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YqeHbIH ceKpeTapb 

,ll.HCCepTaIJ,H0HH0ro C0BeTa /;Uvz_ 3.M.11aaHqeHKO 

OBIIJ;A.H XAPAKTEPMCTMKA PABOTbI 

AKTYaJihHOCTh npo6JieMhI 

TToJiyBeKOBOBa.H HCT0pIUI pa3BHTH.H .H,11.epttofi 3HepreTIIKII Bbl.HBIIJia ee 

)\OCTOIIHCTBa II HeAOCTaTKII. C O)l,HOH CT0p0Hbl, IICIJ0J!b30BaHIIe .H,IJ,epttofi 3Hep­

reT11Kll 06ec11e<111BaeT 3HepreTll'IeCKYIO He3aB!1CllMOCTb CTpaHbl II I1p1I pa3-

BHTOH .H,[1.epttofi 3HepreTIIKe ,l).aeT .HBHb!e 3KOHOMIIqeCKIIe npe1IMyll.l,eCTBa. C 
,n.pyrofi - perneHIIe npo6JieM HaKOilJieHII.H H xpaHeHH.H pa,n.uoaKT11BHb!X OTXO­

,IJ;0B, HepacnpOCTpattemrn TeXHOJIOrlUI H MaTepliaJIOB, npHrO,IJ;Hb!X ,IJ;JI.H C03,IJ;a­

HH51 51/J,epttoro opy)f(l15I, a TaK)Ke f!OBbIIIIeHJrn 6e30llaCHOCTH pa60Tbl aT0MHbIX 

3JieKTpOCTaHHI~HH Tpe6y10T 3Ha'll1TeJibHblX 3K0H0Mll'IeCKHX 3aTpaT. ,Il;JI5I HX 

pewemrn upe;viaraIOT TpaHCMYTHpOBaTb 51/\epHb!e OTXO)J,bl 11 IICI10Jlb30Ba'I'b 

f!O,]l.KpHTHqecKIIe 3JieKTpO.H,IJ;epHb!e CHCTeMbI, ynpaBJI.HeMbie ycKOpHTeJI.HMH. 

9JieKTp0.H,IJ;epHbie ycTaHOBKH npe,IJ;CTaBJI.HIOTC.H YH11Ka.JlbHb!MH C TOqKH 3pe­

HH.H TpattcMyTa~HH pa,[1.HOaKTIIBHb!X OTXO,IJ;OB: OHH Il03BOJI.HIOT C)Keqb He TOJib­

KO CBOH co6CTBeHHb!e pa,IJ;IIOaKTIIBHble O'_fXO,l].bI, HO H npHHB'I'b Ha ce65I YHH­

'l'l'O)Kem1e OTXO,L\OB C ,IJ,pyrnx CHCTeM, B TOM 'lllCJie y)Ke HaKOIIJieHHblX. 

Tnn1IqHbifi npoeKT 3JieKTpO.H,ll.epnofi ycTaHOBKH (ADS Accellerator Driven 

System) BKJIIOqaeT ClIJibHOTOqHb!H ycKopnTeJib npOTOHOB C 3Heprnefi ~ 1-3 
r3B H MOil~HOCTbIO nyqKa 5-15 MBT, MHIIIeHHblll KOMilJieKC, B KOTOpOM npH 

B3alIMO,l).eficTBIIII npOTOHOB C Bell.l,eCTBOM MHIIIeHII ocyll.l,eCTBJI5IeTC5I rettepa~H5I 

HefiTpOH0B c MH0)KeCTBeHH0CTblO ~ 20-60 HefiTp0HOB Ha np0TOH, 11 IIO/-\KpH­

TW!eCKHH 6JtaHKeT, B K0T0pOM H 11poTeKaIOT TpattcMyTaI\HOHHbie peaKJ\HH. 

B Poccm1 ocy11~eCTBJI.HIOTC5I HCCJie,IJ;OBaHII.H no 3JieKTpO.H,ll.Y noqTn BO BCex 

.H,IJ;epttb!X I~eHTpax. B 11HCTHTyTe TeopeTnqeCKOH 11 3KCnep11MeHTa.JlbHOH qrn-
3HK11 Be,IJ,yTC5I 11CCJie)l,OBaHII.H no 3Kcnep1IMeHTaJibHOMY onpe;:i;eJieH1110 .H,IJ;epH0-

q>l13H'IeCK11X napaMeTpOB Ml1IIIenefi 11 6JiaHKeTOB 3JieKTp0.H,[1.epHblX ycTatto­

BOK. B KypqaTOBCKOM 11HCT11TyTe aTOMHOH 3Hepr1111 npOBO,l].51TC.H HCCJie,L\QBa­

Hll.H COJieBb!X n0,[1.Kp11Tl1qecKHX peaKTOp0B. B O6Hl1HCKe B <l>113HK0-3HepreTH­

qecKOM 11HCT11TyTe H O6HIIHCKOM rocy,IJ,apCTBeHHOM Texm1qecKOM ytt11Bepc11-

TeTe aToMH011 3ttepreT11K11 Be,IJ,yTC5I pa6oThI no .H,IJ;epttbIM ,l).aHHbIM. B Ap3aMa­

ce Be/\YTC51 pa60Tbl no 113y'leH11IO CBOfiCTB TOflJlllBa C aKTHHH)l,HOH 0CH0BOfi. B 

KOM611ttaTe <<MA.HK>> npo113B0/\HTC5I TOIIJil1B0 ,[\Jrn 6b1CTpb1x peaKTopoB, KO­

TOpb1e 6y,IJ,yT 11cnoJib30BaThC5I ,IJ,Jrn TpaHcMyTa~m, aKTHHH,ll,OB. B Hl1Kl19T 

npoeKTHPYIOTC.H n0,[1.KpHTHqecKne c6opKli 3JieKTpO.H,IJ,epHb!X ycTaHOBOK. 

B Ha1~HOHaJibHOM ttayqH0M ,~eHTpe HAH YKpa11ttb1 <<XapbKOBCKOM qrn-
3HK0-TexHuqecKoM HHCTHTyTe» npoBO,l]..HTC5I HCCJie)l,OBaHH.H no HCn0Jib30Ba-



Hl1IO 3JieKTp0HH0r0 ny,.ma B 3JieKTp051,l),epHb!X ycTaH0BKaX. I1ncTHTYT pa,ll,11-

a1\l10HHblX cp11311Ko-x11M11'!eCK11x 11po6;1eM (I1P<I>XTT) HAH Be;rapyc11, ocy­

lll,eCTBJI5IIOTC51 3KC11ep11MeHTaJlbHble l1CCJJe/\0BaH1151 110/\KJ)11'1'11'IeCKl1X c6opOK C 

II0)\Ill1TK0i1 OT ttei1Tp0HHblX l1C'f0<JHHK0B. 

B EBpone 11CCJie,IJ;0BaHH51 no TpaHCMyTaI~HH Be,IJ;yTC}l B paMKaX npoeKTa 

«EUROTRANS>>. B .Hnon11n B HHCTHTyTe JAERI B paMKax npoeKTa 

J-PARC nJiam1pyeTc51 npoBe,ll,enne 3KcnepnMeHT0B no TpaHcMyTarv-rn Ha JI11-

nei1H0M ycKopl1're;1e up0T0H0B c 3ttepmei1 600 M::iB. B CllIA B 3T0M ro;i,y 

II0CTpoen 11CT0'IHl1K ttei1Tp0H0B paCU\eIJJ1eHJ1}l, Ha 0CH0Be PTYTH0i1 MJ1WeH11, 

K0T0pb!i1 6y,ll,eT HCn0Jib30BaTbC51 ,ll,Jl}l 3KCnepHMeHT0B no TpaucMyTa1vrn. Oc­

H0BHb!e napaMeTpb! TaKoro Hei1TpOHHOrO 11CTO'IHl1Ka, CJie,l),yIOIIJ;11e: 3Hepr1151 

np0T0H0B - 1 r::iB, M0ll~H0CTb ny'IKa 1,4 MBT, npe.zzycM0TpeHbl K0p0TKJie 11 

)Vll1HHble tte:i1Tp0HHble IIMIIYJlbCbl. 

Jl:;rn upoeKTIIJ)0Bamrn, pa3pa6oTKII l1 C03/\aHl1}l 3JieKTp0R/\epHblX Cl1CTeM 

Tpe6yIOTC51 orpOMHb!e MaTeMaT11'leCK11e, I1H)KeHepHbJe H 3K0HOM11'1eCKl1e pac­

'leThl. C MaTeMaTH'leCKOi1 TO'IKII 3peHl151 3a,l),a'la cpopMyJI11pyeTC}l KaK M0,l),eJII1-

poBau11e npOI\eCC0B B neroMoreHHbIX, MHOr0K0MnoneHTHbIX, MHOr03JieMeHT­

Hb!X cpe,r:i;ax. CTan,r:i;apTHhli1 nyTb ee peruenmI - 11cn0Jib30Ban11e MeT0,IJ;0B M0H­

TeKapJI0BCK0ro M0,IJ;eJIHpOBaHJI}l. IlepBa51 npo6J1eMa, B03HHKaIOU\aR Ha 3T0M 

nyn1 KOHCTaHTH0e 06ecnec1eH1Ie pacc1eTOB. ,IJ:eJIO B TOM, 'ITO Cylll,eCTBYIOlll,11M 

Ha6op 3KCnep11MeHTaJibHbIX ,r:i;aHHb!X O xapaKTep11CTl1Kax pa3Jil1'1Hb!X npo1wc­

C0B }lBHO He,ll,OCTaTO'leH. IloJiy'leH11e HOBb!X ,ll,aHHb!X conp5I)KeHO C 60JibllIII_Ml1 

3K0H0Ml1'1eCKIIMl1 pacxo,n,aMl1 11 II0/J,'laC np0CT0 HeB03M0)KH0. Ilo3TOMY npe,n,­

IIJ)l1Hl1MaIOTC51 3Ha'!11TeJJbHbie yc11mrn 110 HHTepnoJrnj\1111 If 3KCTpaU0JJ}lj\lfl1 

J1MeIOlll,11XC}l ,r:i;aHHblX. 

