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Eenarnes 6.3., CopoKo Jl.M. Pl0-85-884 
MeTO,ll MaKCHMYMa 3HTponHH H nyacCOHOBCKHH illYM 

OnHCfili MeT0.ll MaKCHMyMa 3HTponHH (MM3) perneHIDI o6paTHblX 3a,lla'I 
,r:vra nyaccoH0BCK0I'0 rnyMa. MeTO,ll 6bm Hcnonh30Bfili .nna ycTpfilieHIDI npH· 
6opHOI'O yrnHpeHIDI npH MaJIOH CTaTHCTHKe C'leTa. IlpHse,neHbl pe3ynbTaTbl 
Mo,nenHp0BaJ{IDI Ha 3BM MeToii;a MaKCHMyMa 3HTp0llHH .nna BX0,llHblX CHI'· 
HaJI0B, coii;ep)l(afiUiX cnHBllJHecli ,ny6neThl, H .nna KBa3HnHHeHHb[X BX0,llHblX 
CHI'HaJI0B. IloKa3aJiO, 'IT0 MeT0,ll MaKCHMyMa 3HTp0nHH ,naeT xopornHe oueH• 
KH npH MMOH CTaTHCTHKe C'leTa, - 10 7 20, ,nnH illHp0K0I'0 Knacca BX0,llHblX 
CHI'HaJI0B H He Tpe6yeT KaKHX·nH6o MO.llHct>HKal.lHH ,lla)l(e Tor.na, Kor.na pa3· 
MblTHe onHCb!BaeTCli illHp0KHMH npocTpfiliCTBeHHO-HHBapHfiliTHOH HnH 
npocTpfiliCTBeHHO-HeHHBapHaHTHOH ct>YHKUIDIMH. PacCMOTpeH0 0CTaT0'IH0e 
pa3MblTHe B oueHKe HCK0MOI'0 CHI'HaJia MeT0,ll0M MaKCHMyMa 3HTponHH. 
IloKa3filiO, 'IT0 MM3 M0)l(eT 6b!Tb HCnonh301'lfili ,[VIH perneHHH o6paTHblX 3a• 
,naq B ct>H3HKe Bb!C0KHX 3HeprHif. 

Pa6oTa BhmonHeHa s Jla6opaTopHH a.nepHblX npo6neM 011811. 
CooO~eHHe OObe,ll;KHeHHOro HHCTHTyTa HAepHWX HCcneAOBaHKA. ~yOHa 1985 

Ilepeso.n O .C .BHHorpa.nosoif 

Belashev B.Z., Soroka L.M. Pl0-85-884 
Maximum Entropy Method and Poisson-Like Noise 

The method of maximum entropy (MENT) for solving the inverse prob• 
lems with Poisson-like noise is described. It has been used for removing of 
the instrumental spreading at low events statistics. The results of the compu
ter simulation of the MENT for inputs signals, containing unresolved doub
lets, and for quasi-linear input signals are presented. The MENT to be shown 
gives good estimations at low events statistics, - 10 7 20, for wide class of in
put signals and does not require any amelioration even in the case of very 
broad spreading described by the space-invariant or space-variant functions. 
The residual spreading of the MENT estimations is analyzed. It is shown 
that the MENT developed in this paper for the case of Poisson-Like noise 
can be used for solving the inverse problems in the high energy physics. 

The investigation has been performed at the Laboratory of Nuclear Prob• 
lems, JINR. 

Conmunication of the Joint Institute for Nuclear Research. Dubna 1985 



BBE,UEHHE 

MeTonoM Mai<cuMyMa 3HTponuu (MM3) Ha3bIBaIOT HenuHeHHbIH 
MeTon pernemm 06pan1h1x 3anatJ u 3anatJ cne1<TpanbHoro aHanu3a, Korna 
ou;eHKY UCKOMoro curHaJia HIUYT nyTeM ycTpeMnenuH K MaKCHMYMY 
3HTponuiIHoro cpynku;uoHana 3anatJu. BnepBbie MM3 6bln ucnonb3OBaH 
B cneKTpanhHOM aHanu3e 111. Ilpu noMoru;u MM3 cpyHKUHH KoppenHu;uu 
ucKoMoro cnrnana 6hma npo3KCTpanonuposana 3a npenenbI H3MepHeMoro 
OKHa, 6bmH yCTpaneHbl 6oKOBbie nenecTKU cpyHKll;Hll pa3MblTUH 11 nocTur
HYTO pa3perneHue B ou;eHKe ucKoMoro curHana, KOTopoe npesb1rnano pa3-
pernenue KnaccHtJecKux MeTonos cneKTpanbnoro aHamrna. 3aTeM MM3 
ucnonh3OBanCH nnH perneHHH o6paTHblX 3a}];atJ C annnTHBHblM lllYMOM !.U 

