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06~as: xapaKTepe:CTHKa pa6oThI 

Il;EJib P ABOTbl: 

K 1986 roµ;y B JIH<l> OilJIM 6hlrro HaxorrrreHo y:arn µ;ocTaTO'IHO MHoro 

aKcrrepIIMeHTam,Horo MaTep1Iarra no Heii:TpOHHhlM µ;mp<pepem:J;1Iam,HhlM 

ce'!eHIIHM B KIIlI03lleKTpOHBOlII,THOII o6rraCTII 3HeprlIH, 'ITO II03BOlIIIlIO rre

peHTII K ero 0606~eH1IIO. Il;err1,10 HaCTOK~eii: pa6oThl, Bo-rrepBhlX, 6hllIO 

rrpoBep;eH1Ie pac'!eToB c Han6orree rroµ;xoµ;K~IIMII p;lIK 1Iccrreµ;oBaHHoro µ;H

arra3oHa aTOMHhlX Mace Kµ;ep 48 $ A::; 144 II 3Heprri Heii:TpOHOB µ;o ~ 250 

K3B IIOTeHI~HallaMII OIITH'IeCKOH MO)];elIII Kµ;pa II OII1ICaH1Ie C ee IIOMO~I,IO 

rrorry'IeHHhlX lI3 )];II<p<pepe1:[D;lialII,HhlX ce'!eHIIH Heii:TpOHHhlX rrapaMeTpOB. 

Oco6eHHo HHTepecHo 6hlrro Hccrreµ;oBaT1> B paMKax OIITH'IecKou Moµ;errH 

IIOBeµ;eHIIe 3aBHCIIMOCTeH ClilIOBhlX <pyHKD;IIH lI paµ;HycoB IIOTeHD;IIaJII,HOro . . 
pacCMHIIH OT MaCCOBOro 'IlIClla )];lIK p-Heii:TpOHOB, IIOCKOllbKY 3TO µ;erra-

lIOCI, BIIepBhle. 

Bo-BTOphlx, 6hllIO IIHTepeCHO 3aIIOlIHIITI, IIMeIO~HeCK rrpo 6errhl B pKµ;y 

1Iccrreµ;oBaHHhlX Kµ;ep B o6rracTKX Mace A=70-90 HA> 124, rµ;e B 3aBII

CIIMOCTII p-paµ;HycoB OT A Ha6rrroµ;arr1ICI, HeKOTOphle oco6eHHOCTlI. 

B-TpeTI,HX, rrpeµ;rrorraralIOCI, )];OIIOlIHIITI, 6a3y 3KCIIepHMeHTalil>HhlX 

µ;aHHhlX pe3yrr1>TaTaMlI B o6rracTII rrerKHX Kµ;ep. lIHTepec K lICCllep;oBa

HlIIO rrerKIIX Kµ;ep B03HIIK B CBK3lI C HeyBeH'IaBWIIMIICK ycrrexoM IIOIICKaMlI 

O)];HOIIlIOHHOrO o6MeHa B paCCeKHIIII KIIlI03lleKTpOHBOllbTHhlX HeUTpOHOB 

Ha cpep;HIIX lI TIDKellhlX Kµ;pax. 

AKTY AJlbHOCTb TIPOBJIEMbl: 

XoTK Hccrreµ;oBaHIIH yrrroBhlX pacrrpeµ;erreHIIH yrrpyroro pacceKHrur He:a

TpOHOB Ha'IalIHCI, 6orree 50 rreT Ha3ap;, H K HaCTOK~eMJ BpeMeHH p;H<p

<pepem:J;HaJibHhle ce'!eHIIH mmeCTHhl rrpaxTH'IeCKlI )];lIK BCex llrreMeHTOB, 

)];aHHhlX, IIOlIJ'IeHHhlX )];lIK Meµ;rreHHhlX Heii:TpOHOB ( C :meprlIHMH MeHee 

0,5 MaB), IIMeeTCK ropa3µ;0 MeHbwe, 'IeM p;lIK 6hlcTphlX, 8To CBK3aHO c 

TPJAHOCTKMH rrpoBeµ;eHrur TaKlIX 3KcrrepIIMe!!!.?B, BO::lHlIKaIO~lI II::3-::la 
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CHIDKemur IIHTeHCIIBHOCTII II MOHOaHepreTII'IHOCTII HeiiTpOHHhlX IICTO'I

HIIKOB IIpII yMeHI,llieHIIII :meprIIII HeiiTpOHOB, a TaK::iKe II:J-Ua Heo6xoµ;II

MOCTII npII aHeprrurx MeHee 1-2 MaB y'leTa pacce~ HeiiTpoHoB qepet3 

COCTaBHOe .Hµ;po IIpII OIITII'leCKOM aHaJIII:Je norry'leHHhlX pe:JJJibTaTOB. 

Kax IIt3BeCTHo, onpeµ;erreHIIe HeiiTpOHHhlX CIIJIOBhlX q>JHKQIIii II:J ycpe

µ;HeHHhlX no pe:JOHaHCaM ce'leHIIH .lIBJI.HeTC.lI CTaTIICTII'leCKII HaII6orree TO'I

HhlM cnoco6oM. ,IJ;JI.H onpeµ;erremur CIIJIOBhlX q>yHKD;IIH y::iKe p;aBHO IICIIOJib

:JJIOTC.H cpeµ;HIIe IIOJIHhle ceqemur O"tot II cpeµ;HIIe ce'leHII.H paµ;IIan;IIoHHoro 

:JaxBaTa a,, KOTOphle napaMeTpIIt3JIOTC.lI -qepe:3 CIIJIOBhle q>JHKD;IIII. AHa

JIII:J ycpeµ;HeHHhlX µ;IIq>q>epeHQIIaJibHhlX ce'leHIIii a( 0) ynpyroro pacce.HHII.H 

HeiiTpOHOB c aHeprII.lIMII E ~ 0, 5 MaB II HII::iKe CTaJI ecTeCTBeHHhlM pat3-
) 

BIITIIeM 0TIIX MeToµ;oB. 

AHaJIIIt3 ycpeµ;HeHHhlX µ;IIq>q>epeHn;IIaJibHhlX Ce'leHIIii pacce.lIHII.lI Heii

TpOHOB HII:JKIIX aHeprIIii IIOt3BOJI.HeT onpeµ;eJI.HTb CIIJIOBhle q>yHKD;IIII Sj' 
nponopn;IIOHaJibHhle 'JaCTII ce'Jemur, COOTBeTCTBJIOr.u;eii pet30HaHCaM, II 

paµ;IIJChl IIOTeHD;IIaJibHOro pacce.HHII.H R1 (l- op6nTaJibHhlH MOMeHT Harre

TaIOr.u;ero HeiiTpOHa,) = l+ 8- ero IIOJIHhlH MOMeHT, 8- CIIIIH HeHTpOHa). 

