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'B B e lI e . lI H e 

ITepBbie 8KCnepHM8lITallhllbl8 yKa3alIHSI !Ia cymeCTBOBa!IHe 1l8q>OpMHpO-

BalIHbIX SI]lep B o6naCTH 50< z, N <82 6htnH C]lella!Ibl B / l /. B nocne.t11Iee 

BP8MSI llOSIBHlIOCb 3lia'IHT8llhH08 'IHClIO 8KcnepHM8lITallbliblX pa6oT, CBH]le

TellbCTBYIOillllX O lllllIH'IHH paBlIOB8CllbIX ]leqiopMaUHil: y Sl,llep B yKa3alIHOil: 

/2 3/ 
o6naCTH (pa60Tbl I H yIIOMSUlyTbl8 ,B lIHX). 

BnepBbl8 TeopeTH'l8CKll8 paC'l8Tbl paBlIOB8CliblX ]leq>opMann:il: JI aHeprn:il: 

/4/ 
]leq>opMll!lHfi ]llISI '18Tll0-'18THbIX Sl,llep B STOil o6naCTH Ilp0B8]l8Hbl B , rne 

/5 6/ 
HCIIOllb30BlllICst M8TO]l MoT8llbCOlia-Hn:m.ccoaa 

1 
, OCHOBalIHblil: Ha ycno-

/ 4/ 
BHH coxpalle!IHSI o6'1>8Ma. PaBllOB8CHb18 neqiopMa!lHH1 IIOny'leHHble B , He-

CKOllbKO 60llb1118 TeX, KOTOpble IIOny'laIOTCSI ]llISI smep pe]lK038M8llblIOll 06-

nacTn; a aaeprnn neqiopManna - kecKolihKo Mellbme. B aTax pa60Tax He 

Y'IHTbIBanocb BJIIiHHH8 IIap!IbIX KOppelISI!lHil: Ii KYlIOHOBCKOro B30HMO]l8HCTBHSI 

B SIBHOM Bll]l8 H HCClIS]lOBanacb aaBHCHMOCTb 8lI8prnH TOllbKO OT IIOlIO:>KH

TellbHbIX f3 -neqiopMaUHil. 

B /7/ 6 SO N H3y'lella 3aBHCHMOCTb Slleprnii SI,llep B O nacTn <Z, < 82 OT 

f3 -11 y -]leqiopManHil. PaC'18Tbl BbIIIOJllI8llbl !Ia OCHOBe MO]l81IH, Y'IHTbIBaIO-

Ill8ll cnap.11Ba1Ine H KBa/lpYIIOlihHbie Cllllbl. Cornacno STHM lICCll8]lOBaHHHM 

PSI1l nnep paccMaTpHBaeMOil o6naCTH HM88T paBllOBeCHOil qiopMOil: cnnrocuy-
/9/ • 

Thill anmmcoH]l Bpamemrn , a pa3HOCTb aa:epr1m, COOTB8TCTBYIOillHX cnnroc-

HyToii H BbITHHyTofi qiopMe, nocTaTO'IHO BennKa ( 3 MaB · ]lnn 12"Ba). B 

3 



BhlIUenepe'lli:CneHHh!X 

'laCTH'IHh!X ypOBHefi 

/4-9/ 
pa6oTax 11cnonb30Banacb cTapasr cxeMa OJlH0-

/8/ 2 
HHnbCCOHa 6e3 'IITeHa <£ > C BBeneHHeM nonon-

HHTen&Hh!X CJlBIIrOB HeKOTOpb!X ypOBHeii. 
/10/ . 

B Bhl'IHCneHa 3aBHCilMOCTb :9Heprnn: Mep B o6naCTll &l <N,Z< 82 
/11-13/ 

OT (3 -, y -necl>opMal!llH TeMll )i(8 M8TOJlaMn, 'ITO ll B • ITpll :9TOM 

npHHIIManllCb BO BHHM8HHe B3aHMOJl8llCTBIISI, npllBOJlSIU!IIe K napHhIM Koppe

ngIIIISIM, ll KynoHOBCKHe cnnh1. 

Jlng cpaBHeHIISI 6bmll .BhlilOnHeHbl pac'leTbl paBHOBeCHhIX necpopMal!IIll n 

• /14/ 
:9HeprHii ne¢opMal!llll :9TllX Mep M8TOJlOM CTpyTIIHCKoro .· • Bhl'IIICneHIISI 

npoBeJleHhI C HeCKOnbKIIMll BapHaHTaMH cxeM ypOBHeii noTeHUHana HHnbCCO-

Ha C qneHOM <e2> • BhmO ycTaHOBneHO, 'ITO nnsr Mep B paCCMaTp1rnae-

MOii o6naCT1I JlBa MIIHIIMyMa cpyHKI!IIII :9Hepr1rn B 38BIICIIMOCTII OT f3 npn: 

y= o0 (omrn npn nonm1rnTenbHofi, npyrofi npII oTpunaTenbHOI'i ne¢opMa11nrr) 

6nII3Kll npyr K npyry. C :9TllM o6CTOSIT8nbCTBOM CBSI3aHa B03MO)KHOCTb cy

Ul8CTBOBaHIISI ·B036Y)KJleHHbIX COCTOSIHIIii C paBHOBeCHhIMII necpopMal!n:SIMII, OT

nnqaIOUlIIMIICSI s~aKOM. T aK KBK npII nepexone II3 OJlHOro MIIHIIMyMa B npy-

roil: IIPII II3MeHeHilll napaMeTpa y He cymecTByeT 3HatJ11TenbHoro aHepre-

TII'!eCKoro 6apbepa, TO yCTOll'IlIBh!M SIBnsreTCSI TOnbKO OlllIH, 6.onee rny6o

Kllii, MlIHilMYM, KOTOpblll ll CO0TBeTCTByeT paBHOBeCH0H neq>OpMaUHll. IToaTo

My, BepOSITHO, :9Tll srnpa SIBnSIIOTCSI 'MSIPKl!Mll' no OTHOUI8Hlll0 K y -necpop-, 

Ma!lllSIM. 

.llnsr srnep nepexonHoii o6nacTn Ha ocHOBaHnn pesynbTaToB pac'leTOB. 

38BllCllMOCTII :9Heprnn OT necpopMallllII MO)KHO TaK)Ke cnenaTb BhIBOll O 'Msrr-

KOCTll' TaKHX srnep no OTHOUieHllIO II K f3 -necpopMaUllSIM, 'ITO yBenll'IHBaeT 

BepOSITHOCTb Haxm.cnennsr B036y)KneHHb!X. COCTOSIHllll C pa3nll'IHh!Mll neqiopMa

IllISIMll. 

Ha B03MO)Kfl0CTb cymeCTBOBaHn:SI B036y)Ki:teHHh!X COCTOSIHn:ii, paBHOBec

Hhie i:teq>opMaunn: KOTOpb!X OTnlltJaIOTCSI OT paBHOBeCHhIX aeqiopManIIii B OCHOB
/5, 18, 19-21/ 

Hb!X COCTOSIHIISIX, yKa3bIBanocb H8CKOnbKO pas · • CIIcTeMaTII'leCKlle 
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pactteTbI paBHOBeCHb!X ae¢opMaun:ii OCHOBHbIX ll B036y)Kll8HHhIX COCTOSIHIIii cn:nh

/22/ 
.11onecpopMHpOB8HHb!X smep 6blllll Bb!UonH8HbI B • PaBHOB8CHb18 necpop-

• 
M8]lllll KBB.3H'18CTH'IHb!X B036y)KJl8HHbIX COCTOsumtt B TIDKeJlb!X smpax pac-

CMaTpllBa1IHCb pan:ee B CBSI3H C BOIIpOC0M O CU0HTBHH0 nenSDllHXCSI H30Me-
/23/ . . 

pax 

Uen&IO HaCTOSIUleil pa0OTbl SIBnSieTCSI BbI'lHCnen:ne p8Bl10B8CHb!X necpop

MaIIHH OCH0Bllb!X H B030Y)KJl8HHb!X COCTorumtt H8'18THb!X ll H8'i8THO-l18'leT-

. Hb!X smep, a TaK:iKe J:tBYXKB83H'i8CTll'1Hb!X B036y:iKll8HHb!X COCTOSIHHii 'l8THO

'l8THh!X smep B o6naCTll 50 < z, N < 82 . 

B pasnene 2 npHB0llSITCSI onn:can:ne M8T0Jl8 Bbl'iHCneHHfi ll Bb!00P na

paMeTpoB. B pa3nene 3 npencTaBneabI pesyn&TaTbl pac11eT0B. BhIBOJlbl na

Hb! B pasAene 4. 

2. Om1caHHe M8T0)Ia Bbl'tRCneJmfi 

2.1. Me Ton pa c qe Ta 

. H&IOTOHa 

Mb1 paccMaTpnaaeM B Ka'leCTBe cpennero nonsr sinep 

/24/ 
' KOT0Pbiii B cnyqae axcnan&Hofi CllMMeTpllH 

. 0 
HnH 60) /8/ 

CB0llllTCSI K II0T8llllHany Hnn&ccon:a • K HeMy 

ll0T8llllllBn 

(T.e. npn y-• \OO 

Mb! Jl00BBJ1SI8M 

OCT8T0'iH0e B38llM0ll8HCTBHe, npHBOllSIInee K napHbIM X:oppensnm:stM HYKnO

H0B, paccMaTpHB88M08 B DpH0lllllK8HlllI llOCT0SIHllb!X MaTpll'IHbIX :9Jl8M8HTOB 

napHoro B38lIMOll8fiCTB1ISI. TaKIIM o6pa30M, HCXOllHblll raMHllbT0Hllall 

H = H 11 + H pair = l: E (i,,) ( a +
11 

av + a: av ) -
p " + + - -

(1) 
~ + + 

- G ~ av a., a"' . a ru . , 
v,ru + -· - + 

rne E ( v ) eCTb CO0CTB8HHbl8 3H8'i8HHSI HblOTOH0BCKoro Hllll HllnbCC0H0BC-

xoro raMHn&ToHHas:a H,.P , C00TB8TCTBYIOIIlll8 ABB)KllbI Bblp0:iK.ll8HHOMy 

COCTOSIHHIO I :11 >·. , a G -KoHC7aHTa napHbIX BsanMoneiicTBnil:. 

6 



Ecmt BKnJO'lllTb B raMHIIbTOHllaH napHoe n-p ·B3allMOAeiicTBlle Ta-

KllM )1(0 o6pa30M, KaK 9TO JlenaeTCSI C P-P ll n-n B38llMOlleil:CTBlleM, TO 

STO He npIIBelleT K noru31Ieruno p- n Koppemumii c o6pa3oBaHaeM CBepx-

' /25/ _ -
TeKy'lero COCTOSIHIISI • nosTOMY Mbl He BBOllllM n-p B38llMOAeli:CTBlle, 

lI raM!InbTOHllaH tl) 6epeTCSI OTAenbHO AnSI npoTOHHOll lI H8HTpOHHOli: cnc

TeM. 

.Umi: npocTOTbl llCilOnh3yeM BCS 
/26/ /27 / 

BOnHOBble <pyHKUllll , T.K. B 

6bWO IlOKa3aHo, 'ITO ncnonb30Balrne npoeUBpoBaHHbIX BOnHOBbIX qiyHKUllli 

(PBCS) Ha COCT05IHll$1 C onpet1eneHHbIM 'lllCnOM 'laCTlIU OKa3blB88T cna-

6oe nnll9:Hlle Ha pe3ynbT8TbI pac'leTOB paBHOBeCHbIX Ae<popMaUllii Ang xopo

mo AeqiopMllpOBOIIIIb!X $1.!lep • .Umt $1.!lep C Manon 9Heprllefi Ae<pOpMaUllll (B 

9TOM cnyqae KplIBb!e 38BlIC!IMOCTK sueprnn OT A0<p0pMaU!IfI lIMeIOT nnoc-

Kne MlIHll_MYMb!) KCITOnb30BaHHe PBCS cpyHKilKii OK83b!BaeT 6onee C)InbHOe 

anllnH:e:e, caot1simeecg, KaK npanHno, K ynenn<i:eanro nemI'lKHbI panaonecaofi 

Jl0<pOpMaIUrn. 

