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OHUAH XAPAKTEPHC'.mKA PAEOTU 

AKTyaJII,HOCTI, re1.m. 3a IIOCJI8,D;HR8 ro,D;H HaKOIIJI8H. ::rna•UU'SJII,Hlitt 067ieM 
.nrumwc, YKa.31ll3aKlllUDC Ha cymecTBOBaHRe B '18TH0-'18THWC c~pH'l8CltR!X m:t
pax npH 3H8prrunc B036YJ!\n8ruUI Ex~ 2-3 MaB RBa,ItpYJIO~I,HHX COCTO.mutli, 
H30fOIIH'l8CRaJI CTpyRcypa ltOTOpHX 38.MeTHO OT~'la8TCJI OT R30TOIIH'18CltOtt 
CTpyRTYPll xopomo H3Y'l8HHWC RBa.ItPYIIO~I,Hl:lX BR6pan;Rtt. W 3TR!X COCTOJI
HRtt xapaKrepeH OTHOCHT81II,HO donbWoli MI-nepexo.n (nopsww. o,3p~) Ha 
nepBI,18 B036yllQ];emme 2+ ""."YPOBllll. Ta.KRe COCTOJIHHJI IIO-pa3HOMY B036yir,u;a
lOTCJI B perumrunc Heynpyroro pacceJIHHJI 'IB.OTR!ll C pa3HllMH H30TOIIR'l80ltHMR 
CIIHHB.MR Ha R,Itpax. 0HH HM8IOT, B OOHOBHOM, H8ROM8RTHBHYIO IIpHpo,ny. 
YnpomeHHoe npe.nor~eHR8 0 TaRRX OOOTOJIHRJIX ,naeT RapTRHa IIPOTRBC4,a3-' 
HWC RBa,npynOJII,llllX KO~e6aHHH He!trpOHHOtt H IIpOTOHHOtt OHOTeM. 

.IT.J.ur aHaJia3a OBOttOTB T~X OOCTOJIHRff HOIIO~I,3YIOTOJI paS~'IHH8 1 B 
6oJII,mett 'laOTH ~HOMeHo~ornqeoRHe R,ItepHH8 MO,D;e~. OOHOBaHHlle Ha reo
MeTpH'18CKR!X (reopeTHKo-rpynnoBUX) npe.noTaBEeHRJIX. Bos6YlQ];eHHL!e ooo
TOJIHHJI B Ta.RR!X MO,D;eJIRX OBJISHBalDTOJI TOJII,RO C KOM8KTHBHHMH OT8II8RRMl! 
OBo6o,nH. Ta.Koe pacoMOTpeHRe HH3K0~8lltallUIX OOOTOJIHHtt ~8THO-'leTHHX c~
pH'l80KRX .R;D;ep B p8.MKaX ROM8RTHBHHX Mo,ne~ett .nettOTBRT8Jll,HO OIIpaB,D;aHO 
TeM, 'ITO B o6moTH Ma~ aneprntt B036yJimeHHJI R,Itep B 60JII,mHHOTB8 
CBOeM He OBO,D;JITOSI K O,D;HO~OHHHM. 0,nHaKO ope.n;H HHX BOTJ)8tta!OTOJI 000-
TOJIHHJI pa3HOtt CT8II8HH KOM8KTHBHOOTH, 'ITO H Tpe6yeT paooMOTP8HHJI Ha
PR.IlY C KOM8RTHBHHMH Ta.RlK8 H HeROMeRTHBHHX CT8II8Heft_CB060,D;H. 

KpoMe Toro, B3rulMO,D;eltoTBR8 ROM8KTHBHHX H HeROJI1IeKTHBHHX B036yiit,.
,D;8HHtt HrpaeT pemaromyro poJII, B onpe.ne~eHHH OTpyRTypH HH3K0~8ll!aIIIHX ooo
TOJIHH:il m:tep. 

BwecKaSaHH08 o67iSICHJI8T aRcyB.JII,HOOTI, HOIIORl'>SOBaHHJI npn OIIROaHM 
OTpyRcypH Ta.RHX OOCTOJIHHtt O~OlltHHX R,Itep R .R;D;epHHX xapaKT8pHOTRK H8RO
Toporo MHRpooK01IBt1eo1toro no.nxo.na, o6mero B ampoKoM ,nnanasoHe m:tep B 
.ex Bos6yir,u;eHHl!. H.n;eH Ta.Kore no,n;xo,na, BHORaSa.HHHe B '79,:-x ro.nax B pa-
6oTax B.r.co~OBI,8Ba, IIpHB8~ K 003,D;aHIDO KBa811'mCTH'IH<H,POHOHHOirl MO,D;8-
JIH ~ (KQ!vt) , B KOTOpott ~ep:ime B036yll!,Il;8HW1 reHe!)Hpym'CH RBa3H'IB.CTri
HllMH H <p()HOHlWI.W onepaTopawt. 

