
C881llll. 
• 11'IAllllllrl 

IICTITJTa 
IAIPIWI 

ICCIIAllall. 
AJlla 

PIO-06-311 

B.H.nOKpOBCKHI, H.A.npOCTaKOB*, B.n.qHCTHKOB* 

CTATHCTHqECKHA KPHTEPHA OUEHKH nHKOB 
HH3KOA HHTEHCHBHOCTH 

* HoCKOBCKMH MH.eHepHO-~3M~eCKMH HHCTHTyT 

1986 




, ,I 

11.". 

il 'li' 

r 
t ll 

,> 
-i,.,. I 

~~1" ~

{~ :r~ f 1 .~ 
l' ,:"'. " l# 

} t, 

~" / ,l,
"·I,.ijfi

,f./. {' 

,./

I 

,) .:.11

I 

~ )1 't~

,~K -, ~.,." ,.:' '''!', '. 
~j',1'. 'ç;" (f'~ . ,j ","'( 

I" ~;,~.r.. C\ I ,1#/'.1' ~ n 

-"'~'If tr~ll' 'li
I,i' '1'~'lh'~J,I': '~í \'. ,,' I 

'~' '"~,, ~I' f ••y Iv '. fi '
, "iir i t' I Cj! 1 rf '"'~ 

.1/1,t 
e 

"~ ~\) "f" ,'I 'I'"
,/ \'.'A ,'.;" .\\..

lI)Ul 

>I, ",tiO' .: ";iJ 

I II ""'1\ , ';
,.;~..;.J,.\ : "::1,\1,/

~,"t,h' '/•. '" '" :' .','"
,,,,\ >\~" !' . 'fí"'t, ,,,,,,-
1'1.' 'iI.;;:1" '~,~I tI' '

;1" 1:,Ib '~' 

" 

..	 - ;",' } 

I1I J/('''{' AI',/ 

i I	 
'". '/ h~ 

'(1.li" ". 
I jf	 '1,'i"I, 

1,\1. 
I 'c ,) 

~" J " 
,,' ..u""" 
'(lt ,j\;~ 

"I 
J ~ t ~t,~~l[l;t.i t 

\(. J	 , , 

)'1 
II ~l } 

I 

t:, •I, 
I, " 

\	 i.: 
'" i ! c,ri I I,. ',I " ,,' \1, i 

I I, l~ t 11t h ~.~ ';1 kl' 11'1~ J 11:1 l. 

" \ 1 1."u1 
, )'}í . " ,,' "" ".I' j' (/ " 

, ,f i l 
, I~~I '	 " .)~) '" / ~l "#( A~ "~ I 

~, " 
'I"fp, '~l ',('1' "\ J l" ~ ,t

I 'S.	 
I 

i I "'.& \,JI\ i:'~II' ') ?f fI ) 'li <I 

~ ') lIII :~, tA. 'f'). ~'J.t 
'I ~ ...""; ~l: t ~r~ .... 1~1' 

." 
Ir' 

,r·'i}, I, 't )"""11,." oi' 
,I ''I • 

~ f'l li I' .\ (I"I~I { i :«: 
t '~ II I\~' f ~'~ " 'A ,l:~, tP ")1 'I' 

,11 ~~ 'l~" ••1,,,sc " 
~: 

I' " L , 

"' "" 
" 

"
} 

I'~ • 'p"'-"-' I., 
.. 'i!; ,t,\ -t,eI '.. ' ,~t'f •\ 

, '\,. ~ _ Ll\ <1"1."'4' Af l' 
" ""	 _ 

1,
i

r· 
-, "t"", 

~1 

11· 

1'" 
/ 

í ' 

• I	 'I 

"II 

....-, 
( 

. .	 ...,_----.~------' ~~W.'ji;', t\\\';';"~l:ld\'il7f' ''''.'' """'1""'7 
,., '{II'l I." , ' •..• "Jl 'ji' .(. \, r \.,. !lI\,I. 1" ,.

t..~\;,,:", "~o '\Ií?:'\ ,b6'be,nHHemI1>lfi H1ICTU1'YT naepnerx "éçn~AOBaJ-lkH':~y61;l.âyJ<\i~rl:S6)}~1.Id 'I, 
I ltl.;~ lO'~(: ~ ~'1. j';, ,. I t~ ,., .l.t~l ~I' r"" "1\ 

'I!' lo 1\ '. ~ \~'l'f;f'~'i: .1)\ 'l", •• ';,-ti" 
f 

4:'''l !"'!'rl;') l, ~ 
;", '. '" .t"ol 'I '''\'1/' li " " ~"l., "!JI':;:\~"5t'~" 
, 'I,.", d' M''', 

fi'	 

I' 1i ,I'. I rL {, -('',!oi -,~I 1,,'1.t 1,~1	 Ih t~~ I) ~ fl~.~~. c;ti tA

i~ J t ...· ~ ~I ,I') "	 I,,;. '1-,11 1'\~\_\!I:'A I:) 
• I Jr /'. ~,.ii, ., L ""	 r" /, ~"~J>;lt!Pt, *'1;1.' 'Mt- ~3t(R., 

'I" " J., j j, I I	 r, '" • 1<1> j!l' 'Jl "t'"'" D, .' ,.'"...".. • 1(.';./"\'f	 Ir,' '~!b ,Vt~ i.'.!,' I" 'r~ U 11, ,', .( 
" l"'ll I	 t ~ l ..... '/I ;~, ~!I'I: r ~ (1 ~1Ii' ( :~ ~)