B 3JieKTp051,IJ;epHbIX Cl1CTeMaX npoj\ecc HHl1j\H11pyeTC51 Bb!COK03HepreTH'le­

CKl1MII 'laCTIII\aMH, KOT0pb!e nop0)K,ll,aJOT 6oJiee Me,n,JieHI!b!e 'laCTIIT\bI. 8T11 

'laCTl1I~bl Bbl3bIBaIOT B Belll,eCTBe KaCKa,IJ, BT0pH'IHbIX B3aJIMO/Wi1CTBIIH. B xo­

,r:i;e 3Toro KaCKa,l),a 'laCTl1~bI 3aMe/J,JI5IIOTC}l 11 OCTaHaBJIJIBaIOTC51. Ilo3TOMY Tpe-

6yeTC}l M0,I\eJmpoBaH11e B3aHM0,IWi1CTBIIi1 OT HeCKOJibKl1X 3JieKTp0H0B0JibT /\0 

HeCKOJibKl1X MIIJIJI11ap,I\0B 3JieKTpOHOBOJibT. 

B OI1.HI1 npoeKT11pyeTC51 ,r:i;eMoHcTpa~H0HHa51 3Kcrrep11MeHTaJihHa51 3JieK­

Tp051,l\epHa51 ycTaHOBKl1 Ha 6a3e ycKop11TeJI51 - <l>a3oTpoua Jl.HTT OI1.HI1, (, 

BbJ6opoM B Ka'leCTBe TeIIJI0BbI,IJ,eJI5IIOII\JIX ::weMeHT0B ( TB3JI) no,r:i;Kp11TH'leCKOi1 

c6opK11 cep11:i1uo BblllycKaeMbIX B PoccHII MOX TB3JJ peaKTopa BH-600. Ma;10-

M0ll~Hb1i1 up0TOHHhli1 uy•IOK (MaKCl1MaJlbHbli1 TOK 3,2 MKA) H, C0OTBe'l'C'l'BeH­

H0, BbIX0,I\ uei1Tp0HOB 113 CBl1H~0BOi1 M11llieHH 6y,l\eT onpe,l\eJI51Tb II0JIHyIO Ten-
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JI0BYIO M0II\HOCTb ycTaH0BKII. 8cpcpeKTIIBHbii1 K03cpcpmwenT pa3MH0)KeHH51 

IIO,l1,KPl1TII'leCKO:i1 c6opK11 /,\0JJ)KeH 6bITb orpaHH'!eH BeJll1'!1IHO:i1 0,98. YcTaHOB­

Ka 6y,l\eT np0T0TIIll0M 6y;i,yn\l1X 110/\Kp1ITJ1'1eCKIIX peaKTOpOB llp0MblWJieHHO­

ro Macmra6a. 

,II:JI}l pa3pa60TKII 3Kcnep11MeHTaJibHOi1 ycTaHOBKl1 neo6xo,TJ,IIMO paCC'll1TaTb 

OCH0BHbie nei1TpOHHO-q>II311'1eCKIIe napaMeTpbl Ilo,I1,Kp11TII'leCKOi1 C6opK1I B 

Jl:y6He (,r:i;aJiee fiC,IJ:), a IIMeHH0: K03cp~11~HeHT 3cpcpeKTIIBHOrO pa3MHO)KeHl151 

ue:i1Tp0H0B; cneKTpbl 11 K0JIJ1'IeCTB0 Hei1Tp0H0B II npoT0H0B, BbIJieTaIOlll,IIX 113 

CB11Hl\OBOi1 MJIWeHH; cneKTpbl nei1TpOHOB B BepT11KaJ!bHblX II ropH30HTaJib­

H0M KaHaJiax; crreKTpb! Hei1TpOHOB, BbIJieTaIOU\11X C noBepXHOCTII CBl1H~OBOrc 

OTpa)KaTeJI51 fiC,IJ:; 3HeprOBbI,Il,eJieH11e B MHllieHJI II B aKTHBHOi1 30He (A3); 

BpeM51 )KII3HH nei1Tp0H0B. Pac'leT 3Hepr0Bbl,IJ;eJieHl151 o6ycJIOBJieH neo6xO,l1,II­

M0C'l'bIO npoeKTHp0BaHHR° Cl1CTeMbl 0XJJa)K,Il,eHII}l ycTaH0BKl1. CneKTpbl uei1-

Tp0H0B B 3KCnepnMeHTaJlbHbIX KaHaJJaX ueo6XO,l\lIMbl /~Jrn onpe,I1,eJieHII}l xa­

paKTepHCTHK nO,Il,KpHTH'leCKOi1 c6opKH C T0'IKl1 3peHl151 nJian11pyeMhlX Hayq­

Hb!X 3KCnepnMeHT0B: onpe,l1,eJieHH}l CKOp0CTII TpaucMyTa1w11 o6pa3IWB MH­

H0pHblX aKTJ1Hl1,l1,0B II npO,l),yKTOB ,l1,eJieHII51, pa3Melll,eHHb!X B 3TIIX KaitaJiax. 

CneKTpb! Hei1Tp0H0B, BbIJieTaIOU\HX C noBepXH0CTH CBIIH~0BOro pecpJieKTopa, 

ueo6xO,Il;HMbl /\JI}l pac•1eT0B B Ka•1eCTBe HCT0'IHHKa nei1Tp0H0B ,I\Jl}l onpe;\e­

JieHH51 TOJIIJ\HHbl 6eTOHHOi1 3alll,IITbl B pa3Hb!X IIOMelll,eHH5IX npoeKTHpyeMoi1 

ycTaHOBKII. TaK )Ke neo6xo,I1,IIMO B paMKax pa3pa6oTannoro rrpoeKTa rrpoBeCTII 

MaTeMaT11'1eCKOe HCCJie,I\OBaHIIe B03M0)KHblX MO,Il;Hq>IIKa~11:i1, ne MeH5IIOlll,HX 

K0H~emi;IIII ycTaHOBKH B IWJIOM, HO pacrn11p5I!Olll,HX B03M0)KH0CTII 3KCIIepn­

MeHTaJlbHOro II3y'leHl1}l B0ilp0C0B TpaHCMYTal\HII ,I\0JIJ'O)KHBYII~IIX IIP0/\)'KT0B 

,IJ,eJieHJ1}l 11 MHHOpHblX aKTHHH/\OB, a TaK)Ke 11po6JieM np11MeHeH1rn ::weKTp0-

51,IJ;epHoro cnoco6a noJiy'leHII}l 3HeprIIII B npOMblllIJieHHb!X MaCllITa6ax. 

PerneHIIIO 3THX aKTyaJihHb!X 3a,l1,a'I nOCB5Illl,eHa rrpe,l1,CTaBJI5IeMa51 ,r:i;11ccep­

Ta~1rn. 

IJ;eJUI pa60TbI: 

• Mo,l\eJIHpOBaHHe cp113H'leCKHX rrpou,eCCOB B pa3JIJ1'1Hb!X MHIIIeH5IX, o6Jiy­

qaeMbIX Bb!COK03HepreTH'leCKIIMH 3ap5I)KeHHb!MH 'laCTH~aMH II 110HaMH. 

• Pa3pa6oTKa KOH~err~HII 3JieKTp051,IJ;epnoi1 3KCrrepIIMeHTaJibHOi1 ycTaHOB­

KH, OCHOBaHH0ti: Ha 110,Il;KpHTII'leCKOli c6opKe II ynpaBJI5IeMoti: ycK0pHTe­

JieM c 3Heprneti: ny'IKa npoTOH0B 660 M3B. Pacc1eT ocnoBHhix Hei1Tpouuo­

cpn311qecK11x xapaKTepIICTIIK npoeKTHOi1 ycTaHOBKH. 
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• Co3,l],aHJie TiporpaMMhl MO,l],em1p0Bamrn 3BOJII01\IIII aKTIIBHOCTII CIICTeMbl 

pa,ll,IIOaKTIIBHblX 1130TOHOB, Hapa6oTaHHblX B M1I1llett11, B pe3yJibTaTe NI11-

TeJibHOrO o6Jiy'rettl1}1. 3ap51.)KeHHblMII 'IaCTIII \aMII. 

•. l1cc;1e,L1.0Batt1Ie B03MO)KHOCTll yBeJIII'IeHll}l MOII\HOCTII ITC,LI. 11.0 100 KBT . 

• 11ccJie,l],OBattlle B03MO)KHOCTII 3KCTIJiyaTal\lIII ITC,LI. Ha 3JieKTpOHHOM Tiyq­

Ke. 

