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~HTepec K ~CCneAOBaH~AM Heynpyroro paCCeAH~A HeATpOHOB C 3Hep
r~AM~ B ~HTepBane OT 1 AO 3 M3B oc06eHHO YBen~4~nCA B CBA3~ C no
ABneH~eM 3Kcnep~MeHTanbH~X AaHH~X, He HaweAw~x YAOBneTBop~TenbHoA 
~HTepnpeTa~~~ B paMKax onT~KO- CTaT~CT~4eCKoA MOAen~, B KOTOpoA 
npeAnonaraeTCA He3aB~C~MOCTb KaHanOB peaK~~A. 3TOT Bonpoc AO
CTaT04HO nOAP06HO paCCMaTp~BaeTCA B pAAe pa60T 1 1-31, B KOTOPblX 
YKa3~BaeTCA, 4TO OAHa ~3 np~4~H 06HapymeHH~x OTKnOHeH~ A OT on
T~KO-CTaT~CT~4eC KoA MOAen~ CBA3aHa C KonneKT~BH~M~ cBoAcTBaM~ 
H~mH~X ypOBHe~ AAep ~ Ae~opMa~~e~ onT~4eCKoro nOTeH~~ana. 

B nocIleAH~e rOA~ nOIlY4eH PAA HOBblX pe3YIlbTaTOB, AeMOHCTp~PYIO
~~X B03MomHOCT~ ~cnOIlb30BaH~A Heynpyroro pacceAH~A HeATpOHOB 
KaK ~CT04H~Ka HH~opMa~H~ 0 A~HaM~Ke AAepHwx B3a~MOAeAcTB~A np~ 

H~3K~X 3Hepr~Ax ~ 0 CTpYKType B036YmAeHH~X COCTOAH~A AAep. TaK , 
B 1 4 -6 / nOKa3aHO, 4TO B036y)l(AeH~e KonIleKT~BHbIX YPOBHeA Ae<l><>PMl-lpo
BaHHWX AAep npo~CXOA~T B OCHOBHOM 3a C4eT npAMoro npo~ecca Y)l(e 
npl-l 3Heprl-ll-l HeATpOHOB - 2, 5 M3B . B APyr~x pa60Tax 1 7,8 1 AeIlalOT 
3aKnlO4eH~e 06 OTKIlOHeH~H OT aKCl-laIlbHOIli C~MMeTpl-l l-1 He KOTopblX AAep 
nepexoAHo~ 06IlacT~ Ha OCHOBe o)l(~Aae MoA 4YBCT~I-1TeIlbHocT~ Heynpy
roro paCCeAHI-lA HI-l 3 K03Hepre T~ 4e CKI-lX HelliTpoHoB K HeaKc~aIlbH~M 
B036Y)l(AeHM AM, ~ nOKa3~BaIOT , 4TO Y4eT HeaKCl-laIlbHOCT~ ~ reKcaAe
KanonbHoA Ae(/lopMa~~~ AaeT cy~ecTBeHHblA BKIlaA npl-l paC4eTe ce4e
HI-lA npAM~X npo~eCCOB . 4YBcTBI-lTeIlbHocTb ce4eH~A Heynpyroro pac
CeRHI-lA HeATpoHoB H~3K~X 3Hepr~1II K oc06eHHocTAM CTPYKTYPW AApa, 
He Y4HTWBaeMWM onTH4eCKOlli MOAeIlbn ~ MOAeIlblO COCTa BHoro AApa, no 
BwwaeT ~HTepec K I-lccIleAoBaHHAM 3Toro npo~ecca. 

C APyro~ CTOPOHbl, Ha6IllOAaeMoe pacxomAeH~e co CTaTHCT H4eCKoA 
MOAeIlblO, OCHOBa HHOIli Ha npeAnOIlomeHHI-l 0 He3aBHCHMOCTH KaHaIlOB 
peaK~HH , B03HHKaeT KaK 3a C4eT BKIlaAa Ce4eHi-lA npA Mo A pea K ~I-lH, 

TaK H 3a C4eT 3¢(/le KToB CBA31-l KaHaIlOB B Ce~eHHI-l KOMnaYHA-npo~ec
c a . B / 9 , 11 / pa3pa60 TaH nocneAOBaTeIlbHW~ TeopeTH4eCK~A nOAXOA B on~
caHH~ npo~ecca 4epe 3 KOMnaYHA-AAPO np~ HaIl~4~H npAMoro npo~ecca, 
o tiYCIlOBIleHHoro AHHaM~4ecKoA CBA3blO KaHanOB. B 4aCTHOC T~ , npH6IlH
)l(eHHe, npeAIlO)l(eHHOe B 1 10 ~n03BOIlAeT C AocTaT04HO BWCOKOA T04
HOCTblO paCC4MTWBaTb COBpeMeHHwe nonpaB KH K ¢opMyne XaY3epa
¢lew6axa. 