IIo cpaBHeHIIIO c npeµ;rnecTBJIOr.u;IIMII µ;aHHhlii MeToµ; onpeµ;erreHII.H Heii

TpoHHhlX napaM:eTpOB IIMeeT p.Hµ; npeIIMyr.u;ecTB, o6ycJIOBJieHHhlX npocTO

TOH Bhlpa::iKeHII.H µ;JI.H µ;IIq>q>epeHn;IIaJibHoro ce'Jemur pacce.HHII.H Meµ;rreHHhlX 

HeHTpOHOB: 

a(0) = :;[1 +w1cos0+w2P2(cos0)], (1) 

rµ;e a8 - noJIHoe ce'IeHIIe pacce.HHII.H, a w1 II w2 - napaMeTphl aHII:JOTpOIIIIII 

pacce.HHII.H, 0- yrorr pacce.Hmur HeiiTpoHa, Pi( cos0)- norrIIHOMhl Jle::iKaH

µ;pa CTeneHII l. 

Ce'IeHIIe a( 0) coµ;ep::iKIIT ropa:1µ;0 6orrbrne IIHq>opMan;IIII, 'ICM O"tot IIJIII 

a-y, Tax xax Ka::iKµ;oe ero crraraeMoe no-pa:1H0My Bhlpa::iKaeTc.lI 'Iepe:1 cµ;BIIrII 

q>a:J pacce.HHII.H, onpeµ;eJI.HIOr.u;IIe BeJIII'IIIHJ COOTBeTCTBJIOr.u;eii pacce.HHHOH 

napn;IIaJibHOH BOJIHhl, II CIIJIOBhle q>JHKD;IIII, a IIOCKOllbKJ TpeTbe crrarae

MOe coµ;ep::iKIIT HeiiTpOHHJIO CIIJIOBJIO q>JHKD;IIIO TOJibKO µ;JI.H Pa;2- Heii

TpOHOB, 0TO IIO:JBOJI.HeT pa:1µ;errIITb HeiiTpOHHYIO CIIJIOBYIO q>JHKD;IIIO µ;JI.H 

p-HeiiTpOHOB Ha.ee KOM_IIOHeHThl II npII aHeprrurx µ;o ~50 KaB µ;JI.H 6eccnII-

•3- ... , ·n- ,·:1 
2 

. 't ~ ·;_. ~ / :>J 

--~ 

C, 

HOBhlX .Hµ;ep-MIIllieHeii Ha6rr10µ;aTb CIIIIH-op6IITaJibHOe pacr.u;enrreHIIe MaK

CIIMyMa CIIJIOBoii q>JHKD;IIII B o6rracTII A~lOO. 

HAY~HAff HOBFl3HA Fl IIP AKTFl~ECKAff ~EHHOCTb 

PABOTbI 

B HaCTO.lir.u;eii pa6oTe BIIepBhle 6!,i:rrII npoBeµ;eHhl IICCJieµ;oBaHII.H ynpy

roro pacce.HHII.H Meµ;rreHHhlX HeiiTpOHOB .Hp;pa:MII Kr, Xe, Be, B, C II II:JO

TonaMII 128Te II 130Te. IIorry'IeHHrur aKcnepIIMeHTaJibHaH IIHq>opMan;II.H :Ja

norrHIIJia npo6errhl B COBOKJIIHOCTII HeiiTpOHHhlX napaMeTpOB .Hµ;ep, 'ITO 

not3BOJIIIJIO cµ;erraTb BhlBoµ; o cnen;IIq>II'leCKOM noBeµ;eHIIII q>JHKD;IIII RH A) 

II BIIepDhle on;eHIITb llIIIplJHhl OTpIIn;aTeJibHhlX p-pe:JOHaHCOB µ;JI.H .Hµ;ep

MIIllieHeii 11B II 9Be. 

HA 3AITI;FITY BbIHOC.ffTC.ff CJIE,IJ;YIOITI;FIE OCHOBHbIE 

PE3YJibTATbI: 

1. IIponeµ;eHhl pac'leThl c µ;nyM.H noµ;xoµ;.Hr.u;IIMII noTeHQIIarraMII cq>e

pII'IeCKoii OIITII'leCKOH Moµ;eJIII C n;eJibIO OIIIICaHII.lI onpeµ;erreHHhlX II:J µ;IIq>

q>epeHD;IIaJibHhlX Ce'leHnii ynpyroro pacce.HHII.H HeiiTpOHOB C aHeprII.HMII 

µ;o ~ 250 KaB HeiiTpoHHhlX CIIJIOBhlX q>yHKD;IIii µ;JI.H s-, p1; 2-, p3; 2- Heii

TpoHoB II napaMeTpOB noTeHQIIaJibHoro s- II p-pacce-.lIHII.H n _µ;IIana:JoHe 

IIccrreµ;oBaHHhlX .Hµ;ep 48 ~ A~ 144. IlpII'IeM, napaM:eTphl, onpeµ;erreHHhle 

µ;JI.H p-HeiiTpOHOB, nnepnhle 6hlJIII OIIIICaHhl B paMKax cq>epII'IeCKOH OIITII

'JeCKOH Moµ;errII .Hµ;pa. 

2. BhlnorrHeHhl IIccrreµ;onaHII.H ynpyroro pacce.HHII.lI Meµ;rreHHhlX Heii

TpOHOB .Hµ;paMII KpIIIITOHa, t3aIIOJIH.lIIOr.u;ero npo6err n o6rraCTII Mace .Hµ;ep 

A=70 - 90, noµ;Tnepµ;IIBllIIIe cnen;IIq>II'IecKoe noneµ;eHIIe q>JHKD;IIII RHA), 

IIMe10r.u;eii rrry6oKIIii MIIHIIMYM p-norrHonoro paµ;IIyca pacce.Hmur Ha .Hµ;pax 

C TaKIIMII MaCCaMII. 

3. Fl:1MepeHII.H µ;IIq>q>epeHn;IIaJibHhlX ce'leHIIii ynpyroro pacce.HHII.lI Me

µ;rreHHhlX HeiiTpoHoB KCeHoHOM npo.HCHIIJIII noBeµ;eHIIe q>JHKD;IIII RHA) n 
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o6rracTII A > 124, rp;e Ha q>oHe nrranHoi oan1Ic1IMocT1I p-pap;1IycoB OT A 

Ha6mop;arrc.H aHOMallbHO Marrbli pap;1Iyc p;ll.H Te. 
,. 

4. IIccrrep;oBaHII.H pacce.HHII.H HeiTpoHoB II0OTOIIaMII 128Te II 130Te no-

0BOlIIIlIII cp;erraTb BblBOp; 0 HalIII'IIIII OHa'IIITellbHOII aHOMalIIIII B IIOBep;eHIIII 

q>YJIK~ Ri(A) B o6rracTII Mace A> 124 (B1,1nap;eH1Ie Ri p;ll.H Te BHII3 Ha 

15-20 Olll1I6ox). 

5. IlpoBep;eHHble 1Iccrrep;oBaHII.H ynpyroro pacce.HHII.H HeiTpOHOB 6e

p1IlllI1IeM, 6opoM II yrrrepop;oM, p;oIIOlIHIIBWIIe IIMeIOIIzyIOC.H 6aoy )l;aHHblX 

peoyrr1,TaTaMII B He1Iccrrep;OBaHHOII p;o CIIX nop o6rraCTII rrerKIIX .Hp;ep, IIO-

0BOlIIIlIII cp;erraTb nepBble on;eHKII lllIIpIIH OTpIID;aTellbHblX p-peooHaHCOB 

p;ll.H .Hp;ep-M11weHei 11 B 11 9Be. 