Hay'IHbie pe3yJibTaTbI lI H0BlI3Ha pa60TbI 

Paccq1ITaHbI OCHOBHbie Hett:TpOHHO-q>II31IqecKIIX xapaKTep1ICT11KII KOHl\eTI­

TyaJibHOH 11 TipOeKTHOH 3JieKTp051.,l],epHOH 3KCTiep1IMeHTMbHOH ycTaHOBKII 

ITC,LI., ocHoBaHHOH Ha TIO,lJ,Kp1IT1IqecKoti c6opKe II yTipaBJiaeMoti ycKop1ITeJieM 

C 3HeprJiefi nyqKa rrpOTOHOB 660 M3B. Paccq1ITaH BKJia,l], B 3KB11BMeHTHYIO 

/J.03Y OT raMMa-lI3JIY'IeHII51., COIIpOBO)K)\aIOU\ero pacna)\ pa,L1.1IOaKTIIBHblX 3Jie­

MeHTOB, Hapa6oTaHHblX B pe3yJibTaTe 11.JllITeJibHOrO o6JiyqeHII5l TiyqKOM npo­

TOHOB 660 M3B. IloKa3aHo, qTO Bb16paHHhIH pe)KIIM pa6oTbI ycTaHOBKII no3-

BOJiaeT 6e3oTiacHo npoBO/J.IITh Tieperpy3oqHbie pa6oTbr. B paMKax pa3pa6o­

TaHHoro TipoeKTa TipoBe/J.eHo MaTeMaTIIqecKoe MO,ll,eJI1IpoBaH1Ie II 1ICCJie11.0Ba­

H11e B03MO)KHblX MO,LI.IIq>IIKaI\11H, pacw1Ip5110ll\11X B03MO)KH0CTll 3KCnep1IMeH­

TaJibHOI'O 113Y'IeH115l B0ilpOCOB 3JieKTp051./~a. 

IIpaKTII'IeCKa.H u;eHH0CTb pa60TbI 

ITpaKTIIqecKa51 [\eHHOCTb pa60Tbl COCTOIIT B C03)],aHIIII MO/J.eJIII 11.Jrn peMb­

HOro TipoeKTa, np1IH51Toro K peMII3a[\IIII B 0115!11. ITporpaMMHOe 06ecne,1e­

H1Ie C03/J.aHHOe B xo11.e pa60Tbl IIMeeT TiplIKJia/J.HOe TiplIMeHeHIIe He TOJibKO B 

KOHKpeTHOM TipoeKTe, HO II B Tip06JieMax, CB513aHHblX C pa11.1Ia[\IIOHHOH 6e3-

onaCH0CTbIO. Pa3pa6oTaHbl MO,ll,IIq>HKaJ\IIII, KOTOpbre cy~eCTBeHHbIM o6pa30M 

TI03BOJI5IT pacw1IplITb 3KcnepHMeHTaJibHbie B03MO)KHOCTII ITC,LI., B qaCTHO­

CTII, IICCJie/J.YeTC.H B03MO)KHOCTb nepeBO/J.l1Tb ycTaHOBKY C IIpOTOHHOro nyqKa 

Ha 3JieKTpOHHhIH npaKTw1ecKH 6e3 TipoBe/J.eHJI51 pa6oT TIO pecTpyKTYPH3a[\IIll 

30Hbl B [\eJIOM. TaKIIM o6pa30M, Tipe11.ocTaBJI5leTC51 B03MO)KHOCTb 3KCTiep1IMeH­

TaJibHOI'O JI3yqeHJI51 CIIJibHblX II CJia6hIX CTOpOH pa3JIIIqHbIX /J.II3aHHOB 3JieK­

Tp051,l],epHbIX CIICTeM, HO Ha O,l],HOH 3KCTiepHMeHTMbHOH ycTaHOBKe. 
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IloJIO)KeHII.H, BhIH0CIIMhie Ha 3am;IITY 

• ITpe)],CTaBJieHa CTaTJICTII'IeCKa51 MO/J.eJib II npoBe)],eHO MO/J.eJIIIpOBaHIIe q>II 

3llqeCKIIX npo[\eCCOB B pa3JIII'lHblX MIIWeH5IX, o6JiyqaeMbIX BbICOK03Hep­

reTIIqecKIIMII 3ap5I)KeHHbIMII qacTJIJ\aMII. 

• PaccqIITaHbl OCH0BHbie Hett:TpOHHO-q>II31IqecKIIe xapaKTepIICTIIKII KOH­

TWTITYMhH0H II TipOeKTHOH 3JieKTp
0

05l,l],epHOH 3KCTiepHMeHTMbHOH ycra­

HOB~H, OCHOBaHHOH Ha TIO)],KpIITHqecKOH c6opKe 11 yTipaBJI5leMoi1 ycKOplI­

TeJieM c 3Hepmeti nrrKa TipoTottoB 660 M3B. 

• Co3)\aHa nporpaMMa (TEA) MO/\eJI1IpoBaHt1}1. 3BOJIIO[\HII aKTIIBHOCTJI CJI­

CTeMhI pa,ll,JIOaKTIIBHhIX II30TOIIOB, Hapa6oTaHHhIX B MIIWeHII B pe3yJib­

TaTe ,l],JIIITeJibHOI'O o6JIY'IeHII51. 3ap5I)KeHHbIMII 'IaCTJI[\aMJI. 

• BbIIIOJIHeHO MO,JWJIHpOBaHIIe II IICCJie/J.OBaHa B03MO)KHOCTb yBeJIIIqeHJI51 

MO~HOCTII ITC,LI. )],O 100 KBT II Tipe)],JIO)KeHhI cooTBeTCTBYIO~IIe MO,ll,II­

q>IIKaJ\IIII ycTaHOBKII. 

• BhIIIOJIHeHo M0)],eJI1IpoBaH1Ie II IICCJieAoBaHa B03MO)KHOCTII 3KCTIJiyaTa­

l\IIII ITC,LI. Ha 3JieKTpOHHOM TiyqKe II Tipe,ll,JIO)KeHbI cooTBeTCTBYIOTI\IIe MO­

,ll,IIq>IIKa[\IIII ycTaHOBKII. 

Arrpo6au;II.H pa6oThI II rry6JIIIKaa;IIII 

OcHOBHhre TI0JIO)KeHII51 pa6oThI 1\0KJia,l],bIBMHCb Ha KOHq>epem\lI5IX: <<The 

AccApp05 Conference>>, Venice, Italy, August 29-September 1, 2005; ICRS-

10 Tenth International Conference on Radiation Shielding, Funchal, Madeira 

Island (Portugal), 9-14 May 2004; <<VI Harrnoti KoHq>epem\lIH MoJIO/J.hIX 

YqeHbIX II Cne[\IIMIICTOB>>, ,Ll.y6Ha, 4-9 q>eBpM.H, 2002; pa6o,rnx coBen\aHH­

ax TIO TipOeKTY ITC,LI. B JIH<I>; ceMHHapax J111T 0115!11, 11T8<1>, orTYA8. 

OcHOBHbre pe3yJihTaTbI IICCJie)],oBaHII51, II3JIO)KeHHoro B ,ll,Hccepml\HH, oTiy6-

JIHKOBaHbI B c6opH1IKax YKa3aHHbIX KOHq>epeH[\IIll, B TipeTiplIHTax 0115!11 II B 

)KYPHMax: <<IllICbMa B aqA5J>>, <<BecTHllK PY,LI.H: cep1I51. MaTeMaTII'IeCKa51», 

<<Nuclear Instruments and Methods A>>, <<Radiation Protection Dosimetry>>. 

ITo MaTeplIMaM ,l],IICCepTaI\IIII ony6JIIIKOBaHO 10 pa6oT. 

O6'beM II CTPYKTypa pa6oTbI 

,LI.IIccepTa[\II.H COCTOIIT II3 BBe)],eHH51., 5 rJiaB II 3aKJIIO'IeHH}l, CO)~ep)KH'l' 86 

CTpaHJI[\ MaWIIHOlIIICHOro TeKCTa, BKJIIoqaa 32 pncyHKa, 10 Ta6JIJII~ n 6n6-

JIHOrpaq>IIIO II3 72 HaJIMeHOBaHHH Ha 6 CTpaHJII\aX. 
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CO,II;EP)KAHME ,IJ;MCCEPTAIJJ1M , 

Bo BBe,D,emrn o6octtoBbIBaeTc51 aKTYMhHOCTh ,D,HCcepTau.irn. ,D:att o63op 

COCT051HH51 H nepcneKTHB 51,D,epttoii :mepreTHKH. P83b51CH51eTC51 IlOH51THe :meK­

Tp051,D,epttoii ycTaHOBKH. BbI,D,eJJeiI Kpyr BOnpOCOB, HY)K,D,aIOIIJ,HXC51 B MaTeMa­

Tll'IeCKOM MO,D,eJJHpoBaHHH. Ha ,natl: OCHOBe cpopMyJmpyIOTC51 u,eJm pa6o'rhl 11 

YK83bIBaeTC51 B qeM 3aKJIIOqaeTC51 HOBl13Ha 11 HayqHo- npaKTHqeCKa51 3Haq11-

MOCTb ,D,HCcepTau,1111. KpaTKO 113JIO:>KeHO CO,D,ep:>KaH11e ,D,11CCepTaI\1111. 

B nepBOH rJiaBe pacCMOTpeHa o6m,a51 MeTO/J.11Ka MO,D,eJI11pOBaH1151 TpaHC­

nopTa qacT11u, B Bern.ecTBe, B qacTHOCT11 MeTO,D, MottTe-KapJio. Ilpoxo:>K,D,eH11e 

113JiyqeHl151 qepe3 BeIIJ,eCTBO MO:>KHO OilHCaTh 11HTerpo-,D,Hq>q>epeHJJ,11aJibHbIM 

ypaBnen11eM BoJihJJ,Mana. Ilp11 nepeXOf\e 11ott0B •1epe3 Bern.ecTBO ::iTo ypaBtte­

tt11e 11MeeT CJie,D,yIOIJJ,11H B11,l\:. 

