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HCIIOJTh30 BAHHE IIAP AJIJIEJThHhIX TEXHOJIOrmi )];JUI 
PEIIIEHIDI MHOro rPYIIIIOBOro yp ABHEHIDI IIEPEHOCA 

METO,ll;OM ,[(HCKPETHhIX OP,LUIHAT 
MopRKOB A.B. 

PHI( "Kyp'lamoec1-..'Uii l1Hcmumym" 

O6cy)Kll,aeTc11 onhIT, HaKonneHHhtH npH pa3pa6oTKe nporpaMM LUCKY H LUCKY_ C .nn11 MHoronpo­
ueccopHoro cynepKOMIThIOTepa MBC-1 000M. naHht ocHoenhte nonmKemu1 MeTO.llHKH pacnapannemrnaHHII 
npouecca no~eHHII peweHHJl. Hccne.noeaua 3aBHCHMOCTh Jcj>cj>eJCTi,reHOCTH napam1enhHh1X Bhl'rncneHHH OT 
pa3.1lll'lHhlX napaMeTpOB pac'-!eTHOH Mo.nenH. 

APPUCATION OF PARALLEL TECHNOLOGIES TO OLVE THE MULTTGROUP TRANSPORT 
EQUATION BY DISCRETE ORDINATE METHOD. A.V. MORlAKOV. The experience accumulated in 
development of LUCKY and LUCKY_ C codes for multiprocessor supercomputer MBC-1 000M is discussed. 
The main points of the parallel method are presented. The dependence of the parallel process efficiency on 
different parameters of the calculation model was investigated. 

BBE,Z:U:HIIE 

Ilosrnnemte M0LUHblX cynepK0Mnb!OTepos, HMe!O[QID( HeCK0JTbK0 C0TeH □poueccopos 

pa60Ta10LU11X napannenhH0 CTHMYmtposano co3.uatt11e nporpaMM, no3son.s110mHX HC­

noJib30BaTI, secb orpoMHblH pecypc 3THX Maunrn. CyuepK0Mru.10Tep MBC-l000M [l], 
[2] [3] - O)lHa 113 OTeYeCTBeHHbIX MH0ronpou.eccopttbIX CHCTeM, Il03BOJTSl!OlUa.sl pa6o­

TaTb s pc)KHMe y.uaneHH0ro .uocryna. ):(rm peweHIDI 60Jlhw11x no ofrbeMaM 3a,n;al.f pact.fern 

pa.zu.:iar:u10HHOH 3aLUiffbl H CJT0)KH.h[X no reoMeTpHYeCKOH CTpyKrype pa3MH0:>Ka!OLUHX 

CHCTeM (3a.JJ,alfH Ha co6cTBeHHOe 3HalfeHHe) B MH0rorpynnoBOM np116JTH:>KeHHM B XYZ 
npsrMoyronbHOH reoMeTp1111 61,mH C03.JJ,aH.hI nporpaMMbl LUCKY 11 LUCKY_ C, op11eH­

THposaHHb1e ,llJTJI pa6oTbl Ha MHOronpoueccopHOH BI,14_1,fCJIHTeJTbHOH TeXHHKe. Bo3M0)1(­

HOCTb HC□OJ1b30BaHH.SI 0l.feHl, MeJTKOro wara npocTPaHCTBeHHOH CeTKH ,llJTJI KOHe1rno­

pa3HOCTHOH annp0KCHMaU11H onepaTopa ypaBHeHHSI nepeHOCa Il03B0MeT paccMaTpHBaTb 

npHMoyroJTbHYIO XYZ reoMeTpH10 KaK YHHBepcanbHYIO, B paMKax KOTOpOH, M0ryT 6b1Tb 

.uocTaT0YH0 T0YHO on11catt1,1 CJT0)KHbie npocTpattcTseHHbie CTPYKTYPhI. I1cnonb3YfOTCH 

MH0rorpynnOBble 6H6m10TeKH Sl,UepHblX ,UaHHblX B pm np116J1H)KeHirn B pa3110)Keffirn yr­

JlOBOH 3as11cHM0CTH cel.feH11.11. pacceSIHHSI no nonHH0MaM Jle)Katt.n;pa s cpopMaTe GIT -
ANlSN [4]. ITporpaMMbI □pe.n.ttroHaYeHbI .n.nH pa6oTbI Ha MHoronpou.eccopHbIX KOMTTblO­

Tepax, no.ll.,llep)l(I1Ba10mHX HHTepcpeiic MPI .llJl_SI o6Metta Me)l()].y npoueccopaMH H HMe10-

m11x TpaHCJ'UITOP c H3bIKa FORTRAN-90, 11 nerKo nepeHOCHMbI c MaIIIHHbl Ha Maw11Hy. 

OTMeTHM, 4TO HMH4He BeKT0pHbl npoueccopos Ha cynepKOMnbJOTepax TI03B0Jil1.J10 6bl 

yseJTl14HTb np0113B0)].11TeJ1bHOCTb nporpaMM B 20-30 pa3 TaK KaK peanH30BaHHbie B npo­

rpaMMax anropHTMbl 0pHeHntposaHbl Ha HC□OJ1b30BaHHe HMeHH0 TaKHX npou.eccopoB. K 
co:>Kanett1110, Ha cynepKoM□b!OTepe MBC-1 000M tteT TaKHX npoueccopos 11 ttenh3SI 11c­

noJ1b30BaTb secb 3MO)KeHHblH s nporpaMMax noTeHI.J.HMbHbIH pecypc. TeM He Mettee, 
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npe,nJI0)KeHHrul MeT0,UHKa napan11eJ1bHblX 8b(l.111CJleHHH 0CH0BaHHaSI Ha npocTpaHCTBeH­

H0M pa36HeHHH BCeH 0611aCTH pacYeTa Ha 0TJJ,eJibHhle npocTpaHCTBeHHhJe o6beKTbl C no­

CJie.ll)'IOlUHM pacYeT0M Ka)KJJ.oro o6beKTa Ha 0T,lleJlbH0M npoueccope, noKa3hrsaeT xopo­

lliY'° 3cpcpeKTHBHOCTh Ha MaIIJHHax C pa.3)leJieHHOH naMHTblO. HaJIHYHe aBT0MaTH'-leCK0ro 

reHeparnpa ceT0K H cpe,ucTB BH3YaJIH3aUHH Yepe3 nporpaMM)' AUTOCAD [6] rro3som1eT 

nom,30BaTeJllO 0lfeHb 11erK0 3a.11.asaTb H K0HTp011Hp0BaTb re0MeTpHIO 3a,naYH. B rrpo­

rpaMMaX peanH30BaHa B03MQ)K.HQCTh paclfeTa q>yHKUHOHaJIOB OT nonyl.!eHH0ro peweHml 

J,f Bb!B0A rrorry'-!eHHblX pe3yJibTaT0B B BH.l].e, y.11.06HOM .l].Jl}l o6pa6oTKH nporpaMMaMH, no-

380JI}ll01UHMH npe,ncTaBHTb pe3yJihTaTbl B rpacpHYeCKOM BH.l].e Ha nepC0HaJibH0M K0Mnb­

lOTepe. 

CYilEPKOMilhlOTEP MBC-lO00M II 3<1><1>EKTIIBHOCTh IIPOIJ,ECCA 
IIAPAJIJIEJII>HhIX P AC11ETOB 

CynepKoMnhIOTep MBC-1 OOOM cocT0HT HJ Tµex 0CH0BHblX qacTeit ITepsall yacn, -

qiatt11osh1H cepsep, 3a,ua4a K0Toporo xpaHHTb HHq>OpMaui-no no11bJ0BaTe1rn H o6ecnel.!H­

BaTb TIOJlb30BaTeJIIO .11.ocryn K 3TOH HHq>OpMaUHH. BTopall l.!aCTb - cepsep .nocryna, T.e. 

KOMTibIOTep o6ecne4H.Bal01UHH 3arrycK 3a,uaq Ha C4eT J,f KOHTpOJib HX npOXO)l(,[{eHH}l, 

TpeTbll l.!aCTb - 3T0 Henocpe,UCTBeHH0 caM Bb14HCJIHTeJib, cynepK0MIThlOTep C pa.3,ue­

JieHHOH naM}{TblO, COCTOSIIUHH H3 768 K0MTiblOTepoB c npoueccopoM Alpha 667 Mru H 

4 r6aHT onepaTHBHOH naM.ll.TH Ka)KJJ.blH, coe.11.HHeHHblX Me)KJ].y co6oH cynep6blCTpOH 

KOMMYHHKaUlfOHHOH CeTblO Myrinet. 3TH npoueccopbl He HMeIOT o6mei1 rraMHH. Yn-

,:ceocft HOD 

cepeep p,ocr~na 

... 
llbNHCn«en:,tt,IC ~::lnl:4 1 1-1 

C JICll.t!JbH=tli'<M HOD 

P11c. I. YnpoweHJ-1rui cxe!'vla cynepKoMnblOTepa MBC-lO00M 

pomeHHrul cxeMa cynepK0MITb­

IOTepa npe,ucTasneHa Ha pHcyH­

Ke J. 
51:cHo, qTo napannem,Hhle 

npouecCbI K0T0pble M0ryr npo­

TeKaTb Ha 0T.l].eJibHblX npouec­

copax ,ll0JI)KHbl HMeTb CBll3b 

Me)KJ].y co6oi1. 3Ta CBll:3b ocy­

mecTBJI}leTCll qepe3 cpe.ncTsa 

MPI (message passing 

interface), }lBJill:lOIIlHecll: Me)K­

.ll)'Hapo.11.HbJM CTaHAapT0M ,llJl}l 

MttoronpoueccopHh!X cHcTeM. 

MPI - 3T0 cneuHanbHb1e cpe.n­

cTBa peanHJ0BaHHble t.Jepe3 

UblK nporpaMMHposaHH}l, orrHpalOIUHec.ll tta onpe.ne11etttty10 annapaTttylO no.ll)lep)KKy. 

3a.11.aYa 3THX cpe.ncrn no.ll)lep)KHBaTb o6MeH J,f CHHXp0HH3aUHIO HHQ)OpMaUH.H Me)K.ny na­

panneJibHblMH npoueccaMH. OcHOBHb1e K0MaHAhl - MPI_SEND( ), MPI_RECEIVE( ) , 

MPI_BCAST () MPI_ WAlT( ), MPI_BARRIER( ) Hcnonb3YJOTC}l AJIR o6Metta 1-1 CHH-

xpottH3aUHH napanrrenbHbIX npoueccos. 

flporpaMMa nollhJ0BaTeJI.ll cTapryeT cpa3y Ha 6011bllIOM YHcne npoueccopos cynep­

K0MTiblOTepa. llepe3 cpe.ncrna MPI nporpaMMa onpe.11.emieT csoi1 H0Mep npoueccopa, 

onpe.11.em,eT TI0JIH0e t.JHCJI0 npoueccop0B, .nocrynttblX eH B CHCTeMe ,llJISI CBH3H, H B 3aBH-
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CHMOCTH OT Toro, KaKylO 3a_n:atry nocTaBHJl nOJlb30BaTeJlb Ka)KJl.OMY npoueccopy, ocyme­

CTBJUJeTCSI napa.rrnenbHbtX pa6oTa npol(eccopoB no onpeneneHHOMY noJTb30BaTeneM cue­

Hapmo. J1oJih30BaTcJ1b .noJDKeH 06ecne1.J11Tb LJ.epe3 cpencTBa MPI o6MeH 1rncpopMau1-1ei1 11 

ee CHHXpOHH3aU11IO Me)K,l{)' npoueccaMH, ec1111 3TO Heo6XO)l11MO. 

JlOHSITHO, 4T0 cynepKOMITbJOTep naeT 8 PYKH nOJlb30BaTeJrn orpOMHble Bbl411CJ1HTeJTb­

Hble pecypcbJ Hanp11Mep cyMMapHaSI onepaTHBHaSI naMSI.Tb COCTaBJlSl.eT 3072 f6aH.T nJIJOC 

K 3TOMY nOJlb30BaTeJlb HMeeT 803MO)KHOCTb naprumeJlbHO BeCTl1 Bbl411CJ1emrn. r11asHaS1 

3a)la4a nOJlb30BaTeJ1SI - pa36HTb 3a)latry Ha napanneJlbHble npoueCCbl TaKHM o6pa30M 

4T06bt MaKCHMaJlbHO 11cnOJ1b30BaTb nocrynHble eMy Ha )laHHOM cynepKOMnbJOTepe pe­

cypCbl. )l{e11aTeJ1bHO 3a6paTb see, 4TO ecTb. Tor,IJ.a cynepKOMITblOTep, HMe!Oll.l11H N npo­

ueccopoB, no3so1111T no11b30BaTemo peurnTb nocTasneHHYIO 3ana4Y, s npe,IJ.ene s N pa3 

6bICTpee '-ieM Ha O)lHOM nepcOHaJ1bHOM KOMnblOTepe. TaKHM o6pa30M, nOJlb30BaTeJlb 

JJ.OmKeH B3SI.Tb MaKCHMYM pecypcOB '-!TO noTeHUHaJJbHO M0)KeT ,uaTb MaKCHMaJlbHYJO Bbl­

ro.uy, H HCn0Jlb30BaTb HX KaK MO)KHO 3cpcpeKTl1BHeH 8 napaJJJ1eJ1bHblX npoueccax. 3To H 

onpe,ueJlHT B KOHeLJ.H0M HTore 3cpcpeKTl1BHOCTb napan11eJ1bHOH nporpaMMbl. 

BseneM onpeJJ.eneHHe 3cpcpeKTHBHOCTH napan11eJ1bHOro rrpouecca. B ocHosy nOHSI­

TIDI 3cpcpeKTl1BHOCTH nOCTaBJTeH BbIHfpbUil speMeHH B pe3yJibTaTe opramnaumt napan­

neJlhH0ro npouecca Ha cynepKoMnbfOTepe no cpastteHmo c npoueccoM, Heo6xo)lHMhIM 

nm1 nony4ett11S1 Toro )Ke pe3y11bTaTa Ha OJJ.HOM npoueccope. ,a.rm nposeneHHSI napan­

neJibH.htX BbllJ.HCJleHHH HCITOJTb3YIOTCSI cneuHaJJbHO pa3pa60TaHHbie ,llJlSI JTOro a.nrop11T­

Mbl. 3cpcpeKTHBHOCTb onpe,IJ.ensieTCSI. KaK sen111.J.11Ha E=Tl/(n*Tn) rne Tl - speMSI pac­

'-!eTa 3a,ua'-iH Ha O)lHOM npoueccope, Tn - speMsi pacqeTa 3a,IJ.a4H Han - npol(eccopax. Ta­

KHM o6pa30M npH 3cpcpeKTHBHOCTH E nporpaMMa CCJHTaeT 3a,IJ.aqy Ha n - npoueccopax B 

E*n pa3 6h1cTpee LJ.eM Ha 0)lHOM npoueccope. Cne;:zyeT OTMeTHTb, 'ITO 3cpq>eKTIIBHOCTb 

orrpenensieTcsi KaK opraHH3auHei1 napannenhHOro npouecca, TaK H xapaKTep11cTHKaMH 

cynepK0MITblOTepa - noTepsiMH speMeHH Ha 06Mett&1 Me)K.[ly npoueccaMH. TaKHM o6pa-

30M MO)KeT 6bTTb paCCMOTpeHa TeopeTH4eCKaSI 3cpcpeKTHBHOCTb - 6e3 ycieTa ITOTepb 

speMeHH Ha o6MeHbJ (.UJTSI H,UeanbHOrO cynepKOMITb!OTepa, y KOTOporo HeT IT0Tepb spe­

Memt Ha o6MeHb1) - 11 npaKTHLJ.eCKaSI 3cpcpeKTHBHOCTb, npHBS13aHHaSI K KOHKpeTHOMY 

cynepKOMnbJOTepy - c y1.JeTOM ITOTepb speMeHH Ha o6MeHbl. 5ICHO, 'ITO nocJTe)llUUI se­

JUILJ.HHa scerna MeH&we. 

OCHOBHLIE IlOJIO)KEIIHH METO,L(RKH IIAP AJIJIE.JlbHhlX PAC"'-IETOB 

CymecTByJOT nsa oLJ.eBH.UHbtX cnoco6a pacnapannemtTb npouecc nonyciemuI perne­

mur. IIepBblH cnoco6 0CHOBaH Ha pa36HeHHl1 BCeH npocTpaHCTBeHHOH 06nacn1 pactJeTa 

Ha OT)leJ1bHb1e nono6nacn1-061,eKTb1. EcnH paccMaTp11saTb 3anaqy nepeHoca 113ny1JeHHS1 

,IJ.JISI Ka)K,lloro o6beKTa KaK 3a,Ua'-ly C H3BeCTHblMH rpaHl1CJHblMl1 YCJTOBHSIMH, TO MO)KHO 

pewaTb 3ry 3ana<ry Ha OT)leJibHOM npoueccope cynepKOMnbJOTepa opraHH3osas, TaKHM 

o6pa30M, naprumeJibHbie npouecCbl )lJ1SI BCex o6beKTOB. O6ecne4HB CWKBKY pemeHHSI 

nocpe.D.CTBOM ITTepau1101rnoro npouecca no 06m11M rpaHHYHbIM nosepxHOCTSI.M nnsi scex 

06beKTOB MO)KHO ITOJlY4ITTb HCKOMOe peweHHe. BTopoH. cnoco6 pacnapannemtTb npo­

uecc nonyYeHHSI peweHHSI np11MeH11M }lJ1S1 3a}laY Ha no11cK co6cTneHHoro 3Haqemrn H 

OCHOBaH Ha napan11eJ1bHOM H8XO)K,lleHHJ,f peweHHSI BO scex :mepreTHlJeCKHX rpynnax. 8 
paMKax BHeWHHX l1Tepam1i1 Y411TbJBaeTCSI BKJlall OT,UeJTbHbIX rpynn 8 HHTerpan .ueneHHSI 
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H pacce.siHHH H, T8KHM o6pa30M, 4epe3 1nepau,110HHblH npouecc no11yi-1aeTCH HCKOMOe 

pewett11e. 

B nporpaMMe LUCKY peamnosaH nepsblH cnoco6 pacnapan11e1rnsamrH npou,ecca 

n0.11)'4eHHH pewemu1, a s □porpaMMe LUCKY_ C cosMemeHbJ cpa3y JJ.Ba cnoco6a TO 

ecTb, HapH.llY c pacnapannemmaHHeM nonyYeHHH peweHHH. no :rnepreTH4eCKHM rpyn­

naM, HCCTOJlb3YeTCH napanneJlbHblH npouecc no11y1rnHHH. peweHHH. no npocTpaHCTBeHHbfM 

o6nacnrM. Ilpe)lCTllBHM OCHOBHb[e □OJ10)KeHl1H napanneJlbHOH cxeMbl, peanH3088HHOH B 

nporpaMMax LUCKY 11 LUCKY_ C. 

1. Bc.si o6nacTb pac4eTa ("6a3osoe Teno") pa36i-rnaeTcH Ha OTJJ.enbttb1e He3aBHCHMhle 

no)lo6nacTH - o6'beKTbl (CKB03HaH. CeTKa o6'beKToB). l-JHcno o6'beKTOB MO)KeT 6bITb JU0-

6hIM, HO tte 6onbwe 4Hcna npou,eccopos Ha cynepK0Mnb10Tepe. 

2. KIDK,llblH. o6'beKT paCC4HTb!BaeTCH Ha OT)leJlhHOM npoueccope cynepKOMCTbl-OTepa. 

3. CB.s!3b Me)f(Jcy o6'heKT8MH npOHCXO)lHT 4epe3 rpaHH4Hble □OTOKH no 061UHM rpa­

HH4HblM nosepXHOCTHM c noMOlllhl-0 cpeJJ.CTB MPI. 
4. ,[Lrul OT)lenbHOH 3HepreTHYeCKOH. rpynnhl npoBO)lHTCH. HTepaUHOHHb[H npouecc 

(nocne KIDK,ll.OH HTepaUHH o6MeH rpaHH4HblMH nOTOKaMH Me)KJly o6'beJ<TaMH) )lO noey­

YeHl{jj perneHHH C Heo6XO.llHMOH. TOYHOCTblO B )l8HHOH rpynne. 

5. Ha KIDK,ll.OM o6'beKTe cywecTB)'eT CBOH. nOKaJlbH8H. npocTpaHCTBeHHaH. CeTKa )].JUI 

)leTaJlbHOro O□HCaHIDI reoMeTpHH pac-YeTa H annpOKCHM8UHH peweHHJI. 

6. f eoMerpHH. 38.l{8YH 0□11Cbl8aeTCH. K8K KOM6HH8UHH. npOCTbfX TeJl H3 6H6JIHOTeK.H 

reoMeTpH4ecKoro Mo)lymr 11cnonh3)'H np1rnwm sno)Kettl{jj ( KIDK.llOe cneJJ.y10mee Te110 

BblTeCHH.eT o6UJ.Y1-0 Y8CTb npe)lbl.ll)'ll{ero Tena). C03.ll,8Hl-!e JlOKaJlbHOH CeTKH Ha o6'beJ<Tax 

no MaTepHanbHblM 30H8M H npocTpaHcTBeHHbJM HHTepsanaM ocymeCTBJlHeTC.R" aBTOMa­

TH-YeCKH BCTJ)OeHHblM B nporpaMM)' napannenbHblM reHepaTopOM ceTOK, nocne pa60Tbl 

KOToporo reHepHpyeTCH ¢aHJI lucky.lsp JJ.JJH. nporpaMMbl AUTOCAD s ue11Hx KOHTJ)OnJI 

3a.ll,aHHOH reOMeTJ)HH pac4eTa. 

7. B nporpaMMe LUCKY_C, pean113osaHo KaK npocTpattcrneHHoe pacnapam1e1rnsa­

HHe, TaK H pacnapanne1rnsam1e no 3HeprentYeCKHM rpynnaM. KIDK.llhlH npocTpaHcTsett­

HhIH o6'beJ<T B CBOeH. 3HeprentYeCKOH rpynne paCC4HTb!BaeTCH. Ha OT.ll,eJlbHOM npouecco­

pe C nocne.uyl-01.ItHM o6MeHOM peweHHHMH, nOJ1Y4eHHblMH BO scex 3HepreTHYeCKHX 

rpynnax )lJTH. .ll,aHHOro npocTpaHCTBeHHOro o6'beh.'Ta, c u,eJlblO Haxo)KJleHHJI HCTOYHHKa 

)leJleHHH. H pacce.simuL TaKHM o6pa30M, IlOJlHOe YHCno napan11eJTbHO 11cnonb3yeMblX 

npoueccopos )lJTH. .uaHHOH nporpaMMbl paBHO YHC.11)' npocTpaHCTBeHHblX o6beKTOB, YM­

HO)KeHHOM)' Ha 4HCJ10 3HepreTH4eCK.HX rpynn. B CBH.311 C 3THM, Heo6XO)lKMOe 4HCJTO 

npoueccopos )lJTH peweHl{jj MHOrorpynnOBOH KpHTHYeCKOH 3a)laYH 6y)leT 60J1bWe, YeM 

.ll,JlH. peweHl{jj TOH )Ke no reoMeTpHH 3a)laY.H Ha npoxo)KJleHHe H3.ll)'Y.eHHH.. 

8. O.LJ.HH npol..{eccop HC□OJ1b3)'eTCH KaK KOHTPOJlbHblH )lJTH nposepKH CXO)lHMOCTH pe­

weHH.sl H o6pa60TKH pe3ynbTaTOB (pacYeTa ct>YHKU,HOHaJlOB), CJle)lOBaTeJlbHO, Heo6XO)lH­

MOe 4Hcno npoueccopos pastto 4Hcny o6beKToB nn10c O.LJ.HH JlJlH. nporpaMMbI LUCKY H 

4HC.11)' 3HepreTH4eCKHX rpynn, )'MHO)KeHHblX Ha YHCJJO o6'beKTOB, IlJlJOC O)lHH )lJlH. npo­

rpaMMbl LUCKY_ c. 
flpH HC□OJ1h3088HHH 6oJTbWOf0 4HCJ1a npoueccopos y nOJ1b30BaTeJ1H. nOH.BJJH.eTC.sl 

B03MO)KHOCTb 38)l888Tb OYeHb MeJlK)'l-0 npocrpaHCTBeHH)'IO ceTKY )lJTH. KOHeYHO· 

pa3HOCTHOH annpOKCHMaU,HH onepaTopa nepettoca H TaKHM o6pa30M HCTTOJTb30B8Tb npH.· 

MOyroJibH)'JO XYZ reoMeTpl-llO KaK )'HHBepcanbttylO )lnH onHcaHHJI TeJJ nJ-06011 ¢opMbl 
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Depe.u noJJh30BaTeJJeM CT0HT 3a,uaqa on1-1caTb reoMeTpHIO .umr paclfeTa, HaJiecn1 06-heK­

T0BYIO CeTKY H JJ0KaJJbH)'IO ceTKY Ha Ka)f(Jl0M o6beKTe. 3To 0lfeHb CJ10)1(Hrul 3a,Ualfa H 0Ha 

.nomt<Ha pewaTbC.ll K0MCTblOTepoM. KpoMe ::noro n0JJb30BaTeJJb ,[(0J])KeH HMeTb B03M0)K­

H0CTb K0HTpo1111poBaTb npouecc npaBHJlbH0CTH 3a,UaHH.ll HCX0,UHb[X ,uaHHblX. ,[vrn pewe­

HI.UI 3THX 3a.uatt C03.UaH reoMeTpH4eCKHH M0.UYJJb. r eoMeTpJ,fl,JeCKHH M0JJ;YJJh pa6oTaeT 

napan11eJ1bH0 Ha Bcex npoueccopax. 

rEOMETPINECKHH MO.l(YJTh H CPE)I;CTBA KOHTPOIDI 
3A P AC'IETHOH MO)I;EJILIO 

OCHOBHhlE IlOHHTJUI. 

Jia3oeoe TeJ10 - BC.ll 0611acTb pactJeTa B BH.Ue np.ll.Moyro11bHoro napannenemme,ua. 

06'beKT - tJaCTh 6rooBoro Tena, no11yqeHHru1 B pe3yJ1hTaTe pa36HeH11.ll 6roosoro Te­

na Ha o6beKTbl nocne HaHeceHH.ll o6beKTOBOH ceTKH. 

MaTepuaJJ - cpH3K4eCKa_.ll cpe.ua C ymtKaJJbHblMH .ll,UepHO-cpH3HY.eCKHMH CBOHCTBa­

MH. 5!,uepHble K0HCTaHTbl MaTepHana o6.ll3aTeJ1bHO npHCYTCTB)'lOT B 61-1611.HOTeKe ceqe­

HHH. 

MaTepnaJJbHaH 30113 - reoMeTpHlfeCKlUI o6nacTb-30Ha, C npHCB0eHHblM eH ym1-

KaJJbHblM H0MepoM MaTepHana (.UJJ.ll pa3Hb!X 30H M0)KeT 6b!Tb 3a,uaH 0.UHH 11 TOT )Ke MaTe­

pHan). B nporpaMMax 3a,UalOTC.ll 4HCJ10 MaTepHaJJbHblX 30H H lfHCJJ0 MaTepHaJI0B. ITo­

cpe.ucTB0M 3a,uaHH.ll cneI.U-faJJbH0f0 MaCCIIBa .uaHHJ,IX Ka)f(JlOH 30He CTaBHTC.ll B C00TBeT­

CTBH.e CBOH MaTepHan. MaTepHaJJbHlUI 30Ha - 0.UH.H H3 0CH0BHblX 3JleMeHT0B ,llJl.ll no.n;ro­

T0BK.H pactJeTa. OHa M0)f(eT co.uep)KaTb HJTH He co.n;ep)KaTb HCT0lfHHK cracnrn.. 

Jia30BaH CHCTeMa J<:OOp)lHHaT - CHCTeMa K00p,UHHaT C Ha'-IaJJ0M B T04Ke (0.,0.,0.). 

TeJ10-npoTOTHn - JJieMeHTaptthlH reoMeTµHlfeCKHH JJieMeHT, mo6oi1: H:3 6H6nHoTe­

KH re0MeTpH4eCKH:X Ten. Ka)f(JloMy Teny-npornnmy C00TBeTCTByeT CBOH H0Mep MaTepH.­

aJibHOH 30Hbl. TTpH Heo6xo.n;HMOCTH, TI0JTb30BaTeJJeM M0)f(eT 6bJTh 3a,uatta MaTpHua, 3Jie­

MeHTaMH KOTOpOH 6y.uyr TeJia-npoT0THTibl. 

OCHOBH)'l0 Harpy3KY npH no,ur0T0BKe HCX0.UHblX ,uaHHblX 6epeT Ha ce6.ll napanneJJb­

H0 pa60TalOUlHH ,llJl.ll Ka)f(Jl0ro o6beKTa reoMeTpH'-leCKHH M0.llYJlb. 3a.n;a4H reoMeTµHlfe­

CK0ro Mo.uy;ui: 

HatteCTH: o6beKTOBYIO npocTpattcTBeHH)'JO ceTKY, pa36HTh 6roosoe Teno Ha o6b­

eKTbI 

HaHeCTH Jl0KaJihH)'IO npocTpaHCTBeHH)'lO CeTKY ITO o6beKTaM, 

BmtcaTb B Hee reoMeTpH4eCKHe TeJJa-np0T0THTihl, qepe3 K0T0pble cpopMHPYeTC.ll 

11 pe- reoMeTµH_.ll pacqeTa, 

~0,D.H- ccpopMHposaTb MaCCHBbl MaTepHaJJbHb[X 30H ITO npocTpaHCTBeHHblM HHTepsanaM 

KY H H MaCCHBbl HCT0lfHHK0B no ITp0CTpaHCTBeHHblM HHTepsanaM ,llJl.ll KIDK,1],0ro npo-

npo- CTpaHCTBeHH0ro o6beKTa, 

C03.UaTb cpaHJJ lucky.lsp ,llJIJl BH3YaJJH3aUH.H 3a,uaHHOH reoMeTpHH C n0M0UlblO 

,sieTcSI nporpaMMhl AUTOCAD. 

1e4 Ho· ITpH 3a,1taHHH reoMeTpHtt 3a,ua1:rn ,un.ll 6011b1.Uoro 4Hcna npoueccopos nonb30BaTeJJb 

b npsi· BblH)')l(JleH 3a,uasaTb CJJHWK0M MH0ro HHcpOpMaUHH (profarnaTb 6roosoe Teno Ha o6beK­

opMbl Tbl, onpe.ueJJSITb Jl0KaJJbH)'IO ceTKY Ha Ka)f(Jl0M 061,eKTe), .[vrJI ynpomeHHH 3a)].aHHH HC-
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XO.llHblX .llaHHbIX npHH$1Ta cne;zy10w.a$1 o6w.rui .llJlj! o6eHX nporpaMM MO.lleJTb, nO3BOJl$IIO­

w.aH MHHHMH3HpoBaTb 3aTpaTbl Ha 3a.llaHHe HCXO.llHbIX .llaHHhIX: 

war o6beKTOBOH ceTKH no KIDK,ll,OH KoopmrnaTHOH OCH MO)KeT 6b1Tb pa.3Hb1M HO 

paBHOMepHblM no Ka)K.llOH KOOp.lll-rHaTe 

nOKaJlbHaR npOCTpaHCTBeHHa$1 CeTKa Ha Bcex 06beKTaX o.n1rnaKOBa$1 (no KIDK,ll,OH 

KOOp.llHHaTHOH OCH MO)KeT 6h1Th pa.3Hrul, HO paBHOMepHaH no KIDK,ll,OH KOOp.llH­

HaTe ). 

TaKHM o6pa.30M Ja,naHHeM wecnt napaMeTpOB (4HCno HHTepBMOB .llJlj! 06beKTOBOH 

ceTKH no KOOp.llHHaTHblM OCRM 11 lfHCnO HHTepBMOB .lln$1 noKaJlbHOH ceTKH no KOOp.llH­

HaTHb[M OCRM) nonHOCTblO onpe.nenReTCR KOHe•rnopa.3HOCTHaR annpOKCHMat{HR 3a.llalfH. 

BcR o6nacTb paclfeTa orpaHHlfHBaeTC$1 pa.3MepaMH 6a.Josoro Tena. Bee Tena-npoTOTHnbl 

HnH lfaCTH Ten-npoTOTHTTOB, BblXOWIW.He 3a paMKH 6a.Josoro Tena, He 6y.ll)'T Y4TeHbl npH c, 

Ja.llaHHH reoMeTpHH Ja.llalfH. 

Bee reoMeTpHl.{eCKHe Tena-npOTOTHTThl, 4epe3 KOTOpbie 3a,D.aeTCR reoMeTpID! 3a.lla411, 

o6be,D.HHjjlOTCR B 6nOKH. B KIDK,ll,OM 6noKe CBO$1 nOKaJlhHa$1 CHCTeMa KOOp,D.HHaT. l1cXO.ll­

Hhie .n.aHHble, TaKHM o6pa.30M, MOf)'T 3a.llaBaTbCR He3aBHCHMO .llpyr OT .llpyra B OT,D.enb-

HbIX 6noKaX pa.3HblMH nlO,D.bMH. IlpH OKOHlfaTenhHOM cpopMHpOBaHHH 3a.llalfH Heo6XO.llH- r; 

MO 3a,D.aTb lfHCno Ten-npOTOTHnOB B 6noKe H KOOP.llHHaTbl nOKaJlbHOM CHCTeMbl KOOp.llH­

HaT 6noKa OTHOCHTenbHO 6a.JOBOH CHCTeMbl KOOp.llHHaT. IlporpaMMa aBTOMaTHlfeCKH ne­

peBe.lleT KOOp,D.HHaTbl Ten-npOTOTHTTOB B 6noKaX B 6a.Josyio CHCTeMy KOOp.llHHaT C Ha-Ya­

noM KOOp.llHHaT B TOlfKe (0.,0.,0.). 

1 
Tl 

H 

p 
s: 

8 

..,___ 
,,,,,,"' 

B .llaHHOM sepc1111 npo­

rpaMMbI peanH3OBaH tta6op 

(6116m10TeKa) HJ 4 Ten-

npoTOTHTTOB (wap, npHMO-

yronbHhLH napannenen11ne.ll, 

Ir 

q, 

6, 
L.l,HJlHH.D.p, wecTHrpaHHM C' 

,,, ,,-" 

~'>•'· . 
npH3Ma). TioHRTHO 4TO MOiK- T( 

r . ,., + HO CO3.llaTb ,nocTaTO'iHO cc 

cnO)KHblH reoMeTpHY.eCKHH .s 
o6beKT nocpe.llCTBOM o6be-

4 

.. 
....... : . , 

.D.HHeHHjj HJlH nepecelfeH11H 

:meMeHTapHblX Ten-npOTO­
Tl] 

HJ ..... ,,. .. , .. ,, -c:.,: ... - ,.,,,• 

PHc. 2. reoMeTpHl! 3a,aaYH "'6PECr 
(pe3ynhrnT pa60Thl nporpaMMbl AUTOCAD) 

TiopR.llOK 3a,naHHR Ten-npOTOTHTTOB cne.n.yIOW.HH: 

THTTOB. f eoMeTpID! 3a.llal.JH 
HJ 

OTTHCbIBaeTCSI TOnbKO c no-

MOW.b!O Ha6opa 
O'. 

Ten-
T~ 

npOTOTHTTOB, npe.llCTaBneH-
8( 

HblX B 6H6n110TeKe. 
M 

IJ( 

nepBblM 3a.llaeTCR 6a.Josoe Ten o-npoTOTHn, o6R3aTeJlbHO npsiMoyronbHblH na- Pl 

pannenemme.n., s KOTOpbrH 6y.n.yT noMew.aTbCSI see .n.pyrne Tena- npoToT11nh1, 

.llaJlee 3a.llaIOTCSI .n.pyrne TeJla-npOTOTHTibl, CTporo HCTTOJlb3YH npHHU,Hn BnO)Ke- 11 
HHH Ten Kor.n.a npocTpaHCTBO 3aTTOJlHReTCH Ka)K.llbIH pa.3 MaTepHMbHOH 3OHOH I 

nocne,uHero Bno)KeHHoro Tena TaKHM o6pa.JOM, see 3OHbt KOTOpbre nonanH so:< 
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BJlO)l(em,1.e, 6y.uyr 3aMeHeHhl Ha 30tty ITOCJle,l1.Hero BJTO)l(eHHOro Tena. HanpHMep, 

I.I_T06b! noJTyl.l_HTh Tpy6y Heo6XO)J.HMO BJIO)l(JITh l.{HJTHH,llp B UH.IUIH.np, rnr.ua 

BHyrpl-f Tpy6bl 6yJJ.eT 30Ha nocne,AHero BJIO)KeHHOro QHJlHH,Apa, a CTeHKOH Tpy-

6bl 6y.ueT SIBJlSITbCSI 30Ha nepsoro UHJil,IH,l1.pa. 11cnoJib3YSI )J.aHHbIH npHHI.(lm H 

COOTBeTCTBYJOIUHH Ha6op Ten-npOTOTHnOB .lJ.JlSI BJlO)KeHIDI, MO)KHO on11caTI, ,AOC­

TaTOI.I_HO CJIO)KttyJO reoMeTpHYeCK)'IO Cl-fCTeM)'. Cne.uyeT OTMeTHTb, I.I_TO .uaHHhlH 

npllliUlill Heo6XO)ll{MO co6n10.naTb CTporo, 1.ff06bI He omH6ITTbCSI B 3a,AaHHH 

reoMeTpHH CHCTeMbl. Bo3MO)KHOCTb npOH3B0JlhHOH OpHeHTHpOBKH Tena B npo­

CTpaHCTBe C flOMOUlblO yrnoB nosopoTa B COOTBeTCTBYJOIUHX illlOCKOCTID( ,n;aeT 

nOJib30BaTeJJJO MOLQHbIH 1-fHCTpYMeHT )J.JlSI onHCaHIDI reOMeTpHH 3a,D;alffi. 

IlpHMep o6pa6oTKH cpooa lucky.lsp nporpaMMOH AUTOCAD npeJJ.CTaBJieH Ha pH­

cyttKe 2, r)J.e noKaJaHa reoMeTpIDI pac4eTa 3aIUHTbI peaKTopa "EPECT". 

OCHOBIThIE XAP AKTEPHCTKKH IIPOrP AMM LUCKY H LUCKY_ C 

C noMOIUbJO nporpaMMhI LUCKY MO)KHO peuJaTb 3a,AatJH nepeHoca HewrpoHoB H 

raMMa H3JIY4eHID1 OT 3aJ:{aHHoro qJHKCHpOBaHHOrO HCTOqHHJ<a B MHOrorpynn0BOM 

PmSn npH6JIH)KeHJrn MeTo)J.a JJ.HCKpenn,IX op.mrnaT. I1porpaMMa LUCKY_ C no3som1eT B 

Tex )Ke npH6m1)1(eHID1x npoBOJJ.HTb peweHHe 3a,na1.1_ Ha co6crneHHbie 3Ha'IeH.IDI. f paHHY­

Hbie ycJTOBHSI MOryr 6bITb m160 ycJJ0BHSIMH 0Tpa)l(eHHSI Ha mo6011 H3 BHeWHHX rpaHHU 

pacqeTHOH 06nacn1 1rn60 CB06o,nHhlMH (HeT BJleTa YaCTHU B CHCTeM)'). M1mrorpynno­

Bble 6i-16J1HOTeKH SIJJ.epHO-qJH3H1feCKHX. KOHCTaHT HCnOJlh3yIOTCSI B GIT ¢opMaTe (Group 

Independent Tape). 

OcHOBHble orpaHHl.l_eHHSI no pa3MepaM npoCTpaHCTBeHHOH cenrn H •mcny 3HepreTH-

o- qecKHX rpynn CBSl3aHbl C pa3MepoM )J.OCTYIJHOH onepaTHBHOH naWITH Ha npoueccopax H 

Jl, 6bICTpOJJ.eHCTBHeM cynepK0MIThJOTepa. B )J.aHHOH sepcIDJ nporpaMM HCIT0Jlb3YeTCSI npe.n­

aSI CTaBJTeHHe 'UICJTa C O,D;HHapHOH T04H0CTbJO. OrMeTHM, qTo npH pa6oTe C o.znrnapHOH 

>K- TOYHOCTblO, npH HaJIH1-IBH onepaTHBHOH naMSITH .no 4 r6aHT MO)KHO 3a,D;aTb JlOKaJibH)'IO 

HO ceTKy Ha 0,L{HH npocTpaHCTBeHHhlH o6beKT B ,nHal1a30He 1-3 MHJlJIHOHOB ToqeK .l1.JISI 

ni:t S8 - S6 np116mo1<eHHS1 no yrnosoit KBa,n;parype. 11MeHHo npe,ncTasneHHe uenoro q11cna B 
be-

4 6aHTa o6ycJJaBJIHBaeT :no orpaHWieHHe. TaKHM o6pa30M )J.a)l(e HMeSI O'IeHb 6b!CTpbie 
IJ,lSI 

rrpoueccopb1 cynepKOMTibfOTepa H JJ.OCTaTOYHO 6oJThlll)'lO onepanmttyio naMsrTh, 6yJJ.eM 
ro-

HMeTb orpaHHYeHHe Ha JIOKaJibttylO npocTpaHCTBeHHyIO CeTKy. l1epexo,A Ha rrpe.ncTaBJJe­
lYH 

H.He uenoro 1-rncna c ,nsoi1Hoii TO'IH0CThlO no3son11T o6oi1TH 3TO orpattH'IeHHe. Erue pa3 
no-
·en- 0TMeTHM I.I_TO 3TO cne.uyeT .nerraTh ecnH npOH3B0,D;HTeJibHOCTb npoueccopoB 6y,neT )J.OC-

IeH-
TaT0'IHOH, I.I_T06hl npoB0,ll.HTb HTepauHIO 3a peanbHbie BpeMeHa (HanpHMep, npH HaJIWIHli 

BeKTOpHbJX npoueccopos). BpeM» peweH.IDI 3a;:i:a1.1_11 onpeJJ.emeTc» 'IHCJIOM Hcnonh3ye-

Mhrx Y3JTOB npocTpattcTBeHHOH cenrn: Ha o6beKTax, nop».D.K0M S
11 

npuforn)KeHIDI, YHC­

JJOM 3Heprenr1.1_ecKHx rpyrrn, a TaEOKe 6h1cTpo.neiicrn11eM npoueccopos cynepKOMITbIOTe-

na- oa. BpeMJI Ha HTepaUHJO MO)KeT C0CTaBJISITb OT HeCKOJibKHX CeKyH,n J:{0 )J.eCSITKa MHHyr. 

K oco6eHHOCTSl'M nporpaMM MO)KHO OTHeCTH B03MO)KHOCTb napaJIJieJihHO pa6oTaTh 

))Ke- 1paKTaqecKH Ha mo6oM .AocrynttoM •rncne npoueccopoa c .AOCTaTO'IHO xopomei:1 3qJqJeK­

>HOH HBHOCTbJO. ,lvl» 3a,D;aHIDI HCXO)J.HblX )J.8HHbJX HCITOJlh3yeTCSI nporpaMMa FIDO (B uemrx 

H 80:oxpatteHH» CTHm JaJJ.aHHSI .AaHHhrx JJ.JISI' TaKHX nporpaMM, KaK ANISN [4], DOORS3.2 
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[5] 11 .n.pyrnx). ,a.n.si HOJl}"-leHHSI SI.D.CpHO-cjJl13J,fl-{eeKHX KOHeHlHT MOryr 11cnOJlb30BaTbeSI 

nporpaMMbI TAPEMAKER [4] 11n11 GIP [5). ,a.n.si npoBepK11 reoMeTpH11 pael.feTa Ha nep­

eoHanbHOM KOMnblOTepe MO)KHO 11CnOJib30BaTb nporpaMMY VIXEN B KOTOpOH peanmo­

BaH pa60TaK)ll(l1H Ha nepe0HaJlbH0M K0MnblOTepe reoMeTp11'-1eCKHH M0.D.YJlb, e n0M0ll(blO 

KOTOpoii MO)KH0 cjJopM11poBaTb cjJai1n lucky.tsp c uenb!O noene.uyiomero 3anyeKa ero l.fe- 3 

pe3 nporpaMMY AUTOCAD .D.JlSI. npoBepKH reoMeTpm1 pael.feTa. IlporpaMMbI pa60Ta10T c 

no.n. onepauwottHOH c11eTeMow UNIX. 3: 

METO,[(hl YCKOPEHIDI CXO,l(HMOCTH HTEPAI.UfOIIllOro IlPO.QECCA 

p 
C 

B 

YcKOpHTb napannenbHblH HTepal..{l,JOHHblli npouecc ,lJ.0CTaTQL[H0 en0)KH0. rpaHHL[Hble B 

ycnoBHSI. cTporo onpe.n.enettbl TOnbKO Ha rpaH11uax 6aJoBoro Tena. Ha Ka)K.[I.0M npo- M 

CTpatteTBeHH0M o6beKTe HeT nocTOSIHHblX rpaHH'-lHblX ycnOBl1H (3a HCKJIIOlfeHJ,feM 6 

BHeWl-[HX noBepxttocTeH 6aJoBoro Tena) 11 B npouecee HTepau11i1 peweH11e Ha rpaHHuax r 1 

o6oeKTOB Bee speMSI MeHSleTCSI, HO no Mepe eX0,lJ.HMOCTH see cna6ee H ena6ee. He 3HaSI M 

3apaHee Mepy BJlHSIHHSI o6oeKTOB .JJ.pyr Ha .n.pyra, )].0CTaT0L[H0 CJT0)KH0 npe,nCKa3aTb no- M 

se,nett11e norpelllH0eT11 B npouecce 11Tepau11i1. TeM He Mettee, JlJTSI ycKopeHHSI 11Tepau11- s 

0HH0ro npoueeea HCn0JTb3yeTCSI .[l0eTaT0"IH0 npoeTOH, HO 3cjJcpeKTHBHblH MeTOJl f aycca- .[I. 

3ew,lleJT.si. CxeMa JToro MeT0Jla Jl0CTaT0lfHO npocTa: nonylfeHHaSI B TeKymeii HTepau1111 6 
lfaCTb peweHHSI HC00Jlb3yeTCSI .[lJTSI HaxO)K)],eHHSI JlpyroH l.faCTH peweHH.SI B 3TOH )Ke HTe- H 

pamm. J,frepauH.SI Clf11TaeTCSI 3aKOHlfeHHOH K0r,n:a TIOCJTe,n:oBaTeJTbH0 noJTylfeHO peweHHe c, 

JlJTSI scex OKTaHT0B e.[lHHWIHOH ecpepbl. B nporpaMMe LUCKY Hcnonb3yeTCSI '.D.syx- P 
ypoBttesa.si" cxeMa faycca-3ei1.[lemi:, Kor.ua ycKopeH1-1e Hcnonb3yeTc.si ,llJUI ttaxo)K)],eH11S1 

pemeHH.SI BttyTpH o6oeKTa B npouecce nony'-1.eHHSI. peweHHSI no JTOKaJlbHOH npocTpaHCT- P 
seHHOH ceTKe 11 s npoueece o6MeHa rpattlilfHblMl1 noToKaMH no yrnoBblM 0KTaHTaM Me- 11 

)K)].y 061,eKTaMH. lf. 

TaKHM o6pa30M, peweHJ-1e, noJTylfeHH0e .[lJTSI o6beKTa B KaKOM-n1160 yrn0B0M 0KTaH- lf 

Te M0)KeT 6bITb cpa3y )Ke rrepe.[latto Ha rpatt11lftty10 nosepx.ttoCTb coce.[lttero o6oeKTa, 11 .a 
3aTeM OHO HCnOJib3YeTCSI .[lJTSI HaX0)K)].eHHSI pemeHHSI B .apyrHX OKTaHTax JlJTSI 3TOro o6b- H 

eKTa. ,a.n_.51 pa60Tbl no 3TOH cxeMe see o6'heKTbl aBTOM8THlfeCKJ1 co6ttpaIOTCSI. B rpynrn,, 6 

no 8 unyK no lfHeny OKTaHTOB Ha e.[lHHH'-1.HOH ccjJepe. BnocJTe.[lCTBHH, npH no11ylfeHHl1 H 

pewemu1 no yrnosbIM oi-.'TaHTaM nposo.D,11TCS1 CJJ,BHttyTa.SI no Oh.'TaHTaM exeMa no11ylfe1rn.si P 
8 6 " 1 peweami: Ha Ka)K.[I.0M 113 0 beKTOB OTJJ,enbHOH rpynnbl. B pe3yJTbTaTe npHMeHeHHSI 

JJ,aHHOH cxeMbl ,/lJUI no11yqeHH.S1 peweHHSI, Ka)KJJ,blH 061.eKT H3 csoeti B0CbMepKH ' B11.D,11T" )Ii 

rpattHlfH0e perneH11e OT coce.D,HHX o6'heKTOB y)Ke s TeKymeii 11Tepau1111, a He s c11e.D,YJO- p, 

ll(e.H HTepal(Hli, KaK npH o6bllfHOH, He CJ],Bl,fttyTOH no 0KTaHTaM cxeMe HaxO)K)].eHl-fSI pe- )Ii 

weHHSI. 3cjJcpeKTl1BHOCTb (Bb111rphllll no lfHCJIY l1Tepau11i1) TaKoro ycKopeHHSI COCTaBJTSleT H 

B cpe.[lHeM JJ,JTSI rpynn raMMa KBaHT0B ~ 1.8 a .[lJTSI He.HrpOHHblX rpynn ~ 1.3 H 3aBHCl1T B p, 

0CHOBH0M OT reoMeTplrn 3a.D,alfJ1. 4eM 6011ee BblTSl.ttyT0 6aJOBOe TeJT0 no KaKOH 111160 KO- 01 

0p.D,HHaTHOH OCH TeM 3cpcjJeKTHBHee 6y.D,eT npe.[lJTO)KeHHaSI exeMa yeKopeHHSI. ,LI.nsi npo- Ci 

rpaMMbI LUCKY_ C 11cnoJTb3yeTC.SI KJ1acc11lfeCKMH MeT0JJ, nepeH0pMHp0BKH, K0r.D,a nony- ff 

t.teHH0e Ha BHewHeii 11Tepau1111 pewett11e nocne nepepaclfeTa HCTO'-IHHKa .[le11eH11S1 11c- tr 

nonbJyeTCSI B KaL[ecTBe HalfaJTbHoro np116nl1)Kemrn JJ,Jl.SI npoBe.D,eHHSI cne.uyiomew Bttew- 1 

! I Hew 1nepau11ii. 
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3ABHCHMOCTh 3<1l<l>EKTHBHOCTH OT PA3.JmlIHhlX IIAP AMETPOB 
PACqETHOH MO~Jil:I 

OcHOBHaH 3a)laYa nOJib30BaTeJUI - H:Cil0Jlb30BaTb eynepKOMilhFOTep C MaKCHMaJlhHOH 

3cpcpeKTHBHOCTblO. IloHHTHO, CffO no B03MO)KHOeTH Heo6XO)lHMO HCilOJlb30BaTE, Bee pe­

cypcbI eynepKOMnbJOTepa, HO crpaTenrn pa3fat.eHHll 6a3oBoro TeJia Ha o6beKTbl oeTaeTC.Sl 

3a □0Jlb30BaTeJieM. KpoMe 3Toro Heo6XO)lHMO 3HaTb, KaK 3aBHeHT 3cpcpeKTHBHOeTb na-

panneJibH0ro npou;ecca OT Y11cna o6beKTOB, pa3Mepa o6beKTos, pacce1-rnaJOlllHX esoweTB 

cpe.Uhl. Ilorrb3oBaTenh .uoIDKeH onpe,neJTIITb, KaKH:M o6pa3oM pa3fo!Tb Ha o6beKThl 6a3o-

8oe TeJIO, CK0JibK0 Bb16paTb o6beKTOB )].JI.SI pacqera, KaKyio JIOKaJibttyJO een:y H)')KH0 

B3HTb .D,Jlll o6beKTa. Ilpose.ueHHble HCeJie)l0BaHlUI nOKa3aJIH, 'lffO cymeCTBYJOT OilTH­

MaJibHble pa3Mepbl .D,JIH ofrheKTOB (B onrnYeCKl1X )lJIHHax) 11 onTHMaJibHblH enoco6 pa3-

6HeHHH 6a30BOro Tena Ha o6'heKThI. HecMoTpH Ha TO, llT0 3cpcpeKTHBHOCTb napannem,Ho­

ro rrpou;ecca scer.ua CBH3aHa c KOHKpeTHOH 3a.D,a4eH, MO)KH0 onpe.D,eJIHTh o6mHe 3aKoHo­

MepH0CTH. TaK, 6onee 3cpcpeKTHBHblMH 6yJJ.YT pact.1eTbl CHeTeM C 60JibllJHMH 0TITWieCKH­

MH pa3MepaMH o6beKTOB tt 6oJibUHIM cet.1eHHeM BttyrpHrpynnosoro paceeRHH.Sl. Ho npH 

Bbt6ope pa3MepoB o6'beKTOB Heo6xo.D,HMO YlllfTbIBaTb B03MO)KHOeTb 3a.D,aIDUr Ha o6'beKTe 

)lOCTaTO<rnO MeJIKOH JIOKaJibHOH eeTKH. 1.{11.eno TO'ieK CeTKH, C O)lHOM CTOpOHbI, )lOJDKHO 

6bITb )lOCTaTOlJHblM .D,Jlll .ueTaJIE,HOro omi:caHHll reoMeTpHH o6'beKTa, a c .D.pyroi:i CTOpo­

Hbl, pa3Mepbl JIOKaJibHOH ceTKH orpami1-JeHbI .nocrynHOH onepaTHBHOH IlaMRTI,JO npou;ec-

copoB. TaKHM o6pa30M, Heo6XO)lHM Pa3YMHhIH KOMnpOMHCC npH BhI6ope 3THX napaMeT­

'X- pOB. 

