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1. BsegeHne 

K qncny Han6onee TPYJlHOJlOCTYIIHhiX rrapaMeTpOB SIJlepHhiX yposHeil:, 

HCCJ19Jly9Mh!X B Heil:TpOHHOil: CIIeKTpOCKOIIHH, OTHOCSITCSI CIIHHhl COCT8BHb!X 

SI)lep. YJ M9HHO II09TOMY JlO IlOCJ19JlH9I'O BpeMeHH Jl8HHh!9 0 CllliH8X ypoBHeil: 

6blllll CJlHIIIKOM 6e)lHhi, 'IT06b! Il03BOJlHTb IlpOB9CTH )leT8JlbHb!il: 8H8JlH3 CIIH

HOBOH 38BHCHMOCTH CHJlOBh!X <jJyHKUHil: 1 paJl.II8UHOHHb!X IIIIIpiiH II paCCTOSIHIIil: 

M91KJlY ypOBl!SIMllo 

CyliieCTB9l!Hhlil: III8I' B paCCMOTpel!Hll CIIHHOBQil: 38BIICHMOCTII CIIJlOBhlX 

• I 1 21 
<jJyHKUHH 6hm CJlenaH B pa6oTax <jln3HKOB CaKne ' • YI3MepSISI c BhiCOKHM 

pa3pe~eHH9M IlpOIIYCK8l!H9 Heil:TpOHOB )lJlSI IIIHpOKOI'O Kpyra SI)lep H o6pa6a

Tb!B8SI IIOJly'Iel!l!bie Jl8HHbie ITO M9TOJlY <jJopMhi, OHH IlOJlY'IHJlll 3H8'IIIT9Jlb

HYIO IIH¢opMaUHIO o crriiHax ypoBHeil:. Hail:JleHHhie IIMII OTJl9JlbHO JlJlSI K81KJlO-. 

I'O CIIIIHOBOI'O COCTOHHIISI CIIJ10Bb!9 <jJyHKUIIII OK838Jll1Cb 38MeTHO.OTJlli'I8!01IIli

MliCSI JlJlSI l!9KOT0pb!X SI)lep. 3TO OTJ1H'IH9 'I~TKO IlpOSIBJlSIJlOCb y I 
97 

Au 

69 Ga 77 Se n As Br. 
I 1 21 

OcHOBHhiM KpiiTepneM, KOTOpbiil: ncrronb30sancSI B pa6oTax ' JlJlSI 

OU9HKII Ha)le/KHOCTII p83Jlll'IHSI CHJlOBb!X <jJyl!KUHil: JlBYX CIIHHOBh!X COCTOSIHHil:, 

SIBJ1SIJ18Cb BepOSI'l~HOCTb H86JIIO)lel!HSI T8KOI'O cnyqail:HOI'O OTKJ10H9HIISI B rrpell-

IIOJ10/K9Hllll p8B9HCTB8 HCTHHHb!X 3H8'I9J!llil: S ( J I II S ( J 
2

) • Pacc'IH-

ThlB8JI8Cb OH8 H8 OCHOB8Hllll 38KOH8 pacrrpeneneHHSI Heil:TpOHHhlX IIIHpliHo 
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B 'lacTHocTn, D.nH . 77 
Se 

HOCTH UOpHD.Ka 1%. 

75 As . . . 
II 197 Au 

6hu:iii nony'leHbi BepoHT-

B nocneD.HHe rOD.bl B ny6He Ha HMnynbCHOM peaKTOpe C IIH)I(eKTOpOM-

MIIKpoTpOHOM HBMII 6binH UpOBeD.eHbl II3MepeHIIH napaMeTpOB HeliTpOHHbiX 

peaonaHcoB pHD. a HD.ep B o6nacTn Mac.coBbiX 'liicen 69-87. Cpean HHX . 6binii 

. _ A(77Se 69G 11G) . 
s_ID.pa C He'leTHbiM t a t a t D.nH KOTOpbiX COBMeCT-

Hhle II3MepeHIIH nponycKaHIIR II paaiiauiionnoro aaxBaTa noaBoniinii nony

J3,4/ 
.AIITb CUIIHbl ypOBHeii • J.1aMepeHIIR DpOBOJliiniiCb Ha paaaeneHHblX II30-

TOU8X Upii paaperneHIIII 3 HCeK/M D.nR nponycKaHIIR II 12 HCeK/M D.nR panna-

UIIOHHoro aaxBaTa. CpaBHenne Harnnx JlBHHhiX no 77 Se c naHHhiMH. pa6o-
/5/ 

Thi noKasano xopornee cornaciie KaK B suaqennRx cnnuos, TaK II B auaqe-

HIIHX .HeiiTpOHHblX illHpHH B HHTepBane SHeprHH 11.0 1,5 KSB
0 

B KOTOpOM HMe

/5/ 
nncb JlBHHht.e pa6oTbi • OnnaKo napaMeTphi, nony'leHHbie HaMn B o6nacTII 

9HeprHH OT 1,5 JlO 4 KSBt H3MeHHnH 38KnJO'leHne 0 paanii'lliii. CHnOBb!X <jlyHK-

UHH D.nH D.Byx CUHHOBhlX COCTORHHH. 3To HarnRJlHO DOK838HO Ha puc. 1, 
0 

rne npiiBeaena uapacTarornaR cyMMa ~ 
. I rn I KaK <jlyHKUIIR SHeprHII JlnR 

JlBYX CUHHOBbiX COCTORHHH. BUD.HO, 'ITO CHnOBbie <jlyHKUHII, onpeneneHHhie 

JlnR y'laCTKa aneprnfi 4 ·Kss, oTnii'laroTcH ueana'liiTenbHo • .flnst 69 Ga paa

nnqne B CHnOBbiX <jlyHKUIIRX. JlnH D.ByX CUHHOBb!X COCTORHHH T8K)I(e He DOD.-

TBepD.HnOCb1 .HO B D.BHHOM cny'lae H3-38 Toro, 'ITO JlnH D.Byx ypOBH.eH 

u C Ill HBHD.eHHb!e HBMII 3Ha'leHHR CIUIHOB UpOTHBOpe'liinH peaynbTaTaM aKne • 

KpoMe nepeqncneHHhiX BbiWe, HCCneD.OBBHIIJO CUHHOB SID.ep UOCBRI!leH 

/6 7/ u 
erne PSID. pa6oT, UORBHBilliiXCR B nocneanee BpeMSI 1 

• Ceuqac HMeroTCR 

y)l(e D.OCT~TO'IHO 06illiipHb!e D.BHHbie1 'IT06b! UOUbiTBTbCR npoBeCTH 6onee 

D.eTanbHb!H CTBTHCTII'leCKHH aHanH3 CDIIHOBOH 38BHCHMOCTII CHnOBb!X <jlyHKUHH 

SID.ep. TaKofi nonbiTKOH RBnSieTcR HaCTORWaH pa6oTa. 

. /1 2/ 
KaK y)l(e oTMe'lanocb Bhirne, aBTopaMn ' oueHnBamiCb_ aepoSIT-

HOCTII cny'laHUb!X OTKnoHeHHH 1 KOTOpb!e Mornn 6b! npnBeCTH K Ha6nJOD.8BilliiM

CR pa3nii'liiSIM B S ( J 1 ) II S ( J :J ) • 3TII OU_eHKII 6binii nony'leHbl D.nSI 

4 

j 

I 
~ 

I I 

HeCKOnbKIIX RD.ep, D.nH KO 

npencTaBnRnocb, 'ITo 6on 

CHnOBb!X <jlyHKUIIH MO)I(eT 

OUeHKY SKCnepiiMeHTanbHl 

S( J). 0'leBIID.Ho, ;To 
1 

II3Mc 

HeCKOnbKIIX D.eCRTKOB RD.4 

IIMeTb 6onbrnlle 11 Manbie 

3HB'leHIIR <S( J 1 ) > = < S ( 

RCHeHIIII CIITYBUIIII MO)I(eT 

piiMeuTanbnoro pacnpene; 

II CTBTIICTII'leCKIIe CBOHC1 

<jlyHKUIIII Mbl OCTBHOBIIMCR 

2. CTaTIIcTII'leCKHE 

1 • CornacHo onpeac 

CO CDIII!OM J eCTb OTHC 

o x/ <r > K cpeaneMy 1 
J 

< 1 

CIIMBon J B aanbuefirne.ll 

CSI 3H8'1KH '+' II '-', 03 

co CUIIHBMII J = I + 1/2 

'ITO COOTBeTCTBYJOWHe Be 

naP.aMeTpaMH TeopeTu'lec 

x/06 u menpuHSIThiH llf 

Hb!X illllpl!H r O JlnSI 
n 



75 As ii 197 Au 6btnH IIOny'JeHbl BepOSIT-

HB HMIIynhCHOM peaKTOpe C HH:lKeKTOpOM- • 

l">neneHhl H3MepeHHSI IIapaMeTpOB HeiiTpOHHhiX 

69-87. Cpenn aiix 6bmn 

7t Ga , JlnSI, KoTophiX cosMecT-

n pannaunoHHoro aaxsaTa rroasonnnn rrony-
.....,.l 

rrposonnnncb Ha paaneneHHhiX nao-

rrporrycKaHnSI n 12 aceKIM nnSI panna

c naHHhiMH. pa6o-

e·KBK B 3H8'JeHliSIX CIIHHOB1 T8K li B 3H8'Je-

3To aarnSinHo rroKaaaao aa pnc. 1, 
0 rn I KBK ~YHKUHSI 8Heprnn nnSI 

'ITO cnnOBhie ~yHKUnn, onpeneneHHhte 

~nSI 69 Ga paa

nsyx CIIHHOBhiX COCTOSIJiliii T8K)I{e He IIOII

cnyqae na-aa Toro, 'ITO nnSI nsyx ypoBHeii 
Ill 

HOB rrpoTnBope'Innn peaynbTaTaM CaKne • 

Bhlllle 1 liCCnenOB8HHIO CIIHHOB Sinep IIOCBSillleH 

/6 7/ u 

B rrocnenuee speMSI ' • Ceuqac nMeiOTCSI 

IIOIIhiTBTbCSI rrpoBeCTH 6onee 

CIIHHOBOii 38BHCHMOCTH CHnOBbiX ~yHKUHii 

li8CTOSilli8SI pa6oTa. 

/1 2/ 
asTopaMn ' oueHIIBamtcb. aepoSIT-

KOTOphie Mornn 6bi rrpnBeCTH K Ha6niOII8BlllliM-: 

S (J 2 ) • 3Tn oueHKn 6hmn rrony'IeHhi anSI 

4 

I 

11 

aecKonbKHX Sinep, nnSI KOTopbiX paann'Ine 6btnO aan6onee aarnSII!HhiM. HaM 
J ' 

rrpenCT8BnSinOCb
1 

'ITO 6onee IIOnl!aSI HH~OpM8UHSI 0 CIIHHOBdii 38BHCHMOCTH 

CHnOBhiX ~yHKUHii MO)I{eT 6b!Tb rrony'IeHa 1 ecnn I!pOBOJlHTb CT8THCTH'JeCKYIO 

oueHKY aKcrrepnMeHTanbHhiX nal!HhiX nnSI scex Slnep, nnSI KoTophiX nasecTHhi 

S( J). QqeBH!IHO, 'ITO 1 naMepSISI cnnoBbie ~yHKUHH S ( J 1 ) n S (J 
2

) nnSI 

aecKonbKnx necSITKOB Slnep, Mhi cpenn semt'IHH S(J 1) -S(J 2 ) 6yneM 

nMeTb 6onbrnne n Manhte OTKnoHeHHSI o6onx aaaKoB, na)l{e ecnn HCTHHHbte 

aHa'IeHHSI <S(J 1 )> =<S (J 2)> • H anecb cymecTBeHHYIO rroMornb B rrpo-

SICHeHHH CHTyaUHH MO)I{eT OK838Tb paCCMOTpeHHe TeopeTn'JeCKOrO li 8KCIIe

pnMeHT8nbHOrO pacrrpeneneanii S(J1 )-S(J 2 ) , y'IHThiBaiOmnx TO'IHOCTb 

n cTaTHCTH'JecKne csoiicTBa cnnosoii ~YHKunn. Ha aTHX cnoiicTBax cnnosoii 

~yHKUHH Mbl OCT8HOBHMCSI HeCKOnbKO IIonpo6Hee. 

