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1. BBEnEHHE 

~ccneAOBBHHe xapaKTepHCTHK HeHrpoHH~X peaoHaHcoe Aano 6ora

Tbllll 3KCnepHMeHT811bHbli:1 Marep~o~~an AJ1R CT8,HOBJ1eHHR COBpeMeHHOIII 

crarHCTH4ecKolll reopHH RApa. PaasHTHe rexHHKH HSMepeHHR ycpeA

HeHHbiX no MHOrHM pe30H8HC6M He~TpOHHbiX Ce4eHio1i;1 nOSBOJllo1!10 nony-

4!11Tb 6o.nee T04Hble cpeAHI-1e napaMeTpbl · B38HMOAelllcTBHR Hei:1Tp0HOB 

C RAPOM, nepeHTH K CHCTeM8TH4ecKOMy H3y4eHH~ B36HMOAelllcTBHR 

HeChpOHOB C Op6lo1T,8JlbHbiMI-1 MOMeHT8Mif'l f > 1 '"' nOJ1yi.II-1Tb CHJlOBble 

¢YHKLV1H Al1R p- H d -HeiiiTpOHoB A11R wa ... q)oKoro Kpyra RAeP 11·5/. 

A 3ro, s ceo~ o4epeAb, cnoco6crsoaano yT04HeHH~ napaMerpoa 

onTH4ecKoH MOAeJlH B38HMOAeHcTBHR HeHTpOHOB C RAPBMH. YcpeAHeH

Hble ce4eH\.IIR PBAHB'-'HOHHoro aaxeara HelllrpoHoB a o6nacra.t AYCRT

KOB H COTeH K38 npeACTBB.nR~T H CBMOCTORTenbH~~ HHTepec, B 

~acrHOCTH, AnA RAepHo~ 3HepreTHKH, npH npoeKTHpoaaHHH peaKro

poe Ha 6biCTPbiX He~rpoHax /6/, AflA npoeepKH npeACKaaaHH~ r~ootnor_ea 

HYKJ1eOCHHTe3a 'H OnpeAeJleHHA BpeMeHH >KH3HH ''8ceJle'H'H0~1" 171 • I'· 

B HacrOR~ee apeMR ycpeAHeHH~e ce~eH~R paAHB~HOHHofo aaxaa

ra Heio1.TpOHOB ~ 3Mepe.Hb1 AflA MHOrHX ecTeCrBeHHbiX 3JleMeHTOB ~ pa3-

AeJleHHbiX H30TOnOB /S, 9,5 /. 3TO no3BO.nH110 .Bb!RB~Tb Bil~RHHe 4eT

HOCT~ HYKllOHOB B RAPe-MHWeHH Ha ycpeAHeHHble Ce4eHHR 38XB8Ta 

H Ka4eCTBeHHO - PO!lb M8rH4eCKHX 4HCe11 He~TpOHOB /aanOilHeHHbiX 

HeHrpOHH~X o60Jl04eK/~ TeM He MeHee, AJlR ~enoro PRAB H30TOnoB 

H aneMeHTOB TaKHe H3MepeHHR e~e He npoBeAeHbl, HeT ABHH~X 06 

ycpeAHeHHbiX Cel.leHHRX AfiR P8AH08KTH BHbiX RAep, B 48CTHOCTH, 

OCKOilKOB AeneHHR. KpoMe roro, AJlR PAAa RAep.pe3yJlbT8Tbl H3Me

peHHR pa3Hb1X 8BT0pOB p83JlH4a~TCR B HeCKOJlbKO pas. 

8 3TO~ CBA3H npeAtTaa.nReTCR ~enecoo?pa3Hb1M nonbiTBTbCR 

CHCTeMaiH3HpOBBTb HMe~ll.IHeCR 3KCnepHMeHT811bHble ABHHble C ~e11b~. 

