)UIO;KeHa npOCT3JI MOJleflb pacnpoCTpaHeHIUI y11apHoii BOJIIJbl B nopHCTblX MeTannax. nOJBOnJIIOll.!rul 061,~CHIITb xapaKTepHble 33KOHOMep­
llOCTll '.3Toro npouecca 6e3 np1m11e•1eH11~ ycnoo11ii l'OMOl"CIIHOCTII II TepMH'leCKOH OJIHOpollHOCTII BCUJecrna ]3 <j>pOHTOM ynapHoii BOJlllbl. Mone.nb 
633HpyeTC~ Ha ]3KOH3X coxpaHeHIUI ~taCCbl II HMnyJJbC3. 3HepreTH'leCtrne COOT11owe111ur B MO,!l.eJlll lie HC00.%3ytOT~. 

PROPAGATION OF SHOCK WAVES IN METAL POWDERS/ YU.A. KRYSANOV, S.A. NOVIKOV, A.V. CHERNOV // Anicle 
describes a simple model of shock wave propagation in porous metals. This model allows to explain characteristic regularities of the mentioned 
process without involvement of conditions of homogeneity and thermal uniformity of substance behind the shock wave front. The model is based 
on the law of conservation of mass and pulse. Energetic relations are not used in the model. 

BBE,llEHHE 

.Un.ll onttcatrnll nose.uettttll rnep.uoro Tena nptt y.n.ap­

H0M CJKaTHH WHp0K0 HCll0nbJyeTCll nony::>MmlpttYeCK0e 

ypaBHeHHe C0CT05HHllJ B cpopMe Mtt-fpKlHaibet-ia, a Jl)Hl 

01.(eHKH K03cpcpttUHeHTa r nptt o6beMl!OH llII0Tli0CTH 

Tennosoii ::itteprntt, B o6tueM Btt.lle 3aBHClltUero OT o6beMa 

H TeMneparyphl, HCll0nb3YIOTCll JiaHHbJe no y.napH0MY 

cJKarn10 nop1-1crnro Teep.uoro Tena [ l]. TTp11 arnM npmrn­

MaeTcll, '!TO 33 cppOHTOM y11apHOH B0IIHbl (YB) MaTeptta.n 

roMoreHeH, a Te~mepaTypa B HeM o.u11opo11Ha . .IlaHHbte 

3KCnepttMeHTOB noKa3bl8a!0T, '!TO 11.IJ0TII0CTI, y.uap110-

C)l(aToro nopHCTOro MaTep11a11a M0JKeT 6btTb 3aMeTH0 

HHJKe llJlOTH0CTH cn11ow11oro MaTepHana npH H0pMaTJb­

HblX ycn0BHllX, 1103TOMY npe.unoJI0)l(eHHe 0 roMoreHH0CTH 

MaTepHana 3a cppOHT0M YB He M0)l(eT 6bITh npHHllTO 

6e3orosopOYHO. OueHKH 12] fl0Ka]bIBatOT, 'HO .!lnlf Me­

Ta.rtJIOB BblpaBHIIBaHHe TeMnepaTypbl Ja cppOHTOM YB 
HMeeT MeCT0. eCJIH paJMepbl '!aCTHU nopHCT0ro MaTep,rn­

Jia He npee1,Iwa10T HeCK0nbKl!X MHKp0MeTP0B. npaKH!lJe­

CKl1 see HCCJie)l0BaHltll no y.uapH0MY C)l«lTHIO nopHCTblX 

MeTan11oe, HanpHMep [3], npose.ue11ht 11a o6paJuax. pa3-

Mepbt '!aCTl!U KOTOpblX 6011ee lJeM I-ta nopll,U0K npeBbIWa­

lOT npHse.ueHHble BhIWe oueIIKH, T. e. noc11e np0X0lK.[le­

HIUI YB '!aCTHl.(bl B 3TltX 3KCnepHMe11TaX ]aBeJl0M0 Tep­

Ml!'leCKH He0)lll0pO.llllbl. no3TOMY HeO.lll-f0KpaTtl0 llp0B0-

JllfJlltCh 11cc1Ie.uosaH1HI, 11anp11Mep [ 4], 110KaJaew11e, YT0 

ltJMeI•[eIrne pa3Mepa YaCTlfl( B nopHCTblX Menl.flJllt'ICCKHX 

o6paJuax s HHTepeane 0,5-100 MKM tie llJHISleT Ila CK0-

p0CTb YB. Ha 3T0M 0CII0BUHIIH. a TaKlKC 110 peJyJihTaTaM 
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aI-1an0nt'!HblX HCCJle)l0BaHHH [3J C)leJlaH BblB0Jl 0 TOM, lJTQ 

y11apH0-B0JIH0Bble npoueCCbl npH C)l(ai:HH nopHCTblX Ma­

TepHall0B 6111-tJKH K paBH0BeCHblM, '!TO ll03BOJllleT HC­

llOJlbJOBaTb COOTH0WeHHll paBHOBeCHOH TepMO.llHHaMHKH. 

Cne.uyeT 110,U'lepKHYTb, lJT0 llpll YKa3UHH0M BbIWe 

no.uxo.ue tie Y'lHTbIBaeTCll cpopMa lJUCTHU B nopttCT0M 

Ma-repmuIe, II0CK0JlhKY nopHCTblH MaTepHall ClJHTaeTCli 

roM0reHHblM. B HeK0T0pOM npH6IlttlKeHHH 3TO MOJKeT 

6hITI, onpaB)laHH0, TaK KaK M0JKH0 11011araTb, '!TO B./1Hlf­

Irne JlHcnepcHH pa3Mepa JepeH MeTannHYecKoro nopowK.a 

11 cpopMbl II0BepXH0CTH CJlyYaiiHO op1-1e11rnp0Ba1IHblX 

'IaCTl!U HenpaBHnbH0H KOHcp1-trypau1rn Ha JllaYellHll na­

paMeTpOB YB 110JIJKH0 IIHBe1111poBaTbClJ npH ycpemteHHH 

no o6beMy o6paJua, o.u11aKo K0nHYecrneHHalJ oueHKa 

BJIHlll-fl{ll 3T0ro nptt6Jltt)l(eHHlJ He M0lKeT 6bITb nonyYeHa B 

paMKax YKaJaHHoro no.uxo.ua. 

npe11J1araeMID1 B pa6oTe npocTIDI M0JleJlh pacnpo­

CTpaHeHHll YB B 11op1tCTblX MeTaJUlaX, xopowo cornacy­

l!Cb C 3KC11ep11MeHT0M, 1103B0JllleT o6bllCHHTb xapaKTep­

Hble 33K0H0MepH0CTH 3T0ro npouecca 6e3 npHBJleYeHHll 

yc110BHH rm10reI-!II0CTH H TepMH'!eCKOH 0JlH0p0JlH0CTH. 

3ABMCHMOCTb CKOPOCTH JIBIDKEHlUI 
C[IJJOWHOfO MATEPHAJIA B OOPE 

OT MACCOBOB CKOPOCTH 8 YB 

nocKonbKY nop11cr1,1ii MaTep11an npe.ncrnB.JtlleT co6oA 

xaOTH'leCKHii K0H11JOMepaT 'laCTHU HenpaBHJlbHOH cpop­

Mbl, TO .aJtll onucaI-nIll II cpe;meM pacnpoc rpa11eI11-1l! e 1-1eM 

YB ~I0JKH0 BOC II OJI h30 BaTbCll 3BpHCTHlJeCKltM 110.UX0Jl0M, 



npeitCTaBHB MaTepHan 8 BH.!le Ha6opa 'taCTHU, pa311e.neH­

HblX nycTblMH npoMelKyrKaMH. BpeMll pacnpoCTpaHeHHll 

YB no nopHCTOMY MaTepHany npHHHMaeTCll paBHblM 

C)'MMe epeMeHH pacnpocTpaHetrnll YB no cnnowHoMy 

MaTepHa.ny 11 epeMeHH llBHlKeBJill CnJlOWHOro MaTepHana 

B nycTblX npoMelKyrKaX co CKOpOCTblO w, T. e. M0)1(H0 

3al1HC3Tb 

1/U(u) = d!Uo(u) + ( I - d)Jw(u), 

r,ue d - OTHOCl1TeJlbHall llJIOTHOCTb nopHCTOro MaTepHana; 

u - CKOpOCTb YB B nopHCTOM MaTepHane; Vo - CKOpOCTb 

YB s cnnowttoM MaTepHane. 

CKopocTb w MO)l(HO npe.ucrnsHTb s BHlle w = ku, rne 

LI - MUCCOBall CKOpOCTb B YB, OTKy11a llOJiyYaeM OCHOB­

HYIO cpopMyny, HCllOJlb30B3BWYIOCll B pac'ternx: 

k = (I- d)UJ[u( I - dUIU0 )]. 

Bb16op HCTO'IHHJ<OB .uaHHblX, npHMettlleMblX .llJlll pac­

•IeTOB, BO MHO!"OM .llHKTOBaJlCll TeM, '!TO y.uapHble a.aHa6aTbl 

nopHCTblX [3) H cnnOWHblX [5) MCTanJlOB onpelleJUIJlHCb no 

O.UHHM H TCM lKe CTaH.UaJ>THblM MCTO.!lHKaM, ttTO CHH)trneT 

norpewHOCTb onpe.ne.neHHll BeJll,f'!HHbl k. 
norpeWHOCTb pac'!eTa BeJIH'IHHbl k, onpe.aeJUleMa.si 

norpeWHOCTllMH 3KCnepHMeHTaJlbHblX 3H3'1CHHH u, U H d, 
nelKl1T B npe11enax 4-5 %. Cne.ayeT yYeCTb, O.UHaKO, '!TO 

npH 11aBJICHHH MCHCe 5 fna ,naHHble nOJlyYeHbl CO 3Ha'tH­

TeJlbHblMH norpeWHOCTllMH H npaKTH'!CCKl-1 He MOryr 

6b1Tb HCll0Jlb30BaHbl. KpoMe TOro, B pa6oTe [6] 6bLJIO 

noKa3aHo, '!TO no nopHCTOMY MaTepm1.11y pacnpocTpattll­

eTCll ynpyra.si BOJIHa co CKOpOCTblO, onpe.nen.sieMOH COOT­

HOWCHHeM Uy = dccJU• r.Qe cCJ1a - CKopocTb pacnpocTpaHe-

k 1,60 

1.4 

1,0 
0,00 2,00 

• 

• -d = 0,629 
~ -d =0472 

I ' 

■ -d =0,295 

nopHCTbl K06aJlbT 

4,00 

a 

6,00 8,00 

u, KMIC 

IIHll CllBHfOBhlX KOJ1e6aHHH B CnJlOWHOM MaTepHane. 'ITo 

yKa3bIsaeT Ha IIaJtH 1rne 11syxeonHOBOH KOHq>HrypaUHH YB. 

MelK.llY TeM, pac'!eT napaMeTpOB y.aapllblX a.aHa6aT. KaJ( 

npaBHJIO, OCHOBaH Ha 0.llllOBOJIHOBOH cxeMe. AHMH3 .ll3H­

HblX pa6oTbl [3) llOK33bl8aeT, '!TO npH Ma.111,IX nasneHHllX B 

p.si.ae 3KCnep11MeHTOB cKopocTb pacnpoc-rpaHeHHll YB 
6nH3Ka K pac'lernoi:i oueHKe, Tor.aa KaJ< s .upymx CJIY'f3llx 

CKOp0CTb YB cytUeCTBeHHO OTJIH'!aeTGll OT Hee. no3TOMy 

BBHJIY HeonpelleJieHHOCTJ,I HX HHTepnpeTaUHH .QaHHble IDll! 

HH3KIIX ll38JleHHH HCK.JIIO'leHbl HJ paccMOTpeHHll. 

.LlatHible pa6oT [3) H [5] no1Iy'!eHbl MeTO.!lOM OTpa­

lKeHH.ll. HcnOJlb3yeMblH R 3TOM MeTOlle 3KpaH MOllaJO 

npell.CTaBHTb 8 BHll.e lKeCTKOro nopWHll, .llBHlKYLUefOCll C 

ycTaHOBHBWeHCll MaCCOBOH CKOpOCTblO LI 8 Hccne11yeMblH 

o6pa3eU H C03.ll3IOLUero B '!aCTHUaX CllJIOWHOro MaTepHa­

na YB C napaMeTpaMll, onpe.aen..sieMblMH BeJIH'IHHOH " H 

y1lap1-1oi-i 1uu1a6aroi-i MaTep11ana Yacrnu. 

Ha pHc. I npHse.aeHbl pe3ynbTaTbI pac'!eTa k .!lJlll 

K06aJJbTa, HHKeJlll, MOJ1H6.aet1a H BOJlbcppaMa. no oc11 

opmrnaT yKa3aHO k - OTI-IOWeHHe CKOpoCTH .!lBHlKeHHSI 

CfUIOWHOro MaTep11a.na B nycTOM npoMe)l(yrKe W K Mac­

COBOH cKopocTH u s YB. Pac'!eT noKaJbJBaeT, '!TO R pac­

CMOTpettHblX MaTepHa.nax BeJIH'IHHa k 33BHCHT OT OTHOCH­

TeJlbHOH llJIOTHOCTH d H M3CCOBOH CKOp0CTH U. flpH 3TOM 

.llJlll OTHOCHTeJlbHOH flJIOTHOCTH d > 0,5 BeJlH'IHHa k .!lOC­

THraeT npe.lleJlbHOfO JHa'!eHH.sJ K "" 1,6 H OCTaeTC.ll npaK­

TH'leCKH nocro.11HHOH npH ysenH'ICHHH u. TTpH d < 0,5 
BeJIH'IHHa k pacTeT npaKTH'ICCKH JIHHeHHO, He npeBblWall 

yKa3aHHOfO BblWe npe.aeJibHOfO 3Ha•JeHH.sJ K. 

k 1,60 

• • -d= 0 708 
• ~-d=o'500 

' 

1.4 

t 
1,2 

a 

a 
nopHCTbH HHKCJlb 

I ,0rH----,----11---..---+----,---i 

0,00 2,00 4,00 6,00 

u, KMIC 

6 

P11c. I. 3aBl1CHMOCnt K03cpcjlHUHCHTa k(u) llJlll K06aJJbTa (a); llltKCJlll (6): MOJllt6.[leHa (B) II BOJ1b!ppa.'1a (r) 

(OKOH'!aHl!C p11cyttKa CM. Ha C. 123) 
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k t,80 

1,60 

1,40 

1,20 

1,00 
0,00 2,00 

B 

• 

• 
0 

■ • + 

♦ 

TTopHCTblH MOJJH6.UeH 

4,00 6,00 8,00 

u, KMIC 

k 1,80 --,---~---,-------.---~ 
• d = 0,697 
0 - d = 0.463 
+- d = 0,284 . . 

1,60--1------ +----- -+--------t---~ 

• 

nopHCTbl BOJlbcjlpaM 
1 ,00---+--~--1-----~---+---~- --+--~-----+ 

0,00 1,00 2,00 

r 

3,00 4,00 

u, KMIC 

OKouLJrurne pHc. I 

CnJIOWHblMH Jll1HHllMH noKaJatia JlHlleih1rui annpoK­

CHMaUHll JaBHCHMOCTeH k(u) Ha HX HaLJaJibHOM }"laCTKe. 

B pacLJeTe BC/lHLJHHbl k HCnOJJbJOBaJIHCb Henocpe.ucT­

BeHHble 3KCnepHMellTaJibHble .uaHHble U(u) no y.uapHOH 

CJKHMaeMOCTH nopHCTblX MeTaJIJlOB. Be.nHLJHlla Uo(u) B 

CnJIOWHOM MeTaJIJle .!lJlll MaCCOBOH CKOpOCTH u BblLJHCJlll­

JlaCb no wHpoKo HcnonbJyeMoi-i JJHHeHHOH (Uo = co + Au) 

annp0KCHMaUHH 3KCnepHMeHTaJibHblX .uaHllblX. 

PAClffiT CKOPOCTH .lJ.BH)KEHlUI 
CIIJIOlIIHOro MA TEPHAJIA B TT OPE 

noee.ueHHe K03q>QJHUHeHTa k, B 0CHOBH0M onpe.ue­

JllllOl.l.lero CKOpOCTb YB B nopHCT0M MaTepHarie, M0)l(eT 

6b1Tb om1caH0 B paMKax npe.!lJlaraeMOH HHJKe M0J].eJJH . 

Cne.uyeT nO,ll'lep1rnyrb, LJT0 B M0.UeJlH He paccMaTpHBaeTCll 

cornacoeaHHe .uaHHoro no.uxo.ua c ypaaHeHHeM coxpaHe­

HHll 3HeprnH. 

TpaeKTopHll .UBHJKeHHll YB no nopHcToMy MaTep11any 

paJ6HeaeTcll , eoo6tue roeopll, Ha .uea ::irnna. Ha nepeoM 

3Tane YB JlBH:.CeTCll no cnJJOWHOMY MaTepHany TOJllUH­

HOH Ld c sommeoi,i CKopOCTblO, ~mpe.ue11lleMOH y.uapHoi-i 

a.ru1a6aroi,i CITJI0WH0ro MaTepHana [5] npH MaCC0B0H 

CK0p0CTH u, paBH0H ycTaHOBHBW6icll CK0p0CTH 3KpaHa 

(r.ue L - xapaKTepHblH JJHHei-i11b1H paJMep 061,eMa ycpe.u­

He1tHll, npHHHMaeMblH B .llaJlbllei-iweM Ja e,nHIIHUy). TTpH 

Bhlxo.11.e YB Ha ceo6o.uHylO noeepXH0CTb I-la'laJibH!UI CK0-

P0CTb CBOOO.llHOH n011epXH0CTH llj 11anpaBJ1e1-1a 110 H0pMa­

J((,f K noeepXH0CTH L(aCTHUbl H paRHa UJ = 211cose [7], r.ue 

II - Maccoerui CK0p0CTb YB B CHJl0WII0M MaTepHane; e -

Yro11 Me)KJly H0pMaJiblO K noeepXII0CTH LJaCTHUbl H 

HanpaBJJeHHeM .11.BH)l(elll-tll YB (pHc. 2,a). AHaJIOrHLJHblH 

no.uxo.11. .!lJlll CJI}"lllil 9 = 0 6blll npeMoJKett pattee TyeettH­

H0M [8]. Ycpe.ru-teHHe HaLJaJibHOH CK0p0CTH ABH)l(eHHll 

LJaCTHU CHJI0WH0ro MaTepHana HenpaBHJJbH0H cpopMbl B 

HanpaBJieHHH ABH)l(eHHll YB n0JB0mieT n0JIYtJHTb 

w = I I So ff u I cos e dS ' r.ue w - cpe.UHllll 1-taLJaJibHllil CK0-

s 
pocTb MaTepHana B nycTOM npoMe)l(YTKe .!lJlll paCCMaTPH­

eaeMOH M0.lle.JIH; s H So - noeepXHOCTb H ceLJettHe LJacntUbl 

COOTBeTCTBellH0. B pa6oTe [9) noKaJa110, LJT0 BJlHllHlte 

npoLJHOCTH CnJI0WH0l"O MaTepHana npHBO,lllff K yMem,we­

Hl-1I0 yrna MelK.lly HanpaBJietrneM .UBH)l(eHHll ceo6o.uHoH 

noeepxHOCTH H ttanpaMeHHeM ,llBH)l(eHHll YB 9 Ha yron 0, 
oueHKa KOTOporo npoee,neHa JlHWb .!lJlll ynpyroH BOJlHbl. B 

pa6oTe [ 10) npH npoee.11.eHHH B3pbIBHblX 3KCnepHMeHT0B 

noKaJa110, LJTO o = arcs in( si~S + si~ J9 ). 