2. CTaTHCTH'JeCKne csoiicTBa oueaoK cnnoBhiX ~yHKUIIii 

1. CornacHo orrpeneneHHIO, cnnoBaSI ~YHKUHSI Sinpa <S (J )> nnSI ypoaHeii 

CO CIIIIHOM J eCTb OTHOllleHHe cpenHeii rrpnBeneHHOii HeiiTpOHHOii lllHpliHhl 

o x/ <r > K cpenHeMy paccToSIHHIO < D > Me)l{ny ypoBHSIMH: 
J J 

< s (J ) > 

0 
<rJ > 

<DJ > 

(I) 

CnMBon J B nanhHeiirneM 6yneT qacTo onycKaTbCSI n 6ynyT ncrronbaosaTb

CSI 3H8'JKH '+' H '-" 
1 

03H8'J810llllle IIpHHBnne)I{HOCTb ypOBHeii K CliCTeMaM 

CO CIIIIHBMII J = I + 1/2 n J =I - 1/2 . Yrnoshte cKo6Kn 6ynyT oaHa'JaTb, 

'ITO COOTBeTCTBYIOllllie BenH'IIIHbl SIBnSIIOTCSI ",HCTIIHHhiMII C:penHIIMH" 1 T.e. 

'napaMeTpaMn TeopeTn'IeCKHX pacnpeaeneanii, B naHHOM Cf;!Y'Iae 
2 X - pac-

x/06 u • 6 . u menpiiHSITblU IIHneKC n JWSI 0 03H8lJeHHSI rip!IBe!leHHhiX He!ITpOH-

HblX lllllpl!H r O nnSI Kp8TKOCTII orrycKaeTCSI. 
n 

5 



npeneneHHSI C 'IHCnOM CTeneHeii CB060Jlbl V = 1 JlnH HeiiTpOHHhiX lliHpHH1 

HM9IOI!lero BHJl 

"'; 

v 
v --1 

. • -1 - 2 

p(x)dx=[r(;)l (~)2 x 

0 
r 

X 
<ro> 

exp[..:.. -1:_ x] dx 
2 

( 2) 

H pacnpeneneHHSI BHrHepa JlnSI HHTepaanoB M9)KJlY COC9JlHHMH ypoBHSIMH 

q(y) dy" • = + y exp [ - -T y 2 
] dy , (3) 

D 
y 

<:: D > 

3xcnepHMeHTanbHhte aenH'IHHhi1 nonyqaeMbte ycpenHeHHeM no orpaHH'IeHHo

My Ha6opy ypOBHeii1 C TO'IKH apeHHSI M8T9M8TH'I9CKOii CT8THCTHKH SIBnSIIOTCSI 

cnyqaiiHbiMH aenH'IHHaMH1 HM910IIlHMH CBOH 38KOHbl pacnpeneneHHSio 3TH Be

nH'IHHhi HHOr)la H83hiB810T 'oueHKaMH napaMeTpoB' 1 H 3Jl9Cb JlnH HX 0603-

H8'19HHSI 6yneT HCnOnb30B8TbCSI qepTa CBepxy1 T.e. 

m -0 n 

r (n) = ( ~ r 0 
)I n 

I· D (m) .. ( ~ D ) I m 
I I I 

EcnH HccnenoaaHo n ypoBHeii1 To o6ht'IHO m=n- ·1 B -TaKHX o6oaHa'le-
I 

HHSIX SKCnepHMSHTanbHO H~iiJl9HH8SI aenH'IHHa CHnOBOii ~yHKUHH no SHepre
f 

TH'Iecxoii o6nacTH !1 E o6ht'IHO onpenenHeTcH xax 

-o • n 0 . 

s r (n) q: rl)ln (4) 
D (m) liE I m 

6 

. ~ 
. j 

l 
I 

2. Bonpoc o saxoHe pacnpene 

no n ypoBHHM 1 Y*e paccMaTpHaan 

aaeneHo npyroe onpeneneHHe sxcnE 

UHH1 HMBHHO: 

s r oj 

D* 

rne D* Cp91lH9KB81lp8TH'IH8SI 

OTMe'lanoch, 'ITO sTa aenH'IHHa o6 

BaTenbH01 llOn)KH8 6biTb ~~eKTHBE 

BbiB91l9Hbi 38KOHbl pacnpeneneHHSI 

HX OCHOB8HHH nonyqeHO B9CbM8 Cll 

8 ( n) 1 a T8K)K9 Bblp8)!{9HH9 _JlnSI 

HHSI OUIH6KH 8 B npHHUHne 6btn8 

OnHaxo no psrny npH'IHH.onpe 

/9/ 
ABTOphi pa60Thi oTMe'lanH, 'ITO 

paMeTpa < D>. HHJKe Mhi noxaJKeM 

c ropaano MeHbrneii nHcnepcHeii, • 

BSHHO H T0 1 'ITO CHnOB8SI ~yHKUHSI 

Man oM n ·qyBCTBHT9nbHa K npo 

Bb!COKOSHepreTH'I9CKOit. rpaHHU9 Sl 

paCCTOSIHHSI MS)KilY nocneJlHHMH H~ 

aoapacTaiOT. Taxon nponycx ypoB. 

B S. , nocxonbxy 6onbrnHe aenH• 

3H8'1HTenbHbiii sec npH Bhi'IHCneHil 

Tp8JlHUHOHH09 onpeneneHH9 .. { 4) Cl 

6e3 38M9THOit CHCTeMaTH'IBCKOii C 

no aceii o6nacTH !1 E • TaKHM oe 

'IHTb Bb!p8)!{9HH9 JlnSI nnoTHOCTH Be 



cso6o.abr 11 
.[lnSI Heil:TpOHHbiX UIHpHH1 

II 
II ---1 

2 _, 
(~)2x 

2 
exp[- ~x] dx 

2 

0 
r 
<ro> 

( 2) 

·' 

HHTepBanoB Me*.ay COCe.[lHHMH ypOBHSIMH 

11 2 1 y eJqJ [- -;r y dy , ( 3) 

D 

<:D > 

rwnyqaeMbte ycpe.aHeHHeM no. orpaHH'IeHHO

MaTeMaTH'IecKofi CT8THCTHKH SIBnSIIDTCSI 

CBOH 3aKOHbi pacnpe.aeneHHSI. 3TH Be-

napaMeTpoB', H a.aec& .anSI nx o6oa

'lepTa caepxy, T.e. 

m 
D (m) • ( ~ D 

1 
) I m 

1 

o6bt'IHO m"'! n - ·1 • B -TaKnx o6oaHa'le

BenH'IHHa CHnOBOH ~YHKUHH no sHepre

onpe.aemleTCSI KSK 

n 0 

.... Jf r, )In 
(4) 

~E I m 

6 

I 
2. Bonpo~ o aaKoHe pacnpe.aeneHHSI cnnoaoil: ~yHKnHn,•pacc'IHTaHHofi 

. . /8 9/ 
no n ypoBHRM, Y*e paccMaTpnaancSI B pa6oTax ' •. O.aHaKo TaM 6bmo 

aae.aeHo .apyroe onpe.aeneHHe aKcnepHMeHTan&Horo 3Ha'leHHR cHnoaoil: ~YHK-

UHH1 HMeHHO: 

s ( 5) 

r.ae D* - cpe.aHeKBa.apaTH'IHSSI senH'IHHa D*(m) "'J ~(i D
2 

) .. I m '· . · 4 1 I 

OTMetJanoc&, 'ITO aTa aenH'IHHa o6nanaeT HanMeH&IIIefi .ancnepcHefi n, cne.ao-

BaTen&Ho, .aon*Ha 6biTh ~~eKTHBHOii oJ,IeHKOfi napaMeTpa < D .. > .. BJ>mH 
- 0 

BbiBe.aeHbl 38KOHbl pacnpe.aeneHHSI BenH'IHH r (n ) D* (m) 1 H Ha 

HX OCHOBSHHH nonyqeHO BeCbMS cnO*HOe Bbipa*eHHe .[lnSI pacrrpe.aeneHHSI 

S (n) , a TaK*e Bbrpa*e!IHe . .anSI .ancnepcHH. TeM caMhiM aana'la Bbi'IHcne

HHSI OUIH6KH S B npHHUHne 6btn8 peiiieHa. 

0)lH8KO no pSIUY npH'IHH. onpeneneHHe ( 5 ). BpSI.a . nH SIBnSieTCSI ny'IIIIHMo 
/9/ . 

ABTOpbi pa60Tbi OTMe'lanH, 'ITO D * - aTo cMeUieHHaR oueHKa na-

paMeTpa < D>. HH*e Mbi noKa*eM 1 'ITO cyurecTByeT HecMeureHHaR oueHKa 
/9/ 

c ropaa.ao MeHbiiiefi .ancnepcHeil:, qeM npHBO.aHMaSI B • He Me!fee cyurecT-

aeHHO H T0
1 

'ITO CHnOBSSI ~yHKUHSI1 paCC'IHTbiBaeMaSI no ~opMyne (5),' npH 

Man oM D 'IYBCTBHTen&Ha K nponyCKY cna6biX ypOBHefi, B OCHOBHOM HS 

BbiCOKoaHepreTHtJecKofi· rpaHHne aKcnepnMeHTan&Hofi o6nacTH 4 E , Korna 

paCCTOSIHHSI Me*.[lY nocne.aHHMH Ha6nro.aeHHbiMH pe30H8HC8MH 3H8'1HTenbHO . : 
B03p8CT8IDTe TaKOH nponyCK ypOBHefi npHBO.[lHT K CHCTeMaTH'IeCKOH OUIH6Ke 

B S 
1 

nOCKOnbKY 6onbUIHe BenH'IHHbl1 B03BO.[lHMbie B KBa.apaT1 npHo6peTSIDT 

3H8'1HTenbHbiH Bee npH Bbl'IHCneHHH D*. B TO *e apeMSI oqesH.a_Ho, 'ITO 

Tpa.aHUHOHHoe onpe.aeneHne (4) cso6o.aHo oT aToro He.aocTaTKa H noaaonReT 

6ea aaMeTHOfi cHcTeMaTH'IeCKOil: OUIH6KH pacc'IHTbiBSTb cnnoayro ~YHKUHID 

no acefi o6nacTH ~ E • TaKHM o6paaoM, npeilcTaBnSieTCSI HHTepecHbiM nony

'IUTb Bbipa*eHHe .anSI nnoTHOCTH sepOSITHOCTH S 1 onpe.aen'eHHOH cor naCHO ( 4) o 

7 



C sToA uenbro aaeneM aenHqHHy 

z 
. s 
<8> 

( 6) 

T.e. 6yneM paCCM8TpHB8Tb CHnoByro ¢yHKUHID B enHHHUSX ee cpenHero 

3HaqeHHSio Ma orrpeneneHHA (1) H (4) cneriyeT, qTo CHnOBSSI ¢YHKUHSI 

eCTb OTHOWeHHe: 

-o 0 
r (n)/<f' > . u 

( 6') z "' "' --. 
D (m) /<D > v 

z 

«llyHKUHSI pacrrpeneneHHSI oTaomeHHSI nayx HeaaaHCHMbiX aenHqHH Mo:lKeT 

6biTh nonyqeHa, ecmr HaBecTHbi HX ¢yHKUHH pacrrpeneneHHH. PacrrpeJlene-

HHe aenHqHHbi u HBnHeTcH. :x_ 2 - pacrrpeneneaHeM ( 2)_ c n cTerre-. 
HSIMH cao6onbi acnencTBHe Toro, qTo anecb HMeeTCSI cyMMa n aenH-

2 
qHH, nonqHHHromHxcg x - pacrrpeneneHHID! Ka:lKnaSI c qHcnoM cTerreHell: 