AIIPOBAIJ;IUI P ABOTbl 

MaTep11arr1,1, IIOlIO)KeHHble B OCHOBY p;11ccepTaD;IIII, p;oxrrap;bIBalIIICb Ha 

Me)Kp;yHapop;Hoi KOHq>epeHn;IIII no HeIITpOHHOII q>II3IIKe (K11eB, 1987 r.), 

Ha Me)Kp;yHapop;Hoi KOHq>epeHn;IIII no 1106paHHblM BonpocaM cTpyxTyp1,1 

.Hp;pa (,II;y6Ha, 1989 r.), Ha Me)Kp;yHapop;HoM ceMIIHape no B3aIIMop;ei

CTBIIIO HeiTpoHoB c .Hp;paMII (!SINN, ,II;y6Ha, 1992 r.). 

OB'bEM P ABOTbl 

,II;11ccepTan;II.H COCTOIIT 110 BBep;eHII.H, II.HTII rrraB II 0aKlIIO'IeHII.H. OHa 

cop;ep)KIIT 90 CTpaHIID; MalllIIHOIIIICHOro TeKCTa, B TOM 'IIIClle 17 p11cyHKOB 

II 6 Ta6rr11n;. CnIICOK lIIITepaTyp1,1 BKlIIO'IaeT 51 Ha1IMeHOBa:s:11e. 

IIYB JIIIKAIJ;IIII 

!Io MaTep11arraM p;11ccepTan;1III ony6rr11KoBaHo 5 pa6oT. 

Coµ;ep)KruIHe pa6oThl 

Bo BBeµ;eHHH p;11ccepTa~ p;aH xpaTKIIII o6oop paoBIITII.H 11ccrrep;0Ba-· 

HIIII yrrroBbIX pacnpep;erreHIIi pacce.HHII.H Mep;rreHHblX HeiTpOHOB .Hp;paMII, 

IIOKaoaHa aKTYallbHOCTb II n;err1, npep;CTaBlleHHOII pa60Tbl, KpaTKO II0lIO

)KeHO ee cop;ep)KaHIIe. 
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B nepBo:e: rJiaBe p;11ccepTan;IIII p;aeTc.H xpaTxoe TeopeTII'Iecxoe on11ca

HIIe ynpyroro pacce.HHII.H HeIITpOHOB B cqiepII'ICCKII-CIIMMeTpII-'IHOM norre. 

Cllll II OIIIICblBaeTC.H MeTop; aHalIII0a ycpep;HeHHblX p;IIq>q>epeHD;IIallbHbIX 

ce'IeHIIII, IIOOBOll.HIOllJ;IIII IIOlIY'JaTb 110 113Mep.HeMbIX axcnepIIMeHTallbHbIX 

oHa'IeHIIII napaMeTpoB ce'!eHII.H a8 , W1 II w2 HeiTpOHHhle CIIlIOBble q>yH

xn;1111 s0' 8};2, SJ;21 pap;IIan;IIOHHble ClllIOBble q>yHKD;llll s~, Si II BKrrap;1,1 p;a

rreKIIX ypoBHei R'if, Rf, np11 noMOllJ;ll KOTOpbIX B R-MaTpII'IHOII Teop1111 

Bblpa)KaIOTC.H q>aoOBble C)l;BIIrll II pap;11yc1,1 IIOTeHD;IIarrbHOro p.Hcce.HHII.H 

s- 11 p-HeiTpOHOB. B rrrane paccMaTpIIBaeTc.H cTpyKTypa p;11qiqiepe:m:i;11-

arr1,Horo ce'!eHII.H ynpyroro pacce.HHII.H, np11Bop;.HTC.H 06rn;11e qiopMyrr1,1 p;ll.H 

napaMeTp11oan;1III 'Iepeo ClllIOBble q>yHKD;llll II qiaobl pacce.HHII.H KOaq>q>IID;II

eHTOB pa0lIO)KeHII.H y~pep;H~HHOro IIO pe0OHaHCaM ce'!eHII.H a( 0) p;ll.H 6ec

CIIIIHOBblX .Hp;ep-MIIllleHei II p;ll.H .Hp;ep C HeHyrreBblM CIIIIHOM. 

Bo BTopo:e: rJiaBe coo6rn;aroTC.H ocHo~Hble xapaxTep11cTIIKII HeiTpoH

Horo IIY'!Ka OT 6ycTepa IIBP-30 II p;eTeKTopa pacce.HHHbIX HeiTpoHoB, 

npIIBO)l;IITC.H cxeMa axcnepIIMeHTarrbHOII ycTaHOBKII, OIIIICblBaeTC.H arrex

TpOMexaHII'Iecxoe II arreKTpOHHOe o6opyp;oBaHIIe, IIO0BOll.HIOllJ;ee BeCTII 110-

MepeHII.H npn Tpex yrrrax pacce.HHII.H B aBTOMaTII'ICCKOM pe)KIIMe, 060-

CHOBblBaeTC.H npon;ep;ypa IIOMepeHIIII, IIOp.Hp;OK Ha6opa CTaTIICTIIKII, Ka

rr116poBKII, yxaoblBaIOTC.H cnoco61,1 y'IeTa q>oHa. IloKaoaH1,1 TaK)Ke aTanbl 

o6pa6oTKII axcnepIIMeHTaITbHblX p;aHHbIX, npeBparn;arorn;eii annapaTypHble 

cneKTpbI pacce.HHHblX HeIITpOHOB B napaMeTpbI µ;11qi<pepeHn;11arr1,Horo ce

'IeHII.H p;ll.H paoHbIX aHeprri HeiTpOHOB. 

IIpocTOTa µ;11qiqiepeHn;narr1,Horo ce'!eHII.H pacce.HHII.H HeiTpoHoB np11 

MallblX aHeprII.HX (1) IIO0BOll.HeT µ;ll.H ero onpeµ;erreHII.H IIMeTb p;eTeKTOp c 

p;OBOllbHO HII0KIIM yrrrOBbIM paopeweHIIeM II IIpOII0BO)l;IITb II0MepeHII.H npn 

He60llblllOM 'IIIClle paoHbIX yrrroB. IIoMepeHII.H, IIpOBOp;IIMble npII Ka)Kp;OM 

yrrre c o6paon;oM 11 6eo o6paon;a (11lIII c nycTblM KOHTeIIHepoM o6paon;a), 

npop;OlI)KalIIICb o6bl'IHO HeCKOllbKO cyTOK B BIIp;e IIOBTOp.HIOllJ;IIXC.H D;IIKlIOB 

axcnoo11n;ri p;ll.H paoHbIX yrrroB p;eTeKTopa 11 norro)KeHIIII o6paon;a no 15-30 

MIIHYT Ka)K)l;8JI. 

