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Y'IeHhiit ceKpeTapb .n,HccepTaJ.\HOHHoro coaeTa 

KaH,I.J,H,I.J,aT ¢H3HKO--MaTeMaTH'I€CKHX HayK ~ 

06rn;aH xapaKTepIICTIIKa pa6oTbI 

AKTyaJibHOCTb TeMbI. Cpe.n.11 ocIIOBHbIX 3a.n.a'-I 51.n,epHoti cj:J11311K11 MO:lKHO Bb1-

.n,en11Tb rrpo6neMy ycTa11oane111151 3aKoHa B3a11Mo.n,eticTB11R HYKJIOHOB BHYTPl1 51,JJ,­

pa, a TaK)Ke orrpe.n,ene111151 rparrnu, cyLi_\eCTBOBairn51 R,JJ,epHoti MaTep1111. B HaCT051-

ll\ee apeM51113BeCTHO oKono Tpex TblC51'-1 51.n,ep 11 npe.n.nonaraeTC5l cyll\eCTBOBa1111e 

ell\e oKono '-leTb!pex- ceM11 TbIC51'-1. Oco6errno rrnoxo 11ccne.n.oaaaa o6naCTb neti­

Tpono1136bITO'!HhIX 51,JJ,ep. TaK, ecJ111 n111-11151 npoTOHHOti CTa611nbHOCT11 B ocHoB­

HOM 113aecnrn arrnOTh .n.o 06nacT11 csepXT51/Ken blX ::ineMeHTOB ( CT8), TO n11H115I 

uetiTpouaoti cTa611J1bHOCT11 ycTa1100ne11a TOJlbKO .n.o Z ::: 12. B TO /Ke apeM51 

3Ha1111e CBOllCTB HellTpOH01136bITO'-IHblX 51,JJ,ep '-1pe3BbI'-lattIIO Ba)KHO ,}J,J151 IIOH11-

MairnR MexaHl13Ma aCTPOcPl1311'-leCKOl' O 11yKneOC11HTe3a 11, B '-laCTHOCTl1, rrpo11c­

XO)K,Ll,eH115I T51)KeJ1hIX 11, B03MO/KHO, csepxT51/KeJtblX ::ineMeHTOB. TaK11M o6pa3oM, 

rrony'-lerrne 11 113yqe1rne aetiTpo1101136b1Toc111 bl X 51,JJ,ep , y.n.aneHHblX OT n11111111 /3-
CTa611nhHOCT11, 51BJ151eTC5! 0,JJ,Hl1M 113 Ba)Kllell ill 11X 11 anpaane1mt1 R,JJ,epHOcPl1311'-le­

CKIIX 11ccne.n.0Ba1mti. 

3a ITOCJ1€,JJ,Hl1e .n.sa.n.J.\aTh JleT y.n.anOCb .n.0611TbC5! BbI,Ll,aIOil.\11XC51 ycrrexoB B Cl1H­

Te3e 11 113y'-leH1111 caollcTB CT8, a TaK/Ke B no1111Ma111111 3aKOHOMepHOCTetl np0Te­

Ka1111R R,JJ,ep11b1x peaKL\11ti, se.n.yuwx K 11x 06pa3oaa1rn10. Pe3ynhTaThI nocJJe,L1,H11x 

.n.syx .n.ec5IT11neT11ti no Cl1HTe3y 11 113yye111110 CT8, nonyc1eHHb1e, npe/K.n.e scero, 

B Ofo,e.n.1111em-10M 11acT11TyTe 51,Ll,epHbIX 11ccJ1e.n.osa1mll (0115!11), .n.an11 MOll\Hbiti 

11Mnynbc pa3011T1110 3Toro 11arrpasneH115I 51,JJ,Cpuoti ¢113IIKII. C11HTe3 11 113y'-le­

a11e caoticTB HOBhIX CT8 11 11x 1130Tonos npo.n.on/KaeTC51 B se.n.yll\11X M11poBblX 

L\eHTpax , '-ITO corrp51/Keno c pa3B11T11eM 3Kcnep11MeIITanhnot1 6a3bI. B 0115!11 
C03,JJ,aeTC5! peKOp,JJ,HbJtl IIO xapaKTep11CTl1 KaM ycKOpIITeJlbHbltt KOMflJleKC HOBO­

ro 110KOJ1eHl151 - nepBa51 B M11pe Cf>a6p11Ka csepXT51)KeJ1blX 3JleMeHTOB, KOTOpa51 

.n.on/KHa CTaTb u,enTpOM 6y.n.yll.\IIX 11ccne.n.oaa1111ti CT8. 

B HaCT051Li_\ee speM51 ,JJ,J15! rrpo.n.on)Keu115! 3Kcrrep11MeHTaJ1bHbIX 11ccne.n.oaa1-111ti 

T51)KeJ1hIX 11 csepxT5l)KeJ1hIX 51,JJ,ep Tpe6y10TC5I 1rn.n.e)KHb1e TeopeT11'-lecK11e pac­

'-leThI Ce'-leH11ti pa3J111'-1Hb!X peaKU,11H , KOTOpbie MOl'YT 6bITb l1CITOJ1b30BaIIbl ,Ll,Jl51 

c1111Te3a 3T11x 51,Ll,ep. 3Ha1111e MO,JJ, pacna.n.a 11 speMeu )Kl13Hl1 51,JJ,ep s w11p0Koti 

o6naCTl1 '-111CeJ1 rrpOTOI!OB 11 uei1Tp01IOB TaK)Ke Heo6XO,Ll,11MO ,Ll,Jl51 nna1-111posa11115I 

COOTBeTCTBYIOLi_\11X 3KCnep11MeHTOB 11 npe.n.cTaBJJ51eT He MeHbWHH CaMOCT051T€Jlb­

Hblll Hay'-IHblH 11HTepec. 

)J;pyroti Ba/KHOti o6naCTbIO rrp11MeIIeIIII5! 5!,Ll,p0-51,Ll,epHblX CTOJ1KHOBe1111ll T51-

/KeJ1blX 1101100 51BJ151eTC51 rrony'-letme ll 113y'-leH11e 51,JJ,ep, 06oraLi_\eHHb1x 11etiTpoHa­

M11. ll,eJlbltt p51,JJ, 3KCrrep11MetITaJibllblX ycTaHOBOK, C03,Ll,aHHblX 11 C03,Ll,aBaeMbl X B 

ae.n.yll.\IIX M11p0Bb!X 51,Ll,epnocj:JII311'1eCK11X l_\€1-ITpax , BOBJle'-leHhl B pewe1rne 3TOti 
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3a,D,a'-111. KaK y)Ke 6blJJO CK33aHo, O)l,HOH 113 OCI!OBllblX u,eJJeH l1CCJJe)l,OBa11115I 51,Jl,Cp, 

06oraw,e1111b1x 11eti:TponaM11, 51BJJ51eTC51 ,D,eTaJJbnoe no1111Ma1111e acTpo¢11311c1ccKO­

ro r - rrpou,ecca, KOTOpbitl npOTeKaeT c1epe3 HeHTp0H01136blTOc1Hble 51,D,pa B)l,aJJ~I 

OT J111tt1111 /J- cTa611JJb11ocT11. TaK11e 51,D,pa, pacnoJJo)Kem1 bJe B 0KpecTHOCT11 3a­

MKHYTblX 11etiTpo1111b1x o6oJJO'-leK, 06pa3y10T TaK Ha3bTBaeMb1e Toc1K11 o:>K11,D,a­

H1151 r - npou,ecca. 311a1rne CBOtlCTB 3Tl1X HYKJJ11)l,OB 11rpaeT KJllO'IeBy10 pOJJb B 

MO,D,eJ111poBa111111 r - npou,ecca. 

0,D,11H 113 IIa11Me11ee 11CCJJC)l,O[lalllib!X patlOllOB KapTbl llYKJJl1)l,OB pacnoJJO)KeH 

B6J111311 11eti:TpoH11otl c¢ep11YecKoi1 060JJO'-IK11 N = 126. 9To CB513aHo c 11113K11-

M11 311ac1e11115IMl1 Ce'-!e1rntl peaKU,1111 cpparMeHTau,1111 - e)l,11HCTBeHHbIM MeTO)l,OM 

Cl1HTe3a HetiTpOHOo6oraw,e1111bIX 51,D,ep B 3TOH o6JJaCTl1, np11MeH5leMblM )l,O Ha­

CT05I:W,ero BpeMeH11. IloCKOJJbKY Ce'-leHl151 cpparMeIITau,1111 6bICTp0 yMeHbWaIOT­

C51 c Ka)K)l,b!M waroM B HanpaBJJeH1111 1136bITKa HetlTpOHOB, ll011CK 11 113yyem1e 

aJJbTep11aTl1BHblX acpcpeKTl1R llhl X MeTO)l,OB IlOJJY'-leHl151 3Tl1X 51,D,ep 51BJI51eTC51 aK­

TyaJJbHOH 3a,D,a'-lell. 

c TO'-IKl1 3peHl151 TeopeTl1'-leCKOro aHaJJl13a 51,D,p0- 51,D,epI-Ib!X CTOJIKHOBeH11tl, 

npe)l,CTaBJJ5I:eTC51 c1pe3Bblc1allHO Ba)K llbl M IlOCTpOe1111e MO)l,eJJeti, )l,aIOW,11X MaKCl1-

MaJJbHO ITOJJHOe on11ca1111e npo11,eccoB , npo11CXO)l,5IW,l1X np11 CTOJIKHOBeHl111 T51)Ke­

Jlb!X 110HOB. TaK, 11arrp11Mep, )l,Jl51 Toro '-IT06bI ou,e1-I11Tb MaJJbie BeJJl1'-111Hbl cec1e­

lll1H peaKU,1111 CJJl151Hl151:, Be,D,yW,11X K 06pa30Ba111110 csepXT51)KeJJbIX 51,D,ep (CT5I), 

11eo6xO)l,l1MO rrpe:>K,D,e scero yMeTb npaBl1JlbHO 0Ill1CbIBaTb OCHOBHble KaHaJJbl pe­

aKu,1111, a 11Me m10 rny6oKoHeynpyroe pacce51:1111e 11 KBa311,D,eJJe1111e. TaK11M o6pa-

30M, '-1pe3BbJ'-lalfno Ba)l{llO npoBO,ll,11Tb at1an113 scero rrpou,ecca B paMKax e,D,1111oro 

IIO)l,XO)l,a c y'-leTOM Cl1JlbHOll CB51311 11 nepeKpb!Tl151 scex peaKU,HOHHblX KailaJJOB: 

rJJy6oKoHeynpyroro pacce51Hl151, KBa311,D,eJJeH115I, cJ1115l111151 11 06b1'-!1-10ro ,D,eJJeH115I. 

I(eJib H 3a;::i;aqw ;::i;wccepTau;ww. fJJaBHotl 11ay'-IHOH npo6JJeMotl, Ha pewe1111e 

KOTopolf HanpaBJJeHa ,D,a11J1a51 )l,11CCepTa1I,1151, 51 BJJ51eTC51 TeopeTH'-leCKHH aHaJJl13 

OCHOBHbIX Mexa11113MOB o6p330BaHl151 11 pacna,D,a T51)KeJJblX 11 CBepXT51)KeJJblX 

51,D,ep. ,lXJJ51 )l,OCTl1)1{eHl151 3TOtl u,eJJl1 6b1JI IlOCTaBJJeH p51,D, B3al1MOCB513aHHblX no,D,-

3a)l,a'-1: 

• ITocTpoeH11e MHOroMep11otl noTeHT\11aJJbHOti a11epr1111 T51:>KeJJotl: 51,D,epnoll c11-

CTeMbI - Kmoc1esotl ee xapaKTep11CTl1Kl1, onpe,D,eJl5I IOW,eH KaK CTaTWIC­

CKHe CBOt!CTBa 51:,D,pa (cTpyKTYPY OCHOBHOrO COCT051111151 11 6apbepa ,D,eJIC­

Hl151 , IlOJIO)Kelme 11 Bbl COTy 6apbepa CJJl151lll151: 11 T.,D,.), TaK ll )l,HHaMl1K.Y 

51,Jl,p0- 51,D,epH blX CTOJI KllOBe1mtl:. 

• P33pa6oTKa ,D,1111aM11'-lecKoti MO,D,eJIH 51,D,p0- 51,D,CpllbIX CTOJJKHOBe1rntl , 110"1111 » 

J15llOW,eti MaKCl1MaJJbllO IIOJJHO aHaJJl1311pOBaTb npou,eCCbl , npo11CXO)\}lllllll ' 
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np11 CTOJJKHOBeH1111 T51)KeJJbIX HOHOB 11113K11x ::i11epr11i1. Attan113 B03MO)K1JO­

cT11 11CIIOJ!b30Ba1nl5! peaKil,HH Ml!OroHyKJJOHIIblX rrepe,D,a'-1 )l,Jl51 noJJy'-lell 1151 

HeHTp01101136bIT0'-1HblX T51:>KeJJb!X 11 csepxTmKeJiblX 51,D,ep. 

• AHaJJH3 peaKu,11ti CJJH51HH51: 51,D,ep np11 auepr1151x s6J1113u KyJ1011oscKoro 6a­

pbepa. Bb15ICHe1111e pOJJH 11 B3aHMOCB51311 pa3Ji l1'-IIIbIX cTeneaet! cso6o,D,bl 

51,D,epuot\ Cl1CTeMbI, 11X BJll151Hl1e Ha npou,ecc CJll151Hl151. 

• A11an113 csollcTB pa,D,11oaKTl1BHoro pacna,D,a T51:>KeJJhIX 11 cBepxT51)KeJJblX 51,D,ep. 

Onpe,D,eJ1 e~111e nepcneKTl1B 11cnOJJb30Ba111151 p33JJH'-IHbIX peaKu,11tl ,D,JJ51 c1111-

Te3a CT5I, B TOM '-l11cne c u,eJJb10 CHHTe3a HOBbrx CT9 11 ,D,OCT11:>Ke111rn 

u,e1ITpa ocTposa cTa611JJbHOCT11 CT9. 

• Co3,D,atrne o6w,e,D,OCTynHoro n11cTpyM e 11Tap1151 ,D,JJ 51: aHan113a csoticTB 51,D,ep 

ll 51,D,epllb!X peaKil,HH, Il03BOJ15IIOW,ero 11cr10Jib30BaTb a¢¢eKTHBllbl e, B TOM 

crnCJJe p33pa60TaHHbte B HaCT051W,ell )l,HCCepTau,1111 , MO)l,eJJl1 51:,D,pa 11 51,D,epHOH 

)l,11IIaMHK11. 

OcttOBHhJe rrnJio:>KeHHSI H pe3yJihTaThI, BhIHOCHMbie Ha 3aiu;wTy. 

• MaKpOM11KpocK01111'-!ecKa>1 MO,D,eJJb noTe1Tu,11aJib11oti aHeprn11 ,D,BOllHOH T51-

:>Kenotl 51,D,epHotl Cl1CTeMbl, pa3pa60Ta1111 a51 11a OCHOBe ,D,Byxu,e11TpOBOtl 060-

JJOCiec111oti MO)l,eJI11 11 np11BO)l,51W,a51 K KOppeKTHblM CBOtiCTBaM ITOTe ll1I,11aJl b­

IJOtl a 11epr1111 BO BCetl o6JJaCTl1 ,D,ecpopMa1I,HH 51,D,ep OT KOMnaKTilblX ¢opM 

OCHOBHOro COCT051111151 11 6apbepa ,D,eJJelll151 M011051,D,pa )l,O TO'-IKl1 p 33pb1Ba 11 

aCl1MITTOTWleCKOH KOHcpHrypau,1111 ,ll,Byx p33,D,eJJeHllblX 51,D,ep. 