B HeAaBHe~ 3KcnepHMe HTaIlbHoA pa60Te / 12 / npeACTaBIleH~ pe3ynb
TaTW ce4eHH~ B036Y~AeHHA HH3KOnC)l(a~HX COCTOAHHA AApa 168Er np~ 
He y n pyroM pacceAHH~ HelliTpOHOB C 3HeprHAM~ OT 80 K3B AO 14 M3B. 
UeIlb HacToA~eA pa60Tw - HCCIleAOBaTb MexaH~3M Heynpyroro pacceA 
HMR He ATpoHo B Ha RApe 168Er npM B036y)l(AeH~H COCTORH~A 2+ /79,8 K38!, 
4+/ 264 K3B/ , 6+/548,7 K3B/ M 8+/928 K3 B/ OCHOBHOA pOTa~HoHHoA 
nOIlOCW H paCCMOTpeT ~, 3Kcnep~MeHTaIlb
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H~MH pe3ynbTaTaMH H3 / 12 <eCnH AaHHOe ~APo npeACTaBn~eTC~ KaK XO

pOWO Aecj>opMHpOBaHHOe co cneAylOIIlHMH 3Ha4eHI1~MH napaMeTpOB KBaAPY

nOnbHOH VI reKCaAe Kanonb Ho.:1 AecpOpMa41.H1: (3 2 = 0,341, (34 =-0,034 1 13 


B 0611leM - ~APo 168Er C4HTaeTC~ XOpOWO AecpOpMHpO B a HH~M,CneKT p 


HH3KonelKalllHx COCTO~H H H ero AeTanbHo H3Y4eH 1 
14 ,15 / , OAHaKo B no


cneAHee BpeM~ nO~BHnVlCb pa60T~, B KOTO p~X HccneAye Tc~ B03MOlK 

HOCTb C YllleCTBO BaHH~ HeaKCHanbH OH Aecj>opMa4H V1 B OCHOBHOM V1 HV1 3KO

nelKalllV1x COCTO~HHAX 3Toro ~Apa / 16 / H B03MOlKHOCTb nOABneHV1A aH r ap

MOHH4HOCTH no OTHOWe Hl111') K Y - B H6pa4H~M 1 17- 18 1 


PAC4ETW ~HTErpAnbHWX CE4 EHH ~ 

CHa4ana paCC4HTaeM HHTerp an bH~e ce4eHV1 ~, OT Be4a~IIlHe npAMblM 
' 19- 20 np0 4ecc aM, C nOMOlll b~ TpaAH4HOHHoro MeToAa CB A3a HHWX Ka HanOB 


OnT H4ecKH.:1 nOTeH4Han B ~6paH B 06~4HOH cpopMe: 


1 +V( r , O.rb )= - - 
1 + exp 

y. 
t - R + 4iWd a'-~ 

a dr l+ exp~~ 
a' 

t 2 ... ... 1 d 1+V (--) ( a . e)-
s.o. MITe r dr 

1 + exp f- R 
a 

rAe R = Ro (1+(32 Y20 +B4 Y 40 ) . 


6~nH B3~TbI cneAYlOlIlHe napaMeTpb!, onTH4eCKo r o nOT e H4l1 ana : 


V 51 , 73-0,32EM3B Ro= 1 , 25Al/ 3 cp 

Wd 1 , 5 + 0, 4 E M3B a = 0,65 cP 

V s.o.= 8,5 M3B a ' = 0,58 cp o 

C 4enblO npOBepKH B~60pa napaMeTpOB onTVl4eCKo ro nOTeH4Ha na npo 

BeAeHO cpaBHeHHe paC4eTa AHcpcpepeH4V1anbHoro ynpy r oro ce4eHH~ npH 

3HeprHH 1,45 M3B C 3KcnepHMeHTanb H~MM AaHHblMM AnA Er . B 3A T~MM 


H3 pa60T~ 1 19( PaC4eTbi npoBeAeHbl KaK no nporpaMMe Jup i ter 1 20, 211 . 


