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8 paooTe [i'J cooomeHLi pe3yJJbTaT!.I auanH3a 3KcnepHMBHTanbHbD( 
naHH!.~. 0 nOJJHOM ceqeHHH B3aHMOneACTBHR HBATpOHOB C .Bi H 
KorepeHTHOA nnHHe pacceRHHR nnR 3Toro Rnpa, npoeeneuuoro c uenb~ 

onpeneneHHR . aMnJJHTYnhl ( n,e )-B3aHMOneACTBHR H K03~~HUHBHTa 

nonRpH3YBMOCTH HBATpoua. Hcnonb3YR naHHLre rapxHnrcKoA rpynnhl 12,3] 
out nnR qenJpex 3HepreTHqecKHX ToqeK ( 1,26: 5,19: 18,8 H 132 
38 ) H a.Kor DJJH Bi, a niKlKB COOCTBBHHLre 3HaqeHHR ut B HHTepeane 1 
- 30 38, aBTOPhl paOOThl [1] nonyqHJJH HOBOB 3HaqeHHB a.n~ H OUBHKH 
K03~~HUHBHTa nonR~~3YBMOCTH "'rr flonyqeHHOB B [1) 3HaqeHHB 
a.neC-1, 59±0, 04)10- ~M npesbllllaeT no aocon~THOA eenHqHue see .pauee 
H3BBCTHhlB OUBHKH H OTJJHqaeTCR Ha 20% ( fiPH. OmHOKB "" 3% ) OT 
3HaqeHHR, nonyqeHHOrO B [4) Ha OCHOBaHHH TBX lKB HCXOnHL~ DaHHb~, H 
COOTBBTCTBYBT OTPHUaTBJibHOMY 3HaqeHH~ CPBDHBKBanpaTHqHoro 
3apRnoeoro panHyca HBATPOHa. fiOHCKH nanbHBADiMX fiYTBA ynyqmeHHR 
oueHKH "'n npHeenH uac K ueooxonHMOCTH 6onee TmaTeJJbHoro auanH3a 1 

MBTOnHKH H3BJJeqeHHH ·a ynOMRHYTL~ B!.IDIB paooTaX 3HaqeHHA a.ne H "'n H3 
naHH!.lX 0 'ut H a.KOr nnR Bi H Pb. • 

HaMH · O!.IDH npoeepeHhl HCnOJJb30BaHH!.re B [1, 4] ~OPMYJJLI, OUBHBHa 
ponb oT6pomeHHLIX qneuoe H enHRHHe bTPHUaTenbHL~ · pe3ouaucoe ua 
H3BJIBKaBMbl8 113 ·3KCnepHMBHTaJJbHL~ naHHL~ 3HaqeHHA a.ne H 

flonHaR aMnJJHTyna paCCBRHHR HBATPOHa Ha aTOMB 
npencTaeneHa e eHne 

"'n· 
MOlKBT ObiTb 

ID 

ft(B)=2hc E (2l+1) (e2 iPt -1)Pt (cosB)+ 

t=O 
ID 

2hcE (2l+1)e2 iPt(St-1lPt(cos9) , (1) 

l=O 

rne P 1 -~a3a nnHHHoneACTBY~mero pacceRHHR, s 1-RnepuaR 
pacceRHH~ nonaraR nanee 

H e2ic5t ( 1 - iE 

MaTpHua 

1 nt 
Pt = J)t+~t st 

E- E01 +irj2 

J)t' ~l~ c5 1 -~a3hl fiOJJRPH3aUHOHHOrO, 
nOTBHUHfiJibHOrO paCCBRHHR ) ·H HCfiOJib3YR 

(n,e)- H 
npennonolKeHHe, 

RnepHoro 
qTo npH 

MaJJb~ 3HeprHRX paCCBRHHB onpBDBJIRBTCR TOJibKO s-BOJIHOA, a CaMH ~a3hl 

. MaJibi, Mhl , cnenyR 3a aBTOpaMH [1 ], MOJKBM nonyqHTb npllOJIHlKBHHOB 
Bb!palKBHHB nnR f t . 8 [1) npH 3TOM CqHTaJJOCb, qTo aMnJJHTY nhl . (n.' e)
H fiOJIRPH3aUHOHHOrO B3ai1MOnBACTBHR MOrYT Ob!Tb B3RTLI ; B OOPHOBCKOM 
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8 npH6UH~eHHH H 'RBURnTCR 'IHCTO ~eACTBHTenbHh~H eenH'IHHaMH. 
pe3YfibTaTe B MHHMoA '!aCTH ft ( qepe3 'KOTopyn 3aTe~ 3anHthmaeTCR 
nonHOe Ce'!eHHe ) OTCYTCTBYDT qneHhl OT (n,e)- ·H nonRpH3aUHOHHOrO 
pacceRHHR, o6ycnoeneHHhre nepeoA cyMMOA Bh~a~eHHR (1). Hcnonb3YR 

' . . 0 
npe~cTaeneHHR ~a3 'lepe3 ~nHHhl pacceRHHR 60=-kR~· , 1! 0 =:'-k/p 
~ =-k/n°e npH YCUOBHH 6 +TJ +~ · « 1 , H B. npe~nono~eHHH paeeHCTBa 

0 000 .• ~ 
pa~HYCOB pacCeRHHR'~nR pa3Hha CUHHOB 6y~eM HMBTb 

Re/t=-R~- ~ S1+ 4<R~+/~+ /~e)S2 -fne-/p ~ 

Im/ = kR' 2 +2kR' (J 0 +J 0 ) . + (R' +/ 0 +/ 0 
) S + ~ S t o o p ne o p ne 1 qA 2 

3~ecb 
gr nl1E 

S1=I: l1E2+ r2/4 11 
gr nr 

S2=I: l1E2+ r2 /4 

· (2a) 

(3a) 

