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OHllAfl XAPAKTEPHC'illKA PAIDTH 

AKTYaJib!!!H:!!? 

CHCTeMaTKtl8CKKX HCCJI8)J,OBBHH8 nepBKtnWX lmI'KHX r -nepeX0,11,0B 

Mew" KOMIJaYffA-COCTOJ!HK.fIMH ( C .. c~nepeXO,D,OB) p,o CKX nop He npoBO,D,H

JIOCbo Hsy,reHHJJ HX MeTO,11,BMH ~-CIT8KTpOCKOITKK noKa ITpeII..fITCTByeT CJIO&-

HOCTh B~eJieHM BKJia,u;a TB.KHX ( -nepexop,OB HS cyMMapHOI'O cneKTpa 

~-JIYtlelt. E!1,HHCTB8HHOII B03M0][}{0CThD 3KCnepKMeHTaJihHOI'O HayqeHIUI 

C .... c~nepeX0,11,0B SIBJISI8TCSI KCCJI8,11,0B8.HK8 p,ayxcTyneHqaTblX pe~R ( n 
( Ol ) H ( n , Ir ¼ ) , rp,e HHq>OpM~ o nepBH'IIHblX lf -nepexo,11,ax noJiy-

t:i:aDT Omtpa.RCb Ha A8HHJ:l8 06 0( -pacna,u,e H P,eJI8HHH BHCOKOB036~eHHblX 

COCTOSIHHlto 

Pe~.11 ( n ' r oc. ) CSWia o6Hapyzeaa 12 JieT Haaa,u, Ha T8IIJIOBblX 

H8RTpOH8.X, HO nepBH8 CBeP,8HHSI O C -+c!.nepexo,11,ax, C ee ITOMOil.lhD 6WIH ITO

Jtyll8HH TOJihKO ITOCJI8 Hat1Ma HCCJl8,11,0B8HHlt peaxqHH 143 Aid( n 'b'CX.)140ce 

Ha peaOHaHCHHX HeRTpOHaX a J],y6He. B nepaoA pa6oTe ,Dy6HeHCKOil rpymlbl 

6Wia noJiyqeHa • 'l'eopeir11t1ecxa.11 qiopua cneKTpa pea.KqKH ( n , '( oc. ) , H Ha 

cpaBHeHK.11 ee C 3Kcnepm,t8HTON 6WJ CP,eJiaH BblB0,11,-0 npono~OHa.lihHOCTH

cpe,D,Helt aepOSITHOCTH nepBHqm,o{ ~-nepeX0,11,0B ey6y HX 3H8pI'HHo H3 co

OTHOmeHH.11 mHpHHbl fii• , 11suepeHHolt B pesoaaHce £0 ·= 55 3B co cnH

HOM 4-, H mHpHHbl r;r1· , noJiyqeHHoA H3 P,8.HHblX ITO T6WIOBOMY C6'18IDW, 

6wr C,IteJI/lH BHBO.It o B03MOJKHOM rrpeo6JIB,ItB.Imll My-Jll,THIIOJI1,HOCTR MI. O'A!JrutO 

BBHP.Y 6oJibmoA axcnepHMeHTaJibHOA norpeinHoCTH lllKpHHbl fi~~- (~fi~lfi~= 
= 8()%) 3TOT BblBOP, HOCHJI npep,BapHTeJihHblR xapaxTep. HeoDp,aHHOCTb 3TO

I'O pe3yJihTaTa C TOqKK speHK.11 CY11i8CTBOBaBlllHX B TO Bpeam T80peTHtl8CKHX 

npeACTaBJieHKlt DOTpe6oBaJia cyiqecTBeHHOI'O YTOtlH8HKR 3KcnepHMeHTaJibH!:OC 

P,SHHbllC, a Ta.K:Ee paCWHp8HKR xpyra HCCJI8,D,y8MhlX JiAep C qeJibD ycTaHOBJie

HK.11 CTeneHH-06IqHOCTH noJiyqeHHblX pe3yJibTaTOB. 

~!?..P!~Q!!! 

J],Hccep'l'at\lf.R,nocamqeHa Hccnep,oBaHHRM 6-nepexop,oB Me:s,iur KOIIIIa-

YffA-COCTOmutmOI C qeJibD DOJiytl8HIUI HOBblX CB8,D,eHHA O CTpyl(Type BblCOKO

B036YJ!AeHHblX COCTOSIHHA .11,11,pa H M8X8.HH3Me b'-pacna,u,a. OcHOBHlilll MeTo
P,OM SIBJI.ReTC.11 HCCJl8P,OBaHHe pea.KqKH ( n , I( C( ) Ha pe30HaHCHblX H8ATpo-

Hax. Ilo.nyqeHHe l1,aHHblX o a'-pacna,u,e H3 3Tolt pea.KqKH noTpe6osa.no,c 

0,11,HOA CTOpoHH, COB8pll8HCTBOB8.HHSI MeT0,11,HKK H3M8peHHA H 8HaJIH3a ASHHblX 

no pe~ ( n, 'fd. ) ,a C .zu,yrott CTOp0Hbl,.ItOIIWilmT8Jll,H!iX HCCJI8.ztOBSHd 

pe~ ( n , oc. ) c qen&D YTOtlHE!HHJI xapaKTepxcTHK ex -pacna,u,a 11ccne-

00~1.ilh;·:ru!.i U!lCT!.rryl l 
G.tepn:~1 RCl'.J;'/J~Ori!lft.'JfJ f 

l.;~I,J(\ Hf', ~t' ..... ;-:::-f ,t --· -----.-_._..___ .. 



ro'eMWC .H,11,ep, Heo6xop,KMWC ,qJUl no.nyqeHHJI ,u;atmmc O nepBOM 3Tane peaK-

~H - 3Tane if -pacnB,l\a. , 

Kax ,o;onommTeJibHl:,le HCTOllHHKH 3KCnepmieHTMbHOA ~pM~H 0 

C +c!.nepexo,u;ax 6WIH np08HaJIH3HpOBaHH ,11.8.HHl:,le IIO pe~ (n, '{f) H AaH

Hl:,18 no nOJIHl:,IM pB,I\Hat\KOHHml UIHpHHBM.BeCI,Ma IIOJI831WM ,WI.II IIOHRMaHIDI M8-

XaHH3Ma lJ -pacna,t\a KOMIIayHA-COCTOSIHHA JIBJIJleTCSl conocTaBJI8HH8 pesyJib-

TaTOB HCCJI8AOBaHHJI C-+ c!.rrepeXO,D;OB C H3B8CTfWMH ,11.IUIHNMH no cr-pacna- \ 

ro', nocKOJibKY OIIHC8HH8 TaKOA COBOeyIIHOCTH ASHHblX IIp8,ltl,SlBJISleT 6oJiee 

llt8CTKH8 Tpe60B8HHJI K Te~peTHll8CKOA M0,11.eJIH. 

~oe_H nID!KJI~oe_sHaqettHe 

B OTJiffqffe OT llt8CTKHX ~ -rrepeX0,1!.0B Ha HHllCHHe ypOBHH 'H,lijla, Bepo

SlTHOCTb KOTOpHX onpe,11.ensteTCSI npoc'n!MH THIIBMH B036YJQ1,eHHA, cocTaBJimi

lllrDC 10-3 - 10-6 OT HOpMHpOBKH BOJIHOBOA cpyHKqHH KOMIIa)'HA-COCTOsntHSl, 

MJlrKHe ~ -nepeXOA¥ MOryT onpe,11.eJIHTbCJI sHaqffTeJibHO 60JiblllHM qffCJIOM 

KOMIIOHeHT, XapaKTepHHX ,IVISl KOMDa)'HA-COCTOsntHA, H nOTOMy SlBJISDlTCJI 

HCTOqHHKOM HOBOR HH!pOpMaqHH O CTpyx,rype BHCOKOB036yir,qeHHHX COCTOmmR. 