5 



IlplI IICllOllb30BaHIIII ra:1006pamn,1x: (KplillTOH, KCeHoH) II nopornxoo6-

pa3HhlX (1moTOllhl Terrrrypa) o6pam:i;oB B MeTop;IIKY II3MepeHIIB II B GKcne

pHMeHTallbHYIO ycTaHOBKY 6hllIII BHeCeHhl HeKOTOphle II3MeHemra, OTMe

'IeHHhle TaK)Ke no BTopo:ii rrrane. 

B TpeThe:e: rmme onpeµ;erreHHhle II3 µ;mpq>epeHn;IIallbHhlX ce'IeHIIH 

ynpyroro pacce.lIHlllI He:iiTpOHOB c aHeprlllIMII µ;o ~ 250 xaB He:iiTpoH

Hhle CIIlIOBhle q>YHKD;IIII µ;JI.H s-, p 1I2-, p 3I2- He:iiTpoHoB II napaMeTphl no

TeHD;Harr1,Horo s- II p-pacce.lIHlllI p;ll.H ncex 1Iccrreµ;onaHHhlX B p;1Iana:10He 

48 ~ A~ 144 .lip;ep npoaHalIII31IpOBaHhl nplI llOMOIIJ;II OllTII'Iecxo:ii Moµ;errlI 

.Hµ;pa. BhlrrlI B3.lI'1'hl µ;na noµ;xoµ;.Hrn;HX cq>ep1I'IeCKIIX noTeHD;Harra. IlepBhlH 

II3 HIIX 6hlll npeµ;rro)KeH B 1963 roµ;y Morrµ;ayapoM [2], a 3aTeM IICllOllb-

30BalIC.lI KaMapµ;o:ii [3], HeCKOllbKO II3MeHIIBllIIIM napaMeTphl noTeH:a;IIarra 

p;ll.H p-HeHTpOHOB. 

IlapaMeTphl r 0 paµ;1Iycon R = r0A 1/3 II p;1Iq>q>y:1HocTe:ii B q>opM-q>aKTopax 

CaxcoHa-Byµ;ca BTOporo 1I31Icnorr1,:1yeMhlX noTeH:a;1IarroB [4] - rrlIHeHHhle 

q>yHKD;IIII OT A. KpoMe Toro, rrry61IHhl aToro noTeH:a;1Iarra coµ;ep)KaT 

II3ocnHHoBhle 'IrreHhl, nponop:a;H0Harr1,Hhle ( N - Z) / A, 'ITO no :1axrrro'Ie

HIIIO IIepe.lI [5], BhlllOlIHIIBlllero µ;eTallbHhlH aHalIII3 pacce.lIHlUI npOTOHOB, 

cnoco6cTnyeT rry-qrneMy on1IcaH1IIO ynpyroro pacce.lIHlllI. 

Pe:1yrr1,TaThl, norry-qeHHhle p;ll.H p-HeiiTpOHOB, .lIBlI.HIOTC.lI coneprneHH~ 

HOBhlMII, llOGTOMY Oll1ICaH1Ie. IIX 3aBIICIIMOCTII OT aTOMHOro 'IIIClla C no

MOIIl;bIO OllTII'Iecxo:ii Moµ;errlI .lip;pa npeµ;CTaBlI.HeT oco 6hlH IIHTepec. 

Ha6rrroµ;arroc1, .lIBHoe Heconnaµ;eH1Ie nlIKOB Sf 12 II Sj12 , P1!:CCMaTp1Inae

MhlX KaK q>yHKD;IIII OT Macconoro 'IIIcrra A (p1Ic.l). 

Pe:1xo HeMoHOTOHHM 3aBIICIIMOCTb Ri(A) (p1Ic.2) HMeeT MIIHIIMYM, B 

o6rraCTH KOTOporo (A~ 60-90) paµ;n:ychl Ri HMeIOT µ;a)Ke OTpn:n;aTellbHhle 

3Ha'IeHlllI. 8To 03Ha'IaeT, 'ITO y .lip;ep B GTOM MaCCOBOM µ;n:ana3oHe cµ;nn:r 

q>a3hl He:iiTpOHHo:ii p-BOlIHhl HMeeT aHoMarrbHhl:ii norro)KHTerr1,HhlH 3HaK. 

CnrrornHhle xpn:Bhle Ha p1IcyHKax 1 n: 2 - pac-qeT c noTeHD;HarroM Morrµ;a

yapa - KaMapµ;hl, 0Tpe3KH KpHBhlX - C "pern:OHaJibHhlM" llOTeHD;HaJIOM 

CMHTa. 
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Heo)Kn:µ;aHHhlM oxa:1arroc1, noneµ;emie paµ;nycon pacce.lIHlllI µ;JI.H He:ii

TpoHHoii p-BOlIHhl B o6rraCTII Mace A> 124. Y nccrrep;OBaHHhlX npnpo

µ;HhlX cMeceii n::10Tonon c A> 124 cnrroBhle q>yHxn;nn: p;ll.H s-, PiI2- n: p 312-

HeiiTpOHOB n pap;nychl pacce.lIHlllI p;ll.H S-HellTpOHOB o6Hapy)KIIllll p;OBOJII,-

5~2 i I I 
:1 ~ 
:f.: 

1
'. ~'" ·~~ I -

0 

-2 

s' 6 
312 
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s' 
10 
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Pn:c.l. HeiiTpOHHhle cn:rroBhle 

q>yHKD;Hll p;ll.H p-BOlIHhl B 

eµ;n:Hn:n;ax 1 o-4 • To'IKH -

Hamn 3Ha'IeHlllI, xpeCThl 

- 3Ha'IeHlUI H3' [6] 

HO nrranHy10 :1aBIICIIMOCTb OT A, 

Torr1,xo 3Ha'IeHn:e Ri µ;IT.H Te .lIBHo 

Bhlnarro BHH3 Ha 15-20 ornn6ox. 

R; 
12 
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8 

6 

4 

2 

01 +T \'1 _ w;r I 

-2 

-4 

so 70 90 110 130 150 A 

Pn:c.2. Paµ;n:ychl pacce.lIHII.lI p;rrJI 

p-BOlIHhl B q>M 

)KerraHn:e 6orree noµ;po6Ho n:ccrreµ;oBaTb oco6eHHOCTII B noneµ;eHnII pa

µ;nycon pacce.lIHH.lI p;lI.lI p__:HeHTpOHOB II 3allOlIHHTI, rrpo6errhl· Ha llIKarre 
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Mace A= 79 - 89 II A= 127 - 144, cnoco6cTnonarro npone;a;emno aKcne-

pIIMeHTOB, KOTOphlM nocn.H~eHa ~eTaepTas: rJiaaa. 
8.0 
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PIIc.3. 8KcnepIIMeHTarr1,Hhle ::rna'IeHII.H p-HeihpoHHoii cIIrronoii 

q>yHKD;IIII. Kna;a;paThl - 3Ha'IeHII.H, norry'IeHHhle ;D;IT.lI Kr 

II Xe, cneTrrhle Kpy)KKII - µ;IT.lI II3oTonon Te n ocHOBHoii 

no;a;roHKe, KpeCThl - B ;a;onorrHIITeITbHOlI 

Bhl6op IIccrre;a;yeMhlX ra:Jon Kr II Xe onpeµ;eIT.lIITC.lI TeM, 'ITO paµ;IIyc p

pacce.HHII.!I ;D;IT.lI KpIInTOHa ;a;orr)KeH 6hlrr noµ;Tnepµ;IITb aHOMaITbHhlH 3HaK 

paµ;IIycon B nepDOM II3 yKa3aHHhlX DhlWe npo6erron, a pe3yITbTaT ;D;IT.lI KCe

HOHa - aHOMaITbHOCTb Marroro paµ;IIyca ;D;IT.lI .Hµ;ep Te, npe;a;wecTnyro~~ 

DTopoMy npo6erry. B IIccrre;a;yeMoM µ;IIana3oHe aHeprIIii HeiiTpoHon 3-200 

KaB HII µ;IT.lI Kr, HII ;D;IT.lI Xe ;a;o onIIchlnaeMhlX II3MepeHIIH He 6hlrro 0KcnepII