noHcKa aaKoHoMepHOcre~ a noaeAeHHH YcpeAHeHHbiX ce4eHHio1 AnA 

pa3.nH4HbiX RAep, a T8K>Ke paCCMOTpeTb B03.MO>KHOCTb O~eHKH" ycpeA

HeHHbiX ce4eHHH A/1A H08biX CTa6H.nbHbiX .. H YABileHHbiX OT 0611'aCTH 

6eTa-cra~HilbHOCTH H30TOnoe. 3AeCb Mbl npeAnPHHAilH n0nb1T~Y npo

aH8Jl~3HpOBSTb nOBeAeHHe ycpeAHeHHbiX Ce4eHHH pBAHB~HOHHOrO 

aaxeara HeHrpoHOB c aHeprHeH 30 K38. TaKoa::i Bb16op o6ycnoaneH 

TeM, 4TO npH 3TOH 3HeprHH, C OAHOH CTOpOHbl, HMeeTCfl HBH60.flbWee 

4HCJ10 3KCnepHMeHTBI1bHbiX ABHHbiX /B03MO>KHOCTb H3MepRTb Cel..l"eHHA 

no epeMeHH npOJlera, no epeMeHH aaMeAJ1eHHR, c nOMOll.lb~ KHHeMarH

l.leCKH KOJ111HMHpOBBHHbiX HeHrpoHOB H3 peaK~~H 7 LiW,n), C noMOll.lb~ 

cypbMAHo-6epHI1!1HeBoro HCT04HHKa HeHTPOHOB npH 24 K36 C HeC110*-
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HO~ 3KcTpanonRU,He~ ce4eHHR K Ce4eHHIO npH En =30 K38/, a c APYro~ CTOPOHbl, npH 3TO~ 3Hepn1H ew,e OTCyTCTByeT Heynpyroe pacce.AH~e HeHTpOHOB, CyUJ,eCTBeHHO H Heperyll.ApHO HCKa~a~ee nnSBH~~ XOA Ce4eHH~ aaxaaTa. 

2. H30TOnHbiA XO/l YCPEilHEHHbiX CE4EHH~ 

Mbt paccMDTpeJi~ HecxonbKO eapHSHTOB aaeHCHMOcTI-1 ycpeAHeHHbiX Ce4eHHH paAHSU,HOHHOrO aaxaaTa HeHTpOHOB OT 4J.1CJla HeHTpOHOB 
B RAPe-MHWeHH /H30TOnHblH XOA ce11eHJ.1R/, nbtTS.RCb npoC!leAJ.1Tb 
3SKOHOMepHOCTH TaKoro XOAS, HaHTH HSH6onee YA06H~H noAXOA 
K OU,eHKe HeH3BeCTH~X ce4eHHH, 

8 3HS4HTe.rtbHOH Mepe H30TOnHbl~ XOA Ce4eHH.A MO~eT 6b1Tb CB.A3aH c H3MeHeHHeM cpeAHero paccTO.AHH.A Me>KAY pe3oHaHcSMH D, a MeHbweH CTeneHI-1 - C J.13MeHeHHeM nonHbiX P.SAI-1SU,I-10HHblX WHPIIIH l'f·.YcpeAHeHHOe Ce4eHHe MO~HO npeACTaBHTb B BHAe 

<a(n, yl> ~ 2"2 X2 L 
f, J /1/ 

3AeCb ~ - AnHHS SO!lH~ HeHTPOHa, AeneHHS.A Ha 2rr, £ - era op6H
TanbHb1H MOMeHT, J - CnHH npoMe~yT04HOrO RAPS, gJ - CTSTHCT'-1-
4eCKHH 4lSKTOp, <f'n > - CpeAHee 3Ha4eHHe Hei1TPOHHOa1 WHpHHbl, $aKT0p 

r 1 <r'><r 1 > r 1 r 1 
F (-"-) ~ n y • < -".--+--iY.-- > ryf - <rf> + <rf > r 1 . r f n y n y 

H H3MeHReTCR B npeAe!lax 0, 6 < F < 1 , 
npH En =30 K38 Bblpa>KeHHe -/1/- ynpow,aeTc.A, MO>KHO npeHe6pe4b BKnSAOM Hei1Tp0HOB C £ > 2 H 3SB'-1CHM0CTbiO f' (E ) .MaKCHMSIIbHbtH - y n BKnaA &- " p-HeHTPOHOB B ce4eH"e 6yAeT np" <r n (f ~ 0;1) > » r y /a TOrAa F =1 I' a "'"H"ManbHbiH - np" <r n (f =0) > - ry (F =O,G) '-1 <f' n (f =1) > << r y. BepXHRR Ol~eHKa Ce4eHHR AllR 4eTH0-4eTHbJX RAep-M"lWeHeH /1=0/ B npeAnOJlO>KeHHH, 4T0 f'y9=f/., f y /XOTR B 

OTAellbH~X CllY4SRX H3BeCTHbJ pa3.rtH4H.R cpeAHHX PSAHSU,HOHH~X WHpHH AJ1R s- H p -HeHTpOHOB 
18

•
91 I ASeT 

2 

<a(n,y)> 
max /2/ 



rAe D 0 - cpeAHee paccTofiHHe MC>KAY peaoHaHcaMH c .nl06biMH 3HS4e

HHfiMH J 17 . K co>~<aneHHIO, H3 3Kcnep~t~MeHTOB c peaoHSHCHbiMH Hee1Tpo

HSMH lr13BeCTHbl, KSK npaBH!10, TOJ1bKO Bem14HHbl D 8 /AJlfl S -Hee1Tpo

HOB/. 0AHSKO, On~t~pSACb HS B~BOAbl CTSTHCTH4eCKOC1 TeOpHH, MO>KHO 

HCnOJ1b30BSTb D8J=DpJ , 3To no3BO.nReT CBR38Tb Ce4eHHe 

P8AH84HOHHOrO 3SXBSTS C napaMeTpSMH pe30HSHCOB, a TSK>Ke BBeCTH 

nOHRTHe 1 1KHHeMSTH4eCKOr0 1 1 ce4eHHR: 

