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1. 88EAEHI1E 

HaCTORutaR pa6oTa RBIIReTCR 3aeepWaiOilleH B 411KJ1e CTaTe.:i11-31, 
OnHC~BaQutHX 3KCnepi1MeHT no H3MepeHI1~ H30MepHOrO CABHra HeHT
pOHHOrO pe30HaHCa 238U. 

HeCKOnbKO neT Ha3aA B pa60Te 14 1 6~no yKa3aHO Ha B03MO*HOCTb 
H3MepeHHR AnR He~TpOHH~X pe30HaHCOB H30MepH~X CABHrOB, o6ycnoe
neHH~X CBepXTOHKHM KOHTaKTH~M B3aHMOAe~CTBHeM 3aPRAa RApa 
c 3neKTPOHHoi1 o6ono~.tKoi1 aToMa. 8enH4HHa CABH ra hEW npH6nH
*eHHO MO*eT 6~Tb 3anHCaHa B BI1Ae 

IS 1 2 2 
6 E0 ~- Z e 6 p

6 
(0) 6 < r > , 111 

6£o P 

rAe Ape(O) - pa3HOCTb nnOTHOCTH 3neKTPOHOB Ha MecTe RAPa B pac
CMaTpHeaeMOH nape XHMH4eCKHX COeAHHeHH~, 6 < r~ > - H3MeHeHHe 
cpeAHeKBaApaTH4HOro paAHyca aapRAa RAPa nocne aaxeaTa He.:iTpoHa. 

8 pa60Te / 1,2 / 6~nH npHBe,aeH~ OnHCaHHe MeTOAHKH 3KCnepHMeHTa 
11 OCHOBH~e peaynbTaT~ H3MepeHH~. 8 pa60Te /S / paCCMOTpeH~ BO
npoc~, CBR3aHH~e C nnOTHOCTb~ 3neKTpOHOB. 

2. 8~80A 1130HEPHOrO CABI1fA 113 3KCnEPHHEHTAflbH~X AAHH~X 

noAXOA K o6pa6oTKe 3KcnepHMeHTanbH~x cneKTpoe , nony~.teHH~X 

AnA ABYX XHMH4eCKHX COeAHHeHH~, OnHCaH e l l / H 3aKn~~.taeTCR 
9 onpeAeneHHH MeTOAOM HaHMeHbWHX K9aApaTOB 3KCnepi1MeHTanbHOrO 
CABH ra 1\ E ~Ken . np11 KOTOpoM peaoHaHCH~e npoean~ coenaAa~T 
Hal1nY4W11M o6pa30M. TaKOH CABI1r COAeP*I1T ABa He3aBHC11~X cna 
raeM~X: 