VOcp(f, E, n) = lnucl(cp) + Jelec(cp) + S(f, E, n), (1) 

r)-\e cp(f, E, n) - HOTOK '!aCT11U., lnucl, Je1ec - 11HTerpaJibl CTOJIKHOBeHl1}1, Oim­

CbIBaIOIIJ,He 51,D,epHbie 11 3JieKTpOHHbie B3aHMO,D,eiiCTBH51, S(f, E, S1) - 11CTOqHHK 

H3JiyqeHH51. littTerpaJI CTOJIKHOBeHH51 ,D,JI51 51,D,epttblX B3aHMO,D,eiiCTBHH paBett: 

Emax 

lnucl = j dO.' j dE''Es(f, E' - E, 0' - S1). cp(f, E', 01
) 

4,r Emin 

-'Et(f, E)cp(f, E, S1), (2) 

r,D,e 'Es(f, E' - E, 0' - n)- ,D,Ba:>K,D,bl /J.Hq>q>epettu,HaJibHOe MaKpOCKOfIHqe­

CKOe ceqett11e pacce51HH51 qaC'l'l1L\hI,a 'Et(f, E,) eCTb IlOJIHOe MaKpOCKOII11qe­

CKOe ceqett11e. BeJiwmtta 'Et ( r, E) onpe,D,eJJ51eTC51 )\JI51 ,D,attttoro ::JJieMettTa 11 

,D,attttoro T11na. 'IaCTl1L\hI. Ilp11 ::JTOM 

m 

'E(f, E) = LPi(r)ai(E), (3) 

r)-\e p;(r) eCTb IlJIOTHOCTb 3JieMeHTa C HOMepoM i (qHCJIO 51,l\ep HJil1 3JieKTpOHOB 

B 1 CM3), a;(E) - MaKpOCKon11qecKoe ceqett11e B3aHMO)-\eiiCTBl151 ,D,JI51 3JieMeHTa 

C HOMepOM i, a m - o6rn.ee qHCJIO H30TOilOB X11Ml1qeCKHX 3JieMeHTOB, yqacT­

BYIOW.11X B pacqeTe. 

B _Pa6oTe )-\JI51 MO)-\eJI11pOBaHl151 TpaHCIIOpTa 'IaCTl1f_\ B BeIJJ,eCTBe 11p11Me­

H51eTC51 MeTO,l\ MottTe-KapJio. 9acT11u,a B cp11Kc11poBaHHhiii MOMeHT BpeMeH11 

6 

xapaKTep113yeTC51 CB011M IlOJIO:>Kett11eM B npocTpattCTBe f( X, y, Z), HanpaBJie­

Hl1eM )-\B11:>KeHl1.H - e;~11Hl1qHblM BeKTOpOM n(u, v, w) 11 3Hepr11etl: E. TaKHM o6-

pa30M, BeJill'lllHhl, xapaKTep113y1011\11e 'IaC'I'111\Y, npe/\CTaBJUl!OT co6oii TOqKy 

B weCTl1MepHOM q>830BOM npocTpaHCTBe (u, v, w) 11 CBH3aHbl COOTHOWem1eM 

u2 + v 2 + w2 = l. Ilpou,ecc CJiaraeTC51 H3 He3aBilCilMbIX <<IlCTOpllii>> qaCTill\. 

Bb1611paeM ttaqaJihHhie Koop,D,11ttaThI ii, 0', E'. ,D:anee qacT11u,a ,D,Bil:>KeTC51 paB­

HoMeptto 11 np51MOJIIlHefiHo ,D,O CTOJIKHOBemrn c 51/J-POM Bern.ecTBa. 

BepoHTHOCTh CTOJIKHOBeHl151 Ha nyT11 dR paBtta 'Et(f, E)dR, KOTopaR onpe­

)-\eJIHeTcR ypaBHeHHeM 3. TaKilM o6p830M, paccTORHile Me:>K,D,y TQqKaMil ii 11 

f = ii + RO', KOTopoe qacT11u,a c ::itteprneii E npoxo,D,11T, tte B3allMO,D,eiicTBY51 

c Bern.ecTBOM np11 3a,D,aHHOM ttanpaBJiett1111 ,l\B11:>Kemrn 0/, pacnpe,D,eJietto no 

IlOK83aTeJibHOMY 3aKotty: 

lr'-fi 

!(Iii - fl) = 1 - exp[-,- J 'Et(ii + RO', E')dR 
0 

Proh1rphrnaR pacnpe;\eJieH11e 

lr'-fi 

j 'Et(r' + RO', E')dR = -Zn~, 
0 

(4) 

r,D,e ~ - cJiyqafittoe q11cJio, paBHOMeptto pacnpe,l\eJiettttoe B IlHTepBaJie ( 0, 1), 
HaXO,D,IlM cpe,D,HIOIO ,D,JIHHY npo6era qacTHJJ,bI B BeIJJ,eCTBe A. A paBHReTC51 

A = 1/'Et(ii +RO', E'). IlocJ1e B3a11Mo;~eiicTB11R B03MO:>KHbI HecKOJibKO nyTeii 

p83Bl1Tl1}1 ·11cTop1111: pacceRHHe, norJIOU\ett11e, o6pa30BaHne HOBblX 'iaCTilf_\. B 

CJiyqae pacce51HH51 B03Bpaw.aeMC}I K ypaBHeHil!O 4, TaK KaK H3MeHHJiaCb 3Hep­

rirn. Ilp11 norJIOIIJ,eHHil, 11cTop1151 qaCTHJJ,bI 3aKattqnBaeTC51. A B cJiyqae o6pa-

30BaHH51 HOBbIX qaCTill\, ,D,JI51 Ka:>K)-\OH yqacTBYIOIJJ,eii B nepeHoce npOBO,D,HTC51 

MO/l,eJmI>.0Batt11e. 

,Ll;aH o63op COBpeMeHHblX nporpaMM MO)-\eJmpoBaHl151 TpattcnopTa 'IaCTill\ 

B Bern.ecTBe MeTO/J-OM MottTe-KapJio. Ilof\p06ttee paccMoTpettbI nporpaMMbI 

MCNPX, FLUKA, a TaK :>Ke MO)-\eJI11 KlIM (KacKa,D,HaH 11cnapnTeJihtta51 MO­

,D,eJib) n KM,IJ: (KBaHTOBaH MOJieKyJI51pttaa ,D,I1HaM11Ka). Ha P11c.l npe,D,cTaBJie­

HbI pe3yJibTaTbl pacqeTa ceqeHH}I Bb!XO)-\a H30TOI1a 205Bi Bbl3bIBaeMoro npOTO­

HaMil Ha H;\pax CBilHU.a (2°8Pb, 207Pb, 206Pb). CpaBHeH11e c ::JKcnep11MeHTaJib­

HhIM11 ;\aHHblMl1 06ttapy:>K11BaeT xopowee COOTBe'rCTBile np11 3Hep!'I151X )\0 
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3ttepm:.a. l\·hB 

Pnc. 1: Ce•reHm:t Bhrxo,a;a 1!30Torra 205Bi Bhl3hIBaeMoro rrpoToHai\m Ha H,a;pax CBl!HIJa B 

peaKIJIIHX natPb(p,X) 205Bi 

~ 100 M3B. ,II:att KpaTKIIii ofoop coBpeMetttthIX npoeKT0B no 113yqemno 3JieK­

Tpo51,n;a. PaccMoTpetta cxeMa 51)].eptto-3tteprern:qecKoii ycrntt0BKH )].JI51 Tpattc­

MyTaU,HII paJwoaKTttBHhIX oTxo,r~oB (PAO) u oTpa6oTattttoro 51,n;epttoro To~1-

J111Ba (051T) (cM. P11c.2). lfaJio)Ketta cyTh K0ttu,enu,1111 TpattcMyTau,1111. 

Bo BT0p0ii rJiaBe ll3JI0)KeHbl 0CH0BHbie II0JI0)KeHH51 IIp0eKTa IlC,Il;. Ilpe,n;­

CTaBJiettbl 0CH0BHbie pe3yJibTaTbl II0 MaTM0)].eJIHp0BaHHIO HeiiTp0HH0- <pll3ll­

qecKHX xapaKTepHCTllK ycTaH0BKll, a llMeHH0: 3ttepreTuqeCKlle CIIeKTpbl ll 

IIp0C'rpaHCTBeHH0e pacnpe,n;eJieHHe tteiiTp0H0B (cM. Pttc.3) 11 IIp0T0H0B, Bbl­

JieTaIOIIJ,llX ll3 CBl1HIJ,0B0ii Ml11UeHH, nptt o6JIY'IeHl111 IIY'!K0M np0T0H0B 660 
M3B; 3ttepreT11qeCKlle CIIeKTpbl HeiiTp0H0B B 3KCIIepHMettTaJibHb!X Kattanax 

ycTaH0BKll (cM. Puc.4), K0T0pbie B ttaCT0511IJ,ee BpeM51 llCII0Jib3YIOTC51 )].J151 pac­

qeT0B IIJiattupyeMblX 3KCIIepHMeHT0B II0 TpattcMyTaU,llll pa3JIIfiHbIX pa,n;uo­

aKTllBHblX o6pa3IJ;OB; cneKTpbl, IIp0CTpaHCTBeHH0e 11 yrJI0B0e pacnpe;i;eJieHHe 

ttei1Tp0H0B, BbIJieTaIOIIJ,HX C II0Bepxtt0CTH CBHHU,0Boro 0Tpa)KaTem:1, tta 0CHO­

Be K0T0pb!X IIp0eKTHp0BaJiaCb 6HOJIOr11qecKa51 3alll,HTa B qaCTH0CTH H 3)].aime 

ycTaH0BKH B U,eJioM; 3Hepr0BbI)].eJieHHe B Ml1llleHH H aKTHBH0ll 30He IlC,Il;, 

tteo6XO)].HMOe )].J151 011pe,n;eJieHH51 K03<p<plll~HeHTa ycHJieHH51 ll TeIIJI0B0tt M0IIJ,-
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'3m:rurra 

Y CKOpJITeJII, 

Pnc. 2: ITpl!HIJlllll!a.lhHaH cxe:-.ia 3JieKTpOH,J;epHOii ycTaHOBKII. 