CB060nbi V "' 1 · 'tJTO KacaeTCSI ¢yHKUHH pacrrpeneneHHSI Be.IJHqliHbl 

v • D {m)/< D > CTOHmell: B aHaMeHaTene (6'), To nng aee aHannTHqec-

Koe Bbipa:lKeane rrpn rrpoH3BO.IlhHOM m HBM HeH3BeCTHO. 
- ~E{m) 

3. TaK KaK. D (m) = , To rro cymecTBY peqb nneT o pace 
m 

rrpeneneHnn sHepreTnqecKnx. nHTepaanoa, Ka:lKnbill: Ha KOTOpbiX conep:lKHT 

IIO m- l pe30H8HCOB BHyTpli. llnH m- 2 , B qacTHOCTli, STO 6yneT pac

rrpeneneHlie paCCTOSIHHii. Me:lKny rrepBbiM H TpeTbHM pe30H8HCOM, TpeTbHM 

H IISITbiM. H T.n. 3Ta aanaqa HenpOCTa H He MO:lKeT 6biTb pemeHa Ha OCHO

BSHHli TOnbKO pacrrpeneneHliSI (3),~IIOCKO.IlbKY OHO CSMO IIO ce6e He OTBe

qaeT Ha BOIIpoc, He38BHCHMbl .IJH COCenHlie paCCTOSIHHSI · H.llH. ~oppenHpyroT. 
/10/ 

PacrrpenepeHHe (3) 6hlno rronyqeHo BnrHepoM Jl.llSI paccToHHHSI 

Me:lKny KOpHSIMH peanbHOii. CHMMeTpHqHOii 2x2 MaTpliUbl CO cnyqafiHbiMH 

8 

l 
I 
i 

I 
\I 

,1 
i 
l 

Kos#HuHeHTaii.m. ·nng rronyqeHHSI 

ypoaHeM· BHYTPH Heo6xoJlnMo 6bm 

uy, HMeromyro y:lKe TpH KOpH.sl. 3a 

qnawnM HCKOMoe pacrrpeneneHHe·

( p "' -0,25) KoppenHunH Me:lKn) 

E , E , E -~ TpH · rrocnenoaaTe 
1 2 3 . 

3x3 MaTpHUhi. CnenoBaTenhHo, nr 

HHX liHTepaanoB y
1 

II 
y 2 ' 

2 2 . 2 
a(y 1+y

2
) ... a(y

1
)+a {y 

non:lKHa 6biTb MeHbme, qeM a en~ 

I 
rronTaep:lKJleH sKcrrepHMeHTanhHO 

Cneny10weii KOHKpeTHoll: · aaJl 

Koro a:bxpa:lKeHIISI nnSI pacrrpeJlene. 

m • Mbi BocrronhayeMCSI peay.n 

poii cnenaHbi pacq~Tbi rro MeToJly 

1 Ox 10 MaTpn:u. PeaynhTBTOM STH 

~E (m) B BHJle rHCTOrpaMM JlnSI 

TOB nnH Ka:lKnoro pacrrpeneneHHH. 

K rayccoaoll:, qTo oTMeqanocb 

Eonee ToqHo H 6onee yJlo6Ho Jlns 

rpaMMbi ITopTepa 2 
X pacrrpenE 

2 
nnH cooTBeTCTByJOUiero x - p 

nOBHSI paBeHCTBa ero ~HCIIepCHH 

TepoM pacrrpeJleneHHSI. ITocnenHSIJ 
• /13/ 

TOll Ta6nHUbl pa60Tbl II IIpHB 

WHX m a.aa'IeHHe aenn:qnHbi m · 

Horo aHa'IeHHsi 0,25, rrpHaoniiMor 



s 
<8> 

{ 6) 

~yHKUHID B ennHnuax ee cpenHer~ 

1) n {4) cnenyeT, 'ITO cnnoBaR ~YHKUH~ z 

m 

u { 6') 
v 

nByX H938BHCHMbiX BenH'IHH MomeT 

~yHKUHH pacnpeneneHnR. Pacnpenene

pacnpeneneHneM (2) c n cTene-

anecb nMeeTcR cyMMa n Benn-

eneHnro Kamnag c qncnoM cTeneHen 
f 

8H8nHTH'I9C-

m H8M HeH3B9CTHOo 

, To no cymecTBY pe'lb nneT o pac= 

HHT9pBanoB1 Kamnhin H3 KOTOpbiX conep)I(HT. 

llng liP 2 1 B ~ '18CTHOCTH 1 9TO 6yneT pac-

H TpeTbHM pe30H8HCOM 1 TpeTbHM 

HenpocTa n He MomeT 6biTb pellleHa Ha ocHo

( 3), · nocKonbKY o~o caMo no ce6e He oTBe

nn cocenHne paccToRHHR nnn ~oppennpyroT. 
/10/ 

BnrHepoM nng paccToRHHR 

2x2 M8TpHUhl CO cnyqanHbiMH 

8 

KO~HUHeHT8MHo llnR nonyqeHHR pacnpeneneHHR HHTepBanOB C onHHM 

ypOBHeM BHyTpH Heo6xonHMO 6binO paCCMOTpeTb K8K MHHHMYM 3x3· MaTpH-
. /11/ 

UYt HMeromyro yme TpH KOpHRo 3anaqa 6bin8 pellleHa OopTepoM 1 nony-

'IHBlliHM HCKOMOe pacnpeneneHne · H nOK838BlliHM Hannqne OTpnuaTenbHOii 

( p = -0,25) Koppengunn Memny pa3HOCTRMH E 2 -E 1 n E 3 - E 2, rne 

E , E ,E -- Tpn nocnei:toBaTenbHhiX co6cTB9HHhiX aHa'leHHR (KopHR) 
I 2 3 . 

3x3 MaTpnuhi. CnenoBaTenhHO, nnR .m=2 nncnepcng cyMMhi nByx cocen-

HHX IIHTepBanoB y I n 
y 2 ' 

p8BH8R 

2 2 2 
a ( y 1+ y 

2 
) ""a ( y 

1
) + a ( y 

2
) + 2 p a ( y 

1 
) a ( y J 

llOnmHa 6biTb M9Hbllle 1 '19M B cnyqae He38BHCHMhiX y I , y 2 • 3TOT ~~eKT 
/12/ 

nollTBepmlleH aKcnepnMeHTanbHO 

Cnellyromen KOHKpeTHon aalla'leii RBnReTcR nonyqeHne aHannTnqec-

KOI"O BbipameHHR llnR pacnpelleneHHR BenH'IHHbl ~E ( m) npH npOH3BOnbHOM 
/13/ 

m • Mbi BocnonbayeMCR peaynbTaTaMH pa6oThi q.nopTepa , B KOTo-

poii cllenaHhi pacqeThi no MeTOilY MoHTe-Kapno llnR 10000 cnyqaii"HhiX 

lOxlO MaTpnu. PeaynbTaToM aTnx pac'leToB RBnRroTcR pacnpelleneHnR 

~E (m) B BHil9 I"HCTOI"paMM llnR 1 < m < 9 H Ta6nHUhl H9CKOnbKHX MOMeH-

TOB llnR Kamlloro pacnpelleneHnR. ~opMa pacnpelleneHnn BecbMa 6nnaKa 
Ill/ 

K rayccoBofi, 'ITO oTMeqanocb q .nopTepoM yme llnR cnyqag m .. 2 . • 

Eonee TO'IHO n 6onee yllo6Ho llnR HalliHX uenefi annpoKcnMnpoBaTh rncTo-

rpaMMbl 0opTepa 2 
X pacrrpeneneHnRMn. qncno cTerreHeii cBo6onhl k 

2 . 
llnR COOTB9TCTByrolllei"O X - pacrrpelleneHHR cnellyeT onpellenHTb H3 yc-. 2 . . 
nOBHR paBeHCTB8 \91"0 JlHCITepCHH ( --) H llHCrrepCHH rrony'leHHOI"O Oop-

V 

6bma Bhi'IHCneHa ITO ll8HHbiM yrroMRHY-TepOM pacrrpelleneHHRo OocnellHRR 
/13/ 

Tof1 Ta6nnUhi pa6oThi n npnBelleHa Ha pnc. 2. BnllHO, 'ITO npn 6onb-
2 a 

lliHX m 3H8'1eHne BenH'IIIHhi m 3H8'1HTenbHO MeHbllle rrpellenb-
< D >a /9/ . 

HOI"O 3H8'1eHHR 0,251 rrpHBOilliMOI"O B pa6oTe 1 rne He Y'IIITbiBancg 9~-

9 



$eKT Koppen.s~unn. Ha pne. 3 npnaeaeHa rneTorpaMMa IlopTepE! am1 

m = 5 n noao6paHI~ag Ha OeHOBaHRH paaeHeTBa aRenepeRfi KpRBa.ll 

X .
2 

-paenpeaeneHH.II e k = 70. · .CoanaaeHRe · oqeH& xopomee. Ha aTOM 

*9 pReyHKe anSI epaBH9HH.II TOlJK8MH HaHeeeHa KpRBaR anR paenpeaeneHH.II 
D~~ 
<D> 

aenR'IHHhi 1 v 

TaKHM o6paaoM, xopomeii annpoKeRMaUReii paenpeaeneHH.II 

a aHaMeHaTene ( 6') .s~an.s~eTeR. x 2_ - paenpeaeneHHe e k 

eTeneHRMR eao6oahi: 

rae 

_.., 

p(v) dv 
k ~-1 

= [ r ( kl2) ] -t ( l) 2v 2 

2 
v=D(m)I<D>) 

k "' 6,3 mvm npH 1<m< 9, 

k .. ID m · npH m > 10 • 

exp [- k . 2v dv 

( 7) 

Oue.HKR (7) anR 'IRena eTeneHefi eao6oahi k MoryT 6biTb nonylJeHhl H3 

pRe. 2, B· qaeTHoeTH, oueHKa an.s~ · m >:...10 npeanonaraeT aKeTpanon.s~uRro 
2 2 

KpRaofi aRenepeRH K ypoBHro m a I < D > .. 0,10 • 

4. Peayn&TaToM npoaeaeHHhiX paeey*aeHHfi .s~an.s~eTe.s~ BhiBoa, 'ITO 

eRnoaa.s~ $yHKUH.II, onpeaeneHHaR a eaRHHu·ax eaoero epeaHero aHalJeHHR, 

eeTb OTHOIIIeHHe aayx HeaaBHeRMhiX enyqafiHhiX BenHlJRH U H V 

Ka~aR H3 KOTOpbiX HMeeT X
2 

- paenpeaeneHHe (e lJHenOM eTeneHefi 

eao6oabl •n an.s~ u H k an.s~ v ) R epeaHee aHalJeHRe, paBHoe 

eaHHHUe. B MaTeMaTHlJeeKOH eTaTHeTRKe anR T8KOH BenRlJHHbl Z .nonyqe

HO TaK Ha3hiBaeMoe F - paenpeaeneHHe (paenpeaenea:He <I>Hmepa), BhiBoa 
v /14/ 

KOTOpOI'O MO*HO HaRTH, HanpRMep, B . • B HaiiiHX o6oaHalJeHHRX eOOT-

B9TeTBYIOlli8R nnOTHOeTb BepORTHOeTH HMeeT eneayiOlliHH npoeTOH aHanRTH-

lJeeKRH BHa: 

f(z,n) dz "' C 
n 

n --I n+ k 
2 .. n ---

(1+- z) 2 

' k 
dz ( 8) z 

10 

I 
! 

