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Ba e n e HH e 

B nocnenaee Bpe MH 6wnH H3 Mepeaw MarHHTHwe MOMeHTw 6onbworo 4HCna 

4 eTHb!X <rllep: KBK neQJOpM!ipO BB HHb!X, T81{ li He npHH81lfle)K8 lliliX K o6naCTHM CT86HnbHOt\ 
Il l 

aecjlopMauHH . P e3ynbTBTbi , OTHoc<rwHec<r K necpopMHpoBaHHbrM <rnpaM , a HanH 3Hpo -
/ 2 / 

a a nH Cb B pa6oTe Ha ocHoBe MHKpocKo nH4ec Koro n onxona . T a K KBK npH 3 TOM 

cywecTBe HH brM o6pa3oM Hcnonb30Banacb Hlle<r MonenH npHHYilHTenhHoro BpaweHHH, 

TaKotl a a an H3 He MO)KBT 6wTb nponenaH nn<r "ccjlepH4~CKHx" <rnep , Hx MarHHTH we 

/ 3/ MOM e HTW MOryT 6WTb BW41i Cfl 8 HW, ecnli HCnOn b30B8Tb npennO)KeHHWtl B MeTOil ne -

pexona OT n a p cpe pMHOHHblX o n epBTOpOB K KOnneKTiiBHb!M onepaTOpBM , 3TOT MeTQJl 

no3 aon<reT nocTpOHTb onepaTop MarHHTHoro MoMeaTa H M I - nepexona nn<r 4 e TH brx 

Hllep B KOHKpeTHOt\ MHKpOCKOrrH4eCKOtl MOil8nli , npellCTBBnHeT liHTepec T8 K)Ke CpBB

HiiTb 3TOT onepaTOp C BWpB)KeHHeM , llBBa eMwM cpeHOM 8HOflOPH4 eCKO t\ KOnneKTiiBHOtl 
/ 4 / 

MoaenbJO , 3TO MQ)K8T OK838TbCH none3 Hb!M KBK llnH ny4wero nOHiiM8HiiH pe3ynb -

T8 TOB cpeHOMeHOflOPH4eCKOP O nOJlXOilB , TBK 11 lln<r OUeHKii p83 flli4H WX MHKpO CKOnH4eC

KiiX MOilenel\ , noCKOflbKy cpeHOM e HOnOrH4eCKBH KOnneKTiiBI!BH MOilenb naeT JlOC T8T04HO 

XOpOWee onHCB Hiie 3KCnepHM8HT8flb HWX llBHHWX , 

H3 y4a T bC<r 6ynyT c n enyiOwH e 4 e THwe <rnpa: 

1 10 -114 
Cd, 

1~0- 180 
Te , 

1~8- 18~ 
Xe, 

180- 188 

3 

98 - 10 4 
Ru, 

Ba. 

Pel, 
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Onep a T op MarHHTHoro nHnOnbHOro MOMBHTa B npencTaaneHHH BTOpHqHoro 

KBB HT OBB HHH HMBBT BHO: 
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- Koa<P<ImuHeHTbl npeo6pa30BBHHH Eoron106oea . 

( 2) 

u l 
r 

H 

vl r 
3anaqa COC TOHT B TOM, 4T06hl HBfiTH Bhlp8lKB HH B 3 TOrO onepaTopa (nnH q f THOrO 

<~npa) qepe3 KonneKTHBH bte Eo3e-onepaTopb t ( onepaTopb l polK:.tBHHH H y HHqTolt< eHHH 

<jloHoHoa), B KaqecTBe Hyne eoro npH6nH lKBH H H nn<~ onepaTopoB QJOHOHOB eocnonb 

/ 5 / 
3YB M CH pe3y!lbT8TB M H MBTOOB DpH6!1HlKBHHOrO BTOpH4H OrO KBBHTOBBH H H 
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2-jJ. ( 3) 

/3/ 
nocne 3TOr'O , CllellyH , Bbi'HI CJ111M KOMMyTBTOpt.t 

+ 
(m b .1,(m ,b ,l 

ljJ. ,. ljJ. ,. 