,{( ii~l" ,", ,1" l,' ,,' I'	 • ':. l'I,dJI'1fl '\:,. \\1 t '!tif 1\ l. ,f 
1 r.~ ,'Ij, 'líI l , i	 • ir J tlf~'r l'r~ h ~1 ~~...l\ i~1 ~ ~JI 

1.BBEAEHIi1E 

npoG11eMbl Ol,teHKIo1 m1KOa HHaKO~' Io1HTeHCI1BHOCTI1 BOaHI1KalOT B 4e11óM 

~~Ae 3KCnepI1MeHTa11bH~X aaAa4, Han~I1Mep, nplo1 nOI1CKe ABO~Horo Gea

He~TpI1HHOrO (2f3Ov)' pacnana no 11I1HI1I1 B CYMMapHO-3HepreTI14eCKOM 

cnexrpe 3J1eKTpOHOB /CM., Hanpl1Mep /1,2// 1011111 nOI1CKe cnaõux 11I1HIo1H 

B cnexrpex y -11Y4e~ 111111 COBnaAeHI1~. ·XapaKTepHblM A1l~ 3TI1X aaAa4 

~B11ReTCR TO, 4TO n0110meHl1e nl1Ka, ero $OpMa 11 3HepreTH4eCKaR aa

BI1CI1MOCTb $OHa MorYT C411TaTbCR l1aBeCTHblMI1. 

B 3TI1X YC110BI1~X rl1nOTeabl O Ha111141111 111111 OTCYTCTBI1I1 nl1Ka CTaHO
a~TC~ npOCTbIMI1, 11 Hal1Go11ee MO~HblM ~pl1Tepl1eM A11~ Io1X npOaepKI1 RB

11~eTC~, cor11ac~o 11eMMe He~MaHa - nl1pCOHa /CM., HanpI1Mep,/31/,KPI1

Tepl1~ OTHOWeHI1~ npaBAonoA6611~. 3TOT me Kpl1Tepl1H MomeT GblTb npl1

MeHeH A11~ 04eHKI1 MaKCI1Ma11bHO~ I1HTeHCI1BHOCTI1 nl1Ka B TOM C11Y4ae" 

KorAa AaHHble 3KCnepl1MeHTa tO~MeCTI1MbI c rl1nOTe30~ oG OTCYTCTBI1I1 

r exoaoro • TaKI1M 06paaOM, nOA06l-ibl~ KpHTepiftH n03B011ReT, Hanpl1Mep, 

CYAI1Tb O 4YBCTBI1Te11bHOCTI1 n11aHl1pyeMblx 3KCnepl1MeHTOe no nOI1CKY 

2~Ov-pacnaAa 11 04eHI1BaTb 3Ha4eHI1R nep~OAOB nonypacnaAa, coaMeCTIo1

Mble c yme n011Y4eHHblMI1 AaHHblMI1. 

B HaCTOR~e~ pa60Te npeA11araeTCR KpIo1Tep~~ OTHoweHHR npaBAono

AOGHH A1l~ n011Io1HOMl1a11bHOro pacnpeAe11eHIo1R 4l1ce11 OTC4eTOB B KaHa11ax 

101 I1CC11eAy'~TCR OnTI1Ma11bHble YC110BI1~ ero npl1MeHeHIo1R B TOM C11Y4ae, 

xorna If>opMa nHKa RB11ReTCR r'aYCCOBO~, a $OH He 3Ç1BI1CIo1T OT 3Hep

nll1. 

2.	 KPHTEPH~ OTHOWEHH~ nPABAOnOA06Hn An~
 
nOn~HOMHAnbHOrO' PACnPE~EnEH~~,
 

n011~HOMl1a11bHOe pacnpeAe11eHl1e /CM., HanpI1Mep,/4/, a TaKme/6~ 

K 01 
Pc: NI 

n Pl	 /1/ 
ia 1n tI.,. n K I 

rAe nl - 411C110 OrC4eTOB B i-M KaHa11e cneKTpOMeTpa, n011Y4eHHoe 

B 3KCnepHMeHTe 111111 npl1 MOA~11l1pOBaHI1Io1, K - 411C110 KaHaJ;lOB, N:::oI n i 
.n011Hoe 4HCI10 Ha6paHHblX OTC4eTOB, P 1 - BepOflTHOCTb r1Ç)flB11eHl1fl ()T

C4eTa B 1-M KaHa11e, AaeT BepOflTHOCTb nORB11eHI1R AaHHOrO HaGopa 

OTC4eTOB In i I npl1 YC110BHI1, 4TO I1X n011Hoe 411C110 paBHO N. AOCTOI1H

CTBO 3Toro paCnp~e11eHI1R COCTOI1T B TOM, 4TO OHO nOaB011ReT cocpe

AOT0411TbCR Ha 113Y4eHI111 ~pMbI CneKTpa --_ 

( O~1\CAtiti{:Uil~KHCTIlTfiI'·' 
I oepHh~_X .~C·C~~~_~I!ld I 
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Ben~4~HY Pi MOmHO BWpa3~Tb 4epe3 HOpM~pOBaHHWe BepORTHOCT~
 

a i' b i aanonxeuua i-ro xaaana ~CTl'\HHbIM ~n~ <1>oHOBbIM Co6b1T~eM
 

Pi =ya i + (1 - y) b i ' 121 
rAe y - AonR 3<1><1>eKTa B 06lL\eM 4~cne C06bIT~H. 

