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SUMMARY 

The Hadamard-transform scintilla~ion counter designed to measure 
the angular and spatial distributions of nuclear and atomic particles 
in the presence of large noise from the photomultiplier is described. 
The gain in the effective signal-to-noise ratio achieved by this count
et· ~s the result of the spatial multiplexing, that is, of coding the 
spatial or angular distribution to be measured before counting it. 

The counter consists of a multi-element heterogeno scintillator, 
two lightguides and two photomultipliers. Fig. 5 shows the multi-scin
tillatot• consisting of (2M-1) scintillation elements. The lightflashes 
can enter only into the lower or only into the higher lightguides. The 
(M-1) elements of multi-scintillator are out of the region of the light
guide. The counting to be measured is equal to the difference between 
the.number of N t (i) events and the number of N ~ (i) events at all 
M p'ositions ( 1 ~ i ~ M ) of the moVing multiscintillator relative to. 
the.lightguide. It is nee\J.ed to perform L! independent measurements. 

The spatial distribution of particles is·undergoirig the binary 
coding according to the Hadamard-transform aleorithm. The system of 
multiplex Hadamard-transform detection is giving rise to the gain in 
the signal-to-noise ratio, being equal to {"'M"' , where .M is the 
number of element-scintillators in the multiplex block scintillator. 
Neither the degradation of the angular distribution, nor the lost1 of 
the counting rate of the events to be measured are taking place. The 
Hadamard-transform scintillator counter gives the direct. economical 
gain in the time of particle accelerators and also in the cost of the 
equipment. • 

Tho angular distribution of particles to be measured is shown in 
l!'ig. ?. The multiplex Hadamard-transform coded distribution is shown 
.in Fig. 8. The results of the decoded transformation is shown in Fig.9. · 
The fluctuating component of the noise- is shovm in Fig. 11, and its 
deco~ed transform is shown in Fig. 12. The amplitude of the noise com
ponent is decreased ~.95 times in this example, and the root-mean
square parameter is decreased 4.6,54 times instead of 4.~4 = fi9 · =fri. 

B xone QJH3H'ISCKHX aKc 

6neMy Bbr6op8 onTHM8nbHor~ 
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B Bnne nccnenyeMoro yrnoBo 

BUTb B 38KOAHPOB8HHOM BHAE 

Torn8 HeBo3MO)I{l!O yK838Tb, 

HMnynbC, H Ha CTUilHH BOCC 

no BceMy yrnoBoMy AH8n8ao: 

c'l~T'IHKa. Mo)l{l:lo llOK838Tb, • 

TUK)I{9 npHMO~ 9KOHOMH'l9CKH~ 

ll9T9KTHpOB~rlHH B yCnOBHHX n 
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§1 

B xone ~H3H'I9CKHX 9KCITepUM9HTOB ITOCTOHHHO ITpUXOnHTCH pemaTb ITpo-

6neMy Bbi6opa OITTHManbHOI'O COOTHOlli9HHH Memny ~aKTOpaMU, KOTOpb!e HBnH

IOTCH B3aUMHO HCKnroqaroWHMU, HarrpUMep, ITOBbllli9HHe CKOpOCTH C'!~Ta nocTU

raeTCH yBenuqeHneM pa3MepoB c'!eT'IUKa, a sTo c Hen36emHoCTbiO rrpnBonnT 

K yxyameHHIO yrnoBoro n sHepreTnqecKoro pa3pemennH. Oco6eano TpynaaH 

3aaaqa' BCTaeT rrepen ~H3HKoM, Koraa uccneayeMoe co6biTHe rrponcxonnT Ha-

, CTOnbKO penK0 0 'ITO OI'paHU'IHBaiOIUHM ~aKTOpOM CTaHOBHTCH myMbl C'!~T'IHKa, 

llnHTenbHOCTb ceaaca H3MepeHUH B TaKUX ycnoBHHX ITpHXOnHTCH CyiUeCTBOHHO 

yBenU'IHBaT,b, 'IT06b! CHH3HTb OWH6Ky H3MepeHUH ~OHa C'IOT'IHKa, orrpenenHeMyiO 

B 9THX ycnOBHHX CTaTUCTH'IOCKHMH ~niOKTyaUUHMH myMOBbiX HMITynbCOB, 0naa

KO ~~eKT yMeHblli9HHH ~OHOBOM OWU6KH npu 3aJlaHHOM BpeMeHU Ha6nroneHUH 

MomHo TaKme rrony'!HTb, ecnn rrocTpoUTb unu 3aKynUTb 6onbmoe qucno cqeT

'IUKOB, BKniO'IHTb HX OllHOBpeMeHHO H H3MepeHUH BOCTH cpa3y ITOJl HOCKOnbKHMU 

yrnaMn. 

