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B Teqeuue nocneAHBX neT AOBonbuo noApo6uo accne
AOBanucb npou;eccw o6paJooauaa peJouaucoo npu BJaBMo
AeiicTBBJix nBOHOB C npOTOHaMB B, B qaCTHOCTB, B qeTWpex
qacTBqHWX Kouequwx cocTOJIHBJIX ~ 11± 11 + p /I I . OA
HaKO AO CBX nop BMeiDTCJI BBWb OTAeBbHWe OTPWBoquwe 
CBeAeHBJI 0 nOA06HWX peaKJlBJIX, npOBCXOAJili{BX Ha HeiiTpOHe, 
Aanuwe ABJI KOTopwx nonyqeuw ua AeiiTepueowx nyJwpbKo
owx KaMepax /2/. 3a BCKniDqeHBeM BHtllOpMai{BB, B3BBeKae

MOB B3 3KcnepaMeHTOB no tlloTopo:>K,D.eHBID peJouaucoo ua 
JIApax B no BCCneAOBaHBID KOrepeHTHOrO po:>K,D.eHBJI aApOH
HWX CBCTeM Ha JIApax, B HaCTOJIII.{ee BpeMJI OTCYTCTBYIDT 
AaHHWe no CBCTeMaTaqecKOMY BJyqeHBID CBOBCTB pe30HaH
COB, pO>KAeHHWX Ha BHYTPBJIAepHWX HyKnouax. ll03TOMy 
npeACTaonanocb oa>KHWM nonyqBTb 3KcnepaMeHTanbuwe 
CBeAeHBJI 0 qeTwpexqacTBqHWX KOHequwx COCTOJIHBJIX, o6-
pa3yiDII.{BXCJI npB B3aBMOAeBCTBBB 11-- Me30HOB C BMnynbCOM 
5 F3B/c c KBa3BCB060AHWMB ueiiTpouaMB JIApa yrnepoAa, 

- -- + T.e. o peaKu;BB 11 n ... 11 11 11 n. 
B pa6oTe npeACTaoneuw Aauuwe o cneAYIDIJlBX npou;ec

cax: 

- - - + 
11 n ... 11 11 11 n, 

0 -... p 11 n, 

+ - -
... 11 11 ~33' 

->pc(F-)_'.,;3. 
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Puc. 1. PacnpeOeAeuu.R 3~eKmueHbiX Mace: a/("+"-) -
KOM6uuat~uu; cnAowua.R Kpuea.R - /52,3.:!:.3,8/tfo p - Me3oua, 
/3,8.:!:.1 ,6/tfo f • Me3oua, B3.R11biX e ¢opMe Epeum- Buzuepa/14/, 
u /43,9.:!:.5,0/tfo ¢oua/("-")-pacnpeOeAeuue/; 6/( "-n) -
KOM76u1;1al#UUj CnAOIUHaJI Kpuea.R - /41, 7.:!:.2,4/'fo 1'133 B tflOp
Me 141 u /58,3.:!:.4,0/tfo ¢oua /(77+n) - pacnpeOeAeuue eue 
o6Aacmu 1'1 +-pe3ouauca/. 

DOJiy'leHHLie Ha OCHOBe aHaJIH3a 5500 C06LITHB, Y.I:\OBJI;T,O

PJIIOf-UHX ICpHTepHJIM oT6opa peaK.UHH "-n -• "-" -" + n 3 • 
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YKa3a.BHLIH CTaTHCTH'IeCICHH MaTepHaJI OT06paH B pe3yJIJ.TaTe 

