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45836 
leH.Z:{)KHeB, E. 

BO II MHHHM)'Me 

.nenemrn 

He.naBHO B pa6oTe [1] 6r:.ma o6Hapy)I(eHa BapHaqiDI 

BbiXO):{OB y - nyqeif ,Z:{eJieHIDI B pe30HaHCax 237Np , KOTOprui 

CBH):{eTeJibCTByeT 06 H3MeHeHHH HX MHO)I(eCTBeHHOCTH. 

ABTopaMH [1] 6r:.mo rrpe.nrrono)I(eHo, qTo .no6aBneHHe O):{Horo y 
- KBaHTa B cna6r:.1x pe3oHaHcax rrpH 3HepriDix HeiiTpoHOB EH ~ 

10 3B rrpOHCXO):{HT 3a cqeT HCIIYCKaHIDI rrpeMeJIHTeJibHOrO y -
KBaHTa rrpaKTHqecKH BO Bcex aKTax .neneHIDI. EcnH 3TO 

):{eMCTBHTeJibHO TaK , TO 1IpH ):{OCTaTOqHo BbiCOKOM 

qyBCTBHTeJibHOCTH 3KC1IepHMeHTa HaHMeHbillaJJ: Ha6JIIO):{aeMaJJ: 

):{eJIHTeJihHa51 illHpHHa rfMHH HaH60nee CJia6oro pe30HaHCa MO)I(eT 

. OKa3aThCH 6JIH3KOM K illHpHHe (n,yf)-npoqecca, T.e. BbiiiOJIHHeTCH 

ycnoBm.~ rfMHH ~ ryf. TaKHM o6pa30M ' aBTOpbi oqeHHJIH BeJIH

qJiHY ryf , KOTOpa51 0Ka3arracr:. IIOpH):{Ka 10-6 < ryf <- 10-5 3B • 

. HeCKOJihKO HemKH.iJ;aHHbiMH OKa3aJIHCh 3HaqeHH51 ryf B pe30HaHCax 

rrepBOrO KJiaCTepa rrpH Ew = 40 3B , KOTOpbie MHOrOKpaTHO 

rrpeBr:.Imarrn rrpHBe):{eHHYIO BDime oqeH:Ky. EcnH Bocrronr:.3oBaTr:.c51 

IIO):{XO):{OM ):{J151 OQeHKH BeJIIfqHHbi ryf, pa3BHTbiM B pa60Te [2] , 
TO otieHKH aBTOpOB [2] KaK pa3 COOTBeTCTBYIOT rrpe):{IIOJIO)I(e· -

HHIO 06 HCITyCKaHHH rrpeMeJIHTeJibHOrO y - KBaHTa· B CHCTeMe 

ypoBHeii · I MHHHMyMa AByrop6oro 6apr:.epa .neneHH51. B 
paMKax 3'ioro rrpe.nrrono~eHH51 HeB03MO)I(HO YKa3aTr:. Ha KaKoii

nH6o MexaHH3M. "ycHneHH51
11 

BenlfqlfHbl ryf ' If B 3TOM CMbiCJie 

pe3yJir:.TaTbi pa60Tbl [l] 1IpOTHBOpeqaT OCHOBHOM rHIIOTe3e -

HcrrycKaHHIO rrpeMeJIHTenr:.Horo y - KBaHTa B I . ¥HHHMYMe 

.n;Byrop6oro 6apr:.epa. O.nHaKo Mo)I(Ho rrpe.nrrono)I(HTr:. HHoii 

MeXaHH3M BbiCBeqHBaHIDI rrpeMeJIHTeJibHOrO y - KBaHTa , B· 

IIOJib3Y KOTOpOrO CBH):{eTeJibCTBYIOT · CJie):{yiOIQHe . coo6pa)I(eHIDI 

o6IQero xapaKTepa. . 