Ilpu 3TOM o6HapyiKeHbI saiKHbie npenMymecTsa MM3 13 ~ a HMenno: pa3pe
rnemIe u ycTOH'IHBOCTh ou;eHKH K rnyMaM 61,mH Bblllle, tJeM y KnaccutJeCKHX 
MeTOAOB perneHHH o6paTHblX 3anatJ C perynHpH3au;ueif 141- nocne pa3pa6oT
KH MM3 nnH o6paTHblX 3a}];atJ C nyaccoHOBCKHM lllYMOM /5/ noHBHnach 
B03MOiKHOCTh ucnonh3osamm MeTona B q>H3HKe tJaCTHU BbICOKHX 3Hepruif. 

Ycnewnoe ucnonh3onairne MM3 s panuoacTponoMHH /6< peKoncT
PYKTHBH011 TOMOrpacpuu 17 ' 8 / H B pHne npyrux 3anatJ ,9 / HHHQHHposann 
nonhITKH CO3}];aTb norutJeCKH 3aMKHYTblH cpynnaMeHT MM3 H BbIBeCTH ero 
H3 Knacca 3BpHCTHtJeCKHX MeTO}];OB /10-15/. 

B pa6orn H3noiKen MM3 peweHHH o6panibIX 3anaq ,nnH nyacconos
cKoro wyMa. Pa3pa6oTaHHhIH MeTon 6bm ucnonh3osan nnH ycTRaHeHHH 
npu6opnoro yrnupeHHH npu Manatt cTaTHCTHKe ctJeTa. Ilp1rnenenb1 pe3ynLTa
ThI MonenttpOBaHHH Ha 3BM MeTona MaKCHMyMa 3HTponnH nnH BXO}];HhlX 
curnanos, conepiKamnx cnnsrnuecH ny6neThI, n nnH KBa3HnHHeHHhix sxo.n
HhIX CHrHanOB. IloKa3aHO, 'ITO MeTon MaKCHMyMa 3HTponnn. naeT xopornne 
ou;eHKH npn ManOH CTaTHCTHKe CtJeTa, ~ 10 ~20, nnH· lllHpOKoro Knacca 
BXOAHhIX cnrnanoB, H He Tpe6yeT' KaKHx-m160 MOAHq>HKaQHH naiKe Tor.na, 
KOr}l;a pa3MhITHe npu6opa onHChIBaeTCH lllHpOKHMH npOCTpaHCTBeHHO· 
unsapuanTHOH unu npocTpaHcTsenno-nenHsapuanTHOH cpyHKQHHMH. Pac
CMOTpeno OCTUTO'IHOe pa3MhITHe B ou;enKe HCKoMoro curnana MeTO}];OM 
MaKCHMyMa 3HTponuu. IloKa3ano, 'ITO MM3 MOiKeT 6bITh ycnernno ucnonh-
3onan Anfl perneHHfl o6paTHhIX 3a}];atJ B q>H3HKe BbICOKH_:C _:1nee,ruif. 

Qb1iUhutt:1mJfi mic-rirryr f 
'll:!ll!i$BHt utc1enosius~ \ .1 

6Hf:-i1~lCTEKA 



TEOPHH METO,[(A MAKCHMYMA 3HTPOill111 

3anHweM HCXOAHYIO o6paTHYIO 3MatJy B BH,!l;e: 
f ,.. 