O~HaKo 6onee nocne~oeaTenbHO nonb30BaTbCR cTporo Bh~a~eHHBM (1) H 
npH BhL1leneHI1H MHHMOA '!aCTH /t OCHOBhmaTbCR Ha 
CYMMY ~a3 TJ l. H ~ l , Bhl'iHCUBHHha B 6opHOBCKOM 
OCTaBURR B pa3nO~eHHH sin H cos nepBbiB 'lneHbl, 
HeCKOilbKO ~pyrHM Bh~a~eHI1RM lWR Ref~ 11 Im/~ : 

no~cTaHoeKe e nepey~ 
np116n11~eHHH. Tor~a. 

np11~eM np11 t=O K 

Ref~=-( R;,+J~+f~e ) - ~ s1 + ~ R;,+J~+f~e )S2 1 (26) 

Im/o"= k( R' +/o+/o ) 2 + ( R' +lo+lo )S + ~ S . t o P. ne o p ne 1 qh 2 (36) 

8 OTUI1'!11e OT (3a) B (36) UORBURJ>TCR KBa~panl I p H I ne 11 

nepeKpBCTHh!e '!neHhl Me~~y HHMH ( 'ITO UP.HBO~HT K HHTBp~epeHUHOHHhiM 
4nimf 'IUBHaM B CB'Ie~HH ) . :liMell B BH:t\Y, '!TO u t==~t H a.KOr = -Rei t 

cne~YR aBTOpaM [1], nyTeM HCKUJ>'IeHHR 113 ~OpMyn pa~Hyca pacceRHI1R 
R;, H npeHe6pe~CHHeM B Relt '!UeHOM, BKUJ>'!aJ>mi1M S2 Ha · OCHOBaHHH 
(26), (36) HanHmeM Bh~a~eHHe ~nR BenH'IHHhl 

. u . 2 . 
Y= 4nt -a.Kcir ' <4 l 

KOTOpaR HCUOUb30Banacb ~nR H3BUB'IBHHR HCKOMhiX a.ne H "'n 113 

3KCnepHMBHTanbHhiX ~aHHhiX. 6hiDO nony'!eHO Bh~a~BHHB 

. ' : ~ ~ -<" 

.,., .. 
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Y(E' )=( !!. /k' R )2+ (loth_ 1 o. )2- ~a. k' Rl _ 2 a. (loth_ IC!') 
3 ne ne 3 Kor Kor ne ne 

+[a. _ n k' Rl _ (loth_ 1o.)] (I:' _ I:th) + 2 nk' Rl (loth_ 1 o. ). 
Kor ~ ne ne 1 1 ~ ne ne 

+! c~th>2 _! ~·~th +! E' 
4 "1 2 "1"1 4 2. ' (5) 

KOTOpoe aHanorH'IHO ~OpMyne, npHBe~BHHOA B [1]. HMeJ>meecR pa3UH'IHB 
B 3HaKe URTOrO 'IUeHa CBR3aHO C HCUOUb30BaHHeM B [1] aMnnHTY~ 

pacceRHHR, a He ~nHH, KaK e HameM cnyqae. Pacxo•~eHHe ~opMyri ~nR Y 
o6ycnOBUBHO npHBe~eHHh~H BhDe Bh~a~BHHRMH (2) H (3) 1 H ere MO*HO 
npencTaBHTb KaK 

l1Y YHaCT.pa6.- y[1] 
(!!. k'RI)2+ (lo' )2+ 6 nk'RI(Ioth_1o,) 

3 . .. ne 3 ne ne 

+ 2lo' I + 12 ne · 

3Ha'!KOM th nOMB'IeHbi.BeUH'IHHhl, OTHOCRlliHBCR K 
WTPHX OBaHhl 3Ha'!eHHR npH TeKymeA 3HeprHH E'. 

8.~opMynax.H~nonb30BaHhl o6o3Ha'!eHHR 
I:1= S1/k ' ' , . E2= S2/~ . 

I= ~ (~ )2"'n 
0 I ne= a.nez F(E) 

(6) 

HyneeoA 3HeprHH, 

R = 0,135A1/ 3 

a 

B 

enHHHUaX 10-12 CM ), M - Macca HeATpOHa, F(E) 
~opM~aKTop. DnR nonRpl13aUHOHHhiX ~a3 e 6opHOBCKOM 
UOUY'IBHhl 3Ha'!eHHR [5]: . 

aTOMHh!A 
npH6UHJI(eHHI1 

11 o~ -lk [1 - !!. kR + ~2

1 ' 3 3 11 1~ -lk [ 1; kR- (k:)
2 

] • 

HeTpymto nony'!HTb .H cTapmHe ~a3hl nnR (n,e)-pacceRHHR. Ho Y'leT nnR 
nonRpH3aUHOHHoro 11 (n, e) -pacceRHHR eonHhl c l =1 npHeeneT e (5) K 

npeHe6peJI(HMOA nonpaeKe Ha 'IUBH 3( 1; kRf + l~e> 2 
• 

8 [1] eeeneHhl o6o3Ha'!eHHR 
p = ~th - ~· 

1 "1 "1 
~2. 

1 ( th)2 1 ~thE' + 1 E n 2 
P2= 4 E1 - 2 "1 1 4 k2 (AE' 2+ r /4) 

:f 



1 grn r ,/Eo/E' 
4 E 2 · . ~ 2 BLipaJKeH 'lepe3 ce'leHI1e 3ax sara 

k (~E' + r /4) · · · 
a 'lnen 

"r (E' )/4n • AeropaMI1 [1] B npennonoxmHI111 ~E » r Y'II1TLmanl1cb ronbKO 

nepBbie ·'lneHbl pa3nOJKeHI111 P1 11 P2 B MHOrO'IneHbl no BBni1'111HaM E' /E0 11 

6binO nony'leHO, 'ITO 

p1""· 
E' a k' _,; r 
n < r > . r 

gro2 
.! [E n - (E 4 . (0,00219.7) 2E~ 

gr~ ) 2] . 