BpeMH )I(If3Hli T r cocTaBiioro H):{pa no oTHomeHHIO K .nene -

HHIO B pe30HaHce C ):{eJIHTeJibHOM illHpHI~OM. 10-6 < r f < 10-5 3B 
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cocTaBmieT aeniiqmzy nopH,n;Ka 1 0"9 - 1 0"10 c . II XapaKTepHoe II 

apeWI IICnyCKaHIIH KaCKa,n;a y - KBaHTOB npii 3aXBaTe HeiiTpOHa 

TH)KeilhlMII H,n;paMII - 1 0"14 
C II COOTBeTCTByeT pa,n;IIaQIIOHHOH 

IIIHpiiHe ly:; 40 M3B. IJ03TOMY IICII)'_CKaHIIe npeMeiliiTenbHOfO y 
- KBaHTa 3a CTOilb ,D;iliiTeilbHhiH npOMe)KyTOK BpeMeHII - 1 0"9 C 

Ka)KeTCH anonHe aepoHTHhiM . TaKIIM o6pa30M , B cna6oiX ,n;enii -

TeilhHbiX pe30HaHCax npOIICXO,D;IIT JICnycKaHIIe y - KBaHTa Me)K,D;y 

ypoBHHMII I · _ MIIHIIMyMa B 6apoepe ,n;eneHIIH. Ha PIIc. 1 cxeMa -

TIIqeCKII nOKa3aH o6~enpiiHHTbiH B HaCTOH~ee BpeMH npou,ecc 

BblCBeqiiBaHIIH npeMeniiTenhHOfO y - KBaHTa. ,lJ;eniiTeilbHbie pe -

30HaHCbl B KnaCTepax 
237

Np IIMeiOT 3HaqeHIIH l f Ha 2 - 3 nOpH,D; -

Ka 6onome , qeM B cna6oiX pe3o.HaHcax. Ilpii 3TOM IIHTepaan 

apeMeHII ,n;o ,n;eneHIIH R,n;pa TaK)Ke coK:pa~aeTCR. II 6onee 

3aMeTHhiM cTaHOBIITCR KOHKYPIIPYIO~IIii npou,ecc - npoxo)K,[J;e -
HIIe qepe3 BHyTpeHHIIii 6apoep c nocne,n;yiO~IIM IIcnycKaHIIeM y -
KBaHTa BO Il _, MIIHIIMyMe. TaKOH MeXaHII3M BhiCBeqiiBaHIIH y -
KBaHTa CXeMaTIIqeCKII nOKa3aH Ha PIIC. 2. 

· ,ll;nR ou;eHKII aepoRTHOCTII 3Toro npou;ecca c,n;enaeM cne -

,n;yiO~IIe npe,n;nono)KeHIIR . Ilpe,n;nonaraeTCR cna6aH CB513h Me)K,n;y 

ypOBHHMII no o6e CTOpOHbl BeyTpeHHero 6apoepa ,n;eneHIIH [3] . 
,ll;nR ou;eHKII aepoRTHOCTII IIcnycKaHIIH y -KBaHTa a I II so II 

. MIIHIIMyMax npe,n;nonaraeTcR o,n;IIH II TOT )Ke no,n;xo,n; , pa3BII -

Thill B pa6oTe [2] . ,lJ;nR pacqeTOB IICnOnh3YIOTCH napaMeTpbl 

,n;syrop6oro 6apoepa ,n;eneHIIR 237Np , onpe,n;eneHHhie B pa6oTe 

[4]. Ha ocHoBaHIIII pe3ynoTaTOB pa6oTbi [1] 3Heprii51 npeMenii

TenoHoro ·y- KBaHTa E1 = 0,6 M3B . IJ;enhiO pacqeToB RBnHeTCH 

.onpe,n;eneHIIe II , 3aTeM , cpaaHeHIIe aeniiqiiH 1
1
r I II 1

1
r 11 1nH 

IICnycKaHII51 npeMeiliiTeilbHOfO y -KBaHTa B 1 . _ II BO Il 
MIIHIIMyMaX COOTBeTCTBeHO . Pa,n;II npOCTOThi, o6e illiipiiHbl lyf I 
uf'II ~ ~ 
n yf Onpe,n;en51IOTC51 no OTHOilleHIIIO K cpe,n;Heii ,n;eniiTeilbHOII 

illiipiiHe < l f > , KOTOpaH COOTBeTCTByeT. npOXO)K)I;eHIIIO qepe3 

.D:Byrop6b1H: 6apoep npii 3Hepriiii B036y)K,n;eHIIH ,n;enR~erocH 
R,n;pa E'" . 