<u k (n,y)>= 
<u(n, y)>D 

8 

'r 
/3/ 

rAe C - K03¢¢H4HeHT, 3SBHCA~HC1 OT BKJ18AOB 5- H p-HeHTPOHOB 

B cyMMSPHOe Ce4eH~t~e, A.nR 06CY>KASBWHXCR BbiWe rpSHH4HbiX C.ny4aea 

Cmax=4, C min =Q, 3. TOr AS TeopeTH4eCKHe OL4eHKH KHHeMaTH4eCKHX 

Ce4eHHH PSAH84HOHHOrO 3SXBaTa HeHTpOHOB C 3Hepr~t~eH 30 K38 AS

AYT TSKOC1 KOPHAOP 3HS4eHHH: 

<u(n, y)>D 
8 41 < ____ ,:,· < 544 . 

ly -
;4a/ 

B Ka4eCTBe OL4eHKH cpeAHero KHHeMaTH4eCKOrO Ce4eHHR MO>KHO 

HCnOilb~OBaTb Ail~ p-He~TpOHOB yCilOBHe <in>-1 (F(e~l) ~0,6) 

TOrAa C =1,9 H y 

u•(n, y) = 258. /46/ 

BblnaAeHHe 3KCnepHMeHTS11bH~x aHa4eHHH KHHeMaTH4eCKHX ce4e

HHH H3 KOPHAOpa /4a/ MO>KeT yKS3WBSTb, C OAHOH CTOPOHbl, HS 

OWH604HOCTb 3KCOepHMeHTS11bHbiX ASHHbiX, C APYroH - HS HecnpaBeA

J1HBOCTb HC0011b30BSHHbiX BWWe npeA00110>KeHHH 0 paBeHCTBe cpeAHHX 

P8AH84HOHHbiX WHPHH H OJ10THOCTeH ypOBHeH C pa3HbiMH 4eTHOCTRMH. 

0TMeTHM, 4TO aHa.norH4Hoe paccMOTpeHHe AnA RAep-MHweHeH 

C I .J 0 nOKa3biBaeT, 4TO nplft nOAC4eTe KYIHeMaTH4eCKHX Ce4eHHH 

Heo6XOAHMO HC0011b30B8Tb BMeCTO D5 3Ha4eHHe DJ /Mbl no.nara.nH 

DJ=2D Ail~ I >3/2 H DJ=1,3D AJll! I =1/2/, 
s.. - • 

nepeHAeM K SHS11H3y HMe~HXCR 3KCnepHMeHTS11bHbiX ASHHbiX. Ha 

PHC, 1 8 no.ny.norapH¢MH4eCKOM MSCWTS6e npeACTSBneHa 38BHCH

MOCTb YCP8AH8HHbiX C848HHH paAHSLV•10HHOrO aaxaaTa HeHTPO.HOB 

npH E....n. =30 K38 OT 4HC.na H8liTpDHOB /B OCHOBHOM ASHHble KOMOH.nR-

4HH/~t H pa60T/S/ H;g; /. 3AeCb CB8TI1W8 Kpy>KKH OTHOCATCR 

K 48TH0-48THbiM H30TOnSM-MHWeH~tM, 4epHble - K "1:8THO-He4eTHWM 

/no Z H N I, Tpeyro.nbHHKH - K He4eTH0-48THbiM. nocneAHHe ABe 

rpynnbl xopowo no>KaTCR Ha o6~y~ nnaBHY~ KpHByD c PeaKHMH MH

HHMyMSMH A11A MarH48CKHX 4HC8Il HeHTpOHOB N=50, 82 H 126 
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P1-1c. 1 • 3aBI-1CI-1MOCTb ycpe,QHeHHbiX ce4eHHC1 pa,QI-1SL.4HOHHOro 
3aXBara HeHTpOHOB C 3HeprVteH 30 K3B OT 4HCJ1a HeHrpoHOB a R,Qpe-MVtweHH N. Kpy*KH - yeTH0-4eTH~e Haoron~, 
ro4t0.1 - '4eTHO-He4eTHble /coorsercrseHHO no Z H N/, 
rpeyronbHHKH - He4erH0-4eTH~e, KPY*OK c KpecTHKOM -
He'-lerHo-He4eTHbiH. CnnowHble np.RMble coe,QHHRIOT ~~taoronbl 
O,QHOrO 3!1eMeHra. nyHKTHp - nnaBHaR KpHBaR 4epe3 Kpy*
KI-1 H TpeyroJ1bHHKJ..1, Ce4eHHR ,QBHbl B MH11111o16apHaX, 

VI MeHee pe3KHM - npH Z =50 /Ha MeHbWeM 3KCnepHMeHTaJ1bHOM MarepHaJle 3aBHCHMOCTH Cpe,QHHX Ce4eHHH OT arOMHOro aeca CTpOHJlHCb H paHee, HanpHMep a 11DIJ. AflR 4eTH0-4eTHbiX H30TOnOB B npe,Qe
J18X OAHoro 3neMeHTa xapaKTepHO, KaK npas~no, nnasHoe cnaAaH~e Ce4eH~R C POCTOM 4~Cna He~TpOHOB, 0AH8KO a6n~3~ M8f~4eC~ K~x aHa4eHHH N TaKaR aaa~CHMOCTb ~cKa>KaeTCR 6onee 6bJcTpbrM cnaAeH~eM Ce4eH~H no Mepe npH6J1~>KeH~R K M8fH4eCKOMY N /eM., 
HanpHMep, H30TOnbl Zr, Mo, Nd, Sm). 