Kpoue Toro, HCCJie,I\OBaHHJI c ...,c' ~-rrepexo,11.oa Heo6xop,HM1,1 ,iµsi noHHMSHHst 

M8X8HH8Ma r-pacnB,l\a KOMDayH,IJ.-COCTOHHHA. rWOla-nepeXOAH MeJKAY KOM
na)'HA-COCTOSlHHJIMH HBJISDlTCSl HaqaJibffOR CTyIIeHbD 60Jibmoro qffCJia peaK-

. ~A THJia c n , lf n' > , < n • lf 0< > , c n , r p > , < n , K ¼ > z T .,u;. H -

onpe,o;eJismT OCHOBHyll qacTb KaCKB,1\0B o' -JiyqeR. HcCJie,11.0BSHHJI nocJiep,HHX 

JI8T noKasaJIH, qTO ytl8T, HartpHMep, BKJISJta pea~ ( n , 1 1 ) Ha 6HCT-
<O"n.f > -

pwc HeRTpOHaX MeHlieT BeJiiNHHy O(= c:Cin:r> Ha IO - 15%, a 3TO HMeeT 

C)'llleCTBeHHoe 3HaqeHHe npH pacqeTax peaxTopoa-pasNHOllCHT8JieR Ha 6HCT

pwc HeATpoHax. 

Anpo6aIJHiL~~Q..T!:! 

MaT8IJlaJIH, noJIOllteHHl:,le B OCHOBY AffCCep'l'~H, AOKJI8,l\blBaJIHCb Ha 

28 COBeiqaHHH no M8piOR cneKTpOCKOIIHH H cTpyKTyp8 H,lijla (AJIMa-ATa, 

1978), Ha Ill H IY Bce,co»aKHX KoHiI>epe~ no HeATpOHHOR i!MsHKe (KHea, 

1975 H 1977), Ha Meir,eyHapo,11.Holl KOHil>epe~ no H36paHHNM BOIIpOCBM 

CTpYKTypH st,o;pa (~6Ha, 1976) H Ha Ill H lY MeJKAYHapo,o;HNX CHMII03HyMax 

no cneKTpBM cf -JiyqeA pB,I\HaqHOHHOro aaxaaTa ,H cansSHHNM c aTott npo6Jre-

uott BOIIPOC8M (Bpy:KxebeH, I978 H I'peHo6Jn., I98I). 
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Q(Tc~~.Jll!,~Q!~ 

~HCC8PTaqHSl COCTOHT H3 BBe,11.eHHH, MTH rJiaB H 3aKJI»qeHlUI. B HeA 

co,o;eplltHTCSl 124 CTpaHH~ MWllHHOnHcHoro TeKCTa, BKJillqaJt 16 Ta6JIHQ, 

24 pHCyHKa H CIIHCOK JIHTepaTypH li3 II5 H8liM8HOBallllli. 

CO,ll,EPJKAHHE PAIDTli 

~Q_BB8A~~! o6ocHOBNBaeTCH aKTYMbHOCTb pa.6om, 06cY31',11.aeTCSl ee 

Haytmoe H IIpHKJia,t\HOe 3HaqeHHe, a T8.De QeJib pa.6om. 06oCHOBNBaeTCSl 

BH6op MeTo,o;a HCCJie,o;OB8HHH. 

B ne~BOR_rJiaBe onHcaHH H8KOTOpb18 3aKOHOMepHOCTH IIpOTeKaHHSl 

,u;ayxccyne~aToR pe~H (_ n , ~ 0( ) , IIpHBOASITCH OCHOBHNe CBe,o;eHHJI 0 

'lf -pacna,t\e, pacCMaTpHBaJJTCst HaKoIIJieHH1:,1e K aacTomqeuy apeueHH ,o;aH

Hl:,le 06 0( -pacIIB,1\8 KOMIIayH,IJ.-COCTOltHHA. 

B pea~ ( n , a- ex ) KoMIIayH,IJ.-.ff,11,pO, aosHHKalllllee npH aaxBaTe 

HeRTpOHa, HcnycKaeT CHatiana MJlrKHR ~ -KBaHT. nepeXOASI B HeKOTOpoe 

npoMeJICYToqaoe cocToJtHHe, KOTopoe saTeu npeTepneaaeT ex -pacnB,l\. , 

IlpH 3TOM 3HeprHH BTOplNHOR . 0( -qacTH~ £ 0( O,o;H03Haqao CBH3aHa C 
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3HeprHeR nepBHqffOro ~-KBSHTa BHp8JleHHeM 

EC)(,= Eoc
0
- E lr , r,o;e Ecx0 - 3HeprHst npJIMoro 

0(0-nepexo,o;a ( CM. pHc.I) • IlOCKOJibKY pac

CTOJIHHe M8JQ\Y npoMeJICYTOtlHl,INH ypOBHJDlH; 

KaK npaaHJio,NHoro ueHbme 3HepreTzqecKoro 

paspemeHHSl ex -cneKTpoMeTpa' TO HSMepHe
MHR 3KCnepHMeHTaJibHO cneKTp BTOpHlDiLIX 

0( -qacTHq ycpe,o;HeH no 6onmouy qffCJIY 

If- ex -KacKB,l\OB. Cornacao cTaTHcTHqec

KoA TeopHH mHPHHl:,I b°-H OC.-3T8IIOB KaCKB,l\a 

qutyKTYHPYDT aesaBHCHMO H cpe,o;HJlli aepostT

HOCTb Te.Karo npoqecca Wro< paaaa npoHsae

,o;eHHD cpe,o;HHX aepoHTHOCTeA O - H ex -
pacII8,l\a. IIocKOJibKY aaBHCHMOC'l'b cpe,o;HeA 

P~c.l BepOHTHOCTH O<-pacnB,l\a OT saeprHH H3B8CT-

Ha ,o;ocTaTOtmO xopomo, TO no q,op11e cneKTpa BTOPlfllHbllC o<-qacTHQ MOllt-
HO BOCCTaHOBHTb 3aBHCHMOCTb cpe,o;HeR BepOSlTHOCTH ~-pacna,t\a OT 3H8p-

rHH. IloHHTHO, qTo TOttHOCTb H HB,l\elltHOCTb noJiyqaeMNX TaKHM o6pasou 
~SHHHX c~ecTBeHHo saBHCHT OT TQqHQCTH ,D;8HHl,llC 06 0( -pacna,t\e BHCOKO

B036~eHHHX COCTOSIHHR. 

Ha OCHOB8 ,ttaHlWX 06 ycpe,ItHemmx: no p830HW:!C8M C8'l8HliSlX pe~ 
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( h , o< ) Ha wax 123.re, 143/Va', 147Sm H 149Sm noKa3atto, tiTo 
npe~OJIOXeHHe CTaTHCTHtleCKOlt TeopHH O He3aBHCHMOCTH cpe~eR npHBe

,IJ,8HHOlt 0(-IIIHpHliH OT 3HepI'HH B03C>YJl,ll,8HHR wa He npoTHBOpetmT 3KCne
pH118HT8JibliliM ,D,aHHblM. IlOJiytleHH cpe,D,HHe ,D,JIJl Bcero HCCJI8,D,0B8.HHOrO ,D,Ha

naaotta 0< -ll!HpHHbl yxa.aattttwc ~ep. IlpOBO,D,HTCR cpaBH8HHe OTHOCHT8JibHO

ro XO,D,a 3amICHMOCT6li npo~aeMOCTH 6ap:&epa JW)a 1j t, pacctmTaHHHX: 
,D,JIR paaHWC BapHattTOB noTettqHana, M8llQJY coCSoR H C 3KCnepH118HTaJib!ruMH 
,IJ,aHHl,D,IH no cpe,!ViHM 0(-IIIHpHHBM, HCXO,D,R H3 t1ero p;aeTCR oqeHKa TO'IIHOC
TH OnHCaHHR saBHCHMOCTH npOHHqaeMOCTH Ti,e( £ 0(.) OT 3H8prHH H yrJIO-
BOrO MOM8HTa CX-'llaCTHI\H. . 