TaK H no nporpaMMe ECIS / 22~ KaK BMAHO H3 Pl1c.l , nonY4aeT CA 

YAOBneTBopHTenbHoe cornaCHe C 3KcnepHMeHTOM . 

Pac4eTbi BKnaAa np~MblX np04eCCOB B HHTerpanbH~e ce4eHH~ B03
6YlKAeHH~x COCTO~HH.:1 npoBoAHnHCb C nOMOlllb~ nporpaMMbI Jupiter co 
cxeMaMH CB~3H OT ABYX COCTO~HHH /0+ - 2+/ AO n~TH /0 + - 2+ 
4 + - 6+ - 8+/ B 3aBHCHMOCTH OT 3HeprHH HaneT a lOIIlHX He.:1TpoHOB. 
AnA ynpollleHHA paC4eTOB npH 3HeprH~X En >7 M3B Hcnonb30BaHO 
aAHa6aTH4ecKoe npH6nHlKeHHe, TaK KaK npH TaKHX 3HeprH~X np04ecc 
CTonKHOBeHHA HAeT ropa3AO 6~cTpee, 4eM xapaKTepHoe BHYTpH~AepHoe 
ABHlKeHHe. 

Ha pHc.2 H 3 nOKa3aH~ KpHBble 3aBHCHMOCTM HHTerpanbHblX ce4e
HHH B036YlKAeHH~ OT 3HeprHH HaneTalOIIlHX He.:1TpoHoB. nYHKTHpHOH nH
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PHC. 1. Ce~eHHe ynpyroro -.:
p a cceHHHH HeHTpoHoB c En= ~iO' 


= 1,45 M3B Ha HAp e 168Er. 
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PHc.2. 3aBHCHMOCTb HHTerpanbHoro 

ce~eHHH B036~eHHH OT 3HeprHH 

HaneTalOlIlero HeHTpoHa AnH COCTOH- PHc.3. To ~e, ~TO H Ha pHc.2, 

HHH 2+ H 4+. HO AnH COCTOHHHH 6+ H 8+. 


3 

http:V(r,O.rb
http:AecpOpMa41.H1


H~e~ 0603Ha4eHO Ce4eH~e npRMOrO np04eCCaj WTP~XOBO~ - Ce4eH~e 

COCTaBHOrO RApa. CnnOWHO~ n~H~e~ - nOnHOe Ce4eH~e. ~ 3 p~c.2 

B~AHO, 4TO y~e np~ aHepr~~ He~TpOHOB ~ 1 MaB BKnaA npRMOrO npo
4ecca B Ce4eH~e nepBOrO B036ymAeHHorO COCTORH~R 2+ cy~ecTBeH 
~ cpaBH~M C BKnaAOM COCTaBHoro np04ecca. Op~ E > 1 MaB no Mepe 
YBenH 4eH~R aHepr~~ ce4eH~e COCTaBHoro np04ecca 6~CTPO YMeHb
waeTCR Ha nopRAoK, ~ npRMo~ MexaH~aM OKaablBaeTCR npe06naAaKl~~M. 
nOA06HaR KapT~Ha Ha6n~AaeTcR B ce4eH~~ Boa6Y~AeH~R COCTORH~R 
4+, rAe ce4eH~e COCTaBHoro np04ecca TaKMe AocT~raeT MaKC~MYMa 
B6n~aH 1 MaB, a aaTe M 6blCTPO cnaAaeT, ~ ylHe npil1 E - 2 M3B cpaB
HHMO C ce4eHHeM npR Mo ro npoue cca , KOTopoe B KOHe4HOM C4eTe npe
06na AaeT npH AanbHe~weM pOCTe aHepr HY1 AO E - 8 MaB . Iif HaR c vtTya
4MR H a6n~AaeTCR B Ce4eH Y1 RX Boa6YMAeH HR COCTORHM~ 6 + M 8 + / CM. 
p~1C. 3/. 