I 

l 

.J 
}i .,, 

t 

I 
l 

1 
.. lJ 

',I 
.I 

HopMHpOBOlJHaR KOHeTaHTa , a Ta c 
n 

ee epeaHee aHalJeHRe f.L eeT&: 

c (~)-} r ( n+k · ) 1 [ 
k . . 2 n 

2 
a ( z) [2k

2
(n+k-2)] l[n( 

f.L (z) = k I (k - 2 ) 

rae k onpeaen.s~eTeR qepea n eornac 

m=n-1 • B apyrHx o6oaHalJeHR.IIX, a ~~~ 

KOHKp9THOI'O 3HalJ9HH.II s npR l!aaee1 

R aaaaHHOM lJHene pe30HaHeoa· 0 Bblp 

mee: 

1 < _s_) f( S, n) dS = C n <S> <S> 

Ha pRe. 4 a KalJeeTae npRMepa npRaea 

enyqag n = 5 n ··n = 10 (npn aToM 

2 ·x paenpeaeneHHR an.s~ n = 5 n 
/9/ 

nony'leHHoe-a pa6oTe • Harn.s~aHo an 

TO.IIHR.IIX Me)Klly _YPOBH.IIMR npn6n1.f3Hn ] 

K x 2 - paenpeaeneHnro an.s~ HefiTpoHHbi: 

no 0 ypOBHRMo IJpaKTRlJ.9eKH npU 0 > 

1: 



npHeeneiia rHcTorpaMMa ITopTep£l nm1 

paeeHCTBa llHCnepCHil: KpHBaSl 

CoenaneHHe·oqeH& xopomee. Ha aTOM 

qKaMH HaHeceHa KpHeasr nnsr pacnpeneneHHSl 

xopomeil: annpoKcHManHeil: pacnpeneneHHR 

2 ( 6') smnsreTcR_ x . - pacnpeneneHHe c 1 k 

k ...!..-1 

_.., 

-1 ( ~ ) 2v 2 exp 
2 

[-..l.v 
2 

dv 

(m)/<D > J 

1 < m < 9 

m > 10 • 

(7) 

k MoryT 6biTb. nonyqeHbi Ha 

'm>-10 npennonaraeT aKcTpanonRUHID 

I < D. > 2 
.. 0,10 • 

paccy~ll9HHil: SlBnReTCSl BhlBOllr 'iTO 

a enHHHuax ceoero cpenHero aHa'ieHHR, 

cnyqail:HbiX eenH'iHH u H V 

X2 
- pacnpeneneHHe (c 'iHCnOM CTeneHeil: 

nnsr v ) H cpenHee aHa'ieHHe, paBHoe 

CTaTHCTHKe llnSl TaKoil: BenH'iHHhl Z -IIonyqe

npeneneHHe ( pacnpeneneaHe <I>Hmepa), BbiBOll 
/14/ 

HMep, B . • 8 HaillHX o603H8'i9HHSIX COOT-

HTHOCTH HMeeT cnenyiDillHil: npoCTOil: aHanHTH-

c 
n 

n 
--1 z 2. 

10 

(1+ 
n - n + k T z·) -2- dz ( 8) 

' ¥1 

;I 

1 

l 

1 

HopMHpoeoqHag KOHCTaHTa c 
n 

t a TaK~e llHCU~pCHR senH'iHHbl z H 

ee cpenHee aHa'ieHHe fl ecT&: 

c 
n 

(_.!!_)-} r ( IHk ) 1 [ r {nl2) 
. k . . 2' 

r(kl2)l (9) r 

2 
u ( z) [ 2k 2 (n.t-k-2)] l[n(k-2)

2 
(-·k-4) (10) 

fl (z) "' k I (k - 2 ) 
(11) 

rne k onpenenReTcH qepea n cornacHo ¢opMynaM (7) npH m == n HnH 

m=n-1 • B npyrHx o6oaHa'ieHHRX, a HMeHHO nnsr nnoTHOCTH sepoHTHOCTH 

KOHKpeTHOrO 3Ha'ieHHR 8 npH FiaeecTHOM .. HCTHHHOM" cpenHeM <:: 8·> 

H aanaHHOM qncne peaoHaHCOB n Bbipa~eHHe ( 8) nepexollHT B cnenyiD.., 

'iuee: 

_1 ( _8_> 
f( 8, n) d8 "' C n <S> <8> 

n 

2 

n+k 

( 1+.JL· 2..-) ~8 < 12) 
' k <8> .. 

-1 

Ha pnc. 4 s KaqecTse npHMepa npHseneHbi r·pa¢HKH pacnpeneneHHil: nnR 

cnyqaR n "' 5 H ·.n = 10 (npH aToM m= n -1 ) • TaM ~e noKaaaHLI 

· x 2 - pacnpeneneHHR nnH n = 5 H 10 H . pacnpeneneaHe nnR n = . 5, 

. 6 191 H • nonyqeHHOe B pa OT8 • arnRllHO BHllHO, 'iTO yq~T KOppenRUHH B pac-

-?'OSIHHSIX Me~llY ypoBHRMH npH6nH3Hn pacnpenaneHH9 CHnoEioil: ¢yHKUHH 
2 ' . 

K x - pacnpeneneHHID nnR Heil:TpOHHbiX illHPHH, nonyqaeMbiX ycpenaeHHeM 

no n ypoBHHM. ITp~KTH'i8CKH npH n > 15 paanH'iHe Me~y aTHMH pacnpe-

11 



neneH.IUIMM MC'IeaaeT; M .llnSJ cn:noBoii ljJ YHKUIIM MO::>KHO IIOnb30BaTbCSJ 

x 
2 

- pacrrpenenean:eM ( 2) c n cTerreiiSJMII "cBo6o.llbi. 

- /8,9/ qTO KacaeTCSJ CMeli(eiiiiH1 BBO.lliiBlllMXCSJ B pa6oTaX B 9KCIIepiiMeii-

TanbHbie 3HaiieHMSJ CMnOBOii ljlyiiKUMH1 TO RaM 9TO He IIpe.llCTaBnSJeTCSJ ue

necoo6pa3Hb1Mo B caMoM nene, paccMaTpn:BaSJ B ( I2) rrnoTHOCTb pacrrpe-

' neneHIISI KaK ljlyHKUIIJO IIapaMeTpa < 8 > n: n:MeSI B Brrny, 'ITO cnenaHo ennH-

CTBeaaoe II3MepeHn:e 8 , naBlllee 3Ra'l:eHIIe 8 · "' 8 , rrony'IIIM ljlyiiK-
.. 9KCIIo 
UIIro rrpaBnorrono6n:SI: 

L ( <8 > ) 
--i- -1 

8 <8 > c 
n 

2( 1 + ~ 
8 9KCII. 

< 8 > 

n+k 

2 
n 9KCIIo 

l1a ycnoBIIH MaKCIIMyMa ljlyiiKUIIII L( <8>) cpaay aaxoniiM, 'ITO Haii6onee 

rrpaBnorrono6Hoe aaa'Ieiiiie < 8 > paBHO 8 1 T.e. H3MepeHIIOMy 
9KCJlo 

3Ha'IeHIIIO. 

Borrpoc o cMemeHn:Six non::>KeH BD3HIIKaTb B npyroii, K co::>Kaneiiiiro, 

ManopeanbHOii CIITyaUIIM, Kor,na IIMeeTCSI B03MO::>KHOCTb IIpOBO.UIITb Bbl'IIICne

HIISI IIO MHOJ:'IIM IIHTepBanaM 1 CO.Uep::>Kali(MM IIO n pe30HaHCOB Ka::>K.llbiii. 

B TaKoM cnyqae peaynhTaT 6y.neT CTpeMn:TbCSI B rrpe.nene K 'cMellleiiHoMy" 
. 8 

aaaqean:ro fl- • < 8 > , II Tor.ua cne.nyeT BBecTII Benii'IIIHy 8 ' = -
fl 

0TMeTn:M,. 'ITO cornacHo ( II) cMellleHIIe .na::>Ke rrpii n "' 5 6yneT Mano, 

oKono 4%. 

B peanbHOM cnyqae rrpn: ManoM n e.nn:HCTBeiiHoe II3MepeHHoe aHa'l:eHIIe 

8 MO::>KeT 6bJTb 3aMeTHO 6onbllle M MeHbllle <8>. 'Borrpoc o6 Olllii6Ke 9KCIIo 

CIInOBOii ljlyHKUMM pelllaeTCSI 1 KaK 06bJ'IHO B CTaTHCTMKe, IIyTeM paC'IeTa 

.noBepn:TenbiibiX rrpe.nenoB 8 
HII)KH0 

8 ) , RaKpbiBaromero <8 > 
Hli::>Ko 

II 8 1 T.e. MIITepBana ( 8 
Bepx. , · Bepx. 

c aa.naHHoii BepoSITHOCTbro. ITo aHanorn:II 

c rayccoBbiM pacrrpe.nenean:eM ·~pn:IISITO 6paT~ BepbSITIIOCTb 68;2"-6. B aa

llleM cny'Iae sTo oaHa'l:aeT, 'ITo, aarrpn:Mep, n:a necSITII: .noBepn:TenbHbiX rm

TepBanoB ( ecnn: n:x B03MO::>KHO · rrony'Ili:Tb B pa3RbiX 9HepreTH'IecKn:x o6na

CTSIX) rrpn:MepHo ceMb 6y.nyT co.nep::>KaTb aaaqean:e <8 > 

I2 • 

\, 

I 
:!. 
t 

l 
I 
t. 

I 
! 

Dnn llliipoKoro aa6opa 11 

Hbl TaKIIe 3Ha'IeHIISI a .II b 

rrnomanii pacrrpeneneHIISI f(z, 

IIpenenoB 06bP:IHO "Bbl'IIICnSIIOTC 
1 . . 

---. )KenaSI coxpaHIITb.Tpe a . 
aanaHn:SI rrono::>KHTenbHoii n: OTI 

peaynbTaTbl p~C'IeTOB .llBYX qe 

"' .1_ -1 (BepXHSISJ KpiiBaSI) M~ 
a 

'IIIHbl /). Z M !'J. Z 
Bepx. HII::>Ko 

8 .. TaKIIM o6paaoM,· ecT. 
9KCII. 

n ypOBHSIM 1 TO 8 HCTIIHHaSI' 

cMbicne Mo::>KeT 6biTb_ rrpencTaJ 

3. PacrrpeneneHIIe 

.UBYX en 

ITony'IeHHaH ljlyHKUIIH nne 

II03BOnSieT IIepeiiTII K paCCMO~ 

UIIii .UnSI .llBYX CIIIIHOBbiX COCT< 

Ke, SIBnSieTCSI rrpe.nrrono::>KeHIIe, 

< 8 + > 

a Ha6mo.naeMbie paann:'In:SI CBS! 



BOH . if! yHKUHH MO)KHO IIOilb30B8TbCSI 

cTeneHSIMH 'cao6onhi. 

/8,9/ 
B pa60T8X B 9KCIIepHMeH-

H8M STO He npencTaBnSieTCSI ue

paccMaTpHBaSI B (12) llilOTHOCTb pacnpe~ 

< S > H HM9SI B BHny, 'ITO cnenaHO ennH-

3H8'19Hll9 S ·"" 8 
sKcn.' 

nony'IHM if!yHi{-

n 

S 9KCII. 

< s > 

n+k ----n 
2( 1 +k 2 

L( <S>) cpaay HaxonnM, 'ITO Han6onee 

paBHO S 1 T.e. ll3MepeHHOMy 
9KCII. 

H B03HHK8Tb B npyroii, K C0)1{8i19HHI01 

HMeeTCSI B03MO)KHOCTb llpOBOnHTb Bbi'IllCne-

n peaoHaHcoB Ka)KnbiH. 

CTpeMHTbCSI B npenene K 
6

CMemeHHOMy" 
s 

cnenyeT BB9CTH BenH'IllHY S , "" -
fl 

na*e npn n = 5 6yneT Mano, 

n ennHCTB9HHOe ll3MepeHHOe 3H8'19HII9 

MeHbme <S>. 'Bonpoc o6 omn6Ke 

B CT8THCTHK91 IIyTeM paC'JeTa 

H S 
8 

, T.e. HHTepsana ( S 
epx. · aepx. 

aanaHHou aepoSITHOCTbro. ITo aHanorHH 

6paTb BepbSITHOCTb 68;2%. B Ha-

necSITH noaepnTenbHbiX HH-

9H~pi"9TH'I9CKHX o6na-

3H8'19HHe < S > 

• 

I 
I 

I 
-! 

\. 

I 
i .-\ 
'i 

' l l 

nnSI mHpOKOI"O Ha6opa n .B K8)K)l0M pacnpeneneHHH 6bJnll p8CC'IIIT8~ 

Hbl T8KH9 3H8'19HIISI a .H b BbJWe H Hll)K9 KOTOpbiX OCT89TCSI IIO 1519% 

nnomann pacnpeneneHHSI 
f( Z , n) o 0THOCIIT9ilbHbie 3H8'19HIISI noBepHTeilbHbiX 

1 
npenenoB 06bl'IHO 'Bbl'IHC.iiSIIOTCSI KaK S /S =- , S IS = 

Hlt)K_. 9KCII. b BepX. 9KCII. 
1 . 