• Tpexu,c11Tposa51 060110'-le'-!Ha5I MO,D,eJib noTeHu,11anhnotl m1epr1111 Tpoi1: 11otl 

5l,D,ep11otl c11cTeMb1, no3BOJJ5IIOW,a51 a 11 am1311poBaTb 06pa30BaH11e Tpex cj)par­

MeHTOB npo113BOJibHOti: Macchi B 51,D,po 5l,D,ep11btX CTOJtK11ose1rn51x. Bo3MO)l{­

HOCTb Tpot111oro ,D,eJJeHH51 11 KBa311,D,eJ1e 1111>1 CT5I, 06ycJJOBJie1111a51 KJ1acTe­

p113au,11eti c 06pa30Ba1111eM ,D,BYX Cl1JlbllOCB513ailllblX cj)parMeHTOB B6Jil1311 

)l,Ba)K)l,bl Mar11'-leCKOro 51,D,pa OJJOBa HJIH CB l1H1I,a. 

• M11or0M e p11a51 ,D,HHaM11'-lecKa5I MO,D,eJJb 51,D,p0- 51,D,epHbtX CTOJJK110Be1111t1, rro3-

BOJJ51 1ow,a>1 B e)l,11 HOM IIO)l,XO)l,e Olll1CblBaTb 3KC1Lep11Me1-ITaJibHO 1ia6mo,D,ae­

Mble xapaK'.rep11CTl1Kl1 51,D,epHblX p eaKU,Htl c T51)KeJib!Mll HOIJaMl1. 

• Pe3yJJbTaTbt pacc1eTOB ce'-le1111t! o6pa30Ba1111 51 Het!Tpo1-10H36b1Toc1Hb1x 51,D,ep, 

B TOM '-!11c11e B6JI113H netlTpOHHOtl 060JIO'-IKH N = 126, a TaK)l{e ycJ10B115I 

11X 11a116onee 3Q)cpeKTl1BHOtl 3KCnep11Me 11 TaJJMIOt! l1)l,eH'l'11cp11Kau,1111. 

• Pe3yJibTaTbl pac<1eToB CBoti:CTB pacna,D,a T5l)KeJJb1x 11 cBepxT51)KeJJblX 51,D,ep 

OTnoc11TeJJbHO cx- pacrra,D,a, /J- pacn a,D,a 11 cnottTaHHoro ,D,eJJen115I. 
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• TeopeT11 LJecKoe 06octt0Ba1rne cyrn,ecTBOBaH 1u1 06J1aCT11 CT5I, pacrroJ1mKc11-

HbIX B6J111311 ocTposa cTa611J1bHOCT11 CT8 11 11cnb1Tb1Ba1ow,11x ::rneKTpo1111b1ti 

3axBaT B Ka'-leCTBe OCHOBHOH MO,IJ;bl pacna.n;a. 

• Cnoco6 rroJ1y<JeH115I 11a1160J1ee cTa611J1bHb1x CT5I c 11cnoJ1b30Batt11eM peaK­

L\11H CJil151Hl151 11 nocJie,n;y1011i,etl cep1111 ::rneKTpo1111b1x 3axsaTOB. 

• Kp11Tep1111 ua6mo.n;e1rn5I yc11J1emrn Ce'-ICHl151 CJll151Hl151 3a ccieT CB51311 c Ka­

HaJiaM11 nepe,n;acrn 11et!TpOHOB np11 3Hepr11>1x Hl1)Ke KYJIOHOBCKoro 6apbepa. 

Cnoco6 yLJeTa npOL\CCCOB HCtiTpo1mhrx rrepe,n;aLJ np11 11cnoJ1b30BaH1111 KBan­

TOBOl'O MCTO,IJ;a CB513allllblX KaHaJIOB. 

• Ba3a 311a1111i1 no 51,n;ep11otl ¢11311Ke Hl13Kl1X 3Heprntl NRV http:j / nrv.jinr. ru, 
AOCTyrma51 '-1epe3 CCTb l111TCplleT 11 o6'be,IJ;l1H5110U.J,a51 60JlbUJOe KOJIWICCTBO 

3KC11Cp11MCHTaJlbHblX ,n;aIIIIbIX c Bbl'-111CJll1TCJlbllblMl1 KO,IJ;aMl1 AJ151 MO,IJ;eJ111-

poBaH115I CBOHCTB 51,IJ;Cp 11 AI11-IaMl1Kl1 51,IJ;CpllblX peaKL\11H. 

Hay'Itta:si: HOBH3Ha pa6oTbr. MaKpoM11KpocKorrnc1ecKa5I MOACJlb rroTCHIJ,11-

aJib11otl 3Hepr1111 ABOH!IOtl T51)KeJIOH 51,IJ;epHOti: Cl1CTCMbl , 06J1a,n;a1orn,cti: KOppeKT­

HblMl1 CBOHCTBaM11 BO BCeti 06J1aCTl1 .n;ecpopMaIJ,HH 51,IJ;Cp OT KOMITaKTHbIX ¢opM 

OCHOBIIOf'O COCT051Hl151 11 6apbepa ,IJ;eJICIIl151 MOH051,IJ;pa AO TO'-IKl1pa3pbrna11 aCl1Mll­

TOTW-ICCKOti: KOHcjrnrypaL\1111 AByx pa3,IJ;CJieHHblX 51,IJ;Cp , 6b1J1a c03,n;a11a snepBble. 

8To Il03BOJil1JIO pa3pa6oTaTb MHOrOMCPHYIO .n;1111aM11LJeCKy10 MO,IJ;eJlb 51,IJ;p0- 51,IJ;ep­

llbIX CTOJIKHOBe1rnti: , rl03BOJl5110IlJ,YlO B e,n;11HOM rro.n;xo.n;e 01111CbIBaTb 3KCrrep11MeH­

TaJ1bIIO Ha6mo,n;aCMble xapaKTep11CTl1Kl1 51,IJ;epHb!X peaKL\11H c T51)!{eJiblMl1 11011a­

Ml1. 

BrrepBbie pa3pa60Ta11a TpCxL\e1ITposa51 060J1oc1eLJ11a51 Mo,n;eJib rroTeHL\l1Mb-

11otl 3!1epr1111 TpOHHOti 51,IJ;epHOH Cl1CTeMbI , .n;orrycKalOLL\a51 06pa30Batt11e Tpex ¢par­

MeHTOB rrp0113BOJlbl!Oti: MaCCbl B 51,IJ;p0- 51,IJ;epHbIX CTOJIKllOBeHl151X. 

BnepBbre rrpe,n;J1m1<e11 MeTOA noJ1y<Jemrn 11a1160J1ee CTa611J1bHbIX CT5I , 11c­

noJ1b3Y51 peaKIJ,1111 CJll151111151 , np11BO,IJ;5llil,l1e K 51,IJ;paM , 11Cllb!Tb!BaIOW,11M cep1110 

3JleKTpOHHbIX 3 axBaTOB. 

Cnoco6 peaJI11cT11'-IHOro yLJeTa KaHMOB Hei1TpOIIHbIX nepe,n;aLJ np11 11crrOJ1b-

3 0Ba111111 KBallTOBOrO Me'ro,n;a CB513aHHb!X KaIIaJIOB npe,IJ;JIO)!{ell BrrepBbie. 

BnepBbre c03,n;atta 6a3a 311a1111tl no 51,n;epIIoti ¢11311Ke Hl13K11x 3IIepr11tl NRV 
http://nrv.jinr.ru, ,L\OCTynHa51 AJ151 mo6oro 11ccJ1e,n;oBaTeJ15I qepe3 ceTb l1HTep-

1rnT 11 06'be,IJ;11I15110lil,a51 60JlbWOe KOJil1'-leCTBO 3KCnep11MeHTaJibHblX ,n;aHIJblX c 

Bbl'-111CJil1TeJibHblM11 KO,IJ;aMl1 AJ151 MO,IJ;eJI11poBaHl15I CBOt\CTB 51,IJ;ep 11 A11HaMl1Kl1 

51,IJ;CpHblX peaKIJ,11H. 
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IIpaKTM'IecKa:si: 3Ha'IMMOCTh pa6oThI. Pe3yJlbTaTbI , Jie)Kaw,11e B oc110Be .n;11c­

cepTaIJ,1111 , BKJllO'-la51 ee BblBO,IJ;bl 11 pa3pa6oTallllble MO,IJ;eJI11, MoryT 6bITb 11CrlOJlb-

30BaHbl rrp11 no,n;rOTOBKe K rrpose,n;eHl1IO , a TaK)Ke np11 aHaJ1113e COOTBCTCTBYIO­

lil,11X 51,n;epIIocj:J11311LJeCK11x 3KCrrep11Me11TOB. Ha ocHoBe p51,n;a pe3yJlbTaToB, no­

Jiy'-leHHbIX B .n;11cce1)Tal\1111, Bbll10JIHeIIbl 11 no,n;allbl 3a51BKl1 Ha rrpOBC,IJ;CHl1C 3KC­

nep11MewroB B Ol15Il1 (,II,y6Ha) 11 ,n;pyr11x Be,n;yw,11x HaY'-IHbIX IJ,empax M11pa: 

GANIL (<DpaHL\1151) , GSI (repMaH115!) 11 Y1111Bepc11TeT M10B5ICK10J15I (<D1111Jim1-

,n;1151). ClTO KacaeTC51 , npe)K.n;e BCero , pa3Bl1TOH B pa6oTe A11HaMWieCKOH MO,IJ;eJ111 

51,IJ;p0- 51,IJ;epllblX CTOJIKIIOBeH11ti:. Ilo HeKOTOpblM HanpaBJieHl151M HaKOITJlell Ma­

Tep11aJ1 , 51BJl5110W,11HC51 xopOW11M 3a,n;eJIOM ,Ll;Jl51 npO,IJ;OJI)KeHl151 l1CCJ1e,n;0Ba1111ti. 

BoJ1bWl1!ICTBO Bb1LJ11CJI11TeJibHbIX KOAOB , co3,n;am1b1X asTopoM B xo.n;e Bb111om1e­

Hl15I .n;11ccepTaL\1111 , BKJIIO'-leHbl B COCTaB 6a3bl 3IIaJrnti ITO 51,IJ;epHOti cPl13 11KC 11113-

KHX 3Hepr11tl http:// nrv.jinr.ru, w11poKO 11Cll0Jlb3yeMOti: KaK B HaycIIIblX, TaK 11 

B 06pa30BaTeJ1bHbtx L\eJ15IX B Pocc1111 11 B M11pe. 

Jiw'IHhIW BKJia,n; co11cKaTeJI:si:. Oc110B11b1e pe3yJ1bTaTbI 11 BbIBOAbI .n;11ccepTa­

IJ,1111 , a TaK)Ke 110J10)Ke1rn5I, Bbrnoc11Mb1e ua 3 aw,11Ty, oTpa)!{aIOT BKJiaA aB'ropa 

B ony6J111K0Ba1111b1e pa60Tb1. B .n;11ccepTaIJ,1110 BKJ110LJeHbI Te pe3yJ1bTaTb1 coB­

MeCTHblX ny6J111Kal\l1H, KOTOpbre J11160 flOJIY'-leHbl Jll1'-IHO aBTOpOM , J11160 np11 ero 

onpe,n;em110w,eM ycracT1111 B ¢opMy1111poBKe 3 a,n;aLJ11 , pa3pa6oTKe anrop11TMOB 11 

11X peaJ1113aIJ,1111 B 811,IJ;e KOMilb!OTepllblX KOAOB , npoBe,n;eHl111 pac'-leTOB, a11an11-

3C pe3yJ1bTaToB , ¢opMyJ111poBa111111 BbIBOAOB, uan11ca1I1111 cTaTeti. BoJ1bWl1llCTBo 

Bb[CJl1CJll1TeJlbllblX KOAOB , J1e/Kaw,11x B OCllOBe .n;a11Hoti pa60Tbl, C03,IJ;allO Jll1'-l­

HO aBTOpOM , BKJll0Cta51 BCe KO,IJ;bl , 11Cfl0Jlb3yeMble AJ151: pac'-leTa rroTellL\11aJlbllOtl 

3Hepri111 T51/KeJIOH 51,IJ;epHoti: CHCTeMbl ( 1 rJlaBa AHCCepTaIJ,1111 11 np11J1Q)Ke1111e) ' 

MO,IJ;CJ111pOBa!l 1151 51,IJ;p0- 51,IJ;epHblX CTOJI KHOBeII Hti B paMKax AI11-IaM 11 '-leCKOti Mo,n;e­

Jll1 , 06'be,n;1111e r111otl co CTaT11cTwiecKoti Mo,n;eJ1b10 pacna.n;a B036y)j{,n;e1rnoro 51,n;pa 

(2 rnaBa .n;11ccevraIJ,1111) , uaxo/K.n;cu1151 CBoticTB pacna,n;oB 51,n;ep (4 rnaBa .n;11ccep­

TaIJ,1111). 

B. B. Cati Ko yLJaCTBOBaJI B 06cy)K,n;eH1111 .n;11uaM11LJecKoti: Mo,n;eJ111 51,n;po 51,n;ep11b1x 

CTOJIKIIOBe1111ti , npoBe,n;eHHl1 pacLJeTOB , anaJ1113 e noJ1y'-laeMblX pe3yJlbTaTOB 11 

rro.n;roTOBKC COOTBeTCTBYIOW,HX CTaTeH K ny6J111 KaIJ,1111. 

Ifayc1e1111e oco6e11nocTel1 no.n;6apbep1rnro CJil151Hl151 51,n;ep , BKJllOLJaH nan11ca-

1111e BbJCJ11CJll1TeJlbllblX rrporpaMM, np0Be,n;em1e pacLJeTOB , aIIaJll13 pC3YJlbTaTOB 

11 Ha1111cam1e CTaTeti, BbIIlOJIHCHbI coBMCCTHO c B. A. Pa'-IKOBbIM 11 B. B. CaMa­

pHHbIM (3 rnaBa AHCCepTaL\1111). 

ABTOP aKTHBHO yqacTB0BaJ1 B pa3pa6oTKC 6a3bl 3HaH11l1 no 51,n;ep11ott cj)11-

311Ke HH3Kl1X ::i11epr11t! , 1iaLJ11Ha5I c 2005 ro.n;a , cHaLJaJ1a B KaLJeCTBe o,n;uoro 113 

ocHOBIIblX pa3pa6oT'-111KOl:l , a c 2015 ro.n;a - B Ka'-leCTBe pyK0Bo,n;11TeJ15I npo-
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eKTa (5 rJiaBa )l.11ccepTal.\1111). M)l.e51 C03)l.att115I 6a3b1 3ttam1ti np111Ia)l.Jie:>i<11T B. 

M. 3arpe6aeBy. Oct10Bttb1M11 pa3pa60TYHKaM11, noM11Mo aBTOpa )l.HccepTal.\HH, 

51BJI51IOTC51 A. C. ,LI:e11HK1111 H A. TI. AJieKceeB. TaK>Ke 311aL111TeJibHbrl1: BKJia)l. B 

pa3BHTHe 6a3bI 3Ha1rnti B11ecJIH: M.A. HayMenKo, B. A. PaYKOB, B. B. CaMapmr 

11 B. B. Cai1:Ko. Onpe)l.em11ow,HM 6b1JI BKJia)l. asTopa B pa3pa6oTKY cJie)l.y1ow,Hx 

pa3)l.eJioB 6a3bl 31ia1111ti: 060.l!o"le"lita.fl Moae.l!'b, ,l(eyxv,eumpoea.fl 060.l!O'te•tita.fl 

Moae.l!'b, (3 - pacnaa, J(Meuue .flaep, Pacnaa eo36y;:11caemw20 .flapa, 06pa3oeauue 

ocmamiwe ucnapeuu.fl, ,l(paueuu2- nomeuv,ua.I!. ,LI:a1111b1e pa3)l.eJibI octtoaanhr ua 

BbI'-IHCJI11TeJib1Ibrx KO)l.ax, C03)l.aHHbrx JI11'-IHO aBTopoM. Cyw,ecTaemrhIM 51BJI51eT­

C51 BKJia)l. aBTopa B pa3pa6oTKY H n0Mep)!{at111e pa3)l.eJJoa: a. - pacnaa, C.!!u.fluue 

.flaep, Kapma .flaep (6a3b1 )l.a1111b1x no cBoticTsaM 51)1.ep ) , a TaK>Ke a pa3pa6oTKY 

p51)l.a nporpaMM, 06ecneY11sa1ow,11x ceTeaoe cJ:>ynKL\l10llHpoaa1rne 6a3bI 3Ham1ti. 