Aanee, 
Ei +8
 

a i = .r Y (E, E o) dE , 131
 
E i
 

rAe E i - rpauuua i -ro «aaana, 8 - w~p~Ha xauana , Y (E,E o) 

<1>YHKI.-'~R OTKI1~Ka cneKTpOMeTpa Ha MOH03HepreT~4eCKoe ~3nY4eH~e 

c 3Hepr~eH E o ' Ben~4~Ha b i onpeAenReTCR 3HepreT~4ecKoH 3aB~c~-
MOCTblO <1>oHa. 

Kp~Tep~H OTHoweH~R npaBAonoA06~H AnR npoBepK~ npocToH r~nOTe

3bl H o: s = s o I s - ~H:reHc~BHoCTb n~Kal npn npocroa ens r epuarua
HOH r~nOTe3e Hi : s = O MO~HO 3an~caTb B B~Ae: 

K n In P i (H ) K 

TI N :=: ~ i o L nilnh i , 141
 
i :=: 1 P (tI 1) i = 1
i 

~Ae P i (H+) - 3Ha4eH~F1 BepORTHOCTeH P i B TOM cnyvae , «orria sepua 
r R runo e3a. Ben~4~Ha P i (H o) ~MeeT B~A 121, a P i (H ~ = b i • 
KaK HeTPYAHO nOKa3aTb, MaTeMaT~4eCK~e om~AaH~R Ben~4~HW Tl ~ ee 
A~cnepc~~ np~ cnpaaennaaocru runor eau H

j 
paBHbl 

N 

M[ TI N(H j )] = Nc i : D [ TI N(H j)] = N a ~ , 
151 

rAe 

K K 
2c L Pi(H ) lnh ., a L P i (H j ) In 2 h - c ~ . /61j j j ii = 1 1 i = 1 J 

Kp~Tep~H Tl ~MeeT np~6n~meHHO HopManbHoe pacnpeneneuae , TaK
N 

~TO 3Ha4eH~e ~a,onpeAenRIOlL\ee Kp~T~4eCKYIO 06naCTb, ~ 3Ha4eH~R 

BepORTHOCTeH OW~60K nepBoro pOAa a Ipa3Mep Kp~Tep~RI ~ BTOpOro 
pOAa ~ IMolL\HOCTb Kp~Tep~RI CBR3aHW 04eB~AHWM COOTHOWeH~eM 

~a =NCo-lN:olual=NC1+/Na1Iu~l, 171 
rAe u - KBaHT~nb HopManbHoro pacnpeAeneH~R IO~ li. 

COOTHoweH~e 171 MomeT 6blTb ~cnonb30BaHO AnR onpenene-uia 3Ha
4eH~R '~a ,cooTBeTcTBYIOlL\erO 3aAaHHOMY YPOBHIO AOCTOBep~OCT~ ~ Be
n~4~He OW~6K~ a ropor-o pona . ECI1~ HanO}/(~Tb Tpe60BaH~e a = ~ ,TO no
nY4~M 3Ha4eH~e KBaHT~nR 

2 

U 
a 181 

OTKYAa MO~HO HaHT~ COOTBeTCTBYIOlL\~H pa3Mep Kp~Tepl'\R a ~ 3Ha4eH~e 

Kp~Tep~R TIa· 04eB~AHO, 4TO 3T~ Ben~4~HW 3aB~CRT He TonbKO OT 
nonHOH CTaT~CT~Kl'\ N, HO ~ OT TaK~X napaMeTpOB, KaK $OH, pa3pewe
H~e cneKTpOMeTpa, 4~CnO KaHanOB ~ T.A. 

AanbHeHwee ~3Y4eH~e CBOHCTB Kp~Tep~R Tl npOBOAl'InOCb AnR KOHK
N

peTHOH MOAen~ - n~K raYCCOBCKOH <1>OPMbl Ha <1>oHe, He 3aB~CR~eM OT 
3Hepr~~. B 3TOM cnY4ae 

2 
1 (E -E o)

Y(E, E o ) = -=- exp] - ] 191V2rr a 2a 2

onacuaae r n~K C nonHOH W~p~HOH Ha nOIl08~He BblCOTbl R = 2V 21n2 a, 

b i = l:/K 1101 
onpeAenReT BepORTHOCTb per~CTpa4~~ <1>oHosoro C06~T~R, a Ben~4~Ha 

y MomeT 6WTb 3an~caHa B B~Ae 

s st s 
y= 1111 

S+ B st + fK8t s + fK8 

rne S, B - 4~cna ~CT~HHblX H <t>OHOBbIX C06bIT~i1, t .• An~TeJlbHOCTb 

l'I3MepeH~H, s - ~HTeHC~BHOCTb, a f - Ben~4~Ha runa l'IHAeKCa tlJoHa 
c pa3MepHOCTblO ~Mn'leA~H~4a 3Hepr~H/-l'/eA~H~4a BpeMeH~/4. 

npeAnOnO}/(~M TaKme, 4TO nOnO}/(eH~e n~Ka E o COOTBeTcT~yeT cepe
A~He ~3MepReMoro auepre r a-recxoro A~ana30Ha ~ = K8 ~ 4TO 06naCTb 
onpeneneuna fll'lKa I~ 3ai COOTBeTcTByeT M KaHanaM (M S K) • 