Bb1pa)!(eane nnn s11eprm1 OCHOBIIOrO COCT05IHIH1 '-.leTHO-'leTHOli: CllCTe-

Mbl npn ncnonb30BllHllll BCS I\OllllOBb!X rpynKunii HMeeT BlIA: 

C 2 
2. - --·e; = I E (JI) 2 V V 

G V 

(2) 

rAe 

E(v)-,\ 2 
=1-2 V 

I' d 11) (3) 

BepORTHOCTb sanonHen:e:g cocTo5IHH9: Iv> , aero sueprn:SI 

E(11)= y C 2 +[ E(v)-,\) 2
, 

XnMR'leCKHH n0Temu-1an ,\ n ~iuepreTn'leCKaSI menb 2 C onpeAenR-

IOTCSI ll3 ypaBH01IHH: 

6 

'I 

II 
\ 

2 1 
-=}: , ' G JI dJ1) (4) 

2 
n -= I 2 V 

JI JI 

BTopoe ll3 STllX ypaBH8Hllii II0lty'l88TCSI H3 yCJlOBllSl coxpaHOHllSI 'lllCJla 

'laCTHII n (npoTOHOB znn HeiiTpOHOB) B. Cp8AH8M. 

B Bhlpa:lK8HHK (2) Mbl onycTnJlll_ qneH G ~ V: ' KOTOpblii cna6o 

38BHCRT OT AecpopMaUllll ll Bml:SIHllO KOTOporo K TOMY :lK8 MO:lKHO CBOCTll K 

nepeIIopMapoaxe sHepran. OAHO'laCTll'lJlhlX ypoauen. cpeAHero non£ E (II) 

3Heprnsi ABYXKBa3ll'l8CTll'lHOro COCTOSIHRSI 'l0THO-'l8THOii CHCT0Mhl C 

ABYMSI H0B38KMOAeiicTByxomnMH KBa3ll'l8CTllllaMH Ha YPOB.IUIX cpenuero no-

1
. 1 · /28/ 

ng II > ll y >" naeTCSI Bhlp8:lK8Hll8M 
l J 

·ifi=E(v )+E(11 )+ l: 
l J 1 

Yr= 1,11 , 11
1 

2 

E(v)2v2 · ~ (1,.1 11) V - l' J 
G (5) 

a ypaanewrn Ha XRMll'l0CK.Hii llOT8HD:ll8Jl A ( " , ., ) n 9HepreT!I'l8CKYIO mem, 
l J 

2 C ( v, , ,., J) - c yqeTOM scpcpeK'l'a 6nOK!IpOBKK: 

2 
G 

QC 

}: 1 

11.f. V , II f ( Y) 
l J 

2 + I 
11,/, V , V 

2 v 2 

V 

(6) 

l J 
.Un£ ss:eprn:e: OCS:OBS:Oro Jinn B036Y:lKA8HHOro COCTOSIR.IISI CllC'l'8Mhl C H

0

8'l8T-

/28 29/ HhlM 'lllCJlOM 'laCTJlll, C Y"l8TOM scpcpex'l'a 6noxapOBKH JIM88M , • 

~ 2 
uicE(v

1
)+ I E(11)2v 

v.J. 111 V 

c 2 
(11 ) 

G 
(7) 
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r11e I i:, > -cocTonnae, 3aHHMaeMoe ne'leTHoii Ksa3a'laCTHnell:. 311ecb h(,., ) 
l l 

l1 2 C ( V l ) onpe11enSlIOTCSl ll3 ypasJieJIHU 

2 
-·= 

G 
:r 

V~ V l 

n = 1 !f-· :r 
vilY1 

rJle n -'lHCJIO '18CTHU B CllCTeMe. 

1 

£ ( V) 

2 V 
2 
V 

(8) 

. B COOTBeTCTBllµH C ypasJielill5IMH (2), (5) lI (7) KB8APYIIOJlbJiblli MO

M81IT CllCTeMbl pasea: 

Q 
O 

= :r q 2 v
2 

V VV V 
(2a) 

JlJ15l OCJ{OBHOro COCTOSIHlISl 'leTHO-"leTllOfi: CllCT0MbI H. 

+ :r Q 
== n + (l V VJ _l_ V 

O "V l V l l VF Vl • J 

4 2 v 2 

vv jl (5a) 

JlnSI JlBYXKB83H'l8CTll'lHOro B036ylKJl8HHOro COCTOmm:Sl ~e~H0-'18THOil Cl!CTe

MbI. llnn ae'leTno:il: · cncTeMbl 

Qo=4v v + L q .2v
2 

l l V ,/. V l VV V 
(7a) 

3Jl8Cb q vv -nnaroR8J1bHblll MaTpll'lHblll 9JieMeJIT onepaTopa KB8JlPYII01IbHOro 

MOMeHTa no cocTOSIIIHIO I i, > • 

ITonaa~ 9neprnsi smpa Bb1pa:iKaeTcn :a BHJle 

&=&p+&n+&c, (8) 

rAe & p n ~n -saeprHH npOTOHHOli JI HeiiTpOHS:Oil CJICT8Mhl, OJIP8AeJI.mo-,-

8 

I 

·,! . ,~ ' 

maeCSl H3 (2), (5) ana (7) B 3aBHCllMOCTH OT '18TJIOCTH 'lncna qaCTllll B 

CHCTeMe H OT Toro,. KaKoe COCTOSlHHe paccMaTpnsaeTCSl - B036ylKA8IlHOe 

nnn OCHOBHOe. 

5 C 03Ha'!aeT KynoHOBCKYIO 9HeprnIO S!Jlp·a. Mb! paCC'lllTbIBa·eM ee K8K 9Hep

rn10 paBHOMepHO 38pS!lK0HHOro OJlHOPOJlHOro 9nnnnconna noCTOS!HHOro 06'beMa. 

B . u /30,17/ 
cny'lae aKcaanbHOH CHMMeTpnn 9nnanconna HMeeM 

& (d=& (O)g(d, 
C C (10) 

rne B; 
0
(0) = 0,6 Z e 2 7 R' 0 -KYJIOHOBCKaSI 9Heprnn OAHOpOJlHOii, pas-

HOMepao 38pSl:lK8HJIOil. cqiepbl, a 

2 2/s 1 1/s 

)lJISl £ > 0 

(1--d (1+-d 
3 3 

g (d = ---::======-- ln 
1 2 

.12 £-- l 

2 1--, 
3, 

1 1 2 
1 +·-_.-£-i/2(--£ 

V 3 ,/ 3 3 

n 

· 2 2h i 1/s 1 2 0--d ( 1+-d .,-£ -,2, 3 . 3 V 3 
g (d = ----======~-· arctg -------

1 2 1+-1., y-£ -,2 l 3 
3 

nnn £ < 0 • 3necb £ -napaMeTp JlecpopMannn, onpe11enennblii: B pa6oTe 
/8/ . 

Ham,ccona • llnSI 9nnnncon11a aeaKcaam.11oil cpopMbI KynonoscKaSI sneprnn 

u /30/ 
Bbipa:iKaeTCSI qepes nenon11hm 9JinnnTn'leCKnil. llH.Terpan 1-ro pona -.-

2.2.Bb16op napaMeTpo:a, HCIIOJlb30B8HHbIX B 

BbI'lHCJ10H.IISlX 

Hamn pacqeTbI OCHOBaHbl Ha MOJlHqllillHpo:aal!JIOM IlOTeJmHaJie Ham.cco

aa, BKnIO'la10meM 'IJieJI <f 2 > /15, l 7 / 

TipoTOHH8Sl CXeMa OAHO"l8CTll'IHblX ypo:aneii: BbI6pana TaKoil :iKe, KaK B 

penKoseMellbaoii o6nacTn, T.e. c napaMeTpaMH KP ... 0,0837 n µ P =0.80 

11nn scex yposJieil. 
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qacTb cxeMbI 11nsi 50 < Z < 82 rrpe11cTaB110Ha a:a pnc.1 • .Uns1 E < 0 

y ypo:aa:eii npocTaB1!0HbI aCJIMilTOTliqecKRe KBaHT0Bhl8 qii:cna, COOTB8TCTBYIO

mIIe OOl'IbllllIM 0TpIInaT0JlbHhIM ll0qJOpMaJIJISIM ( TO JK0 C]l8Jl8HO ll ]lJISI H0llT

POHHOll CX0Mhl Ha pHc.2). 

Jl.ist a:eil:TpOHOB Mhl HCIIOJib30BaJIJI Tpn pa3nJiqHble CX0Mbl: 

1) CxeMa, n:pe11no)l{eHHasi· lll'ISI penKoseMeJibHott o6nac-

T n c napaMeTpaMn K n =0,0637 n µ n =0,42 lllISI :acex a:efiTpo11HhIX ypo:a-

a:eii. Oa:a npe11cTa:ane11a 11a pIIc.2 llJISI 50 < N < 82. 

2) C xeMa, 
/16/ _ 

n: p 0 1l JI O JK 0 II Ha SI B • E 0 napaM0TpbI 113M0H011bl 

no cpa:a11eHIIIO c napaMeTpaMII cxeMhI 1) c neJlb10 nonyqe11nSI nyqmero cor

nac~SI C 9KCn:ep11MeI1Tal'IbHblMH 3HaqeHHSIMH O]lHOqacTnqHhIX COCTOSUIHfi He-

qeTIIhIX A .-Slllep :a mnpoKoii 06nacT11 · A 100 < A < 2$ • lfaMeHeHHst Kaea-

IOTCSI napaMeTpa µ n , KOTOP_!>!il lIM00T _3JH1'!0_Hll0 µ n =0.35 llJlSl N •3,4, 

II BBOllllTCSI cn:a11r I:!,. E = 0,10h () Ct) 0 nns1 nono6onoqK11 4 d 3/2' I13M0H0HIISI napaMeT

pOB 6-oii II 7-oil 06onoqK11, B0pOSITHO, H0 OK83bIB8lOT cymecTB0HHOro BJIIISIHHSI 

. Ha peaynbTaThI a:amnx Bhlq11cneHIIil:. 

3) 3KCTpaIIOJl5IlllIOIIH8Sl c x e Ma. 011a IIOJIY'le~a cnenyJOIIllIM 06-

• /15,17/ 
~ pa30M, 113 B3 Sll'Ill rrapaMeTpb! a:eil:TpOHHOfi CX0Mhl K 11 µ nnsr 

o6naCTll 82 < N < 126 C ll0HTpOM IIpII N = 104 n napaM0TpbI ]ll'ISI N > 126 ---
c JI0HTPOM IIplI N = 155 II JlIIHeil:HO 9KCTparronnpo:aanII HX 118 OOl'IaCTb 

50 < N < 82 c ~eHTpOM rrp11 N c66 • B pesyJlbTaTe aKcTparronmum rrony-

q11n1I Kn ==0,0638 II µ n s:0,491. Bnnao, qTo B0l1._!IqnHa K B0CbM8 Ol1ll3Ka 

Hee aaaqeHHIO B p0]lK030M0llbHOil: o6naCTll (TaK )1{0, K8K n nnst o6nacTn TR

JK0l1bIX 9l10M0HTOB). Bennqnua µ , onHaKO, OOJibllI0 Toil:, KOTOpaSI nonyqa-

0TCSI AJlSI penKo30M0l1bHOil o6nacTn: 3To ll0CKOJibKO 1100)Kll1l811HO, T;K. npn

llSITO CqnTaTb ua OCHOBBHHII cpaBH0HHSI napaM0TpOB CX0M 1lJlSI T£)1{0l'Ib!X 

Sl10M0HTOB R pe.UK030M0JlbHOi1 o6nacTn, 'ITO C YM0Hblll011R0M N 

MRTCSI K HYJllO. 

10 

µ CTpe-

'I 
I 
! 