--. JKenaSI coxpaHHTb TpanHUIIOHHbiH· nnSI 9KCnepnMeHT8TOpOB CIIOC06 
a . . 

aanaHHSI IIO.iiO)I{llTenbHOH II OTpliU8T9ilbHOH omH6Kll 1 .Mbl llflHBOnHM Ha pnc.5 

peaynbTaThl pacqeTOB nayx qacTeu·noaepnTenbHOI"O IIHTepaana: ~z 
· . aepx. 

= J... -1 (aepxHSISI KpnaaH) u~z . = 1 - _1_ (HII)KHSISI KpnaaSI). Benn-
a HII*• b 

'IIIHbl ~z II~ Z III"paioT pOilb " OTHOCIIT9ilbHbiX OIIIII60K" nnSI 
· sepx. HII*• · 

S .. TaKIIM o6paaoM,· ecnn cnnoaaSI if!yHKUHSI S pacc'IIITaHa no 
9KCII. 9KCII. 

n ypoBHSIM
1 

TO "'IICTIIHH8SI" CIIilOB8SI iflyHKUIISI < S > B yK838HHOM Bbiiii9 

CMbicne MO)KeT 6biTb npencTaaneHa KaK S ( 1 + ~z B ) · 
. 9KCII. _ ~z • 

H 

3. PacnpeneneHne paaHOCTII cHnoBhiX if!yHKUIIH nnSI 

nayx CIIHHOBbiX COCTOSIHIIH 

ITonyqeHHaSI if!yHKUII51 nnoTHOCTII BeposrTHOCT.n-(8) nng cnnoBou if!yHKUHH 

II03BO.iiSI9T nepeHTII K pacCMOTpeHIIIO BOIIpoca 0 paanii'IIIH CllilOBhlX iflyHK

UHH nnSI nByX CIIIIHOBbiX COCT051HIIH. fHIIOTe30H 1 KOTOpaSI nonne)KIIT npoaep-

Ke
1 

S1Bi1SI9TC51 npennonO)K9HH9 1 'ITO 

+ -< s > ""<· s > <.S > 
( 13) 

a , Ha6nronaeMbi9 paanH'IIISI CBSI3BHbl CO cnyqaHHbiMII OTKilOH9HIISIMII. 



+ z 

llycT& f (z+ ,n+ ) d z + 

s+ 
B HHTepBane d Z + 

<S> 

- BepOHTHOCTb nony~eHHSI BenH~HHhl 

H3 H3MepeHHH HeitTpOHHbiX IUHpHH n + 

ypoaaea co cnHHOM J • I +1/2 H f(z-,n-) d z- - aHanorR~HaH aepoHT

HOCT& anH .ypoaaeA co cnHHOM J = I -1/2. BepoHTHOCT& ·o6Hapy:>KeHHH 

B He3aBHCHMbiX H3MepeHHHX BenH~HH Z + H z- pasHa ppoHsaeaeauro 

,...< f( z+ ,n +) dz+ f(z-,n -) dz-. (14) 

HaM yao6Ho aaecTH B Ka~ecTBe nepeMeHHoA aenH~RHY 

a = z+ -z 
s+ -s·-

(15) 

<S > 

Toraa BMecTo ( 14) MO:>KHo sanHcaT&: 

f(a+z-,n+) da f( z- ,n-) dz-, (14') 

H nnoTHOCTb BepOHTHOCTH o6Hapy:>KeHHH B 9KCnepRMeHTe pa3HOCTH R" 

nony~HTCSI HHTerpHpoBaHHeM no Z - · 

dW(a,n+,n ) 00 - + - -f f(.a +Z · ,n ) f (z · ,n ) dz ( 16) 
d a 0 

J1MeH B BHJly, ~TO JlnH OTpHUaTen&HOI'O apryMeHTa Z <JlyHKUHH f . o6pa

IUaeTCH B Hyn&, 9TO Bbipa:>KeHHe cnpaBeJlnRBO JlnH nono:>KHTen&HbiX H OTpH-

UaTen&HbiX 3Ha'leHHi1 a 

C noMom&ro <JlyHKUHH pacnpeneneHHH W (a, n+ ,n-) nerKo nony~HT& 
s+-s-

aepoHTaocTb o6Hapy:>KeHRH B 9KCnepHMeHTe. pa3HOCTH > a • 

<S > -
OaHaKo Heyao6cTBOM nony~eHHoro·pacnpeaeneHHH B cny~ae conocTaBneHHi1 

pesyn&TaTOB JlnH gasnH'IHbiX Hllep HBnHeTCH TO, ~TO OHO CyiiteCTBeHHO sa-

14 

·,·,·.' 

+ ;•·., 
;~; 

~' 
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t: 
\)' 
' 
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OTKnOHeHHH UnH <JlyHKUHi1 f(·:Z ~n+ 

cny~ae <JlyHKUHH nnOTHOCTH BepoHTl 

IDTCSI BeC&Ma 6nH3KHMH JlnH pasnR~ 

npRBeaeHO HeCKOnbKO KpHBbiX, C001 

H3 KOTOpbiX BHJlHO, ~TO UpH TaKOM 

BOpHTen&HOi1 TO~HOCTbro .rOBOpHTb ( 

ero C 9KCnepHMeHTan&HbiMH. UaHHbii 

o6pasoM. 

4. CpaBHeHue c aK 

DnH aaanHaa 6bmH oTo6paHbi 

UHpOBSHO He MeHee neBHTH CUHHOB, 

H~ OJlHO CllHHOBOe COCTOSIHRe. 06pa 

Tepaane aHeprHH OT Hyng ao aHepr 

ypOBHSI CYMMa UpHBeJleHHbiX Hei1Tp0 

30HaHCOB 6binS JlOCTaTO'IHO Mana H 

S ( J ) . DaHHbie anH oTo6paHHhiX n 

B Ta6nHue. J1MeH B BHJly, ~TO pasn 

K onpeneneHRro cHnoaoA <JlyHKUHH, M 

npHBeJleHHbiX B OpHI'HHan&HbiX ·pa6m 

aJlHHbiM o6pa30M JlnH BCeX yKa3aHH 

S( J ) 



sepORTHOCTb nony~eHHR BenH~HHhl 

epeHHR geliTpOHHbiX IIIHpHH n + 

- ,n-) _d z- - aHanorH~HaR sepoRT-

-1/2. BepoRTHOCTb ·o6Hapy:H<eHHR 

z + H z- pasHa ~ponase~eHHro 

dz 
(14) 

senH~HHY 

s + -s·-
(15) 

<S > 

z ,n ) dz- , (14') 

B 9KCnepHMeHTe pa3HOCTH a: 

- + - -+Z · ,n ) f (z · ,n ) dz (16} 

apryMeHTa Z tPYHKUHSI f o6pa~ 

~nH nono:H<HTenbHbiX H oTpH-

W (a, n+ ,n-) nerKo nony~HTb 
s+-s-

----------> a. 
<S > 

B cny~ae conocTasneHHli 

TO, ~TO ORO. CyiUeCTBeHHO 38-

14 ' 

\: 
I. r 

), 

f 
I '~~ 

l 
~
It 

I 
! 
i' 

f 
.· l 

anenT oT ~Hcna yposHeli n+ H n HCCne~OBaHHbiX B 9KCnepHMeHTe. 

3TO Hey~o6CTBO y~anOCb ycTpaHHTb, paCCMaTpHBag BMeCTO a senH~HRy 

0' + +U-
a/~. 3~ecb ;; , r~e u + 0' - cpe~HeKBa~paTH~Hbie H 

2 

OTKnOHeHHR ~ng tPYHKUHli f ( ·: Z +, n +) H f(z-· ,n-) cooTseTCTBeHHO. B aTOM. 

d W (a/ u , n +, n -) 

d (.a/ a) 
cny~ae tPYHKUHH nnOTHOCTH sepORTHO~TH OK83biBa-

IDTCR BeCbMa 6nH3KHMH ~ng pa3nH'IHbiX nap ( n + , n- ) • · Ha puc. 6 

npHBe~eHO HeCKOnbKO KpHBbiX, COOTBeTCTBYIDIIIHX paanH~HbiM (n+ ,n-

H3 KOTOpbiX BH~H0 0 ~TO npH TaKOM Bbi6ope nepeMeHHOti _MO:lKHO C y~oBneT

BOpHTenbHOH TO'IHOCTbiD rOBOpHTb 0 e~HHOM pacnpe~eneHHH H COnOCTaBnHTb 

ero C 9KCnepHMeHTanbHbiMH ~aHHhiMH, IIpOHOpMHpoBaHHbiMH aHanorH~HbiM 

o6paaoM. 

4. CpaaHeHne c aKcnepnMeHToM 

nnH aHanH3a 6binH OT06paHbi Te g~pa, ~ng KOTOpbiX 6bmO H~eHTHtPH

UHpOBaH~ He MeHee ~eBRTH CIIHHOB, IlpH~eM He MeHee Tpex IlpHXO~HnOCb 

H~ O~HO CIIHHOBOe COCTORHHeo 06pamanOCb BHHMaHHe Ha TO, ~T06bi B HH

T9pBane aHeprHH oT Hyng no aHeprHH rrocnenHero oTo6paHHoro nnR aHannaa 

ypOBHR CyMMa IlpHBeneHHbiX Hel!:TpOHHbiX IIIHpHH HenneHTHtPHUHpOBaHHbiX pe~ 

30HaHCOB 6bma ~OCTaTO~HO Mana H He Morna 3aMeTHO IIOBnHRTb Ha senH'IHHY 

8 ( J ) • naHHbie ~ng OT06paHHbiX. 110 TaKOMY IlpHJiUHIIY Rnep • C06paHbi 

B Ta6nnue. 11MeH B BH~y, ~To paanH'IHbie asTopbi no-paaHOMY rronxonnnn 

K OIIpeneneHHID CHnOBOl!: tPYHKUHH, Mbl Ha OCHOBaHHH rrapaMeTpOB ypOBHel!:, 

rrpnseneHHbiX B opHrHHanbHhiX pa6oTax, aaHoBo orrpenennnH S + n s-
enHHhiM o6paaoM nnR scex yKaaaHHbiX g~ep- cornacHo Bbipa:H<eHHro 

S( J ) = 
~ ro 
I IJ ( 17} 

~E 

15 



CyMMa npuneneHHbiX Heti:TpO!JHbiX IIIIIpliB nr.:moqana r 1° J. ncex ypoBHeti: 

c naHHbiM cnuHoM, ecnn aa rrocnenHIIM uneHTnifluuu·ponaHHbi.~ yponHeM 

uMenucb eme crta6bre HenneHTn!flnunponaHHbie peaoHaHCbr, 'ITO cnnneTenh

CTBonano o nocTaTO'IHO xopoweM paapeweHIIII u HecymecTBeHHOM nporrycKe 

ypoBHefi. 8 IIpOTIIBHOM cnyqae nocneAHUti: ypoBeHb C II3BeCTHbiM CIIIIHOM 

He BKniO~anCSI B paCCMOTpeHue. fpaifJUKU HapacTaHUSI 'IIICna ypOBHefi 

C 9Heprueti:, IIOCTpoeHHbie AnSI Bcex SIAep, IIOKaGann, 'ITO B Bbt6paHHOM 
~ & 

IIHTepBane .liE aaMeTHoro rrporrycKa ypoBHeti: 

pe30HaHCOB C II3BeCTHbiMU CIIUHaMU, B .~ p O 
IJ 

HeT. KpoMe wnpuH 

6binH BKniO'IeHbl r O 

HenneHTniflnunponaHHbiX rro crrnHaM ypoBHeti:, rrpn'IeM cyMMa ~ ro 
I 

nnSI 

HIIX nennnacb IIOpOBHY AnSI ABYX CIIIIHOBbiX COCTOSIHHft, a 'IHCnO pe30HaHCOB, 

OTHeceHHbiX B Ka)KnyiO' rpyrrrry, 6panocb rrporropunoHanhHbiM 2J + 1 B co

.oTBeTCTBHH co cTaTncTn'IecKoft iflopMynoft rrnoTHocTn. KaK OTMeqanocb 

BbiWe,. BKnan 9THX ypOBHeft 6brn Beane MeHbWe 10-15% H TOnhKO AnSI 
177 239 p Hf .n . u · nocTnran 25% • .llnSI pSina Sinep Ha6niOnancSI SIBHbtft 

H36biTOK cna6biX pe3oHaHCOB)C 6onhWOH BepOSITHOCTblO SIBnSIIOllillXCSI 
/3/ . 

p - BOnHOBbiMII ( CM., Harrpn~ep, ) • 0HU He BniiSIIOT Ha Benii'IHHy cuno-

BOH ifJyHKUHH, HO He AOn)KHbl BXOAHTb B 'IHCno ypoBHeft, IIO KOTOJlOMY OIIpe

nenSieTCSI nncnepcnSI • .llriSI nx oTceBa Mbi ncrronhGOBann KpnTepnft, rrony'IeHHbift 

Ha ocHoBaHnH pacrrpeneneHHSI TiopTepa-To Maca ( 2), cor nacHo. KoTopoMy 'Inc no 

ypOBHeft C ro < 0,02 < r 0 > cocTaBnS'IeT 11% oT rronHoro. 