0 

(7) 

p2"" 

3necb 11Cnonb30BaHO npencraenen11e pe3oHaHCHbu 'lnenos 'lepe3 

np11seneHHLie neflrpoHHbie m11p11HLI • ) . TaKofl y'ler pe30HaHCHbiX 'lnenos s 

[1] 'lepe3 P
1 

11 P2 6bin cnenaH, 'IT06bl yMeHb"mi1Tb HeonpeneneH~OCTb 

BKnana B Y OTP11UaTenbHblX pe30HaHCOB • B STOM npu6nuJKeHUU Pz -

KOHCT8HTa. flpaKTI1'1eCKI1 aBTOPhl [1) B o6pa60TKe ~11KCI1POBanl1 P2 . Ha 

pa3HbU ypOBHIIX, Bb~paB era paBHb~ -0,0023 6/CT 113 ycnOBI1fl 

na11ny'1mero on11caH1111 3Kcnepi1MeHranbHbU naHHI>IX. TeM caMbiM 113 MHK
nonroHKI1 6un HCKnn'leH napaMeTp, Koppenup~l!1uil c I ne , 'ITO, 

HBCOMHeHHO, BeneT K. 3aHI1lKBHHJ> Omi160K H3BfleKaeMbiX napaMeTpO~ ( ane , 
"n ). 8nHIIHI1e JKe P2 Ha OUeHKH ane• KaK DOKa3aHO HHlKB, 3Ha'II1TenbHO. 

TI03TOMY BalKHO Y'IBCTb P1 11 P2, He orpaHI1'1HBai!Cb HCDOflb30BaHHblM B 

[1) Dpl16fll1lKeHI1eM. 

TaK, Y'leT sropbu 'lnenos pa3nolKBHI111 naer nonpaBKI1 K P1 11 P2 

gro 
~P = - E' 2E n 

1 0,002197E~ 

gro2 gro gro 
~P = :£;.' [E n - E n E n ] 

2 2 (0,002197) 2E~ 0,002197 E
0 

0,002197 E~ , 

KOTOPbie, KaK DOKa3anl1 OUeHKH, np11 3Hepri1RX Bh!me 10 38 11MBJ>T 

3Ha'leHI111 OliHOrO noplll!Ka C OUHCbiBaJ>mi1M 3~~BKT nonRpi13YeMo·cTI1 'lnBHOM 
2 . 
3"a.KOr k' R/ { np11 Ql!(l1llaBMbU 3Ha'leH11HX "n ) . 

OueHKI1 P2 no napaMerpaM nonolKI1TenbHbU s-pe3oHancos Bi, 

pacnonOJI(eHHbU no 46 K38, 113 [6) naJ>T 3Ha'leHHe -0,00288 6/CT. 

H3secrnoe rennosoe ce'leHI1e 3axsara 
209~\ "r= · 33,8±0, 7 M6 s 

np11HUHne MOlKIIO OUHCaTb UOflOlKI1TeflbHb~f1 pe3oHaHCaMH 11 B [6) YKa3aH 
• • I 

HyneBofl BKnan OT OTPHUaTBflbHbU ypoBHefl. Ecn11 CllenaTb BnonHe 

o60CH.OBaHHOe nonymeHHe, 'ITO y 209Bi HMB!lTCII OTPHUaTeflbHblfl pe30HaHc 

4 

-~· 

H npHDI1CaTb BMY cpenHI1B napaMeTphl ( E0 = ~ 3700 38, r~= 0,29 38 ), 

TO TaKOA pe30HaHC nasan 6hl BKnan B TBDnOBOB CB'IBHI1B 3aXBaTa 

"" 2 M6. 3ro ne npor11eope'111T yrsep•neHI1~ [6] o HYnesoM BKnane 

OTP11UarenbHblX · YPOBHBA B. 0'~ _' , T. K. TO'IHOCTb _ODHCaHHII O";h 
onpenenReTCII OmH6KaMH pa~uaUHOHH~ mHpUH ( Hnl1 OmH6KOA < rl' > ), 
KOTOpbm COTaBnii~T 10-20%. CymecTBOBaHI1B YKa3aHHOrO OTpi1UaTBnbHOrO 

pe3oHanca npHBOlll1no 6M K P2 "" -o,00146 6/CT. EcnH nonycrHTb 

HeonpeneneHHOCTb B DOflOlKBHI111 OTp11UaTenbHOrO pe30H8HC8 OT -800 no 
-5000 38 np11 COXP8HBHI111 BKnaaa.' B a;h Ha YPOBHe:: :2 .•J.I6; _, .. TO.· -~TO 
nasa no 6LI neonpeneneHHOCTb )! . '£>2·· or5 -Q, 0009 no :Q,O~~-\ (>JeT. . fip11 · 

BKnane Ha YPOBHB 1 M6 3TOT pa36poc COCT8BI1n 6M OT -Q,0019 no 
-Q, 0027 6/CT. ( flpi1MBP Bni111HHR HeonpenenBHHOCTI1 P2 Ha ane H an 
npHBBnBH B Ta6n,2 .) 

flp11 npoeeneHHI1 cpaBHHTBnbHbiX pac'IBTOB no llBYM fOpMynaM nnR 
BenH'I_HHbl Y ( Hama fOp Myna (5) 11n11 (1) 113 [1] ) Mbl HCDOnb30B8nl1 

3KCDBPHMBHTanhHbm naHHLm 0 O"t 11 "'Kor rapXI1HrCKOA rpYDDLI H "t 113 

pa60TLI [1 ] . KaK 11 B pa60T8X [1] 11 [ 4] 
1 

Mhl BBOnl1nl1 nonpaBKH Ha 

mBI1HrepOBCKOB paCCBIIHI1B 11 TBBpnoTBnbHLm 3~fBKThl cornaCHO_ naHHb~ 

[4 ]. 