MeHTarr1,n1,1x µ;aHHblX ;a;a)Ke no norrHhlM Ce'IeHII.lIM. IIorry'IeHHble pe3yrr1,

TaThl xopowo "nnIICaITIICb" n 06~10 KapTHHY 3aBIICIIMOCTII HeiiTpOHHblX 

ClIITODhlX q>yHKD;lIH II paµ;IIycon pacce.lIHII.lI OT Macconoro 'IllCJia (p:n:c.3,4). 

R'i ;D;IT.lI KpllnTOHa CTarro 'IeTnepTbIM OTp:n:n;aTeITbHblM 3Ha'IeHHeM B llHTep

narre A':::!. 70:.... 90, :n: coMHeH:n:ii:, 'ITO aTo o6~ee cnoii:cTno .Hµ;ep c TaKHMH 
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P:n:c.4. 

ll Pa;a;:n:yc1,1 pacce.HHII.!I µ;IT.lI 

p-BOITHhl B q>M. Kna-

;a;paTbl - 3Ha'IeHII.lI, no- ::s 4 

rry'IeHHble ;D;IT.lI Kr :n: Xe, 
e 
-

cneTrrhle Kpy)KKH - µ;IT.lI 
-0::- 2 

H30Tonon Te n ocnonnoii: 0 

no;a;roHKe, KpeCTbl - B 

;a;orrorrH:n:Terr1,no:ir 

J)f~ 
fft ¢ t 
t • 
+ 

,f c!l1> 
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A 

Bhlrra c;a;erraHa nonblTKa :n:µ;eHT:n:q>:n:n;:n:ponaTb ;a;na CaMblX CllilbHhlX ll3 

pe30HaHCOB KpllnTOHa, paccMaTpllBa.lI llX KaK ll30ITHponaHHble ( CM. Ta-

6ITIIn;y 1). 

Ta6ITIIn;a 1 

. 
E0,KaB A8 ,6H•0B agrn,aB lfooTon 

3,79, 3330 ±280 3,1 ±0,6 80,82,83,84,86 

11,1 24000± 1100 65±8 82,84,86 

3Ha'IeH:n:e Ri ;D;IT.lI Kcenona nMecTe c Ri neoµ;HMa orrpe;a;err:n:ITII nrrann1,1ii 

cna;a; n A-3an:n:cHMocT:n: paµ;:n:yca nocrre ero MaKCHMyMa rrp:n: A~ 120, :n: 

Tenepb MO)KHO C ynepeHHOCTbIO ronopHTb O 3Ha'IllTeilbHOH aHOMaITII:n: D 

Ri p;IT.lI Terrrrypa. 

Th6rr:n:n;a 2 
C :oep;HHe oeooHaHCHhle na1JaMeTDhl 

8rr-T So -104 8}12 .1Q4 SJ,2 .1Q4 Rb, q>M Ri, q>M 

Kr 0,26 ±0,12 3,1 ±2,4 3,46 ± 0,40 7,5±0,4 -3,3 ± 1,2 

Xe 0,42 ± 0,05 2,9 ± 1,2 2, 18 ± 0, 18 5,9 ± 0,3 10,6±0,4 
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JiorlI'IHI,IM npo;o;orr2KeH1IeM nccrre;o;oBaHlIII B 0Toii o6rracTn .HBlililICb 0Kc

neplIMeHThl C ;ll;BYMJ[ T.H2KelihlMlI lI Han6orree ;lJ;OCTJilHhlMlI lI30TOilaMlI 
128Te lI 130Te, IlOKa3aB1Ulie, 'ITO lIMeHHO OHlI OTBeTCTBeHHhl oa'·nccrre

;o;yeMyIO aHOMalIIIIO B IlOBe;o;eHlilI pa;o;nycoB p-BOlIHOBoro pacce.HHlI.H HeII

TpOHOB npnpop;HhlM TerrrrypoM, IlOCKOlibKY IlOlIJ'IeHHhle ;ll;lI.H HlIX pa;o;nychl 

p-pacce.HHH.H npHMepHo Ha 25% MeH1>1Ue, 'IeM ;o;M ecTeCTBeHHoro Terrrrypa 

(pnc.4). 

PeoylibTaThl ;o;orrorrHHTelI1>HoII rro;o;roHKlI, B KOTopoii p;M o6oIIx .Hp;ep 

q>IIKClipOBarracb BelIII'IlIHa Rf = -0, 23 - Ha "HopMalibHOM" ypoBHe*) 

6lIII3KlIX no Macce .Hp;ep, ;lJ;aHhl B Ta6rrnn;e 3 CTpOKOII HlI2Ke OCHOBHhlX pe-

3JlibTaTOB. 

Ta6rrIIn;a 3. 
Cpe;a;mrn peooHaHCHhle napaMeTphl 

12sre 

So -104 Sf12. lQ4 SJ12. lQ4 Rb, q>M. Rt, q>M x2 

0,04 ± 0,03 2,7±1,0 1,66 ±0,26 6,29 ±0,16 6,19±0,31 1.7 
0,28 ±0,03 11,9±1,0 1,14±0,38 4,55 ± o, 14 11.50 3.4 

130Te 

So -104 Sfn-104 SJ;2. lQ4 Rb, q>M Rt, q>M x2 

0,00 ± 0,02 2,5 ±0,8 1,47 ±0,26 6,28 ±0,10 6,31·±0,31 1.8 
0,10 ± 0,04 10,3 ± 1,2 0,91 ±0,44 5,09±0,16 11,56 4.7 

0 Ka'!eCTBe COOTBeTCTBlI.H HaIIp;eHHhlX napaMeTpOB 3KCneplIMeHTY M02K

HO CJ;o;IITb ITO 3Ha'!eHH.HM x2 Ha o;o;Hy TO'IKY' nplIBe;o;eHHhlM B Ta6rrnn;e 3. 

Y'IT.H peoyrr1>TaT Rt = 8, 1 ± 0, 2 q>M p;lI.H Te, M02KHO npe;o;cKaoaT1>, 'IT·o 

llleCTb erb 6orree rrerKlIX lI30TOilOB, COCTaBlI.H.H OKOlIO 34% B CMecn, ;o;orr-

2KHhl lIMeTb B Ka'IeCTBe cBoero cpe;o;Hero KaK pao "HopMarr1>Hyro" nemr

'IlIHJ Rt ~ 12 q>M. 

