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06m;aJI xapaKTepHCTHKa paOOTbl 

AKTYaJibHOCTb npo6JieMbl. IIoHJITIIe 06 0,D;H0'IaCTII'IH0M ,D;BII2KCHIIII 

B JI,n;epHOH <pII3IIKe HII3KIIX :rneprIIH JIBJIJICTCJI 0,Zl;HIIM II3 0CH0BHbIX rrpII 

orrncamm MH0rIIx JIBJICHIIM. XoTJI IICCJie,n;oBaHIIHM B 3TOH o6JiaCTII rro

CBHIIJ;CH0 orp0MH0C K0JIII'ICCTB0 KaK 3KCIIepIIMCHTaJibHhIX, TaK II Teope

TII'ICCKHX pa6oT, IIX IIHTCHCIIBH0CTb He OCJia6eBaeT. OcnoBOH rro,n;aBJIJI

rom;ero 'IIIcJia TeopeTII'IeCKIIX nccJie,n;oBaHIIM HBJIHeTc.H rroHJITIIe cpe,n;Hero 

II0JIJI, 0IIIlCbIBaeMoro II0TCHIIIIaJI0M XapTpII- <l>oKa IIJIIl cpeHOMCHOJIOrH

qecKHM II0TCHIJ;IIaJI0M By,n;ca- CaKCOHa, CB.H3aHHM C HIIM M0,D;CJib He3a

BIICIIMbIX KDa3II'!aCTIIIJ; II C00TBCTCTByrom;ee IIM IIOHJITIIe .H,n;epHbIX 060-

JI0'ICK. O,n;HaKO C II0M0IIJ;bIO cpe,n;Hero II0JI.H HCB03M02KH0 yqeCTb HYKJI0H

HYKJI0HH0C B3aIIMo,n;eiicTBIIe II0JIH0CThIO. Ilo3TOMY ,D;aJibHeiimee pa3BIITIIe 

TeopIIH C0CT0JIJI0 B pa3pa6oTKC MO,D;eJieii II rrpII6JIII2KCHIIH, K0T0phle rro-

3B0JI.HJIII 6bl KaK MQ)I{HQ T0'!Hee yqecTb 3T0 B3aIIMO,D;CHCTBIIC. HaII60Jiee 

IIJIO,D;OTBOpHOH 0Ka3aJiacb II,D;C.H CBJI3II 0,D;H0'IaCTII'IH0ro ,Zl;BII2KCHII.H C K0JI

JICKTIIBHhlM, IIJIII KBa3II'!aCTII'IHo- <poHOHHoe B3aIIMo,n;eiicTBIIe(K<t>B), ,D;JIH 

0IIIICaHIIJI TaKIIX xapaKTepIICTIIK .H,n;pa KaK crreKTp0CK0IIII'ICCKIIe cpaKTO

phl, 0,D;H0'IaCTII'IHaJI CIIJI0BM <pyHKIIII.H, 'IIICJia 3aIIOJIHCHII.H, 3HeprIIII B03-

6y2K,n;eHII.H HC'ICTHhlX .H,n;ep, OIITII'ICCKIIM II0TCHIIIIaJI (,n;JI.H KpaTK0CTII, B 

,Zl;aJihHCHIIICM - O,D;H0'IaCTII'IHbie xapaKTepIICTIIKII). Cym;eCTBCHHbIM mar0M 

Brrepe,n; B MIIKp0CK0IIII'ICCK0M 0IIIICaHIIII 0,D;H0'!aCTII'IHhlX xapaKTCpIICTIIK 

CTaJia KBa3II'IaCTII'IH0- q>OHOHHM M0,D;CJib .H,D;pa (B. I'. CoJIOBbeB). 

MeTO,ZI; cpyHKIJ;IIH fpIIHa ( <t> r) .HBJI.HCTC.H ,n;pyrIIM M0IIJ;HhlM IIHCTpyMeH

T0M ,D;JI.H IICCJie,n;oBaHII.H HC'ICTHbIX .H,n;ep. IIpnMeHeHIIe Te0pIIII K0HC'IHhlX 

<pepMII- cncTeM (A. B. MIIr,n;aJI) II ,Zl;aJihHeiimee ee pa3BIITIIe, ocHoBaHHoe 

Ha II0CJIC,D;0BaTCJibH0M IICII0Jib30BaHIIII q>OpMaJIII3Ma <PI', II0Ka3aJI0, 'ITO 

3T0T arrrrapaT IIMCCT 6oJibIIIIIe B03M02KH0CTII rrpII 0IIIICaHIIII KaK 'ICTH0-

'ICTHhlX, TaK II HC'ICTHhIX .H,n;ep II0CK0JibKY OH II03B0JI.HCT II0CJIC,Zl;0BaTeJibH0 

J'IIITh!BaTb HerrpephIBHhIH o,n;HoqacTII'IHhlH crreKTp, KoppeJI.HIJ;IIII B ocH0B

H0M cocTo.HHIIII (KOC), TeMrrepaTypHhle 3<pcpeKThI B HarpeThIX H,n;pax, 

CTaTII'ICCKIIe II ,Zl;IIHaMII'ICCKIIe 3<p<peKThI '!aCTII'IH0- 'IaCTII'IHOro KaHaJia. 

B 3T0M rro,n;xo,n;e TeopeTH'ICCK0MY irccJie,n;oBaHHIO HC'ICTHbIX 0K0JI0MaI'H

qecKHX H,n;ep II0CBJIIIJ;CH0 6oJibIIIOe 'IHCJI0 pa6oT, B oco6eHHOCTII ,Zl;JI.H He

'IeTHhIX .H,n;ep B6JIH3II 208 Pb. °9:To KacaeTc.H .H,n;ep co cBepxTeKy'IeCThIO, 

TO 3,Zl;CCb TaKHe IlCCJIC,Zl;0BaHIIJI II C00TBCTCTBJIOIIJ;Ile pacqeThI rrpoB0,D;IlJIIlCb 

ropa3,D;0 MCHbIIIe. 

B II0CJIC,D;Hlle ro,n;hl II0JIBilJI0Cb MH0r0 H0BhIX Il y JIJ'IIIICHHhIX 3KCIICpHMCH-
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Ta.JlbHhlX pe3yJibTaT0B B He'!eTHhlX II 'IeTH0- '!eTHhlX JIApax 06 :mepnrnx 

II Bep0JITH0CTJIX 3JieKTp1I'IeCKIIX lI MarHHTHhlX nepeX0A0B AJIJI ypoBHeII C 

3Hepr1Ien: B036Y2KAeHHJI AO 15-20M3B. OAHa II3 rnaBHhlX nplI'IHH Ta1w

ro pa3BIITIIJI- cym;ecTBeHH0e YJIY'IIIIeHIIe TeXHIIKlI ( ,, ,1) 3KCIIep1IMeHT0B, 

B qacTHOCTii, Ha'Ia.JIO IICIIOJib30BaHIIJI CIIeKTp0MeTp0B ,- KBaHT0B TIIIIa 

EUROBALL. KaqecTBeHHoe yJiyqmeH1Ie 3HepreTII'!ecKoro pa3pememrn H 

3cpcpeKTIIBHOCTII, AaBaeMoe 3TOH TeXHIIKon:, nplIBeJI0 He T0JibK0 K pe3K0MY 

yBeJIII'IeHIIIO K0JIII'IeCTBa 3KCIIep1IMeHTa.JlbHhlX AaHHhlX, HO II K II0JIBJieHIIIO 

Ka'!ecTBeHH0 H0BhlX pe3yJibTaToB B JIAepHon: <plI31IKII HII3KIIX 3HeprIIi'1. Ta

Koe yJiy'IilleHIIe II3MepeHIIH Tpe6yeT II yJiy'ImeHIIJI TeopeTII'IeCKIIX II0AX0-

A0B AJIJI omrcaHIIJI 0AH0'IaCTII'IHhlX xapaKTeplICTIIK JIAep. 