OnpeneneHHe 11CK0Mb!X napaMeTpOB "'ne H an , Hal1nY'ImHM o6pa30M 

ynoBnBTBOPIII>InHX 3KCnBPHMBHTanbHb~ naHHb~, DPOBOliHflOCb C 

11CUOflh30BaHHBM CTaHnapTHOA nporpaMMbl MHHHMH38UI1H ~YHKUHH x2 FUMILI 

[7]. 

8biHYlKliBHbl OTMBTHTb, 'ITO B cny'lae HCnOnh30BaHHII il!OPMYnhl (1) 113 

[1] 11 YKa3aHHblX TaM ycnOBHA Mbi HB CMOr nH BocnpOH3BBCTH. pe3YnbTaTh!, 

nony'leHHbiBB [1] no 3Kcnepi1MBHTanbHbJM naHHb~ rapx11nrcKoA rpynnLI. 8 

ra6n. 1 npHBBliBHbl pe3ynbTaTLI 8Hanl138 rapXHHrCKHX naHHb!X llnll pa3Hb!X ..• 
BapHaHTOB Oni1CaHI111 BBni1'111Hhl ~ 

1 -nama il!OPMYna · (5) 

s-pe30HaHCOB no 

c 
llaHHb~ 

npRMb~ 

[6] 
Y'IBTOM nonolKI1TenbHb!X 

11 BBBliBHHBM OliHOrO 

OTpi1UaTBflbHOrO YPOBHII CO CPBliHI1MI1 napaMerpaMH; 

2 -nama il!OpMyna, HO PB30HaHCHbiB 'lflBHbl P1 11 P2 B311Tbl B 

npl16nHlKBHI111 [1] cornaCHO (7); 
3 -~OPMYna (1) 113 [1] np11 11CDOnb30B8HHb!X B 3TOA pa6ore 

ycnOBHIIX ; 

4 -TO lKB1 '1TO 11 1, OTP11UarenbHblfl pe30HaHC B3RT C napaMerpaMI1 
. 0 

E0=-5000 38, rn=0,58 38. 

5 



,:·· ... . ~ '' Ta6n.1 · · ' -•> 1 ., 

Pe3ynbTaTLI aHanH3a rapxHHrCKHX 3Kcnepi1MeHl-anbHLIX naHHLIX- nriil Bi 

8apHaHT a· (X ·fo-16) CM· 
. ne • -~~(X 10-3 )' ~M)' 

1 '~-L4o ± 'b, 03 .. t' '- 21 ± 6 

2 - 1,57 ± 0,06 ' _.!. , .• 51 ± 12 . P 2=-D; 0023 

3 
; 

- ·3, 78 ± 1; 89 
., 

'' 58 ±' '24 -. P 2=-0; 002:3 

4 - 1,'34 ± 0, 04 ..: 22 ± 7 

8 sapHaHTe'3'nposrenileTCR CHnbHaR'KoppenHU~H Me~ZIY HCKOML~H ·~ne H 

an , 'ITO npHBOZIHT K YBenHqeHHD OWH60K OUBHHBaeMLIX napaMeTpOB. ~ 

npHBnB'IBHHBM ZiaHHLIX 0 at H3 [1) • ( ZiaHHL!e CHRTLI C rpa~HKa B CTaTbe 

B HHTepsane llO 30 38 BLNHCneHHR. 'ZlanH· pe3yUbTaThl, npeZICTaBnBHHh!B 

. s n6n, 2. 
Ta6n.2 1 .· .;r 

Pe3ynbTaTLI BHanH3a ::iKcnepHMBHTanbHLIX ZiaHHLIX' ZinR Bi· H3 [1·) H [4] 
' ' 

8apHaHT ~ a 
ne n 

1 - 1,51 ± 0,03 16 ± 16 

2 -1.61 ~ 0, 03 46 ± 16 P2= :..o,oo23 

2 - 1, 53 ± 0, 03 42 ± 16 P2= -0,0014 

3 -1,79 ± 0,86 19 ± 31 P2= -0,0023 

8 Ta6n. 3 ZIBMOHCTPHPYBTCR Bni1RHHe OTPHUaTenbHOJ:O. YPOBHR. · Ha 

--OUeHHsaeMLie mipar.ieTpl>! nnsr eapHaHTa 1, ecnH · Hcnonb3.YDTCR. 

3KcnepHMBHTanbHLI!f ZiaHHL!e H3 [1] H [4 ]. 

~ 
ne 

- 1, 51 ± 0, 03 

- 1, 57 ± 0,03 

- 1, 67 ± 0, 03 

Ta6n.3 

an 
--

16 ± 16 

22 ± 16 

40 ± 16 

E0/r~ OTPHUaT.pe3oHaHca 

-3700 :; o. 29 
-3700 I 0, f45 

;o.;o 

AHanorwml.le cMemeHHR 11-ne H an o6Hapy.lKHBaDTCR B eapmiHTe · 2, ecnH P2-
H3MBIIRBTCR B npenenax OT -0, 0014 ZIO -0, 0029. 

Ha' PHc'.'1 ,M.Qll{HQ s'Hli"eTb:·. 11\0PMY MHHHMYMOB ~ 2 nnR sapHaHTa 1 
Ta6n. 2. 8srmlfl MHHI1MYM no ~-~- YKa3~JBaeT Ha cna6yJ> 'IYBCTBHTenbHOCTb 

<,.·. J' 
6 

....... ! 

2300 
X 

200 

100 

0''''''''''''''''''''' 
1.30 1.50 1.70 

(n,e)..ummnY~ 

E1o o 10 20 .30 40 

lXn 

PHC. 1. 3aBHCHMOCTb ~ 2 OT napaMetpOB ane H an ZinR BapHaHTa 

. Ta6n. 2 • 

1 

onHCLJBaeMLIX 3KcnepHM8HTanbHLIX ZiaHHLIX K 3TOMY napaMeTpY. 

llOCKOnbKY B pa6oTaX [1) H [4) 3Ha'!eHHR an~ nonyqeHHLie 

npaKTH'IBCKH H3 OZIHHX HCX OZIHLIX 3KCnepHM8HTanbHLIX ZiaHHhiX, 

pa3JiH'Ial>TC1f ''6onee 'IBM -Ha :10> npHBOZIHMLIX'· asl'op'aMH '' [4 )'i: OWH60K, HaM 

npeZICTaBHnOCb HHTepeCHhN H noneJHLN BHHMaTenbHO H3Y'IHTb M8TOZI 

oueHKH ane H a~ HCnonb30BaHHL~ H rapxHrcKoA rpynnoA B [4]. 