11 11penc Ta BHM onepaTop m IIJ. 
13 BHile p>tllfl 110 CTeneHHM oneprtTopoB tjlOHOIIOR , 

Ko 3<jJtjJHull c ttT bt 3Toro p>~na Oll('enen>tJOTC>t H:J ycnonll •t , •tT O KOMMYT IJUIIOHI!ht c cno i1-

CTBB Oi!epa rO!JI1 m 
OCT8JOTC~I TeMJt ;>Ke , 1-ITO II D Op0llCTUOJl elll!lf KBD~Il'ILI C TlfU . 

16,7 I 
( 3TOT JKe ~ta TeMB TII4 er KHii B llll apa T II C I!Ollb:JOBBllCH B llflll tlt.t'III<'JIC'IIIIII Kl\11/1 -

pynonbHbtX MOM(·HTon) . B pe3ynb T aTe nonyYaeM: 
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0CTBIIbHbie K03<jJ<jHIUHeHTbl HME'IOT aHB IIOrH'tH YIO C TpyKTypy H He BbiiT H CbiBBIOTC~ 

H 3 - 3a rpoM0311KOCTH . 

B naHHOM pa3no>KeHHH onyweHw "!rreH hl , conep>KawHe onepaTopw <jJoHOHOB a 

"! e TBepTOA H 6onee BbiC OKHX CTeiTeHHX . 060CHOB8HHe 3 TOM Y 6yneT 118HO HH>Ke. 

II • 

Ec rrH B (4) coxpaHHTb o~epaTOpbi <jJOHOHOB 1 COOTBeTC TBYIOWHe TOIIbKO nepBOMy 

KOpHIO CeKyn~pHOrO ypaBHBHH~ (T . B . OITHCbiB8IOWHB HaH6onee KO!InBKTIIBHOe B036y>K

neHHe), TO ITO CBOeA CTpyK Type onepaTop CTa HBT TaKHM >K G , KaK B <jJe HOMBHOrrOrH 

/ 4/ 
"!BC KOH KOrrneKTHBHOH MOilB IIM 

+ + + 
m 1 I'= g 0 I fl + g 1 ([[ b b ] 2 b l ~ + [ b [ b b ] 2 ] 11! ) , (5) 

211 + 

B8JOT, 

I IL = 'i,.J6 C 2V '.IlL b V b 1-' - orrepaTop MOMeHTa BpaiUeHIHI. Pac"! e T b < ITOKa3bi -

VV + 
"'TO B MarHHTHbiA MOMBHT nepeoro 2 COCTO~HH~ OCHOBHOA BKII8U naeT nep-

rna 

aoe c naraeMoe , a nonpaaKa , C B~3aHHa~ c g 
1 

, npeHe6pe>KHMO Mana ( 1% ... 0,1 % ) . 

BTopoe c naraeMoe oTBBTCTBBHHO Ha M I-rrepexonbl. E c nH cpa BHHTb '!HcneHHble 3Ha -

"! BHH~ K03<jJ¢HUHBHTOB g I • naaaeMbie MI!KpOCK OITH"!eCKOA Il <jJeHO MBHOIIO I'H"!eCK Oif 

MonerrHMH (eM . Ta6nHuy I) , To oKa:JbJBaeTcH , 'ITO g "' 10 -t,_., . OT -
IMnK p -.,eHOM 

CIOila nn~ aepOHTHOCTBA M I - nepeXOilOB Me>Kn Y KOIIII B KTHBH b<M H COCTOHHHHMH ( pa c -

CMaTpHBaiOTC~ TOIIhKO II B pBXOUbl MBlKITY ITBpBb!M H B T OpbiM 2 + COC T051Hil 51Mil) nony -

"!8BTC51 w 
M HKp 

10 - 2 w <jJeHoM " A TaK KaK pe3ynhT a Thl <jJe HoMeHorrorH"!BCKO A 

MOilBIIH cornacyiOT C~ C 3KCITBpHMBHTOM , TO BKIIallOM BTOpOrO CnaraeMOrO B BBpO~

~THOCTil M 1-nepexouoa To>Ke MO>KHO npeHe6pe"!b, CneuoaaTenbHO , a ( 4) ace en a -

raeMbiB , coneplKalll He onepaTopbl <jJoHoHoe a He"!eTH biX cTen e H~x, Y'HIT biBB Tb H e HYlK 

Ho . AH a norH'IHbiB OUBHKH MOlKHO CUBIIaTb Il lliiH '!eTblpex<jJOHOHHbiX "!II B HOB . 0Ka3bl 

+ 
BaeTC~ , 'ITO OHH BHOC~T B MarHHTII b iH MOMBHT nepeoro 2 COC T05IHHII H B BBpO~T -

+ 
HO CTb M 1-nepexona MB>KilY nepBbiM H BTOpblM 2 COCTOH HHI!Mli Ta KoA lKB no ~OpllllKY 

BeiiH"! HHbi BKII811 , K 8 K H Tpex<jJOHO HHbi B "!IIBHbi . 0TCIOI18 CIIBITfBT , "'TO e(4) 110CT8TO "! 

