
~ ,; ft:~T}Y{'' ... . 
.. r; 3-?~g ,·G .. : IS 'I -!9·'1g., ,' ·~:J/tf _,. '11 

\ . ·.c:' . e, +: . 
. ,. I 

5553 

' .. ,'\ 

'!"· 

~· \ 

. : ( / i 

M ~ llm liTyJJa,' :. 1 

P. .() ... }>YMH, i. CT3MDHHbCKH •,, . / 

·-. 

. '·. , : ' : '·... .- :' ' , ~ / : \ ~ !:l-

; . AJif;»~~.~PACfl~~ . . • 
· ; 1 . ". , . ·. ·, ·. ·_:.; ',. , ·I·' , ·,. 

; PE30HAHCHYX .i.COCTOHHHR 

·,. 

~· : / 



't··np. 

'· 
MsOllWX 
3~1970 

,,'\_'. 

~J2fi 

ro 1126 
~-s:r 

·, 

• 

/ . ' 

'·' 1 

'.(· 

' ~ 
I,-

I. 

. P3 - 5553 

H. BMJibreJibM, IO.n. nor. B, M. lliHMTyJia, 

P.~. PyMM, M.CT3MUMHbCKM 

AJio~A-PACnA~ 

PE30HA.HCHWX COCTOHHHA .. 
. CAMAPHH-148 



! 
-l 

1. Bsene1me 

I1aMepH9Mbiii: B a:eii:TpOHHOii: Cfi9KTpOCKOfiHH Ha6op pe30HaHCIIbiX napaMeT_: 

poB ( E 0 I r r n I r y I r f J ) HcnonbayeTCH, KaK npaBHno, .llnH 

nonyqeHHH ycpe.llH9HHbiX xapaKTepHCTl!K B030Y)KU9HHOro H.llpa H anannaa CT8Tl!CTH­

qecKHX 3aKOHOMepHOCTeii:. I1ccnenoBaHHe CnO)K}IOii: npHpO,llbl B030Y)K.ll9HHbiX pe-

30H8HCHbiX cocToHa:Hii: Tpe6yeT 6onee o6wnpHoro a:a6opa xapaKTepncTHK Hfl.llH~ 
' - ~ 

BH.lly-anhHbiX pe30H8HCOB1 CBH38HHbiX C l!X CTpyKTypoii:. , K T8KHM XapaKTepHCTl!-

KaM MQ)K}IO npH"'l!Cnl!Tb napuHanhHbie pa,lll!8UHOHHb19 lliHpHHbi1 a T8K)K9 fiO/liibie 

H napunanbHbie wnpHHbi a -pacna.lla peaoHaHCHI:JX- cocToHHHii: nm1 Tex Hnep
1 

_ 

a:a KoTopbiX B a:acToHmee speMH MO:lKHo a:a6moJlaTb peaKUHIO ( n , a ) • 

I1ccne.lloBaa:ne peaoa:aa:CHbiX peaKUHii: n 1 a ) Ha cpena:nx- H TSI)KenbiX 

SI,llp8X C fiOMOII!blO peaoa:aHCHbiX Heii:TpOHOB SIBnSieTCSI TpyllHOfi: 9KcnepHMeHT8nb­

HOii: aa,lla'!etl: na-aa O'!eHb ,ManbiX ·ceqea:nii: sTotl: peaKUHH n. 6onhworo BbiXO.lla 

_y -nyqeii: B KOHKypnpyiOUieii: peaKUHH ( n 1 y ) • flepBbie H3MepeHHH . 

peaKUliH ( n 1 a ) 1 B OCHOBHOM .llml pe,llK03eMenbHblX sneMeHTOB
1 

npo-

-~ Be.lleHbi B o6micTH Te.nnoBbiX ·aa:epruii: a:eii:Tpo!;OB ( .iianpnMep/ i-41). 
\ 

floHCKli peaKUHH ( R a ) H H3MepeHliSI nonHhiX H napuHanbHbiX 

a -lliHplil! B peaoliaHCHOii: o6naCTH 9HeprHli a:eii:TpOHOB npOBO,llHnHCb nHllib 

B OI1HI1 na HMnynhca:oM peaK1'ope I1BP 15-101. 

HacTOSIUI~HI pa6oTa SIBnSieTcH pacwupea:neM Kpyra uc.cne.llyeMbiX peao-

a:aa:coB. peaKUHH ( . n a ) ' a: a SIJlpe 
141 Sm I 5, 91 11 I •. nalOTCSI nomibie 

a -lliHpHHbl 20 peaoHaa:cos B o6nacTH aa:epruii: · .llo' 200 · 9B 1 cneKTpbi 
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a -"'aCTHU n rrapunanbHbie 
a -mHpHHbl )lml 11 pe30H8HCOB., H 3H8'19HHSI " 

i.,.,, 
cnnHa JlllSI H9KOTOpbiX H3 HHX. 