HanoMHHM, 'ITO B [4) H3 npeUH3HOHHO H3MepeHHhiX 3Ha'IBHHA aKOr H 

nonHOfO Ce'!eHHR B nRTH -3HepreTH'I8CKHX TO'IKaX ( ZIO E=1970 38 ) C 

Y'IBTOM nonpaBOK Ha 3aXBaT, HeKorepeHTHOe H WBHHrepOBCKOB 

pacceRHHB, a TaKlKe Ha TBBPZIOTenbHhie . 311\11\BKTLI, H3BneKanHCb ZinHHLI 

KarepeHTHoro RZIBpHoro pacceRHHR, aHanH3 3Hepr~TH'I8CKOA 3aBHCHMOCTH 

KOTOPLIX nOJBOnReT nonY'IHTb OUBHKH .ane H arr llpH 3TOM B [4) 

npennonaranocb, 'ITO 

at =4n I b' (E) -i b' ' (E) 12
+a i (E) +aLS (E) +a sol (E) , 

r ZIB b' H b' ' -ZieACT~HTenbHaR H MHHMall 'laCTH RZIBPHOA l1Jl11Hh! 

pacceRHHR, 

ai -ceqeHHe HeKorepeHTHaro pacceRHHR, 

.aLS -ce'IBHHB WBHHrepOBCKOrO pacceRHHR, 

asol -Ce'18HH8 TBBPZIOTenbHhiX 311\11\BKTOB. 

8 nOHHMaHHH aBTOpOB [4) b'' COOTB8TCTBYBT CB'IBHHD nornomeHHH 

( ar=4nb'' fk) H n03TOMY OHH onpenensrnH b' KaK 

b'2= 4; (at 
0' 

- "'i -o-LS-o-sol-o-r ) = l~r {8) 

flnR H3BH8'18HHR ane H an B [4) HCnonb30BaHHCb B8HI1'111Hhl 

b' {E=0) -b' {Ei), 11CnpaBH8HHhl8 Ha pa3HOCTb pe30HaCHLIX BKHaZIOB, T. e. 
' 7 



b; = b' (0)-b' (Ej)-[E 1 (E=O)-E1 (Ej)] 
KOTOphle 3ani1CbJBani1Cb B Bl1lle . 
* ~2 ~4 . . " .lli!ll.2 bj = R' [ 6 - 120 + • ·:] + anez [1-F(Ej)] +/ [:3kR - 3 ). (9) 

OnHaKo on11caH11e uKor Tpe6yeT yqeTa MHI1MOA qacTI1 nni1Hbl pacceHHI1H, a 
11MBH~O, ~TO ( llnH I=0 ) 

. . 2 . 2 . 2' 
· "Kor=·4nl b I ='4n··(·Re b + Im_..,b) . , ~ (10) 

3TO npi1BOlli1T, KaK nerKO noKa3aTb llpH Hllep C I~O B cnyqae 
Rr+l/2 = RJ:_112• K cnenyiOmeMY BbiJ)aJKeHI110 · 

. . 1 2 2 4 
uKor"' 4n [ ( B + 2 E1 ) + K B ] • (11) 

rne B = R'+ fne+ fp, a qneH k2B4 - Ha116onee 3Ha'iami1A ocTaToK 
MHI1MOA qaCTI1 Irn2b . 3TO. Bblj)alKBHI1e np11 MamJX. 3Hepr111lX 

b* 
-0.02 

-0.04 

-0.06 

-0.10 

-0.12, 

Bi 

I 
I 

' I 

I 

I 
I 
I. 

I 

I 
I 

I 
I 

~--

-0.14~~~~~~~~~--~~~~~~ 

.,. 10 10'2 ' 10 3 

:lHepnm 

. ·. 

P11c. 2. Pe3YnbTanJ nonroHKI1 naHHbiX o b* 113 ,· [4] nnH Bi. 
KsanpaTLI- sapl1aHT 4 Ta6n.4, TpeyronbHI1KI1 - sapl1aHT 6 Ta6n.4, 
COOTBBTCTBYIOrni1A Y'iBTY nonpaBKI1 
pacceHHI1H. 

Ha MHI1MYIO 'ifiCTb aMnni1TYllbl 

COOTBBTCTBYBT ~OpMyne (8), HO np11 3Hepri1HX HeATpbHOB E > 100 38 
npeHe6peraTb qneHoM k2B4 yJKe Henb3H .. TaK, oueHKI1 naiOT, 'iTO nnH Pb 
np11 E=1970 38 3Ha'ieHI1e b* 113MBHRBTCR C ~,1107 ~M Ha -0,0698 ~M. 