.llnll 3allaHHOH cpopMbl LfaCTHUbl M0)l(HO 3an11CaTb W = 
= Ku, me K - KOIICTaHTa, BeJIHLJHJla KOTOpoj.j JaBHCHT OT 

cpopMbl LJaCTHUbl. 

OueHHM BeJIHLJHHY K .!lJlll Lfacrnu pa3JlH'IH0H q>opMbl. 

EcJIH npH!lllTb JaK0H y.ueoeHHll CK0pOCTH npH BblXO.Ue YB 

1-ta CBOOO.llHYIO noeepxHOCTb, TO OLJeBH.llH0, LfT0 B JaBHCH­

MOCTH OT cpopMbl LJaCTHUbl H ee OpHeHTaUHH 3Ta BeJIHLfH­

Ha neltnn B npe,uenax I < K < 2 (Me1-tbwee JtiaL1eIrne 

COOTBeTcTByeT CHJlbl-t0 BblTllHYl'blM B.ll0Jlb 1-tanpaBJieHHll 

ABH;KeHUll YB LJaCTHUaM. 60JlbWee 31-ta'leHHe C0OTBeTCT­

syeT 1-1a6opy nJJOCKHX c.rioeB. paccM0TpeHHOMY TyeeHH­

HOM). )lnll cq>epH'leCKOH LJaCTHUbl K = 4/3 = 1,33, npH 

yLJeTe yrna &K = 1,60. Ha P-u - .uHarpaMMe cn11ow11oro 

MaTepHana 3T0 COCTOllHHe 0ntiCbmaeTCll TOLJKOH C K00p­

.llltHaTaMH {Pm; Ku} (p1-tc. 3). 

CxeMa .UBHJKellHll YB B nopHCTOM MaTepHane npe.u­

CTaBJJeHa Ha p11c. 2,6, Ha KOTOpOM BbUJ.e.JllleTCll OCHOBl-tas! 
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--

YB 

P=0; u=0 

8 

2ucos8 +-

a 6 

PHC. 2 . .l1:BHlKe1rne CB060llHOH noeepXHOCTH npH BblXO)le Ha Hee YB: a - BblXOJl YB Ha noeepxHOCTb 4aCTHUbl ; 

6 - MO.IleJlb .IIBHlKeHHll YB B nopHCTOM Mar ep11ane 

paccMaTpHBaeMrui Sl'leHKa nopHCTOfO MaTepHana, HMelO­

ll.lru! KBa.IIpan1oe B llJlaHe Ce4eHHe C JJ.)lHHOH CTOpOHbl L, 
npHHHMaeMOH Ja eJIHHHUY, H COCTOllll.lru! HJ CJlOSI cnnow­

HOro Marep11aria TOJ11UHHOH d " nycrnro npoMelKYTKa 

npornlKeHHOCTblO I - d. Cnoi,i cnnowttoro MaTep11ana 

JlBHlKeTCll nocne BblXOJla YB Ha CB060I1Hyt0 noeepxHOCTb 

co CKOpOCTblO Ku B KaHane eJ].HHH'IHOro ce'!eHHSI, pacno- . 

JlOlKeHHOM B COJlOWHOM MaTep1-1ane C COCTOSIHHeM, COOT­

BeTCTBYIOLUHM TO'!Ke {Po; u} Ha P-u - JlHarpaMMe, 

Po= PoUou, Po - w1on1ocn cnnowttoro MaTep11ana. 

flpe.unonaraeTCSI, 41'0 BenH'IHHa cpe.uHeH CKOpOCTH CB0-

60.nttoH nosepxHOCTH Ku OCTaeTCll HeHJMeHHOH B Te'!e­

HHe epeMeHH M = I12c (rne c - CKopocTb pacnpoCTpm1e­

J-1Hll BOJMYll.leHHSI B JJ.BHlKYll.leMCSI cnoe), paBHOrO speMeHH 

pacnpocTpaHeHHll (B nonepe'lHOM no OTHOWeHHIO K YB 
1-1anpaRJJeHHH) BOJMyIUeHHH OT nepwcpepHHJ-lblX o6nacrei,i 

JJ.BHlKyll.lerocS1 cnoll c napaMeTpaMH {P111 ; Ku}, rpaHH'la-

lllHX C coce.UHHMH '!aCTHUaMH, JJ.O ero cepe.UHHbl. EcnH Ja 

epeMSI /',.f nyCTOH npoMelKYTOK ( I - d) He Bbl6HpaeTCSI 

nOJlHOCTblO, TO HacrynaeT BTOpOH 3Tan .llBHlKeHHll, Mll 

KOTOporo cpe.UHSISI CKOpOCTb .llBHJKeHHSI npmrnMaeTCSI 

paBHOH II BCJle.UCTBHe TOpMOlKeHHSI cnoSI, npHBO.Llllll.lero K 

IIOBblWeHHIO .uaB.neHHSI B 11eM .no Pm, paBHOro cpe.ntteMy 

.nae.nettHIO B YB B nop1-1cTott cpene. 

Po 

P,,, 

(2-K)u u Ku 

P11c. 3. P-u - ,rrnarpaMMa ttarpy)l(ett11si 

11 paJrpyJKlf cnn ow11oro Mar epHana 

2u 

3TO OJHa'laeT, '!TO cymecreyeT 3Ha'lett11e MaCCOBOH 

CKOpOCTH llk, onpenenl!eMoe COOTHOWeHHeM ( 1- d)/Kuk = 
= l/2c, rnKoe, '!TO npH 11 ~ uk = 2(1 - d)c/K eenH4HHa 

k = K; B 3TOM CJ1Y4ae TOpMO)l(eHHe CJlOJI BCne.ncrnHe 

B3aHMOJleHCTBHll C ttepa3rpylKeHHbIM MaTepHMOM MaJlO­

acpcpeKTH BliO. Jlnll u < Ilk epel\,UI JlBHlKeHHSI cnJlOWHOro 

MaTep11ana paBHO cyMMe speMeH H JlBHlKeHHll co CKOpO­

CTblO Ku " BpeMeHH /:lBHlKeHHSI co CKOpOCTblO u, TaK '!TO 

( I - d)lku = [( I - d) - Kul(2c)]lu + I12c, r.ue k(u,K) -

TeKywee 3Ha'!e11He K03q>q>HUHeHTa k B HHTepsane II = 

= 0 ... Uk. flpOHCXO}:lHT ::icpcpeKTHBHOe TOpMO)l(et111e CJlOll, 

a nopbl npH 3TOM nOJlf-lOCTblO He 3aKpb1BalOTCSI. 

MolKHO npennOJlOlKHTb, '!TO BenH'lHHa l/2c eCTb 

BpeMSI ycraHOB.neHI-ISI paBHOBeCHOro COCTOllHHll Ja cppOH­

TOM YB B nopHCTOM MaTep11ane. 

f10Jl0)1(H8 CKOpOCTb C BOJlllbl BOJMyLUeHHSI paBHOH CKO­

JX)CTH YB B 'laCTH'lHO pa3rpYlKeHHOM CIUlOWHOM MaTepmme 

c I1aBJ1e1rneM Pm, .ll.JISI KOTOporo Uo = Vol (2 - K)u) = co + 

+ A(2 - K)u, nOJJYl.fHM 3ae11c11MOCTb k(u, K), H Ml! 

I 2A(2 - K) - (K - I)/( I - d) I u/c0 << I no HaKJJotty 

Jae11c1-1Mocrn ok/ou ~ (K - I )/[2( I - d)c0 ] MOlKHO oue­

HHTb K "" I + 2( I - d)cooklou. l1t1Tepec1-10 OTMeTHTb, '!TO 

npH CTpeMJleHHH d K HYJJIO Benlfl-lHHa HaKJIOHa 3aBHCHMO­

CTH k(u, K) CTpeMI-ITCll K noCTOllHHOMY 3Ha1.feHHIO f}kff}u ~ 

"" (K - I )/(2c0), a npenenb11rui JaBHCHMOCTb U(u) "" u[ I + 
+ (K - I )u/(2co)] . 

C n e.nyeT no,u'lepKHYTb, '!TO BblCKa3aHHble npeJln ono­

lKeHHll OTI-IOCHTeJlbHO BenH'll1H /',.f H C HenocpencTBeHHO 

HHOTKyna He cne.ny10T H onpaBJ.lblBalOTCSI JlHWb xopOWHM 

coenaue,meM pe3yJlbTaTOB pa3ll114HblX H He3aBHCHMblX 

cnoco 6oe IIO)lC'!eTa BeJlH'lHHbl K03q>q>HUHeHTa K, KOTO­

pble coenettbl e rn6n 11uy. 

flpelK.ne ecero rpacpHKH (CM. pHC. I), n o c TpoeIIHble 

no 3KcnepHMeHTaJlbHLIM }:lUllllblM. yKaJblBUIOT 1-rn HallHl.fHe 

MaKCHMaJlbHOro )Ha'lellHSI K K03cpcp11u1-1eHTa k, KOTopoe 

MOlKHO OTO)l(JleCTBHTb C 3KcnepHMel-fTaJlbHblM 311a4e1111eM 

K ~ 1,6. 3TH 3KCnepHMeHTaJlbllble 311a,1eHHll (JJ.JJSI 

d > 0.5) 11p11eeneHbl B rpeTbeii KOJlOHKe Ta6JlHUbl H, KaK 
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y-,,;.e OTMe4ru1oc1,, B npenenax norpewHOCTH 3KcnepHMeH­

TOB (4-5 %) cornacyt0TCll C pe3)'JlhTaTaMH 4HCTO reoMeT­

ptt4eCKOl'O ycpe,u11e11Hl1 CKOpOCTH ,llBltlKellHll IlJlll LfaCTHU 

cq>epH4CCKOH q>OpMbt. 

B 4ernepTOH KOJlOHKe rn6JJHUhl np11se,ueHLI pe3yJJb­

TaThl oue11K1t (.u.nll d < 0.5) sem1411111,1 K .u.nll Ko6an1,rn, 

JiHKeJlll, MOJJH6,uetta 11 BOJJbq>paMa, BblnOm1eHHble no 

H3JIOlKeHHOH Bbtwe MeTOJHtKe Jl)lll ,UB)'XCTa,llHHIIOH cxeMhl 

,llBH)l(eJIJHI YB B nopHCTOM M3Tepttane. Pa3Mepbl 43CTHU 

HJMeHllJlHCb B WHpOKOM ,[ll13fl330He - OT IO MKM Jl)lll 

HHKeJlll, 4TO SIBJJSleTCll npne1,rneMblM Jl)lll ,[lOCTlfJKelJHll 

repMH4ecKoi1 oJ111opom1ocTH B YB, AO 50 MKM Jl.Jlll 

BOJJbq>paMa, npu KOTOpoi-i TepMH'JeCKIDI OJlHOpOJlHOCTb B 

YB 11e IIOCTlff3J13Cb, napaMeTpbl yAapHblX am-ta6aT T3KlKe 

cywecTBeHIIO paJJJHLfaJlHCb. 

Pe3yJJbTaTbl onpenenettttll semt'itt111,1 K 

MaTep11an 0rHOCIITCJlb- 3Kcncpl!MCHT Pac4eT 

Hai:J flJlOTHOCTb K K 
d 

Ko6anbT 0.629 1,57 "' 1,6 

0,472 1,56 

0,295 1.58 

HHKe.Jlb 0,708 1,53 "' 1,5 

0,500 1,51 

0,434 1,48 

0 ,370 1,43 

0 ,220 .1,49 

Mom16ne11 0,796 1.62 "' 1,5 

0,548 1,60 

0,435 1,55 

0,250 1,49 

BonbcjlpaM 0,697 1,62 

0 ,463 1,57 

0 ,284 1,52 

lb Ta6.flHUbl BHIIHO xopowee COOTBeTCTBHe IIJl.ll lfe­

Tblpex HCCJlC,[lOBUHHhlX MaTepHUJIOB OlKHI!aeMblX paCLfCT­

HblX H lt3MepeHHhlX 3113'iCJllfH K. 

no3TOM)' B CHJlbHblX YB CJIC.llyeT OlKH.ll3Tb BeJlH'iHHy K 

nOCTOllHHOii 1t pasHOH "' 1.33. Ha puc. 4 npHBeIICHbl 

pe3yJJbT3Tbl pat.:'ieTa BeJJHlfHHbl k Jl)UJ CBHHUa 11 Me.llH, B 

noc.nem1eM CJlyYae HCfl0Jlb30BaJTHCb T3KJKe .ll311Hble pa6oT 

[ 13 J 11 l 14 ]. rl.naB.11ett11e R cam,ue Ha6monaeTcll nptt 

MCHbWHX 3113lfCIJHllX MUCCOBOH CKOpOCTH II, npH 6oJJb­

WlfX 3H3lfeHllllX 3TO llB..fletrne 11a6mo.uaeTCll B Me.UH. 

k 1,80 

1,60 

1,40 

1,20 

1,00 
0,00 

k 1.8 ,v 

1.6 
j ,u 
1~ 

0 

• 

aD 

• 
I I 

... 
T 

t 

• -d= 0,741 

+ -d= 0,599 

0 -d= 0,415 
• • . 

• 
• 

I" 

♦ 

+ 
• • • ' • • 

Ilop11c1 lblH Cl HHCU 

2,00 

a 

4,00 6,00 
U, KM/c 

• -d=0 709 

0 -d=O 709Mc( 

D -d=0 500 
... -d=0 333 

A -d=0 336 
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MOll<HO nonaraTb, 'ITO TaKoe COBflU.lleHHe He llB.JJ.lleT- 1,4 
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h 
rP a 

'V 

1i \ Cll CJJ)''i3HHblM, a npe.u.rtOJKeHHa.ll BeChM3 npOCTa.ll .llBYX­

CTaJlHihla.ll cxeMa .llBlf)!(eHHSJ MaTepHaJJa B nopOBOM npo­

CTpaHCTBe B cpem1eM ,UOCTUT04HO a.neKB3TIIO OTpaJKaeT 

CBSl3H, cywecTBylOWHe MClKIIY cpe,a.HHMH xapaKTepHCTH­

K3MH YB ll nopHcrnft cpe.lle, He -rpe6ysi. Kpm.te Toro, 

nptt8Jle4emu, K3KlfX-Jllf60 IIOJlrQII041lblX napaMeTpOB. 

PACqET CKOPOCTH )IBIUKEHIDI. 
n llOPE CilJIOlIIHOro MATEPHAJIA 

[Ip(.f Ero llilABJlEI-IlilH 

npewto)KeHH3ll cxe~rn omic1,1saeT pacnpoc-rpaHeHHe 

YB B MenlJJmllfeCKIIX 11opOWKaX npH )'CJIOBHH OTC)'TCT­

IIIHl rn1aB.J1e111151 cnJ1ow11oro MeTan11a. B CH.flhHhJX YB no 

OLJ.eHKaM allTOpOB pa6oT [ 11 ]. 112] MCTaJJJJ JlJJalll1TC~. 
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Mm,rno llOJIUr'dTb, 4TO Ha4UJlO CliHlKeHHll K03<P¢H­

UHetrra k(u) npu yBeJIH4eHJrn II MOiKHO OTO)l(JleCTlllfTb C 

pac4eTHLIM 11a4aHOM nm1BJ1eIrnsi cnsIow11oro MaTepHillla 

(no oue1-tKe [ 11 ], ruuI csIrnua rniaBJ1e11ue 1-tacry11aeT npH 

II "' 1-2, I KM!c, 110 oueHKe r 12], J.lJlll Me.UH - IIPH II "' 

"' 2,8-3,3 KM!c). TTpH 3TOM CliHlKe1111e lleJIH'IHllbl K no 

OlKHllaeMOro 3lla'Je11Hll K "' 1,33 llOCTHraeTCll np11 BeJlH-

4HHe MaCCOllOH CKOpOCTH, 3aMeTHO 6om,wei,i np11BeJJ,eH­

HblX BLIWe 3HU'leHIIH, 4TO yKaJblllaeT Ha 6onee BblCOKOe, 

4eM yKaJatto B pa6ornx [ 11] 1-1 I 12], JI-ta4eH11e Maccosoi-i 

CKOpOCTH, np11 KOTOpoi-i 3asepwaeTCll llJlaBJTeHHC B no­

PHCTblX MCTaJIJlaX. 

3AKJ1JOt.IEHHE 

TTpe.a.naraeMrut MOneJTb OTI-IOClfTCll K THIIY anp11op1-tblX 

MOneJJei-i, l·le COlleplKawHX cB06onHblX 110llroH0"4HblX KOH­

CTUHT, HCl10Jlb3yeT npennoJlOlKetme O ccpepH4eCKOH q:>opMe 

4aCTHU MeTarurn<IeCKHX nopOWKOB H, KpOMe Toro, Y4HTbl­

saeT BOJMOlKHOCTb IUla!iJICH11ll 4acn1u MeTaJlJla B YB. 

11cnOJlb30Batrne <>TOH MOneJrl1 J.lJlll OllHCaHli.SI nosene­

HHJI MeTaJ1JlH4eCKHX nopOWKOB npH ynapHOM HarpylKe­

l-tHl1, 1-tec1,10Tpll Ha npOCTOTY 1-t HeT04HOCTb 1,10ne1rn, llOKa-

3blBaeT ee npaKTH4eCKH npHeMJleMyto cornacosaHHOCTb C 

'.:lKCnepHMeHTaJlbHblMH JlaHHblMl·I. 

AHilllH3 llOBelleHIUI MeTaJTJll14CCKJ-IX nopOWKOB H3 

4aCTHU np116mrn1TeJJbllO ccpepH4eCKOl1 cpopMbl npH ynap­

HOM 1-tarpyJKe1-1111-1 1103B0JllleT cn,enaTb CJleJlylOlUHe llblBOllbl. 

I. PacnpocTpa11e111-1e YB B nopHCTOM MaTep11ruIe 

MOlKHO OllHCaTb B paMKUX MOJleJll-t paJne.neHHblX nyCTblMH 

npoMe)l(yrKaMH CJtOeB C y4eTOM HX TOpMO)l(eHHll BCJle.UCT­

BHe R3UHMondicTBllll C Hepa3rpylKeHHblM MaTepHilllOM. 