2. MeTOJlHKa H3MepeHHSI 

113MepeHHSI npOBOJlHllHCb Ha ny"'K9 ae:ii:TpOHOB HMnyllbCHOrO peaKTOpa 

11EP 011HI1,. pa6oTaBmero B K8'19CTB9 6ycTepa COBM9CTHO C llHH9HHbiM ycKO­

pnTeneM aneKTpOHOB. CneKTpoMeTpHSI He:ii:TpoHoB ocymecTBnSinacb no BpeMeHH 

nponeTa c pa3pemeHHeM 0,13 MKCeK/M. CxeMa. aKcnepnMeHTa aaanorH"'Ha 

HCIIOllb30B8HHOH H8MH paHee/ 10/ • lln£1 H3MepeHHSI "CII9KTpOB.r a · -"'BCTHU HC­

nOllb30B8118Cb JlBOHHBSI HOHH38UHOHH8SI KaMepa C CeTK8MH C pa3pemeHH9M liB 

nyqKe He:ii:TpOHOB "" 300 K8B npn Ea =8 -10 MaB H TonmnHe MHlll9l"' 

0,45 Mr/cM2. TinomaJlb Mnmean R3 Sm 2 0 8 , o6orameHHO:ii: n3oTonoM ~
47

Sm 
JlO 96,4%, 6blll8 1500 CM2. 

11MIIyllbCbl H3 KaMep. IIOC119 ycnneHHSI perncTpHpOB8llHCb Ha MarHHTHOH 

neHT9 MHOroMepHOrO 8H811H38TOpa. 3aiiHCbiB8llHCb KOJlbl apeMeHH Ilp0119TEi, 

aMnllHTYJlbl H HOMepa KaMepbi. 

3. Pe3yllbTBTbt naMepeHHSI 

a -"'aCTllll OT BpeM~HH 
Ha pnc. 1 npencTaBneHa 3aBIICHMOCTb cqeTa 

nponeTa Heii:TpOHOB; CTpe.nKaMH yK838Hbl IIOllO:a<:eHH£1 pesOHBHCOB, aHeprHSI 

c nyqmeii: pa3pema10-
KOTOpbiX onpeneneHa no II3MepeHHIO peaKUIIH ( n , . y ) 

meii: cnoco6HoCTbiO, qeM nnSI peaKunn ~ n , a ·). AcnMMeTpnR pe3oHaHCHbiX 

nHKOB CB5138H8 C ~opMOH Heii:TpOHHOH BCIIhlillKH. 
a -'18CTIIU B pe30H8HCHbl:X IIH-

B Ta6n. 1 npiiB9Jl9Hbi cyMMbi cqeToB 

Kax •. BKnaJlhi Jlll£1 nepa3neneHHbiX pe3oHaHCOB BhtnenRnHcb n ouennBanncb rpa­

~nqecKH no MeTony' aKcnepnMeHTallbHO:ii: ~opMb~ OJliiHO"'Horo IIIIKa. TaM :lKe. 

Jl8IOTCSI nollHbi9 a -lliiipHllbi, onpeJl9119HHbi9 H3 Cp8BH9HIISI BbiXOJlOB B peaK-

UIISIX ( n 
1 

a ) H ( n ·, y ) / 8 / C HOpMHpOBKOH Ha B911H"'HHY f'a 

( 2,5:!::_0,3) MK8B JlllSI pe3oHaaca c Eo =3,4 aB
181

• 3necb yqTeHhi ToltbKO 

CT8TIICTH"'9CKII9 omii6KH II HeonpeneneHHOCTb BbiJl9119HHSI pe30H8HCHblX nHKOB •. 

Ha pnc. 2 rioKa3aHbi crreKTpbi a -qacTIIU pacrraJJ.a 11 pe3oHaHCHbiX 

COCTOSIHHM H cneKTp ~oHa Me:a<:JJ.Y pe30H8HC8MII 3,4 II 18,3 8B. CBepxy }].89TCSI 

· mKana .aneprn:ii: 
a. -'laCTIIU B M aB: cTpenKaMH rroKa3aHbi o:acnJJ.aeMbte no-
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.1 pe30H8HCOB H 3HaqeHHR 

>B HMnynbCHOI"O peaKTOpa 

MecTHO c nnnefiHbiM ycKo­

:ymecTannnach no apeMel!H 

mcnepHMeHTa ananorHqua 

cneKTpOB a -qaCTHU HC­

eTK8MH c paapemeuHeM na 

M aa H Tonmnne MHllleP« 

ramennofi H30TonoM 
147 

Sm 

rpnpoaanncb na MariiHTHOfi 

b KOJlbl apeMeHH nponeTEio. 

a -qacTHU OT apeM:.JliH 

eHHR pe30H8HCOB 0 anepi"HH 

y ) c nyqruefi paapemaro-

). AcHMMeTpHR peaonancHbiX 

-qacTHU B pe30li8HCHblX IIH­

annnHCb H oueunaanHCb rp'a­

OJlHHoqnoro IIHKa. TaM )Ke 

cpaBUeHHR BblXOJlOB B peaK­

!pOBKOfi H8 BennqHHY ra 
/Sf, 3)leCb yqT9llbl TOnbKO 

:tenel!HR pe30H8HCHblX IIHKOB, 

m pacrraJla 11 pesonaHCHbiX 

,4 H 18,3 aB, CBepxy )laeTCR 

H IIOK838Hbl 0}KH)laeMbie no-

I 

l 

. -



\,. 