1\ E ~Ken= 6E 1~ +6 E ~n~ /21 

BTopoe cnaraeMoe - 3TO eenH4HHa CABHra , o6ycnoeneHHaR e nep
ey~ 04epeAb pa3nH4HeM ¢QpM~ pe30HaHCOB H3-3a pa3HH4~ B cneKTpe 
KOne6aHHH KpHCTannH4eCKHX peWeTOK paCCMaTpHeaeM~X XHMH4eCKHX 
coeAHHeHH~ . Ero B~4HcneHHe noApo6Ho paccMOTpeHo e 12 1 . AnR onpe
AeneHI1R 6E~onp Ha 3BM reHe pHpoe ancR y~.tacTOK cneKTpa, COAeP*a
utH.:i HCCneAye~~ pe30HaHC . nponycKaHHe HeHTpOHOB 9 OKpe CTHOCTH 
peaoHaHca on11c~eanocb Ha ocHoe e ¢opMyn~ 6pa~Ta - 811rHepa c Hc
nonbaoeaHHeM cneKTpa KOnenaHHH KPHCTannH4eCKOH peweTKH H ~yHK-
41111 paapeweHHR cneKTpOMeTpa no epeMeHH nponeTa He~TpoHoe 15 1 . 
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6~nH BHeceH~ nonpaeKH Ha MepTeoe epeMR perHCTpHpy~eH anna
paTyp~ H HeOAHOPOAHOCTb 3epeH nopOWKa , H3 KOTOporo npHrO
TOBnRnCR H3MepReM~H ypaHOB~H o6paae4. TaKOH cneKTP reHepHpo
eancR AnR Ka~Aoro H3MepReMoro XHMH4eCKOro coeAHHeHHR. FUc .l 
xapaKTepHayeT cornacHe Me~AY pac4eTH~M /cnnowHaR KPHBaR/ 
H 3KcnepHMeHTanbH~M / T04KH/ cneKTpaMH AnR U0 3 . Pacxo~AeHHe 
He npe~waeT 0,5-1 %. 3Toro enonHe AOCTaT04HO, 4To6~ npocne
AHTb BnHRHHe OAHOrO napaMeTpa, ecnH Bee OCTanbH~e COXpaHR~TCR 
OOCTORHH~MH, nony4eHH~e TeopeTH4eCKHM nyTeM cneKTp~, OTnH -
4a~HeCR 3ano~eHH~MH B pac4eTe xapaKTePHCTHKaMH KOne6aHHH 
KpHc TannH4eCKOH peweT KH / 2/ , aaTeM o6pa6aT~eanHCb Ha 38M no 
TOH ~e nporpaMMe, 4TO H nony4eHH~e 3KcnepHMeHTanbHO, H AaeanH 
eenH4HHy CABHra 6E3°np. 3KcnepHMeHTanbH~e H nonpaeo4H~e 3Ha-
4eHHR CABHrOB OnpeAenRnHCb, KaK npaBHnO, AnR nRTH pa3nH4H~X 
AHana30HOB nOArOHKH pe30HaHCHOH KpHBO~, pacnono~eHH~X CHM
MeTPH4HO OTHOCHTenbHO 3HeprHH pe30HaHCa Eo m ~.67 38 H HMe~
~X WHPHHY OT 50 AO 600 M38. 

N(10
5

l 

3 ' 

2 

FUc.l . ConocTaeneHHe 3KcnepH
MeHTanbHOro H paCC4HTaHHOrO 
cneKTpoB nponycKaHHR AnR 
6, 6 7 aB peaoHaHca e 238 U. 
CnnOWHaR KpHBaR COOTBeTCTBy -
eT TeOpeTH4eCKOMy XOAy, T04KH • 
3KcnepHMeHTanbH~M AaHH~M 

/N - 4HCnO OTC4eTOB, t - HO
Mep KaHana/. 3KcnepHMeHTanb-
H~e ycnoeHR: nponeTHaR 6aaa 
58,3 M; WHpHHa KaHana -

0 2,0 MKC' TOn~HHa 06pa340B -
550 560 570 580 t 0,41·10~ 1 RAep/cM2 . 

:.>Ken nonp IS B m:::z6/lULje npHBeAeH~ 3Ha4eHHR 6E 0 , 6E 0 H 1E 0 
AnR e cex H3MepeHH~x nap o6paa4oe, cpeAHHe no seeM AHana3oHaM 
nDArOHKH . .llnR t\ E 3lcn H t.E gonp OHH nPHBeAeH~ nHWb AnR 
Hnn~CTpa4HH BenH4HH~ 3~eKTa , TaK KaK AnR HHX HMeeTCR CHCTe
MaTH4eCKaR 3aBHCHMOCTb OT AHana30Ha nOArOHKH 6E. no3TOMy AnR 
Ka~Aoro 6E CHa4ana onpeAenRnoc b 1E ~s . 3aTeM HaXOAHnocb cpeA
Hee 6 E ~S. YKa3aHH~e norpeWHOCTH RBnR~TCR CTaHAaPTH~MH OTI<JlO
HeHHRMH H BKn~4a~T e ce6R cTaTHCTH4eCKy~ OWHOKY aKcnepHMeH
TanbHoro 3Ha4eHHR l\E '~1\t'll , OWHfiKH napaMeTpOB pac4eTHOrO CneKT -
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pa H HeOnpeAeneHHOCTH, CB~3aHH~e C OnHCaHHeM KOne6aHH~ KpH
CTannH4eCKO~ peweTK~<~. B 4eTeepTOM cTon6ue Ta6n~<~u~ np~<~BeAeH~ 

pa3HOCTH cpeAHHX 3HeprHH Ha CTeneHb CB060A~ An~ AaHHOH nap~ 
o6pasuoe. 