s (x) = I h (x, g )f (g) + n (x), e= 1 · 

x = 1,2, •.• ,M; e= 1.2 .... .e. 
(1) 

r,ne h - nHHeiiHhIH onepaTop, f (fl - ouemca HcKoMoro cnrHana, s (x)
H3MepeHHhie AaHHhie, a n (x) - wyM. PaCCMOTpHM no,nKJiacc o6paTHIJ_IX 3a
,natJ, Kor,na wyM n (x) RBJI.ReTCH nyaccoHOBCKHM. 11cKOMhIH CHrHaJI f (fl n 
WYM n (fl CB.fI3aHhl Me)KJJ,y co6oii cpyHKUHOHaJibHO·CTaTHCTHtJeCKH qepe3 
COBMeCTHOe CTaTHCTHtJeCKoe pacnpe,neneHHe 

p ( f , n ) = P 
1 
(f ) . P 

2 
(n / f ), (2) 

rne cpyHKUHR pacnpe,neneHH.R aepoRTHOCTH Pl (f) OilHChIBaeT He 3aBHCR· 
IUYJO OT nyaccoHOBCKoro wyMa CTaTHCTHKY HCKOMOro CHrHana, npu 3TOM 
ee MO)KHO Bblpa3HTh t1epe3 6e3yCJIOBHhIH CTaTHCTHtJeCKHH cpaKTOp 

r ,.. 
P (f)= (-N-)1 / n [~lt, (3) 

1 A f e= 1 Af 

r,ne A f - 3cpcpeKTHBHhIH HHKpeMeHT AHCKpeTH3aunn CHrHana ~ , ,..PaBHhIH 

paccTORHHJO MeiKJJ,y ,nayMH ypoBHRMH KBaH,:oaaHHH, a N = f= l (0. 
«l>yHKUHH pacnpe,neJieHH.R aepOHTHOCTH f 2 (n / f) OilHChIBaeT TOJibKO Q)JIYK· 
TYaUHH, KOTOpbie 3aBHCRT OT CHrHana f. : TaK KaK nyaccoHOBCKHH WyM 
Il (x ) CB.R3aH 0):(H03HatJHO B CTaTHCTHtJecrcoM CMhICJie C H3Mep.ReMbIM CHrHa-

JIOM S ( X) npH HeH3MeHHhIX 3HatJeHH.RX f (cf) H h (x, fl, ·TO 
,.. ,.. 

P 
2 

(n / f ) = P 
2 

(s / f ). (4) 

KOMilOHeHThl H3Mep.ReMoro CHrHana S (x) H HCKOMoro CHrHana f (fl CTa· 
THCTHtJeCKH He3aBHCHMhl B pa3JIHtJHhIX TOtJKax X H e .. Il03TOMY. P2(s/f ) 
MO)KHO 3anHCaTb B BH,!l;e: 

m v (x) 
P 2 ( s/f)= Il [v 0 (x)] ' exp[-v

0
(x)]/v(x)!, 

- X=l 
(5) 

r,ne v(x)=s(x)/As , v 0 (x)= {s(x)-n(x)]/Ax , As - HHKpeMeHT 
AHCKpeTH3aUHH H3Mep.ReMoro CHrHaJia S (x).: 

HaKJIMhIBaeMoe ycJIOBHe MaKCHMyMa 3HTpOilHH B TaKOH 3MatJe 
3KBHBaJieHTHO YCJIOBHJO: 

,.. 

In P 1 (f) + In P 2(s / f ) -

m ,.. (6) 
- I A(x)[ I h(x,cf)f(cf)-s(x)]=> max, 

x=O g . 
2 

~ 

r,ne A (x) - MHO:>KHTenu narpaH)Ka aapnauHoHHoii 3aAatJH Ha ycnoaHhIH · 
3KCTpeMYM. · · · · · · · 

Ilonyt1e1moe- nyTeM peweHHH 'aap_naunoHHoii 3aAatJH (6) RBHoe Bh1pa
)KeHne _MR oueHKH HCKOMOro CHrHana f (fl HMeeT BH):t 

(7) 
,.. m 
f (t)=M• exp[-1- I ,\ (x)h(x, g)l. 

x=O · 

3anttWeM TaK)Ke Bblpa)KeHHe MR Ol.leHKH H3Mep.ReMoro CHrHaJia s·(x): 

s (x) = [ ± h (x , if )r ( fl exp [ - 1 - .l..<!Lt.J\_(QL]. ' t= l . P 

f ,.. . (8) 
s <o) = i h <o. e )f.(t >. x = o. 

cf= 1 

B (7} .n (8) BXO.z:t.fIT nepeonp·e,neneHHhie MHO)KHTeJIH narpam«:a 

.\ (x)= A (x). M • 

p~,M/As. 