Taonnna I 

nonHbie H napllH8nbHble a -mHpHHbl H CfiHHbl pe30H8HCOB 

a peaKUHH ursm ( n, a) 144Nd 

Eo L:Nct.. r:: ~0 r;_1 ~£, 1;.3+4 
(a :a) ±D.'Lt{- (MK3B) (MK3B) (MK3B) (MK3B) (MK3B) 

3,4 4970,;t73 2,5j:0~3 1,17,;t0,25 1,II,;t0,22 O,I9,;tq_,065 

18,3 1236.±37 0,36,;t0,01 - 0, II ,;tO, 013 0,23,;t0,02 -
. 27,1 96.:t15 0,36.±0,06 

-"-. ·- - --- - -· 
0,15.±0,05 . - 0,08j:0,03 

29,7 250,;t21 0,5210,045 0,27,;t0,06 0,1010,04 - 0,12,;t0,04 
-

32,1 295.±22 ~ 6,26.±0 ,02 - 0,20,!0,034 - 0,05,;tU,03 
-39,7 285l2I 0,27.±0,02 0,04,;tO,OI o,I2,±0,024 0, II ,;tO, 023 -

49,3 4ij;I7 .... ·o~i'5.fb~66 "---
... 

:57~9 151.±17 0,43.±0,05 - 0,35,;t0,085 - 0,043,;t0,026 
'76,0 9,;t9 ~!o~.±o, o5 ___ _ . -· 

-79~8 'i6fi6- 0,33,!0,33 
-83,3 63t:t29' . 2,32_±0,II 1,32,;t0-;1i. 0,83,;t0,13 - 0,12,;t0,08 

99;5 softs -r-O,I4,!0,07 . 
. 

102,6 22?.±44 I~2.;t0,23 · 0,12,;t0,06 0,96;t0,27 - 0,12;t0,08 

1Ci6,8 83,;t30 
- :!£)-----· -

0,5?;t0,27 
·r23,4 184,;t17 0,94.±0,09 0,52,;t0,12 0,24;t0 ,08 ......... 0,19 
-151,3 73;t36 0,6810,34 
160,8-

¥48,;t50 0' 58 ;tO' 20 I 163,6 
183,7 1763;t70 15,7+0,65 rv15, 7 <(0,55 ( I 

·-· 

:K) OmHOKa y:aem1qeaa ua-aa :aoaMo~aoro :aKna~a aepaa~eneaaoro 
peaoaaaca 108,4 a:a. 

·6 

:J 
]I 

3-
Lj.-

(4-) ,-
(4-) 
{3-) 

(4-) 

3-

(3-') 

3-

I 
3-

no:lKeHHSI rpynn 

KoHe•uioro Slllpa 

pnc. 3/121. 

a -'18CTHU1 COOTBeTCTBYIOIUHX nepeXOllBM B C 

144 Nd cornacao cxeMe ypoBHe:lt, npencTaBn, 

Ha pnc. 4 noKa3aHbi cxeMbi a -pacnana oTnenbHbiX pe30HI 

HeM ll8IOTCSI B npoueHTBX OTHOCHTenbHhle HHTeHCHBHOCTH nepeXOJl 

unanbHbil:l a -nmpHHbl npnseneHbi B Ta6nnue 1. B cny'lae Hepa3, 

H8MH nepeXOJlOB 3 H 4 JlBeTCSI CYMMapHaH napunanbH8SI a -nmp 

4. 06cy*neane pe3ynbTaToB 

f1onaraH1 'ITO Bee paCCMBTpHBaeMbie HBMH COCTOSIHHSI SIBnSI: 

3ynbT8TOM 38XB8T8 S -HeiiTpOHOB1 nony'laeM llnH HHX OTpHUI 

'leTHOCTb H JlB8 B03MO*Hble 3H8'1eHHSI cnHHa: 3 HnH 4. IlOCKOnbKY 

- . + 
H3 COCTOSIHHii 4 B COCTOSIHHe JlO'IepHero SIJlpa C J" =0 3anpe 

n~'!He a -nepeXOJl8 B OCHOBHOe COCTOSIHHe 
144 Nd ( 0+ ) OllH03HI 

3biB8eT Ha CIIHH 3- pacnanaromerOCSI pe3oHaHca. Ha 9TOM OCHOBBHI 

cneKTpoB no3BOnHeT npnnHcaTb 3Ha'leHne cnHHa 3- pe3oHaHcaM c 

29, 7; 83,3; 123,4 H 183,7 aB. 113-38 B03MO*HOrO BKn8Jl8 COCeJlE 

HBHCOB B a -cneKTpbi ll3 pacnana COCTOSIHHH C Eo = 27,1; 39,7 

noKa JlnSI HHX HeB03MO:lKHO cnenaTb CTOnb onpeneneHHyiO HJleH~ 

no cnHHaM. 