I 
Cntrrpbl tteMyPOHOB. BblneTaM>ILIHX M3 MMWeHM. ·•------~--~----ON 

~ ·a 11---+-+--+--'"-r+-t~--~~--1 

~ :i s s 0,1 

I i .. 01 

jii :z: 1E"'I ~ m ~ . 

I f1u 

·i i•u 
o !l! IE-6 .__.__.__._ .... ._...._....,..__...._....,..___. 
~ 1E-5 1U IE"'I 0,01 0,1 I 10 100 1000 10000 ,,. 

EHepr1i111 HewrpotlOs. M:>8 

I! 
,!i:ll 
!! :c 2 

!ii 
SC 

':t' .. 1 
:c 

40 50 60 
PacCTomo,e OT Ha'lana MMW.HM, CM 

Puc. 3: CueKTp HeiiTpOHOB, BhlXO,J;HIIJIIX 113 CBIIHIJOBOII Ml!llleHI!. 

H0CTH ycTaH0BKH. 

3aTpottyT B0npoc o BJm»HHH 3aMe)~JrnIOH\l1X Ma'l'ep11a.110B (rpacpwra 11 ua-
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Puc. 4: CneKTp HeiiTpOHOB B aKTl!BHOH 30He B Tpex 3KCIIepnMeHTa.lbHb!X Katta.aax (1 -
pH;'.J;OM C MIIIIIeHhIO, 2 - B cepe,J.nHe TOU,lHBHOH qaCTll, 3 .. pH,ll;OM C OTpa:i1<aTe:rnM). 

paq)lrna) Ha cneKTpbI nefiTpOHOB, BbIJieTaIOill,llX ll3 CBIIHIWBOH Mll!IIellll IIO,l], 

B03,1],ettcTBlleM BblCOKO,mepreTII'IeCKllX IIpOTOHOB. KaK ll CJie,1],0BaJIO O)Kll,l],aTb 

paCC'-leTbl IlO,l],TBep)K,1],aIOT, '-ITO ,1J,06aBJiemre 3aMe,1],JIIITeJI.H ll3 JierKttX MaTepIIa­

JIOB cylll,eCTBeHHO MeH.HeT cneKTpaJibHbie xapaKTepIICTllKll. B CJiy'-lae llCilOJlb-

30Banmr napaqmHa B o6JiaCTll 0,1-1 sB IIO.HBJI.HeTC.H JIOKaJibllbltt MaKCllMYM B 

3HepreTII'-leCKOM cneKTpe neiITpOHOB, BbIJieTaIOJl.l,llX C IIOBepXHOCTll 3aMe,l],JII1-

TeJI.H. 

PaCCMOTpen BOnpoc napa60TKll ll30TO!l0B IIOJIOHll}l B BllCMY'l'OBbIX o6pa3-

u;ax pa3Melll,eHHbIX B CBllHI.l;OBOH MIIIIIeHII. Ha PIIc.5 npe,1],CTaBJieH BbIX0,1], ll30-

TOIIOB 206Po ( CJieBa) ll 207Po ( cnpaBa) IIO ,l],JlllHHe MIIIIIeHll paCC'-lllTaHHbIH 

npII noMOII.l;ll MO,l],eJIII CEM2 (sim) II npII IIOMOill,ll 3KcnepIIMeHTaJibHhIX ce­

'-leHIItt (exp). Ifa pIICYHKa Bll,l],HO Ka'-leCTBennoe corJiaCIIe pe3yJihTaTOB: no­

Be,r\entte BeJIWillHbl Bb!XO,l],a TO'IHO IIOBTOp.HeTC.H, COBIIa,1],aeT IIOJ!O)KeHtte MaK­

CIIMyMa pacnpe,1],eneHtt.H 11 nopor o6pa3oBamrn no ,l],JIIIHHe MHIIIem1.; KOJ111-

'-leCTBeHHO pe3yJibTaTbl TaK )Ke xopOIIIO corJiacyIOTC.H. Ha,l],o OTMeTIITb, '-ITO 

,l],JI.H a:-aKTllBHblX ll30TOIIOB IlOJIOHll.H, TaKIIX KaK 
208

Po, 
209

Po ll 
210

Po KOJlll­

'-leCTBeHHOro COOTBeTCTBll.H He Ha6JIIO,l],aeTC.H. Ha cerO,l],H.HIIIHllll ,l],eHb CJIO)KHO 

C,1],eJiaTb BblBO,l], 0 npll'-IllHe TaKoro paCXO)K,l],eHll.H, 3TOT BOIIpoc Tpe6yeT ,l\aJib­

Heiirnero ll3y<reHtt.H. IloJiy'-leHIIe 6onee IIOJIHblX 3KCIIepttMeHTaJibHblX /\aHHhIX 

II03B0JlllT TO'-lttee Y'-lllThIBaTb BKJia,l], a:-aKTllBHb!X ll30TOIIOB IlOJIOHll.H B pa,n;tto-
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Puc. 5: BbIX0,11; ll30TOIIOB 206Po ( c:ieBa) ll 207Po ( crrpaBa) !IO ,ll;JlllHHe Ml!IIIeHn paCC'Il!TaHbl 

npn noMOlll,11 .\IO,J.e.JIU CEM2 (sim) 11 upn noMOlll,11 3KcnepuMeHTa.lbHhIX ce'lettuii (exp) 

TOKCll'-lHOCTb. 

B TpeTbeiI rnaBe ,1J,ano TO'-lHOe onIIcanIIe MttIIIeHII IIC,Il;. lI3JIO)KeHhI oc­

HOBtthre 3Tallbl pac'-leTa 3q><peKTllBHOH ,1J;03hl B MeTpe OT MllIIIeHtt O'l' !'aMMa­

ll3Jiy•1eHll.H, conpOBO)K,ll;aIOill,el'O pacna;.1, pa;\ttOaKTllBHh!X 3JieMeHTOB, ttapa6o­

TaHHh!X B pe3yJibTaTe /V!llTeJibHOro o6Jiy•retttt.H Bb!COK03HepreTtt'IeCKllMl1 npo­

TOHaMII, a IIMeHHO: 

1. paC'-leT CKOpOCTeiI o6pa30BaHll.H pa,1],ttOaKTllBHbIX ll30TOIIOB B Ka)K,l],OH 06-

JiaCTll MllllleHll 

2. pacqeT 3BOJIIOI.l;llll aKTllBHOCTll OTKJ)h!TOH CllCTeMhl ll30TOI10B B Ka)K,ll;OH 

o6JiaCTll MllllleHll 

3. pacqeT llHTeHCllBHOCTll raMMa-ll3JIY'-leH!rn B llHTepecyIOill,llll MOMeHT Bpe­

MeHll B Ka)K,l],OH o6JiaCTll MllllleHII (nptt IlOMOill,ll 6II6JIIIOTeKll ,l],aHHb!X 

pa,1],IIOaKTllBHoro pacna,l],a JEF 2.2) 

4. pac'-leT BKJia,l],a B 3KBllBaJieHTHYIO ,l],03Y B MeTpe OT MllllleHll OT Ka:)K,l],Oll 

o6JiaCTll MttllleHtt, cyMMllJ>OBaHlle IIOJIY'-leHHhlX pe3yJibTaTOB. 

CBllHI.l;OBa.H MttllleHh COCTOllT ll3 ,l],BYXMllJIJillMeTpOBOro nep)KaBeIOill,ero KO­

)Kyxa, npe,1],CTaBJI.HIOill,ero co6oiI KOHCTpyKI.l;llIO, llMllTIIPYIOIIJ.YIO no BHellIHeMy 

npoq>IIJIIO c6opKy ll3 CeMll rneCTllrpaHHbIX IIpll3M pa3MepoM <<II0,1], KJIIO'l>> 34 

MM, ycTaHOBJieHHbIX c rnarOM 36 MM ( CM. Pttc.6), 11 repMeTtt'IHO CBapeHbIX 

C HllM ,l],OHhlIIIKa ll KpblllIKll, TaK)Ke BhlflOJIHeHHbIX 113 Hep)KaBeIOill,eiI CTaJitt, 

11 



IIOCJie qero IIOJIOCTb 3aJIIIBaeTCH CBl1HJ\OM. B T09Ke BBo,n;a 11J9Ka B MHllleHb 

,ll,JI.H C03,I\aHl1H 011Tl1MaJihHh!X JCJ10B11i1 reHep11poBaHl1H HeitTpOHOB Bbll10JIHetta 

J\llJllIH,ll,pll'IecKaH IIOJIOCTh ).l,ttaMeTpOM 58 MM ll rny611Hoi1 179 MM. 

n1 
n2 

n3 

Pnc. 6: Ha pHCYHKe IIOKa:3aHa CXeMa CBHHIJ.OBOH MHIIIeHH H 06JiaCTH pa:36HeHHH (n1, n2, n3) 
HCIIO;Ib3ye:-.1b1e rrpH MO,n;e.'IHpOBaHim. 