KoHCT811Thl napHbJX B38llMOneil:CTBllii G N II G z Bh!Opallbl B c·ooT-

/18/ 
B0TCTBIIH C , r.i:te OIIH Oblllll onpeneneHbI H3 9KCI10pllM0HT8l1bHOi1 pa3-

HOCTH M8CC qeTHhIX n aeqeTHhIX sinep :a o6nacTH 100 <A< 150 • Tipn peme-

• 
HRH ypaBH0H!li1 rrapHhlX Koppenmrni1 C yqeTOM 42 ypo:aa:eii cpena:ero IIOl'ISI -

B0l1H'IHHhl GN H G z OK838l1HCb paBHhIMll 

AGN= ( 19,5 + 0,5 ) Maa H AG 2 =(22,5 ± 0,5) Ma:a 

- /31 / 
TTocne rrepeHopM11poBKH Ha 24 ypoBHR, KaK aTo nenaeTcsi :a aameii 

pa6oTe, uHH rrpIIHHMaJOT 3Ha'leHHSI: A G N = (25 ! 0,6) Ma:a n AG z = 

( 28,5 ! 0,6) Ma:a. OKoHqaTenbHo MhI Bb16pann A G N =25 MBB II A G 2= 
28,5 Ma:a. BnIISIHI10 He6onbJIIOro H3M0H0HIISI 9THX napaMeTpOB Ha peayllbTa

Thl Bbl'lllCl'IeHHH o6Cy)l{naeTCSI :a paanene 3. 

3. _Feayl'IbT8Thl II o6Cy)l<00HHSI 

Bee pesynbTBThI, rrpencTaaneHHbre B pa6oTe, rronyqeHhI rrp!I pacqeTax 

co cxeMoii cpenHero nonsr 1), rroKasaa:Hoil Ha pnc. l nnsr 50 < Z < 82 n 

pnc.2 nnsr 50 < N < 82 • 0 BnIH!HlllI H3M0H0HlISI CX0M ypoBHeii cpen11ero 

IIOllSI Ha pesynbTaTbl pacqeTOB 6yneT CK838HO Hll)K0. 

3.1. 0CHOBHhl0 COCTOSIHHSI 

3.1.1. q e TH hie SI n pa. C U0l'Ibl0 rrocneno:aaTenhHOI'O OIIlIC8HlISI ll3-

/10/ 
.1IO)KllM snecb 'l8CTb rrony'lel!HhIX B peayl'IbTaTOB OTHOCllT0.1IhllO OCIIOB-

HhlX COCTOSIHHH 'l0THhIX Slllep. 

TnIIII'lHBSI 38BlICIIMOCTb 9HepI'Illl OCl!OBHOI'O COCTOSIHIISI OT napaM0Tpa 

neqiopMaunn £ npencTaaneaa Ha pnc.3. Kpnaan nMeeT naa MlIHHMyMa. Onna: 

rrpll OTpnu_aT0.1IhHOli neqiopMaJIHII, 0003H8'1011HOl'i KaK f 
0 

, npyrm1 rrpH 

IIOll0)1{IlT0JlbHOll - + f 
0 

• CooTB0TCTBYIOIIIII0 9TllM .!lBYM MllHIIMYM8M 9Hep-

11 



rn:n: ,:tecpopMaun:n: o5oaHB'l8Hhl qepea ·&;ef n 
+ 

·5; def • OHR onpei:tenmoTCSI 

KBK paaHOCTb 9Heprn:n anpa IIpR nyneaofi ,:tecpopMaUltlt H ,:teqiOpManJin~' E o , 

npn KOTOpoli )lOCTnraeTCSI MllHllM)'M , T. e. "& def = [{O)-& (£0 ). Ha pnc.3 

12e B 
BHJlllO, 'ITO, XOTSI SI)lpO 8 ll SIB1ISI8TCSI xopomo )leqiopMHpoaallHblM 

( 9Heprn:SI )leqiopMallllll /l1ISI ( ~ =-0,25 paana 2,9 Msa}' paaHOCTb 

+ - + 
6,6; def = 6; def -& def = 6; ( (;) -& (( O ) M8)1{,:ty 9HeprHSIMll /leqiOpMfillRll /l1ISI ~-~ 
1IO)l{HTe1lbHOfi ll OTpnuaTe1IbHOfi paBHOBeCHbIX )leq>opMaUnli Mana ll COCTaBnSieT 

- 0, 7 Msa. Bonee Toro, /l1ISI Jlpyrn:x Mep 9Ta paaHOCTb M8HSieT a,e:aK, yKa

ab1BaSI Ha TO, 'ITO paBHOB8CHOil: qiOpMoil: SIB1ISieTCSI 1IR5o cnmocnyTbifi 9ll1IIIII

COH/l (~ori:ta !1. & def OTpnnaTe1IbH8), 111150 BblTSIHYTbill (Kor.Ila /1. 6; def lI0-

1IO;>KJIT81Iblla). TTosTOMY Mb! pemnnn OlIIIChlBaTb KalK,:tOe SIJlpO 'leTblpbMSI Be-

1Ill'lHHa MH: - + ·c- + J:" 
E O ' ( O" ' l9 def ll f1. l9 def • 3aallCHMOCTb 9THX Be1IH1lllH 

OT z. H N npe)lcTaaneHa Ha pnc.4-7. 

nnsr Toro 'lT05bI onpeJle1IllTb paBHOBeCHylO .o:eqiopMau1110 H 9Heprmo )le

qiopMaUHH no 9THM pn:cyHKaM, lla)lO n_o )lallllb!M z . H N ll3 pllC.7 HBHTH 

/1. & def . Tor.Ila paBHOBeCHaSI JlecpopMaIIHSI ( = f -0 ' ecnn: /1. ·5; def< 0 
eq 

(cM. pn:c.4}, nnn: c = c + , ecnn: /1. &d f>O(cM. pnc.5). 8nep-eq O e 

rim JleqiopMaUllll & def = ·lj;-:ef = & ;ef - /1. & def , ecnll Ii & def < 0 , 

ll1IH ·5; def = & :ef ( pn:c.8), ecnn: /1. & def > · 0 . 

Ha acex 'leTb1pex pncyHKax npoBe)leHa n11HnSI, Ha KoTopofi sHepr1rn 

CBSI3H npoTOHa B 'leTHOM SIJlpe 
.. /32/ • 

Ta5nnuefi ' paCC'lHTaHHOll Ha OCHOBe nonysMnllpH'leCKOfi 4JOPMY1Ibl Mace 

B p = 0 • 0Ha npoaeneHa B COOTBeTCTBHH C 

SI)lep c y'leTOM o5ono'le'llIOll nonpaBKll. lln:HHSI B P = 0 , COOTBeTCTBy10masi 
/33/ · 

MHoronapaMeTpH'leCKOfi qiopMyne , ne)l{HT Ha HeCK01IbKO MaCCOBblX enn:-

llllll BbIWe yKa3aHHofi, a Ta, KOTOpaSI nony'laeTCSI H3 rrpe)lrneii qiopMynhl Ka-
/34/ . 

MepoHa , Ila HeCK01IbKO MaCCOBblX. 8.[{llllllll HH)l{e. 

/10/ 
Mb! ne npencTaanSieM anec1:, (sTo cnenaHo B ) ll He o5cy)l{JlaeM 

peaynbTaTbl )l1ISI TeX Mep, KOTOpble nelKaT OT 1IllIIHll CTa5n:1IbHOCTll Jla1IbUie, 

'l8M 1IHHIISI BP= 0. 
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Ha pn:c. 7 BHJlHO, 'ITO, IIO HamnM pacqeTaM, npn: OTXO)le OT nn:mm f3 -

CTa5H1IbHOCTH, paBHOB0CHblMH cpopMaMH SIBnSieTCSI Clla'lana CII1IIOCfiYTblfi sn-

1IHIICOH)l apameHHSI, a aaTeM - BblTSIHYTbIH. ("\e)KJlY HHMH Mb! BCTpeqaeM 06-

naCTb SI)lep, Jl1ISI KOTOpbIX /1. & def= 0 n: paBHOBepoSITHbl KaK Ta, TaK n: ,:tpyraSI 

qiopMa. B IIpHHllHIIe, OHH MOryT HM8Tb H rrpon:aao1Ibgyl0 y -,:teqiopMaUHIO. 

HeKOTOpble ll3 9THX SIJlep HMelOT aHa'lJlTe1IbHYlO 9HeprHIO )leqJOpMaUHH, /lOCTH

ra10my10 5-8 Msa • 

MaKCHMa1IbHaSI 3HeprHSI .o:eqiopMaUHH /l1ISI paCC,MaTpHBaeMOH o5naCTH 

Mep IIOPSIJlKa 8-9 M9B. C sanonHeHH8M o5ono11ex., o5naCTb MaKCHMa1IbllblX· 

.o:eqiopMallHH ( I t 
O 
I =0.35+- 0.36) .o:ocTn:raeTCSI pallbme, 'leM o5nacTb MaK-

CHMa1lbHblX 3Heprnfi neqiopMaun:fi B penK03eMe1IbHOil: o5naCTH. no HaillHM 

pacqeTaM, Jl1ISI 601IbWHHCTBa )lecpopMnpoaaHllbIX Mep B o5naCTH 50 < Z,N<82 

nony'leHHhle paBHOBeCHbie )leqiopMaUHH 

1IlOTHOfi Be1IH'lHHe ll npeBhlmaIOT 0,25. 

E 0 H E+ 
0 

6nn:sKn: no a5co-

TaK KaK a n:ccnenyeMofi o5nacTn Mep cxeMa o.o:Ho'laCTH'lHhlX ypoaHefi 

He ll3BeCTHa AOCTaTO'lHO xopowo, TO aeCbMa BalKHbIM SIB1ISI8TCSI BOIIpoc 0 

'lYBCTBHTe1IbHOCTll peay1IbTaTOB paC'lOTOB K H3MeHeHRlO 9TOfi CXeMbl. C 

Ue1Ibl0 ero BblSICHeHHSI Mb! paCC'lHTanll aenn'lllHhl, rrpencTaBJiellllbie Ha pnc. 

4-7 C HCII01Ib30BaHlleM cxeM 2 ll 3, KOTOpble onncaHbl B pa3,:tene 2. Bbrnc

HH1IOCb ' 'ITO npn: llCII01Ib30BaHHll cxeMbl 3 Mbl nonyqaeM IIO'lTR Te )1{8 Be-

1IH'lHHbl paBHOBOCHblX neqiopMaunfi H 9Heprna: ,i:teqiopMauna:. Pac'leTbl co CXG

MOll 2 aenyT KaK K yae1I11'leHRlO necpopMaunfi (npn:'leM. OAHOBpeMeHHO ( + 
0 

n I c - I ) Ha 0,01+- 0,02, TaK H K pocTy :,meprHii .i:teqiopManH:ii Ha 0,5 t- 1,2 Msa. 
0 

Han:5onee '!YBCTBIIT81lbHOfi OKaaanacb Be1IR'lHHa /1. & def • B Bbl'lllC1IeHRSIX 

co cxeMofi 3 /1. & def n:sMeHnnacb Ha 0,1+-0,4 Msa, 'ITO np:e:aeno K cnan-

ry 1IHH11ll /1. "& def = 0 Ha 2-3 MaCCOBblX eJlHHHllbl B CTOPOHY 1IHHHH f3 -

CTa6nnbHOCTH HK yMeHbmeHB'.10 o5naCTH SI,i:tep C OTpnnaTe1IbHOfi paaaoaeCHOfi 

neqiopMann:efi. p aC'leTbI co cxeMofi 2 npHBOJlSIT K o6paTHOMY peay1IbTaTy: 

/1. & def H3MeHSieTCSI Ha -0,'1+-0,4 Msa, 1IHHHSI /1. & def CABHraeTCSI B 
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CTopoHy OT o6naCTR CTa6nnbHOCTli Ha 2.- 4 MaCCOBbie ennHHllbJ. n yBenn'In-

BaeTcsi: o6nacTb SI.ctep c 0Tpn11aTenbHOJi paBHOBecnoil: neqiopManueil:. 