Ta.RaHMHKpOOKOIIR'l80RaJI MO,D;8JII, .naeT BOSMOlltHOCTl', Ha OOHOB8 !)oHOH~ 
Horo 6asnoa OIIROaTl'> OOOTOJIHHJI paSHOtt OT8II8HH ROM8KTRBHOOrH H pao
RpHrl'> onpe,ne.7IJDOll1YlO po~ B3aHMo,nettoTBHJI <p()HOHOB B B300IIHHOBOtt OTpyR
rype Ha6JIIO,ll;a8MHX R,ItepHHX OOCTOJIHHff. 

. TaR Kalt qx)HOHHHe onepaTopH MO,D;eD OTPOJITOJI HS RBaSB'laOTH'IHHX 
(pepMHOHHHX onepaTopoB, Ollll He JIBJISmTOJI l'l,D;eB.JII,Hl:IMB 6osoHHHMR onepa-: 
TOpaMR. IloCJie,D;H88 o6CTOJIT8Jll,OTBO o6yono~eT B03HRKHOB8HH8 npo6~e
MU Y'l8ra Tpe6oBaHHtt, B03HJ!KaDl!lR!X B3 IIPHHitHIIB. IIayD, B BH'IR0~8IDJJIX 
OTpyRcypH BOS6yJQ:te~qoro.RJll!lt. 

iil.ei!lit1t'liii!.iil ilfHcnrryT.' 

ft~···:~/~! •. ~;. ·;! ~.·.>1t.1Jt~uu;;,i 

... .,. ~SJl"IO_T!iff 



UeJIT, pa6oTll cocTORT B TeopeTR'IecKoM nsy,reHR.l'I B pro.max K~M nso

cnRHoBott CTPYK!'YPll HR3K0~6lK8.IllBX COCTOmrn:tt cqiepR'I6CK.l'IX smep, B rrpoBep

Ke BJIRJmM TO'IHOro yqeTa ql6pMROHHOtt CTPYKTYPll ql()HOHJUDC orrepaTopoB Ha 

CBOilCTBa .n;Byxqx:>Hommx COCTORHml cqiep.l'l'I6CKRX smep, B .l'ICC~e;n;OBaH.l'l.l'l,.B03-

M0'1tHOCTR Ha6.mo;n;ellllJI .l'l30B6KTOPHllX COCTORH.l'lff B P6a.Kil.ltsIX Heynpyroro pac

cemrn:.fI tJaCT.l'lll Ha rouiax. 

HaTifillH HOB.l'l3Ha .l'I npaKTR'I6CKaH II6HHOCTI,. BrrepBll6 B MRKpocKonntJe

CKOft MO;n;e~ T80p8Til'I8CKil npoaH8Jll'l3.l'lpOBaHa IIl.ltpOKaH o6JiaCTI, 'I8THO

'I8i'HllX cqiepntJeCK.l!X smep C Il8JI1',J) o6HaPYllt8H.l'I.fI HR3KM6lK8.IllBX KBa;n;pynOJIT,

HllX COCTORH.l'lit .l'l30B8KTOpHoro T.IUia. ITOKa3aHa 3aBRC.l'IMOCTI, B03HRKHOB8HR.fI 

R30B8KTOpHllX COCTOmimt OT pacrrpe;n;e~eHM KBa3.l'l'IaCT.l'lll no op6.l'ITa.JI/lM, 

IIpoBe;n;euHoe .l'lCC~;IJ;OBaHRe BJI.l'IJIHM B3a.1'1MO;IJ;8ffCTB.1'1.fI q>e)HOHOB Ha .1'130-

cn.l'IHOBYJO CTPYKTYPY H.ll3K0~8lK8.IllBX KBa;n;pynMI>I!HX COCTO.mutli o6Hapylltlllla8T 

orrpe;n;eJISllOll1YIO poJIT, aToro Bsa.m.m;n;effcTBM B CTpyxrype Ha6.mo,n;aeimx cocTo

mintt. 