Hume ITOKa3aH0 0 'ITO B TO'IHOCTU T8KOM me 9~~0KT CHH)I{OHHH OWU6K~ H3-

MepeHHH ~OHS MOmHO nony"lHTb C noMOIUbiO TOnbKO OllHOI'O ~UHHTHnnHTOpa II 

nByx ~oToyMHomnTenen, BKnro'!eHHhlX no nornKe HHTerpanbHo-Konosoro neTeK

TnpoBaaus:~. lienb KOnUpOBaHUH" CBOnHTCH K TO My 0 'IT06b! HCKOMYIO UH~OpMaUUIO 

B Bune uccnenyeMoro yrnoBoro pacrrpeaeneHnH penKnx co6biTUM 3aperncTpupo

BaTb B 3aKOJlUpOB8HHOM BUne, a myMbl C'!~T'IHKS - B H038KOJlUpOBaHHOM BHne. 

Toraa H9B03MO)KJI0 yKa3aTb 0 K KaKOMy yrnOBOMy HHTOpBany OTHOCHTCH myMOBOM 

HMnynbC 0 H Ha CTannH BOCCTSHOBneHUH UMnynbC IIIyMa KaK 6bi pa3M8)KOTCH 

no BceMy yrnoBoMy nuana3oay. A aTo rrpusonnT K ocna6neanro BKnana myMa 

cqeT'!UKa, MomHO JlOKa3aTb 0 'ITO npenMymeCTBO MynbTUITneKCHOM CUCTOMbl HMeeT 

TaKme npHMOM 9KOHOMH'IOCKHM XapaKTep, A UMeHHo: nOI'UKa HHTerpanbHO-KonoBOI'O 

JlOTOKTUpOB~dHH B ycnOBHHX npeo6nall8HHH OWU6KU ~OHa C'!~T'IHKa naeT 3KqHOMH-
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qP.CKliH Bbll!rphllll K8K no Cp8BH9HHIO C CHCT9MOil: na6nJOI\9llllH OI\III!M C'!eT'!l!KOM -

B CMh!Cne npHMOrO COKpaUteHllll BpeMeHH paoOThl Ha ycKOpHTene 1 T8K ll no 

cpaBHeHHIO C CIICTeMOH HBOnJOI\9HllSI MHOri!Mll C'!eT'!HK8MII - B CMhiCne llpS!MOrO 

coKpallleHIIH pacxo~oB na o6opynonanne. 

§2 

nnSI Toro 'lTOOhl nony'!l!Th 'MynhTmrneKCHyJO CI!CTeMy ua6moneHIIH, OOhl'IHh!il: 

MOHOnl!Tilhlll CUIIHTHnnHTOp ( pnc, 1) B Tp8I\IlUl!OH!IOll cxeMe 1!3Mepe!IIIH MOAIH!lll

UHPYJOT cneJlyJOillHM o6pasoM. Coxpa!II!H yrnoBoe pa3pemeHne ciicTeMbi uen3MeH

llbiM, oepyT He Olll!H 1 8 HeCKOnhKO sneMeHT8pHb!X CUllHTIInmiTOpOB •. 8TO JlO-

n M n 

B 

Pnc, 1. T pannuuonuaH cxeMa Jl3MepenH~ yrnoaoro pacnpe.r:~eneHHH qacTnu, 

Bb!lleTaJOllU!X H3 M!UlleJm M llO.Q Jl9llCTBlleM rry'!K8 qaCTIIU n .. c llOMDiuhJO 

C'!~T'HIKa C , cocTomuero II3 o.r:~nopo.Quoro cUHIITHilllHTopa Cu, caeToBo.Qa 

Ca n 4>3Y, · 

4 

• 
cTnraeTcn nn6o nyTeM yBeni 

TOHHllll ilO MllliieHH 1 nl!OO ny 

TllnnHTOp8 ilpll COOTBeTCTBYK 

T8pHbl9 CUliHTllnnHTOpbl pacr 

T8Mll 1 T8K 'ITO lllllpl!H8 pa6oq 

f 
;I 

' _, 

II; 

$3Y 

Pnc. 2, CllOlKHblll CUHHTHn:Hl' 

CUliHTllnnHTOpOB1 



aOniOll9HIHl OllHIIM C'l~T'!IIKOM -

~~ HB YCKOpMTB1I~, TBK II ITO 

r'!llKEIMII - B CMb!CJie 1IpS!MOI'O 

::HcTeMy ua5nJOllBHHSI, o5hi''IHhii1 

ofi cxeMe l!aMepeJIIur Monw!m

·B3pemmnre CHCT9Mbl H9113M9H

JX CUHHTR1IJISITOpOB~ 3TO no-

n 

:oBoro pacnpeneneHnst l.JacTnu, 

;yl.JK·a 'I8CTIIU TI 0 C IIDMOIUbiO 

UIIHTII1I1ISITOpa Cu, CB9TOBOA8 

' 
CTHraeTCSI 1IIIOO IIYTBM YB91IH'l9HHSI p83MBpOB CBBTOBona IIpH H9H3M9HHOM pac

TOSIHHH no MHIIJ9HH, 1IH60 IIYTBM yMBHblli9HHSI p83Mepa 91IBM9HT8pHOrO CUHH

THJI1ISITOp8 DpH COOTBBTCTBYIOIIJBM 1IpH61IH;)KBHHH C'l~T'!HK8 K MIIIIJeHH, 3neMeH

T8pHbiB CUHHTH1I1ISITOpbi pacnonaraiOT He CII1IOll!Hb!M M8CCHBOM0 a C 1IpOCBB

T8MH0 TaK '!To IIJHpHua paooqero y'laCTKa paBHSIBTCSI ll!HpHHe npocBeTa ( pHc, 2). 