PaCCMOTpllM B Ka'IeCTBe npnMepa Sl.ctpo 126 Ba ' KOTOpoe, no HallIHM 

oneHKaM, HMeeT Han6onb1IIYIO OTpllllaTenbffYIO Benn'IHHY ti ff, def • B pac-

'IeTaX C TpeMS: cxeMaMn SI.ctpa 
126 Ba Mb! nonyqaeM, 'ITO paBHOBeCHOil: 

qiopMoil: s:BnsteTcs: cnn10cHyTbril: snnnnconn BpanreHnSI, a pa3HOCTb Mell<.cty 

sHeprnsrMn neqiopMannil: nns: cnmocHyToil: n BbITS:ffYTOil: qiopM npnHnMaeT 3Ha

qeHns: -0, 7, -0,9, -0,3 .ctn.H cxeM 1,2 n 3 COOTBeTCTBeHHO. 

KaK Bll,[{HO, ncnonb30BaHne BCex cxeM naeT, B OCHOBHOM, CXO,[{Hble 

pe3ynbTaThI. JJ:eqiopMannn n sHeprnn''-necjlopMannil: MeHHIOTcs: HecymecTBeHHo. 

K aHanOI'H'IHblM pe3ynbTaTaM npnBO.[{HT MeTon, OCHOBaHHhIH Ha BB8.ct8Hllll 

o6onoqeqHoil:. nonpaBKn B Monenn ll<R.ctKoil: Ka1rn'n . npennoll<eHHblil: CTpynrn-
/14/ . _. 

CKIIM • Ilpn pac'IeTaX 9THM MeTO,UOM paBHOBeCHbIX necjlopMannn ll 9Hep-

rnil: necjlopMa!lHH, Han6onee CllnbHO oTnH'IaeTC.H OT npHBe,UeHHbIX 3,[{eCb Be-

nn'IRH ,ti lb def , onHaKo H B STHX pac'IeTax o.a:a ocTaeTcs: Manoi!:, 'ITO 

.HBns:eTc.H nan6onee xapaKTepHhIM nns: Bceil: sToil: o6nacTn s:nep. 

T .K. BCe Tpll CX8Mbl .ctaIOT nO'ITll O.ctHHaKOBbre 3H6'IeHHS: neqiopMa!lHil: ll 

9Heprnil: neqiopMa!lnil:, Mhi npHBO,UHM ,UaHHble, nony'IeHHble co CX8MOH 1. 

OcTanHCb eme .[{Ba napaMeTpa - KOHCTaHTbI napHOI'O B3aHMO.cteil:CTBHS: 

. G N n G z • Ta6n. 1 noKa3bIBaeT, KaK ll3M8HS:IOTC.H pe3ynbTaTbI pacqe

TOB npH 10% ll3M8H8HllS:X 9THX KOHCTaHT. B Ta6nnne npli:Be,UeHbl pe3ynbTa-

Tb! paC'I8TOB .ctn.H Tpex s:.ctep: 125 Ba , 12& Ce· 122 Sm , nns: KOTO-

pblX Benn'IHHa ti ff, def COOTBeTCTBeHHO, OTpHnaTenbHa, 6nH3Ka K gyn10 n 

nonoll<RTenbHa. B nepBoil: KOnOHKe. 9TOH Ta6JIH!lbl npHBe,UeHbI pe3ynbTaTbI 

Bbl'IHCnennil: c KOHCTaHTaMn, npnHS:TbIMll B STOH pa6oTe, BO BTOpoil: - OHH 

yBenH'IeHbl na 10%, B TpeTbeil: - yMeHbllleHbl. 113 TaOnllllbl _BH,[{HO, 'ITO npn 

TaKHX HSMeHeHHS:X KOHCTaHT HSMeHeHne BenH'IHHbl paBHODeCHOfi neqiopMa!lHH 

He npeBbllllaeT 0,01. a ti 'ii; def -0,3 MsB. Ilpll 10% llSMeHeHHH KOHCTaHT 

BCe Ka'I8CTBeHHbI8 pesynbTaThI OCTaIOTCS: npell<HHMH. 
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B Ta6n. 2 npe.ctCTaBneHhI pe3ynbTaTbI OTHOCHTenbHO s:nep He CHnbHO 

ynaneHHbIX OT nHHHH . f3 -CT60IlnbHOCTH n nocTynH~X 9KCIIepnMeHTY B Ha

cTos:mee BpeMs:. Hnpa c sHepraeil: neqiopMallHH, MeHb1IIeil: 0,8 MsB, KaK 

npaBnno, cqiepH'IeCKHe. KpoMe Benn'InH, npencTanneHHbIX Ha pil:c.4-7, B Ta6-

nnne yxasaHbl KBanpyIIOnbHbie MOMeHTbl ( B 6apHax). paCC'IHTaHHble. IIO qiop

Myne (2a). 

'3KcnepHMeHTanbHbie 3Ha'IeHHS: paBHOBeCHblX neqiopMan~il:, nonyqeHHble 

HS R3MepeHHil: BpeMeHn ll<HSHn nepnoro 2 + ypoBHH na10T: I f3 I < 0,21 1351 
exp -

nns: 128 Ba n 1/3. ·l=0,24 121 nns: 128 Ba , 'ITO cooTBeTCTByeT: 
exp • . 

l•E I ;,, 0,23 (rne f .. 0,95 {3 
exp 

If I < 0,20 
exp -

H B nepBOM no-

PMKe no f3 ) • 3TH 3Ha'I8HHS: nell<aT M8ll<.UY 3Ha'IeHll.HMH + ll f 
0 co 

Ta6n. 2. K COll<aneHRIO, TaKHe 

nennTh 3HaK neqiopMannn. 

8KCnepHMeHTbI He na10T B03MOll<HOCTH onpe-

Bo BCeX pacqeTax Mb! HCIIOnb3yeM TOnbKO. napaMeTp neqiopMannn IIO-

TeHnHana f • liHTepeCHO BhISICHHTb, HaCKOnbKO xopomo OH cornacyeTC.H 

c_ napaMeTpaMH neq>OpMS!lHH nnoTHOCTeil: Heil:TpOHHoro n npOTOHHOI'O pacripe

neneHH.H; 0TBeT Ha 9TOT BOnpoc naeT Ta6n. 3. B3.HB'B.Ka'IeCTBe npnMe-

pa s:.ctpo 12& Ba Mbl nns: H8KOTOpblX SHa'IeHHil: f , yKaSaHHblX a 1-oil: 

KOnoHKe ST0.11: Ta~nnnbl, paCC'IHTaJIH B paMKaX Ml1Kp.OCK0Illl'I8CKO.II: MO.ctenn 

OT.llomeHH.S: Q tot = Q : 1 = Q ~ + Q: , K, Q P = Q: , 11p1rneneHHbl8 BO 

BTopoil: KonOHKe. l13 TaonHilhI BH.UHO, 'ITO B npenenax 5% 9TO OTHOllle.llHe 

IlOCTOSIHHO ( n paBHO 2,38, B TO BpeMSI K6K A/Z =2,25). Moll<HO pac-

CMaTpllBaTb 9TO KaK co:snaneHne neqiopMa!lHH Heil:TpOHHOil: ll npOTOHHOil: CHC

TeM C 9Toil: TO'IHOCTbIO B- o6naCTll ll3MeHeHllS: £ OT -0,4 no +0,4. B 

TpeTbe.11: KonoHKe Ta6n. 3 yKa3aHO OTHOlll0HHe KBa,llpynonbH_oro MOMeHTa 

aKCH6nbHO-CHMMeTpH'IHOro snnunconna C O.UHOPOAHblM pacnpenenenHeM npo-

Q unlf 
TOHOB P K M_nKpOCKOIIH'I0CKOMY KBanpynonbHOMY MOM0HTY npoTOHOB-

unlf ( • 
• ci>opMyna Amr Q Mell<.UY 9TOll B0'11l'IHHOil H napaMeTpOM 

p Q p 

neqiopManHH IlOT8HnHana 

BHe) naeTC.S: Bblpall<eHHeM 

f 1YCTaHaBnHBaeTC.S: O,UH03.lla'IHOe COOTB0TC'1'-
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Q unif 
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. 2 2 
(d ..,_ z R 

5 0 

2 2 2 ) 
c -a =0,8ZRoF(£' 

-- •20 . 

Ro 

F(d ~ 0,5 (l __ 1_ £2 _,_2_ £ 3 ) 2/a 

3 'll 

X [ 
1 

1 2 ] 
(1+3£) 

X 

( 11) 

3)leCb a -9T0 11onyocb annHIIC0il)la B HallpaaneHHil, neplleHJllIKynHpH0M 0CII 

CIIMMeTpllll, a C - 11onyocb 110 OCH CIIMMeTpllll. 

· 1h 
PaJlnyc cqiepa'!ecKoro Mpa paaeH R O "' r A , r 

O
"' 1,17 fm • Mb1 Bil-, 

Q unif 0 

JllIM, 'ITO 0TH0UI9Hlle p . II0CT0HHH0 ll paBH0 1 C T0'IH0CTbIO 5%. . Q 
8To )laeT 0CHOBaHae C'IIITaTt, 'ITO Jle¢opMaUIIH II0TeHUIIana C0BIIa)laeT C )le-

¢cpMannen nnoTH0CTll pacnpe)leneHIIH llp0T0H0B C TOH me T0'IH0CTbIO. 

TaKHM o5pa30M, peaynbTBTbl, npnBe)leHHbie B Ta5n.3, )laIOT HaM yae

peHH0CTb B TOM, 'ITO BCe Tpll 11apaMeTpa )lecpopMallllll (110TeHnnana, llpO

TOHHOll H HellTpOHHOll nnoTHOCTH)' BXOJlSimae B pac'!erbI, 5nn3Kll Jlpyr _K 

Jlpyry. 8Ta 5na30CTb HBnnacb llpll'IIIH0ll, 110 KOT0p0ll Mb! He paamr'IaeM IlX 

Il IlCII0nbayeM T0nbKO 0JlllH 11apaMeTp - Jle¢opM8llllIO II0Teannana £ , Ha

npnMep, llpll cpeHOM~Honorn'!eCKOM Bb!'IHCneHilll KynoH0BCK0ll 9Heprna HJ:tpa 

& C (d 

ITpnMep 38BilCHM0CTil KBBJlpynonhHOI"'O MOMeHTa npOT0H0B Q = Qp OT 
.0 

JlecpopMallllll ( JlBH Ha pnc.8 AJIH 
126Ba , 9Ta KpHBasi: C TO'lHOCTbIO 5% 

coana)laeT C Q unlf 
p 

Mb! II3narann JlO CHX IIOp pe3ynbTllTbI BbI'lllCJl9HHH )lnsr cny11aH aKCll-

anbHOil CHMMeTpIIn Mep. OcnonaHHeM TaKoro paCCMOTp9HilH Cny)KllT nay11e

HI1e 38BilCIIMOCTll 9Heprlrn OCHOBHbIX C0CTOHHHil HJlep OT HeaKCIJanbHbIX Jle

cpopMallllil. MbI paCC'lHTann 9TY 3aBHCIIM0CTb JlJlH H9KOT0pb!X 'l9THbIX HJl9p 

Il BbIHCHHnn, 'ITO MilHHMyM 9Heprllll JlOCTHraeTCH npn Jl9cp0pM8llllSIX, C00T

BeTCTByIOmllX aKcnanbHOil cpOpMe HJlpa. ITpnMep TBKilX pac'leT0B llpIIBe)leH 
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Ha pnc.9, KOTOpb!H npe)lCTaBn.SieT co5oil: KOHTypHyro KapTy 9Heprrrn 0CH0BH0-
126 

ro COCTOSIHHH HJlpa Ba B K00p)llIHaTax f3 H y , 011pe)leneHHbIX B pa-
/36/ 0 

5oTe Bop a • ITpe)lenbHbie 3Ha'IeHHH, y = 0 II y = 60 ° C00TBeTCTBYIOT 

aKCllllnbHO-CilMMeTpll'IHOMY Bb!T5lHYT0My ann c~mocHyT0My annnllC0HJlY npa

meHIIH c OCSIMII CHMMeTpnn, 11epneHJllIKyngpHb!MH Jlpyr Jlpyry. Ha pnc.9 BlIJl-

5 • 128 B 
HO, 'ITO a CO,IUOTHblll MilHilMYM .sHeprn11 a Jl0CTnraeTCSI llplI 3.lia'IeHnmc, 