3. CBO~CTBA KPHTEPH~ OTHOWEH~~ nPABAonoAo5~~ 

CBO~CTBa Kp~Tep~fl Tl N B on~caHHOM asuue cny-rae 6brn~ ~ccneJ:\OBa

Hbl C nOMOU\blO Bbl4Hcn~TenbHoro axcnépaae-rr a , KOTOpbl~ npOBOA~nCR 

Ha 3BM CM-4. 
npemAe Bcero 6wna npOBepeHa AonYCT~MOCTb ~cnonb30BaH~R HOP

ManbHoro np~6n~}f(eH~R AJlR pacnpenerteuaa TlN' Mbl aaaanac s 3Ha4eH~1R" 
~~ R = 5 K3B, M = 10, K = 30, f = 2 ~Mn/K3B/t ~ MeHRn~ S ~ i 
TaK~M 06paaoM, 4T06w C YBen~4eH~eM epeMeH~ Ha60pa t CYMMapHaR 
CTaT~CT~Ka N BoapaCTana np~ OAHoepeMeHHOM YMeHbweH~~ Aon~ ~C}HH

HWX C06b1HtH. 
no 1013BeCTHblM 3Ha4eH~RM P i MOAen~poBanocb L cnexrpos c nonauo

MHanbHblM pacnpeneneaaes , ~ HaHAeHHble Ha60pbl In i I I;1CnOnb30Ban~Cb 

AJlR Bbl4HCJleHHR 3Ha4eH~R Kp~Tep~R TI~)' Bbl60p04Hble cpenuee ~ Al-1C
nepcua 3T~X Ben~4~H (frY}f(~n~ Ol.-'eHKO~ 3Ha4eH~i1 151, a ....cpaBH~H~e 
o rneru.aux 3Ha4eHH~ nN c TeopeT~4eCK~M~ 3Ha4eH~~M~ TI a' COOT-. 

3 



BeTCTBY~~HMH AOBePHT~nbH~M YPOBHRM CL = 1 - a,AaBanO OTHOCHTenb~ 

HOe 4HCnO CnY4aeB '7 V > 7j a' npHHHMaBweeCs;t s a AOBepHTenb HblH ypo-
BeHb CL Me • . 

nonY4eHH~e TaKHM 06pa30M AaHHwe npeAcTaBneHw B Ta6n.l. BHAHO, 
4TO Aa~e B cnY4ae 04eHb Manoro nonHoro 4Hcna C06WTHH AonycTHMo 
Hcnonb30BaHHe HopManbHoro npH6nH~eHHR AnR HaxomAeHHR KpHTH4ecKo
ro 3Ha4eHHR 71N' AHanorH4Hble peayns r aru 6blnH nonY4eHbl H npH He
H3MeHHOM y = 0,05 H YBenH4eHHH N 3a C4eT B03paCTaHHR BpeMeHH 
Ha60pa t • 

Ta6mm;a I 
CpaBHeHHe xapax-repacrax KpHTepHH '7N ' 
rrony~eHHwx HS HopManbHoro rrpH6n~eHHH 

H MeTogoM MOHTe-Kaprro / R = 5 K3B, M" = 1O, 
K = 30, f = 2 HMrr/K3B/t, L = 2000/ 

-

N y c- 0.aM.º-
Co 

Ii 

21 

41 

.81 

159 

392 

0,155 

0,110 

0,077 

0,055 

0,038 

0,024 

0,95 

0,92 

0,85 

0,97 

0,96 

1,00 

~M..<L
0'0 

0,76
 

0,93
 

0,98
 

0,96
 

0,99
 

I ,0 I
 

CLMe /68%/ CLMi9O%/ 

65/1/ 90/1/ 

65/1/ 91/1/ 

65/1/ 90/1/ 

66/1/ 91/1/ 

66/1/ 90/1/ 

68/1/ 90/1/ 

TaKHM 06pa30M, AnR o~eHKH. BJJHflHHR nepaaerpoe cnexrpoaerpe 
Mbl MOrnH none aoaar sca TeopeTH4eCKHM 3Ha4eHHeM AOBepHTenb Horo 
ypOBHR CL IcooTBeTcTBY~~HM ycnoBH~ paBeHcTsa oWH60K nepaoro 
H SToporo pOAa/, KOTOP~H MomeT 6WTb AOCTHrHYT npH 3aAaHHWX 3Ha
4eHHRX napaMeTpOB. 

BnHRHHe pa3peweHHR H OTHOCHTenbHoro 3HepreTH4eCKoro AHana30
Ha npH nOCTORHHblX s, f ~ t HnmOcTpHpyeT pucv l . 3aMeTHM, 4TO ao 
Bcex cnY4aRX M= 10, 4TO onpeAenReT ~eHY KaHana. KaK BHAHO H3 
pHc.l, YXYAweHHe pa3peweHHR npH AaHHOM 4Hcne KaHanQB K npHBOAHT 
K CHHmeHH~ CL, 4TO 06bRcHReTcR YMeHbweHHeM y Ip.OCT BenH4HHbl Ô 

ripa noc10RHcTse f I npa HeH3MeHHblX P i' B TO me speMR YBenH4eHHe 
OTHOCHTenbHoro 3HepreTH4eCKoro AHana30Ha IPOCT 4Hcna KaHanOB K/, 
XOTR npH 3TOM Y HeCKonbKO YMeHbwaeTCR, 
C4eT 60nee 4eTKOH 06PHCOBKH nHKa. BHAHO, 
ro YBenH4eHHR CL He npoHcxoAHT. 