Ha OCHOB8 CTaTHCTH'll8CK08 TeOpHH noJiytleHO yro'!IHeHHoe BHpa-

xeHHe ,D,JIR ycpe~eHHott iflopim cx-cneKTpa peaxqHH ( h ' r 0( ) ' KOTOpoe 

HM88T BH,D, Al 1:. /7 / c ") cl C<: / £ ~) tn .._ T,. 1£ k.) 
!..!..!JA :::: llrotl'tf~oc. = L: [},- 0~ ( M,l E~ "T ¼,etj cc • 

A EJ. /j £J . ~ 25i {;(8,,){1+E~/{8n-o'))n 

3~8Cb m= 2 ~ +1+ 7 ' r,D,e J - MyJibTHnOJibHOCTb <Y-Jlytlelt, a 7 y,m
TNBaeT B03MOJlHY10 aaBHCHMOCTb CHJIOBOtt q,yiiKqHH OT 3H8prHH. IloKaaaT8Jib 
cTeneHH l ~ n ~ 3,5 Y'!IHTNBaeT 3aBHCHMOCTb nOJIHOR pa,D,HaqHOHHOR IIIHpH
HN npOM8lty'l'O'IIHWC ypoBHett OT 3H8pI'HH B03C>~eHHJI • IlonytieHO BHpaxe1me 
,D,JIR pact1eTa OTHOCHTeJibHOR norpe!IIHOCTH IIIHpHliH ·r;-0(, ' oCSyCJIOBJieHHott KO
HetnmM 'IIHCJIOM npoMexyTO'IIHNX,ypOBHeR. IlpHB8,IJ,8H KpaTKHR OC>30p npe,D,lll8CT
BOBaBll!HX HCCJI8,D,OBaHHR peaKqHH ( h , a- CX) Ha T8nJIOBNX H pe30HaHCID,IX 
HBRTJ)OHax. PacCMaTpHBB.l'.lTCR H3B8CTHNe M8TO,D;N noJiytleHHJI CB8,IJ,8HHR 0 
C -+C~nepeXO,D,ax H3 peaKqHH ( h , a- CX) • 

B ,ll;HCC8pTaqu:u: nOJIYtlHJl ,D,aJibHBRmee p8.3BHTHe MeT0,11; onpe,qeJieHHR 
MyJibTHnOJibHOCTeR c-.c~nepeX0,11;0B no COOTHOmeHHD SKcnepHMElHTaJibHWC 

3HatleHHR IIIHpHH r;()( B pe30HSHCSX C pa3HHM CnHHOM. HHTerpHpyR BHpaJte
HHe ,D,JIJl q>OpMl,I cneKTpa pea!tqHH { h , b° 0t) B HHT8pBaJI8 B~8JI8HHR BIUia
,D,a STOA peaKqHH H npeHeC>perM BNCmHMK MyJibTHnOJibHOCTRMK, MOXHO npe,D,
CTaBHTb IIIHpHHH !;-r1, ,D,JIR ,D,Byx pe30HaHCHl,IJC COCTORHHR B BH,D,8 CHCTeMH 

~tf = aff S?(M1) + Cl{2. s~t:(£1), 

{;;"1 = a21 $;c (M1) -t- Cl2.2 Sr{£f). 

B CJiyttae fiApa 143 Nd K034qilqHeHTH ah OitB.31,IBIU)TCR CHJibHO 3aBHC~ 
OT CIIHHa HCXO~oro COCTORHHR H MyJibTHnOJibHOCTH nepBH'IIH!,IX i-JiytleR, 

,D,eTepYHHaHT CHCTeMH no B8JI1l'!IKHe C>JIH30K K Cl;t,H npH ,D,OcTaTo'IIHoA TO'II
HOCTH 3KcnepHMeHTaJibHNX 3HatieHHlt flrf , pemM cHcTeuy, 110J1Ho nony- ' 

'IIHTb 3HatieHHR CHJIOBNX q,ylil(qHlt sr;uu) H S'// ( £ {) , ycpe~el:UiliX 

•I 

'i, 

f, 

B HHTepaane B~enemut. ~Opl,IYJIHpyJ)TCR OCHOBHN8 HepemeHH!,ie npoCSJieW 
HCCJI8,D.OBaHHR C ➔ C~nepexo,17,0B: ao-nepBNX, ,1J,a.HHH8 0 MyJibTHnOJibHOCTH 
HOCflT npe,D,BapHT8Jibam\, Heo~o3Hat1Hl,llt xapaKTep, BO-BTOpID:, H80~03HatJ
H!,i ,D,aHH!,18 0 3aBHCHMOCTH <I; CC> OT £ <f , Hf B-Tp8TbHX, ,D,aHH!,18 0 C .., c' • 

nepexo,D,ax oTHOCRTCR TO~bKO K o~oMY WY 
43;Vd. 

~!LBTQB06-!:~aB~ paccMaTpHBB.l'.lTCR oco6eHHOCTH M8T0,11,HKH H3MepeHHfl 

cneKTpOB oc-pacn8JJ,a HeltTJ)OHff!,iX p830H8.HCOB. 
CneKTpOMeTpHR HettTpOHOB npoBO,D,HTCfl no M8TO,D,Y BpeMeHH npoJieTa. 

B 1tat1eCTB8 HeltTJ)OHHOro cneKTpoMeTpa npHMeHRJICfl ffMnYJibCHN,lt peaKTOp 
HBP-30. ,l],Jig CHHll8HHR q>eHa n)'lll(a, o6ycJIOBJI8HHOro 6HCTpwlH HettTpOHSMH 

H ~-KBaHTaMH, npe,D,JIOXeHa H ycne!IIHO npHMeHeHa ,qonOJIHHTeJibHM q:MJlbT
~R nyqKB. 8JlllMRHHeM. IlocKOJibKY cet1eHHe aJIDMHHHII npH £"' ~ 6 K3B · 

nOCTORHHO H npm«epHO B,D.B08 M8Hbme C8'118HHR B HHTepaane l < £ h <: 5 !,f3B, 
To,npHM8HHR qHJibTP, ocnaC>JIRDl!pl8 noTOK H8ltTpOHOB B pa6otielt o6nacTH B 

K pa3, noTOK C>HCTpHX HeitTpOHOB ocna6JIReTCR B 1(2. pas. Ha pHCyttKe 2 

N~ 

JOOO 

2000 

1000 

E,..M38 

noKaaaHN aMI1JrnT!,D,t1He cneKTJ)H peaKU,HH 
143 Nd< h ' 0( ) 

40ce B OKHe pe30H8HCOB 
£0 = 127 H 135 aB, H3MepettHl,le Ha CSaae 
30 MB 0,11,HHB.KOBHX yCJIOBHRX C q>HJibTpOM 

(2) H (Se3 qHJibTpa (1). MoXHo aH,D,eTb, 

tJTO noMHMO CHHll8HHR qioHa aJIDMHHH8':l!,iff 
<pHJ!bTJ) no3BOJIR8T YJIY'lllllHTb H pa.apemeHHe 

no 3HeprHH 0(.-tJaCTHq. 
,[J,JIR cneKTJ)OM8TpHH B H88TpoHHNX pe-

30HaHCrut C MaJI!,iMH OC-mHpHHaMH (>!,iJI p8.3-

pa60TaH CB8TOCHJibH!,iff 0( -cneKTPOM8Tp -
qHJIHH,D,pH'll8CKM HOHH3aqHOHHM KaMepa C 
ceTKoA(l(ill{).HcnoJib30BaHHe MH!lleHH a BH,11.8 
60KOBOR noaepXHOCTH ycetieHHoro KOHyCa C 

PHc .2 NaJINM yr JI ON npH BepmHHe B CO'll8TaHHH C 

KOJIJIHMaqHeA H88TpOHHOrO nyttKa B BH,IJ,8 KOJibqa, 3aCB8tJHBBl)~ero noaepx
HOCTb MH1l18HH H JIH!llb 15% pa6otiero o6beMa KaMepbl, noaBOJIHJIO npH nno~a
,D,H MM!ll8HH 3500 cJ- coxpaHHTb Ma.JIYll eMKOCTb KaM8p!,i H IlOJIYtlHTb npHeM
JieMoe pa3pemeHHe no 3HeprHH ex -tiacTHq H HennoXHe neperpy3ot1H1,1e xa:.. 

paKT8pHCTHKH KaMep1,1. 
Ha pHc.3 noKaaatta KOHCTP~ KaMepu H pacnonoMeHHe ee Ha nytt-

Ke peaKTopa HBP-30. 