AnR COCTOfiHY1 R 6+ coC'ra BHO~ np04ec c npe06naAaeT npaKTiI14eCKH 
BO BceM paCCMaTp~ BaeMOM ~HTepBane 3Hep r MM KpO Me y3Koro MHTepsa 
Ila E -2-4 MaB, rAe n pl'IMo il: n p04ecc npeBblwa eT cocTaBHm1 j AIlR 
COCTORHMR 8 + a TOT MHTepBaIl CTaHOBY1 TCR e~e yme , Y1 npM 3HeprMRX 
E > 4 MaS BKIlaA npRMoro Me xaH MaHa no cpa BHe HMn c COCT a B H~M He 
BeIlMK. 

BKnaA np04e c ca , I1AyU\e ro 4epea COCTaBHoe RAPO , paCC4MTbiBanCR 
C nOMOll4 blO tPOPMYIlbl Xayae pa - cj)ew6axa C nonpaBKo~ MonAay3pa Ha 

/c)lIl)lKTyauY11O WMPMH C nOMO~b lO npo r paMMbl LIANA I 2 3 • B paC4e Tax 6~no 
Y4TeHo AO 75 Boa6YMAeHH~x COC TORH M~ RApa 168Er , 06cymAaBW MxcR 
B HeAaBHe~ pafioTe AaBMAcoHa M AP. / l3/ . 

OKOH4aTen bHbie pe3ynb Ta Tbi I1HTe r paIlbHblX nOIlHblX CC4e HY1J;J Bo a6YM
AeHMR AnR Ka~Aoro COCTORHY1R nonY4eHbi nY Te M MHTer pMpOBa HMR no 
aHepr MM B MHTepBane OT 0 , 08 AO 14 Ma B. 3Ha4e HMR 3TMX Ce4e HI1~ 
npeACTaBneH~ B Ta6nMue, rAe oTAeIlbHo AaH~ BKnaAbI npRMoro M KOM 
naYHA- ce4eHMH . 

Ta 6wAll, a 

CpaBH e ,-me HHTer paJIbHblX IIOJlHblX ce'leIiHil: , paC C'IH'ra HHblX 

B 3TOH pa6 oTe , e 9KCIIepffMeHTanbHb~1H 3 Ha'le HHHMH 

1fT 
0')<.4J + O'np = 0'0 / M6/ 0'3Kcn /M6 

2+ 698 + 627 1325 1900+1000 

4+ 190 + 129 31 9 380 
6+ 16 .... I I -= 27 32 
8; 2, 9 + 0, 7 = 3,6 4 

Puc.4. Be COBaR ~YHK~UR AJlR no
TOKa HeHTpoHoB 1 12 / 

0.5 

HaAO aaMeTMTb, 4TO npRMO~ Me
xaHM3M npeo6naAae T npaKTM4ecKM 
BO BceM aHepreTM4eCKOM MHTepBane 
AnR COCTORHM~ 2+ 11 4+, Ha 41'1 HaR 

., ~ C aHeprl1M 1 MaB. OAH a Ko c aMbI~ 
".. " 

6onbwo~ BKnaA B MHTerpaIlbHoe 
ce4eHMe BHOCRT HeRTpoHbI, 3HeprMM 

., 
KOTOPblX nelKaT B MHTepsaIle OT 0,08 
AO 1 MaB , rAe npe06nagaeT KOM
naYHA-MexaH Io13M /CM. pl1c.4/ . Ooa

0. ' 

, , •• TOMY BKn ag npR Mo ro np04ecca ga ,.",,,,, ( "'8 ) 

Me AIlR Aa HHblX COCTOP. HI'I H HeCKO!1b KO 
Me HbUle ,4eM BKIla,q KOMna YHA-npo 
4ecca . 