D;e.rrbIO pa60TbI JIBJIJIJI0Cb pa3BIIT1Ie II pecWIII3aI.J;IIJI TeopeTII'IeCKoro 

II0AX0Aa B paMKax MeT0Aa cpyHKI.J;IIH rpIIHa AJIJI 0IIHCaHIIJI 0AH0'IaCTII'I

HhlX xapaKTepHCTIIK JIAep .CO CBepxTeKy'IeCTblO (HeMarlI'IeCKHe JIApa) KaK 

AJIJI HII3KOB036Y2KAeHHhlx, TaK II AJIJI BhlCoKoBo36y2KAeHHhlX cocTOJIHnn:, 

KOTOphln: B Ha1I60Jibmen: cTeneHII Y'IIIThlBaeT crreu;II<plIKY TaKIIX JIAep, rro-

3B0JIJieT IIOCJieA0BaTeJibH0 paCC'IHTaTb KoppeJIJII.J;IIII B 0CH0BH0M C0CT0JIHIIII 

II AaeT B03M02KH0CTb yqecTb OAHO'IaCTII'IHhlH K0HTIIHYYM. 

Hay'lHaJI H0BH3Ha. 

l)B pa3BIITOM II0AX0Ae rroCJieA0BaTe.'lbH0 yqTeHhl KOC II pa3pa6oTaHa 

rrpou;eAypa ycTpaHeHIIJI ABoi'moro yqeTa K <I> B AJIJI cnapnBaTeJibHon: ( Ky

nepoBCKon:) II.J;eJIII II 0AH0'IaCTII'IHhlX 3Heprnn:. 

2)PaccMoTpeH Borrpoc o BKJiaAe K<t>B B BeJIH'IIIHY KyrrepoBCKOII II.J;eJin 

B HApax. Ha npnMepe 120 Sn II0Ka3aHo, 'ITO 3T0T BKJiaA M02KeT IIMeTb 

3aMeTHYIO BeJIII'IIIHY-

3)IIpoaHa.JIII31IpOBaH BKJiaA K<t>B B 0AH0'IaCTH'IHbie 'IHCJia 3aII0JIHeHIIJI. 

4) Pa3pa6oTaHHhlH II0AX0A pecWIII30BaH B rrp1I6JIH2Kemm 

KBa31I'IaCTIII.J;a®cpoHOH B pac'!eTax 3Heprnn: B036Y2KAeHIIJI II CIIeKTpo

CK0IIII'IeCKIIX cpaKTopoB B 119 Sn H 121 Sn. IloJiy'IeHo pa3yMHoe cornac1Ie 

C 3KCIIep1IMeHT0M H II0Ka3aHo, 'ITO 3cpcpeKThl ycTpaHeHIIJI ABOHHOro 

yqeTa K<t>B AJIJI cnap1IBaTeJibHOH II.J;eJIII II 0AH0'IaCTH'IHhlX 3Hepr1In:, 

KOppeJIJII.J;IIH B 0CH0BH0M C0CT0JIHHII, aH0Ma.JlbHhlX MaCC0BhlX orrepaTopoB, 

Y'IIIThlBaIOII.J;IIX K <I> B, K0JinqecTBeHH0 Ba2KHhl. 

Hay'lHaJI u npaKTH'leCKaJI 3Ha'lHM0CTh pa6oTbI. Pa3pa6oTaH-

Hhle B AHCcepTaI.J;IIH MeT0Ahl MoryT IICII0Jlb30BaTbCJI rrplI TeopeTII'IeCKOM 

aHa.JIH3e YKa3aHHhlX 0AH0'IaCTH'IHhlX xapaKTeplICTIIK; rrplI onncamm 

II npeACKa3aHIIII 3KCIIep1IMeHTa.JlbHhlX AaHHhlX; AJIJI IICII0Jib30BaHIIJI B 

pac'!eTax pa3.lIII'IHhlX ce'!eHIIH B3aHMOAeHCTBHJI HYKJI0H0B II 1- KBaHT0B c 
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HApaMn. 

OcHOBHhie Il0JI0)KeHIUI: BhIH0CHMbie Ha 3~HTY. 

1. <PopMyJIHpOBI(a B paMKaX MeT0Aa <Pr MIIKp0CK0IIII'IeCK0r0 II0AX0Aa 

AJIJI orrncaHHJI xapaKTeplICTHK He'IeTHhlX JIAep co CBepxTeKy'IeCTbIO, B K0-

T0p0M 0AH0BpeMeHH0: 

-y'ITeHbI K0ppeJIJII.J;lHI B 0CH0BH0M C0CT0JIHIIII; 

-BnepBbie pa3pa6oTaHa npou;eAypa ycTpaHemrn ABOHHoro yqeTa K<t>B AJIJI 

crrapnBaTeJibHOII II.J;eJin(" oqncTKa" II.J;e.nn); 

-y'ITeH BirnaA K<t>B B aH0MMbHhle MaccoBbie onepaTophl, K0T0phle cne

u;ncpn'IHbI HMeHH0 AJIJI HeMaru'IeCKHX JIAep. 

2.Pea.Jiu3aI.J;HJI pa3BHToro II0AX0Aa B npn6Jin2KeHnn KBa31I'!acTnu;a ® cpo

H0H (g2- np1I6JimKeH1Ie) AJIJI pac'!eTa 3Heprnii B036Y2KAeHIIJI II cneKTp0CK0-

m1qec1rnx cpaKTopoB B 119 Sn n 121 Sn. IloJiy'IeHo pa3y1rnoe cornacne c 3KC

nepnMeHT0M. IloAXOA II03B0JIJieT paCC'IUTaTb cpparMeHTaI.J;H0HHhle xapaK

TepnCTIIKII He T0JibK0 AJIJI COCTOJIHHII, AaJieKHX OT II0BepXH0CTH <t>epMH, 

HarrpnMep rny6oKnx Ahip0'IHhlX cocTOJIHnii, HO n AJIJI cocToJIHHII B6JIII31I 

II0BepXH0CTH <t>epMH. 

3. KoJIH'IeCTBeHHO paCCM0TpeH norrpoc 0 BirnaAe KBa3II'IaCTH'IH0- cpo

H0HH0ro B3aHMOAeiicTBHJI B neJIH'IHHY KyrrepoBCKOII II.J;eJin B JIApax, TO

ecTb 0AH0BpeMeHH0 H K0JIII'IeCTBeHH0 paccM0TpeHbI ABa MexaHII3Ma cna

pnBaHHJI: KBa3H'IaCTH'IH0- cpoHOHHhlII MexaHH3M II MexaHH3M nrna BKIII. 

4. B paMKax IICII0Jib30BaHHhlX rrpn6JimKeHHII rrpoaHa.JIH3HpoBaH BKJiaA 

K <I> B B 0AH0'IaCTH'IHhle 'IHCJia 3a110JIHeHHJI n II0Ka3aHo, 'ITO OH K0JIH'Ie

CTBeHH0 3aMeTeH. 

5. BrrepBhle 6bIJIH pacc'InTaHhl Ml pe3oHaHChl B Marnqec1rnx HecTa-

6HJibHbIX H30Tonax 100 Sn II 132 Sn c yqeToM Koppe.rnu;ni'r B ocH0BH0M co

CTOJIHHH, o6ycJIOBJieHHhlX CJI02KHhlMH KOHcpnrypau;HJIMII. IloJiy'IeHo, 'ITO 

rrplI BKJIIO'IeHnn 3THX KoppeJIJII.J;HH JIApax coxpaHJieTcJI pacII.J;eIIJieHirn Ml 

pe3oHaHca AJIJI 100 Sn, a B 132 Sn OH JIIIillb HeMHoro cMeII.J;aeTcJI. 