npHBOAHT 
4TO npH 

K POCTY 
K/M~3 

CL 3a 
3aMeTHO

4 

s/f =2,5 s/f = 1 

90
 

80
 
~ o 

r' 

-' 70
U 

60 -10 ---pP"=- . I I I 

I 1:....-- I -, I I I 

50 

2 43 25 3 4 5 

PHC. 1. 3aBHcHMoCTH no 
perneHHH H OTHOCHTenbHoro 

aepr YPOBHH CL 
gHarra30Ha H3MepeHHA. 

rrem.aor-o OT 
K/M 
pas

Ha pHc.2 nOKa3aHW 3aBHCHMOCTH CL or pa3~eweHHR R H 4Hcna Ka
HanOB Ha nHK M gnR r ex me caaux 3Ha4eHVJ~ S, f H t • 3AeCb OAHHa
KOBwe OTHOCHTenbHwe 3HepreTH4eCKHe HHTepsanw, 8 TpH pa3a npeBOC
XOAR~He 06naCTb onpeAeneHHfl nHKa, pa36HBa~TCR Ha pa3Hoe 4Hcno 
KaHanos,TaK 4TO nepsaR T04Ka coOTseTcTsyeT nHKY B npeAenax 'Tonb
KO OAHoro KaHana .npH ManOM 4Hcne KaHanos,KorAa HX rpaHH~w MorYT 
He cosnaAaTb, c 06naCTb~ onpeAeI1eHHR nHKa, o6HapY~HBa~TCR 

Hwe Kone6aHHfl CL, KOTopwe npaKTH4eCKH HC4e3a~T npH M ~ 5. 
wee YBenH4eHHe 4Hcna KaHanos He npHBOAHT K cy~ecTBeHHOMY 

HH~ AOCTosepHOCTH SblAeneHHfI nuxa , 

S/f::: 2,5 s/f:: 1 

3aMeT
AanbHe~

ysenH4e

RA2,5 

90 

80~Y~ 
o 

r -J 
o 

1 5 10 1 5 10 
M 

PHc.2~ 3aBHCHMOCTH gOBepHTenbHoro ypOBHH CL OT ~Hcha 

KaHanOB, rrpHxogHmHXCH Ha rrHK. 

5 
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7.80/0 76Ge	 95% 76Ge 

1024 , I I I 

1022 
1 .I I 

1
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E 
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10 100 10 100 

f, 11' I<3B/ro,[\ 

PHc.3. OQeHKH 

npa paamomsrx 

nepHO,[\OB nonypacna,[\a 

ypOBHfIX clJoHa. 

76 ae• ,[\OCTH~Mb~ 

,t 

4. np~MEP ~cnO~b30BAH~R KPHTEPHR 
4YBCTB~TEJlbHOCT~ 3KCnEP~t1EHTOB 

2f3ov-PAcnA,QA 

~~: 
no 

OUEHKA 
no~cKY 

I 
"~o 

'11 

1',1 
B Ka~eCTBe npHMepa Hcnonb30BaHH~ KpHTepH~ ~N o~eHHM 4YBCTBH I 

,I 
TenbHOCTb 3KcnepHMeHToa no nO~CKY 2f3 ov- pa c na Aa 76Ge. 3aAaaWHCb lTaKHMH napaMeTpaMH, KaK paapeweHHe R. 4Hcno KaHanOB M /06naCTb 
onpe,qeneHH~ nHKa H ~eHa KaHana/, 06~ee 4Hcno KaHanOB K /Hccne
AyeM~~' 3HepreTH4eCKHH AHanaaOH/, BpeM~ HaMepeHH~ t H xapaK
TepHCTHKéI ~OI-ia f. MO>KHO paCC4HTaTb MHH~ManbHYIO HHTeHCHBHOCTb 
B, Tpe6YIOIqYIOC~ AI1~ oaaaeneaaa rHnOTea Ho H H1 c ,qOCToaepHOCTblO 

,,1CLt a OTCIOAa npH H3BeCTHOM 4YBcTBHTenbHoM o6DeMe ÂeTeKTopa /4HC
ne R,qep 780e/ HaHTH MaKCHManbHblH nepuon nonypacnaaa T 1/2' KOTO

" 

I: 

1
P~H MO>KHO 06HapY>KHTb B ,qaHHblx ycnoBH~X. 

Ha pli!c.3 npH8e,qeHbI nOA06Hble o~eHKH npH R = 2,5 H 5 K3B, K=30, 
M.10,t =1 rOA H YPOBH~X ,qOCTOBepHOCTH 68% H 90% An~ ,qeTeKTopa 
06"eMoM 150 CM 8. càenaaaor-o H3 06b4~HOrO Oe / c co,qep)l(aHHeM 76 Ge 
oxono 7,8%/ H cõorauieuaor-o 76 Oe /95%/. ,llHanaaoH H3MeHeHHR '( 
npli!MepHO COOTBeTcTByeT 3Ha4eHH~M f. ,qOCTHrHYTblM B 3KcnepHMeHTax '~J/f - 20 li! - l. B onarax M~1flaHCKOH rpynna /6.7/ t ( ... 1,5 B onure 
AaHHboHB /8// HnH nnaHHpyeMblM / f ... 0,5 B r enecxone /2/ /. 