,L(mr .D,aHHOH MeTO)lRKH, Kor.ua Bee npocTpaHCTBeHHbie o6beKTbI HMeJOT O)lHH H Te )Ke 

~T- pa3Mepbl H JIOKaJibttyIO CeTKY, 3q>cpeKTHBHOCTb MO)KHO onpe)leJIHTb KaK OTHOWem1e 'IBC-

1e- rra HTepau;1rn, tteo6xo.D,HMhIX JJ.JJR norry-qeHHR pewettHH B o.uHonpou;eecopHOM pacYeTe, K 

rn-

' H 
)b-

TILi 

nm 

rnJl 

-{HSI 

4Heny HTepau;11ii .UJUI nonyt.1eHHH pemeHllil B MHoronpou;eccopttoM pacqeTe. IlottRTHO, 

4TO B MH0ronpOl..{eccopHOM pac'-!eTe '-IHCJIO l1Tepau1111 6y,ueT 60Jibllle, TaK KaK o6'beKTbI, 

.D,OCTaT01IHO .uaneKO YJJ.aJieHHbte .npyr OT ,npyra, "yBH)lHT" .npyr .npyra He cpa3y, TO ecTb 

He B nepBOH HTepau;Irn. Ka)K):{aH HOBaR HTepau;HH 6y.ueT "CB.Sl3b!BaTb" .upyr C JlpyroM see 

60Jlbmee CJHCJIO o6beKTOB. 3TOT 3cpcpeKT "1rnepu;IIB" eBR3H Me)KJ()' o6'beKTaMH B TOH HJIH 

HHOH CTeneHH - B 3aBHCHMOCTH OT 3a,naq11 - BJIHHeT Ha TeopeTH:qeCK)'IO 3cpcpeKTHBHOCTb 

perueHIDJ KOHKpeTHOH 3a,Ua'-IH . 1.{eM 60Jibme 6y,neT o6beKTOB B eHCTeMe, TeM 6onee 

"HHepu;HOHHa" no OTHOUJeHHFO K CBR3SIM Me)f(Jly o6beKTaMH: 6y)].eT :na eHCTeMa. Ho TaK-

HT )Ke RCHO, '-!TO B 60JibllJHX no 'IBCJIY o6'beKTOB CHCTeMax, e 60JiblllHMH "onTH'ieCK.HMH" 

yJO- pa3MepaMH o6beKTOB pemeHHe Ha o6beKTe onpe)leJI.SleTCR B OCHOBHOM HM CaMHM H 6m1-

pe- )KaHlllHMH o6beKTaMH 113 ero OKpy)KeHHH, H KaK CJie)lCTBHe, napanrreJII,HI,IH HTepaUHOH­

[lleT HblH npol..{ecc 6y)leT CXO)lHTbCR 6bICTpee, 1'..JeM a CHCTeMax c MaJiblMH "onTfflfeCKHMH" 

IT B pa3MepaMH 061,eKTOB, r.ue pewem1e 6y)leT onpe,neJIRTI,C}l 6oJihlllHM 1'..JHCJJOM eoee)lHHX 

KO- 06'beKTOB H cne,noBaTeJibHO 6y,neT He06XO)lHMO 60JibLI1ee 'IllCJIO HTepar.n,rn )lJUI yqern 

1po- CBll3H Me)K)l)' HHMH. ,[vill CHCTeM, r)le 60JibIIlHe Ce'-leHHR BttyrpHrpyrmosoro pacceRHIDI. H 

)JIY- IITepar.moHHbtH npouecc CXO)lHTCH .nonro, )lOJI.R "1rnepu;HOHHblX HTepau;HH" OT nOJIHOfO 

HC- tJHcna Tpe6yeMbIX .UJIR norry-qeHHH peweHIDI HTepar.mii 6y.ueT tte60JI1,moif, qrn onpe)le­

tem- lj[eT JIY4II1YIO 3cpcpeKTHBHOCTb peweHHR 3THX CHCTeM no cpaBHeHHH C CHCTeMaMH C 

~HJihHbIM norno~em1eM. 
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Ha pHCYHKe 3 npe.ncrnaneHa 3aBHCHM0CTb Teopentt.JeCKOH 3cpcpeKTHBHOCTl1 napan­

JTeJTbH0ro npou.ecca OT onnt"l.!ecKoro pa3Mepa 061,eKTa wccne.noaaHHall .l1.Jl.ll Ja.na•rn npo­

xo)f(,ll,eHmr H3JTY"4eHllil B 6eTOHe OT Jl0KanbH0ro HCT0lJHHKa. qHCJTO npoueccopoB B 3a,ll,at.Je 
0 80 

0 70 

0.50 

o.,o-+--~~-~~-~~-~~ 
0 00 40.0 80 0 120.0 1800 

Pn\lep o61oC..-n • caHTI™crpax 

PHC. 3. 3aBHCHMOCTb Teope1w-1eCKOH 34>cj>eKTHBHOCTH 

OT pa:3Mepa o6beKTa. TipOXO)l(JleHHe HeHTpOHOB c 

:meprne?\ 15 MJB '-lepeJ 6eToH 

~ 3500 

~ 
f;: 3000 

2500 

2000 

500 1000 1500 2000 2500 
lf..:...110 yraoa..cc HanpaueHNll H■ O!lKII on11rr 

3000 

PHc. 4. BnHJIHHe Sn npH6nMJKeHHJI Ha BbIHrpbllll epe-

MeHH OTHOCITTenbHO K paC'-leTaM 6e3 eeKTOpH3aI11111 

npH 11cnonb30BaH({I{ eeKTOpHblX npoueccopoe. }la1-1-

Hb1e Jlilll KOMnbJOTepa CONVEX SSP 1600 

OCTasanOCb nocTO.SIHHblM, paBHbJM 16, 
npocTpaHCTBeHHblH war JTOKanbHOH 

CeTKH Ha ofrheKTax He H3MeHSIJ1C.ll, 

H3MeH..SIJTC.SI. pa3Mep o6'beKTa (H C0OT­

BeTCTBeHH0 pa3Mep BCeH pacl.feTHOH 

CHCTeMbl H 1IHCJ10 TOlJeK JlOKanbHOH 

ceTKH tta o6'beKTe). 

Cne,uyeT OTMeTHTh, t.JT0 anropHT­

Mbt, peanH3osaHHbre a nporpa.MMax, 

OpHeHTHposaHbl Ha BeKTOpHbie npo­

u.eccopb!. HanH1IHe TaKHX npou.ecco­

pos Ha cynepKOMilblOTepe Il03BOJTHT 

nO,UH..SITb npOl-1380,UHTeJlbHOCTb Bbl­

'lHCJTHTeJlbHOf0 npou.ecca B cpe,uHeM 

,uo 20-30 pa3. Ha pHcyHKe 4 npe.n-

CTaaneH BbIHrpbtW no speMeHH ,ll,Jl.ll 

pa3Hb1X Sn npH6mt.)KeHHH, KOTOpblH 

MO:>KHO 6brnO 6hr TT0JTYl.{lffb npH HC- Bl 

nonb30Bamrn seKTopHbrx npou,ecco- K1 

pos. IT 

3aBHCHMOCTb TeOpeTH"4eCKOH 3cp- pi 
cpeKTHBHOCTH OT •rncna HCTT0J1b3ye- r1 

C 

MbtX npoueccopoa M0)KH0 npo.neMoH- 1 

c-rp1-1posaTb Ha npHMepe pacqern npo­

xo)f(,ll,eHH.ll 6bICTpbtX HeHTpOHOB c )I 

JHepr1-1e11 15 MJB t.Jepe3 pa.nHaU.HOH- ~ 

H)'JO 3am1-1ry peaKTopa " EPECT". l1 
PaJMepb1 6aJosoro Tena 7.5 x 2.5 x 

(I 

2.4 MeTpa no KOOp,ll,HHaTHblM 0CllM 
II 

X,Y,Z cooTBeTcTaeHH0. Pe3ynhTaT 
,I 

npe.ncTaBJleH Ha pHCYHKe 5. 
}fa pHCYHKa 5 BH,ll,HO, lJT0 CKOpOCTb 

na.neHH..SI 3cpcpeKTHBHOCTH C yaeJ1H1IeHHeM lJHCJla HCCTOJTb3yeMblX npou.eccopos 3aMe,UJT.Sl­

eTC.ll . 3-roT cpaKT no3aon.S1.eT c.uenaTb npe.unono)KeHHe, '-!TO npH ,uanbttei-tweM ysenHt.Jemrn 

lJHCJla HCil0Jlb3yeMblX npou.eccopos, npH ycnOBHH, '-!TO " onTHlJeCKHe" pa3Mepbl 061,eK 

TOB 6y.nyT 0CTaBaTbC.ll .UOCTaT0lJHO 60J1bWHMH (B HeCKOJTbKO ,l1,JTHH npo6eros t.Jacrnu.) 

6y.ueM HMeTb TY )Ke BeJTH'lJ-lHY 3cp<peKTHBHOCTH, X0T.SI., ecTeCTBeHHo, 3TO YTBep)f(,ll,eHH 

-rpe6yeT nposepKH. OTMeTHM, lJTO peanbHa.ll 3cpcpeKTHBHOCTb, nepeClJHTaHHa.SI. OTHOCHl 

TeJlbHO I npou.eccopa MeHbWe npe.ucrnaneHHOH Ha rpacpHKe H 6y.ueT s npe.uenax 0.4-0.5 
,l1,JT.SI 6onbworo t.JHcna npou.eccopos. 
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PHC. 5. 3aBHCHMOCTb TeopeTJ{l{CCKOH 3QlQlCKTHBHO­
CTH napa.nnenbHoro npouecca OT l{Hcna npouecco­
poe no oTHOUJemno K Hcnon.b3OBaHH10 64 npouec­
copoe. PaC'{eT pa.D.Ha.IlHOHHOH 3atUITTbl peaKTopa 

"6PECT ". ~s6 npH6muKem1e, HeHTPOHhl C 3Hep­

niei1 15 M3B, 272000 npOCTPaHCTBeHHbIX TO'{eK Ha 

Cne.rzyeT OCTaHOBHTbCjJ Ha crpaTerHH 

pa.36HeHHj{ 6a.3oBoro rena Ha 061,eKTbr 

6onee no)lpo6tto H onpe)leJTHTb MeTO­

)lw-1ecKne peKoMeH)laUHH .rcm1 Bb16opa 

CTpaTerHH. QqeBH.LCHO, l.fTO KIDK,AaH 3a­

,naqa 6y,neT HMeTb snontte onpe.neneH­

Hbie oco6eHHOCTH, HO, TeM He Mettee, 

HaKonneHHblH onbIT 3KcnnyaTaUHH npo­

rpaMM Ha MBC-1 OOOM no3BOJIHeT ,naTb 

IlOJib30BaTemo KOHKpeTHbie peKOMeH­

.naUHH no pa.36neHIDO pacqeTHOH o6nac­

TH Ha o6'heKTbl H 4HCJIY npocTpaHCT­

BeHHbrx ToqeK BttyrpH KcDK,llOro o6'beK­

Ta. 

I . qHCJTO HHTepBaJTOB .llJlH ceTKH npH 

pa.3,neneHHH pacl.feTHOH o6JiaCTH Ha 

o6'beKTbl no Koop.n;HHaTHblM OCj{M 

X,Y,Z .z:r,oJDKHO 6L1Tb o.n;HHaKOBbIM (ecJrn 

llJljJ OJI.HH o6'beKT 3TO n03BOJrneT crrea.H<pHKa 3a,D;al.fH, T.e. 

)blH pa.3Mepbl 3a,D;alJ.H npHMepHO O.LCHHaKO-

HC- Bble no BCeM OC.IIM). 3-ro Tpe6osaHHe )KeJiaTeJlhHO, HO He 06.113aTeJibHO. MMeHHO rrpH Ta­

:co- OM pa.36HeHHH 6y,neT peaJTH30BaHa MaKCHMaJibHa.11 3<p<peKTHBHOCTb napaJIJieJlhHOro 

rrpouecca, TaK KaK He 6y,neT BbI)leJieHHbrx npocrpattcTBeHHbIX ttarrpaBJ1eHHH B reoMeT-

J<p- p1m 3aLCa4H .n;JI.11 o6Metta, npH npose.n;eHHH HTepaUHOHHoro rrpouecca, rrpn CUIHBKe no 

,3ye- paHHl.fHbIX IlOTOKaM, H MO)KHO CKa.3aTh, qTo peUieHHe 6y,neT <pOpMHpOBaTbC.11 KaK 6hl 

~OH- 'H30'fPOilHO" no npocrpaHCTBy. 

npo- 2. qHCJIO rrpocrpaHCTBeHHbTX TOl.feK L(JljJ Ka)K,D;Oro o6'beKTa .LlOJT)KHO 6bITb .LlOCTaT04HO 

8 
c >OJibWHM, •-1To6ht speM.11 pacqeTa 6hmo 6oJibUie BpeMeHH o6Metta Me)K.DY rrpoa.eccopaMH 

HOH-.)KeJiaTeJibHo > 10000 TOl.feK Ha 061,ercr B S6 rum S8 rrpH6JTH)KeHH.H). BpeMJl Ha Hrepa-

CT". ~mo onpe.[lem1eTc.11 nop.11.n;KOM Sn npH6JIH)KeHlij{ H pa.3MepoM JIOKaJibHOH ceTKH. Ho 
~.S x 

6 IOJlb30BaTeJib MO)KeT pa OTaTb H C MOMeHTaMH peweHH.11, Tor.na nop.llLlOK HCilOJTb30BaH­
OCll.M V 

[OH KBa,npaTYpbl He 6y.ner orrpe.nemrJOJ.UHM .llJTH BpeMeHHblX 3arpaT Ha HTepaumo, a 6y-
1bTaT 

I T onpe.n;eJIJITbC.11 t-tHCJIOM MOMeHTOB HCKOMOro peweHffjj. 

3. MaKCHMaJibHaJl onepaTHBHa.11 naMJITb Ha O.LCHOM npoueccope MBC-1000 4 f6ai1Ta, 
)OCTb 4 f6 V v T 6 v )HOC a1na BHPTYaJTbHOH naM.IITH. aKHM O pa.30M, MaKCHMaJibHJ,TH pa.3Mep JIOKaJib-
e.rcAA-

,,OH CeTKH Ha O.LCHOM rrpou,eccope ~ I .2E+06 TOt-teK npH S8 npH6JIIDKeHID1 H ~ 2.E+06 
teHHr• 

6oeK-DqeK IlpH s6 npH6JimKeHHH. TipH HCnOJib30BaHHH Bcex 768 npoueccopos npH TaKHX 

;THU.).a.3Mepax ceTKH Ha pact-teTHbIX o6'beKTax, BpeMJI Ha o.nay HTepaUHJO MO)l(eT .LlOCTI-traTb 

ueHHe{) MHHyr. Tip11 cpe.n;HeM t-tHcne HTepauHH Ha o.n;tty rpyrrrry ~ 20 BpeMJ1 pacl.feTa 6y,neT 

"HOCH1<.0JI0 3 qacoB Ha o.n.ay rpynny. TipH 3TOM ITOJIHOe l.fHCJIO TOl.feK Ha 6a.30BOM TeJie 6y)leT 
l.4-0.5:>p.11.[(Ka l .OE+09. 

4. War no npOCTpaHCTBY npH Bb16ope .LleTaJibHOH CeTKH BffYTPH o6'heKTa )KeJiaTeJibHO 
~eTb He 6onee HeCKOJibKO MHJIJIHMerpOB, HMeHHO rrpH TaKHX warax MO)KHO HCITOJTb30-
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saTb XYZ reoMeTpmo KaK YHHsepcanbHYJO JlJHI om1caHHS1 cJI0)KHbIX reoMeTpHYeCKHX 

CTPYKTYP H HCn0Jlb30BaTb n0JIO)KHTeJlbH0 onpeJleJieHttylO 6bICTpyt0 warosylO cxeMy B 

HTepaU.H0HH0M npou.ecce 6e3 noTepH T0lfH0CTH peweHHJI. 

3AKJilO~HHE 

OnhIT pa3pa6oTKH 11 11cnonb30BaHllil nporpaMM LUCKY 11 LUCKY_ C tta MBC-
1 OOOM n0Ka3aJI .1l0CTaT04H)'IO 3<p<peKTl1BHOCTb npe.1lnO)l(eHHOl1 MeT0.1ll1KH opraHH3aU.11H 

napannenbHbIX Bbl""4HCneHHH np11 peweHHH 3a.1lalf nepeHoca 1nny4eHHH. OrMeTHM, 4T0 

JJ,aHHaSI TeXH0n0rllil CT03B0JISleT 11CCT0Jib30BaTb secb pecypc cynepK0M0blOTepa H nposo­

JlHTb paclfeTl,1 C 3<p<peKTHBHOCTblO He MeHee 0.5 npH np0CTpa.HCTBeHH0M H 3HepreTH4e­

CK0M pacnapannemrnaHl1I-f. McnoJib30BaHHe JlOKaJibHOH CeTKH C 60JibUJHM 4HCJI0M Y3JI0B 

003B0JISleT 0CTHCaTb npaKTH'IeCKH Jlt06yt0 reoMeTpHYeCKYfO K0MCT03HU.HJO C .llOCTaTOlfHOH 

T0lfH0CTblO, 11 cne.1l0BaTeJibH0 HCCT0Jlb30BaTb npHM0YT0JibttylO reoMeTPHIO KaK YHHBep­

CaJibttylO reoMeTPHIO. 

CTpH Hcnonh30BaH11H S6 - S8 npH6JIH)l(eHHSI pecypcbt cynepK0MTTblOTepa MBC -

ri: 
m 
p2 
Ml 

l OOOM CT03B0nHIOT nponHCaTb C waroM JIOKaJibHOH ceTKH B 1 MHJIJil1MeTp 6a30BOe Teno Pl 

o6beMOM l Ky6. MeTp, c waroM 2 MHJIJIHMeTpa 8 Ky6. MeTpos, c rnaroM 3 MHnJIHMeTpa dt 

27 Ky6. MeTp0B 11 TaK .uanee, np11 3T0M reoMeTpHSI CHCTeMbl M0)l(eT 6bITb 0"leHb CJIQ)I(- m 

HOH. ITpe.llJIO)l(eHHaSI CTPaTerHJI 3a.1laIDUI HCX0.llHbIX .uaHHblX, 0CH0BaHHaSI Ha 11CIT0Jlh30- ec 

BaHHH npHHl.{Hna BJI0>KeHHSI np0CTPaHCTBeHHhlX Ten J,f M0~Horo napanneJibH0ro rettepa­

Topa npocTpaHCTBeHHhlX ceT0K Ha ofrheKTaX, TI03B0JISleT nonb30BaTeJilO .ll0CTaT0"IH0 ner-

K0 3a.lJ,aBaTh .1laHHble .1lJISI pac"!eTa. 
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HEKOTOPbIE IIPOliJIEMbl PEAJIH3.AWIH PACqETA 
PEAKTOPOB METO)J:OM MOHTE-KAPJIO 

HA MHOrOIIPOIJ;ECCOPHOH 3BM MBC-1000/M 
M 11. I'ypeeu11 

PH~ "Kypttamoec1<.uu HHcmumym ", 

H/0. Mapuxw1 
Hay11Ho-uccneooeamellbC1<.uii uHcmumym amoMHbZX peaKmopoe 

Pa6orn nocBl!IUeHa aHamny npo6neM BOJHHXa!OlllHX npH 8Jlarrrau1111 ym1BepcanbHbrx naxe-roa npo­
rpaMM OOJIHOMacurra6Horo pac'leTa noTOKOB HeirrpOHOB 11 QlOTOHOB MeTO.llOM Mmrre-Kapno K Bbl'IHCJleHH­
,rM Ha coapeMeHHbfX MHOronpoueccopHblX 3BM. PeweHbl npo611eMbl BOJHHKaJOlUHe npH OpraHHJfilll{J,t 
pacl.feTa c BOJMO,KHOCTblO ero npo.nom1<eHHJ1 npH npep&rnaHHH. PaccMOTpeHa npo6neMa 3KOHOMlffl Tpe6ye­
MO.t naMllTH Ra .llHCK3X H npe.nno)KeHO ee B03M0)KHOe peweHHe. 

SOME PROBLEM OF UNIVERSAL MONTE-CARLO CODE ADAPTATION TO THE MULTI-
JO PROCESSOR COMPUTER. GUREVICH M.I. MARIKHIN N.YU. The paper describes problems appearing 
) a during the adaptation of the universal Monte-Carlo codes for neutron and photon flux calculations to the 
if<- multi-processor computer. The difficulties that occur when a calculation has to continue are shown. The 
.o- economy of user disk space is taken up. Some solutions of this problem are suggested. 

,a-
BBE,l(EHHE 

MeTOJJ. MoHTe-Kapno j[BllileTC.H OJJ.Hl1M H3 HaH6onee TOlffibIX, HO TaJOKe 11 Tpy.n.oeMKHX 

tJeTOJJ.OB pacqern nepeHoca HeiiTpaJibHbTX qacTI'!Q. HecMOTp.H Ha 6ecnpeu.e.n.eHTHbIH pocT 

6bICTpO.Uei:i:cTBHR, COBpeMemu,re O){BOIIpon.eccopHbie 3BM qacTO He MOryr o6ecneqwrb 

)O' . JJ.OCTaTO'IHbIX Bbll{HCJIHTeJibHbIX MOll.{HOCTeH J].JI.H Tpe6yeMblX pacqeTOB. HanpHMep, 

;sia, TPYJJ.HOCTH. B03H.H.KalOT npH pacqeTe KaMnaHHH pea.J<TopoB C yqeTOM BbITOpaHIDI TOIIJIHBa 

nornoTHTeJTeH. 

Tio:rroMY rrepe.u pa3pa6oTqHKaMH 11 nonb30BaTen.HMl1 nporpaMMhI MCU [I] B03HHK 

eMbl Bon:poc O B03MO)KHOCTH ycKopeIDUI pacqeTOB C IIOMOll.{blO pacnapanneJIHBaHlUI Ha MHO­

•aTa- rne rrpou.eccopbt, TeM 6onee, "ITO MeTOJJ. MottTe-Kapno no csoeii CYTl1 cocTOHT H3 MHO­

HX noqTH OJJ.HOTHTIHb[X He3aBHCHMb[X BbJqHCJTemrn. 

C03JJ.aHHe s PoccH.HcKoii AKa.ueMHH Ha)'K MHoronpoueccopHOH 3BM MBC-1000/M 
~ode -2 3] 
- . , OTKpbmo BO3MO)KHOCTb peweHH.H HOBblX KJiaCCOB 3a.n.aq B u,eJIOM p.H,ue npe.n;MeTHb[X 

9 l 6nacTei1 - rH..n.po,n:HHaMHKe, q>H3m<e TBep.n.oro Tena, cj:>ITTHKe ruia3MhI, reoq>H.3m<e 11 TaK 

~aJlee. 0rMeTHM, qTo s ynowmyTblX npe.n;MeTHblX o6naCTKX. HCIIOJTb3YIOTC.H MeTOJJ.bl, 

)02 r . COTOpble 3Ha'lHTeJibHO Tpy.n;Hee pacnapanJieJll,fTb tieM MeTOJJ. MoHTe-Kapno, B qaCTHOCTH 

Hf,{KH-1>e6yercsi: 3Ha911TeJI:bHO 6onee CJIO)l(Ha.H cxeMa o6MeHa .n.aHHhIMH Me)KJJ.y npou:eccopaMH 
3-14 6 . l Heo XOJJ.HMa Ha nopsi:,LI,KH 60Jiblll3.H CKOpOCTb TaKoro o6MeHa. 

B Ka9ecTBe cpe.n.r,1 JJ.11.H napaJ1nenhHoro nporpaMMHposaHH.H Ha 3BM MBC-I000/M 

tcnOJib3yeTc.H nporpaMMHhlH HHTep<peiic MPI [2]. 
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C03,uam-1e aepc111-1 nporpaMMbl MCU-RR ,n,mt napanneJ1bHb1x Bhl'rncneHHH c HCnOJ1b-

3oaattHeM HHTepcpei:ica MPl 6b1J10 oYettb npHBneKaTeJibHO, nocKOIIbKY, KaK OTMeYeHo a 

[2], :noT HHTepcpeik cpaKTH"leCKH HBJlj!eTCH CTaH,napTOM ,llJlH pa3pa60T4HKOB napaJIJ1eJ1b­

HblX nporpaMM. B onHCb!BaeMOH aepcm1 nporpaMMbl HCTIOJ1b3yeTCH He6onbWM 4.aCTb 

HHTepcpei:ica MPI KaK J13-3a OTHOCHTeIIbHOH npOCTOTbl pacnapaJIIIeJlHBaH.HH MeTO,lla 

MottTe-Kapno, TaK .H H3-3a Toro, YTO 3TO TOJlbKO nepabJH 3Tan a.uanTa1..urn nporpaMMbt c 

MCU K HOBblM annapaTHblM H nporpaMMHblM cpe,ucTBaM. 

TaK, HanpHMep, BHHMaHHe y,ueJljjJTOCh B OCHOBHOM BOnpocaM peweHHj! O,UHopo,uHblX 

3a,uaci - pacqery aKTHBH.blX 30H peaKTopoa. 3-ro CBH38HO oTqacTH C TeM, 4.TO HMeRHO f 
npH pewemrn 3THX 3a,na'-I pa3pa6oTY.HKaM MCU oco6eHHO He xaaTano pecypcoa, OTYac­

TH C TeM, '-!TO HaY.HHaTb ocaoem,1e napaJineJibHblX paCYeTOB Ha,uo 6blJIO C Yero-TO O,UHO- C 

ro. 

IlOCTAHOBKA3MA'Ilf 

Ou.eHKY cpyHIG.lHOHaJIOB HeHTpOHHOro HJlH <pOTOHHOro nOTOKa MeTO,AOM MoHTe­

Kapno MO)KHO, tteCKOJlbKO ynpow.aj!, npe,ncTaBHTb cJ1e,zzy10w.eH cxeMOH. 

MMeeTCjj aJirOpHTM MO,nenHpOB8HH_j! -rpaeKTOpHH l{8CTHU., BK.Jll09M reHepaU.HH HCTOY· 

HHKOM, cao60,nttb1e npo6erH, paccej!HH_j! Ha g,upax, nornow.eHHJI H, HaKoHeu,, po>K,AemtJI r 
HOBbTX '-18CTKI.(. 

Mo.uem1pyeMbie 4.aCTHU.bl o6bero,tHJ!lOTCj! B TaK Ha3bJBaeMble naKeTbl (so MHOrHX 

rrporpaMMax <pHKCHpOBattHOH ,nJTHHbt). Tip11 peweHHH 0,AHOpO,UHOH 3a,llaYH, HeHTpOHbl f 

nony1rn1011u;tecj! a pe3yIIbTaTe .n.enemrn j!.n.ep ttei:i-rpottaMH o.n.ttoro naKeTa, o6pa3YfOT cJie-< 

.n.yJOlllHH TiaKeT, TaKHM o6pa30M KIDK,llhlH naKeT ecTb ITOKOJleHHe HeHTJ)OH0B. 

IlpH Mo.n.enHpoaaHHH O.lJ.HOH -rpaeKTOpHH npOHCXO.!J.HT pac<{eT ee BKJla.ll.a B KIDK,llblli H! 

ou.eHHBaeMblX cpyttKU.HOHaJIOB Y,- 3-rOT BKJTa.n. eCTb cnyqaHHM (nceB.!J.OCJIY4.aHH~) semi• 

'-IHHa C M8TeM8TH-«IeCKHM O)KH,llaHHeM paBHblM HCKOMOMY 3Ha1..feHIDO cpyHIUOIOHaJI 

HOpMMpOBa.HH0MY Ha Oro,tH HeHTJ)OH. HCTO'iIDIKa .ll.J1jl HeO,AHOpO.ll.HOH 3a.ll.8'iR HJIH HeHTpm 

,ueJieHHJI ,nJTjl OJJ.HOpO.UHOH. 

J:vu! HeO,UHOpO.!J.HblX 3a.uaq, BKJla,Abl TpaeKTOpHH M0)KHO Cl{HTaTb He3aBHCHMblMH cny 

'-!aHHblMH BeJUl4HHaMH. B cnyqae O.!J.HOpO.ll.HblX 3a,ll84. 3TO HeBeptto, HO ecnH o6be.!J._H_Hj! 

HeCKOJTbK0 nocne.noaaTeJlhHblX naKeTOB B cepKJO, TO cyMMapHbie BKJla,llbl no cepH_j! 

MO)KHO C'-IHTaTb He38BHCHMblMH CJIY'-18HHblMH BeJTH'·lliHaMH [4]. 

' Tipe.unoJTO)K_HM, lfTO, cpyHKLI,HOHaJI TOJlbKO O,UHH, H B Ka>K,AOM naKeTe R, 3H84.HT, B K 

)K_,llOH cepHH q:>HKCHpoaaHHOe YHCJTO M 4.aCTHI..J., a acero HMeeTCH N cep!iH. BKJ1a.l{ i­

Tpae1<Top1rn a j-H cepHH o6o3Ha'-IHM Yepe3 11 y• Tor.ll.a aKJ1a,uj-TOH cepHH ecTb 

TaK KaK cnyqaHHbie aemf'-1.H.Hbl 11, C4HTafOTC.st He3aBHCHMbIMH, TO ou.eHKa H0pMHpi 

BaHHoro Ha I HeHTpOH cpyHKLI,HOHaJia eCTb 

y = ( M * N)-l ( 111 + 112 + ... + 11 N) , 
a ou.eHKa ero ,D.HCnepc1rn (,nnj! rrpOCTOTbl ,D.aeTCH CMel.I,(eHHM cpopMa) eCTb 
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---

.CTb 
IIpeJJ.noJJo)KHM, HMeeTCH P npoueccopoB, (TI0 n,, ... , Tip-1) H o6ecnet.Ietta cTaTHCTHt.Ie­

o.na 
CJ<a.sl tte3aBHCHMOCTb MOJ].eJJHposaHH.sl Ha KaJK.D,OM npou;eccope. B '.HOM crryqae BeIDf4F!Hhl 

[Mb! 

(k) (!) Tl; H 17; (BepxHHH 1m.ne1<c O3Hat:IaeT HOMep npoueccopa) He3aBHCHMbt upH mo-
libIX 

RHO 6bIX, i,j E[l,N}, k<l E[0,P-1}. 
4ac- B c1my He3aBHCHMOCTJ,f oueHKa 3Hat.IeHIDr cpyHKIJ;110HaJJa H JJ.HCnepCHH 3TOH oueHJ<H 

[{HO- ocymecTBJl.sllOTC.sl ITOLfTH no TeM )Ke cpopMYnaM 

>HTe-

Y = (PMN)"
1 

Al 

cr2 = ( A2 -y
2
PNM

2
)/ 

/(MPN)2' 
_ P-lf( (k))m -I Li llj - HettopMHposaHHbIH m-H Bbt6opoqm,ri1 MOMeHT (5). 

k=O j=l 

IOrH Cne)].OBaTeJJbHO, B npHHUHne HMeeTC.sl BO3MO)KHOCTb npOBOJ].HTb MOJ].eJIHpOBamie Ha 

)OHbl KIDK,ll;OM npou,eccope COBepweHHO He3aBH.CHMO. ,[(ocTaT09HO HaKOITHTb, ttanpHMep, Ha 

r cne- 61.I(HX MarHHTHblX JJ.HCKax, cyMMbl 

~ , A(k) _ ~ (k) A(k) _ ~ ( (k) )
2 

blli H: I - Li 11 j H 2 - Li 11 j - BbI6opot.IHb)e MOMeHTbl k-ro npoueccopa. 

Beml· j = l j=l 

mana 3aTeM o.nHH npoueccop MO)KeT I1X 061,eJJ.HHHTb B e.n-HttyIO oueHKY, 3Ta npoueeypa Ha 

HTpOI: A(k) 
HeCKOJlbKO .uec.HTWIBbIX rropHJJ.KOB Mettee Tpy.uoeMKa, t.IeM HaKOIIJieHHe cyMM 1 , 

H cny,A(k) 
2 . 

{IDUITI 
Cne.noBaTeJibtto, 3cpcpeKTHBHOCTb pacnapanneJIHBfilIIDI 6yJJ.eT npaKTHt.IecKH pastta 1. 
HamttUle MHOrI1X cpyHKUHOHaJlOB HHt.Iero npHHUHITHaJJbHO He MeIDreT. ,[(ocTaTOLfHO 

)aCCMaTpHBaTb BKJia)).I,I TpaeKTOpHH H cepHH 11!1 H 'Tli, a TaJ()Ke RX BbI6opoqHbie MOMeHTbl 
r, s_Ka (k) 

:epmn 

a.u z-oiAm u Am KaK seKTOpbL, KOMITOHeHTbl KOTOpbrx HHJJ.e1<c11posaHb1 1rncnaMH r - HOMepa-

~H oa,emmaeMbIX cpyttKll,HOHaJlOB. 

CTATHCTWIECKMI HE3ABHCHMOCTb 

Han6onee KoppeKTHb[H cnoco6 o6ecneqem,rn CTaTI-ICTH."ieCKOli He3aBHCHMOCTH MO)).e­

rnposamrn Ha 0 0, n 1 ... - 3TO 11cno11b3osaHHe Ha Ka)KJJ.OM npoueccope csoei:i nocrreJJ.O-

1aTe11bHOcT11 cny•rnHHI,[X t.f11CeJI, He3aBHCHMOH no OTHOllleHHIO KO BCeM ocnUThHhIM. 8 
laCTOHLI{ee speWJ cyr.uecTBylOT rettepaTOpbl cnyqaHHl>lX qHcen, KOTOpbte HMelOT npaK­

'H4eCKH Heorpam-11.JeHHblH Ha6op JJ.OTJYCTHMblX HaqaJibHbIX 3Haqemrn (no KpaiIBei1 Mepe 

06
), KIDK.l{oe H3 KOTOpbrX .uaeT He3aBH.CHMYIO OT .upyrHX nocne.uosaTeJlbHOCTb. 
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TaK KaK HHTepcpdk MPI o6ecnelfHBaeT 3HaHHe Ka)f(JlblM npoueccopoM ero nopR.UKO­

Boro HOMepa B 3a,Aalfe, TO npo6JleMa He3aBHCHMOCTH pewaeTCR Bb16opoM pa3HbTX Ha­

lfaJlbHblX 3HalfeHl-tH Ha OCHOBaHHH 3T0ro HOMepa. HanpHMep, MO)KH0 HMeTb MaCCHB 

H( 1000) Ha4aJlbHblX 3HalfeHHH, H .UJlR HH11U11aJlH3aUHH reHepaTopa CJl}"-laHHblX YHCen 

11cnOJlb30BaTb 3Ha'-leH11e H[p ], r.ne 0:5:p< P, nopRJlKOBblH HOMep npou.eccopa. HMeHHO 

3TOT anrop11TM pean113oBaH np11 pacnapannen11saHIn1 nporpaMMbI MCU B P~ KM. 

MmKHO nocrynITTb HHaYe, nonb3Y51Cb TeM, 4TO Mo.uem1p0Batt11e TpaeKrop11i1 - no­

KaJlbH0 HeycTOH'-IHBa51 JlHHaMHYecKaR CHCTeMa (6HllbRpJl C11Ha_R), B KIDK.D.OM npoueccope 

HCTIOJlb3yeTC51 O.UHH H TOT )Ke reHepaTop C TeM )Ke HaYaJlbHblM 3HaYemIeM, HO nepe.u pa-

6oTOH npOH3BOJlHTC51 Kp HHKaK He HCTIOJlb3yeMblX Bbt6opoK CJI}"-laHHbfX YHCen - C.llBHr 

nocne.uoBaTeJibHOCTH, npl-flfeM Bee Kp pa3JlHYHbl. 3ToT MeT0.U HCTIOJlb30BaJ1C51 npH pac­

napannemrnaHHH nporpaMMbl MCU B HMM.AP, a TaJOKe np11 pacnapannemIBaH1111 npo­

rpaMMbl MCNP, npoBe.ueHHOM coTpy.UHl1KOM PH~ KM MopRKOBhIM A.B. 

C~T C IIPO)J;OJDKEHHEM 

I1p11 paclfeTax MeTO.UOM MoHTe-Kapno lfaCTO TPY.UHO 3apaHee ou,eHHTb, KaKOe Kon11-

1..IecTBO cep11i1 N np11.UeTCR npoMo.uen11poBaTb ,!J.Jl_R .uocTH)KeHHR Heo6xo.u11MoH TOLIHOCTH 

paclfeTa. I1o3TOMY Heo6xo.u11Mo o6ecnelfHTh B03MO)f(HOCTb npo_noJl)Kemrn y)Ke npoBe­

.ueHHoro Clf.eTa. 3TO TaJOKe 6brBaeT Heo6XO.UHMO BBH.UY Toro, YT0 pacYeT MeTO.UOM MoH­

Te-Kapno -rpe6yeT MHOfO BpeMeHli, ,Aa)l(e Ha COBpeMeHHblX CKaJrnpHblX npoueccopax 

Tpe6yeTCH nopOH tteCKOJlbKO cyroK. Cne.uoBaTeJibHO, Ha.JlHYHe KOHTpOJlbHblX TOYeK 11 

B03MO)KHOCTb npo,AOJl)KeHHH ClfeTa Heo6XO,Al1Mbl .nmI 3al.lll1Tbl OT c6oeB 3BM. 

Bcio HHcpopMauHIO, Heo6XO.U11M)'l0 ,AJlH npo,AOJl)KeHH_R CYeTa, MO)l(HO pa36i-fTb Ha .use 

KaTeropHH - TIOCTORHHaR 1rncpopMaUH_R, C03,AaHHaR B npouecce TIO,!J.fOTOBKH Mo,nemtpo­

BaHH_R, 11 nepeMeHHaR HHQ)OpMaUHR, ace BpeMH C03JlaBaeMa51 11 H3MeHReMaR. 

IJepBaR KaTeropH_R HHcpopMau1-m He npe.ucTaBJlHeT 6onbw11X npo6neM, TaK KaK np11 ee 

C03.UaHHH BCe npoueCCbl MO,D.em1poBaHHR HaxO,Al1JIHCb B O.UHHaKOBOM COCTOHHHH, cne.uo­

BaTeJlbHO, otta emrnaR, H ee He tta.uo .ny61rnposaTh no '-llicny npoueccopoB ( ee o6'heM TOT 

)Ke, lfTO np11 CKallRpHblX Bb[lfHCJleHH_RX). 

BTopaR KaTerOpH_R TeopeTHlfeCKH C8051 y KIDK.lJ.OfO npoueccopa TI03TOMY ee pa3MHO 

)Kett11e no 4Hcny npoueccopos Tpe6yeT orpoMHbrx o6'beMOB naM_RTH. 

HanpHMep, npH cKanHpHbfX pac4eTax no nporpaMMe MCU ,D.a)Ke ornoc11TeJ1bH0 npo 

CTblX 3a]laY Ha Bblr0patt11e no.u nepeMeHttytO HH(pOpMauHJO OTBOJlHTCH .uo 25 M6aHT H 

.u11c1<ax. TTpoBeneHHbrH B HOR6pe 2002 r. npo6HbIH pacYeT Bcero Ha 30 npoueccopa; 

MBC-1000/M no-rpe6oBan 0,75 f6ai1T nawiTH Ha n11c1<ax. TTpah.,11lfec1<11 3TO 03HaYano 

JlHMHTHpOBaHHe lf.HCJla HCTIOJlb3yeMblX npoueccopOB 80-IO. 

OTMeTHM, lfTO XOT.sr Ka»<.LJ;blH 113 npoueccopoB MBC-1000/M HMeeT CBOIO naMRTb HI 

)f(eCTKHX JlHCKaX, He 113BeCTH0 Ha KaKHX cpH31-flfeCKHX npoueccopax OKa)l(eTCR 3a,AaYa npl 

TIOBT0pHbIX 3anycKax, cne.nosaTeJlbHO, co6cTBeHttylO JlHCKOBYfO naMRTb npoueccopoi 

MO)KHO 11CTIOJlb30BaTb JIHWb )lJIH BpeMeHHblX cpaHJlOB. ,lJ,nR pa3MeweHH51 nepeMeHHOi 

HH(pOpMaUHH npHX0,!J.HTCR HCTIOJlb30BaTb naMRTb Ha .UHCKax TIOJlb30BaTeJ1H, .U0CTYflHbr 

YPC (yrrpaBJ1Ht01.lleH pa6oYeH CTaHUHH [3]). 
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Pa:3Memem1e scex .D,aHHblX Ha .D,HCKax TI0ITb30BaTem1 .D,aeT H HeKOT0pbte Y.D.06CTsa: 

A(k) A(k) ~ 
ynoMSUfYTble M0MeHTbl I , 2 eCTeCTBeHH0 OTH0CSITCSI K nepeMeHHOH HHq>OpMa-

UHH, "!TO 003B0JIHJI0 B nepBOH BepCHH pacnaparrrrerrHBaHllil MCU npOB0.D,HTb o6be.D,HHe­

HHe MOMeHTOB npOCTO cpe.D,CTBaMH YPC. 

,nrrsr c0Kpamemu1 o6beMa Heo6xo.D.HMOH naMSITH Ha .D.HCKax, Heo6xo.D,HMO npoattarrH-

3HposaTb ee cocrns. 3To .D,erraeTcsr np11Me1rnTeJibHO K nporpaMMe MCU, O.D,HaKo, THn 

npo6rreM o.m,rnaKOB .D,rrsr scex nporpaMM pac4eTa MeTO.D.OM MoHTe-Kaprro. 

IlepeMeHH)'lO HHq>OpMaUHJO MO)KHO pa:3,neJIHTb Ha HeCKOJibKO KJiaccos. 

a) CocTOHHUe npOl-leCca MO~eJrnpoBaHHH 
3TO HaH6orree BIDKHblH KJiacc, TaK KaK H.MeHHO Ha KoppeKTHOCTH H He3aBHCHMOCTH 

M0,lleIDtposamrn TpaeKTOpHH 6a:3HpyJOTCSI see oueHKH. Pa:3yMeeTCSI, HeT tty)l(Jlbl o6ecne-

4HBaTb B03MO)l(HOCTb npepbtBaHHSI npouecca B mo6oH TOl{J(e - ::no ITOTpe6osarro 6bl 

coxpaIDITb BCIO npoMe)l(YfO'lHy'lO, speMeHttyIO HHq>OpMaUHJO. ,[(rrsr nporpaMMbl MCU 

l{MeeTCSI ecTeCTBeHHaSI TOLfKa npepbIBaHllil pa60Tbl - npoMe)l(YfOK Me)l(Jly cepHRMH. B 

3TOH TOCU<e HM O.UHa H3 4aCTHU He HaxO.D,HTCSI B npouecce M0J].em-rposaHHSI, IT03TOMY SCSI 

HHq>OpMaQHSI CBO,Ll,HTCSI K: 

COCTOSIHHJO rettepaTopa C~a.HHbIX 'IHCeJl" 

cneuHcpHI<aUHH 4aCTHU 04epe,n:Horo TIOKOJieHllil TO eCTb 4aCTHU, Bbipa6oTaHHbTX 

npH MOJ].eJTHposamrn .n.errett.HR sr.D,ep, BbI3BaHHbTX qacTHUaMH nocrre.n.Hero naKeTa 

OKOH'IeHHOH cepHH. 

fu coo6pIDKeHHH y,n:o6cTBa K 3THM ,UaHHblM npHTIHCbIBaeTCSI eme HeCKOJibKO MaCCH-

80B HHq>OpMal(HH, HO HX 06IUHH o6beM MHOfO MeHbWe 1 K6aiiTa, H TPY.llHOCTeH 3anHCH 

Ha .D,HCK He npe,ucTaBJISleT. To )Ke CaMOe 0THOCHTCSI H K COCTOSIHHIO reHepaTopa C.rrytlaH­

HI,JX t.J.Hcerr. 

O6'beM .UaJrnhIX .D,nR crre.D,y10mero naI<eTa qacn1u - 04epe.u11 qacTHU )l(JlylllHX o6pa-

6oTKH npH pememrn O,llHOpO,UHb[X 3a.D,a4 He TaK y)K Marr. Ha Ka)l(JlylO qacrn:ey Ha.D,0 OT-

M TOT BeCTH O.D,HH 6aHT Ha ee THIT, 6 .n.eHCTBRTeffi>HbIX l.lJ,ICeJI - <pa:308ble KOOp.z:u,rnaTbl, 

1 4HCJIO - speM.sr H ew.e 2 - KOMTIJieKCHhlH sec. O,n:HaKO pearrhHO .llJISI ycKopeHHSI Ct.JeTa 

3MHO- HCITOJib3YeTCSI He caMoe KOMTiaKTHOe npe.D,cTasrreHHe, KpOMe Toro, cymeCTBYIOT erue J].0-

ITOJIHHTeJibHbie reOMeTpHt.JeCKHe rrapaMeTPbl, t.JHCJIO KOTOpbTX 3aBHCHT OT nma pewae­

) npo- MbIX 3a,Ll,a4:. B pe3yrrhTaTe s nporpaMMe MCU Ha Olltty qacnnzy 3aTPaq11saeTCR .D,O 80 
lHT H3 6airr. O61>eM naKeTa 3aBHCHT OT pernaeMbIX 3a.D,a1I H B HaCTOSIIUee speM.sr o6bt4HO 61,rnaeT 

copru B npe.D,enax 2000 4aCTHU, a B 60JTbWHHCTBe C.rrytlae 200 4:aCTHU. 

1a4arr TaK.HM o6pa:30M, o6btt.JHO Ha O.D.HH npoueccop tty>KHO OT 16 K6aHT .uo 160 K6aih, t.JTO 

BTIOJIHe TepnHMO. 

SITb H3 Heo6xo.D,HMO TOJibKO C.D,eJiaTb 3 3aMet.JaHH.R. 

1.1_a npll B MCU HMeeTcsr 6aHK qacTHU )l(JlYlllHX o6pa6oTKH, r.D,e B npouecce Mo.uerr11posatt11sr 

:,copo BITaI<eTa Jie)KaT HeCKOJibKO Ot.Jepe.D,eH qacn1u o6masr .D,JIHHa KOTOpblX MO)f(eT 3Ha4:HTeJTbH0 

1eHHO~npeBbIUiaTb 4HCJIO t.JaCTHU B naKeTe. Qyepe,UH opraHJ130BaHbl KaK CITHCKH co CCbIJIKaMH, 

ynttbl 11 HX t.JJieHbl pa36pocaHbl no MaCCHBY 6aHKa. Ha CKaJISlpHbIX 3BM He 6hIJIO HY)K.D,bI oco-

eHHO 3KOHOMHTb, H secb MaCCHB 6aHKa TIHCarrc.sr Ha .D,HCK. Tenepb B p e)f(HMe pa60Thl 

MBC nepe.D, 3aTIHCblO Ha .D,HCK npOH3B0.D,HTCSI nepeynaKOBKa 6attKa, H JIHWHSISI HHq>OpMa­

HSI He DHllieTCSI. 
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flpH pewemm HeO.UHOpOllHblX 3a,J::ta'-I soo6w,e He HCCTOJlb3YeTCR 3anoMHHam-1.e nOKO­

JleHJ-IH. Pa6oTa C Jll-06b!M naKeTOM Ha'-IHHaeTCR C Mo.ue1111posamrn po~eHH.sl H0BblX '-lac. 

THU BHeWHHM HCT0'-IHHK0M. Ha .llHCK H3 6attKa nHCaTb HH'-lero He Ha.uo, 3a HCKJlfO'-leHHeM 

3af0Jl0BK0B OYepe.ueH - MeHbWe 200 6aHT, J,f 3T0 aBT0MaTH'-leeKH Y'-IHTb!BaeTeR nepe. 

ynaKOBKOH TaK KaK see 0'-lepe.uH 8 3T0T M0MeHT nycTbl. 
f 

ITpH paelfeTe 60JibWHX peaKTOp0B 8 LJ,eJJ0M (npe)K,lle seero P6MK) npH.UeTeR 3Ha4H.- I 

TeJJbH0 paewHpRTb pa3Mep naKeTa, TaK 4T0 npo611eMa 3anHeH 3T0ro KJlaeea HHcpOpMaUH11 I 

.llJl .sl 0.llH0p0.llHblX 3a.Ua4 pewetta J!Hlllb speMeHHO. 

' 6) HaKanmrnaeMaH CTaTHCTHlca l 
OeHOBHOH o6beM nepeMeHHOH HHcpopMaUHH eoeTaBJIRIOT eyMMbl BKJlall0B TpaeKTo 

1 
PHH B pa311H4Hble cpyHKUHOHaJJbl, a TalOKe eyMMbl eTeneHeH 3THX BKJia.UOB, Hen0JJb3ye 

Mble .llllR ou.eH0K norpewHOCTeH, TO eeTb 8 11en0J1b30BaHHblX pattee o603HaLJeHHRX eYM·, 

,4(k) 
Mb! ~ . BBHJlY 60JlbWOfO 4Hena 0.llH0BpeMeHHO oueHHBaeMblX cpyHKLJ,HOHaJJOB 8 npo 

rpaMMe MCU 3T0T KJlaee HH(pOpMau.1111 eoeTaBJlReT 6onee 75%, a 8 caMblX KpHTH4eeKm1 
J 

eny'-laRx onpe.Llen.sieT npaKTHYecKH seeb o6beM .uaHHblX. 

0TMeTHM lfT0, 8 eyll.l,H0eTH, .uaHHb!e 3T0ro KJlaeca no 0T.lleJlbH0eTH He tty)KHbI, Tpe 

6y10TCH J!Hlllb HX eyMMbl: 

CpelleTBa MPl TI0380J1RIOT np0H3B0)].HTb 06oe1lHHem1e 3THX eyMM no Mepe pae4eT 

H xpaHHTb Ha .llHCKe JlHWb 0llH"H 3K3eMn11Rp 3THX MaCeHB0B. 

B nporpaMMe MCU 3TO .uenaeTe.si eneJlYIOW,HM o6pa3oM. 

BBO.llHTeR n0HRTHe wara npou.eeea, coeT0RUJ,ee 113 (pHKeHpOBaHHOfO lfHeJia D eep 

Beero B BbI4HeneHHHX HMeeTCR Q waros, TO eeTb N =D*Q. ,[(nR seex eyMM BB0.llHT 

BTopoH sepxHHH 1rn.ueKe, 03Ha'-la10w,11i1 H0Mep cep1111 B ware, a HH)KHHH HH.lleKe j Tene 

(k ,t) ~ 
03HaYaeT H0Mep wara, HanpHMep, 11j - 03H34aeT eyMMY BKJlall0B 8 0)].H0H eepHH. 

A(k) 
BMeeTO rno6aJJbHbfX eyMM K~oro npoueceopa m llJlR Ka)K.ll0f0 rnara Bbll.fHC 

fOTeR eyMMbl 

D m 

B(~) = '°' ( (~.t)) 
lrlj ~ Y\ J 

l = I 

Bo speMR paeYeTa Ka)K.lloro wara npoueeeopb1 pa60Ta10T eosepweHH0 He3asHeHMO 

ITocne 0K0H4aHlrn wara epe.ucrnaMH MPI npou.e.Llypbl MPI_REDUCE B 0-oM n1 

u.eccope 06pa3yeTe.si o6w,aR eyMMa wara 

P-1 

B . =" B(k~ 
V,j ~ V ,J 

k=O 

H Tenepb 0-oii npoueccop o6pa3yeT rno6aJJbttylO eyMMY 

s . = s . 1 + B . (s = o) 
V. j V .J - V,j V,0 , 

20 



OKO- J(0T0paJI B KOHUe BbllfHCJleHHH cosna,n.aeT C cyMMOH Av, Ha .LJ:HCK 3am1CbIBalOTCH TOJlbKO 

4ac. cyM"Mbl S vJ• OHH o6pa3ylOT OT.UeJibHhIH cpaHJT. 

mer-., 

Iepe. c) Dpoqee .uauub1e pereCTpanuouuoro Mo.uym1 

B npouecce pa60Tbl perHCTPaUHOHHblH MO.UYJlb nOMHMO YKa3aHHbIX cyMM HaKann11-

1alfH- saeT )lonOJlHHTeJibttyfO HHq>OpMau1-no, HanpHMep, .UJIH Bbl,UeJieHHOro Ha6opa cpyHI<J..(HO­

auHI! ffaJJ0B onpe.uenHeT MaKCHMaJibHble H MHHHMaJibHble BKJla,Ubl H .llJlji HHX 3anoMHHaeT Mee­

Ta po)K)J.eHH.SI t.JacnIu. 3TH .uaHHbie TaIOKe MO)KHO 061,e,uHHHTb nocne Ka:>K,uOro wara, HO 

ceuqac HX 061,eM He KpHTHlfeH, a 061,e,uHHeHHe noTPe6osano 6hr CJlHllIKOM KpOnOTJIHBOH 

pa60Tbl. Ilo3TOMy B HaCTOHl.l.{ee speMSl 3TH .UaHHbie Ha .UHCKax .uy61111py10TCH .llJlH Ka:>K,uO-

.eKTO ro rrpoueccopa. 

lb3 e 

: CYM·d) YcKopHIOIQasI nml>opMaQHH 
K 3T0My KJiaccy OTHOCSlTCH .uonOJIHHTeJibHbie .uaHHbie, OTHOCHIQHeCH K II0CTaHOBKe 

3 npo 
pernaeMoH 3a,ualfH, HO He Heo6xo,uHMbre .unsi: ee O.UH03Ha•rnoro onpe.n:eneHIDI. 3nt .uaH-

ecKmm1e HHKaK He BJIHHlOT Ha nocTpoeHHe TPaeKTOpHH t.Jacnm H HaKOnJTeHHe oueHOK cpyttK­

UHOHaJIOB, a JIHWb n03B0JISllOT ycKOpHTb BbPIHCJleH),fj{ , 

,I Tpe- IlpocTeHllIHH. npHMep Ta KOH HHcpopMaum-1 - ,llJlSl Ka:>K,uOH reOMeTpH'IeCKOH 30Hbl co-

TaBJI.SIIOTCH cnHCK.H KaKHe reoMeTpH4eCKHe 30Hb1 npHMblKalOT K Ka:>K,llOH rpaHH 3TOH 

30Hbl. 

Ilo.uo6HaH ycKopHlOlllaH HHcpopMauHJI B nporpaMMe MCU B OCHOBHOM HcnoJTb3YeTCH 
lC'-leTa v 

reoMeTpH4eCKHM MO.UyJleM a TaIOKe - B MeHbWeH CTeneHH - MO.n:yneM HCTOlfHRKa. Oco-

6eHHOCTb 3TOro KJiacca HHq>OpMaQHH B TOM, lfTO ,uaHHbie, noJIY'{eHHhie ttyJTeBbTM npo­

eccopoM, mPieM He xy)l(e (H He nyqrne), lfeM ,uaHHbIe, nonyqeHHbJe mo6bIM .n:pyn-lM. 
~~ ~ V .:rra HH't'OpMaUHH He HMeeT HHKaKoro OTHowemrn K CTaTHCTHqecK0H He3aBHCHMOCTH. 
0,UHTC 

[ lo3TOMY BilOJIHe .uonycTHMO coxpaH.SITb ,uaHHble TOJlbKO 0-ro npoueccopa H B Halfane 
Tenep, 

gpo.n:oJDKeHHJI Hcnonh30BaTb HX .upyrHMH npoueccopaMH TaK lfTO .uy6n11posatt),fj{ no 

IHH. 1poueccopaM He npOHCXO.UHT cne.uosaTeJlbHO, 061,eM ,uaHHbIX He KpHTJ,fqeH. 

B nporpaMMe MCU O.UHHM MaccKBOM 3anucbrna10TcH nocTOHHHhie ,uaHHbie reoMeT­

,11.rn:c H'{eCKOfO MO.UYJIH H BbIWeon11caHHaH HHq>OpMau),fj{, HO BBH.uy OTCYTCTB),fj{ .uy6Jrnposa­

fiUI 3T0 HeBa)l(H0. 

,[l;OIIOJIHHTEJThHMI CllHXPOHH3AIUffl 

B K0HUe KaJKJJ.Oro rnara, rroMHMO 061,e,uHHeHH.Sl CYMM, s nporpaMMe MCU npoHJB0-

1c HMO-\HTCJ1 eme o,uHo BJaHMo,uewcTsHe npoueccopos. 