HO O C T8BHTb c n araBMble, COilBp>KB IUHe onepaTOpbl <jJOHOHOB BO BTOpOH C T BIIeH H . 

6 

., 

.l 

T aKHM o6pa3oM Bbi~BHIIOCb pa3rrH"!He Me>Kny MHKpocKOITH"!ec~ 

norH"!eCKHM non xonaMH . EcnH a <jJeHoMeHonorH"!ecKoA MonenH BTopo 

>KeH , TaK KaK TOrrbKo OH o6'h~ C H~eT aepo~THOCTb M 1-rrepexonoa M 

H blM H COC TO~HH~MII, TO npH MIIKpOCKOliH"!eCKOM 8H8!IH3e era MOil< 

B CB~3H c 3THM Heo6xonHMo 6onee TW a T e rrbHO rrpoaHanH3Hpoaa 

c n araeMoe e ( 4). CoxpaHHM a HeM naa c o pTa <jJo HOHOB, orrHCbiE 

KOnrreKTHBHble B036y>KileHH~: 

rne 

m 
IlL 

_1_ ( A +A 
2 II 22 

I 
IL 

+ 
+ A ([b b ] 

12 (I) (2) 
+ 

ljl. 

+ 
b 

(2 

1 + + + -i 

+ -2-(AII -A 22 ) ([b (t)b (l)liiL--[b(2) b(2)] '11L )+2B 12([b( , 

[ b + b l I = 'iy 6 (k) (k) II' • 

" k 

B TaKOM npH6IIH>KeHHH m IlL He nporropuHoHaneH orrepa 

MO>KBT Bbi3biBaTb M I-nepexonbl. Pac"!i?T bi noKa3biBaJOT, "'TO aepoH 

XOila MO>KeT 6biTb 06'h~CHeHa TaKHM o6pa30M, HO pe3yiibTaTbl B ! 

"!YBCTBHT eiibHbl K rrapaMeTpaM TeOpHH. no3TOMY A!I51 CHCTeM aTH 

uaH HOe npH6rrH>KeHHe CIIHWKOM rpy6o, BKnau <jJOHOHOB , COOTBeTCT 

-i 
KOpHIO CeKyn~pHoro ypaBHeHH~ , B MarHHTHbie MOMeHT bl rrepBblX 2 

T aBrrHeT J% - 10%. (3TH OU9HKH MOryT OKa3aTbCH 3aHH>KeHHI 

2 + COCTO~HHii) • J1TaK, ecrrH B <jJeHOM9HOIIOrH'IBCKOH MOilBIIH TpBX• 

M09 B ( 4) O T BeTCT BeHHO 3a M 1-nepeXOUb i, TO B MHKpOCKO ITH'I9< 

Mo>KeT 6biT b onyiueHo , a nrrH o6'hHCHBHHH aepoHTHOCTeA M I- n epe 

HO y'!eCTb B UByX<jJoHO H HOM CnaraBMOM <jJoHOHbl, COOTBBTCTBYIOIUH 

ceKynHpHoro ypaBHeHHH . B aeueHHe >Ke pa3HbiX THrroa <jJoHOHOB <jJaK · 

y'IAT He TOIIbKO KOIIIIeKTHBHbiX, HO H OAHO'!aCTil'IHbiX C T eneHeA: C I 

Ill . 