8 3H84~TenbHOH cTeneH~ T8KOH XOA ce4eHHH CBR38H C ~3MeHeH~eM cpeAHero paCCT0RHJ.1R Me>KAY ypOBHRMH D /T8K >Ke K8K lo1 naAeHJ.1e Ce4eHHi1 8 3-5 pa3 A11R 4eTH0-4eTHbJX J.130TOnOS OTHOCHTeJlbHO He4eTHbrx no z 1o1m1 N I. HMeeTCR HeKoTopaR KOMneHC84HR aaBHCH
MOCTH Ce4eHHH OT D 6onee CJ186biM H3MeHeHJ.1eM f' y - n011HOi:1 p8AH8-4HOHHOH Wlo1Pio1Hbl /8,11/. l.lT06bl npoHn11tOCTPio1POB8Tb 3TO, Ha PHC. 2 
npeACT8BJ1eHbl BeJU141o1HbJ K\.1H€M8Tio14€CKHX C€4eHHH /eM. Bblp8>KeHHe /3/ I. no cpasHeHHfO c p1o1c. 1 11paa6poc11 ce4eHHH no senH4HHe 
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P-HC .. 2. 3aelo1CV1MOCTb 11 KHH6Man146CK!o1X C646HHi111 OT 4HC.na 

HeHTPOHOB B RAP6-MHW6H-H. 06oaHa4eHl-1R, KaK Ha p-HC. 1. 

ropvt30HTaJ1bHb16 nyHKH1pHb16 J1VIHVIH - KOPVIAOP cor.nacHO 

o~eHKaM Bblpa~eHvtA '/4a/. 

cy~eCTBeHHO CHVI3H11CR /c Tpex nOpRAKOB 8611H4HHbl AO· OAHOr0/ 1 

H Tenepb B 38M6THOH Mepe onpeA611A6TCR OWH6KaMH 3KCnepHM6HTa11b

HbiX 3Ha4eH~-tH <a(n, y)>, D H ry . B nOJ1b3Y 3.TOro npeAnonome

HI-IA fOBOplo1T TOT $8KT, 4TO Cp6AH6KBaApaTH4H~~ pa36poC 8611~41-!H 

ak(n, y) OTHOCHTenbHO cpeAHero SHa4eHHR AJ1R 46TH0-4eTHbiX 

RA6P /AJ1R KOTOPbiX 1-13B6CTHO, 4TO T04HOCTb 3KCnepHM6HTanbH~X 

AaHHbiX no ce4eH~-tRM lo1 nnoTHOCTAM yposHeH xyme, 4eM AJ1R ocTanb

HbiX T~nos RAep/ COCT8BJ1ReT 302 M6, B TO speMR 'KaK AJlR 46THO

H646THbiX H H646TH0-46THbiX OH COOTS6TCTB6HHO paseH 115 1-1 95 Mfi .. 

0TM6THM, 4TO caM~-t cpeAH~-te 3Ha4eHHR ak(n, y) no sceMy AHanaso

HY RAep COCTaBnR~T COOTBeTCTBeHHO 475, 243 H 217 M6 /nocneA

HHe 6nH3KH K /46//. 
AnR KHH6MaTH46CKHX C646HH~ 46TH0-46THbiX AAep xapaKTepHO 

npesanvtposaH~o-~e a cpeAHeM no4T~-t s 2 pasa HaA ocTanbHbiMH, a npo

T~-tsonono~HOCTb TOMY 1 4TO Mbl BHAe.JlH AJlR 06b!4HbfX C646HI-Ii1 • npH4H

Ha 3T0f0, BHAHMO, CBR3aHa C T6M, '-ITO A11R COC6AHI-IX fiA6P D.tltt>> DH'll 

1-1 otta/S~ a CJ16AOBaTe11bHO, <[' >l.ltt>><f' >Htl H <f' > tlH /nOCK011bKY 
~o n n 