*) 3;o;ec1, crre;o;yeT HaIIOMHIITb 06II1,errpIIH.HTOe COOTHOllleHIIe R' = 
R(l-Rf) ;lJ;lI.H s-BolIHhl lI BBep;eHHOe B JIH<I> Ri = R(l-3Rf) 
;ll;lI.H p-BOlIHhl. 
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TunII'IHO HecTaTIICTlI'IeCKlIII aq>q>eKT rro;o;o6Hoii aHoMarrIIlI M02KHO 61,1rro 

61,1 o6'b.HCHIITb o6paooBaHIIeM B rrpoMe2KyTo'!HhlX .Hp;pax 129Te II 131Te He

KOTop1,1x npoCThlX, lilIII BXO;ll;HhlX, COCTO.HHIIH co CIIIIHaMII 1;2- n (IIrrII) 

3/2-, cooTBeTCTBJIOIIl,IIX 0HeprIIII na;o;aro~IIX HeIITpOHOB ~ 0,3MaB II 

IIMeIO~ lllIIpIIHhl B ;o;ec.HTKII IIlilI COTHII K3B. 

Mo2KHO 'IIICTO q>eHOMeHOlIOrII'IeCKII on;eHIITb IIX napaMeTphl, npe;o;rrorro-

2KIIB, 'ITO Terrrryp npe;o;cTaBIT.HeT co6oii cMeCb ;ll;BYX "II30TOIIOB", y o;o;Horo 

II3 KOTOphlx, lIMeIOIIl,ero KOHD;eHTpan;IIIO 66%, eCTb BXO;ll;HOe COCTO.HHIIe 

3/2-. 

"'1 
1 .2 

0.8 

0.4 

100 200 300 400 500 600 
SHEPrl'IH,l<SB 

PIIc.5. ·orrIIcaHIIe 3Ha'!eHri w1 ;o;M Terrrrypa c y'IeToM Bxo;o;Horo 
C0CTO.HHlI.H 3/2- (KpIIBhle 1,2,3) II 6e3 Hero (KpIIBaJI 4). 
IIapaMeTphl Eo,r r,r ! B K3B ;lJ;lI.H npIIBe;o;eHHhlX KpII
m,ix: 1 - 291,37,12; 2- 281,42,24; 3- 296,62,48 

IIpe;o;cTaBrreHHhle Ha pIIc.5 p;aHHhle ;o;rr.H Te II3 pa6oThl [7] ;o;o 250 KaB 

n p;aHHhle II3 [8] Bhlllle 350 KaB noKa3hlBaIOT xapaKTepHhlII neperra;o; 3Ha

'!eHIIH W1 B panoHe 300 KaB, KOTOphlH M02KHO OTHeCTII K IIHTepq>epeH

D;IIII p-pe30HaHCa C IIOTeHD;IIalibHhlM s-pacce.HHIIeM. KpIIBhle 1, 2 II 3 Ha 

pIIcyHKe, COOTBeTCTBJIOIIl,lie TpeM BapIIaHTaM TaKoro peooHaHca (rrapa

MeTphl pe30HaHca p;lI.H Bcex BapIIaHTOB pac'!eTa npIIBeµ;eHhl no;o; pucyH-
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KOM), pacc'lIIThIBaJIIICb II3 Bhipa)KCHllil Ce'leHrur: 

a(0,E) = a1(Rb, R1,S0
, S}12 , SJ12 ) + 0,66a2(Eo,r n,r ;), 

rµ;e <pyHxn;rur a1 - ce'leHIIe, ycpeµ;HeHHoe no peaoHaHcaM, a a2- ce'leHIIe 

µ;lIJI II30JIIIp0BaHH0r0 pe30HaHca. HeiiTpOHHYJO II paµ;IIaD;II0HHyIO urnpIIHhI 

r n II r; KaK apryMCHThI <pyHKD;IIII a2 B Clly'lae BX0p;Horo C0CT01£Hllil o6o-

3Ha'laIOT r j II r !. IlpII 3T0M r !~ Const 0TBe'laeT nepexop;y B K0MnayHp; 

C0CT01£Hllil, a r j~ E 3/ 2 (p;lIJI p-COCT01£HII1£) C00TBCTCTByeT nepexop;y BO 

BXOp;HOH KaHaJI. Bee apryMeHThI a1 µ;lIJI Bcex KpIIBbIX op;IIHaK0BhI, npII'leM 

R'f = -0,23, To ecTb R1 '.:::: 11,5q>M. KpIIBall 4 norry'leHa npII a2 = 0 II 

0TBe'laeT 0TCYTCTBIIIO aH0MalIIIII B p-pacce1£HIIII. 

B llJITOH rJiaBe onIIcaHhI axcnepIIMeHThI no pacce1£HIIIO KIIrroarrex

Tp0HB0llbTHhIX HCHTpOHOB TpeM1£ rrerKIIMII 1£µ;paMII ( 6epIIlIIIeM, 6opoM II 

yrrrepoµ;oM). 

KpoMe napaMeTpoB ynpyroro pacce1£Hrur HCHTpOHOB as, W1 II w2 II na

paMeTpoB noTeHD;IIall1>Horo pacce1£Hrur R'if' II R'f µ;lIJI yxaaaHHhIX BhIIIIe 

rrerKIIX 1£µ;ep 3p;ecb npIIB0p;IITC1£ TaK)Ke rrepBall on;eHKa IIIIIpIIHhI Bep01£T

Horo 0TpIID;aTerr1>Horo p-peaoHaHca µ;lIJI 1£µ;pa-MIIIIIeHII 11B II noµ;o6HhIH 

peayrr1>TaT p;lIJI 9Be. On;eHIITb IIIIIpIIHy 0TpIIn;aTerr1>Horo peaoHaHaca (B . 
npeµ;nol!0)KCHIIII 0TCYTCTBllil y rrerKIIX 1£µ;ep 3aMCTH0ro BKllap;a B p-pacce1£-

HIIe op;H0IIII0HH0ro o6MeHa) B03M02KH0, ecm1 BClIII'lIIHhI R'(° II. R~ µ;lIJI co

cep;HIIX ITO Macce 1£µ;ep 3aMeTH0 pacxop;1£TC1£, II0CK0llbKY, coµ;ep)Ka BKrrap;bI 

"XBOCTOB" 6ollbIIIOro 'lIIClla pe30HaHC0B C o6eIIX CT0p0H OT paccMaTpII

BaeMoro p;IIaIIa3oHa 3Heprri, 3TII BClIII'llIHhI p;0ll)KHhI 6hITb 6rrII3KII . .n:lIJI 

rrerKIIX cocep;HIIX 1£µ;ep cµ;erraT1> Taxyro on;eHxy npo~e, Tax xax IIX cxeMhI 

ypoBHeii xop0III0 II3BCCTHhI µ;o 3HeprIIii BhIIIIe 3HeprIIII CB1£3II HeiiTpOHa II 

II0lI0)KeHrur, cnIIHhI II 'lCTH0CTII 0TpIID;aTellbHhIX pe3oHaHC0B TaK2Ke, xax 

npaBIIlI0,II3BCCTHhI. 