y, / 
jl 

f/ 

c" 1 ,t ;I ,¥ 
/ 

' jl/ 
~ I 

;/ , / 

PHC, 2, CJIOlKHbiii CUHHTUJI.1.HTOp, COCT8DJI9HHhiii H3 H9CIWJibKHX 3JI9M911TUpHbiX 
CUHHTHJIJI.HTOpOB1 
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Paooqne·-yq-acTKH n npocneThi qepenyroTcSI no onpeneneanoMy aaKony ncenno..: 

. myMDBOI'O KOAHpOB8HHSI 1 KOTOpb!fi OflHCbiB8eTCSl HGKOTOpOfi ):(HCKpGTIIDM <jlyHKUUefi 

g ( i·) • CymecTBYIOT auaqeHHSI qncen sneMeHTDB cuHHTHnnstTopon M , nnSI 

KOTDpbiX MO>KHD flOCTpOHTb T8KHe qJyHKUHH g ( j) , KDTOpbie oona.[la!OT CBDfiCT

BDM UHKnH'IOCKOfi Tp8HCOpTOI'OH8JlbHOCTllo 3TO IIDCJIO.[lHee CBOMCTBO Bbipa>Ka

eTCSl CODTHOilieHHOM 

C'· 

g(ih g(i) = 

M 
I g(k)g(i+k) .,M.8(i)-l. 
k=l 

(I) 

. HanpnMep, nnst M = 11 <jlyHKUHSI g( i ) HMeeT Bl!A. 

+1,+1;-1, +1,+1,+1,-1,-1,-l,+l,-l, ( 2) 

T,e. llpHHHMaeT K8K flOJIO>KHTOJlbHbie, TaK II OTpHU8TOJlhHbie 3ll8'10lll!Sio ilnSI 

nocTpoenHB · <jlyHKUHfi g( i) ynoonee ncero HcnonbaonaTh MaTpHUht AnaMapa. 

CncTeMa H3 necKOJihKHX sneMeuTapH.biX cuHnTnnnstTopon, H3oopamenuaSI 

II~ pnc. 2, ae o6nanaeT erne Tpe6yeMbiMH 6unomTpHbiMH cnoiicTnaMII. OnnaKo 

yHIJUOUSIPHYIO CHCTOMy MO>KIIO nei'KO npenpaTI!Tb B OIIITOnSipllyiO. 3TD ADCTH

raeTCSI ):(Oo8BUOHHeM BTOpoR, OITTH'IHCKH H30Jl!IpOB8IIIIDI OT nepnoii, CIICTOMhl 

ooeMenTapllhiX cuHHTHnnstTopon. 06e cncTeMhi noaHMHD nononuSIIOT npyr npyro. 

npn nnomennn onnofi rpynnhi cuunTnnmiTopoB n .opyryto o6paayeTcSI cnnomnofi 

OOUhUIOfi CUHHTHUJlSITOp. ToKUM o6p88DM, OOIUUii CUHHTHIInSITOp COCTOHT H3 

ABYX rpynn sneMellT8pllbiX CitllliTIInmiTOpOB, CBeT(11130UIIpOBilllllhlX npyr OT npy

ra, II II8XO):(HTCSI B 3830pe MG>K.OY UJIOCKHMH BHOI!JHHMH rpallSIMU ABYX CBOTO

BO.[lOB, C:aeT H3 OAHOfl rpyniThl <meMeHT8pllh!X CllliHTimnSITOpOB He MO>KOT 

nepeXO):(UTh B APYI'YIO H co6npoeTCSI n:ayMST CBOTOB0.[18MH, ycTaHOBUOllllblMH 
I •. 

c pa3HhiX Topuon (puc. 3). '4epenonanne cneTon·onon, B KDTDpbw uonanaeT 

cneT oT BCflhiiliKH, onnchiBOeTCSI 6HnonS~puofi ¢YHKnneli g( i ) • KmKAhifi H3 · 

<jloTOyM.fiO)KHTenefl flO):(KUIO'IOH K OT.[leJlbiiDMy C•IeTHOMy ycTpOil.CTBy. l1MnynhCbl 

OT K8>KAOI'O ll3 HHX ITOCTyiTaiOT Ha Bh!XOAHOH 6nnonl'!pHbiH C'IEiT'IllK C ITpDTHBO