2. TTp11 B&Ixone YB .uocrnrn4HO 6onLwoi-i aMnJ111TynLI 

1-1a ceo60.u11yJO llOBepxHOCTb CJ!Oll CllJlOWHOro MaTepHaJlU 

npH OTCyrCTBHll rlJlaBJleHHll 4aCTHU CKOpOCTb ceo6ommi-i 

nosepx110CTH npaKTH4CCKH COBll8llaeT C ouetlKOil cpen­

Hei1 Ha4artbllOH CKOpOCTH .UBH)KCHHll IIOBepxHOCTl1 4aCTH­

Ubl H past-ta ~ 1,6u, rne LI - MaCCOBllil CKOpOCTb YB. )lm1 

6oJtbWOH nopHCTOCTH MarepHaJla (d < "' 0.5) 11 .UOCTUT04HO 

MaJlblX aMru11nyn BOJlllbl CKOpocTb JlBH)l(CHHll ceo6onHoi1 

noeepx1I0CTH BCJle,UCTBHe B3aHMOlleiicTBIUI C 11epa3rpy)KeH­

liblM MarepHartOM H-3MCtrneTCll B npouecce ll81DKeH11ll OT 

Ha'laJlbllOro 3I1.14eHHSI ~ ).611 Jl,0 BeJIH4llHbl U. 

3. np11 111Ia11.11e11111-1 crnIow11oro MaTep11ana 11 YB 

CKOpoCTb Jl811)f(et1Hll ceo60.u11oii llOBepxHocnt npaXTH4e­

CKlt COB118llaeT C oueHKOH cpe11t1eii CKOpOCTll llBH)l(ellHll 

nosepx11ocn-1 1.JUCTHU npH OTcyrCTBHH np04HOCTH H paBHa 

~ I ,33u, r.ue 11 - Maccosasi cKopocTb YB. 

4 . )lnsi nopHCTOro MUTepHa.rta HMeeTCSl npe.uem,tHUI 

OTJIH'tHall OT e.UHIIHUhl BeJll1411lta ttruc.notta 3aBIICl1MOCTl1 

U(u) npH CTpeMJleHIIH OTHOCliTCJlbllOH llJIOTIIOCTH K tty­

JllO. 3-ro o6CTOSITeJTbCTBO llBJISleTCll CJlellCTBHeM Toro, 4TO 

cpe.UHllll l-ta4arlbl-trul cxopOCTb .UBH)KellHll CB06olllt0H nu­

RepXHOCTII 11e MO)l(eT 6bITh I-tHlKe I ,33u. 
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Y.UK 621.039.571 

ITJIOTHOCTh ,UEJIEHHH H CITEKTPhl HEHTPOHOB B AKTMBHOH. JOHE PEAKTOPA EP-1. 
MOHJITOPHHr IlOJIHOrO 3HEPrOBhl,IlEJIEHIDI 

A. C. Kome.Jies, r. H. MaCJ10s, IO. M. Oi.uuuos 

P<l>51U-BHID13<1>, 607190, r. CapoB Hm1<eropo)lCKOH o6n. 

B pe:iymTare DeT3/lbHblX 3KCnepm1eHT3/lbHblX HCC/lCllOBaJll!ii onpeneneH cpyHKUHOH3/1 YllC/lbHOii [[JJOTIIOCTH )IC/ICHHii no aKTIIBHOH JOHe 1151P 
SP- I. Ha 6aJe KOTOporo ycTaHoBJTeHa CBlt3b MelKJly nO/IHblM 'IIIC/IOM DCJ1eH11ii B aKTIIBHOii JOHC. 11/lOTHOCTblO DC/lenttii B MaKCHMyMe pacnpenClleHl!lt . 
11/lOTHOCTblO DCJICHHH B H36p3HHOii ll/llt nuewuero KOHTpO/llt OOJIIUIIH II OOK.333HHltMII MOHIITOpoe HCCKO/lbKHX THTIOB. BcecTOpoHHe paccMOTpCHbl 
npaKTll'ICCKHC acneKTbl MOH11TOp11Hra 110/IHOro 3HeproebUIC/leHKlt BO ecex pc;icm1ax pa60Tbl peaxrnpa. B paMxax llByxKOMOOHeHTHOii MO)IC/111 pac­
CMOTpeHa TpauccpopMaUl!lt cneKTpa HeiiTpOIIOB BHyrp11 )IC/lltWerocll MaTepu311a aKTIIBHOii 30Hbl. 

FISSION DENSITY AND NEUTRON SPECTRA IN FUEL CORE OF BR-1 REACTOR. MONITORING OF TOTAL ENERGY 
YIBLD / A.S. KOSHELEV, G.H. MASLOV, Yu.M. ODINTSOV II As a resuh of detailed expcrimental researches is determined the function of 
specific density of divisions on an active zone BNR BR- I. on 1he basis of which the communication (connection) between complete number of di­
visions in an active zone. density of divisions in a maximum of distribution, density of divisions in the position. elected for the external control, 
and indications of monitors of several 1ypes is established. The practical aspecls of moniloring complete fission-energy in all modes of reactors op­
erations are comprehensively considered. 

In frameworks of two-componenl model the transformation of a spectrum of neutrons inside a divided material of an active zone is considered. 

BBEJ{EHH.E 

3a,na'la onpe.ne..nem1S1 H K0HTpOnl! 3HeproBbl.lleneHHS! 

Ha HMnyJlbCHblX S!.ll,epttblX peaKTOpax (l--UIP) C KOMnaKT­

HOH MeTanmf'lecKOH aKTHBHOH 30HOH (A3) HMeeT oco-

6b1H xapaKTep, OTnH'lalOIUHHCS! OT o6menpHHJITOro Ha 

S!.llepHblX 3HepreTH'leCKHX ycTaHOBKax. OpHeHTHpOBaH­

Hble HCKnlOl.fHTe.JlbHO Ha qiyHKUHOHHpoeaHHe B Ka'leCTBe 

MOlllHblX HCTO'lllHKOB pan.HaUHOHHOfO H3Jly'leHHS! no 

ypOBH_SIM HHTerpanbHOro 3HeproBblXU.lla 3a KaMnallHIO 

11JIP MOryr 6b1Tb OTHeceHbl K ycTaHOBKaM "Hynesoj,j" 

MOWHOCTH, T8K KaK TaKHe Ba)l(Hble cpaKTOpb!, K8K Bblro­

paHHe H ttaKonneHHe npO.UYKTOB nene1-1HS1, conYTcrnyt0-

lllHe pa6oTe :mepreTH'leCKHX ycTaH0BOK, e paccMaTpH­

BaeMOM CnYlJae npaKTH'leCKH 0TCYTCTBYIOT. 

B OCHOBHOM pe)KHMe pa60Tbl I15I..P - reHepHp0Balrtte 

HMnynbCOB )leneHHH Ha t.lfll0BeHHblX HeHTp0Hax - HMeeT 

Mec-ro qiopcHposaHHoe a1-1epr0Harpy)KeIrne 3neMeHTOB 

KOHCTpyKUHH 113 Jle.Jl.ll1UerocS1 M8TepHana (J],M), CJle,UCT­

BHeM KOTOporo SIRJISleTCSI ll03HHKHOBeIme JHa'lHH!JlbHblX 

JlHllaMHl.feCKHX HanpsiJKeHHH K8K B caMHX .ueTanS!X HJ 

JJ:M, TaK H s HecylllHX 3neMeHrnx KOHCTPYKUHH, He co-

1tepJKalllHX JJ,M, HO 11axo.nS11llHXCS1 s 1-1enocpe.ncTBeHHOM 

K0IIT8KTe C IHtMH. )l11S1 11.51P C KOMnaKTIIOH MeTannHl.fe­

CK0H A3 0CHOBHbJM cj)aKTOpOM, orpallH'lHBalOWHM B03-

MOJKIIOCTH peaKTOpa KaK HCTO'l H If Ka H3Jly'leH HSI, SIMSl!OT­

CSI TepM0.!lHH8MHtJeCKHe HanpsiJKellH.ll B Hali60J1ee 3Hep­

ro11arpyJKaeMbJX neTanSIX H3 .LIM. 

l1MnyJ1hCHblH xapaKTep 3Heproeso1ta 06ycnasn1-1saeT 

onpe,nenlltolllYJO ponb npoueccoe, Henocpe.ncrneHHO cs.st­

JaHHbJX C JJ.eneHHeM SIJJ.ep COOTBeTCTBYIOWHX .lleJl.llWHXCSI 

HYKRH.!l0B (KaK npaBHJlO, 3TO 
235U H B MeHhWeH CTeneHH 

238U), - pa:3./leT OCK0JlKOB neneHHS!, BbUleT MrHOBeHHblX 

HeHTp0HOB H y-KBaHTOB. ConpoBO)KJlal01UHe npouecc ne­

ne,rnS! Jana3JlblBaI01.UHe Hei-iTpOHbI, P-'lacrnub1 H y­
Ksa11TbI npaKTH'leCKH He OKa3bIB8IOT BJlHS!I-IHSI Ha BeJIH'lH-

11y 3Heproseo.na Ha CTMHH reHepHpOBaHHS! HMny1Ibca .ne­

JTeHHH 11a MrtlOBeHllblX HeHTpOHax. O.nHaKO JaMeTHaS! no­

JUI BHOCHMOH HMH 3HeprnH B nonHblH 3HeprOBblXO.!l npu 

Jlenemrn (cornacHo, Hanp1-1Mep, [I] ,-,a nomo 3anaJ.!lb1BaI0-

1llero H3JlYlJeHHS! .neneHHS! 
235U np11XO.!lHTCS! 14,6 MaB HJ 

o6mero 311eproBbJXO.!la 195,1 MaB, 'lTO COCTawl.lleT 7,5 %) 
B ycJIOBHS!X JKecTKHX orpaHH'leHHH Ha npeBblWeHHe npe­

.LleJlbl-10 nonycTHMbJX Hanp11JKe1-tHH s nernnsix H3 llM 11pH 

CTpet.meHHH M8KCHManbH0ro npH6JTHJKeHHS! K .nonycTH­

M0MY 11pene..ny MOlKeT CTaTb npH'IHIIOH 3HalJHMblX pacxo­

lK.llelrnH npH cpopMynHpOBallHH orpaHH'lHTeJlbHblX ycno­

BHH no 311epreTH'leCKHM napaMeTpaM (e 'l8CTHOCTH, no 

nomtOMY 3HeproBbl.UeJJeHHIO B A3 peaKTOpa). 

8 npaKTH'leCKOM nnaHe 6o11ee onpe.ne..neHllblMH (He­

npoTHB0pe'lHBblMH) BeJIH<JJ,1118MH MS! 0IIHC8HH.ll 11pouecca 

3HeproBbl.lleneHHSI B A3 11.51P BHe 38BHCHM0CTH OT xapaK­

Tepa ero peanH38UHH ( KpOMe HMIIYJlbCa ne..ne11HH Ha 

Mll!OBeHl!blX ttei-iTpottax 11a l--UIP npeJlyCMaTpHsaeTCSI 

T8K)l(e re1-1ep1-1poea~rne HMrtyJtbCOB 11a 381la3JlbIBalOlllllX 

11efrrpo11ax H ocywecTBne1-111e CT8TH'leCKHX IIYCKOB C per-
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l. 

JtaMeHTHpOl!aHHblM 3HeproBbLDeJ1e1111eM) SIBmll0TC.11 yneJJb­

Hcl.11 nJJ0TI-I0CTh 11ene1111i-i ('-111CJI0 neJJeHHii B ] r .LIM) It 

norntoe 'IHCJI0 }leJ1eH11i-i s A3 peaKTOpa, C00TBeTCTBYI0-

LUee HHTerpa.TJy cjJyHKU1111 rtJl0Tlt0Cnt JleJleHHH no .LIM 

A3. HruHt'IHe )leTeKT0pos, o6ecne'lHBUIOLU11X B0JM0JK­

I-IOCTb np.11Moro 111Mepe1111S1 YHcna 11ene1rnii Jt106oro 111 

)leJl.!llU11XCSI HYKJIH.LlOB (Manora6apHTl-lble lt0Hll3au1101111bte 

KaMep1,1 neneHMSI (HK.LI), noKpbtTHe 3JleKTp0ilOB B KOT0-

pblX COJJ,ep)K11T CO0TBeTCTBYIOLUHe .ueJ1.!ILUHec.11 1130T0rtbl; 

JleJIHTeJlbH0-aKTHBau11ott111,1e ,a.eTeKT0pbl C onpe.uenettHeM 

'll1CJta .ueJleHl1H B HliX no y-aKTHBHOCTl1 np0.UYKTOB nene­

HH.11 11 T. n.), noJB0Jl.!leT onpe,a.eJI.!ITb H K0HTpOJJHposan, 

11eo6XO)ll1Mble 3Heprern'leCKHe napaMeTpbl H51P B 0}lll0-

1HU'-11-10 TpaKTyeMblX seJIH'll-illUX. 

llp11 q>111nycKe H51P EP-1 s aap11a1ne A3 6e1 .uo­

no.rrHHTeJibH0H JalUHTl,I K0MruJeKTyI0LUHX K0.TJbUeBblX 3Jle­

MeHT0B li3 .LIM (K3.LIM) OT OKHCJICIIHSI C noM0LUI,IO HH­

KeJ)b-Me)lH0ro ll0KpblTHSI (ocHOBlla.11 3aw11Ta. KaK H B sa­

p11at1Te A3 C Hl1KeJJb-Me11HblM ll0KpblTHCM K3.LIM [2]. 
o6ecneYHBaJJaCb repMent3HpyeMblMH 'leXJtaMH HJ 1-1ep)Ka­

set0LUei-i CTan1-1, saKyyM11posaHHblMl1 11 JallOJIHeHllblMH re­

JllteM) y.uanocb tta116onee no.ntto H3YYl1Tb pacnpe.aene~111e 

IUI0TH0CTH .aenett11i-i no A3 KaK B WTaTI-IOH KOJ1q>l1l)'pau1111 

6e3 3a(l)y3KH, TaK 11 C .UBYM.11 xapaKTepl-lhlMH 811,[J.a~rn Ja'l)y-

30K: 3arpy-JKl1 BO BH)"'fpHJOHHYIO n0JI0CTb pa3MewaeMoro B 

K011Tei-iHepe seprnKaTJb1-1oi-i 1a'l)Y3KH (KB3) Macc1rn11oro 

y-cjJHJJbTpa 113 CBHHUa H 3alp)'3KH ra6ap11THOro n-y­

KmrnepTopa, paJMewaeMoro c1-1apylK11 A3 ttenocpe.ucrnett­

H0 y ee nosepxH0CTH. Cso60JlHblH 81,IX0.ll OCKOJIK0B C He­

JaLUHLUeHHblX nosepxttocTdi K3,IJ.M n03BOJIHJJ 11apll.lly c 

TpaIIHUHOHHblM MeT0.ll0M. 0CH0BaHHblM 11a aKTHBaUHl-1 

ypaHco.uep.>KaLUHX ,a.eTeKT0p0B (o6pa30BaHHe y-aKTltBHblX 

0CK0JlK0B C 113BeCTHblM BblXOllOM Ha .UeJICHHe H H,lleHTH­

cjJHKaUHOHHblMH xapaK-repHCTHJCUMH y-KBaHT0B npH 83aH­

MOJlei-icTBHl1 Hei-iTpOH0B C lleJJSILUHMHCSI 1130TonaMH ypaua 

BHY'fPH .aeTeKTOpa). HCfl0Jlb30BaTh MeTOJlbl pernc-rpau1111 

0CK0JlK0B, o6pa3ytOLUHXCSI non B03Jleii<.."fBHeM HeHTpOHOB 

Henocpe.aCTBCHH0 s nosepXH0CTHblX CJlO.!IX K3.LIM. 

OCHOBH0H o6beM 3KCnepHMeHTaJlbHblX JlaHHblX 6h1Jl 

nony'-leH np11 npotie11e111111 11ccnenosaHHH s paMKax q>HJ­

nycKa s 1988 ro.uy. .LlaHHble ,llJll! Y.lleJJbHOH nJJ0TH0CTH 

.aenettHi-i no A3 EP-1 6blJ111 Toma JKe noJtHOCTbtO 06pa-

60Tatt1,1 C UeJlblO Bbl.!IB.fleMIHI 11a1160Jtee 3Heprmiarpy)KeH­

HblX K3.LIM KaK s w-raTHOi-i KOHq>Hf)'J)au1111 A3 6eJ 1a­

rpy1K11. TaK II C Jarpy3KaMl1, npHHl!TblM11 B Ka'-!eCTBe 3Ha­

'lHMblX, H ycTaHOBJlellHSI CBSl311 MeJK.ay ll0JIHblM 3Hepro­

BbllleJJeHHeM ll A3 (onpeneneHHblM lllffe(l)Hposa111-teM 

cf>YliKUIII-I y.aeJJbH0H llJlOTIIOCTH neneHHi1 no KOMnJJeK­

TYI0LUHM A3 K3,IJ.M), MaKCHMaJ11,11oi-i 311eproHa'l)y)Ke11-

11ocT1,10 H llOKaJUI-IHSIMII MOHIIT0p0B, nnairnpyeMblX ,llJl.11 

11Cfl0Jlb30BaHl1SI B CHCTeMe n0CT0SIHHOro KOI1Tpom1 (MO­

IIIITOpHHra) ::rneprosr,1.Dene1rn.11 s A3 s Te,1e1111e scero ne­

pHo.na '.:>Kcnnyarnuim EP-1 c .aa111tbtM sap11a11TOM A3. 

lloJ1yYet111e pe3yn1,rnT011 no cneKTpaM Heihpotton 

BHy-rpH .LIM A3 CTaJIO BOJMOJKl·(b(M TOJlbKO rt0CJte 1anep­

we1-11t.S1 pa3pa60TKH KOMllJleKCHOH Bbl'lHCJIHTeJlbHOii npo­

rpaMMbl ,!i,Jl)l MeT0)la HHTerpanbHblX Hei-iTpoHHblX .ueTeK­

TOpOB KACKAJJ. [3] 11 06oc11osa11HS1 np11Me111-1Mocrn M0-

,a.ei111 .UBYXK0MrtOHeHTH0ro npeLtCTaBJleHHl! cneKTpa Hei-i­

Tp0110B Ha 6b1CTpblX IICc.TJe.aosaTeJlbCKHX peaKTopax [4]. 