Hcc~e;n;oBaHo rrpo.f!B~8H.l'l8 ;IJ;.11H&UI'I6CKRX CBOttCTB si;n:pa B P~a.KilRHX He

ynpyroro paccemiM tJacir.l'lll c pa.3HHM.11 .11soTon.0tJeCK.llM.l'I cnnuaMa. IIoKasaHo, 

'ITO ~'I.1'18 3Ha'I.l'IT6~I,HOii ll30B8KTOPHOtt KOMilOH8HTll B CTpyttType KBa;n;py..:. 

noJIT,Horo COCTOfilI.1'1.fI npl!BO;IJ;.l'IT K cymecT~8HHOMY pa3JI.l'l'I.1'1!0 B C8'I8H.l'IRX ero 

B036yl!Ql;6HRH 'IaCT~,pa3JIH'Ia1CillHMHCH .1'130TOITCnllHOM. HcMe;n;oBruJO B~

H.1'18 KoppeKTHOro y'IeTa qiep,tROHHOfl CTPYKTYPll qJOHOHHllX onepaTopoB Ha 

;IJ;ByX!p()HOHHlle B036yl!Ql;8HM cqiep.R'I8CKRX smep. BrrepBlle Ha np.l'!Mepe psi;n:a 

C(pep.l'l'I8CK.1'1X si;n:ep 'IRMSHHO nOKa3aHO, 'ITO nepexo;n; OT KOMMYT8.Il.l'lOHHllX co

OTHOmeHmt np.1'16JI.l'IJK8HM c~attnux q:143 K TO'IJHHM npaKT.l'I'ISCK.l'I HS CKa3Ima-

8TC.fI H8. COCTOmI.l'lroc·c 60JIT,lilOil .n;ByX!pOHOHHOff KOMilOH8HTOf1. 0TCIO;IJ;a c~e;n;yeT 

BW30;IJ;, 'ITO B H8KOTOPllX cqiepnttecKRX si;n:pax MOryT 6:aTI, H3M8p8Hll ;n;ocTaTO'I-

HO 'I.l'ICTlle .n;ByX!p()HOHHlle COCTORHM. . 

Anpo6a1I.1HI pa6oTll. PesyJIT,TaTll, npe;n;CTaB~HHlle B ;IJ;.l'ICC8PTan.l'I.l'I, ;n;o

ItJra;n;tmaJI.l'ICI, n o6cy~aJI.l'ICI, Ha CSMRHapax .l1T\P Ovl'Rlf, B UeHTpaJIT,HOM .1'1HCT.1'1-

TYT8 si;n:epnux acc~e;n;oBaH.l'Ifi ()lpes;n;eH, r)lP), Ha 33-M n 35-M BcecoIOSHllX 

COBemaHRRX no si;n:epHOtt cneKTpOCKOil.1'1.l'l .1'1 CTpyxType si;n:pa B EenRHrp~e H 

!Op1.1.aire, Ha Mell\I(yHapo;n;Hott xouqiepeH!lHR EBponettcxoro qJ.03.l'ItJecxoro o6mecT,.,. 

Ba (Eo~apM, 1986 r. ), Ha 081\UIHape "0;n;HO'IaCT.l'l'IHll6 n ROJIJI8KT.l'lBHll8 coc-, 

TORHM aTOMHHX smep". (.Ify6Ha, I987 r.). 

I1y6JI1IBa.II.l'IR. Ilo MaTepn~ ~nccepT8IlH.1'1 ony6~oBaHo 7 pa6oT. 

CTpyKTypa .0 o67>eM ll.l'ICC8pTanni. )l.l'lcceprann.fI .COCTOHT .1'13 BBe;n;eH.l'I.fI, 

Tpex rrn .l'I 3~tJ8H.0.fI. 0Ha co;n;epl!tl'IT 95 CTpalllllt MalllltHOn.l'ICHOro T6KC

Ta, 2 pacyHKa .1'I 15 Ta~. paCIIMOJK8HlWX B T8RCT8. CnRCOR JI.l'IT6-

paTypli Bit1IllltJaeT 75 HaHM8HOBaHKI!:. 
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CO,lJEPJKAH!IB P.AEO'ill 

Bo BB6.U8HH.l'I o6cyl!Ql;a6TC.fI aKTYaJIT,HOCTI, npo6~eMll o6HapylK6H.1'11I H.1'13K0-

~8lKal!UlX .1'130B6RTOpH!,!X COCTOmlmt B smpax .l'I KOpOTKO Il3~a6TCH co;n;eplKa

H.1'16 ;n;.1rncepTanri.l'I no rrnrut, IIpRBo;n;arcH o6sop JI.l'ITepaTypH no paccMaTpR

BaeMHM B pa6oTe BonpocaM, 

IIepBM rrna ITOCBJlll18Ha H3Y'I6HRf.l Il30CnRHOBOf! CTPYKTYPH O;IJ;HOT()HOH

IIllX COCTOHH.l'lft 'I6THO-tt6TllllX cipepntJec1mx H;D;ep. B nepBHX .n;Byx rraparpaif,ax 

U3~aeTC.fI qiopW.a.7IB3M KBa3nttaCTUlJHO-q>e)JIOHHO!i MO,neJI.l'I H;D;pa. 