UOJIO>KHb!Mll ljla3aMu. HaMepsteMofi nenH'IHHofi \SIBnSieTcSI paanocTh 

L\ N ( i ) = N + (i) - N _ ( i ) (3) 

6 

c~ 

cu 

c~ 

9 

Puc. 3. CnolKHbtli cuuur 

CUIIHTIIUUHTOpOB, CB9TOII 

HDBneH MOlKJ.IY BHOWHIIM: 

noB, a KOTOpbie nonanaE 

B80TCH 611UOUHpHOfi tPYR 

COCTDHIUI!li 113 11 sneMe 

ljlyHKUliH g(i ) I!M99T Bll. 

qTo caeT uneT a aepxm 

llllOT B HlllKIIllli CB9TOBO 



~neneuuoMy aaKoay rrcenno~ 

OTOpOfi J'll!CKpeTI!Ofi t!JyHKUI!efi 

lB cuMHTnnnHTopon M , nnH 

KOTOpbie o6nBJ'llliOT CBOfiCT

ICJ19J'lH99 cnoficTBo Bbipa)Ka-

(1) 

( 2) 

~U8T9JlbHbiEl 3li8'19HIIH, llnH 

,aonaTb MaTpiiUhl AHaMapa. 

fTIIJ1JlHTOpOB1 ll306p8)1{01!H8.11 

~pllbiMn cnoficTnaMn. OnnaKo 

~· 6nnori.11pnyro. 3To nocTn

IBIUioli OT ITCpBOH 1 CHCT9Mbl 

iMilO llOfiOJlH.IIIOT npyr J'lpyra, 

)yryro o6pasyeTCH crrnonmoii 

CllllllTIIJlJl.IITOp COCTOHT 113 

:sonnponai!HbiX npyr oT npy

HIIMII rpaHHMII J'lBYX C89TO

Clli'!HTlinJ1SITOp08 Jl9 M0)1{9T 

·ononaMn, ycTaaonneHHhiMn 
''' ~. 

3·onon, n KoTopbiO nonanaeT 

cKuneii g( i ) , Kax<J'lbiii ns · 

oMy ycTpoiicTBY~ HMnynbCbi 

r!l'!pllb!fi C'l~T'lllK C llpOTHBO

SI9TCH p83llOCTb 

(3) 

\ 
t 

~ " I 
i e ·I 

i ) ·;. 1-

cu 1111111111 I 
.. 

i f 'I f 
I ® f 1 
f I f I 

M=11 
9 {l)=~1.+f,-1,+1,+f,~f,-f:-f,-f,+f,-f 

Pnc. 3, CnOlKHbiH CUIIHTHnmtTop, COCTOHIUl!il ll3 ABYX rpynn ::meMeHTapHbiX 

CUIIHTl!ni!HTOpOB1 CB6TOll30nHpOB811HbiX Apyr OT Apyra, CunHTI!nllHTOp ycTa-

HOBneH M6lKAY BH6WHIIMII rpaHHMII ABYX CB6TOBOAOB, qepeAOBSHHe CB6TOBO-

AOB1 B KOT0pbl6 ITOIT8A86T CBeT ll3 sneMeHTSpllblX CUllHTTmnHTpOB1 OITI!Cbi

BSOTCH 6nnonHpHOl1 t!JyHKUHeil g (i ) , Ha pHCYHKe llOK838H CUllHTHnnSJTOp1 

COCTDH!UIIl! 113 11 sneMeHTapHbiX CUllHTHnnHTOpOB (l\1= 11) 1 AnSI KOTOpblX 

cjlyHKUHH g(i ) IIMCleT BRA t t ~ t t H ~ ~ t~ CTpenKa t o603H8'!86T1 

'ITO CBeT I!AClT B BepXIIllfi CB6TOBOA 1 CTpenKa llOK83biB86T1 'ITO CBClT 

HAeT B nnJKnnil caeTOJ3oA. 
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npH K8>KJlOM nonO>KBHHll KOJlOBOfi KapTHHbl g(i) OTHOCHTenbHO HBilOJlBH)KllblX 

CBBTOBOJlOB, 3Ta BBnH'lHH8 npHHHMaeT K8K nonO)KllTBnbHbiB 1 T8K If OTpHU8-

TBnbHblB 3H8'IBHHH! ( pHC, 4) • 

IJN=N+ -N_ 

cu 

Puc. 4, PaanoTexHn'!ecKaSJ cxeMa BKmo'!eHHSJ tfloToyMnolKHTenefi <l>3Y, 
coc'!HTbiBarr,mnx ycTpoficTB CY n 6nnonHpHoro c'!eT'IHKa EC, npeaHa3Ha1.JeuaaSJ 
anSI ll3M9p9HilSI 6HIIO.•IS!pllb!X 3H81.J9Hilll l!HTerpanbHO-KOaOBOrO o6pa3a l!3y-
1.J89MOrO yrnonoro pacnpeaeneanSJ, 