Y1J,FJihHASI llJIOTHOCTh ,!IEJIEHIIH. METOJThl 
H PE3YJThTAThl HCCJlEllOBAHHSI 

CxeMa A3 peaKTopa EP-1 ll oceBOM pa3pe1e, 0T0-

6paJKat0wa.11 OCHOBHble oco6eHHOCTII ee KOHCTPYKTHBHOH 

K0MflOHOBKH, npe.acTaBJleHa 1-1a pHC. J. BaJKHblM B nnaHe 

noc-raHORKH 3KCnep11MeHTa no onpe.aei1e111-1t0 npoc-rpa11-

crne11ttoro pacnpe.aene111-1.11 nJJOTHOCTH .ueneHHii .!lllJl.!leTc.!I 

1-1an1-1•111e rapa1n11posauuoro (He Mettee 0,25 MM) Ja1opa 

MC)KJlY sceMH np11J1erat0LUHMH nosepxttOCT.!IMH K3.LIM 11 

B Mec-rax npHJJeraHHl! K3.LIM K nosepXHOCTSIM repMeTl13H­

PYIOLU11X '-!eXJJOB. Kottc-rpyKTHBttoe HaJ1-1a,1ett11e 3aJOpoB -

yMeHbWeHHe KOHTaKTHblX B3aHMOJ1eiiCTBHH np11nerat0LUHX 

nosepxttocTeH K3.11M s 1-iaYanbH0H CTa.llHH Kone6aTeJlb­

HOro npouecca, so16yJK,AaeMoro np11 r eHep11posa1-urn 

npe.aeJtbH0 K0pOTKHX HMnyJlbCOB .ueneHHH Ha MrHOBeH­

HblX Hei-iTpottax. 

8 Ka'-leCTBe 0CHOBHOro llJIJI npose.ue11HS1 HCCJlC.llOBa­

HH.11 pacnpe.ueneHHSI nJJOTHOCTH .aenetlHH no A3 6b1Jl Bbl-

6paH (nocne npe11sap1nen1,Hoi-i anpo6au1111) Mern.a rnep­

.llOTeJibHblX TpeKOBblX .aeTeKTOpOB (IT.LI). Oco6eHHOCTb 

peaJIH30BUIIHOH sepc1rn MeTO,lla B OTJlH'IHe OT WHpOKO 

pacnpoCTpatteHHOH penaKUHH ero npHMeHeHHSI B MeTpO­

JlOrH'leCKI-IX HCCJ1e.aosa1111S1X Sl)lepHOH q>ll3HKH (CM., Ha­

npHMep, [5]) 3aKJIIO'laJiaCb B TOM, '-!TO B Ka'leCTBe 3MHT­

Tepa 0CKOJIKOB .ueneHHSI HCnOJlb30BaJJaCb HenocpeJlCTBeH­

H0 nosepxHOCTb K3.LIM. O•1eBH.llllO, 'ITO s '.:>TOM CJIY'-!ae 

ocyLUeCTBJU!eTCSI per11cTpau11.11 neJleHHH OT scex 11eJ1.11-

LUHXC.!1 1110-ronos ypa,rn (ttanoMHHM, YTO K3.LIM A3 EP-1 
HJr0Tow1e111,1 113 cnnana 

235U 90 %-ro 06oraweH11S1 c 

MUCC0BblM co.uepJKairneM MOJJH6.ae1-1a 9 % ), YeM 11 onpe­

JleJJ.!leTCSI 0CHOBH0e JlOCTOHIICTB0 MeTo.ua. 

B Ka'leCTBe ,neTeKT0pos LUl.11 pemc-rpaUHH OCK0JIK0B 

JleJJeHH.11 HCnOJlb30BaJ18Cb CJIIO,lla MYCK0BHT MapKH 

CT fOCT 13780-78 TOJllllHH0i-i 0, I MM. Cnt0.aa (nsa 

npllM0yroJJbHHKa paJMepOM I Ox 15 MM) pa3MeLUanacb B 

KacceTax 113 aJllOMHHHeB0H cjJOJlbrH TOJlLUHIIOH 0, I MM. 

OTKpblTble nosepXHOCTl-1 CJJI0)lhl HMCJJH w11p11Hy 7 MM II 

BblC0TY 30 MM, 'lTO npaKTl1'-leCKH cosnauano c BblCOTOi-i 

K3.LIM OT rnpua Jl0 yCTyna fl0)lBeCKH. 3a C'leT 6opTOB 

KacceT1,I MelKJly nosepXHOCTblO K3.LIM 11 rLJJaCTHHOH 

CJIIO.Ubl o6ecne'-IHBaJJC.!I 3a3op - 0, I MM. llpH ycrnHOBKe 

.aeTeKT0pHblX c6opoK B 3a3op1,1 Mell(}ly K3.11M 0TKpblTaSI 

nosepx11ocTb CJltO.Ubl op11e1n11posa.nac1, B CTOpOHY BbinYK­

JlOii ll0BepxHOCTH CO0TBeTcTBytOLUero K3.11M (KpOMe 

cnyYaes ycTaHOBKH 1-ia st1y,-pe111111x nooepx11ocrnx 

K3.11M, np11nerat0LUHX K 3ULUIITHblM YeXJJaM). 
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PHc. I. B~Ul A3 6P-1 6e3 0Tpa:4<aTeJIJI B OCellOM pa,pe,e: ■ - ypatt-MOJ1H6AellOBblH crumn: 

0 - HepJKaBeKlllllUI CTanb; El:) - nopowKoo6paJHblH 6op: B6-eepXHltH 6J10K; 

H6-HlllKIUtii 6noK; P6-perymtpyKllUHH 6J10K; H6-HMnyJ1LCHbtii 6J10K 

O6c'leT neTeKTOpOB npOH3B0JlHJICll Ha '!aC0BOM npo­

eKTope YTT-2 npH 200-KpaTHOM yseJJH'leHHH llOJlll 3pe11Hll 

11a CJJIOAe 2,0x 1,8 MM. MaKCHMaJlbllOe '!HCJIO TpeKOB B 

none 3peHHll He 6onee 500. Ha KlUKJIOM 113 llBYX HHllHBH­

llYaJlbHblX neTeKTOpOB B KacceTe npOC'!l1TblBa.JlOCb wecTb 

nonei,i Ha6J1t0AeHHll (AJlSI HCKJIIO'leHHll KpaeBblX 3cpcpeK­

TOB o6c'!eT ocymecTRHllJICll c waroM 2 MM c paCCTOlll-lHll 

I MM OT Kp0MKH neTeKTOpa). 

TTpH HJy'leHHH pacnpeneneHHll llJI0TH0CTl1 AeJJeHHH 

B A3 6e3 JarpyJKH AeTeKTOpHble c6opKH paJMell.la.JIHCb 

Bll0JIL ncex 6oKOBLIX nosepxuocTe~i K3UM s Bepx1-1eM 

(86) 11 1111JKHeM (HE) 6noKax no ABYM 1-ianpaaneHHllM -

OT ueHTpa A3 B CTOpouy llJJaTcpOpMbl mp1130HTaJJbllOH 

3arpY3Kl1 H non npllMblM yrnoM K 3T0MY HanpaBJJeHHI0 B 

CTopmty OT pacno110JKe1moro y nosepx1-1ocn1 A3 wrnr­
Horo K0IITPOJJbH0ro Hei-iTpOl-tHOro HCTO'IHl!Ka 11HTellCHB­

II0CTblO ~ 106 
HeHTp./c. l13Mepe11Hll BilOJlb nosepXHOCTeH 

HMnymcuoro (116) 11 peryn11pyt0Ll.lero (PE) 6noKon pea­

JlHJosaTL 11e YllaJJOCb, TaK K3K K0M11Jle1cry10Ll.l1fe HX 

K3JJ.M KOHCTPYKTHBH0 pa3Mell.le111,1 s 11epaJ6op111,1x rep­

MeTH'lllblX '!eXJlaX. 

8 Ka'!ecrne WT3THOH KOHcpmypau11H A3 6eJ 3arpY3-

KH npHHHManacL KOHcpHiypau11si c np11senet1HLIMH s pa-

6o'!He llOJIOJKeHHll WTaTHblMH YCTJ?OHCTBaMH 33rpY3KH, 

T. e. K 60KOllblM nosepxHOCTSIM A3 6blJIH ll0!IBeneHLI 3a­

rpY30'!Hble llJIOLl.laAKH MCX8HH3MOB sepTHKaJlbHOH H ro­
pH3011TaJJbHOH 3arpy:mK C 3KpaHaMH-orpaHH'll1TeJJllMH 

(H3roT0BJleHHbie HJ CTa.nt,11oro Jll1CT3 TOJILl.lHHOH ~ J MM 

lKCCTKHe aJKyp1u1e KOHCTPYKUHH, cpHKC11py10Ll.ll1e rpairnuy 

nonycTHM0f0 np116J1HlKeHHll yCTaHaBJJHBaeMblX 061,eKTOB 

K nosepXIIOCTH A3), a KB3 BBeD;eH AO Kpaii11ero llOJI0-

)l(ellllll BIIYfpb A3. 
MeTonoM ITU 6LU111 TaK)Ke nposene111,1 HCCJ1enosa-

1111ll llJIOTIIOCTH JleJJeHHH 11 ilJlll nsyx BH):\08 3arpY30K, KO­

T0pble MOlKII0 paCCMaTpHB8Tb KaK HaH60JJee xapaKTepHble 

ilJlll EP-1 B nnat1e JlecpopM.11poeat1HS1 cpyHKUHH y,nen1,11oi1 

llJIOTHOCTlt nene,mi-i . 8 Ka•1ecrne 3arpY3KH BO B11yrpH30H­

HYI0 llOJIOCTb HCfl0Jlf>30BaJ1Cll MaCCHBllblH y-cpHJJLTp 

113 CBHIIUa B cpopMC UIIJll11Ulpa )lHaMeTp0M 94 MM, BblCO­

TOi•i 95 MM, C Bt1yrpet1t1ei1 00JIOCTblO Jl11aMe1'p0M 25 MM, 

BblCOTOii 26 MM. B Ka'!eC..'TllC :iarpY3KH CHap~H A3 11CII0Jlb· 

Josancll propa6ornttu1,1i,i ilJlll peaKTopos 611P-2M 11 6P-I 
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11-y-KOHBepTOp pa:iMepOM 500x400x400 MM H C B1tyrpeH­

Hei-i nOJlOCTblO 270x270x250 MM npH TOJIU.l,lrne nepeii­

llCH, opHeHrnposa1111oi-i 11a A3, CTellKH 40 MM (6). Ko11-

sepT11pyt0wH~i MaTepHaJI - CMCCb nomtnpOllHJlCHa C OKH­

CblO KaJIMlrn (6 % no Macce). Ha s11ew11eM Topue nepeii­

Hei-i CTeHKH HMeeTC.H 6op1-tblH 3Kpa11 113 Kapfouia 6opa ec­

TeCTBeHttOro H30Ton11oro COCTaBa, HaCblnliOH (TOJlWHlla 

3aCbinKH 5 MM, B aJllOMIHIHCBOM YCXJJe TOJlWHHOH I MM). 

PacCTm11rne Me)Kny noeepx11ocn1MH A3 H KotrnepTopa -

25 MM. 

Ko1-1qmrypauHOHHble MacwTa611poaa1-tHblC cxeMbl 

paJMCWCIIH_ll ynoM.HHyrhlX 3arpy30K, HJlJllOCTpHpy10w11e 

IIX pacnOJlO)KCIIHe OTIIOCHTeJlbHO K3JlM A3, npeJJ.CTaB­

JlCHbl Ha pHC. 2, 3. 11ccJJeJIOBaHH.H JJ.ecpop~taUHH cpyHKUHH 

nJlOTHOCTH JJ.eJleHHH npOBO.ll.HJlHCb OTJJ.eJlbHO .ll.Jl.H Krut<llOro 

BHlla 1arpyJKH. 

y-cjrnnhTp 
113 ce1rnua 

Puc. '.!. 3arpyiKa BHyrpH30HHOi-i llOJIOCTH y-q>IUlbTpOM 113 CBHHUa 

Puc. 3. 3arpyiKa n-y-KOHHepTOpa K 60K01.1oii llODCpXHOCnt A3 6P- I 
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OpM npoBeneHHH HCCJle)lOBallH~i C pa3Mellleltlll,IM B 

KH3 y-cj)HJlhTpoM neTeKTop111,1e c6opKH Mern1ia TT.U 

pa3MelllaJ111Cb B.[I0Jlb HJl)l(H6i II0Jl0BHHbl K3JlM Bepx11ero 

pswa B6 11 Bepx1-1ei1 no11oam1bl K3.UM 1-111JKHero psina 86 

T0JlhK0 II H,mpaBJ1em111 OT ue1-1-rpa K rJJlaTcj:JOpMe ropH-

30HTaJlhHOH 3arpY3KH. OpH npoaenemrn HCCJle)lOBaHHH C 

n-y-KoHneprnpoM 11eTeKTOpHhle c6opKH Mernna TT.U paJ-

11.1eLUain1c1, Bll0Jlb 6oKOBbIX nosepx1-1ocTdi 11cex K3ilM 

HH)l(Hero psina 86 B Tpex 11anpaane1111six: OT ue1npa K 

K0HBepT0py. OT ue,npa OT KOIIBepTopa, OT ue1-1Tpa 01 

K0lffp0JlbH0ro HeHTpomtoro IICT0'll-lHKa (nepne11.[IHKY­

m1pHO nepBblM J-lB)'M 1-1anpaR11eHHSlM). )].JUI 11anpaR11eHIUI 

OT ueHTpa K K0HBepTopy neTeKT0pbl ycTaHaRJlHBaJlHCb no 

Bcdi si.1c0Te K3JlM. JlJlll 11pyrnx HanpaRJ1e1-111H - T0JlbK0 

s sepxttei-i no11oa1111e K3)lM. 

J].nSl Bcex KOHcj:>HrypauHii A3 (6eJ Jarp)'JKH H C 060-

HMH sapHallTaMH 33rp)'JKH) B fl0JliUIHI Ha ueM"rpanbHOH 

OCH KB3 B 50 MM OT ero ll~ta (JiaJJee 110 TeKCTY - onopllall 

K0HTP0JlbHaSl n0JHUHSl I, OKTTI), 1-1a 1111cKe JIHaMeTpoM 

20 MM TOJlWHHOH I MM, H3l'OTOB.rteHH0M HJ MaTepHaJJa 

K3JlM, 6eJ n0KpblTHSl, op11e~rrHpoBaHHOro napaJJJJeJlbHO 

,111-1y KB3, ,rn o6eux ero nJJOCKocrnx yc-ra1-1aRJ11-tBaJJ0Cb 110 

on1mif nonyc6opKe C TTJl (seem JIBC KaCCCTbl co CJll0)lSl­

llblMH nnacn111aMH paJMepoM !Ox15 MM). 

HopMHpOBKa na11HblX, llOJl)"ICHHblX 8 C00TBeTCT­

B)'IOLUHX HHllHBHll)'aJlbllblX OOJl)''-laTeJlhHhlX 3KCnepHMeH­

TaX, ocyLUeCTBJUIJlaCb no Jl0KaJamrllM neTeKT0p0B nepB0-

ro (ca~mro '-l)'BCTBHTeJlbH0ro, Ha1160J1ee CTa6HJlhllOro If 

onepaTHBI-I0 K011Tp0I1HpyeMoro no 3cpcj)eKT11BHOCTH) JIHa­

naJoHa KaHaJJOB K01HpOI1Sl MOWH0CTH (HeHTPOIIOB )'TeY­

KH) peaKT0pa. 

B Ka'-!eCTBe llOfl0JHIHTeJlbl-lblX ~leT0Jl0B, C llOM0LUl,10 

K0T0phlX ocyLUeCTBJUIJJaCb npoBepKa )'CTOH'-IHB0CTH OTHO­

ClffeJlbHblX pacnpeneneHHH, IIOJl)"-leHHblX MeT0ll0M TT.U, 

HCn0Jlb30BaJlHCb MeT0)lhl aKTHBaUHH ne reKT0pOB aeJleHIISl 

(A.llll,) 11 c6opa ocK.OJJKOB ne.nemtsi (COJl). J].nsi aC>co-

nion1oii HOpM11p0BKH OTliOClffeJlbHblX pacnpeneneHHH 

nJI0TIIOCTII 11ene11uii 8 A3 HCn0Jlh30BaJll1Cb MaJlOra6apHT­

Hble npeUHJHOllllhle HOHli33UII0Hl·lblC KaMephl JICJlellllSI 

(HKJl) C 8blCOK0060raLUeHHblMH H30T0fl3MH 
235U 11 

238U. 
Jlnsi pearnnamrn MeT0,113 A.LI.Il 11CllOJlb30RaJIIICh CJI0II 113 

0KIICH-33K.HCH 
235U (90 o/o-ro OOO!'a.l.UeHIUI) TO.'llllHHOi1 

~ 4 Mr/cM
2
, 11a11eceHHblC 11a MI0~jHHHellble llOJIJlOlKKH T0.11-

IUHHOii 0,2 MM B cpopMe npsiMoyro.'lbHHKa pa3MepoM 

I Ox30 MM. J].nsi coxpaHH0CTII MaCCbl 11a1-1ece1-1Horo CJJOSl H 

npe,110TspaLUem1si )'Te'IKH 0CK0JlKOB neJJeHHSI (yMeHbWe­

llHSl noneJHOH y-aKTHBH0CTH) nosepXHOCTb CJIOSl JaKJJeH­

Ba11acb JlaBCaHOllOli IIJleHKOii TOJllllHH0ii 0,03 MM. Oruo­
Cl•iTe.rtt,HOe "BJBeWHBUHHe" neTeKT0p0B ocyweCTR/ISlJl0Cb 

no co6crnett1-10My y-1-13.JlyYeHHK) 
235U c ::iHeprnei-i 185 K3B. 

'-IHCJIO lleJICHHii B JleTeKTopax, CBSlJa1111oe C 11poue11ypoi-i 

o6JJ)'YeHHSl s A3, onpe11em1.rt0Ch 1.lB)'MSl MeTOJlaMH: no aK­

THsuocrn pan110HyK.11u11a 
140

La c Ey = 1596 K38 ( 
140

La -

AO'lepH111i npony1n pac11311a 
140

Ba. 06paJy101ue1ocsi 11p11 
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neneHHH) If no C)'MMap11oi-i y-aKTHBH0CTH np0Jl)'KT0ll 11e­

J1e1111S1 Bbtwe nopora Ey = 620 K3B. 

l13Mepe11HSl y-aKTHBH0CTH npOB0llfUlliCI, B 0THOCII­

TeJlbHOH cpopMe C 11Cfl0.flb30Ba11HeM y-cneKTpOMeTpa C 

KpllCTMJlOM Nal(TI) paJMepoM 80x80 MM (naHHhlif cneK­

-rpmteTp BII0CJle.!lCTBHII BOWeJI ll C0CTaB pan110MeTp1-t'-1e­

CKoi1 yCTaH0BKH KPOHA-ll-3 f7]). <l>parMeHT an11apa­

-ryp1-1oro cneKTpa. HJ1J110CTpHpy10LUHH nopsinoK Bhl6opa 

noporn pernCTpaUHH 11pH 1-1cn0J1bJ0Bal-H1H C)'MMap11oi-i 

y-aKTHBHoc-ru nponyKTOB 11e; 1em1si, npe11crnRJ1eH 11a pi-le. 4. 
Mernn CO)l npHMettsincsi coeMecTH0 c MernnoM A.IIJl. 