·OM IIJ)I B HCX0.UHblX .uaHHbIX 3a,lJ.alfH coo6maeTCH MaKCHMaJTbH0e speMJI T Max, K0T0poe 0Ha 

I0)l(eT HCnOJib30BaTb. TaK KaK ,llJlSl npO,UOJl)l(eHHH 3a.n:aqy cn e.uyeT OCTaH0BHTb B npoMe­

cyTKe Me)l(,lly rnaraMH, TO oueHHBaeTCH speMH orpa60TKH O.UHOH cepHH, 

'c = T 3lll]) / (DQ3) , r.ue Q3 - 4HCJIO rnaros c.uen aHHhIX K ,uaHHOMy M0MeHTY, a T m p. -

npa4ettuoe Ha 3TO speMJ1. 3aTeM onpe.uenJ1eTCH ocTasrneecH speMH T 0= TMax-T3a-rp, H ec-

(1-E) T o< T cD , TO nocne.UHHH war YJ<0pa4HBaeTCH .n:o D 0=(int) ((l-E)T0 / T c) , a ecnH 
111=0 3a,uaqa CHHMaeTcH. Ilo YMOJilfaHHlO, 3Ta sen wrnHa E ecTb 0.05. 

Mo.ue1rnpoBaHHH Ha pa3HbfX npoueccopax rrpOHCXO.U.RT He3aBHCHMO, cne.uosaTeJlbH0 

em-14.HHbI T JaTJl, T 0 , Tc MOryT OTJIH'-IaTbCH. Ilo3TOMY, onpe.ueneHHeM ycnoBJ,fjl OKOH"tlaHHH 
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3a,D.a'-!H 3aH11MaeTCH T0JTbK0 0-i-i npou,eccop. Ott paccb111aeT BeJTH4HHY D HJTH 0 0, K0TopaR 

H CJl)')KHT npH3HaK0M 0CTaH0Ba co BCeM npou,eccopaM C n0M0I.J.J,blO MPl npoue.n,ypbl: 

MPl BDCAST. 
OTMeTHM, '-!TO 11 B 3T0M c11y4ae H ,D.JTSI o6be,D.HHeHHSl cyMM HCn0JTb3YIOTCSl CHHXp0H­

Hble sapHaHTbl B3aHMO,D.eHCTBllil, TaK KaK marH 0TH0CHTeJTbH0 ,D.JlHHHbie npou,e.n,ypbl -

MHH)'Tbl, 11 acHHXp0HH0CTb He ,D.aeT HHKaKoro BbIHrpbIWa. 

3AKJII01IEHHE 
u 

ITpose,D.eHHble pa6oTbI n0Ka3aJTH u.e11ecoo6pa1HocTb aaanrnwrn nporpaMMbl MCU J-J 

.D.JTSI pa60Tbl Ha MH0ronpou.eccopHblX 3BM. bblJl BblSIBJTeH pH.LI. npo611eM H ycnewH0 pa3-

peweH sonpoc 06 opraHI-13au,1111 C4eTa c npoaom1<eH11eM. v 

O,D.HaKO, 0CTaJT0Cb HeCK0JlbK0 HepeweHHbIX 3a,D.a4, ,LI.Be 113 K0T0pblX cne.n,yeT yn0MSl- p 
C 

,lvTSl pac4eTa 0'-!eHb 60JTbllIHX peaKT0p0B M0ryr noTpe6osaTbCSl orp0MHbte pa3-

Mepbl naKeT0B 4aCTHU., K0T0pb1e Heu,enecoo6pa3HO ,D.ep)KaTb Ha 0,D.H0M npou,ec-

cope, cne.n,yeT paCCM0TpeTb B03M0)KH0CTb C0BMeCTH0ro pery1111posaHHSl '-IHCJTa 

'-!aCTHU. B IT0K0JTeHI-rn, H o6MeHa npH Heo6xo.D,HMOCTH 4aCTHU,aMH, )K,ll.Yll-'HMH 06-

pa60TKH; 
Sl 

;3 
TTpH pean113au1rn MeT0,D.a AJU1rP [6], TaKme CJTe,D.yeT HMeTb B03MO)KHQCTb CO· 

rh ~ !3 
BMeCTHoro HCn0Jlb30BaHH51 scex HaKonneHHbl 't'aHJT0B noBepXH0CTHblX HCT04· 

'I 
HHK0B. 

B 3aKJ110'-leH.He aBT0pbl IT0Jlb3YlOTC51 npH.sITHOH B03M0)KHQCTblO Bblpa3HTb 611aro.n,ap- li 

H0CTh 0.D.H0MY H3 caMhIX onbITHbIX noJTb30BaTeneii MBC-1000/M A.B. Mop5IKOBY 3a 

MH0rHe u,eHHbJe K0HCYJTbTaU,HH. 
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)ast 

)bl: 

OH-

Y JJ,K 621.039 

BJIIDIHHE HEilTYHIDI HA PE)l(HM TP AHCMYT ~ 
M.JIA,IJ;llilIX AKTHHlf)];OB B T5I)l(EJIOBO,lUIOM PEAKTOPE 

A. C. I'epacUMoe, TC. 3aputfKOJl, I'B. Kuce.T/.ee, JI.A. Mblp'LfblMOBa 

HHcmumym meopemul/eCKOU u -:JKcnepUMeHmaJlbHOU qJU3UKU 

PaccqirraHbl xaprucrepHCTHKH npouecca Tpa.JICMyraUHH 11enTyffilll, aMepHUIDI H KIOpID! R3 o-rpa6onlB­
(llero S1J1epHoro TOTinHBa s TlliKenoBO.llHOM perucrope s Te1..feHJ-1e nepBblX IO KaMTiaHHH H BblXOJle s paBHOBeC-

ICU HblH pelKHM. 

pa.3- INFLUENCE OF NEPTUNIUM ON MrNOR ACTINIDE TRANSMUTATION MODE IN HEAVY-
WATER REACTOR. A.S GERASIMOV, T.S. ZARITSKAYA, G.V. KISELEV, L.A. MYRTSYMOVA. 

)MS!- Parameters of the process of neptunium, americium, and curium transmutation in heavy-water reactor are 
calculated for the first IO fuel lifetimes and for equilibrium mode of transmutation. 

pa.3-

uec- BBE,n:EHHE 

HCJla 
BbtCOKOaKTHBHbte .D,OJifO)KHBYarHe aKTHHH.[l,bl, HaKanmrna10uu1ec.S1 B OTJ)a6oTaBUieM 

l 06-
.SI.D,epHOM TOnJTHBe, npe.D,cTaBJISIJOT cymecTBeHH)'lO pa,l.{HaUHOHH)'IO onaCHOCTb C TOlfKH 

pemrn 06pameIDU1 C pa.D,HOaKTHBHblMH OTXO.D,aMH. l1x -rpaHCMYTaUHJI IT03BOJUleT CHH­

~ CO· 3HTb KOJIHlfeCTBO OTX0.[1,0B ITO,llJie)KalJ..lHX nocneeyrom.eMy 3axopoHeIDIJO. Oco6eHHOCTb 
'T04· 6 ~ 6 ' TpaHCMYTaumt aKTHHHJlOB COCTOHT B TOM, lfTO npH HX O nyl..feHHH HeHTJ)OHaMH O pa.3y-

JOTCJI .D.pyrne, 6onee onacHbte H)'KJlH.llbl. TaK, 
238

Pu o6pa.3yeTc.sr no .I.{BYM KaHanaM: 113 

)Jlap-
41 

Am t.iepe3 npoMe)l()"fOt.iHbm ttyKJIH.ll 
242

Cm, HMelOIIlHH nepHO.ll nonypacna.n:a 163 CYT., 
8Y 33 

H3 
237

Np. HyKJJH.ll 
244Cm 06pa.3yeTc.S1 H3 

243 
Am. TaKHM o6pa.3oM, Ha HalfanbHOM 3Tane 

TpaHCMYTaUHH npOHCXO.D,HT ITOBbtWeHHe pa.n:Hal.(HOHHOH onacHOCTH, lfTO He06XO.D,HMO 

4HTbIBaTb npH nnatt11poBaHHH pe)KJ{MOB TPaHCMYTaUHH. OcHOBHble 3aKOHOMepHOCTH 

l'e)KHMOB 0,1.{HOKpaTHOH H UHKJIHt.ieCKOH TpaHCMyTau1rn aKTHHHJlOB B TennoBOM H 6btCT-

1I. Ka• OM cneKTpe HeHTpOHOB HCCJle,llOBaJIHCb paHee B [1-5]. B pa6oTe [6] .D,eTaJibHO npoatta­

inHOT JU{3HpOBaH l.{HKJJHl.!eCKHH pe)KHM TpaHCMYTaUHH H30TOTIOB aMepHl.(11.SI H KJOPH.SI H3 OTJ)a­

)-SS. 6oTaBmero TOilJlHBa peaKTOpOB BB3P- l 000 s cneuHaJIH3HpOBaHHOM TSl)f(eJIOBO,l.{HOM 

p Al paHCMYTal.(HOHHOM peaKTope. TI pH 3TOM C'IHTaJIOCb, l.!TO HaKaITJIHBaJOinHHCSI B OTJ)a6o-

r asrneM TOITJlHBe HenryHHH He TpaHCMYTHpyeTC.SI. 
HCTCMb 
nlstyp HenTYIDfH H3 oTpa6oTaBwero .SI.I.{epHoro TOITJJHBa caM no ce6e Mettee onaceH B pa-

MollT HOJlOrH'{eCKOM OTHOllleH11H, lfeM aMepHUHH H KIOpHH. 0JlHaKo, npH 06ny4emrn H3 Hero 

) 6pa.3yeTcS1 secbMa onactthIH 
238

Pu, lfTO ycno)KHSleT TpaHCMYTaumo. flo3TOMY rrpeJlCTaB-

1.SleTC.SI Heo6XO.IJ.HMblM Hccne.11.osaHHe pe)KHMOB COBMeCTHOH TPaHCMyTaQHH aMepm.t.HSI H 

.6J1., K OOpHH BMecTe c HenryH11eM B Tex KOJIJ1YeCTBax, B KOTOpbIX OHH npe.11.cTaBJTeHI:,I B OTJ)a-
1 nHOT. 

)OTasmeM Jl.llepHOM TOilJJHBe. CpaBHeHHe nonyt:JeHHbIX .D,aHHblX C pe3yJTbTaTaMH pa60Tbl 

6] Il03B0JIHT ycTaHOBHTb BJlH.SIHHe HenryHHSI Ha xapaKTepHCTl1KH pe)KHMa TPaHCMYTa­

~ 2002 H. 

re H~K B HaCTO.SIIUeH . CTaTbe KaK H s [ 6] HCCJTe}lyeTCSI l.(HKJIHl..feCKHH pe)KHM, npOBO,[{HMbTH s 

C. I • 'jj)f(eJIOBOJlHOM TPaHCMyTal.(HOHHOM peaKTOpe. IlpH nepHO.IJ.H4eCKOH ITO,llITHTKe .no6as­

filOTC.SI H30TOilbI HenryHHjl, aMepHUHjl H KJOPHJI H3 OTpa6oTaBwero .Sl.llepHoro TOTIJIHBa 

IB3P- l 000. Pacc4HTaHbI KOJIHl..fecTBo ttyKJJHJlOB s »,llepHOM rnnnHBe H TpaHCMyTHpye­

lhrx aKTHHH,l.{ax, pa.IJ.HOTOKCH4HOCTb aKTHHH.11.0B B npouecce TPaHCMYTaUHH npOH3BO}lH-
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TeJibHOCTb TpaHCMyraUHOHHOro peaKTOpa. PaccMOTPeH Bb!XO,ll B paBHOBeCHblH pe)KHM 

npH paBHOMepHOM .uo6asJieHHH TpaHCMyrHpyeMblX aKTHHH,llOB. 

l(HKJIW-IECKHH PE)KHM TPAHCMYTAJUill 

6 
K 

T 

T 

,l(nsi HCCJie)lOBaHllil pe)KHMOB TPaHCMyraUHH npHID!Ta TaKaSI )Ke pac4eTHaSI MO,lleJib 

TpaHCMyrauHOHHOro peaKTOpa KaK s [6] . Mow;HOCTb peaKTopa 1000 MBT, 3aMe,llJIHTeJib T 

H TenJIOHOCHTeJib - TSl.)KeJiasi so.ua, 06orameH11e ypatta He BbUUe 20%. 3a OCHOBY KOHCT- n 
pyKUHH TBC npHHHMaJICSI 6-KOJibUesoi:i TB3JI, pa3pa6oTaHHhlH .un.s1. peaKTopa TBPM-25 K 

[7]. )J;sa BttyTpeHHHX KOJlbl..(a OTCy'TCTBOBaJIH, ypaHOBOe TOnJIHBO pa3MeI.UaJIOCb s .UB)'X 

cpe.UHHX KOJibUax 6-KOJTbUesoi:i TBC, 4TO cooTBeTCTBOBaJIO sap11aH1y "nerKoii." 3arpy3. 

KH H3 [6]. TpaHCMyrttpyeMble aKTHHH,llbl pacnonaraJIHCb B .usyx Hapy)f(HbJX MHWeHHhlX 

KOJlbl..(aX. Pa3MHO)KalOIUHe CBOHCTBa peaKTopa omtCblBaJIHCb K03qJqJHUHeHTOM pa3MHO, 

)KeIDUI 3JieMeHTapHOH J14eHK11, BKJIJ04aJOmeii TBC 11 OKpy)KaJOlllHH 3aMe.umneJib c ycie. 

TOM OTpasJieHllil KCeHOHOM caMapHeM H po.utteM. Pac4eTbl CKOpOCTeH peaKUHH H K03<p, 

cp11UHeHTa pa3MHO)KeHllil B 3JieMeHTapHOH J14ei1Ke nposo.n,ttJIHCh no nporpaMMe TRIFO 

[8]. 
BttyrpeHmte ,UHaMeTpbl TOnJIIIBHbfX KOJieu 21 11 30 MM, BttyTpeHHHe .ll,HaMeTpbl Ml1 

rneHHblX KOJieu c TpaHCMyrHpyeMbIMH aKTHHH,ll,aMH 39 11 48 MM TOJllllHHbl KOJiel..( 2 MM 

KoHUeHTPaUllil ypatta B TOnJIHBHbIX KOJlbl..(ax 3 403 • 10
2 1 

Sl,ll.ep/ cM
3

. Hcxo.uHa_SI 3arpy3KI 

HenryHl,fj[, aMepHUHSI H KlOpl,fj[ B MHWeHHbJe KOJlbl..(a C cyMMapHOH KOHU,eHTPau.11e1 

2 ,409. l 0 20 
Jl,llep/ cM

3 
BbJfotpanacb TaKOH, 4T06bI o6ecne4HTb npHeMJieMoe ,lJ.Jlj[ Be,lJ.eHJ.tJ 

KaMnaHHH Ha4aJibHOe H KOHe•rnoe 3Ha4eHHSI K03qJqJH1.J,HeHTa pa3MHO)KeHl,f_JI , Otta OTJIH4an 

JiaCb OT HCXO,ll.HOH KOHU.eHTpawm Sl,llep s [6], me s no,D.mITKe OTCy'TCTBOBaJI HenryttHW! 

,l(n_SI ynpomeHHJI pac4eTOB KOJibUa C TOnJTHBOM H TenJIOHOCHTeJib Me)K,ll.y HHMH roMoreH 

HO pa3MeWHBaJIHCb B 06my10 30H)' cyMMapHOH TOJIIUHHbl. To )Ke CaMOe ,lJ.eJiaJIOCb C M 

weHHblMH KOJlbl..(aMH. 

M30TOnHblH COCTaB 3arpy)f(aeMblX Henrymrn aMepHUHSI H KlOpHSI COOTBeTCTBOBaJI 0 

pa6oTasllleMY si t1.epHOMY TOnJTHBY peaKTopa BB3P- l 000 c BhrropaHHeM 40 fsT • cyr/T 1 

nocne.uyiomei110-JieTHei1 Bh1.n,ep)f(KOH: 620 r / T 
237

Np 616 rlT 
241

Am, 120 rlT 
243

Am, 31 

rlT 
244

Cm [9]. 

06ny4eHHe npOBO,llHJIOCb npH nOCTOSIHHOH nJIOTHOCTH nOTOKa HeHTPOHOB <I> B Te'l 

HHe Ka)K,ll.OH KaMnaHHH. B nepBOH KaMnaHHH npHHHMaJIOCb <I> = 1,07. 10
14 

HeHTp./( CM
2

C 

npO,llOJl)KHTem,HOCTb nepsoH KaMnaHHH T= 0 ,45 ro,ll.a 4TO B 1,5 pa3a ,lJ.OJlbUie, 'leM B [6 
I1pH nepexo,ll.e K CJie}l)'IOUJ,ttM KaMnaHHSIM C1.f.HTaJIOCb 1.f.TO npH neperpy3Ke 113 Sl,ll.epHO 

TOnJIHBa Y.ll.aJIJIIOTCJI HaKOnHBWHecsi npo,D.yKTbl ,lJ.eJieHHSI. H TpattcypaHOBble H30TOilbl, 

TaBJIJIIOTCSI H30TOnbI ypaHa H t1.06asmreTCSI 
235U B TaKOM KOJIH'•leCTBe, 'ff06bl 3Ha11e 

K03cpcp11u11eHTa pa3MHO)KeHH_SI B KOHU.e CJie,lJ.yJOUleH KaMnamm 6brnO npHMepHO pas 

1,03. 1'13 MHWeHeH Y.UaJISl.lOTC.!I npO.llYKTbl ,lJ.eJieHHSI., .uo6asm1eTC.!I HemymtH aMepHI.J.HH 

KIOpHH np11se.n,eHHoro BblWe H30TOnHoro COCTasa B TaKOM KOJIH.'-leCTBe, 4T06bI 3arpy3 

237N 6 V K p blJla paBHa nepsoHa'-laJibHOH. poMe Toro, npHHHMaJIOCb, 4TO 3a speMSI Me 

KaMnattH.11:MH secb 
242

Cm, 11Met0m11.i1 nep110.n non ypacna.ua 163 cyr. npespamaeTc.st 
238Pu. l..J;11KJI TpaHcMyrnu11.11. cosna.uaeT c TonnHBHOH KaMnatt11ei:L flnoTHOCTh noTO 

HeHTpOHOB B UH.KJie H. npo,UOJl)KH.TeJibHOCTb UHKJIOB BbI6HpaJIHCb TaK, '-IT06bl cpe,nH 

MOlllHOCTb, Bbl,lleJI.11:IOlllaSICJI s Sl.,ll.epHOM TOTIJIHBe tt TPaHcMyntpyeMblX MHWeHSIX, 6 bl 
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► 

CHM 6&1 o.u1rnaKOBa .UJHI scex UHKJlOB. 3aMeTHM, '-ITO anropMTM .uo6asneHIDl 
235U 3.UeCb He Ta-

23-
f(OM KaK B [6], r.ue 'U .uo6aBJUIJICH B TOnJlHBO ,ll,O 06oraweHID1 20%. IlpM HaJ1H411M tten-

T)'HWI B no.um-i:TKe OKa3&IBaeTCH cymecTBeHHbfM HaKOnJieHMe .uemlll{HXCH 113OTOflOB nny­

TOHWI B MHWemrx. IT03TOMY Tpe6yeTCH .uo6aBJlHTb MeHbWe 
235U. 

Ha pHcyHKe 1 npe.ucTaBJieHa 3aBHCHMOCTb K03<p<pl,fUHeHTa pa3MHO)KeHHH B 3JleMeH­
\eJII, 

-rapHOH H'-leHxe OT BpeMeHH B Te4eHHe nepBI,rx IO KaMnaHHH. Ha pHCyttKe ycnoBHO He 
reJib 

nOKa3aHa Bbt.Uep>KKa Me)K,Uy KaMnaHIDlMH, Ha4aJ1O CJTe,lJ,)'lOm;eH K8.MJlaHJ,{H npHMbIKaeT K 
HCT-
,1.-2S KOHt.zy npe.llbI.llYLUeH KaMTiaHMM. 

!l.B)'X 

·py3. 

IHhlX 

MHO· 
~ 

1,3) 

1,15 

1,10 

1,(5 

1,00 
0,0 o.s 1,0 1,5 '2,0 2,5 3,0 3,5 4,0 4,5 

T, JieT 
,I MH 

2 MM 

PY3KI 

tul,fel 

P11c. I . Ko3c~cj>HUHeHT paJMHO>Ke!fH.11 B nepBblX .nec.llTH UHKnax TpaHCMyrauHH 

!].emu IlpH cse)KeH 3arpy3Ke Ha'-lan&ttoe 3Ha4ett11e K03<pq>HUHeHTa pa3MHO)KeHIDI K=l,15. B 
'JIH4anepBblX HeCKOJlbKHX UHKJiaX H3MeHeHHe peaKTHBHOCTM K(O)-K(1)=0, 16-0, 18, B nocne­

YHHj:llzyl<)lUHX UHKJiaX - HeCKOJTbKO HIDKe. 

10reH B Ta6JT11ue 1 npe,n;CTaBJieHbl rrpO,ll,O.IDKHTeJibHOCTb UHKJIOB H IJJIOTHOCTb nOTOKa HeH­

c Mt-tf POHOB B Ka>K,ll,OM UHKJle, 4HCJTO H]lep ttyKJIH.llOB B TOTIJI11Be B pacqeTe Ha ] CM BblCOTbl 

BC: 235U - B Ha4ane H KOHUe Ka>K,ll,OfO UHKJia 
236U H 

238U M cyMMapttoe CfHCJIO H,n;ep 

,an O,;patta - s tta'-!ane KIDKJJ.Oro UHKJia Cy-MMapttoe •rncno H,ll,ep TPaHcypauos&IX :meMeHTOB 

yrlT ienryHHH, nnyromrn aMepHUHH, KIOpIDI (TY3) H qr1cno jJ,LJ,ep rrpo,n;yKTOB .ueneHHj[ (II,[() 
n 3 l • s KOHI.J,e Ka>K,ll,OfO UHKJia. 
' 

B Te4 

'(cM
2
C 

v1 B [6 
epHO 

ITbl 

1aqeH 

> pas 

)HUMM 

arpy3 

~ 

fl, 

II 

ll 

Ji 

SI 

Me)l(ft 

laeTC 

noTOI 

HoMep 
UHKJJa 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Ta 6 n 11 u a 1. qHCJJO si,aep HYKJJHllOB a TonnHee Ha 1 CM BblCOTbl TBC 

<l>, I 0'4 '-IHcno wep, 10" R.nep/cM 
T. ro.n ttetlTp./ 235U (O) m U(7) 2J6U(O) 238U(O) 

U(O) 
TY3(7) I1,LJ;(7) 

(cM2c), o6w 
0,450 1,07 2,38 0,886 0 9,38 11,8 0,0635 1,30 
0,463 1,04 2,22 0,824 0,223 9,29 11 ,7 0,0702 1,21 
0,449 I 07 2,06 0,764 0,423 9,20 11 ,7 0,0758 I, 13 
0 437 1, 10 I 89 0,703 0 601 9,11 11 ,6 0,0809 1,04 
0 418 I, 15 I, 73 0,604 0,758 9,02 11 ,5 0,0854 0,952 
0,396 1,21 I 57 0,585 0 894 8,93 11 ,4 0.0893 0,868 
0 381 1.27 1,46 0,543 I OJ 8,84 11,3 0.0927 0,809 
0 368 I 3 I 1,35 0,501 1.11 8 75 11,2 0 0955 0,753 
0 352 1,37 1,24 0.459 1.20 8,67 11 , I 0,0966 0,697 
0,337 1,43 I, 12 0,417 1,26 8,59 11 ,0 0,0988 0,644 

cpe.Ul-1 Ilpe.n;cTasnettH&re .uaHHbte nOKa3bIBafOT, 4TO npo.uoJDKHTeJibHOCTb KaMnamrn K .uecjf-

1x, 6bl My UHKJiy yMeHbwaeTCH B 1,3 3 pa3a, a ITJIOTHOCTb TTOTOKa HeHTPOHOB BO CTOJibKO )Ke 
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pa.3 BO3pacTaeT. 
235U 3a UHKJJ BblropaeT cyll(eCTBeHHO, K KOHtzy UHKJJa OCTaeTC.sl 37'½ 

nepBOHa'-laJJbHOro KOJUIYecrna (B [6] BbtropaHHe 
235U COCTaBJUIJIO 50%). HaYaJJbHOe KO. 

,r 
JlHYeCTBO • 'U yMeHbWaeTcsr OT UHKJJa K UHKJ1Y, B Haqane .necsrToro UHKJJa OHO B 2, 1 pa.Ji 

MeHbWe, YeM B HaYane nepsoro UHKJJa. TTpH 3TOM yMeHbwaeTcR. TatoKe o6orarueHHe 
235L 

B HaYane UHKJJOB. B HaYane nepsoro UHKJ1a o6oraIUeHHe cocTasmi:eT 20%, B ttaLJane .ne 

csrToro L).HKJTa OHO )'MeHbWaeTC.sl ,ll.O 10%. Kom1'-leCTBO npo.nyKTOB .neneHH.sl, HaKanm, 

Ba!OIUHXCSI B TOl1JHIBe 3a UHKJJ 11 y,n.an.R.eMblX npH nepexo.n.e K cne.uyioll(eMy UHKJJY CHl,f. 

)KaeTCSI 3a 10 UHKJlOB B 2 pa.3a. 3To O3HaYaeT TaKOe )Ke CHIDKem1e MOU.(HOCTH, Bbl,n.em1e. 

MOH s TOnJlHBe. 3aMeTHM, '-ITO a [6], r.n.e a no,n;m1TKe OTCyrCTBOBaJJ HenryHHH, 11 HaKon 

JleHHe H3OTOnOB nnyrOHH.s! B MHWelUIX 6blJ10 HeBeJlHKO KOJlH'IeCTBO 
235U B HaYane UHi(. 

JlOB H npo.n;yKTOB .n;enemui:, o6pa3yJOll(HXC.sl 3a UHKJl, cna6o MeH.R.JlOCb OT UHKJJa K UHKJJy, 

B Ta6n11ue 2 npe,ncTaBJleHo YHCJlO S1,nep OCHOBHblX ttyKJJH,l{OB B MHWeHH B pac4'eTe H, 

1 CM BbICOTbl TBC -
241 Am 243 

Am, 
244

Cm 11 
238Pu s ttaYane H s Kottue Ka)f(JJ,oro UHKJJa. 

B Ta6m1ue 3 npe.n.cTaBJleHO l.fHCJlO Sl,n.ep npO4HX ttyKJJH,l{OB B MHWeHJ,I B pacYeTe Ha 

CM BbICOTbl TBC - H3OTOnOB n.nyrOHIUI 
242

m Am, 
242

Cm, 
245

Cm B KOHUe Ka)f(JJ,Oro U.HKJla, 

TatoKe npo,n.yKTOB .ueneH11.s1, HaKanmma10IUHXC.s1 B MHrueHH 3a UHKJJ. CTpH nepexo.ue 

24'c cne.uy10ll(eMy UHKJlY 4HCJ1O Sl,nep 3THX ttyKJJH,l{OB, 3a HCKJJIOYeHHeM - m H npo.uyKTo 

.ueneHH.R. He Mett.sieTC.R.. 

Ta 6 n H u a 2. 1.focJJo HJlep OCHOBHhlX HYKJJH./10B B MHUICHH Ha 1 CM BhlCOThl TBC 

HoMep 
41-1cno ,iJlep. I 020 ,i.nep/cM 

u11Kna 

'"'Am(0) ""'Am(T) ~•JAm(0) ~•JAm(T) ..... Cm(0) " ~Cm(T) ""Pu(0) ""Pu(7) 

I 5,82 1.28 1.26 1.28 3.34-5 6.57-5 0 2,05 
2 3,05 0,672 1,62 1,52 7.49-5 1,06 4.26 3 52 
3 2,45 0,540 1,86 1,67 1.24 1.65 4.00 3,32 
4 2,31 0.512 2,02 1,80 1,74 2,16 4,24 3.41 
5 2,29 0,507 2,14 1.92 2.25 2.66 4.29 3.42 
6 2,28 0.506 2,27 2.02 2.75 3.15 4,29 3,42 
7 2.28 0,507 2,40 2. 18 3,25 3,66 4.29 3,42 
8 2,28 0.507 2.53 2.31 3,75 4,15 4,29 3,42 
9 2.28 0.507 2,66 2.44 4.24 4.64 4,29 3,42 
10 2.28 0.507 2.78 2.56 4.65 5.05 4.29 3.42 

B Ta6m1ue 3 He npaBe,n;eHbl 3HaYeHHSI 
237

Np(O) = 6,36 · 1020
, 

237
Np(7) = 4,55 · 10 

R,nep/cM, o.n.IrnaKOBble ,l{Jl.s! scex UHKJlOB. TTpe.ucTaBJleHHbie .naHHble TIOKa.3bIBalOT en< 

H ~'A .!lYIOIUee. aYaJJbHble H KOHel.fHbie KOHUeHTpaUHH - m yMeHblllalOTCsr OT nepsoro 

TpeTbeMy-YeTBepToMy UHKJJY 11 .n,anee OCTalOTC.sl HeH3MeHHblMH. Bb1ropaHHe 
24I

Am 

UHKJl cyruecTBeHHO. Kom..{eHTpauH.si. 
243 

Am B TeYeHJ-1e u11KJ1a yMettbwaeTc.s1 cna6o, er 
BbJropaHHe KOMneHCHpyeTC.s! o6pa.30BaHH.eM HOBoro 

243 
Am H3 

241 
Am Yepe3 npoMe 

TOYHbIH 
242

m Am. KoHueHTpauIDI 
243 

Am OT UHKJla K UHKJlY BO3pacTaeT H3-3a .n,06asneH1 

HOBblX nopUHH 
243 

Am np11 no,nnHTKe. KoHueHTpau11.s1 
244

Cm so3pacTaeT s TeLJeH11e Kal 

.uoro 113 10 UHKJlOB, TIOCKOJlbKY o6pa.30BaHHe HOBOro 
244

Cm H3 HMeJOll(eroc.si. B MHWe 
~ 6 w - Am npeBblWaeT BblropaHHe, H .n,onOJlHHTeJlbHO .n,o aBJlReTCSI Cm npH no.n.nHT~ 
238Pu 06paJyeTcS1 B MHillettH npHMepHo s paBHOH CTeneHH H.3 

237N p H H3 
241 Am ye 

- ,42c 6 ( npoMe)KyrO'-IHblH - m KaK npH O nyl.feHHH, TaK H npH Bbl.D,ep)l{Ke Me)K.lJ.y UHKJlaMH n 

pacYeTax npHH.slTO '-ITO npH Bhl.n,ep)KKe secb HaKOTIHBWHHC.s! 
242

Cm npespall(aeTC.11 
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37o/. 
: KO. 

pa.3i 

ml 
! 1.1,e 

nn 11 

CHl,f. 

!JUie. 

IK0TI 

UHi(. 

KJT)'. 

re He 

a. 
· Ha 

ma 

)JJ.e 

y'KTO 

>u(7) 

,05 
.52 

238pu). KoHueHTpaui-rn. 
238

Pu np11xon11T K pasttosecmo nocne .usyx-Tpex UHKJJ0B. OHa 

yMeHblllaeTC.s! B Ka)l(,LI.0M UHKJJe npHMepH0 Ha 20% H Ha CT0JlbK0 :>Ke B03pacTaeT npH ne-
242c 23s 

pexo,D,e K cne.uyioll.leMy UHKJJY 3a cYeT npespall.leHH.s! m s Pu. 

ITpe.ucTaBJJeHHbJe 1.1,aHHbie □0Ka3blBaJOT YT0 npoHCX0J.1,MT HaKonneHHe J.f30T0□0B mry­

T0HM.sl, npHYeM 
239

Pu BblX0,LI.HT B paBH0BeCH0e C0CT0aHHe Ha BT0p0M-TPeTbeM UHKJJe. 

KoJUiYeCTB0 
241 

Pu nocJTe rr.siroro UHKJJa cocTaaJT.sieT np11MepHo 30-35% 239
Pu. KoJT11YecT-

80 245Cm cpaaHHMo c KOJJMYeCTB0M 
241

Pu. KoffiiYeCTBO nponyKToB .ueJTemrn, HaKann11-

aa10ID.HXCH 3a UHKJJ, B03pacTaeT OT UHKJJa K l(HKJTy. 

Ta 6 n 1-1 u a 3. lfocno sinep npo•rnx HYKJJH,!IOB s MuweHH Ha I CM BblCOTbl TBC 

HoMep YHCJJO l!Jlep, 1 0'u llJlep/cM 

L(J,IKJJa lNpU ••upu ""'Pu 4••pu 4•-mAm ···cm ""'Cm rr.n 
I 0,489 0, 128 0,0168 0,658 0,0855 2.21 0,0261 0,620 

2 1.35 0,695 0,138 0,970 0,0484 1, 16 0,0618 1,88 

3 1,35 0.995 0,245 1,24 0,0380 0 929 0 117 2,28 

4 L44 1,32 0,358 1,55 0,0356 0,880 0, 175 2,77 

5 1.46 1,50 0,431 1,88 0.0352 0.870 0,237 3.04 

6 1,46 1,51 0,432 2,21 0,Q35I 0,868 0,263 3.22 

7 1,47 1,67 0,497 2,52 0,0351 0,869 0,367 3,35 

8 1,47 1.70 0 511 2.81 - 0,0351 0,869 0,434 3,48 

9 1,47 1,73 0.519 3.07 0.D351 0,869 0,500 3 56 

10 1,47 1,74 0.525 3,31 0.0351 0,869 0,563 3,64 

B Ta6n11ue 4 npe,UCTaBJJeHbl MaCCOBble xapaKTepHCTHKH H M0II{HOCTb B paCYeTe Ha I 
cM BbIC0TbI TBC B nepsb1x 1.1,ecHTH UHKJJax TPaHcMyrau1-m: 1.1,JTH Tonmrna - .uo6asllileMa.si 

3a 01.1,HH UHKJJ Macca 
235U /1M235 nonHa.si Macca ypaHa a Hal.Jane UHKJJa Mu, Macca npo-

,32 J.1,YKT0B J.1,eJTeHJ-1.s! , HaKailJIHBalOIJ..lHXCH 3a 0J.1,HH l..(J,fKJl IT,ll;TOn, cpeJJ,IDI.s! M0IIl,H0CTb p TOn , J.1,.JUI 

,4I MHDJeHH - 1.1,06aBJT.s!eMa.si 3a 0.UHH U,HKJJ Macca aKTHHHJ.1,08 11MAc □0JIHa.si Macca aKTHHHJ.1,08 
,42 
,,42 B Hal.Jane U,HKJJa M Ac Macca npo1.1,yKT0B J.1,eJJeHHH 3a 01.1,HH UHKJJ n,n;MHW, cpenH.siH MOIJ..l-

:,42 H0CTb PMHw o6a.r.a.si M0IJ..lH0CTb BblJ.1,en.sieMa.si a Tonn11ae 11 MHWeHH P. 
1,42 ITpe1.1,cTaBJ1eHHble .uaHHble ll0Ka3bl8a!OT, 4TO K0JJHYeCTB0 ypaHa B TOmurne OT umura K 

l,
42 

UHKJIY MeH..s!eTC.s! MaJI0, 01.1,HaKO KOJTHYeCTB0 
235U 3a JO 1..V1KJlOB yMeHbWaeTCH B 2 pa3a 

l.42 ( 6 
- CM. Ta6n. l). Macca aKTHHHJ.1,08 B MHWeHH 3a 10 UH:KJJ0B B03pacTaeT B 2 pa3a. ,ll;oJUI 0 -

5 . l O 11.leH MOUJ.H0CTH, BbIJJ,en.sieMa.si B MlillleHJ-1 B03pacTaeT OT 14% BO BT0p0M UHKJJe J.1,0 3 7% B 

1.1,ec.s!T0M UHKJJe. 
>T CJI 

XapaKTepHCTHKH np0H3BO]lHTeJJbH0CTH TpaHCMyraUHOHH0ro peaKT0pa npe1.1,cTaBJJe-
soro _ 

Hbl B rn6m1ue 5. ,ll;aHHbTe 3a nepBblH ro.n OTHOC.s!TCH K nepBOMY, BT0POMY H YaCTH ( 0KOJJ0 

~m 20%) TpeTbero UHKJJa. ,ll;aHHbie 3a 4eTBepTbfH ron 0THOC.s!TCH K BOCbM0My-.uec.siT0MY 
JO er 235 

' Ull.KJTaM, o6a.r.a.si np0J.1,0JDKHTeJJbHOCTb KOTOpbIX COCTaBllileT 1,06 rona. Pacxon u H KO-

)Me JlHYecTBo aKTHHH,LI.0B, B0BJJeKaeMblX B TpaHCMyraUHIO 3a nepBbIH ro.n. B 1 8 pa3a 60Jib-
BJJeH¥ _ - 235 

we qeM 3a 4eTBepTblH ro.n., llOCKOJlbKY B nepBbll1 UHKJJ U 11 aKTHHll.J].bl 3arpy)l(aJOTC.s! B 
-1.e K ny - 6 

CT0H peaKTop a B nocne.ny10a.r.11e UHKJlbl 0HH J.1,0 aBJI..s!lOTC.s! B MeHbWeM K0JlHYeCTBe. 
rnwe~ nn 235 

' ~l1! B0BJleYeHtta B TpaHCMyraU,HIO I Kr aKTHHHJl0B Tpe6yeTC1! H3pacxo1.1,0BaTb 2, I Kr u 
urmTtt - 235 -

B nepBbIH ro.u H 1,9 Kr u B 4eTBepTbIH ro.u TpaHCMYTau1m. 3Ttt 1.1,aHHbie xoporno C0B­
n yepi 

na.n.alOT C aHaJI0rH'-IHblMH .n.aHHbIMH .llJl.s! TPaHcMyraUHH aMepHUIDI H KIOpl,{jl 6e3 TpaHc-

\,1J,f (nr Myra11.H11 He□T)'HHH [6]. 3a YeTBepTblH ro.n. TpaHCMYTHPYJOTC.s! aKTHHHJ].bl H3 rOJ].OBOH Bbl­
aeTC.11 r-n 

• ..,y3KH 3 7 peaKT0p0B BB3P. 3To npHMepH0 B,LI.BOe MeHbWe, CJeM □pH TPaHCMYTaUHH 
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TOJlbKO aMepHU,HSl H K!OpHst 6e3 TpattcMyrau,HH Henrymrn. 3aMeTHM, '-!TO KOJlH'-leCTB 

tterrryHH.Sl B OTpa6oTaBUJeM TOnJlHBe BB3P np11Meptto paBHO cyMMapHOMY KOJlH'-leCTB_ 

aMepH1.J.11jj H K10p11.si . 3n, pe3yllbTaTbl noKa3btBalOT, '-!TO TpaHCMyraU,11Sl KaK ttenrytt1151 

TaK 11 aMepHU,[,IJI 11 KIOpHR Tpe6yeT O)lHHaKOBblX pacXO.D.OB ypaHa. 

Ta 6 n 11 u a 4. MaCCbl HYKJJH)l0B " M0WII0CTb 

I loMep Macc1,1. r MOLUHOCTb. KBT 
UHKna 6.Mm Mu TI.ll Ton D.J\f Ac M Ac nn MIIW P TOn p MIIW 

p I 
I 0,930 4,59 0,508 0.547 0,547 0.0246 2.96 0.147 3, 11 l 2 0,544 4.57 0.473 0,159 0,695 0,0746 2,68 0,432 3.1 I 
3 0,504 4.55 0,439 0,159 0.744 0.0906 2.57 0,545 3,11 
4 0.464 4,53 0,405 0, 159 0.824 0.110 2.43 0,675 3, 11 
5 0.439 4.49 0,371 0,159 0,885 0.121 2,34 0,776 3. 11 
6 0,385 4.44 0,339 0. 159 0,937 0, 128 2,24 0,866 3.11 
7 0.358 4.41 0,316 0, 159 0.983 0,133 2, 18 0,939 3.11 
8 0,330 4,37 0.294 0. 1-9 1.03 0. 138 2,09 1.01 3, 11 
9 0,303 4,33 0.272 0, 159 1.07 0, 141 2,02 1,08 3.11 
10 0,275 4,28 0,251 0, 159 1,10 0,145 1.95 1.15 3, 11 

Ta 6 JI H u a 5. O6wHe xapaKTepHCTltKH Tp3HCMyY3UH0IIH0ro peaKTopa 
II 

Xapa.KTepHCTHKa TTcpBblH ro}l YeTBepTblH ron I 
3arp)'3Ka -' ' U, Kr 

3arpyJKa ypana. Kr 
Pacxon m u , Kr/ro11 

Pacxon TpaHCMyrHpyeMblX aKTlfHHllOB, Kr/ron 
tfacno o6cny,KKBaeMblX peaKTopoe BB'.)P 

298-258 
1476-1463 

506 
237 
6 

169-140 
1392-1376 

276 
145 
3.7 

PA,LUIOTOKCWIHOCTLIIPH~HKJilllIECKOHTPAHCMYTAI{UH I 
Pa)l110TOKCH'-IHOCTb .R:BJl.lleTC.ll Mepoi1 paJl)10JTOrH4eCKOH onaCH0CTl1 ttyKJJl1.D.0B, HaKar 

Jl11BalOlUl1XC.R: npH TpaHCMyrau,HH. Otta 0CH0BaHa Ha HOpMax pa.D.11au,HOHHOH 6e3onaCH( 

en, (1 OJ, H )"-IHTbtBaeT B03.l],eHCTBHe H3JiyqeJ-IHSl KOHKpeTHb[X ttyKJTH,ll0B Ha '-!eJJ0Be'-l! 

CKHH opraHH3M. 

B Ta61111ue 6 npe,llCTaBJJeHbJ o6maR pamrnTOKCH'-IH0CTb aKTHHH)lOB B MHUJeHSIX no B( 

)le (11cnOJ1b3YfOlllaR npe.D.eJJbH0 .n.onyCTHMble aKTHBH0CTH ttyKJIH)l0B B BO.Ue) 11 BKJla.ll 

tta1160J1ee 3Ha4HMblX ttyKJlH.ll0B B Haqane 11 K0HU,e nepBblX IO U,HKJI0B TpaHCM)'TaUJ,HI 

pacYeTe tta 1 CM BbtCOTbI TBC. B o6myio paJJ.H0T0KCH"IiH0CTb tte BKJllOYaeTC.Sl BKJla)l o 
24 2c HOCHTeJlbH0 K0p0TKO)Kl•!.BYUJ,ero m. 

Ilpe.ucTaBJJeHHble )WHHbte nOKa3bfBaIOT, t.JTO B Te4eHHe nepBblX JI.eCSlTH UHKJII 

TpaHCMyrau,HH cyMMaptta.si pa.llH0T0KCHqHOCTb B Ka)KJJ.0M UHKJle yMeHbUJaeTC.SI .ll0B0Jlbl 

c11a60, a Me)KJJ.y U,HKJlaMH B03pacTaeT 3a C4eT no.unHTKH H0BblMH aKTHHH.LI.aMtt 11 nepex 

JI.a 
242

Cm B 
238Pu. Ha1160J1bUJHH BKJia.ll, B pa.l1,H0T0KCH'-IH0CTb .l],aeT 

244
Cm, rrp1,11-1eM 01 

B03pacTaeT B Teqett11e scex .uecsrr11 UHKJJ0B TpattcMyrau,1,u,1 H3-3a .uonoJ1HHTeJ1bHoro c 
pa3osatt11.si 

244
Cm 113 

243 Am 11 B npoMe)KyrKax Me)l(Jly UHKJiaMH 3a CYeT no.D.nHTKH. I 
.D.H0T0KCH'-IH0CTb 

238Pu CTafo.11111311pyeTCSl nocJle 2-3 U,HKJla, oua HeMH0r0 y6brnaeT B 

t.tett11e u.11KJ1a 11 B03pacTaeT Me)KJJ.y u,11KJ1aM11 3a c'-leT nepexo.ua 
242

Cm B 
238

Pu. BKJJa.D. 
238 

B tteCK0JJbK0 pa3 Mettbrne, 4eM BKJla)l 
244

Cm. He6onhrnoi1 BKJla.D. .n.aeT 
241Am. Pa.l1,11or o 

237N 6 ~ o Cl14H0CTH .upyrnx ttyKJlH.llOB, B YaCTH0CTM p , cymecTBeHH0 HIDKe 0 UJ,eH pa,llH0T 
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eCTB 

eCTB 

ym1.11 

y-­
~ 
,, 11 
i,11 
I 11 
1, 11 
I.I I 
I.I I 
l 11 
3.11 
3.11 

1 ro.u 
) 

76 

HaKan 

,rracH 

IOBe4 

: no 

BKJia 

i'aUHl1 

11an o 

UHKJl 

cHtJHOCTH. CyMMapHaJt PaJJ.HOTOKCH4'.HOCTb B KOHIJ,e .necs!Toro U,lfKJia B 8, 7 pa:m Bbl We, 

qeM B Ha'la.Jie nepsoro u,mrna. 

Ta 6 JI (,I u a 6. PaJlHOTOKCH'tHOCTb no BO/le npH Tp3HCM}'T3UHH, 101° Kr 8O/lbl 

-HoMep 06uuui "" 'Am '""Pu ·""Cm 

UHKJla 1--Ia'-laJJO KoHeu Ha4aJI0 KoHeu Ha'-lano KoHeu Ha4ano KoHeu 
- I 7,7 16,9 4,29 0 94 0 8,6 3,38 6,64 

2 28.3 26,8 2,25 0,50 15.8 14,7 7,57 10,7 

3 31.9 32,0 1,80 0,40 16.7 13,9 12,5 16,7 

4 38, 1 37,6 1,70 0,38 17,7 14,2 17.6 21 8 

5 43,5 42,8 1,68 0,37 17 9 14,3 22 7 26,9 

6 48,7 47,8 1,68 0,37 17,9 14,3 27,8 31,9 
7 53,8 53,0 1,68 0 37 17,9 14,3 32,8 36,9 

8 58,9 58,0 1,68 0,37 17,9 14,3 37,9 41 ,9 

9 63.9 63,0 1,68 0,37 17,9 14,3 42,9 64 9 

IO 68.0 67, 1 1,68 0,37 17,9 14,3 47,0 51,0 

Bl>IXO~ B PABHOBECHI,IH PE)KHM 

IlpH MHOrol{HKJIOBOH TpaHCM)'Taru,rn aKTHliH)],08 paBHOBeCHbfH L{illCJilftJeCKHH pe>1<1fM 

ycTaHaBJUIBaeTCSI B TetJeHHe )],JlITTeJlbHOro BpeMeHH. TTepexo,n K paBHOBeCHOM)' COCTOSI­

HHI-0 y,no6HO npocne)],HTb .nm, rrpOCTeHrnero pe>1<11Ma o6nyqeHHSI B IlOCTOSIHHOM ITOTOKe 

HeHTpOHOB np11 HerrpepbIBHOH no,nmITKe aKTHHH)],aMH. B Ta6n0:u,e 7 rrpe)],CTaBJieHbJ CJI,fC­

na si,nep H)'K.JIH)],0B Ha 1 CM BblCOTbl TBC npH HenpepbIBHOH. no,anHTKe 1130TOITaMH Hen­

TYHIDI aMep11I.tHSI 11 K10pIDI. IlrroTHOCTb ITOTOKa HeHTpOHOB 1 07. 1014 
HeHTp./(cM

2
c). 

CKopoCTb HerrpepbIBHOH no,nnMTKH 11 ee 1130TOilHbLH COCTaB COOTBeTCTB)'lOT U,HKJlHtJe­

CKOH nO)],IDfTKe, npllli.llTOH B npe)],bl)],Yt.nMX pa3,nenax. 

Ta 6 JI (,I u a 7. lJ11CJ10 HJlep HYKJlHJlOB npH BblXOJle B paBHOBCCHblH pe,1mM C HenpepblBHOH 

OO.!IOHTKOH, 1020 
HJlep/cM 

T. JICT '"'Np ,,.Pu "~Pu ••vpu '~'Pu ·••pu ' ""Cm ·"Cm ' "'Cm 
0 6,3 0 0 0 0 0 0 0 325 0 
I 5 86 3,81 1,32 0.714 0,152 1, 14 0,150 1,47 0,0864 
2 5,62 4 01 1,61 1,53 0,429 1,80 0,227 2,69 0,225 
5 5,43 3,66 1.47 1,74 0,523 3.55 0,269 6,13 0,692 
10 5,40 3,65 1,45 1,82 0,550 4.70 0,277 10,7 1 35 
20 5 41 3,64 1.45 1,94 0 584 5,27 0,278 14,7 1,97 
50 5,41 3,64 1,46 1,97 0,595 5 42 0,278 16,0 2,18 
100 5,40 3,65 1.45 1,97 0,594 5,41 0,277 16,0 2, 18 

JBOJlbH ,[(nJJ HerrryHHSI paBHOBec11e HacrynaeT B TetJeHJie 5-10 JleT . H30TOTTbl aMepMI..U-UI (s 

nepe Ta6nHI..te He rrpe,ncTasneHbI) npMXOJl.SIT K pasttosecmo 3a 2 ro,aa. PasttosecHoe q11cno 
241A 20 '42m 1s ,43 20 / 

teM o~ st.nep m 1 10· 10 smep/ cM, - Am - 4,74· LO si.nep/ cM, - Am- 4,0· 10 st:.nep CM, 

Ioro BpeMsi BbIXO)],a 8 paBHOBec11e OKOJIO 20 JieT. H30TOTTbl TTJl)'TOHHSI npHXO)],SIT K paBHOBec­

fKH. Pi HOMy COCTOSIHHIO 3a 5-) 0 JieT, 
244

Cm - 3a 50 JieT, 
245

Cm - 3a 50 JieT. PaBHOBeCHOe 411CJIO 

teT s si,nep 
244

Cm s 1 l pa3 npeBI:.IUJaeT ero HaKonnettHe 3a nepBbIH ro.n H s 1,5 npes1,1maeT Ha­

Ia.n 
238

P l<OnJJel-l}fe 38 IO JieT. PasHOBeCHOe KOJlH'·IeCTBO 
238Pu B 4,4 pa3a MeHbUie, CfeM 

244
Cm. IT pH 

I)],HO'T no.nnHTKe, BKJIJO'-lalOW,eH HenryH11H speMSI: BI:.IXO)],a H30TOTTOB ITJl)'TOHHSI B paBHOBec11e 

l)],HOT 
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npHMepHO B)lBOe Kopol.fe, l.feM npH noJJ,nHTKe TOJlbKO H30TOnaMH aMepHL.{IDI H KIOpH.sI [6], 
23sp 6 241A ~ 741 

KOf)la LI O pa30BblBaJlCSI H3 m l.fepe3 npOMe~OYHblH - -cm. 
B Ta611m.r.e 8 npeJJ.CTaBJleHbl 3HaYeHHSI pa.D,HOTOKCHYIIOCTH no .BO.Ile npH BblXOJJ,e B 

paBHOBeCHblH pe)KHM. O6masi paJJ.HOTOKCHl.fHOCTb onpe,llensieTCSI B OCHOBHOM 
244Cm. 

BpeMSI BblXO,lla s paBHOBeCHe npHMeptto 50 JleT. 3HaYeHHSI o6mei1 paJJ.HOTOKCHl.fHOCTH 

JlJlSI pe)KHMa C HenpepbIBHOH no.n.nHTKOH xoporno cornacylOTCSI C ,llaHHblMH JlJl.sl )].eCRTOro 

UHKJla npH l(HKJlHl{eCKOH TpaHCMyraum1 (Ta6m1ua 6). 

Ta 6 n Hu a 8. PamtOTOKCH'iHOCTb no BOlle npH BblXOtie a paBHOBeCHblH peiKHM 

c HenpepblBHOH OOllOHTKOH, IO 10 Kr BOllbl 

3. 

4. 

5. 

6. 

r. neT O6IUlUI ""Pu c•vpu '"'Pu 

1 33.1 15,9 0.0428 0.0800 
2 47.0 16,8 0,0918 0.226 
5 80,8 15,3 0.104 0.275 
10 127 15.3 0.109 0.289 
20 167 15.2 0.116 0.307 
50 181 15,2 0, 118 0,313 

,.,Am ••JAm •
4 JCm 

0,921 0,0821 1.24 
0.811 0,0920 1.88 
0.811 0, 124 2.23 
0,811 0,154 2.30 
0,81 I 0.168 2.30 
0,811 0.172 2,30 

···cm 

14.8 
27.2 
61.9 
108 
148 
162 

l4)Cm 

0.0034 
0,0088 
0,0271 
0,0529 
0,0772 
0,0855 

7. 

8. 

9. 

IC 

100 181 15,3 0.118 0.312 0.811 0.172 2,30 162 0.0855 

3A.KJI10qEHHE 

HccJleJJ,OBaHHe l(HKJlHYeCKHX pe:>KHMOB rpa11cMyrau1111 HeTITYHH.sJ, aMepHUHSI H K10pm1 

nOKa3aJlO, l.fTO JJ.06as11ett11e Hemymrn B nO)].TIHTKY aKTHHH)laMH BJlH.sJeT Ha pe)KHM 

TpaHCMyrau.1111 no cpasHeHHIO C noJJ,nHTKOH TOJlbKO H30TOTiaMJ1 aMepHUH.sJ H K.!OpHSI [6]. 
ITpH noJJ.nHTKe, He COJlep)KaUJ,eH AenryHHH [6]. 238

P u o6pa30Bb1Banc.s1 H3 
241 Am Yepe3 

npoMe)KYTOl.fHbJH 
242Cm. I-fa Hero .uanee o6pa3YfOTC.sJ ,lle11sim11ecsi H30TOTibl 

239
Pu 11 

241Pu. 

TI ~ ~ 238p 6 6 241 Am pH TIO)lTIHTKe, BKJIIOl.faIOUJ,eH HemyHHH, U O pa3yeTCSI no O OHM KaHanaM, H3 

H np.sIMO H3 
237

Np. 110:nof\ry 60JlbUle HaKarurnBalOTC.sJ )leJl.sJUJ,HeC.sJ H30TOTibl B MHIUeHH C 

TpaHCMYTHpyeMblMH HYKJlH.D.aMH. 3To npHBOJlHT K CJleJlYIOUJ,eMy: )lOJl.sJ o6UJ,eH MOUJ,HO­

CTH, Bbl)leJl.sJIOIIlaSIC.sJ B MHWeH.sJX, 60JlbWe, ,llJlHTeJlbHOCTb KaMnaHHH 60JlbUie, BbrropaHHe 
235U rny6)Ke, YeM npH TIOJlTIHTKe, He CO)lep)KaUJ,eH HenryHHH. 