X = 0,1, ... ~m, 

(9) 

CnCTe\V(a u~ (m + l .) HeJinHeiiHhIX ypaaHeHHii ( 8) 6y.neT ncnonb-
30BaHa AJIR HaxO)K,neHHR (m + 1 ) MHO)KHTeneii JlarpaH)Ka npH qJHKCHpo
BaHHOM 3Hat1emiu napaMeTpa p. a cne,noaaTeJILHo, n Af, TaK KaK t\s HaM 
H3BeCTHO. Ilo HaH,l\eHHbIM MHO)KHTeJI.RM RarpaH)Ka ,\(X) H HHKpeMeIITY 
KBaHTOBaHHH HCKOMoro CHrHana ,\f Haxo,nHM npH IlOl')lOIUH (7) oueHKY 
HcKoMoro cnrHana. Bb!pa)KeHue ,nnR oueHKH curHana f (c;) / I\ f H rnyMa 

n (x) -- exp [-1 __ ,U!LuUQl._l 
p (10) 

HMeeT , TaKoii )Ke. BHA, KaK H AJIR a.n.nHTHBHoro rnyMa, He 3aBHCRJUero OT 
CttrHana 1141

. 'O.ziHaKo B cnyqae o6paTHOH 3Matm C nyacCOHOBCKHM rnyMOM 
OQeHKa rnyMa BXOAHT .fIBHhIM o6pa30M B Bbipa)KeHHe AJIR 01.leHKH H3Mep.Re
MOro cnrHana (8) ' npHIIeM 3Ta CBR3b HMeeT MYJibTHilJIHKaTHBHYIO CTPYK· 
Typy. 

MO,[(ER11POBAHl1E HA 3BM 

Mo,nennpoaattne MM3 Ha 3BM 6hmo npoae,neHo AJIR ,nayx Knaccoa 
BXOAHhIX cnrHanoa. IlepBhiii Knacc 06pa3oaann cnrHanhr, co,nep)Kaiuue 
TeCHbIH ,ny6neT H3 pe30HaHCOB, a BTopoii KJiacc - CHrHaJihI, JIHHeiiHo 3aBHCR· 
iune oT He3aauciIMoii nepeMeHHoii. Mo,nennpoaattue aenocb cne,nyJOIUHM 
06pa3o'M. CHat1ana HCXOAHbIH CHrHaJI f (g) no,naepranc.R pa3MhITHIO B npH-
6ope C 3MaHHOH cpyHKUHeii pa3MhlTHR h (x • e ). 3aTeM K nonyt1eHHOMY pe-
3YJihTaTy no6aBJIRJICR nyaccoHOBCKHH wyM co cpe,nHHM 3HatJeHueM HYJih 

3: 



11 c ,a;ucnepc11eii, onpe.a;eJUieMoii _CTaTuc:i:uqecKHMH cpnyKTyaUHHMH. Ilyacco
HOBCKHH rnyM orpattH'IHBMCH no aMrrnHzy,a;e, paBHOH ABYM CTatt.a;apTHbIM 
OTKJioHeHHHM. 

IIocTpoeHHaH TaKHM o6pa3oM peanu3anlf.R · H3MepeHHoro cu_rHana 
S (x) HCnOJib30Banacb npH Haxo~eHHH oneHKH HCKOMoro CHrHana f ( c;) 
npu noMOIUH MM3. 

1!Hcno OTC'leTOB B HCXO,D;HOM H H3MepeHHOM CHrHanax paBHHJIOCb 
m = e = 16, a cpyHKUHH pa3MbITHH H3MepHTeJ1bHOro npu6opa HOpMHpoaa
JiaCb Ha e.a;HHH'IHYIO nJIOil{a,D;b no.a; COOTBeTCTByromeii KpHBOH. qT06bI C)KaTb 
AHHaMH'leCKHH ;a;uana30H MHO)KHTeneii JiarpaH)Ka, HCXO,ll;Hbie CHrHanbI HOp
MHpOBMHCb Ha onpe,a;eneHHbie 3HatJeHHH, KOTOpbie 3aBHCeJIH OT CTaTHCTHKH 
C'leTa. HaiiAeHHbie oneHKH HCKOMOro CHrHana 3aTeM YMHO)KMHCb Ha 3TO 
3HatJeHue. IIapaMeTp p paBHHJICH 1000. qHCJIO HTepanuii, ,D;OCTaTO'IHOe ,D;JIH 
nonyqeHHH YCTOH'IHBOH oneHKH nyTeM perneHHH CHCTeMhi HeJIHHeHHhIX 
ypaaHem1ii (8) MeTO,ll;OM HhlOTOHa, COCTaBJIHJIO 120. 