• D 

I 

4yacTBHTeJ1bHOCTb axcnepaaeara no nOHcKY 2f3 -pecnaaa 4aCTOov 
C8R3blsalOT c 4HcnOM O)f(H,qaeMblx $OHOBblX C06b1THH B 06nacTH onpeAene
HHR n~Ka N~, nonara~, 4TO nHK 6y,qer 06HapY>KeH c ,qoBepHTeJ1bHblM 
ypoBHeM 68%, ecna 4Hcno OTC4eToB B nHKe S 6y,q€T õonsure , ~eM 

VN4l. Ha pHC. 4 npHBe,qeHbI 3Ha4eHHR ' S 68 H S90' npH KOTOpblX, cor

6 

PHc.4. ~cno OTClIeTOB B ITHKe, KO

TOPblH MO)KeT 6blTb Bbl,[\eneH na !poHe 

Ncp' B 3aBHCHMOCTH OT BenWlHHbl yN4f 

40 

naCHO KpHTepHIO qN' rHnOTeabl H
U)'/i; 20 I I rI~ >r I 140 5l	 o 

U)	 H H1 paa,qenRIOTC~ Ha ypOBHe 68% 
H 90% COOTBeTCTBeHHO, B aaSHCHMO-

CTH 01 yN 4>' K~H,qHO, S 68 He

CKonbKO HH>Ke yN CP' 3aMeTHM TaK>Ke t 

O 20 40 4TO YKaaaHHble aHa4eHH~, CTporo ro
-IN;;	 BOp~, cnpaaennaasr npa N 4> = B/3 H 

M= 10, HO B cHny cna60H aaBHCH
MOCTH OT K/M /npH &/M ~ 3/ H M /npH M ~ 5/, OTMe4eHHOH Bbiwe, MO
r-YT 6blTb HcnonbaOBaHbI ,qn~ O~eHOK H B ,qpyrHx cny~aRX. 

5. OUEHKA ~HTEHCHBHOCT~ nHKA HHTEPBAJlOM 3HA4EHH~ 

B Tex cnY4aRX, Kor,qa C 3KcnepHMeHTanbHblMH ,qaHHbiMH COBMeCTHMa 
r~nOTeaa H1 06 OTCYTCTBHH nHKa, 4aCTO 6b1BaeT He06xOAHMO /HanpH
Mep, C ~enblO o~eHKH nepHo,qa nonypacna,qa/ HaHTH MaKC~ManbHYIO aK
THBHOCTb /4Hcno HMnynbCOB/ nHKa S*, KOTOP~H Mor 6b1 GblTb CKpblT 
B ~OHOBOM cneKTpe. 'HHblMH cn~eaMH, a,qeCb CTOHT Bonpoc o nonY4e
H~H HHTepBanbHO~ o~eHKH S: O < S <'S* C aaAaHHbiM YPOBHeM ,qOCTO-
BepHOCTH. 

An~ peweHH~ 3TOH 3a,q84H BOaMO>KHO npHMeHHTb npO~eAYPY C Hcnonb
30BaHHeM KpHTepHR OTHoweHHR npaB,qonoA06HH, OCHoaaHHYIO Ha cne,qylO
~HX npe,qnonO>KeHH~X. nYCTb KpHTepH~ ~,'aaBHCR~HH OT S, HMeeT ~YHK
~H~ pacnpe,qeneHH~ 

Jt 

lc"'(x: S) - .r ((u) du P(~ < x) •	 /12/0= 

r,qe ((u) - ~YHK~HR nnOTHoCTH. Tor,q~ BenH4HHa F(~:S) HMeeT paBHO
MepHoe pacnpe,qeneHHe, H cnpaoe,qnHBO cne,qy~ee B~pa~eHHe: 

P I f 1	 < F (Tf: S) < 1 - (B ) 1 - (f l' + f 2 ). / 13/ICI 

B cnyxae MOHOTOHHOCTH ~YHK~HH F(~:S) noS HepaBeHCTBO·8 ~Hryp
HblX cK06Kax Bblpa)KeHHR /13/ MO>KHO pewHTb H HaHTH COOTBeTcTByro~HH 

HHTepBan 3HB4eHHH S. 06b14HO ~YHK~HR F(~:S) y6~BaeT no S. 
EcnH Hac HHTepecyeT OAHOCTOPOHHHH HHTepean An~ S. TO MO>KHO 

3anHcaTb: 

Pia < F(q; S) < 11"" r ts ,<S*l (~)} "" 1 -a t	 /14/
-a 

rAe Tf - 3KcnepHMeHTanbHoe 3Ha4eHHe KpHTepHR, S* (~ - pewe
l-aHHe ypaBHeHl-1lt 

F(~:S) co.	 /15/ 
,·7 



TaKHM 06pa30M, np04 eAypa HaxOmAeHHR HHTepaana CaOAHTCR K pewe

HH~ ypaBHeHHR /15/.
OTMeTHM, 4TO ace npHBeAeHHble asuue paccymAeHHfl cnpaseAnlllBbl 

Anfl rnoõoro KplllTepHfI, aamHO nHWb 3HaTb ero (j)YHK4H10 pacnpeAeneHlIlfl 
111 y6eAHTbCR 8 ee MOHOTOHHOCTIIl no S. B~we 6~no nOKa3aHO, 4TO AnR 
KpHTepHfl ~N MomHO Hcnonb30BaTb HopManbHY~ ~YHK4H~ pacnpeAeneHHfl. 