H6~TPOHHble CHJ10Bb16 ~YHK~Io11o1 <; > AJ1R COC6AHHX RA6P 6nH3Kvt/, 

H A11R 46TH0-46THbiX RA6P 4a~e OKa3b1Ba6TCR CnpaSeAflHBbiM Hepa

B6HCTBO <f' > >f' , T .. e .. lo1X Klo1H6MaTH46CK~-te C646HHR 611H)I(6 K 

k ( ) n y 
a max n, Y • 

MO~HO TaK~e KOHCTaTHpOSaTb, 4TO rpaHio1~bl, SaAaBaeMble 3Ha4e

HHRMH ak (n, y) H ak
1 

(n, y) /nyHKTHPHble npRMble Ha pHC, 2/, 
max m n 
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onpe,qenRIOT ,Q080JlbHO peaJ1bHbl~ KOpl1,qop AJ1R 3Kcnep~-tMeHTBJ1bHbiX KI1HeMBTI14eCKI1X Ce4eHI1~. CI1CTeMBTI14eCKoe npeBbiWeHI1e 8eJH1411Hbl o~ax(n, y) Ha61110AaercR lli1Wb 8 pa~oHe MOnl15,qeHa - onoaa, C?8na-,qaiO~eM-C 06JlaCTbiO MaKC11MYMa p-He~TPOHHOH Cl111080~ $YHK~I111, r,qe 6ep,q 11 ,qp./11/ coo6~a10r o perynRPHOM npeBbiWeHI-111 nonHoH 
pa,qi1B~I10HHOi1 WI1PI-1Hbl AJlR p- B011H08biX pe30HaHC08 'HBA BHailOri-14-HO~ WVIPI1HOi1 AJ1R ·s -BOllHOBbiX -pe30HBHCbB, 4TO ,He .Y41-1Tb188,110Cb. np11 BbiBode · Bblpa>KeHI1R /4a/ • .Q.ru=l nocne,qHHX ,qa·HI-tblx M'ycrpoaa 

11 AP .. /'9/ xapaKrepHo no'BbiWeHJ.1e 3Ha4eHH~ · D "' nDHH>KeHI1e r; no cpaaHeHHJO c aeJ1114HHaMI1, · npi1BOA11Mb1MJ.1 B Ko~nHnRU,I1W'81, ,ltnR 1111-
1110CTPSU,I1H 3TOrO KHHeMaTI14eCKHe Ce4eHI1R 1130TOnOB Ka,qMI1R, 
nOC4HTaHHble no ,qaHHblM Mycrposa H AP· 191 , npe,qcraeneHbl Ha p~-tc.2 KBa,qpaTI1KaMI1• nony4HBWH~CR pa36p0c KI-1HeMaTH4eCK11X ce4eHH~~ 3TOrO .A,qpa nO,q4epKI1BaeTCR aepntKaJ1bHbiMH nyHKTHpHbiMH 11HHI1RMH. 

3. C~CTEMATHKA no 3HEPrHH B036Y~aEHHR 
·. . 1 nocKO!lbKY nJlOTHOCTb He~TpOHHbiX pe30HSHC08 p:er;/a cne,qosa-

renbHO, H ce4eHHR aaxaara, eM .. Bbtpa}l(eHI1e /2//, aKcnoHeHu,11anbHO aaa11CI1T or aHeprHH aoa6y>K,qeHHR R,qpa np11 aaxaare HeHrpoHa, paCCMOTPI1M 3SBHCHMOCTb <o(n,y)> OT 3Hepri1H CBR3H He~TpOHS BnC:::->E n). H~- pHc. ·'3_ ~- ka4etr·ae Hlln~crPau,HI-1 H3o6P_a}f(eHb1 TSKH~ aaeHCHMOCTk A11R ,qeyx rpynn R,qep: 1'/. 11aoronoa onoea 1-1 ap6HR /R,qpa, y,qaneHHble OT MarH4eCKHX no 4HCJ1Y He~TPOHOB/ H 2/ rennypa 1-1· Heo,qHMa /Haoronbl a6nH311 N =82/. B n·e.pBOM c'.ny4ae T04K~ AJ1R ·4erHo-He.4e'rHbiX; l13br0Moe-MHWeHe~ /caernble 3Ha4KI1/ xopowo JlO>KaTCR. Ha 661qy10 npRMYIO C ·4eTH0-4eTHbiMI-1 H30TonaMH /i'eMHble 
To4KJ.1/, ec1111 H3. aHeprHH CBR3H He~'rpoHa Bb14eCTb 3Hepn110 
cnapi-IBaHI-iR i).n- 1 ,5' M3B 1121 /eM. CABHr BAOllb T64e4Ho~ !1HHHH Ha p1-1c.' 3/. Ta_KHM o6paaoM, orK!la,qbiBSR aaeHCI-1MOCTb lg< o (n, y) > OT ·a<!>¢eKTHBHOt:f 3HeprHVI B036y}l(,qeHHR U*=Bn-L),n, Mbl nony4aeM JlHHe~Hbl~ Xo,q AJ1R Haoronoa ,qaHHoro aneMeHra .. TaKe~ Xo,q aaBHC~MocTH xapaKTepeH H AJ1R Apyr~x 3neMeHTOB, npHHSAJle>Ka~~X K 3TO~ rpynne· R,qep, np114eM HaK!lOHbl npRMbiX AnR pa3Hb1X aneMeHroe oKa-3biBSIOTCR 6!1H3KHMI-1. 