I1y6JiuKa:a;uu: u anpo6a:a;m:1 peayJihTaToB. Ilo TeMe AHCcepTau;nn 

orry6JIHKOBaHO 9 CTaTeii (cnncoK B K0HI.J;e aBTOpecpepaTa). OcHOBHhle pe-

3YJibTaThl AHCCepTau;nn ony6JIHKOBaHhl B pa6oTax (1 - 9], AOirnaAhlBa.JIHCb 

Ha 45, 46, 47, 49 Me.1KAYHapoAHhlX coBeII.J;aHHJIX no JIAepHoi'1 cneKTpocKo

nnn II cTpyKType aT0MHoro HApa, 4, 5, 6 Me:>KAYHapoAHhlX ceMirnapax no 

B3aHMOAeiicTBHIO HeiiTpoHoB c JIApaMH (,LI:y6Ha) n 6-M Me2KAYHapoAHOM 

. ceMIIHape B S.Agata Sue Due Golfi (18-22 MaJI 1998, I1TMHJI), Hay'IHhlX 

ceMHHapax <1>311, OI1.ffl1, I,f.ffl,f P AH, TexHoJiorII'IecKoM YH1IBepc1ITeTe 

CToKrOJibMa (IIIBeI.J;IIJI). 
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CTpyKTypa H o6'heM ,n;nccepTan;nn. ,./])1ccepTau;n11 cocTOIIT H3 BBe

,n;emrn, Tp_ex rnan, 3aKJII09:emrn n IlpnJI02Kemrn. O6m;1111 o6'beM ,n;nccepTa

u;un COCTaBJI.HeT 105 CTpamm;, BK.11109:a.H 29 pncyHKOB, 8 Ta6JIIII.1; H CIIHCKa 

u;nTnpyeMoii JIIITepaTypw H3 95 Ham.IeHoBaHm'i. 

CO,Ll;EP)KAHME P ABOTbI 

Bo Bae,n;eunn ccpopMyJinpoBaHa u;eJih pa6oThI, o6ocHonaHa ee aKTy

aJihHOCTh. PaccMOTpeHbl pa3JIH9:Hble TeopeTH9:eCKHe IIO,ll;XO,ll;bl ,ll;JIH OilH

camrn O,l);H09:aCTH9:HbIX xapaKTepHCTIIK HeMarn9:eCKIIX 11,n;ep H 06cy2K,n;eHbl 

HX I1pe1-1Mym;ecTBa II He,n;ocTaTKII. CcpopMyJIHpoBaHhI OCHOBHble 1-1,n;en no,n;

xo,n;a, B 9:aCTHOCTII: 

-y9:eT IIOJIIOCHbIX CJiaraeMbIX B aHOMaJihHbIX MaCCOBbIX onepaTopax npn 

pemeHIIH KaK ypaBHeHHH ,IJ:aiicoHa, TaK n npII pac'l:eTax cnapnnaTeJihHOH 

m;eJIII; 

-y9:eT KoppeJI.HI.l;HH B OCHOBHOM COCTO.HHIIH; 

-BXO,ll;HbIMH ,n;aHHbIMII .HBJI.HeTC.H 3Kcnep1-1MeHTaJihHa.H IIH<pOpMau;1rn O HH3-

KOJie2Kam;eM cneKTpe He9:eTHbIX 11,n;ep H 9:eTHO- He"'IeTHa.H pa3HOCTh Mace, 

nmTOMY Heo6xo,n;HMO ocym;ecTBJIHTh IIpou;e,n;ypy ,n;JIH ycTpaHeHHH ,n;noiiHo

ro y'l:eTa K<t>B B o,n;Ho'l:aCTH'l:HhIX 3Hepr1-111x 1-1 B cIIap1-1naTeJihHOH m;eJIII. 

B nepaoii rJiaBe B paMKax MeTo,n;a <t>r ocym;ecTBJieH BbIBo,n; 1-1 aHa

JIH3 06m;1-1x cpopMyJI, KOTOpbie HCIIOJih3YIOTC.H B pac'l:eTax B IIOCJie,n;y10m;1-1x 

rJiaBax, ,ll;Jl.H 3HeprIIH B036y2K,n;eHH.H, CIIeKTpOCKOIIH9:eCKHX cpaKTOpO.B H o,n;

H09:aCTH"'IHbIX "'IIICeJI 3aIIOJIHeHH.H B He9:eTHbIX 11,n;pax co CBepxTeey9:eCThIO 

IlpH 3TOM B cpopMyJiaX KOHKpeTH3HPYIOTC.H H Bbl,ll;eJI.HIOTC.H (n MaCCOBbIX 

OIIepaTopax) TOJihKO COCTaBJIHIOm;He THIIa cpe,n;Hero IIOJIH, a CJiaraeMble, 

OTBeTCTBeHHble 3a K<t>B, paccMaTpHBaIOTCH B caMOM o6m;eM BH,n;e. 

B §1.1 HCXO,ll;.H H3 o6m;eii CHCTeMhl ypaBHeHHH ,ll;Jl.H <t>r B CBepxTeKy'l:eH 

CHCTeMe II IIpe,n;cTaBJieHIIII IIOJIHbIX MaCCOBbIX OIIepaTopoB B BII,n;e CJMMhl 

,n;nyx CJiaraeMbIX, o,n;nH II3 KOTOpbIX 3aBHCIIT OT 3Heprnn, a BTOpoii He 3a

BHCIIT, 3aIIncaHa CHCTeMa ypaBHeHII.H ,ll;JI.H <t>r, B KOTopoii .HBHO Bbl,ll;eJieHbI 

TOJihKO MaCCOBble orrepaTopw, 3aBHC.Hlll;He OT 3HeprIIII. 

B §1.2 noJiy"'IeHo cpopMaJihHoe BhlpruKeHIIe ,n;JIH HOpMaJihHoii 1-1 aHOMaJih

HOH <t>r H3 cncTeMbl ypaBHeH1-1ii, BbIBe,n;eHHhIX B npe,n;w,n;ym;eM rraparpacpe. 

B §1.3 c IICIIOJib3oBaHHeM cneKTpaJibHhIX pa3JI02KeHIIH ,D;JIH noJiy"'IeHHbIX 

B npe,n;w,n;ym;eM naparpacpe <t>r, BbIBe,n;eHbl cpopMyJiw ,n;JIH cneKTpocKonH-

9:ecKnx cpaKTOpOB II noJIIOCOB, onpe,n;MHIOIIl;IIX HCKOMble 3HeprIIH B036y-

2K,ll;eHII.H. 
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B §1.4 np1rne,n;eHbl o6m;ne Bhipa2KeHII.H ,ll;Jl.H o,n;Ho9:aCTII"'IHbIX 9:IICeJI 3anoJI

HeHH.H. 

Bo BTopoii: rJiaae o6m;ne ypaBHeHHH, noJiy'l:eHHbie B npe,n;w,n;ym;eii rna

ne, 3ailHCbIBaIOTC.H B np1-16JIH2KeHIIII, KBa,n;paTI-19:HOM no aMIIJIIITy,n;e po-

2K,l);eHirn g HII3KoJie2Kam;ero cpoHoHa (g
2 

- npu6.!luJJCeuuu) . Ha IIpnMe

pe 11,n;pa 120Sn IlOKa3aHO, 9:TO 3TO np1-16JIH2KeHIIe HBJIHeTCH Y,ll;OBJieTBOpII

TeJihHbIM ,n;JIH 11,n;ep, Marn'l:eCKIIX no o,n;HoMy Tnny HYKJIOHOB. B paMKax 

g2 - npu6.JlUJ/Ce'H,'/1,J1, pemaIOTCJI CJie,n;y10m;1-1e B3aIIMOCB.H3aHHble 3a,n;a9:H: 

1) CB.H3h Ha6JIIO,n;aeMhIX II 09:IIm;eHHbIX O,ll;HO"'IaCTII9:HbIX 3Heprnii: II cnapII

BaTeJihHOH m;eJIII B HeMarII9:eCKIIX H,n;pax; 

2)nocTpoeHIIe <t>r II noJiy'l:eHIIe pemeHIIH ypanHeHIIH ,IJ:aii:coHa 6e3 y'l:eTa 

KOppeJI.HI.l;IIH B OCHOBHOM COCTO.HHIIII; 

3) aHaJIII3 ypaBHeHII.fI ,ll;Jl.H CIIapIIBaTeJihHOH m;eJIII, BbIB0,ll; cpopMyJI II03B0-

JI.Hl0Ill;IIX II0HHTh poJih K~B B cpopMIIponaHIIe KyIIepoBcKoii: m;eJIII; 

4) BbIB0,D; cpopMyJI ,ll;Jl.H 0,ll;H0"'IaCTII9:HbIX •rnceJI 3aII0JIHeHIIJI C y'l:eT0M K<t>B. 