B 3TOM pa3 nene 6ynyT paccMoTpeHbl MarHHTHbiB MOMBHTbi n • 

THBHbiX COC TOHHH A , Bb!We 6biiiO ITOKa3a H O , 'ITO rrorrpaBKH K MarH i 

+ 
nepBbi X 2 COC TO I!HHH , CB~3aHH bl 9 C Tpex<jJOHOHH blM '!IIeHOM B 

WaiOT J% , a y"!AT HBCKOIIbKHX THIIOB <jJOHOHO B npHBOUHT K IIOnpaBJ 
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TaKIIM o6paaoM Bbi>IBIInOC b paanll'me Memny MHKpocKonH<teCKHM 11 Q>eHoMe Ho

norH<te c KHM non xonaMH . Ecn11 B ¢eHoMe Honorll<teC K OH Monenll BTopoA <tneH B (5) Ba

>KeH, TaK KaK TOflbKO oH o6b5l CH>~eT aepo >~THOCTb M1-nepexonoe Memny KonneKTHB-

ll b!M II COCT05!HII5!MJI, TO np11 MHKpOCKOfTII'!eCKOM aHanH3e ero M OiKHO OT6paCbiBaTb, 

B CBA3H c aTHM Heo6xoDHMO 6onee TmaTenbHO npoaHanH3HpoBaTh nayxQ>oHOHHoe 

c naraeMoe a ( 4) . CoxpaHHM B HeM nea c opTa QJOHOHOB, onncbiBa JOWIIX Ha116onee 

rne 

- 1-( A. +A 
2 II 22 

I 
1.1 

+ 
+ A ([b b ] 

12 (I) (2) 
+ 

lit 

+ 
b 

(2) 
b l 

( I) 
)+ 

11.1 

1 + + + + + 
+ - 2- (A II - A 22 ) ( [ b ( l)b (I) 11 1.1 - { b ( 2) b (2) ].11.1 ) + 2B 12( [ b ( I ) b(2)) 11.1 + (-) 1.1 x 

x [b b]) 
( 2) (I) 1-/1' 

m tp. He nponopuHoHaneH onepaTopy MOMeHT D n 

MomeT Bbl3biBaTb M 1-nepexoDbi , Pa c <t i!!Tbi noKa3biBaJOT, 4TO aepo>~THOCTb M 1-r.epe 

xona MO>KeT 6b!Tb 06bACHeHa TaKHM o6p830M, HO peaynbT8Tb! Bbl'IIICfl e HHH O'!eHb 

4YBCTBHTenbHhl K napaMeTpaM TeopHH , noaTOMY llflA CHCTeMaTH'!eCKOro aH8flH38 

naHHoe npH6nH>KeHHe cnHWKOM rpy6o. BKnan QJOHOHOB , cooTBeTcTBYJOIUHX BTopoMy 

+ 
KOpHIO CeKyn>lpHOrO ypaBHeHII5! 0 B MarHIITHhle MOMeHThl n epBhlX 2 COCTO>IHHH COC -

TaBn AeT 1% - 10% . (3TH OUeHKH MOryT OK838TbCA 38HH>KeHHb!MH llflA BTOPbiX 

2+ cocTO>I HHil). MTaK, ecn11 B ¢eHoMeHonorH4eCKOH MonenH Tpex¢oHOHHOe cnarae 

Moe B ( 4 ) OTBeTCTBeHHO 38 M 1 - nepeXOll b i , TO B MHKpOC KOf1114eCKOH MODen II O HO 

MomeT 6biT b onymeHo, a nn>~ o6bAcHeHHA aepoATHocTeA M 1 - n epexonoa nocT aT04 -

HO y<teCTb B llBYXQJoHOHHOM c naraeMOM QJoHOHbl, COOTBeTCTBYIOIUHe BTOpOMY KO p H!O 

ceKyn>~pHoro ypaBHeHH>~ , B aene HHe me pa3HhlX THnoa ¢oHOHOB ¢aKTH4eCKII oaHa<JaeT 

y<teT He TOflbKO KOn n eKTIIBHhlX , HO II OllHO'!aCTII4HhlX C TeneHeH CB060Uhl , 

III . 

B aToM paa nene 6ynyT paccMoTpeHhl M a rHHTHhle MOMeHThl nepahlx 2+ KonneK

TIIB H btx COC T 05! HH II , B billle 6bl f1 0 fTOKa3a H O , 'ITO nonpaBKII K MarHIITHb!M MOMeHTaM 

+ 
nepBb!X 2 COCT05!HHH , CB5!3aH H b l e C TpexQJOHOHHbiM qneHOM B m 11.1 He npeB bt -