Anpo6au,wll pa6oTbI. MaTepHaJibl )l.11ccepTal.\Hl1 )l.OJJO>Ke11b1 asTopoM Ha 28 

Me>K)l.yt1apO)l.Hb1x KOJtcJ:>epCHL\H51X H cosew,a111151x, a TaK>Ke rrn p51)l.e 1iaycmbrx 

ceMHHapos 06be)l.Htte1rnoro HHCTHTyTa 51)1.epnbIX 11ccJJe)l.oaa1111ti (.fl:y6t1a, Poc­

c1151)1 Be)J.yW,HX HCCJie)l.OBaTeJlbCKHX 11 y'-le6HblX opran113al.\HM fepMaHHl1 , 5Ino-

111111 11 IOAP. Tio MaTep11MaM )l.11ccepTau,11H ony6JIHKoaa110 45 pa6oT, 113 1111x 

B >KYPHaJJax, BKJl!OLteHllbIX B nepeYeHb BAK peu,e113 11pyeMblX ttay'-IHhrx 113,ll.a­

l!Hti, B KOTOpbIX )l.OJl>Kllbl 6b!Tb ony6m1KOBaHbl OCIIOBl!ble nay'-IHble pe3yJlbTaTbl 

)l.11CCepTal.\11H Ha COHCKat111e YLJeHOM CTeneHJ.1 Kall)l.11)1.aTa HayK, Ha COHCKa1111e 

yL1e11ol1: CTene1111 )l.OKTOpa 11ayK - 22, a TaK>Ke s >Kyp11aJJax, BKJJJO'-lemrbrx s 

c11cTeMhr l.\HTHpoaaH1151 Scopus H/ HJ111 Web of Science 35. lfacTh MaTepHaJJoB 

)l.11CCepTal.\1111 BOWJia B l.\11KJl pa6oT «TeopeTHYeCK11e HCCJle)l.OBaHH51 nyTei1: Cl1H­

Te3a HOBhtx 1130Tonoa cBepxT51)!{eJJbIX 3JJeMenTOB» (aBTOpb1: B. M. 3arpe6aeB, 

A. B. KapnoB, B. fpati11ep), y)l.OCToemrhrl1: nepsoti npeMHH OM5IM 3a 2015 ro)l.. 

CTpyKTypa H o6'heM ,11,HccepTau,ww. ,LI:HccepTal.\1151 cocT011T H3 sse)l.eH1151 , 

Il51Tl1 rJiaB, 3aKJlIO'-leHH51 , O)l.HOrO 11pHJIO>KeHH51 11 CTIHCKa l.\l1T11pyeMOti Jll1Tepa­

Typbi. 06beM )l.l1CCepTal.\11H - 226 CTpaHl1l.\, BKJlIO'-!a51 85 p11cyHKOB 11 8 Ta6mIL\. 

Cn11coK JI11TepaTypb1 co)l.ep>K11T 386 11aHMeHosattHti. 

KpaTKoe co,n;epMamrn pa6oThI 

Bo BBe,11,eHHM H3JlO>KeHo cospeMeHHOe cocTomrne )l.eJJ 110 HayYHOti npo6Jie­

Me, Ha pewerme KOTOpoti 11anpaBJieHa )l.aHHa51 )l.11ccepTal.\1151. CcpopMyJJHposaIIbl 

l.\eJlH 11 3a)l.aYl1 )l.11CCepTal.\HH. 

IIepnaH rJiana nocB51w,ena o6cy>K)l.eHmo llO)l.XO)l.OB, 11c110JJb3yeMb1x )l.JI51 pac-
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LJeTa noTeHL\Ha.Jlbl!Oti 3aepr11H 51)1.epHoti c11cTeMbr - KJlIO'-leBotl ee xapaKTepH­

CTHKH , onpe)l.eJl51IOW,ei1: KaK CTaTHYeCKHe CBOtiCTBa caMoro 51)1.pa, TaK H )l.Hl!a­

MHYeCKHe oco6e11aocTH npoTeKa1rn51 51)l.ep11brx peaKL\HM. M3JJaraioTC51 MeTO)l.bl 

pacYeTa )l.Ha6aTw1eCKOti l1 a)l.Ha6aTHYeCKOti rroTeHL\HaJlbHOti 311eprn11 )l.BOi1llOti 

51)1.epuofi CHCTeMbl. ,LI:tta6aTH.'-leCKHti )l.pai1BHJ1r- noTelIL\HaJI , HCTIOJib3yeMblH 11a­

Ml1 )l.Jl51 aI-laJIH3a 51,lJ.p0- 51,ll.epHb!X CTOJlKl!OBel!Htl, MO>KeT 6hITb 3a1rncau B 811)1.e 

Vctiab(A , Z; r, x1, 121 , x2 , 122, TJA , TJz) = V12(A1 , Z1 , A2, Z2; r, x1 , 121, x2, 122) 

+ M(A1 , Z1; x1) + M(A2, Z2; x2) - M(Ar , Zr; x~5 ) - M(Ap , Zp; x~5

·),(1) 

r)l.e Vj 2 - noTeHL\11aJJbHa51 3Heprtt51 B3aHMO)l.et\cTBl151 )l.Byx )l.ecJ:>opM11poBa1111b1x 

11po113BOJ1b110 optte11THpoBaHHblX 51)1.ep, M(A1,2, Z 1,2) - Maccbr 06pa3y1ow,Hxc51 

cJ:>parMeHTOB, a rrocTomrna51 seJI11YHHa M(Ar, Zr)+ M(Ap, Zp) (cyMMa Mace 

HaJJeTa1ow,11x 51)1.ep) ,ll.06aBJieHa )J.Jl51 Toro , LIT06h1 pe3yJJbTttpyrow,11ti noTelll.\HaJJ 

o6paw,aJic51 a llOJlb 1rn 6ecKoHecrnocTH HMc11110 BO BXO)l.HOM Ka11aJie. HeTpy)l.110 

Btt)l.eTh , YTO B Ka11aJJax c nepepacnpe)l.eJJe1111eM uyKJJOHOB 110TeHL\11aJJ (1) 11a 

6ecK0HeY110CTH paBe11 Q - peaKl.\1111. B Bb1pa>Ke11HH (1) r - paccTomrne MC>KAf 

l.\eIITpaMH Mace B3aH.MO)l.eficTBYJOW,HX 51)1.ep, X i (i = 1, 2) - Ha6op )l.ecj)OpMa­

l.\110IlllblX CTene11et\ CB060)l.bl 51)1.pa, A H z - Macca H 3ap51,ll. CHCTeMbl , 12i 01111-

CbIBaeT opHe11Tal.\HIO ocefi Cl1MMeTp11H 51,ll.Cp B l!JJOCKOCTH peaKL\H.11 (B;) H Bile ee 

(<pi ), T/A = (A2 - A1)/(A2 +Ai) H TJz = (Z2 - Z1)/(Z2 + Z1) - Koop)l.1111aTb1 

MaccoBofi "' 3ap51,ll.OBoi1 ac11MMeTp11H. 

Ha1160J1ee nocJJe)l.OBaTeJibHbJM "' ecTecTae1111b1M nO)l.XO)l.OM K BhlYHCJJe11H10 

)l.Ha6aTw1ec1<0ro 51)l.p0- 51)l.ep11oro noTeIIL\l-IaJ1a B3aHMO)l.eficTBH51 51BJI51eTC51 TaK 

Ha3bIBaeMa51 cPOJl)l.Hllr- npol.\e)J.ypa, B KOTOpoti ocyw,eCTBJI51eTC51 npOCTOe cyMMl1-

poBarrne 11 ycpe)l.11e1111e no llJJOTHOCT51M 51,ll.Cp 3cpcpeKT11s11b1x HYKJ1011- 11yKJ101111b1x 

B3al1MO)l.CHCTBHti. TipH 3TOM 3cJ:>cj)eKTbl , o6yCJJOBJleHIIbie 113Mette1111eM K])HBH3-

Ilbl 51)l.ep11b1x noaepx11ocTei1, yL111TbLBa10Tc51 aBTOMaT11YecK11. B 3TOM rro)l.XO)l.e 

Me>Kb51)l.ep11oe B3al1MO)l.eHCTBl1e )l.OCTaT0'-1110 npOCTO Bbl'-111CJI51eTC51 TaK>Ke 11 )l.Jl51 

CJiyYa51 np0113BOJlbllOH optte11Tal.\l1H CTaTWieCK11 )l.ecJ:>opM11poBaHllblX 51)1.ep. Tio­

Telll.\11aJI B3aH MO)l.eHCTBl151 3a1111Cb1BaeTC5I B BH)l.e 

Vi2(r;x1 , l2i,x2,l22) = r P1(r1)j. P2(r2)VNN(r12)d
3
r1d

3
r2 , (2) 

}Vi V2 

r)l.e VNN(r12 = r + r2 - r1) - 3cJ:>cpeKTHBl!blH llYKJIOII- IIYKJlOJlllblH noTelll.\11-

aJJ , a Pi(ri) - nJJOTllOCTh pacnpe)l.e11e11115I 51)l.ep11oro Bew,ecTBa B i - oM 51)1.pe. 

B Ka~1ecTBe 11yKJJOH IIYKJ101-moro s3a11MO)l.eticTBl151 Mb! 11cnOJih3yeM 3as11c51w,11tt 

OT nJJOTHOCTH 3cJ:>cj)eKTH.BHbri1: 110TeHL\HaJJ M11r)l.aJJa [lj ayJJesoro pa)l.Hyca )l.eti­

CTBl151. B pa6oTe npe)l.JJO>KeHa rno6aJibHa51 napaMeTp113al.\l151 51)1.epttoti n110THO­

CT11 )l.Jl51 Bbll.Jl1CJlellH.51 cPOJl)l.H.Hr-rroTeIIL\l1aJia c 3aBl1C51lll,11M11 OT rIJlOTHOCTH Cl1-
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JiaMH M11r,[1,aJia. 9ToT rroTettu,HaJI ,ll,aeT rrpaBHJibHbie 3Ha'leim5l KYJIOHOBCK11x 6a­

pbepos cJI115l1I1I5l ,ll,JI5l 5l,ll,ep, T5l)KeJiee yrJiepo,[1,a. Ott MO)KeT 6hITb HCITOJib30BaH 

,ll,JI5l BbIY11cJiemrn ::ittepnrn B3aHMO,ll,eficTBII5l ,ll,e¢opM11posam1b1x 5l,1J,ep c npo113-

BOJibHOi1 B3alIMHOi1 OplleHTaLI,Hei1 KaK B flJIOCKOCTII peaKLI,l1l1, TaK l1 BHe ee. 

A,ll,Ha6aTl1YecKa5l rroTeHu,HaJibI-Ja5l 3HeprH5l orrpe,[1,eJI5leTC5l KaK pa31-10CTb Mac­

CbI BCeti CHCTeMbl (MOH051,ll,p0 IIJIH ,ll,Ba pa3,[1,eJieHHbIX 51.,[1,pa) II Mace OCHOBHbLX 

cocT05lH11fi MHweI-m 11 HaJieTa1ow,ero 11ot1a: 

Vadiab(A, Z; r, x, 'f)A, 'rJz) M(A, Z; r, x, 'rJA, 'rJz) 

M(Ar, Zr; xV) - M(Ap, Zp; x~8 ). (3) 

,Il,sa I10CJIC,ll,Hl1X CJiaraeMb!X B (3), KaK 11 B (1), B c1rny !IX I10CT051.HCTBa onpe,[1,eJI51-

IOT cj:JaKTII'leCKII HYJieBy io TO'IKY OTC'leTa ITOTeHu,ttaJibI-IOH 3Hepr1III BO BXO,ll,HOM 

KaHaJie Ha 6eCKOHe'II-IOCTII. 0TMeTHM, 'ITO ,ll,J15! pa3,[1,eJieHHblX 51,[1,ep nepsoe CJia­

raeMoe B (3) paBirneTC5! cyMMe Mace 06pa30BaBwHxc51 ¢parMeHTOB 11 3HeprHH 

HX B3a11MO,ll,eficTBII5l . .nerKO Bl1,ll,eTb, 'ITO Bbipa)KeHl151 (1) II (3) B 3TOM CJiyqae 

COBITa,[l,aIOT. 

B CTaH,[1,apnwfi MaKpOMHKpocKon11ciecKoi1 MO,ll,eJIH, 6a3Hpy10w,cfic51 IIa Me­

TO,ll,e o6oJio<re<mofi rrorrpaBKtt CTpyT11ncKoro [2], 3aBHC5lW,a51 OT ,ll,e¢opMaLI,HII 

Macca 51,[1,pa Bbl'll1CJI51eTC51. CJie,ll,yIOW,IIM o6pa30M: 

M(A, Z; r , x, 'rJA, 'rJz) = Mmac(A, Z; r, x, 'rJA, 'rJz) + 6U(A, Z; r , x, 'rJA, 'rJz) , (4) 

r,ll,e Mmac - MaKpOCKOITH'leCKa5l qacTh, KOTopa>I o6bI'IHO paCC'll1TbIBaeTc51 c HC­

rroJih30BaHHeM 0,ll,HOro 1!3 Bap11aHTOB MO,ll,eJil1 )Kl1,ll,KOi1 KaITJIII (M:>KK) , a 6U -
060JI0<1eqna5l rrorrpaBKa. ,Il,JI5l pac<reTa Mmac Mb! HCITOJib3yeM M:>KK, Y'IHThIBa­

Iow,y10 KOI-Ie'IHbifi pa,ll,ttyc ,ll,ei1cTBl151. 5l,ll,epHbIX CHJI [3,4]. 06oJioqe<-rna51. rrorrpaBKa 

orrpe,[1,eJI51.eTC5l B paMKaX ,ll,Byxu,etITpOBOfi o60JIOYeYHOti MO,[l,eJIII [5]. 
MaKpocKorr11ciecKa5l. rroTe1-1u,HaJibHa5I 3Heprrrn B M:>KK pacc'IHThIBaeTc5l, KaK 

npaBllJIO, ,ll,JI5! O,ll,HOpO,ll,HOro pacrrpe,ll,eJieHH5l 3ap5l,1J,a (T.e. 'f)z = 'rJA)· 3as11c1I­

MOCTb IlOTeIILI,llaJibHOfi 3Heprttl1 OT pacrrpe,[1,eJieHII5l 3ap5l,[1,a MO)KeT 6bITb YYTeHa 

B Bll,ll,e OT,ll,eJibHoro cJiaraeMoro: 

Mmac(A, Z; r, x, 'rJA, 'rJz) Mmac(A, Z; r, x, 'f)A, 'rJz) 11)z=1)A 

C ('rJA - ('rJz) )2 + C ('rJz - ('rJz) )2 
1)Z 2 1)Z 2 (5) 

r,ll,e nepBoe CJiaraeMoe MO)KeT 6bITb pacc'IHTarw B paMKax M:>KK [3, 4], ('rJz) 

eCTb 3ap5l,ll,OBa5l aCIIMMeTpl151, ,ll,OCTaBJI5l!OW,a5l Ml1Hl1MYM I10Tettu,11aJibHOi1 3J-Iep­

r1111 I1p1I 3a,[1,aHHblX rrapaMeTpax cj:JopMbI, l1 C1)z - K03CpcPHLI,11eHT )KeCTKOCTl1 

IlOTeHLI,HaJibIIOi1 3Hepr1111 OTHOCHTeJibI-10 sap11au,1111 T/z. 
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Pttc. 1: IloTeHI.\HMbtta51 3HepmH B3attMO)J,ei1cTBtta a)J,epHoil c11cTeMbI 296Lv +--; 48Ca+ 248Cm, 

noJiyYeHHaa B pacumpeHHOH (cnJIOUIHa51 KpttBaa) 11 CTaH)J,apnIOH (wTp11x- nyHKTl1pHa5! Kp11-

Baa) MaKpOMllKpOCKOnWJeCKOH MO)J,eJIH. IlyHKTHpHa51 Kp11Ba51 COOTBeTCTByeT )J,tta6aTwreCKO­

MY noTeHI_\ttany. TI0JIO)Kett11e TO'IKH KOHTaKTa noKa3aHo BepTHKMhHOH JI11tt11ei\. 