2 

~-

" 

PIIc.l 

\i 

f. 
PIIC. 2 

E 

E* (n,f) -

+----~ (n,yf)I 

~ 

... : ........ l 

J31 J32 J3 

,ll;ayrop6oiii 6apoep ,n;enemu1 H (n,yf)I- npou.ecc B I 
MIIHHMyMe 6apoepa. ~-.n;e!l>opMaU.I:J}l ,n;en}l~eroc}l }l,D;pa. 

E1 II E2 - BhiCOThi 6apoepoa, ~ - BhiCOTa H30MepHoro 

ypOBH}l BO 11 MIIHHMyMe, f- ,n;eneHHe }l,D;pa. 

E* 

(n,yf)n 

~ 

·········--··'·--··--·----~----···-'-··············· 

131 J32 J3 

,ll;ayrop6hiH 6apbep ,n;eneHH}l H (n,yt) 11 - npou.ecc so -

II MIIHIIMyMe 6aphepa . 
. 3 . 



IJpii CJia6oii CB513II Me:>K,n;y CIICTeMaMII ypOBHeii ITO o6e 

CTOpOHbl BHyTpeHHero 6apbepa BeJIIIqiiHY < r f > MO:>KHO orrpe -

,n;eJIIITb cne,n;yiOlli,IIM o6pa3oM / [3] : 

r ---C> __, I t < r> = Y1 · Yz Yz · (1) 

B 3TOii cpopMyne~ II y; · »BJI»IOTC» ,IIIIIpiiH<;lMII rrepexo.n;oa qepe3 

BHyTpeHHIIH II BHeiiiHIIH 6apbepbl CbOTBeTCTBeHHO. 

B caow oqepe,n;h, 

---C> - * * ---C> - * * 
Y1 = [D1(E) I 2n] . P1(E); Yz = [Dz(E) I 2n] . Pz(E) , (2) 

r.n;e P1(E*) II P2(E*) »BJI»IOTC» rrpoHIIQaeMOCT»MII 6apbepoa. 

BeJIIIqiiHa y2
1 »BJI»eTC» IIOJIHoii IIIIIpiiHOii · ypoBH» ao II 

MIIHIIMyMe: 

t <C-- ' 

Yz = Yz + dz n + d/ +d/ . 

<C--

(3) 

BeJIIIqiiHOH y2 MO:>KHO rrpeHe6peqb , rrocKOJibKY E1 > E 11 (eM. 

PIIc. 1 ) . Cpe,n;H»» ,n;eJIIITeJibHa» IIIIIpiiHa <r r> pe3oHaHca a,n;anii 

OT ypOBH51 BO II MIIHIIMyMe 

<rr>= [DI(E*) I 2n]. [Dz(E*) I 2n]. P1(E*). Pz(E*) I y2
1

, (4) 

- * - * 
r.n;e D1(E ) II D2(E ) »BJI»IOTC» cpe,n;HIIMII paccTO»HII»MII Me:>K,n;y 

ypoBH»MII a I II II MIIHIIMyMax .n;ayrop6oro 6apbepa 

COOTBeTCTBeHHO. BbiCOTa ,LJ;Ha II MIIHIIMyMa Ha,LJ; OCHOBHbiM 

COCT051HIIeM I MIIHIIMyMa o603HaqeHa qepe3 ~ ( CM. PIIC.1 ). 

llliipiiHY ryf I rrpou:ecca c IICrrycKaHIIeM y - KBaHTa c Ey = 0,6 

M3B a I MIIHIIMyMe MO)J(HO HaiiTII II3 cne.n;ywlll,ero 
COOTHOIIIeHII51: 

ryr' = R1(E·~E') . [D1(E)/2n] . [Dz(E')/2n] . P1(E') . P2(E) Yz1 
, (5) 

4 

1 
J 

" 

