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L 
aL-1= I As 

s=l 
TaKHM o6pa30M, 33):la<Jy naxo)KJ]:eHH.H ;:i:eKpeMeHT0B As, HeCYJI.\HX 

HHcpopMaI.I;HIO 0 nornoma10mnx CBOHCTBaX IUiaCTa H CKBIDKHHbl, M0)KH0 

CBCCTH K Hax0)KJ]:CHHIO K03cpcpnuHeHTOB <lr-

Hc110J1b3Y.sl MCT0;:(bl perpeccnn; B npHHUHIIe, M0)KH0 HaiiTH HeK0-
T0poe npn61IH)KeHHe K cpyttKUHH J(t), 110;:(CTaH0BKa K0T0poro B (2) ,I{aer 

ypaaHettne wrn: onpe;:i:e11enH.H Kos<pcpHunettTOB <lr• TaKoii np.s1Moii 

110;:i:xo;:i:, o;:i:ttaK0, conp.H)KeH C Tpy;:i:H0CT.HMH ycTOH'IHBOro Bbl'IHCJICHH.8 
cpmypHpyromnx B (2) npOH3B0;:(HbIX OT cpyHKUHH, a1111p0KCH
MHpy10mnx c11yqaiitty10 <pyttKUHIO J ( t ). IlosTOM}' wrn onpe;:i:eJieHH.H 
CXr MbI npewrnraeM ncnonbJ0BaTb ypaaHeHne, nonyqaeMoe nocne 110;:i:cTa

H0BKH J(t) a (2) n (L+J)-Kpamoro HHTerpnpoBaHH.H. 3TO ypaattettne 

HMeeT BIi.I{ 
L oo O? oo 

I (-JY aL-rf du1 f du2 .. .J 5°(ur) dur =0, 

r=O t ul Ur-1 
00 

5°(u) =f J(x)dx. 

u 
Bae;:i:eM <pyttKUHH Sr(u): 

00 

Sr(u) = f sr-1(x)dx, 

u 

(5) 

(6) 

(7) 

T0r,I{a ypaattettne (5) MO)KeT 6bITb 3anncatto B 6onee K0MnaKTH0M Bll.I{e: 

L 
I (-JY aL-r Sr(t) =0. (8) 

r=O 
YpaBttettne (8) M0)KeT CJI)')KHTh annapaT0M wrn: ttaxo)KJ]:eHH.H 

KoscpcpnuneHTOB ar onepaTOpa A. 
IlocKonhKY apeMeHHa.H 6aJa npn HHK orpattH'Ietta (0 ~ t ~ t1), 

BBe,I{eM <pyttKUHH S{(t): 
00 

Si°(u) = 5°(u) - f J(x)dx, 

t1 

Hay11uo-Texuu11ecKaB 
6H6JJHOTeKa 

OHIIH 

(9) 



00 

S/(u) =f S{"1(x)dx, r=l,L. (JO) 

u 
OueHHM norpeumocn., B03HHKaroIUyro npu 3aMeHe 6ecKoHeqHbIX 

npe,n:enoB HHTerpHp0Ba.IIIDI B (6) u (7) Ha K0HeqHbie, paBHbie t1- nim 
STOro IIOKIDKeM cHaqa.rra, ~o ,n:JUI mo6hlx tE(to. oo) H r = O+L 

cym:eCTBYIOT qucna AQ>0 H A.>O, He 3aBHC.SIIUHe OT t H r, TaKHe, qTo 

BblIIOJIH.SieTC.SI HepaBeHCTB0 

0 ~ I exp(A-Ot) (d'J(t)ldf) I< A. (11) 

L(eiicTBHTeJihHO, TaK KaK As > 0 ,n:JUI n106oro s ~ L, TO cym:ecrnyeT 

A(J TaKOe, qTQ 

0 < ;\, o < min/As}, s=l,L, 

H crrpaBe,n:mrna cne.n:yroIUa.SI uerro~a HepaBeHcTB: 

. L 
/exp(A-Ot) (d'J(t)ldf)I ~ L As ls' exp[(A-O-As)t] < 

s=l 
L L 

< L Asls' ~ max . L As As ' = A > 0. 
s=l · r=O,L s=l 

nim r=O c y<IeT0M (11) rronyqaeTC.SI cne.n:yroIUa.SI oueHKa: 

Eo ( t, t1)=8°(t )-Si° ( t )~AIA-O)exp(-A-Ot1)=Boexp(-A-Ot1). ( 12) 

IlplI r=l, IICIIOJib3Y.SI HepaBeHCTBa (1 I) II (12), rro.rryqaeM 

E!(t,t1)= S1(t)-S/(t) -~ (Bc/A-O)[(trto)+llA-O]exp(-A-Ot1) = 
= B1exp(-A-Ot1). (13) 

no IIff.ll.YKIIIIII aHa.rrornq~bie oueHKII nonyqaIOTC.SI ,!l;JUI npOH3BOJibHOro r: 

j R: ,n 5 J.'Jrn ,: .,.,·r-o BP'{ »Hj 
! r,H5HHtrwOHO i 

L ___ «-• HR tl O j 

i' 
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E_,(t,t1) = S'(t)-S/(t) ~ [(trto)B,.1 +Bc/A-O]exp( A()t1)= 
= B,exp(-A-Ot1) ~ B exp(-A-Ot1 ), 

r,n:e B = max {B,f, r=O .. L. 
YpaBHeHHe (8) MO)KeT 6h1Tb nepenucaH0 B BH,n:e 

L 
L (-1)' aL_,s/ (t) + g(t,t1) = 0. 

r=O 

(14) 

(15) 