Ha pHc.4 nplIBS,D,eHa aaBHCHMOCTb paapemettHR KaMep1,1 no 3HeprHH 
0(. -'llacTHq (.LI£ 0( [x3B] ) OT BpeMeHH C MOM8HTa BCI1blll1KH MOlJlHOCTH pe

aKTOpa. ( T B MKCeK) Ha npoJieTHWC 6aaax 30 H 85 M ( KpHBM l H 2 co-
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OTB8TCTB8HHO}. HHlll'.e mKaJili BpeMeHH IlpOJieTa AaHbl mKaJili 3HeprHA HeATpO-

HOB B 3B AnH. COOTB8TCTBYJ)II!HX KpHBliX. . 

s 
1 - - ' ~~=-=' 

== ~~~""3.,.4":6 ~ , ?m·-- -8-----J., . ) 
....... __ ... 

PHc.3. l.KonnHMaTop. 
2.Kopnyc KSMepu. 
3.CeTKa. 
4.KonneKTOp. 
5.YpaHOBliA HCTO'lfflHK. 
6.MHmeH&. 
?.WMbTp. 
8.1:ta,qMHeBHA 3KpSH. 

AE• 

1200~ 
1000 -

800 -

600 - ....!... 

400 -
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0 :1o~ _ _,_____,_,_~OL-'----4-'-'-','tooor ~ 7 

~
~->~ . ...L.__...L ' 

o 100 10 1 o.,--E_- , 1 -,--~ 
__j_._j_ __ -----L....._ _ ___L,_ N 
1000 100 10 1 ---E~r 21 ' 

PHc.4 

!LnJeT&eA_rJiaBe OIDICliBIU>TCH. H3M8peHHH. cnaKTpa peal'JJ,l'I.li(n, Oo() 
Ha swiax: I43Afd, I23Ta n I4?Jm. 

IlpH H3M8peHHH IIIHPHH fiO( OHH HOIJMHPYJ)TCH. no pe30HaHC8M Toro ze 

st,JU)a C H3B8CTHblMH 0(-mHpmre.MH. Ilo3TOIIY yseJIH'lleHHe TO'IIHOCTH lllHpHH 

lio1., B CBOD 0'118p0Ab, noTpelfoBaJIO CYJll8CTB8HHOrO YTO'IIH8HHH. o(.-D!HpHH 

onopHHX peaoHBHCOB. BwIH np0B8A8Hli AOilOJIHHT8JibHli8 H3M8peHHH., Il03BO

JIHBIUH8 YB8JIH'IIHTb TO'IIHOCTb nomrnx 0( -IIIHpHH onopaux peaOHaHCOB 6oJiee 

qeM B ABa paaa. PeayJI&TaTH Il.PHB8A8Hll B Ta6JIHqe l. 

----------------------flApO-MH!lleHb 

Eo [aBJ 
{; [MKaBJ 

14?.Sm 

3,42 

1,e±o,2 

------------

143Nd. 
-----

135 

35:!:6,5 

Ta6JIHI~a l 

123!8 

24,l 

O,l±o,02· 

lfaMepeHHH. pea~H 
143Nd ( n , i ex >140

ce npoBoAHJIHc& Ha KSMepe UHK 
'c HCllOJlb30B8lffl8M 8JWMHHlt8BOro lpHJ!bTpa. AMruiHTy;u.Hl,lA cneKTp BO BpeMeH-

HOM oKHe peaoHaaca £0 = 159 ·aB npeACTaBHeH Ha pHc.5. 3Aec& Ha6JlllAa

eTCH. 38M8THM npHM8Cb cx-nepeXOAa B OCHOBH08 COCT01IHH8 ( OC'o-nepe

XOAa} 
1

0T pacnoJioJEeHHoro PJIAOM peaoHaaca £0 = 179 aB. Ann BHASHeHHH. 

BKHB,qa peB.KUHH ( n , If ()( } HCil0Jlb30BaJiaCb 3KcnepHM8HTaJibHaSI qx>pMa 

HHHHH 0(0-nepexoAa, noJiyqeHHM H3 cneKTpa CYMJ,lli pe30HSHCOB £0= 12? 

H 135 sB (KpeCTHKH Ha pHc.5}. 0TH pe30H8HCli HM8IOT 6oJibIIIH8 mHpmru 

CX.
0
-nepexoAa,H npHMec&r:i peB.KUHH ( h , cf ex } B HX oc.-cneKTpe MOltHo 

6 

\ 

I 

'.e> 

( 

'-

npeHe6peqb. WoH B o6JiaCTH 8,1 < E('J(. < 8,95 MaB BwmTaJICH. aKcTpano

JIH.QHeA co cTopoHH MeHbllIHX sHeprHA (nyHKTHP Ha pHc.5). 
B peaoHaace £0 = 55 aB, AM8KO OT-

7 8 9 E.M 3B CTO.II!lleM OT p030H8HCOB CO CnHHOM 3-, npH-
Not • 01 oc ao :, I ' I O Mecb ex -nepexoAa 3Ha'IIHTeJI&HO CJia6ee H 

I 0 
60 ,t 143 Nd In. l-« i140cr AnH. BUA8JI8HHH. 3ippeKTa HCD0Jlb301;'18JICJ'l q>OH, 

\ E =159 3B , •• H3MepeliHbtl\ B M8JEP830HaHCHWC npOM8JEYTK8.X • 

\ ... I': Ha pHcyHKe 6 noKaaaH cneKTp BO BpeM8HHOM 40 

30 

20 

10 

1;. · · oKHe peaoHBHca Eo = 55 sB, noJiyqeHHHA 
I ' '~ l •· nocJie BliNHTaHHR qx>Ha. AnH. paaAeJieHHH. 

. 'ii . . . . BKH!l,qOB peB.KqHH ( n • c{ ex ) H npm.n,cc ex -

\. • \ ._ • nepeXOAOB CSwra B3H.Ta TaopeTlPI8CK8JI 
,; . . 
\ 1

1 
• •· qx>pMa cneKTpa peaKQHH ( h , ;f 0(} c yqeTOM 

I I 
,lit++oi H qx>pMli JIHHHH TOJICTOro ex -HCTO'ltHHKa, na-
1 
\ paM8Tpli KOTOpoA OllpeA9JI.IIJIHCb no 3KCnepH-' 

I . 