Wa!OT 1% , a y<t e T HeCKOflbK HX TH fTOB QJO H O H OB npi!BOll iiT K nonpaBKUM "' 1% - 10% , 
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nocK OnbK Y 3 K C!!epHMeHTanbH ble OWH6KH B HaCTOS!ll!ee BpeMSI COCTaBnSI!OT 10%-15%, TO 

rrpH Bbl'-IHCneHHSIX MO)f{H O orpaHH'UITbCSI nHWb nayxcj>oHoHHbiM qneHoM B ( 4) H Y'IHTbl 

BaTb TonbKO cpoHoH , cooTBe7cTBY!Oli!H~ rrepBOMY KOpH!O ceKynSipHoro ypaBHeHHSI, Torna 

m = A I 
Ill I I ll 

T aK KaK orrepaTop MarHHT Horo MoMeHTa B aTOM npH6nH)f{eHHH rrporropuHoHaneH orre-

paTopy MoMeHTa apameHHSI , A 11 SIBnHeTcSI g R - cj>aKTopoM H nnSI Bbi'IHcneHHSI 

+ 
MarHHTHblX MOMeH TOB l!epBblX 2 COCTOS!HH~ He HY)f{HO 3HaTb HX BOnHOBble cpyHKUHH , 

Ho TO'IHO TaKoe )f{e Bbipa)f{eHHe nnSI g R - cj>aKTOpOB !!pHBeneHO 6e3 BblBOna B 

! 51 
pa6oTe • OnHaKo TaM pac'!~T bl rrpoaeneHbl nnSI He6onbworo 'IHcna Sinep H, 'ITO ca -

MOe rnaBHOe , 3Ta pa6oTa 6bina Bb!l!OnHeHa no l!OSIBneHHS! 3KC!!epHMeHTanbHblX naHHblX 

rro MarH H THhlM MOMeHTaM KonneK T HBHhlX cocTOSIHH~ "ccj>epH'IBCKHx" Sineo . CoaBHeHHe 

TeopHH c aKcrrepHMeHTOM Torna He Morno 6biTb cnenaHo . no aTo~ rrpH'IHHe a naHHOM 

pa3ne ne ocHOBHoA yrrop nenaeTcH Ha neTanbHOe cpaaHeHHe rrpencKa3aHHoA MonenH , 

B KOTOpO~ B K a '!eCTB e OCTaTO'IHhlX CHn HC!!Onb3Y!OTCS! rrapHwe H KBaapyl!OnbHhle CH-

nw , C 3KC!!epH Me HTOM, 

/5/ 
B rrpenaapHTen bHbiX pac'I~Tax Hcrronb30BanHcb rrapaMeTpbl H3 ( rne 6blllH 

Bbi 'IH Cn eHbi gR- cj>a KTopbi H30T orroa Sn, Te , Xe , Ba ) . B Knan op6HTarrbHoro 

p 
nBH)f{eH H H !!pOTOH OB B g R ( g R ) OKa3anCH !!pH6nH3HTenbHO llOCTOS!HHblM BO BCeX 

Hnpax. B H 3 0Torrax Te , Xe H Ba '18CTb gR - cj>aK TOpa , CBH38 HH8H CO 

C l!HH8MH H yKn OH OB, OTpHUaTen b H a , 3TO He T pyn HO l!OHHT b , ecn H y'!eCTb, 'ITO B 3THX 

Hn p liX HeATpO H b l l!OCTel!e HHO 3a l!On HSI!OT onH O'!aCTH'IHbl~ ypOBeHb h 11/2 . g 

TOp K O T Oporo p a B e H _l_ g a 

10 11 
g - ljlaKTOpOM -- g f 

9 !!pOT . 

, a !!p O T OH hl 3a rro n HSI!OT 
He,T p 

_ _ g 8 
• B Ru , Pd 

9 rrpo T . 

ypoBeHb 

H Cd 

g 7/2 c 

B Knan B 

cj>aK -

gR ' 

C BH38HHbl A CO C l!HHO M !!pOT O HOB, !!pH6nH3HTenbHO flOCTOS!HeH H rronO)f{I!TeneH (3arron -

HSie T CH ypo B e H b 

BKna n HeAT pO HOB 

OT-0,41 B 08 Ru 

+0,01 B 
110Pd 

8 P 1 a 
g - cj>a K TopoM - 9 !!: + -qg ) • Crr H HOBbl~ 

!!pOT rrpoT g•/~ c 

g • H3Me H SieTCH cneny!Oli!HM o6pa3oM: B H3oTorrax Ru 
R HeAT p 

no - 0 ,01 B 
10~; B H30TO!lax Pd O T - 0 ,03 B 

104 
Pd no 

"'td no - 0 ,04 
... 