3. PA3HOCTH 3nEKTPOHHO~ nnOTHOCTH 

HHTepnpeTaUH~ H3MepeHHOrO H30MepHOrO CABHra B CM~cne H3-
MeHeHH~ cpeAHeKBaApaTH4HOrO paAHYCa Tpe6yeT 3HaHH~ pa3HOCTH 
nnOTHOCTH 3neKTpOHOB Ha Me CTe ~APa B paCCMaTpHeaeM~X 06pas
uax. B pa6oTe 13 1 noKa3aHo, 4TO 3Ty pa3HOCTb MO~Ho ycTaHOBHTb 
B paMKaX MOAenH 3~eKTHBH~X KOH$1<1rypaUHH eaneHTH~X 3neKTPOHOB, 
ynoTpe6n~~ 3Kcnep~<~MeHTanbH~e AaHH~e /npe~Ae ecero, no XHM~<~-
4eCKOMY CAB~<~ry peHTreHOBCKO~ La 1 -nHHHH ypa~a/ H AaHH~e no 
3neKTp0HHOH nnOTHOCTH B CB060AH~X HOHax. 3TH pac4eT~ 6~nH 
paCWHpeH~ CO BpeMeHH ny6n~<~KaUHH pa60T~/S~ 4T06~ BKn~4HTb 

16 ' ony6n~<~KOBaHH~e no3AHee AaHH~e no CAB~<~ry Kat - nHHHH ypaHa 
a Ta~e H3BeCTH~e 3Ha4eHH~ no MeCc6ay3pOBCKOMY H30MepHOMy 
CAB~<~ry 23 7Np 1?1 Op~<~ 3TOM npeAnonaranocb, 4TO HenTyHHH, KaK 
coceAH~<~H c ypaHOM 3neMeHT, ~<~MeeT eo ecex HHTepecy~Hx Hac coe 
A~<~HeH~<~~x /KpoMe MeTanna/ TaK~<~e ~e 3~eKTHBH~e saceneHHOCT~<~ 
aaneHTH~X 3neKTpOHOB, KaK 1<1 ypaH, nn~C OAHH AOnonH~<~TenbH~H 

5! -3neKTPOH. TaKoi1 nOAXOA noseon~<~n ycTaHOBHTb pasHOCT~<~ 3neKT
POHHOH nnOTHOCT~<~ Aa~e An~ coeA~<~HeH~<~H OAHOH ~<~ TOH ~e eaneHT
HOCT~<~. nony4eHH~e o6o6~eHH~e pesynbTaT~ BKn~4eH~ e ma6nu~y . 
KpoMe TOrO, 6~n Hai1AeH HHTepeCH~H no604H~H pesynbTaT, a HMeH
HO, H3MeHeH~<~e cpeAHeKBaApaT~<~4HOro paA~<~yca np~<~ Mecc6ay3poe-
CKOM ( 5/2+ _, 5/2 -)-nepexoAe 237 Np Ero 3Ha4eH~<~e cocTaen~eT, 
no Haw~<~M pac4eTaM, -/28,8~4,7/·10- 3 ~M ~ 4TO xopowo cornacyeTc~ 
c AaHH~M~<~ Kanbe~<~yca ~<~ WeHHOHa 18 1 . 