DpOCMOTpa 124.000 c;lloTOCHHMICOB 3ICCD03HIUIH MeTpOBOH 

nponaHOBOH ICaMepLI B DY'IICe 77- -Me30HOB C HMDYJI:bCOM 

5 T3B/c 141. 
Ha puc. .I npHBe,l:\eHLI pacnpe,l:\eJieHHJI no 3c;llc;lleiCTHBHLIM 

MaccaM ( "+" -)-H ( "-n) - ICOM6HHa.uuii I ,1:\Be KOM6HHalUIH Ha 

1 co6LITHe/. TaM )l(e noiCa3aHLI pacnpe,l:\eJieHHJI 3c;llc;lle:KTHBHLIX 

Mace TeX )l(e ICOM6HHalUIH DOCJie BLI'IHTaHHJI "c;lloHa". B ICa

qeCTBe c;lloHOBLIX 6LIJIH B3JITLI 3ICCDepHMeHTaJI:bHLie pacnpe

,1:\eJieHHJI 3c;llc;lleiCTHBHLIX Mace ( 77- 11- )- H ( 77 + n) -ICOM6HHa.UHH 

COOTBeTCTBeHHO. fipH 3TOM npeHe6peraJIOC:b He3Ha'IHTeJIJ.

HLIM /5'fo/ BICJia,I:\OM f'1 ~:J ,1:\JIJI ( 77 + n) pacnpe,l:\eJieHHJI. Ha 

yiCa3aHHLIX pHCyHICaX OT'IeTJIHBO BH,I:\HO, 'ITO npo_ueCCLI C po)l(

,1:\eHHeM p 0 ·Me30Ha H f'1;3-H306apLI ,1:\aiOT BeCOMLIH BICJia,l:\ 

B COOTBeTCTBYK»-UHe pacnpe,l:\eJieHHJI, XOpoWO BH,I:\eH TalC)I(e 
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Puc. 2. ,l(uazpaMMa FoAbOza6epa OA.R peaKl#UU "-n .... 
( 17+ 11 ~) ( 77; n) • I/o OCJIM OIIAOJICeHbl 3~eKIIUBHble MaCCbl 
KOM6UHal#UU ( rr+ rr I) U ( rr-;n) C HaUMeHbiUUMU nepeOaHHbiMU 
UM UMnyAbCaMU. 
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Puc. 3. PacnpeoeAeHue 3(HJieK1fiU6HbiX Mace (rr+ rrj)- KOM-
6uHaf4UU, 63JIIflbiX U3 co6bllllUU c /1,1 r3B/c 2 ~ M _ ~ 
:J ,4 r3B/c 2/. 17 2 n 

nux, o6JI3aHHblii f 0 -MeloHy. Ha .I(ByMepuoii ~uarpaMMe 
/puc. 2/, r~e no OCJIM OTnO)I(eHbl 3«MJeKTUBHble MaCChi 
( rr + rri)-u ( rr 2 n) -xoM6uua.uuii c uauMeHLWUMU nepe~aHHblMH 
qeTwpexuMnynLcaMu 

t- ( + -,=t ( -r minlt -( +.-); t -( + _), 11 , 11 rr
1 

n , 11 
2
n 11 , 11 11

1 
11 , 11 11 

2 
OT uaneTaroi.Qero nuoua /uyxnoua Maweuu/ cucTeMe 
( rr + rr -) [( rr- n) I , JaMeTHO cxonneuue co6wTuii B nonocax, 
COOTBeTCTBYIOI.QHX po~eHHIO p -MeJoHa H ~ 33 -HJ06apbl, 
H B o6naCTH nepeKpblTHJI 3THX nonoc, COOTBeTCTBYIOI.Qeii 
cOBMeCTHoMy po~eHHIO p u ~33 • Ha puc. 3 npe~cTaBneuo 
pacnpe~eneuue 3«MJeKTHBHblX Mace ( rr + rri) -xoM6uua.QHii ~nJI 
C06blTHH, B3JITblX 83 o6naCTH ~33-peJOHaHCa/1,1 r3B/c 
< M - < 1,4 r3B/c 2 I' UnniOCTPBPYIOI.Qee napuoe po~eHHe - rr2 n -

pe30HaHCOB. 
B Ta6n. 1 npuae~euw peJynLTaTw o6pa6oTKH pacnpe

~eneuuii 34MtleKTHBHWX Mace, npe~cTaaneuuwx ua puc. 1. 
3uaquTenLuoe yaenuqeuue wupuuw peJoHaucoa B uaweM 
3KCnepHMeHTe no cpaBHeHHIO C Ta6nuqHWMH ~aHHWMH 06JI-
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3aHO B OCHOBHOM 3tll41e1<TaM B3aHMOAeHCTBHJI DPOAYI<TOB 
pacDa,na pe3oaaacoB c HYI<JIOHaMH po,naTeJibCI<oro Jl,npa / 5/. 