TaK KaK B TaKOii pe11aKU1rn y,11aeTCSl COBMCCTHTb 0llH0-

BpeMeHH0 3al.l3'-IH c6opa OCK0JlKOB IIU MeTaJlJHl'-!eCKHH 

K0JlJleKT0p H 33LUHTbl OT IIHX neTeKTOpa Me-rona A.ilJl 
(npennapHTeJlbHble 3KCnepHMel1Tbl ll0KaJaJJH, '-!TO HaBe-

11e1-HlaSl OCK0JlO'-lllaSl y-aKHfBH0CTb Bll)'TPH .ueTeKT0pa 

A.llll. COllOCTaBHMa C npHBHeCeHH0ii OCKOJl0YHOH y­

aKTHBI-I0CTblO, 06ycnoRJ1eHIIOH RbUleT0M OCKOJlKOB C 110-

sepXHOCTII K3JlM: p0Hb KOJIJleKT0pa 0CK0JlK0B 11p1-1 OT­

C)'TCTBHH JaLUHTbl 11rpaeT aJllOMIHIHeBasi ll0.nJIOlKKa l{e­

TeKTopa AJ].Jl). PoJJb KOJJJleKTOpa c6opa 0CKOJIKOB Bbl­

ll0JIH}IJJ KOHBepT 113 Mennoii q>OJlbrH T0JlWHHOH 0,04 ~IM. 

B KOTOpblii ynaK0BhlBaJlCSl lleTeKT0p A.IIJl. nocne 06ny­

Yem1si H3 KOHBep roB RblpeJaJIHCb II0JlOCbl paJMepoM 

I 8x30 MM, OTH0Cl-fTCJlbllble "seca" Kornp1,1x onpene_risi­

Jll!Cb npllMblM B3BeWH83HHCM 1-1a ::11iam1T11YeCKHX secax. 

OCKOJl0'-IH3SI y-aKTHBH0CTb neTeKT0p0B co.u onpelleJISl­

!laCb TaK JKe, K3K Ii ne-reKTOpOB A,ilJl. 

311eprnll 

PHC. 4. Annapa-rypHblH y-c11eKTp OOJlyYeHHOro UK1 HB8UHOIIHOro 

JleTeKTOpa JleJle H H H 

MeTOJlbl A,ilJl 11 CO)l np1-1Me1-1sim1c1, TOJll,KO npu 11c­

c11e1l0Ba111-1six 11a A3 6eJ JarpyJKH. lleTeKTop11b1e KOM­

nneKTbl ycTallaRJlHBanHCb y II0BepXHOCTeii Bcex K3)1M 

Hll)l(llero psilla B6 B Bepx1-1ei1 HX n0JI0BHl-le. B 11anpaBJ1e­

HIHi OT ue1-1-rpa 1' J1Jl8T<pOpMe ropH30HTaJlbHOH 3Ufl))'JKH. 

B Ka)l(Jl1,1ii 3a·mp, a TaKlKe K noaepxM0CT}IM K3ilM, np1-1-

; 1era1ow11M K :iaw1nHblM YeXJlaM, ycra11aB.rtHBafl0Cb 0!lHO­

BpeMeHH0 ll0 TPH neTeKT0pa Me l"OJIIIKII A.LI.Il. Tax He )l(e 

-rp11 K0MnJleKTa ycrn11aRJ1IIBaJIIICb B OKn) (aHMOrHYH0 

Bb!WelnJl0)KCIIII0M)' lUlSl MeT0llllKI-I TT.U). 



MeTOil J.1K1l npHMelll!JICSI TOJlbK0 ).lJlll WTaTIIOH 

KompHrypawrn A3 6e3 J31TJY3KH 11 TOJibKO s OKn I, s 

110J11U111t pa:3M<.::LUeHlfll JleTeKTopoB MeTOJlOB TTJl, Al]Jl, 

CO)l. l1CllO.llb30BaJlllCb l1K)l C H30T0llaM 
235U (90 %) H 

( I 00 % ) ( norpeWIIOCTb no nac11opTy H30TOllHOro C0).lep­

lKallHSI 11e xy)t;e 1,5-2,0 % B ilOBepH"rem,110M 111rrepsane 

p = 0.95). 'ITO n03B0JISleT C BblC0K0ii TO'lHOCTbl0 on10p­

~111poBaTb pac11pe.nenet1Hll YlleJlbHoii IIJI0TII0CTl1 11eJ1e1rnii 

Henocpencrnett110 B tyM~tapH0M •111CJ1e .nene1mii 
235U 11 

238U B e).lHIIMUe MaCCl,I MaTep11aria K3)lM. 

YposeHb B3allMOC0111acosaHMOCTII peJyJlbTaTOB, 110-

JIY'lellllblX Me1ona~rn TT)l, Al]Jl H con JlJHI H36paHHblX 

np11 11pei.tBapHTeJ11,H0M attaJrnJe 6h!Jl0 ycrnHUBJleH0, 'ITO 

pacnpeJleJ1eHHS1 no pa.n11ycy B crnpoHy nnaTcjJOpMbl rop11-

30HTaJlbH0H 3a1py"JKII 11 n0J.l npl!MblM yn10M K 11eMy pa3-

JIH'!alOTCll 11e3Ha•111TeJ1bH0 (np11 C0Bna.ueHHH B uettTpaJlb­

l!Oii 06J1acn1 HMeeT MeCT0 He60JJbWOe yseJlH'lCHHe rIJlOT­

H0CTH .neJ1e1111i1 K nosepxHOCTH, paB11oe Ha CaMOH no­

BepXHOCTH - 5 %, wu1 11a11paBJ1emu1, nepnett,nHKyn.11p110-

ro K 11anpaBJ1eHHIO 11a nnaTcjJOpMy ropH30HT<UlhHOH 3U­

rpy3KH, YT0, 6e3ycnOBHO, o6bSICHSleTCll HaJll1411eM B K0H­

CTpyKUHH peaKTOpa B 3TOM HanpaBJJeHHli onopttoro :me­

MCHTa B6 TOJllUHH0ii 8 MM), TO npH o6pa6oTKe Ha nep­

BOM ·nane ll KaYeCTBe HCX0.llHblX ::>KcnepHMeHTaJlbHblX 

Ta6n11ua I 
PeJyJ1bTaTbl cpaBlleHMSI nonyYellHblX no MeTO.llaM TTJl, Al]Jl 11 COn 0THOCIHeJlbHbIX pacnpe.neJJeHHH 

y,uen1:,110ii llJIOTliOCTH ).leJleHHH ll 1116paHHblX n0311U11SIX no panHycy A3 

Mernn 
r, MM 

TTn A1]Jl con 

0 1.000 1,000 1,000 
58 1,190 1,166 1,160 
73 1,310 1,319 1,309 

88,5 1,248 1,245 1,260 
103,5 1,042 1,076 1,061 
119 0,774 0,821 0,820 
134 0,476 0.483 0,485 

noJ11uHii 110 pam1ycy A3 6P- I Jl'lll Bepxt1eii nonosHHbl 

K3nM IIHlKHero pH.na 86, HJlJII0CTp11pyt0T )laHHble, 

npenCTaru1et1H1,1e s rn6JJ. I. np~1 pacYeTe cpe.uHeKsaApa­

TH'11101 o OTKJlOHettHH (CKO) 11cnoJ11>Josa111,1 CTaHilapTHb1e 

coon1mue111u1 Jl.llll HOpMaJlhtt0ro pacnpe.lleJ1em1ll ow1160K 

cpemtero. P = 0,61. 
na11111:,1e Ta6JI. I 0.llHOJIIaYHO ll0KaJblllatOT 0TCyTCT­

Blfe KaKIIX-JIH60 31Ia4HMhlX pa3.JIHYIIH MelK.llY pe1yJibTaTa­

MH, nu.11yYelillblMH TpeMH 11eJaBHCHMblMl1 MeT011.a~rn. '!TO, 

6e1ycnoeno, cs1111eTeJ1bcTeyeT o .no6pornocrn peJyJJbTa­

T0B B paMKax K3)t;Jl0ro HHllHBIIJlYaJlbliOTO MeTo.na. 

311a411TeJlbHast HHcpClpMaUl10HHast eMK0CTb MaCCHBa 

i.taHllblX, 110.flyYeHHblX B paMKax MeToi.ta rrn WIS! WTaT­

HO~i KOHtj:m1ypau1111 A3 6e3 3arp)'3KH (- 650 np0CMO"rpo­

BhlX noJJeii C pe1yJihTaTaMllt o6cYeTa), H 0TCYTCTBHe 113 

tj:ntJH'leCJCHX coo6paJKe1111ii KaKIIX-mi60 Heperym1pHOCTeii 

ll cpyHKUIIH IIJl0TII0CTl1 .neJ1e1rnii no A3 n0380JlHJIII npH­

MeHHTb MeT0.ll perymtpH38UHH 3KcnepHMeHTaflhllblX .na11-

HhlX C ueJJblO 11peilCTaB!let1HSI peJyJlbTaTOB B yno6HOH llllll 

npaKT11YeCK0f'O 11CITOJlb30BaHHSI 0606me~1Hoii cpopMe. 

npH o6pa6oTKe ::JKCnep11Met1TaflbllhlX .!latlliblX JlJlll BG 
A3 Ge1 1arpyJK11 11a 11epBOM ::iTa11e ocymecT1U1S1J1ac1:, npoue­

i.typa cmalK11Bat1115i ny,-eM npe.ncTaBHetrnll pacnpeJlene1111ii 

IUIOTII0CTII J.le.Jtett11ii 110 pam1ycy A3 JlJlSI 48 YJ)OBHeii 

110 BblL.0Te (B C0OTBeTCTBIIII C 'IIICJI0M npucM0Tp0BhlX 

noJJeii) B cpopMe ll0J111II0M0B TpeTbeii CTelleHII. TaK KaK 

CKO 
Cpenuee 

ti 6, % 

1.000 - -
1,172 0,0092 0,78 
1,313 0,0032 0,24 
1,251 0.0046 0,37 
1,060 0,0098 0,92 
0,805 0,0155 1,92 
0,481 0,0027 0,56 

JlUHHblX HCfl0Jlb30BaJJHCb cpeJlHHe no llBYM yKa3aHHLIM lia­

npaBJJeHHSIM. no pe3yJlbTaT~1 npoue.nypbl CrJla.JKHllalHl.li 

cpopMHpoBaflCSI MaCCliB naHHblX ).lJlSI HOpMaJIHJOBaHHOH KO­

op.nmrnTHOH ceTKII C 11 cpliKCHpOBaHHblMll nOJHUHSIMH no 

pa.n11ycy HU Ka)K.!lOM 113 48 qlHKCHpOB311HblX ypoBHSIX no 

l:lblCOTe. 

Ha 11TopoM ::>Tane o6pa6oTKH ocywecTBmrnacb npo­

ue.uypa Cr.rlUlKHBUHHSI noJJyYellHblX pacnpe.neneHIIH no 

l:lblCOTe J.lJlll 11 ll031iUHH no pa.nnycy, TUKJKe B cjJopMe no­

JIHII0M0B TpeTbeH CTenem1. Ha 3TOM lKe ::rrane npoB0llH­

JIOCb H3Me11ett11e KOOpllHllaTHOH CeTKH B cpopMaT, yno6-

llblii JlJISI onpe)leJleHHll nonttoro 4HCJ1a neneHHH B B6. 
Ha TpeTbeM ::>rnne o6pa6oTKH npoue.nypa crnalK11ea-

1111H C HCnOJlb30BaHHeM llOJlHH0MOB TpeTbeH CTeneHH 

npOB0.llllJlaCb BHOBb no pa.n1-1ycy 86. HO Ha II0BblX ypos­

llSIX no BblCOTe, CO0TBeTCTBYIOIUHX H3Met1eHH0H KOop.n11-

11aTH0ii ceTKe. TuK KaK cpaBHe1-111e pe1yJ1bT3TOB 8 yJJI0-

BblX T0'IKax 1101:1011 KOOp.llHIJaTHOH ceTKH Jl'lSI BepcHii 

BT0poro II TpeTbero :nanoB ll0KUJaJIO f!X npaKTli'•lecKoe 

C0Bna.neHHe, TO HU TpeTheM :nane npoue.nypa CrJIU)l<HBa­

llHH (pery11S1pHJau1-111) 6blna 3asepwe11a, a nonyYettH1>re 

npeJICTaBJleHIISI HCll0JlbJOBaHbl J:UHI HHTerpHp0BaHl1SI no 

K3nM 86 H cpopt.111poeaH11S1 11nn10cTparnBHh1x TaGJ111u. 

3aMeTHM, 'IT0 Ha BCex ::>rnnax o6pa60TKH IICll0JlbJ0• 

l:laJHICh tte11ocpeJ.1CTBeHH0 3KCnepHMeHTaJlbllble .llU!IM l,IC (B 

cpopMe 'll1CJIU TpeKOB MU 11poo10Tp0BUM none) II T0JJI,1(0 
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B caM0M KOHUe o6pa60TKlt 61,IJlU ocywecTBJICHU HOpMlt­

pOBKU Ha 111a4e1rne 1,000 B OKn I. 
O6pa6oTKa 3KCnep11MeHTaflbHblX .n,allllblX BO Bcex 

ocTa.rthllblX Ko11,rnoJ1tU1tS1x (H6 A3 6e3 3arpY3K1t. B6 A3 

C 1arpyJKaM1t 0601tx BltllOB) 11p01t3BO)lllJlac1, B OCHOBHOM 

aHanOrlt'm0. C ltCIIOJlb30Ba1111eM B 0TJ!CJlhHhlX CJIY'llUIX 

:JJleMellTOB rpa<plt4eCKOf'O CrJ!a)KltBaHIHI. Oco6oe MeCTO 

3aH1tMUeT ouettKa <pyHKUIHI TTJl0TII0CTH neJJCIIHH JUUi HEi 

It PE. ,U.risi YKU1UHllblX 6J10KOB 6wia HCII0Jlb30BUHa KOM­

nJleKCl·IM npol.le.uypa npe11MywecTBe11110 rpacpHYecKoro 

BOC11p0113B0.!lCTBU <pyHKl.lHH rlJIOTHOCTII .ueJleHHH C HC­

nOJlb30BUHHeM Bbl60p0'1HblX pe3yJlbTaT0B 3KCnepHMeH­

TaJll,llblX H3Mepe11HH, Bbtn0J111eHllblX 11a ca~mii Ha'lallbHOii 

CTa./.lHH qlH3nycKa peaKTopa EiP-1, no 38BapKH lJeXJlOB 116 

II P6, H 0K0l1'1UTeJlbHblX peJyJJbTaT0B om1ca1HiSI <pyHKUHH 

l!JlOTHOCTlt ,UeJICHHH s K3JlM BepxHero 11 Hll)l(Hero psi­

,UOB HEi. 3ttalJHMOCTh, 6eJyCJIOBHO, 60JlbWOH CKpblTOii 

norpeWH0CTH B IIOJJyYeHHblX lt3JlOlKellllblM o6pa30M naH­

J-lblX JlJISI HEi II PEi 6y.ueT o6cyJKlleHa HHlKe, np11 pac­

CMo-rpeHHH pe3yJtbTUTOB B ue.nOM. 

OrttOCltTeJlbllblC pacnpenene111tS1 flJJOTHOCTH JJ,eJTeHHH 

no A3 WTUTIIOii KOH<p1trypamrn 6e3 3all)Y3Klt It C Jarpy3Ka­

MH y-<pHJJbTPOM 113 CBHIIUa It n-y-KOIIBepTOpoM npenCTaR/le­

Hhl B Ta6JJ. 2, 3, 4 C00TBelCTBellll0. no OCH Z (BblCOTa B 

npe,ue.nax BEi - CHHJY BBepx, co JHaK0M "+"; Bb1co-ra B 

npe,ue.nax HEi - csepxy BHHJ, co 3HUKOM "-") coxpatteH 

<popMaT, HCflOJlb30BaHHblH npH onpe.n.e.ne111t1t IIOJJHOro 'lltC­

Jla neneHHH B A3. no pau11ycy r cpopMaT, npe.ucraBJ1e111-11,1A 

B rn6.rrnuax, yKpynHeH no cpaBHCHHIO C HCIIOJlb30BallHblM 

np11 onpe,ueJJemm no111-1oro YHCJJa nene~11tii B A3. Pa.n11yc 

132 MM COOTBCTCTByeT cpe.uHeMy 3~1a'leHHIO pa3MepOB 

B1-1ewtt11x K3JlM - 134 MM llJJSI sepxHeii noJ10B1t1-tb1 K31IM 
H 130 MM llJJM t-tHJKHe~i nOJJOBHHhl K3JlM. 