C nOMOrnbiO npor paMMhl FUMILI Mbl .nOBTOpl1nl1 aHanl13 no. ~OPMY ne (9) · 
'* . 'il1cneHHbiX naHHbiX o bi , np11seneHHb1X B [4 ]. Pe3YnbTaTH,llnH Bi 11 Pb 

npencTasneHLI , COOTBBTCTBBHHO, B Ta6ni1UaX 4 11 5 llnH. pa3HbiX 
sapHaHTOB Y'ieTa pe3oHaHcHoro BKnana. TaM ~e np11seneHLI oueHKH ane~l1 
"'n":C Y'iBTOM nonpaBOK Ha MHI1MYIO qaCTb llni1Hhl pacce.RHH.R. ( CM. .(11)). 
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II 
! 
I 
f 

KpoMe TOrO, Mbl BbmOnHHnl1 OUBHKH 3THX napaMeTpOB 
Ta6n.4 ) C Hcnonb30BaHHBM npellCTaBnBHHH ut qepe3 
TeopeMY, Korna 

- 2 1 ut- 4n [ B + BE1 + 4 E 
2 grn 1 grnr 

..,-.....:..:,~· --:or- + E r 
k2(dE2+1"2/4) 4 k2(dE2+1"2/4) 

(BapHaHT 7 
OnTH'iBCKYIO 

] . (12) • 

Tor na. c yqeToM nonpasoK ua 'msHHrepo_BcKoe 
11 TBBPllOTBnbHbiB 3~~BKTbl 6yneM HMBTb 

H HeKorepeHTHoe pacceHHI1e 

~ (ut-ur) ;, B2 + BE; + .• ~ ;,. W. 
. gr2 

3necb s = ! E n 
4 k2(dE2+ 1"2/4) 

0TKYlla 

•.· 

1 '-/ 2 -. 
B = - 2 El± ·' El - 4 ( s - w ) 11 

Eg_- 4S· 
b' = B + ~ E 1 "' .fW ( 1 + 1 

otJ ) • 

• Ta6n. 4 
' * Pe3YnbTal'bJ aHanH3a bi 113 [1) lln.R Bi 

(13) 

-(14) 

I . 8apl1aHT a "' ne .·, n 

t 
it\ 
\'·!{ \' 'j 

\ 
! 

1. -1,30 ± o,o6 -29·± 27 
-o 2± 4 

2 ' -1, 31 ± 0, 04 -2 ± 12 I 

3 -1, 31 ± 0, 04 -6 ± 12 

4 -1,30 ± 0,04 -12 ± 12 
. , 

5 -1, 39 ± 0, 05 2 ± 4 

6 -1,42, ± 0,06 36 ± 6 

7 -1,49 ± 0,04 -14 ± 12 

[4] 

·Pe3y~bTaT HamerocidanH3a· 6e~ 
TO'iKI1 1970 38 cornacHo (9) · · 
To JKe, .'iTO 2, HO HamH E1 no 
nonolKI1TenbHb~ pe3oHaHcaM. 
To lKe, 'iTO 3, Ho c yqeToM 
OTPI1UaTenbHoro pe3oHaHca . 
To lKB,'iTO 2, HOC TO'iKOA 
1970 38. 
To lKe, 'iTO 5, Ho c nonpasKoA 
Ha ~B4. · 
To JKe,'iTO 2, HO no ~opMyne 
(~4). 

8 pac'ieTax nnH Bi R' nonarano~b paBHh~; KaK npHH.RTO B [4], 9,8 ~M 
* 11 ~11KCHposanocb. 8 sapHaHTax 2 11 7 Ta6n.4 3Ha'ieHHe bi nnH 

E=1970 38 He 11cnonb30Banocb. llpH 3TOA 3HeprHH pe3oHaHcHaH nonpasKa 
113-3a 6ni130CTH K pe30HaHCY 2310 38 Bi OKa3bJBaBTC.R 3Ha'iHTBnbHOA, 11 
B03HI1KaeT sonpoc o KoppeKTOCTH ee yqeTa. Ha p11c.2 noKa3aHLI 
pe3ynbTaTbl nonrOHKI1 llnH Bapl1aHTOB 4 H 6 Ta6n. 4, illOpMa MHHHMYMOB x2 

nnH sapl1aHTa 2 noKa3aHa Ha pl1c.3. 
flnH J?b s pac'ieTa~ :npHHHManocb R'.7 9, 85 ~M. l13-3a. · naneKoro 

pacnonOlKBHI1H .pe30HaHCOB 1130TOnOB CBHHUa OT· rpaHHU· aHanH311PYBMOrO 

·9 .. 



·~' 

40 

x2 >?-
,_.I 

0' I I 'I I I b+cr:1 I I I I I I,, 

1.151.251.35.1.45 
o•m.. I pp trrjrl 

( n ~e) -marmu·y,rta 
-15 -5 5 

-an 

x2 

0 
0 10 20 , 

R 
PHc.3. 3aBHCHMOCTb x2 

OT napaMeTpoe ane . an H 
eapHaHia 2 Ta6n.~ 

b* 
J -0.07 ~ 

Pb I 
I 

I 
/ 

I 

-0.09 El& , , , , 
I , 

f T~.+,~~ 

-0.11 

-0.13 
1 10 ' 10 2 10 J 

~Heprna 

PHc.4. Pe3YJihTaTLI nonroHKH naHHLa o b* 

KeanpaThl-- BBPHBHT 2 Ta6n.5, TpeyrOJihHHKH 

COOTBeTCTBY~lliHA .Y'I8TY nonpaBKH Ha MHHMYD 
pacceHHHH. 

10 

113 [4] 

BapHBHT 4 

'IBCTb 

R' llnll 

liJIH Pb. 

Ta6n. 5, 
aMnJIHTY llbl 

HHTepeana: HX BKnan HMeeT O'le_H,b cria6yD -.3H;preTH'I8CK-YI> ·;~BHCHMOCTh, 
no3TOMY npouenypa yqeTa pe3ciHaHcoe B cnyqae· Pb oKa3LIBaetcH MeHee 

cymecT~eHHOA. lionee TOrO, pa3Hhle BBPHBHTh~ ODHCBHHH u~ npaKTI1'1eCKH 

He BnHHr>T Ha oueHKH ane·_ Ha .P.~~- 4 npencTaeneH - pe3ynhTaT_ • nonroHKH; 

llnR BapHaHTa 2 Ta6n. 5, a Ha PHC. 5_ COOTB8TCTBYI>lliH8 e!'ly MHHI1MYMbl x2. 
Ta6n11ua 5. · 