Cpenn nccnenyeMbiX pe3oHaHcoB 'leTKO BbinenHeTCH pe3oHall 

183,7 9B CBOeH nonHOii a -IIIHpHHOii1 KOTopag npHMepHO Ha nopHl 

me MBKCHManbHOH a -mHpHHbl H3 BCeX OCTanbHbiX pe30H8HCOB. l< 

y Hero Ha6nronaeTcH no'ITH .HCKniO'IHTenbHO nepexon B ocHoBHoe c 

llO'IepHero Slllpa. C TO'IKH 3peHRSI CTBTHCTH'IeCKOH TeOpllH TaKaH $; 

KpaiiHe ManoBepOSITHa,· H noaToMy B o6cy:lKlleHHH CTBTHCTll'leCKH' 

a -lliHpHH 9TOT BHOManbHbiii pe30H8HC Mbi He 6yneM Y'IHTbiBB 

Ha pnc. 5 noKa3aHbi HHTerpanbHbie pacnpeneneHHH npnseneu 

unanbHblX a -lliHpHH JlnSI nepexona B OCHpBHOe COCTOSIHHe ( CHH3y) 

Boe B036Y:lKJleHHOe (BBepxy). IlepBOMY cny'IBIO COOTBeTCTByeT OllHO 

op6HT8nbHOrO MOMeHT8 BbineTaromeii a -'laCTHUbl f =3; 9KCnepl 

Hoe pacnpeneneune xopomo onHCbiBaeTCH X -KBanpaT pacnpeneneune 

'ITO CBHJleTenbcTByeT B nonb3Y cnpasennnBoCTH npennono:lKeHJIH 

ToMaca
1131 

o pacnpeneneHHH aMnnHTYll npnseneHHbiX mnpnH. IB I 
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lbl pe30H8HCOB 

'7x;z, r;3+l; ::J 
Tl 

(uHaB) (UH3B) 

0 '· 1~,±q_, 065 3-

),23,±0,02 4-
0,08,±0,03 (4-) 

0,12,±0,04 :;-
0,05,±0,03 (4-) 

) , II.±O, 023 (3-) 

0 t 043,±0 t 026 (4-) 

0,12,±0,08 3-
I 

(3-") 
i 

0,12,±0,08 i. 

I ~o,I9 3-

ep83,llelleHHOrO 

no:lKeHHSI rpynn a 

KoHe~aoro srnpa 

pnc. s' 12/. 

144 

-~BCTHU1 COOTB9TCTByromHX nepexonaM B COCTOSIHHSI 

Nd corn,acao cxeMe ypoBHeft, npencTaBneHHo1!: Ha 

Ha pnc. 4 noKaaaHbi cxeMbi a -pacnana oTnenhHhiX peaoHaHcoB. Ha 

HeM ABIOTCSI B npoUeHTBX OTHOCHTenhHhle HHTeHCHBHOCTH nepeXOAOBo Tiap~ 

unanhHbre a -nmpHHbi npHBeneHbi B Ta6nnue I. B cny~ae HepaaneneHHhlX 

HaMH nepexonoB 3 H 4 naeTcsr cyMMapaasr napunanhHasr a -mHpHHa, 

4. 06cymneane peaynhTaToB 

Tionarasr, ~TO BCe paCCMBTpHBB9Mbl9 HBMH COCTOSIHHSI SIBnSIIOTCSI pe• 

aynhTBTOM 3BXBBTB s -HeftTpOHOB, nony~aeM nnsr HHX OTpHUBTenbHYIO 

~~THOCTb H ABa B03MO:lKHbie 3HB'IeHMSI Cl1MHa: 3 Hnll 4, floCKOnhKY a -pacnan 

. 1T + 
H3 COCTOHHHH 4 B COCTOHHHe AO~epHero srnpa C .I =0 aanpemeH, ~a-

nH'Ille a -nepexona B OCHOBHOe COCTOSIHHe 144 Nd ( 0+ ) OAH03HB'iHO yKa-

3biBBeT Ha cnnH 3- pacnanaromerocsr peaoHaHca. Ha aToM ocHoBaHnn aHann3 

cneKTpoB noaBonsreT npnnncaTb aaa~eane cnnHa 3- peaoaaacaM c Eo =8,4; 
29, 7; 83,3; 123,4 n 183,7 aB, Ma-aa BOSMO:lKHOrQ, BKnana cocenanx peao·­

HaHCOB B a -cneKTpbi na pacnana cocTosranfi c E 0 = 27,1; 39,7 n 102,6 aB 

noKa nnsr HMX HeBoaMO:lKHo cnenaTb cTonh onpeneneaayro nneHTn~nKau~ro 

no cnHHaM. 