B § I, I ,I(aHa qiopr·.IY~.l'lpOBKa raMJIIJIT,TOHHaHa MO,I(6~JII npm,1eune~I,HO K 

OIT.l'ICaH.l'IIO O;IJ;H01JOHOI!HllX :rneKTpH'I6CRUX COCTO.fIHH!l. rru.rnJI!,TOH.l'IaH Kt!IM BRJIIO

'IJaST cpe;n;une ITOM ;Ii.M HSttTpOHOB H rrpOTOHOB, sa;n;aIOIIl.lt8C.fI B B.l'l,ll;8 ITOT811-

unana By,n;ca-Cruccoua, crrapJ11BaTeJIT,1me BSaJlll\m;n;e!icTBHJI B 11efiTpoH11ofl n 

npOTOHIIOfi CJIICT6M6 .l'l MY~T.l'IITOJIT,➔.ifYJIT,TJIIITOJIT,!Ule CJl!Jlll Jll30CKaMpHOro H 

J1180B6KTop11oro Tr-ma. 06cy~aeTC.fI BH6op rrapar.1erp01i Mo;n;eJI.l'I H Bn;n;a cena

pa6e~1mx B3aID,lO.ll8tlCTBH!t, 

B § I.2 rrp.lIBe,nen BHBO;IJ; ypaBHSHRft KBa3HtJaCTHtiHO--qJOIIOIIHOfi uo;n;e~ 

smpa. OT raMRJIT,TOHHaHa, sarrncmmoro B neper.ie11HHX tJacTHtJHHX orrepaTo

poB, nocpc.ncTBOM rrpeo6pasona11nn Eoromo6oBa ,ne~aeTc.fI nepexo,I( K nepe

MBHHl,ll\l onepaTopoB KBasntJaCTHU, noc~e tJero TaKHM o6pasoM sarr.11can11Hl1 

raMRJIT,To11na11 ;n;narona~nsye rc11 B rrpocTpancTBe <'flouon11HX Bos6yl!(,1l;e1rn1t. 

3ueprll.l'l H Bom10BH8 WHKIJ:UJII q>e)IIOJIHllX B036yl!O];e,rnn BHlJJIICMIOTCH B rrpJ116~J11-

~8HHll c.nytJaftHllX q:143. 

B § 1.3 .l'ICC~8.I(y8TC.fI U30CnHHOBa1I CTpyxeypa O.I(HOq>e)HOHHllX KBa;n;py

TIOJIT,JlllX COCTOHHI!ft 3R6KTPJlltt6CKOro TJl!na. JIM KBa3.l'ItJaCTfl'IHO-q>e)HOHHOtt MO

,I(6JI.l'I smpa xopomen KatJ6CTB8HHO:il: xapaRT8p!t!CTHKOtt Jll30CIT.1'1HOBO!t CTPYKTYPH 

COCTOHHml Jl'.BMSTC.fI OTHOme11.0e npnBe;n;eHHllX B8pO.fITITOCT6tt H30B8KTOPHllX 

B ( IV t E2) fl fl30CKaJIJipJIHX B (IS, E2) KBa;n;pynOJIT,HllX ne pexo,noB: 

BG~ E2J :::/t.z!11~~,l t1 ca,< )-Zn,':/·t)' c.a,,J/1 fflo) t, 
f3(I$,EZ)~ \LZ;ll[PY.),Y. (fl.). ~t.v-.zy •J/''')/l, 

f{ I< Jf' I< t £._. IV. ,Zf' (fl,,J 'f'v 
Teop8Tfl'i6CKJll6 paC'I6Tll .I(M 60~1,mon rpynrru ccpepH'I6CKJIIX 'I8THO