So BTOpOM c11y4ae /3J1eMeHTbl, 6!1113KHe K MSrVI4eCK~M no 4HCny HeHTpoHOB/ XOA aae~cHMOCTH ce4eH~H pa,q1-1a~I10HHoro aaxaaTa 6yAeT CQBCeM HHO~. 3TO BHAHO Ha pHc. 3 An~ ~30TOnoa HeOAI1Ma; AnR 1130TOnOB rennypa OTKJlOHeHVIe OT npRMOH Ha6Jl~ABeTCR npH N~76. AnR BbiRC~eHHR TSKoro noBeAeHHR ce4eHHt:f paCCMOTpHM no,qp06Hee 3BBHCHM0CTb nnOTHOCTH ypOaHe~ OT 3HeprVIH B036Y>KAeHHR, HanpHMep, a MOAen~ ¢epMH-ra3a 1121: 

<a(n,y)>-L~p(U)- a exp2(aU) 11g /5/ D (aU) 5/4 
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P111c. 3. 3aBHCHMOCTb ycpeAHeHHbiX 

ce4eHHH aaxeaTa /a M6/ OT 3Hep-

rHH CBR3H He171TpOHa. fopH30HT8Jlb

Hble MenKHe nyHKTHpHble 11\.IIHHH - t.ABHr 

T04eK nocne aaeAeHHR nonpaa_KH 

Ha 3Hepn110 cnapHBBHHR /CM •. TeKcf/ • 

CnnowHble npAMble npoa~AeHbl .'4epea 

!1130TOnbl OAHOrO 3JleMeHT8, nyHKH1p

Hble Jl!IIHIIIH HJ1J110CTPHPYIOT OTKJlOHeH~t~e 

OT 06bi4H0171 J1HHe!71Ho171 38BHCHMOCTH. 

3.qecb "a'"' - H3BeCTHbl!ll 

napaMeTp CTaiHCTH4eCKOIII 

TeopHH, nponop~HOHanbH~~ 

nJlOTHOCT\.11 O.qH048CTH4HbiX: 

COCTOf\HHi:1, U - 3¢l¢leKTHB

H8A 3HeprHA B036ymAeHHf\ 

RApa. nocKOJlbKY a6n~a~~~ 

MarH4eCKHX aHa4eHHi:1 N 

napaMeTp "a" CHJlbHO Me

Hf\eTCf\ 1121 , BVIAHMO, 3THM 

o6ycnosneHo Heo6bi4HOe 

noBeAeHHe 388\.IICHMOCTH 

ce4eHHH. aaxsaTa oT 3Hep

rHH B036Y~AeHHA AJlA BTO

po~ rpynn~ ~Aep /pHc.3/. 

An~ y6eAHteJ1bHOCT~ 
pHC. 4 nOCTpOeHa 3dBH

CHMOCTb ce4eHHA aaxeaTa 

OT npOH3BeAeHHf\ aU AJlA 

aneMeHTOB aTopo~ rpyn

nbl - HeOAHM8 Ill C8MapHA, 

a TaK~e.nepaoH - ap6HA. 

AeHcTBHTeJlbHO, a TaKoM 

M8CWTa6e 38BHCHMOCTb 

norapH¢1Ma ce4eHHR nony-

4BeTCR np8KTH4eCKH'J1H

He171HO!II /ecnH AonycTHTb 

AJlf\ H30TOnoa- HeOAHM8 

B03MOmHOCTb ·owH6KH 8 

aU- 3%/. K co~aneHHIO, 

paa6poc aenH4HH aU,noA

C4HTBHHbiX no ABHHbiM paa

Hblx 8BTOPOB 113 ·15/, ew,e 

aenHK "" AOcT~raeT 6onee 

10%. noaTOMY 8KTY811bHbiM 

ocTaeTCA eonpoc o noabl-

weHHirl T04HOCTH onpeAeneHHA napaMeTpa a. BoaMO>KHO, 4TO nocTpoe-

HHe 38BI-1CHMOCTe14 T!rlna <a (n, y) > = f(aU) no3BOJ11-1T B PAAe CJ1y4a-

ea o~eHHTb HBAe>KHOCTb TOre HJll-1 I-'IHOro Ha6opa napaMeTpOB "'a". 

npH4HHb1 cyw,eCTBeHHOro H3MeHeHHf\ eeJ1!-14HH "a" A11A H30TOnOB 

HeOA!IIMa, caMapHA Ill AP• paCCM8TpHB8J1HCb B pa6oTe o/1 3 /, rAe 8BT0Pbl 

CBfl3biB810T HX C 060J104e4Hb1MI-1 3¢l¢eKT8MH .. 

Ha pHC. 5 npeACTasneHbl aaaH01MOCTH cpeAHHX ce4eHH171 aaxaaTa 

OT 3HeprHH B036Y~AeH!-1f\ AflR 3JleMeHTOB C He4eTHbiM Z.3AeCb MO>KHO 

OTMeTHTb RBHoe rpynnHpoaaHHe To4eK AllR Ae¢1opMHpoaaHHbiX RAep 

/o6naCTb t/, AnA c¢lePH"eCKHX ~Aep c 95<A<135 /Jl/, Afl~ cpeAHHX 
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PHc.4. Hnn~cTpa~~R nHHe~HoH 3aBHCHMOCTH norapH¢Ma 
ycpe,qHeHH~X Ce4eHHH OT 
npOYJ3Be,qeHHR 3•U /CM.TeKCT/ • 