Cnaqana 6bmH uccne;a;oaatthI ao1MO)KHOCTH . MM3 ,a;aaaTb oneHKY 
ucKoMoro curnana B au,a;e Tecnoro ;a;y6neTa npu cunLHOM pa3MhITHH ero 
B H3MepHTeJ1bHOM npu6ope. qHCJIO 3aperncTpHpOBattHhIX tJaCTHU HJIH KBaH
TOB H3JIYtJeHHH 6hmO 3acpHKCHpoaano nocTOHHHhIM, aapbHpOBMHCb TOJlbKO 
peanu3aUHH CTaTHCTH'leCKHX q>nyKTyauuii npu yKa3attHOM orpaHHtJeHHH. 
Ha puc.la ,a;aHa cpyHKQHH pa3MhITHH h (x' c;) = h (x - c;) npu c; = 10, 
KOTopaH a 3Toii 3a,a;aqe HBJIHeTcH ·npocTpattCTBeHHO-HHaapnaHTHoii. Ha 

puc.16 npuae,a;eHbI curHanhI Ha Bhixo,a;e npu6opa s (x) ;a;nH Tpex peanU3a
nuii nyaccoiioacKoro rnyMa. IlyHKTHpOM rroKa3att curttan, He no,a;aep:>KeH
HhIH B03,D;eHCTBHIO CTaTHCTHtJeCKHX cpnyKTyauuii. Ha pHC.1B IIOKa3attbl ouen
KH CHrHana f (c;), COOTBeTCTByromue pa3JIH'IHhIM peanU3a{lHHM rryacCOHOB
CKOro rnyMa. IlyHKTHpOM OTMetJeHbl HHTeHCHBHOCTH 0-KoMnoHeHT HCXOA

HOro curHana B au;a;e ;a;y6nern. 
J,fa pnc.1 BH,D;HO, 'ITO MM3 BOCCTaHaBJIHBaeT tJeTKO CJIHBlllHeCH KOM

noneHThl TeCHoro ,a;y6neTa ,D;JIH BCex Tpex peanH3aUHH rryacCOHOBCKoro 
rnyMa. Ba)KHO no,a;qepKHYTb, 'ITO 3cpcpeKTHBHaH lllHpHHa cpyHKQHH pa3MbITHH 
a 2,5 pa3a npeah1rnaeT pacmennemrn KoMnoneHT ,a;y6neTa, a qucno tJaCTHl.\ 
Ha O,ll;HH CtJeT (HJIH Kattan) paBHO 25 a MaKCHMyMe perHCTpnpyeMoro cur
Harta s (x).-·HeBH3Ka [ f(x) - f(x)] · paana no nopH,a;Ky aenH'IHHhI rrorpern

HocTu H3MepeHHH, paBHOH CTaH,D;apTHOMY OTKJIOHeHHIO. 3TO 03HatJaeT, 'ITO 
MM3 ne co3,a;aeT pa36anThIBattHH B perneHHH o6paTHOH 3a,a;a'IH c nyacconoa
CKHM lllYMOM. 

3aTeM aapuau;HHM 6blna no,a;aeprHyTa CTaTHCTHKa ctJeTa. Ha puc.2a 
npune,a;eHbl CHrHanbI s (x), 3aperHCTpHpOBaHHbie npu6opoM npu CKOpOCTHX 
C'leTa na OTCtJeT (Kattan) a MaKCHMyMe, paBHhIX 13, 25, 46 u 90. IlyHKTH
pol\1 l10Ka3aHbl curnanhl, H~ rro,a;aep)KeHHbie B03,D;eHCTBHIO CTaTHCTH'leCKHX 
cp11yKTyannf1. Peanu3au;nH nyacconoacKoro rnyMa 6hlna o,a;Hoii II TOH )Ke 
AJIH ncex yKa3aHHhIX CKOpOCTeH C'leTa Ha OTCtJeT (Kanan). Ha pnc.26 AaHhl 
ou;eHKH CHrnana f(x), nonytJeHHhie C noMOil{blO MM3 B 3THX YCJIOBUHX. 
fiyHKTHpOM OTMCtJeHbl HHTeHCHilHOCTH KOMIIOHeHT ,a;y6neTa a HCXO,D;HOM 
cnnmne. Bn,a;uo, 1ITO TOJlbKO npn CaMOH Hl13KOfl CKOpOCTH CtJeTa Ha OTCtJeT 
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6) B) 