COOTBeTCTBYIOillllX cnnrocHyToMy annnncon)ly ('ITO C00TBeTCTByeT 
( 0 

Harueil Ta5nnne n pncyHKax). I1 MeeTCSI TaK)Ke JIOKBnhHbill MlIHHMYM llpll 

B 

y = 0 ° ( CO0TBeTCTByromail (: ) , HO C 0'IeHb ManeHbKHM 5apbepOM ( 110-

PHJlKa 0,05 Man). BnitHo, 'ITO 9HepreTH'I8CKaH noBepXH0CTb 11pe)lCTaBnSieT 

co5oil JJ:omrny, O'IeHb µnocKyro no 0THomeHnro K y -JlecpopMannn. Ha pnc.10 

11pnBeiteHa Kpnaasr, K0TopaSI noKa3bIBaeT, xax Il3M9HSI9TCSI 9Heprnsr (B3SIT8~[ 

B TO'IKaX MilHHMyMa KpllBOH, o5paaoaaHHOH . llpll Ce'IeHn~ 9HepreTII'IeCKOll 

IIOBepXHOCTil nnoCK0CTbIO y = const ) C Il3M9H9HII9M napaMeTpa y • A Hano~ 

f'lI'!Hasr KplIBasr )lnsr 122 Ba , KOTO?bIH IlMeeT- Manyro Benn'lnHy /i {f; def) 

IIpHBell,eHa Ha pIIc.11. B 9T0M cny11ae 9HepreTn'leCKHil: 5apbep, CO0TBeTCT

B yromnil noKanbHOMy MilHilMYMY npn nonO)KilT8nbHOil: A8cp0pMBllllII, X0TSI Il 

5onbme, 11eM JlnII 
128 

Ba , Ho He npenb1maeT 0,2 Maa. TaKRM o5paaoM, 

5apbep1,1, ecnn OHII eCTb, B8CbM8° Manb1. 8To o5CTOHT8nbCTBO. Il Manasr Be-

nII'lllHa 11 & def Jlann liaM B03MQ)KH0CTb 11pe)l11ono)KilTb 5onbmyro ,, Msrf'KOCTb., 

lICCJie)lyeMbIX SI)lep K y -)lecjJopMalllIHM. 

3.1.2. "He'IeTHb!9 Il lI9'19TH0-He'leTHbI9 nnpa. 8Heprnn oc
HOBHbIX COCTOHlIIlll He'leTHbIX (KaK np0TOHHOil, Tax II HeilTpOHlioii:) CilCTeM 

pa~C'lHTalibI no cpopMyne (7) C y'leTOM 5noxnpOBKil COOTB8TCTBy10mero 

-- + C' C' YPOBHH cpepMn. BbI'lllCneHbl Benn'llIHbl ( 0 . • ( 0 , (9 def Il 11 (9 def 

PeaynbTaTbI ,co5paHbl n Ta5n. 4. 

Il 

I1a Ta5nHllbl BilJlHO, · 'ITO BnHHHile He'leTHoii: 'laCTilllbl na BeJIH'lIIHy (-
. 0 + 

£ 0 Mano, npH'IeM 'leM cnnhnee necpopMnponano m:tpo( T.e. 'leM 5onb-

myro 9Heprnro JlecpopMallllII OHO. IlMeeT), TeM M8Hbme 9T0 BnlIHHile. O5bI'lHO 
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H3MeHemie .neqiopMBUHli He npeBb!IIJaeT + 0,02, O}lHaKO, KaK npammo, B 

cna60.neqiopM11poBaHHbIX st.npax (c aHeprHeii .neqiopMaun11 nopst.nKa 1 MaB) 

II3MeHeHHe .neqiopMaUHII C A06aBneHHeM He'leTHOH 'laCTlillhl CTaHOBIITCSI 6om,

IIJe. 8 HeprnSI .neqiopMBUIIli C A06aBneHHeM He'leTHOH '18CTlillbl yBemI'IHBaeTcg 

(nHor.na 6onbIUe 'leM Ha 1 MaB), a naMeHeHHe D. & def 11e npeBb!IIJaeT 

+ (0,3r0,4) MaB, 

nnst Het:[eTHO-He'leTHb!X S!Jlep 3TH H3MeHeHH51 MOryT y.nBaHBaTbCSI D 

38BHCHMOCTB OT Toro, 6y.nyT nu s<pc~eKTbl OT ABYX He'leTHb!X qaCTBU Kore

pe!ITHO CKna}lb!BaTbC51 nnn HeT. HanpHMep, H3MeHeHne /1. lf def na-aa A0-

6aBneHH51_ ABYX He'JeTHblX qaCTlill B HeKOTOpbIX cnyqagx /lOCTHraeT 

- (0,6t- 0,7) MaB. 8Toro, O/lH8KO, /lOCT8TO'IHO, 'IT06b! SI,llpO, nm1rn1uee B6nn-+ . . 
an nnHnn /',. lb d<>f = 0 , naMeHnno aHaK paBHoBecnoii .neqiopMaumr. 3To o6cTo-

51TenhCTBO MO)KeT OKa3b!B8Tb nnnstHlle Ha Bep05ITHOCTH COOTBeTCTBYIOIIJllX 

f3 -nepeXO/lOB. 

3.2. BO 3 6 y )KA e H II bl e CO CT O g H Hg 

nng paC'JeTOB CileKTpOB B036y)K]l8lIHbIX COCTOSIHHM Mb! BbI6panH Mpa, 

KOTOpbie, no HaIIJHM pac'leTaM, HMeIOT qiopMy cnnIOCHyToro ennHUCOHll8. 

BpameHH51 B OCHOBHOM COCT05IIIBH, T.e. SI}lpa C HaH60nbIIIHMB OTp1maTenb-

llbIMII nenH'IHHaMH /',.'&def • KpoMe Toro, Mb! paCC'IHTana cneKTpbl 'leTb!-

pex g.nep, BMeIOll!HX <popMy BhlTSIHyToro 3/InliIICOHAa. 

nnst Ka)KAOrO H3 3THX auep IIOCTpoeHhl 3aBllCHMOCTH 3HeprHH COOT-

B0TCTBYIOIIIero B036yxc.neHHOro _COCTOSIHIISI OT f • TipnMep TaKHX KpHBb!X: 

.nng ABYXKBa31I'1aCTII'IHbIX B036y)KAeHHhlX COCTOru:mit .naH aa p1Ic.12 .nng 
128Ba. 

0UIIIIl9M a.necb npaB1Ino, ycTaHaBnHBaIOmee COOTBeTCTBBe Me)KAY B03-

6y:1KJleHHhlMB COCT05IJIIISIMH npn nonO)KHTenbHbIX li OTpnuaTeJll,HbIX .neqiopMa

UIISIX, 
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llT06bI ycTaJIOBIITb TaKOe npaB1mo, Mb! .non)K}Ibl paCCMOTpeTb cnyqaii 

HeaKCIIaJll,Hl>JX .neqiopMauliii. 

· ITp1I Manhlx auaqeHnSIX napaMeTpa {3 , Kor.na ypoBHII, npnHa.nne)Ka-

IIIIIe paaHhlM no.no6onoqkaM, He nepeceKaIOTCSI B nnocKOCTH y = 0 ° nnn 

y = 60 ° ' 0/lHO'laCTII'IHble SHepreTH'leCKHe IlOBepxlIOCTli ti, I/ ( {3, y) TaK)K0 

He nepeceKaIOTCSI .npyr c .npyroM. Tom.Ko nplI {3 = 0 llOBepXH_OCTII, np1I

Ha.nne)Kam1Ie 0/lHOH no.no6onoqxe, Bb!p0)K}l8IOTCSI-:B TO'IKY, TaKHM o6pa30M, 
. 0 

K8)K)l0MY ypOBHIO IlplI y = 60 Mb! M0)K9M IlOCT8BIITb B COOTBeTCTBIIe TOT 

yponeHb y = 0 ° ' KOTOpb!H ne)KIIT Ha Toil: )K9 9HepreTII'leCKOH IlOBepXHOC

TII, II Hao6opoT. Hanp~Mep, YPOBHIO 4001' npn1y== 60° :cooTBeTCTByeT yponeHb 

B9Hh 404t IlplI y .. o0 'ypOBHIO 4111 IlplI y=60° - ypoBeHh 4131 Ilpli 

y= QO II T,/l, 

nnst. 6onbIUIIX {3 noBepxHocTn, npaHa.nne)Kam1Ie o.nHoil: II Toil: )Ke 060-

noqKe, Ho pa3HbIM no.no6ono<iKaM, Mot'yT nepe<?e'IbC51 .npyr c .npyroM npn 

y = 0° mm 60°. H_o np1I .npyrax y 01m He MoryT nepeceKaTbCst 1I3-0a 

'B3alIMOAeil:CTBIIst' yponneii, SIBnSIIOmerocg cne.nCTBli9M neaKCII8nbHOCTII no

Temmana. CoOTBeTCTBYIOIUIIe BOnHOBble <pyHKillU! II3MeHffiOTCSI na-aa TaKoro 

'B3alIMOAeiiCTBIISI' TOnbKO B yaxoii o6nacTB {3 II y • B KOTopo:ii OHR 

6nB3KB /lpyr K .npyry, II IlO'ITH He MOHSIIOTCSI BH8 8TOil o6nacTn. CHTyanng 

3/l9Cb no.no6Ha TOH, KOTOpast B03HHKaeT npn paCCMOTpeHHll 'B38BMO]leiicT

BHst' ypoBHeii C 0/lHOH npoeKUHeil: yrnoBoro MOMeHTa K , HOC KBaHTOBbI-

MR 'IBCnaMH N N + 2. 

no aToii npnqnne Mhl pacnpocTpaHnnn npannno, ycTaHonneHaoe J:tnst· 

Malu.U f3 -aeqi.opMannil,_ Ha BCe .ne4JopMaunn. CooT:ae'l'cTBHe,- ycraaOBneH

Hoe T8KHM o6pa30M He 38BHCHT OT .neqiopMaUHH. 

HanpnMep, Boa6y)K.neHaoe coCTOstHBe, 06oaHaqenHoe .nnst c < 0 Ha 

pnc.12 KaK n 5031- n 503.J. , nepeXO,llH'l' :a COCTOSIHHe npn t>'O n 532 + 
n 523 t , a COCTOSIHHe, o603H8'19HHOe K8K n 402 ~ n 523 t npn i >·o, 

nepexo.nnT B n 422t n 503t npn t: < 0 • 
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Ha pHc.12 Bl!:JlHO, 'ITO KpHBbie aaBHCHMOCTH aaepr1rn B036y)KJleHHbIX 

COCTOSIHIIH OT £ TaK )Ke, KaK KpIIBbIC aaBH~HMOCTII SHeprnn OCHOBHoro 

COCTOSIHIISI, IIMe!OT JlBa MIIHIIMyMa, OJlHH npH nonO)KHTellbHOii, Jlpyroii npn 

OTpHUaTellbHOii ne¢opMaUIIH. 