Herrocpe,ll,CTBeHHOe rrpHMerrnrme orrMcaHHoro CTaH,[1,apTHoro MaKpOMHKpOCKO­

rrll'leCKoro 110,ll,XO,ll,a corrp5l)KeHO c HeKOTOpb!Mll CJ10)KH0CT5lMII, CB5l3aIIHb!MII, 

npe)K,ll,e Bcero, c HeaMHTHBHOCTblO pacC'lllThmaeMofi B paMKax M:>KK MaK­

pocKorr11qecKoi1 MaCCbl OTHOCIITeJibHO '-1.11CJia HeHTpOHOB 11 rrpOTOHOB CIICTeMbl. 

y Ka3a1rna51 HeaMHTIIBHOCTb I1pl1BO,ll,l1T K HenpaBIIJibHOH aCIIMITTOTIIKe !10TeH­

u,11aJibHOll ::irieprHll ,ll,JI51 pa3,ll,eJiermhIX 51.,ll,ep , a TaK)Ke B6Jrn3rr 6apbepa CJil15lHl15l 

(P11c. 1). ,Il,JI>I Toro '-l.To6h1 npeO,ll,OJieTb 3TY rrpo6JieMy, B pa6oTe npe,ll,JiaraeTC51 

pacwHpeHHa51 sepC115l MaKpOMl1KpOCKOl1HYeCKOfi MO,ll,eJIII, l1Me!OW,a5l KOppeKT­

Hbie CBOHCTBa KaK ,ll,J151 KOMnaKTHblX Q)OpM MOH051,[1,pa, TaK l1 ,ll,J151 CllCTeMbl ll3 

,ll,Byx pa3,[1,eJiem1b1X 5l,1J,ep. IIoTenu,HaJihHa51. ::ittepr1151 KOHCTpy11pyeTC5l TaKHM o6-

pa30M, YTO ,ll,J15l pa3,[1,eJieIIHbIX 51,[1,ep 11CHOJib3YeTC5l ,ll,l1a6aTttqecK11ti rtO'rettu,11aJL, 

r,[l,e OH ,ll,OJI)KeH COBITa,[l,aTb c a,[l,11a6aTH'-l.eCKIIM I10TellLI,l1aJIOM, a ,ll,JI5L KOMrtaKTHbIX 

cpopM MOH051,ll,pa - C'.raH,[1,apnra51. MaKpOM11KpOCKOrrH'-l.eCKa5l MO,ll,eJib. CnrnBI<a 

,ll,BYX IlOTeHLI,I·JaJIOB B6Jil131! TO'IKH KOHTaKTa o6ecrre'll1BaeT IierrpepbIBHOCTb no­

Te11u,11aJibHOH 3Hepr1111 BO Bceti 06J1acn1 ,ll,ecj:JopMau,11n 51.,ll,epttofi c11cTeMbt. 

TaK)Ke B rnaBe H3JiaraeTC5l Tpexu,eHTpOBa5l 06011oqe<11Ja5l MO,ll,eJib, rt03BOJI51-

IOUJ,a5l l13y'laTb npou,ecc Tpofiirnro ,[l,enett115I 11 / 11JI1I KBa3H,ll,eJieHH5l, 113yqa10TC5l 

Torrorpa¢H'-l.eCK11e oco6ettHOCTl1 rroTettu,11aJihHOi1 3Hepr1111 B cJiyqae pa3,[1,eJie1rn5l 

5l,1J,pa Ha TPH T5l)KeJibIX ¢parMe1ITa. IIp11Mep pacc'IHTarrnofi rroTettu,HaJibHOn 

::ittepr1111 noKa3aH Ha Pllc. 2 ,ll,JI5I 5l,1J,pa 296 Lv. B cnyqae CT5I MaKpOCKOITH'leCKa5l 

flOTeHLI,llaJibl-Ia5l 3Hepr115l B 6HHap1IOM BbIXO,ll,HOM KaliaJle He CO,ll,ep)KHT KaKoro-
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PHc. 2: IT0Temi;m1J1b11a51 3Hepr1rn AJJ51 TpOiiHoro Aenemrn CT5J 296Lv. MaKpOCKOIIH'!eCKa51 

'laCTb (a) H IIOJll·Ia!I MaKpOMHKpOCKOIIH'-leCKa51 (6) noTeHU,HaJJbHble 3Hepr1111 110Ka3aHbl B 3a­

Bl1CHMOCTll OT YAJJHHeHH51 H MaCCbl TpeTbero ¢parMeHTa (c1>.1. 'IHCJJa KYPCHBOM). ITyttKnlp­

lia!I Kp1rna51 nOKa3b!BaeT TpOHHOe AeJJeHHe 51)1,pa 296 Lv Ha 132Sn+ 32S+ 132Sn. Ii-0 - paA HYC 

c¢epw-iecKoro 51)1,pa 11 a 3 = 7f A3 / 100, rAe A3 - Macca TpeTbero ¢parMeHTa. 

J11160 6apbepa, a CTa6HJJblIOCTb 3TI1X 5l,LI,ep lIOJIHOCTblO onpe,LI,eJI5leTC5l o60JJ0Lfe'-l­

llb!MI1 rronpaBKaM11. B 3TOM cJJyYae rr051BJJ5leTC5l peaJJbHa5l B03MWKHOCTb Tpotl­

Horo ,LI,eJieHH5l c 06pa3oaa1111eM TpeTbero cj:>parMe1na A3 "' 30 H ,LI,Byx T5l)KeJJblX 

cj)parMeHTOB A 1 = A2 "' 130. Jl:on11Ha TpOtlHoro ,LI,eJJeHH51 ,LI,OBOJibHO xopo­

wo OT,LI,eJJeHa nOTeH~HaJJbllblM 6apbepOM OT ,ll,OJIHHbl 6HIIapHOrO ,LI,eJJeHH51. cJTO 

03Hal.faeT, '-ITO TpOHIIOe ,LI,eJJe1rne 51,LI,pa 296Lv no Ka11any «OJIOBO- cepa- OJJOBO» 

,ll,0JJ)KH0 ,ll,OMI1HHpOBaTb !IO cpaBHe1rn10 c ,LI,PYrHMH KaIIaJJaMH TpOHHOl'O ,LI,eJJe­

HH51 3TOro 5l,LI,pa. 

BTopaa rJiaBa nocB5IW,e1ia ttccne,LI,0BaHtt10 ,LI,HIJaMHKH 51,lJ,p0- 51,LI,epHbIX CTOJJK-

11oaeH11tl H113KHx 311eprntl. Pa3pa6oTaHHa51 HaM11 ,LI,HllaMHYecKa51 Mo,LI,eJJh 11MeeT 

BOCeMh CTeneaetl CB060,LI,b1 , cxeMaT11YeCKH n0Ka3am1b1x na Pttc. 3: y,LI,JJ11Hcm1e 

51,LI,pa r, 3JIHITC0!1,LI,aJJbllble ,LI,ecpopMa~11H ,ll,BYX qacTeti CHCTeMbl 51,LI,ep 01 (if 62, 
KOOp,lJ,HIIaTbI MaccoBotl 'f/A H 3ap51,LI,OBol1 'f/z ac11MMeTptt11, ,LI,Ba yrJJa B1 H B2, on11-

CbIBa1ow,11e C06CTBellllble Bpaw,e111151 YaCTeli CHCTeMbl, a TaK:>Ke yrOJJ B Me:>K,LI,y 

OCblO, coe,LI,11H51IOW,etl ~e11Tpbl Mace Cl1CTeMbI , H HanpaBJJe1111eM nyYKa. 

9BOJJIO~H51 KOJJJJeKTl1BHblX CTerreHeli CB060,LI,bl BO BpeMeHl1 paCCMaTpHBaeT­

C51 11aM11 B CTOXaCTH'-leCKOM lIO,ll,XO,LI,e, OCHOBaHHOM Ila ypaBHeH1151X .JiaH)KeBeHa 

(cM., Hanp11Mep, o630pbl [7- 9] 11 CCbIJJKH B HHX). PewaeMa51 Cl1CTeMa ypaBHeHl1H 

11MeeT BH,ll, 

{ 
q; = µ;jPj , 
· . = pdriving + pfriction + p _random 

p, ' ' ' ' 
(6) 

r,LI,e q; 11 Pi - 1ia6op KOJJJJeKTl1BHblX CTeneneli CB060,LI,bl (if conp51)KeHJib!X HM 11M­

nyJJbCOB, cooTBeTCTBe11110; m;j - MaccoBbIH ( 11Hep~H01lllb1l1) TeH30p I lµij 11 = 

llm;jl1 -1
. KaK 6b1JJ0 CKa3aJio Bb1we, B HaCT051Il.\etl MO,LI,eJJH q = {r , 61, 62, 'f/A, 

'T/z,B1,B2 , B} HP= {Pr ,Po"Po2 ,p.,,A,p'f/z,li,l2,l}, r,LI,e l1,2 - yrJIOBbie MOMe1-1-
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if 

~ 

Puc. 3: Cxe1'mT11c1ecKoe 11306pa)l(e1me oc110BHblX CTeneHei1 CB060)1,b1. 

Thi, CB513allllble c co6CTBeHI-IblMl1 Bpaw,eI-Il151M11 YaCTeli CI1CTeMbl (if l - yrJJOBOH 

MOMellT OTHOCl1TeJJbIIOrO 1iB11)Ke!lJ151. 

Ko11cepBaT11B11m1 c11JJa, c11na Tpe11115l 11 CJJyYaihta51 c11JJa paccc111Tb1Ba10TC5I 

KaK 

pdriving 

' 
pfriction 

' 
prnndom 

' 

T (~S) , S = 2v;;E*, 
q, Etot 

- L / ijµjkPk, (7) 
j,k 

2: rij~j(t). 
j 

3,LI,eCb s - 3HTp0111151 B036y:>K,LI,eHHOl1 5l,ll,ep11ol1: CHCTeMhl; a - rrapaMe'rp llJJOTllO­

CTI1 ypoBHetl; E* = Etot - V - Ekin - 311epr1151 B036y)K,ll,eJIH}l c11cTeMb1; Etot -

nOJJHa51 31-iepr1151 ( B 1-iaweM cnyqae - 311epr1151 CTOJIKIIOBeHH51 B CHCTeMe ~e11Tpa 

Mace, Ec.m.); Ekin = Li,j µ;j'!!i/f - K11HeTwrecKa5I 311eprtt5I , 3arrace1111a51 BO acex 

KOJIJieKT11B11btX CTene1rnx CB060,LI,b1; ~;(t) - cnyYati11a51 aeJJ11Y11na, pacnpe,ll,ene11-

Ha5l no fayccy 11 06Jia,ll,a1ow,a}l CJie,LI,yIOW,11M11 CTaTI1CTWieCKl1Ml1 CBOHCTBaM11: 

(~;(t)) = 0, (~;(t) , ~j(t')) = 20;jO(t - t'); f ij - aMlIJJl1TY,ll,a CJJyYaHHOH Cl1Jlbt , 

orrpe,ll,eJIHeMaH 113 cooT11ower1115l 9tlnwTetl11a f;kfkj = / ;jT; T = .JE*fG, 
TepMO,ll,l1HaM11l.feCKa5! TeMnepaTypa 51,LI,pa 11 / ij TeH30p TpeHl151. 

,1J;JI51 113yc1e111151 xapaKTep11CTI1K KOHC'-lllbJX Cj)parMeIITOB Mb! 11CflOJib3yeM CTa­

Tl1CTl1'-leCKyto MO,ll,eJtb pac11a,ll,a ao36y:>K,ll,e1111oro Bpaw,a1ow,eroc51 }l,LI,pa. LJ:11cJJe11-

noe pewe1111e ypaBne1111l1: .Jia1-D1<eae11a (6) uaY1111aeTC5l co cTa,ll,1111 c6n11:>Ke11115l, KO­

r,LI,a M11Lue11b 11 c11apa,ll, pa3,ll,ene11b1 Ha 50 cDM 11 3aKa11Y11BaIOTC5l, KOr,LI,a ,LI,Ba npo­

,LI,yKTa peaK~I111 CQ)OpM11poBaHbl 11 CllOBa pa3JJeTaIOTC51 I-Ia paCCT0511IHe nop51,ll,­

Ka 50 cDM. Pewe1111eM 3T11x ypamreH11tl 51BJrneTca TpaeKTOpH}l B npocTpa11C':rne 

KOJJJJeKTHBIIbtx KOOp,ll,111-iaT. Ka:>K,ll,a51 Tpae1<Top115! ,ll,aeT nom1y10 1111cj)OpMa~1110 
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PHc. 4: 311epreTw·1ecKHe, MaCCOBbre 11 yrJJOBb1e pacnpe!J,eJ1e11J151 n epB1141lbIX cj:JparMe11TOB pe­

aKL\MH 136Xe + 208Pb f\JJ5! ABYX 311eprni1 CTOJJK11ose 1111 5! Ec.m. = 526 M::iB (na11en11 a , B, A, 

)K) 11 Ec.m. = 617 M::iB (na11en11 6, r, e, 3) . 3Kcnep11Me11Tanb11b1e Aa1111b1e (c 11 MBOJ11>1) B351-

TbI 113 pa60Tbl [6]. fipHBO!J,51TC51 yrJJOBbi e pacnpe!J,eJJeHH51 f\Jl 5! JJerKHX npOiJ,YKTOB peaKL\HM 

(A ::::: 172) 11 T5l)KeJJbIX qlparMeHTOB c MaccaMH 200 < A < 216 . To11K11e rHCTorpaMMbI 

paCC'lJITaHHbi e MaCCOBhie p acnpe!J,eJJeHH51 KOHe'IHblX cj:JparMeIITOB, BKJllO'laIOU\He C06bITH51 

noCJJef\OBaTeJJbHOro Aenernrn. V!cxOf\Hbie 3Kcnep11Me11TaJJbII b1e !J,amrbre o MaCCOBbIX pacnpe­

AeJ1eH115lx y~111o)Kettb1 11a ABa, 'IT06b1 nony'IHTb TY )Ke 11opM11posKy, 'ITO u B pac'leTax. 
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PHC. 5: PaCC4JITall ll ble (rHCTOrpaMMbl) JI 3KCnepH MeH'l'aJlbHbl e [lO j (cHMBOJlbl) cec1e111rn c11a­

p5!iJ,OllOA06HblX cpparMeHTOB f\Jl5! peaKJ.\HH 136Xe + 198Pt np11 Ec.m. = 643 M3B. 