Cpenn nccnenyeMbiX peaoHaHcoB ~~TKO BbrnensreTcsr peaoHaHc c E0 = 

183,7 aB cBoefi nonaofi a -mnpHHofi, KoTopasr npHMepHo aa nopsrnoK 6onh-

me MBKCHManhHOH a -mHpMHhi na Bcex ocTanhHbiX peaoaaacoB. K ToMy me 

y Hero Ha6nronaeTCSI 110'ITH .HCKniO'iHTenhHO nepexon B OCHOBHOe COCTOHH~e 

AO'iepaero srnpa~ C TO'IKH apeHHSI CTBTHCTM'ieCKOH TeopHM TaKast ~nyKTyaUHSI 

KpafiHe ManoBepOSITHa, H 1108TOMY B o6Cy:lKneHHH CTBTMCTH~eCKMX CBOHCTB 

a -mHpMH 8TOT BHOManhHbiH peaoHaHC Mbl He 6yneM y'iMTbiBBTb, 

Ha pnc. 5 noKaaaHhi MHTerpanhHbre pacnpeneneHMll npnBe.ueHHhiX nap­

unanhHbiX a -miipHH nnsr ne pexo.ua B OCHOBHOe COCTOSIHlle ( CHM3y) II B nei?­

BOe Boa6ymneHHOe (BBepxy). flepBOMY cnyqaro COOTBeTCTByeT OAHO 3Ha'IeHIIe 

op6HTBnhHOrO MOMeHTa BhtneTaromefi a -'IBCTMUbl £ =3 ;, 8KCnepMMeHTBnh­

Hoe pacnpe.uenenne xopomo onnchrBaeTcsr x -KBa.upaT pacnpe.uenenneM c v = 1, 

'iTO CBII.UeTenbCTByeT B nonhay cnpaBennHBOCTH npe.unono:lKeHMSI flopTepa­

ToMaCa/ 131 o pacnpeneneHHH aMnnHTyn npnBenenHhrx mnpnH. IB nepexo.uax 
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O%T 
80% 

183.7 3" 

<3.5" 

-m" 

Ha nepaoe B036y~eHHOe COCTOHHHe MOryT yqacTBOB8!b l 

qeHHH f B 38BHCHMOCTH OT CnHHa pe30H8HC8o IToCKOnb 

BbiA9nHTb BKnBAbl C OTAenbHbiMH 3HaqeHHSIMH 

pacnpeneneHne aennqnH 

'2 r al 

yal 
2( ~ pf ) I 

f 

f 1 TO H 

HBnHIDmHXCH. ycpeAH9HHbiMH 

TeHunanbHoro 6apbepa nnH 

qTo 3HaMeHaTenb B ~opMyne 

no f C B9COM0 paBHblM nJ: 

a -qaCTHUbl C ASHHbiM f 

(1) HBnHeTCH KOHCT8HTOH AnH 

onpeneneHHoro cnnua. KaK cnenyeT H3 aKcnepuMevHTa, pa 

B cnyqae nepexona B nepaoe Bo36y~eHHoe cocTostHue OK 

y3KHM1 qeM AnSI V = 1. 3TOT ~8KT MO)I<HO o6'hHCHHTb Te! 

neane BhmeTaromnx a -qaCTHU ITO op6HT8nhHbiM MOMeHTa 

AHT B OCHOBHOM AD BbineTa a -qaCTHU H3 stnpa H B K8)!(J 

caoeMy. Torna MO)!(HO 3apaaee, 3Hast BennqnHhi P f , I 

qnay v no ~opMyne ( 8) H3/ 11/; B HallleM cnyqae v 

HHTepeCHO OTM9Tl1Tb1 qTQ C TOqKH 3peHHH pacnpenen 

(pUC. 5) BnHHHHeM B38HMOA9HCTBHH Bbin9T810mHX a -qac 

CKHM MOMeHTOM OCTaToqHoro stnpa t44 Nd B COCTOl 

MO)!(ijO npeHe6peqb, ITOCKOnhKY AnH BCeX p930HBHCOB 9TO B381 

OAHH8KOBbiMo KpoMe Toro, He HCKnlOqeH0 1 qTo 9TO B381IMC 

Mano B naHHOM cnyqae, nocKonbKY cpenHue npnBeneHHbre 

pacnaAOB pe30li8HCHbiX COCTOSIHHfi C J 11 = 3 - ( B03MO)!(J 

H J 11 =4- f =3; 5 ) B nepaoe Boa6y)!(A9HHoe coc 

stnpa 6nH3KH Me)!(AY co6ofi. 