3~___,_~.i..,..-~-~~~ M8HTaJibHOMy cneKTJ)Y 0( -nepeXOAa B peao-
220 2so 300 N" HaHcax £0 = 12? H 135 3B 

Pnc.5 

,of•"•' 

., ., 
I I j• 

~ ~l " 
',.. '- ',,! T] ' ....w-ttt,_ -· -~ - 11 ,,. I ~· 

" 

lfauepeHHH. peB.KqHH 123.re( h, b' O<.) l 2
0.)h 

npoBOAJ!HHCb Ha KaMepe J.U1K. Ha pHc.? npH

BE3A8H 8MI1JIHTY,ll,Hblll cneKTp BO Bp0M8HHOM OK

He peaoHSHca £ 0 = 2,33 3B, nOJiyqeHHliA 

noCJie BWIHTaHHH. qx>Ha. Ana paaAeJI8HHJ'l 

BKJI!l,qOB pe8.KqHH ( n , lf 0( ) H OC'cnepeXO

Aa HCil0Jlb30BaJiaCb 3KCnepHM8HTaJibHM qx>p

Ma JIHHHH CXo-nepeXOAa, H3M8peHHM B peso

HBHCe £0 = 96 aB. 

lfouepeHHH. pea~H (n, ~d.) Ha r47 Sm 
B OTJllflma OT ll3Mapamtil: Ha OCTaJil,Hl:llC.IJ,IUlax: 

npOBO~Cb Ha nJIOCKOtt ll0Hll3aiti10HHOtt RB.
Mapa C caTKOtt ll MaKTpOHHott yr~onott KOJI-

PHc.6 .7IllMEUtllatt.IlpllMeHaHRa 8TOtt MaTO~Kll CBSI3aHO 

co 3Ha'IIHT8JlbHO M8Hb111HMH paccTOJ'IHHH.MH wez
AY mmHlDilH ypoBmoaH AO'llepaero wa 

144Nd H Heo6xoAHMOCTbD B~eJieHHH. 

BKJIB,qa p.88.KqHH ( n , l{ ex} Ha qx>He HHTeHCHBHWC npmrux ()( -nepeXOAOBo 

B TO lie BpeM.R 6oJibmM B8JIH100ia napaM8Tpa ( roe /2} )J' y AaHHOrO SJ,IJ.pa 

Il03BOJIH.8T noJEepTBOBaTb CB8TOCHJIOA H 3q4leKTHBHOCTbD 0(-cneKTpOMeTpa 

p8,1!.H yJiylUllaHHH. ycJIOBHA BUA8JI0HHH. BKHB,qa peaKUHH ( n , <f 0(} • OcHOBHl,111 

HCTO'IIHHKOM norpemHOCTH IIIHpHHli flr« Ha 3TOM SJAP8 1IBHH.9TCH. OIIIH6Ka paa

A8Jl8HHH. BKJI!l,qOB pe~ ( n , c{ 0(} H npRMWC o<-nepeXOAOBo C'118T 0( -

qacT~q· B HHT8pBM8 BHA8JI0HHH. /j £ Cl. H !llKpHHli '7Irt. , noJiyqemnre AnH. H3-

MepeHHHX B HSCTO.mqeA pa6oTe SJ,IJ.ep, npHB8A8Hli B Ta6JIHq8 2. 
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PHc.7 

---------------

3HB.qeHHe WHpHHbl rr~, IlOMeqeHH08 SB83-
AOqKoA, IlOJIYll8HO B nepaoA pa6oTe .zzy-6HeH
CKOA rpynllli. ).\aHHbl8 [10 T8IlJIOBOyY -ceqemm 
peaK~H I43Nd< n, rcx> 140ce (me sHaqe
HHH B MK6 npHB8A8Hbl B CK06Kax)nOJIYll8Hbl 
R.AJI'Aea B DJIHXe H M.AcrapoM a rpetto6Jie. 

Ta6JIHqa 2 

H,u,po- 'Ji Nido Ir, (1JE«Y r;"' 
MHmeHb £

0 
[sB] :r A EiMsB] 

6 
, °' [MxsBJ 

--------------------
\6;,,r.JMK6J) __ [MKsB] _________ _ 

55 4- 246:tJI O,II±o,08 (:IE) 

55 4- 7,69:!:9,45 380:!:40 0,084!0,016 0,089!0,0I7 
I43Nd I59 r 8,I0-8,95 roo:!:I7 0,058!0,013 · 0,087!0,024 

-6 r 7,8 - 9,3 (768!I4) 0,206!:Q,037 0,22!0,04 

-6 r 6,7 - 9,5 (907!25) 0,24!0,04 0,25!0,04 
------------ -------------------------------
I2Jr8 

2,33 I+ 3,7 - 7,3 106:tJI o,ors±o,00 o,02o±o,000 

24,I o+ 6,4 - 6,65 I5 O,OI 0,04 

I47Sm I8,3 4- e,0 - 8, 95 45!25 (9:!:5> .ro-3 o,00±o,05 

B qeTBfil)TOA_I'Jiaee npOBO,ll,HTCH aHMHS AaHHbllC peaKqHA ( n , b' 0( ) 

H ( n , If ~ ) • Ha OCHOB8 3KcnepHM8HTMbHbllC 3HaqeHHA mHpHH fir1. , H3-
M8peHHhDC B pesoHattcax I43Nd co CIIHHOM 4- H B TeilJioeoA Toqxe, I'Ae 
ceqeHHe B OCHOBHoM o6ycJioBJieHo CBHS8HHblM cocToHHHeM Eo = -6 aB co 
cnHHOM r, no.rzyqeHbl CHJIOBble ipyHK~H c -+C~nepeXOAOB I44Nd , ycpeA
HeHHble a HHTepeaJie 0,2 - I ,6 MaB MyJibTHilOJibHOCTH MI ~r(M1)= 
= ( 8:t.3) • ro-9 MaB -3 H EI s;c(Ef) = ( 9:tJ) • ro-9 MaB-3 • 

IliOB8,D.9H aHMH3 !pOpMbl cneKTpa O< -qacTHI..t HS peaK~H I 43 Nd< n ' 
o~)I 0ce, HsMepettttoro s TeMoaoR TOqKe. CpaatteHHe yTOqtteHHoA Teo
peTHqecKoA !pOpMbl cneKTpa C 3KcnepHMeHTOM AJIH pasHblX BffAOB saBHCHMOC
TeR s~c H r;-e.t OT 3H8pI'HH f ~ no KpHTepHD ~z llOKa3blBB.eT, qTO npH 

II 

,. 

:i 
;] 

•,. 

I I 

i 
1, 

1

1t': 
. U1 

i 

_., 

m = 3, n )., I 3HaqeHHH X2 
He BblXOAHT sa npeABJibl OAHOI'O CT~apTHOI'O 

OTKJIOHeHHH Xl -pacnpeA8JI8HHH. HeCKOJibKO lCyJ'G.8 OllHCblBaeTCH Cil8KTp npH 
m = 3' n = 0: p < N 1 

) < 5%. 0nHCaHH8 CTaHOBHTCR SBM8THO XYJte npH 
H3M8H8HHH tn • A8J!t8 npH /m - 3/ = 0,5 P('Xl~<I%. 8TH pesyJibTaTbl 
MOI'JT CJiymlTb 6oJiee H~8!UiblM llOATB8pl(,ll.8HH8M BblBOAa, CAeJiaHHOI'O B 
nepaoA pa6oTe .zzy-6HeHCKOll I'PYllllbl 06 3H8pI'eTHtl8CKOA saBHCHMOCTH 

1.rr'>~ £/. . 
PesyJI&TaTbl npOB8A8HHOI'O aHMH3a B OCHOBHOM OTHOCHTCH K EI-nepe

XOAaM, nocKOJibKy B cJiyqae KOMIIaYJiA-COCTORHHH 143Nd co cnHHOM 3-, 
o6paSyt>!q8I'OCH npH saxBa'l'e T8IlJIOBOI'O H8ATpoHa, CX -pacn~ npoMel!IyToq~ 
HblX ypoBHeA, saceJIH8MblX ~ -nepeXOAaMH MyJibTHilOJibHOCTH EI, paspemeH 
C YI'JIOBhlM MOM8HTOM toe = 2 H npOHH1..taeMOCTb (Sap&epa npH 3TOM BABOe 
6oJI&me, qeu AJIH oc-pacn~a ypoBHeR, saceJIHeMb!X MI-nepeXOAaMH, I'Ae 

fot. = 3. Ilo3TOMy npH YCJI_OBHH St (EI) Z St (MI) qx>pMa CX -cneKTpa 
peaKI..tHH ( n • ~ 0( ) B T8IlJIOBOA TOqKe Ha 2/3 OflP8A8JIH8TCH EI lf-ne
peXOAa.MH• 