'I6THllX smep (801,,-A ~ I40) nOKa3aJI.l'I, 'ITO rrpn aHepr.l'IJII B036y~BJIRR 

Ex~ 2-3 MaB BO r,rnorax smpax o6uapylltllllaIOTC.fI 2+ -COCTOHHM,. ,I(J!JI RoropHX 
OTl!Ome11.l'Ie_ B=B(IV,E2)/B(IS,E2) ropa3.I(O 6oJIT,me e.n:nH~. Pesy~I>TaTH, 

np.lIB8,I(6HHH8 B Ta6~e I, YKa3ImaIOT Ha TO, 'ITO COCTORHH.fI 3T.l'I H6KOM8R

T.IIBHll. OHR npO.fIBMIOTCH B .smpax, r;n;e nettTpOIIHH8 . .l'I npOTOJIHHe .I(BYXKBa3.l'I

tJaCT.l'llJHH6 IIOJIIOCll pacno~OlKSl!ll 6JI.1'13KO. PactJeTll He o6HapylltnBaIOT Il30BeK

TOpHH6 2+-COCTOHHIDI B no~rJll'i6CR.l'IX H;IJ;pax (B H30TOnax Sn fl .Rsoro

Hax C tJHMOM HSf!TpOHOB N =50,82). TaKlKS 116 0611apyiit6llll OHR B R30TOIIax 
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Sr, Zr, Mo, Ru n Pd C "qilCJIOM HeftTpOHOB N4i0. B CTpyitcype Il3OBeKTOp!mX 
KBa,npynOJil,Hl:IX COCTommn Sr - C 'qflCJIOM HeftTpOHOB 52L NL 58 H Il3OTOIIOB 
Zr C 'qRCJIOM HeilTpOHOB 52L NL 56 npeo6~T ne.nnaro1m.m,m1e .IJ:ByxKBaan
-qacTR'qHlle KotmoHeHTll, Tor.na KaK CTPYKTypa 3THX COCTOJI!IR~ B li3OTonax 
Ko, Xe, Ba n 5~e onpe,neJIHeTcH ncKJI10-qHTeJII,HO .nnaroHam,HuMn Km.moneH
TaMn. B ll3OTOnax Ru H Pd BCTpe-qaIOTC.fI naoBeKTOPHlle KBa,npynom,HHe coc
TOJI!IR.fI o6onx TRIIOB. 

Ta6.7Inr(a I. 3Heprnn, CTPYKTYPHHe a.MIIJIRTY)'(lil <t'YL n lfp n OTHomeHne 
B }J,1I.fI ~-<poHOHOB, ,nByXKBaan-qacTH'q!Jlle HeiiTpOHHble PN ' 

1IpOTOHHll9 Pn IIOJIIOCll 

vfaOTOII PN Pz t. E. B lf n % !fp i M38 % f,,13/!J MJB 

94sr + 
2d5/22d5/2 2 2P3;22P5/2 22 2,707 3 60 2,75 2,65 

232,828 5 2d5/22d5/2 80 2f5/22p"l/2 11 3,35 3139 
98Ru 222,810 4 2d5/22d5/2 82. 1g9/21g9/2 14 2,70 2,74 

233,157 5 2d5/21g7/2 95 1g9/21g9/2 4 3,14 2,74 

~3<lx:e 22 2,066 7 1h11/21~1/2 2 1g7/21g7/2 50 2,06 2,02 

24 2,247 9•5 1~1121.lh.,~;2 36 1d5121d5/ 2 45 

C H3OB9KTOPHllX KBa,npynom,IIUX COCTOJI!lrui n.nyr 3Ha'qIUeJII>Hll9, IIOp.lI,IIKB. 
0•4.flt MI-nepexo.nu Ha Il3OCKaJIHpHO9 2r +_COCTOHHH9. IIOKa3aHO, 'qTO crura 
MI-nepexo.na aa.naeTC.fI KaK op6RTaJII,HW.1, TaK n CIIHHOBllM 'IJISHaMn MarH.BT- . 
Horo onepaTopa, xorsr c;re,nyer no.ntrepKHYTI> rrpeo6;ra,narorrzyro pom, op6nram,
Horo BKJia,na. 

B 'q9TB9pTOM naparpaifie IIP.!IBO.IJ:.ffTCJI OCHOBHli!9 peayJII>TaTll nepBott I'Jia
BH. 