JlnH H3MepeHHSI yrnonoro pacnpeneneHHH qacTHU c maroM no yrny, cooT

BeTCTBYIOUlHM illHpHI!B aneMBHT8pHOro CUHHTHnnHTOpa, IIOnHblfi CUHHTHnnHTOp 

CMBlUBIOT CTYIIBH'l8TO Hll mar, paDHblfi illHpHHB aneMeHTapHOrO CUHHTHnnRTOpa, 

l.JT06bl H3Mepemm cnenaTb · yJl06HblMH, COCTBBHOfi CUHHTHnnHTOp H3rDT8DnHD810T 

He ns M aneMBHTapHbiX CUHHTHnnHTOpOD1 a H3 (2M-l) TBK 'ITO (M-1) 

8 

~.· . 
. I~ 

~ 

aneMBHTOB BC~rJla CBifC8~T 

cneT ncerJla TOnbKO c M 

Bcero Heo6xoJlHMo c 

UHKnuqecKHX cnnnron. Han 
.•. ' ... 

neBblfi aneMBHTapHblfi CUHH1 

TO npn nocnenHeM nsMepeH 

~acnonarancR HenocpencTE 

Jlm1 o6ecneqeunR cne1 

TononaMn B npouecce nepe~~ 

KdpbiTUll us amoMIHmenoiL i 

na3ennuoDbiM MacnoM nnn 

CG2 

I 

cu. 
4-<::3: II Ill 

c6, 

Pnc. 5, PeanbHaSJ cxeMa 
BHlKHOrO COCT8BHOrO CUll. 
II B8HH01.J9K. anSI OIIT111.J9C: 



:>THOCHTenbHO HeiTOilBH)I{HbiX 

)KHTenbHbie, TBK H OTpHua-

OyMHOIK11Tenefi ci>3Y, 
~T'I11Ka EC, npenna3naqennaSI 

O-KOilOBOrO.o6pa3a 113y-

'HU 'C lllBI'OM no yrny, COOT

ppa, no~HbiH CUHHTHnnRTOp 

MOHTapHOI'O CUHHTHnnSITOpa. 

crHHTHnnRTOp H3I'OTaBnHBBIOT 

3 (2M -1 ) TBK 'ITO ( M- 1 ) 

sneMeHTOB BC~I'IlB CBHC810T 38 npeaenbi CBeTOBOJlOB. flocneJlHHe co6up810T 

cneT nceraa TonbKO c M sneMeHTOB ( pnc. 5). 

Bcero neo6xoanMo caenaTb M nepecTpoeK cunHTnnnsiTopa nyTeM 

UHKnH"'eCKHX CLIBlfi'OB. HanpnMep, ecnn B II£l"'Bne cepnii lf3MepeHHH (i = 1) 

neBbiH sneMeHTapHbiH CUHHTlfnnSI'rOp COBIIBLIBn C neDhiM KpaeM CDeTODOLlOB, 
';'' ,· . I 

TO IIplf nocneJlHeM H3Mepe1UJII ( i = ~~) npaDblll aneMeiiTapHbiH CUlfHTIInmiTOp 

pacnonarancSI aenocpeLicTnenno y npanoro ~pall cneTonoaon. 

llnSI o6ecneqennSI cneTonoro KOIITaKTa Me/KilY cunnTnnmiTopo!'-1 u cne

ToBonaMn n npouocce nepeMememHI .o6mero ·C!lllllTI!nmlTopa Ji3roTannunaJOT nna 

KOphlTUll 113 anJOMIIIIIIODOfi ¢~nbrH C OT6opTOB811HhlMll KpaS!Mli II 3anHB810T 

Ba3enlfHDBhiM MaCnOM nnn ll(JYI'Oil CBOTOIIpOBOilSIT!leil )KlfflKOCTbiO (puc. 6) • 

cu 

I 
I 

.. 

JJIIIIIIIIIIII 1111111.~ 

I <I I I I 
I I(±) I M=ff 

;, 2M-1=20 C!J1 I 
I I I I 

"" -
P11c. 5. PeanbHall cxeMa MynhT11rrneKcnoro C'I~T'II!Ka, cocToSimero 113 rroA

B111KHoro COCTBBI!OI'O CUIIHTHnf!liTOpa 113 (2M -1) 9J'leMeHTOB, ABYX CBE!TOBOAOB 
H BBHHO'IeK. AnSI Of!T11'IeCKOI'O KOHTBKTa. 
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Pnc. 8. ileTaiib KOIICTpyKUHH BBHHO'IKII JliiSI C03Jl8HHSI OIITI!'!eCKOro KOHTBKTa 

npll nepeMe!lleHI!II IIOJlBI!lKHOrO COCTaBHOrO CUIIHTIIIIIISITOpa. 