• 

P1.1c.s. 3aBHCHMOCTb ycpe,qHeHH~x ce4eHH~ aaxsaTa OT 3¢$eKTHBHoH 3HeprHH soa5Y*AeHHR AflR 3neMeHTOB c He4eTH~M Z. I - o6naCTb Ae<!>OpM"POBaHHbJX RAep, Jl - C<!>6P"4eCK"X RAeP C 95<A<135, fl[CPeAHHX FI,Qep C 65<A<95, IV - OKOnoMai).14eCKHX R,qep. 8 
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~· 3aBYICHMOCTb ycpeAHeHHbiX 

ce4eHHi4 3axaaTa OT npOH3BeAeHH.A 

aU, B3.AToro H3 11 MOAei11-1-¢lepMH

raaa c o6paTHb1M cMeiL\eHHeM
11 A!lR 

HeKOTOpbiX 3JleMeHTOB C 4eTHbiM Z. 

BepTHKai1bHbli:1 nyHKTI-ip COOTBeT

CTByeT aU ~90. 

"Aep 65<A<95 /fi~ H AO

BOJlbHO Wl-1p0KI-1\o1 11pa36pod 1 

T04eK AflR OKOJ10Marl-14eC

KHX "Aep (IV). 
HapAAY c paccMoTpeH

HbiM BbiWe BSpi-18HTOM MOAe-

111-1 ~epMH-raaa 1121 nocneA
Hee speMA Ha41-1HaeT paa
BHBaTbCR APyrol-1 sapHaHT 

- TaK Ha3b1BaeM8.fl 11 MO

Ae11b ¢epMH-raaa c o6paT
HbiM cMew,eHHeM11 I CM. , 

HanpHMeP, 1161 I. B 3TO" 

MOAem1 sem·11..1HHbt D. 1-1 a 

paCcMaTpHBS~TCA npOCTO 

KSK CB06oAHO Bapb1-1pye

Mble napaMeTpbl noArOHKI-1 
npl-1 Oni-1CSHI-1H nJlOTHOCTH 

COCTOAHH~ KOHKpeTHOrO 

AAPa B6J1H31-1 OCHOBHOrO 

COCTOAHHR 1-1 B 06JlaCTI-1 

He171TpOHHbiX pe30H8HCOB & 

TaKaA napaMeTpHaa~I-1A 

n03BOJ1AeT OnHCSTb nJlOT

HOCTb soa6y*AeHHbiX coc
CTOAHI-11-1 B 6onee Wl-1pOKOM 

AHSna30He 3Heprl-11-1, XOTA 

1-1 ~eHo~ OTKasa aT onpe
AeneHHOro ¢1-131-14ecKoro 
CMbiCila 3TJ.IIX napaMeTpOB • 

BocnonbaoaaswHCb 
peaynbTaTaM~ pa6oT~ 

A~nra ~ AP/161, Mbl no

CTPO~Il~ 3aB~C~MOCTb 

ycpeAHeHHbiX ce4eH~H paA~a~~OHHOrO 3aXBaTa Hei1Tp0HOB OT npo~3-

BeAeH~R napaMeTpOB aU, nony4eHHb1X B MOAeJlH C o6paTHbiM CMeute

H~eM. Ha p~c. 6 /4To6bl He neperpy~aTb era/ np~BeAeH~ HeKoTo

pble ~3 TaK~X 3aBHCHM0CTelli AJlR 3JleMeHTOB C 4eTHbiMH 3Ha4eHHRMH 

Z. 06paLJ.IaeT Ha ce6R BH~MaHHe, 4TO H30TOnbl 3JleMeHTOB c A> 120 

pacnonaraiOTC.A BAOilb cpaBH~TenbHO Y3KO~ nonoCbl, nepeceKaiOutelll 

3Ha4eHHe aU =90 npH <a(n, y)> .... 100 M6H. 3TO n03BOJ1ReT TOJlbKO 

no 3KcnepHMeHTanbHOMY aHa4eHHIO cpeAHero ce4eHHR AaBaTb o~eHKy 

aen~4HHbl npo~3BeAeHYIR aU AI1R AaHHoro H30Tona c T04HOCTbiO, 

BHAHMO, He Xy~e 5-]%. 
H30TOnbl 3JleMeHTOB c 4eTHbiM Z H 80<A<120 pacnonaraiOTCR 

BbiWe 3TOIII nonOCbl /oco6eHHO H30TOnbl MOJ1H6AeHa, pH c. 6/. BepoRT-

9 
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PH c. 7. 3aeHCHMOCTb ' 1¢HKTHBHoro•• 
ce4eHHR aaxeaTa /a M6/ npH aU = 90 /eM~ TeKCT/ ,qnR 3neMeHTOB C 
4eTHblM Z or aToMHoro eeca ane-
MeHTa A. 