KpoMe Toro, II0Jiy"'IeHhI cpopMy.JihI ,n;JIH Bhlxo,n;a 3a paMKII g
2 

-

npu6.JluJICeUUJ/,- n IlpII6.JIII2KeHIIII pa,n;y2KHbIX ,n;IIarpaMM. Ilpe,n;JIO)KeHa II IIO

,n;po6HO paCCMOTpeHa IIpOCTa.H TpexypoBHeBa.H MO,n;e.Jih, KOTOpa.H Il03BOJI.HeT 

IlpOaHaJIII3Hp0BaTh KOJIII"'IeCTBeHHO II Ka"'IeCTBeHHO BbIBe,n;eHHble cpopMyJihI 

II IlOJIY9:IITh IIpe,n;cTaBJieHII.H O Be.JIII"'IIIHe paccMaTpIIBaeMbIX 3cpcpeKTOB. 

B §11.1 KOHKpeTII3IIpyIOTC.H 3aBHC.Hm;IIe OT 3HeprIIH MaCCOBhle onepaTO

pbI, a IIMeHHO, B g2 - npu6.!lUJICe'H,UU Bbl,l);e.JI.HIOTC.H IlOJIIOCHble CJiaraeMhle He 

T0JihKO B o6bI"'IHbIX MaCCOBhIX onepaTopax, HO 1-1 B aH0MaJihHbIX MaCCOBbIX 

0IIepaTopax, KOTOpbie IIMeIOT CJie,n;yrom;ee rpaqm-qecKIIH BII,n;: 

M= 
....... 

>a·> ·a> Af(h) - <!?•,-..•• - <a<· 

....... 
Af(l) = >°> •• <? <, Af(2) _ <!?-;;-·• - >a> 

3,n;ecb JIIIHIIII C O,ll;HOH CTpMKOH 0603Ha"'IalOT HOpMaJihHble <Pf, JIIIHHII 

co CXO,ll;.Hlll;IIMIICJI II pacxo,n;Hm;IIMIIC.H CTpe.JIKaMII o603Ha"'IaIOT aHOMaJibHble 

<Pf, TO"'Ie"'IHble JIIIHIIII 0603Ha"'IaIOT <Pf <pOHOHa, Kpy2KKII- aMnJIIITy,n;y po-

2K,ll;eHH.fI <pOH0Ha. 

B §11.2 npIIBe,n;eHbl II paCC"'IIITaHbl 6e3pa3MepHble napaMeTpbI, Heo6xo

,ll;IIMble ,ll;JIH on;eHKII rrpIIMeHHMOCTII g2- npu6.!luJJCettUJl. Ha npIIMepe 
120 Sn 
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II0Ka3aHo, 'ITO 3TH rrapaMeTphl JIBJUIIOTCH rrapaMeTpaMH MaJI0CTII AJIH Ha

rneii 3aAa'III. 

B §11.3 06cy2KAaeTCJI 0'lHCTKa O~HO'laCTH'lHhlX 3HeprIIii H crrap1rnaTe.1Ib

HOli ID;eJIH. B pa3BIIBaeM0M HaMII II0AX0Ae HCX0AHhlMH AaHHhlMH CJIJ)KaT 

3Heprnn HH)Kaiirnnx B036J2KAeHnii B He'leTHhlX JIApax, K0T0phle acco11nn

pyroTcJI c 3HeprnJIMH 6oro.111060BCKHX KBa3H'laCTIIII E>,.. Ho ec.111I c.1102KHhle 

KOH<p1Irypa111IH J'llIThlBaIOTCJI JIBH0 BhlAeJieHIIeM B MaCC0BbIX orrepaTopax 

II0JIIOCHhlX CJiaraeMhlX, TO CJieA~eT HaliTII "O'llIID;eHHhle" 0AH0'laCTII'lHbie 

3HeprHH €>,., II BeJIII'llIHhl ru;eJIH .6.>,. B 3aTpaB0'lHhlX <Pr, 'IT06hl II36e2KaTb 

ABOHHoro y'leTa M(i) B HHX. TaK KaK IICII0Jib3JeMhle 3Kcrrep1IMeHTaJibHhle 

OAH0KBa3H'laCTII'lHbie 3Hepr1III A0JI)KHhl C00TBeTCTB0BaTb A0MIIHaHTHhlM 

( HMeIOru;IIM MaKCII_MaJibHhlli crreKTpOCKOIIII'leCKIIH cpaKTOp) ypoBHHM, TO 

0'lHID;eHHhle €>,. H .6.>,. A0JI)KHhl 6hlTb TaKIIMII, 'lT06bI II0CJie peIIIeHIIJI ypaB

HeHIIH ,ll;aiicoHa 0AH0 H3 perneHIIli C0BIIaJI0 C 3KCIIep1IMeHTaJibHbIM 3Ha'!e

HIIeM II ypoBeHb 0CTaJICJI 6hl A0MIIHaHTHbIM.· I-IcxOAH II3 3TIIX JCJIOBIIH, 

rro.11y'leHhl 06ru;1Ie Bhlpa2KeHIIH AJIH CBJI31I Ha6JIIOAaeMhlX II 0'llIID;eHHbIX Ok 

HO'laCTII'lHhlX 3Hepr1IH H BeJIII'llIH crrap1IBaTe.1IbHOli IIl;eJIII. ,ll;aJiee 3TII Be

JIII'lHHhl HCII0.llb3JIOTCJI B 3aTpaB0'lHhlX q>JHKIIIIJIX rpnHa IIplI perneHIIII 

ypaBHeHHJI ,ll;aiicoHa. 

B §11.4 1Icc.11eA0BaJICH BKJiaA K<l>B B BeJIII'llIHY crrap1IBaTe.1IbHoii ru;e.111I. 

IIo.11y'leHHhle B rrpeAhlAJru;eM rraparpacpe Bhlpa2KeH1IJI orrpeAeJIHIOT BeJIII'llI

HY .6.>,., K0TOpaH 0'llIID;eHa JIIIIIIb OT BKJiaAa 3aIIa3AhlBaroru;ero crraprmaHIIH, 

orrpeAeJIHeMoro MaccoBhlM orrepaTop M(l),(2). Ho caMa BeJIII'llIHa b.>,. TaK-

2Ke C0Aep2KHT BKJiaA OT K<l>B B paccMaTprmaeMoM HaMII pp1I6.111I2KeH1I1I. B 

3T0M rrp1I6JI1I2Kemrn II0JIJ'leH0 ypaBHeHIIH AJIH b.>,., B K0T0poe y2Ke BX0AIIT 

Apyroe qacTH'lH0- qacTII'lH0e B3alIMOAeHCTBIIe. TaKIIM o6pa3oM, rro.11y

'leHHhle ypaBHeHIIJI AaIOT B03M02KH0CTb IICCJieA0BaTb noJIHhlli BKJiaA K<l>B 

B BeJIII'llIHY cpeHOMeHOJIOrII'leCKOH cnaplIBaTeJibHOli ru;eJIII. 

§II.5 rrocBJiru;eH BhlB0AY ocH0BHhlx ypaBHeHHII 6e3 yqeTa KOC. ,ll;.11H IIC

c.11eA0BaH1IH KOC B HaIIIeM Il0AX0Ae 6hl.111I 3an1IcaHhl ypaBHeHIIH AJIH 3Hep

rIIii Bo36J2KAeHHJI II crreKTpocK0IIII'leCKIIX cpaKTopoB 6e3 y'leTa KOC, 'ITO 

Ha H3hlKe <Pr COOTBeTCTBJeT J'leTy T0JibK0 II0JIIOCHhlX CJiaraeMhlX B 3a

TpaB0'lHhlX <Pr. IIo.11y'leHHoe ypaBHeHIIe AJIJI 3Heprnii B036J2KAeHIIJI nMeeT 

TaKOH 2Ke BIIA KaK II B KBa3II'laCTH'lH0- q>OHOHHoii M0AeJIH JIApa. 