O,llHaKO :no He TI0BJlH.sJJlO cymecTBeHHblM o6pa30M Ha paCXOJlHbie xapaKTepHCTHKH 

pe)l<l-:IMOB TpattcMyraUHH. ,[(JUI TpaHCMyraUHH 1 Kr aKTHHH)lOB, CO)lep)KaUJ,HX HJlH He co­

,llep)KaUJ,HX HenryHHH, Tpe6yeTCSI npHMepH0 0,/lHHaKOBblH pacxo.u 
235U. HanOMHHM, l{TQ 

CB 
KOJll-flleCTBO HenryHHll B OTpa60TaBLDeM TOTIJlHBe BB3P npHMepHO paBHO cyMMapHOM)' 

KQ 
KOJ1H4eCT.BY aMepHUHSI H K.!OpHS!. Ec.1111 TpaHCMyrauHOHHbIH peaKTop MOUJ,HOCTblO I 000 H 

MBT MO)KeT rpaHCMyTHpOBaTb aMepHUHH H KIOpHH 6e3 HenryHH.sl OT 7-8 peaKTopoB Tl! 

BB3P, TO aMepm..{HH H K10p1111 BMecTe c HenryttHeM -TOJlbKO OT 3,7 peaKTopos BB3P. 

CIIHCOK JilITEPATYPhl 
LI 
M 
an 

I. repac11Moa A.C., 3apmucasi T.C., K11cenea r.B., Mb1pub1Moaa JI.A. YcnoBHJI TprurcMyraUHH nJI}'· ar 
TOHHll. aMepKUHll. KIOpHll e S!,QepHhlX yCTallOBKax. AT0MHlUI )Hepm.ll, 2000, T. 89. Bhrn.2. c.150-155. en 

2. Galanin A.D., Gerasimov A.S., Zaritskaya T.S., et al. Multycycle modes of the weapon plutoniuni to 
deep burning in blanket of accelerator-driven systems. In: Proc. of the Second Intern. Conference on Ac· 
cclerator-Driven Technologies and Applications, Kalmar. Sweden, 1996. vol.2, p.839-842. 

30 



], 

B 

n. 

'11 

'O 

Hj\ 

1M 

6]. 

~m 
1 C 

-ro-
1Me 

1101 

co­

lTO 

,M'f 
)00 
JOB 

nJI)'· 

1iurn 
1 Ac· 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

JO. 

JiepreJibCOH Ji.P., ranaHHH A.)l., fepaCHMOB A.C. It ,np. 0 He06X0.1UfMOCTH pa:3pa60TKH T.!IJKeJJOBO.Ll­
HOro 6JJaHKCTa 3JUIY c BblCOKOH nnOTHOCTblO nOTOKa He»TpOHOB. AoKJJa,llbl KOH<jlepeHUHH " Ycosep­
weHCTBOBaHHble TJl)KeJIOBO,llHble peaKTOpb(' (MocKBa 18-20 HOJ16pS1 1997 r.). M. 1998, c. I39-I60. 
liepreJibCOH li.P., liaJJIOK C.A. 3cjJ~JeKTHBHOCTb TPaJ-ICMyraui,tH .llOJLrOlKH.BYIJ.leli pa,mioTOKCJfqHOCTH s 
pa3HbTX ll,llepHblX ycraHOBKaX. ATOMHall :lHepmll 1996 T.81, Bbm. I , c.66-68. 
Bergelson B., Balyuk S., Kulikov G., Shmelev A. Transmutation of minor actinides in different nuclear 

facilities. In: Proceedings of Lhe International workshop '·Nuclear methods for transmutation of nuclear 
waste", Dubna, Russia, May 29-31, 1996, World Scientific Publishing Co. Pte. Ltd., pp.67-76. 
fepacHMOB A.C., 3apHuKaH T.C., Kucenes r.B., MbipUblMOBa JI.A. ~KKJUl'-leCKKH pe)l(HM TPaHC­
Myrau1-111 MJla.lllllHX aKTH HH,LlOB B TIDKeJIOBO,LlHOM peaKTope. BAHT. Cep.: <l>H3HKa Jl,llepHblX peaKTopoB, 

2001 , Bbm.3, c.3-JO. 
MHxaunoa B.M., M1,1pUb1MOBa JI.A. feTeporeHHblH pac'-!CT peaKTopa TBP-M. M ., ITpenpHHT HT3<l>, 
1985, N!!l5 . 
JiypMHCTpOB A.H., Ko<typoa li.n. ITpoCTpaHCTBCHH0-3HepreTH'-ICCKOC pacnpe.neJ1em1e HeHTpOHOB B 
wuum.npH'-ICCKOH S1'-!ei:ixe peaKTopa flpeopHHT HT3<l>-107, M .• 1978. 
Kono6awKHH B.M., Py6uos ll.M., Py)KaHCKHH n.A., Cn.nopeHKO B.)l. Pa.n11au1-10HHbte xapaKTep1-1-
CTHKH 06ny'-le1-rnoro Sl,Llepttoro TOnJJHBa. CnpaBO'-IHHK. M., 3HeproaTOMH3,llaT, 1983. 
BopMbl pa.n11au110H1-1oti 6eJonacHOCTH (HPE-99). M., MHH3.llpaa Pocc1m 1999. 

CTaTbJI nOCT)'ITHJla B pe.naKUIHO 20 ceHTJ16pJ1 2002 r . 
BonpOCbl aTOMHOH HayKH H TeXHHKH. 

Cep. <l>HJHKa JI.LlepHbrx peaKTopoB 2002, Bblil. 4, C. 23-31 

Y)lK 621.039 

HAKOil~EHHEPNUfOAKTHBHhIXHYKJill~OBIIPH 
AKTHBAQHH HEHTPOHAMII CBIDIQOBOH II CBIDIQOBO­

BHCMYTOBOH MIIIIIEHH 3.JIEKTPORJ(EPHOH YCT AHOBKH 
A.H. BollOBUK, A.C. I'epacUMoB, I'.B. Kucellee, TC 3aput/KaJl, B./(. t/epHel,fKUU 

11Hcmumym meopemu11ecKou u 3KCnepUMeHmaJlblWU <JnnuKu 

PaCC'HITaRbl HaKOOJlel!H.e pa.ni-roaKTIIBHblX ffYKJlK,llOB 11 pa.ni-rau110HHbfe xapaKTepHCTHKH CBH.HUOBOH H 

CBHHUOBO-BH.CMyrOBOH HeHTpOHOnpOH3B0.llSIIUei1 MHWeHH 3JJeKTPOll,LlepHOH yCTaHOBKH npH aKTHB3UH'H Hl13-

K03BepreTH'-IeCKHMH 11eirrp01-iaMH., npHXO.LlJIIUH.MH B MHWeHb H3 OKpylKaJ-OIJ.lero pa:3MHOlKaJ-OIJ.lero 6naH1<eTa, 
Joi Bb!COK03HepreTH'-leCKHMH. HewrpOHaMH. o6paJylOIJ.lHMHCJI B CaMOH MHUJCHJ,f, flpose.neHO cpaBHeHHe C aK­
niaa1..tRei1 npoTOHaMH OT na.nruo1I1ero npOTOHHOro ny<n<a. 

ACCUMULATfON OF RADIOACTIVE NUCLIDES lN NEUTRON ACTrVATION OF LEAD AND 
LEAD-BISMUTH TARGET OF ACCELERATOR-DRIVEN SYSTEM . A.I. VOLOVfK, A.S. GERASI­
MOV G.V. KISELEV, T. . ZARITSKAYA, V.D. CHERNETSKY. Accumulation of radioactive nuclides 
and radiation characteristics of lead and lead-bismuth neutron-producing target of accelerator-driven system 
are calculated for activation by low-energy neutrons from surrounding multiplicating blanket and by high­
energy neutrons from a target itself. Results are compared with those at activation by protons of incident pro­
ton beam. 
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BBE,ll;EHHE 

HeHi-pOHOTipOH3B0.lUIIl.laSI MHWeHb SIBJlSieTCSl OJI.HOH 113 rnaBHblX lfaCTeH 3JleKTpOSlJJ.ep. 

HOH ycTaHOBKH. Hccne.nosaHHe aKT11saum1 HeHTpoHonpOH3BO.llSIIl.leH MHWeHH npeJJ.CTaa. 

JlSleT 60J1bWOH HHTepec C TOYKH 3peHHSI o6ecneYeHHSl pa.D.HaUHOHHOH 6e3onaCHOCTH np 

3KCnnyaTaUHH 3JleKTposi.nepHOro KOMTIJleKca, npose.neHHH peMOHTHO - npocj>HJJaKTHY 

CKHX pa6oT 11 o6pall.leHHH c OTpa6oTasweH MHWeHbl-0. llo)J.aBJlSII-Oll.laR '-!aCTb HOBbfX HYI<• 

JlH)J.0B o6pa3yeTCSI B pe3yJ1bTaTe pa3BHTHa aJJ.pOHHOro KaCKa)J.a npH na)J.eHHH npoTOHOB 

MHUJeHb. O.u.HaKO KpOMe npoTOHOB MHWeHb TIO)J.BepraeTCSl TaIOKe o6nyYeHHJO HeHTp 

HaMH, npOH3Be)J.eHHhlMH B caMOH MHWeHH, H HeHTpOHa~rn, npHXOJJ.SlIU.HMH 113 TIOJJ.KpHTi1-

'-!eCKOro 6naHKeTa, 0Kpy)Kat01.Uero MHWeHb. ITonHasi oueHKa npou.eccos 06pa3osatt11~ 

ttyKJlHJJ.OB s 06.nyqaeMOH MHmettH SlBJlj{eTc51 secbMa CJlO)KHOH 3aJJ.aYeH. Mb1 orpaHHYH . 

L 

C 

a 
r 

B 

L 

c.s1 11cc11e.uosaHHeM npoueccos npo11:cxo.u.s1Ill.HX TIOJJ. .ueHCTBHeM tteHTpOHOB. AKT11sau~ 

npOTOHaMH paccMai-pHBaJTaCb JJ.PYrHMH aBTOpaMH B [l]. CpasHeHHe pa)J.Hal{HOHHblX xa. 

paKTepHCTHK MHUleHH, 06yc11osJ1eHHblX npOTOHaMH, C paJJ.HaU.HOHHbTMH xapaKTepHCTi1- 1 

KaMH, CKJla,llbrBalOill.HMHC51 no.a )J.eMCTBHeM HeHi-pOHOB, TI03BOJ1aeT ou,eHHTb OTHOCHTem,. f. 

ttylO 3Ha'-IHMOCTb Tex H .upyrnx aKTHBHPYl-011.lHX cj>aKTOpOB. 1 

B CT8Tbe HCCJle,uyeTca o6pa30BaHHe HOBblX pa,llHOttyKJlHJJ.OB B CBHHU.OBOH H CBHHUO- ~ 

so-BHCMYTOBOH MHWeHH no.a JJ.eHCTBHeM Hei:.\Tpottos, o6pa3YI-Olll.HXC.si s MHWeHH H 6naH- B 

KeTe. Cswttu,osasi MHWeHb HMeeT npHpOJJ.HblH H30TOnHblH cocrns. Cs11ttu,os0-

BHCMYTOBaa MHWeHb COJJ.ep)KJ,IT 44.5% CBHHUa 11 55,5% BHCMYTa npHpO.UHOro H30TOTI- 0 

ttoro cocTasa. TaKa51 KOMTI03HUHSI o6ecnet.msaeT HH3KYJO TeMnepa-rypy nnasnettl,[j{ C 

OKa3hIBaeTC51 TIO)J.XOJJ.,Slll.leH )J.Jl.51 HCTIOJ1b30B8HH51 B Ka'-leCTBe )KHJJ.KOMeTaJIJlHYeCKOH MH· C 

weHH. L 

Pattee B [2 3] npoBOJJ.HJlOCb aHaJJOrHYHOe HCCJ1e)J.OBaID1e o6pa30BaHH.SI ttyKJlH)J.0B C 

BOJlbcj>paMOBOH H xnopHJJ.HO-COJleBOH HeHTpOHonpOH3BOJJ..S!Il.leH MHllleHH. TaM TIOJJ.p06H Jl 

o6cy)KJJ.aJJaCb MeTO.UHKa pacYeTOB J,f yc11os11a 0611Y4eHHSI HetiTpoHaMH, rrpHXOJJ.Sll.l.lHMH K E 

6J1aHKeTa, 11 co6CTBeHHblMH HettTpOHaMH MHDJeHH. 

Hei-iTpOHbl, pO)KJJ.81-0lll.Hec.si B CaMOH MlillleHH, HMel-OT 3Hepnm B cpeJJ.HeM nopsi)J.Ka 2-
10 M3B, O)J.HaKo HX cneKi-p rrpO.UOJl)KaeTCSl .uo cyll.leCTBeHHO 6onee BblCOKHX 3Hepnu1 

CpeJJ.H.S!Sl no o6beMy MHlUeHH TIJlOTHOCTb □OTOKa BblCOK03HepreTH'-leCKHX HeHTpOHO 

COCTaBJlj{eT npHMepHO I015
ttettTp./(cM

2
c) npH 3HeprnH npOT0H0B 1 f 3 B H TOKe fiyY 

10 MA. 
IToTOKH w crreKTp HeHTpOHOB, npHXOJJ.Sll.l.lHX Ha MHllleHb H3 6naHKeTa, xapaKTepH 

)J.Jl.SI o6hf'-IHblX peaKT0p0B. )lnSl o6E,l'-IHblX 6naHKeTOB Ha TeTIJl0BblX HeHT{)OHax □JlOTH0C'Tf 

□0T0Ka HeHTp0H0B COCTaBJlSieT l013 
- 1014 

Heihp/ (cM
2
c), a JJ.JlSl BblC0KOTI0T0Y_HbfX 6naHK& 

T0B M0)KeT JJ.0CTHraTb HeCKOJlbKHX e)J.HHHU Ha 1015 
HeHTp/(cM

2
c). 

ITpH 0611y'-!emn1 CBHHUOBOH H CBHHUOBO-BHCMYTOBOH MHWeHH C xapaKTepHblMH p 

MepaMH B HeCKOJlbK0 )J.eCSlTK0B caHTHMei-pos 3cpcpeKTbl caM03KpaHHpOBKOH MHllieHH JUI 
TefIJl0BbIX HeHT{)OHOB BeCbMa cna6bt, OHM He npHB0)J.j{T K npOCTpaHCTBeHHOH HepasH01 

MepH0CTH TI0T0KOB TeTIJl0BblX H pe30HaHCHblX HeHT{)OHOB. 

Pa.u11auHOHHbIMH xapaKTepHCTHKaMH SlBJlRJOTCSl aKTHBH0CTb HYKJlHJJ.0B Q, pa)J.H0TO~ 

CH'-IH0CTh no B0)J.e PT H npOH3Be)J.eHHe Qr, .ual-011.lee pa.u11aU,HOHttyl-O M0ill.HOCTb JJ.03~ 

H3J1Y'-lemrn aKTHBHposaHHOH MHllleHH. PaJJ.HOTOKCH'-IHOCTb onpe.uenSleT pa,llH0Jl0rH.4 

CKYJO onacHOCTb npH pa3pyrneHHH MHWem1 H nona.uaHHH ee cj>parMeHTOB B OKpy)Ka(()' 
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JJ.l)'IO cpe,uy. Pa,uHaLViOHHrul MOIJ.lHOCTb ,U03bJ onpe,ueJUleT pa,uHal..U'IOt-rnylO onacHOCTb npH 

o6paweHHI1 C MHmeHblO. PanHOTOKCWlHOCTb BbJIIBCJHI.JI8Cb no npeneJibHO .uorrycTHMbIM 

!p, aJ(fHBH0CTj[M HYKJJHJlOB s sone [4]. IlpH Bbl"IHCJieHHH Qr, npencrnsmnoru:eti CYMM)' Q,r, 
:1.e. no pa.u1maKTHBHbJM HYKJJH,llaM, 1-1cnoJ1bJOBaJ1HCh 3Ha"leHIDI raMMa-rrocT0HHHbTX C 
pij 1'[3 [5, 6]. 
-I Pa.u11au110HHbie xapaKTepHCTHKH 06JJY"leHHOH MKIIJeHH orrpe.ueml}()TC.11 fJlaBHI,IM 06-

y'I<, pa30M .UBYMH HYKJ1H.D.aMH: 
204

Tl (T112 = 3,784 ro.ua) H aJ1bcJ}a-pa.u11oaKTHBHbIM 

B 210p 0 (I 38 cyr.). 
204

T l 06pa3yeTc.11 m 204
P b no rroporosoH peaKUKH (n p) npH o6Jiyqemm 

V 210p 6 209B· 
JQ. BbJC0K03HepreTH"leCKHMH He.HTJ)0HaMH. 0 0 pa3yeTCH H3 I, HMeIDmeroc.11 B CBHH-

n1. uoso-BHCMYTOBOH MHllleHH, H H3 
208

Pb qepe3 npoMe)KyrO'IHhI.H 
209

Bi. 

m~ 

llQ. 

att· 
BQ. 

OTI· 

R 

Mil· 

1B E 

OH 
{ . 

a 2· 
' IDt 
HOI 

'l.{ 

p 
)C'Tr­

:IK 

AKTHBAJUUI TEIIJIOBhIMH HEHTPOHAMH 

IlpH pact.teTax o6pa30BaHHH HYKillf.UOB IlO.U .ueHCTBHeM TeTIJT0BhIX HeHTpOH0B 6JiaHKe­

Ta CKOpOCTH peaK.I.J;]1H BbJtUICJUIJlHCb no 3Ha"leHHHM TenJI0BbTX ceqeffifi:i CT; Ii pe30HaHCHbJX 

J,IHTerpanos I, [7] H nepH0,ll0B noJ1ypacna.ua [8] JlJlH 3a,UaHHblX 3Hal'.feHHH TIJT0THOCTH II0-

T0Ka TefIJI0BblX HeHTp0H0B <I> Ii )KeCTK0CTH cneKTJ)a y. PaccMaTJ)IIBaJIHCb TPH 3Hat.teHml 

IlJl0TH0CTH noTOKa <I> = 1014
, 3. 1014 

H 1015 
HeHTJ)./(cM

2
c) J,f 3Ha"lemte y=0,4, C0OTBeTCT­

syt0mee nerKOB0JJ.HOMY 6naHKe-ry. BpeMH o6JiyqeHHH 1 ro.u. 

B rn6JIHu;e l npe.ucrnsJ1eH&1 cpe.um1e no 061,eMY MHllleHH K0HU:eHTPaUHH HYKJIHJJ.0B s 

CBl-t:HU:OBOH MHllleHH B Hat.tane H K0HIJ;e 06Jiyqettm1. OHH HOpMHposaHbl Ha o;.nm .11.upo 

csmrn.a B Hal'.faJie o6JiyqeIDUI. B rn61rnue 2 npe)J.CTaBJieHbI KOHIJ;e8TpaU:HH HYKJIH)J.0B B 

CBHHIJ,080-BHCMyrOBOtt MITTileHH. Omt H0pMHpOBaHbI Ha 0JlHO H,D,po J,fCXO,ll,HOH KOMII03H­

UIDI HYKJIH.ll.0B s HallaJie o6eyt.temui. B rn6JIHIJ,e 2 11 cne.uyIDru:HX rn6mru;ax He np11son.11T­

c.11 Koau;eHTpau1111 crn6HJ1bHoro 
205

TI H 
210

mBi, HMet0ru:ero nep110.u noeypacrra.ua 3 · 106 

neT, noCKOJibKY 0HH o6pa3yIDTCH B He3H8lfHTeJibHbIX K0JIH"leCTBax H He 0Ka3bJBaIOT 

BJlIDIHIDI Ha pa.n.HaQHOHHble xapaKTepHCTHKH MHIIIeHeH. 

Hy10111.11 

4
""Pb 

2osPb 

206pb 

201Pb 

208Pb 

205TI 

209Bi 

21omBi 

210p0 

Ta 6 n 11 u a 1. KoHueHTp3UHl1 HYIC.IIHAOB np11 06J1y'feHHH CBHHUOBOH MHWeHH 

TeOJlOBblMH HeihpoHaMH 

Ha'lano 06ny'lemu1 
<1>, Heirrp/(cM"c) 

101~ 3. 10 14 101~ 

0 0143 0,0142 0,0140 0.0137 
0 6,57 · 10-5 1,95 · 10-4 6,44 · 10-4 

0,242 0,241 0,241 0,241 
0,221 0,220 0,218 0,2 15 
0,523 0,524 0,526 0,529 

0 I 52· 10·12 4.55 · 10·12 1,49 • 10-II 

0 2, 15 · 10-6 6,45 · 10-6 2, 15 · 10·5 

0 l,06·10-10 9,54· 10-10 1,06· 10-8 

0 I 57· 10·10 ,, 1,41 · 10-9 1 58 · 10-8 
' 

33 



Ta 6 n H u a 2. Kom.1eHTpaUHII HYKJIHJl0B npH 06ny,-1emm CBHHUOB0-BHCMYTOBOlt MHwe,m 

TenJI0BblMH HeiiTpOH3MH 

HyKmlJJ. Ha'laJJO 06ny<1emu1 
<D. HetlTJ)/(cM-c) 

1014 3. 1014 IO', 
C\MPb 6.4· 10·3 6,4 · I 0·3 6.3. 10·3 6.1 · 10·3 

205Pb 0 2,94 · 10·5 8,79 · 10·5 2,88 · I 0-4 
206Pb 0,107 0.107 0.107 0.107 
201Pb 0,0983 0.0981 0,0970 0,0959 
20sPb 0,233 0.233 0,234 0,235 
209Bi 0,555 0.555 0,554 0,553 
210p0 0 6,31 · 10·5 1,89· 10-4 6,30 · 10-4 

AKTHBAIJ;IU[ Jil,ICTPhIMH HEHTPOHAMH 

~, 
-

ITpH pacqe-rax o6pa:msaHHJI H)'KJTHJJ,OB no.u JJ,el1CTBHeM BblCOK03HepreTH4eCKHX HeH­

TPOHOB, po)l(JleHHblX B CaMOH MHmem1, Y'·HITblBaJlHCb noporoBble peaKUHH. ,lLJut npOCTQ. 

Tb( paCCMaTpHBaJlOCb o6nyqem,e MOH03HepreTHqecKHMH HeHTpOHaMH C 3HeprHeH 10 
M3B npH nJTOTHOCTH nOTOKa <p = I 015

, 3. 1015
H I 016

HeiiTp./(cM
2
c), '-lTO np11MepHO COOT• 

BeTCTByeT TOKY npoTOHHoro ny4Ka 10, 30 H I 00 MA npH 3Hepnrn npoTOHOB 1 r 38. 

BpeMjl o6ny4eHHSI 1 ro.IJ,. 3Ha4eHHSI HeHTpOHHhIX ce4eHHH B3SITbI 113 611611110TeKH ce4e. 

HHH [9]. 
B Ta6mme 3 npe.ucras11eHb1 KOHUeHTPaUH.H HYKJTH.UOB s CBHHUOBOH MHmeHH, s Ta6-

11.1-1ue 4 - KOHUeHTpawrn H)'KJTH.[{0B B CBH.HUOBO-B11CMYTOBOH MHilleHH. Om1 HOpMHpo­

BaHbl Ha OJJ,HO S!)lpO B 1-1aqane o6ny4eJfl-Ul. 
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Hy1rnHJ1 

~""'Pb 
204TI 
206pb 
201Pb 
2osPb 
2oqBi 
210p0 

Ta 6 n H u a 3. Ko11ue11Tpau1111 HYKJIIIJJ.0B npH o6ny'-femm csnHuosoii M1tweHH 

11eiiTpoHaM1t c :rnepr11eii 10 MJB 

Ha'-laJJO <p. Hei1Tp/( cr-.?c) 
06nyl.fem1S1 IO" 3. 1015 1010 

0,0143 0.0143 0,0143 0.0143 
0 2,47. W-7 7,42· 10·1 2,47 · 10-6 

0,242 0.241 0.241 0,241 
0.221 0.221 0,221 0,221 
0,523 0,523 0,523 0.523 

0 2.81 · 10·5 8.42 · 10"5 2,80 · I 0-4 

0 5.23. 10·10 4,71 · 10-9 5.23. 10·3 

Ta 6 n H u a 4. Ko11ueHTpau1t1t HYKJIH/108 npH 06J1y'feHHlt CBHHU0B0-BHCMYT0B0H 

M1twe111t 11eitTpo11aMH c JHeprneit 10 MJB 

Ha'-laJJO <p. HeHTp/(cM2C) 
HyKJlHJl 

06nyqemt.S1 IOD 3. 1015 10'0 

' ""Pb 6.4· 10·3 6,4 · 10·3 6.4 · 10·1 6.4 · 10·3 

204TI 0 I.I I· 10·7 3,33 · I 0·7 1, 11 · 10·6 

206pb 0, 107 0, 107 0,107 0.107 
201Pb 0.0983 0,0983 0,0983 0,0983 
2osPb 0.233 0,233 0.233 0.233 
209Bi 0,555 0.555 0,554 0,553 
210p0 0 1,61 · I0"5 4,83 · 10·5 1,61 · 10-1 

l 
.'I 

II 

I 

I 

.~ 
I 

I 

'I 

'-

-

..... 

..... 

-
-
-
-

-

E 

JJ 

1 

r 
Ii 

Ii 

3 
N 



ro. 
10 

-

TalOKe KaK npH 06J1Y'-feHIU{ TenJlOBblMH HeHTpOH8Ml1, KOHL{eHTJ)au;m1 llOpo B CBHHL{O­

BOH MHU1eH11 3aBHCHT OT nJlOTHOCTH nOTOKa KBa.n.pant:4HO B CBHHQOBO-BHCMYfOBOH 

v K 204TI v r.niweHl1 - JlHHeHHO. OHL{eHTpau;I-UI TaJOKe 3aBHCHT JlHHeHH0 OT CTJl0THOCTH n0T0-

)(8, nocKOJlbKY OH o6pa3yeTCSI H3 
204Pb nyreM o.n;HoKpaTHoro 3axsaTa HeHTpOHa. 

p A,L(IIAIUIOHHl>IE XAP AKTEPHCTHKH OliJIY1IEHHLIX MHillEHEH 

B Ta6m1.u;e 5 npe.n;CTaBJleHbf 3Ha<JeHHSI aKnfBHOCTH Q, pa,n.HOT0KCHYHOCTH PT H pa­

)llf_al.{HOHHOH M0lllHOCTH .LJ;03bl Qr CBHHUOBOH MHlUeHH 0611yqeHHOli TenJlOBblMH HeH­

TpoHaMH c noc11e.n;yJOl1leH BbJJJ.ep)KKOH B Te<Jettwe 0 ( cpa3y noc11e 06J1Y'-femu1) 0,5 11 2 
ro.n.a. B rn6m1u;e 6 npHBe.n.eHbI aHa11orH'-IHb1e .n.aHHble .ll./Ul CBHHQOBO-BHCMYTOBOH M11we­

HH- B Ta6nID.{aX 7, 8 npe.n.cTaBJleHI,I TaKHe )Ke .n.aHHble J].JlSI 06nyqemu1 10 M3B-Hb1MH 

tteHTJ)OHaMH. ):(aHHble CO0TBeTCTByJOT nn0THOCTH nOTOKa TenJlOBbIX HeHTpOHOB 

3. 1014 
Hei:frp./(cM

2
c) HJIH 10 M3B-HblX HeihpOHOB - 3 · 1015 

HeHTp./(cM
2
c). OHH HOp­

MHpOBaHbl Ha I r MH.WeHH. 

-

-

HyKJJll.ll 

, v, Pb 

2Iop 0 

Bcero 

iiupo 

Bcero 

, u, Pb 

210p0 

Bcero 

Ta 6 J1 H u a 5. Pa.QH3UHOHHble xapaKTepHCTHKH CBHHUOBOM MHWeHH 

npH 06JJy'feHHH TenJJOBblMH HeiiTpOHaMH 

BpeMll BbUtep>KJCJ,1, JleT 

0 0,5 2 
Al<THBHOCTb, KHfr 

2,78· 10"8 2,78- 10"8 2,78 · 10"8 

6.42 · I 0-6 2,58- 10"6 1,66· 10·7 

6,45 · I 0-6 2,61-10"6 1,94 · 10·7 

PanHUHOHHlUI MOLUHOCTb ,!lOJbl, p · CM
2
/(r · 4) 

3,53 · 10-7 1,42·10"7 9, 11 · )0·9 

3.53 · 10·7 1,42· 10·7 9, 11 · I 0-9 

PanHOTOKCH4HOCTb, n/ r 

2,06 2,06 2,06 

I 98 · 106 7 96· 105 5, 12· 104 

1,98 · 106 7,96·105 5,12· 104 

Ta 6 J1 H u a 6. Pa,nH3UHOHHble xapaKTepHCTHKH CBHHUOBO-BHCMYTOBOH MHWeHH 

npH o6JJy'feHHH TenJJOBblMH HeHTpOH3MH 

HyKJlH)l 
BpeMR Bbl.llep>KKH, JleT 

0 0,S 2 
AKTHBHOCTb, KH.lr 

, u,Pb I 2S· I0-8 1,2S · 10·8 1,25 · I0-8 

2Iop0 0,863 0.346 0,0223 
Bcero 0,863 0.346 0,0223 

PanHUHOHHlUI MOUlHOCTb .!l03bl, p • CM2/ (r • 4) 
ZlvpO 0 047S 0,0190 1,22 · 10·3 

Bcero 0.047S 0,0190 l.22 · 10·3 

PammTOKCHLJHOCTb, n/r 
•v,Pb 0,93 0,93 0,93 
2I0p0 2.66 · 1011 1,07 · 1011 6,88 · 109 

Bcero 2,66 · !011 1,07 · 1011 6,88 · 109 
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Ta 6 JI H u a 7. Pa,llH3UHOHHble xapaKTepHCTHKH CBHHU0B0H ~mweHH np11 o6ny'feHHlf 

11eifrpo11aM11 c :meprneii 10 MJB 

HyKmm 
BpeMll BbUlep)f(KH, JICT 

0 0,5 2 
AKTMBHOCTb, KH/r 

'""Tl 3,37 · I 0-4 3,08 · 10-4 2,34 · 10-4 
21op0 2, (4· 10·5 8,57 · 10·6 5,52 · 10·1 

Bcero 3,58 · I 0-4 3,17 · 10-4 2,35 · I 0-4 

Pa.uHUHOHl-HlJI MOIUHOCTb ,ll.OJbl, p · CM
2
/(r • 'f) 

"""Tl 1,65· 10·3 1,51 · 10·3 I, 15 · 10·3 

21op0 1,17· 10·6 4,69 · 10·7 3,02 · 10·3 

Bcero 1,65 · 10·3 1.51 · 10·3 1,15 · 10·3 

Pa,uHOTOKCH'IHOCTI>, JJ!r 

'""Tl 1,04· 105 9.51. l04 7,22 · 104 

210p0 6,60 · 106 2,65 · 106 1,70· 105 

Bcero 6,70 · 106 2,75· 106 2,42 · 105 

Ta 6 JI Hu a 8. Pa,llH3UHOHHble xapaKTepHCTHKlf CBHHU0BO-BHCMYTOBOH MHWeHH npH o6ny'feHHH 

HeifTpoHaMH c JHeprneii 10 MJB 

HyKJIH.ll 
BpeMll BbUlCp)f(KH, JICT 

0 0,5 2 
AKTHBHOCTb, KHlr 

l~l 1,51 · I 0-4 1,38 · 10-4 1,05· 10·4 

21op
0 0,218 0,0878 5,63 · 10·3 

Bcero 0,218 0,0879 5,73 · 10·3 

Pa,ulfUHOHHaJI MOIUHOCTI> .ll03bl, p · CM
2
/(r • 'f) 

l~I 7.40 · I 0-4 6,75 · 10-4 5,13 · 10-4 
2rop0 0,0120 4.82 · I 0·3 3, IO· I 0-4 
Bcero 0,0128 5,50. 10·3 8,23 · 10-4 

Pa.uHOTOKCH'fHOCTb. Jl/r 
204TI 4.66· 104 4.26. 104 3,24 · 104 

2rop0 6,73 · 1010 2,71 · 1010 I, 71 · I 09 

Bcero 6.73 · 1010 2,71. 1010 1.7 I· 109 

I1peJJ.CT8BJTeHHbJe )J.8HHbie n0K83bJB8IOT, 'fT0 npH 0611yYeHHH TenJT0BblMH HeHTp0HaMH 

KaK CBHHUOBOH, T8K 11 CBHHU0B0-BHCMyr0B0H MHWeHH paJJ.H0T0KCH'fH0CTb H paJJ.H8UH-

0HHcUI M0J.UH0CTb .U03bl 06yc110BJ1eHbl H)'KJTH)J.0M 
210Pa. Ilp11 0611y'feHHH BbJC0K0:mepre­

TH'feCKHMH HeHTPOH8MH CBHHUOBOH MHUJeHH pa.uHaUH0HHcUI M0LUH0CTb )J.03bl onpe.uemr­

eTCj[ ttyKJIHJJ.0M 
204Tl, paJJ.H0T0KCH'fH0CTb -

210Pa. B CBHHUOBO-BHCMyrOBOH MHWeHH pa­

JJ.H8UH0HHaj[ M0ll.lH0CTb )J.03bl H pa,UH0T0KCHl.!H0CTb onpeJJ.eJTj[IQTCH H)'KJTH.)J.0M 
210Pa. 

3AKJI10lJEHHE 

I1011yqeHHbJe .uaHHbJe n03BQJ1j[}OT cpaBHHTb BJTH_j[HHe TenJT0BblX HeHTpOHOB 113 6naH­

KeTa, 6bICTPblX HeHTpOHOB OT C8MOH MHWeHH, a TaJOKe np0T0H0B OT np0T0HH0ro ny'-IK8 

[l] Ha 8KTHB81..(111O MHWeHH. B [1] Bbl'fHCJlj[JTJ,fCb aKTH.BH0CTH HYKJTH)J.0B B CBHHUOBOH H 

CBHHUOBO-BHCMyrOBOH MHWeHH npH 0611yYeHHH np0T0HHblM ll)"IK0M C :rneprneii 800 
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M3B H TOKOM 30 MA B Te1leHHe 1 ro,n.a. 3tta1leHHSI pa,D.HOTOKCH'-IHOCTH H pa,n.HaU.HOHHOH 

MOUJ.HOCTH ,ll.03bl, BbJ4.HCJleHHbre no ,n.aHHblM H3 [ 1 ], npHBe,D.eHbl B Ta6JIHU.aX 9, 10. 

Ta 6 JI H u a 9. PallH3UHOHHble xapaKTepHCTHKH CBltHUOBOH MHWe1m np11 o6nytJeHHH npOTOH3MH 

BpeMll Bbt.nep)l(KH, JleT 
HyKJll1)l 0,5 2 

Qr. p. CM2/(r . lf) RT, J1/r Qr. p • CM
2/(r · 4) RT. J1/r 

,~,Pt 0 1,01 · 104 0 1,00 · 104 

J94Hg 0 1,79· 106 0 1,78 · 106 

J94Au 0.729 1.47 · 104 0,723 1.46 · I 04 

J95Au 23.1 3,97 · 106 3.00 5,17 · l05 

204TI 0.0941 5,93 · 106 0,0696 4,38 · 106 

w1Bi 1.37 5.56 · 104 1,34 5,42 · 104 

2l0po 3,34 · 10"8 1,88· 105 2, 15 · 10·9 1.21 · I 04 

Bcero 25,3 1,20·107 5, 14 6,77 · 106 

Ta 6 JI 11 u a 10. PaJVtaUHOHHble xapaKTep11CTHKH CBIIHUOBO-BHCMYTOBOH MHWeHH npH o6nr,emrn 

npOTOH3MH 

BpeMl! Bbl,llep)l(Kl1, JleT 

HyKJIH.!1 0.5 2 

Qf, P · CM2/(r · 4) RT, JJ/r Qr, p • CM2/(r · '1) RT, JJ/r 
l9Jpt 0 8,66 · 103 0 8.43 · I 03 

l94 H g 0 1,45. 106 0 1,45· 106 

J94Au 0,590 1.19 · 104 0,590 1, 19 · 104 

19sAu 18.6 3,19·106 2,39 4, 11 · l05 

204TI 0.0451 2,84· l06 0,0344 2, 17 · l06 

2018 i 131 5.29· 106 127 5, 15 · 106 

210p 0 6.16 · 10-4 3.46. l09 3,92 · 10·5 2,20 · l08 

Bcero 150 3.47 ·109 130 2,29 · I 08 

KaK nOKa3blBa!OT BeCbMa npH6moKeHHble ou.eHKH, MO)KH0 C'-IHTaTb, l{TO TOKY npo­

TOHHoro nytIKa 30 MA npH 3HeprnH npOTOHOB 800 M3B no nopS!.z:u<Y BeJUf1{11ttbl COOTBeT­

CTByeT nnoTHOCTb TTOTOKa 6blCTpblX HeihpottOB OT MHlileHH 3. 1015 
tteHTp./(cM

2
c) H TeIT­

JlOBbIX tteHTpOHOB OT 6naHKeTa 3 . IO 14 
HeHTp./( CM

2
C ) . TaKHM o6pa30M, Mb[ MO)l(eM npS!­

M0 cpasmrnaTb ,n.aHHble Ta6JIHLJ. 5-9. 

ITpH o6nyqettHH CBHHU.OBOH MHWeHH HaH60JlbWYIO aKTHBaQIDO ,n.aeT npOTOHHblH ny­
lf0K. O6yc11osneHHaS1 HM pa,n.HOTOKCH4HOCTb B HeCKOJlbK0 pa3 BbIIlle 4eM Bbl3BaHHaSI 

6b1CTpblMH HeihpoHaMH caMOH MHWeHH H Ha nopS!A0K BbIUie 4eM C03,ll.aHHaSI TenJI0Bbl­

MH HewrpoHaMH 6naHKeTa. PamrnUHOHttaSI M0IJ..lH0CTb ,ll.03bl 6onee '-leM Ha TpH nopS!,D.Ka 

Bblllle, '-IeM Bbl3BaHHaSI HeHTpottaMH. HaH60JlblllHH BKJla,ll. B pa.D.H0T 0KCH'lliOCTb ,n.aeT 
204Tl 

(T112= 3 78 neT) HaH60JlbWHH BKJla,ll. B pa,nHaUH0HH)'IO M0IJ..lH0CTb ,ll.03bJ .n.aeT 
195 

Au (T112= 0 5 ro,n.a). 

ITp11 06.Il)''leHHH CBHHU.0B0-BHCMYTOBOH MHWettH npoTOHHhlH nytfOK onpe,n.emreT pa­

AHaU.H0HH)'IO M0ll.lHOCTb )J.0 3bl aKTHBHpOBaHHOH MHWettH. Otta Ha 4 nopS!)J.Ka BbTUie '-IeM 

C03)].aHHaSI HeHTpOHaMH. HaH60JlbUJHH BKJia)J. B paaHaQH0HH)'IO M0lllH0CTb ,ll03bl ,UaeT 
201B. (T 6 ~ I 112= 38 neT). Pa,n.HOTOKCH4HOCT b onpe.n.eAAeTCSI 0 ny'-IeHHeM TeITJJOBblMH He11Tpo-

liaMH OT 6naHJ<eTa. Otta B HeCK0JlbKO pa3 BbIWe, 4eM pa,Ul10T0KCH'-{HOCTb 3a C'-leT 6b1CT-
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a 

pb!X HeifrpOHOB CaMOH MHWem1, M Ha .nsa nopH)].Ka Bb!We LieM 3a C'-leT np0T0HH0ro ny'-1-

Ka. Ba)f(H8H p0Jib TeI1Jl0BblX 11ei1rpoHOB npH o6nyLieHHH CBHHUOB0-BHCMYT0BOH MHWem:1 

o6b.RCHHeTCH ttyl<JIHJl.0M 
210

Po, K0TOpblH cym.ecrneI-mo 6oJibille o6pa.3yeTCH np11 o6ny4e­

Hl111 BHCMYTa TenJI0BblMH HeihpoHaMH, 4eM np11 o6ny4eHHl1 6blCTpb1Ml1 HeHTpOH8MH 

HJIH np11 pa3B11THH a.npo111Ioro KacKa,ua. 

A6COJIIOTHble 3lla4eHf,U! pa;:nt:aUHOHHOH M0UJ.H0CTH Jl.03bl npH Bbl,nep)KKe B HeCK0JlbK0 

JleT n0Ka3blBalOT, 4T0 0CTaT04H0e 113JIYl.!eHl-i:e MHWeHH Jl.0B0JlbH0 CHJlbH0e. I1p11 o6pa­

LUeHHl1 C 06J1YLieHHOH MHWeHblO Tpe6y!OTCH cneuHaJibHble Mepbl pa,nHaUHOHHOH 38UJ.H­

Tbl. 
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Y.ll,K: 539.16 

P ACqET HHTEHCHBHOCTH If CTQqHifKQB 
P NJ:HOAKTHBIThIX H3JiyqEHIIH (TIPOrP AMMA SOURCE) 

)Kepoee I'M, 3a6poocKCIJl CB., HuKo.rzaee MH 
(/)muKo-~11ep2emu11ecKuu uHcmumym, 

B.r1acKw1 I'H, Po20:J1CKUH B.10. 

Bcec010111b1u Hay111-10-ucc.11eooaame11bcKuu uHcmumym 

11eop2a11u11ecKux 111amepuCl.1lo6 

TTp11 one11Ke pa,n11auwo1moii o6cTaHOBKl1 np11 o6pautemrn c pa.nHoaKTI1Bllb1M11 0emecreaM11 BCTaeT 3a­
,11a4a pac4crn 11HTe11c11aHOCT11 pam1oai,.--rne11b1x 11Jny4e1111w. Onucb1aacMaJ1 HHlKe nporpaMMa SOURCE npe.n-
113311a4e11a .am, pewemu, 11Me11110 JTOH 3a,na'111. ITepeHOC 113Jly4e1111!,1. HcnycKaeMhlX pa.n11oaKTl1BHOH cpe.noi1. 
Ii oue11Ka q,opM11pyeMblX WM11 nonei1 MOLUHOCTH JK.811BaJleHTHOH 11(11n11) <p<pCKTHBHOH .ll.03bl B 3a,na4y npo­
rpaMMbl SOURCE 11e exomrr: '.>Ta 43CTb JaJla'rn pewaeTCll .npyrnMH M0.11.YJtllMH Bhl4HCJ111TeJ1bHOH c11CTeMb1 

KAJlA ll]. e cocTae KOTOpoi1 exonHT 11 nporpaM\<fa SOURCE. CTPYKT)'J)HO nporpaMMa SOURCE npen­
c-raenlleT co6ofi KOMnneKc. B KOTOpblH B Ka4ecrnc Mo.nynett BX0.11.RT nporpaMMbI SOURGAN (pac4CT cl>OTOH­
HOrO 11CT04Hl1Ka 11 HCT04ll11Ka HeATPOIIOB CnOHTallHOro .ne.11e111-1n), nporpa,1Ma NED!S (paC4eT 11CT04IIHKa 
HeilTpOHOB peaKU1111 (a, n)). 6116n110TeKa pacna.nHbIX .naHHblX EHAo-93.2 H 61111apHaJ1 6116J1HOTeKa .D.3HHblX 0 
ce4eHHRX pcaKUHH (a, n) II yrnoBblX pacnpe11eneHl1H HCn)'CKaeMblX HeHTpOHOB. 

CALCULATIO OF RADIOACTIVE SOURCES INTE SITY (CODE OURCE). JERDEV G.M., 
ZABROD KAJA S. V .. NIKOLAEV M . .. VLA KING. ., ROGOZI !KI V.YU. The radioactive radiation 
inten ity calculation is neces ary for e timation of radioactive situation during treatment of the radioactive 
material . Code SOURCE de cribed below decides namely this problem. Problems of radiation transport and 
e timation of dose fields (equivalent and/or effective) are solved by other modules of SKALA system [I] in 
\\ hich code SOURCE is included. 

Code SO RC£ includes the module SOURGAS (calculation of photon ource and spontaneous fission 
neutron source) and module I EDIS (calculation of source of neutron born in the (a. n)-reaction). ABBN-93.2 
decay data library and binal") libr31")' of (a. n)- cross-sections and angular distributions of emitted neutrons are 
al o included in the code OURCE. 

EH.6JillOTEKA P ACIIA,lUILIX ,ll;AHHbIX 

XapaKTep11crnKH paJJ.11oaKTJ1BHbL 113ny1-ieH11ii, 11cnycKaeMbIX cpeAOH coJJ.ep)Kameii 

paJJ.HOH)'KJUIJl.hI, nporpaMMa SOURCE YepnaeT H3 6116J1110TeK11 pacrraJJ.HbIX AaHHbJX CHC­

TeMb1 KOHCTaHT EHAE-93.2. no cpaBHeHHJO C nepBOHa'-laJibHOH BepcHeH 3TOH 6J.16Jmo­

TeK11 [2] Bepc11H EHAE-93.2 cyLUecTBeHHO pacurnpeHa. KaK 11 npe)KJ(e, ocuosm,1e pac­

naii.Hbie xapaKTep11cT11K11 - Ha11MeHOBatt11e 113OTona HJIH H3OMepa, nepHOA no.nypacna.ua 

H e,D,HHRUa ero 113MepeHJ1H K03cpcpwu11eHTbl BeTBJleHl-rn no OCHOBHbIM KaHaJlaM pacna.ua 

(n03HTpOHHblH pacna.u 11 3aXBaT op6ITTaJlbHOf0 3JleKTpOHa 6eTa-Ml1H)'C-pacna.u, H3OMep­

HblH nepexo.u, a11bcpa-pacna.u, cnoHTaHHoe .n;enett11e) 11 3Heprosb1.n:erreHID1 3a cYeT 11cnyc-

1<att1u1 cpoTOHOB (E-GAM), 311e1<Tpottos 11 no31upottos (E-LEP) a11bcpa-4acrnu, H,nep OT­

AaYw H npOAYKTOB .ne11eHID1 (E-BAR) - np11BO,ll,HTCH B Ta6Jmue OCHOBHblX pacna,AHbIX 

.ll,aHHbIX .UJUI. see, ::meMeHTOB OT Z= 1 .uo Z= 101. ,UnH KIDK,ll.Oro 3JleMeHTa npHBO)];RTCH 

AaHHble JlJljl scex H3OTOITOB KOTOpble Moryr 6hITb ITO.IT)"-!eHbl B pe3yJlbTaTe nocne.n;osa-
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TeJJbHOCTH HeCKOJlbKliX HeHTpOHHblX peaKUHH 11J1H o6pa30BaTbCH npH pa,UHOaKTHBHOM 

pacna,ue npo.uyKTOB 3THX peaKU,HH. B OTJJHl-lHe OT cpopMaTa, OTIHCaHHOro B pa6oTe [3], 
Ta6mn.J,bI MF=90 s £HA6-93 .2 pacurnpeHbI nyreM BBe.uemrn .llOTIOJJHJ1TeJJbHblX CTpOK. 

CMblCJJ H cpopMaT npe.ucrnsneHHH ,uaHHblX 3THX Ta61rnu □051.CHHM npHMepoM, .uaHHblM B 

rn611Hue l. 

Ta 6 J1 H u a I. IlpHMep Ta6JJHUbl MF=90 .llJIH HlOTonoe npoTaKTHHHH. 

NAM=PA BIB=FOND MF= 90 MT= 0 z 91 
LT= 17 LC= 1 2 LS= 12 LF = (I4 ,a2 , e6 . 0,al , 5e7.0 , 3e8.0J 

* A Tl/2 BETA+ BETA- IT ALFA SF E-GAM E- LEP E- BAR 
* 

2290 C 1. 4d 99 . 75 .25 0 . 917 0 . 0 0 . 0140 
B 0 . 0 
s 0 0 . 0138 0.917 

2300 C 17 . 4d 90 . 5 9 . 5 3 . 2 - 5 0 . 5897 0 . 0666 1 . 60-4 
B 0 . 0 
s 0 . 0139 0.0527 1 . 59- 4 0 . 5897 

2310 B3 . 28 +4 y 100 . 3 . 0- 10 0 . 0387 0 . 0622 5.061 
s 0 . 0622 4 . 974 1. 5 0 . 0387 

2320 C 1. 31d 3.0- 5 100 . 0 . 9364 0 . 1706 0 
B 0.0 
s 0 . 0935 0 . 07 71 0 . 9364 

2330 B 27.d 100 . 0 . 2158 0 . 1904 0 
s 0.0599 0 . 1305 0 . 21 58 

2340 B 6. 7h 100 . 1 . 3823 0 . 39 48 0 
s 0.1874 0 . 2074 1. 3823 

23 41 B 1. 17m 99 . 87 0 . 13 0 . 0116 0.8189 0 
s 0 . 8161 0 . 0028 0 . 0116 

* 
flepBbie .use CTPOKH - 3aroJJOBOI.JHble. flocne KJUO'-leBoro CJJOBa NAM= yi<:a3aH Xii-

Mlf4eCKHH CHMBOJJ 3neMettTa. flocne KJJIOLJesoro cnoBa Z= - ero 3apH.uosoe '-IHCJTO. Bo 

BTOpOH CTpOKe LT= YKa3bIBaeT 'iHCJJO CTpOK B TeJJe Ta6JJHUbl (6e3 ycieTa CTPOK KOMMeH-

TapHeB, OTMeLJeHHblX 3Be3,l{Ol.JKOH B nepBOH □031'fl.llrn), LT= H LS= - '-IHCJJO CTon6uos. 

LF= H cne,n;ylOU.J,HH 3a HHM oneparnp cpopMaTa onpe.uern110T cpopMaT C'-IHTbtBaHHH HH­

cpopMal{HH H3 CTpOK rn6mU.J,bl. 

Pa3JJHCHlIOTCH rnaBHble H .llOCTOJJHHTeJibHbie CTPOl<H. CMbICJT '-IHCeJT CTOHlllliX s CTOJJ6-

uax rnaBHhIX CTPOK .UJTH Ta6m1.u MF=90 noHclUleTCH eme CTPOKOH KOMMettTap11eB. 

flepsoe t.J1'fcno (FORMAT 14) ecTb H.UeHTHqJHKarnp H30TO□a BH.Ua AAAM, r.ue AAA -

aTOMHblH HOMep H30TOTia, M- HOMep H30Mepttoro COCTOHHHR. Hanwrne 3TOro qHcna 

eCTb TalOKe npH3HaK Toro, I.JTO paccMaTpt-rnaeMrui: CTpOKa SIBJU!eTCSI rnaBHOH. ,n:anee cne­

JzyeT ancpaBHTHblH YKa3aTeJTb, CMblCJT KOTOporo 33BHCHT OT Toro, SIBJTHeTCR JJH .uaHHaH 

CTPOKa rnaBHO.H HJTH BCTIOMOraTeJJbHOH. B rnaBHOH CTpOKe m1Tepbl A HJJJ,f G 11J1H H 03-

Hat.JaIOT '-ITO om1.Cb1BaeTCH npHpO.D.HblH (B03MO)KHO, pa.UHOaKTHBHblH) H30TOTI. flHTepa G 
03Hat.JaeT, I.JTO BCne.u 3a OCHOBHOH CTPOKOH npHBOAHTCH eU.J,e OAHa CTpOKa C AOITOJJHH­

TeJJbHOH HH(pOpMaU,HeH 06 3TOM H30TOne; JJHTepa H 03Ha4aeT, l!TO npHBO.LJ.51.TCK ,n;Be .uo­

nonHHTeJJbHblX cTpOKH. JlHTepbt B, C, HJTH D 03Ha•rn10T, '-!TO on11cbrnaeTcS1 " 11cKyccTseH­

HbIH ' pa.D.HOaKTHBHblH H30TOTI, )VIH KOTOporo npHBO,llHTCSI OJI.Ha ABe HJTH, COOTBeTCTBeH­

HO, TPH CTpOKH C )].OTIOJ1H11TeJTbHOH HHq>OpMau,11ei1. 

B cTon6ue "Tl/2" .unH paJJ.11oaKTHBHbIX ttyKJJH,llOB npHBO.UHTC.si nepHOA nonypacna.ua, 

BblpIDKeHHblH B e)].HHHU,ax, YKa3aHHblX JTHTepoi1, cne,uyioU.J,eH 3a 3Hal!eHHeM nepHo.ua: 
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(y- B ro.n.ax, d-B cyrKax, h-- B t.facax, m - B MHlfYTax, s - B ceKyH.n.ax). ,[(Jul cTa-

6HJibHbIX npHpO.llHbIX H30TOTTOB 3TO none He 3anonHeHO. 

B CTOJI6ue 'BETA+" )'Ka3brBaeTCSI BepOS!THOCTb p pacna.n.a C HCil)'CKaHHeM no3H­

TpOHa HJIH nyreM 3axBaTa op6HTaJihHOro 3JieKTpOHa; B CT0116ue "BETA-" - BepOllT­

HOCTb p- 6ern-pacna.n.a; B CTOJI6ue 'IT' - BepOS!THOCTh p1r H30MepHoro nepexo.n.a B oc­

HOBHOe 1-1111-1 HIDKeJie)Kawee H30Mepttoe cocTosiHHe; B cT0116ue "ALFA" - Bepo».THOCTb 

P°' anhcpa-pacna.n;a; B cT0116ue "SF' - BeposiTHOCTh p-'>F cnoHTaHHoro .n.erreHIDI. ,[lJuf npH­

po.llHhlX H30TOTIOB (KaK CTa611JlbHblX, TaK 11 pa,UHOaKTHBHblX) B CTOn6ue "BETA+" npH­

BO.llHTCSI npoueHTHOe co.n.ep)KaHHe 3TOro H30TOna B ecTeCTBeHHOH CMeCH. Bee eep0HT­

uoeTH B oeuoeuoii eTp0Ke YK33blB3l0TeH B npoueuTax. 

B cT0116ue 'E-GAM' )'Ka3bIBaeTCH 3Hepnrn, yuocHMa». cpoToHaMH, 11cnycKaeMbIMH 

npH pacna.n;e (BK11!04M X-.rryqH). B cT0116ue 'E-LEP" )'Ka3brBaeTcH 3tteprHH, yuocHMaH 

311eKTpOHaMH H TI03HTpOHaMH. B CTOn6ue "E-BAR" - 3HeprHH, )'HOCHMM aJib<pa­

•mcn1uaMH ll,UpaMH OT.l].a4H H npo.uyKTaMH cnoHTaHHoro ,ueneHHSI (BKJIIO'-lM HeHTpOHhl 

.uerreHHll). Bee 3Hepnrn npHBO,ll,HTCll B MeraJJiel<TpOHBOJibTax. 

,lvui CTa6HJlbHbIX npHpO.UHblX l!.n,ep .l].OilOJlHHTeJihHbie CTpOKH He npHBO,ll,SITCH. 