8HepreTn'IecKnft HHTepBan li E 'AnSI. o6onx CIIHHOBb!X COCTOSIHHH 

naHHoro SIApa Bbr6upancSI onnHaKoBbiM, oT HynSI no aHeprnn rrocnenHero 

peaoHaHca, BKniO'IeHHoro B aHanna. HaM rrpencTaBnSieTcSI, 'ITO TaKoft 

rronxon 6onee uenecoo6paaeH tmSI orrpeneneHHSI cnno.BbiX iflyHKUHft nayx 

CIIliHOBbDC COCTOSIHHH, 'l:eM TOT, Korna liE Bbi6npaeTCSI KaK pa3HOCTb 

:aHeprnn rrocnenHero n rrepBoro peaoHaHcoB naHHoro crrnHa. 

16 

11MeSI B BHAy, 'ITO pe30HaHCbi 0' 

aKcrrepnMeHTe· n rrporrycKn cHnhHbiX y; 

cyTCTBHSI pe3oHaHCOB OAHoro II3 CIIHH 

K Bb!COK09HepreTH'IHOMy Kp8IO liE 

KoTopoft· He cnenyeT rrpeHe6peraTh. 

Pacc'l:nTaHHbie no !flopMyne ( 17) 

AnSI ABYX CIIHHOBbiX COCTOSIHHft IIpliBep 

neHbl naHHbie 0 KOnH'IeCTBe ypOBHeft C 

H nonHbie KOnH'IeCTBa ypOBHeft n + H 

C HenneHTHifJHUHpOBaHHbiM CIIHHOf~:i} ," IIC 
+ paTH'IHbie OTKnoHeHHSI a H a co 

CTByiOmne BenH'IHHbi a • 8KcrrepnME 

onpenenSinOCb KaK ( S. + -S jl S-,. rne 

H BBOAHnOCb BMeCTO HeHGBeCTHoro .HC 

Hne ( 15). BenH'IHHa a I a B :aKcnep1 

IIpH 9TOM CMbiCn pa3HOCTII ClinOBbiX ifJ 

Hnuax cpenHeft a6coniOTHoft own6Kn, p. 

Ha OCHOBaHHH naHHbiX Ta6nHUbl e 
rroKa3biBaiOwaSI qncno. SIAep N. , npnx 

paBHbift 0,5. Ha aToM :>Ke pncyHKe npu 

HOpMnpoBaHHaSI Ha nonHoe qncno SIAep, 

HOCTh. cnyqaii:HbiX OTKnoHeHnft a I a 
Bb!X ifJyHKUHH . < S +> = < S - > 

Me)K):ly rHCTOrpaMMOH H KpHBOH .. HeT • .f< 

TinpcoHa (KpnTeplift x 2 
. ) , BepoSITHoc 

nony'IHTh Benn'l:nHy X 2 
1 paBHyiO Ha 

BbrWaiOmyiO ee1.cocTaBnSieT 60%. · TaKnl\1 

. AaHHbie IIO BCeft COBOKYIIHOCTH SIAep HE 

0 paBeHCTBe CHnOBbiX iflyHKUHH AnSI AB)' 



oHH_biX umpiiH BKnJO'lana r ~ J BCeX ypOBHeii 

sa nocne.llHIIM II.IleHTIIcpiiUIIpOBaHHbir;-t ypoBHeM 

Heii.neHTIIcpiiUIIpOBaHHbie pesoHaHCblt 'ITO CBII.IleTenb

xopomeM paspemeHIIII II HecymecTBeHHOM nponycKe 

cnyqae .nocne.llHIIR ypoBeHb C II3BeCTHbiM cniiHOM 

peHIIe. fpacpiiKII HapacTaHIISI 'IIIcna ypoBHeii 

.nn.H Bee?:" SI.Ilep, noKasanii, 'ITO B B~~6paHHOM 

Horo nponycKa ypoBHeii HeT. KpoMe miiprrH 
0 0 

Mil cn:rrHaMII, B ~ r JJ 6binii BKniO'leHbl r 
cniiHaM ypoBHeii, npii'IeM cyMMa ~ ro 

I 
.nnSI 

.llBYX cnnHOBbiX cocTOSIHIIii, a 'IIICno pesoHaHcoB, 

rpynny, 6panocb nponopuiioHanbHbiM 2J + 1 B co-

ecKoii cpopMynoii nnoTHOCTrr. KaK oTMeqanocb 

R 6bin Bes.ne MeHbllie 10-15% It TOnbKO .llnSI 

25%. ,llnSI p.HAa SI.Ilep Ha6mo.nancSI SIBHbiR 

HCOB)C 6onblliOR BepOSITHOCTbJO SIBnSIJOlliHXC.H 
/3/ . 

t HanpiiMep, ) • 0HII He BniiSIJOT Ha Benil'IHHY cnno-

mKHbl BXOAHTb B 'IIICnO ypoBHeii, no KOTOpOMY ·onpe

HX oTceBa Mbi :rrcnonb30Banu .KpiiTepuii, nonyqeHHbiR 

HHSI llopTepa-To Maca ( 2), cornacao. KoTopoMy que no 

r 0 > COCTaBnSieT 11% OT nonHero. 

f'.. E '.llnSI. o6oHX CIIHHOBbiX COCTO.HHHR 

o.nnHaKOBhlM, oT HynSI .no aHepriiii nocne.nHero 

B aHanus. HaM npe.ncTaBnSieTc.H, 'ITO TaKoii 

06pa3eH .llnSI onpe.neneHHSI CIInOBbiX cpyHKUIIR .llBYX 

t qeM TOT, Kor.na f'..E BbJ6IIpaeTCSI KaK pa3HOCTb 

H nepBoro pesoHaHcoB .naHHoro cniiHa. 
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J1Me.H B BllAYt 'ITO pe30HaHCbl o60IIX .cniiHOB II3MepSIIOTCSI B O.llHOM 

aKcnep:rrMeHTe· II nponyCKll CIInbHblX ypOBHeii II~KnJO'laJOTCSI.1 • CaM cpaKT OT-. 
'· . 

cyTCTBIISI pesoHaHCOB O.llHOrO ll3 cniiHOB·B o6naCTII,.6nii3KOR K Hynro IInii 

K BbiCOK09HepreTII'IHOMy Kparo 1'1 E ; TO)!{e SIBnSieTCSI IIHcpopMauiieii, 

KOTopoii ae cne.nyeT npeae5peraTb. 
. + -

-PacC'IIITaHHbre no cpopMyne ( 17) ciinOBbre cpyHKUIIII S II · S 

.nnSI .llBYX CnllHOBbiX COCTOSIHIIR npiiBe.neHbi B Ta6niiUe. B HeR T8K)!{e npiiBe-

.neHbl .naHHbJe 0 KOnii'leCTBe ypOBHeii C II3BeCTHbiMII CniiHaMII n + .II n -
. J J 

II nonHbie KoniiqecTBa ypoBHeii n + rr n- ( BKnroqaromiie qacTb ypoBHeii 

C Heii.neHTIIcpiiUIIpOBaHHbiM CniiHO¥) ,· no KOTOpbiM paCC'IHTbiBannCb Cpe.nHeKBa.ll-

+ -II a cornaCHO cpopMyne (10) II COOTBeT-paTll"'JHbie OTKnOHeHIISI a 

CTByromne Benii'IIIHbi a . 3KcnepiiMeHTanbHoe sHa'leHrre Benn'IIIHbi a 

onpe.nemmocb KaK ( S. + -8 }I S-, r.ne S npiiHIIManoCb paBHbiM (S\S-)12 

II BBO.IliinOCb BMeCTO HensBeCTHOrO .IICTIIHHOrO 3Ha'leHHSI < 8 > B Bb!pa)!{e-. 

HIIe ( 15). Benii'IHHa a I u B 9KcnepuMeHTanbHOM pacnpe.neneHIIII II MeeT 

.J, u s+ s- u npii 9TOM CMbiCn pa3HOCTII CIInOBbiX 'I'YHKUIIH - , H3MepeHHOH B e.nn-

Hnuax cpe.nHeii a6conroTHoii omn6KII, paBHoii a S 

Ha ocHoBaHIIII .naHHbiX Ta6niiUbi 5bma. nocTpoeHa riicTorpaMMa (puc. 7), 

noKa3biBaromag qucno g.nep N , npiiXO.IlSilliHXCSI Ha HHTepBan a I a 

paBHbiR 0,5. Ha 9TOM )!{e pncyHKe npiiBe.neHa KpHBaSI dW(ala) ld(a I a), 

aopMupoBaHHaSI Ha nonHoe 'IIIcno g.nep, KOTopag xapaKTepiisyeT BepoSIT-

HOCTb cnyqaii:HbiX OTKnoHeHIIR a I a npu paBeHCTBe ·IICTHHHbiX CHnO-

Bb!X cpyHKUIIR . < 8 +> = < 8 - > Bn.nHo, 'ITO sHa'lnTenbaoro pasnuqng 

Me)!{.lly riicTorpaMMOii u KPIIBoii HeT. KaK noKasanii oueHKII no KpnTepuro 

ilnpCOHa ( KpnTepriii X 2 
) t BepOSITHOCTb sa C'leT cnyqaRHbiX OTKnOHeHHR 

nonyqnTb Benii'IHHY x 2 , paBHyro Haii.neHHoii B . .naHHOM aHannse IInii npe-

Bbrmaromyro ee1.cocTaBnSieT 60%. · TaKHM o6pasoM, aKcnepiiMeHTanbHbiS. 

. .llaHHbie no BGeii COBOKynHOCTII SI.Ilep He npOTIIBOpeqaT riinoTe3e ' ( 13) 

0 paBeHCTBe CIInOBb!X cpyHKUHI! .lln51 .llBYX CniiHOBblX COCTOSIHIIRo 0.nHaKO, OT-
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cyTcTBne aaMeTHoro o6mero a¢~eKTa nnR Bcex Rnep oTHIDJlb He oaHaqaeT, • 

qTQ cpeJlll paCCMOTpeHHbiX RJlep He MO)KeT 6biTb TaKHX1 JlnR KOTOpbiX 

S + 1 - /2/ < > "" < S > . B qacTHOCTH, :>KynbeH o6paman oco6oe BHHMaHne 

Ha paamrqne cnnoBbiX ~YHKUHii: Rnep co cmiHOM 3/2 ( 
15

• As. , 
197 

Au , Br } , 

KoTopoe nocTnrano ~aKTopa 2 npn xopomeii: cTaTncTnKe no qncny ypoBHeii: •. 

Mbr. [!poBenn oueHKll no KpnTepnro x 2 
oTnenbHO nnR Rnep co cnnHoM 3/2. 