B §11.6 II0JIJ'leHhl pac'leTHhle cpopMJJihl, II03B0JIHIOID;IIe HBH0 BhlAeJIHTb 

BKJiaA K<PB B 0AH0'laCTII'lHhle 'l1Ic.11a 3ano.11HeHIIH. 

B §II. 7 AJIJI aHaJIII3a rro.11yqeHHhlX ypaBHeHIIii II npn6.11II2KeH1Iii paccMo

TpeHa cxeMaTH'leCKM TpexypoBHeBM M0AeJib. MoAeJib AaeT B03M02K-

6 

';) 

H0CTb o6'bJICHHTb CMbIC.11 rrapaMeTpa MaJI0CTII a KaK CTerreHH 0TKJI0He

HIIH A0MIIHaHTHbIX cneKTp0CK0IIII'leCKIIX cpaKT0pOB OT 6oro.111060BCKIIX 

K03<pq>HIIIIeHT0B. IloKa3aHo, 'ITO B Tex CJIJ'IMX, K0rAa 3T0T rrapaMeTp 

Ma.JI, 0'lIICTKa M0)KeT A0CTHraTb 3aMeTHOII BeJIII'lHHhl H II03T0MY ee He

o6XOAHM0 ocyII1eCTBJIHTb, no Kpai1Hei'1 Mepe, AJIH ypoBHeii, 6JIH3KIIX K rro

BepxHoCTH <PepMII. PaccMOTpeHHhle BbIIIIe ypaBHeHIIJI 6hlJIH 3arrncaHhl B 

g 2 - npu6.11,u:»ee1-1,uu. EcTeCTBeHHO, 'ITO 06.11acTb ero npnMeHIIM0CTH orpa

HH'leHa, a HMeHH0, eCJIII (Y > 1, TO HCIIOJlb30BaH11e g
2 

- npu6.tu:»eettUJl 
6yAeT HeKoppeKTH0. B 3T0M c.11yqae B H0pMaJibH0M H aH0MaJlbH0M Mac

C0BblX orrepaTopax Heo6XOAIIMO Y'lHThlBaTb T0'!Hhle q>JHKIIIIH rpIIHa II 

T0'IHJIO Bepnnrny. ,ll;.11H 011emm BJIHHHIIH 3TIIX cpaKTOpOB 6hlJI BhlII0JIHeH 

yqeT TO'lHOli <Pr B MaCC0BhlX onepaTopax B rrpeAII0JI0)KeHHII 0 rrpeACTa

BJieHIIII KaK H0pMaJibH0ro, TaK II aH0MaJlbH0ro MaCC0BhlX orrepaTopoB B 

BIIAe ABYX c.11araeMhlX II B 3T0M rrp1I6JIII2KeHirn rro.11yqeHa CHCTeMa ypaBHe

HIIli AJIJI HaX02KAeHirn 3Hepr1III B036J2KAeHIIH II cneKTp0CK0IIH'lec1rnx cpaK

T0p0B. Ilpo11ecc pernemrn Ta1rnro ypaBHeHIIH HBJIHeTCH IITepaIIII0HHhlM II 

n-M IITepaIIIIH 03Ha'laeT npII6JIII)KeH1Ie "1KBa31I'laCTIIIIa 0 n q>OHOHOB". 

Ho IICII0Jib30BaHIIe TO'IHOII <Pr B MaccoBhlX orrepaTopoB (6e3 rrorrpamrn K 

BepIIIIIHe) 03Ha'!aeT yqeT T0JlbK0 paAJ2KHbIX AirnrpaMM II, C00TBeTCTBeH

H0, rrpeHe6pe2KeH1Ie BCeMII TaK Ha3hlBaeMhlMII nepeKpecTHhlMl1 AirnrpaM

MaMl1. B paMKax TpexypoBHeBOH M0AeJIII rrpoBeAeHhl pac'leThl AJIH c.11yqaeB 

KaK (Y > 1, TaK 11 (Y < 1 II rrp116JIII)KeHH0 J'!TeH BKJiaA nepeKpecTHhlX rpa

q>IIKOB. Ba.1KHblM BhlB0A0M 3Toro pa3ACJia HBJIHeTCJI, 'ITO B c.11yqae (Y > 1 

nonpamrn K BepIIIIIHe 1IrparoT 3aMeTHYIO po.lib B pacrrpeAe.11emrn 0AH0'la

CTl1'IHOH CHJihl. 

B TpeTbe:H rJiaBe rrp11B0AHTCH pe3JJibTaThl pac'leT0B pacnpeAeJieHnH 

OAHO'laCTl1'lHOH CIIJihl AJIH HACP 119 Sn, 121 Sn n 0AH0'lacTII'lHhlX q11ce.11 3a

rro.11HeH11H AJIJI 120 Sn 11 86 I( r B orrucaHH0M B r.11aBe II rrpu6.11mKeHIIII. Ilpek 

cTaBJieH 'llICJieHHhlli aHaJIII3 BJIHHHIIJI Koppe.1IHII11li B 0CH0BH0M C0CT0HHHU, 

B TOM 'lHCJie Ha Ml pe3oHaHc B HecTa61IJibHbIX JIApax 
132 Sn II 100 Sn. Mcc.11e

A0BaHa po.lib aH0MaJibHhlX MaccoBhlX onepaTopoB M(l),(2
). M3y'leHo BJIHH

mre npo11eAJPhl 0'IIICTKII Ha paCC'lHThlBaeMhle xapaKTepHCTIIKII. PacCMO

TpeH0 rrp1IMeHeH11e MeT0Aa <Pr B Teop111I 0IITII'leCI(Or0 II0TCHIIHaJia. 

HcnoJib30BaJiacb cJieAJIOlllM pac'leTHM rrpo11eAypa: 1) rrocTpoem1e Ok 

H0'laCTH'lH0ro crreKTpa Ha 0CH0Be 3KCrrepnMeHTaJibHOli 1rncpopMa111111 06 

_3Heprm1 0TAeJieHHH HJKJI0H0B II 3Hepn1ii B036J2KACHHJI C0CeAHHX He'leT

HhlX HACP II perneHl1H ypaBHeHIIH AJIH crrap1maTeJibHOli lllCJIII; 2)pacqeT 

xapaKTepHCTHK q>OHOHOB 'leTH0- 'ICTH0ro Kopa C no.11y'leHHhlMII 0AH0'la-
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CTIJqHhlMH 3HeprHJIMH H BeJrnqnHaMH crrapnnaTe.JihHOII m;e.11n H C CII.JiaMH 

.ITaHAay- MnrAa.11a; 3) oqncTKa OAHoqacTnqHhlX 3HeprHII n nem1q1rn crra

pnnaTe.Jih~OII m;e.11n; 4) perneHHJI ypanHeHHJI ,ll;aIIcoHa B g2 - npu6.11,uJ1Ce11,uu 
A.JIJI Hax02KAeHnJI 3HeprHII B036J2KAeHnJI; 5) nhlqnc.11eHne crreKTpocKomrqe

CKHX cpaKTopon H rro.11yqeHne CH.JIOBhlX q>JHKU:HII. PacqeThl A.JIJI 3THX JIAeP 

ocym;eCTB.IIJI.IIHCh n rrpn6.JIH)KeHHH- qeTHO- qeTHhlll Kop + HeqeTHaJI qa

CTHU:a, B KOTOpOM B.IIHJIHHe HeqeTHOII qacTHU:hl Ha K0.11.JieKTHBHble CTerreHH 

CB060Ahl He yqnThlBa.JIOCh. 

B §III.I orrncaHhl AeTa.JIH pacqeTOB A.JIJI JKa3aHHhlX HeqeTHhlX JIAep . 