B peaoHBHcax I43Nd co cnHHOM 4- Ha6JIDAaeTcH o6paTHM xapTHHa: 
lX -cneKTp o6yCJIOBJI8H B OCHOBHOM MI-nepeXOABMH• BHA SaBHCHMOCTH 

<1et)( £ lf ) , noJiyqeHHoR Hs cneKTpa pesoHaHca Eo = 55 sB,a npeAeJiax 
norpemHOCTeA cosn~aeT C ,11.aHHblMH B T8IlJIOBOA Toqxe. ilO.nyt18HHM B Ha-

c:!_cc 5c.s,, cTOJtrqeA pa6oTe seJIHtmHa ,J~(MI) B 4 pasa MeH&me ~ (MI), HsMe-
peHHoA s peaKI..tHH 144Nd< Ir, 1n npH Er 7 ,8 MaB, qTo yKasblsaeT Ha 
BOSMOl!HHA BKJI~ MI I'HI'aHTCKOI'O pesOHaHCa npH 3TOA-3H8prHH. 

AnH APYI'HX J'{Aep umpHHl:l fi.e< HaMepeHbl TOJI&Ko B OAHOM saxaaTHOM 
COCTOHHHH H yYJibTHilOJibHOCTb C -,.c!.rJepeXOAOB H8H3B8CTHa, Il03TOMy CHJIO
Bble ipyHK~H 6w.rn H~em,1 AJIH AByx xpaAHHX CJiyqaee 'lfflCTblX EI -r1 MI -
nepeXOAOB npH IlOMOIIIH YDP0~8HHOI'O Bblp8Jlt8HHR 

dee_ 2 5i h"' /lJ{8n) 
0~- , 3 

9,11£v. L. Et To,e(EJ) 
cl cc ' k.: 1, Kn.tu 

0TH sHaqeHHH ~lr , IlOJiytleHHble Ha OCHOBe H81DHX AaHHblX, a TalOl[e Ha 
OCHOB8 AaHHblX no T8IlJIOBblM ceqeHHRM peaKl.lHH ( h , (f' 0( ) , noKasaHbl Ha 
pHCyttKax 8 H 9 TpeyI'OJibHHKaMH. 

PeaKI..tHH ( n , cf ~ ) B sHa'lfflT8JlbHOA CTeneHH IlOXOllta Ha peaK'-tJU) 
< n • o' 0() C TeM OTJIH'lffleM,. ~o npoHHI..ta8MOCTb 6apbepa AeJI8HHH yueHb
maeTCH 6ucTpee, qey npH 0< -pacn~e H noToMy pacqe'l'Hb!A cnex-rp nep-
aw.nwx O -JIYll8A B CJiytJae IlOA6apb8pHOA peaK~H ( n , <f f ) MJtI'qe: 
MaKCHMyM-B paAOH8 400 K3B • .l1JJH H~6apbepttoA peaKllHH ( n • lr ¼ ) • Ha
npHMep, a cJiyt1ae 235 l/ H 

239 Pu , oH CABHraeTcH Ha 300-400 K3B. 
CpaBHHT8JibHM OI'paHIN8HHOCTb ,0.8HHblX !IO pe~ (n ,Jf)o6yCJIOBJI8Ha 
npell,IJ,e eceI'o HeeosMOl!HOCTbD HsMepHTb cneKTp nepBHqtthDC o-JiyqeR. 

I) 



Ha sKcnepHMeHTa 061:NHo rnaeTcll noJiy'IHTb JIHlllb BeJ1H1mHY fh H, HHOr,Ila, 

oQeHHTb MyJ1bTHnOJ1bHOCTb nepBH'lfflWC o -nepexo,I10B. _ 

)),nil cpaBHeHHll C ,IlaHHl,IMH no pe~ (11 ,0o() Ha OCHOB8 mr!)IDI fi1 
- 6Wia nonytteHa CHJIOBM: q,yHKQHll nepBH'lfflWC t -nepeXO,IIOB npH noMOiqH Bl,l-

paJteHHll ;> er - 2. T, /l-f [;{ B h) 

~ - 9J,·tiE~2.. E; 3 A. (f-~k) 
/;. 

n r (Ek-6\ r 1 

3,I1ecb ft= L 1 + e i P 1,w ') J - npoHHQaeMoCTb 6apbepa ,I1eJieHHll. Ilap1U,18TPfl 

6apbepa ,11.eJieHHll £ ~ H ~ w • a Taiate saBHCHMOCTb cpe,11.HeR B8pOllTHOCTH 

,I18Jl8HHll wi OT 3HE!JlI'HH B036~eHHll KOMIIaYH,II-R,llJ)a 6WIH B31lTl,I H3 ,IlaH-

HblX no peaKQHH ( d , P ! ) . · 
IlonytteHHHe TaKHM o6p8.30M Ha OCHOB8 3KcnepHM8HTaJibHWC 3HaqeHHR 

fit CHJIOB!,18 q,yHKQHH npe,11.cTaBJleHH Ha pHCj'HKax 8 H 9 (KBa,Iij)aTHKH). 
c'CC 

Hcxo,11.ll H3 6JIH30CTH ~~ B paRoHe pe,11.KHX seM8Jlb H aKTHHOH,11.0B 6WIH c,11.e-

~aHli OQeHKH WHpHH /';f,II.Jl1l ,11.eJ11IIqHXCll Rp,ep, KOTop1,1e nPffBe,11.eHH B Ta6-
JIHQe 3. 

Ta6J1HQa 3 ---------------------------------------------
fl,u.po- 233!1 2352! 237M 238n 239,... 24IA 241,1 243,1 
NHilleH& p ,u ,u u nm nm 

----------
I 

fh [MsB] 8,3 3,2 0,15 0,02 16,5 2 5.10-6 10-4 

II 
fh [wsB] 4,6 I,6 2-10-7 0,032 12 I,4 

IlOCKOJlbity HCUOJib30BaJIHCb nap81,!8Tp1,1 ,II.BJTOp6oro 6apbepa, TO 61:DIH nony

qeHl,I ,II.Be rpynn1,1 OQeHOK WHpHH f;; : r;p ,II.JIil 61,1cTpoR peaKQHH { n , 
~ !), COOTB8TCTBYJ)~8R npOXOJIAeHH~ cpa.sy o60HX 6apbepoa, H 3a,D,8pll8H-. \ 

HOR Ha BpeMll nopjJ,11,Ka nepHo,11.a nonypacna,11,a COCTOIIHHR BO BTOpoR lllf8 
_nl _ 
'n• ~~ 

8KcnepHM8HTaJibHl,le 3Hati8HHII CHJIOBOR q,yHKQHH rJll' nosBOJIRllT cpaB-

HHT8JibHO npoCTO OQ8HHTb B8JIHqHHl,I noJUiliX Pa,D,HaQHOHHHX WHpHH 3THX 

ff,11,8p npH noMOiqH Bllpa.Jl8HHll U · 

~tot= '2._ ) ;o; srtJ p((ll-£i), 1) d£5 . 
1 O 

)J,Jl.a: OIIp8P,8JI8HHII norpemHOCTH, BHOCHMOR BH,11.0111 q,yHKQHH nJIOTHOCTH ypoe

Hea P ( £if, j ), pactieT npOBO,ll,HJICll C HcnOJlb30B8HHeM P { £.", ✓ ) no 

MO,Il8JIH qiepMII-•ra.sa C rpynnHpOBKOR B o<SoJIOllKH H no M0,11.eJIH qiepr.m-rasa 

c o6paTHHII CM~eHHeM. )),nil ff,11,ep 123re H 147.sm , r,11.e BeJIHtUIHH CHJIOBl,IX 

IO 

~A , 
q,yHKqHR ,.J<f CHJibHO SaBHCllT OT npe,D.nOJIOll'.8HHll O MyJlbTHnOJlbHOCTH C -. C -

nepexo,11.oB, npHB0,11.llTCll ,II.Be OQeHKH ~t,it. 4 COOTB8TCTBYJ)IqH8 KpaihmM 

cnytiama tlHCTHX EI-H MI-nepexo,11.oB. ,l\Jlll 1 9Sm B8JIH'llHHH SJ",11.J!ll o6oHx 

MyJlbTHil0JlbHOCT8R 6JIH3KH, H B Ta6mn~e 4 npHBe,11.eHo Cpe,11.Hee 3HaqeHHe. 