06 O):t.HOM CTOJIKHOBeHMM, a l1Mem10: 3ap~l):t.bl 11 MaCCbl nepBW!llbl X (Bo36y}!{):t.e ll ­

Hb1X) npOAfKTOB peaKU,1111, 11X K11HeT11YeCK11e ::i 11eprM11, yrJibl pa3JieTa npOAfKTOB 

peaKu;1111, BpeM51 peaKu,1111 11 T.):t.. ,Il,11c\:>c\:>epe11u,11anb11b1e ceYeH115! Bb1Y11CJ15! 10Tc5! 

CTan):t.apTIIbl M o6pa30M: (1) MO):t.eJ111pyeTC5I 60JibWOe KOJIWJeCTBO TpaeKTOp11 H 

B ):t.11ana301re np11u,eJibHblX napaMeTpOB 0 < b < bmax; (2) 11anara10TC5I ):t.OrtOJI­

H11TeJIMlbie orpa1111 c1e £IH 5! ua ::JHepr1111 cpparMe llTOB, yrJibI 11x pa3neTa, Macchi 

l1 3ap5I):t.bl B COOTBeTCTBl111 c 3KCnep11MeHTaJibllb!Ml1 ycJIOBl15IMl1 113Mepe H115I ; (3) 
BbI'l 11cJrn10TC5I ):t.11c\:>c\:>epe11u;11aJihH bie ceYemrn KaK 

brnax 

d4
(J () _ J D. N(b , E , ()) bdb 

dMdZdEd0.(M,Z,E, )- Ntat(b) sin()b.MD. Z b.()b.E' 
(8) 

0 

r):t.e D. N - '-111CJIO TpaeKTOp11tt B Tpe6yeMOM ):t.11arta30He Mace, 3ap5I):t.OB, ::i 11ep­

r11H 11 yrnoB, a Ntot - noJIHOe Y11cno p a3b1rpa11 11 b1x TpaeKTop11t\ ):t.JI51 O):t.Horo 

rrp11u;enb110ro n apaMeTpa. Jl106b1e O):t.11 1iap 11b1e, ):t.BOHHbie 11 TpOHHbie ):t.11Cpc\:>epeu­

u;11aJ1bHb1e cec1e11115! MoryT 6hITb nonyqe11b1 1111Terp11poBaimeM ypaB He n11 51 (8) . 
B pa6oTe noKa3aHo, '-ITO pa3pa60Ta1111a51 MO):t.eJib 06ecrre'l11saeT ):t.OCTaTO'J­

HO TO'-IHOe on11ca1rne pa3Jil1'-!HblX 3KCnep11Mel!TaJibHbIX ):t.aHIIb!X no peaKU,l15IM 

MHoron yKJIOllHbIX n epe):t.aY ):t.JI5! p5I):t.a 113yc1e1111b1x c11cTeM np11 pa3JI11'-lllbIX ::i 11ep­

r115IX CTOJIK 110BeH115!. IlpnMep TaKoro 01rnca1111 5! noKa3aH Ha P11c. 4 ):t.Jm peaKu;1111 
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PHc. 6: 3am1c 11 MOCTb ce<ieHHti c11 11Te3a H)l,ep c N = 126 OT 311epr1111 CTOJJKHOBe1111H. Mo,1J,em1-

p0Bamw 6b1JJ0 Bb1rtoJJ11e1w )l,JJH p eaKL\Hti 136Xe + 208Pb (a) 11 
136

Xe + 198Pt (6) . Ow:116K:11 -

CTaTttCTtt'leCKaH Heonpe,ll,eJJeHHOCTb Bb!IlOJJHeHHhIX pac'leTOB. Bepn1KaJJbHbre nyHKTHJ)Hhie 

JlHHHH HOKa3bIBaIOT 3 Ha'leHJ.Ie HOTeHf_\J.laJJbHOii 3HeprHH CllCTeMbl B TO'IKe KOlJTaKTa. 

136Xe + 208Pb, 1-ie.n.aBHO 113y'!eHHOfi B pa6oTe [6] . HaM11 6b!Jrn rrpoatta.n11311po­

Battb1 TaK)!(e pe3yJibTaTbl He,ll,aBHero 3KCrrepnMeHT3JlbHOro 11CCJie,ll,OBaJJH51 Cl1 -

CTeMbl 
136

Xe + 198Pt rrp11 Ec.m. = 643 M::iB [10], 1-iau,eJiemroro Ha npoBepKy 

nepcneKTI1BHOCTl1 peaKLI,11H M HOro11yKJIOH H blX rrepe.n.a'! ,ll,Jl51 Cl1HTe3a HefiTpOH0-

1136bITO'Illb!X T51)!(eJihrx 51,ll,ep. CpaBHerme 113MepeHHbrx BbIXO,ll,OB CHap51,ll,Orro.n.o6-

HbIX cpparMettTOB c pacc'-l11TaHJ-JbIM11 rrOKa3aH tta P11c. 5. 
ITpo,D,eMOHCTp11poBarrna51 TO'!HOCTb ormcamrn 11Me10111,11xc51 3Kcrrep11MerITaJib-

110 113Mep51eMblX xapaKTep11CTl1K np0,1],yKTOB 51,ll,p0- 51,ll,epIIbIX CTOJIKIIOBe1-mti T51-

)!(eJibl X 110HOB ,D,aeT oc110Batt 11e ,ll,JI51 ,ll,MbHetiwero 06cy)!(,ll,e1urn rrepcrreKTl1Bbl 11c­

rrOJib30Barm51 peaKLI,11M M HOI'OHYKJIOHJ-Ib!X rrepe,D,a'-1 ,ll,Jl51 n oJiy'-leHl151 HetiTpOH0113-

6bITO'!Hb!X T51)!(eJihrx 51,ll,ep B6mn11 3aMKr-ryTbIX netiTpOHHbIX o6oJIO'-leK N = 82 
11 126. Paccc111Tai-rbr ce'-!ett115I 11 cpopMyJI11py10TC5I orrT11Ma.nbHhre ycJioB115I ,ll,JI51 

I10CTaHOBKl1 COOTBeTCTByIOill,11X 3KCrrep11MeJ-JTOB. 

A1rnJI113 3 HepreT11'!eCKOti 3aB11c11MOCT11 ce'-leH 11 tl 06pa30BaH115I HefiTpoH0060-

ra111,ei-r i-rb1x T51)!(eJibIX 51,ll,ep rroKa3aH Ha P11c. 6 ,ll,JI51 HeCKOJibK11x ttyKJI11,ll,OB c 

'IJ:ICJIOM rrntiTpottoB N = 126, 06pa30BaHttb1x B peaK11,1151x 
136

Xe + 198
Pt , 

208
Pb. 

Mo)!(HO 3aMeT11Tb ,ll,OBOJibr-10 CJia6yro 3aB11c11MOCTb ce'-rnH 115I OT 3Hepr1111 CTOJIK­

HOBeH115I. B TO )Ke BpeM51, yrnoBbre pacrrpe.n.eJierm51 M11weHerro,D,06 ttb1 x HetiTpo-

1-J01136btTO'THb1x rrp0,1],yKTOB ,D,aHHbl X peaKLI,11H ,L1,eMOHCTp11py10T Cl1JlbIIYIO 3aBl1-

CHMOCTb OT 3Hepr1111 CTOJIKHOBeH115I. CooTBeTCTBy10111,11e ,L1,tt cpcpepeH11,11a.nbnhre 

ce'-leHl151 da / dD1ab. 11 MelOT MaKCHMYM np11 yrJie KaCaTeJibHb!X CTOJIKHOBett11fi 11 

CTaHOB51TC51 6oJiee KOMITaKTHb!Ml1 c pOCTOM ::iriepnrn CTOJ1KHOBeHl151 BO BXO,ll,HOM 

KattaJie peaKu,1111. 

T aK)Ke B rJraBe o6cy)K.n.aeTC51 B011poc o c11HTe3e tteitTpottoo6oraI11,eHHh1x T51-

16 

)i(eJibIX l1 CBepXT51)KeJibIX 51,ll,ep B HH3K03HepreTH'TeCKl1X CTOJIKHOBeH 1151X aKT11Hl1-

,ll,OB r-ia rrp11Mepe peaKu,1111 238U + 248Cm. IToJiyc1eHo, '-ITO ce'-leHtt51 o6pa30Bantt51 

51,ll,ep c Z > 104 He npeBb1wa10T seJI11'!H HY B 1 n6, '-!TO ,D,eJiaeT CHHTe3 CT9 

B ,D,arrnofi peaKu,1111 TPYAHOpeaJI113yeMbI M . TeM He Mettee, ce'Ie tt115I o6pa30BaH115I 

IlOKa He !13BeCTJ-Ib!X !IeHTpOH006ora111,eHHbIX 1130TOITOB T51)!(eJ1bIX aKTI1 Hl1,ll,OB B 

p51,ll,e CJly<IaeB ,ll,OCTaTO'-IHO BeJ111Kl1 ,ll,Jl51 3Kcnep11MeWraJibHOH 11,ll,eHT11cp11Ka11,1111 

3Tl1X 51,ll,ep. 

TpeTMI rJiaBa 11MecT 11,eJJblO n3y'-leH11e peaKu,ntt 0KoJJ06apbep11oro (npe-

11MyI11,eCTBeHI10 no.n.6apbeprwro) CJJI151HH51 51,D,ep. B 06111,eM cJiy'-lae ceqe1me CJI 11-

5IHl15I ABYX 51,lJ,ep O"fus np11 31-Iepr11u B c11cTeMe 11,eHTpa Mace Ec.m. MO)KHO npe,ll,­

CTaBHTb B BH,ll,e pa3JIO)!(eHI151 

co 
7rli2 

O"fus (E) = 
2 

E L(2l + 1)11 (Ecm) PcN (l , Ec.m.) , 
µ c.m. l = O 

(9) 

r,D,e µ - np11Be.n.errna51 Macca 11 l - op611TaJibHb!H MOMeHT OTHOCl1TeJJbHOro ,ll,Bl1-

)Kel-fl151 CT3JlKl1BaIOI11,11XC51 51,1],ep, 11 - rrap11,11aJibl-Ja5I rrpo111111,aeMOCTb rroTeHLI,11-

aJibHOrO 6apbepa, PcN - Bepo51THOCTb o6pa30Batt115I cocTaBttoro 51,D,pa 113 KOH­

¢11rypa11,1111 ,ll,Byx OCKOJIKOB. ITpe,D,noJiaraeTC51, '-ITO Katta.nbr KBa311,D,enemrn nMe­

lOT npene6pe)Kl1MO MaJiyro Bep051THOCTb ,ll,Jl51 HCCJie,D,yeMb!X peaKLI,Hfi CJ11151Hl151 , 

T.e . PcN = 1. B 3TOM CJiy'-lae 3a,ll,a'-la I-JaXO)K,ll,eill151 cec1eHl15! CJJH51Hl151 CBO,ll,HTC51 

K pac'!eTy K03cpcp1111,11eHTOB rrporrnu,aeMOCTl1 KYJJOHOBCKoro 6apbepa 11. 
1-faBeCTIIO, '!TO npH CJ11151Hl111 51,1],ep, 06Jia,L1,alOI11,I1X HyJJeBOH ,D,ecpopMa11,11efi B 

OCHOBHOM COCT051Hl111, cylll,eCTBeHiiOe BJll15l!IJ1e I-Ia npou,ecc CJII15l!-Il151 51,ll,ep OKa3bl­

BaeT 11x ,ll,HIIaMtt'-leCKa51 ,D,ecpopMau,1151 , IT05IBJ15IIOI11,a5IC5! rrp11 c6JI11)KeHH11 51,ll,ep. B 
CJiy'!ae CTaTWieCKl1 ,D,ecpopM11poBaI-IHbl X 51,ll,ep Ba)!(J-Ia CB513b OT!-IOCl1TeJibHO ,ll,Bl1-

)KCl!l151, npe)!(,ll,e Bcero , co B3aHMHOi1 oprrewrau,11efi 51,D,ep. 9T11 ::icpcpeKTbl MoryT 

np11BO,ll,l1Tb K noHtt)!(eJ-11110 6apbepa CJitt51Hl151 11 y'-l11Tb1BaroTC5I B ,D,11ccepTa11,1111 B 

paMKaX 3Mfl11p11'!eCKOH [11] I1 KBaHTOBOH [12] MO,ll,eJI11 CB51311 KaHaJIOB. 

Ocrwsaoe BHttMaH11e B rnase y,D,en51eTC51 B03MO)KHOCTH n epepacrrpe,D,eJie111151 

tteHTpOIIOB Me)K,ll,Y ,ll,BYM51 51,ll,paMH e111,e ,ll,O rrpeO,ll,OJieJ-11151 11 Ml1 6apbepa CJ1 1151Hl151 , 

a TaK)Ke BJll151Hl1!0 3TOI'O ::icpcpeKTa Ha rrpou,ecc C1151HH51 np11 I-IaJll1'!1111 flOJ10)!(11 -

TeJJbHblX Qxn ,ll,J151 nepe,D,a'!H x nefiTpOHOB. I1crrOJ1b3Ye'l'C51 KBa311KJiaCCl1'!eCKl1H 

f!O,ll,XO,ll, ,ll,Jl51 BKJ!lO'!eHI151 KaJ-IaJIOB rrepepacnpe,D,eJJeHl151 ttefiTp OHOB B 3MlI11ptt'!e­

CKl1H MeTO,ll, CB513aHHbIX KattanoB, npe.n.no)!(eHHbIH B pa6oTe [13]. ITp11 3TOM Bnep­

Bb1e rrpe,ll,JJO)!(eH crroco6 np11MeIIe!-Il15I 3TOrO TIO,ll,XO,ll,a rrp11 !1ClIOJ1b30BaHl1I1 KBaH­

TOBOrO MeTo.n.a CB513aHHbIX KaI-IaJJOB. IToJi tta51 sepo51THOCTb npoXO)!(,ll,eH115I '-lepe3 

rroTeHLI,11aJJbHb!H 6apbep c y'-leTOM ,ll,11HaMl1'!eCKI1X ,D,ecpopMa11,11it 51,ll,ep 11 / HJ1l1 11X 

BpaI11,eH115I, a TaK)Ke c yc1eTOM nepepacnpe,D,eneH115I tteitTp OHOB r-ia CTa,D,11tt c6JI11-
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)!{eIIl151 3Tl1X 51,[1.ep MO)!{eT 6b!Tb ou,eHeHa CJie,DyIOW,11M o6pa30M: 

1 f;CC (B; Ec.m) = Ntr 

max{Qxn} 

J [b(Q) + ntr (Ec.m, l, Q)] T?c(B; Ec.m. + Q) dQ, 

- E c.m. 

(10) 
r,[l.e atr (E, l, Q) - sep051THOCTb rrepe,[J.a<rn Hett:rpOIIOB np11 CTOJ1KHOBeH1111 51,[1.ep, 

a y;cc - npoH11u,aeMOCTb 6apbepa, nonyqe1-rna51 c 11cnOJJh30sa1111eM MeTo,[l.a CB51-

311 KaHaJJOB. ,ll;anee 3Tl1 npOH11U,aeMOCTl1 MOryT 6b!Tb IlO,[l.CTaBJJeIIbl B Bb1pa)!{eH11e 

(9) ,[l.JJ51 HaX0)!{,[1.e111151 ce<1eH115I cn115IH115I. 