§3 

Hafi)lei!Hbie TllKHM o6pa30M 6HnonRpHbie ana'leHHSI ~ N (i ) IIOJlBepraiOT 

aoccTanaammarowel! o6pa6oTKe. BbmonHSIIOT onepaUHIO csepTKH ljlyHKUHH ~ N ( i ) 

C ljlyHKUHefi g(i) , KOTOp8S138Jl8Bana 38KOH qepe)lOB8HHSI H rpynnnpoBaHHSI 

sneMeHTapHb!X CUHHTHnnRTOpOB B COCT8BHOM CUHHTHnnSITOpe. 

6nnonSipHb!H MynhTHIIneKCHb!H CUHHTHnnSIUHOHHb!H C'leT'IHK C IIO)lBllli<HbiM 

CUHHTHJlnSI~OpOM BhliiOni_ISieT cne')lyiOUlHe ljlyHKUliH B ycnOBHSIX, KOr)la onpelle

nHIOUleH OUJH6KOH S!BnHeTCSI OIUU6Ka HSMepeHHSI QJOH8 C'leT'lliKa: 

10 

! 
\ 
I 
i 

I 
i 

t 

1) KOllHpyeT yrnoaoe 1 

llHH Jl9T9KTHpOB8HHS!i yrn( 

MeHTapHbiM CUliHTHnnSITOp 

CTSTHCTHKH noneSHblX C06 

2) yMenhmaeT own6Ky 

npn npo'IHX paBHhiX ycnoBHSI: 

OllHOBp9M9HH0 1 paBHOe 'IHCn~ 

CB9TOBO)le; 

3) coKpawaeT~ueo6~o~ 
own6Ke HaMepeHHSI ljlona Bo 

npHB9Jl91Ulb!9 HHll<e Dp 

C\{1'lT'll!Ka. 

Ha pnc. 7 )laHo ncxolll 

f( i ) , (1 ~ I ~ 19 ) • Ha p1 

pacnpenenennn, paBHt,rfi cBe 

30t-fl 

20 

10 

0 
1 

Pnc. 7. rncTorpaMMa r< 
no yrnoBbiM HHTepaanaM 

M .. 19. 



-

(Y-_ 
·'\ 
1/laHIII! OITTli'!OCKOrO KOIITBKTB 

:Tnnni!Topa. 

snaqemur !!. N (i) nonnepraiOT 

pauma cnepTKH ljlyHKUHH !!. N ( i ) 

!epenoBaHHH H rpyrrnHpoBaHHH 

:UHHTHnnHTOpe. 

HOHIIbiH C'I~T'IHK C ITOilBHlliHbiM 

H n ycnonHHX, Korna onpene-

ljl'ona C'I~T'IHKa: 

} ) KOilHpyeT yrnonoe pacnpeneneHHe 'IIlCTHU OT pellKIIX C05bJTIIH Hll CTil

llHH neTeKTHponaHHH; yrnonoe paspeweHHe onpenenHeTCH onHHM sne

MeHTapHbiM CUHHTHnnHTOpoM; uenocpenCTBeHHOrO BbiHrpblill8 B Ua6ope 

CTSTHCTHKH noneSHbiX C06biTHH He B03HHKaeT; 

2) yMeHblllaeT OliiH5Ky nsMepeunH ljlona, o5ycnonneuuyro lllyMaMn C'I~T'II!Ka, 

npn npoqnx paBHbiX ycnonnHX B v'M · pas, rne M- 'IHCno Kananon, na5monaeMbiX 

OllHOBpeMeHH0 1 paBHOe 'IHCny aneMeHTapHblX CUHIITHnnHTOpOB1 yMeiUiliOIUIIXCH Ull 

cneTonone; 

3) coKpamaeT ~neo5xonHMoe npeMH pa5oTbi ycKopnTenH 

ollln5Ke H3MepeHHH rpona B M pas. 

1Ip11 31lllll!IJIOii 

npHBeneHHbJe Hllme npuMepbi HnniOCTpllpyiOT ahpeKT yMeUblli9HIISI liiYMOB 

Ha pnc. 7 nano ncxonuo,e pacnpeneneune qacTHU no yrnonhtM unTepnanaM 

f( i ) , (l ~ i ~ 19 ) • Ha puc, 8 noKaaau nnTerpanbno-Kononbtit o5pas aToro 
I 

pacrrpenenennSI, pani!!,Jit cnepTKe 

PHC, 7, rucTorpaMMa f( f) 1 OUHCb!Bil!OlllllSI HCXOllHOe pacnpeneneHHe 'lllCTHU 
no yrnoBbiM HHTepaanaM B uccnenyeMoM nuanasoae yrnoa oT 01 ·no 0 2 , 

M = 19. 