PaC'IeT Hapa60TKH pa,n,uoaKTl1BHhIX ll30T0lIOB OT npOTOHOB ycKopwreJl.H ll 

Hei1Tp0HOB rrpOBO,ll,11JICH C IIOMOII\h!O rrporpaMMbl mcnpx. Ilp11 3TOM Ml1IlleHb 
3 . 

pa36ttBaJiaCb Ha Tptt 06JiaCTH O = U 01 (CM. Pttc.6): l\eHTpaJihHa.H 'IaCTh l\ll-
1=1 

Jll1H/l,pll9eCKOi1 cpopMbl C ,n;ttaMeTp0M 58 MM (01) ' BTOpoi1 CJIOH (02)- 3TO Beeb 

OCTaBillHHCH CBttHeJ\, o6oJI09Ka MttllleHtt 113 Hep)KaBeIOII\ei1 CTaJitt npe,n;cTaB­

JJHeT co6oi1 BHeII1Hlli1 TpeTHi1 CJIOH (03). 9To c,n,eJiano ,JJ,JIH yqeTa HepaBr,I0-

MepHOCTH pacupe/WJieHttH pa;\ttOaKTllBHhlX HJKJlll,l],OB ll3-3a pa3Jlll'llIH npo-

1\eccoB, npox0J\.Hll\11X B Ka)K).l,0i1 o6JiaCTll ll pa3JJll'llIH MaTepttaJIOB MttilleHtt 

H o6oJI09KH. TaK, B l\eHTpaJibH0H o6JJaCTH ,l],0Ml1HHPYIOT np0J\eCCbl BhIC0K0-

3HepreTH9eCKOro ,n,eJieHttH H,l],ep CBHH}\a rrpn B3aHM0,l],ei1CTBHl1 C rrp0T0HaM11 

ycKopnTeJJH, BO BT0p0M CJioe, OKpy)KaIOil\eM rrepBhii1, aKTttBa}\HH o6ycJIOB­

JieHa B OCHOBHOM B'l'0pH9Hh!Mll '1aCTll}\aMtt, o6pa30BaBWHMllCH B pe3JJihTaTe 

BhlCOK03Hepl'eTH'IeCKllX np0I\eCC0B. B pe3JJlhTaTe pac•IeTOB 6bIJlll IIOJIY'IeHbl 

CKOpOCTH o6pa30BaHHH Ka)K,l],Oro HJKJil1,l],a B Tpex 9aCTHX MHWeH11. ,[l;aJJee 

6b!JI Bh!6paH CJie/zyIOII\HH pe)KHM pa6oTbI: ycTaH0BKa pa6oTaeT c paBH0Mep­

HOH 3arpy3KOi1 0/1,HH KaJieH,n;apHb!H ro,n;, B Te9eHne KOTOporo IIJ90K rro,n;aeTCH 

Ha MllilleHb 1000 qacoB, IIOCJJe qero ycTaHOBKa OCThJBaeT. 

,[l;Ji}f 011pe;\eJ1eHl1.H <pyHKl\llll IIJIOTHOCTll ll aKTHBH0CTH Ka)K,n,oro H30TOila 

B jJl()OOH MOMeHT BpeMeHtt ).l,JUI BhI6paHHOI'O pe)KttMa pa60Tbl Tpe6yeTC5f pe­

lf f H'f'f, :m;\a•,y Kowu f\JI}I Ha6opa (i = 1, 2, ... I) KHHeTH9eCKHX ypaBHeHui1 na 
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KOHe9HOM 0Tpe3Ke t E [to, tmaxl• 

{ 
d~?) = Af + L >-.7;kNk(t) - >-.f Ni(t), 

kf-i 
Ni(to) = NP, i E [1,J], 

i E [l,J], 
(5) 

me Ni(t) - KOJIH'IecTBo H,n;ep i-ro HYKJIH,n,a B MOMeHT BpeMeHtt t, M- cKopocTh 

napa60TKH i-ro HJKJIH,ll,a B H,n;epHb!X peaKI\11HX, >-.f - BepOHTHOCTh pa,n;uoaK­

THBHOro pacna,n;a H,n;pa TaKoro HYKJIH,ll,a B e,n;HHHJ\Y BpeMemr, >-.ik - BepOHT­

HOCTh pacna,n;a H,I.J,pa k-ro HJKJIH,ll,a B e,n;ttnmzy BpeMeHH, npu KOTOpOM OH npe­

Bpall\aeTCH B i-h1i1, I - '1HCJJO H30TonoB, paccMaTpttBaeMhIX B 3a,I\a9e. BKJia,I\ B 

cyMMapuy10 aKTHBHOCTh HYKJIH,I\OB, o6pa30BaHHhIX B pe3yJJhTaTe ).l,Byx ll 60-

Jiee H,I\eptthIX peaKI\Hi1, Ma.JI ( <0,5% ), noaToMy tte Y9HThIBaJICH
1

. B pewemm 

TaK0i13a,n;aq11 ,ll,JIH }\eHTpaJib~Oi106JiaCTtt(O1) MHilleHH paccMaTpttBaJI0Ch 1311 
pa,I\H0aKTHBHhIX H30T0110B C HeHyJieBb!M Af B Ha9aJihHhii1 M0MeHT BpeMeHH. 

B xo,n;e pacqe'fOB 9HCJI0 pa,n;ttoaKTHBHhIX 1130TOl10B yBeJIH9HBaeTCH ,I\O 1328. 

IlporpaMMa paCC'1llTbIBaeT aKTHBH0CTb CHCTeMhl Ha BpeMeHH0M 0Tpe3Ke OT 

t1 = 1000 ceKJH,I\ ,I\0 tmax '.::::'. 27 JleT ( CM. Puc. 7). 

~ 1E12 ..... ...---•-···-~·· TO'-IKa 4epe3 nonroAa 
LO ........ / oxna>K.QeHHs:i 6PnM 
.i -~ A=3.95e+10 6K 
g mo .-,:~:-.. ~--_-_-O_s_1_8_5 

i \~-,.-~::•········ -----Au 195 
i 1E8 \ \ ••••••••••• --·-- Tl 204 
0. I \ ••• 

~ 1000000 ~ \ ·-.......•.•• 

~ ~ ~ \ 
~ 10000 \ \ 

I \ 

a) 
100F • ., -1 \ + J ~ -t J 

0,01 1 100 10000 1000000 1E8 

BpeMR,~HM 

Pnc. 7: CyMMapHaH aKTHBHOCTb CBHHIJ.OBOH MHIIIeHH, a TaK)Ke Tpex H30TOIIOB, Han6o.'!ee 

aKTHBHb!X •repe3 IIOJiro,n;a IIOCJie OCTaHOBKH ycTaHOBKH. 

Ha Ka)K,11.0M II1are llHTerpupoBaHHH pac•1eT aKTHBH0CTH CllCTeMbl H30T0II0B 

B CHCTeMe BeJICH 110 CJie,IzyIOil\eMy aJir0pHTMy. IloJIHaH CK0p0CTh o6pa30BaHHH 

1T. e. He Y'UlTbIBaJICH npOl.\eCC, np11 KOTOpOM HAPO CBllHl.\a ,rnweHII MO>KeT upeTepneBaTb 6o.nee OAHOro 

B3aHMOAeikTBHH C HaJie'l'alOlll,HMH qacrnu,a1-n1. 
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H30Torra orrpe,D,emi:eTc51 rro cpopMyJie 

Af
0
t(ts) =A~+ LArk(ts), Ark(ts) = >-.rkNk(ts), (6) 

k#i 

B o603HatJeHJI51X CIICTeMbl ( 5). ,LI.anee Bbl'IIICJI51JIOCb KOJIH'IeCTBO ::noro II30TOIIa 

o6pa30BaHHOro B TetJeHHe BpeMeHJI b..ts, TO eCTb 3a TeKyIIJ,IItt mar IIHTerpn-

poBaHH51 

!::i.N/(ts) = Af0 \ts)b..t, i E [l, J]. (7) 

KoJIH'IeCTBO pacrraBmHXC51 3a mar 51,D,ep onpe,D,eJI51JIOCb no cpopMy;ie 

l::i.Ni-(ts) = (Ni(ts) + b..N/(ts)) · (rt:J.t/T/
12 

-1), ~ 112 = z:i2, (8) 

~
112 

- nepno,D, noJiypacna,D,a i-ro ,meMeHTa. BBe,D,eHne HHTerpaJibHOtt cpopMbI 

3aKOHa pa,D,HOaKTIIBHOro pacna,D,a 51,D,ep n03BOJI51eT TO'IHO onpe,D,eJI51Tb KOJIII­

qecTBO pacnaBmHXC51 51,D,ep BHe 3aBJICIIMOCTII OT mHpHHbl mara IIHTerpnpo­

BaHJI51. OTCIO,l),a Mb! noJiyqaeM ,11,Ba O'IeBJI,l),HbIX npenMy111,ecTBa. Bo-nepBbIX, 

npe,D,OCTaBJI51eTC51 B03MO)KHOCTb BeCTH HHTerpttpoBaHHe C yBeJIH'IIIBaIOIIJ,HMC}f 

maroM. Bo-BTOpbIX, 3TO n03BOJI51eT, o6HOBJ151Tb CHCTeMy Ha nOJIHOCTbIO, a npo­

BO,l),IITb 3BOJIIOIJ,IIIO JIHmb Tex 3JieMeHTOB, aKTIIBHOCTb KOTOpb!X 3aMeTHO MeH51-

eTC}l Ha BpeMeHHOM 0Tpe3Ke b..ts. ,Ll,pyrHMII CJIOBaMJI, Ka)K,l),bltt 3JieMeHT HMeeT 

CBOtt co6CTBeHHbltt mar IIHTerpnpOBaHH51, ero COCT051HJie MO)KeT o6HOBJI}1Tb­

C51 pe)Ke, 'IeM COCTO}lHHe CHCTeMbl B 11,eJIOM. Ha,11,0 OTMeTHTb, 'ITO BBe,Il,eHHe 

HHTerpaJibHOtt cpopMbl 3aKOHa pa,D,JIOaKTHBHOI'O pacua,D,a x;1,ep, C'raBHT uepe;\ 

HaMH ,D,pyry10 npo6JieMy: HeB03MO)KHO TO'IHO onpe,D,eJIHTb 3HatJemre cTenemr 

/ 
1/2 

2-1:J.t 'I'; B CJiyqae O'IeHb MaJibIX 3HatJeHJitt ,D,p06JI B nOKa3aTeJie. ,Ll,pyrHMII 

CJIOBaMJI, B CJiyqae II30TOnOB C O'IeHb 60Jibm1IM nepHO,l),OM noJiypacna,D,a, ne­

pexo,D, K HHTerpaJibHOMY 3aKOHY He TOJ!bKO He onpaB,D,aH, HO II HeB03MO)KeH. 