4. H3HEHEHHE CPEAHEKBAAPATH4HOrO PAAHYCA .AAPA 
238 u 

Op~o~ o6cy~AeH~<~~<~ ~<~30MepHoro CAB~<~ra e Mecc6ay3poecKOH cneKTpo
cKon~<~~<~ 06bl4HO ~<~cnonb3yeTc~ e~pa~eH~<~e /1/, KOTopoe noseonAeT 
1<1 B AaHHOM cny4ae OUeHHTb ~ < r2 >. 0AHaKO np~<~ ero B~BOAe npeA
nonaraeTCA nOCTOAHCTBO 3neKTpOHHOH nnoTHOCTH B npeAenax AApa. 
An~ T~~en~x 3neMeHTOB TaKoe npeAnono~eH~<~e He enonHe cnpaeeA
n~o~eo. 3TO noKa3~BaeT puc.2 , Ha KOTOpOM npeACTaBneH XOA cpeA
HeH no TeneCHOMY yrny npOTOHHOH H 3neKTpOHHOH nnDTHOCTI<I 
<pp(r ) 11 1<1 <p8(r)> n B OKpeCTHOCTH ~Apa 238 U. YKa3aHH~e Ha 
P~<~CYHKe pesynbTaT~ nony4eH~ e npeAnono~eHHH ¢1epM~<~eecKoro Tpex
napaMeTpoeoro pacnpeAeneH~<~A npoToHoe: 

p (O, r )=p llt-exp[4ln3(r[l-{:3Y
2
°l-R)/tlr 1 

P po 131 

4 

10r---~==-------

~ 08 

~ 
/\0 0 6 
'-

e- 04 

02 

0 2 3 4 5 6 7 8 9 r (f m] 

Puc.2. CpeAHee no TenecHOMY yrny pacnpeAeneH~o~e 
238 u 3neKTpOHHOrO (e) 1<1 npOTOHHOrO (~ 3ap~AOB B S 

(pp(Q) = 0,057 npOTOHOB/¢1M3 ;p
6
(0)=6 ,14·106 3neKTp./a0 /. 

c napaMeTpOM Ae¢opMaU~<~~<~ ~= 0,253, A~<~~y3HOCTb~ t=l ,46 ¢1M 
~<~ paA~<~anbH~M napaMeTpOM R = 7, 15 ¢1M, B3~T~MH ~<~3 pa6oT~ Ae 
B~<~Ta H AP- '9. nnoTHOCTb 3neKTPOHOB 6~na pacC4HTaHa no MeTOAY 
A~<~PaKa-¢1oKa c ~<~cnonb30BaH~o~eM nporpaM~ AeKnoa1 10

: 6onee cTporoe 
e~pa~eHHe An~ H30MepHoro CAB~<~ra, Y4~<~T~ea~ee HenocTO~HcTeo 

3neKTfOHHOH nnOTHOCTH B npeAenax AApa, npi<IBOAHTC~ B pa6o-
Tax I ·12 ' 1<1 MO~eT 6blTb 3an~o~CaHO B BHAe: 

~ 4 ~e 2 ~ 2 
~E o ~ --·-f ~ p ( r )>n r x ro r :0 p p p 

p 
/4/ 

Tp 
, [ r < _1_ - _1_ ) .\.r p < r > "'n r; ct reId r P . 

re ~o rp r e e e 

3AeCb \ < pP(rP) ~ n - pa3HOCTb ycpeAHeHH~x no TenecHOMy yrny 
nnOTHOCTeH npOTOHOB B B036Y~AeHHOM 1<1 HeB036Y~AeHHOM RApe. 
B~pa~eH~<~e /4/ MO~eT 6~Tb ynpo~eHo, ecn~<~ y4eCTb, 4TO e npeAenax, 
3Ha4HTenbHO npeB~Wa~HX pa3Mep~ ~Apa, pa3HOCTb 3neKTpOHH~X 
nnOTHOCTeH npOnOPUHOHanbHa nnOTHOCTH, T.e. 