Puc.1. a -<f>yHI<:l.llfJI pa3MblTHJI h(10,c;) ; 6-curmun,11;1a Bb!XO,r:te npu6opa 
s(x) ):IJIJI Tpex peann3aumi: nyaccOHOBCKOro w~a H O,[tHOll If TOH me CTa
THCTHKe cqeTa; D - 01.{eHKH HCKOMoro CHrHaJJa f (x) B BH,r:te TecHoro ,r:ty6ne
Ta, nonyqeHHbJe npu IlOMOWH MM3 MH Tpex pa3Jllfqffb!X peaJJH31U:(lill nyacco
HOBCKoro wyMa. 

Pnc.2. a - c11r11aJJb1 11a BblXO,r:te np1t6opa 
s{x) npH QeTblpex CKOpOCTlIX cqe-ra 

a MaKCHMyMe: 13, 25, 46 1t 90; 6 -
01.{eHKH HCKOMoro CHrHana f {c;), -IIMeIO
wero Bll,[t TecHoro ,r:ty6neTa. 

- S{ac) 

S(X) IO~ 

<(xj" 

Si~ 10 

,, ,. 

ii(\ 

iltl ""l ! 
ic(''"[ I ;\ 

, i~J.. I .. i : : ~ 
. . \ .. I '"I ' . 11, \ ____ ~.. ,;J~l ·L~ 

\ '. X I , :x 

.. 1 1_ • 'T .- ~~,-[ ,L_.~J. --. 
,LL:.----· • '._.1'-.A._. .. ~ ,-~ 

" 

t 1" 9 U :r :r 

(KaHan) a MaKcriMyMe, paaHoM 13, MM3 He rro3aonneT pa3,a;enuTL cmrn
rnueCR KOMIIOHeHThI ,a;y6neTa. 

IlporpaMMa MM3 c rryaccoHOBCKHM rnyMOM 6hma orrpo6oaana 3a
TeM Ha KBa3HJ1HHeHHhlX HCXO,ll;HbIX curnanax rrpu otJeHb lllHpOKHX rrpOCT
pattCTBenno-neHHBapnaHTHbIX cpyHKQHHX pa3MbITHJI. Ha puc.3a npHBe,a;e
HO ceMeHCTBO cpyH°KUHH pa3MbITHH h (x , c;) rrpn pa3JIH'IHhIX 3HatJeHHHX X , 
a Ha puc.36 - ceMeHCTBO H3 IIHTH perncTpHpyeMbIX curnanoB rrpH CTa
THCTHKe CtJeTa B MaKCHMyMe OT 60 AO 460. Ha puc.3B IIOKa3aHbI IIOJiytJeH
Hbie ou;eHKH HCKOMbIX cnrHaJIOB a BH,D;e TO'ICK c ornu6KaMH, KOTOpbie coe
,D;HHeHbI CIIJIOlllHOH KpHBOH, a TaK)Ke HCTHHHbie cnrnanbI B BHJJ,e IIYHKTHp
HbIX JIHHHH. BHAHO, 'ITO MM3" I103BOJIHeT BOCCTaHOBHTb KBU3HJ1llHeHHble 
cHrHaJibl ,D;a)Ke Tor,a;a, Kor,a;a cpynm:.(llH pa3MbITHH HBJIJleTCH rrpocTpaHCT
aeHHO-HemrnapHaHTHOH H Kor,a;a HCXOAHYIO 3a,a;aqy ueJih3H CBeCTH K cnepTKe. 
Tpy.a;HOCTb IIpOMOJJ,eJinponaHIIOH 3a,D;atJH COCTOHT B TOM, 'ITO lllHpnna cpyHK
QHll pa3MbITHH IIO IIOPJIJJ.KY nenllllllHbI paaHa urnpnue 06nacn1 3a,D;aHUH 
cpyHKUHH. C IIOBbilllenneM CTaTHCTHKH CtJeTa ,llOCTOBepuocTb BOCCTaHOBJIC
HIIJl IICXO)],HhIX CUrHanOD B03pacraeT. namihill np11M<'p BOCCTaUOBJICHHH 
KBa3IUUIH£>HIIJ,IX · ClffHaJIOB rrpH UOMOIIUI l\lM'.:) WU'Jl.flJ(IIO )1.CMOHCTpnpyeT, 
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Pttc.3. a - ceMettCTBO QJYHKU:HM h (x, /;) npH pa3JIH'IHblX 3Haqemmx X • 
6 --- per1tcTp1tpyeMble CHrHaJibl s (X) npH pa3.:tmqHou CT3THCTHKe cqeTa, 
OT 60 ,llO 460~ B - Ol{eHKH HCKOMoro CHrHaJia f (f) c oum6KaMH 1t HCTHH· 
HhlH cHrnan f( 6 ( nyu1<mp). 