' * 
Pe3YnhTani aHanH3a:bJ H3 [4) nnR Pb 

-· 8apHaHT a a ,ne : n 

1 -1,"32 ± 0, 04 0,3 ± 3,4 ' [4 j' .. 
1 ± 3 

2 -1,31 ± 0,03 :..8 ±- 3-, Pe~Y~hTaT Hamero aHanH3a 

liBHHhlX [4) cornacHo (9) 
3 -1,32 ± 0,03 -3 ± 3 To x<e, '-iTo 2, HO HamH 

pe3oHaHcHLie nonpaBKH 

4 -1,36 ± 0, 03 +10 ± 3 To x<e, 'ITO 2, Ho 

nonpaBKOA Ha k 2 B4 

5 -1,32 ± 0, 03 0, 3 ± 10 To l((e, 'ITO 3, HO 6e3 

TO'IKH 1970 38 

HecMoTpH Ha cna6yn 3BBHCHMOCTh x2 OT R' , HeonpeneneHHOCTh 

3TOA BenH'IHUhl TeM He MeHee CKB3biSaeTCH Ha OUeHKe "n· TaK, llnR Pb 

·BBPHBU11H R' B npenenax MHHHMYMB ( ;OT 8 liD 11 ~M) H3MeHHeT "n OT -4 
liD -14. Pe3ynhTani nnR Bi 11 Pb noKa3LIBar>T, 'ITO JiaHHhle llnR 

Bh~OK03HepreTH'I8CKOA TO'IKH 1970 38 CYlli8CTB8HHO BnHHI>T KBK Ha CaMy 

OUBHKY "n 1 TBK H Ha ee OIDH6Ky; 

Mhl npoaHanH3HpoeanH TaKllle naHHLie nnR Pb 113 [4] C DOMOllibl> 

HB'Il!BA ·!liOPMYnhl (5), Y'IHThiBaH BKnan 22 HBATPOHHbiX pe30HBHCOB 

lt30TOilOB CBHHUa Ha OCHOBalfHH ce·eneHHA 113 [6]. lihtnH - nonY'IBHhl 

·311a'leHHH 

a ne =-1, 25 ± 0_,: 02 .: : .•: .. 11. "n= 0 ± 1 
KOTOPblB., B· npene!Jil,_X CllnH6oK'··cor nacyDTCH c pe3YnhTBTBMH. pa6on1 [4 ]. 

.0.lfH.afci fi·apHBU11H nonOJKBHHH H 3HB'I81fHA npHB-eneHHhiX HBATPOHHhiX IDHPHH 

·. ~ :--~-~-~eCTHbiX OTPI1UBTBnbHhiX pe30HaHCOB ' 204Pb . 11 207 Pb • HnH BBeneHHe 

... _" PB3YMHOro" OTPHUBT8JibHOro pe'JOHaH'ca liJIH 208 Pb cnBHrar>T 3a. npeneJihl 

OIDH60K OUBHKH ane ( no 1, 35 ) H "n ( no 10 ). 
.. HaMH- ':6M!fa npoeepeHa eo3r.iol((HOCTh H3BJie'leHHll ane 11 "n 

HenocpenCTBBHHO 113 naHHhiX DO UOnHo_M)' Ce'IBHHI> C _ J1CDOJib30BBHHeM 

!l/OPMYJihl ( 12 ). EcJIH B3llTh ace ony6JIHKOBBHHble Ha ceronHRlliHHA neHb 

1IBHHbl8 0 u t nnR Bi B HHTepea'iJe 1 ~ _130 38 ! [1, 4, 8), 93, TO'iKH ) 11 
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"201 I I II I I I I II I I I 

x2 
10 

I I I II 

or· I I I I I,-, I I I I I,-, 

1. 15 1 :25 1.35 1.45 
; (n~e)-a.MIIJIHTy,r(a· 

x2 

201 I I I I I I I I I I I I I 

x2 
10 

,..; 

0 t I I I ;:r--r-,--;:1 I I I 1 
-15 -10 -5 

~ 

5 10 15 
R' 

PHc.5. 3aBHCHMOCTb x2 

sapHaHTa 2 Ta6n.5. 
OT napaMeTpOB ane an H R' ZinR 

Bocnonb30BaTbCR 3Ha'!eHHeM R'= 9,36 ± 0,05 ~M H3 [6],· TO nonyqaDTCR 

cne~YDDlHe OUeHKH 
ane=-1,0 ± 0,2 H an= -3 ± 2 

( C yqeTOM sapHaUHA R' B npe~enax npHBe~eHHL~ BLWe OlliH60K ). 
EcTeCTBeHHO, H3-3a TOrO, 'ITO HHTepsan 1 - 130 38 OKa3LmaeTCR 
"Bl>ICOK03Hepr eTH'IeCKHM" ~nR BnHRHHR (n, e) -B3aHMO~eACTBHR (T. K. 
BKna~ ero B ut cymecTBeHHO na~aeT C pOCTOM 3HeprHH ), onHcaHHe 
3KCnepHMeHTanbHbiX '~aHHh~ cna6o 3aBHCHT OT ane· nnR nonRpH3YeMOCTH, 
Hao6opoT, ·~aHHhm HHTepsan cnHlliKOM "HH3K03HepreTH'IeH" ~nR 3aMeTHOrO 
npORBneHHR B 3HepreTH'IeCKOA 3aBHCHMOCTH ut, o6ycnosneHHOA 

noseneHHeM lp(E), a MMeHHO nponopUHOHanbHOCTH ut ,_.fE. B ~aneKOM 
OT pe30HaHCOB Y3KOM ~HepreTH'IeCKOM HHTepsane 

• Ut"'- (R' + I ) 2"'-R'' 2+2R' I . p p 

H Kaqec-x;so OnHCaHHR u~KC onpenenReTCR CHnbHO CKOppenHpOBaHHhlMH R' 
H lp. H XOTH npH ~HKCHPOBaHHOM R' MHHHMYM no lp OKa3bffiaeTCH 
OCTphlM, HaflH'!He 6onhlliOA KOppenHUHH Me~~y R' H lp npHBO~HT K noTepH 
wH3H'!ecKoA 3Ha'IHMOCTH oueHKH.an· 
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8biBO~hl 