B Cd. B H 3 oTonax Cd OT +0 ,04 B 3To 

TaK )f{e M O )f{ HO o6'hHC HHTb , o6paT HBWHCb K cxeMaM onHo'laCTH'IHbiX ypoBHe~. B Ru 

HeAT pOHbl l!OCTen e H HO 3al!On HSI!OT ypOBH11 d a/2• S J/~ • g 7f2 (crrHHOBblH g -<flaK

TO p rrepaoro ypoBH SI oTp HUaTene H , a rrocnenHero - rronO)f{HTe neH) . B Pd 3a rronHeH 

ypoaeHb d 5;~, H 3anonHSieTCS! ypoBeHb g 7/~ . J.13-3a rrapHblX CH n HefiTpOHbl 

6ynyT pacrrpeneneHw c KaKoA-To aepoSITHOCTb!O rro o6o HM ypoBASIM, cnenona TenbHO, 
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CmtHOBbiH BKnB.Q Hei!TpOHOB B g .QOn>KeH 6biTh nepeXO.QHbiM Me>K.Qy CIIHHOBbiMH 
R 

g - <jlaKTopaMII 3TIIX ypoaHei! . B Cd Ha116onee cymecTBeHHbi BKnanbr onHo'laCTII'!Hbrx 

ypOBHeil g T/
2 

> KOTOpblil IIO'ITH 38/IOnHeH , H h > KOTOpbll\ TOnhKO HB'IHHBeT 
11/2 

3BnOnHSITbCSI H HMeeT OTpHUBTenhHblil CIIHHOBbiH g - tPBKTOp, 

B uenoM 3Ha'!eHHSI g OK838TIIICb Bbtille 3Kcnepi!MeHTanbHbiX B Ru, Pd H Cd 
R 

11 HII>Ke a Te Xe , Ba • TaK KBK CBSI3BHHbiA co cnHHOM HyKnoHoB BKna.a a g 
it 

B nepaoA rpynne R.aep nono>KHTeneH, a ao BTopoi! - oTpHuaTeneH, TO nepexo.a oT 

g:,p .QIISI CB060.QHhlX HyKTIOHOB K nepeHOpMHpOBBHHhlM 3HB'IPHHSIM (nepeHOp MHpOBK8 

Bhl3B8H8 nOnS!pH38UHeil OCTOB8 HyKnOHBMil B He3anonHeHHOA 0 6 0TI O '!Ke ) llpH6/IH>K8eT 

TeopeTI!'!eCKHe pe3ynhT8Tbi K 3Kc nepHMeHTanhHbiM AIISI o6e nx rpynn· SI.aep . B nanb

HeAilleM, OpHeHTHpyS!Ch HB paC'!AThl .anSI Ae<jlopMHpOBBHHhlX R.Qep pen K03 eMenhHOl\ 

o6nac TH / i:! / ' Hcnonh3YJOTCR 3Ha'!eHHSI g n,p (scjJcjJ) = 0,6 g:,p (cao6) . 

KpoMe Toro, oKa3anocb, 'ITO B Ru Rd n Cd BKnan op6nTanbH o ro ABioKeHIISI 

npoTOHOB nepeoueHeH. B CBSI3H c 3THM Heo6xo.aHMO o6paTHTh BHHMBHHe Ha aw6op 

- /2/ 
KOH C TaHT n a pHoro B3aaMonei1CTBHSI , Eme H3 pac'! AToB no ne<jlopMapoaaHH biM SlnpaM 

li 3 B eCTHO. 'ITO 3 H8'!eHHe g 'IYBCTBHTe/lhHO K B e nH'IHHe pa 3 H OC TH G - G 
R I> 

npaKTH'! eC K H , He H 3 MeHHeTcR np11 OAHOBp eMeHHOM yaenH'! e HHii am1 y MeHbilleHHH G 
i 51 . p 

a G E c nn o6paTiiTbCH K pe3 ynbT8 T8M pac'!eTOB napH biX 3 He pral\ B , Hcnonb3Y H 

! 31 
y TO'!HeHHbte 3K c nepaMeHTanbHbte naHH b te , To BHAHO , 'ITO G B Ru Pd 11 