IlorpemHOCTH pacqeTHWC 3HatieHHR 1;~0 t B~llMT B ce61l norpemHOCTb 

5// H Heonpe,11.eneHHOCTb q,yHKQHH p { £*' J' ) • Ycp8,11.H8HHli8 no BC8M 

BapliaI!TaM (? (e• 1 g-') IIOJIHH8 pa,Itiia.I~omw:e mr!)IDili IIpliB8,ll.8Hli B Ta~e 4. 
. . 

Ta6n~a 4 

fl,u.po -
llOOll8Hb 

---------------------· 
I43;VJ I4~m 14~,Sm 

123r0 

EI MI EI MI ------------------- --------------------,-,tot 
I 'K pac'I. [MaB] 80±36 40±13 30±.20 II±6 19±10 32±9 ------------ ------------------------------·------
fl,tot [11sB] 
~ 3/CC. 

97±3 64±15 35±9 60±1 

-------------------------------------
B HHll'.H8A CTpOK8 IlPHB8A8HH 3KCnepHMeHTaJibH1,18 3HaqeKHll UOJIHl,IX Pa,D,Haqa
OHHl,IX WHpHH sa Bl,lq8TOII BKJIB,qa llteCTKHX t -nepexo,11.oB • CpaBH8HH8 pac

qeTHHX 3HaqeHHR C 3KcnepHMeHTaJibHHMH YK8.3HBaeT Ha TO, llTO CJl8,11.Y8T 

Oll'.H,[l.aTb pocTa St B o6naCTH 2 < £6<4 MsB no cpaBH~ c sr. 8To · 

npef20JIOllteHHe Il0,11.TBe~aeTCll TaKJl'.8 ,11.aHHl,llfH no ll'.8CTKHM () -nepeX0,11.aM 

WISI 
43 N'd , r,11.e s~ B o6nacTH 5 < £(/ < 7 MaB B 4 - IO pas npeBl,llllaeT 

C:! cc 
.J~ • 

I 

B IlllTOR rJlaBe npoBOAHTCll conocTaBJleHHe 3KCnepHM8HTaJibHWC AaH-

HHX O MllrKHX H ll'.8CTKHX IS'-nepexo,11.ax H cpaBH8HH8 HX C H3B8CTHHIIK 

MOA8JI1IMK t -pacna,11,a KOMIJayH,l!,-COCTOIIHHR jJ,11,ep. 

Ha PHCj'HKax 8 H 9 npHBe,11.eH1,1 nonytteHHHe B HaCTO~el pa6oTe 3Ha

qeHH.a: sr: ,II.JIil CnytiaeB qffCTWC El-H MI-nepeX0,11.0B ( BepXHHe OQ8HKH sr ) BMeCTe C CHJIOBHMH q,yHKqHID{H ll:8CTKHX If -nepeX0,11.0B H3 o6sopa 

MaKeynax H KpHeHa ( TOtlKH H KpYJl:OtiKH). KaK MOlltHO BHJJ.eT&, ,II.JIil MI-nepe-
C' cc 3cs· xo,11.oB He o6HapymrnaeTCll paanH'llHR MelJAY AJ/f H ~ H He o6Hapyusa-

8TCll saBHCHM?cTH OT aToMHoro Beca. ,nnll El-nepexo,11.oB S~'B cpe,11.HeM 
MeH&me S§S; 

' ,IJ,nll ff,11,ep 
144 Nd H 

12
4re npoB0AeHo conocTaBJ1eHHe 3KcnepHMeH

TaJibHHX 3HaqeHHR CHJIOBHX q,yHKQHR C ..,.c!nepeX0,11.0B, C-S -nepeX0,11.0B H 

,11.SHHl,IX ql()TOjJ,11,epHblX peaKQHR C pa3JIHtnruMH BapHBHTB.IIH onHCaHHll q>OpM!i 

rHraHTCKoro 3JleKTpffq8CKOI'O ,11.HnOJlbHOro pesoHaHca (I'8)u>). Ec.nH npe,11.

nOJIOJEHTb, llTO COOTHOmeHHe sr (EI)/ sr{Ml)WIJI Rall!,ItOfi 3RCII8pliM8H

TaJibHOl:t TO'IBH TaKoe lite, KaK H ,Il,JIR Beere cneKTpa, TO saBHCHMOCTb 

I I 
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PHc.9. CHJIOBble 4JYHK~ MI-nepexo,J\OB 
I 
MsB-3 • 

A 

CHnOBOR qiyHKqHH c-c~nepeXO,J\0B MOllt8T 6b!Tb IlOJiytleHa H3 cneKTpa BTO

pHtlHbllC 0(-qacT~ peaK~H ( n ' ~ O< ) npH noMOlllH BHp8l!8HHH 

5cc (£
1
)= 2r, ~c1.Nrc1. f;(B..,)[1-Ei/(B .. -8)]n 

~,. <;J; Nr()A. tJ £(}. E/ (TeruJ + TerH1J-S~'IM1)/Sf~(£t)) 

O~eHKa CHJIOBOlt <pyHK~H, ycpeAHeHHolt B HHTepBaJie I ,6 < £ 'lf ~ 4 MsB, 

6wta Il0nytl8Ha Ha OCHOB8 nonHOlt pa,Il,H~OHHOR IIDlpHHbl. CHJIOBbl8 qiyHK~H 

12 

B o6nacTH £ t > Bn nonytleHbl Ha OCHOBe AaHHb!X ipoTOH,D.epHb!X peam.1HA c 

IlOMO~blO BHp8Jlt8HHH 

,5 = 8,67•!0-8 <Oo) f-J"J 
fo Er [M3B] 

Ha pHCYHKe IO npHB8,J\8Hbl 3Kcnepm,teHT8JlbHble sHaqeHHH cHnOBblX qiyHK~A 
144Nd MynbTHnOnbHOCTH EI An.fl Bcex Tpex BffAOB ,J\!lHHblX O o -pacn~e. 

s;c(E1)1 

1r)' I 
t 

108~ 

01 

144Nd 

02 0.3 Q4 0.5 3 4 567810 E, 

PHc.IO 

l{ruc MOJ!HO BffA8Tb, OHH He cornaCYK>TC.fl HH C JIOpe~eBCKOlt (KpHBa.fl I), 

HH C 6peRT-BHI'H8pOBCKOi:l ( KpHBa.fl 2) !p()pMO!t nHHHH f'3,llP • B TO llt8 Bpelot 