.Llnsr OJlHOI'O na BOa6y>KJleHHbIX COCTOSIHHii ( n 503 t n 503 J, ) MHHHMYM 

npn CTpnuaTeJibHOllJle¢opMaunu rny6>Ke MHHHMyMa npH nonO>KHTellbHOii. Ee

JUI He cymecTByeT aHa'lHTenbHOI'O 6apbepa npn nepeXOJle na O]lHoro MHHH

MyMa B npyroii no y -ne¢opMaUHH, KaK STO HMeeT MeCTO nng, OCHOBHoro 

COCT0SIHHSI, TO BepXHHii MHHHYM smnsreTCSI aeyCTOii'lHBblM. TaKne COCTOSIHHSI, 

COOTBeTCTByIOmHe aeycTOii'lHBbIM MHHHMyMaM, Mbl o603Ha'lHnH B Ta6n11ue 

3B8a]lO'lKOll. 

BTopoe B036y>K]leHHOe C0CTOSIHIIe ( n402t n 523+ ) Ha pnc.12 HMeeT 

yCTOil'lHBblll MHHHMYM npn nono>KHT8JibHbIX ne¢opMallHlIX H IIOSTOMy SIBnSieT

CSI H30MepoM ¢opMbl. BepoSITlIOCTH nepeXO)lOB na TaKoro COCTOSIHHSI Ha oc

lIOBlI0e nnn aa Jlpyroe, cnn&Ho oTnnttaIOmeecsi no ne¢opMannn, 6yeyT cnm,

HO YM8HbIIIeHbl . na-aa yMeHhIII8lIHSI nepeKpbITHSI COOTB8TCTByromnx BOnHOBb!X 

¢ylIKUHii. 

B Ta6nnne ,5 yKaaa}Ibl 0)lHHHaJlllaTb HH>Kailmnx JlBYXKBaaH'lBCTH'lHbIX 

Boa6y>KJleHHblx cocTOSIHHil 
12-4Ba 11 

126 Ba. B nepBbIX JlByx KonoaKax aTofi 

Ta6mIUbl npHB8)l8Hbl KBBHT0Bble 'lHClla COCTOSIHHil, K0T0pble B aanmx Bbl"lllC

neHHSIX (6ea y'leTa cmia-cnnaoBoro BaanMOJleiicTBHSI) JlBa>KJlbl Bb1po>K1leHb1. 

B TpeT&eii KonoHKe yKaaallbl npoeKUIISI yrnoBoro M0MeHTa K H 'l8TlIOCTb 

11 cocTos:ran11. Cornacao npaBnny rannaxepa nepBoe auaqeane K 11 6yne'1' 

C0OTB8TCTBOBaTlo Hll)KlleMy COCT0SIHHIO nocne pacmennean~ ypoBHeii npH 

BKnIO'leHHH Cnffa-cnnaoBoro BaaHM0Jl8llCTBIISI. B 'l8TBepToii xonoaKe yKaaa

Hbl aaeprnn Boa6y>KJleHHSI H B nSITOll - Benn'l~Ha paBlIOBeCHOii ne¢opMaunn 

£ eq = £ 0 C0CT0SIHHSI. Ton&KO B cnyti:aSIX ( o6oaaa'leHHbIX B Ta6nnne 3Bea

)lOti:Koii), Korna £ 
0 

cooTBeTCTByeT HeycT0fi'lHBOMY MIIHHMYMY, MO)KeT 

cny'lHTbCSI, 'ITO STa ne¢opMallHSI ae SIBnSieT~SI paBH0BeCHOii. 
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Ha Ta6n. 5 BHJlHO, 

H 128 Ba HMe!OTCSI TpH 

'ITO cpeim 0JlHHHaJlU8Tll HH>KaHIIIHX COCTO~Hllii 
124 

Ba 

naoMepa ¢opMbl B 
124 Ba (Iipll 2260 MaB, 2400KSB 

ll 2660 KSB) II OJlHO B 128 Ba npn 2340 'KSB. 

Taon. 6 naeT HH)K8HIIIHe KBaanqaCTII'lHbie COCT0SIHIISI B He'leTHbIX A -

SIJlpax. BoC<}Mb ll3 9TIIX SIJlep llMeIOT cnnIOCHYTYIO ¢opMy, a 'leTbipe - Bbl

TSIHYTYIO· CpeJlH ]laHHblX npeJlCTaBneHHblX B Ta6nHue, HMeIOTCSI 9KCnepHMeH-

/37 / . 129 
Tan&Hbie ]laHHbie T0.llbKO Jl.lISI La, • flony'leHo MH0I'0 SKCnepnMeH-

188 138/ . : 
TanbHblX CBe]leHHfi no La ) HO 9TO SillP0 s:rBnsreTCSI c.na6oneqiopM1IpOBaH-

llbIM & def< 0,5 Mas), H Mb! He paCC'lHTbIBa.lIH ero cneKTp. 

KaK BHJlHO na Ta6nHUbl, 0'leHb xapaKTepHb!H paCC'lHTaHHblii cneKTp no-

ny'leH Jl.lISI naoTonoB Cs • HailneHO HIIaKone>Kamee naoMepHoe COCT0SIHHe 

C /',,. K = 3 H npyroii 'leTHOCTb!O no OTHOIIIeHIIIO K OCHOBHOMY COCTOSIHHI0. 

8KcnepnMeHTan&Hoe o6Hapy>Keane ( HanpnMep, B 
123 

Cs H 
125 Cs ) TaKHX 

ypOBHeii JlaCT yKaaaHHe Ha OTpHuaTe.llbHblll aHaK paBHOBeCHOii neqiopMaUHH 

9THX SI]lep. 
0 

HaMH nay'leHo B.IIHsrllne CJlBHra Ha 0,05 h w 0 nono6ono'lKH 5 h 11/ 2 

aa cneKTpb1 123 Cs n 
125 Cs • T aKofi cnsar nenaeT nono)KeHHe nono6o-

noti:eK B HaIIIeii cxeMe, 6naaKnM K TOMY. KOTopoe nonrrneTCSl B cxeMe, HC-
. /40/ 

nom,aoBaHHoii KncmrnrepoM H CopeaceaoM • Cnsnr HeCKon&Ko naMe-

HH.11 cneKTp, HO anaKone)Kamee Boa6y>KJleHHOe naoMepaoe COCTOSIHH8 (KOTO

poe noMeHSIJIO ll0.JI0)K8HHe C OCHOBHbIM COCTOSIHHeM) ocTanoCb B cneKTpe 

o6enx srnep~ 

Ha Ta6nHUbl BHJlH0, 'ITO COCTOSIHHSI, aaasaHHb!e naoMepaMll ¢opMbI, no

SIB.IISIIOTCSI cpeJlH HH3K0.lle>KaIIIHX C0CTOSIHHii IlO'lTH scex SIJlep. 8To, aanpll-

123 125 
Mep, C0CT0SIHlle 770 K9B B Xe , 890 K9B - B Ba , COCTOSIHHSI 600 

H 700 K9B B 
127 Ba H T.Jl. 

Ta6n. 7 JlaeT JlBYXKsaanti:acTH'lHl,le cneKTpbl 
124 Cs H 

128 
La • Oaa 

nocTpOeHa aHanorH'lHO Ta6n. 5. Mb! BHJlHM, 'lTO see COCTOSIHHSI c nono-

>KHT9JibHbIMH £ 0 B Ta6n. 7 gsnmoTCSI H30M8paMH ¢opMbI. 
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4. B bl :s O Zl bl 

Ha OCHOBS.IIHH IIpOB0A0HHbIX paC'I0TOB CAenaHbI cneAyromHe BbIBOllbI. 

1. SIApa B o6naCTll 50 < z, N < 82 A0!p0pMHpOB8HbI TaK )1{0 xoporuo, 

KSK K SIAPB penxoaeMeJihHO:li: o6naCTH. MaKCHMBnbHbI0 ll0<pOpM8llHH H aaep

rHH Ae<popMaURfi, nony'IeHHbI8 AnSI SlA0P HccneayeMOH o6naCTH,. 6nH3Kll COOT

B0TCTBYJOmHM Benaii:HHaM, paCC'IHTSHHblM anSI mtep pe.QK030M0JibHO:li: o6nac-

. . /15 17/ 
TH C MOAK<pHllKPOBBHHOfi CX0MOH HHllhCCOHa ' • 

2. 3HeprHSI Slllep AOCTHraeT MH.IIHMSJibHhIX 3HS'I0Hll:i!:, KOI'Aa mtpa 

HM010T 8KCH811hHO-CHMMeTpH'IHYIO qiopMy. 

3. PaBHOB0CHO:il M0)K0T 6bITb qiopMa KaK BbITSIHyTOro, TaK H cnn10c

HyToro annHIICOH,QS Bpame.HKSI. HaK6onee B8Jl0SITHO, 'ITO <jiopMy CII.JlIOCHyTO

ro SMHIICOK,Qa Bpame.llHSI HM810T SIApa B pafiOH8 
1211 Ba • B cHny 'IYBCTBH

T8JibHOCTH Cll8KTp0B KB83K'ISCTH'IHbIX aoa6y.>KA8HHbIX COCTOSIHH:li: K B8nH'IHH8 

paBHOB8CHOfi J:l8<pOpM8llJIH mtep cpaase.1me paCC'IHTSHHbIX HBMK CIIeKTpOB C 

IIOny'I8HHbIN!.K Ha 8KCII8p~MeHTe noaaonKT CAenaTb BbIBO,Q O 3H8'I0.IIHSIX paa-

HOBeCHbIX AeqiopMaIIH:li: mtep B accneAyeMOfi o6nacTH. Oco6eaHo HHTepec

HOii 6hlna 6hl B03MO.>KHOCTb nonyqeHHSI aKcnepKM8HTanbllhIX cae.lleHHfi o 

· 126 
CIIeKTpax KB83H'laCTK'IHbIX aoa6y)K]leHKfi S[J:lep B pa:li:oHe Ba, T.K. OHH 

MOI'lIJI 6bl pemHTb Bonpoc O 3H8K8 ]leqiopManKH mtep B 8TOfi o6naCTK. He

o6XOJlHMO OTMeTHTb, OJlHSKO, 'ITO npK HCCne]lOBS.IIHH BOIIpoca O paBH0B8C-

. HOH q>OpM8 mtep STOi°I o6naCTK B CHny ManocTn BenK'IHHbI .. !!.& def ' IIO-BH

JlHMOMy, B03pacTa8T pollh JlHHSMH'I8CKHX Sq><peKTOB, He Y'!TeHHbIX B aTOii 

pa6oTe. 

4. ITpK K3MeHeHHH napaMeTpa . .cteq,opMallHH y 
0 0 

OT O AO 60 , COOT-

BeTCTByJOmero IIepeXo.Qy Sl.llpa H3 COCTOSIHHSI, KMeIOmero qiopMy BbITSIHyToro 

anrui:IICOH.Qa ap'ameHHSI, B COCTOSIHHe C qiopMo:i!: cnmocayToro annHIICOH]la 

apameHHSI, He o6HapylKeHo cymeCTB0HHoro SHepreTH'I0CKOro 6apbepa. TaK 

KSK B0nK'IHHbI SHeprHil: ·a TSKHX COCTOSIHHSIX pa3nK'I8IOTC.II Mano, TO mtpa 

6yAyT *MSII'KHMK' no OTHOW8HHIO K y -neqiopMSllHSIM. 
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5. ITpoBelleHHbI8 pacqeTbI IlOK83bIBSIOT B03MO)KH0CTb cymeCTBOBSHHSI 

KB83H'ISCTH'IHbJX aoa6y)KJl8HHbIX COCTOSIHHli, paBHOBeCHSSI Ae¢opM8llHSI KOTO

pbIX CHnbHO OTnH'IS9TCSI OT paBHOB0CHO:li: AeqiopMaUHH Sinpa B OCHOBHOM coc

TOSIHHH. Taxne aro6y)IUl8HHbl0 COCTOSIHIISI SIBn.lIIOTCSI H30MepaMH <pOpMbI. B 

11ccneAyeMo:li: o6naCTH SI]lep H30M8pbI <pOpMbI BCTp0'I810TCSI cpenH HH3Kone11m

IUHX B036y)KJl8HHbIX COCTOSIHH:li:, B TOM 'IHCne B cHnbHO.ll0<pOpM11pOB8HHbIX 

SI.llpax. 