1. Ha OCHOBaH}'IH Hamero OnHCaHHH ut 'lepe3 R~epHhiB napaMeTphl, 
I ne H I P MO~Ho nony'IHTb no ~aHHhiM ~nR Bi · 113 · [3, 4] 3a cqeT 
pa3YMHOro no~6opa nap!lMeTpOB OTPHUa'renbHOro P830HaHca 3Ha'!eHHe ane 
~-1,34 ' cornacyromeecH c pe3ynbTaTaMH [3,4]. Hcnonb30BaHHe 
np116n11JKeHiioro on11caHI1R. P2 c seiii1'111HciA 3Haqeni1R -0, 0023 6/CT 113 

[1] npi1BO~I1T K 6onee BbiCOKOMY ( no MO~YnJ:l ) 3Ha'!eHI1D ane=-1, 57. 
2. llpi1Bne'leHH8 ~OnOflHI1TenbHb~ ~aHHLIX 0. u t 113 [1) B 06nacn1 . 

~0 30 38 .TaK~e ~aeT 3aBbOOeHHpe. 3H.a'!eHI18 ane~ ( 1, 51 ), KOTOpoe 
no~Bep~eHo ~ononHHTenbHhlM HBOnpe~~nBHHOCTHM B . 3aBI1CI1MOCTI1 OT 
npe~nono~eHI1H. o napaMeTpax OTPI1UaTenbHoro yposHH. 

3. 8 paMKaX Oni1CaHI1R 3KCnepi1MeHTanbHb~ ~aHHb~ , 11CnOflb3Ye~oro 
asTopaMH '[1 ], MLI He noBTOPHJII1 11x pe3YnbTaToB aHa:f1113a no ane 11 ;,.n . 

4. Henocpe~CTBeHHoe noeTopeHHe aHanl13a ~aHHL~ ~nR Bi 113 [3,4] 
B paMK.aX npe~CTasneHHR ut C nOMODlb~ ~OPM}'n aBTOPOB 
06pa60TKOA ~aHHb~ no nporpaMMe FUMILI no~TBepJK~aeT 

113 3TOA pa6on1, ecn11 · oT6pomeHa TO'!Ka 1970 38 11 ~aeT 
~Ha'!eHHe ane C 11CnOnb30BaHI1eM 3TOA-TO'IKI1. 

n11i pa6oT 11 c 
senH'IHHY arie 

Ha 7% 6onbmee 

5. AHanH3. ~aHHb~ no Bi B paMKaX OnHCaHHR [3,4], HO C 
npe~CTaBneHHeM ut qepe3 OnTH'IeCKYD TeopeMy npHBO~HT TaK~e K 
ysenl1'1eHHD I anel Ha 14%. 

6. Mbl no~TBBPlK~aeM OUeHKY ane no llaHHLIM ~nR Pb aBTOPOB [3, 4] 
B paMKaX HX OnHCaHHR. Y'IBT MHHMOA 'laCTH ~nHHhl pacceRHHR 
YBBfli1'111BaeT I anel Ha 5%. AHanH3 ~aHHb~ ~nR Pb no HameA wopMyne 
(5) C npRMbiM yqeTOM BKna~a P830HaHCOB TaKJKe ~aeT 3Ha'leHI1R ane H 

c:tn, cor naCYIOIIlHeCR C P83YflbTaTaMH pa60Tbl [4 J. O~HaKO 3TH OUBHKI1 

'IYBCTBHTenbHbl K napaMeTpaM OTPHUaTBflbHb~ P830HaHCOB. 
7. TaKHM o6pa3oM, Heo~Ha3Ha'IHOCTb onHcaHHR ut 11 yqeTa BKna~a 

pe3oHaHcos npi1BO~HT K pa36pocy I ane I 113 ~aHHb~ ~nR Bi OT 1,3 ~o 

1, 6 , a ~nR Pb OT 1, 25 ~0 1, 35 , Bb~O~RIIlBMY 3Ha'IHTenbHO 3a npe~emi 
CTaTHCTI1'1eCKHX OmH60K. Cne~yeT TaKlKB no~qepKHYTb, 'ITO yqeT B 
HCll0flb30BaHHOM aBTOpaMH [4] wopMafli13Me MHHMOA 'laCTH ~fli1Hbl 

pacceRHI1R ( CM. ~OpMyny (11) ) HB BflHRBT B npe~enax OlliH60K Ha 
OUeHKH ane ( np11 H8113MeHHb~ ycnOBHRX Y'IBTa BKna~a p830HaHCOB ). 

8. ~TO KacaeTCR K03~~11UI18HTa nonRpH3YBMOCTH HBATPOHa, TO np11 
wopManbHO ~OCTHrHYTOA CTaTHCTI1'1eCKOA OlliH6Ke ~an "'- 3 ( B 8~11H11UaX 

10-3 ~M3 ) caMH 113BneKaeMbiB OUBHKI1 an 11Me8DT 3Ha'II1TenbHbm pa36poc 
H OKa3LIBaDTCH OC060 'IYBCTBI1TBnbHb!MI1 K Y'leTY BKna~a pe30HaHCOB, 
MHI1MOA 'laCTI1 ~nHHhl paCC8RHI1H 11 K npi1HI1MaeMOA Beni1~11H8 R~epHoro 

pa~Hyca paCC8RHI1R. ll03TOMY Mbl ~enaeM BbiBO~, 'ITO CYIIleCTBYDlll11M Ha 
cero~HHIDHHA ~eHb OUBIIKaM a~ no ~aHHb!M 0 aKOr ~ u.t . ~nR Bi H . Pb 

~on~Hbl 6b!Tb np11n11caHLl He .CTaTI1CTI1'18CKI1e Ollii16KI1 1 a Heonpe~eneHIIOCTH, 

npesblmaDrul1e HX a 5-10 pa3. 
. 13 .. 
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