B Ta6n. 2 Dpaae,neaw ,naaawe DO ceqeHHJIM Dponeccoa 
/2/7/4/ C po)I(,IJ;eHHeM pe30HaHCOB p, f H f1 BMeCTe C aaa
JIOraqHWMH ,naHHWMH AJIJI qeTwpexqacTaqawx 11+p -a3aHMo
,neiicTBHii. HaUIH ,naaawe oTaopMapoaaaw aa DoJIHoe ~eqeaae 
Dponecca 11 + p .... 11 + "+ 11- p DPH 3Hepraa 5 F3B 61: 

a 
17
+p .... 

17
+ 

17 
+ 

17
- P = /2,76 ± 0,04/ M6apH. 

3aMeTaoe yMeHbmeaae ceqeaaii o6pa3oBaHHJI A- a coa
MeCTHoro po)I(,IJ;eHHJI p (f) -Me 30Ha H A-- H306apw B Ham eM 
3I<CDepHMeHTe DO cpaBHeHHIO C ,naHHWMH pa60TW /&/ MO>KeT 

Ta6nHua 2 

PeaKUHSI ce'leHHe peaKUHSI ceqeHHe 3HeprHSI 

11-n ... KaHana 11+p .... KaHana (faB) 
( M6apH) (M6apH) 

1,10±_0,02 4,0/1/ 

~311 
+ - 0,80±..0,09 ++ + - 1,36±..0,18 5,5/8/ 11 A 33 11 11 

1,26±..0,13 7,o/9/ 

0,65±..0,13 4 o/7/ 

po11-0 1,32±..0,17 p 0 17 +p 1,25±..0,17 5°5/8/ 

0,69±..0,13 1'ol9! • 

( 0 11-n 0,11±..0,05 

0 f1 ++ 
0,60±..0,05 4 ,0 /to I 

Po f1-33 0,23±..0,05 0,87±.,0,08 5 o/6 / 
p 33 

0,63±..0,06 5°1 /ll/ 
0,68±.,0,09 5° 5 / 8 / • 

fO f1~3 0,06.:!:,0,03 f 0 A++ 
33 

0,112±.,0,030 5,0 / 6 / 
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6WTb 06'bJICHeHO BTOpHqHWMH B3aHMO,neiiCTBHJIMH C BHyTpH
JIAepHWMH HYI<JioHaMH I<ai< caMax pe3oaaacoa, Tai< a Dpo
AYI<TOB ax pacDa,na. 

Ha pac. 4 Dpaae,neaw .natWlepeanaanLawe ceqeHHJI da /dt' 
po)I(,IJ;eHHJI pCl.Me3oaa /0,68 F3B/c 2<M t -< 0,98 F3B/c 2 I 

- 1717-
H H3o6apw /1,14 F3B/c 2 :::;M

17
-

0
:::; 1,34 F3B/co/. B pac-

N 

~100 
..0 

~ ..._... 
lO 
0 

~ 10 
z 
q 

('\j 

-ll") 
q 

~ z 
q 

0 

1.14< Mx-n < 1.34 

• 

1.0 
t' ( ?~ )2 

0.68 < Mn•n- < 0.88 

0 0.5 1.0 
t'( r~g )2 

Puc. 4. ,l(urfi¢epeHl~UaAbHbJe ce"'eHU.R da/ dt' poJKoeHu.R 
a/ p-Me3oHa /0,68 F3B/c 2 ~M 17 + 17 -:S: 0,98 F3B/c 2 I u 
6/ f1- - U3o6apbl /1,14 F3B/c 2 < M < 1,34 F3B/c 2/. 