6. OcHOBHble peaynhTBTbI He II3M8HSIIOTCSI KBK npn pac'leTaX C npyrH-

MH CX8M8MH O.llHO'laCTII'lllbIX ypOBHeii cpen11ero nonSI, OillICaHHblMH Bblme, 

/14/ /10/ 
TBK II npH pacqeTaX no MeTO.llY CTpyTHIICKOI'O , npoaeneHHblX B 

ABTOpb1 Bh!pa)KSIOT 6naronapHOCTb K.4>.AneKcaaAepy, K.llpocTe, K.Ky

Mapy, n.A.Manoay, H.H.MHxaiinoay, B.B.ITaruKeBH'lY, K.B.Pe1iry,. P.K.lllen

naiiny. 3.illnMaHCKOMY lI J1.XpnCTOBY 38 none3Hbl8 o6cy;;:JleHIIH. 
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Ta5naua 2 

OTpHU8TenbHbl8 'o , nono>KHTenhHble ,+ 
0 

)le<j,opM811HB; 

COOTB8TCTBymmae BM anexTpaqeCKB8 1maapynonbHW8 MOM8B-

Tbl Q (, -) H Q (,+) B 5apaax; saeprHII )le<j,opM811BB 
+ 0 0 0 0 

(; def =&(0) -& ( r ~ ) B p83HOCTb 3HeprHll .<1e<j,opM8UHl! 

6.&dof e&(,-)- & ( r:) B Mas paccqnraH~ ans ocaoaa~x 
0 

COCTOHHBll 11.[lep, YK838HH~X B 1-ol! K0n0HKe + 
Nuc.lide e::; Qo(~) ~! Qo(~) t.ct.ej 

---------
114xe -0.25 -J.1 0.21 J.2 1.1 

11~xe -0.25 -J.1 0.25 J.9 1.4 

llBxe -o.25 -J.1 0.25 4.0 1.6 

12oxe -0.24 -J.o 0.25 4.0 1.5 

122xe -0.22 -2.8 0.21 J.2 1.J 

124xe -0.21 -2.7 0.18 2.7 1.0 

126xe -0.17 -2.2 0.15 2.J 0.7 
--- -------
ll6Ba -o:J1 -4.0 o.n 5.5 2.a 

ll8Ba -0.JO -J.9 o.Jo !?.J J.2 

120Ba -0.29 -J.8 0.29 5~1 J.J 

122Da -0.27 -J.6 0.2a 4.9 J.2 

12413a -0.26 -J.5 0.26 4.6 2.8 

126Ba -0.25 -J.4 0.22 J.8 2.2 

12813a " o·.19 -0.2J -J.2 J.2 1.6 

1J0Ba -0.17 -2.5 0.15 2.6 o.9 
-- -----------------
122Ce -0.JO -4.2 o.J1 5.9 5.1 

124ce -o.Jo -4.2 o.Jo 5.7 5.0 

126ce -o.28 -4.0 0.29 5.6 4.5 

128ce -0.28 . -4.0 0.26 5.o J.6 

1JOCe -0.26 -;J.8 0.22 4.2 2.6 

1:>2ce -0.22 -J.4 o.1e J.4 1.7 

1J4ce -0.16 -2.6 0.15 2.9 0.7 --------
28 

At.c1.ef 

+0.1 ·,11) 

0 

-0.2 

-o.4 

-0.6 

-0.5 

-0.2 

+0.1 

+0.1 

0 

-0.2 

-o.5 

-0.7 

-0.4 

-0.1· 

+0.5 

+O.J 

.-0.1 

-0.4 

-0.4 

-0.1 

-0.1 

IlpOJlOnlKCHlle Ta6n. 2 

' 

-----------------
l28Nd -0 • .30 -4 • .5 0 • .30 6.J. 6.0 +0.4 
l.10Nd -0.29 -.4.4 0.2a 5.7 .5.o, 0 
J..32Nd -0.28 -4 • .3 0.25 5.l .3.7 ·-0.2 

l~4Nd -0.2.5 -4.0 .0.21 4 • .3 2 • .5 -0.1 

J..36Nd -0.J.9 -.3.2 0.16 .3 • .3 1.2 -0.1 --------------------
1.32sm -o • .30 -4.8. 0.29 6.2 6.o +0 • .3 
1.34sm -0.29 -4.7 0.27 5.9 4·.7 0 
l.36sm -0.27 -4 • .5 0.2.3 5.0 .3.2 0 
1.38sm ·-0.20 -.3.6 0.19 4.2. l.7 -0.1 
J.40sm -0.J..5 -2.8 0.12 2.7 0.4 -0.2 
=----==-----=-=-----==----=-----=-----==----=--====-=-=-=-=-=~=1 

Ta6nHita 3 

OrJiome!IHe nonaoro KBB/lpynom,aoro M0MeHTa Q tot K 

KBBllPYII0.IIbH0MY MOMCHTy'npoTOH0B Qp 'paccqHTBHHb!X 

B PBMKBX MJllKPOCKOIIHqecKoA M0/l8llH; 0TJI0meHH8 KBB/lpynom,

aoro M0M8RTB paBJI0MepH0 aapIDK8HJioro 0/lH0P0/lH0ro annHII
UMf 

C0H/lB Q p K MHKpOCK0IIHqeCK0MY KBBllPYII0llbH0MY M0M8H-

Ty IIp0T0H0B Qp KBK cjJyJIKitHH napaMeTpa lleitiOpMBitHH .IIO

Temmana f 

==========~=====~====~=====~=====~=====~====~====-=======· 
§.. -0.4 -O•~r~~,-0.~~•l · 0.2 o • .3 G.4 ---

Qtot/QJ? . 2.28 2 • .36 2.42 2.49 2.4.3 2.41 2.J.5 2 • .36 

~t:~~~==l=~~:~l-=:~=1-~:::J_~:::J=~::~l::~=l~:~:l::~:==== 
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Ta6nHita A 

Ae¢opMaIXHn , - H , + ; aHeprnn 11e¢opMaIXHH 11 
. +· O O II u> I(\ CO C\J u> ~ u> I'\ It's C-- II 
& d f ~ & (0) -& ( ,+) p83110CTb aaeprnA Ae¢opM8IXl!:A II J1 C\J C\J C\J C\J ~ C\J C\J C\J C\J C\J C\J II 

• 
0 H o o o ~ ~ o o o o o o:: 

fl. & def B Maa, paCC'<IITBllllble Mn OCIIOBllb!X COCTOSIIIHA II I I I , I o I I l I I I 11 
II 11 

118'18Tllb!X II ll0'10TIIO-ll8'10Tllb!X SIABP. . ff :: 
---~~------ -- doub.ly odd I :: • :: 
.l.15 .l.16 II O O O O O O O O O O O O II 

cs -o.3o 0.25 2 • .1 o cs- -:o·.32 o.3o 2.8 o U a g ~ ~ ~ ~ ~ ~ ~ ~ · ~ ~ ::· 
117cs -o.Jo o.28 2.5 o : 118cs -0.30 0.29 J.2 o U r4 r-1 C\J C\J C\J "' C\J N C\J C\J C\J C\J ll 

ll9cs -0.26 0.27 2.7 -:-0.1 ~129cs -0.25 0.26 J.2 -0~1. :I II 
12.l 122 · II II Cs -0.25 0.26 2.6 -0.4 Cs -0.25 o.26 3.2 -o.4 11 I . 11 

11 + + I + I I I + I II 123cs -0.25 0.25 2.3 -o.6 ;i.
24cs -0.25 0.22 2.5 -0.9 II 1 .· rl "' Ji "' J, r:--1 c-- '<I- "' c-- c-- II 

125 126 11 I t::'I .. .. .. .. .. .. .. .. .. .. .. 11 Cs -0.24 0.20 1.8 -o.6 . · Cs -0.24 0.20 2.0 -o.5 11 i + + 1 I ,I, ·+ 1 1 1 + 1 11 
127 128 II d :,.:: u> N "' N rl * '<I- "' «> N N 11 

Cs -0.2.l 0.17 l.J -0.4 Cs -0 • .19 0.16 1.4 -0.2 11 t-<11 II 
129 130 11 j I 11 cs -0.17 o.15 0.8 -0.1 Cs -0.l.5 0.15 0.7 -0.1 11 ro .._. +- <- +- +- ~ -<,-- -<.- -<,-- ➔ ➔ 11 
- ---- --- --- X II ft:JI QI I . II ---- b :,: ~ II -.:> \Cl +' C"\ I'\ 0 C"\ rl I'\ ~" I'\ LC', II 1J.9 120 tt SI II C\J IN 1G o O C\J O I'\ .-+ r-1 0 0 O O II 

La -0.32 o.31 · 4.5 +0.4 La -0.32 o.31 5.2 +0.5 ;,; ';§ ~ 11 r-1 t +' "' "' ""' "' N r-!! ""' "' "' "' "' 11 
121_ 122- / £ ;,; - 11 I "' A A A rel "' 'SI- Pt A Pt A • Pt 11 

-r-a -0.30 o.Jo 4.6 +o.J ~a -o.3o o~3o 5.J +0.4 . .' g .. o. :: • I r:1 Pt :: 
· l2J 12,L II\ "' o, II II 

La.- -0.29 o.30 4.5 +0.2 ·La -0.29 0.29 5.o +0.1 "' ., ~ 11 1 11 
125 o 28 o 28 4 o 2 126 2 1 "' ~ "' II · ..,__ .,._ -- ➔ ➔ ll La - • • • .-o. La -o. 7 0.27 4.1 -o.5 · s. " ., 11 Cl) ➔ + ➔ ~ ..... ➔ +- .....- -r · 11 
127 126,. · I ., i ~ II +> I'\ rl I'\ rl I(\ I'\ I(\ I'\ II 

La -0.27 0.25 J.2 -0.5 .i.,a -0.28 0.2J 3.2 -o.5 1 ~ o o II oi o o o "' N "' o o r-1 o r-1 11 
129 130 ' -e- .. II .µ I "' I(\ I(\ ~ 0 rl I(\ C\J 'SI- I(\ 'SI- II . 

La -0.26 0.21 2.4 -o.3 La- -0.25 0.20 2.3 -0.1 · g( 8 :: w A A r:1 r:1 1j ~ Pt 1; Pt r:1 · Pt II 
13L .lJ2- ~ Q) II I I II 

-i.a -0.21 0.19 1.4 -0.1 -i.a -0 .• 17 0.16 1.3 O :a tS 11 11 
13J 1J4.. bl -" I II 

La -0.15 o.lJ 0.5 -0.1 "La -0.lJ 0 • .1.1 0.5 -0.1 ~ g ;:J :, I ,l 
_ ---------------------- I() 0 ~ ~ co 11 II 

123 .124 § ~ ~ ~ : :: I o ~ ~ CX) co C\J ~ ~ ~ ~ "' ""' n Pr -0.32 0.32 6.4 +0.7 Pr -0.31 0.32 7.1 +0.8 m ~ " '° ~ 11 wl • • N N "' • • • • t\l t\l 11 
125 . . 126 \0 0. g II I O O • • 0 0 0 0 • • II 

Pr -0.30 0.31 6.3 +0.6 Pr -0.JO O.JO 6.8 +0.6 
1 

" "' ., ,. 11 1 1 o • o I I I o o 11 
127 128 f-o 1..: ~ x II I O I I II 

Pr -0.JO 0.29 5.7 +0.2 Pr -0.29 0.28 5.8 0 · ~ :;; l11 I :: 
.129 130 · :e: ~ 1 11 

Pr -0,29 0,27 4.8 -0.1 Pr -0,29 0.26 4.7 -0.J " ,. 11 11 
131 132- : "' .. 11 I I 11 

· Pr -0.28 0,24 3.7 -0.2 -i>r -0.28 0.23 3.4 -0.1 s -;, ~ I: II 
133p 25 0 l3L " g; II I O O O O O O O O O II r. -o. 0.2 2.5 0 '.l:'r -0.20 0.19 2.1 0 : .. : 0) II XII'\ 0 'SI- '° 'SI- 0 0 'SI- 0 \!) \!) II 
135 136 =:r ~ " II I . Cl> I \!) 0 rl t\l I'\ 0 0 'SI- co I(\ '° II 