llTO naHHhltt MeTon MO)KHO 11CITOJih30BaTh B !pH311Ke HeiiTpOHOB BhICOKHX 

3Hepr11u, rne cneKTpaJihHhltt OTKJil1K pa3Jil1lJHhIX ·neTeKTOpOB HettTpOHOB ox

BaThIBaeT 3HatJ11Tenhny10 tJacTL ecero cneKTpa HCttTpoHoB 116 /_ _ 

HEBH3KA l1 OCT ATQqHOE P A3MhITl1E 

qT06bl 6onee tJeTKO 06p11coBaTh B03MO)KHOCTl1 MM3 nptt perne111111 

o6paTHhIX 3a.D;atJ e nyacCOHOBCK11M lllYMOM, 6bIJil1 BseneHhl nee KOJil1lJeCT

BeHHhie MephI pa3n11tJm1 Me)Kny oue111<00 cnrHana. nonytJeHHott MM3, a tt_c'

xonHhIM cttrHaJIOM. TTepmUI 113 Hl1X - HeBH3Ka, paBHaR cpenHeKBa.a;paTUlJHO

My 01<Tno11e111110 oue11K11 11c1<0Moro c11r11ana f (x) OT 11cxon11oro c11r11ana 

f(x). BTopott Mepott HBJIHeTCH rn11p1111a OCTaTOlJHOH QJYHKL(1111 pa3MhITHH, 

paBHaR, no onpenene111110, lllHpl1He oueHKH MR 8 ·QJYHKL(HH Ha Bxone. Ohl

JIU ttccnenoBaHhl 3aBHCHMOCTH yKa3aHHhlX KOJIHtJeCTBeHHhlX Mep pa3JIHlJHH 

OT CTaTHCTHKH CtJeTa, -OT napaMeTpa 8 H OT lllHpHHhl QJYHKL(HH pa3MhlTHH 
npu6opa r. 

HccnenoBaHhl nee <PYHKL(l1H pa3MhlTHH: 

h 1 (x,O= exp[-{-!x-f!l. 

1 h 2 (x,,;) = exp [- -Ix -ti J 
2,5 . ' 

(11) 

npn on11ou u Tott )Ke pean113auuu nyacco11oec1<11x rnyMoa. l1cxonnh1H cur

Han HMeJI snn O ·QJYHKL(Hl1 B TOlJKe t ~ 8 C HHTeHCl1BHOCThIO 1,6 11 C pa3-

JIHlJHhIMH HOpMttpOBKaM11: 102 , 10 3, 10 4, 10 5 "10 6. Cur11an s (x) TaK)Ke 
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a) 6) -
Pttc.4. a - QJYHKWIH s (x), f (x) 
H s 0 (x) •'(6e3 wyMa), cooTBeTcmyio

UUfe QJYHKWflt pa3MblTHJl h 1(x, ,;) ; 
6 - HeB113Ka /). B 33BHCHMOCTH OT 
N nJIH -nsyx pa3JIH'IHhIX <pym,u:HH 

pa3Mb1Tmt: • - hp o- h 2· 

r. I I;'~ 

~t ~ .S-1 ........ _______ ---.~, .. p-soa 

-2t 
~ p•sooo 

=------..:..::.:-: p-,0000 

2 4 6~/V • 3 ,. 
'4p 

a) 6) 

Pttc.5. a - 33BHCHMOCTb WHpHHbl 
r 1 QJYHKltHH OCTaTO'IHoro pa3MbITIUI 
npH Tpex 3Haqeemtx napaMeTpa p nJIH 
nsyx pa3JIH'IHbIX QJYHKitHH pa3MbITHJl: 
e - h 1• 0 - h2 ; 6 - 3aBHCHMOCTb 
r 1000T p ,llJIH ,llByx pa3JlffqllbJX <pyuK· 
l{HH. pa3MblTH11: e - hl , O - h2. 