Ha pnc.6(a) naeTcst pacnpeneneane nonHbiX -a -1 

HaHCOB c E 0 < 152 aB. CnnolliHofi nHHHefi JiaHeceHo O)!(HAE 

THqeCKHX S8KOHOMepHOCTefi pacnpeneneHHe/ 11/j nyHKTHpHb 

BalOT O)!(HnaeMoe pacnpeneneHne nnH IIIHpHH pe3oHaHcoa co 

oTnenbHO. B aepXHefi qacTH pncyHKa (B) npencTaBneHa 3aB 

HOCTH nnH pe30H8HC8 HMeTb CITHH 3- npH 38A8HHOM ~rttl~eJ 

Pe30H8HCbl c r a •> 0,8 MK9B c BepOSITHOCTblO ·> 99% 
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~r 
80% 

183.7 3" 

Ha nepB09 B036y~eHH09 COCTOnHU9 MOryT yqaCTBOBaTb aaa unu TpU 3Ha-

e B 3aBUCUMOCTU OT CnUHa p930HaHCa. TioCKOnbKY Mbl He M0)!{9M 

BbtaenUTb BKnaabi C OTaenbHbiMU 3Ha'!eHUnMU 

pacrrpeaeneHue senuquH 

e 1 TO Ha pucyHK9 aaeTCn 

/; ( 1) 
2( 1 Pe ) 1 

nBnnromuxcn. ycpeaHeHHbiMU no f C B9COM 0 paBHbiM llpOHUUa9MOCTU rro­

T9HUUanbHOro 6apbepa ann a -'laCTUUbl C aaHHbiM f , p f • 0TM9TUM1 

'ITO 3HaMeHaTenb B $opMyne (J) nBnneTcn KOHCTaHTOfi ann BC9X p930HaHCOB 

orrpeaeneHHoro crruHa. KaK cneayeT ua aKcnepnMeHTa, pacrrpeaenemre .Y ~ 
1 

B cnyqae nepexoaa B rrepsoe aoa6y~eHHoe cocTonHue oKa3biBaeTcn 6on~e 

yaKUM, qeM ann v =I. 3ToT $aKT MO)KHO o6'bncHUTb TeM, 'ITO pacnpea~-

nenue BbineTaromux a -qaCTUU no OpoHTanbHbiM MOM9HTaM J:: npoucxo~ 

auT B ocnoanoM ao BbineTa a -qacTUU ua napa II B Ka)KaOM peaoHanca no 

CBOeMy. Toraa MO)KHO aapaHee, anan BenU'!UHbl p e • paCC'IUTaTb Ben~­

'IUHy v no $opMyne ( 8) ua/11/; B HallleM cnyqae v "' 2 • 

11HTepeCHO OTM9TUTb1 'ITO. C TO'IKU 3p9HUSI pacrrpeaeneHUSI BenU'IUH y 2 
•\ a,;i 

(puc. 5) BnUnHU9M B38UMoaefiCTBUn Bbin9T8IOIIIMX a -'laCTUU C anHaMuqe-

CKUM MOM9HTOM OCTaTO'IHOrO napa 
144 Nd B COCTOnHUU I 71

= :'2+ ) 

MO)K~O npeHe6peqb, nocKonbKY ann acex pesonancoa aTo BsanMoaelicTane 6yaeT 

oauHaKOBbiM. KpoMe Toro, He IICKnroqeno, 'ITO aTo aaauMoaeficTane Boo6;tue 

Mano B aaHHOM cnyqae, rrocKOnbKY cpeanue npuaeaeHHbie a 

pacnaaoB pe30HaHCHbiX COCTOnHUfi C J 71 = 3 - ( B03MO)!{Hbl. 

-lllnpHHbl ann 

e = 1; 3; 5) 

U J 71 = 4- ( " f =3; 5 ) B nepB09 B030y)KaeHH09 COCTOnHUe aoqepnero 

napa 6nnsKu Me)Kay co6on. 

Ha puc.B( a) aaeTcn pacrrpeaeneHue nonHbiX ·a -lllupun ann peao-

HaHCOB c E 0 < 152 as. CrrnolllHofi nunnen HaHeceno O)KUaaeMoe us cTaTuc­

TU'!ecKux SaKOHOM9pHOCTefi pacrrpeAeneHUe/11/ i ITyHKTUpl!bi9 nUHUU noK83bi­

B8IOT. o)KuaaeMoe pacrrpeaenenue anst lllUpUH pesonaHCOB co cnunaMn 3- u 4-

0TAenbHo. B aepxHefi qacTu pucynKa (a) npeacTaanena aaaucuMoCTb BepoHT­

HocTn ann pe30HaHca UM9Tb cnUH 3 npu 3aAaHHOM '='.tttt'i9HUU a -lllUpUHbl. 