· PI -0.19 0.16 1. 2 -0.1 Pr -0.15 0.15 1 • .0 -0.1 ~ ; II r4 I rl N N N t\l ~ ~ t\l ~ t\l t\l 1: 
------------------· ----------- 0 "' >- II I I II 

odd - Ir ----,------- t:' !:! § II 1 :I ------- -- 11 l n 
.l.15 , '125 . 11 I 1 11 

Xe -0.30 0.26 J.,.7 0 Ba -o.25 0.25 ;3.o -0.8 1: 1 1 1 + + 1 + 1 1 :: 
117xe -0.26 0.27 2a o J. 27Ba -0.25 0.2.1 2.3 -0.6 :: I ""' ,:!j C\J "' r-1 Ji t\l """ r-1 c--- r-1 II 
119 129 11 I ~I .. .. .. .. .. .. .. .. .. 11 
. Xe -0.25 0.26 2.2 -0.2 . Ba -0.15 0.17 l.6 -0.3 11 I .. I I + .. + I + t I 11 

12L . 131 II I 1:4 I'\ ct I(\ 'SI- t\l I I'\ I(\ -st ..; 0 II 
--xe -0.24 0.25 2.1 -o.4 Ba -0.15 0.15 o.9 -o.4 ll I "' "11 

123 · 11 co I 
Xe -0.23 0.2.1 1.5 -o.8 12J , '° 11 

11 m I 11 

12 Ce -o.3o o.Jo 5.8 +o.5 11 it:J . .- ~ -«- +- ➔ ➔ ➔ ~ • -<- 'I 
5 125 ll'S!- '° I QI· ..;.. I 
Xe -0.21 0.18 1.1 -0.4 Ce -0.29 o.Jo 5 6 +O J llt\11(\ ~ I'\ I'\ "' I'\ t\l I'\ "' rl · rl o 11 

• • jjrl •• 0 0 0 t\l t\l O t\l O rl rl t\l II 

127 127 ) .., "' "' "' "' ""' "' o "' ""' """ ""' 11 

Xe -O.J.6 0.15 0.7 -0.l Ce -0.28 0.28 4.6 -o.4 ll · I "' I A A rel A A A 1; A Pt Pt Ptll 
ll 7B . 33 3 6 129 11 I 11 a -o. o. 0 J. +0.l Ce -0.28 o.24 3.5 -0.7 II 11 

119 lJl .. 11 Q) 11 ~ ➔ ➔ ➔ <-- "'°" ~ .,,_ ~ - <-- ll 
Ba -O.Jl 0.30 3.9 +0.2 Ce -0.25 0.20 . 2.5 -0.2 II +> o u-. t\l rl o o rl o I'\ "' o 11 

ell I t\l O t\l rl t\l t\l rl C\I rl O U-. II 121 lJJ 11 +> · -.:t- u-. -.:t- -.:t- -.:t- -.:t- -.:t- -.i- 'SI- II'\ II'\ 11 
Ba -0.29 o.29 4 • .1 +O • .l Ce -0.19 0.16 1.5 o u w I A rel A A 'A A A s:I ~· Pt Pt Pt 11 

12J · lJ5 Ba -0.27 o.a8, 3.8 -0.2 ce -0.14 0.12 o.6 -0.1 1 31 

=================================-==========·======================1: 
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Ta6nana 6 
I 

811epraa· Boa6yJK11e1tHR & ... (B xaB) I'! paB110BeC11bI8 
\ 

11eq,opMa1U111 < O llHJK81lWHX . O/lllOI<B83H'l8CTH'lllbIX B036ylK/18ll-

llbIX COCTOlillHI! ll8'18TllbIX Sl/lep. 

/'..,_====== ====== ========== ===-_ _;= - ---------- ------ - -- --' , . - -- ----- ------------------ -------------------=-=-===-=--
state 

50J+ 
505 -i, 

420 +. 
5oJv 
4JJ..,. 
4JJ.t 
402 + 
.50J. + 

- 422 t 
.523 .f. 

404 + 

4J.J .i-
505¼ 
4ll t 
4J.J + 
JJO .f. 
420 .f-

422,i, 
550 ♦ 

404+ 
411+ 
505+ 

Sta te 

0 -0.2J 5 034' 
430 -0.20 42 o+ 
440 -0.24 .50 J½ 
480 -0:..20 50 5t 

580 ~O.J.9 42 2t 
6J.O -0.J.9 52 J.f. 

110 o.2J. 40 2f. 
790 -0.22 .50 H 
8.50 -0.24* 411 t 

8.50 ,0;22* 43 H 
900 0.20* 4J H 

J.23 
55Cs68 

0 -0.25 
50 -0.25 
370 -0.25 
490 -0.24 
6J.O -o.Jo 
640 0.25 

650 -0.25* 
660 0.25* 
780 0.26 
810 -o.24 
820 -0.2.5 

-

Jt 4J. 
50 
411 
4J. 
42 
42 

5 ♦ 

+ 
J ♦ 

o ♦ 

2t 

JJO+. 
422+ 
550 ♦ 

.505 t 
4llt 

E E.o exc 

12.5 
56Ba69 

0 -0.25 
-·J50 -0.28 
- 440 -0.27 

6JO -0.25 
740 -0.28 
770 0.25* 
800 0.25* 
840 -0.26 
890 0.25 
930 -0.23 

J.OJO -0.22* 

125 
55C5 70 

0 -0.24 
.50 -0.2J 
420 -0.25 
500 -0.22 
650 0.20 
670 0.20* 

Ilpo11onJKeHae Ta6n, 

770 -0.JO 
770 -0.20* 
790 0.21* 
830 -0.23 
830 -0.23 

-. 12-J----- J.27 Pr _____ ---5.9.:..::.6.4... __ 
--~.6.6_ 

404'1- 0 O.J2 532 ♦ 0 o.Jo 
.54H JO -0.JJ. 41Jt 200 O.Jl 
.5JH llO o.JJ 404 ♦ 450 o.JJ 
420 ♦ 290 o.J2 4ll-t- 5JO · O.JO 
422t 450 o.J2 .541-t 590 0.29 
41Jt .520 o.JJ. 420-t .920 o.Jo 
.550 .f. . 540 0.29 .52J -t 1080 O.JO 
411 ♦ · 730 -o.J2* 422 ,i, 1120 O.JO 
505t 770 . * -o.J2 .550 ,t. 1200 0.29 
4ll ♦ 800 -O.J2 4llt 1200 -0 • .32 
411+ 810 o.J2 50.5 ,l, 1260 -0 •. 32* 

state Eexc to state Eexc to -
' 

J.27 
56Ba7J. 

J.29 
58c8 71 

50Jt o. -0.25 50Jt 0 -0.28 
50J+ 200 -0;24 503 t 2J.O -0.25 
.50J. + .:.JJo .;.Q;25 50]. t JOO -0.28 
4JJ.t 4J.O -0;22 . 4JJ. + 520 -0.25 
4-JJ.-J, 450 -0.22 50]. {, 610 -0.27 
501-1, !>70' .;.o_;.25 4JJ.t 620 -0.22 
404-.1, 600 0.2J. 402+ 680 0.24 
52Jt 600 o.2i* 400-t 690 -0.28 
402t 700 0.22 .52J + 700 0.24* 
420t 770 ..:.0.26* 40H 730 0.23* 
.505 .£. 8J.O -0.15 505{, 1050 -0.24 

127 12~a 57La70 5 72 

4llt 0 -0;27 4ll+ 0 -0.26 
413+ 130 -0.26 413,l, J.Jo· -0.2.5 
505+ 170 -0.28 4llt 160 -0.25 
411,r 2J.O -0;28 50.5t 170 -0.22 
505 -t 260 -0.21 505,} 180 ... 0.26 
422 t 350 -0.25 422+ 250 -0.2J 

550+ 490 0;25* · 550+ 290 0.21* 
54J.+ 5J.O 0;25* 420t 360 0.20* 
420t 5JO 0;25* 541 -t 4JO 0.21* 
4221' 650 ·0;25* 422-l, 490 0.20* 
JJOt 700 -0.32 41Jt 650 0;20* 

J.251Td 
!J_ 

41J{-. 0 o;J2 411,v 0 O.JO 
5J2t 100 o.J2 52J + 4JO O.Jl 
411+ 310 o;J2 41Jt 430 · 0.31 
411 t 540 o.32 532 + 600 0.30 
541+ 780 0.35 541 t 610 o.33 
523-t 800 o.32 4llt 830 o.J2 . 
422t 1000 -O.J2 402-t 890 0.28 
505 t 1100 -0.JJ. 420-t J.070 -0.31 
420 + 1110 - o.Jl 503'+ ll20 -0.Jl* 
422 + 1110 -0.32* 422-S, 1220 .-o.J2* 

503 t 1160 -o.n* 404,t, 1440 0.28* 
=======~======================================-========================-=========================== 
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12~ 
1-~22... 

p state n state KTC. Ee:x:c E.o p state n stale K ~ Eexc E.o 

----------------
41J,l, .50Jt 1-, 6- 0 -0.2.5 41.lt .50J t .5-, 2- 0 -0.27 

.50.5t .50Jt 9-t-, 2-t- 40 -0.2.5 4lJ.., .50J t 1-, 6- 160 -0.26 

41J+ 422t o..., 5-t- J80 -0.26 .50.5 ,l, .50H 1 ... , 8+ 200 -0.27 

.50.5t 422t 8-, J- 410 -0.27 411 {, .50J t J-, 4- 200 -0.27 

41J~ .50J,l, .5-, 0- 410 -0.27 411 t 420 t 2+, 1+ 270 -0.28 

.5o.5t .50:3 v J+, $+ 490 -0.2.5 4llt .50J {, 1-, 4- -4-JO -0.28 

41Jt .50Jt 7-, o- .500 -0.2.5 .541 t .52J t 5-t-, 2+. .5JO 0.27 

420t 402t J+, 2+ 860 0.22 .5.50 + .52J t 4+, J+ .5.'.JO 0.2.5 

422t 402t 5-t-, O+ 8~0' 0~22 420 t .52Jt 4-, J- .570 0.27 

·422+ .52Jt 6 .... , 1- 870 0.22 .541 t 402 t 4-, 1- .580 0.2.5 

420t .52Jt 4-, J- 870 0.22 404 t .52J t a-, 1- 600 O.JO 
====================================================-==============================================-== 
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Pnc.5. rpaip!IK 38IUICHMOCT!I nonOl!CJITenbHhlX 3H8'I9HRil: paDHOD8CHhlX .neipop-

,MB.Ullil ( ~- KB.K q,yHKUllll 'IHCna npoTOHOB z n neilTpOlIOB N ' +- , 
BenH'IHHhl £ O _npllB9J:18llhl PSUlOM C KplIBhlMH; YKB.3B.HB. nHHHSI B Pa 0. 
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e O . 0 
KaK qiyHKIIHH '!HCna npOTOHOB z II '!Bena Heil.TpOHOB N , BenH'!HHbl 

Ii& def yKaaaabI y KplIBblX B MsB. To,ICTaSI cnnowHaSI nHHIISI COOT

BeTCTByeT S{i,der O • B KPY.1KK8X YK838Hbl o6naCTII SIAep C nono.1KH
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Pnc,9. 3aepreTH'l0CKBB noaepXHOCTb OCHOBlioro COCTOSIHHSI gnpa ue Ba B 
KOOp,llHHBTBX /3 H y • lincna y nHHHil yK83bIBBlOT B0.IIR'IHHy sHep-
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Pnc. 10. TTpoe,amn MnHnMyMa aaeprnu Ha nnocKOCTb y • KaJKnan TO'lKa 
STOli: KPllBOli: COOTBeTCTByeT MllHllMyMy aHeprn11 KSK giyHKllBII · {3 
npn y = const . 
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