HOpMHpOBaJICH Ha COOTBeTCTBYIOllltte MHQ)KHTeJIH, a nonytJeHHaH MM3 

OQeHKa CHrHana cpaBHHBanach c YKa3aHHOH 8 ·QJYHKL(HeH. 3HatJeH~ rrapa

MeTpa p paBHHJIHCh: 10 2; 5 • 102; 103; 5 • 103; 10 4• 

Ha p11c.4a noKa3aHhI. QJYHKllHH s (x), f (x) n s 0 (x) (6e3 myMa) MH 

QJYHKL(HH pa3MhITHH h 1 (x , e ). : Ha p1Ic.46 natthl 3HatJeHHH cpenHeKBa.a;pa

TIIlJHOH Ol(eHKH /t;. nplI pa3JIHlJHOM lJHCJie 3aperHCTpHpOBaHHhIX tJaCTHQ 

N nnH nsyx QJYHKllHtt pa3MhITHH B (11). BnnHo, tJTO HeBH3Ka A yMeHb· 

rnaeTCH C yaen1ItJeH1IeM CTaTHCTHKH CtJeTa. OnHaKO npu 6ec1<0HetJHO 6oJih

lllOU cTaTHCTHKe u HyneaoM ypoaHe QJJIYKTyaunu HeBH3Ka ~ He o6pamaeT

CH B HYJih. qT06bI IIOHHTh 3TO HBJieHne, Heo6xonHMO ytJeCTh TO, lJTO rrapa

MeTp p HMeeT KOHeqHoe 3HatJeHne, a QJJIYKTYal(HOHHaH KOMITOHeHTa BXO

nnT MYJihTHITJIHKaTHBHO a oQeHKy naHHhIX Ha6moneHHU a Monenu MM3 

C nyacCOHOBCKIIM lllYMOM. Ilpu 3TOM MHO)KHTenn'JiarpaH)Ka He MoryT onHo

BpeMeHHO o6pamaThCH B HYJib: TT03TOMY oueHKa nattHhlX Ha6moneHUH· 

f -
[ I. h (x, ,f)f (g)] exp [ -1 - ..Mil±..A.!QL ]. 
~1 p 

IIplI KOHetJHOM 3HatJeHHH napaMeTpa P OTJIHtJaeTCH OT HCTHHHOH QJYHKL(HH 

s (x). :Ilpu o..n;HOH II TOH )Ke cTaTHCTIIKe ctJeTa yaenutJeHue rnnpHHhI pa3MhI

THH Ha6opa npHBonHT K pocTy HeBH3KH. 

Ha pnc.5a IIOKa3aHa 3aBHCHMOCTb umpHHhl r 1 QJYHKQHH OCTaTOlJHO

ro pa3MhITHH a oQeHKe o -tpyHKL(HH, rronytJeHHaH rrpn noMOllllI MM3, OT 

CTaTHCTHKH ClJeTa N MH nsyx QJYHKQHU pa3Mh1THH ( 11) II nnH Tpex 3HatJe

HHU rrapaMeTpa p • . BunHo, lJTO llllipHHa r 1 OCTaTOlJHOH QJYHKQHH pa3Mh1THH 

B OQeHKe curHana notJTH He 3aBHCHT OT CTaTHCTHKH ClJeTa _npn 60JiblllHX N. 
Ha pnc.56 rrpuseneHa 3aBHCHMOCTb lllHpHHhl r loo OCTaToqHOH QJYHKQHH pa3-
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MbITHH npH 6ecKOHC11HO 6oJiblllOM CTaTHCTHKC C'ICTa OT napaMeTpa p . BttnHo, 

'ITO r loo YMCHblllaCTCH C YBCJIH'ICHHCM p H 'ITO npH 60JiblllHX 3Ha'ICHHHX 

napaMCTpa p onpeneneHHC MaJibIX llIHpHH rloo 3aTpyAHCHO. 
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