B §III.2 rrpnBeAeHhl pe3J.llhTaThl oqncTKH OAHoqacTJrqHhlX 3HeprHII EA n 

ne.11nqnH crrapnnaTe.JihHOII m;e.11n ~A, KOTopaJI ocym;ecTB.JIJI.Jiach A.JIJI ypon

HeII B6.JIH3H rronepXHOCTH <PepMH. QqncTKa rrpHBOAHT K TOMY, qTo rro

C.Jie, perneHHJI ypanHeHHJI ,ll;aIICOHa C oqnm;eHHhlMH C),. H LiA, AOMHHaHTHble 

crreKTpOCKOmiqecKne cpaKTOphl AO.JI)KHhl HaXOAHThCJI Ha 3KcrrepnMeHTa.Jih

HO Ha6.JIIOAaeMOH 3Heprnn B036J2KAeHnJI. Ifa cpantteHHJI ne.11nqnHhl ~A n 
LiA orrpeAe.JieH BK.JiaA K <PB B ne.11nq1rny Ha6.1110AaeMOH crrapnnaTe.JihHOII m;e

.11n A.JIJI 120 Sn. Ha Pnc.l rrpnBeAeHhl pe3J.llhTaThl pacqeTon, n KOTOphlX 

yqnThlBa.JIHCh 3 HH2Kanrnnx cpoHoHa n 21 cpoHOH. KaK BHAHO H3 pncyH-
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Pac .1: 0rHOCHTeJibHblH BKJia,11 crrapnnaHirn, 06yCJ10BJ1eHHoro Kna:m'lacTH'lHO- <f>oHoHHblM roanMo,11eii

CTBHeM (aana3,11blna10~ee crrapnnaHne) n BeJIH'lHHY crrapnnaTeJibHOH ~e.11n, noJiy'leHHblH H3 rrpo11e,11ypbl 
O'IHCTKH. 

Ka, 3TH 3 cpoHoHa AaIOT ocHOBHOH BK.JiaA n oqncTKY crrapnnaTe.JihHOH m;e

s 

J 

r\ 
I 

.11n A.JIJI yponHeII, 6.11n3KHX K rronepxHOCTH <PepMH. ,ll;.11JI orrpeAe.JieHHJI 2Ke 

BK.JiaAa K<t>B n ne.11nq1rny oqnm;eHHOH crrapnnaTe.JihHOH m;e.11n, 6hl.JIO perne

HO no.11yqeHHOe B §II.4 ypanHeHHe. 3TOT BK.JiaA 0Ka3a.JICJI He6o.JibIIIHM H 

rrpn6.JIH3HTe.JihHO paneH -5%. 
r.11aBHhlII pe3J.llbTaT Harnero pacqeTa COCTOHT B TOM, qTo crraprrnaHHe 

n rro.11yMarnqecKnx JIApax HMeeT cMernaHHYIO npnpOAY· Han60.11ee 3Haqn

Te.JihHhlII BK.JiaA B ne.11nqnHy m;e.11n BHOCHT MexaHH3M BKIII c oqnm;eHHhlM 

pp- B3aHMOAeIICTBHeM, a BK.JiaA KBa3MqacTnqHo- cpoHOHHoro MexaHH3Ma, 

HMeIOm;ero, B OCHOBHOM, nonepXHOCTHYIO rrpnpOAY, Mettee 3HaqnTe.JieH. 

YcpeAHeHHhIH BK.JiaA K<t>B cocTann.11 26% OT ne.11nqnHhl Ha6.1110AaeMoH crra

pnnaTe.JihHOII m;e.11n A.JIJI 120 Sn. 
B §IIl.3 npnBeAeHhl pe3JJihTaThl pacqeTon OAHoqacTnqHoH cH.Jihl c yqe

TOM oqncTKH OAHoqacTnqHhlX 3Heprnn n ne.11nqnH crrapnnaTe.JihHOH m;e.11n 

H 6e3 oqncTKH. lfa pacqeTOB BHAHO, qTo yqeT oqncTKH 3aMeTHO B.IIHJieT 

Ha pacrrpeAe.JieHne OAHoqacTnqHoH cn.11hl. 

§III.4. Crren:ncpnKa JIAep co cnepxTeKyqecThIO npoJIB.JIJieTcJI npe2KAe nce

ro n Heo6XOAHMOCTH yqnThlBaTb aHOMa.JihHble MaCCOBhle onepaTOphl (n 

TOM )Ke npn6.11n2KeHHH, qTo n HOpMa.JihHble), KOTOpble paHee He yqnThl

Ba.JIHCh rrpn HCilO.llh30BaHHeM cpopMa.JIH3Ma <t>r. Ilo3TOMY AJIJI IlOHHMaHHJI 

HX po.11n 6bl.JIH npoBeAeHhl cpaBHHTe.JibHhle pacqeTbl KaK c aHOMa.JihHhl

MH MaCCOBhlMH onepaTopaMH, TaK H 6e3 HHX. B.JIHJIHHe 3THX q.JieHOB Ha 

pacrrpeAe.JieHne OAHoqacTnqHoH cn.11hl 3aMeTHo A.JIJI cocTOJIHHH, KOTophlM 

COOTBeTCTBJIOT ypoBHH B OKpeCTHOCTH nonepXHOCTH <PepMH. ,ll;.11J1 ypoB

HeH, Aa.JieKnx OT nonepxHocTn <PepMn, 3TO B.JIHJIHHe Ma.JIO. ,ll;.11J1 yponHeH, 

.Jie2Kam;Hx y rronepXHOCTH <PepMH, no.11yqeHh1 60.JihIIIHe ne.11nqnHhl AOMH

HaHTHhlX cneKTpOCKOilHqecKHX cpaKTOpOB no cpaBHeHHIO co C.JiyqaeM He 

yqeTa aHOMa.JihHhlX MaCCOBhIX onepaTopon. 3To IlOATBep2KAaeT BhlBOA 

pa6oT KaAMeHCKOI'O n .ITyKhJIHOBHqa, qTo cnepxTeKyqne napHhle KOppe

JlJIU:HH npHBOAJIT K OC.1Ia6.11eHHIO 3q>q>eKTOB cpparMeHTan;nn B6.JIH3H nonepx

HOCTH <PepMH, TO.llhKO B AaHHOM C.Jiyqae 3TO OTHOCHTCJI K 3aITa3AhlBaIOru;e

My cnapnnaHHIO. Oco6eHHO JipKo 3TO npoAeMOHCTpnponaHo Ha npnMepe 

Tpexyponttenon MOAe.JIH no BTopon rnane. 

B §III.5 npnBeAeHhl pe3J.llhTaThl pacqeTon OAHoqacTnqHhlX qnce.11 3a

rro.11tteHHJ1 c JIBHhlM BhlAe.JieHHeM K <PB BK.JiaAa A.JIJI 120 Sn n 86 Kr. ,ll;JIJI KO.JIH

qecTneHHoro orrncaHHJI qnce.11 3arro.11tteHHJ1 AOCTaToqtto yqnThlBaTh TO.JihKO 

HeCKOJihKO HH3KO.Jle)Kam;Hx Han60.11ee K0.11.JieKTHBHhlX q>OHOHOB, TaK KaK A.JIJI 

yponHeII, 6.JIH3KHX K IlOBepXHOCTH <PepMH, BhlCOKO.Jie)K~e q>OHOHhl He Aa

IOT 3aMeTHoro BK.JiaAa, a A.JIJI ypontteH, Aa.JieKHX OT noBepxHOCTH <PepMH, 

9 



Table .1: 3Hepnrn H cneKTpocK01mqecKHe cpaKTopbl HeiiTpoHHhlX coCTOJIHHH B 119Sn (nepXHHe CTpoKH) 

and 121Sn (HHlKHHe CTpOKH)(•). 

>. I E,,,MaB 
Exp. I GSC+ I GCS-~ I Exp. 

2p{&) 

1

7.10 I 7.50 I 6.91 

1

2.42(4.3-10.2) 

1 
lg972 I 5.41 I 5.90 I 5.40 I 0.53(3.9-6.5) I 
2d5/2 

lg7/2 

2d3/2 

3s1/2 

lhll/2 

2/7/2 

3p3/2 

lh9/2 
+lil31_2(&) 

1.10 
1.14 

0.79 
2.85 

0.02 
0 

0 
0.06 

0.09 
0.06 

furl 
5i1 

7.5. 