Pe30HaHCbl C r a •> 0,8 MK9B C BeponTHOCTbiO •> 99% UM9IOT CnUH 3-. 
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N(Xa. 1 >X) 

0 
.), 

r 

0.1 

Pnc. 5. 

\,. 

1478 ( . U4AI-l 
m nf«.) 1vu 

x=L
2 

<'02.> 

5 

. 'L (3-) 

(b) 

(a) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

147 1-'-' 
Sm (n,o(J J 

76,0 
99.5 
49.3 

32.1 

J=3: 'V= 1.8 39,7 

. ---~ \ 7~:.3 
......... ------ 27.1 

',, '',, 57.9 
', .... . .29.7. 

' ~8 
. /' J~4; '11= 2.5 ', . 151,3 

', 123.4 

' ' ' ' 0 ...... 
02 nc:: · ~ 5 10 

J.fi 

Pnc. 6. 



"' . ?(n,d..) Nd 

I __ 

t· 
1~--~--~~~~--~--~ 

I 

(a) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

76.0 
99,5 
49.3 

32,1 
39,7 

·:1=3: "J= 1.8 79.8 

_;.._;_.\ •• 1~:.1 
..... ---... , 57.9 

,, 87 

', 106.8 
~ ·~~ 

J=i; ~=2.5/',, 123A 

', 102,6 
',, . 83.3 

'...... 3. 

0LL~LUw_-L~~~~~~~ 
0.5 ' 1 T· f0 7 (ev) 0.2 

Pl!c. 6. 
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OrrpettEineHHhie TaKHM o6paaoM ciiHHhi 3- Jtnst peaoHaHcon 3,4:. 83,3: ( 102,6) 

H 123,4 an coniia.llaiOT CO 3Ha'le.HHSIMH CIIHHOB, rrony'le.HHbiX H3 CIIeKTpOB 

a -'laCTHUo 

HellanHo riostnHnacb pa6oTa
1 141 , st~nHIOIIIaHCH rrepnoll: IIOIIbiTKoll: cnHaaTb 

CTpyKTypy pe30H8HCHbiX COCTOSIHHll: Hllpa C IIapuHanbHbiMH IUHpHHaMH a 

H y -pacrra.llon. Oc.HonhxnaHCb Ha nbiBO.llax aTofi pa6oTbi H peaynbTaTax 

H8CTOSIIIIeif, MOlKH0 1 IIO-nHilHMOMy, C'IHT8Tb1 'ITO pe3oHaHCHOe COCTO!IHHe 183,7 SB 

OTnH'IaeTCSI OT llPYI'HX cpaBHHTenbHO 6onbWHM nKnallOM, IIpOCTOI'O JlnyXKBa-

3H'I8CTII'IHOI'O noa6y~el!HSI THIIa '18CTHU8-'18CTHUa. 

ITocKonbKY <PopMa crreKTpon a -'laCTHU siBnsteTcH oTpalKeHReM cTpyK~. 

Typbl OTR,?CHTenb.HOI'O nKna,lla KOMIIOlleHT1 CIIOCOOCTByiOIItHX o6pa30BaHHIO 

a -'laCTUUbi H3 HyKnouon B noa6y:lK.lle.HHOM H.llpe1 TO CXO.llCTno CIIeKTpOB 

B peaoHal!CaX 3,4:' 83,3 H 123,4 an yKa3biBaeT lia IIOXOlKYIO B YIIOMHHyT,oM' 

CMbxcne CTpyKTypy aTHX peaouaacon. XoTenocb obi n CBH3H c aTHM o6pl1THTb 

BHHMaH:Ire Ha TO, 'ITO 9TH TpU ypoBHH BMeCTe C pe30H8HC8MH 40,6 (nnH 39, 7) 

9B H 163,6 ( HnH 160,6) an, a -<:IIeKTpbi KOTOpb!X IIOilpOOHO eme He H3~e~ 
pHnHCb1 o6pa3yiOT CHCTeMy IIO'ITH 9KBHilHCTaHTHblX pe30H8HCOB (9KBHilH~taHT­

HOCTb llmi llPYI'HX Slllep OTMe'lanacb n/ 15/). .. 
B pa6oTe

1 141 
rrpe.llcKaabmaeTcst ynenH'IeaHe B cpenneM rrpHneneHHo!ti 

a -wnpHHhi rrepexo)la B ollno<PononRoe noa6ylKileimoe cocTostnne Kone'liloro 

Sl,llpa ITO CpaBUeUHIO C IIepeXOilOM B OCHOBUOe. flo-DHilHMOMy1 IIepBoe B03-. 