,llnsi pa.[1.HOaKTHBHblX ll,Uep, MOf)'T npHBO,llHTCSI .n.ononHHTeJibHbfe CTpOKH xapaKTep.H-

3)'IOU1He oco6eHHOCTH Toro 11JIH HHOro THITa pacna.n,a. TaK B ,llOTTOJlHHTeJihHOH CTpOKe 

"B" B CTOJI6ue ' BETA+" rrpHBO,ll,HTCll BepOS!THOCTb p1- HCil)'CKaHIDI TI03liTpOHOB' B 

cT0116ue BETA-" - y,uBoettttall BepollTHOCTb 2p2P .n,Boiittoro 6eTa pacna.ua; B cTon6ue 

"IT' - BepoHTHOCTb p1P 11cnycKaHHS1 npoTotta nocne 6eTa-pacna,ua, B cTon6ue 

"ALFA" - Bepo».THOCTb pa 11crrycKamU1: anhcpa qacnnu,1 (y.nBoeHHM B c.rryqae wcnycKa­

HIDI ,llB)'X aJih<pa-qacrnu); B CTOJI6ue ' SF' - BepOSITHOCTh pn HCil)'CKaHHJl 3ana3,ll,bIBalO­

mero tteHTpOHa nocne 6e-ra- pacna.ua, B cT0116ue "E-GAM' - BepoHTHOCTb o6pa3oBaHIDI 

ll.llpa npo.uyKTa B nepBOM H30MepHOM cocTOllHHH, B cTorr6ue "E-LEP" - BO BTopoM 

H30MepHOM COCTOllHIHI. 

B .llOTIOJlHHTeJibHblX CTpOKaX ' A H r B CT0116uax "E-GAM H "E-LEP' )'Ka3blBalOT­

CH BepoirTHOCTH o6pa30Bamu1 ir.n.pa-npO.ll)'KTa B nepBOM H, COOTBeTCTBeHHO BO BTOpOM 

H30MepHOM COCTOSIHHH. IlpH anbct>a-paena.n,e HJlH opn H30MepH0M nepexo.n,e Bee ee­

p0HTH0eTH B .ll0D0JlHHTeJlbHblX eTp0KaX H0pMHp0B3Hbl Ha e):tHHHny. 

KpoMe OTIHCaHHblX ,llOTIOJIHHTeJibHblX CTpOK .n,m1 BCex pai moaKTHBHblX .11.uep npHB0-

.0:HTC.!l ewe 0 .l{Ha .l].OTIOJIHHTeJibHM CTpoKa, OTMel.feHHaSI JIHTepoH "S'' . llpHBO.l].HMbie B 

3TOH CTpOKe l.fHCJia (eCJIH OHH OTJIKl.fHbl OT ttyn.st) CJIY)KaT )'Ka3aTeAAMH O HaJIHl.flH{ Ta6-

JIHU co.nep)KamHX HH<pOpMaUHIO O cneKTpax pa.nHoaKTHBHbfX H3JI)'l.feHHH. CaMH 3TH 

'IHCJia HMelOT CMb)CJI cpe,utteH :meprHH BbI.nenJleMOH npH COOTBeTCTB)'IOUleM BH,lle pac­

ITa]J.a. TaK, B CTOJI6ue "BETA+" npHBO,llITTCSI C)'MMapHM 3Hepnrn g - IT03HTpOHOB, HC­

nycKaeMblX npH pacnaJJ.e ( B CJI)'l.fae, ecrrH Jl+>O), B CTpOKe "BETA-" - cy MMapttall 

3HeprnJI Ff· 6eTa-3JieKTpOHOB pacna}J.a. Cnel<Tpbl TI03HTpOHOB H 6eTa-3JieKTpOHOB pacna­

.na npHBO,UJITCH B Ta6nwue MF=93 (cM.HIDKe). B crnn6ue ' IT' npHBOJJ.JITCJI cpe.llHSIJI 

3HeprHH ft MOHOXpoManr'-leCKHX 3Jlel<TpOHOB, HCil)'CKaeMbIX npH pacna}J.e (KoHBepcHOH­

IU,[X 3JteKTpOHOB H 3JieKTpOHOB O)Ke ) ; cneKTJ)bl 3THX 3JieKTpOHOB npHBO,llHTCH B Ta6JlH­

u,ax MF=92 (cM. HIDKe). B crnn6ue "ALFA" npHBOJJ.HTCsi cpe.ntt.stll 3ueprHJ1 E anbcpa-

4acTHU, HCil)'CKaeMblX npH pacna,ue. CneKTJ)bl aJib<pa-l.facnn..1. npHB0JJ.SITCSI B Ta6nm-.1.e 

MF=94. B cTon6ue "SF' npu:BO.llHTCJI cpe.nHee '-lHcno MrH0BeHHbIX ueHTpOH0B, Hcnyc-

41 



SF KaeMblX npH cn0HTaHH0M .nenemrn, V , KOTopoe HCTI0Jlb3yeTCj! .nm1 pacl.feTa cneKTpa 

3THX Heihpottoa. HaKotteu B cTOn6ue "E-GAM' npHB0.D.HTCj! cyMMaptt~ :meprHj! £1, 
YH0CHMa5r cpoTOHaMH; crreKTpbl 3THX <pOTOHOB npHB0,ll5rTC5r B Ta6JTHUe .MF=9l(cM. HH­
)Ke). 

Co6mo.naioTCSI cne,zzyrom.He paseHcTsa: 

E-GAM=£1, 
E-LEP= Ff+ + Ff·+ _E!, 

E-BAR= E[Al(A-4)}+P F*E"F +pP*J!IP*Ef[Al(A-1)) 

(1) 
(2) 
(3) 

w V 

r.ne £ - KHHenr'-leCK~ 3Hepnu1 npo.nyKT0B .neneHIDI H 3HeprH5r MrH0BeHHI,IX HeHTpo-

H0B, F!' - :mepnui np0T0H0B. 

EcJlH .naHHble 06 3JleKTp0HH0M cneKTpe 0TCYTCTB)'lOT, g He npHB0,llHTC5r. B 3T0M 

cnyyae E-LEP M0)l(eT npeablwaTb Ff++ Ff- . 
OnuweM Tenepb cpopMaT Ta6mm, co.nep)Kam11x cneKTpanbHbie xapaKTepHCTHKH pa­

.llH0aKTHBHbIX H3JIYYeHHH. Ta6JIHUa 2 ,neM0HCTPHpyeT cpparMeHT Ta6JTHUbl .MF=9 l, co­

.nep)l(ameH .naHHb1e 06 anbcpa-cneKTPaX npoTaKTHHHH 

Ta 6 n" u a 2. <l>parMeHT Ta6JIHUbl MF=91 o raMMa-cneKTpax npoTaKTHHHH 

NAM=PA BIB=FOND MF= 91 MT= 1 z = 91 
LV = 10 LT = 213 LC= 21 LS= 9 LF= (I4,4(E8.4,E9 . 3)) 

* 
* B~XOA rAMMA-½3flY4EHID! DP½ PACTTAAE PAA½0½30TOTTOB 

* 
* AAAM B~OA AAAM B~OA AAAM B~OA AAAM B~OA 

2270 . 0 . 11400 2280. 1.45279 2290. 10.00 2300. 0. 75601 
0.0080 1. 04 64 0. 9170 0 . 5897 

* 0.0140 1. 17 62 0 . 9170 0.6988 
* Bb!XO'A~ JEF-PC 'AnR Pa-228 yaem,iqeH~ Ha aenHqHHY norpewHOCTH 

* 'AnR cornacoaaHHR C E-GAM 
1 0.0000 0 . 000+00 0 . 0000 0.000+00 0.0300 1.000+00 0.0000 0 . 000+00 
2 0.0500 2 . 000-02 0 . 0577 5 . 190-03 0 . 0345 9.000-02 0.0518 2 .980- 04 
3 0.0650 6.200-02 0.0950 4.800-02 0.0400 1.000+00 0.0532 2.380-03 

16 0 . 1997 2.920-03 0 .1799 4.000-01 0.3465 2 . 700-04 
17 0.2000 2.800-03 0 . 3666 8.610-04 
18 0.2044 4.770-03 0.3695 3 . 310-04 

57 0.6238 7 . 760-04 1. 02 61 1. 440-02 
58 0.6406 5.970-04 1.0747 7 .400-03 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
82 0 . 8235 2 .390-03 
83 0.8305 1.940-02 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
176 1. 9589 2 . 150-04 
177 1. 9659 2.860-04 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
211 

* 
CMbICJI 3aronosoYHbIX cTpoK coxpatteH. B CTP0Ke K0MMeHTPHeB "AAAM' yKaJbIBaJOT 

CTOJ161..(bI a K0T0pbIX a rrepBOH HenpOHyMepoBaHHOH CTp0Ke npHB0,l(.!ITC$! H,lleHTH(pHUH­

PYIOLUHe H0Mepa H30T0TI0B, a B HyMeposaHHblX (k=l, 2, ... ) - 3HeprHH raMMa-JIHHHH 

£Yk B M3B' ax. B nepBOH HenpOHyMeposaHHOH CTp0Ke npHB0,l(HTC.!I cyMMapHblH BbIX0,ll 
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cpoTOHOB, a B CJie.ll)'lOmei1 - HX cpe,llHjj,11 3Hepnu1. B H)'MepOB3.HHbIX CTJ)OKax (k= 1, 2, ... ) 

npHBO.U.IITC.11 BbfXO,llbl yrk COOTBeTCTBYlOII{HX raMMa-JIHHHH (1.fMCJia KBaHTOB Ha pacna.u). 

IToJIHOe 4HCJ10 CTOJ16UOB LC= 18 B .uaHHOM npHMepe npeBbllIIaeT 4HCJ10 CTOJ16UOB 

LS$LC, noMemaeMoe B O.llHOH 4acTH Ta6JIHUbI (cpparMeHT KOTOpoii npHBe.ueH Bblllle). 

3To 03Ha4aeT '-ITO B Ta611Hue npHCYTCTByeT eme 0,llHa 4aCTb ( co.nep)Ka[UaJI ,llaHHble ,llJI.11 
232Pa, 233Pa, 234Ps u mpam ). 

l!Hcno CTpOK, OTBe,UeHHblX ,llJI.11: 3affilCH 1rncpopMaum-1 06 3HeprllilX ff BblXO,Uax raMMa­

JIHHHH onpe.uem1eTC.II: MaKCHMa.JTbHblM lfHCJlOM raMMa-JIHHHH H x-ny"ieH, BCTpeqafOLUHMCJi 

y H30TOI10B paccMaTpHBaeMoro 3JieMeHTa (B .uaHHOM CJIY4ae 3TO 411CJIO -211 - onpe.ue­

]UleTCJi "IHCJIOM q>OTOHOB, HcnycKaeMblX 23./Pa). B CT0116uax, OTBe;::i;eHHbTX ITO,ll HHQ)OpMa­

UHlO ,llJ(.11: H30TOilOB C MeHblliHM 4HCJ10M HcnycKaeMbIX q>OTOHOB H3JlHU1HHe .l1)Ul HHX 

CTJ)OKH OCTalOTCjj He3ano11HeHHblMH. TaK B CTOJT6uax ,llJI.11 
228Pa 3aITOJ1HeHO 176 CTJ)OK, 

,nJUI 229Pa-TOJibKO 16, ,llJljj 
230Pa - 57, a .nn.11 

231 Pa--82. 
KaK BH~O H3 npHMepa, Ta6J1HUbl MOryT co.uep)KaTb KOMMeHTapHH, B KOTOpbIX yKa-

3bIBalOTCJi oco6eHHOCTH cpopMHpOBaIDUI ,ll8HHblX ,llJIJi OT.UellbHbIX HyKJUl,l.{0B. 

<I>opMaT rn6mru MF=92 H MF=94, co.nep)Kaw,ux .UaHHbie o cneKTJ)ax MOHoxpoMaTH­

qecKHX 311eKTpoHos (noJIHbIH Bbrxo.n 11 cpe;::i;ttsijj 3HeprH.11 H .lll1R k=l,2, . .. , Ek H Yk) Ho 

cneKTpax anbcpa-4acnru, (noJIHbIH Bbrxo.n H cpe.UHHll 3HeprID1 H .UJIH k=l,2, ... , E'\ H Y\) 
cosna.uaeT C OITHCaHHblM cpopMaTOM ,llJ(.11 qJOTOHHhlX cneKTJ)OB. PaJyMeeTCH, ,naHHble 

npHBQ,llj!TCSl JlHUlb ,llJIJi Tex H30TOITOB, npH pacna)],e KOTOpblX COOTBeTCTBYlOII{He H3JIY1.fe­

HHR HCnyCKalOTCjj. 

IiaJoH ;::i;aHHbrx .lJ.Jl.11 no11y4eH11.11 rn6mm pacna)].HbIX ;::i;aHHbfX MF=90, MF=91 " 
MF=94 c.ny>KHJia KapTa ttyKJlH.llOB JEF-PC [3], ,llaHHbre KOTopoii conocTaBMJI11Cb co 

crrpaBO'lHHKOM [4] H npH o6ttapy)KeHHH 3Ha'1HMblX nponmopecmH npHHHMallOCb KOM­

npOMHCCHOe perneHHe. 0)].HO 113 I10)].06HblX perneHHH 3acpHKCHp0B8HO B IIpHMepe, npH­

se.ueHHOM B Ta6Jrnue 2. JEF-PC HCI10Jlb30BaJlaCb H KaK HCT04HHK )];aHHblX 06 3HeprH.11X 

H BhIXO)].ax 6eTa-H311y'-leHHjj. l.lro KacaeTCH cpe;::i;tteH 3HeprnH 6ern-'laCTH:U onpe.ue11ettHOH 

JIHHHH, TO OHa npHHHMaJlaCb Ha OCHOBe pac4eTHblX ,D;aHHbIX, np1rne,neHHbrx B cnpaB0'-1-

HHKe [5]. OrnorneHHe cpe)J.HHX 3Heprni1 Il03ffTPOHOB K HX MaKCHMaJlhHbIM 3HepnUlM 

IT0HJ,f)KaJ10Ch OTHOCHTeJlbHO aHanorH'-IHblX JlHHHH ,llJl_.11 06br1fHoro 6eTa-H3JTY'-leHH_.II TaK, 

qrn6b1 ITOJ1Y4HTb npHBO.UHMbie B JEF-PC cyMMapHbie 3Ha4emur E-LEP. 
<I>opMaT Ta6JIHU MF=93 3H8"1HTeJlbHO CJ10)1(Hee OilHCaHHoro. Jvui: Ka)K)J.OrO H30TOITa 

HCnycKa10w,ero HJl(,f 6eTa-3JleKTpOHbl HJIH 11031-ITpOHbl npHBO,UHTCJi no TJ)H CT0116ua a 

eCJTH 11cnycKaIOTCJi H Il03HTpOHbl H 6eTa-3JleKTpOHbl, TO rneCTb CTOJI6UOB. B nocrre)],HeM 

CJ1y4ae nepBa.11 TpOHKa CTOJT6UOB OilHCbLBaeT I103HTJ)OHbl, a BTOpall - 6eTa-3JieKTJ)OHbI. 

TiepsbtH H3 KIDK.llOH TpOHKH crn116uos noHMeHosaH "AAAM BTopoi1 - noHMeHoBaH 

"BbIXO,lJ:", TpeTHH noHMeHoBaH "E-CPE,lJ:' . AncpaBHTHbie 3aronoBKH CTon6uos co.nep­

)l{aTcj! B CTpOKe KOMMeHTapHeB H He o6pa6aTblBalOTCJi anropHTMJflieCKH. C"IHTbIB8HHe 

HHcpopMaUIDJ H3 Ta6mfUbl npOH3B0,ll,HTC.II B COOTBeTCTBHH C oneparnpoM FORMAT, npH­

se.neHHOM BO BTOpOH 3aroJIOBO'-IHOH CTJ)OKe. 

Tiepsa.11 nocne ancpaBHTHblX 3aroJTOBKOB He3aKOMMeHTHposaHHaJI CHMBOJlOM "*" 

CTpoKa (T.e. nepsa.11 co.uep)l(aTeJlbHajj CTpOKa) co.nep)KHT CJle,D;ylOuzyio HHQ)OpMaUHlO. 

Bo BTOpOM, IT_.IITOM H BOCbMOM CTOJI6uax (no.u CHMBOJlaMH "AAAM') H,LleHTHQ)H­

KaTOpbl H30TOI10B (HJlH 1130Mepoa). B CJIY4ae, eCJIH TJ)OHKa CTOJI6U.OB co.uep)KHT 
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.uaHHble O 003HTpOHHblX crreKTpax, 11.D,eHTHcjrnKaTop rrpHBO.UHTC.sl co 3HaKOM MH­

H)'C. 

B TJ)eTbeM, rneCTOM 11 .ueBITTOM CTOJ16u,e npHBO.D,.slTC.sl cyMMapHble BbIXO.Ubl 6eTa-

311e1<TpOHOB (mm 003HTJ)OHOB) B npoQeHT3X (T.e. B 1rnc11e 3JleKTpOHOB, Hcnyc­

KaeMblX Ha l 00 pacna.D,OB paCCMaTpHBaeMoro THna). 

B 4eTBepTOM, ce.UbMOM H .ueB.slTOM CTOJ16u,ax npHBO.Ll,ITTC.sl cpe.D,HHe 3Hepnrn 6e­

Ta-:3JleKTJ)OHOB Ef- HJTH n03HTJ)OHOB E!+ B M3B ' ax. 

CJ1e.ll)'l01.1J;He CTJ)OKH B nepBOM CTOJ16u,e (ttenOHMeHOBaHHOM B CTpOKe KOMMeHTapHeB) 

co.uep)KaT HOMepa 6eTa-"11HHHH" k= l 2, .... B nepBOM CT0116ue K3)K.LJ.OH TJ)OHKH npHBO­

.UHTC.sl rpaID{l-{HaH 3HeprHH 6eTa-cneKTJ)a, E/J~k HJ111 E~, paBtta.s1 3Heprn11 k-ro 6eTa­

nepexo)la B onpe.ueneHHOe cocTOHHHe KOHe4HOro .s1.upa, B M3B'ax. B c11eizy10w.eM 3a HHM 

CTOJ16u,e npHBO.D,HTC.sl BblXO.U 3TOH 6eTa-" mrn1111" yP+ k HJ111 yP-k B npou,eHTaX (T.e. B 411CJ1e 

6era-nepexo.uoB Jla.HHOro THna Ha l 00 pacna.uoB). B noc11e.utteM cT0116u,e K3)K.LJ.OH Tpoi1-

KH CTOJ16UOB npHBO)].HTC.sl OTHOUieHHe Rfl\ HJUI R~k cpe.uHeH 3Hepnrn 6eTa-3JleKTpOHOB 

(111111 n0311TpOHOB) K rpaHH4HOH :mepnrn £fl' k H11H E~k, YKa3aHHOH B nepBOM CTOJ16u,e 

TOH )Ke TpOHKH. 
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B Ta6mtu,e 3 B Ka4eCTBe npHMepa npHBO)].HTC.sl cj)parMeHT Ta6JUtU,bl MF=93 )].11.sl HO.Ua. 

Ta 6 n 11 u a 3. <I>parMeHT Ta6J1HUbl MF=93 o 6en-cneKTpax HlOTonos ito!la 

NAM=I 
LV =10 
* 
* AAAM 

-1240 
* 
* 
* 
* 

1 1.5 
2 1. 831 
3 1.908 
4 2.001 
5 2.554 
6 3.157 
7 

- - - - -
106 
* 

- - - - -
* AAAM 

1360 
* 
* 
* 

1 0 . 376 
2 0.588 
3 0.591 
4 0.747 
5 0.8 

- - -
104 
105 
106 

- - -

BIB=RUB+ MF= 93 MT= 0 Z =53. 
LT= 107 LC= 67 LS= 10 LF= (I4,9e7.0) 

BblXO.[I E-CPE.[I AAAM BblXO.[I E-CPE.[I AAAM BblXO.[I E-CPE.[I 
23.082 0.200 -1260 3.5042 0 . 017 1260 43.6 0.133 

43.7 0.1556 
2.7 0 . 0166 

Y PyOl.lOBa ~JI!! I-126 E-cpe~Hee=0.1336. 

1.2e-4 0 . 287 1 . 4897 0 . 1638 0.218 0. 371 3.60 0.293 
0.28 0.288 2.156 3.3404 0.289 0. 862 32.0 0.336 
8.0e-4 0 . 289 1.251 8 . 0 0 . 367 
1. 4e-3 0.389 
11. 4 0 . 300 
11 . 4 0 . 309 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - -
BblXO.[I E-CPE.[I AAAM BblXO,n E-CPE.[I AAAM BblXO.[I E-CPE.[I 
100.0 1. 966 1361 100.0 2.1820 1370 100.0 2.0576 
100.0 1. 96 100 . 0 2 . 21 100 . 0 2 . 03 

0.03 0 . 04 0.04 

0.541 0.294 1.0591 0.03 0 . 348 1.01 0.019 0.346 
0.11 0.314 1. 2882 0.141 0.361 1.105 0 . 014 0.351 
0.02 0.314 3.0922 1. 338 0. 413 1.133 0.011 0.353 
0.034 0.327 3.2772 0.805 0.416 1. 329 0.032 0.362 
0.012 0.331 3.3199 1.006 0.416 1.348 0 . 022 0.363 

- - - - - - - - - - - - - - - - -
4. 904 0.053 0.433 
5 . 289 0.424 0.433 
5.89 4 9. 772 0 . 439 

- - - - - - - - - - - - - - - - - - - - - -

- -

- - -
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B Ta6Jrn.ue co.uep)KIITC.SI MHcpopMaUHSI O crreKTpa.JibHblX xapaKTepHCTHKax 6eTa­

l-{3Jl}"-leHlrn 12-1/(/T). 126/(fJ ' u /J) - rrepBa.R qacTb Ta6mn1,b1 113 LS=IO cTOn6uos; 

Jl J(/J U /J) H 
129
/- BTOpa..R 4aCTb Ta6mtUbl H3 [0 CTOJ16UOB, 

130J, 139r' H 
131/-3-.R 4aCTb 

Ta6mH{bI; 
1321, 132r' H 

133
/- 4-..R qaCTb Ta6mtUbI; 

1341, /J.lr' H 
135
]- 5-.R 4aCTb Ta6JTHUbl" 

1361, 136r' H 
137
/- 6-.R tiaCTb Ta6JUfUbl H HaKOHel( 

138
/ H 

139/-7-.si, HeITOJIHa..R 4aCTb Ta6-

JIJ,lll,bl. Bcero npHBO.llHTC.SI 20 IT03HTJ)OHHblX H 6eTa-3JieKTpOHHblX cneKTpOB TaK 4TO 

LC=67> LS= I 0. B KaqecTBe npHMepa noKa3aHbI nepBa..R H wecTa.R qacTb rn611m_.1,b1 co­

)J.ep)Kama.R .uaHHble .um, 
1371, .llJI.R KOToporo 4HCJIO 6era-"mtHHH" MaKCHMa.JlbHO. 3To l!HC­

JIO CTpOK coxpaH.ReTC.st B Ka)f(JlOH 4aCTH Ta6JIHUbl. 

P AC'IET HHTEHCHBHOCTII <l>OTOHOB, HCIIYCKAEMJ,IX 
IlPH P A,lUIOAKTHBHhIX P ACIIA)LU: 

PacqeT HHTeHCHBHOCTH pa.[lHOaKTHBHbIX H3JI}"-leHHH npOH3B0.llHTC.SI .ll,JI.SI cpe.llbl, co­

cTaB KOTOpOH (HaH.MeHOBaHIDI H.JIH 4HCJ10Bble H,UeHTHq>HKaTOpbl H)'KJIH.UOB H HX .R,n,epHble 

KOHUeHTpaUH.H c, B e.LJ,MHHll,aX «4HCJIO .R.,nep B o6beMe 6aptt*CM») .UOJDKeH 6b1Tb onpe.ue-

11eH BXO.UHblMH ,uaHHblMH .llJI.R MO.ll)'JI.R. SOURGAN. ,[(aHHbie, tteo6xo.uHMbie .llJl.R pacqeTa 

HHTeHCHBHOCTeH H cneKTpOB pa,uH.OaKTHBHblX H.3JT)'4eHHH, qepnaJOTC.R. H3 OilHCaHHOH 

BblLDe 6116JIHOTeKH pacna,UHblX .uaHHblX J;HAJ;-93 .2 H HeKOTOpblX .upyrnx HCT04HH.KOB 

,uaHHblX, co.uep)l<aIUHXC.SI B CHCTeMe CKAJ1A, 0 KOTOpbiX no.upo6Hee 6y,neT rosopHTbC.SI 

no xo.uy H3JIO)KeHIDI. 

CneKTp q>OTOHOB, HcnycKaeMblMH npH a- H /J-pacna.uax (BKJil04a.R TI03HTpOHHblH pac­

na.u H 3axsaT op6HTa.JlbHOro 3JleKTpoHa) nopoH OKa3blBaeTC.st cmfllIKOM M.stfKHM, •no6bl 

ero MO)KHO 6bIDO c npHeMJieMOH TOLfHOCThIO OITHCaTb s 15-rpyrrnoBOM rrpH6JIH.)KeH.HH, 

HCITOJib30BaBllieMC.SI B CHCTeMe KOHCTaHT EHAEi-93 .llJl.st OITHCaHIDI cneKTPOB q>OTOHOB, 

o6pa3yIOIUHXC.st B Hei:iTpOHHblX peaKl{H.stX. Ilo3TOMY JIK.QeH3HOHHble pacYeTbI pa.uHauH­

OHHOH 6e3onacHOCTH B6JIH3H pa,UHOaKTHBHblX HCT04HHKOB peKOMeH.nyeTC.SI npoBO.I{IITh B 

6011ee .ueranbHOM 127-rpynnoBoM npH6JIH)KeHHH. fpamu.{bl rpynn 127-rpynnosoro pa3-

6Hemrn npHBe,ueHbI B rn611m.{e 4. 

TTpH cpopMHpOBaHHH HCTOlfHHKa <pOTOHOB pa.u1-maKTHBHOro pacna.ua B 3TOM cey•-iae 

npHHHMaIOTCSI BO BHHMaHHe CJie.ll)'IOIUHe npouecCbl: 

HcnycKaHHe q>OTOHOB .si.upoM-npo,uyKTOM pa,uHOaKTHBHOro pacna.ua, o6pa30BaH­

Horo B O.UHOM H3 B036y)l(JleHHblX COCTO.stHHH B HIDKeJie)KaLQHe B036y)l(JleHHble 

COCTO.SIHH..R HJIH B OCHOBHOe COCTOIDme; 

xapaKTepHCTH.4eCKOe peHTreHOBCKOe H3JiycieHHe (X-JT)'YH), HcnycKaeMble rrpH 3a­

TIOJIHeHHH 3JieKTpOHHblX BaKaHCHH Ha 0.llHOM H3 BttyTPeHllliX o6ono4eK aTOMa 

BHellIHHMH 3JieKTPOHaMH; 

TOpM03HOe H3JI}"-leHHe MOHOXpoMaTHqeCKHX 3JieKTpOHOB, o6pa3ylOIUHXC.SI B pe-

3Y JlbTaTe BttyTpeHHeH KOHBepCHH q>OTOHOB, HcnycKaeMblX .R..llpOM, HJIH B pe3yJib­

TaTe BttyTpHaTOMHhIX npoueccos, se.uyIUHX K ocao6o)l(JleHHIO BaKaHCHH Ha 6orree 

BHeUIHeH o60J104Ke aTOMa C O.UHOBpeMeHHblM HCnyCKaHHeM 3JieKTPOHa H3 npo­

Me)KYT04HOH 060110YKH (O)Ke-311eKTpOHb1); 

TOpM03HOe H3JT)'4eHHe 6eTa-3JleKTPOHOB H IT03HTpOHOB. 
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Ta 6 n 11 u a 4. rpaHHLU,1 127 4>0TOHHblX rpynn liHAli (3Ha'teHHSI JHepnrn yteaJaHbl B t08'ax) 

B cKo6Kax yKa:ia11bI 110Mepa rpynn I5-rpynnoaoro pa:i611c1111S1 EHA.6. rpaHHUbt 15-rpynnoeoro pa:i611eHHR 
Bbl,!lenCHbl )t(llpllblM WpH!~TOM. 

j Elow j Elow j Elow J Elow J Elow J EI0\1 
20000 22 8250 (2) 44 3900 (5) 66 1750 (7) 88 465 (10) 110 56 (13) 

I 19000 (I) 23 8000 (2) 45 3800 (5) 67 1650 (8) 89 435 (10) 111 48 ( 13) 
2 18000 (I) 24 7750 (2) 46 3700 (5) 68 1550 (8) 90 405 (10) 112 40 (13) 
3 17000 (I) 25 7500 (2) 47 3600 (5) 69 1450 (8) 91 375(10) 113 36 (14) 
4 16000 (I) 26 7250 (2) 48 3500 (6) 70 1350 (8) 92 350 (IO) 114 32 (14) 
5 15000 (I) 27 7000 (2) 49 3400 (6) 71 1250 (8) 93 330 ( 11) 115 28 ( 14) 
6 14000 (I) 28 6750 (3) 50 3300 (6) 72 1200 (9) 94 3 IO (11) 116 24 (14) 
7 13500(1) 29 6500 (3) SI 3200 (6) 73 I I 50 (9) 95 290 (11) 117 20 (14) 
8 12500 (I) 30 6250 (3) 52 3100 (6) 74 1100(9) 96 270(11) 118 17 (15) 
9 12000 (I) 31 6000 (3) 53 3000 (6) 75 1050 (9) 97 250 (11) 119 15 (15) 
10 11500 (I) 32 5750 (3) 54 2900 (6) 76 1000 (9) 98 230 (11) 120 13 (15) 

II 11000(1) 33 5500 (3) 55 2800 (6) 77 950 (9) 99 210(11) 121 11 (IS) 
12 10800 (I) 34 5300 (4) 56 2700 (6) 78 900 (9) 100 190 (11) 122 9 (15) 
13 10500 (I) 35 5100 (4) 57 2600 (6) 79 850 (9) IOI 170 (11) 123 7 (15) 
14 10300 (I) 36 4900 (4) 58 2500 (6) 80 800 (9) 102 150 (11) 124 s (15) 
15 10000 (I) 37 4700 (4) 59 2400 (7) 81 750 (9) 102 136 (12) 125 3 (IS) 
16 9750 (I) 38 4500 (4) 60 2300 (7) 82 700 (10) 104 122(12) 126 1.5 ( 15) 
17 9500 (I) 39 4400 (5) 61 2200 (7) 83 650 (10) 105 108 (12) 127 0.5 (15) 
18 9250 (I) 40 4300 (5) 62 2100 (7) 84 600 (IO) 106 94 ( 12) 
19 9000 (I) 41 4200 (5) 63 2000 (7) 85 560 (10) 107 80 (12) 

20 8750 (2) 42 4100 (5) 64 1900 (7) 86 525 (10) 108 72 (13) 
21 8500 (2) 43 4000 (5) 65 1800 (7) 87 495 (10) 109 64 (13) 

TaKHM o6pa30M, l1HTeHCHBHOCTb qJOTOHHOrO HCTOYHHKa, BblpIDKeHHaSI B 4HCJJe KBaH­

TOB <pOTOHOB rpyruTbij, HcrrycKaeMbIX e)KeCeKyH.llHO B 1 CM
3 

pa,UHOaKTHBHOH cpe,Ubl, pac­

C'lHTbIBaeTCSI no cpopMyJJe ( 4 ): 

I;= Ic) .. , (L½~,x{i + Irt,Y,:, + 'IY!..~z~, +0.5*LY,~;u;,_,) (4) 
k I m 11 

Bxo.usiw,He B 3TY cpopMyJJy 3HaYeHHSI si,uepHblX KOHUeHTpaUHH onpe,ueJJeHbl pacLJeT­

HbIM 3a,uatt11eM, a OCTaJJbHbie BeJJHlfHHbl 6epYTCSI 113 Ta6JJHU pacna,UHblX ,uaHHbIX HJIH Bhl­

YHCJJSIIOTCSI Ha HX OCHOBe. B 43CTHOCTl1 IlOCTOSIHHaSI pacna.ua J.,=/112/T', l, r,ue no.u BeJJH­

YHHOH T '1 1 nottHMaeTcsi 3HaYeHHe nepHo,ua nonypacna.ua, npwse,uettttoe B Ta61111ue 

MF=90, nepese,uett11oe B ceKyH.llbl (lm=60s; lh=3600s· Id=8.64*104s; ly=3.1571*107
s). 

BKRaO ZllAUta-KBa11moa, X-J1y 11eii u a1111taW1Rt(uo1111020 U3J1y11e11w, on11cbrnaeTcsi 

nepsoi1 cyMMOH s cpopMyJJe (4). B Hei:f yrk_,- BblXO.ll k-ii cpoTOHHOH JJHHHH Ha pacna.u ttyK­

JJH.Ua i, np11se.neHHblH B rn6mu.le MF=9 l BMeCTe C 3Heprnew 3TOH <pOTOHHOH JJl,IHHH £',. 
5I,nepHbJe KBaHTbl H X-JJYYH, a TaIOKe aHHHrHJUIUHOJIHble KBaHTbl OO3HTPOHHO-aKTl18HblX 

ttyKJlH,llOB, B 3TOH Ta6m1ue BKJJIOYeHbl B O,llHH cnHCOK H o6pa6aTbIBalOTCSI np.11 no}lro­

TOBKe COOTBeTCTByioJ.UeH COCTaBJJSilOUJ,eH HCTOYHHKa O,[{HHaKOBO. flpH o6pa60TKe BbIXO.[{ 

JJHHHH KOppeKTHpyeTCSI .llJISI yYeTa OTnHYHSI 3Hepn1H Jlllli}'!H £', OT cpe.nHeH :mepr1111 

rpynm,1 E
1 

(k) .llJISI Yero BbIXO.Qbl YMHO)KalOTCSI Ha MHO)l(HTem,: 

EJ (k) 

(5) 

3.necb j(k) - 3HepreTHYeCKaSI rpyrrna, B KOTOpOH JJe)KHT k-si <pOTOHHaSI JJHHHSI. <I>op­

MyJJa (5) o6ecne•rnsaeT coxpattem-1e 3HeprnH npH nepexo.ne K rpynnosoMy npe.ncTaBJJe-

muo cpoTottttoro cneKTPa. 
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Bl<llao mop,11,,03nozo U3Jly'leHUR ,11,wnoxp0Mamul/ec1<ux :JneKmpouo6 OIIl1ChrnaeTc.si 

BTOpOH CYMMOH B Bblp<l)KeHl111 (4). B Helf Y'\, - eCTb BbJXO.Ll /-ii rpynnbl MOHOXpOMaTWie­

CKl1X 3JleKTpOHOB npH pacna)].e .si.upa i, npHBe,neHHblH B Ta6JIHI.-le MF=92 BMeCTe C 3Hep­

rwei-i 3THX 3JleKTpOHOB E,,i JI,.,- KBaHTOBbIH BblXO.ll TOpM03Horo H3~eHH.SI 3Heprent­

qeCKOM rpynnhij 3a Cl.[eT TOpMO)KeHH.SI 3JleKTpOHa C Hal.[aJibHOH 3Heprneii E,,i B cpe.ne co 

cpe.llHHM 3apS1..llOBblM 411.CJlOM 

Lc,z,2 
Z=-'--

Lc,Z,' 
(6) 

Benwrntta JI,., BbIYHCJUHrrc.si cornacHo q>OPMYJ1e (I 0) c HCIIOJih30BaHHeM 3HepreTHtie­

cKoro BbIXO.lla TOpMO3HOro H3JI~eHH.ll 

(7a) 

H 3HepreTHL[eCKOro pacIIpe)].eJieHH.ll KBaHTOB TOpM03HOro 1"3~eHIDI, 0 KOTOpOM 6yAeT 

CKa3aHo HIDKe. K03cpcjrnu11eHT C B cpopMYJie (7a) onpe.nemeTCSI. Ha OCHOBe 3MIIBpH4e-

CKWX peKOMeHJlaUHH pa6oTbl [6] cornacHo KOTOpbIM .llJl.SI nJieKcHrnaca ( Z =5.85), aJIIO­

MJfflHJI ( Z =] 3) H CBJ-fHUa ( Z =82): 

C(E Z )
- 20.2+83.l * Ee 

/UCh'C -

e I+ I 1.9 * Ee 
(8a) 

(86) 

C(E Z Pb ) = 49.0+114.0*Ee 
e• 1+12.6*£e 

.[vrn 11HbIX 3Ha4eHHH Z B CHCTeMe CKAJIA K03cpcp11u11eHT C Bbl'1HCJUleTC.SI .llJI.ll K<l)K­

AOH 38.llaHHOH 3Heprn11 E nyreM mrneHHoi-1 mrrepnon.siu1111 (HJIH 3KCTPanomm1111) no 

ln(Z) Me)KJ{y 3Ha4eHH.SIMH, onpe.ne11eHHbIMH cornacHo cpopMYJiaM (8). Bo3MO)KHOCTb 

T8KOH npoue.nypbl HJIJIIOCTpttpyeT p11cyHOK ] . 

30 

25 -O.lM3B 
..-... 20 
I.Il 
N~ 15 
'-' u 

10 

--o-0.2M3B 
---0.3M3B 
-0.5M3B 
--1.0M3B 

5 -10 M3B 

0 
1.5 2.5 3.5 4.5 

1nZ 

PHc. I. l1HTepno1111pyeMOCTb KOJ<l><j>111.1HeHTa C(Z.E) 
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qTO KacaeTCSI cneKTpa q>OTOHOB TOpMO3HOro 113JJyqemu1, TO npHH.SITa 3aBHCHMOCTb, 

peKOMeH.UOBaHHaSI B 113BeCTHOH pa6oTe [7], .n.attHbie KOTOpOH peKOMeH.D.)'l:OTCSI H cnpa­

BO4HHKOM [8]. Ha OCHOBe I O-rpynnosoro npe,n.cTaBJleHHSI cneKTpa TOpMO3HOro H3Jly4e­

HH.SI, Bblpa_)l{eHHOro B e,n.HHHL{aX HaY.aJlbHOH :rneprHH TOpMO3.Sl(lleroc.SI :rneKTpOHa, HaMH 

nOCTPOeHa KYCOlfHo-mrnewttasi HenpepblBHasi 3as11c11MOCTb 3Toro cneKTPa S(r), r.n.e 

r= EY"llt. 3TO nO3BOJISleT nerKO paCC411TbIBaTb cneKTP B mo6oM rpynnOBOM pa36HeHHJ1 

(cM. Ta611. 5). Yrnosoe pacnpe.ue11ett11e TOpMO3ttoro H3JIYY.eHHSI npH 3TOM npHHHMaeTcsi 

113OTpOnH blM. 

Ta 6 JI Hu a 5. 3HepreTH'feCKHH cne1,.-rp T0pM03H0ro HJJJY'feHIUI M0H03HepreTH'feCKHX )JleKTp0H0B. 

s ( r) -nJJOTHOCTE, s ( r) -nJJOTHOCTb 

r= E $am Ha / E JnelCYTJOHa 3HepreTH'fCCKOro r= E <j,oToHa I E ,ne,,poHa 3HepreTH'fCCKOro Bbl-

eE.rxo.na xo.na 

0 3.08 0.6 0.56 
0.1 2.3 0.7 0.34 
0.2 1.8 0.8 0.22 
0.3 1.36 0.9 0.08 
0.4 1.06 1.0 0 
0.5 0.74 

BepO.SITHOCTb KBaHry TOpMO3HOrO H3JlY4eHHS1 3JieKTpotta C 3HeprHeH ft nonaCTb B 

rpynny j pastta, oqes11.n.Ho 

£, 

E' 

s
1 
(Ee)= f S(r)dr. 

",-1 
E' 

(9a) 

3ToMy KBaHTY 6y,n.eT np1m11caHa :mepnrn E
1

. TaKHM o6pa30M, cpe.uttsisi 3tteprl-UI 

KBaHTa 6y.ueT pasHa. ( Ebrem/Ee)) = Is
1 
(Ee)* E

1 
I-fa H3JlO:>KeHHOro cne;zyeT, 4TO 

J 

1 _ J(E,~, Z) * s,(E,~, ) 
Y, ., - """' (Ee ) * E L.JS, I,, J 

J 

3.uecb Z onpe.uenetto cornactto (6), a s 
1 
(Ee) - cornacHo (9a). 

(10) 

BKAao mopAt0J11ozo U3ny11e1tuR 6ema-Jne«mponoB on11cb1BaeTCS1 TPeTbeH cyMMOH B 

BbJpa_)l{eHHH ( 4 ). ~ Ill,/ - eCTb BblXO.U m-H rpynnbl 6eTa-3JieKTpOHOB npH pacna.n.e si.n.pa ;, 

np11se,neHHblH B Ta6JJHL{e MF=93 BMeCTe C MaKCHMaJlbHOH 3Heprnew 3THX 3JieKTpOHOB 

E~ 111, , 11 OTHowettHeM cpe.nttei1 3ttepnrn K MaKCHMaJlbHOH. Cornactto peKOMeH,D.al.{1-u1 pa-

60Th1 [6], 3HepreTl1lJeCKHH BhlXO.U npH TOpMO)KeHHH 6eTa-Y.aCTHU MO)KeT 6b1Tb C TO'-iHO­

CTbfO .no I 0% paccY.HTaH no cpopMyne (7a), ec1rn s KaY.ecTBe apryMeHTa s ttee no.ncrn-

BHTb cpe,nttt:01:0 3Hepr11t:0 6eTa-YacTHL{ E!, = Ef,,, *Rf,,,. qTO KacaeTcsi cneKTpa 3Hepre­

THYecKoro BblXO.Ua TOpMO3HOrO H3JIY'-leHHSI, TO no ,naHHbIM, np11se.n,eHHblM B [8], 61,ma 
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nocTpoeHa HenpepbIBHM KYCOlJHO-mrneHHM 3aBHCHMOCTb :noro cneKTpa. Pe3yJibTaTbl 

npHBe,LJ.eHbI s Ta6JIHU,e 6. 
CJie,LJ.yeT nO,LJ.'-lepKeyrb, tffO B nepBOM CTOJI6u,e Ta6JIHU.bl 6 CTO.HT OTHOWeHIDI 3Hepre­

THlfeCKHX rpaHHU. K AtaKCUMaJlbHOU 3HeprnH 6eTa-311eKTpOHOB E"p,,. CneKTpaJibHbie K0-

3cpcp11u.11eHTbl i ,., paCCt.{J,fTblBafOTC.SI no cpopMYJie ( 11 a): 

J(E!; *Rt~ , Z) * s(E!;) 
zf.,= ~~(E/J- )*E . ' ( Ila) 

L..J SJ m,, J 
J 

rne .LI.On» cpornttos, ne)Karna» s rpynne J(Ff) onpe,LJ.en»eTc» cpopMYJIOH (96): 
£} 
Er, 

sj( Ep) = f S(r )dr. (96) 
E j -1 

£P 
CyMMa, CTO.HI.Ua» B 3HaMeHaTeJie cpopMyJibl ( 11 a), npe,LJ.CTaBIDleT co6oH cpe,LJ.HJOJO 

3Hepnuo TOpM03Horo KBaHTa, nopo>1<,D.aeMoro 6eTa-311eKTPOHOM, cneKTp KOToporo onpe­

.uen»eTc» MaKCHMaJibHOH 3tteprnei:i F!. 

Ta 6 n 11 u a 6. 3Heprent'fec1rnit cneKTp TopMOJHoro 111-

JJy'feHHSI 6eT3-)JJeKTpOHOB 

r=E cj>oToHa / £ ,ne,rrpo•• 

0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

1.0 

J u,., 

s ( r) - TTnoTHOCTb 

)Heprent'iCCKOro BblXO)la 

0.5486 
0.3214 
0.1946 
0.1094 
0.0566 
0.0294 
0.0106 
0.0034 
0.0006 

0 
0 

J 

BKI'laO mopMOJHozo U311y-

11emm noJumpoHo6 om-1cb1Ba­

eTc» nocne.ntteii cyMMOH B BbI-

paJKeHHH (4). Y!,,+ - ecTh Bbt­

xo.n n-w rpyrmb1 no3HTPOHOB 

npH pacna.ne ttyKJlH.Ila i TalOKe 

npHBO,n.sima»c.H s Ta6JIHU.e 

MF=93 . BemflrnHa zln.1 pac­

Ct:JHTbIBaeTc» no cpopMyne 

( 116), OTnHlfaJOI.UeHC.SI OT cpop­

MYJlbI (11 a) JIHllib MaKCHMaJih­

HOH 3HeprHeH no3HTPOHHoro 

cneKTpa 11 OTHOllleHHeM cpe.n­

HeH 3Hepnrn. K MaKCHMaJibHOH: 

(116) 

Ko3cpcpHU.HeHT 1/2 nepe.n cyMMOH BKJla,LJ.OB IT031HpOHOB B cpopMYJie (4) Yt:JHTbIBaeT 

'-!TO BbIXO.Il TOpM03HOro H311Ylf.eHJ,UI npH npoxo>l<,lJ.eHHH Il03HTpOHOB 4epe3 cpe;zy, npH­

MepHO B.IlBOe MeHbWe, lfeM npH TOpMO)KeHHH 3JleKTpOHOB TOH )Ke 3Hepnrn: [9]. 
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0 nozpe1unocmax pac'lema u11me11c11anocmu u cneKmpa mopAIOJIIOW 1ony1JeHUR 

TipHH.s!Tble B HaCTO.siLUeH pa6oTe 3 mHpH4eCKHe Bbipa)f(eHH.si )lJl.sl pac4eTa 3HeprentYe­

CKOfO BblXO)la H cneKTpa TOpM03HOro H3JlyYeHH.sl, 3aHMCTBOBaHbl H3 pa60Tbl [6]. B 3TOj;j 

pa6oTe yrnep)K)laeTC.sl (Ho He )leMOHCTPHPYeTC.sl rrpHMepaMH), 4TO peKOMeH)lOBaHHble B 

HeH napaMeTpHYeCKHe 3aBHCHMOCTH 3Heprent4eCKoro BblXO,D.a TOpM03HOrO H3JTy"lemur 

OCHOBaHbl Ha 3KCnepHMeHTaJ1bHblX }lallHblX. PaCCLIHTb1BaeMOMY no npHBO)lHMblM B 3TOJ1 

pa6oTe (H npHH.s!TbIM HaMH) cpopMYJ1aM 3HepreTH4eCKOMY BhIXOey np11.m1Cb1BaeTC.sl no­

rpeWHOCTb ± I 0%. Tipe.UCTaBJl.sleTC.sl uenecoo6pa3HblM cpaBHHTb pe3yJT&TaTbl pac4eTa C 

.upyrHMH cpopMynaMH, peKOMeH.a.yeMhlMH, B 4aCTHOCTH, B CnpaB04HHKe [8]: 

<DopMYna B1-1ap.ua [ 1 O]: 

J(EP- Z)=l.23*10-4(Z+3)*(EP- )2
. (76) 

<DopMyna EapaHOBa-HapKeBHYa 11 .a.p.[ 11]: 

J(EP- *RP-, Z) = 8.5 * 10-4 * (Z + 3) * (EP- * £ P- ). (7s) 

B Ta6m1ue 7 pe3yJibTaTbl pac4eTa 3HepreTH4eCKOro BblXO,lla TOpM03HOro H3JTY4emu, 

no cpopMynaM (7a), (76) H (7s) cpasH1,rna10Tc.si Me)f(ey co6oti .un.si 6eTa-H3Jiy4eHHH i-1 ,Pu, 
237UH 208Tl 

Ta 6 n "' u a 7. JJ:onH cpe.11Heit JHeprnH P-'laCTHU, K0HBepTHpyeMaH B T0pM03H0e H1J1y'leH11e 

P- y ll-,% E~-, KJB, E~- *RP... KJB, Cpe.nmrn 
[J(H-, z )l(H- •~ :J]*I0O % 

H3JTY- BblX0.ll M3KCHM. cpeJlHllll 
:>Hepnut 

'13- 6eTa- '.>HepnUI '.>11epn U1 JneK-
T0pM03HblX 

<l>opMyna <l>opMyna <l>opMy-
TCRb rpynn1,I '.>neKTpo11a TP0Ha 

cjlOTOHOB, (7a) (76) na (7s) 
KJB 

w Pu 100% 20.8 5.3 0.33 0.20 0.09 0.04 

mu 52%+43% 250 67.5 4.0 1.70 0.97 0.49 

209TI 49% 1800 648 29 7.12 5.23 4.68 

KaK BH}lHO, norpeWHOCTH oueHK.H K0HBepc,111 KHHeTHYeCKOH 3HeprHH 3JieKTpotta B 

TOpM03Hoe H3Jiy'-leHHe secbMa senHKH. OpHH.siTa.si HaMH Ha ocHose peK0Mett.uau1-1ti pa6o­

Tbt [6] oueHKa .uaeT HaH60JlbWHH BblXO}l, T.e . .sisn.sieTC.sl HaH6onee OCTOpmKHOH C }l03H­

MeTpH<ieCKOH TO'-UGf 3peHH.sl. 

Ha pHCYHKe 2 npHBO}lHTC.sl cpas11eHHe cneKTp0B T0pM03H0ro H3JiyYeHIDr 6eTa-

3JTeKTµ0H0B 208Tl, paccYHTaHHblX no nporpaMMe SOURCE H no nporpaMMe ORJGEN 
[20]. 3ttepreTH'-!eCKHH BblX0.ll. Ha 0.llHH pacna.n 20877 no nepBOH H3 Ha3BaHHblX nporpaMM 

C0CTaBJT.sleT 36.2 K3B, no BTOpOH - 32.8 K38. Cpemuu, 3Heprn.si T0pM03HblX KBaHTOB 

pasHa, C0OTBeTCTBeHHO 43.7 K38 H 51 .8 K3B. CpaBHHTeJTbHO 60JlbWa51 BeJIH"IHHa cpe.u­

HeH 3HeprnH, pacc'-IHTaHHOH no ORIGEN, o6ycnosnetta 6onee HH3KHM, 4eM cne.nyeT m 
pac4eT0B no SOURCE KBaHT0BbtM BblXO.ll.OM (cornacHo SOURCE OH paseH 0.828 KBaH­

Tos; cornactto ORJGEN- 0.633 KBaHTOB Ha pacna.n). J,f3 p1-1cyttKa 2 BH.llHO, YTO npHHH­

MaeMblH B ORIGEN cneKTp TOpM03Horo H3Jly4eHH51 He 51srueTc.si HenpepblBHbJM. 
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3Hepnu1 (K3B) 

P11c. 2. CpaeHem1e Hepren1'ieCKHX 3aBl1CHMOCTeH BbJX0.U0B T0pM03H0f0 113.JT)"{emUI 
208Tl, paCC'ilITaHHblX 

no nporpaMMaM SOURCE 11 ORJGEN 

l-faJIO)KeHHoe ITOKa'.3bl8aeT, l.fTO HeCMOTpSI Ha TO, l.fTO TOl.fHOCTb oueHKH BbIXOJJ,a H 

cneK-rpa TOpM03HOfO H3JIY9eHID1, BHJJ.HMO, HeBb[COKa, CBSIJaHHbie C 3THM norpemHOCTH B 

,ll030Bbrx xapaKTepHCTHKax e,IJ,Ba JIH MOryr 6b!Tb cym,ecTBeHHbIMH IIOCKOJil,K)' 3Heprllil. 

TOpM03HbIX KBaHTOB HH3Ka H 3TO HJnyl.feHHe nornoll.laeTCH B )lOCTaTOY:H0 TOHKHX CJIOH.X 

Bell.leCTBa. 

P AC£IET mITEHCHBHOCTII II CIIEKTPA HEHTPOHOB II <l>OTOHOB 
CilOHTAHHOrO~JIEHIDI 

no Ta6JIHI..(aM MF=90 orrpe.uem1.eTCSI nepe-YeHb CITOHTaHHO JJ,eJUrU:UiXCSI H30TOTIOB. 

KoHJ..J,ett-rpaulilf c, .am HHX H3BeCTHbI, a H3 Ta6Jl.HU MF=90 orrpe,aeAAIOTcsi )..,=ln2/T1 2 (s 

o6paTHbIX ceKyH,L(ax) BepOHTHOCTb CIT0HTaHHOfO .aeneHHJI P; 'F, H 4HCJ10 BT0pM4HbJX 

HeHTpOHOB .aenemra v,sF_ Onpe.ae1rneTCSI HHTeHCHBHOCTb (12) HcnycKaHHJI. HeHTJ)OHOB 

CIT0HTaHHOro .aeneHID! i-b!M H30TOITOM: 

1 pSF SF 
nsF,, = c,/L,, ' V; (12) 

3HepreTH'-leCKJ,fM cneKTp HeHTpOHOB .aeneHml paCC4HTbtBaeTCSI B 299-rpynrroBOM 

npH6nmKeHHH no cpopMyne 
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(13) 

g 

r.ue cpe,um:rn TeMneparypa T, npo,uyKTos cnoHTaHHoro .ue11emu1_, 11cnycKaIOIUHX Heihpo­

Hht, 3aBHCHT OT cpe.D,Hero qi-fCJla 11cnycKaeMblX HMH HeHTpOHOB VSF KOTOpoe npHBO.UHTCSl 

JJ,JlSl H30TOna i s rn6Jrnue MF=90 B cTpoKe S: 
T(v) =l.013+0. 043*vSF , (14) 

a napaMeTp b onpe.uem1eTcSl KaK 3TOH TeMnepa-rypoii, TaK H KHHen14ecKoif 3HeprHeH 

3THX npo.D,yKTOB E/ 

(15) 

OrrHCaHHrul BbIUle napaMeTpH3aUHSl cneKTpa HeHTpOHOB cnOHTaHHOro .uenemrn 6a3H­

pyeTC51:, npe)K,IJ,e scero, Ha pa6oTe <Dpettepa [ 12], noKaJaswero, 4TO cneKTP HeihpoHOB 

cnoHTaHHoro .ueneHHSl 252Cf MO)KeT 6bITb OTIHCaH C TOl.!HOCTblO .uo 3KcnepHMeHTaJlI,Hl,IX 

norpeWHOCTeH no MOJJ,eJIH HCnapeHHSl HeHTPOHOB H3 .UBIDKYll.(HXCSl OCK0JlKOB, npe.uno­

)KeHHOH YaTTOM. <DopMa cneKTpa YaTTa 11 CTOHT no.u HHTerpanOM s Bb!pa)Kemrn (13). 

HopMHpOBOl.!HblH MHO)KHTeJlb, T04HOe 3Ha4eHHe KOTOporo paBHOe 

2 exp( -T * b I 4)/ ..Jrr.T3b 
3aMeHeH0 C)'MMOH no rpynnaM ,ll.JlSl KOMnettcau1111 B03M0)KHb!X norpeWHOCTeH l.!HCJieH­

Horo HHTerpHpOBaHH51. B napaMeTpH3aUHH <l>peHepa E_F0.359. 3TO 3Ha4emte npHH51T0 

.ll.J151: Bcex cn0HTaHH0 .uemlll.(HXCSl Sl,Uep. 4To KacaeTCSl TeMnepa-rypbl T, TO .ll.JlSl Hee npHHSl­

Ta mrneHHa51 3aBHCHM0CTb (14) OT vS1
·, napaMeTµhl KOTOpOH onpe.ueneHbl MeTO)lOM HaH­

MeHbllIHX KBa.upaTOB .ll.J151: on11.camrn cpe,UHl1X 3Heprn.H He.HTµOHOB CTI0HTaHHOro .ue11emu1. 