1.69 
1.41 

1.81 
1.23 

0.01 
Raj 0 

Raj 0 
Raj 0 

0.18 
0.17 

3.ll 

4.97 

7.47 

1.69 0.43 
1.66 0.ll(0.0-2.0) 

0.95 0.75;0.6 
0.94 0.15(0.0-3.5) 

0.02 0.4;0.45 
Raj 0 0.44;0.65 
Raj 0 0.26;0.32 
Raj 0 0.3 

0.15 0.29 
Raj 0. 0.49 

2.7 0.35(0.0:_4.0} 

4.9 Q._54(0.0-5.0) 

6.61 i::, 24 

S>. 
GSC+ GCS-

2.13 3.56 

0.43 0.43 

0.46 0.3 
0.04 0.02 

0.66(0.0-3.0) 0.77 
0.04 0.16 

0.4 0.48 
0.35 0.43 

0.36 0.42 
0.43 0.51 

0.26 0.34 
0.43 0.56 

0.39 0.59 

0.42 0.4 

19.92 22.23 

V). 

ul 

EE 
~ 
@TI 

0.95 
0.05 

0.83 
0.17 

0.52 
0.48 

0.45 
0.55 

0.37 
0.63 

I=~ I 
~ 

0 

( *) B CK06Kax YKa3aH HHTepBaJI, B KOTOpOM cyMMHpOBaJIHCb cneKTpoci<onnqecKHe cpaKTOpbl /IJIJI COCTO

JIHHH 6e3 JtpKO BblpaJKeHHOro /IOMHHaHTHoro IlHKa. 3HeprHH E,, COOTBeTCTBYIOT IlOJIOJKeHHIO /IOMI!HaHT

HOro nHKa HJIH cpe11neroneII1eHHOH :meprHH, eCJIH neJib3JI Bbl/leJIHTb TaKoii IlHK. 

(&) ,L\aHbl BeJIHqHHhl S>. * (2j + 1). 

O,LIH0'IaCTW:IHhie 'IHCJia 3aITOJIHeHHJI 6JIH3KH K O HJIII 1. BKJia,LI CJiaraeMbIX 

c K<I>B oco6eHHO 3aMeTeH ,L\JIJI ypoBHei\:, 6JIH3KHX K noBepXH0CTII <I>epMH. 

BKJia,LI HOBhlX 'IJieH0B, co,L1ep2Kam;n:x K<I>B, oTpn:u;aTeJieH ,L\JIJI ypoBHei\: HH-

2Ke IlOBepXHOCTII <I>epMH II IlOJI0)KHTeJieH ,L\JIJI ypoBHeH BbIIIIe Hee. TaKIIM 

o6pa3oM, y'!eT K<I>B npn:BO,LIHT K ,LI0ITOJIHHTeJibHOMY pa3MhlTHIO rpaHHU:hI 

<PepMH. 

B §111.6 BhrnoJIHeHhl pac'IeThl ,L\JIJI Bhl.lIBJieHn:JI poJIH KOC B pacnpe,L1e

JieHIIH O,LIHO'!aCTH'IHOH cHJihl. B Ta6JI.1 npn:Be,LleHhl pe3JJibTaThl TaKHX 

pac'IeToB. Y'!eT KOC npHBO,LIHT, B o6iu;eM, K 3aMeTHOMY yMeHbllieHIIIO 

,LIOMIIHaHTHoro cneKTpOCKOilH'IecKoro <paKTOpa 3a HCKJIIO'!eHHeM COCTOJI

HHJI 2d5/2 B 119 Sn, ,L\JIJI KoToporo noJiy'IeHo ero yBeJin:'leHn:e. 9:To KacaeTCJI 

cpe,LIHHX :rneprn:i\: Bo36y2K,L1eHIIJI, TO pe3yJihTaThl pac'!eToB c y'IeToM KOC 

H 6e3 n:x y'IeTa ,L\JIJI HIIX 6JIH3KII. BJIIIJIHHe KOC ,L\JIJI ypoBHei\:, ,LlaJieKHX OT 

IlOBepxHOCTH <I>epMH, npoJIBJIJieTCJI B 3aMeTHOM pa3JIH'IHH IlOBe,LleHHJI CH

JIOBbIX <pyHKu;nii. OTMeTnM, 'ITO B pac'!eTax 6e3 y'IeTa KOC npoBO,L\HJiaCb 

H COO_TBeTC'fBYIOiu;aJI O'IIICTKa BeJIH'IHH C). H .6.;.. Pa3JIH'IIIJI B pacnpe,L1eJie-
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HHH TaK2Ke npoIICXO,Ll.lIT II 3a C'leT OTJIII'IIIJI 3THX 0'IHiu;eHHbIX BeJIH'IHH C 

y'IeTOM II 6e3 y'IeTa KOC. 

Ba2KHOCTh KOC, o6ycJIOBJieHHhlX CJI0JKHhlMH KOH<pnrypau;HJIMH, npo

,LleMoHcTpHpoBaHa Ha npIIMepe pac'!eTa Ml pe30HaHca B HeCTa6HJibHbIX 
100sn H 

132Sn B paMKax MO,LleJIH "lplh 0 <pOHOH". Oco6eHHO 3TO 3aMeT

HO ,L\JIJI lOO Sn, r ,Lie npoHCXO,LIHT 3Ha'IIITeJibHaJI <pparMeHTau;1rn npH J'IeTe 

KOC . 

B §111.7 paccMoTpeHo npIIMeHem1e·MeTo,L1a <I>r B TeopIIH onTII'IecKo

ro noTeHu;IIaJia. llocKOJihKY MaCCOBhlH onepaTop onpe,LleJIJieT OITTII'Iec1mi\: 

IlOTeHI.l;HaJI (Oil), TO MeTO,L\ <Pr ,LlaeT B03MOJKH0CTh paCCMOTpeTb IlOJiyMII

KpOCKOillI'IeCKIIII ITO,LIXO,LI ,L\JIJI nocTpoeHHJI Oil. llo,L1xo,L1 ocHoBaH Ha npe,LI

CTaBJieHIIII MaCCOB0ro onepaTopa B BII,Lle ,L\BJX '!acTeH, nepBM II3 K0TO

pbIX OilIIChlBaeT cpe,L1Hee IlOJie, a BTOpM(M) CBJI3b O,LIHO'IaCTII'IHOro ,L\BII-

2KeHHJI ·c KOJIJieKTIIBHhlM, TO eCTb MaCCOBbIH onepaTop B HCI10Jih3yeMoM 

HaMII g2 - npu6.J1,uJ1Ce'H,UU. MaccoBbIII onepaTop M 3anncaH B KO0p,LIH

HaTHOM npe,LICTaBJiemrn C TO'!HbIM y'IeTOM O,LIHO'IaCTH'IHOro KOHTIIHyyMa. 

B 3TOM IlO,LIXO,Lle e,L11IH006pa3HO MoryT 6bITb paCCMOTpeHbI KaK Marn'Ie

CKHe, TaK n HeMarn'!eCKHe .lI,Llpa. MHHMM '!acTh MaccoBoro onepaTopa 

onpe,LleJIJieT MHHMy10 '!aCTh Oil. TaK KaK 3Ta '!aCTh noJIHOCThIO He onn

rneT norJiom;eHHJI, TO ,L\JIJI BOCI1pOH3BO,LICTBa 3KcnepnMeHTaJibHbIX Ce'!emn1 

npIIXO,LIIIThCJI <peHOMeHOJIOrII'!eCI{II BBO,LIIITb He60JibIIIJIO MHIIMYIO ,L\06aB

Ky. BbIJIII paCC'!IITaHhI MHIIMhle '!aCTII M (ImM) II ce'!emrn nornoiu;emrn 

,L\JIJI 
204 

Pb II 208 Pb. CpaBHeHIIe BeJIII'IIIH ImM n ce'!eHn11 nornoiu;emrn ,L\JIJI 

s- II d- BOJIH ,L\JIJI 3TIIX ,L\BYX JI,Llep IlOl(a3bIBaeT 3Ha'!HTeJibH0e pa3JIH'!He B 

noBe,LleHHH KpIIBhlX, HaH6oJiee 3aMeTHoe ,L\JIJI ImM. XoTJI OTJIII'!He Me2K,L1y 
204 