Ta6J111ua 2 

OTHOCHTCJlbHOe pacnpe.ue11eHHe IUI0TH0CTH .ll,eJleHHH 110 A3 WTan1oii KOHcjmrypau1111 6eJ 3arpy3KH 

r, MM 
Z, MM 

58 68 78 88 98 108 118 132 

+125 0,481 0.511 0,504 0,469 0,414 0.349 0.282 0,209 

+119 0,609 0,643 0,632 0,593 0,530 0.454 0.373 0.272 

+Ill 0.750 0,792 0,786 0,740 0,669 0,581 0,478 0.342 

+103 0,872 0,917 0,914 0,865 0,783 0,681 0.563 0,398 

+93,5 0,984 1,042 1,039 0,990 0,900 0,781 0,646 0,447 

+87 1.045 1,110 1,113 1,062 0,966 0,837 0,691 0,471 

+79 1.102 l. 181 1,187 I, 132 1.030 0,893 0,735 0,495 

+71 1,144 1.231 l ,244 1,190 1,082 0,938 0,765 0,504 

+63 1,173 1.269 1,285 1,232 1,l 18 0,965 0,785 0,51 I 

+62 1,179 1,275 1.288 1,235 1,121 0,968 0,788 0,512 

+56 1,192 1.294 1,311 1,254 1,141 0,985 0,798 0,512 

+48 1,208 1,310 1.327 1,270 I, I 55 0,995 0,803 0,508 

+40 1,205 1,313 1,333 1,276 1,159 0,996 0,800 0,498 

+30,5 1,205 1.306 1.327 1,270 1,15 1 0.988 0,792 0,487 

+24 1,199 1.300 1,314 I.260 1,142 0,979 0,784 0,478 

+16 1,199 1.285 1.296 1,238 1,122 0,960 0,773 0,469 

+8 1,196 l.264 1,270 1,209 l.097 0,943 0,757 0,459 

+0 1,196 l ,247 1.255 1.177 1.069 0,923 0.743 0,458 

-0 0,994 1,086 1,117 1.095 1,023 0,910 0,763 0,510 

-8 1,051 1.135 1,162 I. 137 1,059 0,939 0,765 0.486 

-16 1.086 l,161 1,179 1,150 1.066 0,940 0,765 0,474 

-24 l. 106 1,165 1,173 l.134 1,050 0,924 0,762 0.471 

-3 I ,5 1,106 l,154 l,152 1,105 1,0 l 8 0,894 0,738 0,471 

-40 1,086 1,123 I, 113 1,058 0,967 0,846 0.699 0.463 

-48 1,048 1,084 1,069 1,007 0,908 0,785 0.649 0.453 

-56 0,990 1.042 1,024 0,953 0.844 0,718 0.587 0.428 
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OKOH4aHHe Ta6JI. 2 

r, MM 
;:, MM 

58 68 78 88 98 108 118 132 

-62 0,936 1,002 0,989 0,915 0,798 0.664 0,534 0,369 

-63 - - 0,919 0,858 0,761 - - -
-71 - - 0,835 0.772 0,684 - - -
-79 - - 0,752 0,698 0,617 - - -
-87 - - 0,678 0,631 0,561 - - -

-94 - - 0,611 0,580 0,516 - - -
-101 - - 0,546 0.528 0,474 - - -

-111 - - 0,490 0.494 0,445 - - -
-119 - - 0,442 0.468 0,425 - - -

-125 - - 0,409 0,455 0,415 - - -

Ta6Jrnua 3 
OTHOCHTeJlbHOe pacnpeneJ1e~1He nJJ0THOCTH J1e.11eHHi1 no 86 A3 C 3arpY3KOH y-cpHllbTpOM HJ Cl!HHUa 

r, MM 
Z, MM 

58 68 78 88 98 108 118 132 

+93,5 1,218 1,298 1,301 1,235 1,1 16 0,957 0,767 0,486 
+87 1,190 1,250 1,236 1,163 1.044 0,899 0,734 0.504 
+79 1,140 1,190 1,221 1,100 0,991 0,854 0,709 0,510 
+71 1,087 1,140 I, 129 1,066 0,960 0,832 0,690 0,495 
+63 1,043 1,105 1,104 1,050 0,953 0,826 0,680 0.469 
+62 1,040 1,102 1,104 1,050 0,953 0,826 0,681 0,470 
+56 J.025 1,091 1,097 1,046 0,953 0,826 0,678 0,456 
+48 1,034 1,101 1,107 1,056 0,959 0,832 0,680 0.452 
+40 1,090 1,140 1,129 1.069 0,967 0,835 0,690 0.476 

+30.5 1,234 1,252 1.18 I 1.083 0,957 0.825 0,696 0.561 

Ta6J11c1ua 4 
OrnoCHTeJlbHOe pacnpene;teHHe rtJlOTHOCTH .ueJJeHHH no 86 A3 C JarpY3KOH 11-y-K0HBepTOpOM 

r, MM 
.:'.:, MM 

58 68 78 88 98 108 118 132 

OT UellTpa A3 K n-y-KOHBepTOpy 

+62 I, 180 1,328 1,373 1,336 1,231 1,080 0,895 0,614 

+56 1,222 1,372 1,424 1,387 1,282 1,128 0,943 0,666 

+48 1,257 1,413 1,465 1,426 1,317 1,159 0,977 0,717 

+40 1,269 1,437 1.487 1,444 1,33 I 1,172 0,990 0,742 

+30,5 1,269 1,434 1.494 1,445 1,323 1,159 0,976 0,746 

+24 1,253 1,428 1,478 1,429 1,304 1,1 37 0,956 0,732 

+16 1,215 1,396 1.446 1,391 1,257 1,087 0.903 0,688 

+8 1,158 1,344 1,392 1,334 1,197 1,024 0,840 0,629 

+0 1,085 1,274 1,325 1,265 1,127 0,951 0,770 0,568 

+62 1,066 1,193 1,243 1,217 1,130 0,995 0.819 0,526 

+56 1,079 1,208 1,256 1,230 1,140 1,002 0.825 0,535 

+48 1,142 1,248 1.281 1,247 1,153 1,015 0.838 0.541 
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OKOHYam1e Ta6Jl. 4 

r, MM 
Z, MM 

58 68 78 88 98 108 118 132 

Or ueHTpa A3 OT n-y-KOHBepTopa 

+40 1,193 1,299 1,330 1,291 

I 
1, 189 1.041 

I 
0,858 0,556 

+30,5 1,250 1,348 1,383 1,352 1,263 1,123 0,937 0,604 

Or UeHTpa A3 OT KOIITp0JlhHOro Heihp0HHOro HCTO'-lHHKa 

+62 I, 107 1,269 1,331 

+56 1,114 1,275 1,337 

+48 1,123 1,285 1,350 

+40 I, I 52 1,305 1.372 

+30,5 1,218 1,389 1,423 

TTpH onpeneneHHH n0JIH0ro YHCJla m:.r1eHHH 0CytUe­

CTBJll!Jl3Cb npouenypa YHCJ1e1111oro HHTerpwpoaaHHll no 

MaTepwany K3)lM, C yYeTOM nacnopTHblX Jl3HHblX Jl)lll 

pa3Mepoa w cocrnaa K3)lM. Ha OJlHO ne.r1eHHe a I r Ma­

TepHana K3.UM a OKTII YHCJJO nene11HH s 86 non-yyetto 

paBHblM 81976 (HJ HHX a sepxHeM p51llY K3.UM - 35294, 
a HHlKHeM - 46682); a Ho - 52438 (HJ 1-fHX s sepxHeM 

PllllY K3JJ,M - 41123, a HHlKHeM - 11315); B 116 - 3191; 
s PE - 2935; nonHoe YHcno )leneHHH s A3 - 140540. 
HopMHposKa napuHaJJbHblX YHcen JleneHHH a cTpyKTyp­

HblX 6JlOKax Ha n0JlH0e YHCJl0 ,ueneHHH s A3 nae-r CJle­

JlYIOll.U,fe Jl0JleBble C00TH0WeliHll: s 86 - 58,3 % (25,l % 
H 33,2 % no pll.uaM K3,UM); s Ho - 37,3 % (29,3 % H 

8,0 % no pl!JlaM K3.UM); s 11.6 - 2,3 %, s Po - 2,1 %. 113 
YHCJleHHblX JHaYeHHH .n.oneBhlX BKJlaJl0B, npHX0JlllLUHXCSI Ha 

116 w Po, cne.n.yeT MaJJ0e BJlHllHHe Ha no.rrnoe YHCJl0 ,ue­

JleHHH B A3 .n.alKe 31-faYW-reJlbHblX (JJ.eCllTKH npoueHTOB) 

norpeWHOCTei-i B onpeneneHHH (oueHKe) y.n.eJlbHhlX llJlOT­

H0CTeH JJ.enettwi-i B .n.aHHblX crpYKTYPllblX 6noKax A3. TaK 

KaK. C .n.pyroi-i CT0p0Hbl, xapaKrep <pyHKUHH nJJOTl-!OCTH 

JleneHHH no Ho 0.D.HOJHaYH0 CBH.D.eTenbCTByeT 06 OTCy-r­

CTBHH 3HaYHMblX 3KCTpeM)'MOB B o6naCTH 1-16 H PE, oue­

HOl(HblH xapaKTep JlaHHblX JlJlll yKaJaHHblX 6JIOKOB BIIOJl­

He onpaBJlaH. 

8b1,UeJlHM .n.sa OCH0BHblX M0MeHTa B COB0KynHOCTH 

JlaHHblX llJlll WTaTH0H KOH<pHrypaUHH A3 6eJ 3arpY3KH: 

- BblCOKHH ypoBeHb T0YHOCTH onpeueneHHll MaKCH­

MaJlbH0f0 JHa<1e1-JHll y,uenbHOH nJJ0THOCTH 11ene1-1HH KaK 

0TH0CHTeJlbH0 <pHKCHpOBaHHOH, JlOCTynH0H Jl)lSI n0CT0-

llHH0ro K0HTp0JJll, n0JHUHH, raK w a6COJllOTHO (6naro.ua­

Pll npHMeHeHHI0 npeUH3H0HHblX ,UeTeKT0p0B ueneHHll B 

YKaJa1-1Hoi-i noJHUHH); 

- ,uonycTHM0CTb JHa'-lHMOH 1-1eonpeuene1-1H0CTH B Be­

IlH'-lHl·le nOJJH0ro 'IHC.fla 11eneHHH 8 A3 npH ycn0BHH Ja­

KpenneHHll YepeJ npeuHJJ,i0IIH0e M0IIHT0pHp0Bal-lHe CBll­

JH Me:+:,uy ycTaH0BJleHHOH BeJfHlll-fH0H non1-1oro '-lHCJla .ue­

.fleHHii B A3 C y11eJ1bllblM '-lHCJI0M 11enem1fi B MaKCHMyt.1e 

nJl0TII0CTH ,ue.r1e111-1i-i (T. e. C TO'-lKH 3pemtll o6ecne'-leJ-IHll 

npeUHJH0HH0ro K0IITP0Jlll MaKCHM)'Ma 3HeproHarpyJKeHHll 

1,307 1,211 1,055 0,856 0,532 

1,312 1,214 1,064 0,868 0,548 

1,325 1,232 1,082 0,890 0,574 

1,360 1,276 1,133 0,941 0,602 

1,404 1,317 1,174 0,988 0,668 

onpe.D.eJJlllOIUHM l!BJll!eTCll He a6COJllOTHall T0'-lHOCTb ycTa­

H0BJleHH0ro n0JJH0ro YHCJla ,ueneHHH s A3, a B0JM0lK­

H0CTb o6ecneYeHHll BblCOK0H OTHOCHTeJlbH0H T0YH0CTH 

HJMepeHHH nonHoro atteproBbl.Ilenemf.S! B C00TBeTCTByJO­

lUHX enHHHuax s npouecce aKcnnyaTaUHH peaKTopa; mo-

6oe, ,uaJKe <pHJHYecKH o60CHOBaHHOe HJMeHeHHe B non­
HOM YHcne .n.eneHHH B A3 Ha o.uHo .n.eneHHe s OKTI I He 

0JHa'-laeT a.ueKBaTH0ro HJMeHeHHll B JHa'leHHH MaKCHMY­

Ma <pyHKUHH nJJ0TH0CTH ,ueneHHH, YT0 cne.uye-r HMeTb B 

BHJlY npH HCn0JlbJ0BaHHH HeJaBHCHMblX )laHHb!X no on­

pe.n.eneHHIO aHeproBbl,!leJleHHll s A3 WHblMH <pHJH'-leCKHMH 

MeTO.UaMH). 

YYHTblBall CKaJa11Hoe BblWe, Ba)l(H0 0TMeTHTb, YT0 

0TH0CHTeJlbHble pacnpeJleJleHHll llJl0TH0CTW .n.enem-1i-i, 

npe.n.cTaBJleHHble s rn6n. 3, 4, nonyYeHbl npH K0HTp0Jle 

3Hepr0Bb(.IleJleHHll B A3 C n0M0LUblO BHeWHHX JleTeKT0-

pos, KaJJH6poBaHHblX s e,UHHm-lax !l0JlHOro YHCJJa .uene­

HHH B A3 WTaTJIOH K0H<pHrypauHH 6e3 3arpY3KH, C00T­

seTCTBYIOLUero ,uaHHblM Ta6Jl. 2 (c yYeTOM BKJJana OT '-lWCeJl 

.ueneHwH a 1-1£ H Po). CpasHeHHe .uattHbIX Ta6n. 2, 3, 4, c 

yYeT0M H)leHTHYH0CHI HX nonyYeHHll noKaJbIBaeT: 

- YHCJleHH0e 3HaYe1rne YlleJJbHOH llJl0TH0CTW 11ene­

HHH 
235U s OKTT I o.n.HHaKoso wu1 scex Tpex HCCJ1eJ10-

saHHb1x KOH<pHrypauHii A3; 
- JarpY3Ka y-<pWJlbTpa H3 CBHHUa BO BHYTPHJOHHYIO 

n0JJ0CTb npHB0.!lHT K nepepacnpe.n.eneHHIO llJlOTHOCTW 11e­

J1eHHH no A3, HO He BblJbIBaeT yBeJJHYeHHll YHCJleHHOH 

BeJlH'-lHHbl MaKCWMyMa pacnpe11eneHHll; 

- 3arpyJKa n-y-K0HBepTOpa K 60KOBOH nosepXH0CTH 

npHB0,UHT KaK K nepepacnpeneneHHIO nJJ0TH0CTH Jlene­

HWH no A3 s CT0p0HY K0HBepTopa, raK H K yseJlJ,1'-JeHHIO 

YHCJleHHOH BeJlHYHHbl MaKCJ,!MyMa pacnpe.ueneHHll (OT­

Howe,rne MaKCWMaJJbHblX JHa'-leHHH cocraBJJl!eT 

l ,494/1,333 = I, 120; Ha npHJ1era101UeH K K0HsepTopy 

nosepXH0CTH A3 nn0TII0CTb .ueneHHH MaKCWMaJJbH0 803-

paCTaeT s 1,6 paJa). 

8blllBJleHHOe ysen11YeHHe Jl)lll JHaYeHHSl nJJOTH0CTH 

ueneHHH B MaKCHMyMe pacnpeueneHHll npH paJMewe1rnH 

rn6apHTHOH JarpYJKfl B6JIHJH nosepxH0CTH A3 noKaJbl-
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1rneT He06XOJUIMOCTb BBe.Uef-11151 KoppeKUIHI Ha 1111am1pye­

M0e noJ111oe 3Hep1UBb1lleJJe1rne npH llaJ1H4HII no.no6Hh1X 

B!leWIHIX 3arpy30K. IIH.Lll-lK3T0pOM KOTOpblX MOlKeT CJlY· 

lKHTb ysemt'leHHe nJIOTIIOCTH ,!leJJellHH 
235U (HJIH 3KBHBa­

JJeHTHOi-i ei,i peaKUllH aKTHBaUHH) Ha nosepxH0CTH A3. 

CITEKTPhl HEHTPOHOB. 
M:ETO,!l H PEJYJ[hTATbl BCCJIEJlOBAHIUI 

1.-13 pa6on1 [ 4 j cne.nyeT, 4TO JlJ151 peaKTopoB c KOM· 

naKTHOii MeTaTJJJH4eCKOii A3 803M0)1(110 npeaCTaBJJeHHe 

cneKTpa 1-tdiTJ)OHOB, cpopMHpoBa~IHe KOT0poro o6ycJJOBJle­

H0 npouecca~rn aenemu,, ynpyroro H 1-1eynpyroro B3mtMO­

.neikrnH51 c K0MnJJeKTYI0W.HMII A3 MaTepHaJJa\1H, s BHD.e 

cynepnOJHUHH .llBYX M0iteJJl,HblX cneKTp0B - cne,npa .ne-

JJeHH51 B cpupMe MaKcse.,uia 2 -.Ja j I 1t • ✓E • exp(-a IE) 1-1 

cneKTpa 11eynpyroro pacce51HH51 s cpopMe MaKCBem1a 

a;,, . E. exp(-ae,,E) C sapbHpyeMLIMII "seCOBblMH" MH0· 

)KHTe.ll51Ml1, cyMMa K0TOphlX nOCTOSllllla H pasna 1,0. Hc­

noJJbJ0Bam1e "lKeCTKHX" cpopM cneKTpa.TlbHblX K0MOO· 

11e11T n03B0Jl51eT 3Ha411TeJlb1l0 C0KpUTl,fTb C0CTaB K0M· 

nneKTa HHTerpaJJbHblX .neTeKTOp0B, 06ecne'll1BaJOU1HX yc­

T0H4HBOCTb cneKTpaJJbHOro pewetm51, Ja C4eT HCn0Jlb30· 

BUHH51 oco6e1111ocTeH IIX 1-11-nerpaJJbHOro OTKJIHKa. 

,U.n51 peaKTopa 6P- I 11p1-1nsirn npe.nc-raBJJet111e cneK­

·rpa C HCfl0JlhJ0IIUHl-leM napaMeTp0B a1 = 0,786 M38'
1 

11 

a,,,= 5,0 M38'
1 

(cM., nanp11Mep, [2)). A11aTJHJ 1mre­
rpan1,1-11,1x OTKJlHKOB peaKUHH 

235U(n, f) 1-1 
58Ni(n, p) 1-1a 

C00TBeTCTBYIOLUHX MOJleJJl,HblX cneKTpax neneHH51 H He­

ynpyroro paccesiHHSI noKaJ1,rnae-r: 

- Ce'le1rne peaKUHH 
235U(n, j) c11a60 JaBHCHT OT BH.lla 

Mo.ue111,1-1oro cnet-Tpa (cr1= 1.219 6ap1-1, cr,,, = 1,293 6apn). 

'!TO o6ecne4HBaeT 6naronpH51THble ycJJ0BHSI cpHKCllpoBaHml 

llOJJII0ro (.llByxKOMnOHelffllOro) cneKTpaTJbll0ro peweHHSI: 

- CC'-lCHHe peaKUHH 
58Ni(n, p) HMeeT 518HO Bblpa­

)KeJ-IHblli HJ611paTeJJbHbJH xapaKTep (cr1= 9,67-10'2 
6apH Ii 

cr,.,, = 2, 77-10-4 6apH, crf/cr,,, = 348), 4TO 06ecne'-11➔ RaeT 
HauelKHOe BbUleJleHHe .no11enoro BIUla,ua MO,!le.llbHOIO cneK­

TJ)a aeneHHSI 8 Wlip0KIIX npe.ne.rJax HJMe11e1-11u1 KOMfl()-

1-1e1-1n1oro cocrnsa CYMt.1ap1-1oro cneKTpru11,1wro peweHHSI. 

TToJ1y'-leH11h1e .l1Jl51 peaKUHii 
235U{n, f) 11 

58Ni(n. p) pe­

Jy111,TaTb1 noKa3blBalOT BOJM()JKHOCTb HCfl0Jlb30BaHHSI see­

m nsyx .neTeKto'poe - .neTeKTopa .nene1-11-151 c 235U 11 aKTH­

sau110Huoro 1rnKeJ1esoro neTeKTopa - Illl51 11ccnenoeaHHS1 

Tpa1-1ccpopMau1-111 cneKTpa 1-1diTpo1-1011 no A3 6P- I . 81,1-

6op peaKUHH c.ne.11a11 He CJlY'laHHO, TaK KaK HCT0PH'JeCKH 

CJlOlKl18WHHC51 MeTO,!lH4eCKHii nonxo.n K 11pone.neHHIO HJ· 

MepeHHH s11yrp11 A3 HMllYJlbCllblX peaKT0p0B, OCH0Bbl 

K0Toporo 61,11111 Jan0lKellhl B pa6oTax 1nsecnwro cne­

u11an1-1cTa B 0611acrn HCCJle.U0Ballllll Kp11Hl4eCKHX c6opoK 

.U0KTOpa q>H3HKO-MaTeMaTH'-leCKl1X HayK MaJJHHKl!Ha A.A., 

11pe11yn1arpHBaJI 1-1eo6XOJU1MOCTb conpoB0lK.UeHtlSI JleTCK-

TOp0B JlCJJCHHSl aKTHB3UliOIIHblMH cneKTpallbHO 4YRCTBH· 

TCJlblfblMH HHJlHKaTopaMH, 8 lfHCJl0 KOTOpblX o6513aTeJlbHO 

81Ull04aJIHCb HHKeJteBble JlCTeKT0pbl. CoOTBeTCTBelJIIO II 

npH npose11eHHH 11cCJ1e.nosa1-111ii Ha A3 6P-J c 06o11MH sa­

pl-HlHTUMH A3 - C JaLUHTHblM 1-HlKe.llb-MCJlllblM flOKpbtTHCM 

H 6e3 Hero - 11aplUly C naHHblMH no '-IHCJIY .ue.11eHHH ;mu 
6hurn ll0JlY4CHbl )lallHble II no '-lHCJly peaKUHH 

58Ni(II, p). 