AaHHble npH £ If << £ fJ xopomo cor11aCY1lTCH c pesyJibTaTBMH pa6oTbl 

c.r.Ka,iµ,eHCKOI'O, B.If.MapKyllleBa H B.l1.lliypua1-1a X/(rrpEMM).B pa6oTax 

3TOR rpynnbl TaKllte HaxO,IllfT 061..flcHeHHe OTHOCHTenbHO 6onbm8JI, no cpaB

H8HHI) C llt8CTKHMlf O -nepeXO,J\IUffl, ponb MyJibTHnOnbHOCTH MI C ..... c!.ne
peXO,J\OB, qTo o6yCJIOBJI8HO 3<ppeKTaMH qipa.I'MeHT~, IlpHBO,l\mqHl(H K 060-

r~eHHll BOJIHOBblX qiyHK~lt HaqaJibHOI'O H KOH8tlHOI'O COCTOHHHlt OAHOR qeT

HOCTH 0,1\HHaKOBhlMH KOMIIOH8HT11MH, Me!l'.,lzy KOTOp!,IMH B03MOmfbl MI-H E.2-ne

peXO,J\bl, a EI - nepeXOAbJ sanpe~eHbl. O~eHKa CHJIOBblX qiyHK~lt, Il0nytl8H-

5C(' 
Ha.FI aaTopaMH, AaeT paBHble BeJIH~Hbl ~ AJI.fl El-H MI-nepeXO,J\OB c TOq-

HOCTbIO AO MHOlltliTeJUI 2' coan~aD!flH8 C 3KCnepHM8HTOM. 

x7Ka.n:MeHCKl1fi c.r., Mapeymen B.II., <eypMaH B.H. OIDIB, P4-82-2IO, 

,1Ty6Ha, 1982. 
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~~~~H!!~ npHBOARTCSI OCHOBHl:le pe3yJibTaTl:l BblIIOJIHel:frloR pa60Tl:l. 
l • Il~ae,qeHbl H3MepeHHSI noJIHl:llC (X --!11HpHH onopHblX pe30H8HCOB 

147.Sm ' 43Nd H 123re, tlTO Il03BOJIHJIO B,I\BOe yJiyimntTb TOl.lHOCTb HOp-

MHpOBKH IIIHpHH r;,. H f'rtx YKa38.HHNX fiA8p. , 
2. IlpoB0,Il.0Hli H3M0p0IDU1 WHPHH pe~ (tt ,rl() Ha 

143
#c:{,rro3BO

HHBIIIHe B TpH pa3a yaeJIH'!IHTb TOllHOCTb WC onpe,n.SJieHHSI ,ItJlSI peso
HaHCOB co CIIliHOM 4-,ll BII0pBli0 H3M0p0Hli WHPHHli p~(n, ~ d') peso
HaHCOB 123re H 147.Sm • 

3. BnepB1,1e nonyqeHo 3Hat1eHHe paAHB.QHOHHOR CMOBoll q,yHK~H El
n~xo,qoa c...-c' H YTOQHeHO 3HatleHHe CHJIOBOR q,yHK~H Ml-nepeX0,11.0B ,11.Jlfi 
1 Nd'• )J.na KowayHA-fiA8p 124re H 147Sm onpe,tt0JI8Hli cyw.mpHHe cHJioooe 
q,yHK~H El-H Ml-nepexo,n.oa. Pacct1HTaHbl CHJIOBl:le q,yH~H H3 ,ttaHHl:lX rro 
pe~ ( it ,)l'cO Ha TeIJJiooox HSi1TPOHax. 

4. YTol.lHeHO OIJHCaHHe q>OpMbl cneKTpa BTOpHtlHblX ex -tlaCTHq a peaK
~H ( n , lf 0(. ) o AHMH3 q>OpMN 3KcnepmreHTaJibHOI'O cneKTpa pea~ 

43 Nd ( h' l[ 0(. ) 140ce n0,11.TBeMHJI Bl:lBOA O He3aBHCHMOCTH CHJIOBOR 
q,yHK~H C-+ C !.nepeX0,11.0B OT 3H8pI'HH £ lf • Y CT8HOBJI8HO, tlTO 8TO HMee! 
MeCTO H ,ItJIR El-nepeXO,ItOB C -+C! 

5. IlonyqeHO npH6JUUtel:fr!08 Bl:lpaJl!eHHe, CBR31:lB81lll188 pa,u.HB.QHOHHYJ) 
CHJIOBj'I) q,yHKqHI) C IIIHpHHOR peaK~H ( n , t } ) , H Ha OCHOBe 8KCnepH
MeHTaJibHl:llC 3Hat1eHHR IIIHpHH /; ! nonyqeHbl oqeHKH cHJIOBl:llC q,yHK~R 
AeJISffllHXCR fiA8p. )J.Jia ,IIJIYI'HX ,11.eJiffil!HXCR fiA8P C,IteJiaHli oqeHKH IIIHpHH lri • 

6. Ilpoae,qeHO cpaBHeHHe.sHatleHHR CHJIOBl:lX q,yH~R MRI'KHX H lleCT-
KHX t-nepexo,n.oa ,ItJIJI IDHpOKoro Kpyra fiAep. )J.Jia Ko11nayH,11.-fiAep 

144Nd 
H 124re np0B8,It8HO ,Il.8TaJibH08 conocTaBJieHHe SKcnepHMeHTaJibHl:lX 3HatleHHR 

CKJIOBl:llC q,yHKqHR B WHpOKOM AffaDa30He SHeprHR O -JiyqeR. 
7. IloKa38HO, t1To p,aHHl:le ,ItJIR El-nepexo,qoa B fiAP8 144 Nd He cor

nacymTca HH C nope~eBCKOR, HH C 6peRT-BHI'H8pOBCKOA q>OpMOA JIHHHH 
raw. B TO lite Bp8Mfi. ,qaHHl:le B o6JiaCTH Er.( E9 ' BHAHMO, OKa31:lBaeT
Cfi B03MOlltHl:lll ODHcaTb Ha OCHOB8 no,qxo,u.a, HCil0Jlb3YJlllleI'O yqeT CBORCTB 
IlOJIRPH3aqHOl:fr!OI'O onepaTopa K 3aBHCHMOCTb CHJIOBOA q,yHKqHH OT TeMIIepa

Typl:l KOHetlHOI'O COCTOSIHHR fiAPa. 
8. )J.Jia Ml-nepexo,qoa B fiAPe 144 Nd He HCKJI1>t1aeTca· aosYollHOCTb 

BKJill,l\a MI rHI'BHTcKoro pesoHBHca a paAoHe £~-::.8 MsB. B o6nacTH · 
EJ; .( r,6 MsB l)THOCHT8JlbH00 yaeJIHtleHHe p0JIH yYJibTHDOJibHOCTH MI-nepe

XO,U.OB MOllt8T 61:lTb o61>SlcHeHO 3qxp8KT8MH !ppaI'M8HT~, T.ITO npHBOAffT K 
o6ormqemm BOJIHOBHX q,yH~A HatlaJibHOI'O H KOHetlHOI'O COCTORHHA ~AHOR 
tl8THOCTH OAHH8KOBl:lMK KOMnOH8HTBMH,M8JKAY KOTOpblMK B03MOmil,I Ml-H E2-
nepeXOAl:l, a EI- nepexo,ql:l 3anpe111eHbl. 

9. MeTOAfft18CKHMK pe3yJibTaT8MK AffCCepTa~K RBJlfillTCR, ao-nepBl:lX, 
npe,ItJIOllt8HH8 H HCDOJlb30BaHHe MeTo,qa 4MJibTpa.QHH nyttKa mmyJibCHOI'O pe-

14 

aKTOpa 8JUJMKHH8M B COtl8T8HKH C M8TOAOM apeMeHH npoJieTa, H, BO-BTO
pwc, pa3pa60TKa H HCCJl8,II.OB8HHe xap8KTepHCTHK ~JIHH,IU)Htl8CKHX HOHH3a
~Ol:frll:lX KBMep C ceTKOR, T.ITO nosBOJIMO 003,qaTb CBeTOCHJlbHl:lR CX -

cneKTp0M0Tp ,ItJIJI HCCJI8AOBaHHfi pe~R ( n , 0< ) H ( n , 0 0( ) • 
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