33 - 17 -n -
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0 ¥ : t ~· 0 
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-0.2 + -02 
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I f I I t 

o a 1 0.2 o3 o.-' o.s 
f(r36/c)2 

Rep,., 

o a1 0.2 03 O-" as 
t'(r36/c)2 

Puc. 5. 3AeMeHIIbJ cnuHoeou MallpUflbJ nAOIIHoc•u OAJI p -Me-
30Ha U ~ - U306apbJ, paCC'4UIIQHHbJe MeiiOOOM MOMeHII06 C 
y'4ellloM tjoHa /12/,e 3aeucuMoc•u o• nepeoaHHozo pe3oHaH
caM '4eiii~JpexuMnYAbca t'. CnAOIUHble KpuebJe - pac'4e• no 
MooeAu OPEA /7/ 

npe,neneHHH ,nnJI p -Me3oHa xopowo BH,neH DHK npH Manwx 

t' ~ 0,2 /F3B/c/2. 
AnnpoKCHMaUHJI AH«<lcclepeHUHanLHoro ce'leHHJI cyMMo:ii 

,nsyx 3KCDOHeHT da/dt'- aexp(-bt')+f3exp(-ct') ,naeT 

cne,nyromHe 3Ha'leHHJI ,nn11 HaKnoHos b = 128±101 1 F3B/cr2 

H c = 13,6±0,7 I I F3B/c 1-2
• ,lJ;aHHLie no .nH«<lcclepeHuHanLHOMY 

Ce'leHHIO pO>JmeHHJI H306apbl XOpOWO ODHCLIBaiOTCJI O,nHOB 

3KcnoHeHToii c HaKnoHoM c = 14,2±0,51 I F3B/cl - 2• 
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3JieMeHTbl CDHHOBOH MaTpHULI DJIOTHOCTH ,nJIJI p 0 ·Me30Ha 

H ~- "H306apLI, paccqHTaHHLie MeTO,D;OM MOMeHTOB C y'leTOM 

<i>oHa/l
2
/, npe.n;cTaBJieHLI Ha pHC. 5 B 3aBHCHMOCTH OT nepe· 

.n;aHHoro pe3oHaHcaM 'leTLipexHMnynbca t '. B npe.n;enax 

OWH60K 3KCDepHMeHTa DOBe,D;eHHe H BeJIH'IHHa 3JieMeHTOB 

CDHHOBOB MaTpHULI DJIOTHOCTH ,D;JIJI pe30HaHCOB B HaWeM 

CJiyqae He OTJIH'IaiOTCJI OT aHaJIOrHqHLIX .n;aHHLIX ,D;JIJI DHOH

DpOTOHHLIX B3aHMO,D;eHCTBHii/7 / H y.n;o,JieTBOpHTeJILHO ODH· 

CLIBaiOTCJI c DOMOI.QhiO Mo.n;enH OPEA 17 . 

TaKHM o6pa30M, npe.n;cTasneHHLie .n;aHHLie noKa3hiBaJOT, 

qTo ocHOBHhie qepTLI npoueccos o6pa3oBaHHJI pe3oHaHcos 

C HYKJIOHaMH JI,D;pa, COBDa.n;aiOT C aHaJIOrHqHLIMH DpoueccaMH 

Ha cso6o.n;HLIX HYKJIOHax. B TO :>Ke speMJI pH.n; xapaKTepH

CTHK 3THX DPOUeCCOB, TaKHX KaK WHPHHLI pe30HaHCOB, ce

'leHHJI HX pO:>K,D;eHHJI Ha JI,D;pax H .n;p., .n;aiOT YHHKaJihHYIO B03 • 

MO:>KHOCTL HCCJie,D;OBa TL B3aHMO,D;eHCTBHe HeCTa6HJILHLIX 'lac

THU c BHYTPHJI.n;epHLIMH HYKJIOHaMH. ,lJ;JIJI 3THX uene:ii, H s 

qaCTHOCTH ,D;JIJI H3y'leHHJI B3aHMO,D;eHCTBHJI pe30HaHCOB, 

HMeiO(UHX pa3HYIO CDHpaJibHOCTL /I3/, He06XO,ll;HMO C 60JIL· 

WeB, 'leM 3TO H3BeCTHO B HaCTOJII.Qee BpeMJI, TO'IHOCThiO 

3HaTb 3JieMeHTLI CDHHOBOH MaTpHULI DJIOTHOCTH COCTOJIHHH 

pe30HaHCOB, pO:>K,D;aiOI.QHXCJI KaK Ha CB060,D;HLIX HYKJIOHax, 

TaK H Ha JI.n;pax. 
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