11 
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0~ I I I I I I I I I I I I I I I I I I I • L 

-so 

Pnc. 8. HHTerpanhno-KoaoDbll1 o6paa pacnpeaeneH.I!SI f( i ) , paBIIbili: cnepTKe 

qlyi!KU.I!.I! f( i )_ C 6nnonSipll011 tPYHKU.I!eli: g( i) , KOTopaSI aaa~eT KapTl!!Iy qepe

J:IODalll!SI Db!XOJ:IIIb!X TOpUOB aneMeHTf.lpHbiX Clllli!TilnnSITOpOB1 BXOJ:ISII!l.I!X B COCTBB 

llOJ:IBll>KI!Or'O COCT8BI!Or'O CUllHT.I!nnSITOpa. EnnonSipllaSI CliCTeMa C'IeTa per'.I!CT-

pnpyeT tPYHKU.I!IO f * g , l\1 = 19. 

M= 19 

f(i)*g(i)= I f(k)g(i-k). {4) 
k=l 

3Ta <jlyHKUIHI onncbiBaeT pacnpeneneane 'IacTnu no sneMeHTapHbiM cunaTnnmr

TopaM npn pa3nU'IHhtX nono>KeJinsrx rronnn>KHoro cunaTnnnsiTopa. 3To rrpoMe

>KYTO'IHbie ABIIHhJe 1 perncTpnpyeMbie OUIIOm!pHOfi: CUCTeMoil.· Pe3ynbT8Tbi 1 

n'ony'Iel!HhJe rrocne cTann:n: aeKoJU!ponaanH 

[f(j)* g(i)hg(i), ( 5) 

12 

l 

[ 

b 

IIoKa3aHbi aa puc. 9. OT 

TeM1 'ITO IIOHBnHeTCH IIOC 

I f(i)*g(i)*gl 

a Macll1Ta6 nnonh ocn opn1 

Be,!leHbl lllyMOBbie KOMIIOHeHT 

HBS! 'IB.CTh !'!. n( j ) Ha puc. 

CTB,!lUH ,!leKO,!lUpOB8HUl'l . , 

t'ln( 

400 

200 

0 

o' 

Pnc. 9. Pe3ynhTaTbi, nc 

ponaHHbiX 6nrronHpHoii c 

IOTCSI HBnii'I.I!eM llOCTOSIH 



!liS! f( i ) , paBI!b!l! CBepTKe 

paH aaaaeT KapTnHy qepe

IJI~Topon, BXDAHlllllX B CDCTflB 

:aH CllCT9Ma C'lilTa pei'l!CT-

(4) 

3.Jl9M9HT8pllb!M CUHl!TIInmi

lHHTHlln51TOpa, 3To npoMe

<;:lfCTeMoii.' PeaynbTBThi, 

( 5) 

UOK838l!bl liB pHC, 9. 0T llCXOJlHOI'O pacnpeJl9.Jl9l!HH f( i) Ol!H OT.JIH'IBIOTCSI 

T9M1 'ITO llOSIB.JISieTCSI llDCTOSIHHOe OTpHU8T9.JlhHOe CM8W8HH9 1 paBHOe 

( 6) 

a MacuiTa5 BllOJih ocn opJli!HaT pacTSirHnaeTcSI n ( M + 1) paa. 0TJlenhHO npn

BeJleHbi WyMDBbie KOMIIDH8HTb! R 1( i) . H n 2 ( i) H8 pl!C, lQ H ee lj>niOKTyBUllOH

HBSI qa.CTh 1'1 n( i ) Ha pnc. 11. Ha pnc. 12 Jl8Hhi peaynhT8Tbr 1 rronyqeHHbie nocne 

CT8Jlllll Jl9KO/lHpDB8HHSI 

1'1 n ( i ) * g( i ) . ( 7) 

400 20 

10 

- 0 

-10 

po'=f!e~ee 
rB (f&e)®~(lf} + f /®~®~ 
J(IC}- (M+ f) 

Pnc. 9. PeaynhTBTbr, nonyqeHHbie nocne aeKonnponaHmi aaHHbiX, aaperncTpn
poBaHHbiX OllllDJIHpHOH CliCTeMoii, 0T liC~DAHDI'D pacnpeaeneHliH Dill! OTJIHqa

!OTCH aamiqneM nocTDHHHoro cMemeanH n naMeHeHUbiM MacmTaooM. M = 19. 
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n1(L) nz(l) Pile. 10. lllyMOBbie KOMnoHeHTbl 

-n,(L) 
2600 

11 

06 I I I I I I I I I I I I I I I I I I I 6 
5 10 15 19i. 

" 
An(i) HeomKfJiupolaHH611l UJf/1'1 cvemuKa 

30 

20 

101-r 

I ~ IL I!! n 1 0 II '~II l ,.,I 
-to 

,. u-'1 -20 

10 
0;" 
C\1 • 

..... ~~ 
It) 

L-1--------------
-30 

14 

n 
1 

( i) 11 n 2 ( i ) M = 19. 

P11e. 11. 4>moKTyaulloHH811 qaeTb 

myMa 6. n ( i ). M = 19. 