Cd 
p / 5 / 

.QOTI)KH8 6biTb 3H8'1HTe/lbHO yae/IH'!eHa no CpBBHeHHJO C HCnO/Ih3 0B8HHOl\ B 

B pe3ynbTaTe yaenH'IHBaeTcH pa3HOCTh G G , 'ITO npaaonHT K nyqweMy cornacHo 
P n 

Bhl'lllCTieHHhlX 3H8'!eHiil\ C 3KCnepHMeHTBnhHbiMH .Q8HHblMil .Qn5! 3TiiX 5!Aep, T8K 

K8K npll 3TOM OTHOCiiTenhHblil BKTIB.Q npOTOHOB B KOnneKTiiBHOe .QBii>KeHae yMeHbllJBeT-

1 101 
cH , HacKOnbKO Ba>KeH npaannhHbilf Bbr6op pa3HOCTH G - G , BH.QHO 113 pac'!eTa 

rne nony'!e Ho A nSI g 
R 

npBBHTibHbiM Bbi60pOM 

.. - nocKOnhKy B Ru 

G 
p 

B IH Cd 
v n 

3Ha'!eHHe 1,19, '!TID uenaKoM o6ycnoaneHo He-

ce l!qac ecTh sKc nepHMeHTanhHwe ABHHwe y>Ke AnSI Tpex 

a 3 oTonoa, TO nony'!eHHbte nnH Hero pe3ynhTBTbi MO>KHO npoaHann3HpOB<>Th 6onee 

TIUaTa nhHO. EcTeCTBeHHO O>KHABTh, 'ITO Bo acex H30Tonax Ru BKnan npOTOHOB 

B g 6yneT npH6/IH3HTenbHO O.QHH8KOB , a BK/IB.Q Hei!TpOHOB (6naronapA Bhl6p8HHOA 
R 

cxeMe ypOBHell , B KOTOpoA E < E ) pBCTeT C pOCTOM '!llCnB Hei!TpO-

d ~/2 sT/2 
HOB, 3Ta TeH.aeHUilA He 38BHCii T OT MeTO.QB pacqeTa ll npOTHBOpe'!HT 3KcnepaMeHT8/Ib -

HoA, OnHaKo li3 H3y'!eHHSI cxeMbl OAHO'IBCTii'!HbiX H el!TpoHHbiX ypoaHell a 

flOMOllJbJO peaKUHil ( d • p ) 
I 11 I 

ll ( d. t ) 

9 

li3BeCTHO, 'ITO ypoBeHb 

Pd c 



HaxoJU!TbCH HIL>Ke d . AHanorH'-!Horo 3KcnepHMeHTa B Ru HeT , HO ecnH cnenaTb 

eh 
TBKOe H3Mepe HHe B ero CXeMe OllHO'-IBCTH'-IHblX ypOBHell , non y'-!aeTCSI 3KCnep11MeHTBnbHO 

Ha6nJOnaeMaSI TeHneHUIISI : r; 
R 

- <!JaKTOp b! y6biBBIOT C pOCTOM BTOMHOrO Beca . 

B 3B Kn JO'-Ie HII e c nenyeT OTMeTHTb , 'ITO MarHH T H we MOMeHTW oKa3BniiCb Mano-

'-lyBCTBIITenbH blMII K eenii'-IIIHe KOHC'l'BHTbl KBanpyn onb - KBBllpynonbH OrO B3 aHMOnel!C TBIIR, 

0KOH'-!aTenbHbie p e3 ynbT8Tbl npHBeneHbl B Ta6nHue II. npH pac'-!E\Tax IICnOnb30 -

30 20 
eaniiCb cnenyJOIUHe 3 H a '-!eHIIH n apHbiX KOHC TBHT: G - -- M3B, G = --- M3B • .llnR 

P A • n A 
llnnJOCTpBUIIII 6naronpHSITHOrO BnHSIHHSI nepeHOpM11pOBKII g H g 8 B T a6nHUe n 

n P 

CpBBHIIBaiOTCR Bbl'-IIIC fleHHbie 3 lleCb gR - <!JaKTOpbl an SI IU, U"fe C 3KCnep11MeH

/ 5/ 
TBnbHWMH H BW'-IIICn eHHWMH B pa6oTe 

nonBOllR HTOrH, MO>KHO CK838Tb, 'ITO pBC'-!E\Tbl B paMKBX M IIKpO C KOnH'-!eCKOil 