ToY110CTb on11caH115! 3Kcnep11MeHTaJihHb1x ,[1.am1b1x B KBaIITOBOM MeTO,[l.e CB51-

3aHHbIX KaHaJJOB c yYeTOM rrepepacnpe,[1.eJieH115! nettTpOHOB rrOKa3aHa Ha P11c. 7. 
Mo)!{110 OTMeT11Tb B u,enoM xopowee cornac11e pacYeTOB c 3Kcnep11MeHTOM ,[l.JJH 

scex paccMoTpeHHbIX B pa6oTe peaKu,11tt CJil151Hl151. ,ll;onomrnTeJTbHO 11a P11c. 7 
n0Ka3a11b1 ¢y11Ku,1111 pacrrpe,[1.ene111151 no 6apbepaM (7rR~r 1 

· d2 (Earus) /dE2 , 

11ecyw,11e Ba)!{Hy10 1111¢opMa1\1110 o CTPYKType 6apbepa cn1151 1111 5I. KaK 06b1<mo, 

¢y11KI.\1111 pacrrpe,[1.eJTel!115I no 6apbepaM, paccY11Tam-1b1e 6e3 y'leTa CB51311 Kairn­

JJOB, 51BJT5110TC51 cPYHKl\1151Ml1 c e,[l.HHCTBeHHb!M MaKCHMYMOM, COBna,[J.aIOW,11M c 

noJTO)KeH11eM 6apbepa cn11H1-11151 (To'le'lHh1e Kp11sb1e). YYeT CB513H c KOJTJTeKT11B­

HbJM11 s116pau,110HHbIMl1 CTeneII51Ml1 CB060,[l.bl (rryHKT11pllbie Kp11Bbie) Il03BOJT51eT 

xopowo orr11caTb 3KCnep11Me11Tanb11b1e ,[1.aH11b1e ,[l.Jl51 peaKu,11t! cJI115!111151 c 90 Zr, 
r,[l.e Kananb1 nepe,[1.aY11 11et!Tpo110B ne 11rpa10T pon11. ,ll;nH peaKu,11i1 c M11we11H­

M11 
94

•
96Zr nepe,[1.a<1a 11el1TpOHOB cyu.\eCTBemw BJTHHCT 11a no,[l.6apbepHoe CJI11H-

1111e. CnnornHbre Kp11BbTC noJ1y'leHbJ B MO,[l.em1 c yYCTOM Ka11anos rrepepacnpe­

,[l.CJ1e111151 Hei1Tj)OIIOB. cho 11pl1BO,[l.11T K ,[l.aJibllettweMy YlllMpCi l l1!0 paCCYHTaIIHbIX 

cpy11 Ku,11tt pacrrpe,[1.eJTemrn no 6apbepaM 6e3 3aMeT11oro 113Me11emrn 11x CTpyKTyp, 

T.e. KOJTl1LJeCTBa MaKCHMYMOB 11 MX llOJTO)KeHHtt. Ba)l<llO OTMeTHTb , 'ITO XBOCTbl 

pacnpe,[1.eJieH11i1 B o6JTaCTH 11113KI1X 3Hepr11tt He MOryT 6b1Tb BOCilp0113Be,[1.eHbl 

np11 11CIIOJib30Ba1111eM KJTaccw1eCKOr'O MeTO,[l.a CB51311 KallaJJOB , He Y'll1Tb1Ba1ow,e­

ro B03M0)1{H0CTb nepe,[1.a'!11 IJCttTpOHOB. 

C11cTeMa 
4
°Ca +

96 Zr HBJTHeTC51 T11n11'lIIbIM rrp11MepoM peaKI.\1111, ,[l.eMOHCTp11-

py1ow,ett 3Ha'l11TeJJbHOe yc1rne1111e cn115IH115I rrp11 311epr1151x H11)1{e 6apbepa 113- 3a 

sn11HH11H KaHaJIOB Het!Tpo1111b1x nepe,[1.a'l. HarrpoT11s, cyw,ecTsy10T aKcrrcp11MeH­

TaJJb 110 llCCJie,[l.osa1mb1e KOM61111au,H11 CHapH,[1.- M11wenb, 11arrp11Mep, 60Ni + 100 Mo 

(P11c. 8), KOTOpble 6JTl13Kl1 no 3Ha'leHl151M Qxn K CJ1y<1a10 4°Ca+96 Zr, HO He o6rrn­

PY)l{I1BaIOT CKOJJbKO- H116y,ll.h 3Ha'l11TenbHOro 3¢¢eKTa OT nepe,[1.a'lll HettTpOHOB. 

9Tll 3KCnepllMeHTaJlbHbie 11a6JTIO,[l.eHll5I rro6y,[1.llJ111 11ac 113Y'lllTb BOnpoc 0 BJlH-

5111111'! KaHaJJOB rrepepacrrpe,[1.eJTellll51 HettTpOIIOB Ha npou,ecc CJlll5IHl151 aTOMHbIX 

51,[1.ep. B 'laCTHOCTll, O,[l.HOt! 113 OCHOBHhTx u,eJiett 6hIJT rro11cK OTBeTa 1rn sonpoc, 

IlO'leMy np11 cpaBHl1MblX rIOJlO)l(MTeJibHbIX 3Ha<JeII!151X Qxn B 0,[1.HHX CJJyqa51x 3cP-
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P11c. 7: Cec1e111rn CJ1115!111rn 11 cj:>yHK1~1111 pacnpe.n,ene111151 no 6apbepaM .n,m1 peaKLv1t1 
4
°Ca+ 90

•
94

•
96 Zr. ToL1eLJ11b1e Kp1rnh1e n0Ka3b1Ba10T pacLJeTbl 6e:i CBH3H Ka1rnnos. Cnnoumb1e 

11 nyHKTHp11b1e Kpl1Bb1e COOTB€TCTBy10T pacc1eTaM c Y'ICTOM 11 6e3 yLJCTa 11ef!Tpo1111b1x nepe­
.n,ac1. (I1anem1 cnesa) 91<cnep11MC1ITaJJbHb1e .n,a1111b1e B35!Thl 113 [14] (oTKpbITb1e KPY>KK11) 11 [15[ 
(3a1<pawe1111b1e KBa.n,paTb1). (l1a1iem1 cnpaBa) 3a1<pa1ue1111b1c Cl1MBOJJhI - OL\€HKH cj)yllKL\1111 
pacnpe.n,enernrn no 6apbepaM 113 pa60Tb1 [16], OTI<pb1Tb1e c11MBOJ1b1 - 113 pa60TbI [17[. 

• 
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P11c. 8: Ce,1e11115! CJJH5!H1rn AJI5I peaKu.1111 64 •60N i + IOOMo 1181. Cnnow11a51 11 ny11KT11p11a51 

Kp11Bble - pe3yJJbTaTbl paC4eTOB B paMKax 3M11HpH4eCKOrO Me'l'O,D,a CB51311 KallaJJOB c yc1eTOM 

H 6e3 y'-leTa JJeHTpOHllblX nepe,D,a'I, COOTBe'l'CTBeHHO. 

cj:>CKT OT nepepacnpe,ll,eJlellV151 uetiTpOIIOB np051BJ151eTC51 ,ll,OCTaTQLIHO 51pKO, B TO 

BpeM51 KaK B ,ll,pyr11x ero npaKTWleCKl1 He Bl1,ll,llO. 0TMeTl1M, YTO MeTO,ll, CB51311 

Ka11anoB, yY11TbIBa1ow,11ti 11etiTpo1111b1e nepe,ll,aL111, no3BOJJ51eT on11caTb KaK 31ia­

L111TeJ1b11oe yc11JleH11e CJ11151111151 B nepBOM CJlyYae, TaK 11 ero OTCyTCTBl1e - BO 

wropoM. 

B pa6oTe ¢opMyJJ11py10TC5I Kp11Tep1111, np11 BblllOJJ11e111111 KOTOpb1X MO:>KHO 11a-

6mo,ll,aTb yc11JJe1111e no.n,6apbep11oro CJ11151HH51, BbJ3Ba1111oe nepepacnpe,ll,eJJe1111eM 

11etiTponoB c 110JJO:>K11TeJJb 11b1M11 Q. A 11Me11110, yc11JJe1111e CJ1 1151Hl151 11a6J110,ll,a­

eTC51 ecJJ11: (1) c11cTeMa 11MeeT 6oJJbWOH Bb111rpb1w no 911epr1111 np11 rrepe.n,acie 

0,ll,HOro 11 / 11Jll1 ,LI,BYX 11ctlTpo110B; (2) Cl1CTeMa 51BJ151eTC51 ,LI,OCTaTOYHO :>KeCTKOtl OT-

11ocwreJlbHO B036y:>K,ll,e lll151 KOJIJieKT11BllbIX MO,ll, (KOJ1e6a1111ti 11 Bpaw,e1-111tl), '-ITO 

11MeeT MeCTO ,ll,J151 Mar11'-1eCKl1X 51,ll,ep 11Jll1 ,ll,J151 peaKU,11tl c Jle!'Kl1Ml1 51,LI,paM11; (3) 
,ll,Ol10J111!1TeJlbllblH Cl1Jlbllb1H 9¢¢eKT OT rrepe.n,aLll1 11etiTpOllOB MO:>KHO O:>Kl1,ll,aTb 

np11 CJlJ.151111111 JJerK11X 11etlTp01101136blTO'-IHblX CJJa60CB513allllblX 51,LI,ep 113- 3a Ma­

JIOH 9 11epr1111 CB 513 11 BaJJe11T11b1x 11etlTpo110B. CorJJac110 9Tl1Ml1 Kp11Tep115IM11, c11-

CTeMa 4°Ca +96 Zr ,ll,OJl:>Klla 11MeTb 66JlbWee yBeJ1w1e1111e cec1el!l15I CJil151Hl151, YeM 

60Ni +100 Mo. cho corJJacyeTC51 c 9KCnep11MeHTOM 11 o6'b51Cll5leTC51 TeM, YTO Bl16-

pau,110HHble COCT051lll151 ropa3,ll,O Tpy,ll,11ee B036y>K,ll,alOTC51 B 51,ll,pe 
90Zr, '-ICM B 

51,ll,pe 100Mo. 

TaK>Ke B rJJaBe 06cy>K,ll,a10Tc5I nepcneKTl1Bbl c1111Te3a 11etlTpo11006oraw,em1b1x 

1130TonoB CT8 B Ka11anax 11cnapemrn 3ap5l>Kem1b1X YaCTl1ll, (npoTOHOB 11 a­
YacT11u,) peaKu,11ti cJJ115l11115I. ,II,a11Hb1tl MeTO,LI,, npe.n,JJo>KeH11b1tl 11e.n,am10 IO.LI,. Ora-

11ec51110M , rJ03BOJ151eT cyw,eCTBelillO npO,ll,Bl1HYTbC51 K u,e 11Tpy OCTpOBa CTa611Jlb­

llOCTl1 CT8. lloJJyYe110 [19], LITO B 06JJacT11. 9Hepr11ti B036y>t<.n,e1-1115I 40-45 M9B 
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P11c. 9: OT110111e11115! cy~1Map11bJX sepOHTllOCTeli BbDK1ma111151 B pxn 11 xn (cnesa), a TaK>Ke 

axn H xn (cnpasa) KaHaJJax peaKL\HH CJJH5111H51 48Ca + 238 U, 237 N p , 
240

•244 Pu, 243Am, 248Cm , 
249Bk H 

249
•251 Cf, paCC'-lllTaHHble ,!l,Jl51 l = 0 119]. 

CC'fCl!l151 13bDKl113alll151 B KaHaJiax c 11c11ape1111eM npOTOHa B 3aBl1Cl1MOCTl1 OT pc­

aKLl,11.11 MOryT COCTaBJ151Tb OT 1% ,ll,O 10% OT CeYelll151 o6pa30BaHl151 OCTaTKOB 

11c11apeH115I B xn Ka11aJJax . ,Il,JJ51 axn 1<a11aJJOB 9Ta :>Ke Bemr<imia Bapb11pycTC5I 

oT 0.3 % .n,o 10 % (cM. P11c. 9). 
B 'IeTBepTOH rJiaBe 113yc1a10TC5I CBOHCTBa pacna.n,a TH>KeJJblX 11 CBCPXT51>Ke­

JlbIX 51,LI,ep. PaCC'-111Tallbl BpeMeHa >Kl131111 OTllOCl1TeJlb110 OCHOBHblX MO,ll, pac na.n,a 

T51:>KeJJblX 51,LI,ep: a - pacna,LI,a, /J'- pacna.n,a 11 cno11Ta1rnoro .n,eJJe11115I. Attan113 11py­

IOTC5! rrepcneKTl1BbI Cl1HTe3a 110Bb1x CT8, a TaK>Ke 11po.n,B11>Ke111151 1< ocTpOBY 

cTa611.JJb11ocT11 CT8. 06cy:>K,ll,a10TC51 B03MO>K11ocT11 c1111Te3a CT8 np11 3axBaTe 

HetlTpOHOB i<aK B ycJJOB 1151X JJa6opaTop11ti. TaK 11 np11 acTpocp11.311L1ecKoM 11yKJJC­

oc111JTe3e. 

,Il,JJ51 c1111Tc3a 110Bh1x CT8 11eo6xo.n,11Mo 11cnoJJb30BaTb ny'-11<11 51,ll,ep 6oJJee 

T51:>KeJJbIX, c1cM 48Ca, 11anp11Mep, 50T i 11JJ11 54 C r. PacYeTbl 1101<a3a1111 , <iTO 11c­

rrOJlb30Ba1111c T11Ta11a B KaYeCTBC llaJJCTaJOUJ,eH '-laCTVIU,bl BMeCTO 48Ca 1101111)KaeT 

BbIXO,LI, Tex >Ke CT5I B np11Mep110 20 pa3 3a cL1eT yMe11bweH115I ccL1c111151 CJJ11-

5IHl1.5! [20]. llOMl1MO p e3KOro yMellbLLie111151 ceL1e1111tl, Cl1HTe3 llOBblX 9JlCMellTOB 

MO>KeT CTOJJKllYTbC51 TaK>KC c .n,pyroi1 Ba:>K11oti npo6JJeMotl. B cJJyciae, ecJJ11 3a-

11om1e1111e npOTOllllO~i o60J10YKl1 np011CXO,LI,11T np11 z = 114, BpeMe11a :>Kl13Hl1 

11.3oTonoB CT8 c Z > 121, c1111Te311pyeMb1x B peaKu,1151x cJJ115IH115I, MoryT 6b1Tb 

KOpOYe 1 MKC BpeMe1111 rrpoJJeTa CT5I L1epe3 cenapaTOp ,ll,O ero cpoKaJJb11of.l 

11J10CKOCTl1.. 8To ,ll,OllOJll-111TeJlblIO Clll1311T Bep051TllOCTb 11X per11CTpau,1111 11a cy­

w,eCTBYIOLL\11X 9Kcncp11Me1ITaJJb1-1b1x ycTa110B1<ax . Ta1<11M o6pa30M, c111-1Te3 110Bb1x 

CT8 51BJJ51eTC51 L1pe3Bb1cratiJJo Ba>K11oi1 3a,ll,aYei1 B TOM •-111cJJe ,ll,J151 noJJyYc111151 9 1<c-

11ep11Me11TaJJb11oj,j 1111Q)OpMall,Hl1. 0 3anoJ111e111111' npOTOHHOH o60J10LJKl1 11 COOTBeT­

CTByrow,cM Mar11creCKOM '-111CJ1e rrpOTOJJOB , a TaK:>Ke ,ll,J151 YTO'fHeirn51 napaMeTpOB 

MO,ll,eJJet!, 11c110JJb3yeMbIX ,LI,JJ51 pacYeTa Mace 51,ll,ep. 
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P11c. 10: TiyTb K [\eH'rpy OCTpOBa CTa6i1JlbHOCTH nyTeM B03M0)1<HOrO 3JJ€KTp0HHOro 3axaaTa 
a 51,llpax 291 Mc 11 291 Fl. Tiepah1i1 113 11yKJ1I1,l\OB o6pa3yeTrn a pe3yJJhTaTe a - pac11a,lla 295Ts (2n 
1<atta.JJ peaKl\HH 48Ca+249Bk, ce'-le1IHe 11opH,l\Ka 0.3 1161201). Bwpoli - 291 114 - o6pa3yeTC51 B 

pe3yJJhTaTe a-pacna,[\a 295 Lv B 3n 11cnap11TeJJhHOM Katta.JJe peaKl\HH 48Ca+ 25°Cm c ce'-lett11eM 
nopH,l\Ka 0.8 116. l-f11cJJaM11 1·1a cxeMe pac11a,[\a nOKa3aHhl 11ep110,l\bl 110JJypacna,[\a 11 3aepr1111 

a - pacna,[\a B M3B. 