-"' 
BepoRTHOCTb Taro, qTo Ha6nronaeMoe paannqne RBnReTcR cnyqaii:HbiM1 no-

nyqanacb nocTaToqHo Manoii: ( ,. 5%}. Ilpn aToM, onHaKo, He ·cnenyeT aa-

6biBaTb, qTo R!tpa CO cnHHOM 3/2 6binll BbrneneHbl TOnbKO no npll3HaKy 

3HaqnTenbHOI'O paannqng B CllnOBbiX ~yHKUliRX1 noaTOMY ecTeCTBeHHbiM RB

nReTCR yMeHbiiieHHe TaKOM BepORTHOCTll JlnR 8TliX RJlep no CpaBHeHHID 

c BbrqncneHHofi nnR Bcex Rnep. 

Cnenyromee 3aMeqaHne cnenyeT cnenaTb B cBH3ll c TeM, qTo paannqne 

B CllnOBbiX. ~yHKUliRX MO)KeT llMeTb MeCTO He JlnH BCeX stnep1 a TOnbKO 

B OTJlenbHbiX o6naCTRX M8CCOBbiX qncen 1 B qacTHOCTll Ha yqacTKaX, rn_e 

cnnoBaH ~yHKUHR cnnbHO MeHHeTCH c H3MeHeHneM A • TaKne oco6eHHOCTH 

TpynHee 3aMeTHTb B paMKaX npOBOJlllBIIIerOCR aHanll38 1 TeM 6onee1 qTQ ReT 

TeopeTnqecKnx npencKa3aHnii: o 3HaKe n BennqnHe O)KHJtaeMoro a#eKTa. 

HenocTaToqHaH cTaTncTnqecKaH ToqHOCTb aKcnepnMeHTanbHhlX naH

HbiX nnR MHOI'liX RJlep TaK)Ke MO)KeT npnBeCTll K TOMy, qTQ npll Manoii: 

BennqnHe 8~~eKTa OH 6yneT '3aMa3aH' ll He IIpORBllTCH. 

IlOJlBOJlH llTOI'll 1 MO)KHO CKa38Tb 0 qTQ B H8CTORmee BpeMR HeT cepbe3-

HbiX OCHOBaHHii: nnR 3BKnroqeHHR 0 cymeCTBeHHOii: ll o6meii: JlnR IIIllpOKOI'O 

Kpyra gnep aaBncnMocTn cnnoBoii: ~YHKUHH oT'cnnHa. Tpe6yeTCH nanbHeii:

mee yToqHeHne aKcnep .nMeHTanbHbiX naHHbiX1 a TaK)Ke TeopeTnqecKoe pac

cMoTpeHne aToro Bonpoca, KoTopoe yKa3ano 6hl HanpaBneHne nnR aKcnepn-

MeHTa. 

B 3aKnroqeHne cqnTaeM CBOHM npHR'I:HbiM_ nonroM no6naronapHTb M.K.fpe-

6eHIDKa H Il.lll.KoBaqa 3a nOMOllib B nOJli'OTOBKe pyKOnliCll K neqaTn. 

18 

· _n n 

1. ·J.Julien, G.8ianchi,· C.CorgE 

2. J.Julien. International Conf. 

. with Neutrons., Antwerpen, 

3. X.ManauKn, n.E.IlnKenbHep, -~ 

011.HI1, P3:..395B, ny6Ha, 1968. 

4. x,ManauKn, n.E.IlnKenbHep, 11 

011.HI1, P3-4152, ny6Ha
1 

1968. 

5. J.Julien, C.Corge, V.D.Heynt: 
. " . - J 

6. C.Coceva, F.Corvi; P.Giaco 

A117, 586 (1Q68). 

7. G.R.ohr and E.Eriedland. · NL 

8. H.V.Muradyan, Yi:.t.V,.Adamch 

9. D.D.Slavinska.s, 'I'.J.Kennett. 

10. E.P.Wigner. Proc. Gatlinbu 

ORNL Report No. 2309, 19 

11. Ch.E.Porter. Nucl. Phys., ~ 

12. J.8.Garg, J.Rainwater, J.S.F 

Rev., 134, 8985 (1963). 

13. Ch. E.Porter, J. of Math. P 

14. r.KpaMep. MaTeMaTnqecKne ME 

15. J.Morgenstern. Saclay, Rap 

16 • .-F.W.Firk, J.E.Lynn a~ M.C.l\1 

17. R.E.Cote, L.M.8ollinger and 

81047 (1964). ~ 

18• R.Alves, A.8loch, J.Julien E 

Data Research in the Eurat 

19." J.Julien, Saclay, Rapport CE 



~~eKTa ~nR ecex g~ep OTHID~b He 03Ha~aeT, 

MomeT 6biTb TaKHX1 ~nR KOTOpbiX 

/2/ cTH, )!(ynbeH · o6paman oco6oe BHHMaHHe 

gnep co cmiHOM 3/2 ( 
75

• As , 
197 

Au , Br } , 

xopomefi cTaTHCTHKe IIO ~HCny ypOBHefi,. 

OT~enbHO nnR Rnep CO CIIHHOM 3/2. 
__..; 

pa3nH~He RBnReTCR cny~aii:HbiM, rro-

( ,. 5%}. IlpH 9TOM, onHaKo, He cnenyeT 3a-

3/2 6btnH BbtneneHhl TOnbKO IIO llpH3HaKy 

CHnOBblX ~yHKUHRX1 II09TOMY ecTeCTB9HHbiM RB

nnR 9THX Rnep IIO cpaBH9HHID 

cnenaTb B CBR3H C T9M 1 ~TO pa3nH~He 

HM9Tb M9CTO He nnR BC9X gnep 0 a TOnbKO 

OBblX ~Hcen 1 B ~aCTHOCTH Ha y~aCTKaX0 rn_e 

HReTCR c H3MeHeHHeM A • TaKHe oco6eHHOCTH 

rrpoeonHBlllerocR aHann3a, TeM 6onee, ~To HeT 

H eenH~HHe omnnaeMoro 9~eKTa. 

TO~HOCTb 9KCIIepHMeHTanbHbiX naH-

M0)1{9T llpHBeCTH K TOMy, HTO IIpli Manot!: 

IIpORBHTCRo 

CKa3aTb
1 
~TO B HaCTOS!Inee Bp9MSI HeT cepbe3-

cymecTB9HHOH II o6met!: nnB mnpoKoro 

~yHKUHH oT crrnHa. Tpe6yeTCB nanbHet!:

HTanbHhiX ~aHHhiX, a TaKme TeopeTH~ecKoe pac-

' KoTopoe yKa3ano 6hl HarrpaeneHHe ~ng 9KCIIepH-

rrpHBt:HhiM ~onroM rro6naronapHTb M.K.fpe

rronroTOBKe pyKOIIHCH K rre~aTH, 

18 

n H T e p a T y p a 

1. J.Julien, G.8iancw,· c.corge et al. Phys. Lett. I -~ 86 (1964). 

2. J.JUuen. International Conf. on the Study of Nuclear Structure 

. with Neutrons., Antwerpen, 1965. 

. 3. X.Man9UKH, n.E.IlHKenbHep, H.M.CanaMaTHH, 3.l1.illaparroe. IlperrpHHT 

. 011.HI1, P3:....a95B, ,Uy6Ha 
7

1968. 

4. X.Man9IIKH, n.E.IlHKenbHep, 11.M.CanaMaTHH, 3.11.llJaparroB. IlperrpHHT 
1 

011.HI1, P3...4152, lly6Ha, 1968. 

5. J.Julien, C.Corge, V.D.Heynh et al. Phys. Lett., ~ 67 (1962). 
' ""' . - .J 

6. C.Coceva, F'.Corvi; P.Giacobbe and G.Carraro. Nucl. Phys., 

A117, 586 (1968). 

7. G.Rohr and E.Eriedland. · Nucl. Phys., A104, 1 (1967). 

8. H.V.Muradyan, YU.V..Adamchuk. Nucl. Phys., .§.§, 549 (1965). 

9. D.D.Slavinskas, 'l'.J.Kennett. Nucl. Phys ~· ~ 641 (1966). 

10. E.P.Wigner. Proc. Gatlinburg Conference on Neutron Physics, 

ORNL Report No. 2309, 1956. 

11. Ch.E.Porter. Nucl. Phys., i:Q, 167 (1963). 

12. J.8.Garg, J.Rainwater, J.S.Petersen and W.W.Havens, Jr. Phys. 

Rev.; 134, 8985 (1963). 

13. Ch. E.Porter, J. of Math. Phys., i, 1039 (1963). 

14. r.KpaMep. MaTeMaTH~eCKHe M9TOnhi C_TaTHCTHKH, Hn, MocKBa, 1948~. 

15. J.Morgenstern. Saclay, Rapport CEA, R •. 3609 (1968) .. 

16. 'F'.W.F'irk, J.E.Lynn ar:d M.C.Moxon. Proc. Phys. Soc., g 477(1963). 

17. R.E.Cote, L.M.8ollinger and G.D.Thomas. Phys. Rev., 134, 

81047 (1964) • .. 
18; R.Alves, A.8loch, J.Julien et at. Progress Report on Nucl. 

Data Research in the Euratom Commtinity,EANDC (E)-89 "U''(1968). 

19. J,Julien, Saclay, Rapport CEA, R. 3385- (1968). 

19 



..-' 

20. J.B.Garg, _w.w.Havens, Ir., · and J.Rainwater. Phys. Rev., 136, 

B177 {1964). 

21. M.l1. IleB3Hep ,IO.B.AnaM'IyK, n.c.naHemm H np. )K3Tct>, :11, 1187 

(1963). 

22. Kim Hi San, L.B.Pikelner; E.I.Sharapov anq Kh.Sirazhet. 

Conf. on the. Study of NucL Struct. with Neutrons,Antwerp.,1965. 

23. C.Coceva, F.Cprvi, P.Giacobbe and M.Stefanon. Phys. Lett., 

1§., 159 (1965). 

24. L.M.Bollinger, R.E.CotJ and H.E.Jackson. Corigres International 

de Physique Nucleaire (Paris), val. 2 {1964). 

25. A.Michaudon, J.Blons, B.Cauvin et al. Progress Report on 

Nucl. Data Research in the Euratom Community, EANDc{E)-89, 

;,u" {1968). 

26. R.E.Van de Vijver and N.I.Puttenden. N.D.P. Progress Report 

to April 1968. 

27. S.Wynchank, J.B.Garg, W.W.Havens et al., Phys. Rev., 166, 

1234 (1968). 

28. 3.H.Kap)KaBHHa, HryeH HryeH ct>oHr, A.B.IlorroB. IlperrpHHT 011fll1, 

P3-3882, ny6Ha, 1968. 

29. Neutron Cross. Sections, B.NL-3 25, 2-nd ed., Supplement ~· -1966. 

30. H.Postoma, F.J.Shore and C.A.Reynolds. Physica, ~ 713(1964). 

31. B.Il.An¢nMeHKoB, B.l1.nyrunKoB, B.r.HnKoneHKO n np. IlperrpHHT 011fll1 } 

P3-3208, ny6Ha, 1967. 

32. 3.H.Kap)KaBHHa, A.B.IlorroB, IO.C.fi3BHilKHii. Hct>, Q, 471 ( 1967). 

33. R.C.Block, R.w.Hockenburg and J.E.Russell. ORNL-3924,p.31{1965). 

34. Asghar.Nucl~ Phys., A98,, 33 (1967). 

PyKOIIHCh IIOCTYIIHna B H3naTenhCKHii oTnen 

· 14 MaSI 1969 rona. 

20 

.} 

~' 

as 

f 
E-1 

aJ 

~H~~ H H H 
aJ • • 
Po U\ U\ 
CD H H 
H • • 
:s; c-.: ['-

F;l 

~ 

lb 

l 
~ 

... 
s::::. 