Y g Be II 12C B p;IIaIIa30He KCCllep;yeMhIX 3HeprIIH HII 0p;Horo II3 II3Be

CTHhIX peaoHancoB HeT [6], a y IDB, 11B II 13C ecTb no µ;Ba peaonanca, 

II3 K0T0phix T0llbK0 s-peaoHaHc 370 xaB y 10B II p-peaoHaHc 430 xaB 

y 11B CKOllbKO-HII6yp;1, 3aMCTH0 CKa3bIBaIOTC1£ Ha lI3MepeHHhIX a(0). 

12 

Ha pIIC.6 II3MepeHHhie napaMeTphI as (TeMHhle TO'lKII) II W1 B CIICTeMe 

n;eHTpa Mace ( CBeTllhie TO'IKII) II306pa)KCHhI µ;lIJI o6pa3D;OB 6opa II yrrre

poµ;a (E- B rra6opaTopHoii cIIcTeMe). Ilo aTIIM p;aHHhIM, IIcrrorr1,ay1£ na

paMeTpII3an;IIIO ce'leHrur a(0), Bhipa)KaIO~IO ero 'lepea neiiTpoHHhle CII

lI0Bhie <pyHKD;IIII II napaMeTphI "µ;anexIIX" ypoBHeii R'{° npII BbI6paHHOM 

3Ha'leHIIII paµ;IIyca 1£µ;pa R = 1, 35A 113 II k = 2, 197 .10-4 A v'E / (A+ 1) q>M-1 

( E- B aB) 6hilIII onpeµ;erreHhI crreµ;yro~IIe ::ma'leHII1£: 

Rb = 6, 15 ± 0, 02 q>M p;lIJI C II Rb = 5, 94 ± 0, 06 q>M p;lIJI B. 
R'i = 4, 29 ± 0, 21 q>M µ;lIJI C II R'i = 3, 02 ± 0, 17 q>M p;lIJI B. 

IIorry'leHHhle napaMeTphI µ;aroT HaIIlIY'lIIIee onIIcaHIIe axcnepIIMeHTa, 

K0T0poe noKa3aH0 Ha pII~YHKe 6 cnlI0IIIHhIMII lIIIHII1£MII, C00TBCTCTByIO

~IIMII pac'leTaM npII HyrreBbIX 3Ha'leHII1£X CIIlI0BbIX <f>yHKn;IIii. lfo as npII 

3Heprrurx 95 xaB II BhIIIIe no p;aHHhIM [9] 6blll0 Bhl'lTCH0 KphilI0 CIIllbHoro 

s-peaoHanca IDB c E0 = 370 xaB. 
5, 1 t I I I I I I I I I I I I I I I I I I I I 11 I iii I 11 I I 11 I I I 11 I 111 i I I I I I I I I ij 

::i:: 
"' 4 b.;; 

0.10 

0.05 
3-

-o.oo ~n, , !Rim' , :i 

-0.050 100 200 0 100 200 
E,K3B E. K3B 

PIIc.6. 8xcnepIIMeHTaJI1>Hhle 3Ha'leHrur napaMeTp0B ce'leHllil 
p;lIJI 6opa II yrrrepoµ;a 

Kax II o:llmp;anoc1>, y 6lIII3KIIX no Macce yrrrepoµ;a II 6opa no'lTII op;IIHa

K0BhIMII 0Ka3alIIICb paµ;nychI s- paCCe1£Hllj[, HO µ;lIJI p-paccej[Hllil paµ;eychI 

3aMeTH0 0TlIII'laIOTC1£. IIocKOllbKY pe30HaHChI yrrrepoµ;a µ;eiicTBIITCllbHO 
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µ;arreKo pacrrorro)KeHhl, To, rro-nIIµ;IIMOMy, 6orree "rrpannm,HbIM" JIBllHeTcJI 

tma'!eHIIe R'i, rrorry'IeHHOe µ;rur yrrrepoµ;a, a y 6opa w1 II, crreµ;onaTem,Ho, 

R1 "IICKa)KaJOTCJI" 6rrII3KIIM p-pet10HaHCOM cl= 1 II E0 = 430 KaB. 

Berrll'IIIHy IICKa)KeHlIJI W1 y 6opa, Bbl3BaHHOro BlIIlJIHIIeM BblIIIeyKa3aH

Horo p-pe30HaHca, IIlllIIOCTpnpyeT IIYHKTIIpHaJI KpIIBaJI 1 Ha pIIc.6, IIpII 

pac'IeTe KOTopoii oTµ;em,Ho Y'IIITblBalICJI BKrraµ; :3Toro pe30HaHca B COOT

BeTCTBilll C ero II3BeCTHblMII rrapaMeTpaMII. 

O'!ennµ;Ho, 'ITO pac'!eTHaJI KpIIBaJI 1 Heyµ;onrreTBOpIITelil,HO OIIIICbIBaeT 

GKCIIepIIMeHTalibHble W1 6opa, IIpII'IeM xoµ; GKcrrepIIMeHTallbHblX TO'IeK 

JIBHO Tpe6yeT ynerrn'!eHIIJI R1 rrpII pac'!eTe TeopeTil'!ecKoii KpIInoii, 'ITO 

II 6bllIO cµ;erraHO 3aM:eHoii rrepBOHa'IallbHO rrorry'IeHHOro 3Ha'!eHIIJI . Rf = 
-0.003, COOTBeTCTByrow;ero BelIII'IIIHe paµ;nyca p-pacceJIHilJI R'i = 3, 02 

q>M, Ha 3Ha'!eHIIe Rf = -0, 130, II3 KOToporo _µ;rur yrrrepoµ;a rrorry'!aeTcJI 

paµ;nyc R1 = 4, 29 q>M. JJ:rur 6opa IIcrrorr1,3onaHIIe rrpII pac'!eTax TaKoro Rf 

µ;aeT R1 = 4, 16 q>M. 8ToT pet1yrr1,TaT rrpeµ;cTanrreH Ha pIIc.6 rryHKTnpHoii 

KpIIBoii 2, KOTOpaJI, IIpII6lIIl)KaJICI, K GKcrrepIIMeHTalibHblM W1 6opa, nee )Ke 

rrpoxoµ;IIT ropat1µ;0 Hll)Ke 6orrbIIIIIHCTBa TO'IeK. JJ:rur rrorry'IeHIIJI xopoIIIero 

OIIIICaHIIJI GKCIIepIIMeHTallbHbIX TO'IeK (KpIIBaJI 3) 6bllIO rroµ;o6paHo 3Ha'!e

HIIe R'i = 5,38 q>M, t1Ha'IIITerr1,Ho 6orr1,IIIee, '!eM y yrrrepoµ;a. IIapaMeTpbI 

rroTeHI1;IIarr1,Horo pacceJIHIIJI, rrpeµ;cTanrreHHble B Ta6rr.5, Haiiµ;eHbl c y'Ie