1 
iJ 

I * II * * I 

r.n;e E= E - E1 ; E = E - E1 - ~ ; R 1(E ~E) - 51BirneTc» 

aepo»THOCTbiO IIcrrycKaHII» y - KBaHTa a I MIIHIIMyMe. AHa -

noriiqHo , IIIIIpiiHa (n,yf) - npou:ecca c IIcrrycKaHIIeM npeMeJIII -

TeJibHOrO y - KBaHTa BO II MIIHHMYMe , npHYieM C TOll )J(e 

3HeprHeH: E1 , pasHa cne.n;ywlll,eii aeJIHYIHHe : 

r 1/' = Rz(E~~E'). [DI(E*)I2n].[Dz(E')/2n]. Pt(E*). P2(E)/y2
1

• (6) 

B 3Toii cpopMyne E~ = E*- ~ ; Rz(E~~E') - »BJI51eTC» aepo51T -

HOCTbiO HCnycKaHII51 y-KBaHTa BO II MHHHMyMe. 0THOIIIeHHe 

IIIHpHH R = r/1 I ryr' onpe,n;eJI51eTC51 113 cpopMyJibl 

R = [ D1(E*). PI(E*). Rz] I [ Dt(E). Pt(E). Rt] . (7) 

BeJIHqHHbi R 1 11 R 2 ou;eHHBaJIHCb TaKHM )J(e o6pa30M, KaK a 

pa6oTe (2] : aep051THOCTb ,LJ;HnOJibHOfO H3JIYYieHH51, KOTOpoe 

CYIIITaJIOCb ,n;oMHHHpyiOlli,HM, npHHHMaJiacb 3aBIIC51lll,ei1: OT E 3 
, a 

nJIOTHOCTb ypoBHeii - OT e .. - ( E IT) , r,n;e T - TeMneparypa~,n;pa. 
J13-3a oTcycTBH» ,n;aHHbiX o aeJIHYIHHe T(~2) np11 .n;ecpopMaQHH 

,n;eJI»lll,eroc» ».n;pa , KOTopo» cooTBeTcTayeT II MHHHMYMY 

,n;eJI.H.TeJibHOfO 6apbepa, npHHHMaJIOCI> , YJTO (T4(~2)/'r(~ 1)] ~ l , 
XOT51 6onee eCTeCTB.eHHO npe,n;nOJIO:>KHTb , YITO 3TO OTHOIIIeH.H.e 

MeHbiiie 1. 0KOHYiaTeJibHO , YIHCJieHHa51 OQeHKa ,LJ;JI51 OTHOIIIeHH51 

IIIHpHH R .n;aeT aeJIHqHHY nop».n;Ka 30. TaKHM o6pa30M , 

MexaHH3M HcnycKaHH» npeMeJIHTeJI~Horo y- KBaHTa ao II 
MHHHMyMe ,n;aeT 11 YCHJieH.H.e 11 nOp51,LJ;Ka 30 , YITO npHBO,ll;HT K 

COOTBeTCTBYIOlll,eMy B03pacTalmiO IIIHpHHbl ryf . 0,n;HaKO B 

CJiyYiae CJia6biX pe30HaHCOB B,LJ;aJIH OT ypOBH51 II MHHHMyMa 

3TOT MeXaHH3M MaJIOBep051TeH no CJie,LJ;yiOlli,HM npHYIHHaM . 

BbiYIHCJieHmiS! no cpopMyne [4] cpe,n;H5151 .n;enmeJihHa» nmpHHa 

< r f > ~ 5.10-
6 

3B 6JIH3Ka K 3HaYJeHH51M r f ,ll;JI51 pe30HaHCOB B 

HHTepaane E" < 10 3B [1] . Bbiiiie 6hmo OTMeYieHo , YITO HM 
' ' ' ~ 

COOTBeTCTBYIOT BpeMeHa )J(J13HH no OTHOIIIeHHIO K ,n;eJieHHIO 

5 



10-1o 1. o-9 K 
nopH~Ka - C .• OHK)'pHpyiO~HM no OTHOIIIeHHIO K. 