\ Pe<re>'· n 

<p e (r e) >n 

~ pe(O) 
p e(~ = const. /5/ 

B 3TOH o6nacT~<~ nepecTpOHKa 3neKTPOHH~X o6ono4eK, e~seaHHaA 
nepeMe~eHHeM eaneHTH~X 3neKTpOHOB npH o6pa30BaHHH XI<IMH4eCKOH 
CBA31<1, np~<~BOAHT K H3MeHeHH~ HOPMI<IPOB04HOH nOCTOAHHOH 3neKTPOH
HblX BOnHOBblX ¢1YHKUHH, HO He Bn~<~AeT Ha I<IX ¢opMy. Hnn~CTpau~o~eH 

5 



MO*eT CnY*HTb puc.J, r,qe npHBOAHTCR OTHOCHTenbH~H XOA pa3HO
CTH 3neKTPOHH~X nnOTHOCTeH AnR KOH4lH rypa~HH 5 f26 d 27 S 2 
H 5f

2
6d

1
7s

2 
aTOMa ypaHa, pacc4HTaHH~x no nporpaMMe 1 101 . 

C Y4eTOM COOTHOWeHHR /5/ ,t:\nR H30MepHOrO CABHra MO*HO nepenH 
CaTb /4/ B BH,qe 

"" IS 477 e2 
/\Eo=---· 

(0 

~Pe(O) 

Pe (0) f ~ < pp(rp)b 
r = 0 p 

r: x 
fp 

x [ f ( 1_ - -1-) < p ( r ) > r 2 d r e) d r P 
-0 rp re e e n e re-

2 

o,_ 
- 0 
~-

~0 

""'~ ~ 01 -1 
~~ . 

<l ~ -2 
m 

-3 . 
10 100 1000 

FUc.3. 0THOCHTenbHOe H3MeHeHHe paaHOCTH 3neKTPOH
HOH nnOTHOCTH B 3aBHCHMOCTH OT paCCTORHHR AO R,qpa 
B ypaHe, npH4eM tJ.pe(r)=pe(r)sr26d27tf! -pe(r)sr2sdt7s2 
4HcneHHOe 3Ha4eHHe BenH4HH~ 1pe<O)/ p(0)w1 ,995· 1 Q-5, 

e R • YKaaaHo 3Ha4eHHe pa,qHanbHOro napaMeTpa ,KOTOP~H 
onpe,qenReT paaMep~ R,qpa. 

!6! 

~3MeHeHHe 3neKTPOHHOH nnOTHOCTH npH nepexo,qe K XHMH4eCKOMy 
coe,qHHeHH~ ,qpyroH aaneHTHOCTH o4eHb Mano, nopR,qKa 10-3pe, 
no3TOMY HHTerpan B B~pa*eHHH /6/ npaKTH4eCKH He 3aBHCHT OT 
3neKTPOHHOH KOH4>Hrypa~HH. 0TC~,qa BHAHO, 4TO H30MepH~H CABHr 
C B~COKOH T04HOCTb~ nponOp4HOHaneH ~ p e (0), a MHO*HTenb, xa
paKTepH3Y~HH $0pMy R,qpa, 6y,qeT CO,qep*aTb nonpaB04H~H 4>aKTOp 
K <r;>. AnR ,qanbHeHwero paccMOTpeHHR y,qo6Hee c,qenaTb HecKOnbKO 
HHOe npH6nH*eHHe . npHHHMaR 90 BHHMaHHe COOTHOWeHHe /5/ H pa,qH
anbH~H xo,q <pe(r )>n a npe,qenax R,qpa, MO*HO a ~Pa*e~~ /4/ 
3aMeHHTb no,q HHTerpanOM tJ.<pe(re) >n Ha KOHCTaHTY tJ.p~~ktJ.pe(O), 

·6 

~ 

J 

1 

r,qe k,. 0,9 AnR ypaHa. 3,qecb OWH6Ka 6y,qeT MeHee 5%, 4TO 
anonHe ,qocTaT04HO ,qnR ,qaHHOro 3KcnepHMeHTa. B 3TOM cny4ae M~ 
npHXOAHM K B~Pa*eHH~ 