<E>=Erf-(3/2) *T .UJ1Sl 252Cf (<.E>=2.13±0.0l [13]; vsF=3.766), 1-J
8Cm (<.E>=2.07±0.02 

[14]' v-""F=3.08) 1-Jl Pu(<E>=2.01 ±0.03 [15]; vsF=2.15) H i-1oPu (<E>=2.04± 0.04 [ 15]; 

v''v-'=2 .19). KaYeCTBO om,caHHSl 3THX .uaHHblX npSlMOH ,ueM0HCTp11pyeTCSl p11cyHK0M 3. 

qTO KacaeTCSl cneKTJ)a qJOTOHOB, 11cnycKaeMbIX rrpH cnOHTaHH0M .ueneHH.H, TO B CBSl3H 

C 0TCYTCTBHeM npSlMhlX 3KCrrepHMeHTaJibHblX )laHHblX OH np11H51:T TaKHM )Ke, KaK rrp11 

Bbltty)K.UeHHOM ,ueneHH11 235 U. 3ToT cneKrp B 15-rpyrrnosoii cpopMe npHBe.UeH s nocne.u­

HeM crnn6ue Ta6JIHUhI EHAE c NAM=HEAD, MF=0, MT= 15. 3aMeTHM 4TO BKJia.u 3Tl1X 

qJOTOHOB B .!l03Y B peanbHblX YCJ10BH51X BCerJJ,a OKa3b!BaeTC51 MH0fO MeHbWl1M BKJla.ua OT 

raMMa-KBaHT0B pa.u11auHOHHOfO 3aXBaTa l1 .upyrHX B3aHMO.UeHCTBHH HeHTµOHOB .ueneHHSl 

C Sl,UpaMH 

Pac4eThl pa.uHaUH0HHblX noJleH, nopo:>K,lleHHblX HeHTpOHHblM 11CT04Hl1KOM, B CHCTeMe 

CKAJIA peK0MeH,uyeTCSl np0BO.UHTb B 28-MH rpynnoB0M np11611IDKeHI1H .ll.JlSl HeHTµOHOB 

11 15-TH rpynnosoM .UJISl cpoTOHOB o.uHaKo nporpaMMa SOURCE no3som1eT pacclf11Tb1-

saTh cneKTP HeHTpOHOB 8 299-rpynnOBOM npH6Jll,t)KeHHH a cneKTp qJOTOHOB M0>KeT 

6bITh B3SlT H3 rn6J1HUbl EHAE c NAM=HEAD, MF=0, MT=127 B 127-rpynnosoM np1-1-

6m1)KeHHH. 
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cpeAHee 'H1CJ10 HeHTpOHOB cnOHTaHHOro AeJ1eHMS1 

4 

PHC. 3. AnnpOKCl{MatHlll 3aBHCMMOCTl1 cpe.nHeH :>Hepnrn 11ei1TpOHOB .nerreHIDI OT V. 

PACl.fET HHTEHCHBHOCTH H CIIEKTP A HEHTPOHOB, 
OliPA3YIOIQHXCJI B PEAKIJ,HH (a,n) 

Anbcpa-qacnu-la, nonaswrui s cpe.ny Tep.ReT 3Heprmo Ha csoeM rryrH H HaKoHeu, oc­

TI1Has11HsaeTc.R. EcnH cpe.LJ.a co.L1,ep:>KHT SI.LI.pa, .Ll,JISI KOTOpbrx ce4emu1 peaKL{HH (a,n) oT­

IDJqHbl OT lfYJU[ npH 3HeprIDIX, MeHI,IllHX Ha4aJlbHOH :meprHH aJib<pa-qacnll.-lbl, TO Ha 

csoeM nym. 3Ta 4aCTHUa MO,KeT BC'J'YTI}ITb B TaKyK> peaKUHIO H nopO.UHTb HeHTpOH. 

3tteprnR ttetfrpoHa 6y.ueT onpe.LJ.emtTbc.si: 3Heprnew KOTopyio coxpaHHJia anbcpa-qacrnua 

KO speMeHH CTOJIKHOBeHHSI C .Sl.Ll,pOM yrnoM BbIJieTa HeHTpOHa no 0THOUiemno K Hanpas­

nemno .Ll,BH,Kemrn aJib<pa-YaCTHUbl H 3Heprnei1 caMOH peaKUHH {a,n). IloCKOJlbKY peaK­

mui (a,n) MO>KeT rrpOHCXO.Ll,.HTb Ha BCeM npOT.Sl)KeHIU1 ee npo6era B cpe.Ll,e HIDI, ITO KpaH­

HeH Mepe, Ha YaCTH 3TOro npo6era TO 3ttepnrn aJib<pa-YaCTHU, scryna10w;HX B peaKUHIO 

6y.nyT pacnpe.L1,enettbI no urnpoKOM)' HHTepsany. Hanpasnemui .LJ.BIDKeHH.Sl HeHTµOHOB 

TaIOKe pacnpe,ueneHbI no sceMy TenecHOM)' yrny OT O .LJ.O 41r. OTCIO.LJ.a cne,uyeT, qTo 

cneKTµ Hei1TpoHos peaKUHH (a,n) .RBJI.SleTc.R HenpepbIBHblM. B nporpaMMe SOURCE .Ll,JISI 

pacqern BbIXO.Ll,a H crreKTpa ttdhpOHOB peaKL{HH (a,n) HCTTOJJb3YeTCSI B Ka4eCTBe MO)zyJISI 

nporpaMMa NEDIS[ 16]. B 3TOH rrporpaMMe .LJ.JI.sl pacqern Bbrxo.LJ.a H cneKTµa tteiiTµottos 

peaKU.HH (a,n) npOH3B0.Ll,HTC.Sl 4HCJieHH0e HHTerp11posam1e sepOHTHOCTH npOH3BeCTH 

peaKUHIO ITO ,umrne TpeKa aJibcpa-4aCTHUbl H qHcneHHOe .HHTerp11posaHHe no yrnaM Bbl­

neTa tteHTpOHOB. TaKHM o6pa30M, B Ka,K.LJ.0M y3ne JJ.ByMepHOH CeTKH, Ha KOTOpoii npOH3-

BO.Ll,HTCH HHTerpHposaHHe, 3HeprHS! aJJbcpa-4aCTHUbl H yron BbIJJeTa HeHTpotta 0Ka3b1Ba­

lOTCSI CTporo onpeJJ.eJJeHHbIM.H H, ecJTH S!.LJ.pO-MHUieHb H 3Hepnu1 peaKUHH 3a.Ll,aHbl, TO H 

3Heprj,fj{ HeHTµOHa B 3TOM y3ne CTµOfO onpeJJ,eJieHa. 3To n03BOJJ.ll.eT OTHeCTH HeHTµOH KO 

snonHe onpe.LJ.eneHHOH 3HepreTHt:JecKoi1 rpynne 3aJJ.aHHoro rpynnosoro pa36i-t:eIDUI. Bht­

XO.LJ.bI HeMTpOHOB peaKUHH (a,n) paCCYHTblBalOTCSI nporpaMMOH NEDJS Ha OCHOBe co­

.Ll,ep)l(aI.J.-lHXCSI B HeH .Ll,8HHbrx O ce4eHH.slX (a,n)-peaKUl!fH 11 T0pM03HOH cnoco6HOCTH cpe­

.Ll,bI. ATOMapHru! TOpM03HruJ cnoco6HOCTb cpe.Ll,bl E oueHHBaeTC.Sl no cpopMyne, peKOMeH­

J.lOBaHHOH s pa6oTax (17] H [18]: 
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( 16) 
1 E-Ai E 
-=-a-+ a 
c A1 A3 ln(l + A4 I Ea + A5Ea) 

ITapaMeTpbl Ak ' <pHryp11py10l.l.ll1e B cpopM)'Jie (16), KaK cpyHKUIDI 3apR:JI,OBOI'O q11cJia z 
coJI,ep)f{aTCj! B cnew-rnnbHOH fornapHOH 6116mmTeKe nporpaMMbt NEDIS. TopM03H~ 

cnoco6HOCTb CMeCeH 11 coeJI,r!HeHJrn Bbl4HCJIR:eTCH Ha OCHOBe npHHl.{Hna aJl,Jl,ITTHBHOCTH. 

Ta 6 J1 Ii u a 8. ITepe'leHb peaKUHH (a,11), i.aHHbte O KOTOpbtX coi.ep:iKaTCff B 6H6J1HOTeK:e 

nporpaMMbl NEDIS 

TTopor peaKUHH C 
411cno B036y)l(,!leHHblX 

o6pa.30BaHHeM 
C0CT0.IIHHH, .!lJl.ll o6pa-

l130T0n PeaKuH.11 
3tteprn11 peaKUHH, 

.11.llpa-rrpo.nyKTa s 
30BaHH.II K0T0pblX ITpH-

M3B B0.n.llTC.11 Ce'ieHH.11, H 
0CH0BH0M CO-

HaH60JlbUIM 3HeprH.11 
CT0.IIHHH 

B036y)l(,!leHH.II 
'Li 'Li(a,n)"B -2.79 4.38 1 (0.718) 
103 '

0B(a,n)uN 1.06 0 2 (3.527) 

"B 11 B(a,n)'4N 0.158 0 2(3.948) 
uc IJC(a,n)'bo 2.216 0 2(6. I 3) 

"O ''O(a,n)"'Ne 0.587 0 4(5.618) 

'"O '"O(a,n)"Ne -0.696 0.851 6(5.337) 
IYF '"F(a,n)uNa -1.95 2.36 8(2.211) 

"Na 23Na(a,n)2°AI -2.97 3.485 3( 1.058) 

''Mg 25Mg(a,n)28Si 2.654 0 3(4.975) 

"'Mg '
0Mg(a,n)""Si 0.0347 0 4(3 .069) 

"AI "Al(a,n)J0P -2.636 3.027 4(1.974) 

'"Si ZYSi(a,nrs -1.525 1.736 1(2.23) 
JUSi 30Si(a,n}33S -3 .492 3.959 I (0.84) 
j ' CI J'Cl(a,nt°K -3.87 4.292 3(0.89) 
41K 4 1K(a,n)""Sc -3.395 3.727 -

B 6H6JIHOTeKe nporpaMMbI NEDIS coJI,ep)f{aTCH JI,aHHb1e o ceqemurx peaKI.(lffl (a,n) 
.[(JIH ttyKJIH,llOB, YKaJaHHblX B Ta6JIHJ.{e 8. Cne,uyeT OTMeTJITb, 4TO B 6116JIHOTeKax npo­

rpaMMbl NEDJS co,uep)f{aTCH He TOJlhKO ceqeHID! nepe4MCJieHHblX peaKUHH C o6pa30Ba­

HHeM R,n;pa-npo,uyKTa B OCHOBHOM H B YKaJaHHOM B Ta6nm1.e 8 4HCJie B036y)K)leHHbIX co­

CTQj!IDfH, HO H napaMeTPbl aHH30TpOITHH yrnoBblX pacnpe.n;enemtii ReHTPOHOB. 

IloCKOJTbKY B pacqeTHOM 3a,naHHH .D;Jlj! nerKHX 3JleMeHTOB 3a,LlaJOTCj! HX rrpHpO.D;Hbie 

KOHUeHTJ)aUHH, TO .[(JIH onpeJI,eJTeHHj! KOHUeHTJ)arzytH H30TO~OB-"MHIIIeHeif' (a.,n)­
peaKI.lIDf s EHA.6-93 .2 sse.netta cneuHanbHaR rn611Hua c MF=O H MI'= 10, co.nep)Kal.l.laR 

.uaHHbie 06 aTOMapHbIX KOHIJ.eHTpaumrx H30TOTTOB-"MHllleHeH'' Tex 3JieMeHTOB (cM. Ta6JT. 

9), .zvrn KOTOpbrx. B nporpaMMe NEDIS co,uep)l{aTCR .uaHHbie o ceqeHHRX peaKIJ.H:H (a.,n). 
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T a 6 n H u a 9. Ta6nHua H30Tonou- «MHUJeHeit» 

BIB=NEDIS MF= 0 MT= 10 NAM=HEAD 
LV = 20 LT= 15 LC= 3 LS= 3 LF = (2I7 ,El2.4) 

* LIST OF (alpha , n) TARGETS 

* ABBN TARGETS WEI GHT IN MAT. COMMENT NEDIS 
* ! ! 10020 10020 D 

30070 30070 9 . 13 40E-01 Li- 7 NEDIS(Li-7) 
* ! ! 40090 40090 Be-9 

* 
50100 50100 2 . 1350E-01 B-10 NEDIS (B-10) 
50110 50110 7 .8 650E-01 B-11 NEDI S (B- 11) 

* 
60000 60130 l . 0255E-02 C NEDIS (C- 13) 

* ! ! 70000 70140 N 
80000 80170 3 . 67 00E-04 0 NEDIS (O-17) 

80180 l . 8227E-03 NEDIS (0-1 8) 
90000 90190 1.0 F NEDIS (F- 19) 

110000 110230 1.0 Na NEDIS (Na-23) 
120000 120250 9 . 8310E-02 Mg NEDIS(Mg- 25) 

120260 l . 0560E-01 NEDI S (Mg-26) 
130000 130270 1.0 Al NEDIS (Al - 27) 
140000 140290 4.5350E- 02 Si NEDIS( Si - 29) 

140300 2.8570E- 02 NEDIS( Si-30) 
* ! ! 160000 160330 s 
* ! ! 160340 

170000 170370 1.0 Cl NEDIS(Cl-37) 
190000 190410 1.0 K NEDIS(K-41) 

CrpoKH, OTBe,lleHHble ,llJUI TeX H30TOnos, ,llJUI KOTOJ)bIX B cyrn,eCTBy'lOWeH sepcIDI npo­

rpaMMhI NEDIS HHcpopMal..{H.si noKa OTCYTCTByeT, 3aKoMMeHTHposaHb1 3Be3,llOlfKOH B 

nepBOH □03HUHH. 

I1cnycKaHHe HeHTJ)OHOB B peaKUHH (a,n) , HeCOMHeHHO, conpOBO)KJlaeTCSI TaIOKe HC­

nycKaHl-teM q>OTOHOB (nOCKOJlbKY lJaCTb HeHTJ)OHOB HcnycKaeTC.s! B peaKL(mrx C o6pa30-

sa1rneM .s!,LI,pa-npo.uyKTa B B036y)KJleHHOM COCTO.s!HHH). 3HaJI cetJeHH.s! peaKUlrH (a,n), se­

~eH K o6pa30BaHHlO B036y)KJleHHbrx COCTO.s!HHH H cxeMy HX pacmma MO)KHO 6b!J10 

6bl paCCLIHTaTb HHTeHCHBHOCTb q>OTOHOB, 11cnycKaeMblX O,ll,HOBpeMeHHO C HeHTpOHaMH. 

B cncTeMe CKAJIA, O,LI,HaKo, s HacTo.simee speM.si yqeT :rroro HCTO1IHHKa q>OTOHOB He 

rrpOH3BO,ll,HTC.s!. Ilpwuma COCTOHT B TOM, 'ITO anbcpa-LiacntUbl BCT)'IlaJOT C .s!,ll,pa.MH He 

TOJlbKO B (a,n)-peaKUml, HO H B ,LI,pyrne peaKUHH, se,LI,ynu,te K o6pa30BaHHlO BTOJ)H'IHbIX 

q>oTOHOB (peaKUHH (a,p '), (a.,a ') -tteynpyroe pacce.sittHe anbcpa-tJacn1u), .uaHHhIX o KO­

TOpbIX B nporpaMMe NEDIS ceWJac tte co.uep)l(HTC.s!. ITo oueHKaM, npette6pe)l(eHHe 3THM 

HCTOLI.HHKOM H3JlyLieHIDI npaKTWJeCKH He BJll,UleT Ha oueHHBaeMyto cyMMapHyJO MOW­

HOCTb 3 KBHBaJleHTHOH ,ll,03bf. 

HIDKe Ha pHcyHKax 4 H 5 npHBO,ll,SITCSI 3 HepreTW-IeCKHe Bb!XO,llbl q>OTOHOB H HeHTJ)O­

HOB, 11cnycKaeMbrx s 1 cM
3 

3BTeKTH'-lecKoro pacnnasa conei1 NaCl, KC/, CsCI H PuC/3 s 

BeCOBbIX COOTHowemurx 9.09%, 9.06%, 38.52% 11 43.33%, COOTBeTCTBeHHO. IlpHH.s!TO, 

trro s cocrnse nJ1YTOHH.s1 co.uep)KHTC.si 0.2% 238Pu, 6%240Pu, 0.5%241Pu, ocTanbttoe -
239p u. 
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OPr AHH3All;Iffl II HCIJOJII,30BAHJIE IIPOrP AMMhl SOURCE 

Olil.l{ME 3AMEqAHIDI 

KoMrnleKC SOURCE npe,nHa.3HaqeH ,nm1 pacY:eTa HCT0lfHHKa pammaKTHBHblX H3J1Y'lfe­

HHH B CHCTeMe CKAJlA. 3TOT HCTO'IHHK HCn0Jlb3YeTCH B CHCTeMe nporpaMMaMH pacqe­

T3 rrepettoca raMMa KB3HT0B H Hewrp0H0B C nocne,ny10rn,HM pacl.feT0M JJ.03. 

KoMnneKc SOURCE co,nep:>Kl1T Mo,nynH SOURGAN, NEDIS 1:1 6H6JIHOTeKH tteo6xo­

,11.11MblX H,nepHbIX ,naHHbIX. 

HopManbHaH pa6oTa K0MnneKca ocyrn,eCTBJUleTCH npH pa6oTe s C0CTaBe CHCTeMbl 

CKAJIA. CHcTeMa CKAJIA 06ecrre9m3aeT nepe,naqy ,u.aHHblX, B3aHMo,u.ewcTsHe Me)K,ll)' 

nporpaMMaMH, nepe,naqy 3a,u.aHHH Ha pacl.feT, no,u.KJ110qem,1.e 1-1eo6xo,u.HMbIX 61-16nHOTeK 

K0HCT3HT, a TafOKe rrepe.naqy pe3y111>TaT0B pacl.feTa 0CTMbHblM MO,llyJUlM KOMTIJ1eKca. 

Bo3MO:lKHOCTH KOMnneKca: 

pac<teT HCT04HHKa HeHTpOHOB OT cnoHTaHHoro ,neneHIDl' 

peaKqmt (a,n); 
pacl.feT <pOTOHHOfO HCTO'lllliKa OT raMMa KBaHTOB pacna,na; 

T0pM03HOro H3ny'lfeHHH, nopo)l(.lleHHOro MOH03Hepre'fHlieCKHMH 3JleKTp0Ha­

MH, o6pa.3yIOUJ,HMHC.sl B pe3yJlhTaTe pa.u.11oaKTHBHb!X pacna.uos; 

TOpM03HOro mnyqeHHH, nopo)l(.lleHH0ro ,8-3JleKT))OHaMH H n03HTJ)OHaMH o6-

pa.3yIOUJ,HMHCH B pe3yJibTaTe pa.u.aoaKTHBHbJX pacna)J.OB; 

HCTO'lHHKa MfHOBeHHblX raMMa-KBaHTOB cnOHTaHHOfO ,[{enemu1; 

HCTO"IHHKa raMMa-KBaHT0B CTIOHTaHHOro ,[{eJleHlrn OT npo,nyKT0B .u.eneHH.si. 

ITp11 paCY:eTe HCTO'lHHKa HeHTJ)OHOB OT peaKU.HH (a,n) M0)l(eT 6hITb yqreH KOHe4HblH 

pa.3Mep MHKp04aCTHU Mbcpa-H3ny'lfaTenetL Mo)l(eT 6b!Tb TaK)l(e paCCl.flffaH BblXO.lJ. H 

cneKT)) ttei1Tpottos, rettep11pyeMbIX s cpeAe, co,u.ep)l(aUJ,eH nerKHe 311eMeHTbI, OT anb<pa­

qacnru, BblXOAHI.l.lHX 113 TOJICTOro CJI0H anbcpa-aKTHBHOro MaTepHana HIDI OT TiytJKa anb­

cpa-l.faCTHU., na,lJ.aIOI.l.lHX Ha cpe,ny H3BHe. 

ITpH pacl.feTaX cneKTJ)OB Y4HTbJBaeTCH aHH30TpOTIH.sl HCnycKaHHH HeHTpOHOB B CHC­

TeMe u.eHTpa Mace peaKUHl:-1 (a,n). CeqeHH.si (an) peaKUHH, K03Q)cpHUHeHTbl pa.3JlO)KeHHH 

Cel.feHHH no TIOJIHHOMaM Jle)l(aH,npa, TOpM03Hble cnoco6HOCTH anbcpa-l.faCTHU 6epYTCH 113 

6a.3 .n:aHHblX Mo,nynH NEDIS, opraHH30BaHHbIX B B11.[(e oT,nenbHhlX cpafums. 

IlPOrPAMMA SOURGAN 

Mo.n:ynh SOURGAN- rnaBHbIH Mo,nynh KOMnneKca. Ott oc~ecrnm1er lfTeHHe cpaw­

na 3a,[{aHHH Ha pacqfu HCTOCJHHKa, 'lTeHHe H30TOTIHblX KOHUeHTpauHH, pacqeT HHTeHCHB­

HOCTH H cneKTpa HcnycKaHHH qJOTOHOB pa,n:11oaKTHBHOfO pacrra,ua, CIIOHTaHHOro ,neneHH.sl 

H TOpM03HOro 1-nnyYeHHH OT 3JleKTpOH0B BffYTPeHHeH KOHBepCHH H 6eTa-3JleKTpOHOB 

HHTeHCHBHOCTH H cneKTpa HeHTpOHOB C□0HTaHHOro .uerreHH.sl, a TaK)l(e cpopMHpyeT 33,[{a­

HHe Ha pacl.feT HCTO'lHHKa OT (a,n) peaKU.HH JJ.JIH nporpaMMbl NEDJS. 
B llITaTHOM pe)KHMe pa60Tbl K0MTIJ1eKC npOH3B0,lJ.HT pacLJeT scex KOMTI0HeHT HCT0l.f­

HHKa HewrpOHHOro H Q)OTOHHOfO H3nyqemrn YKa.3aHHb!X B npe,U.bI.[(Yl.l.leM naparpacpe. OA­

HaKo IT0Jlb30BaTeJIIO npeJlOCTaBJleHa B03MO)l(HOCTb 3anpeTHTb pacl.feT HeKOT0pbIX KOM­

TIOHeHT HCTOl.fHHKa JJ.JIH attanH3a BKJ13,ll0B. 
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~eTaJJbHoe om1cam1e onu1111 cpai1na 3aJJ,aHH.si JJ,aHo B HHCTPYKUHH noJ1h30BaTeJU1 c11c­

TeMb1 CKAJlA, KOTopa.si nepe,uaeTc.si noJJb30BaTen.siM BMecTe c caMOH c11cTeMOH 4epe3 

IJ;eHTP no opraH113au1111 3KcnepTH3 nporpaMMHbtX cpeJJ,cTB npw rHLJ, r AH. TToJTOMY .ll.e­

TaJJbH0 OIIBCbIBaTb nop.siJJ.OK sso,ua 11cxoJJ,HhtX .ll,aHHbIX .ll.JU1 nporpaMMbI SOURCE 3JJ.ecb 

He HMeeT CMblCJla. OTMeTHM 3)].eCb, JIHWb B03MO:>KHOCTM nporpaMMbl. 

KoMfUleKC MO)l(eT np0113B0ll,11Tb paCLieT HCT09HHKa B mo6oM rpyn□OBOM pa36HeHH11. 

CTaHJJ.apTHblMH C411TalOTC.s! 299, 28 H 26- H rpynnoBbJe 3HepreTH'IeCKHe pa36MeHI-1j{ 

EHAE .urrn tteihp0HHoro 113.rryqeH11S1 [ 19] 11 om1caHHb1e Bhrwe 127, 15-11 rpynnoBbie pa3-

6weHl1JI ,llJJ5[ cpoTOHHOro 113JJy4eHl1_SI. 3HepreTl14eCKMe rpaHHUbl 3THX rpynnOBblX pa3fote­

HHH 3acpHKCHpOBaHbl B CHCTeMe. IIom,30BaTemo HeT Heo6xo.1u1MOCTH HX onpe.ll,eJJSITb B 

3a.uam111. O.uttaKO, ITOJJb30BaTemo npe)].OCTaBJJeHa B03MO)KHOCTb BBeCTH CBOl1 3HepreT11-

4ecKHe rpaHHUbl rpyrrn H npomBeCTH C HHMH pac4eT. 

11CT04HHK MO)l(eT 6btTb paCC411TaH MaKCl1MYM ,llJlSI 100 30H, 113 KOTOpbIX He 6onee I 0 
MOryT co.nep)KaTb HCT04HHK HeHTpOHOB (a,n)- pea.KUHH . 

.L{n.s! onpe.ueneHH_SI COCTaBa KIDK.ll,OH 30Hbl 3a.uaeTC.s! 11M5l HJJH H)].eHT11cpm<aUHOHHblH 

HOMep H30TOTia 11 ero .sIJJ.epHa.si KOHUeHTpau,11_.si B o6beMe «6apH*CM». 

BbIXOJJ.Ha.s! 11HcpopMaUHSI 3an11cb1BaeTC.s! B cpaiin J1HCTl1Hra. O6beM 3an11Cb1BaeMOH HH­

cpopMaUMH perynHpyeTCH TIOJlb30BaTeJleM. KaK MaKCHMYM BbIJJ,alOTCH )],amu,1e no BCeM 

H)'KJJH.ll,aM + cneKTpbr no sceM npoueccaM + npoMe)Kyr04Hhte pac9eTHhie JJ.aHHhie. 0mm 
HJIH }].Ba nocne)].HMX 6noKOB }].aHHbIX MOryT 6hITb onyrn,eHbl. 

B CTaH.uapTHOM pe)Kl1Me B BblXO,llHOH Jll1CTHHr 3anHCb1BaeTC.s! no Ka)l(J],OH KOMTIOHeHTe 

rpynnOBhle 11HTeHCl1BHOCTH (113 o6beMa 1 CM
3
) 11cnycKaIDU1 qJOTOHOB 11 Heihp0HOB B ce­

KYHJJ.y; a6cOJJIOTHblH 11 OTHOCHTeJibHbIH (B npouettrnx) BKJia)lbl B HCTO'-IHHK no KIDK.ll.0M)' 

H30TOny OT)].eJlbHO; TIOJJHblH 3HepreTH4eCKHH BblXOJl. H ero pacnpe.uenemte no 3Heprent-

9eCKHM rpynnaM (B M3B/ ceKlcM
3

) a TaK)l(e paCC'-IHTaHHble Ha OCHOBe 3aJ].aHHhIX HJl.ep­

HblX KOHUeHTpau1111 nnOTH0CTb MaTep11aJ1a 30Hbl H secosoe COJJ.ep)KaHMe KIDK.ll,Oro H30-

TOna . 

.[{n.si rroc11e.uy10LUero BB0)].a paCC4HTaHHblX )].aHHbIX O ITJJOTHOCTH 11CT09HHKOB BO 

BKJ110'-leHHb1e s c11cTeMy CKAJIA nporpaMMbt pac4eTa nepettoca (MMKKENO TWO­
DANT KASKADIROZ) co3)].aeTc5l cpa.wn s cneuHaJJhHOM cpopMaTe EXCHANGE. I1epe)].a-

4a 11CT09HHKOB B nporpaMMbl pacLJtha nepeHOCa ocymecTBJJ.s!eTCH cneuttaJibHhIMH MOJJ.y­

Jl.s!MH c11cTeMbI CKAJIA. 

PACLfET JtfCTOLfHMKA HEHTPOHOB PEAK~l-111 (a, NJ no nPorPAMME NEDJS. 

B KOMnneKce SOURCE pacLJeT ttei,frpoHHoro 113nyLJeHH_SI OT (a,n) peaKUHH npoH3BO­

JJ.HTC.si MO)].yneM NEDIS. O.UHOH 113 Ba)KHblX cpyHKU11H KOMTIJleKca .s!BJJ.s!eTC..s! nO)].fOTOBKa 

3a}].aHH..s! .llJUl nporpaMMbl pac9eTa 11CTOLJHl1Ka 3TOH peaKUH11. 3a.ua1-rne rOTOBHT MOJlYJlb 

SOURGAN. ITepe.uaLJa 3a)].aHHH 11 B3a11MoJJ.eiicTBHe c MOJJ.YneM pacLJeTa tteHTpottHor o 

H3ny'-leHJ.UI OT (a,n) peaKU11H npOH380)].11TC5l ynpaBmllOLUeH nporpaMMOH CHCTeMbl 

CKAJIA. 3aJJ.aHHe Ha NEDIS roTOBHTCR Ha octtose 3aJJ,aHttoro H30T0nttoro cocrnsa cpe­

.llbt 11 .uaHHblX cwcTeMbl K0HCTaHT EHAE. 
ITo.uroTaBJJHBaeMoe 3a)].aHHe COCTOHT 113 JlByx 6JlOKOB. B nepBOM onpe)].en.sieTC.s! HH­

TeHCHBHOCTb 11 cneKTp aJ1b<pa-LJacn1u, 11cnycKaeMblX cpe.uoii 1-h scex anbcpa-JJl1HHH OT-

fa1paeTCH He 6011ee 40 CHJlbHeHWHX ( C HaH60JihWHMl1 3Ha'-leHI151MH A, 10-24 
C,Yi ,k E i,k ). 
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BTopoi:t 6JioK 3aJJ,amrn oTBe4'aeT 3a cpeJJ,y TOpMO)Kemrn H onpe.uenemte H30Tonos­

r,,tHlllettdL ,[{ml onpe.n.enemu1 TOpM03HOH cnoco6HocTH cpeJJ,bl JJ,OCTaTocrno 3a.n.aTb 3Jie­

MeHTHbIH COCTaB cpe.Ubl. Kom.1.eHTpaumt H30TOnOB-MHWeHeH onpe.n;emnOTC.SI no )J;aHHblM 

0 co.uep)f(affif.H: Toro HJIH HHOro 3JTeMeHTa H HaJll,fl{_),f}O y Hero H30TOnOB, Ha KOTOpbTX M0-

)l(eT H.ll.T11 peaKUH.ll (a n) no.a .n.eHCTBMeM aJTbcpa-qaCTHU pa.n.1-1oaKTHBHOro pacna.ua (omt 

onpe.n.eJJeHb1 rn6m1ueH EHAE MF=O, MT= 10 o KOTopoii rosopHnocr, sr,1we ). 

IloJJ,rOTOBJleHHoe 3aJJ,aHHe nepe.n.aeTc.si MO.LJ.ymo NEDIS KOTOpbIH .ll.Jl,<i BbinOJIHeHH,11 

pactfeTa o6pamaeTc.si K CBOHM BHYfPeHHHM 6H6JIHOTeKaM, COJJ,ep)Kal..l.l,HM napaMeTpbl, )].Jlj{ 

onpeJJ,eJieHH.ll TOpM03HOH cnoco6HOCTH cpeJJ,bl, ceLteHJrn (a, n)- peaKl.(1111 )J.Jl.ll H30TOilOB­

MHllleHeM ( C nepeXOJJ,OM KaK B 0CHOBHOe, TaK H BO Bee B036y)K,LJ.eHHbie COCTO.SIHHJI .SIJJ,pa­

npO.LJ.YKTa - CM. Ta6n.8) H yrnOBble pacnpeJJ,eJTeHH.SI HeMTpOHOB. Tiocne 3aBeprneHIDI 

paC4'eTa nporpaMMa NEDIS C"IHTbrnaeT cpa1111 EXCHANGE o KOTopoM roBOpHnocr, BbI­

me, H nonOJIH,<ieT ero JJ,aHHb[MH O HeHTpOHax, po)f(JJ,eHHblX B (a, n)- pea~IDJX. 

3AKJIIO~HHE 

OnHcaHHa.si Bbillle nporpaMMa SOURCE pa3pa6aTr,rnanacb .ll.Jl.SI TOH o6nacTH npHMe­

tteHH.si, Ha KOTOp)'lO opHeHTHposanacr, BbltfHCJ1HTeJ1bHa51 CHCTeMa CKAJIA, B COCTaB KO­

TOpOH BXOJJ,HT 3Ta nporpaMMa, a HMettHO, Ha pactfeTbl B o6ocHOBaHHe pa.n.11au110HHOH 

6e3orraCHOCTH npH KOHBepc1111 opy)f(eHHOro TTJTYTOHI-Ul B JJ,HOKCH)J.. 3To pa3yMeeTc.si, Ha­

JJO)KHJIO onpeJJ,eJJeHHbJH OTTTe'-laTOK Ha BO3MO)KHOCTH nporpaMMbl, peaJTH3OBaHHbie B cy­

mecTBy101..1.1,eH aepcHH. TaK Hanp11Mep 6H6m10TeKa pacna.n.tthrx .LJ.aHHbIX, co.uep)f(amaR 

HH(pOpMaUHIO He TOJTbKO )J.Jl.ll Bcex aKTHHH.ll.O8 HO H )].JI.SI scex paJJ,HOttyKJTHJJ,OB, KOTOpbte 

MOryr o6pa30BaTbC51 B uenotfKax HeHTpOHHblX peaKl.(1111, aepHQ)HUHpOBaHa )J.Jl.SI H3OTOilOB 

IIJI)'TOHH.SI HecpaBHeHHO Ha.n.e)l(Hee, LteM, CKameM, )].JUI npOJJ,yKTOB JJ,eJieHH51. B cymecT­

B)'lOI.I.l,eM aepCHH nporpaMMbl He npoBOJJ,HTC.si pac4'eT JTOKaJibHOH (3a CtfeT 3ap.Sl)KeHHbIX 

IIPO.LJ.YKTOB pacnaJJ,a) H IlOJJHOH ( C ytfeTOM 3HeprnH YHOCHMOH (pOTOHaMH) nJJOTHOCTH 

3Heprosb1JJ,enemrn. 3TH tteJJ.opa6oTKH asTopr,1 npeJJ,no1rnra10T ycTpaH,<iTb no Mepe pac­

WHpeHH.si o6JiaCTH npHMeHeHH.SI nporpaMMbI. 

ABTOpbl BbipamalOT npH3HaTeJTbHOCTb r.B.CaBOCbKHHOH 11 H.A. TipoxopOBOH 3a 

60JibllIYIO IJOMOl..l.l,b B cpopMHposamrn 6H6JIHOTeKH pacnaJJ,HbIX JJ,aHHblX. 
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YJU{ 621.039.51 

COIi OCT ABJIEHHE ,Il;AHHhIXP AcqETOB (IIPOrPAMMA MCU) 
II 3KCIIEPIIMEHTOB (PEAKTOP <l>-l)IIPII O:QEHKAX 

IIAPAMETPOB CIIEKTPOB HEMTPOHOB, II3MEPEHHhIX C 
IICIIOJih30BAHIIEM AKTIIBA:QIIOHHhIX )];ETEKTOPOB 

B.H. Epb112aJ10B, E.A. I'o.\,tUH, A.M jJ,eMuooe, E.B. ErjJUMOB, B.C. /(uKapee, B.C. HoHoB 

PHI..{ "Kyp1.1amoBCKUU uHcmumym " 

AKTlfeau11011111>11-i JKcnep11~eHT. npoee,ne11111>1i1 11a peaKTope <I>- I Pl IU KJ1, Mo11e1111poeancll nporpaM­
MOH MCU. 8 TPeX 0611y4a-reJ1bllbJX noJT0CnIX aKTl1811p0BaJJl1Cb nllTl1KOMno11eHTHble ,lleTeKT0pbl, TI0JB0JUIIO­
U{lfe noJTy'laTb napaMCTpbl cneKTp0B HeHTp0H0B 11 110 15-rn CKOpocrei1 peaKU11H aKT11eau1111. Onpe11e11eH11e 
napaMCTp0B HeATp0llllblX cneKTp0B C 11cn0JTb30Ball11CM aKT11eau110111-tblX ,neTeKT0p0B 0CII0BaHo Ha J,fJMepe­
Hl11'1 cneKTpoe 11aee11eHHOH raMMa - aKT11e11ocr11. nporpaMMOH MCU Mo.11en11poean1'1Cb Te )Ke napaMcrp1>1 Jl11JI 
llB)'X nonocrej;j peaKTopa (ue~rrp aKTl1BHOH 30Hbl 11 Tennoerui K0JIOHHa). 3a HeK0T0pblMl1 11CKnl04eH(,(JIM(,( 
n0JT)'4eH0 cornac11e C00TBCTCTBYIOlll11X 3Ha4eHf,fH. 
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COMPARISON OF CALCULATIONS (CODE MCU) AND MEASUREMENTS (REACTOR "<I>-1") 
TN EVALUATIONS OF NEUTRON SPECTRA PARAMETERS USING ACTlVATION DETECTORS. 
BRYZGALOV V.I. , GOMIN E.A.. DEMIDOV AM .. EFIMOV B.V., DfKAREV V.S., IO OV V.S. Tt was 
fulfilled the modeling by MCV code results of activation experiments at "<I>- I' reactor of RRC KT. The 5-
components detector was activated. Neutron spectra parameters are determined after measurement of activa­
tion reaction rates. Experimental and calculation reaction rates and neutron spectra parameters are well coin­
cided with some exclusions. 

OE03HA'IEHIDI 

BOTT- 06nyYaTeJ1bHa.11 nonocTb B sepntKaJlhHOM Kattane 

TOTT - 06.rryYaTeJ1hHaR nonocTh B Ten110BOH KOJlOHHe 

UOCT - 06J1yYaTeJ1bHa.ll TTOJlOCTb B U,eHTpaJlbHOM Kattane 

rrn,n - no11ynpOBOJ].HHKOBbIH ,neTeKTOp 

YK)]; - ytt11cp11u11poBaHHhlH KOMTT03HUHOHHblH ,neTeKTOp 

Fi- TTJlOTHOCTb TTOTOKa TeilllOBblX HeHTpOHOB(H·CM-
2 

·c"
1
) 

/40"- cneKTpam.HblH napaMeTp .nm1 3n11TeTTJ10B0H o6nacTH 3Heprni1 

Tn- TeMneparypa tteifrpoHHoro ra3a °K 

MeTO.ll aKTHBaUHOHHb[X H3MepeHHH napaMeTpOB peaKTOpHhIX HeHTpOHHhlX cneKTpOB 

C HCil0Jlb30BaJrneM ytt11cp111..,111poBaHHb[X KOMTI03HUHOHHblX ,D,eTeKTOpOB (YK,Z:0 pa.3pa6a­

TbIBaeTC.II s PHU, KH c 1997 r. OH OCHOBaH Ha rrn,n TeXHHKe .AID! H3MepeHHH raMMa -

cneKTpOB aKTHBHOCTeH, HaBe,neHHbIX B o6pa3u,ax YK,n. B npouecce OTpa60TKH MeTO,D,a 

6bIJ1H HCCJle,D,OBaHbl a1<T11BHble 30Hbl pa311li4HblX .11.nepHbIX ycTaHOBOK (peaKTop <l>-1 [1] 
Kp1nc6opKH THna BB3P, KpHTCTett.n. ACTPA) 11cnb1TaHh1 pa3J11-Nttb1e THnhI o6pa3UOB 

YK)]; 11 MeTO.l{bl BOCCTaHOBJleHH.11 HeHTpOHHb[X cneKTpOB no 3KCnep11MeHTaJlbHblM .naH­

HhIM aKTHBaUHH. 

CospeMeHHble nporpaMMHble cpe.acTBa (llporpaMMa MCU[2]) TI03BOJ1.llt0T npOBO,llHTb 

MO}].enHpOBaHHe 3KCnepHMeHTa MeTO,D,OM MoHTe-Kapno npaKTl19eCKH 6e3 ynpomeHHH 

q>H3H:KH B3aHMO,lleHCTBH.II HeHTpOHOB C semeCTBOM H reoMeTpHH paccMarp~aeMOH CHC­

TeMbl. KoHTpOnh KoppeKTHOCTH MO,D,e1111posamu1 npOBO,lJ,HTC.11 cpaBHeHHeM napaMeTpOB 

HeHTpOHHblX cneKTpOB, no.rryYeHHbIX npH MO.D.en11posamrn C .naHHblMH H3MepeHHH B 

aKTHBHOH 30He. flonyYeHO Y.llOBJleTBOpHTeJlbHOe cornacHe paclJeTHbIX H 3KCnepHMeH­

TaJlbHblX .n11cpcpepeHQHaJlbHblX cneKTpOB. 

AKTHBAJUIOHllI>IH 3KCIIEPHMEHT HA PEAKTOPE cll-1 

O,D,HOBpeMeHHOe 0611yqeHHe Bcex o6pa3UOB YK)]; H o6pa3UOB Dy - Lu npOBO.D,HJlOCE, 

Ha peaKTOpe <I>-1 npH MOll.lHOCTH 6 KBT. BpeM.11 0611yYeHH.II 2.0 Yaca, BpeMeHa Bbl.D,ep>KKH 

nepe.n H3MepeHllilMH 3-6 t:JaCOB. 

IlpHBO}]..IITC.11 .naHHbJe }].Jl.11 o6pa3UOB YK.,ll; [3], pa3MemeHHblX B 0611yYaTeJ1bHblX no­

nocnx peaKTopa: IJ,OCT 11 TOTI. 

KoMnaKTHbie o6pa3UhI YK,n (S0x 1 0x0.2 MM) co.nep)KaT llilTh pa.3nHYat0mI1Xc.11 no 

HeiirpoHHbIM xapaKTepHCTHKaM aKT11B11pyeMbIX H30TOTIOB 
16.iDy, 55 Mn, 197 Au, 186W, 111 Br. 
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Enaro.n.apsi npHMeHemno TIITL( TeX HHKH 0 .ll.HOBpeMeHHO perHCTPHPYIOTCR aKTHBHOCTH, 

np1rna.n.ne)KamHe Ka)K)].OMY H3 3 THX H30Tonos. JilcnoJih3YSI pa3mr41-u1 HeHTPOHHbIX xapaK­

TepHCTHK H30TOIIOB, MO)KHO pa3)].eJIRTb HX aKTHBaUHH, 06ycJ10BJ1eHHbie TenJTOBblMH H 

:rnHTeTIJTOBblMH HeihpoHaMH, H no HHM onpe,ll,eJlSITb TIJTOTHOCTH nOTOKOB TeITJTOBblX H 

3 nHTeITJTOBbIX HeHTpOHOB. 

O6~emu1 npoBO).lHJIHCb C ueJibIO no~eHHSI OCHOBHbIX xapaKTepHCTHK HeHTpOH­

HbIX cneKTPOB (F,, hm1, T,,). 3KcnepHMeHTaJibHbIMH ,l],aHHbIMH HBMJIHCb cKopocTH peaK­

UHH aKTHBaUHH (UjnOJIH) TIJITH H30TOII0B, BXOJJ;.HI.UHX B COCTaB o6pa3UOB YKL(. rrocne 

o6ey4eHHJI aKTHBHOCTH o6pa3UOB H3Mepsinacb Ha raMMa - cneKTpOMeTpe co csepx1rnc­

TbIM repMaHH.eBbIM .n.eTeKTOpOM cjlHpMbl OPTEK, HMefOIJ.(eM 3cpcpeKTHBHOCTb 25%. 3cp­

cj>eKTHBHOCTb perHCTPa~ raMMa - KBaHTOB s cneKTPOMeTpe KaJTH6pOBaJTaCb c HCIIOJlb-

30BamteM HCTO'IHHKOB OCrl-f. 

Tio 3Ha4eHHJIM aKTHBHOCTeH o6pa3U,OB YKL( paCC4ITTblBaJTHCb IIOJlHbie CKOpOCTH pe­

aKUHH Ha H30Tonax. ITo 3THM CKOpOCTRM peaKUHH onpe.n.eJU!JlHCb IIJlOTHOCTH IIOTOKOB 

TennoBhlX H 3nHTennoBbIX HeHTpottos(F,, hn11). 3Ha4eHHR nnoTHOCTew noTOKOB B TO'IKax 

o6nyt.JeHHR np1-1se.n.ettb1 s rn6m1ue 1. 

Ta 6 n 11 u a I. napaMeTJ> nJl0TH0CTH n0T0Ka JnHTenJJ0BblX HeihpoH0B.f,nH 

no .llaHHblM .llnll no3HU1111 o6nyl.feHHll 

1130TOnOB uon BOTT TOO 
,, Au 5.89· I 07/7.0 2.86-106/7.0 <2-104 

,nuur 5.51 -107/7.0 2.70· 106/7.0 <1-104 

'" Br 4.36-107/8.0 (5.45 107)*) - -
C pe;1Hee 5.22-107/5.0 (5 .62 107)*) 2.78-106/7.0 <1· 104 

*) )],JUI pe30HaHCOB IO 1.135 3B. 

ITJJOTHOCTH n0T0K0B TenJJ0BblX HeihpOHOB F, 

flo .llaJIHblM .ll.llll no3HU1111 0 6,ly<leHIUI 

1130TOnOB uon BOTT TOTT 
,o., Dy 1.08-109/3.5 1.09-108/5.5 3.20· I 06/6.0 
jJMn 0.98· 109/3.5 1.03-108/6.0 3.08-106/6.5 

Cpe.nttee 1.03-109/3.5 1.06-108/3.5 3.14-106/6.0 

L(nR BbUrBJieHHSI 3cpcpeKTOB, CBR3aHHb1X C TeMnepaTYpOH HeHTpOHHOfO ra3a pa3Me­

UlaJTHCb .D,eTeKTOpbl Dy - Lu. TeMnepaTYpHbie Jcj>cj>eKTbl HCCJie)].OBaJIHCb no OTHOWeHHRM 

aKTHBau11i1 
176Lu, 175Lu H 

164Dy H no OTHowemrnM nnoTHOCTeH noTOKOB TenJTOBbIX H 

3 TIHTeIIJIOBbIX HeHTpOHOB. 

MO,l(EJIIIPOBAHHE 3KCIIEPHMEHTA HA PEAKTOPE <l>-1 
B IIPOrPAMME MCU 

Mo.n.en11poBaHHe ycnOBHH B o6ny4aTeJlbHbIX IIOJIOCTRX peaKTopa <I>-1 npOBOL(HJIOCb 

no nporpaMMe MCU [2]. 
PaclfeTHaR MO)].eJlb (pHC. 1) npe.n.CTaBmieT co6oi1 6eCKOHe'4ttyfO no Y,Z - KOOp.ll.HHaTaM 

nonocy, COCTOSIUlYIO H3 rpaq>HTOBbIX 6JIOKOB pa3MepoM (X, Y,Z) 400xl 80x 150 CM. B 6no­
Ke Haxo.D,RTCR 1 l cnoes, nepneH.D.HKy1rnpHbIX OCH Z, TOJIUlHHOH 10 CM. B uettTPe Ka)KJJ.oro 

CJTOSI HaxO.D.SITCR TOIIJlHBHbie CTep)l(HH. peaKTOpa <I>-1 , pacnonmKeHHbJe B.ll.OJlb OCH Z s 
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J(Ba.upaTHOH perneTKe C rnaroM 20 CM. C11011 pa3JIHY.aJOTCj{ pacnoJIO)KeHHeM H Y.HCJIOM 

cTep)KHeH. B HeY.eTHblX CJlOj{X HaXO)lHTCj{ 5x7 crep)f(HeH, npHY.eM ueHTpaJibHb[H CTep­

)l(eHh noMemeH B ueHTp CJIOH. B 4eTHblX CJIO.HX Haxo.nRTCH 6x6 CTep)KHeH, a ueHTp CJJOH 

nona.uaeT Me)KJ.J.y 1.JeTblpbMH ueHTpaJibHblMH CTep)KHHMH. CTep)l{eHb COCTOHT H3 ypaHa C 

j!)lepHblMH TTJIOTHOCTHMH: 
235U - 0.32*10·3, lJHU - 0.44*10"1

. )];HaMeTp CTep)KH51 paBeH 

3 .2cM, a BbICOTa I OcM. Ha p11cyHKe I TTOKaJaHbl Ce4eHl1SI 3JieMeHTapHoro 6110Ka nJIOCKO­

CTjlMH nepnett.n11Ky11.sipHbIMH oc11 Z. PaccY.HTb1Ban11c1, cpe.uH11e no no11ocT11 noTOKH HeH­

I I I I I 
I I I I I 
I I ¢ I I 
I I I I D 

I J I I I 
I I I I I 

L a) 

X 

TonnMao --....... .. . I 
rpaq>MT 

7-· \ . 
06n~8T8JlbM8A • • • • 06n}"l3TenbHSA 

1101lOCTb uon no/lOCTb ron 

6) 

P»c. I . )].ea ce'!emrn JneMeHrnpttoro 6noKa. vb 
6noKOB noc-rpoetta 6ecKotte11HaJ1 nonoca (no OCllM 
Y,Z). Ha 6oKOBhrx noaepXHOCTllX no oc» X Mo.11e­
ID!py10TCll )'CIIOBHll BblJleTa (yTe'l.KH). B.110J1b ocei1 
Y,Z - ycnos11S1 3epKa.ITbHoro OTPIDKeHID!. 

TpottoB H CKOpOCTH peaKUIDi 3aXBaTa )lJUI 

YKa3aHHblX H30TOnOB B 54 3HepreTHt.J.e­

CKHX HHTepaanax. 

IlpH MO)len11poBaHHl1 cpopMHpOBaJ111Cb 

rHnoTeTwi:ecKHe 0611Y4aTeJlbHhie TTOJTOCTH 

C pa3MepaMH, COOTBeTCTBYIOlllHMH KaHa­

.rry. MaTep1-ranoM o6paJua YK,[J; paatto­

MepHo 3anOJIHHJiaCb BC.sl nOJIOCTb. Ilo CB0-

11M xapaKTepHCTHKaM TTOJlOCTH COOTBeTCT­

BYIOT r opH30HTanbttoMy Katta.rry H Tenno­

aoti: KOJlOHHe. PaJMep1,1 nonoCTeH 

J0xJ0x20 CM. U:OIT pacnOJlO)KeHa B ueH­

Tpe MO,ne1rnpyeMOH 6ecKOHeY.HOH IlOJlOChl, 

a TOTI Ha paccTOHHH.H 110 CM (no oc.H X) 
OT ueHTpa. 

IIonocTH 3ano1mem,1 cne)zy}Om;HM co-

16.JD 55 1 f. J97A JB6w, BJBr c CTaBoM: y, 1vin, u, 

,i.uepHhlMH nJIOTHOCTHMH 2.436* 10"9, 

1.206*10-8
, 6.005*10"9, 1.565*10"8

, 

1.377*10"7 / * COOTBeTCTBeHHO (/* - lfHCJIO 

aTOMOB H30TOna B I CM
3 

o6beMa nOJIOCT H B 

e)U{Hlill,ax I 024
). 

CTaTHCTHY.eCKaH Ollll16Ka MO)lem1poBaHH.sl B 3a)laHHOM 11:HTepaane 3Heprm-i: HaxO)lH:T­

C.sl B npe.uenax 2 -3 %. 

CP ABHEHHE 3KCIIEPIIMEHT AJil,HhlX JI PACCIETHLIX 
PE3YJThTATOB 

llAPAMETPblCilEKTPOB 

3Kcnep11MeHTaJlbHbIMH .uaHHhlMH HBJIHIOTCSI HHTerpanbHbJe CKOpOCTl-1 peaJU(HH 
r r· (J 1 5 6.JD 55 1,,. 191A 1a6 w a1B) 0 6 UJ = , ... , - COOTBeTCTBeHHO J].JISI y, 1vm, u, , Y . HH MOryT blTb 

npeJ].CTaBneHbl KaK 

½nonH = U JTen + ½m,- (I) 
CKopOCTl-1 peaKl.(11M B TenJJOBOH (UjTen) 11 3Ill1TeTUlOBOH (Uj3nH) o6nacnx cneKTpa 

BblqHCJl.S£IOTC.S£ KaK 

UJTen = FtJ a'.XW n1, 
½3nH = hnHJ l cdj nj, 
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r.ne: crJ<W - cel.femUl, ycpe.nHeHHbie no TennosoMy cneKTpy; l ed]- 3aKa)],MHeBblH pe3o­

HaHCHblH HHTerpan, n;- '-IHCJlO H)],ep B I Mr 3JleMeHTa o6pa3ua YK,[(. 
TiapaMeTpbl FIJ Hhnn;, no11y1.JaeMbIe H3 CHCTeMbl (1), HCnOJTb3YJOTC.H )],Jl.H soccTaHOBJle­

mrn HewrpoHHOro cneKrpa B cpopMe 

<:[;(E)dE = FtEl (kT,/ exp(-E/kT) + L1(ElkT,Jf,nulEdE. (2) 
TaKHM o6pa30M COnOCTaBJl.HeMblMH )],aHHbIMH RBJl.HIOTCH f/2naw lf;men, lf;:mu H FIJ U j,1111 • 

,[vrn TenJlOBOH o6naCTH cneKTpa TeMneparypbl HeHTpOHOB Tn B3.HTbl no .naHHbIM MeT­

po11ornl.feCKMX mMepeHHH Ha peaKrnpe <l>-1 [ 4] ;:vrn U,OTI - 363°K, MR TOTI - 293°K. 

3Ha4eHH.H hnn,(Epe3) COOTBeTCTBOBaJlH BKJla)],aM pe30HaHCOB B no1my10 Bemt'-IHtty f ,nnj• 

Pe30HaHCHbie HHTerpallbl 197Au H 
186W B OCHOBHOM 06yc11aBJ1HBa10TCH HX pe30HaHCaM11 

4.906 H 18.8 3B. Pe30HaHCHblH HHTerpan 81 Br 06yc11aBJ1HBaeTCH ero pe30HaHCaM11 IO 1 H 

135 3B Ha 80 %. 

TipH MO)],emtposaHHH )],JlH 3HeprnH OT 0.0013 .no 195 3B .nwcpcpepeHUHaJibHbie HeH­

TpOHHble cneKTpbl BblBO)],HJlHCb s BH)],e nnOTHOCTeH nOTOKOB HeHrpOHOB <l>(6E,E) s HH­

Tepsanax 3HeprnH 6E H B BH)],e HapacTa10r..a.e11 cyMMbI 
E 

S(E) = L <P(M,E) 

B Ten11osoH 06nacT11 pacl.feTHaR cpyHKUJ,fj{ <l>(6E,E) xoporno annpoKCHMHpyeTCH pac­

npe.neneHHeM MaKcse1111a, 11 no HeH onpe.nen.H11acb pacqeTHaR TeMneparypa HeHTpOHHo­

ro raJa. TeMneparypa HeHTpOHOB TenJlOBOfO cneKTpa )],Jl.H IJ:OTI, onpe.ne11eHHaH npH MO­

.ne1111poBaHHH 11 pasHaR 367.6 °K xopowo cosrra.nana c arrecrosaHHOH reMneparypoii 

363 °K. TeMneparypa tteiirpottos )],JlH TOTI, paBHaH 315 °K, 611113Ka K TeMneparype 293 

°K, npHHHMaeMOM )],JUI TeITJlOBOH KOJlOHHbl no .nattHblM MeTpO11OrH'-leCKHX H3MepeHHH . 