B Hawe~ MOAenM paCC4MT~BaIOTCR TOIlbKO Ce4eHYlR 8036ymAeHI1~ 
COCTORHM~ OCHOBHO~ pOTa4MoHHO~1 nOIlOCbl, B TO ape M.R KaK B 3Hepr e
TY14eCKOM c neKTpe ~Apa 16BEr eCTb COCTORHIo1R. n pIo1H a,qnelKa~He y
BM6pa4MOHHO~ nonoce: 2+ /8 2 1 KaB/ 101 3+ /896 KaB/ . 3H eprl'll'l 803
6 ymAeH I1R MX nelKaT HMlKe aHeprl'l101 B036y~,qeH Hfl COCTORH MR 8 + /928 K38/ 
H. TaKMM 06paaoM . Io1X Y4eT ~ Y4eT 60nee B~COKMX no aHe p rMM co
CTORHvl~ MOlKeT AaTb AonoIlHMTeIlbHbl~ BKIl aA B Ce4eHI'IR CO OTBe TCT BYIO
I14HX COCTOR HM~ pOTa4a-toHHo~ nonO Cbl . BOT n04eMY npeACTaBIlReT MHTe
pec AnR nocneAylO~Mx HCCIle AO Ba HI'I R Mc nOIlb30BaT b MOAenb , KOTopaR 
Y4~TbI B aIla 6bl 60Ilee T04HO B0 3MOMHY lO MRrKOCTb no OTHoweHHIO K Y
BIo16 pa4 MRM 117-1B/. 

B aaKIl104eHMe MOMHO CKa3aTb cIleAYIO~ee: 

Pe3ynbTaTbi paC4eTOB He TOIl bKO nOAT Be plKAalOT YTBe plKAe HMe APY
rM X pa60T 0 c yU\eCTBO BaH MM POIlM npJ'l MOrO ,~exaH Io1 3"la np lo1 Heynpyro M 
pacceRHMIo1 HI1 3KOaHe pr eTM4eCKMX He~TpOHOB Ha HeKOTopblX RApax. OpA 
Mo ii MexaHMaM npe06IlaAae T AnR aHeprl1~ E - 3 MaB AHR Bcex COCTOR
HYI~ , noaTOMY MOMHO CKa 3aTb, 4TO aTOT pa~oH aHep rlo1R RBIlReTCR HaM 
60nee 4YBCTBIo1TenbHbiM K npOL\ec cy npfl Moro B036YMAeHHfl. 

AaTo pbI 6na roAapHbI E. r . r pMropbe BY 3a no neaHble o6 CYlKAe HI1R. 
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C006IUEH~~, KPATK~E C006I1\EH~~, npEnp~HTbl ~ C60PH~K~ TPY,l\OB 

KOH¢lEPEHl.\~~, ~3,l\A8AEMbIE 050E,l\~HEHHbIM I-1 HCHnYTOM ~,l\EPHbIX ~CCnE


,l\OBAHI-1~, ~Bn~~TC~ O¢l~l.\HAnbH~M~ nY6nHKAl.\H~MH . 


Cc~n KI-1 Ha C006I1\EHH~ 1-1 npEnpHHT~ OH~H Aon~H~ cOAep~aTb cne
AY~llll-1e 3neMeHT~ ; 

- ~aMl-1nl-1l-1 1-1 I-1HI-1Ul-1an~ aBTopoB , 

- COKpallleHHoe Ha3 Ba HI-1e HHcTI-1TYTa /O~~H/ 1-1 I-1 HAeKC ny6nl-1KaUI-1I-1, 

- Me CTO 1-1 3AaH I-1R / ,l\yfi Ha/, 

- rOA 1-1 3AaHI-1R , 

~ HOMep CTpaH I-1 U~ /np~ Heo6xOAI-1MOCTI-1/. 


np lo1Me p: 

1. 	 llep eywu H B . H . U op . OH.f!H~ P2 -8 4 -64 9, 
,ay 6Ha, 1 9 84 . 

CC~n KI-1 Ha KOHKpeTHY~ CTAT b~ . nOMellleHHY~ B CfiOpHI-1 Ke, Aon~H~ 
cOAep~a T b : 

- ~aMl-1nl-1l-1 1-1 I-1HMUl-1an~ a BTopoB, 

- 3arnaBI-1e C6opH~Ka, nepeA KOTOP~M npI-1BOARTC~ COKpallleHH~e 


cnOBa: "B KH." 
- COKpallleHHoe Ha3BaHI-1e HHcTI-1TYTa /O~~H/ 1-1 I-1HAeKC 1-13AaHI-1R, 
- MeCTO 1-13AaHI-1R /,l\y6Ha/, . 
- rOA 1-13AaHI-1R, 
- HOMep CTpaHI-1U~. 

npl-1Mep: 

HOAna Ko e H.~. B KH. X l MexoYHapoo H~u 

cUMn o3uYM n o Ro epHou 3A eKmp o HuKe, OH.f!H, 
,al:3-84-53, ,ay6Ha, 1984, c. 2 6. 
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