HCrryCK3HHIO y - KB3HT3 B 1 MllHHMyMe HBJIHeTCH npOXO)K~e -

HH:e H~pa qepe3 BHJTpeHHHii 6apbep ~eneHHH. BpeM» npoxo)K~e -

HHH,qepe3 6apbep onpe~eiDieTCH npoHH::QaeMOCThiO: 

-15 - * -1 T6 = 0,66. 10 . (21t I D). PI(E) . (8) 

1J'H:CJieHHbie O:QeHKll ~~lOT BpeMH"'nopH~Ka 1 o-Il C, ll , T3KHM 

o6pa30M , T r > T 6 Ha 1 - 2 nop»~Ka. CyMMapHa5I IIIHpHHa , 

yqHThiBaiO~a» o6a MexaHH3Ma HcrrycKaHH» npeMeJIH:Tem,"Horo 

y - KB3HTa , CO~ep)KHT BeCOBOH MHO)KH:TeJib , KOTOpblH 33BHCHT 

oTTrnT6: 

-
r 1r o ~ r / + T 6 . r / 1 I ( T 6 + T r) . (9) 

Hcn6JIL3YH napaMeTpbi 6ap~>epa ~eneHHH 237
Np , B3»TI>Ie H3 

pa6oThi [ 4], MO)KHO onpe~eJIHTb IIIHpHHY nepexo~a qepe3 

BHYTPeHHHii 6apbep. BeJIH:qHHa y; nop»~Ka 0, 1 /M3B. H3 

cpopMyJihi [9] cJie~yeT , qTo ecJIH pe3oHaHCbi KJiacTepa HMeiOT 

r r > 0, 1 M3B , TO BeCOBOH MHO)KHTeJib, yqH:TbiBaiO~HH He nyc -

KaHH:e, npeMeJIHTeJII>Horo y - KBaHTa so 11-oM MHHHMyMe, 

CTaHOilllTCH 60Jibiiie nOJIOBHHbl. 

CJie~yeT OTMeTH:Tb , qTo OTHOCHHmhHO BbiCOKHe OIIIH:6KH 

~aHHbiX e~H:HCTBeHHOrO 3KCnepHMeHTa no H3yqeHHIO (n,yf) -

npo:u;ecca B pe3oHaHcax 
237

Np [i] , a TaK)Ke orcycTBHe ~aHHhiX 
0 .COCTOHHHH ~eJIH~HXCH »~ep npH 60JiblliHX ~ecpopM3:Qll51X He 

n03BOJIHIOT npoBeCTH 6oJiee TOqHbie O:QeHKll BeJIH:qlfH r/ ll r
1
r 11 • 

· O~HaKo 6o11ee Ba)l(HbiM Ka)KeTc» To , qTo H3 npHBe~eHHhiX Bbiiiie 

O:QeHOK CJie~eT B03MO)i(HOCTb HCnyCK3Hll51 npeMeJIH:TeJibHOrO 

y- KBaHTa·so II MllHHMyMe H qTo ryf II 60Jibiiie ryf I npn

MepHO B 30pa3. 

. 3HaqeHH:H BeJIH:qlfH ryf ~1151 pe30H3HCOB nepBOrO KJI3CTepa 
237 . . 

NpnpH 3HeprHH HeiiTpOHOB E" = 40 3B, KOTOpbie HaMHoro 

6 

60Jibiiie 3Haqemfii r yf B CJia6biX pe30Ham~ax npH EH < 1 0 3B [ 1] ' 
MO)KHO 06b51CHH:Tb npe~JIO)KeHHbiM Bbiiiie MeX3Hll3MOM H:Cnyc -

K3Hll51 y - KB3HTa BO II MHHHMyMe ~0 ~eJieHH51 HenryHH51. 

He HCKJIIOqeHo H TO , qTo paccMorpeHHhiii Bhiiiie (n,yf) 

npo:u;ecc BO II MHHHMyMe n~en51TCTByeT 3aCeJieHHIO H30MeP, -

HOrO ypOBH51 H CHJihHO no~aBJI51eT Bep051THOCTb H30MepHOrO 

~eJieHH}I 237
Np • 

Pa6oTa BhmOJmeHa npH no.rmep)!(Ke P<D<DI1 (rpaHT N~ 95-02-03740). 
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