ITmToMy ,D,JI51 II30TonoB c T 112 > 106 
JieT np11Memrnacb ,D,11cpcpepett1\HaJJbHa5f 

cpopMa 3aKotta: 

dN = ->-.Ndt, (9) 

KOTOpbltt B HameM CJiyqae BbirJI}l,l),IIT TaK: 

b..Ni-(ts) = (Ni(ts) + /::i.N/(ts))>-.ib..t. (10) 

QqeBII,l),HO, '-!TO aKTIIBHOCTb i-ro 3JieMeHTa Ha 3TOM mare COCTaBIIT 

Ai(ts) = b..Ni-(ts)/b..t, (11) 

14 

r,11,e Ai(ts) - aKTlIBHOCTb i-ro 3JieMeHTa B MOMeHT BpeMeHII ts. 3aTeM Heo6xo­

,ll,11MO o6HOBlITb KOJIH'-IeCTBO i-ro 1130TO!Ia B ClICTeMe 

Ni(ts+1) = Ni(ts) + b..Ni+(ts) - b..Ni-(ts), i E [1, J]. (12) 

l1, B 3aKJII0 1IeH11e, o6HOBJrneM CKOpOCTII o6pa30BaHII5f 1130TOIIOB B pe3yJibTaTe 

pacrrn,11,a pa,D,IIOaKTIIBHbIX 3JieMeHTOB, 

A~i(ts+1) = l::i.Ni-(ts)"5..':ni, m E [1, J], (13) 

r,11,e "5..7:rri ycJIOBHa51 Bep051THOCTb pacna,D,a 51,D,pa i:..ro II30TOna, np11 KOTOpOM 

OH 11peBpa111,aeTC51 B m-bifi, Bbl'-111CJieHHa5f lI3 npe,D,l10JlO)KeHl15f '-!TO i-e 51,ll,pO 

pacnaJIOCb. 

HanOMHIIM, 'ITO BBe,D,eHIIe cpopMyJibI (8) n03BOJIIIJIO yBeJIJI'IIIBaTb mar lIH­

TerpupoBaHH5f, B HameM CJiyqae np11MeH}lJiaCb KYCO'IHO-paBHOMepHa51 ceTKa 

<I>t. KaK 6bIJIO CKa3aHO Bbrme, B pe3yJibTaTe pactJeTOB no BpeMeHHOtt nepeMeH­

HOii: Mb! noJiy'-laeM 100 TO'leK aKTHBHOCTH, paBHOOTCTO}IIIJ,IIX B JIOrap11cpMH'-!e­

CKOM Macmra6e Ha 0Tpe3Ke OT t1 = 1000 CeKyH)l. ,ll,0 tmax '.::::'. 2.7 JieT. ,Ll,pyrHMH 

cJ10BaM11, BpeM5f b..Td Me)K,11,Y )\BYMK T0 1-1KaM11 Ha P11c. 7 yBeJrwmBaeTcR no 

cpopMyJie l::i.Td+l = kl::i.Td, r,D,e k - KOHCTaHTa. BttyTpu Ka)K,D,Oro HHTepBaJia 

l::i.Td ceTKa npe,D,CTaBJI}leT co6oii 99 paBHOOTCTO}lIIJ,HX ,D,pyr OT ,D,pyra Y3JIOB, 

TO eCTb 1::i.ts = l::i.Td/100. 
BBeJ\eM CJie,ll,JIOIIJ,ee npe,ll,CTaBJ1eH11e H0Mepa y3Jra ceTK11: 

s = lOOa + b; a, b E N, b < 100, (14) 

I',l),e a - }\eJia}l qacTb OT s/100, b - OCTaTOK OT ,D,eJieHH51, TOr,D,a noJiyqaeM, 'ITO 

<I>t = {to, t1,,, ts,,, t10000}, (15) 

{

Vs E [0, 99] ts= str, 

Vs E [100, 10000] ts= 100 fa t1kc + bt1ka, 
(16) 

fpacp11qecKoe 11306pa)KeH11e TaKOii: CeTKH IIOKa3aHO Ha P11c.8. 

B pe3yJibTaTe pac'-!eTOB no BpeMeHHOfi nepeMeHHOii: Mb! IIOJiy'laeM 100 TO­

'IeK aKTIIBHOCTH paBHOOTCTORIIJ,IIX B JIOrap11cpMH'leCKOM Macurra6e. B pac,re­

Tax HCIIOJlb30BaJJaCb 6116JIHOTeKa ,D,aHHblX pa,D,HOaK'l'HBHOro pacna,D,a JEF 2.2. 
ITpe,D,nOJiaraJIOCb, 'ITO BpeM}l OXJia)K,D,eHH51 ,l),O Ha'IaJia neperpy30'IHbIX pa-

6oT coCTaBHT nOJII'O,ll,a. Ha P11c. 7 cTpeJIKOii: yKa3aua TO'IKa IIOJIHoii: aKTHBs 

HOCTII qepe3 nOJII'O,D,a IIOCJie OCTaHOBKH ycTaHOBKII. J,fa p11cynKa B11,ll,HO, 'ITO 
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P11c. 8: fpaq>11 11eCKOe 11306pa.1KeH11e ceTKII IIHTerp11poBattm1; ◊ - Y3-lhl, 3Ha11ett11H aKTIIB­

HOCTII B KOTOpb!X IlOKa3aHbl Ha P11c. 7. 

aKTHBH0CTb MHIIIeHH B 3T0T M0MeHT C0CTaBHT 3, 95 .1010 BK. ,[J;a.nee, C HCfI0Jib-

30BaHHeM 6116n110TeK11 JEF 2.2 6hIJIH nonyqeHhI cneKTphr raMMa-113nyqeH1151, 

o6ycJIOBJieHHOro pacna,[\0M pa,[\H0aKTHBHbIX H30T0fIOB, B o6JiaCT51X MHIIIeHl1 

(!11, !12, !13) yKa::mHHhIX Ha P11c.6. 

C II0M0W,blO nporpaMMbl mcnpx npone;wtt pac•reT CIIeKTp0B raMMa- 113JIY-

9eHl151 B MeTpe OT M11rnem1. flo np11911He HepaBH0MepH0CTl1 pac11pe.n;eneHl151 

pa,[\110aKTl1BHbIX 1130T0II0B no 061,eMy M11rneH11 II ,[\J151 yqeTa caMonorJI0il~eH.1151, 

B Ka)K,[\0H qacTl1 MHIIIeHl1 3a;i;aBaJIC51 CB0H cneKTp II 11HTeHCHBH0CTb raMMa­

H3Jiy9eHl151. MoJI~HOCTb 3cp<peKTl1BHOH ,[\03bI paCC911TaHa 11p11 110MOl~l1 K03<p­

<pmweHTOB uepexo,[\a oT cp;rroettca K /--\03e 11ptt BtterntteM 06J1y 11ett11tt ncero 

TeJia napa.JIJieJibHbIM ny1fK0M B nepe,IJ,He-3a,D,Hett reoMeTpHH. TaKHM o6pa30M, 

M0II~H0CTb ,D,03bl B MeTpe OT MHIIIeH11, H3BJie9eHH0H 113 ycTaH0BKH qepe3 fI0JI­

r0,[\a nocne ocTaH0BKl1 BPITM, cocTaBHJia 94 µ3B/qac. 

fleperpy3Ka MHIIIeHl1 6y,[\eT ocyw,eCTBJI51TbC51 np11 fI0M0W,11 ~HJ111H,[\pHqe­

CKoro K0HTettttepa c TOJII~HH0H C'l'eH0K 140 MM (cJIOH CBHHI~a 120 MM s o6e­

qai1Kax 113 CTa.JIH). B 3T0M CJ1y1rne M0W,H0CTb /~03bl OT Ml1IIIeHl1 C0CTaBH'l' Be­

Jil1911HY :s; 0, 2 p3B/qac, TeM caMhIM 06ec11eq11BaeTC51 11poeKTHbIH npe,n;eJI 110 

M0II~H0CTH /l,03bl /J,Jl51 nepcotta.na, C0CTaBJI51IOII~l1H 6 µ3B/9aC. 