I 
'r 

Pnc. 12. PeaynLTaT,bi,, 

M = 19. CpaBHemw 

UiyMOB, .QOCTHraeMbil1 , c 

30B8HIIII IICXO.QHbiX .QOH 

Ha conocTaBneHJHI .aaHJILtx 

tPnlOKTYBUIIOHHh!X UJyMOB yM 

Ty.lla myMoB yMeHhmnnacb 

yMeHbUJHnOCb B 4,854 pa3 

npeacKa3aHHSIM. 

11 TaK, aaaa'ia aaKmc 

onHChiBaromyro yrnoBoe pa 

TOpOM 51B11519TC51 OTHOCJITE 

ljJoTOyMHO>KHTe1151 • 

Peweane -aaaa'l:n oc 

1) c noMOUJbiO :-.1ynh1 

HCKOMYIO ljJyHKUHIO npeBp< 

rae g(i) - 6naapnaSI Kom 

2) C'ii3T'l:HK HMIIYllb 

s 



illyMOBb!e KOMriOHeHTbl 

( i) 11 n 2 (I ) M = 19. 

1, <l>moKTY8UIIOHH8SI '18CTb 

uryMa l'l n ( i ). M = 19. 

fmttolupo6aHHIIIt1 UJ!/M C'llm'IUKQ 

-10 

---:TLa 
,....t=!-~~i. ~- ..... , .... ~ .. _____________ L 

PaJ/IIQ:C 51:12.9 =3,953 _ r 
~Meemo 4,34~19 

1/ucnepcuR fJ,: 52 .. 4, 654 . , r::.-
6Mecmo 4.3+>'419 

Pnc, 12. Peayni>TaThi, nonyqean~ore nocne ,~:~eKoanponamm myMa l'l n ( i ) . 
M = 19, Cpanaenne puc. 11 c puc, 12 .QeMOHCTpnpyeT :J<jJif!eKT riOJlanneuuSI 

IUy-MOB1 .QOCTI!T'aeMblH C riOMO!UbiO norl!KI! HI!TerpanbiiO-KOJlOBOT'O npeo6pa-

30B8lii!SI I!CXO.QIIb!X Jl8HHb!X, 

Ha COIIOCTBBneHIHI !WfUILIX 1 IIOK838HIIb1X Ha puc, 11 II 12, BI1Jli!0 1 'ITO aljlljleKT 

ljlmoKTyauno.H.HhiX myMon yMeHhmnncH rrpnMepHo B VM paa. A HMenno: aMnnn

"' Tyna myMoB yMeHhmHnacb B 3,953 paaa, a cpenHeKnanpaTnqnoe OTKnoHenne 

yME!HblliHnOCh B 4,654 pa3a BMeCTO 4,34 = y 19 yM IIO TeopeTH';IeCKIIM 

npencKaaaHnHM, 

§4 

11 T8K 1 sana 'Ia 38KniO'IanaCb B TOM 1 'IT06b! li3MepHTh 4JyHKUHIO, 

onnChinaromyiO yrnonoe pacnpeneneHue penKnx co6biTnfi. MemaiOmnM 4JaK

TopoM HBJIHeTCSI OTHOCHT9JlhHO BbiCOKIIfi 4JoH lllYMOBhiX HMIIYJihCOB OT 

4JoTOyMHO)KJiT9JISI, 

PemeHHe sana 'In ot:ymecTBJIHeTcn cnenyiOWllMH cTallnHMH: 

1) C IIDMDllih!O ~Yf!hTIUif!8KCIIOI"O KOJlllpDB8.HHSI 118 CT81lllll .Q8T8KTl!pDB8.HHH 

HCKOMYIO 4JyHKUHIO npenpamaiOT B liiiTerpaJihHhJH o6pa3 f( i ) * g ( i ) , 

rne g(i) - 6UH8pHaSI KOJliiPYIOlliBH 4JyHKUHH ; 

2) C'li3T'IHK llMIIynhCOB perHCTpnpyeT 6UIIOJIHpHyiO neJIH'IHHy 
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rne fl n - tjlniOKTY8UliOHH8Sl KOM!IOH9HT8 lllYMOB !Ipll p83HbiX liOnO)I{9HllllX liO/l

Bll)I{HOI"O MynbTH!IneKCHOrO CUlli!TifnnllTOpa; 

3) H8.CT8/lllll BOCCT8HOBneHllll Bhl'lHCnlleTC!l tPYHKUHSI 

,s*g=[f*g]*g+lln * g; 

4) OKOH'l8TanbHbiii pe3ynbT8T II3MepeHHi1: nonyqaeTCSI B BIIJlS 

f (i)=--1-[(f*g)*g+ ~ f*g* gl+llv(i), 
B M + l 'I 

I'll!~ fl V (i)- tPniOKTY8UHOHHblfi lllyM, yMe!Iblll9HHbifi liO Cp8BH9Hll10 C liCXO/lHbiM 

B y'M pa3. 3necb M - rrapaMeTp MynhTnrrneKcHoCTH cncTeMbi KonnpoBaHHSI. 
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