Pb n 
208 

Pb cocTaBJIJieT Bcero 4 HeHTpoHa, cooTBeTCTBJIOiu;IIe BeJIH'IIIHhl, 

OilHChlBaIOiu;He B3aHMO,LleHCTBIIe HeHTpOHOB C .lI,LlpaMH, 3Ha'IHTeJihH0 Pa3JIII

'!aIOTCJI. ,ll;JIJI p- BOJIHbI pa3JIH'IHJI He CTOJib BeJIHKH ,L\JIJI 3TIIX JI,Llep, Tai( KaK 

OCHOBHJIO poJib 3,LleCb nrpaIOT BXO,L\Hhle COCTOJIHIIJI C <pOHOHaMn He'IeTHOH 

MJJihTHil0JibHOCTH, a OHH IlOXO)KH ,L\JIJI o6oHX JI,Llep. TaKHM o6pa30M, Mhl 

IlOJIY'IHJIII CHJihHJIO 'IYBCTBIITeJihHOCTb pe3y.1IhTaTOB K cneKTpOCKOilH'!e

CKIIM xapaKTepHCTIIKaM KOJIJieKTHBHbIX II O,LIH0'!aCTII'IHbIX B036y2K,L1eHHII 

.lI,Llpa. 

B aaKJIIO'IeHHH c<popMJJIHpOBaHbI OCHOBHbie pe3JJibTaTbI, IlOJIY'IeH

Hhle B ,LIIICCepTau;HH: 

1. B paMKax MeTo,Lla <I>r c<popMJJIHpOBaH 06iu;m1 MHKpOCKOI1H'!ec1mi\: 

IlO,LIXO,L\ ,L\JIJI OilIICaHIIJI xapaKTepncTUK He'!eTHbIX JI,Llep co CBepxTeI{y'!e

CThIO, B KOTOpOM O,LIHOBpeMeHHO: 
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-y'!TeHbI KoppeJIHIJ;IIII B OCHOBHOM COCTOHHHII; 
-BnepBbie pa3pa6oTaHa npou;e.n;ypa ycTpaHeHirn ,ll;BOMHoro yqeTa K<PB ,n;;rn 
cnapIIBaTeJibHOM meJIH( 0'IIICTKa meJIII); 
-y'!TeH BKJia,n; K<PB B aHoMaJihHbie MaccoBhie onepaTopbI, K0T0pbie cne
u;mpII'IHhI IIMeHHO ,ll;JIH HeMarII'leCKIIX H,n;ep. 

2. B paMKax npocToii TpexypoBHeBOM Mo,n;eJIII BhIIl0JIHeH aHaJIII3 noJiy
'!eHHhIX cooTHOIIIeHIIM. IloKa3aHo, '!To: 
- BeJIII'IIIHbI O'IIICTKII :rneprnii H cnapIIBaTeJihHOM meJIII ,ll;OCTIIraIOT 3aMeT
HbIX 3Ha'!eHIIII; 
- yqeT aHOMaJihHbIX MaCCOBbIX onepaTopoB npIIBO,ll;IIT K yMeHbIIIeHIIIO 
<pparMeHTaQIIII ,ll;JIH COCTOHHIIM B6JIII3II IlOBepxHOCTII <DepMII; 
-BbIIl0JIHeHbI ou;eHKII C y'leT0M HeJIIIHeMHhIX MaCCOBbIX onepaTopoB II no
Ka3aHo, 'ITO g2npu6.11,u'J/Ce1we HBJIHeTCH BilOJIHe YAOBJieTB0pIITeJibHbIM KaK 
,ll;JIH 6JIII3KIIX, TaK II ,ll;JIH ,n;aJieKHX OT Il0BepXHOCTII <DepMII ypoBHeii II no
npaBKII K BepIIIIIHe MaJibI, ecJIII cymecTByeT napaMeTp MaJI0CTII. B CJiyqae 
2Ke OTCYTCTBIIH napaMeTpa MaJI0CTII nonpaBKII K BepIIIIIHaM IIrpaIOT 3a
MeTHYIO pOJih B pacnpe,n;eJieHIIH O,ll;HO'laCTII'IH0II CIIJlbI. 

3. Pa3pa6oTaHHhIM no.n;xo.n; peaJIH3oBaH B npII6JIII2KeHIIII KBa3II'laCTII
u;a ® q>OHOH (g2- npII6JIII2KeHIIe) ,ll;JIH pac'!eTa 3HeprIIii B036y2K,n;eHIIH II 
cneKTpocK0ilII'!eCKIIX <paKTopoB B 119 Sn II 121 Sn. IloJiy'leHo pa3yMHoe 
cornacIIe C 3KcnepIIMeHTOM. Ilo.n;xo.n; Il03B0JIHeT paCC'IIITaTb <pparMeH
TaQIIOHHbie xapaKTepIICTIIKII He TOJlhK0 ,ll;JIH COCTOHHHM, ,n;aJieKIIX OT no
BepXHOCTII <DepMII, HanpIIMep rny6oKIIX ,ll;hip0'IHhIX COCTOHHIIH, Jo II ,ll;JIH 
COCTOHHIIM B6JIII3II Il0BepXHOCTII <DepMII. 

4. Pac'!eTbI ,ll;JIH 3TIIX H,n;ep Il0Ka3aJIII, 'ITO YKa3aHHbie B n.1 3JieMeHThI 
no.n;xo.n;a, KaK npaBIIJIO, YJIY'!IIIaIOT corJiaCIIe C 3KcnepIIMeHTOM II HBJIHIOTCH 

KOJIH'leCTBeHHO Heo6xo,n;IIMbIMII. CpaBHIITeJibHbie pac'!eTbI ,ll;OMIIHaHTHbIX 
cneKTp0CKOilII'leCKIIX <paKTOpOB ,ll;JIH ypoBHeii B6JIII3II Il0BepxH0CTII <DepMII 
Il0Ka3aJIII: 
- yqeT O'IHCTKII .n;aeT IIX 3aMeTH0e II3MeHeHIIe, .n;o 40%; 
- yqeT KOppeJIHQIIII B 0CHOBH0M COCTOHHIIII npnBO,ll;IIT K IIX yMeHbIIIeHIIIO, 
.n;o 25%; 
- yqeT aHOMaJihHbIX MaCCOBbIX onepaTopoB npIIBO,ll;IIT K He6oJiblIIOMY (.n;o 
15%,) YBeJIH'leHIIIO ,ll;OMIIHaHTHbIX cneKTpOCKOilII'leCKHX <paKTOpOB. 

5. KoJIII'leCTBeHHO paccMOTpeH Bonpoc O BKJia,n;e KBa3II'laCTII'IHO- <po
HOHHoro B3aIIMo,n;en:cTBIIH B BeJIII'IIIHY KynepoBcKon: meJin B H,n;pax, To
ecTh nnepBbie KOJIII'leCTBeHHO paccMOTpeHbI ,n;Ba MexaHII3Ma cnapnnaHHH: 
KBa3II'!aCTII'IHO- <poHOHHhIM MeXaHII3M II MexaHII3M Tnna BKIII . .ll:JIH 120 Sn 
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IlOJiy'leHo, 'ITO ycpe,n;HeHHbIM BKJia,n; nepBoro MeXaHII3Ma B BeJIII'IIIHY cna
pIIBaTeJihHOlI meJIII C0CTaBJIHeT npn6JIII3IITeJihHO 30%. 

6. B paMKax IICil0Jih30BaHHhIX npII6JIII2KeHIIM npoaHaJIH3npoBaH BKJia,n; 
K<PB B O,ll;HO'laCTII'!Hbie 'IHCJia 3ailOJIHeHIIH . .ll:JIH ypoBHen:, 6JIII3KIIX K no
BepxHOCTII <DepMII 3TOT BKJia,n; ,ll;OCTHraeT npn6JIII3IITeJibHO 40% AJIH 120 Sn. 
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