Hosbitt cnoco6 nonyqett115I ttefiTpoHoo6oraw,eHHbIX CT5I , snnOTb AO L\eHTpa 

OCTpOBa CTa611JlbHOCTl1, 6bIJI npeAJIO)KeH Ha OCllOBe paCC'-ll1TaIIHblX speMeH 11 

MOA pacnaAa CT5I. BbJJIO nOJryYetto, '-ITO OAHOil 113 ocHOBHbIX MOA pacnaAa 

ll30TonoB CT9, rraXOA51W,llXC51 npasee cm-ITe311poBaI1HbIX parree, MO)KeT 6hITb 

3JleKTpOI-JHb1H 3axsaT. I1p11'-lllIIOll 3TOro 51BJ151eTC51 np116JI11)Ke1rne K 3aMKHYTOH 

06onoc1Ke N = 184 11, KaK cneACTBHe, pe3KllH pocT BpeMen crrorITaHHoro AeJie­

Hll51 ll a - pacnaAa (cM. PHc. 10). B nawHx pacYeTax caMbIMll AOJirO)KllBYW,llMll 

CT5I, T.e. 51ApaM11, cocTaBJI5l10w,11M11 1\ell'rp ocTposa cTa6HJibHOCT11, oKa3aJI11Cb 

ABa 113oTona 1<onep11111\ll5I c speMe1raM11 )Kl13Hll nop51AKa 100 neT: 
291

Cn 11 
293

Cn. 

I1epBb1i1. 113 t111x TeopeTHL1ec1<11 MO)KeT 6bITb nonyqea, 11arrp11Mep, rrocne Tpex 

nocneAOBaTeJ1bHbIX :::ineKTpOHHbJX 3axsaTOB 51Apa 291 Mc. 9To 51APO, B CB010 oLie­

peAh, o6p3.3yeTC51 rrocne a - pacrraAa 51Apa 295Ts, nonyYaiow,eroc51 B 2n Kaaane 

peaKL\lll1 cn1151111151 48Ca + 249Bk. 0LieBl1AHbie TPYNIOCT11 c 3Kcnep11MeHTaJibHOtl. 

11Ae11T11cp11Kal\11en co6b1T11i1 :::ine1<Tpom1oro 3axBaTa npen5ITCTBy10T peaJrn3al\1111 

3TOi1 cxeMbI B noJIHOM ofo,eMe B 6JIH)Kaf\weM 6yAyw,eM. 0AnaKo B03MO)KJ-IOCTb 

nonyYe11115I ttefiTpottoo6orall\eHI1b1x CT5I , a TaK)Ke AOCT11)Ket111e 1\eI-ITpa ocTpo­

sa cTa611nb11ocT11 51BJI51eTC51 OAHOtl. 113 sa)!(Hei1w11x 1\enen 11ccneAOBatt11fi CT9. 

9TO AeJiaeT BeCbMa nepcneKT11 BHb!Ml1 3KCnep11 MellTbl, HanpaBJieI-IIJbie Ha H011CK 

:::ineKTpom10ro 3axBaTa B pafio11e ocTpoBa cTa6HJibHOCTH CT9, KOTOpb1tt AO c11x 

nop 11e tta6moAaJIC51. 

0AH11M 113 cnoco6os noJiy'-leHl151 HeHTpOI-101136bITO'-!HbIX 1130TOITOB HOBblX 3Jle­

MeIITOB 51 BJ151eTC51 npo[\eCC 3axBaTa Hel1TpOirn( OB) 11 IlOCJle,LJ,yIOll\11l1 /3- - pacnaA 
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Ta6JJ11[\a 1: CTaTHCTttKa 11cnOJJh30Ban115I 6a3hI 3nan11ti 3a noc11e,[\m1e rO,l\hI ('-IHCJJO 3anpocoa 
B ro,n;). 

ro,[\ L£11CJJO 3a11pOCOB '--foCJJO 3anpOCOB 
51,[\epHblX ,[\aHHblX 11a BblllOJJHCllJ1e paCLICTOB 

2011 17 000 20 000 
2012 36 000 21 000 
2013 197 000 32 000 
2014 199 000 36 000 
2015 96 000 36 000 
2016 115 000 60 000 

2017 200 000 170 000 

06p3.30BaBweroc51 B pe3yJibTaTe 51Apa. Ha 11Me1on\11XC5I 11cTO'rn11Kax 11etiTpor-ros 

YAaeTC51 Cl1IITe3HpOBaTb 51Apa BHJlOTb AO c]::>epM1151. ,UaJibllle npOil,eCC 11e HAeT, T.K. 

nonyqa10LL(HeC5I 1130T0flbl c]::>cpMll51 CllOHTaHI-10 AeJI51TC51, a CABHHYTbC51 BnpaBO B 

CTopoay aefiTpomrnro H36b1TKa, rAe oc110B11ofl MOAOfi pacnaAa on51Tb AOJI:rKerr 

CTaTb /3- - pacnaA, He YAaCTC51 ll3 3a J-IeAOCTaToqaoro IlOTOKa ael1Tp0HOB, Aa­

BaeM bTX Aa/Ke caMbrM11 cospeMCHHbJMH 11MnyJibCHbIM11 peaKTopaM11. B3.311py51Cb 

aa paccq11Tam1b1x BpeMenax 11 MOAax pacnaAOB, 6b1JI11 noJ1yc1e1-1br OL\e1-rK11 To­

ro , KaK CllJ!bI-10 AOJI)Kell 6bITb yBeJll1'-lerr noTOK 1-1efiTpOHOB B peaKTOpe, '-!T06bl 

B npol\eccax ttef\Tpo1111oro 3axBaTa «06ol1T11» o6JiaCTb cnoHTam1oro AeJiemrn B 

pal1m1e c]::>epM115I 11 A06paTbC51 AO CT9. Tpe6yeMoe ysenwre1rne cpe,r(11en nnoT110-

CT11 IlOTOKa nefiTpOHOB AO 1020 uei1Tp0lTOB/ cM 2 / c npeBbrwaeT TeXT-lOJIOrwrecrrnfl 

npeAeJI no r<pai:l11ef\ Mepc ua IT51Tb nop51AKOB BeJI11Lm11b1 [211. 
l1rnepec1-1brM TaK)Ke 51BJI51CTC51 sonpoc o B03MO)KHOCTll 06p3.30BaH115I CT9 B 

ycJIOBll51X B3pbIBHOro 11yKneoc1111Te3a. I10A06paB nOJlllble HettTpOITHbTe noTOKl1 B 

aC'rpoc]::>11311 yec1<0M r npOL(ecce TaK, LfT06b1 Bocrrpo113BecT11 113BeCTIIbie pacnpo­

CTpaHeaaocT11 Top1151 11 ypa11a, 6brJI11 pacccrt1Ta11 br BblXOAbl CT5I . I10J1yc1e110, 

qTo pacnpOCTpa11emrocTb r<onep1111l(l15I (Z = 112) 110 OTHOUJeHJ110 K CBHITL\Y sa­

pb11pyeTC5I OT 10- 12 AO 10- 20 B 3aBHCllMOCTl1 OT npeAnOJIO)Kelllltt 06 11CXOAIIOH 

pacnpocTpa11e1r11ocT11 :::ineMCITTOB. 9To AenaeT B03MO)KIIbIM oforapy)Ketme CT9 

B KOCMWleCKHX Jly'-laX. 

IhITa51 rJiaBa rrocB51LL\eira 6a3e 311a1111ii no 51ACp1rnn c]::>11311Ke H1131<11x 3Hep­

r11ii NRV http:j / nrv.jinr. rn, c03,LJ,aH11oti B Jia6opaTop1111 51AepI1b1x peaKL\11ii 11M. 

r. H. cDnepoBa 0115-111. 9Ta Cl1CTeMa, pa60TalOLL(a51 Yepe3 ceTb 11ttTepHeT, npe!(­

CTaBJI51eT co6oil coBoKymmcTb 6onbruoro Lr11cna OL\11cJ:>posattHbrx 3Kcnep11Merr­

TaJibHbIX AaHHbIX no CBOHCTBaM 51Aep ll ceqe1m5IM 51Aep11bTX peaK[\11H, a TaK)Ke 

UIHpoKoro 1rn6opa CB513a1mb1x Me)KAY co6oil BbT'-l11cmneJibHbJX nporpaMM AJI51 

MOAeJI11poBaII115I CJIO)KllblX npo[\eCCOB 51Aepuoi1 Al11TaMJ1Kl1, KOTOpble Bb!TIOJ11151-

IOTC51 HenocpeACTBeHHO B OKHe 6pay3epa YAaJTCHJToro noJib30BaTeJT51. B rnaBc 

AaH o63op coBpeMem-roro cocT051ITH51 AeJ1 B 06nacT11 11cnOJTb3osa1-11151ceTeBbrx1111-
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PHc. 11: l1nn1ocTpau,H5l B03MO>KHOCTefi pa3,ll,eJJa 6a3bl 3 11a1111fi NRV Decay of excited nuclei. 

cj:iopMa11,1101111blX Texnonorttti B 51,[i,epnoti Q)l1 3 HKe, ccj)OpMyJl11pOBaIIbl OCHOBHbie 

11p111-1u;11rrb1 pa6oTbl 6a3hI 3 Harrnti NRV, KpaTKO 01rnca11b1 ee oc110BHbre pa3,D,eJlbI , 

o6cy)K,n,aeTC51 ee rrpaKTHLJeCKa51 3 HaLJHMOCTb, a TaK)Ke rrepcneKTHBbl pa3Bl1TH51. 

Ba3a3na1rnti NRV cero,n,1rn 5IBJrneTC5I KaK MOll\HblM 1111cTpyMeHTOM ,D,JJ5151,D,ep-

11ocjm311LJecK11x 11ccJ1e,n,0Barmti , TaK 11 o6pa3oBaTeJtbHbtM pecypcoM. ITorrym1p­

HOCTb CHCTeMbl llOCT051HHO pacTeT, 0 LJeM CBlI,D,eTeJJbCTByeT yBeJ1HLJl1BaIOll\eec51 

'!11CJ10 3allp0COB IIOJ1b3 0BaTeJleH Kee pecypcaM , a TaK)Ke LJl1CJlO CCb!JlOK Ha 6a3y 

3 ua1111i1 B CTaTb5tx , rry6JJ11KyeMbtX 11a1160Jlee 11,wr11pyeMhIM11 )Kyp11aJlaM11. B LiaCT­

HOCTH , B 2017 ro,n,y 0611\ee L\HCJ10 3a11pOCOB K 6a3e 3HaHHH COCTaBml JIO B cpe,n,HeM 

6onee 1000 B ,n,e11b , 113 n11x 6oJJee 540 3arrpocoB K 6a3aM ,n,am1b1x, OKOJlO 460 3a­

npocoB B ,n,eub Ha BblIIOJlHe1111e pacLieTOB, '-ITO 51BJl51eTC51 xopOWHM ITOKa3aTeJieM 

c yLJeToM y3KOH HarrpaBJle1111ocT11 ,n,annoro npoeKTa. ITp11 3TOM LJHCJlO 3anpocoB 
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K Bbl'!l1CJlHTeJlbllblM KO,D,aM, pa3pa6oTaH!IbIM aBTOJ)OM I-IaCT05lll\eH pa60Tbl , co­

CTaBJl51JlO B 2017 ro,n,y nop51,D,Ka 365 B ,n,el-lb. CTaT11cT11Ka 11crronh30BaHH51 6a3bJ 

311a1111ti 3a rrocJJe,n,1111e ro,n,b1 np11Be,n,eHa B Ta6. 1-
Ha P11c. 11 rroKa3aH rrpnMep ,n,nanora ,D,JI51 rro,n,roTOBKH BXO,D,HblX ,n,am1b1x 

Ko,n,a cTaTMCTw-recKoti Mo,n,enn pacrra,n,a B036y)K,n,errnoro Bpall\afOll\eroc51 51,D,pa. 

OcHOBHhIMH xapaKTepncTnKaMn, paccLJMThIBaeMbIMH B 3TOM pa3,n,eJle 6a3hI 3na­

l-lttti, 51BJ151JOTC51: llJlOTllOCTb ypOBHeti B036Y/K,D,em1oro 51,D,pa KaK cPYHKJJ,H51 3Hep­

r1111 no36y:>K,D,Cll1·rn; w11p1111b1 11cnycKa11u51 JlCrK11x LJaCTHJJ, H3 B036y)K,n,e1rnoro 51,D,­

pa (11etiTpOHOB, npOTOHOB, CY- LJaCTHL\ , 1 - KBaHTOB), a TaK:>Ke ,n,eJIMTeJihHa51 um­

p1rna; Bep051THOCTl1 Bbl:>KHBaHH51 51,D,pa BO BCex B03M0)KJJblX Kairnnax. I10Jib30Ba­

TeJih MO)KeT BhI6paTh paCC'!HThIBaeMyro BeJIWrnHy: WHJ)HHbl pacna,n,a l1 IIJ10TIIO­

CTH ypoBI1eti HJIH Bep051THOCTb Bbl)KHBaHl151. ,II,anee He06XO,[J,11MO Bb16paTb 51,[i,pO, 

ero yrnoBoti MOMeHT, a TaK)Ke ,n,narra30H 3Hepmti B036y:>K,n,e111151_ ,II,m1 Bcex rra­

paMerpoB MO,[J,e.n11 (cBOHCTBa MaTepHHCKOro l1 f\OLJepHHX 51)\eP , a 'l'aK)Ke lieTaJll.i 

pacqeTa ITJlOTHOCTH ypOBHet!) MOryT 6b1Tb OCTaBJICHbl 3Ha'-1e111151 no YMOJJ'!a­

HHIO. PacqeT Bep05ITHOCT11 BbJ)KHBal-11151 MO:>KIIO BbmommTh ABYM51 crroco6aM11: 

MeTOAOM Mmne- Kapno (B 3TOM CJlyc1ae ycmTb1Ba10Tc5! Bee B03MO)KHhre KarrnJlbI 

c ncrrapem1eM HeHTJ)OHOB, rrpOTOHOB 11 a - qaCTHJJ,) Jll160 MeTO,[J,OM BJlO)Kellllb!X 

11HTerpMOB (Tor,n,a Y'-ll1TbJBaJOTC51 TOJlbKO KaHaJlbl c 11cnycKa~meM OT O,[J,HOro AO 

wecTH 11eMTpOI10B). BTopoti cnoco6 o6ecneqnBaeT 6onhwyro cKopoCTb pacLJwra, 

HarrpnMep, rrpn Mo,n;ennp0Ba1mn pacna,n,a B036y)K,n,eHHbJX CT5I , Kor,n,a Bepo51T­

HOCTb Bbl)KJ1Barm51 51BJl51eTC51 Kpati11e MMOH BeJ111'-ll1!IOH. Bo BCex OCTaJlbHb!X 

cnyqa51x npe,n,noL1T11'l'eJlb11ee 11cnOJlb30BaTh MeTOA MmITe- Kapno, rrocKOJibKY 

OH 51BmieTC5! na116onee o6lll,HM. 