6y:lKJleHlloe COCTOSIUHe SIIlpa 
144Nd ( 2+) stnnsteTCSI O)lliO$OHOllllbiMo EcnH He 

Y.'IHTbiBaTb B ycpe)lHe.HHH· 8HOManbHOfi IUUpHllbi pe30H8l!Ca 183,7 9B 0 TO lltiWH 

peaynbTaTbi H3Mepe.HIIii: IIOilTBeplKJlaiOT 9TOT BhiBOil1 TaK KaK: 

<y2 •> <r •> (Pa >o al al 3 . 
<y 2 ·> < r '> (:S p ) . 

ao ao e e 1 

3TOT peaynbTaT, Oll.H8KO, IlpOTHBOpe'IHT IIpelliiOnOlKeUHIO CTaTHCTH'IeCKOll: Te~ 

OpHH1 D KOTOpOft C'IHTaeTCSij 'ITO cpelllll!e IIpHBelle.Hl!bie a -WHpHllbi llOnlKHbi 

Ob!Tb OJliiH8KOnbiMH Jlmi nepeXOJlOB B mo6oe KOHe'IHOe COCTOSIHHe • . 
MnTepecuo o6paTHTb BHHMaHne .Ha aaMeTuoe . ocna6neuHe (a, noaMolKuo, 

H OTCYTCTBUe) BO MHOI'HX pe30HaUCaX rrepeXOJlOB.Jia DTOpoe D036ylKJleHHOe 
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:OHBHCOB 3,4;, 83,3; ( 102,6) 

nony'!eHHhiX Ha cneKTI>oB 

I nepBOii ITOllbiTKOii CB5!38Tb 

anbHb!MH IIIHpHHaMH a 

·oii p~60Tbi H peaynbTaTa)c 

IOHBHCHOe COCTOSIHHe 183,7 9B 

aKnanoM, npocToro nByXKBa-

nHeTC5! OTpa~eHHeM C~pyK­

~()CTByiOIIIHX o6pa30B8HHIO 

Je, TO CXOJlCTBO cneKTpOIB 

!Ia noxo~yro B ynoMHHy'JioM 

I. B. c.B5!3H C 3THM o6pi:ITHTb 

eaonancaMH 40,6 (unu 39,7) 

IX: nonpo6no eme He Hal\{e;.. 

'pe30H8HCOB (aKBHllHCtaHT-

e B cpeJlneM npuBeJlenno~ 

lH~Oe COCT05!HHe KOH8'iHDrO 

)- BHJlHMOMy, nepBoe B03-

a onuo!jlonoHHbiM. Ecnu ne 

IOHaHca 183,7 3B0 TO HtiiiiH 

1, .TaK KaK: 

3 . 

{8HHIO CTBTHCTH'leCIWii Te.;. 

Hbie a -IIIHpHHbl non~Hbl 

oe COCT05!HHe, 

ocna6neuue (a, soaMo~no, 

. ua BTopoe Boa6y~JleHHoe 

· cocToHnne 4 +. ITpoHBnHroTCH oHH TOnbKO B JlBYX peaonancax. B TO ~e speMH 

a -nepexOJlbi B crieJlyromne cocToHHHH 3- u· 2 + ( nepaa)leneHHbie), ne~a­
mne npHMepno na · 200 K9B Bbiiiie, npostBnSiroTCSI no Kpa:iinett_ Mepe B ceMH 

peaonancax. 
BoaMmKHOCTb cymecTBOBBHHSI aaMeTHb!X nepexonoB na 6onee Bb!COKlle 

ypoBHH Tpe6yeT eme noJlTBepJKJleHHB, KoTopoe MomHo 6yJleT nonyqHTb. 

c noMOIIIbiO HaMepeuu:ii c ny'IIIIHM paapewenHeM no aneprHH 

ll 6onbiiiefi CT8THCTH'l8CKOH 'TO'iliOCTbiOo 

a -'laCTIIU· 

AsTopbi Bbxpa~aroT 6naroJlapnoCTb 3.H. Kap~asuno:ii u A.B. ITonosy aa 

H3MepeHHSI paJlHBUHOHHOrO 38XB8Ta na caMapHllo 

ABTOpbi npHanaTenhHbi <l>.n. llianHpo, B.r. ConosbeBy H B.l1. <l>ypMilHY 

aa noneaHbie o6cymJlenus, K~r. PoJlHOHoBy, H.A. CTpofiKoBy ,aa noMOIIIb a 
HaMepeHHSIX, A.B. fpa'!eBo:ii, M. <l>nopeKoso:ii, M.B. <l>poHTacbesoit H P. XopsaT 

.aa noMOIIlb B o6pa60TKe 9KcnepHMeHT8lxbHblX. Jl8lllibiX1 )1(, fnayaHyC - 38 

_HaroToBneHHe MHIIIeHe:ii, B.C. 3onoTapeBy Hero coTpyJlHHKaM -.aa npeJlO­

cTaBneHHe paa)leneHHbiX HaoTonoB, 
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