B qeTBepToii rnaBe ttccne,[\oBaH B0IIpoc yBeJI11qeH1151 M0IJ~H0CTl1 IIC,[J; ,n,o 
100 KBT. Ilpe).\JIO)Ketto: 
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e fl0,[\H51Tb K03<p<pl1~11eHT 3cpcpeKTl1BHOro pa3MH0)KeHl151 ,IJ,0 ypoBH51 

Keff ~ 0,975 

• YBeJIIP-IHTb M0W,H0CTb na,r\aIOll\el'0 np0T0HH0I'0 nyqKa ,IJ,0 2 KB-r 

• B ~e;rnx peweHH51 11po6JieMbl TefIJI0CbeMa ,[\06aBH'l'h B MHilleHh BOJib<ppa­

M0BblH cep,[\e9Hl1K 

• BBeCTH B aKT11BHYIO 30HY BHyTpeHH11H 0Tpa)KaTeJib 113 <<JierKHX>> (yrJie­

p0,[\ 11 6epHJIJIHH) MaTepHa.JI0B 

B pe3yJibTaTe onepa1\Htt, 01rncatttthIX B 3T0tt l'JJaBe, u f\0C'l'YUHhIX KaK f\O, 

TaK H fI0CJie 1IaCTWIH0I'0 BbllI0JitteHH51 3KcnepuMettTaJihHOH nporpaMMhI, y,[\aCT­

C51 ,[\0611TbC51 cyll\eCTBeHIIOr.0 yBeJIH9eHH51 KaK fI0JIH0ro II0T0Ka , TaK 11 fIJI0T­

H0CTH fI0T0Ka B pa3JIH9HbIX o6naCT51X cneKTpa HettTp0H0B ( CM. Pnc.9). 

~ .,. ., 
u . 

'r,, 
:i; 
u . 
C 

,e 

1012 

1011 

,10•• 

109 

108 

--Pb+Pb+Pb+TBC 
........ w+Pb+TBC 
--W+Pb+Be+ TBC 

;·"·--·= 

107 L I I I I I I I I I I I I rd 
1~1~1~1~1~1~1~1~1~1if1~1~1~1~ 

E,M3B 

P11c. 9: IIoTOK HeHTpOHOB B 611tte IIO 3Hepnm B 3Kcnepm,teHTa.JihHOM Katta.ne, pacuoJIO.lKeH­

HOM tterrocpe,a;CTBeHHO OKOJIO l\,IHlIIeHH ;i;mr pa3JIHqHblX BapHaHTOB MO,il;liqlliKaIJ.llli 6J1aHKe­

Ta. Mom;HOCTh rrpOTOHHOI'O ny•rKa ,ll.JIH 6aJOBOI'O BapuaHTa 6J1aHKeTa 1 KBT, ,;:\Jill MO,il;liq>li­

IJ.lipOBaHHhIX 2 KBT. 

O6octtoBaHbl npe11MyW,eCTBa TaK0H ycTaH0BKH, C T01 !Kl1 3peHH51 C0Kpall\e­

Hl151 BpeMeHH 3KCIIepttMeHTa.JibH0r0 ceattca H3MepeHHH. IloKa3aHO, 11'1'0 0IIH­

caHHbie MO)J;Hq>HKa~HH pacwHp51IOT B03M0)KH0CTH 3KCnepHMeHTa.JibH0r0 H3Y-

9eHH51 B0flp0C0B TpattcMyTa~HH ,[\0Jir0)KHBYUWX np0/zyKT0B ,[\eJieHH5I II MH­

H0pHb!X aKTHHH,[\0B, a TaK)Ke npo6JieM np11MeHeHH5I 3JieKTp051,[\epH0ro cnoco-
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PHC. 10: Bb!X0,11, Heil:TpOHOB C 60KOBOH IlOBepxHOCTH MHIIIeHH C BOJii,q>paMOBb!M cep,l.l,e'IHII­

KOM B 3aBUCl1MOCTl1 OT KOOp,11,HHaTbl B,11,0Jib ocu MHIIIeHH pacc•rnTaH npH Il0:1,IOTl~II nporpaM­

Mbl FLUKA. Ha•1aJio KOop,a;1rnaT ttaxo,11,uTcH B TO'IKe B3au;,.,ro,a;eil:crmm ny•1Ka c 1rnIIIeHhJO. 

6a IIOJiyqemrn: 3Heprrm B IIpOMbillIJieHHbIX MaCUITa6ax, qTo, B CBOIO oqepe,l],b, 

.HBJI.HeTC.H nepBocTeneHHofi 3a,l),aqefi npoeKTa TTC,I(. 

B 11.HTOH rJiaBe npoBe,l),eHO MO,l],eJmpo1mmte Bb!XO,JJ.a H30TOna 1261 I'eHepH­

pyeMoro Hefl:rpoHaMH c 3Heprnei1: B /\Hana3oHe 12-50 M3B B peaKI\H.HX ua 1271 
II 1291. IloKa3aHa He06XO,ll,IIMOCTb 7\aJihHettlllero 3KCIIepIIMeHTaJibHOro II3yqe­

HII.H TpaHCMyTaU,IIII pa,l],IIOaKTIIBHbIX II30TOIIOB B HefiTpOHHbIX IlOTOKax. Mc­

CJie,l],OBaH BOIIpoc B03MO)KHOCTII 3KCIIJiyaTaU,IIII YCTaHOBKII TTC,I( Ha 3JieKTpOH­

HOM nyqKe ycKopIITeJI.H LUE-200 (200 M3B, 10 KBT). Ilpe,IVJO)KeHo: 

• IlO,ll,H.HTb K03<p<pIIU,IIeHT 3cp<peKTIIBHOI'O pa3MHO)KeHII.H ,ll,O ypOBHa 

Kef J '.::::'. 0, 975 

• B I~eJiax qacTIIqHoro pellleHIIa npo6JieMhI TeIIJIOC'beM~ ,ll,06aBIITb B MII­

llleHb BOJibcppaMOBbIH cep,l1,eqHIIK 

• ,n;o6aBIITb B MIIllleHb BOJib<ppaMOBhlfi cep,n;eqHIIK II yrny61:1Tb l\l:IJll1H)~p11-

'IeCKYIO IIOJIOCTb B MHIUeHII, ,Il;JIH C03,l],aHII.H OllTIIMaJibHh!X YCJIOBHH re­

HepIIpOBaHII.H HefiTpOHOB, C TeM qTo 6bI K03<p<pIIU,IIeHT YMHO)KeHmI Hefi­

TpOHOB B aKTIIBHOH 30He 6hIJI MaKCIIMaJibHbIM (cM. PIIc.10) 

• BBeCTII B aKTIIBHYIO 30HY BHyTpeHHIIH OTpa)KaTeJib II3 <<JierKIIX>> MaTe­

pIIaJIOB (noJIHOCTbIO YAaJIIIB npII 3TOM CBIIHeu, II3 MIIllleHII). 

I13JIO)KeHHa.H B 3TOH rJiaBe KOHU,elll\IIH HettTpOHOIIpOII3BO,l],a~efi MHIIIeHII 

,ll,JI.H nO,ll,KpIITIIqecKoii c6opKII ,l),eJiaeT B03MO)KHOfi 3KCIIJiyaTaU,IIIO TTC,I( Ha 
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3JieKTpOHHOM nyqKe ycKopIITeJI.H LUE-200. TaKIIM o6pa3oM npe,ll,cTaBJI.HeT­

c.H B03MO)KHOCTb 113yqemrn npo6JreM 3JieKTpO.H,l],epHOI'O cnoco6a IIOJIY'IeHirn 

3Hepnm ua 0/\HOH ycTaHOBKe, HO C pa3Hb!MH uy 11KaMII. MccJie,I\OBaHIIe no­

Be;\eHirn 0/\HOH H '!'OH )Ke aKTHBHOH 30Hbl B pa3Hb!X ycJIOBll.HX H pe)KHMax 

pa60Tbl ,[\aeT 3uaq11TeJihHO 6oJiee IlOJIHYIO KapT11HY O nepcneKTIIBaX 11 CIIOC0-

6ax np11MeHeHirn 3JieKTpO.H,ll,a B IIpOMblllIJieHHbIX MaCllITa6ax. 
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Puc. 11: 8ttepreTl!'IeCKlle cueKTpbl Heil:TpOHOB ycTaHOBKll C :1,!0µ,llqm~npoBaHHblMll :l,!IIIIIe­

HH:l,lll. 

IloKa3aHo, qTO npe,ll,JIO)KeHHhie MO,ll,H<pl1KaI\11II, Il03BOJI.HIOT cyu\eCTBeHHblM 

o6pa30M 110Bb!Cl1'1'b IIO'l'OK HettTpOHOB B pe30HaHCHOH o6JiaCTll (cM. Pttc.11). 

TaKHM o6pa30M, npe;wTaBJiaeTCa B03MO)KHOC'fb paClllttpeHII.H 3KCnep11MeH­

TaJ!bHOH nporpaMMbl B ccpepe II3Y'IeHH.H TpaHCMyTall,11II ,I(Il,I( (npII llOMOlll,11 

3JieKTpOa,ll,epHbIX ycTaHOBOK), KOTOpb!e npe,l],CTaBJI.HIOT HaII60JibllIYIO onac­

HOC'fb c ToqK11 3penIIa AOJiroBpeMennoro 6e3onacHoro xpaHeHIIa PAO. 

B 3aKJIIOqenIIII nepeq11cJieHbl OCHOBHbie pe3yJihTaThl 11 BblBO,ll,hI, noJiy­

'IeHHbie B /\llCCepTaJ\1111, ,ll,aHO HX KpaTKOe o6cy)K,[\eHtte. 
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