IS z 2 2 
~ E o = -

6 
e k tJ. p e (0) • ~ < r P > 
(0 171 

Ha puc.4 npHae,qeH~ 3KcnepHMeHTanbH~e 3Ha4eHHR c,qaHroa pe
aoHaHca ,t:\nR pa3H~X nap XHMH4eCKHX coe,qHHeHHH B 3aBHCHMOCTH 
OT tJ.p~O~ ropH30HTanbH~e 0Tpe3KH B HH*HeH 4aCTH pHCYHKa no-
Ka3~Ba~T Heonpe,qeneHHOCTb BenH4HH~ tJ.pe (0) ,qnR COOTBeTCTBy~-
~eH nap~. CnnowHaR npRMaR npoae,qeHa MeTOAOM HaHMeHbWHX KBa,qpa
TOB 4epe3 3KCnepHMeHTanbH~e T04KH H Ha4ano KOOPAHHaT/ a nyHK
THpH~e nHHHH YKa3~Ba~T 95% -,qoaepHTenbH~H HHTepaan 1 13 . 

C y4eTOM KOHCTaHT B B~pa*eHHH /7/ HaKnOH npRMOH COOTBeTCT 
ByeT 

tJ. < r~ > - I 1 7+ 1 '2/ ... 2 ' -0,8 "'M ' 
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IS FUc.4. 3aBHCHMOCTb H30MepHoro CABHra t\E
0 

OT 
pa3HOCTH 3neKTPOHHOH nnOTHOCTH tJ.pe (0) /nORCHe
HHR B TeKCTe/. 

0wH6KH cooTaeTCTBY~T 95%-,qoeepHTenbHOMy HHTepaany. BenH4HHa 
cpe,qHeKaa,qpaTH4HOro pa,qHyca < r2 > . pacc4HTaHHaR ,qnR pacnpe
,qeneHHR /3/, COCTaBnReT 34 4>M2 , TaK 4TO HaH,qeHHOe 3Ha4eHHe 
~ < r; >/<r; > = -O,Il>. 
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5. 06CYIAEHHE PE3YnbTATOB 
., 

np~8eAeHHoe 8~we 3Ha4eH~e ~ ~ r~ ~ on~c~8aeT oa3HOCTb cpeAHe-
P ~39 

K8aApaT~4H~X paA~l:COB AfiFI KOMnayHA-COCTORH~R U ~ OCHOB-
HOrO COCTORH~R 38U no3TOMy AfiR Ol~eHK~ Bll~RH~R B036y>KAeH~R 
Ha ~OpMy RAPa HaAO ~CKJ1~4~Tb BKJl aA ~30TOn~4eCKOrO 3~eKTa. 
Tat<~e AaHH~e, nony4eHH~e 8 pe3yllbTaTe ~3MepeH~~ ~30TOn~4ecK~x 
CMe~eH~~ OnT~4eCK~X Jl~H~H AflR ypaHa ~ nnyTOH~R, COAep>KaTCR, 
Hanp~Mep, 8 I 14 1 , ~ nOKa3~8aiOT, 4TO np~ nepeXOAe OT 238U K 239 tJ 
cpeAHeKBaApaT~4H~~ paA~YC OCHOBHOro COCTORH~R yaeJ1~4~BaeTCR 
np~MepHO Ha 0,05 ~M2 . 3 Ta Bell~4~Ha C~eCT8eHH0 MeHbWe paCCMaT
p~aaeMOrO 3¢¢et<Ta, H e10 MO>KHO npeHe6pe4o. 

PaccMOTpeH~e APYr~x B~A08 c 8epxTOHKoro a3a~MOAei1cTB~R no
Ka3~aaeT , 4TO OH~ He MOryT np~BeCT~ K CAB~ry pe30HaHCa, cpaa
H~MOMY c Ha61110AaeM~M . Aei1c T a~TellbHO, AllR Heop~eHT~poaaHHbiX 