B npHJIO)KettHH o6cy:>K,n,acTC51 cnpaBe,D,JlHBOCTb TaK Ha3bJBaeMoti Tonorpa­

cj:i11LJeCKOH TeopCMbJ CB51TCl.~Koro , Jle)Kalll,eti B OCHOBe qacTo 11cnoJ1b3yeMoi1 an­

rrpoKCHMau,nn 6apbcpoB ,n,eJleJIH51 T51)KeJihIX 51,n,ep B Bn,n,e BJ = BLDM-JU(g.s.), 
r,n,e BLOM 6apbep B Mo,n,en11 )KH ,[J,KOH r<arrJln , a JU(g.s.) - 060J1oqeLJ11a51 no­

npaBKa K 311epr1111 OCllOBllOro COCT051111151. 

B 3aKJIIO'IettttH ccj:iopMyJJ11poBa11b1 oc110B11b1e pe3ynhTaThr n BhIBO,D,bI ,n,11c­

cepTa11,nn: 

(1) Hccne,n,0Ba110 HeCKOJibKO B03 MO)KJJOCTeti rrocTpoeHH51 ,n,na6aT11'!eCKoro 51,n,po-

51,n,ept1oro noTem\nana B3 a11Mo,n,eticTBH5I. Tipe,n,no)Ke~m rno6anhHa51 rrapa­

MeTpn3 aIJ,H51 51,D,epHOH ITJ10THOCTH ,[J,JI51 BblqJ.lCJieIIH51 cPOJl,[J,HHr- noTeIHJ,HaJla 

c 3 aBMC5lll\HMH OT nnoT11ocT11 c11naM11 Mnr,n,ana. ITpe,n,JIO)KeHa pacw11peH­

Ha5I BepCH51 MaKpOMHKJ)OCKOITH'!eCKOM MO,D,eJlM , l103BOJ15IJOU_\a51 paCCLIJ.lTbl­

BaTh a,n;11a6aT11LJeCKYfO IIOTeHu;11aJlbHy10 3Hepr11f0 T51:>KeJlOM 51,D,epnoti Cl1CTe­

Mbl , 06Jla,n,a1ouzy10 KOppeKTHblM11 CBOHCTBaMl1 BO BCeti o6naCTH ,n;ecpopMa-

11,HH 51,[i,ep OT KOMl1aKTHblX cpopM OCHOBHOro COCT051Hl151 11 6apbepa ,n,eJleIIH51 
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MOH051,[i,pa ,[1,0 TOL!Kl1 pa3pbIBa 11 aCl1MITTOTl1L!eCKOl1: K011qmrypau,1111 ,[l,BYX 

pa.3,[1,eJieHHbIX 51,[1,ep. 

(2) B11epBb1e pa3pa60Ta11a Tpexu,ewrpoBa51 060JioL1eLI11a51 MO,[l,eJib, no3BOJI51IO­

l..ll,a51 MO,[l,eJI11poBaTb 51,[i,p0- 51,[i,epHble CTOJ!KHOBe111151 c B03M0)!(H0CTbIO KaK 

fomapHoro, TaK 11 Tpol1: 11oro BbIX0,[1,HOro KauaJ1a. Mo,[l,eJib He co,L1,ep11<11T 

orpa1111LieH11fl Ha cooT11owe1111e Mace Bcex Tpex np0,[1,yKTOB peaKu,1111. ITo­

Ka3ano, L!TO Tpoti11oe ,[l,eJ1e1rne aKTl1H11,[l,OB, 6y,[l,yL111 no,[l,aBJieimbJM MaKpO­

CKOI111 LieCKl1Ml1 CBOflCTBaMl1 noTeHU,11aJibIIOfl ::inepr1111 BBl1,[l,Y HaJil1 L!l151 ,[l,0-

rIOJIHl1TeJibIIOro 6apbepa TJJOHHOro ,[l,eJteHl151, MO>KeT npo11CXO,[l,l1Tb TOJlbKO 

6Jiaro,L1,ap51 c11JibJib1M 060JioL1eL111b1M ::icp¢eKTaM. TaK11e o6oJioLieLIHbre ::i¢­

cj)eKTbI 11Me10T ropa.3,[1,0 60J1bwy10 BeJI11L11111y B o6JiaC'rn CT5I 11 r11raHTCK11x 

51,[i,epIIb!X Cl1CTeM 113 -3a B03MO>KHOCTl1 cpopM11poBa111151 ,[l,BYX ¢parMeHTOB B 

pal1:oHe 
132Sn l1 

208
Pb, COOTBeTCTBeHHO. I10JiyLie110, LITO Tpoti11oe ,[l,eJieH11e 

11 / 11JI11 KBa311,[l,eJ1e1111e MO>KeT 6bITb 0,[1,IIl1M 113 3llaLI11MblX KaIIaJIOB pacrra,[l,a 

CBepXT51)KeJib!X 11 1"11rall'rCKl1X 51,[1,epHblX Cl1CTeM. 

(3) Pa3pa6oTana MJ1or0Mep11a51 ,L1,111iaM11L1ecKa5I M0,[1,eJib 5!,[1,po- 51,[1,epnb1x cTOJIK­

HOBett11ti , 6a311py1ol..ll,a51C51 11a ypam1eH115Ix Jla1111<ese11a. OIIa o6ecrrwrnsaeT 

Henpepb!BHOe 01111ca1rne 3BOJIIOU,1111 Cl1CTeMbl BO BpeMe1111 , IiaLil1Ha51 co CTa­

,[l,1111 c6JI11)KeH1151c11ap51,[1,a11 M11we1111 BO BXO,[l,llOM Ka11ane peaKU,1111 11 BllJIOTb 

,[1,0 o6pa30Balll151 KOlleLillbJX np0,[1,yKTOB peaKU,1111. ,L:I:1111aM11LieCKa5I MO,[l,eJib 

06'be,[l,11He1ia co CTaTl1CTl1LieCKOti MO,[l,eJiblO pacna,[l,a B036y>K,[1,eHHblX 51,[1,ep, 

L!TO ll03BOmleT yc111TblBaTb npou,ecc ,[l,eB036y)K,[l,Cll~l51 nepBH'-lllblX npo,[1,yK­

TOB pea1<u,1111. 

( 4) BrrepBbre rroJiyLre110 O,[J,11ospeMe1111oe on11ca1111e noJI 1101"0 1ia6opa 3Kcnep11-

MeHTaJI bH blX ,[\all H blX ,[l,J151 peaKU,Hti rJiy6oKOIJCY n pyr11x rrepe,[i,aLI' BKJllOL!a51 

::i11epreTw1ecK11e, Macc0Bb1e , 3ap51,[1,0Bbie 11 yrJ10Bb1e pacnpe,[1,eJie11115! npo­

,[l,yKTOB peaKu,1111 , a TaK11<e ceLieH115! 06pa30Ba111151 pa3Jll1LIHbIX HYKJil1,[l,OB. 

(5) CcpopMyJI11poBa11b1 onT11MaJib11b1e ycJioB115I 11 paccL111Ta11b1 ce'-len1151 c11nTe3a 

nei-iTpOH01136bJTOL!llblX 1130TOTIOB T51>KeJiblX 3JleMellTOB B OKpeCTHOCTH 11eti­

TJJOilllblX o6oJioLieK N = 82 11 N = 126 B peaKu,1151x 136Xe + 198Pt , 208Pb. 

YcTaHOBJieHo, LITO BblX0,[1,bl 51,[1,ep c N = 126, 06oral..ll,c1111b1x 11et!TponaMH , 

CJia6o 3aBl1C5IT OT 311epr1111 CTOJIKHOBeHl151 BO BXO,[l,llOM KaIIaJie paCCMOTpeII­

llblX peaKu,11ti. B TO >Ke speM51, cooTBeTCTBy101l.\11e yrJIOBbie pacnpe,[1,eJieHH51 

CHJlbIIO LIYBCTBl1T8Jlb1Jbl K ,[l,l1IIaM11Ke peaKU,HH H, CJJ8,[l,OBaTeJlbHO, 3Hepr1111 

CTOJIKHOBen1151. CooTBeTCTBy1ol..ll,11e ceLien1151 npeBb1wa10T 100 H6 wrn 51,[1,ep , 

pacnOJIO>KeHHblX B6Jil1311 rpa1111ll,bl 113Becn1oti o6JiaCTl1 51,[1,ep, L!TO ,[l,Jl51 HeKO­

TOpb!X IIYKJIH,[l,OB ua rI51Tb C8Mb rrop51,[i,KOB 60JibWe, LieM MO>KeT 6b1Tb ,[1,0-
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CTHr11yTo B peaKU,H51X cpparMCHTau,1111. Bb11WJIHe1I11b1e pacL1eTbI no,[l,TBcp­

>K,[1,a10T 3Q)cPCKTHBIIOCTb peaKU,11H MllOro11yKJIOllllblX rrepe,[i,aLI KaK MCTO,[l,a 

CHIITe3a llCHTpOI!OYl36bITOL! H blX 51,[1,ep. 

(6) IToKa3a110, LITO yqecr HCtiTpo1111b1x nepc,[1,aLI np11 11cnOJib30Ba111111 MCTO,[l,a 

CB513a1111 blX 1<a11aJIOB ( KaK 3MIIHp11LICCKOro, TaK 11 I<Bawrosoro) n03BOJI51eT 

o6'b5ICl111Tb 3KCnep11Me11TaJlbllO na6JIIO,[l,aCMbIC 3aKOIIOMep11ocT11 311CprCTH­

LICCKOJ.i 3aBl1CHMOCTH ceLI8Hl151 OKOJ106apbep11oro CJIH51HH51 ,[l,Jl51 npe,[1,CTaB11-

TeJibllOH COBOKYllllOCTH KOM6HIIaI\HH c11ap51,[1,-M11Ul811b , BKJ!IOLia51 pcaKU,1111 c 

JierKHMH 3K30Tw1ecK11M11 51,[1,paMH. BnepBbIC npe,[1,JIO>Ke11 MeTO,[I, pcan11cTw1-

11oro yLieTa 11ei1Tpo1mb1x nepe,[1,aLI np11 11cr10Jib30Ba111111 KBa1IT0Boro MCTO,[l,a 

CB51311 KallaJIOB. 

(7) C¢opMyJ111posanb1 1<p11Tep1111 1rn6JI10.iw111151 3uaLI11Moro yc11Jie111151 no,L1,6a­

pbep11oro CJil151111151 3a C'-leT nepe,[1,aLIH 11el1:TpOIJOB. A 11MCmlO: (a) CHCTC­

Ma 11MeCT 6oJibwoi1 Bb111rpb1111 no 311cpr1111 np11 nepe,[1,aLie O,[l,IJOro 11 / 11JI11 

,[l,BYX 11ciiTpo11os; (6) Cl1CTeMa 51BJI51eTC51 ,[l,OCTaTOL!llO IKeCTKOH OTllOCHTCJlb­

IIO B036y>K,[l,CIJH51 KOJIJieI<THBllblX MO,[\ (1<0Jic6arn1l1: H Bpal..ll,e1111i1), LITO HMe­

CT MCCTO ,[l,Jl51 Marw1eCKJ.1X 51,[1,ep ~1Jll1 ,[l,Jl51 peaKIJ,HH c JierKl1MH 51,[1,paM11; (s) 

,[l,OrIOJ!llHTCJlbllbli1 CHJlbllbii-i 3CpC!)CKT OT nepe,[i,aLIH nei1Tp0110B MO>KllO 0)1{11-

,[l,aTb np11 CJil151111111 JierKl1X 11ciiTpo1101136bIT0LllJblX CJia6oCB513ailllblX 51 )~ep 

113 3a MaJIOH 311cpr1111 CB51311 BaJICllTllblX 11eilTpOHOB. 

(8) l-fayc1cHbI csoiicTsa pacna,[l,a (MO,[l,bI pacna,[l,a 11 nep110,[l,bI noJiypacna,L1,a) T51-

IKCJiblX 11 csepXT51>KeJiblX 51,[1,ep B 11111po1<0M 1\Hana30He '-IHCeJI npOTOllOB 11 

11ei1Tpo11os BnJIOTb ,[l,O Z = 132. Pac'ICTbI oc11osa11b1 iia ¢e110Mc110JIOl"H­

Lrec1<11x COOTIIOUie111151X ,[l,Jl51 BJJCMCII pac11a,[1,a 11 CBOHCTBax 51,[1,Cp, noJiyL1e11-

llblX B Tpex sap11a11Tax Ma1<pOM111<pOCKOnw1ccKoi1 M0,[1,eJIH. 8b1JI11 yL1Te11b1 

OCHOBllbie BH,[l,bl pacna,[l,a, a 11Mc11110: a - pacna,[I,, 13- - pacrra,[I,, 13+ pacna,[I,. 

3Jie1<Tpo1111 bl i1 3axsaT 11 crroHTa1 moe ,L1,eJicm1e. 

(9) ITpe,[1,JIO>Ke11 110Bb1il cnoco6 noJiyc1c111151 11ciiTpo1101136b1ToL111b1x CT5I 11 , B03-

MO>K110, ,[1,0CT11>Ke111151 u,e11Tpa ocTposa cTa611Jib11ocT11. MeTO,[I, oc11osa11 11a 

0611apy>Kc1111ofl 11aM11 06JiaCT11 3JICKTpo1111oro 3axBaTa ,[l,JI51 51,[1,ep c 111 ::::; 
z ::::; 115, HMe lOl..ll,HX 60JibllJC llCHTpO!IOB, L!CM 51,[i,pa y>Ke Cl111Te311p0Ba11-

Hble B pcaKu,11Hx CJIH51HH51 c 48 Ca. McTO,[I, 3aKJI10L1acTc5I B c1111Te3c CT5I c 

1136blTKOM npOTOI!OB, HCllblTblBa1ou\11X cep1110 3JieKTJJOHIIblX 3axBaTOB. 

(10) B Jla6opaTop1111 51,[1,epHblX peaKU,HM HM. r.H. cDJieposa OfrbC,[l,1111CllllOro 1111-

CTHTyTa H,[1,Cp11b1x 11ccJie,[l,0Ba1111i1 pa3pa60Ta11a 6a3a 3HaH11il NRV no 51,[1,ep­

HOti cp11311Ke 111131<11x 3neprni1 http://nrv.jinr.rn. 01rn 06'bc,[1,111IHCT 60Jih­

rnoe KOJ!HLieCTBO 3KCnep11MeIITaJibllblX ,[l,allllblX c Bbl'-111CJl11TeJibllblMl1 KO-
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.n,aMH ,ll,Jl51 Mo.n,enHpOBa11H5I 51.n,ep11b1x cBoticTB H 51.n,ep11b1x peaKu,Hfi. Ba3a 
3HaHHH .n,ocTyr111a ,ll,Jl51 mo6oro y.n,ane1rnoro IWJlb30BaTeJl51. CeTeBa51 6a3a 
3HaHHti NRV HMeeT 11ecKOJlbKO y1rnKaJlbl1b1x npeHMyll\eCTB H B 11acT05lll_\ee 
BpeM51 WHpOKO HcrlOJlb3yeTC51 He TOJlbKO ,ll,Jl51 1iaycrllb!X u,enet!, HO TaK)Ke B 
Ka'-leCTBC IJ,CllllOl'O HllCTpyMe11Ta B o6pa3013aTeJlbllOM npou,ecce 13 o6naCTH 
51,11,epttoti cPH3H K H. 
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