Bropag rJiaBa ,nncceprannn B ocHOBIIOM nocB.mneHa ncc;re,no~aHnIO BJIRH
Hil.fI rrayJIIieBCKliX Kopp8JIRI.Clli Ha CTPYKTYPY ,ItByxqJOHOHHHX Boa6YJIU{eH1lli. B 
§ 2. I np.!IBe,neHU ypaBnemm .IJ:JIH SHeprPitt n CTpyKTYPIIllX Kos@innneHTOB 
BOJIHOBllX qiyIIKqHf.t B036Yl!m9HI!llX COCTOJI!IHH "!9THO-"!9THllX crpepni:recKnx 
smep, Y1JllTUBalOllUl9 BaanMo,neflcTBne O.IJ:HO- ll ,nByXqx>HOHHb!X COCTOHHntt. 
IIpmmnn Ilay;rn Tpe6yeT ncnom,aoBam!JI KOMMYTffililOHHllX COOTHOID9Hlltt JJ,1I.fI 

orreparopoB !p()HOHHHX Boa6yl!meHntt, cJie.IJ:YlOlllZX na qiepMnoHHoro npe.ncTaBJie
HllH .IJ:Jiir nx CTPYKTYPH. 3ro IIpllBO.IJ:HT K IIO.fIBJierum .IJ:OIIOJIHHT9JII,HWC MHOlltl!:
Teiett J2 B ceKyJI.ffpHOM ypaBH9HRll n K c.nBnry .IJ:BYX!pOHOHHllX IIOJIIOCOB 
t:,.W. 
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B § 2.2 Ha npm.rnpe psma ll3OTOIIOB Sn, Sm, r45oo a 208Pb IIOKa3aHO, 
"ITO qaKTOP y:1 R C,ItBnr IIOJIIOCOB }J.JI.fI HH3KOJI9l!ialIU1X COCTOHHd cqiepni:rec
KUX smep H9B9JIHKll. };a 3TOM OCHOBaHHll Moimo· npe.nnoJiaran,, 'ITO B C(!leplh 
i:recKllX smpax B Hll3ltO3H9pr9Tll"I9CKO:lt "!aCTH CII9KTpa MOI'YT 6UTI, o6Hapyn
Hll COCTOmu!.fI co 3H8"IRT9JII,HOtt ;zulyXlp{)HOHHOtt KOMIIOH9HTOtt B nx crpyxrype. 

B naparpaqie §2.3 cyMMnpoBaHH ocHOBHHe peaym,raTH BTopon rJiaBH. 
B rperI>ett rJiaBe .nncceprannn ncc;re,nyercH BJirunme Baamo,nef.tcTBll.fI 

qx>HOHOB Ha Il3OCIIIlHOBYJO CTpyitrypy Hll3KOJI9l!';alJlllX KBa,npynom,mJX COCTO.fI
Hlrit. vlaBeCTHo, 'ITO npn :rneprnsrx Boa6~eHHJI Ex ~2-3 MsB. BalltHYJO pom, 
nrpaeT B38IlMO.IJ:9HCTBll9 O.IJ:HC>qlOHOHHllX Il .nBYxqJOHOHHllX KOMIIOH9HT. 

B 9 3.I IlOKa38HO, "ITO B peaym,raTe CM911U'1BaHllJI 2+-<poHOHOB M9HH9T
CJI H3OCilll!IOBM CTPYKTypa KBa,npynom,HHX COCTOJil!Ilf.t. CymecTB9HHO M9H.fI9T
C.fI IIOJIO~8Hil9 H3OB9KTOpHllX COCTOJI!IR:lt B CII8KTpax BO36Yl!m8Hd smep. vla 
Ta6JrnnH 2 Bll.IJ:HO, 'ITO, HanpHMep, }J,1I.fI 

56 Fe ll3OB9KTOpHI,1M T8II9pI, OKa3aJIOCI, 
23±cocr9HHne, a ne 22+,Kait aro 6:wro B npn6JIH~Hnn CJIY'IaiiHHX qaa. 

Ta6.7Inr(a 2. 3Hepran, npHBe.neHHll9 B9pOHTHOCTll 3JI8KTpH-qecxnx E2-nepexo
,noB ll OT!IOID8IDl9 B8pOHTHOCT8ft R3OB8KTOPHHX B(IV) ll ll3O
CltaJIHpHllX B(IS) KBa,npynom,mix: nepexo,noB .IJ:JIH H9KOTOpllX 2+ -

COCTOHHlltt 56
:Fe 

Ex1 MsB B=B(IV)/B(IS) < o+ . +) ~. 4 B E2, sr.s. 21 e fm 

Teop. T8OE· ~ 

l axon. axcn. 
IlCJ Q+~+Q+ TIC~ Q++Q+Q+ IlCJ Q+ +Q+Q+ 

2+ 
1 0,847 0,860 0,701 0,004 0,008 97<¢20 1362 678 

2+ 2,650 2,790 2,520 14,50 0,73 12!1 3,0 10,4 
! 2 

23 2,960 3,802 2,995 0,028 9,15 1o:!4 16,9 1,2 _j 

2+ 
4 3,370 4,079 3,330 0 1 007 0,15 4()!3 15,9 5,0 

-

Ha6nD,D;88TCH T8KE8 ~parM8HT8~llH CHllli MI-nepexo,11;a no COCTOHHHHM, 'ITO 
cy~eCTB8HHO rrpH6:nHE88T T8Op6THQ9CKH8 p8CQ8TH K axcnepHM9HT811J,HW& 
,D;8HHHM (Ta6nH~8 3). 