ITocrpoeHHbie cneKrpbl )],Jlj{ uorr H TOTT npKBe)],eHbl Ha p11cyHKax 2 H 3. Pacl.feTHble 

3Ha4eHHR 6bIJlH HOpM11pOBaHbl TaKHM o6pa30M '-IT06bi B TenJlOBOH 0611aCTH OHH cosna-

2, 

;::i 

lO 

- ,. 
t. 
" 
12 

,o 
..t o -70 

I I 
..to .so ... o .30 .:i.o .,o o,o 10 u 3 0 ,o ! O s ~ 

l.r'(£,\I 

PHC. 2. CneKTp HeHTp0H0B F(En) JW I uon 

)],aJlH C 3KCnepHMeHTaJlbHblMH 

)],aHHblMH. 

,[(Jrn cneKTpa IJ:OIJ HCnOJlI,3OBa­

JlHCb 3Hal.!eHJ,lj{ F, Hhnn, rrpHBe­

.neHHbie B Ta6m1ue I . CneKrp B 

:mwrennosoii 06nacn1 )],Jl.H 

3Heprer11qecKHX wmepsanos, 

BKJIIO'HlK)[UHX pe3OHaHCbl 
197 Au, 

186W, 8IBr, socnpo113so.n1111cR no 

COOTBeTCTBYIOlllHM 3Ha4eHH.HM 

h nn· ,[(Jrn 0611acrn pe3oHaHca 
8IBr 3Ha4ett11ef,n11 6b1110 ysenw­

LfeHo B I .25 pa3a .no semr4HHbI 

5.59*107.nnR Y4eTa BKJ1a.na pe-

30HaHcos 101 , 135 3B s se1111-

4Htty hnn· PaclfeTHblH cneKTp ,D.Jl.H u.orr B 3nHTeITJlOBOH 0611aCTH npHMepHO Ha 27% npe­

BbIWaeT 3KCnep11MeHTaJ1bHblH, T.e. OKa3aJlCH HeCKOJlbKO )KeCT'-le 3KCnepHMeHTaJlbHOfO, 

'-!TO TaK)Ke CKa3aJ10Cb Ha OTHOWelUIRX pacl.feTHblX H 3KCnepHMeHTaJlbHblX CKOpOCTeH pe­

aKUMH B 3nHTennosoH 0611acn1. 
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,UnH cneKTPa TOTI 11cnonb-

3osan11cb 3Ha'-leHHH F, H hnn 113 

Ta6JIHUbl 1 . PaclfeTHblH 11 norry-

4eHHhlH H3 3KcnepHMeHTaJih­

HblX ,llaHHblX TenJIOBOH cneKTpbl 

xopomo cosna)],aJ:OT c KJiacc11-

'-1eCKOH cpopMOH ( CM. Bblpa)Ke­

HHe 1). 3KcnepHMeHTaJibHblH 

cne1rrp B 3TIHTennosoii 06nacn1 

npeBhtlllaeT pac'-!eTHblH. 3To 

npeBbIWeHHe M0>KH0 C'Il!TaTb 
PHC. 3. Cnel<Tp HCHTJ)OIIOB F(En) JUUi Ton 

ecTeCTBeHHbIM, n0CK0ITbKY 3KC­

nepHMeHTanbHbie 3Ha'-leHHH .lJ.JJH crreKTpa TOTI HBJUHOTCJ! sepxHeii ou,eHK0H 113-3a Manbrx 

3HalfeHHH aKTIIBaUKH, 6mt3KHX K npe,lleJiy 4)'BCTBHTeJibH0CTl1. L{.nH cneKTpa TOTI pe3K0 

ocna6rretto BJlHHHHe pe30HaHC0B H npaKTHlfeCKH HeB03M0)KH0 onpe,lleJIHTb U3nK· 

CKOPOCTH PE Kl.J,HH 

rro pe3yJTbTaTaM M0,lleJIHp0BaHHH TT0Jly"-{eH0 ,llBa BH,lla CK0pocTeH peaKu,Hii - JJ.l-lCpcpe­

peHUHaJTbHble H HHTerpanbHbl ' K0T0pbte, B CB0IO O''-lepe,llb, TTO,llpa.3,llemtJlKCb Ha TT0JTHbJe, 

TenJJ0Bble H 3nHTenJI0Bble. Jif HTerpanbHble CK0p0CTH peaKUHH U onpe)].em110TCH C HC­

n0Jib30BaHHeM ,LlHcpcpepeHUlianbHblX CKOpOCTeH Vi(E), .AaJ:OmKX '-IHCJI0 aKT0B peaKUHH B 

HHTepsane ~i. L{.nH HHTerpanbHb[X CKOp0cTeH: 

Hma.v. 

UnoJTH = L V,(E)M, 
E,,,, 

Urrn = L V,(E)M, 
Erm, 

U3m1 = L V,(E)M, 
/=£nun 1=E .. 0 t=E1, 

TipH M0,lleJIHposamrn npHWITbl : 

Enrm - MHHHManbHaH rpatt11ua Tennosoro cneKTpa B ttarneM crry'-lae - 0.0013 3B , 

E gr - rpaHH'-IHaH 3HeprnH Me)K,Lly rennosoH H 3n11TennoB0H o6nacTJ!MH 

cneKTpa- 0.3 3B K0TopaJ1 YT0'-IBJrnacb B npouecce Mo,nem1posaHHJ1 

Enrar - MaKCHMaJJbHaH 3Hepr11J1 B 3nITTennosoH o6rracTH crreKTpa -195 3B. 

,UnH HHTepsanoa 6E pac'-IHTaHbr JHa'-leHHH dV(E) = V(E)dE. vb HHX Bhflrnc1umHcb ae­

JTH'-IHHbI V(E), rpacpmrn )],JlH HeK0T0pbrx H30T0n0B np11Be)],eHhI Ha p11cyHKax 4 H 5. 
Ii 

U(E) = L V,(E)M, 

3m p11cyHKH ,neM0HcTp11pyt0T ponb pe3oHaHcoa B cneKTpax: 
197

Au, 
1 6W, 111 Br. Orn11-

'-1He .lJ.JJH cneKTpos TOTI H 1..1,0TT cooTBeTcTByeT BKJia)].aM pa3JIH'-IHbIX 0611acTeH 3HeprHH B 

aKTHBaUHH. 811)].HO '-IT0 OCHOBHOH BKJla,Ll C0CTaBJI.SflOT 3Hepr1111 .AO Emax. 
,AaHHbte no CK0p0CTHM peaKU,HH BblB0,llHJlHCb npH M0,llem1poBaHHH B 811,lle '-IHCeJI aK­

TOB peaKUHH Ha H30T0nax, BX0)].Hll(HX B C0CTaB YKJJ:. ,nm, cpaBHemfJI C 3KcnepHMeH­

TanbHbl.MH paclfeTHble 3HalfeHJ,UI 6blJIH nepettopMHp0BaHbl B 3HaqemlH )].JlJ! 1 Mr 3JieMeH­

Ta, a C ueJiblO ycTµaHeHJ-Ui 0TJIHCJHH a6comOTHblX 3Ha4eHJ,JH n0T0K0B npoB0,LlHJiaCb H0p­

MHp0BKa semt'-IHH [l'ac~ I [_fKCnj Ha 0TH0llleHHe 

k = [1'3c\Au)non/ r.fKc"(Au)nonH· 

,UnH oueH0K Bbl'-IHCJij[JIHCb 3Ha'-leHHH BeJIH'-IHH 
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R · - k r lP3C'l / r .t1Kcn 
ynoJIH - u· nonHJ u nonHJ 

R · _ k r ,oac'l / r )9KCn 
;JTen - u· Tenj u Ten} 

R · _ k r ,oac'l / r flKCn 
;/JOH - u· )nl!J0 U Jnl!j 

3Ha4eHHSI BeJIH-ciHH R npHBe,n:eHbl B Ta6JI. 2. 

Ta 6 n H u a 2. JHa'feHHSI 0TH0WeHHH Rj .llJISI u.on 
AKTHBHpyeMblH H30TOn )lm, nOJJHblX CKO- )lrui TenJJOBblX CKOpo- )lm1 3nHTenJJOBblX 

poCTeH CTCH CKOpOCTCH 

,a- Dy 0.993/4 0.976/4 -
~~Mn 0.996/4 1.05/4 -
tY1Au 1.00/4 0.908/4 1.10/7 
/DOW 1.15/5 0.928/5 1.45/7 
111Br 1.17/5 0.974/5 1.39/7 

.. "" - _...,_1,r~;--....--"I. 

l

--+-V""'1 t---~(1#1,, 
in~l-----!..~---:!!;:;V~t.--+--,~-lt..--r!l'c""--~ 

.lvJsi LJ:Qil no ,UeTeKTOpaM 
16./Dy, 55 Mn, 97Au OTJIW-rnSI .n.nsi 

RJnOJIH 11 RJTen OT 1.0 HaXO,UHJTHCb s 

npe.n.enax ourn6oK. O.n.HaKo , AJTSI 

3nHTeruIOBOH o6naCTH (
197Au, 

1116 w, 81 Br) OHH Bblllle. 3TO OTJTH-

4He o6bSICHJleTCSI 6onee )KeCTKHM 

pacl!eTHbTM cneKTpOM <l>(E) H 

6JTH3KO K OTJTlf'rnlO hffiij pac<1 OT hmy­

JKcn 0TKJTOHeHHe .L(aHH.bIX AJIS1 

I 

~~'--------------"------~ - .... 
P1-1c. 4. CKopoCTH peaKUHH V(En) H U(En) .nm, Dy 164 

ttii,o _J ________ _ 

~~'----L---------------~ ..... ~ UC• 

P1-1c. 5. CKopOCTH peaKUHH V(En) H U(En) .llJJJI Au 197 

:mHTennosow o6nacTH paccMaT­

p11saeTcS1 KaK OCHOBaHHe AJISI 

npose,uem-u1 KoppeKUIDI npHHSI­

TOH Mo,n:emt yqaCTKa peaKTOpa <l>-
1. 

)vui TOTI 3HaY.eHHH Rjnomt H 

RJTen npaKTH4eCKH cosna,ualOT H 

OTJTH"l{alOTCSI OT 1.00 He 6onee 1 %. 
3Ha4eHHSI RpnH HMelOT 60JibllIYIO 

OWH6Ky 11 He npHBe,AeHbI. 

3AKJIIOlJEHHE 

C HC0OJlb30BaHHeM nporpaM­

MbT MCU npose)leHo Mo,uem1po-

BaHHe xapaKTepHCTHK cneKTpOB 

HeITTpOHOB, nonyqeHHblX no .n.aHHblM aKTHBaUHOHHblX H3MepeHHH Ha peaKTope <l>-1. Tio­

JTy4eHbl H conocTasneHbI napaMeTpb1 crreKTJ)OB ruJOTHOCTeH noTOKOB HeITTpOHOB (F,, hnu 
H Tn, Ta6nHua 1 ) H CK0pOCTH peaKUHH aKTHBal..{lli:I AJTSI H30TOnos 

16./Dy, 55 Mn, 197 Au, 
186 W, 81 Br ( UnonH, UTen, UJnH)- 8 OCHOBHOM OTJIH'ute 3KCrrepKMeHTaJibHblX H pac4eTHbIX 

3Ha'-leHHH cKopocTeH peaKUHH cocrnsmrno 6 - I 0% (Ta6n. 2). 
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B TennoBOH 06nacn1 pacYeTHble H 3KCrrepHMeHTanbHble cneK1J)bl 6JJH3KH K JJ.pyr JJ.py­

ry H K pacnpeJJ.enemuo MaKcsenna. 

B pa6oTe 6b1Jl0 HCfi0Jlb30BaHo 3HalfHTeJ1bH0e K0JlHt.JeCTB0 3KCnepHMeHTanbHbIX JJ,aH­

HblX (JJ.O 15 3HaYeHHH) J].Jl.s! sepHcp111<aLJ,Hl,f nporpaMMbl M0JJ,en11p0Ba1-nrn 1-IT0 fi03B0J1.s!eT 

II0BblWaTb .ll0CT0BepH0CTb pe3yJJbTaT0B conocTasneHHH. 

Dpose,neHHOe HCCJle,[(0BaHJ1e npe,ncTaBJHleT ueHH0CTb L(Jl.s! sepHq>HKaUHH pac4eTHbIX 

nporpaMM. OHO npe,nCTaBJJ.s!eT 60J1blilOH HHTepec J].Jl.s! HHTepnpeTaUHH JJ,aHHbIX 3KCnepH­

MeHTa, fi03B0Jl.s!.s! nonyqaTb HHq>OpMaumo 0 ,n11cpcpepeHuHanbHbIX cneKTpax HeihpOHOB H 

CKOpOCTeH peaKU,HH. 
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3. Demidov A.M., Efimov B.V., lonov V.S., Dikarev V.S. Application of Unified Complex Activation 

Detectors for Measurements of Reactor Neutron Spectra Proc. LIA S 98. Paper - 241. LongTsland.5-8 

October, 1998. 
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Y )(K 628.518;621.039.58 

IIPOEJIEMbl IIPHMEHEHIDI <l>E,IJ;EPAJlbHOro 3AKOHA 
"0 TEXHWIECKOM PErY JIHPOBAHHII" K ,IJ;E.HTEJlbHOCTH 

ITO HCIIOJlb30BAHHII ATOMHOH 3HEPrHH 

OM KoeOJ1eeu'l 

HTJ.f I'ocamoMHaiJ3opa PoccuucKoii <t>eoepa71uu 

CJ{. I'aepwtoe 
,l{EKOM H1-t:J1CWlUpUH2 

BbtnOJIHeH CHCTeMHblH amlJIHJ ct>e.uepam,Horo 3aKOHa "O TeXHH'-!eCK0M peryn1-1poeruu111" C ueJlblO HC­

cne.uoeaHHll cnoco6oe nepexona K peamnaurrn .uaHHoro 3aKoHa OT H1,me neliCTBYfOIUeH c11CTeM1,I e o6naCTH 

1-1cnoJ1b3083H11ll aTOMHOH :JHepr1111. TTpoa11am1J1-1posaHa nelfoTBylOlll3ll CHCTCMa 11cnOJ1.1,JOBaHl1ll aTOMHOH 

3Hepr111-1 1-1 O.UHa HJ ee nO,!lCHCTCM - llllCpH0-3HepreTH4eCKHe yCTallOBK11 cy.uos 11 nnaey'-IHX cpe.UCTB. C.11ena­

Ha nonbtTK3 C<pOpMYmtPOB3Tb TTOCTaHOBKY Ja,!la'-111 11 BOJMO)l{Hble nyr1-1 ee peweHHll np1-1 TpaHc<popMa.J.lIDI 

HblHC .ueliCTBYfOll.leH CHCTCMbl B HOBYIO CHCTCMY cornac110 ct>e.uepaJibHOMY 33KOHY "O TeXHH'-!eCKOM peryn11-

POBaHHl1". JJ:aHH3ll pa6oTa - H343JlhHblH 3Tan peweHHll 3TOH KOMflJICKCHOH npo6nCMbl. 
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BBE,[(EHHE 

TTpHWI.TblH B KOHUe 2002 ro,ua <l>e,uepaJJbHblH 3aKOH "O TeXHH4eCKOM perynHpOBa­

Hl1H11 (2 7 ,ueKa6pS1 2002 r. N!! 184-<1>3, .uanee no TeKcry - 3aKoH) BHeceT cy1UecrneHHoe 

B03My1Uem1e B CJIO)KHBlll)'TOCSI B CTPaHe opraHH3aumo o6ecne4eHHsr H perynHpOBaHHJI 

6e3onaCHOCTH BO Bcex o6nacTsrX ,ueaTeJibHOCTH, TaK HJlH HHat.Je CBS£3aHHbIM C HaJJWrneM 

HJlH C03,UaHHeM yrp03 ,lJ.JlSI rocy,uapCTBa, TeppHTOpHH, Hacenemu1. BH.QSITCSI ,UBe OCHOB­

Hbie □pH4HHbl BBe,uemrn TaKoro 3aKOHa: 

C03.QaHHe e,u11Horo no,uxo,ua K o6l!cne4eHHfO 6e3onacttocTH B CTPaHe 11, 

CTPeMneHHe npH6JIH3HTb Hawy npaKTHKY no o6ecneYeHmo 6e3onacHocmu H Ka-

1/ecmea npo,uyKu1111 K 3ana,UHbIM no,uxo,uaM BBH.LJ.Y O)KH,UaeMoro scrynneHH.SI Poe­

CHM BO BceMHPHYIO TOprOBYfO opraHH3aUH1O. 

PaccMaTp11BaeMblH 3aKOH, B Cl1JIY nOCTaBJieHHblX uenew, npe.ucTaBJIHeT co6oH CJIO)K­

HOe !OpH.LJ.111,!eCKOe o6pa30BaHHe (KOMnJleKc) C MHOronnaHOBOCTbfO no.una,ualOIIJ;HX no,u 

ero .QeHCTBHe 061,eKTOB, BH.UOB ,ueSITeJlbHOCTH, npO.LJ.YKUHH, ycnyr H C MHOroHepapxwie­

CKOH CTpyKrypoH peryn11pyf01UeH cpyHKL{HOHHpOBaHHe BCeH CHCTeMbl B pa3JIH'-IHbIX 06-

nacrnx Hapo,uHoro X03SIHCTBa. I1p1-rne,ueHHbie B CTaTbe 7 3aKOHa ,ueB.HTb BH,UOB ,ue.siTeJib­

HOCTH, Ky.ua nona.uaeT H «.si.n.eptta.si H pa.u11au110HHa.si 6e3onaCHOCTb)) Tpe6yeT pa3pa60TKH 

H npHID!Tllil rocy.n.apcTBeHHOH )zyMOH PocCHHCKOH <I>e.uepal{HJ,f TeXHH4eCK.HX pernaMeH­

TOB, KOTOpble .UOJl»<Hbl ycTaHaBJIHBaTb MHHHMaJJbHO Heo6XO.UJ1Mble TPe6oBaHH.ll o6ecne-
l 

4emu1 6e3onacttocTH . Bepo.siTHO He Bee o6o3Ha4eHHble o6nacTH np11MetteHH.S1 .uattttoro 

3aKOHa HMeJlH .uo 3TOro O.UHHaKOBO pa3BHrylO HHcppaCTPYKTYPY CHCTeMbl perym1p0Ba­

HHJI, HOpMaTHBHhIX ,UOKyMeHTOB 11 T.,ll. ,[Ln.si o6nacTeH .ue.siTeJTbHOCTJ,f co cna6opa3BHTOH 

CHCTeMOH perynHpOBaHH.ll a.n.a□TaUH_H K .uaHHOMY 3aKOHY 6y,ueT, B03M0)KH0, nert.Je, no­

CKOJlbKY Ha'-urnaTb np11.ueTC.ll C COCTO.SIHH.SI «6enoro JTHCTa». ,[Ln.si o6nacTeH C pa3BHTOH 

HHcppacTpyKrypOH, HanpHMep, HCnOJ1b30BaHHS£ aTOMHOH :rneprnH, noTpe6yeTC.SI Kap,uH­

HaJTbHbIH nepecMoTp CJ10)KJ1BU1Hxc.si cxeM B3aHMo.neticTBllil pa3JIJ,JllliblX CTPYKTYP Ha pa3-

HhIX ypoBHSfX, HOpManIBHhIX ,UOKyMeHTOB H T.n. 

3a.n.aBWHCb ueJibfO nOH.l!Tb, KaK 6y.neT ,ueikTBOBaTb CHCTeMa B3aHMO.UeHCTBH.SI yqacT­

HJ,{J(OB (.n.eHCTBYfOll.lHX JI11U) TOJlbKO B Y3KOH Yacn1 ccpepbl HCITOJ1h30BaHH_H aTOMHOH 

3HeprnH, KaCafOll{eHC.SI aTOMHblX cy,uoB H nnaBy4HX cpe.ucrn H COOTBeTCTBYfOll.leH HH­

cppaCTPYKTYPbl, MbI npHUIJlH K BhIBO.LJ.Y, YTO tteB03MO)KHO 06oi1T11c1, 6e3 c11cTeMttoro atta­

n113a Bcero 3aKoHa. flo3TOMY npe.unaraeMa.si cTaTb.SI Han11catta no cne.uyfOll.leH cxeMe: 

BTopoi:i pa3,uen nocB.Sill.leH CHCTeMHOMY aHaJTH3Y caMoro 3aKoHa. 

TpeTHH pa3.UeJI - B03MO»<HOH cnel{HcpHKe npHMeHeHH.ll 3aKOHa K ccpepe 

.ueaTeJlbH0CTH, CB.Sl3aHHOH C HCTIOJib30BaHHeM aTOMHOH :rneprHH B uenoM. 

1-IernepTblH pa3,uen - Henocpe.UCTBeHHO npo6neMbl npHMeHeHH.ll 3aKOHa K .ue.si­

TeJlbHOCTH no HCITOJ1b30BaHHH aTOMHOH 3HeprHH, B 4aCTHOCTH, .QJISf cy.uos H HHblX 

nnascpe,UCTB C .si.uepHblMH ycTaH0BKaMH H pa.u11aUHOHHl,lMH HCT04HHKaMH. 

1HenOIDITHO no.11Bnem1e B nepBOM afoaue n.1 CTaTJ,H 7 CJlOBa «HJJI)"ieHHH», nOCKOnbKY nplIBO­

IlliMble HIDKe 9 o6nacTeH npttMeHeHIDI TeXHl-fl-leCKlfX pernaMeHTOB He see CB.H3aHbl C «o6nyqeHH­

eM». BepOSITHO, )TO OCTaTKM OT npe!lbl!lYllllfX npoeKTOB 3aKOHa. Af)yrne 3aMet.taHHJI no TeKCTY 

3aKoHa .naHbl B TTpHJJO)KeHHH I . 
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lliTblH pa.3,uen nocssm.t,eH 803MO)K.HOH nocTaHOBKe 3a,UaLfH H rrepBblM npe,ucTaB­

nemutM o nyTSIX ee peweHI-UI. 

CHCTEMIILIH AHAJill3 «I>E,ZU:PAJlhHOro 3AKOHA O TEXHINECKOM 
PErY .JilD>OBAIIHH 

C<l>EPAOXBATA3AKOHA 

HacTOSIU.l,HH 3aKOH C TOLfKH 3peHHSI CHCTeMHOfO aHamna npe.ncTaBJISleT co6o:i1 IOpH­

)lH-qecKoe o6pa.30BaHHe (KOMflJleKc) C MHOro11epapXH<teCKOH CTPYKTYPOH H C sceo6beM­

JJeMOCThlO no.n.na,uaJOUI,HX no.n ,ueHCTBHe 3aKOHa npo,uyKUHH npou.eccos npOH3B0,UCTB, 

:3KcnnyaTawn1, xpattemrn, nepeso3oK, peam13auH1111 yrn.rnnaQIDt (n.l, CT. 1). 
3aKOH O,UHOBpeMeHHO HaueneH KaK Ha Henocpe,uCTBeHHO onaCHbte o6aeKmbl w npo­

i1eCCbl TaK 11 Ha KOHettttylO npooyKl,fWO. 3To HOBblH ,UJISI Hawett npaKTHKH no.nxo.u, Kor,ua 

B 0.lJ.HOM .D.OKyMeHTe c.nenaHa nonhITKa o6be,UHHHTb pa.3Hble no cymecTBy Tpe6osaHHSI. 

Mo)KeT 6bITh onaCHhlM o6beKT 113fOTaBJIHBaJOll.l,11.H onpe.ueneHttyJO npo.nyKLI.HIO, H co­

sepweHHO 6e3onacHa CaMa npo,uyKU.HSI H Hao6opoT. Cero,UHSIWHSISI npaKTHKa B CTpaHe B 

6oJThwei1 •-rncTH pa.3,ueJUleT peryJ1Hposatt11e H KOHTPOJib 3a 3THM11 .nsyMR o6beKTaMH Ha­

xo.usim11 M 11csi B 0,lJ.HOH uenOYKe BH,Ua .n.eSITeJTbHOCTH. 

CTplIBO,UHMbte B CTaTbe 7 (n. I) 811,Uhl TeXHl1YeCKHX pernaMeHTOB, KaK OCHOBHOfO }lO­

KYMeHTa peryn11posaHH_SI 6e3onacHOCTl1, YKa.3bIBalOT Ha OCHOBHbte BH,Ubl ,ue.srreJlbHOCTH, 

npe,ucTasnRIOillHe yrp03y ttacenemno 11 OKpy)KaJOL1.1,eH cpe.ne. TioKa HeHCHo KaK YKa.3aH­

Hbie TeXHHYeCKHe pernaMeHTbl CMOryT OXBaTHTb see B03MO)KHble yrp03h1 OT TeXHoreH­

HOH .neRTeJibHOCTH. Ey.nymee nOKa)KeT. no Kpai1Heti Mepe, Ka){(JlhlH TeXHHYeCKHH perna­

MeHT JlOJDKeH 6y.neT o603HaYHTb ccpepy csoero ,ueHCTBI-UI 11 TOrJJ,a 6y.neT SICHO, see JlH 

oxsaYeHo . 

.ll,EHCTBYIOW:HE JIHl.lA (Yl.fACTHHKH) IlPOIJ,ECCA 8 PAMKAX JAKOHA 11 HX BJAHMO­
)(EHCTBHE 

3aKOH o603HaYaeT QeJlblH PHLl L(eHCTBYIOillHX JIHU. (y-yacTHHKOB) B paMKax 3aKOHa, 

Ha.3BaHHe H cpyHKU.HH KOTOpbIX B 60J1blllHHCTBe crry-qaes OTJIHttalOTCR OT COCTORHI-UJ L(O 

npHHRTHR 3aKOHa. 

B Ta61111u.e I np11se.n.ett cn11coK TaKHX ,n.eHCTBYJOillHX JTHQ H cTaTbH 3aKOHa r.ne 

onpeneJIHIOTCH OCHOBHble HX cpyHKLl.1111. 

Ta 6 n H u a l. ,lJ:eHCTBYI-OIUHC JlHUa (y'faCTHHKH) B paMK3X 3aKOH3 

Ycnoe-

HaJeaH11e J1etlCTeyt0wero n11ua 
H0e 060-

CTaThH JaKoHa 
JHa'le-

HHe 

focynapcrnem1M }-OtMa rn CT. 9 (n. 4,7,8) 

2 npaeHTenbCTeO P<l> fl CT. 7 (n. I 0, 12); CT. 9 (a. 
7,8,9, 10),CT. 10 

3 <l>e)lepanbHblH opraH HCn0nHHTenbH0H en aCTH <l>OTP CT. 4 (n. 3)· CT. 9 (n. 3) 
no TeXHw~ecKoMy peryn11poeamuo 

4 <l>eJiepanhHbIH opraH 11cnonm1TenbH0H en aCTH <1>011B CT. 4 (a. 3) 
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5 Opratt rocynapc-reeHHoro KOH-rpon11 (HanJopa) orKH CT. 26 (n. 2); CT. 28 (n. 2) 
Ja co6monc1111e,1 TP 

6 OpraH no ceprncp1-1Kam111 oc CT. 2 

7 3al!BHTeJTh 3 CT. 2 

8 OpraH no aKKpen11rnu1rn OA CT. 2 

9 l111cpopMauHOHHal1 CHCTeMa o6LUero nOJTh30Ba- Heon CT. 9 (n. 3, 5) 
HI-ill 

10 HauHOHaJlhHblH opraH Pel> no CTaHnapTH3aUHH HOC CT. 14 

11 TeXHH'!eCKlle KOMITTeTbl no c-ra11.napT1-13aUHH TKC CT. 14 

12 3KcnepTHall KOMHCCHll no TeXHJ-t'!eCKOMY pcry- 3KTP CT. 9 (n. 4) 
JTHpOBaHl-1I0 

13 Pa3pa60T'!HK TeXHH'!CCKOro pernaMeHTa PTP CT. 9 (n. 2. 3) 

14 Cy6bCKT npaoa JaKOHOllaTenbH0H HHHUHaTHBhl C311 CT. 9 (n. 7); 

15 l1JrOTOBHTCnh(HcnonHHTenh, nponaeeu) H CT. 36 (n. I); 

16 l1cnh1TaTenhHhie na6oparnp1-111 (ue1rrpb1) J,Ul CT. 26 (n. 4); 

17 TaMolKeHHhIA opraH TO CT.29 

B rn6Jrnue 2 B 811,!],e MaTJ)HUbl npe,!1,CTaBJleHa 1-rnq>opMaUHH O B3aHMO,!J,eikTBl111 yKa-

3aHHbIX BbIWe yi-taCTH11KOB B COOTBeTCTBl111 C npHHRTOH B Ta6mn{e l a66peBHaTYpOH. B 
JJieMeHTe MaTpHUbl o603HaYeHa CCbIJlKa Ha CTaTblO O COOTBeTCTBYIOLUeM B3aHMO,!J,eHCT-

81111. 

AliEPEBHA TYPA, IIPHMEHEHHAH B MATPHI(E B3AHMO~HCTBIDI 

r.u 
II. 

<!>OTP 

<1>011B 
OfKH 

oc 
3 

OA 

11:COTI 
HOC 
TKC 
3KTP 
PTP 

C311 

-focn)'Ma; 

- IIpaB1nem.cTBO P<1>; 
- cpenepam,HbIH opraH HCilOJIHHTem.HOH BJiacn1 IIO TeXHH"l!eCKOMY 

peryIDlpOBaHHIO; 

- cpenepaJibHbIB opratt HCIIOJIHFITeJibHOli BJiaCTH; 

- opraH rocy.uapcTBeHHoro KOHTpoJUI (tta,n3opa) 3a co6mo.ueHHeM 

TexH11qecKoro pernaMeHTa; 

- opratt cepTFiq>HKaUHH" 

- 3IDIB.1-1Terrr, ( cp11311qecKoe 10p11iwqecKoe .JIHI{O ); 

- opratt no aKKpe.u11Tau1111; 

- HHcpopMaI.lllOHHIDI CHCTeMa o6~ero IIOJil,30BaHH.sr; 

- HaUHOHaJibHbIH opra.H P<1> ITO CT8.H.Uapn13au1rn; 

- TeXHHqecKHH KOMFITeT no CTaH.uapTH3auHH; 

- 3KcrrepTHIDI KOMHCCH.sr no TeXHifqeCKOMY pery1rnpoBaHmo; 

- pa3pa60TlfHK TeXHIP.IeCKOro pernaMeHTa. 

- cy61>eKT npaBa 3aKOHO,UaTeJibHOM HHHUHaTHBbI; 

11 (Tipo.u) - H3rOTOBHTeJib (H3rOTOBHTeJib, rrpo.uaaeu); 

11:fl(U) - HCilbITaTem.Hbie rra6opaTop1111 (uettrpr,1); 

TO - TaMO)KeHHhIH opraH. 
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Ta 6 JI Hu a 2 . MaTpHU3 B33HMO.llCHCTBHH opraHH33UHH npH .aeiiCTBHH <1>3-184 

H 
HJJ(LO 3 PTP OA oc TKC HOC. 3KTP Cl>OHB C3H orKH Cl>OTP n f)], TO (npoit) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
11 1 CT37nl 

(npoit) CT38nl ,2 

HJJ(LO 2 Gr26n2,4 

3 3 CT28nl CT2nl CT16n7 CT16n3,5 CT9n3,5 CT28n2 CT21n3,5 CT24n6 CT29nl CT9n3,5 
CT28nl ,2 CT22n2 CT16n5 CT24n5,6, CT27nl CTl6n3,5 

CT25n2 7 
r ... ?!ln'l 

PTP 4 CT9n4 CT9n4,5 CT9n4 CT9n3,4,5 

OA 5 CT26nl 

OC. 6 CT26n2,4 CT21nl CT21n3 CT26n2 CT21n3 CT23n4 
CT25nl,5 CT26n3 CT26n3 

KC. 7 CTl6n8 

HOC. 8 CTl6n3 CT16n8 CT16n8 
3KTP., 9 CT9n9 CT9n9 CT9n9 CT9n9 

CT10n3 

Cl>OHB. 10 

C3H 11 CT9n7 

OfKH 12 CT37n2 CT37n2 
CT39n2 CT39n2 

Cl>OTP. 13 CT9n6 
CT16n8,9 
CT21n5 

n 14 CT31n3 CT43n2 CTl0n3 CTI0n3 

f)]. 15 CT9n8 CT9n7,8 CT9n6,8 

Heon. 16 CT32nl 

TO 17 CT29nl,3 

....:i .... 



IIEPE~Hh IIPE,l(YCMA TPHBAEMblX 3AKOHOM HOPMATHBHhIX 
,UOKYMEHTOB 

nepeqeHb onpe.JJ.eJIHeMbIX B paMKax 3aKOHa JJ.0KyMeHT0B, pa3pa6oT4HK JJ.0KyMeHT0B H 

opraH (oprattbI) ero yrsep)l(}].a10u..u111, np11se)J.eHI,1 B Ta6m1ue 3. 

Ta 6 Jl Hu a 3. O$HUH8JlbHble ll0KyMeHTbl, onpe11e.rrHeMble 3aKOHOM .NH84-<l>3 

N~ 
Ycnoettoe 

CTaTb!I Pa3pa60T'il1K, opratt paCCM0TpeHl1!1 
HaJea.1-111e .ll0KYMCHTa o6oJHa 'ie-

n/n JaK0Ha 11m1 yreep)l(JlaJOIJ.lHH 
IUIC 

I TeX.Hl1'iCCKHH pernaMeHT TP CT. 2, CT.9 JlJo6oe JlHU0. CJ>e11epanbttoe 3aKo-

n. 1,2 H0JlaTCJTbCTB0. Me)l(ll)'HapOI1HbJe 

.11oroeopbI 

2 O6mlfH TCXH11'iCCKHH per- OTP CT. 8 JT106oe 11.11uo. CJ>e11epanbHOe 3aKo-

JlaMCHT H0ilaTCJlbCTB0. MelK.llyHapO.D.HbJC 

.11oroeopbI 

3 CneUHaJlbHbIH TCXHH'iCCKHH CTP CT. 8 Jl106oe JlHU0. CJ>e.11epanbHOe 3aKO-

pernaMeHT H0,D.aTCJlbCTB0. MelK.llyHap0.11HblC 

.11oroB0pbl 

4 )J.eKJ1apauHJ1 0 C0OTBCTCTBHH nc CT. 2, fn.4. 3aJIBHTCJTb. CJ>e.11epanbHblH opraH 

CT.24 11cnoJ1HlfTCJlbHOH BJlaCTH no TCXHH-

lJCCK0MY perynHp0BaHHIO 

5 3HaK o6paLUCHHJI Ha pblHKC 3OP CT. 2.27 3aJIBHTCJlb. CJ>e.n.epanbHblH opratt 

11cnoJ1HlfTCJlbHOH BJlaCTH no TCXHH-

'iCCKOM)' perym1pOBalUIIO 

6 3HaK COOTBCTCTBH!I 3H CT. 2 3aJIBHTCJlb. CJ>e.11epaJ1bHblH opratt 

HCnOJIHlfTCJlbHOH BJlaCTH no TCXHH-

4CCKOM)' perynHpoeaIm10 

7 HaUJ-IOHaJlbHbJI! CTaH.llapT HC CT. 14.15. Jl106oe JI11UO. HaUHOHaJlbHblH op-

16 n.2 ran no craH,D.aprHJauIrn 

8 TTO.llTBCp)l(!lCHHC COOTBCTCT- nc CT. 28 3aJ1eHTeJTb. OpraH ceprHqJHKau~rn. 
BJ,1!1 CJ>e.11epanbHhlH opraH HCnOJlHH-

TCJlbHOH BJlaCTH no TCXHl1lJCCKOMY 

perynHpOBaHHIO 

9 TTporpa.MMa pa3pa6oTKl1 CTPTP CT. 7 (n. 12) TT paeHTCJTbCTBO PCJ> 

TCXIUl'iCCKHX pernaMeHTOB 

10 - HauH0HaJlbHble CTaH11apTbl HC CT. 2, 13, 14, J1106oe JIHUO. HauHOHaJlbHblM op-

- ITpaeHna cratt.11apTHJaum-I nc 15,l6n.2, raH no CTaH.llapTHJaUHH 

HOpMbl CT. 13,16 

- KJJacCHqJHKaTOpbl (T.J. 11 K CT. 15 

COUHaJlbHbJe HHqJOpMaulfH) 

11 CTaH.11aprb1opraHHJaUHtt co CT. 17 Op~att11JaUHH H ca>.10peryn11pye-

Mble opraHbl TCXHHlJCCK0ro KOMH-

TeTa no CTaH.11apr11JaUHH 

12 3HaK COOTBCTCTBH!I Ha1rno- 3CHC CT. 2, 22 3aJIBl1TCJlb. HauHOHaJlbHblH opraH 

HaJlbHOMY CTaH.11apry no CTaH11apTHJauInI 

13 CepT11qJlfKaT CHCTCMbl Ka4e- CCK CT. 24 (n. 4) 3MBHTeJlb. Ham10Hanb1-1b1H opra.1-1 

CTBa no CTaH.llapTHJauHH 

14 CJ>e.11epanbHblH HllqJOpMauH- <I>l1CJ>TPC CT. 44 3MBHTCJlb. HauHOHaJlbHblH opratt 

0HHbJH qioH.D. TP 11 CTaH.11ap- no CTI1H.11apT1-1JauHH 

T0B 
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com:P)l(AHIIETEXHH'IECKHXPErJIAMEHTOB 

1exnu11eCKUe pellUIMeHmbl npUHUMOIOmCR 6 ~em,x (Cm. 6): 

3all.{HTbl >KH3HH HJIH 3.Ll:OpOBbSI rpa)K)].aH, HMymecTBa Q)H3Hl{eCKHX HJIH IOPHJl:l{l!eCKHX 

JIHU, rocy.n:apcTseHHoro HJIH MYHHUHTIMbHOro HMYmecTsa; 

oxpaHbl OKpy)l(aJOll.{eH cpe,n:bl )l(H3HH HJIH 3,n:opOBbSI >KHBOTHbIX H pacTeHHH; 

npe.n:ynpe)K)].eHHJI ,n:eiicTBHH, sso.n:simHx B 3a6ny)K)].eHHe npno6peTaTenei1; 

IlpHHSITHe TeXHHt.JeCKHX pernaMeHTOB B HHblX ueJISIX He .n:onycKaeTCSI. 

CornacHo 3aKOHY, K co,n:ep)Kam,110 o6mero TeXHHtiecKoro pernaMeHTa npe,n:bS1BJIJ110T 

TPe6osaHHsi cornacuo Ta6nHUe 4. 
CneuHanbHble TeXHH'-1eCKHe pernaMeHTbl, cornacHO CT. 8 (n. 5), pa3pa6aTbIBafOTCSI s 

cnytiae npeBb(llleHHJI «CTeneHH pHCKa», ycTaHOBJieHHOro o6W.HM TeXHKL!eCKHM perna­

MeHTOM (cM. HIDKe). 

Ta 6 11 H u a 4. Tpe6oeaHHH K O6weMy TeXHH4eCK0MY pernaMettry 

N2 CTaTl,.11 
Tpe6oeaHH.R 

n/n 3aKoHa 

I CT. 2 Yc-raHaBJTHBaeT 06.11JaTeJ1bHble .nJT.R npHMeHeHH.11 H H.CnOJTHeHJ-1.11 TPe6oBaHH.R K o6'beK-

TaM TeXHH'ieCKOro perym1pOBaHHJI 

2 CT. 7 C )"leTOM CTeneHH pHCKa npH4HHeHH.R epe.na yCTaHaBJTHBa!OT MHHHMaJlbHO Heo6xo-

.!lHMble Tpe6oBaHH.R, o6ecne4HBa!Oll\He: 

- .11.!lepH)'IO H pa.nHaUHOHHYIO 6eJonaCHOCTb; 

- 6eJOnaCHOCTb HJJTy4eHHl1" 

- 6HOJIOrH4eCKYIO 6eJonacHOCTb; 

- B3pblB06eJonacHOCTb; 

- MexaHH4eCKYIO 6eJonacHOCTb; 

- no)KapH)'IO 6eJonacHocTb; 

- npOMblWJleHHYIO 6eJonacHOCTb; 

- TepMH4eceyio 6eJonacHoCTb; 

- XHMH4ecey,o 6eJonaCHOCTb" 

- :meKTPH4ecKyio 6eJonacHoCT1,; 

- :meKTpOMarHHTHYIO COBMeCTHMOCTb B 4aCTH o6ecne4eHH.R 6eJonacHOCTH pa6o-

Tbt npH6opoe H o6opy.noeaHH)l ; 

- e.nHHCTBO HJMepeHHH 

3 CT. 7 )J.oJT)KeH co.nep)KaTb: 

- HC4epnb1Ba101UHH nepe4eHb npo.nyKUHH, npoueccoe npoHJBO.!lCTBa 3KCnnyaTa-

UHH, xpaHeHH)l, nepeBOJKH peaJJH3aUHH H YTHJIHJauHH B OTHOWeHHH KOTOpbrX 

yCTaHaBJIHBa!OTC)l ero Tµe60BaHI-UI" 

- npae«11a H.neHTRcj>HKaUHH o6'beKTa TeXHH4ecKoro pery11HpoeaHH)l .!lJl)l ue11ei1 

npHMeHeHH)l TeXHH4eCKOro pernaMeHTa 

MoryT co.nep)KaTbC)l : 

- npaBHJla H cj>opMbl oueHKH COOTBeTCTBH.11 (B TOM 4HCJTe cxeMbl no.nTBep)l(JleHH.R 

COOTBeTCTBH)l), onpe.neJT.ReMble C )"leTOM crenem1 pHCKa 

- npe.neJTbHble cpoKH oueHKH COOTBeTCTBH.11 e OTHOWeHHH Ka)l(.!lOro o6oeKTa Tex-

HH4eCKOrO pery11HpoeaHID1. H (HJIH) 

- Tpe6oeaHH.R K TepMH.HOJIOrHH, ynaKOBKe, MapKHpOBKe HJIH 3THKeTKaM H npaBH-

JlaM HX HaHeceHH.R 

4 CT. 7 .D.om1<eH co.nep)KaTb Tµe6oeaHH)l K xapaKTepHCTHKaM npo.nyKUHH, npoueccaM npOHl-

B0.!lCTBa, 3KcnnyaTauHH, xpatteHHJI, nepeBOJKH, peanHJaUHH H YTHJTHJauHH; 
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5 CT. 7 

6 CT. 7 

7 CT. 7 

8 CT.7 

9 CT.8. 

n .2 

10 CT.8. 

n.3 

11 CT.8. 

n.4 

12 CT.I I 

13 CT.23 . 

IT. I 

14 CT.24 
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He .aomKeH co.aep)f(an. -rpe6oaamu1 K KOHCTPYJCUHH H HCnOJlHCHHIO, 3a HCKJllO'!eHHCM 

crry'!aee. eCJlH H3-3a OTCyrCTBHJI -rpe6oBaHHH K KOHCTpyKUHH H HCnOJlHeHHIO C Y'leTOM 

CTenemt pHCKa npH'IHHeHHJI ape.aa He o6ecne'!}tBaeTCJI .llOCTH)f(eHHe YKa:3aHHblX a 

nyHKTe 1 CTaTbH 6 11aCTOJ11Uero CJ>e.aepam.Horo 3aKOHa ueneA npHHJITHJI TCXHH'!eCKOro 

pernaMeHTa 

C Y'leTOM CTeneHH pHCKa npH'IHHeHHJI Bpe.aa MOryT co.aepl!(aTbCJI cneUHaJJbHble Tpe-

6oaaHHJI K npo.ayKUJrn. npoueccaM npoHJBO.llCTBa, 3KcnnyaTau1-1u, xpaHeHHJI, nepesoJ-

KH, peanHJaUHH H yrHJJH3auHH, -rpe6oeaHHJI K TepMHHOJlOrHJ,f ynaKOBKe, MapKHpOBKe 

HJlH )THKeTKaM 11 npaBHJlaM HX HaHeceHHJI, o6ecne'!KBaJOIUHe JalUHTY OT,lleJTbHblX 

KaTeropHH rpIDIC.llaH (HecoeeplllCHHOJleTHHX, 6epeMeHHbfX )f(eHIUHH, KOpMJIJ.UHX MaTe-

pei-f, HHBaJJH.LlOB) 

He MO)f(eT co.aep)f(aTb -rpe6oaaHHJI K npo.ayKUHH, npH'IHHJIJOI.UeH ape.a JKH3HH HJTH 

3.llOpOBblO rpIDIC.llaH. HaKanJlHBaeMbLH npH .llJTKTeJlhHOM HCDOJJb30BaHHH )TOH npo.11,yK-

UHi-i Ii JaBHCJII.UHH OT .apyrnx q>aKTopOB. He no3BOJTJIJOIUHX onpe.aeJlHTb CTeneHT, .no-

nycTHMOro pHCKa. B 3THX Crry'laJIX TeXHK'!eCKHH pernaMeHT MO)f(eT co.aepJKaTb -rpe6o-

BaHHe. KaCaJ01.UeecJ1 HHq>OpMHpOBaHHJI np1106peTaTeJlJI O B03MO)f(HOM ape.ae H O q,aK-

TOpax, OT KOTOpbtX OH 3aBHCHT 

MelK.llyHapO.llHble CTaH.llapTbl H (HllH) naUHOHaJlbHble CTaH.llaPTbl MOryT HCnOJlb30-

BaTbCJI nOJTHOCTblO HJlH 'laCTH'lllO B Ka<teCTee OCHOBbl .llllJI pa:3pa60TKH npoeKTOB 

TeXHH'ieCKHX pernaMeHTOB 

TeXHH'leCKHH pernaMeHT MOJKeT co.aepJKaTb cneUHaJJI,Hhle Tpe6osaHHJI K npo.ayKUlffl, 

npoueccaM npoHJBO.llCTBa, :>Kcnrryarnu1-111, xpaHeHHJI, nepeeoJKH, pean113au111-1 1-1 YTH-
JlH3aUHH, TepMHHOJlOrHH, ynaKOBKe, MapKHpOBKe HJIH )THKeTKaM Ii npaBHJlaM KX Ha-

HeCeHHJI. npHMeHJleMble B OT.lleJJbllblX MeCTax npOHCXOJl(JleHHJI npo.ayKUHH, ecm1 OT-

cyrCTBHe TaKKX Tpe6oeam1ii B c1-1ny KJIJ,fMaTH'leCKKX Ii reorpaq>H'leCKKX oco6eHHOCTeH 

npHBe.lleT K He.llOCTH)l(eHHJO ueneii, YKa3aHlil,IX B nyHKTe 1 CTaTbH 6 HaCTm1mero CJ>e-

.nepanbHOro JaKOHa 

Tpe6osaHHJI o6mero TeXIIH'lCCKOro pernaMeHTa 06J13aTeJ1bHbl .llJlJI np1-1MeHeHHJI l1 

co6n10.aemu1 B OTHOlllCHKH nl06bJX BH.LlOB npO.ll)'KUHH, npoueccoa npOH3B0.llCTBa, )KC-

nnyaTaUHH, xpaHeHHJI, nepeB03Kl-f, peaJJHJauHH H yrHJTH3auHH 

Tpe6oeam1J1MH cneu11anbHOro TCXIIH'leCKOro pernaMeHTa Y'lITTblBalOTCJI TCXHOJlOrH-

'lCCKHe H HHble oco6eHHOCTH OT,lleJJbHblX BHJlOB npo.11,yKUKH, npoueccoe npOH3B0.llCT-

ea, )KCnnyaTaUHH, xpaHCHHJI, nepeB03KH, peamnaUHH H yrHJIH3aUHH 

O6m11e TCXHH'leCKHe pernaMCIITbl npHHl1MaJOTCH no eonpocaM: 

- 6eJonaCHOH 3KCnnyaTaUI-IH H YTHJ1HJau1rn MalllHH H o6opy.noeaHHH; 

- 6e:ionaCHOH )KCnJTyaTauHH 3JlaHHH, c-rpoeHHH, COOpYJKCHHH H 6eJonacHoro HC-

BOJ11,30BaHHJI npuneraJOIUHX K HHM TeppHTOpHH; 

- H.nepHOH 1-1 pa.nHaUHOHHOH 6eJonacHOCTH; 

- noJKap110A 6eJonacHOCTH: 

- 6HOJIOrH'!eCKOH 6e3onacHOCT1-1; 

- )JJeKTpOMarHHTHOH 6e3onaCHOCTl1; 

- 3KOJIOrH'leCKOH 6e3onacHOCTH 

CTaH,napT11JauHJ1 ocymeCTBJJJleTCJI e uenJ1x : 

- co.neiiCTBHH co6n10,ne111110 -rpe6oaaH11A TeXHH'ICCKHX pernaMeHToe; 

- nOBbllllCHHH ypoBHJI 6e3onacHOCTH 061,eKTOB C Y'leTOM pHCKa B03HHKHOBCHHJI 

'lpe3Bbl'laHHblX c11ryaUHH npHpO,nHoro H TCXHOfCHHOfO xapaKTepa 

O6Jl3aTCJ1bHOe nOJ1TBepJl(Jle1111e COOTBCTCTBHJI npOBO)lITTCJI TOJlbKO B CJl)"iaJIX., yCTa-

HOBJlCHHblX COOTBCTCTBYIOII(HM TeXHH'ICCKHM pernaMeHTOM, H HCKJTIO'lHTeJlbHO Ha 

COOTBeTCTBHe -rpe60BaHHeM TCXHH<teCKoro pernaMeHTa. 

.UeKnapHpOBaHHe CO0TBCTCTBHH : 

- Kpyr 3aJIBHTeneii yCTaHaBJlHBaeTCH COOTBCTCTB)'IOII(KM TeXHH'lCCKKM perna-

MeHTOM; 

- ,neKnapaUHJI O COOTBCTCTBHH oq>opMllHeTCJI Ha pycCK0M H3b1Ke H )10Jl)f(Ha co-

.nep)f(aTb: 
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- HaHMeHoea,rne TeXHH'leCKoro pernaMeHTa, Ha COOTBeTCTBHe Tpe6oeaHIDIM KO-

Toporo no.zneep)l(JlaeTcll npOllYKUIDI; 

- JIDIBJleHHe '.lIDIBHTeJUI O 6e3onaCHOCTH npo.nyKUHH npH ee HCnOJibJOBaHJ,fJ,f B co-

OTBeTCTBHJ,f c ueneBblM HaJHa'leHHeM H npHHJITJ,fJ,f Jal!.BHTeJJeM Mep no o6ecne-

'-!eHHIO COOTBeTCTBH.ll npo.nyKUHH Tµe6oeaHHllM TeXHK'leCKHX pernaMeHTOB; 

- CBelleHHll O npoeeD.eHHblX HCCJJeD.0BaHHllX (11cnb1TaHHllX) H H3MepeHIDIX, cep-

TH~rnKaTe CHCTeMbl Ka'leCTea, a TaK)l(e .noKyMeHTax, nocJI~HBWHX 0CHOBaHH-

eM D.Jlll nOD.TBep)l(JleHH.ll COOTBeTCTBHll np0llYKUHH Tpe60BaJU!eM TCXHH'lCCKHX 

pernaMeHToe: 

- cpoK D.CHCTBHll ,neKnapaUHH O C0OTBeTCTBHH' 

- HHble npCJlYCM0TpCHHble COOTBeTCTBYIOU(HMJ,f TCXJ-IH"!CCKHMH pernaMCHTaMH 

CBeD.eHHll . 

- cp0K ,neHCTBIDI .neKnapaUHH O C00TBeTCTBHH onpe.neAAeTCll TeXHH'leCKHM per-

JlaMeHTOM 

15 CT. 25 O6llJaTeJJbHIDI ceprn<!JHKaUHJI ocymeCTBJllleTCll opraHOM no cepTH¢HK8Ul111 Ha OCH0-

eaHHH llOroeopa C 3IDIBHTeJJeM. CxeMI,I cepTH<jnocau1-111, np11MeID1eMblC llJI.ll cepTHq>H-

KauHFI onpellCJlCHHblX BHllOB npo,nyKUHI-I. ycraHaBJJHBaJOTCll COOTBeTCTBYIOU(HM Tex-

HH'-!eCKHM pernaMCHT0M. 

CoOTBeTCTBHe npo.nyKUHH Tµe6oeaHHllM TCXHl-f'lCCKHX pernaMCflT0B no.nrnep)l(JlaeTCll 

cepTH<!>HK8TOM CO0TBeTCTBHll , BblllaBaeMblM 3IDIBHTemo opraHOM no cepTHq>KKaUHH 

HCII0Jlh30BAHHE IIOIDITIIH «PHCK» H «CTEIIEHL PHCKA» 

llo CBOeH OCHOBHOH HanpaBJieHHOCTH HaCTO.sllllHH 3aKOH HCCTOJib3yeT BHe)J.p.s!eM)'lO 

cdrl.fac B MHpe «KOHUem..u--110 pHCKa», T.e. He a6comOTHOfO (,ueTepMHHHCTCKOro) no.uxo.ua 

K o6ecneYeHHJO 6e3onacHOCTH npo.uyKI:.{H}I, npOH3BOJJ.CTBa H T.n. a 6e30TJaCHOCTb B npe­

.uenax npHHKMaeMoro o6mecTBOM «.uonycTHMOro pHCKa» (cTeneHH pHCKa). Heo6XO,ZlHMO 

OTMeTH.Tb, YTO B 3TOH WHpOKO JJ.HCKYTHpyeMOH npo6JieMe OJJ.HO3Ha<1mu1 cpopMyJIHpOBKa 

llOH.slTIDI "pHcK" eme He ycTaHOBJieHa, nOCKOJibKY npHMeHeHHe caMoro nOHj{TH.sl HCITOJib-

3yeTC.sl BO MHOrHX ccpepax rocy.n.apCTBeHHOH, HaY'{HOH H 6bITOBOH .ue.siTeJibHOCTH (noJIH­

THYeCKOH, q>I1HaHCOBOH, TeXHoreHHOH, npHpOJJ.HOH li T.n.). 

llpe,ncTaBJI.sleTC.sl uenecoo6pa3HblM HMeTb .nsa TOJIKOBaHH.sl noIDJTIDI «pHCK>) - 1eaqe­

CTBennoe H KOJmqecTeennoe. Kal.feCTBeHHa.si xapaKTepHCTHKa MO)KeT o6be,UHHHTb ace 

BO3MO)K.Hble CJiyY.aH HCnom,3OBaHI1.sl 3TOrO ITOIDJTIDI KaK HaJIWrne HeKOeH onaCHOCTH (yr­

p03b1) 6e3 ITOITblTKH KOJIH'ieCTBeHHO onpe.n.eJIHTb 3TOT nOKa3aTeJib. B 3TOM OTHowemrn 

npHMeHeHHOe B 3aKOHe onpe.neneHHe CTOH.s!TIDI «pHCIO) MOrJIO 61,1 CJIY)K.HTb npHeMJieMbIM 

.umI acex ICa'leCTBeHHblX onpe.neneHHH nOH.s!TH.sl «pHCK», ecmt 3aMeHHTb nepsoe CJIOBO B 

onpe.n.eneHHH "pHCKa" «sepOHTHOCTb» Ha CJIOBO (<BOJMO:lKHOCTb», a B KOHUe onpe.n.ene­

HH.sl 3anHCaTb «c yqeTOM eepoHTHOCTH H ymep6a». «BepO.s!THOCTb» B MaTeMaTHKe eCTb 

KOJIHYeCTBeHHa.sl Bemfl.fKHa H npKMeHeHHe :noro CJIOBa a TIOH.s!THH «pHCK>> a 3aKoHe MO­

)l(eT TOJIKOBaTbC.sl KaK KOJIHl.feCTBeHHOe onpe.nenemte, YTO Ha caMOM .nene npOTHBOpeYHT 

CKJia)lblBaIOLUeMC.sl B HayKe H npaKTHKe npe.ucTaBJTeHHH O pHcKe KaK npoH3Be,neHH.sl Be­

pO.slTHOCTH tte6naronpID1THoro co6b1THS1 Ha ero nocne.ucTBH.sl (ymep6, spe.n. H T.n.). He­

OJJ.HOKpaTHO HCCTOJ1b3OBaHHoe B 3aKOHe nOHSITHe «cTeneHb pHCKa» j{BHO HMeeT KOJIHl.fe­

CTBeHHhlH xapaKTep. Or 3Hal.feHI1.sl «CTeneHH pHCKa» B 3aKoHe 3aBHCHT ueJibfH PSl.ll .11.et'r­

CTBHH (cM. Ta6JT. 5). llo3TOMY OT Toro, KaK 6y.neT onpe.11.emThC.sl «CTeneHh pHCKa», 3aBH­

CHT BbIITOJTHeHMe uenoro psu:1.a nOJIO)l(eHI1H 3aKOHa. 5ICHO, l.fTO HCCTOJ1b3OBaHHe B KaYeCT-
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Be Kp1nepJU1 TOJTbKO «BepmlTHOCTH», 6e3 onpene11eH1i.SI MacwTa6a nocJle)lCTBHH, 3aCTa­

BHT Yl.fHTblB3Tb MHO)KeCTBO tte3H3l.fHMblX co6b!THH. 