RAeP A~nOJlbHOe MarH~THOe ~ K8aApynOJlbHOe 3JleKTP~4eCKOe B3a~MO
AeHCTB~R MOryT np~ BeCT~ K pac~enneH~IO ypOBHR, HO He K CAB~ry, 
npH4eM aen~4~Ha Tat<oro pac~enneH~R He npe8wwaeT Ha6niOAa aw~ecR 
B AaHHO~ pa60Te CAB~r~. KOHKpeTHO AJlR OCHOBHOrO COCTORH~R 
4eTH0- 4eTHOrO RAPa 238U H KOMnayHA-COCTORH~R npH 3aXBaTe 
S -HeiiTpOHa T : 1/2 y 239 U KBaApynOilbHOe B3a~MOAeHCTB~e OT 

cyTCTByeT. Tat<~M o6pa30M, MO>KHO 3at<ni04~Tb, 4TO ~3MepeHHOe 
8 3KCnep~MeHTe yMeH bWeH~e cpeAHeKBaApaT~4HOrO paA~yca CBR3aHO 
C 8036Y>KAeH~eM, paBH~M 3Hepr~~ CBR3~ HeHTpOHa AllR 239 U 
/4,8 M3B/. Ha6niOAaeMoe yMeHbWeH~e < ~ :-> Ha 59; MO>KHO ~HTepnpe
T~poaaT b pa3n~4H~M o6pa3oM : yMeHbWeH~eM paA~allbHOro napaMeT-
pa R pacnpeAeneH~R npOTOHO B a RAPe np~MepHO Ha 2,5%, yMeHb
weH~eM Ae~pMau~~. ~3MeHeH~eM a~Aa pacnpeAeneH~R. Ha puc.5 
np~BeAeHa 3a8~C~MOCTb OTHOC~TellbHOrO ~3MeHeH~R CPeAHeKBaApaT~4-

HOrO paA~yca OT Ae~OpMaU~~. B~AHO, 4TO ecn~ FIAPO B KOMnayHA
COCTORH~~ 6J1H3KO K C~ep~4eCKOMy, TO 3TO np~BeAeT K Ha6Jli0Aae-

2 
MOMY yMeHbWeH~IO ,.... rp > 

nocTpOeH~e BOJ1H0 80H ~YHKU~~ onpeAene.HHOrO B036y>KAeHHOrO 
COCTORH~R RAPa /He~TPOHHOrO pe30HaHca/ RBilReTCR Kpa~He CllO>KHO~ 
3aAa4e~, Ha cerOAHRWH~~ AeHb Hea~nOilH~MOH. MO>KHO on~CaTb CTa
T~CT~4eCK~ CPeAH~e CBO~CT8a KOMnayHA-COCTORH~~. Hanp~Mep, Ta
K~e, Kat< ~3MeHeH~ e cpeAHeK8aApaT~ 4HO ro paA~yca ~ ,.... r2 > . KBaA
pynOilbHOrO MOMeHTa ~ < Q > ~ T.n. np~ 8036Y>KAeH~~ AO 3Hepr~~ 
E~. 8BOAR cooT8eTCT8Y~IO TeMnepaTypy T Tat<oi1 nOAXOA 6~11 paa-

8~T 8 pa60TaX 6yHaTRHa ' 15 16 . Ha OCH08e CTaT~CT~4eCKOrO On~ 
CaH~R C nOCileA08aTellbH~M y4eTOM C~Jl b HOrO 83a~MOAe~CT8~R HyK
J10H08 8 KaHane 4aCT~ua - A~PKa ~ napH~x KoppenRU~~ csepxnpo-
80AR~ero T~na HM 6~11~ 8~4~CJ1eH~, 0 4aCTH0CT~ , ~3MeHeH~R cpeAHe
KBaAPaT~ 4HOro paA~yca RAP a. noKa3 aHO' 4TO np~ E • :. Bn . T. e. 
T:o:0,7"- 1 M3B, '\ r2/ .:..: -o,2 ¢M 2 t< at< AllR Ae¢opM~posaHH~x. Tat< 
~ AllR C¢ep~4eCK~X RAeP np~ HaJ1~4~~ cnap~ 8 aHHR B OCHOBHOM co-

8 

I 

fUc.5. 0THOC~TeJlbHOe ~3-

MeHeH~e cpeAHeK8aApaT~4-

HOrO paA~yca RAPa B 3a-
8~C~MOCT~ OT Ae~pMau~~ 

[ < r~ >ne<P -<r~>c~ '< ri> Ctp 

Kpy>KKOM OTMe4eHo Ha t<p~

soi1 COCTORH~e, OT8e4a~ee 
0CH08H0My COCTORH~IO 238U . 