nanee nOK838HO, QTO ,D;nH H8KOTOpsx H,D;ep, aanpHM8p r4oBa H r44Nd1 

npH BKnDQ8HHH B88HMO,D;eaCTBHH M8E.D:Y WOHOH8.14H H3OB8KTOpiml xapaKTep 

. , HHSROJieitantwc KBa.n.PYilOJil,HHX KOJiedamdi RC'i8388T. 
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Ta6.ruma 3. BepOJITHOCTH E2-, MI-nepexo,noB .II R03(llJ)Hn.ll8HTll CM8IllllBaJ,llJI 

M8llf,D;y H8ROTOpllM.ll 2+ -COCTO.fIH.IIJlMll JJ;D;pa 56:Fe 

B(J41#1~ B(E2)e2 fm4 (E2/M1) 
-

8KCil. Teop. 8KCil. Teop. a.Ken. Teop. 

ITC~ Q++Q+Q+ QtQ+Q+ Q++Q+Q+ --- -·-- ·-·-· ---
2•-2+ 1 2 0,22(7) 1,30 0,16 ,;4Z11 · • 4,7 -0,17 -0,18 -0,45 

+ + o,14(4) 0,16 0,95 35+14 36,4 -0,27 +0,19 -0,65 21-23 -9 

2+ -2• 1 4 o, 12(5) 0,19 0,38 5±2 6,6 -0,25 - -0,36 

B § 3.2 o6CyJ!!.Il;aIOTC.Fl'. BOSMOllt!Ule SRCII8pHM8HTaJII,HH8 CBim8T8JI1,CTBa 

B IIOJII,SY o6HapYJ!t8HM HllllROJI8JKal!1.IIX llllOB8RTOPHllX RBa,npynOJII,HWC COCTO.Fl'.

H.lltt B perum.11srx Heynpyrqro pacceJIHM '!aCT.lln°C paSJI.ll'!HllM .IISOCII.IIHOM Ha 

JJ;D;pax. IloKa.SaHo, 'ITO HaJilltJ.ll8 SHa'!JlTSJII,HOtt .IISOBSRTOpHott Ror.mOH8HTH B 

CTpyiteype BOS6yJ!!.Il;eHHWC COCTO.fIHH:!t rrpllBO,nHT K TOMY, 'ITO OHll no-paSHOMY 

BOS6yJ!!.Il;alOTCJI B TaRHX perum1tmc. PaCC'IHTaHHHe B ,nHccepTan;HH B paMRaX 

K~M HS:liTpOHHHe .II IIPOTOHHHe MaTp.ll'!Hll8 aJieMeHTH rregexo,na, orrpe.nemnomne 

C8'!8HM ()(p,p') .II o(d,d'),IIORallllBalOT, 'ITO B 6Fe H I 42ce MOryT 

6HTD o6HapyJKe!Ul HSOBSRTOp!Ule 2+-COCTO.Fl'.HM B ST.IIX perutn0mc. 

B naparpaq, 3.3 BHHeceHH OCHOBHH8 pesy.m,TaTH rJiaBH 3 • 

OCHOBH11E PE3YJibTATb! 

I. B RBaSH'!aCT.ll'IHO-qlOHOHHOtt MO,neJIH JJ;D;pa M.IIKpOCROil.lltJSCRH pacctJ.ll

TaHa .IISOCIIllHOBa.Fl'. CTPYRTYPa HHSKOJiemmHX RBa,npynonHHX COCTO.Fl'.HHtt B 

6oJII,mott o6JiaCT.ll '!8THO-'I8THHX c~epH'!SCRHX JI,nep. IloxasaHO, 'ITO B rrpH-

6Jml!teH.IIH CJIY'!attHWC qas BO MHor.ex JJ;D;pax rrpa aHeprHH BOS6yJ!!.Il;eHM 

2-3 tbB o6Hapy,KHBaIOTC.Fl'. o,nH~OHOHHHe COCTO.Fl'.H.ll.Fl'. c 'ISTRO BHpal!teHHllM 

.IISOBSRTOPHllM xapaRTepoM. :3Tlt COCTOJIHH.Fl'. B OCHOBHOM H8ROJIJI8RTHBHH. .. 