Ta 6 n H u a 5. )].eiiCTBHSI, 33BHCS111Ule OT «CTeneHH pHctca» B pa11-1tcax 3atcOH3 

N!! 
CTan,ll 3aKoHa )leikTBHC, JaBHCRIJ.lHC OT «c-rene1111 pHCKa>> 

n/n 

I CT. 8 (n. 5) Heo6XO./lHMOCTb pa.Jpa60TKH «cneuHanbHblX TCXJil1lJCCKHX pernaMCHTOB» 

2 CT. 23 n. 2 Yc-raHoeneHHC cj)opM H CXCM nO.llTBCp)l(JlCHHll COOTBCTCTBHH TCXHHlJCCKOMY 

pernaMCHTY 

3 CT. 7 n. I. n.3 CO.llCplKaHHC H npHMCIICHHe TCXHHlJCCKHX pernaMCHTOB 

4 CT. 11 n.2 UenH C'faH.llaprnJaUHH 

BepOHHO, 6ynyT He06XOJlH.Mbl pa60Tbl H Pa3'MICHeHH_jj no noBOJlY onpeneneHH"H no­

Hj!THH «pHCK» H «CTeaettb pH.CKa» . 

.l(OilOJIHlITEJThllblE HOPMA THBHbIE H 3AKOHO.l(ATEJThllblE AKThl 
rOC.l(YMhl Pel> H IIP ABHTEJThCTBA Pel> .l(llil cI>YIIKqHOHHPOBAHIDI 

cI>E.l(EPA.JlhHOro JAKOHA .NH84-c1>3 

PaccMa-rpHBaeMhlH 3aKOH B 60JibWJilHCTBe c11y4aeB He .S!BJijjeTC.!I 33KOHOM np.siMoro 

)leHCTBH.!I 11 JlJl.sl CBoero Q>YHKUHOHHpOBaHH.sl Tpe6yeT p.sin JlOUOJlHHTeJlbHblX cpenepanb­

HblX 3aKOHOB 11 nocTaHOBJleHHH IlpaBwTeJlbCTBa P<D. B Ta611m.1,e 6 npHBe)leHbl 3TH 

Heo6xoJll,f.Mbie aKTbl co CCb!JlKaMH Ha CTaTbJil 3aKOHa. 

Ta 6 n Hu a 6. <DeJlepaJJbHbJe 33K0Hbl H nocT3HOBJJeHHSI npaBHTeJJbCTB3 P<D, He06XO)lllll-1ble B p33BH­

Tlle ct>e)lepaJlbHOro 33KOH3 "0 TeXHH'leCKOM perymtpOB3HliH
11 

N~ 
CTaThH JaKoHa Co.neplKaHHC ./lOK)'Me1rra (KTO BbJnycKaCT) 

n/n 

I CT. 5 TTopllllOK pa.3pa60TKH, npJ,lJ-UITIUI H npHMeHeIDlll JlOK)'MCHTOB no o6opoH-

HOH npO.llYKUH11 (TT) 

2 CT. 5 TTopll./lOK oueHKl1 COOTBCTCTBHll ,llnll o6opOHHOH npO.llYKUHH (TT) 

3 CT.7 (n.12) TTporpaMMa pa.Jpa60TKl1 TCXHJ11JeCKHX perna"1CHTOB (fl} 

4 CT. 7 (n.12) TTOCTOllHHblH J'ICT H 3Ha.Jlli3 BCCX CJJY'l3CB npH'lHHCHl1JI ape.Ila BCIIC./lCTBHC 

11apyweHHll TpC60B3HHH TeXHHlJCCKOro pernaMeHTa (fl) 

5 CT. 9 (n.6) flopll./lOK ony6nHKOBaHHll YBC.llOMIICIIHH H pa.JMep nilaTbl 33 ony6nHKOBa-

,rne npoeKToa TP. (ct>Ol1B no TP) 
6 CT. 9 (n.8) flopl!llOK H nnaTa 33 On)6IIHKOBa1111e npoeKTa cpCJlCpaJJbHOro JaKOHa OTP 

(fl) 

7 CT. 9 (n.9) flopllJlOK COJ)lal!Hll H ./lCllTCnbHOCTH )KCnepTHblX KOMHCCHH (TT) 

8 CT. 9 (n.9) flopll./lOK ony6nHKOBa.JUUI JaKJllOlJCHHH )KCnepniblX KOMHCCHH {TI) 

9 CT. IO(n.3) flopl!llOK ony6nHKOBaHHll TP npH oco6oM nopll./lKC (TT) 

10 CT. 15 (n.3) flopllJlOK pa.3pa60TKH 06wepocCHHCKHX Kil3CCHqJKK3TOpOB (TT) 
11 CT. 16 (n.6) TTopll./lOK ony6nHKOBaHHll H nnaTa 33 rrpoeKT CT31UlapTa (TT) 

12 CT. 22 (n.3) 11naTa Ja pernc-rpaumo .no6poaom,11oii CHCTCMbJ cepTHCjlHKfillHH {TT) 

13 CT. 23 ( n.4) MCTO./lHKa onpe.neneHHll CTOHMOCTH pa6oT no o6ll33TCnbHOMY no)lTBep-

lK./lCHIHO COOTBCTCTBHll {TT) 

14 CT. 24 (n.6) 11opll./l0K BBC.llCHHll peeCTpa .llCKnapauKH O COOTBCTCTBHH (11) 

15 CT. 26 (n. I) flopll.llOK aKKpC.llHTfillHll opraHOB cepTHcpHK3UHH (OC) fl 
16 CT. 26 (n.2) flopllJIOK npHBIIClJCHHll HCnblT3TCnbHblX 11 H3MCpHTCnbHblX na6opaTOpHH 

(ueHTpoa) (TI) 
17 CT. 26 (n.2) MCTO.!lHKH onpe.neneBHll CTOHMOCTH pa6oT no cepTHqlHKfillHH (11) 
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18 CT. 26 (n.3) nopsrnoK eeneHHll en1-1Horo peecrpa BblllaHHbtX cePTHcl>HKarne (TT) 
19 CT. 27 (n. I) Y cra1-1aen1-1eae-rcsr 1-1Jo6pIDKeH1-1e 3HaKa 06pamem1J1 Ha pbtHKe (n) 
20 CT. 29 (n.3) nopJl)lOK eeo3a Ha Ta.MOJ!(eHH)'IO TeppHTop1-110 rrpony1aum, nonne>KameA 

o6sr3aTeJlbHOMY nomeep)l(JleHHIO C00TBeTCTBHll (IT) 

21 CT. 31 (n.3) nopJl)lOK aKKpem1Tau1-11-1 OpraHOB no cepTHcj>HKaUHH 1-1 HCnbIT8TeJibHMX 
na6oparnp1-1i1 (fl) 

22 CT. 32 (n.2) fK (H) P<l> 

23 CT. 34 (n. l) ITopllllOK MeponpHllTHJI no rocynapCTeeHH0MY KOHTpomo (Han3opy) 38 
co6nmneHHeM Tpe6oeaHHH TeXHH'leCKHX perna.MeHToe e nopJl)lKe, yc,-a-

HoeneHH0M 3aK0HonaTen1,c,-eoM Pocc1-1licKoi1 <l>enepau1-11-1 (fK (H)P<I>) 
24 CT. 34 (n. l) OpHBJleK8Tb K 0TBeTCTBeHH0CTH B C00TBeTCTBHH C 38KOH0Jl8TeJlbCTBOM 

Poccf!HCKOH <l>e.nepau1-11-1 (fK (H) P<I>) 

25 CT. 34 (n.2), CT. Co6n10naTb nopllllOK MeponpHllTHH. (cM. 11 23) (rK (H) P<I>) 
35 (n.1) 

26 CT. 36 (n.2) OreeTCTBeHJIOCTb H3rOTOBHTeJIJI e C00TBeTCTBHH c 3aKOHOM P<I> 

27 CT. 37 (n.3) 803Me1UeH1-1e epena B C00TBeTCTBHH C 38KOH0.ll8TeJlbCTB0M P<I> 

28 CT. 40 (n. 3) Mepbl yroJJ0BH0ro 1-1 a}lMHHHCTp8THBH0ro 803JleHCTBHJI 38 HapyweHHe 
Tpe6oeaHHH H8CT0ll1Uero <I>enepan1,1-1oro 3aK0Ha 06 01'3b1Be np0lIYKUHH. 
(3aKOHOJl8TeJlbCTBO P<J>) 

29 CT. 411-142 Oree-rcTBeHHOCTb 38 Hapywe1-111e pa6oT no cepTHcl>HKauHH B C00TBeTCTBHH 
C 38K0H0Jl8TeJibCTB0M P<I>. (3aKOHOJl8TeJll,CTBO Pct>) 

COBPEMEHHMI CTPYKTYP A OPr AHH3AIUffl HCIIOJIL30BAHIDI 
ATOMHOU: 3HEPrHH 

OlibEKTbl 11 B.H.l(bl )l,EHTEJlhHOCTJ-1 

Cpe.u11 .ues.HTH HanpasJieHHM, o6o3Hat.teHHblX B CTaTbe 7 3aKOHa N!! 184-<I>3, no K0T0-

pblM npe.unonaraeTC.H C03.D,aBaTb TeXHH'-leCKHe pernaMeHThI - HanpaBJieIDte .H,uepH0H H 

pa.u11au,110HHOH 6e3onacHocr11. flo,a. ,uaHHoe HarrpasneHHe no,a.na.uaJOT npaKTH'-leCKH see 

ynoMHHaeMble 3aKOHOM 0TH0wemuI, B03HHKalOUlHe npH «pa3pa60TKe, rrpHH.HTlUI npH­

MeHeHHH 11 11cnontteHH.H o6.H3aTeJihHblX rpe6osamrn K npo.uyKUHH, rrpoueccaM npom­

so.ucrna, 3Kcrmyarnum1 xpatteHH.H, nepeso3KH peam13auIurn (craTb.H I, n. 1). 

BbI,D;eneHHa.H OT,UeJTbHOH CTpOKOH «ou,eHKa C00TBeTCTBH51» TalOKe 0TpIDKeHa B Hbl­

Hewttei1 npaKTHKe B BH,Ue Tpe6osaHH.H 0 C00TBeTCTBHH n0JI0)KeHHHM npaBHJI H HOpM, HO 

B HeCK0JlbK0 ,a.pyroH .uei1CTBYJOl.1.(eH ceiit.tac npoue,eype 3aKOHa 06 HCn0Jlb30BamnI aT0M­

HOH 3HeprHH. 

B <I>e.uepanbHOM 3aK0He «O HCn0J1b30BaHHH aTOMHOH 3Heprmrn (21 HO.H6p.H 1995 r. 

N!! 170-<1>3, ,a.anee no TeKCT)' - 3aKOH N!! 170-<1>3) K0T0pbIH, 6e3 C0MHemrn, .U0Jl)KeH 6hITb 

HCn0Jib30BaH npM no,uroT0BKe TeXHH"!eCKOro pernaMeHTa no .H,a.epHOH H pa,uHaU,H0HH0H 

6e3onacttocT11, onpe,a.e11ettbI: 

06oeKTLI npuMeHeHHH 3aKOHa .NH 70-<1>3 (CTaTl,H 3); 
.H,uepHble ycTaH0BKH; 

pa.u11au,H0HHble HCT0'-IHHKH; 

nyHKTbl xpaHeHIDI. si,a.epHbIX MaTep11anos H pa.uI10aKTHBHblX sewecTB, xpaHHJIHl.1.(a 

pa.uI10aKTl1BHblX 0TX0.U0B; 

si.uepHbie MaTepMaJib[; 

pa.uI10aKTMBHb1e sewecrsa; 
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pa,u11oaKTHBHbie OTXO)J.bl. 

BHL!bl l!eHTeJlbHOCTH (CT3TbH 4): 
pa3MeW,eHHe, npoeKTHposaHMe, COOp)')KeHHe, 3KcnnyaTal...{H.SI H BblBO)J. 113 3Kcnnya­

TaUHH .SI)lepHblX ycTaHOBOK, pam-iaUHOHHblX HCTO'-IHHKOB H nyHKTOB xpaHeHH.SI; 

pa3pa6oTKa npOH3BO)J.CTBO, HCnblTaHHe, TpaHcnopTHposaHHe, xpatteHHe, YTHJIM-

3aUHJO, HCnOJJb30BaHHe .SI)lepHblX 3ap.SI)J.0B B MHpHblX uem1x H o6pameHHe C HMMH; 

o6paw,eHHe c .SI)J.epttb!MH MaTep1-1anaMH 11 pa,uHoaKTHBHblMH sew,ecTBaMH, s TOM 

'-IHCJle npH pa3Be,IJ.Ke H )l06bI'-le noJJe3HbIX HCKonaeMhTX, co.n;ep)f{alll,HX 3TH MaTe­

pHaJJbl H sew,eCTBa, npH npOH3B0,ll.CTBe, HCilblTaHHH, nepepa6oTKe, TpaHcnopTHpo­

BaHHH H HX xpaHeHm-t; 

06ecne'-lem1e 6e3onacHocn1 np11 11cnoJib30Bamm aTOMHOH 3Hepnm; 

KOHTpOJJb 3a 06ecneqem1eM .sJ,nepttoi-1, pa,u11au110HHOH, TeXttH'-leCKOH H no)f{apttoi:t 

6e3onaCHOCTblO (JlaJJee 6e3onaCHOCTb) .SI,IJ.epHb[X yCTaHOBOK, pa,uHaUHOHHblX H.C­

TO'-IHHKOB J,f nyttKTOB xpaHeHH..SI, 3a 06ecnel.fem1eM caHHTapH0-

3m1,neMHOJIOrH'-1eCKOro 6naronOJIYlfH.SI rpIDK,UaH npH HCnOJJb30BaHHH aTOMHOH 

3HeprnH; 

npose.n;eHHe Ha~HblX HCCJJe,ll.OBaHHH BO scex o6nacrnx 11cnOJJb30BaHH.SI aTOMHOH 

3Heprn11.; 

<pH3H'-leCKa.SI 3aw,H.Ta .SI,nepHblX ycTaHOBOK, pa,uHaUHOHHblX HCTOlfIDIKOB, nyHKTOB 

xpaHeHH.SI, .SIJlepHbJX MaTepHaJJOB 11 pa.n.11oaKTHBHbJX sew,eCTB; 

y'-leT H KOHTpOJJb .s1,nepHblX MaTepHaJJOB H pa.D.HOaKTHBHblX seinecTs; 

3KCnOpT " HMnopT .SI,nepHblX ycTaHOBOK, o6opy,nosaHHSI, TeXHOJIOfHH, .SIJlepHbTX 

MaTepHaJJOB, pa,n1maKTH.BHblX semeCTB, cneuHanbHbTX He.SI.D.epHblX MaTep11aJJOB H 

ycnyr B o6naCTH HCnOJJb30BaHH.SI aTOMHOH 3HeprnM; 

rocy.D,apcTBeHHbJH KOHTpOJlb 3a pa,nHaUHOHHOH o6cTaHOBKOH Ha TeppHTOp11H Poc­

CHHCKOH <l>eaepau1111; 

no,nroTOBKa cnel(HaJJHCTOB B o6JJaCTH HCnOJJb30BaHM.SI Sl.D.epHblX ycTaHOBOK, pa­

,llHaU,HOHHblX HCTO'-IHHK0B, nyHKTOB xpaHeHH..SI, .SI,nepHbIX MaTepHaJJOB H. pa,nHOaK­

TIIBHbTX sew,eCTB; 

BbinOJJHeHMe HHbTX BHJJ:OB ,ne.s1TeJ1bHOCTM B o6JJaCTH HCnOJJb30BaHHJI aTOMHOH. 

3Hepnrn. 

O'-leBHJlHO, lfTO TexHH"t.JeCKHH pernaMeHT 3aKOHa N!!l84-<l>3 ,llOJl)f{eH pacnpocTpa­

Hj!TbC.SI Ha YKa3aHHbJe 061,eKTbl H BH)lbl ,ne.s1TeJ1bHOCTH. 

Oco6o cne,nyeT OTMeTHTb ,neikTBYIQW,11H HbIHe <l>e)lepaJJbHbJH 3aKOH «O paa11au110H­

HOH 6e3onacHOCTH HaceJJeHH..SI». 3aTparHBaeMble 11M sonpOCbl KaCalOTC.SI MeJlHKO­

rHrHeHHlfeCKHX acneKTOB )J.eHCTBH.SI H3~eHH.SI, H BOnpoc BKJIIO'-lemrn 3THX acneKTOB B 

e.D.HHblH TeXHOJIOrnt.ieCKHH pernaMeHT )lOJJ)KeH 6b1Tb npe)J.MeTOM o6cy)K.ll,eHHJI. 

Y'iACTHHKH TTPOQECCA HCnOJlh30BAHlll A TOMHOl1 3HEPnlJif 

rocyl!apCTBeHHble opraHbl ynpaBJleHHH 

M11HaTOM Pocc1-111; 

M11HTpaHc Poccm-i; 
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MliHHCTepCTBO o6pa30BaHHSI P<I>; 

PocCHHCKaSI aKa,lleMHJI HayK; 

MHHrrpHpO.llbl PoccHH; 

Mqc PocCHH' 

PoccIDicKoe ArettcTso no cy.n.ocTpoettHIO. 

Pery.rmpy1omue opraeb1 

focaToMHa.n.3op Poccmr 

MHH3.D.pas Pocc11w 

r ocropTexttamop P<I> 

M1..JCPoccm1· 

MHHTJ)aHc Poccm,i (Pocc11i1cKHH MopcKOH PerncTp cy.noxo.n.cTBa). 

OpraHbl CT3HJl3pTH33UHH D cepTmbHK3UHH. 

roccrntt.napT Pocc1-tH; 

CoseT no aKKpe,llHTal.J,1111 (C11CTeMa cepTHQHfKaU,HJ-1 MHHaTOMa, rocCTaH,ll.aprn H 

f OCaTOMHa.ll3opa). 

IIponJBOJlHTeJJH o6opmoeannH u ycJJyr 

PaJJIHl{HbJe MHH11CTepcTBa P<I>; 

<!>eJJ,epanbHble rocy.napcTBeHHbJe )'ID!Taptt&1e rrpe.nrrpmITmr 11 opraHHJa1urn; 

Pa3JJHl{HbJe Herocy.napcTBeHHbJe (KOMMepYeCKHe) npe,nnpHSITHSI H opraHH3al{HH. 

Jl,EHCTBYJOll{lfE HOPMA HfBHO-fIPABOBbfE AKTbl B OliJIACTH HCIIO.Jlh30BAHIDl 
A TOMHOM 3EIEPrJilH 

<I>e.nepaJibHbre 3aKOHbf' 

YKaJbr ITpe311.nettTa 11 nocrattosnemur npaswTeJJ&cTsa; 

<I>e.nepanbHbJe HOpMbl H npas,rna (yrnep)KJlalOTCSI peryJJHpYfOlUHM opra.HOM); 

,n:oKyMeHThl peryJrnpy10u:u1x opraHOB (yrnep)K,[(a.IOTCSI peryJrnpYJOlUH_M opraHOM); 

CTaH.napTbl (tte npOTHBOpeqa1..1.u1e cf>e.nepanbHbIM HOpMaM 11 npaBHJTaM), OTpacne­

BbJe .llOKyMeHTbl (YTBep)K)J,alOTCSI rocCTaH.D.apTOM, PYKOBO,llCTBOM OTpaCJIH). 
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COBPEMEHHLIE CTPYKTYPLI no IIPOliJIEME IIPHMEHEHIDI <l>E~­
PAJibHOro 3AKOHA .NH84-<1>3 K ~HTEJibHOCTH OTHOCHTEJibHO CY­
)1;0B H HHLIX IIJIABCPE)J;CTB C H,IJ;EPHLIMH YCTAHOBKAMH H PA,l(HA­

~OHHLIMH HCTOlffiHKAMH 

OlibEKThl C .HY M PA.ll,HAL{IAOHHhlMM MCTO1.fHttKAM11 

KoHKpeTHOCTb paccMaTpHBaeMOH o6JiaCTH Tpe6yeT yYeTa 6onee ,neTaJlbHblX BOnpo­

COB, B YaCTHOCTH, 3TaTIOB )l(H3HeHHOro l..(H.KJla paccMaTpHsaeMbIX cy,uos H HHbIX nJiaBy­

'iHX cpe,ncTB C .5IY 11 PH, a HMeHHO: 

npoeKTHposattue; 

H3roTOBJJeHHe 06opy,LI.0BaHHS1; 

CTpOHTeJlbCTBO cy,noB H HHbIX nJiaBy'iHX cpe,nCTB C 5fY H PH, 880).J. 8 3KCnnyaTa­

umo; 

3KCnnyaTaUHSI' 

BblBO,ll H3 3KCnnyarau.1m; 

ynrn1nau.Hsi. 

y Ka3aHHbIH KJiacc o6beKTOB, B COOTBeTCTBH:11 C <l>e).J.epanbHbIM 3aKOHOM N!:! 170-<1>3, 

nona,naeT TIO)]. KJiacc «sr).J.epHbie ycTaHOBKH» Ky).J.a BXO).J.SIT H 061,eKTbl JJ.pyroro Ha3Half.e­

HIDI. 3TOT cpaKT He06XO,llHMO YYHTbIBaTb npH TpaHccpopMaUHH 8 HOBblH 3aKOH. 

BH).J.bl .nesrTeJlbHOCTl1 H3 3aKOHa N2 l 70-<1>3, pacnpocTpaHfilOUll1eCSI Ha cy,ua H HHbie 

nnascpe.ncrna c .5IY 11 PM, cne,uyiomwe: 

pa3Memem1e, npoeKTHpoBam1e, coopy)Kettue, 3KcnnyaTau,IDI H BbIBOJJ. 113 3Kcnnya­

Tau1111 si.nepHblX ycTaHOBOK, pa,uHaU,HOHHhIX HCTO'iHHKOB H nyHKTOB xpaHeHlrn; 

06pamett11e C .sl).J.epHbJMH MaTepHanaMH 11 pa.n:11oaKTl1BHbIMH Bell{eCTBaMH, B TOM 

lfl1CJle npH pa3Be,llKe H ).J.06bilfe none3Hb!X HCKOnaeMbIX, co.nep)l(all{HX 3TH MaTe­

pHaJibl H BemeCTBa, npH npOH380,llCTBe, HCTiblTaHHH, nepepa6oTKe, Tpattcnopn1po­

BaHHl1 H xpattemrn Sl).J.epHblX MaTep11anos H pa).J.HOaKTHBHhlX BemecTB; 

06ecneyem1.e 6e3onacHOCTH npH 3KCnnyaTaLJ.HH CYJJ.OB H HHbfX nnaBcpe).J.CTB C JIY 
uPH; 

npose).J.eHHe Haylf.HblX HCCJJe,llOBaHHH B o6ecneYeHHe 11CTIOJlb30BaHH_Sf cy,uoB H 

HHbIX nnascpe,ucTB c JIY 11 PH; 

q>H3HYecKasi 3amHrn cyJJ.oB 11 HHbIX nnascpe,ncTB c JIY 11 PU, 11cnoJ1h3yeMbIX Ha 

HHX, .sl).J.epHblX ycTaHOBOK, pa,llHaUHOHHblX HCTO'iHHKOB, sr,uepHblX MaTepHaJIOB H 

pa).J.HOaKTHBHblX semecTB' 

Y'feT 11 KOHTpOJlb Sl).J.epHblX MaTepHaJIOB H pa).J.HOaKTHBHbIX semecrn; 

IlO,llrOTOBKa cneu,HanHCTOB B o6nacnr HCTIOJlb30BaHIDI CYJJ.OB H H.Hb!X nnaBcpe,llCTB 

C 5IY H PH. 

Y'iACTHMKH nPOUECCA 

<l>eJ!epanbHbre opraubr ynpaeneuuH 

M11ttaToM Pocc1111 ; 
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MllC Pocc1rn; 

PoccHHCKrui aKa.n,eM1-H1 HayK; 

M1rnnp1-1po.n,b1 Pocc1-1w; 

MaHHCTepcTBO BttyTpeHHHX .n,e11 PoCCHH" 

MHHo6pa.3oBaHH.sr PoccHH; 

PeryJrnpywmue opraub1 
f ocaTOMHa.n,3op Poccm-1; 

MHH3.n,pas Pocc1rn; 

Ml:IC PoccHH; 

MHHTpattc PoccHH (PoccHHCK.KH MopcKoH PerncTp cy.n,oxo.ucrna). 

OpraHbl CT3HJ.J;3PTH33UHH H cepTucboKagnu 

f OCCTaH)J.apT POCCH.H" 

CoBeT no aKKpe.n,HTaUHH (CHCTeMa cepnHpHKailHH M1rnaT0Ma, f OCCTaH.n,apTa J,l 

f OCaTOMHa)J.30pa). 

IlpouJBOJ.J;HTeJIH o6opyp;oeannH u ycJIVr 
MHHHCTepcTBa H se.n.oMCTBa Pocc11H; 

<I>e.n,epanbHble rocy.uapcTBeHHble yttHTapHble npe.unpH.sITH.sI H opraHH3aLU-tH; 

Herocy.uapcTBeHHbie npe,ll,np11.srnU1 H opraHHJauH.H. 

)J,El1CTBYIOI.QHE HOPMATKBHO-IlPABOBhlE )J,OKYMEHThl 

<I>e.uepanbHblH 3aKOH "06 HCTTOJlb3OBaHHH aTOMHOH JHeprHH" (oco6eHHO rnasa 

VrIJ)· 

<I>e.uepanbHblH 3aKOH "O pa.uHfillHOHHOH 6e3onaCHOCTH ttace11eHHJ1 11
; 

Me)l(Jl)'ttapo,uttbJe KottseHUHH' 

<I>e.uepanbHbie HOpMbl H npasi,rna OTHOC.sIIUHec.sr K cy,uaM H HHblM nnascpe.n,CTBaM C 

.5fY H PH-
,IJ:oKyMeHTbl perymt.p)'IOIUHX opraHOB; 

TTpas1-111a PoccHHCKoro MopcKoro PerncTpa cy)J.oxo.ucrna· 

Me)K,l].yttapo,uHbie .uorosopb1 · 

CTatt.n,apTbl (He nponrnopet.iam11e cpe.uepanbHblM HOpMaM H npaBHJlaM), OTPaCJie­

Bble ,IlOKyMeHTbl (yrnep)K,l].alOTC.sI roccrnH,a,apTOM H PYKOBO,IlCTBOM OTpacm-1 MHHa­

TOMa H MHHTpaHCOM). 

B03MO)KHAJI TIOCTAHOBKA 3~ lffl H IIYTH EE PEillEHIDI 

,[Ln.sr TpattccpopMaUHH OT HblHewHero COCTO.sIHH.sI K COCTO.sI.HHIO, npe,a,TIHCbIBaeMOMY 

«3aKOHOM o TeXHJ-ft.iecKoM peryn11posaHHH», no MHeHHI.O asTopos, npe,a,cTasmuomee, no 

cyrn, ycTaHOBJieHHe HOBblX yt.iaCTHHKOB (.n,ei1crny10uu,1.x mm) H pacnpe.neneHHSI Me)l(Jl)' 

HHMH He06XO)J.HMblX cpyHKUHH H CBSl3eH cne.nyeT HCXO,llHTb HJ JJ.Byx npe,a,nocbIJlOK: 

HOBble CTPYKT)'Pbl ,IlOJl)l(Hbl oc11a6HTb rocy,a,apCTBeHH0-6IOpOKpaTHt.IecKHH npecc 

Ha 111060H BH,Il .uesiTeJlbHOCTH o6ecnet.iHTb pa.3BHTHe KOHKYpeHUHH 11 TeM caMblM 

cnoco6cTBOBaTb pa.3BHTHJO Hapo)J.HOro X03SIHCTBa; 
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C .ll,pyroH CTOpOHhl He ,llOJDKHa 6b1Tb no-reps!Ha onpe,ueneHHas! YaCTb rocy,uapcT­

BeHHblX ynpasJieH'-!eCKl1X Q)YHKUHH, o6ecne'-IHBalOW.as! 38,llaBaeMOe pa3BHTHe BCeH 

CHCTeMe. 

C yYeTOM 3THX npe,unoCblJIOK ,llJISI KOHKpeTHO 11HTepeCYfOW.eH Hae OTpacnH HCTTOJib-

30BaHI-UI aTOMHOH 3HeprHH B MHpHblX uensix 3a,Ua'-la COCTOHT B npaBHJlbHOM OTPa)l(eHHH 

HbIHe ,ueHCTBYfOW.HX CTPYKTYP 11 BhinOJIHS!eMblX HMH QJYHKUHH s npe,umrCbIBaeMI,Ie 3a­

KOHOM NI~ 184-<1>3 HOBble CTPYK1)'pbI HX cpyHKUH11 H nopsi,UOK HX B3aHMO,lleHCTBHSI. Tio­

CJie peweHHSI 3TOH 6onee o6w.ei:t 3a,lla'-IH, Ha ee qJOtte H no,uo6HH MO)KeT 6btTh paCCMOT­

peHa 6onee Y3Kas! 3a,ua1-rn S!AepHblX cy,uos 11 HHbIX rurnsyYHX o6neKTOB c 5IY 11 PH c co­

orneTcrny1ow.ei:t 1rncppacTpyKrypoi:t. 

C11ryau11si OCJIO)l<HS!eTCSI tteo6XO,ll11MOCTblO pean113auHH 29 nocTaHOBJieHHH TipaBH­

TeJibCTBa 11 ,llOTTOJIHHTeJibHblX 3aKOHOB (CM. Ta6JIHJ_zy 6). 
Ha p11cyttKe l cxeMarnYeCKH npe,ucrnsnetta 3a,uaYa TpattccpopMaUHH ,uewcrny10w.ew 

CHCTeMbl ,llJISI HCTTOJlb30BaHHSI aTOMHOH 3HeprHH (I1A3), B '-laCTHOCTH, )J,JISf 5IY 11 11P Ha 

cero,uttsiWHHH .uettb (tsO) 11 np11 sse,ueH1111 184-<1>3 (t>O). 

t > 0 

PHC. I. CxeMaTH'leCKOe H306pt\)KeHHe Tpa11ccpopMaUHH nei'-fcTBy1oweH CHCTeMbl (t.SO) HCOOflb30BfillHll aTOM-

11011 :rncpnrn .UJJSI o6beKTOB c 51Y H Pl1 B Tpe6oarui11i1 3aKoHa 184-<1>3 (t>O) 

noru,ITKA C<l>OPMY JlHPOBATb HE06XO)I.IIMYIO JAJI.A '-IY HA MAT EMA TH'-IECKOM 
.R3blKE 

ITycTb HMeeTCSI MHO)KeCTBO BeKTOpOB X, B "crnpoH'' CHCTeMe (t:'.SO). Y Ka)K)J,Oro H3 

BeKTOpOB HMeeTCSI onpe.ueneHHOe KOJIH'-leCTBO KOMTTOHeHTOB K, TaK '-!TO B 
11

CTapOH
11 

CHC­

TeMe HMeeTCSI MHO)l(eCTBO MHOfOKOMTTOHeHTHblX BeKTOpOB {X\}. 
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AttanorHl.fHO B 
11

HOBOH
11 

CHCTeMe (t>O) HMeeM MHO)KeCTBO MHOroKOMTTOHeHTHblX BeK­

TOpOB {Y"J}, onpe.L(eJ1S1eMblX 3aKOHOM 184-<1>3. 

BeKTopa xi H Yj OTpa)KaJOT see MHOro'IBCJleHHbie xapaKTepHCTHKH "cTapoi-1" H 
11
HO­

BOH'' Cl1CTeMbl. CioJJ,a BXOJJ,SIT JJ,eHCTBy10w,11e JlHUa (~aCTHHKH), HOpMaTHBHbie JJ,OKyMeH­

Tbl , cxeMbl B3al1MOJJ,eikTBllil, npoueJJ.ypbl H T .n . 8 Kal.feCTBe KOMTTOHeHT 3THX BeKTOpOB k 
11 n MOryr 6b1Tb cpy~HH, Tpe6osaHHSI, ycnoBHSI H T.n. 

B o6w,eM BHJJ,e 3aJJ,a4a CTaB.HTCSI KaK TpaHccpopMaUHJI C nOMOl.l.{blO HeKOToporo onepa­

TOpa TTJl MHO)KeCTBa {X\} B MHO)KeCTBO {Y"j } T.e. 

T-rp{Xk1} = {Y"j } (1) 
MHO)KeCTBO {Y"J} 3aJJ,aHO s caMOM o6w,eM BHJJ,e s 3aKOHe <1>3-184 11 l.faCTl1l.fHO OTpa­

)KeHo B pa3JJ,ene 2. OnepaTOp T TJl JJ.OJDKeH o6ecne41ITb cneJJ.YIOW,He .L(eHCTBHSI: 

1. O6ecnel.fHTb nOJJ,XO.LlSIW,ee ( COOTBeTcTByJOw,ee 3aKOtty Md 84-<1>3) 3ano1rnemIe 

KOMCTOHeHTa Y"j KOMCTOHeHTaMH X\ 
2. Bbl.SIBHTb He BOCTpe6osaHHble npH npe.LlblJJ.Yll{eH onepaW,HH MHO)KeCTBO KOMno­

HeHT {X\}tteBOCTJl H peWl1Tb SlBJlSIIOTCSI OHH J1H60 He HY)KHblMH B 0611aCTH BeKTOpOB 

{Y"j} HJIH npe.ncTaBJleHH0e MHO)KeCTBO {Y"j} He Y4HTblBaeT Heo6XOJJ,H.Mble cpym<­

UHH H rpe6osamrn, cyw,eCTBYJOW.He Ha cerO.LlHSlllJHHH neHb, T.e. pa3JJ,eJIHTb MHO­

)KeCTBO {X\}HeBOCTJl Ha JJ,Be 4aCTl1: 

{Xki }ttesOCTp= {X\} HCH)'JKllblC +{X\} tteo6xoJtHMble (2) 
B nepBOM np1-16J1H)KeHHH BH.LlSITCSI CJie.L(ylOW,.He 3TaCTbl peweHHSI nocTaBJleHHOH 3a,na-

4H: 

1. CocTaBneHHe rnoccapHSI nOHSITHH JJ,JISI cpyHKU11H 11 Tpe6oBaHHH, OJJ,I1HaKOBO TOJI­

KyeMblX B MHO)KeCTBe {Xk,} H {Y"j}. I,e3 3TOfO HeJ1b3SI 6yne-r a.neKBaTHO cy,nHTb 

0 BOCrpe6osaHHOCTH MHO)KeCTBOM {Y"j} onpeJJ,eJleHHblX 3JleMeHTOB MHO)KeCTBa 

{X\} H sr,1ne11eHHH 
11
Hesocrpe6osaHHOH

11 
4aCTH {X\ }11eeoc-rp· 

2. C y4eTOM nOJJ,fOTOBJleHHOfO rnoccapHSI COCTaBHTb CBOJJ.KY seKTopos H HX KOM­

noHeHT B CHCTeMe {X\ } 11 {Y"J} paccMaTpHBaeMOH o6naCTH ,L(eSITeJibHOCTH. 

3. IIposeCTH onepauH11 cornacHO ypoBHJO (1) H BblSIBJ1eH11e C0OTBeTCTBYJOW.HX 

4aCTeH cornaCHO ypoBHJO (2). 
4. OnpeJJ,eJ11.ffbCSI 4TO ,nenaTb C 4aCTbJO MHO)KeCTBa {X\} 11eo6xon T.e. He06XO.llHMblM, 

HO HeBOCTpe6osaHHble MHO)KeCTBOM {Y"j} (pacwHp.s!Tb ,D;HanaJOH K0MnoHeHTbl 

BeKTOpOB Y"j, T .e. BHOCH.Tb JJ,06asneHHSI HJIH pa3oSICHeHHH B 3aKOH ]'fa 184-<1>3 11 

T.n.). 

,[(JUI npo611eMbl 11cnOJ1b30BaHHJI aTOMHOH 3HeprnH KaK 11 J],JlSI JJ.pyrHX ynoMSlttyTblX B 

3aKOHe .N2184-<1>3 0611acTeH .[leSITeJlbHOCTH, rJJ,e Tpe6yeTCSI npHHSITl1e TeXHH4eCKHX per­

JiaMeHTOB B03MO)l(Hbl c11eey10w.we nynI perneHHJI nocTasneHHOH 3anat.IH: 

OT o6mero K 4aCTHOMY" 

OT 4aCTHOro K o6w,eMy. 

IIpaKTH4eCKH, uenecoo6pa3Hee 6y,neT HCCTOJlb30BaTb KOM6HHHpOBaHHblH HTepaUHOH­

H.blli npouecc - cne.nyer secTH nepsr,1e npopa6oTKH no y3KHM nonttanpasneHH.SIM JJ,e.si­

TeJihHOCTH, noT0M nonblTaTbCSI o6b eJJ,HHHTb HX s paMKax scero HanpasneHIUI .l(eSITeJlb­

HOCTH BblSIBHTb see B03HHKaJOw,He pa3HornaCHSl, septtyTbCSI Ha OCHOBe 3TOro K Y3KHM 

ITO.L{HanpasneHHSIM H TaK n a.nee .LlO Heo6XO.L{HMOH CX0JJ,HMOCTl1 pe3yJibTaTOB. 

l-b npe.n.cTaBJleHHOro BH,ll,ltO, HaCK0JlbKO 3TO rpOM03,ll,KaSI H Tpy.n.oeMKaSI 3a,LJ,al.fa. Pe­

weHHe ee spyt.IttyIO C03,LJ,aeT Heo6XO.llHMOCTb B 60J1bWHX TPY.Ll0BblX H cpHHaHCOBblX 3a-
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TpaTax, .uonycKaeT sepo»THOCTH nporrycKa HJIB HenpaBHJlbHOrO y4eTa OT,UeJibHbIX KOM­

noHeHT, 3a,uep)KKY so speMeHH cxo,uHMOCTH npouecca TPaHcqJOpMaUHH. HaM BH.UHTC$1, 

4TO 3,uecb Heo6XO,UHMO npHMeHHTb M8WHHHblH aHaJIH3 H CHHTe3. TIOXO)Ke, 4TO MaTeMa­

TH4eCKH 3Ta 3a,Ua4a cpO.UHH 3a,ua4e MaWHHHOrO nepeso.ua TeKCTa C O,UHOfO }13bIKa Ha 

,upyroi:i. 

HeCKOJlbKO npHMepos nocTpoeHHj{ YK83aHHbIX BbIWe MHOfOKOMnoHeHTHblX BeKTOpOB 

npHBe,UeHO s OpHJIO)KeHl1H 2 . 

3AKJll01fEHIIE 

TipHH,}ITHe <I>e.uepaJibHOro 3aKOHa "O TeXHH4eCKOM perym1posaH1111" TPe6yeT Heop­

,UHHapHhfX ycHJlHH no TPaHccpopMaUHH HbtHe ,ueHCTB)'lOlllHX opraHH38UHOHHbIX H HOp­

M8THBHhlX CHCTeM B pa3JIH4HblX o6naCT$1X ,Ue$1TeJ1hHOCTH, B TOM 4HCJ1e B o6nacTH HC­

ITOJ1b30B8Hl•rn aTOMHOH 3HeprnH, B HOBYIO CHCTeMy. 

B HaCTO»UleH pa6oTe BhinOJlHeH onpe.ueneHHbIH CHCTeMHhIH aHaJIH3 HOBOro 3aKOHa C 

BbI,UeJleHHeM OCHOBHblX ero nOJIO)KeHHH, T .e. onpe.ueneHbl OCHOBHbre COCT88Jl}IIOUlHe 

HOBOH CHCTeMbl, B KOTOpbie JJ.OJl)KHa TP8HCcpopMHpOB8TbC}I B TOH HJlH HHOH CTeneHH Hbl­

He .ueikTBYIOlll8jf CHCTeMa. 

8 rrepBOM npH6mm:eHHH ccpOpMYJ1HposaHa ITOCTaHOBKa 3aJJ.8411 H B03MO)l(Hhle rryTH 

ee peweHH$1. C,uenaHa nonbITKa ccpopMyn11posaTb 3aJJ.a4Y Ha $13bIKe MaTeMaTHKH c uenblO 

nOHCKa nyTeH peweHIDI 3TOH 38,U84H C ITOMOlllblO Bbl'-lHCJIHTeJlhHbIX MalllHH. 

TTpo.uenaHH8jf pa6orn 5lBJ1HeTC$1 TOJlbKO nepBhlM waroM K pellleHHIO BCeH B03HHKllleH 

npo6neMhl. Ari» nOJIHOro ero KOppeKTHOro peweHHH TOJlbKO s OJ.I.HOH o6naCTl1 (HCnOJib-

30BaHH}I aTOMHOH 3Heprmf) 11 JJ.8)Ke B OJ.I.HOH H3 no.uo6nacTeH 3TOH o6nacrn noTpe6yeT­

C}I sep0$1THO, pa6orn C Tpy,uo3aTpaTaMH B HeCKOJlbKO 4eJI.-JleT C npHBJie4eHHeM cneu11a­

J1HCTOB pa3HOro npocpWUI.. 

ITPHJIO)KEHME 1 

3aMC'l3HIIH no TeKcry <1>3-184 

0TCYTCTBYIOT onpe.ueneHHj{: 

- 3aHHTepecosaHHOe JIHUO (CT. 12; CT. 9 , n.4; CT. 16, n . 1; CT. 19, n . 1; CT 44, n 2); 

- caMoperynHpyeMa» opraHH38UHH (CT. 9 , n .9; CT. 17, n . 1 ) ; 

- CTeneHh .uonycTHMOro pHCKa (CT.7, n.7); 

- CTeneHh cpaKTifl-leCKOro Hay4HO o6ocHOBaHHoro pHCKa (CT.7, n .9); 

- 38KOHHbie HHTepeCbl (CT. 12); 

- crn.u11,1 o6pamemrn npo.uyKUHH (CT.33 n.2). 

B CT. 8, n .2 , 3aMeHHTb " .. . Tpe6osaHH}I o6mero TeXHH'-leCKOfO pernaMeHTa . .. 
11 

Ha 

" .. . Tpe6osaHH$1 06m11x TeXHH4eCKHX pernaMeHTOB ... " , T.K. O,UHHM TeXHH4eCKHM perna­

MeHTOM HeB03M0)KH0 OXB8THTb see 811)],bl ,ueHTeJlbHOCTH (4TO npOTHBOpe4HT TaK)Ke CTa­

Tbe 7). 
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CT.19, n. l, ,D.ecp.2 «06beKTbl B 0TH0IIIeIDrn K0T0pb!X He ycTaH0BJieHbI -rpe6osamu1 

TeXHH"4eCKMX perna.MeHT0B» - B 3aKOHe 0TCYTCTBYfOT KpHTep1111 o6H3aTeJibHOCTH MJIH 

tteo6H3aTeJibHOCTH. TeXHH4eCKHX pernaMeHT0B ,ll.11.sl o6beKTOB. 

CT.36, n.4 Henott.siTttoe npeJl110)KeHHe «CornarnettH.si 111111 3a.HBneHHH 06 orpaHH"4e­

IDIH 0TBeTCTBeHH0CTH HH4T0)l(HbI». 

TTPHJIO)KEHHE 2 

IlpuMephl <J>opMHpoBaHHH BeKTOpOB H ero KOMDOHeHT 

I. PacCMOTpHM B Ka4eCTBe 0,ll.H0ro H3 npHMepoB cpopMHposam1e MH0r0K0MOOHeHT­

H0ro BeKTopa x\ HbIHe ,D.eHCTBYfOI.IlMX peryn11pyIOLUMX cpyHKl..lH.H rocaTOMHa,D.30pa Poc­

CH.H. 0TH0CHTeJibH0 cy,D.0B 11 HHbIX nnascpe,D.CTB c 51Y 11 HP (.uanee no TeKcry - (C) . 
.[{.rm H.LJ,eHTH<pHKaU,HH 0611acrn ,D.eHCTBHH :noro seKTopa (C) M0)l{H0 BBeCTH .LJ,0n0JIHH­

TeJibHbIM npH3H8K, HanpHMep X(C)\ 4TO Heo6XO,ll.HMO 6y.LJ,eT npH M8IIIHHHOH o6pa60TKe 

H.Hq>OpMaLlHH. 3ToT npH3H8K (C), M0)l{H0 onycTHTb ,lJ.JIR npoCT0Tbl H3JI0)KeHH.SI ecJIH. Mbl 

B H84aJie orrpe,D.em1M, 4T0 6y.LJ,eM paccMaTpHB8Tb T0JibK0 :ny 0611aCTb. 

Mtt,D.eKcy i npHCB0HM npe,D.sapHTeJibH0 K0JIB4eCTBeHttoe 3Ha4eHHe i=l, IT0.ll ero CMbl­

CJI0BbIM Hano11ttem1eM no,D.pa3yMeBalOTCH perym1pyrom11e neHCTBH.sl f ocaT0MH8.LJ,30pa B 

nattttoii 06nacn1. B rn61111u,e n. 2.1. np1rnenett npe.unaraeMhIH cpopMaT 3aao11tteHH..S1 .ll11R 

ruo6oro BeKT0pa H 11Hq>OpM81..lHH JlJlH paccMaTpl-!BaeMoro BeKT0pa, BKJilOl.18.sl BblITOJIH.Sle-
2 

Mble cpyHKUHH (KOMTTOHeHTbI) BeKT0pa H "ycJIOBHOe Ha3B8HHe" 3THX K0MTT0HeHT. "Yc-

Jl0BH0e HaJsam1e" BOHJleT s npennonaraeMbIH o6LUHH rnoccapHH noH.SITHH cosMeCTH0 c 

Kal.leCTBeHHblM om1caHHeM K0Mfl0HeHTa. 

Ta 6 n 11 u a n. 2.1. MHOrOKOM□OHeHTHLIH BeKTop x\ 
HoMep BbmOJJHJICMble <l>YHKUl111 (K0M□OHeHTbl) y CJl0BH0e HaJBaHHe 

K0M□0-

Hetrra K 
I TTpoeKT11poeaH11e, coopy)KeH11e, :>KcnnyaTaUHJI 11 BhIB0.ll HJ 3Kcnnya-

Talll111 51Y H PM. 
2 O6pawem1e c 51M 11 PB. 

3 O6ecne'-1eH11e 6eJonacHOCTH np11 3KCnnyaTau1111. 

4 Tipoee)le1-rne Hay'-IHblX HCCJle)lOBaHHH B 06ecne'-lemn1 HC00Jlb30Ba-

HHS! cy.ll0B H HllblX nnaecpe.LICTB C 5IY H PH. 

5 Cl>H311'-ICCKM 331Ul1T3. 

6 Y'-leT 11 K0HTp0JJb 51M 11 PB. 
7 CTO.!lfOTOBKa cneu11aJJHCT0B. 

O611acTb pacnpocTpattett11si - (C) 

M,D.eHTH<pH.K81..lHH BeKTopa i - peryn11pyIOUU1e .LJ,eHCTBH.SI rocaTOMHa,D.30pa 

TTpe.LJ,sap11TenbHO npHHHToe 4HCJieHHoe 3tta1.1ett11e i= I 

2 Y CJIOBHbie Hli3B8Hl1$l Ha .n:aHHOM :nane Mb! Re BBOJJ:11.M. 
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2. B Ka'-leCTBe BT0poro np11Mepa pacCM0Tp11M cpopM11posaH11e 0,llH0f0 113 BeKTopa Y"j 
113 6y.uyw,ei1 Cl1CTeMbI, CBH38HH0f0 C QJYHKU11HMH Opratta K0HTp0JJH (HaJJ.30pa) (H). B 
Ta6n11ue n. 2.2 . np1,rne)leHbI ero xapaKTep11cT11KH .amr scex o6nacTei1 .ae»Tem,H0CTH. B 
HaCT0HLUee speMH Mb[ He 3HaeM, CK0JlbK0 HX 6y.ueT, Il03T0MY HH,lleKC j He H,lleHTHQJHUM­

pyeTCH. 

Ta 6 11 11 u a n. 2.2. l\1HoroK0MnoHeHTHb1ii aeKTop Y(Hti 

HoMep KOM-
BbmOJJHlleMble cjiyHKllHH (KOMnoHeITTbl) Y cnoattoe tta:rnairne 

nm1eHTa n 

I Co6mone1-111e Tpe6oaatt11ii Texttw-iecKoro perna.MeHTa 

2 rocynapcTBeHJll,IH KOHTpOllb (Ha,n3op) 11CKJIJO'iITTeJJ bHO Ha 
CTa.lll1H 06pawemu1 npOll)'KU1111 (CT. 33) 

3 HcnOJJbJ)'IOTCII npaa1111a H MeTOllbl 11cc11enoaatt1111 (HCnbJTa-
tt11ii), yraep)KJ{eHHbJe npoTOKOJJOM (CT. 33, n.3; CT. 7, n.11) 

4 Tpe6oeaTb npenCTaaJ1eH11e neK11apau1111 0 COOTBeTCTBl111 11JlH 

ceprncjJHKaTa COOTBeTCTBl111 (CT. 34. n. I) 

5 Ocywecre1111Tb Meponp1111THJ1 no TKaH e nopsinKe, ycrattoa-
neHHOM 3aKOHOM Pct> (CT.34, n. I) 

6 8blllaBaTb npenn11catt1111 0 11apyweHHIIX (CT. 34, n. I) 

7 3anpeT nepena'i11 nponyKu1111 11/ 111111 'iaCTtta11 np11ocraHOBKa 

npo113aoncraa (CT.34, n. I) 

8 Tip110CTattOBITTb (,fJUI npeKpaTHTb neHCTBl1e neKnapaUH11 (CT.34. 

n. l) 

9 TipHBJJeKaTb K OTBeTCTBellHOCTl1 a COOTBeTCTBHH c 3aKOHOM 
Pct> (CT.34, n.1) 

10 TipoBOll11Tb pa3ollCHIITeJTbHYIO pa6ory no JaKOHOJlaTeJJbCTBY 

Pct> (CT.34, n.2) 

II Co611t0naTb KOMMep'ieCKYIO TaHHY (CT.34, n.2) 

12 Co6JJIOJlaTb nop11110K ocyweCTBJJeHHSI MeponpHIITHH no KOH-
TpOJJIO (Ha,n3opy) (CT. 34, n.2) 

13 np11H11MaTb Mepbl no YCTPaHCHl1IO nocnenCTBHH ttapyweHHH 
Tpe6oBaHHH TeXH11'ieCKl1X pernaMeHTOB (CT 34, n.2) 

14 Hanpae11S1Tb HHc~OpMauHIO o 11apywett1-1J1x Tpe6oaattHH TP a 
yCTaHOBJJeHJIOM nopllllKe (C. 34, n.2 rn. 7) 

15 OTBeTCTBCHHOCTb 3a 11e11anJJe)Kawee HC0OJJHCHHe 110Jl)KH0CT-

Hb!M11 1111uaM11 oprattOB K11H HHcj>OpMaUHSI O npHHIITblX Mepax 

no nocTpa,naamcMy cp1131f'iCCKl1 11Jll1 IOPH.llH'iCCK0MY n11uy 
(CT.35, n.1.2) 

O6JJaCTb pacnpocTpaHeH11H - opraH K0HTp0JJH (Ha,ll30pa) 

l1.uettrncp11KaUHR BeKTOpa j - K0HTp0JJbHbie (Ha,ll30pHbie) cpyHKUM11 ,lJ,JIH scex o6nac­

TeH .ae»TeJlbH0CTM. 

CTaTbSI nocryn11na B pCJlaKUHIO 27 neKa6p11 2002 r. 
BonpOCbl aT0MIIOH ttayK11 11 TeXHl1Kl1. 

Cep. <1>1f3HKa si.nepHblX peaKTopoa, 2002, Bbm. 4, c. 67-86 

86 



BOnPOCbl ATOMHO H HA KM H TEXHMKH 

Ce p 1111: <l>MJ11Ka x.nepH1,Ix peaKTopoe 

BhmycK 4 

OTee-rcreeHHblH 3a e1,mycK 6.H. Kon6acos 

no.nn11caHo e net.taTb 15. 12.02. <l>0p\.faT 70x I 08/ 16 
net.taTb oct>ceTH!UI. Yen. nc'1. n. 8.0. Y'l.-H3l(. n. 11.0. T»p8)1( 200. 11HD.eKc 3646. 7 CTaTei:i. 3ai<aJ 50 

PacnpoCTpaHHeTCl! 6ecnnaT1 m 

Ome'-!aTaHo e Pocc11i1CKOM 11a)"{H0M ue1rrpc «Kyp'laTOBCKl1M HHCTHT)'T» 
123182. MocKea, nn. AKa,aeM111<a Kyp'laToea 



IS
SN

 0
20

5-
--

-4
67

1.
 B

on
po

c1
,1

 a
T0

M
11

01
1 

11
ay

1r
n 

II 
Te

x1
11

1i
c1

1.
 

C
ep

. 
<1

>1
n1

11
ea

 H
Jle

p1
11

,1
x 

p
ea

k
,o

p
o

e,
 2

00
2,

 e
i.

rn
. 

4,
 1

~
6

 

== a: l;;
i 
~
 

;r,
 

t'
) 

~
 °' .. °' 