TOM BKrraµ;a s-pet10HaHca 370 KGB y 10B II p-pet10HaHca 11 B 430 KGB rrpII 

HyrreBblX 3Ha'!eHlIJix CIIlI0BblX q>yHKQIIH II µ;nyx BapIIaHTax Bb16opa paµ;ny

COB JIµ;ep: R = 1, 35 • A 1/ 3 q>M ( nepXHJIJI '!aCTb Ta6rrIIn;hl) n R = 1, 80 . A 1/ 3 

q>M, 'Iaw;e IICII0llb3yeMOM µ;rur GTIIX JIµ;ep (HII)KHJIJI '!aCTb Ta6rrIID;b1). IIpn 

rroµ;rOHKe rrapaMeTpOB K GK_crrepIIMeHTY C n;errblo lIY'IIIIero OIIIICaHIIJI IIOlI-
' Horo ce'!eHIIJI pacceJIHIIJI as(E) cµ;nnr q>a3bl µ;rur s-HeiiTpoHOB orrpeµ;erurrrcJI 

He KOHcTaHToii Rf, a lIIIHeiiHoii q>yHKn;IIeii aHeprIIII Rf + aE. IIapaMeTp 

a TaK)Ke rrpIIneµ;eH B Ta6rrIIn;e. 

KaK BIIµ;Ho II3 Ta6rrIID;bl 5, MaKcIIMallbHhlii pat16poc paµ;IIycon s-pacceJI

HlIJI Rb He rrpeBblIIIaeT_ 15%, a µ;rur p-paµ;IIycon R'1 OH cocTanrureT 6orree 

50%. 
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8rr-T 
Be 
B 
C 
Be 
B 
C 

Ta6rrIIn;a 5 

Ilap_aMeTpbl noTeuo;HanbHoro pacce.s:HBJI 
R, q>M Rf a, KGB-1 Rf Rb, q>M 
2,81 -1,44(3) 9(3)-10-4 -0,47(4) 6,85(9) 
2,99 -0, 99(3) 4(3) . 10-4 -0, 27(3) 5,95(10) 
3,09 -0,99(1) 2,5(6) · 10-4 -0,14(3) 6,15(2) 
3,74 -0,83(2) 6(2) · 10-4 -0,01(2) 6,86(9) 
3,99 -0, 49(2) 3(2) . 10-4 0, 07(1) 5,95(10) 
4,12 -0,49(1) 1,6(4)-10-4 0,14(1) 6,15@ 

R'i, q>_M 
6,75(33) 
5,38(28) 
4,38(2i) 
3,81(19) 
3,10(16) 
2,44(14) 

8To µ;aeT 0CHOBaHIIe µ;rur Bbl'IIIClleHIIJI rrpeµ;IIOlI0)KlITellbHblX 3Ha'!eHIIII 

IIpIIBeµ;eHHblX HeHTpOHHblX IIIIIplIH r~ OTpnn;aTellbHblX p- pe30HaHCOB, 

ecrrII rrpllH.lITb 3a "xopoIIIo ycpeµ;HeHHoe" oµ;IIHaKonoe µ;rur ncex Tpex Grre

MeHTOB 3Ha'!eHne Rf yrrrepoµ;a, panHoe -0,14 rrpII Bb16paHHOM paµ;nyce 

JIµ;pa R = 1,35 • A1/3 q>M II 0,14, ecrrlI paµ;1Iyc R = 1,80. A1/3 q>M. TaKoe 

rrpeµ;rrorro)KeHIIe nrrorrHe rrpanoMepHo, rro~KOllbKY 6m1)Kan:IIIIIii p-pe3oHaHc 
12C yµ;arreH 6orree, '!eM Ha 1 MGB, II Rf yrrrepoµ;a µ;eiicTBIITerr1,Ho MO)KHO 

C'IIITaTb COOTBeTCTBYIOw;IIM "µ;arreKlIM ypoBHJIM" µ;rrJI ncex paccMaTpIIBa

eMbIX JIµ;ep. IlplI µ;arr1,HeHIIIIIX pac'!eTax KaK µ;rur 6opa, TaK n µ;rrJI 6epIIlllIIIJI 

q>IIKCnponarroc1, 3Ha'!eHIIe Rf, KaK y yrrrepoµ;a, a W1 OIIIICblBalI0CI, C IIp.lI

MblM yqeTOM p-pe30HaHCOB, OTBeTCTBeHHhlX 3a "II3MeHeHIIe" BelllI'IlIHbl 

Rf. On;eHKH rrp1Ineµ;eHHblX IIIIIPIIH p-pe3oHaHcon 6blrrn cµ;erraHbl µ;rur 6opa 

n 6epnrrrrIIJI rrplI µ;nyx YKa3aHHblX B Ta6rrnn;e 5 Bb16paHHblX paµ;1Iycax JIµ;ep. 

IlpJIMoii y'IeT BlIIIJIHIIJI Ha KOGq>q>nn;neHT aHnt10Tporr1I1I w1 p-pe3oHaHca 
11 B C Eo = -709 KGB ( CIIlIH o+) Ha '!eTBepTOM B036y)Kµ;eHHOM COCTOJIHillI 
12B lI rrapbl pe30HaHCOB 9Be C Eo = -703 KaB ( CIIlIH o+) Ha 'IeTBep

TOM II -949 KGB ( CIIlIH 2+) Ha BTOpOM B036y)Kµ;eHHOM COCTOJIHIIJIX 10Be 

IIpIIBoµ;nT K crreµ;y10w;IIM on;eHKaM lIX IIpHBeµ;eHHblX IIIIIpHH: 

11B:r~(-709KGB)~{ 4,0KaB rrpn R=2,99q>M 
2,0KGB rrpII R = 3, 99q>M 

9Be:r~(-703KGB)+3,8r~(-949KGB)~{ 7, 5 KGB rrpn R= 2,8lq>M 
4,6KGB rrpn R = 3, 74q>M 
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COOTBeTCTBeHHO. TaKIIM o6panoM, ;D;lIJI yrrrepo;a;a, 6opa II 6epIIlllIIIJI IIMe

eTC.H ;a;na am,TepHaTIIBHhlX y;a;onrreTBOpIITellbHhlX OIIIICaHIIJI 3KCIIepIIMeHTa 

- C rrapaMeTpaMII HO Ta6rr.5 II C O;D;IIHaKOBhlM ;D;IDI Bcex Tpex arreMeHTOB 

Rf II BhlllleyKatlaHHhlMII rrapaMeTpaMII OTpIID;aTelibHhlX peooHaHCOB. Ilo-' 

crre;a;H1111 IIHTeprrpeTaD;IIJI 3KCIIepIIMeHTalibHhlX ;a;aHHhlX rrpe;a;cTaBlIJieTC.H 

6orree pearrIICTII'IHOH. 

B OaKJIIOqeHHH IIO;D;BO;D;IITC.H IITOr OIIIICaHHhlM B ;a;IIccepTan;IIII IICCrre

;a;oBaHIIJIM, rrpIIBO;D;.HTC.H OCHOBHhle BhlBO;D;hl, c;a;erraHHhle Ha OCHOBe OIIIICaH

HhlX 3KCIIepIIMeHTOB., 
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