~ 
14 
11:1 
CD a 
:s; 
::!! 

jis r 

"' 4" H 4" . . 
a. H 

0 \D 
4" ~ . . . 
0 0 

\D <XI . . 
['- ~ 

C!.t--t 
<XI 4" 

0 0 
0 0 
0 0 
U\ "' 4" 0 
H ~ 

~ H 
H "' 
~ 0\ 
H ~ 

U\ ~ 
H "' 
U\ 0\ 
H ~ 

·~ ~ 
-['-, U\ 

. . 
H -~ 



~. f: ......... Pl - :::J ..... ~ a A 0 
~ ·'d 0 () 0 o& '"! 0' ., 
:.4 s: ... 

:.4 "' 
l:: '< w Ill )> 0 

~ 1?1 ~ 0' lil Q> :::J ll: 

~ ·l-rl co 0 w '-1 0 

::' co s: 2 l>'l :s: ~ 
. 

'-1 ::1 til ::0 ::s @ a ~ Pl . - Q> 
......... ::r: co 0. -~ 0 ::0 f..> )> 

m ..... Pl a CD c.o ~ 
:s: 3 . ·~ 0 

'""' 
0 r+" 2!. OJ til ·~ 01 s p2. CD 01 0 @' ~. i ~ 0 ~ 

. 
[\) ~ '"1 :s: ::1 ,_ ::::J ~ ;z: s: IJJ (/l (!) 0. Q 0 :s: 0 ]::l co ll: (/l a 0 

'i:l ......... 
? Ul ]::l :::J Pl f..> ..... 

? 
Q> F :::0 ~ 0 0 

'""' 
t::l s '"! ..... z Pl ]::l co ., 

_e 0 co !ll ·:o 0 c.o co co ::s 'P ts (!) 
'i:l p. s 01 0 S' ::1 0 :s: (10. .e. ~ -0. 

1:1' 

~ LOJ ~ ::::J 'i:l s: '"! 0 ::s ~ 'i:l ::s co . 
~· 

() ]::l lil :r 'i:l 0 0 § w ~ ~ 'P (/l '0 

~ 
(/l 

:s: r A .... s:. (!) ~ '"! (/l '"! ? ffi ..:j 
:S:• -I 0 '0 :::J 0 co ln _e ~ w ::::J Jl' -g, '0 . (10. 

::0 (/l 'i:l~ 0 c.o '0 :s: '"! 

~ 
... co ll: ::0 co CD ~ ::0 ., 

[\) (!) ., ..... ~ ::s L! ]::l _tt:- - :::J L~ s CD (/l '0 ~ CD (!) CD '0 CD 0 fo (/l 0 ~ ~ N fo ::1 'P OJ :s: 
~ ::+ CD :r 

-I ll: -J :s: ::0 '"! CD co -w ........ ., 
f..>.[\) :::0 0 ~ ~ 

'"! r- -
l~ ~ 

0 u CD 0 :p (X) 
0 w - :s: .01 

......... 
-I '0 ~ ::s ;::!: \_.F f..> :s: ......... f..> 01 0 0 !'-" c.o :::0 

f..> c.o ::+ I 
~ C.O' 01 c.o 01 CXl 

~ .._:s: 01 
~· .c.o 01 

.e. ,_ tn . . 
0 

Tac5JIHita 

. ll'le Mumea:& Jlf. + n+ n; n - IJ£,3B s+to·" s-,o-4 
~ o/8 JiuTepaTypa nn n; , 

. ' I 2 3 lj: 2 ~ 2 8 9 IC II I2 I~ 
I. v SI 7/2- IS IS I2 I2 I45000 8,0 7,6 0,40 O,I3 7,I5,I6 

. 2. Mnss 5/2- 29 32 29 3I 203000 4,! 2,8 0,26 I,44 7,I5,I7 
3. Co 59 7)2- 23 33 23 30 ~05000 3,2 4,2 0,26 -I,04 IS 
4. Cu63 3/2- 13 20 I6 2I 29000 I,7 3,I 0,32 -I,8 !8 
s. Cu 6s . . 3/2- 7 IO 7 9 '25000 I,4 I,2 0,48 0,32 IS 
·6. (]_a69 3/2"' 6 7 3 4 3500 I,2 I,O 0,70 0,26 4 
7. ()an ........ .. 

3/2~' s 5 4 4 3300 I,S I,3 0,76 O,IB 4 .,. 
a • .lls 7s 3)~-. 

,... 
IS 20 I3 I6 3800 2,4 I,O 0,34 2,5 I9,20 

9• Se 77 
.. 

I/2- IS 24 s 7 4000 I,I I,S 0,45 -0,7 3. 
IO. 8779+8! 3/2- I6 27 IO I7 I870 2,I I,I 0,32 I,96 I9,20 
u. Mo9s. 5/2+ 5 5 4 4 !000 0,6~ O,I8 0,76 I,S 6,2I 
I2. Ru IO~· ·5/2-. 5 6 4 5 I70 O,I8 0,37 0,66 · -I,O 6,22 
!3. Po/IO? 5/2- 9 9 4 4 I30 0,30 0,22 0,66 0,47 23,24' 
I4. Xe I29. 7/2+ 31 3I 8 8. 4000 0,82 0,73 0,40 0,32 25 
IS. Xe BI 7/2+ I2 I2 8 8 2600 0,79 0,44 0,48 I,I6 2S 



I 2 3 4 5 6 7 

I6. Bcr.I35 3/2.+ IO 13 6 8 
I7. P-e I4I 5/2+ I3 23 6 I3 
IS. {]rf I55 3/2-: II 2I 7 I3 

I9. f1a I57 3/2- IS 22 IO I4 
20. T8 I59 3/2+ 8 IS 6 IO · 
2I. J./o I65 7/2- 'I4 IS II I4 

"' 22. Tm I69 I/2+ 42 50 IS 20 "' 
23. HI I?? 7/2- 25 3I 2I 25 
24. W I83 I/2-

.. 

I6 22 4 7 
25. Pt I95 I/2- 32 35 IO I2 

. 26. .llu I97 . ' 

3/2+ 30 37 I6 2I 
27. _B;, 209 9/2- . 5 6 6 7 
28. Pv 239 I/2+. I4 I? 4 6 
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8 9 IO II 

1200 I,3 0,5 0,47 

4600 2,7 I,7 0,36 

63 2,5 2,2 0,36 

2IO 2,4 3,I 0,35 

IIO I,I I,O 0,42 

I70 2,0 I,9 0,36 

680 I,3 I,? 0,27 

200 2,6 2,3 0,28 

360 2,2 2,3 0,44 

800 I,? 2,2 0,33 

980 2,3 I,2 0,28 

70000 0,46 0,79. 0,60 

66 I,S 2,0 0,50 

I2 
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I,2 

0,35 

-0,73 

0,23 

O,I4 

-I,O 

0,44 

-O,I 
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2,3 
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I3· 
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. 29,34 
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.., 22. Tm 169 I/2+ 42 50 I5 20 6SO I,3 I,? 0,2? -I,O 19,29 

.., 
23. HI 177 ?/2- 25 31 2I 25 200 2,6 2,3 0,28 0,44 6,24,29 

24. w IS3 ' I/2- !6 22 4 ? 360 2,2 2,3 0,44 -O,I 33 

25. Pt 195 I/2- 32 35 IO I2 800 I,7 2,2 0,33 -0,?8 I9 

26. .flu 197 · 3/2+ 30 3? I6 2! 980 2,3 !,2 0,2S 2,3 !9 

2?. Bi 209 9/2- 5 6 6 ? ?0000 0,46 0,?9 0,60 -0,9 I5 

28. Pw 239 I/2+. !4 I? 4 6 66 !,5 2,0 0,50 -0,6 . 29,34 
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. m(52 

<Di 
0,3 

0,2 

O,f 

0 5 m 10 

Pnc. 2. 0TaocHTenbaast nncnepcnst paccTOSIHHil D (m) Me)I(Jly ypoBHSIMH, 
nony'leHHhiX KaK cpenaee no m cocenHHM npoMelKyTKSM, 

p(UJ 

2,0 

w 

0 

///! 

0,5 (0 L' l} 

Pnc, 3, Pacnpeneneane OTHocnTenbHOil BenH'lHHbi v = D (m) / <D > nnst 
m = 5, To'lKaMn aaaeceao cooTeeTCTByromee pacnpeneneane ee
nn'lHHbi D* (m)/<D> ,, nony'leHaoe B pa6oTe/9/, 

24 

I 
Rz.m 

Ql 

Q5 

n 
--t( 

--5 
0.3 

OJ 

0 0.5 

Pnc. 4. npnMepb! pacnpex 
unu, nony'IeHHbiX 
no cpopMyne ( 8); 

2' • -
X - pacnpenenei 
IIIHpHH; KpHBaH, H< 

HHIO Ha paoOTb/91 



-' 

5 m 10 

..,.,,.,.enbHSSI nucnepcHSI paccToSIHHit D (m) MelKAY ypoBHSIMH 1 

cpenuee no m cocenuHM npoMeJKyTKaM. 

(0 L' l} 

npeneneHiie oTuocuTenbuolt Benii'IHHbt v - D (m) I <D > AnSI 
m = 5, To'IKSMH aaueceuo cooTBeTCTBYIOmee pacnpeneneuue Be

nH'IHHbt , D* (m)/<D> '· nonyqeuuoe B pa6oTe/9/. 

24 

' 
' 

/(Z.nJ 

Q7 

Q5 
I I I 

n 
__.--10 

. ·5 
.0.3 

OJ 

0 Q5 w (5 2.0 z 

Pnc. 4, npnMepbl pacnpeneneauii: OTHOCHTenbHhiX 3H8'!eHHH CHnOBhiX !jlyHK
UHii:, nony'IeHHhiX ·no 5 n 10 ypoBHSIM. CnnoiiiHhie KpHBhie - pac'!eT 

no !jlopMyne ( 8) i rryHKTHpHbie ·KpllBbie - COOTBeTCTBYIOIUHe 
2' x - pacnpeneneHnSI, y'IHThiBaromne TonhKO !jlnroKTyaunn aeii:TpoHHhiX 

ll!HpHHi KpHBaSI 1 HaHeCeHH8SI TO'IK8MH1 COOTBeTCTByeT pacnpenene
HHIO H3 pa60Tb/9/, 

25 
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Pnc. 5. 0THOCHTeiihHbie own6Kn cnnoBbiX li>YHKUIIil: B 38!3J:!CHMOCTH oT qncna 

ypoBHeil: n ( m = n - 1 ) . 

26 
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-3 -2 

Pnc. B. PacnpeneneHIISI :: 
Bbi9 1,2;3,4 Bbi'I: 
( 30,30); ( 20,12) 



40 3o , I I I I ,.1 I I, n . 
...... 1 I I I I I ,. ... , 

0 

0.2 -

10 20 30 n 

UIII6KII CIIIIOBbiX lPYHKUIIi:'f B 38~l!CIIMOCTII OT 'lliCIIB 

,. n - 1 ) . 

28 

P11c. 6. 

. ' 

dw 
dra1aJ _r···.; 

-3 c-2 -( 0 2 OJo 

. - + - - -
PacrrpeaeneHIISI 3Ha'leHIIfi Benli'IIIHbi a/ u ... ( S -:-S ) / a S · • Kpli-

Bbie 1,2;3,4 Bbi'IIICneHbi ami aa6opoB (n+,n.- ), paBHbiX (12,12); 
( 30,30); I ( 20, 12); ( 6,4) COOTB9TCTB9HHO. 
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N. 
llaJW I 

I-~ -5 

3 

'o'Ru 157 Gd 69Ga 1o5Pd 'Lt'Pr 95Mo tJ5Ba t9~u 
% J~ 3;2 5;2 5;,2 5~ 3~ 3~ 

81 
59 Co n Se !5'V 65Cu t3Xe 55Mn 79Br 75Asf'--_ 
~ ~ ~ % ~ % % % 

-3.0 -2.0 -1.0 0 1.0 2.0 a;o 

Pnc, 7, rncTorpaM¥a paaaocTeli cnnoBbiX cpyHKunli !:tnll nayx cnnaoBbiX 
coc'i'osmnli, BbipaJKeHHbiX. B ennanuax cpenaeli aocomoTHoli onmoKri. 
llnaBH8ll KpliB8ll - COOTB8TCTBYIDWee TeopeTn~eCKOe pacnpenene
HHe. 
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