B Ta6n. 5 csene1-11,1 peJyJJhTaTbl 0606U1e111-1ott o6pa-

6oTKH naHHbJX 3KCnepHMeHTaJILHblX HCCJ1e,uosa1111ii, npo­

se.ue11111,1x C IICIIOJlbJOBa1111eM K3.UM C HHKeJlb-Me.UHblM 

noKpbrrneM H 6eJ 11ero, nocne coorneTcrnyt0wero rpa­

q>H'-lecKoro CfJla)l(H8alHl51 no OCHM Z H f KaK HCX0.UHblX 

OTH0CHTeJll,llblX pacnpe.neJJeHHH flJlOTIIOCTeH peaKUHH 
58Ni(n, p), TaK 1-1 HCKOMbJX pacnpe.neneHHH ornowe1rnii 

AL.JAN; (Au - HHTerpaTlbHblH OTKJIHK JlJlSl peaKUIHI .ne11e-
235u A .. HKJI , Ni - HHTerpanbHb!H OTKJlHK I1Jl51 peaKUHH UK-

THBaUHII 
58Ni), np11 onpe.ueJJeHHH 'IHCJlCHHblX 3l-fa4eHIIH 

KOT0pblX 11cn0JlbJ0B,lJJHCb aaHl-fble .l1Jl51 Au 1-1 AN; 8 OKn ( 

JlJl51 WTaTIJOii K01-tcp1-1rypau1-111 A3 6eJ 1arpy3KH. 

81,16opo,111oe 11cnom1osan11e nporpaMMbl KACKA.U 

.l1Jl51 nony4eHH51 cneKTpaJJbHOro peweHH51, C00TBeTCT­

sy1owero 0T)leJJbHblM KOHKpeTH blM 3Ha'-lCHHllM 0TH0We-

1urn Au/AN;, llOJBOJlliJI0 onpe,!le.lll1Tb COOTH0WeHilll JlJ(51 

"eeCOBblX" MHO:KHTeJJeH a, M0,/leJlbl!Oro cneKTpa nene-

HH51 11 cpeJIHeH 311eprn11 £ (M38) no sceMy cneKTpy s 

- -3 
E = 1,816 · 10 (Au/AN;) -

-0,1188(Au/AN;) + 3,0133. CoorneTcrne1-11-10 a,,,,= 1-a1 
no 011pe11e11e1-1H10. 

KaK Ii CJJe.LIOBaJJ() Q)KH,!l3Tb, MaKCIIMaJlbllllil 

")KeCTKOCTb" cneKTpa HeHTpOHOB (a,: = 0,627; £ = 

= 1.346 M38) peaJJ1nyeTCS1 BHYTPH .UM A3 (s 0611acrn, 

11paKHl'JeCKH cosna,uaJOLUei:l C o6JJaCTJ,JO MaKCHMyMa 

cpy1-1KUHH y.neJJbHOH nJJOTH0CTH .ne11e1-111ii), a MIIHHManb­

Ha51 - 11a rpa1-1Huax (a1. = 0,549: E = 1,23 I M3B ) . Ewe 

6onbwee CMS1r<1e1rne cneK-rpa 111>1eeT MCCT0 n OKTT I s 

KB3 (.llJlSl cneKTpailbHOro peweHHll, IICll0JlbJYI0Ulero pa3-

~PHYTblH Ha6op HJITerpaJlbHblX .neTeKTopos, a,. = 0,532, 

E = 1,203 M38; JlJl51 cneKTpan1,1-1oro P.:_WeHHll no .nsyM 

1-11-1rerpan1,1-11,1M neTeKTopaM ar- = 0,525, E = I, 193 M38) 

11 IlJlll 1-1eiiTpo11os yre4 KH [ 8) (D.Jisi cneKTJ)an bHOro pewe­

H H,51, HCllOJlb3)'lOLUero pa3B~HYTblH na6 op H11TerpaJJbHhIX 

.neTeKTopos. a1 .-= 0,505, E = 1,162 M::iB; wu1 cneK­

-rpanbMOro p~weMH51 no .llBYM HHTelpallbllb(M neTeKTopaM 

a,.= 0,498. E = I, 152 M::iB). 

Xopowee cornacosa1-111e cneKTpaJ11>1-1b1x pewe111iii. 

HCJl()Jlb3YIOlllliX pa3eep1-1yTbte 11a6opbl IIHTerpam,HblX .ue­

TeKT0pOB H orpa~IH<JeHHble .l1BYM51 .neTeKT0paMH. Jl)lll no-

31-f l.lHii BIie .UM A3 IIOJB0J151CT pacc~rnTp1rnaTb pe3yJlbTaTbl 

onpeaeneHH51 cneKTpos 1-1e~iTpo1-1oe no .UM A3 6P- I KaK 

.ll0CTaT0'-1110 06oc11oea11111,1e H np11eMJJeMhle Jl)lll 11(.;n0Jlb­

JORaHHSI I! npeUH3HOHllblX pac'leTaX, Tpe6yt0LUHX 3l·laJJHSI 

cneKTpa t1eihpm1oe. 
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Ta6Jrnua 5 

OrnoweHH.11 H1-nerpanbHbtX 0TKJIHK0B peaKUHH 
235U(n, f) H 

58
Ni(11, p) no A3, AufANi 

Z, MM 
58 68 78 

+119 23.1 21,8 21,2 

+109 22,8 21,7 21.1 
+99 22,4 21,5 21,0 
+89 22,2 21,4 20,9 
+79 21,9 21,2 20,8 
+69 21.7 21,1 20,7 
+56 21,5 20,9 20,7 
+46 21,3 20.8 20,6 

+36 21,3 20,7 20,6 
+26 21,5 20,9 20,7 
+16 22,0 21,4 21,2 
+6 23,2 22,3 22,3 

-6 22,9 22,1 22,1 
-16 22,5 21,6 21,5 
-26 22,4 21,4 21,3 
-36 22,4 21,6 21,3 
-46 22,7 22,0 21,5 
-56 23,3 22,8 21,5 
-69 - - 21,5 
-79 - - 21,5 
-89 - - 21,6 
-99 - - 21,7 

-109 - - 21.9 
-119 - - 22,0 

MOHHTOPHHr IIOJIHOfO 3HEPfOBhW:F.JIEHHR 

.UeyxKaJ-laJlbHru! YeTblpeJC.[IHanaJ0HHru! CHCTeMa K0H­

TPQJU! M0IUHOCTH (Jq)q>eKTHBHOCTb .o.eTeKT0poB 1-ro .!lHana-

30Ha ~ 5.10·
6 

OTC'l.l.!le.n.A3, 2-ro - ~ 4,5· 10·8 
oTc'l./.o.e.n.A3, 

3-ro - ~ 3,5· w·10 
OTCY.l.o.en.A3, 4-ro - ~ 1,5x 

XI 0· 12 
OTC'I.I.O.en.A3) o6ecne•rnsaeT B0JM0lKH0CTb He­

npepblBH0ro K0HTpom1 C ypoBH.11 ~ 2· 106 
.o.en.A3/c .ll0 

~ 6· 1015 
.nen.A3/c. C'leTHblH pe)KHM cpyHKUHOHHpOBaHH.11 

H KaJJH6pOBKa Henocpe.o.cTBeHH0 B 'lHCJJax .neneHHH s A3 

o6ecneYHBalOT npeuHJH0HHOCTb K0!Hpon.11 (pa3pewet1He 

.no WTyYH0ro 1-lHCJJa OTC'leToB) H cjJHJH'leCKYIO 0.llH0JHa'l­

H0CTb peJyJJbTaTa (K0JJH'leCTB0 .neneHHH s A3 6eJeapH­

aHTH0 110 onpe.ne.neHHIO). 

Jl.n.11 KaJJH6pOBKH neTeKT0p0B 3-ro H 4-ro JlHanaJ0-

H0B HCnOJlbJYIOTC.11 pe3yJlbTaTbl aKTHB3UHH HHKeJJeBblX .ne­

TeKT0p0B, ycTaHaBJJHBaeMblX B OKDl (B II0JHUHH a6co­

JIIOTH0H npHWIJKH YHCJJa .o.e.neHHH B .UM A3). KanH6posKa 

.!leTeKT0p0B 1-ro tt 2-ro JlHanaJ0H0B ocy1UeCTBJJ.lleTC.II ny­

TeM Cp31U11BaHH.II C'leTH0CTeH C .ueTeKT0paMH 3-ro .n11ana-

30Ha B pe)KHMe paJrCJHa peaKTopa C aCHM0T0TH'leCKHM ne­

PHO.!l0M ~ 60 C. TO'IHOCTb TaK0H KaJJH6pOBKH HH)Ke, YeM 

no aKTHBaUHH .ueTeKT0p0B s KB3, HO ,UJl.11 .ueTeKT0pOB 

"HyJJeBoH'' M0IUH0CTH, K K0T0pblM M0lKH0 0THeCTH .ueTeK­

T0pbt 1-ro H 2-ro nuanaJ0H0ll, JlOCTHraeMOH T0'!H0CTH 

3HeprernyecKOH KaJH16pOBKII Bn0JJHe Jl0CTaT0'lH0. 

I", MM 

88 98 108 I 18 132 

20,8 20,9 21,1 21,8 22,3 
20,7 20,8 21,0 21,6 22,1 
20,7 20,8 20,9 21,4 21.9 
20,6 20,7 20,8 21.2 21,7 
20,6 20,6 20,7 21,0 21,5 
20,5 20,5 20,6 20,9 21.3 
20,5 20,5 20,5 20,8 21. I 
20.5 20,4 20,5 20,7 20,9 

20.5 20,4 20,4 20,6 20.9 
20,6 20,4 20,4 20,5 20,9 
20,8 20,8 20,8 20,8 21,3 
21 7 21,8 21,8 21,8 21,9 
21,5 21,4 21,4 21,4 21,7 
21,3 21,2 21.0 21,0 21.2 
21,2 21,0 20,8 20,8 21,0 
21,1 20,9 20,9 20,9 21,2 
21,0 20,9 21,3 21,4 21,7 
21,0 21,0 21,8 22,1 22,4 
21,1 21,2 - - -
21,2 21,4 - - -
21,4 21,6 - - -
21,6 21,9 - - -
21,8 22,3 - - -
22,0 22,7 - - -

B .ll,0ll0JJHeHHe K ynoM.IIHyTOH CHCTeMe K0Hl'pOJl.11 

M0IUH0CTH (o6ecne'IHBalOLUeH TaK)Ke K0HTp0JJb n0JIH0ro 

3HeproBbLUeJJeHml npH pa6oTe B pelKHMe qJHKCau1rn K0H­

KpeTH0l'O M0LUH0CTH0ro ni,1ana301-1a H ll0JJH0ro 'IHCJJa 0T­

C'-leT0B neTeKT0poB 3a ,ll-lepronycK) HMel0TC.11 .ll,Ba He3aBH­

CHMblX H3MepHTeJJ.II ,lHeproBbUleJJeHH.11, HCO0Jlb3YI0IUHe ra-
30HanoJmeHHbte KaMepbt .!leJJeHH.11 KHK-15 s T0K0B0M pe­

JKHMe 11 npeo6proosaTeJJH 1-1anp.11)Ket1H.11 B YaCTOTY (TTH4), 
'!TO ll03B0JU!eT peaJJH30BaTb pentcTpaUHI0 B UHcppOBOH 

cpopMe (B BH,Ue HlnerpanbHOro '-IHCJJa OTC'-leTOB). 3cpcpeK­

THBH0CTb KaHaJJ0B pasHa ~ I ,2· 10-
13 

OTC'l.l.nen.A3, '!TO 

n03B0mleT ocyLUeCTBJJ.IITb onepaTHBHblH K0HTpOJJb 3a Te­

KyLUeH BeJJH'lHHOH n0JJH0ro 3HeproBbl.!leJJeHH.11 B JJIOOOH 

M0MeHT pa60Tbl B CTaTH'leCK0M HJJH "KBa3HCTaTH'leCKOM" 

pelKHMe (HanpHMep, B pelKHMe reHepHp0BaHH.11 1-iM0YJJb­

C0B Ha JanaJ)lblBat0LUHX HeiiTpottax) npaKTH'leCKH B e.nH­

HHUaX 'IHCJJa .ueneHHH s A3. KanH6pooKa H3MepHTenei1 

at1eproBbl.!leJJeHH.11 ocymecTBJJ.11eTc.11 no pe3ynbTaTaM aKTH­

BaUHH HHKeJJeBbIX neTeKTopos o OKTT 1. 

Jl.n.11 o6ecne'leHH.II He JaBHC.IILUero OT cpopMbl peanH-

3aJ.lHH 3HepronycKa (CTaTHKa, HMrtym,c Ha 3allaJ)lblBal0IUHX 

HeHTpoHaX, HMnyJJbC Ha Ml1I0BeHHblX HeHTpouax) K0HTp0-

JJ.11 3a II0JIHblM 3HeproBbLUeJJeJIHeM B HeM B ycnoBH.IIX 803-

M0JKII0ro Henpe.!lHaMepe1moro 0TKJJIO'teHH.11 3JJeKTpomna­

HH.II (1-iJlH HtlOH npH'IHHbl MeB03M0)l(H0CTH onepaTHBH0ro 

CH.IITH.11 HHcpopMaUHH C npHMeHel·IHeM 3JJeK,p01-11-lblX CHC-
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TeM H3MepeHHll napaMeTp0B mmyJJbCa .ueneHHii) HCl10Jlb-

3YCTCll naCCHBHall CHCTeMa H3 llBYX IIHKeJJeBl,IX .ueTeKT0-

poB, pacno11araeMblX B qJHKCHpOBaHHblX fl03HUHllX c11apy­

)KH A3 (onopHb(e K0HTpOJJbllble noJHUIIH 2 11 3 - OKn2, 

OKil3). 81,16paHHh1e pa1Mep1,I aeTeKTopos (LIHaMeTp 

50 MM, TOJJIIU1Ha I MM) H paCCT0SIHHSI OT A3 (- 0.5 M OT 

ee ueHTpa) o6ecnel/HBaJOT JlOCTH)l{eJIHe CTaTHCTHl/eCK0H 

TOl/HOCTH npH onpe.ue.11eHHH aKTHBHOCTH lleTeKTopa Ha yc­

TaH0BKe KPOHA-11-3 [7) He xy)Ke I % B HHTepsane .uose­

pHTeJJbHOH sepOSITH0CTH p = 0,95 3a npaKTHl/eCKH npHeM­

JICMble BpeMeHa H3MepeHHll (- 30 Ml-Iii Ha .ueTeKrnp). 3tta-

llJ-ITeJJbHblH nepHOll noJJypacnana npo,uyKTa peaKUHH 
58N· ss 1(11, p) pa.n110Hy1<.rrn,.a,a Co (cnpaBOl/Hoe JHal/eH11e 

70,78 CYTOK) nOJB0JUieT coxpattl!Tb HHqJOpMaUHIO O KOH­

KpeTII0M 3HepronycKe B Tel/eHHe llJIHTeJlbHOro speMeHH. 

8 HHTepecax onepaTHBH0ro H TOl/H0fO onpeL1eJ1eHHll 

nOJJHOro 3HeproBblLleJJeHHSI B mmyJJbCe nenellHH Ha 

Mr1-1ose11111,Ix HettTpouax Ha MP 6P- I 6b1J1a pea.rI1-11osairn 

MeT0llHKa, OCHOBaHHaJI Ha HCn0Jlb30BUHHH KoppeJISIUliH 

Me)Kny M0WH0CTblO HCT0l/HHKa 3aflaJLlblBat0WHX Heihpo­

H0B, 06pa3yJOWHXCll npH ,UeJJemrn !1.Uep 
235U H 

238U, H 

nOJlHblM l/HCJlOM .ueneHHH s A3. B OCHOBe ycTOHl/HBOCTlf 

0)101.UaeMblX pe3yJlbTaT0B JJe)l{HT JKeCTKaJI qJHJHKO­

TeXHHl/eCKall pernaMCHTaUHSI npoueLiypbl reHepHp0BaHHll 

HMny111,ca, BKJII0l/all cpa6aTbIBaHHe 3JleMel-lT0B a1:1apHHHOH 

JaWHTbl, o6ecne4Hl:lalOWHX 6btCTpoe pa3BeLieHHe (c6poc) 

opraHOB perynHpOB3HHSI peaKTHBIIOCTH (OPP), H llOCTa­

TOl/H0 MaJJblH IIHTepsan H3MeHCHHll peaKTHBIIOCTH A3 33 

ClJeT pernaMeHTaUHH BeJlH'IHHbl nonycTHMOro B03Mywe­

HHSI peaKTHBHOCTH OT 1arpyJKH (He 6onee + 2,5P3<j,). 

TTpaKTH'!eCKaJI npoue.uypa pean11Jau1-111 MeTOllHKH 

TaK0Ba: 

- cpaJy nocJJe mmynbca neJJeHHH, MOMeHT reHepa­

UHH K0Toporo HCflOJlbJYeTCSI B KaYeCTBe l·la'lana 0TC'leTa 

BpeMeHHOH WKaJJbl (c noMOlUbl0 aBTOMan1l/eCKII Janyc­

KaeMOfO WTanIoro 3JleKTpOHHOro ceKyH,UOMepa H Janyc­

KaeMoro Bpy'IHYIO KOliTPOJlbHOro MexallHl/ecKoro ceKyH­

Jl.OMepa), no np11xo.uy 8 HCXO,UHble COCT0SIHHll npH c6poce 

scex OPP HU'IHHaeTcl! pa1se.ue11ue MexaHHJMOB 1arpY3KH 

peaKTOpa B HCXOJl.HblC C0CTOllHI-UI (nOJlHOe speMSI pa3Be­

,ueHH51 - 7 MHH); 

- B H36paHHble qJHKCHpOBaHHble HHTepBaJlbl speMe­

HH perncTpHpy!OTCSI HHTerpa.r!bHble YlfCJla OTCl/eTOB .ue­

TeKTOpOB 3, 2 H I-ro llHanaJOH0R Kal·laJJOB K01-tTp0J1ll 

MOWIIOCTH; Hau6oJiee CTaTHCTHl/eCKH npenCTaBHTeJlbHbl­

MH SIBJHU0TCSI 3Hal/emrn HIITerpanbHblX 0TC'!eT0B, nOJ1y­

l/aCMble C HCn0JJb30BaHHeM ACTeKT0pOR I-ro ivrnnaJOHa. 