04e Ho K HaAm=t npoaepxa nonY4aeMblx c nOMOll\b~ Tf N IIlHTepBanbHblx 
3BM õuno C~OAenHpOBaHO 30 cnexrpoa IK = 30, M = 101 c pa3HblMI;1 
YPOBHflMH $OHOB~X OTC4eTOB B 06naCTIIl nl;1Ka N* 1;1 3Ha4eHHRMI;1 8. no
nY4eHHw e cpeAHl;1e SHa4eHIIlH S* 1;1 IIlX cpeAHeKsaApaTIIl4Hwe OTKIlOHe-
HVlfl IB cK06KaxI nplllBeAeHbl B 90Ta6n. 2, rne y~<asaHbl r aiose SHa4eHI;1fl 
8 , nplll J<OTOpbIX Kpl;1Teplll!:1 71N noasonnn 6bl Ha 90% AOBepI;1TeI1bHOM

90 
yposae nplllHflTb rl;1noTesy I-t. nocneAHflfl r pama Ta6nl;14bl COOTseTCT
ByeT, TaKI;1M 06pasoM, TOMY cnY4a~, KorAa I;1HTepBanbHoe °4eHHBaHl;1e 
npol;1SBOAHTCR 6es npOBepKH cnpaBeAnVlBOCTH rHnoTeSbl Ho• 

Ta6J1HI.J;a 2 

3HaqeHHH BepxHeH rpaHHI.J;bl 90% AOBepHTenbHoro 

nn-reps ana , rronyqeHHble C IIOMO~blO p aansrx KpH

TepHeB / K = 30, M = 10 AnH 71 N/ 

N*, I~Mn. 8 90 , I1Mn. 
O 

S , HMrr. 

10 50 

64 

127 

20 

27 

711 

~2 

71N 

~1 

712 

~N 

14/10/ 

12/10/ 

10/6/ 

19/16/ 

16/16/ 

13/8/ 

26/12/ 

25/12/ 

23/7/ 
-

26/16/ 

23/16/ 

25/11/ 

66/13/ 

65/14/ 

65/10/ 

66/17/ 

63/17/ 

63/10/ 

255 38 

~1 

~2 

~N 

29/24/ 

24/24/ 

22/14/ 

38/26/ 

34/26/ 

31/15/ 

78/17/ 

74/18/ 

78/12/ 

04 e HKVi,AnR cpaBHeHlIlfl B r aõn , 2 npl;1BeAeHbl r aiose I;1HTepBanbHble 
nonY4eHHble aHanOrl;14HblM MeToAoM c Hcnonb SOBaHlIleM IITpex611lHOBblXII 
~<pIllTepHeB, KorAa Vi CCIleAye Mbl!:1 3HepreTlIl4eCKI;1!:1 AlIlanasoH AenlllTcfl 
Ha TpH Y4acTKa - ABa $0HOBWX 111 OAViH c noneSHWM CHrHanOM. $OHO
Bwe Y4aCTKH IIlcnonbSY~TCfl AIlH nonY4eHIIlfl 04e HKI;1 $OHa 8 06naCTIIl 

ruoca N41 • 
8 

\' ..

lI; 
:! 

, .( 
~ , Kpl;1Tepl;1i1 'Y11 B03bMeM B BHAe 

N 0- (8 + N *) 
~ 1 = .	 /16/

o 

rne No - uaõnonaexoe 4f.1CnO f.1MnynbcoB B 0..,6naCTf.1 naxa , a a - cpen
HeKBaApaTH4Hoe OTKnOHeHf.1e aem14f.1Hbl No - Ne:p. CornacHo'/~1 xpa re
PI;1i1 ~ 1 f.1MeeT npH6nf.1>1<eHHO HopManbHoe pacnpeaeneuae /0; 1/. 

KpIHepHi1 ~ 2 auõepea , cnenya /81, B BI;1Ae 

/f A
 

~ 2 = 8 + Ne:p • /17/
 

3TOT Kpf.1TepHi1 f.1MeeT nyaccoHoBCKoe pacnpe~eneHl;1e, a NoYKa 3wa a e T 
ero	 KBaHTl;1nb, COOTBeTCTBY~~f.1H B~6paHHOMY YPOBHID AOCTo~epHOCTI;1. 

KaK Bf.1AHO f.13 Ta6n.2, 04eHKf.1, OCHOBaHHwe Ha Kpl;1Tepl;1~ 'Y1 N , I;1Me 
~T MeHbwHi1 pa36poc, T.e. MeHee 4yecTBf.1TenbHbl K cnY4ai1H~M ~nYKTY

q4HflM B cneKTpax; OHf.1 Aa~T TaKme 8 cpeAHeM 60nee Y3KI;1i1 AoaepH
rene Hbli1 HHTepaan. npf.1 YBenH4eHMH f.1CTHHHOi1 aKTHBHOCTH 04eoHKH no 
pa3HWM KpHTepf.1flM c6nHma~TCR. MO*HO 3aMeTf.1Tb TaK>I<e, 4TO 3Ha4eHHR 
8 90 CABf.1HYTW OTHOCf.1TenbHO HCTf.1HH~X 90% KBaHTl;1nei1 nyaccoHoBcKoro' (

\1 

\1 

pacnpeAeneHf.1R /cocTaBnflID~f.1X OKono 14 f.1 59 OTC4eTOB n~ 8 = 10 
H 50 coor eercr aeaao/ Ha sel11;14HHY, npHMepHO paBHY~ y'Ne:p •. 06pa-" 

<~ ~aeT Ha ce6fl BH~MaHHe H TO 06CTOflTenbCTBO, 4TO npf.1 S = O 04eHb 
d Benf.1Ka AHcnepCHR nonY4aeM~X rpaHf.14 f.1HTepBanOB. 3TO CTaBHT nDA 

COMHeHf.1e HaAe>l<HOCTb onpeAeneHf.1R f.1HTepBanbHoi1 04eHKH no OAHOMY 
cneKTpy. 