A 

HO, 3TO CBR3aHO C 
npeo6na,qaHHeM eKna,qa 
p -Hel:iTpOHOB, nOCKOnb

Ky npH A~lOO Haxo
AHTCR MBKCHMYM CHno
BOt1 ¢yHK4HH A11R p
He~TpOHOB. 8 nol1b3Y 
TaKoro npe,qnonomeHHR 
CBH,QeTenbCTBYeT pHC.7, 
r,qe npHBe,qeHa aaeH
CHMOCTb OT BTOMHOro 
eeca aneMeHTa HeKOTo
poro ¢HKTHBHOro ce4e
HH~ pa,QHB4HOHHOrO 
aaxeaTa He~TPOHOB 
<7'(n, y) np" aU =90= 
=CODSt/ COOTBeTCTByiO
~ero nepece4eHHIO npR
MoH, npoee,qeHHO~ 4e
pea T04KH An~ OTAenb
H~X H30Tonoe ,QaHHOro 
3neMeHTa, C a6C4HCCOt1 
aU=90 Ha P"c. 6/.H"a-
Koe nonomeHHe T04KH 
np" A=127 ,6 /Tennyp/, B03MOmHO, roeOpHT 0 HeKOTOpOM HeCOOTBeTCTBHH nnOTHOCTet1 ypOBHeH B o6naCTH paspeweHHbiX peaoHaHCOB H npH En =30 K38. 3THM }f(e MO}f(HO 06DRCHHTb H Manble 3HB4eHHR KHHeMaTH46CKHX Ce4eHHH AnR 4eTH~X HSOTOnOB Tennypa /CM. pHC. 2/. AnR H30TOnOB 311eMeHTOB C He4eTHblM,. 3BBHCHM0CTb <a(n,y)> = = f(aU) e 11MO,QenH c o6paTH~M cMe~eHHeM 11 Ka4ecTeeHHO coena,qaer C KapTHHOH, npHBe,QeHHOH Ha PHC. 5. 

4. 3AKJ1104EHHE 

npo,qeMOHCTPHPOBBHH~e BblWe 3aKOHOM6PHOCTH H3MeHeHHR ycpe,QHeHHbiX C646HHH pa,QHaUHOHHOrO aaxeaTa Het1TpOHOB B 3aBHCHMOCTH OT pa311H4H~X R,QepH~X xapaKTepHCTHK 6y,qyT none3Hbl npH nOI1y4eHHH 04e~eHHblX Bei1J.14J.1H H3 HMe~~HXCR 3KCnepHMeHT811bHblX ABHHblX, a raK}f(e npH nonblTKax npe,qcKaaarb Ce4eHHR He Hccne,qoeaHHblX e~e ~Aep. 

B Ta6nHqe A11R HI11110CTPB4HH TaKHX eoaMO}f(HOcTeH npe,qcKaaaH~R H6J.13BeCTHblX C646HHH npHBO,QRTCR 046HKH ycpe,QH6HHblX Ce46HHH /B M5o/ A!l~ paAHOaKTHBHWX H30Tonos npoMeTH~-147, CaMapH~-151 H CTa6HI1bHblX H30TOnOB KCeHOHa HB OCHOBe HCnOI1b30BBHHR pa311H4-HbiX 3aKOHOMepH0CTeH. 8 CTpOKe /tl/ 9 Ka4eCTBe 110nOPHbiX T04eK 11 
10 



.... .... 

Ta6n•~a 

O~eHKa cpeAH~x ce4eH~H p8AH8
~HOHHoro 3axaaTa npH En =30 K3B 

1113 Clo1CTeM8T\.-1Kif1 

.AApO-MVIWeHb 147Pm 151Sm 129xe 1a1Xe 12•xe 12sxe 12sxe ISOxe t32xe 134 Xe 

, _ _,. _____ ··- ------
N 86 89 75 77 70 72 74 76 78 so 

I <a(n, y)> ~ f(N) 2000 3500 900 600 450 320 200 150 11 0 30 

IT <a(n,y)>d(Bn) /900/ /600/ 610 350 240 160 140 /140/ 

-
Ill <a(n,y)>-i(aU) 

1161 5000 660 350 

1141 
IV <a (n,y)>~f(aU) 2700 6000 1100 570 



AilR !.130TOnoe KCeHOHa 6b1Ill-1 !.1CnonbaoeaHbl cel!eH!.1R 129xe 1-1 131xe 1-13 CTpOKI-1 /1/. 3A6Cb He06XOA~MO TaKme 0TMeT!.1Tb, liTO no Mepe np~6n~meHI-1R K Marl11.4ecKHM aHa4.eHHRM N Jllf!H6~HaR 3KCTpano11Rl.I~R aaaHCHMOCTI-1 lg<a(n,y)>=f(B -6. ) AJlR AaHHoro 3JleMeHTa AaeT n n ace 6onee aaBbiWeHHYIO 04eHKY ce4eHHR I eM .. , Hanp~Mep, TOL4KH AJlR T6J111ypa Ha PHC. 3, nyHKT~p/. 

Paa6poc npHBeAeHHbiX a Ta6n1o14e · aen~lii-1H xapaKTepHayeT aoaMomHYIO TOI..IHOCTb 046HK~ HOBbiX Ce~eHif!H Ha OCHOBaH~H TaKOrO nOAXOAa. 
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