Hal/a!lO pemcTpaUHH K0TOpblMH npHX0llHTCSI Ha MOMeHT 

speMeHH 6oJJee IO MHII nocne HMnyJibca .ue.11e1rnA, T. e. 

CO0TBeTCTBYIOT KOllqJHl)'pau1-11-1 A3 C II0JlHOCTblO pa1se­

)leHHblMII MexaIrnJMUMH 3arpy3KH. 

CooTBeTCTBYIOUUte 3HepreTH'~eCKHe H0pMHpOBKH 

HIITerpanos 0TCl/eT0B ocywecTBJHIIOTCll R TUK ll83hl88e­

MhlX KOHTpOJlbHblX HMnyJJbCax. npoBOJl.HMblX B KOllqJHl)'­

pauIrn A3 6e3 1arpY3KH Jl.Jlll KOMllJleKCHOi-i nposepKH 

KOHTp0JlbHO-H3MepHTeJlbHhlX CHCTeM peaKTOpa. C HC­

flOJlbJ0BclHHeM .llUHl1blX no aKTHBaUHH IHtKeJJeBhlX .ueTeK­

T0p0B s oKn 1, OKn2. OKil3. 

Oco6ast pOJlh lleTeKTOpOB 1-ro ;rnana3oHa K8HaJI0B 

K0HTpOJJSI MOWHOCTH flOTJ)e6osana oco6om llOJJ,XO,lla K 

KOl-npomo 38 CTU6HJlbHOCTblO ero OTIIOCHTeJJbHOH ::lcp­
cpeKTHBHOCTH. KOT0pblH 6blJI pea.mnosaH C HCIIOJJb30B3-

HHeM 11pOMblWJleHHOrO flJl}'TOHHtt-6epHJ1J1HeBoro HCT0l/­

HHKa l16H-7 c nOJlHblM BblXOLIOM HCHTpOHOB no nacnop­

TY I· I 0 6 
11ettTJ)./c, ycrntta11.r11-1saeMoro s KOHCTpyKrns110 

qJHKCHpyeMoe nOJlO)l(etrne B6JIH3H C00TBCTCTBYIOWero .ue­

TeKT0pttoro 6J10Ka ( Bbl60p reoMeTpH'ICCK0fO B3aHMOpac­

nOJlO)l{eHHSI HCTOl/HHKa H LlCTeKTOpa npoB0,llHJlCll 113 yc­

JlOBHSI ,llOCTH)l{CliHll BblC0KOH CT8THCTHl/eCK0H T0'III0CHI B 

pa3yMHhle 11peMeHa H3MepeHHSI). O)1(H,ll3CMOe H3MeHeHHe 

11eiiTpOHH0ro BblXO)la nJ1YTOHHH-6epHJ1J1HeBoro HCTOl/HH­

Ka (CM., 1-1anp11Mep. (9)) noTJ)e6oBaJJO opramnaUHH KOH­

TPOJJbHhlX nosepoK, npem1011ara10weii KaK npose.ueHHe 

CTaH.uapTHblX nosepoK cneuHaJlHCT8MH npocpHJlhllblX 

MeTp0Jl0rH'!eCKHX HH11, TaK H HCnOJlb3088HHC opHrH­

HaJibHblX MeTOJl.11K KOHTPOJlSI, pa1pa60TaHHblX cneuHanH­

CTaMH BHl1l13<:t>. DblJIO n0Ka38HO, '!TO KOHTpOJlb MOLU­

liOCTH l1JIYTOHHH-6epHJIJlHeBOro HCTOYHHKa M0)l(eT 6b1Tb 

ocyweCTBJleH. C norpeWHOCTblO He xy)l{e l % B Ht!Tepsa­

Jle Jl.OBepHTeJJbHOH sepostTH0CTH P = 0,95 OTH0CHTeJlbHO 

nacnopTH0ro 3Hal/eHHSI IIOJlHOro BblXO)la HeHTpOHOB. 

,UattHble Ta6n. 6 HJJJ110CTpHpy10T cpas111-1Te.r1bHbIe 

BOJMQ)l(H0CTH Tpex OCHOBHblX MeT0Jl.08 onpe.ueneHHSI 

nonuoro 3HeproBb(Jl.CJ!CHHSI B HMllYJlbCaX aeJleHHH Ha 

MrH0Bel!HhlX HCHTpOHax: no aKTHB8UHH HHKCJiesoro .ue­

TeKTOpa B OKTT I s KB3 (TOJlbKO npH OTCYTCTBHH B HeM 

Jarpy:JKH). no aKnrnau,rn HHKeJJeBhlX ,ueTeKTOp0B B 

OKn2, OKI13 CHapy)l{H A3 H no OTHOCHTeJlbH0H M0LU­

H0CH1 HCTOl/HHKa 381133JlblB8I0WHX HeHTpOHOB. .Ll;JH 

60JlbWeH HUrJlSIJl.H0CTH H36paHa OTIIOCHTeJlbHast cpopMa 

OT06palKeHHll. npH KOTopoA KOHKpeTHble 3Hal/eHHSI IIOJI­

H0fO 3HeprOBb(Jl.eJleHH51 B Tpex nocne.uosaTeJlbHblX HM­

nyJibcax Y1, Y2, Y3 JaMemrJOTC!I o -r11owe1-1HS1MH Y2/Y1 H 

Y3/Y1 Jl.JISI K3lKJl.0ro KOHKpeTIIOro MeTOJl.8 onpe.ueneHJ-151 

110.JlHOro 3Hepr0BbUleJleHHll . 

l1MnyJlbCbl no.u YCJlOBHblMH HOMepaMH I 1-1 2 ocywe­

CTBJleHbl B illT3THOH KOHqJHrypaUHH A3 6eJ 3arpy3KH. 

HMnyJJhC no.u IIHlleKCOM 3 ocyLUeCTRJJeH s npHCYTCTBHH 

BHCWHei-i 3arpY3KH B BH.Ue cneUl1aJJH3HpOBaHHOro n-y­

KOHBepTopa, pa3MewaeMoro B6JlH3H A3 H BH0CSIWel 0 

soJMyu1eu11e peaKTHBHocrn + I .5P3<j,- 3aMernM, '!TO 11a­

J1Hl/He Ila MexaHH3Max 1arpY3KH cneuHaJlbfihlX 3Kp8HOB­

orpaHHl/HTeJJej,j Jl8)Ke npu OTCYJ"CTBHH o6nYlJaeMblX 061,­

eKT0B BHOCHT n0JIOlKHTeJlbHOe B03Myllle11He peaKTHBH0-

CTH A3; 1103TOMY B HMnyJlbCax I H 2 B0JMyLUCHHe peaK­

TlfBHOCTH A3 cocrnBJ1J1.no + 0.4P;,t,, a B HMnynbce 3 -

+ I ,9~3<j,- T. e. cpaKTHl/eCKH 3arpy3K8 R HMnyJlbCe 3 co­

CTaBJll!Jl8 11e Me1-1ee 75 % OT aonycTHMOH Jl.Jlll 6P- I npe­

nen1,110A, ycrn110BJ1e111-10A B + 2,5P3<j,· 3ueproBb1.Uene11He 

YI "' 1.6· 10
17 

.ueneHHH B A3. 
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Ta6mma 6 nos onpene.11eHHll noJrnoro a11eproBhlJle.ne11HS1 s HMnyJtb-

l1J1mocTpaTHBHall llb160pKa .uatlllblX 0TH0CHTeJ'lbllblX cax Ha MrM0BeHHblX 11eihpo11ax, 0CH0BaltHblX Ha 3KTHBa-

peJyJJhTaT0B HJMepemrn n0JJH0I'0 ,rneproBbl,/le.11et1Hll LI.HI! Hapy;+<HblX HHKeJtellblX neTeKT0pOB H 11a M0LUH0CTH 

TpeMll 0CH0BllblMH MeT0)laMH HCT04HHK3 JanaJ)lb188IOLUHX 1-tei-iTpOH0B B A3, M0)KII0 

Mern.u Y2IY1 Y3IY1 

AKnrnauHl1 HIIKCJ1CBOro JlCTCKTOpa 

B OKn1 0,949 0,795 

AKTHB8Ullll HIIKCJICB0ro JlCTCKT0pa 

sOKn2 0,946 0,82'.! 

AKTHB8Ullll Hl1Keneaoro JlCTCKT0pa 

aOKn3 0,947 0,818 

Bl>IXO)l Jaml3JlblB310U[JIX 

HCHTPOH0B 0,947 0,808 

Jlnll coo-r11oweHHll Y2/Y1 see Tp11 MeTo.ua 1rn10T npaK­

TH4eCKH 0JlHH8K0Bble 3Ha4eHHll. Jln51 C00TH0WeHHS! Y3/Y, 
HMeeT MeCT0 yseJ'IH4eHHe B cpe,uHeM 8 1,031 paJa .llJ)S! 

MeTOJla C 11cnom,J0Ba11HeM HHKeJleBblX JleTeKT0poB CHa­

PY)KH A3 H s 1,016 paJa JlJlll MeTOlla c 11cnonhJ0Ba1-111eM 

HCT0'lHHKa Jana3llbIBalOLUliX HeihpoHOB 0TH0CHTeJ'lbH0 

TaKOB0ro .llJ)ll MeT0lla HHKeneBblX JleTeKT0p0B s KB3. 

Ha6nt01lae~10e yse.nHYen11e onpe.uenS1eMoro ::itteproBbUle­

neHHSI 8 cny4ae BlleWHHX HHKeneBblX lleTeKTOp0B MO)KeT 

6b1Tb o6bllCHeHO BJlHllHHeM 0Tpa)KeHllblX OT Kpym1ora6a­

pHTHOH 3arpy3KH HCHTp0HOB. Ha6nt01laeMoe ysenH'lCHHe 

onpe,ue.11S1eMom a11eproBbUlene1-1HS1 B cnyYae HCT04HHKa 

3anaJllbl88I0LUHX HeihpOHOB CK0pee scero C8ll381-I0 C 1-1e­

KOT0pblM paJJIH'lHeM B pacna.ne HCT04HHK8 381183llblB8IO­

LUHX 11ei-iTpOH0B, CBll38HHblM C BJHl5111HeM 3arp)'3KH Ha 

KOacpqmu.HeHT ~11-l0lKeHHSI peaKTOpHOH CHCTeMbl. 3aMe­

THM, 'lT0 B o60HX paccM0Tpe!IHblX CJ'IY'!aSIX OTKJ'IOlleHHe 

HMeeT MeCTo B CT0p0HY ysenH4eHHll onpe)leJJlleMoro 

a11eproBbUJ.eJ1eHHSI, T. e. HCKJIJ04aeTC51 B03M0lKIIOCTb 1-te­

)KeJlaTeJ'lbHOH 38HHJKeHHOH ou.eHKH 0TIIOCHTeJlbH0 HaH60-

nee eepOllHIOfO JHa'-leHHll. 

ITpHBelleHHhle HJlnl0CTpaTHBHbJe llallHble H pe3ym,Ta­

Tbl HX o6c~lleHHll CBH,!leTeJlbCTBYIOT O B03MOlKHOCTl1 

o6ecne'-ICHHll BblCOKOi-i TO'lll0CTH onpe,I1.enet111ll nom1oro 

'lHCJJa lleJ1eH11H B A3 6P- l B peJKHMe re11epHposa1-11-151 

HMnyJJbCOB Ha Mnl0BeHHblX HCHTpmiax He38BHCHMO OT 

BeJlH'lliHbl B03MYLUeHHll peaKTHBHOCTH A3, BII0CHMOro 

3arpy3KOH. HanOMIIHM, •no cpaKTH'lCCKH pe'lb H)leT O Be­

J'IH'IHHe non11oro 'lHCJla .ue.neHHH, CO0TBeTCTBy1owero 

cpopMe ero 011pe11.eJ1eHllll. li3JlO)KeHHOi-i B 1184aJJbH0H 'laC­

TH CTaTbl1. 3aMeTHM TaKJKe, 'ITO npH .II)lHTe.Jlbll0M nepHO­

.Qe HCTIOJlb30BaHl!ll HJJIOlKellel-lblX MeTOll0B R03MOJKIIO He­

K0T0poe yse.n11Yett11e norpeWIIOCTH, CBS!JaHHOe C HCY4H­

ThlBaeMblM HJMe11e1111eM 3q:>QJCKTHBIIOCTlf p,U:UiOMeTpa 

KPOHA-11-3 (R npene11ax - I %, P = 0,95) 1-1 ornoe11-

TeJ1bHOii 3cpq:>eKTHBI-IOCTH lleTeKTOpOB 1-ro m-1anaJ01-1a 

KallaJJOB KOHTpOnll MOl.llllOCTH (B npene.nax - I %, p = 
0,95, norpewH0CTb s onpellCJlCHHH ypOBllll M0LUII0CTH 

nnYTOHHi1-6epH!lJlHeBOm HCTO'lllHKa HeihpOIIOB). B mo-

6oM cny'lae npH 0llll0BpeMeHHOM HCnOJlb30RallHH MeTO-

0)KH.UaTb, 'lT0 norpewH0CTb B HCK0MOH BeJIH'lHHe lie 6y­

n.eT npesbtWaTI, 5 % B mrrepsane nosepHTeJlbHOH sepo­

llTII0Crn p = 0,95. }lnll K0HTp0JlbHblX HMnyJJbC0B 6e3 Ja­

rpyJKH CJ'le)lyeT 0lKHJlaTh CHH)KeJHill norpewH0CTH ll0 3 % 
H Me11ee. 

3AKJU01TEHHE 

I. C npHMe11e1111eM Tpex q>HJH'leCKH npe,ucTaBHTenb­

HblX MeTOJlOB n0JIY4e1-t cpyHKUHOHaJJ pacnpelleJleHHll 

y,ue.nbHOH nnoT1-1ocrn J1ene11Hi-i no o6beMy A3 EP-1. 
C 81,ICOKOi-i T04HOCTblO onpe1le.ne11a CB513b nJ'IOTH0CTH .ue­

neHHH B HJ6pam1oil onop11ofi noJHU.HH B KB3, scerlla 

.UOCTYIIHOH .ll)UI K0HTp0!lbHhlX H3MepeHHH, C llJ'IOTHOCTblO 

)le.neHHH R o6nacrn MaKCHMyMa 3Heprottarpy)KeHH51 . ITy­

TeM HHTerpHpOBaHHSI cpyHKUHH illlOTHOCTH D.eJieHHH no­

ny4e110 nomme '-IHCJIO J1enett11i-i B A3 6P- I, a6cont0THaS1 

II0pMHpORKa KOToporo ocyweCTBJleHa no peJyJ'lbTaTaM 

HJMepeHHi-i npeu.HJHOHHblMH KaMepaMH )leJJeHHll C 
235U H 

238u B yKa3aHHOH onopHOH IIOJHU.1111 B KB3. 

Ko11Kpern0My HHTerpany 411cna J1e11eH11i1 B A3 6P- l 
IIOCTaBJ1e111,1 B COOTlleTCTBHe 110Ka3aHHll MOHHTOp0B He­

CKOJlbKHX THllOB (KaK .ue.riHTeJlbHble, TaK H aKTHBaU.H0H­

Hble ), '-IT0 no3B0JllleT BOCnpOH380JlHTb HCKOMOe 'lHCJ'leH­

HOe 31-1a•1et1He nom-1oro :3HeproBbUJ.eJJeHHll (H C0OTBeTCT­

BeHHO ypose1-11, MaKCHM3.JlbllOro a1-1epr()Harpy)KeHH51) B 

J'II060M pe)KHMe pa60Tbl (CTaTHKa, HMnynbC Ha 3ana3D.bl­

Ba!OLUHX Hei1Tpo11ax, HMnyJlbC 1-18 MfHOBeHHblX HeHTp0-

Hax) C BblCOKOii TO'-IIIOCTbl0 OTHOCHTeJlbllO 11CnOJlb30BaH­

HOH M0lleJ'IH ero onpelleJleHHll. 

2. 8 paMKax llBYXKOMnoHeHTHOH cneKTpaJJbHOH MO­

.UeJJH HCCJ1e11.osa11a TpattccpopMaU.Hll cneKTpa HeHTpOHOB 

no A3 6P-l. 8hlllBJ1e1-1a o6naCTb C M8KCHMaJlbl-lOi-i 

"JKeCTKOCTblO" cneKTpa ( £ = 1,346 MaB), npaKTl-14eCKH 

cosna.naJOUJall C o6naCTblO M8KCHMyMa cpy1-tKUHH ynenb­

HOH nJIOTHOCTH )leJleHHH. HaHMeHbWall "lKeCTKOCTb'' 

( £ = 1,162 MaB) ycrnHOMeHa JlJlll cneKTpa Hei1Tpo1-10B 

YTelfKH, 4T0, 6eJyCJlOBHO, CBl!JaHo co 3H8'-IHTeJlbHOH 

T0JlLUHHO~i llM 1-1 llaJJH'-IHe~I CTaJlbHblX 11 6opHblX 'leXJ'IOB 

Ha IIYTl1 MrI-IOBellllblX ueihpOHOB llCJ'leHHll, BblJleTal0UJliX 

1n A3. 

3. KoMfolllaU.Hll HeCK0JlbKHX aKTHRHhlX (C'leTHble 

KaH,Ulbl K0HTp0!lll MOUJH0CTH H ,rneproBbl,!lCJlellH.ll, MeTO.U 

perncTp8U.HH ypOB!lll M0LUH0CH-1 I-ICT0'-11-IHKa Jana3)lbl88-

IOLUX IICHTpOHOB) H naCCHBHblX (aKTHBaU.Hll I-IHKeneBblX 

)leTeKTOpOB B H36pa1111blX onopHblX fl0311Ul-lllX B KB3 H 

c11apylKM A3 - OKn I, OKIT2, OKIT3) MeTOllOB KOHTpo­

Jlll (MOIIHTOpH1-1ra) nom,oro 3HeprOBbl,/leJICI-IHll B 0JlH0-
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3lia'-1110 TprunyeMblX e}lHHHUUX '-IHCJla .neneHHii B A3 no-

3B0mleT KaK onepaTHBH0, TaK H B pe)l(HMe Ja.neplKaHIIOH 

perncTpaUHH onpenemnb C BblCOKOH TO'-IH0CTblO (oue­

HeHHblH npe.nen norpeWH0CTH He 6011ee 5 % LUHI 

p = 0,95) 3Ha<JeHIUI 3HeproBblXOlla B JJI060M pe)l(HMe pa-

6on1 (CTaTHKa, HMCTYJlbC Ha Jana3}lh!BalOIUHX HeihpoHax, 

HMnyJibC Ha MrH0BeHHblX HeiiTpoHax) HeJaBHCHM0 OT 811-

na 3arpY3K.H 8 ycTaHOBJieHHbIX npe.nenax B03MYIUeHHSI pe­

aKTHBH0CTH A3 (.no + 2.SP...p). 
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