(
/ 

6. 3AKJlI04EHHE 

TaKl;1e xapaKTep~cTHKH 3KcnepHMeHTa, KaK 3HepreTH4eCKaR 3aBH~ 

Cf.1MOCTb $OHa H $OpMa nl;1Ka, 06W4HO MomHO C4f.1TaTb H3BeCTHwMH. 
B 3THX ycnoBHAX AnR npoeepKH rHnoTe3bl o Hanlll4HH nHKa 4eneco06
pa3HO npHMeHATb CTaTHCTH4eCKH HaH60nee MO~HbIH KpHTepHH - KpHTe
Pf.1!:1 OTHoweHHR npaBAonoAo6HH An~ nonHHOMHanbHoro pacnpeAeneHHR 
4Hcen OTc4eTOB a KaHanax. AnR cnY4BR nHK8 raYCCOBOH $OPMbl Ha 
paBHOMepHOM ~oHe c nOMo~b~ B~~Hcn~TenbHoro 3KcnepHMeHTa 6~no!!	 nOKa3aHo, 4TO Hcnonb300aH~e HopMonbHoro npH6nHmeHHR AnH $YH K4HH 
pacnpeAeneHHH KpHTep~R onpsDA8HO AamelAnH ManoH nonHoH cTa7HcTH-"; 
Kf.1. KpOMe Toro. D 3TOM cny~ae npH AoaonbHO cna6~x orpaHH4eHHRx . 
cBoi1cTBa Kp~T6pHR no~T~ He aaBHC~T OT ~Hcna KaHanOB. 

Kpf.1TepHH OTHoweH~R npBDAonOA06HH MomHO Hcnonb30aaTb TaK>l<e 
AnR nocTpoeHHA AOBep~TenbH~X HHTepBanoa. no cpaBHeHH~ c APyrHMH 
H3Y4eHHWMH MeTOA8MH 3TOr MeroA no3BonHeT nonY4aTb 04eHKH c HaH
MeHbweH 4YBCTG~TOnbHoCTb~ K ~nYKTya4HHM B HCXOAHblX CneKTpa~. 

" 9 
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lloKpoBCKHH B.H., llpocTaKoB H.A., ~cTnKoB B.n. 
CTaTHCTH'leCKHH KPHTepHH ou;eHKH nHKOB 
HH3KOH HHTeHCHBHOCTH 

PI 0-86-311 

PaCCMOTpeHbl BOnpOCbl ou;eHKH nHKOB HH3KOH HHTeHCHBHOCTH 
B CneKTpax HAepHbiX H3ny'leHHH C nOMO~biD CTaTHCTH'IeCKOrO KPHTepHH 
OTHOmeHHH npaBAOnOA06HH, Ann cny'laH H3BeCTHb~ ¢opMbl nHKa H BHAa 
3HepreTH'leCKOH 3aBHCHMOCTH ¢QHa HCcneAOBaHbi MeTOAbl npoBepKH 
CTaTHCTH'IeCKHX rHnOTe3 H noCTpoeHHH AOBepHTenbHbiX HHTepBanOB, 
C nOMO~biD 3BM H3y'leHbl CBOHCTBa KpHTepHH H npOBeAeHa ou;eHKa 
'IYBCTBHTenbHOCTH 3KCnepHMeHTOB no noHCKY ABOHHOro 6e3HeHTPHH
Horo 6eTa-pacnaAa 76Ge. floKa3aHo, 'ITO npHMeHeHHe KpHTepHH OTHO
meHHH npaBAOnOA06HH n03BOnHeT nony'laTb ou;eHKH C HaHMeHbmeii 
'IYBCTBHTenbHOCTbiD K ¢nYKTyau;HHM B HCXOAHb~ cneKTpax. 

Pa6oTa BbmonHeHa B fla6opaTOPHH HAePHbiX npo6neM OIDIH. 

Coo6weuue Otn.e,!UDieHHoro HHCTHTyra .RAepHbiX uccnenosanuii. ily6ua 1986 
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Pokrovskij. V.N., Prostakov !.A., Chistyakov V.P. PI0-86-311 
Statistical Criterium for Estimation of Low 
Intensity Peaks 

The likelihood ratio statistical criterium for an estimation 
of low intensity peaks in nuclear spectra is discussed. Both 
the hypothesis testing and the interval estimation are investi
gated in the case of the Gaussian peak shape and a constant 
background. Some properties of the criterium are investigated 
in a computer experiment and an estimation of a sensitivity of 
an experiment for seach a neutrinoless double-beta decay in 
76Ge is carried out. It is shown that a likelihood ratio cri
terium is less sensitive to a spectrum fluctuations than 
others • 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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