80 
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£ 60 
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-../ 

<l 30 

2.0 

tO 

0~=---~----~----~~--~ 
0 0.10 0.20 0.30 

CTORH~~. CornaCH0 1 15 · 161 , 3TO o6yCJ1081leHO PRAOM CBR3aHH~X Me>KAY 
C060H np~4~H: ~3MeHeH~eM ~yHKU~~ pacnpeAeJleH~R 4aCT~U , yMeHb
weH~eM 3Hepr~~ napH~X KOppellRU~H np~ 8036Y>KAeH~~. ~3MeHeH~eM 

cpeAHe ro OAH04acT~4HOro noTeHu~ana, yMeHbWeH~eM Ae~pMau~~. 
Ha~6onee npocT~M ~ HarnRAH~M MO>KeT 6~Tb yMeHbWeHHe <r 2> ~3-3a 
yMeHbWeH~R Ae~pMaU~H, 4TO o6cy>KAanocb, Hanp~Mep , s pa6oTe 
MoaenR ~ AP . 1 17 ~ CBR3b1Banocb c ocna6neH~eM pon~ o6ono4e4Hoi1 
cT pyt<TYP~ np~ 6onbw~x E* 

f3 

4~cneHH~e oueHt<~1 15 . 1 6 / AaiOT aenH4~Hy .1<r2 >, co8naAa~yiO 
no 3HaKy, HO Cy~eCTBeHHO MeHbWyiO, 4eM nony4eHO B AaHHOM 3KCne
p~MeHTe. Heo6XOA~MO HMeTb 8 8HAY, 4TO B pac4eTa x, OCHOBaHH~X 
Ha CTaTHCT~4eCKOM On~CaHH~ , nOJ1y4aiOTCR xapat<TepHCT~t<H, CpeAHHe 
no MHOrHM t<OMnayHA-COCTORH~RM, n03TOMy AllR 6onee onpeAelleH
HOrO Cpa8HeH~R >KenaTellbHO HMeTb 3KCnep~MeHTallbH~e AaHH~e no 
HeCKOilbK~M pe30HaHCaM OAHOrO RAPa ~JlH HeCKOilbK~X 6n~3t<~X RAep. 
KpoMe Toro, 6~110 6~ >KenaTenbHO npo8eAeHHe 6onee AeTallbHoro 
4HC11eHHoro pac4eTa AllR Ae~OPMHP08aHH~x RAep, Kat< 3TO 6~110 

CAe11aHO AflR C~ep~4eCK~X B 1 16 / . 

A8TOP~ C4~TaiOT C80HM np~RTH~M AOilrOM 8~pa3~Tb 6narOAaPHOCTb 
H.M.¢paHKy, B.H. ny~~ t<08y ~ A.3een~repy 3a noAAeP>KKY ~ ~HTepec 
K pa6oTe, r.r.6yHaTRHy ~ ~.M.OcTaHe8H4Y 3a noneaH~e o6cy>KAe
H~R, B.A.Barosy ~ rn.cana~ 3a pa3pa6oTt<y H HanaAKY ~3Mep~Tenb
HOH CHCTeM~. M~ 6naroAapH~ E.ApHATY H E.XapTMaHHY 3a pac4eT~ 
3neKTPOHH~x aonHOB~x ~YHKUH~ , P.XaH, C.Ma~cTep ~ X.6pyxepT-
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3a~$epy - 3a np~rOT08neH~e ~ aHan~3 o6pa3~08 , B.A.XanK~HY ~ 
P.Apa~epy - 3a none3Hoe o6cY*AeH~e ~ npeAOCTa8neHHy~ 803MO~
HOCTb np~rOT08neH~R X~M~4eCK~X COeA~HeH~~. 60nbWY~ nOMO~b 
8 noArOT08Ke annapaTyp~ . ~3MepeH~~ ~ o6pa60TKe oKa3an~ n.3K
wTeHH, M.63TTre, B.n~nb~, P.4aMMep, 3.3KWTeHH, ~ .A.Hapee 8. 
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