Monenll , Y'-IHTbiBBIOIUe!l napHbie H KBanpynonbHbie OCTBTO'-IHbie C Hnbi' MBrHHTHblX MOMeH

TOB KOnneKTIIBH blX COCTORHII!I '-!E\THbiX Slllep ( T . e. xapaKTepiiCTIIKH Rnep, He CBR38H-

HOI! HenocpellCTBeHHO C KBanpynonbHOl! KOMnOHeHTO!I B OCTBTO'-IHbiX CllnBX, B OTnH'-IIIe 

OT eepORTHO C T e !l E2 - nepeXOllOB II KBanpynonbH biX MOMeHTOB ) MO>KHO COrnaCOBBTb 

c 3Kcnep11MeHTanbHbiMH naHHbiMII . 3nec b cnenyeT nonqepKHyTb , 'ITO eenii'-IIIHbi MarHIIT-

HWX MOMeHTOB CO C TOSIHH!I SlllpB MOryT CyiUeCTBeHHWM o6pa30M 38BHCeTb OT np11-

cyTCTBIISI B ocTaTo'-!HbiX c 11nax KOMnoHeHT . c I I< 2 np11 '-!eM 3TB 38BIICIIMOCTb 

TeM CllnbHee , '-!eM 6on bWe 3Hepr1151 B036y>KneHHSI COCTORH H R , '-!eM 6nH>Ke OHO K aeyx 

'-IBCTII'-!HbiM coc T ORHHSIM. T oT <PaKT , 'ITO ynaeTCSI cornacoeaTb 3Kcnep11MeHTanbHbie 

+ 
3Ha'-leHHR gR anSI n e pBWX 2 C OCTORHH!I C TeopeTH'-!eCKHMH, BW'-IHCneHHWMII npH 

+ 
y'-!eTe n H Wb KBaapynonbH biX CHn , 03HB'-!aeT 1 'ITO BOn HOBBR <PYHKUIISI nepBoro 2 COCTO -

SIHIISI B OCHOBHOM onpeaenSieTCR KOn n eKTHBHWM KBaapynonbHWM aBII>Ke HIIeM B Slape, 

B 3BKniO'-!eHHe 3BTOPW 6naroaapS!T Y'-IBCTHHKOB ceMIIHapa no TeopHH Rnpa nT~ 

O VI5H1 3a non e3Hbie o6cy>KneH HR , 
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PyKonHcb nocTynHna B H3naTenbCKHA oTnen 
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Ta6nHua Z 
+ 

g - ¢aKT OpN nepBhlX 2 COCTOH HH R 
R 

---------------------------------------------------------------------
g 

8 

HBJ1Tp 
R 

g" npoT 
R 

gP 
R 

TBOp 

~ R 
3KCn 

g R 
g / 5 / 

R 

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

98Ru 

100Ru 

102Ru 

104Ru 

104Pd 

106Pd 

108Pd 

llOPd 

llOCd 

ll2Cd 

114cd 

122Te 

124Te 

0,1J 

0,10 

o,o1 

-0,04 

-0,01 

0,02 

o,oJ 

0,01 

0,05 

0,02 

-0 , 02 

-O , ll 

-0,1J 

0,11 

0,1 2 

0,14 

0,15 

0,16 

0,15 

0,14 

0,14 

0,1 2 

0,12 

0,12 

-0,10 

-0,09 

0,28 

o,Jo 

O,J4 

O,J6 

O,J7 

O,J6 

O,J6 

O,J4 

o,Jo 

o,J1 

0,29 

0,54 

0,52 

13 

0,5 2 

0,52 

0,49 

0,47 

0,52 

0,5J 

0,5J 

0,49 

0,47 

0,45 

O,J9 

O, JJ 

o,Jo 

0,55:!:0,07 /J, a / 

0,44+0 10 I l,a l 
- ' 

o,Jo::,o,oJ n,lK ; 

0,40:!:0, 04 I l, al 

0,45+0 06 /l,e / 
- ' 

0,441-0 06 ll,n / 

- ' 
O,J1+0 OJ ll ,r / 

- ' 0,44+0 06 /l , a / 
- ' o, J9:!:0, 06 11 ,6 / 

0,22::!:0,05 /l ,r / 

0,17 

0,16 