2. liSOCTIHHOBaJI CTPYRTYpa RBa,npynOJII,HWC COCTOJIHH:li BSCDMa '!YBCT

B.IITSJII,Ha K KOHCTaHTaM cnapHBaTSJIDHOro BSam.m.ne:!tcTBM, onpe.neJIJIIOmero 

pacnpe,neJISHHe RBaSH'!aCTHn no YPOBHRM. lISOBSRTOpHHe RBa,npynoJIMIHe 

COCTO.Fl'.H.IIJI IlOJIBJIJIIOTCJI B JJ;D;pax, r.ne cymeCTBYJOT 6JIHSKO pacnoJIOl!teHHHe. 

HS:!tTpOHHHe H npOTOHHH8 ,nByxRBaSH'!aCTHtJ!Ule IIOJllOCH. KBa,npynoJII,HHe coc

TO.Fl'.HH.Fl'. C HSOB8KTOpHO:!t CTPYRTypott He o6HapyJK8HH B paC'!8Tax WIJI IIOJIY
Mar'H8TH'!8CKHX JJ.IJ;8p, 

3. IloRaSaHo, 'ITO Y'!ST BllaBMO,nettcTBH.Fl'. ~HOHOB M8HJI8T reopeTH'I8C

Ryro HSOCIIHHOBYJO CTPYRTYPY 2+-cOCTO.Fl'.HHtt, 'ITO cymeCTB8°HHO HSM8H.Fl'.8T 

paCIIOJIOl!teHH8 HSOBSKTOpHWC COCTOJIHHtt B CII8RTpe>Bos6yJQeHHff JJ;D;ep. }lJIJI 
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~d rrom1sano, 'ITO HSOB8KTOpHutt xapaRrep RBa,npynOJII,HHX 

HHSROJI8JKalilIDC ROJie6amtii Boo6me nctJesaeT. . 

4. BK.mo'!eHae B BOJIHOBYJO (JlYHittl;HIO Bos6yll\lle1rnoro COCTO.Fl'.HM JJ.IJ;pa 

,nByxqi<)HOIIHHX K01.mo11eHT CTaBHT Borrpoc O ROppeRTHOM Y'!8T8 ~p.IBOHHOtt 

CTPYRTYPH (!JOHOHHWC orrepaTopoB. Ha npru,1epe ROHKpSTHWC *PH'!SCKHX 

JI.n8p IIORasauo, 'ITO nepexo.n OT Rm.lMYTaIJ;HO!!HWC COOTHOmeunn npH6JI.llllt8H11JI 

CJIYtJattuHX cpas R TOtJHHM (y'IHT!:JBaIOmHM,rrayJIHeBCRHe KOppe.rumHa) rrpa.KTH

'ISCRll He CKa.SHBaeTC.Fl'. Ha COCTOJIHH.Fl'.X c 6oJII,moi! .nBYXl])OHOHHOft KOMIIOHeH

TOtt B c~ep.lltJBCKHX a~pax. 

5. liccJie,noBaHo npOJIBJISHUe .nmmr.mtteCRHX CBOHCTB JI.npa B perumnsrx 

Heynpyroro paccesrmm tJaCTHn C pasHHMIIJ HSOTOIIH'!SCKID,rn_ CIIIIJHru.rn. HaJI.H

'!He SHatJHTSJIDII0/1 HSOBSRTOpHOti KOMIIOHSHTH B CTpyKType Bos6yJQeHHoro 

COCTOfil!HJI npnBO.I{HT R TOUY, '!TO OHO rro-r,asHOMy Bos6ylll;Il;aeTCJI B perum.a

mc Heyrrpyroro paccesrHUJI rrpOTOHOB H .nettTpOHOB. PaCC'!HTaHHHe B paMKaX 

K~M He:l!:Tpo!IHI,18 .ll. rrpoTOHHl,18 MaTpH'IHH8 3JI8M8IITH nepexo.na, orrie~emnomHe 

C8'!8HH.Fl'. Q"'(p,p 1 ) H (J(d,d'), IIOKa.3HBaIOT, 'ITO B 56:Fe .II I 2Ce MoryT 

6HTD o6napy~eHH MSROJI8JKal!1Il8 .ll.SOBSRTOpHHe RBa,npynoJIDHHe COCTO.Fl'.HHR B 

TaRHX pearui:nmc. 
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