<l>yttKIIIDI g( t, t J ), onpe,n:eJIHIOllla.SI TQqHOCTb annpOKCHMaum1 ypaBHeHIDI 

(8) npH JaMeHe S'(t) Ha S/(t), ,n:onycKaeT cornacHo (14) cne.ll.yroIUyro 

oueHKy: 

L 
/ g(t,t1) / ~ L / aL-r / E,(t, t1) <Ba exp(-;\, o t1). 

r=O 

Ilpu npoBe,ll.eHHH HHK Ha6JIIO.ll.aeMhIMH BenuquHaMH HBJIHIOTCH 

cnyqaii:Hbie BeKT0pbI N/m>_. 

f; 

N/mi = <[Jm f J(t) dt, t; E fto ,tr] c[to, 00 ), i =0,1, 

t;.[ 

(16) 

(17) 

me <fJm cnyqaiiHa.SI cpyttKIIIDI, o6ycnoBJieHHa.SI HaJIHq1IeM 

CTaTIICTIIqeCKOH rrorpelllHOCTII H3Mepem1ii II B03MO)l(Hb!MII 

cpnyKTyaUIDIMH BbIXO,ll.a HeHTp0HOB, ID - H0Mep H3MepeHHH. CnyqaiiHa.SI 

cpyttKQIIH <fJm Y.ll.OBJieTBOpHeT oqeBH,n:H0MY ycnOBHIO 

M 

< <fJm > = lim (1/M) L <[Jm = 1. (18) 

M ➔oo m=l 
qHCJIO M IIO CB0eMy qlH31IqeCKOMY CMbICJIY 03HaqaeT I(OJIIIqeCTB0 

HeHTPOHHbIX BCIIbIIlleK H3JiyqaTeJIH KapOTa)l(HOro rrpu6opa 3a BpeM.SI 

rrp0XO)l(,!l;eHHH O,ll.HOro KBaHTa rny6HHbl h: 
M=E(hf Iv), 

a m 03HaqaeT H0Mep OT,!J.eJibHOH HeiiTpOHHOH BCilbllllKH ua ,ll.aHHOM 

KBaHTe rny61IHbl. 3,n:eCb v - CKOpOCTb KapoTIDKa, f - qaCTOTa CJie,ll.OBaHHH 

HeiiTpOHHhIX BCnh1II1eK, E(xJ-onepaTop Bhl.ll.eJiemrn uenoii qacn-1 qucna x. 
HHTepBa.rr 1IHTerp1IpOBaHID1 B (5) Ll;= [t; .J, t;] IIpHHHTO Ha3bIBaTb 

BpeMeHHbIM OKHOM c H0MepoM i. IlpH STOM N/m> npuo6peTaeT 

5 



<pmHqeCKHH CMhICJI HHTerpa.rrbHOro cqern TeITJIOBhIX HettTpOHOB B OKHe 

L1; 3a Bpewi:, COOTBeTCTByKlll.{ee m BCllhIIIIKaM rettepaTopa HettTpOHOB • 

BBe,ueM <pyttKUHIO SIM0 (t): 

I M 
SIM0(t;) =( JIM) L L Nj(m) , 

j=i+l m=l 

(19) 

HMe!Oll.{yKl CMhICJI HHTerpa.rrhHOfO cqern TeITJIOBhlX HettTpOHOB, 

HaKOITJieHHhIX Ha BpeMeHHOH 6a3e !; 

nptt6opoM KBaHTa rny6HHhl h, npHqeM 

;s; t ;s; ti npH npoxo)KJ],eHHH 

S/(t;) = lim SIM0 (!;). (20) 
M➔oo 

IlOTpe6yeM y,uoBJiernopettllI ypaBHeHillI (15) B y3JIOBhIX TOqKax !; 

H 3aMeHHM HHTerpa.rrbI B Bhlpa)l(eHiffiX (9) H (10) npH6JIH)KeHHhIMH 

CJMMaMH C HCITOJih3OBaHHeM KBa,upaTypHhlX <popMyJI C BeCOBI,IMH 

K03!p!pHUHeHTaMH P/. Tor,ua, ITOJiarrur g(t;, t1)=0, noJiyqaeM 

npH6JIH)l(eHHyKl CHCTeMy JIHHettHhIX a.rrre6paHqecKHX ypaBHeHHH 

OTHOCHTeJihHO K03!p!pHUHeHTOB ar: 

L-1 
L R;ra r = b;, i=O,/, (21) 

r=O 
B KOTOpOH BBe,UeHhl CJie,uyiomtte ,0603HaqeHllI: 

b; = S1M
0(t;). (22) 

Ha npaKTHKe qHCJIO BpeMeHHhIX OKOH 3HaqHTeJihHO npeBhIIIIaeT 

KOJIHqecrno BhI,uemieMhlX 3KCITOHeHU,HaJihHhIX COCTaBJUIIOll.{HX CHma.rra 

IfHK J(t). Ilo3TOMY I >> L H CHCTeMa (21) oKa3hIBaeTCH 

nepeonpe,ueJieHHOH. L(mI ee peIIIeHillI MO)l(HO BOCITOJih3OBaThCH MeTO,UOM 

Heonpe,ueJieHHhIX MHO)l(HTeJieH JiarpaH)l(a [2]. 3a,uaBa5ICh 

peryJIXpH3yKlll.{HM MHO)l(HTeJieM y, 6y,ueM HaXO,UHTh K03cpqmuHeHThl a, 
H3 YCJIOBillI MHHHMJMa ITOJIO)l(HTeJihHO onpe,ueJieHHOH KBa,upaTHqHoii no 

a, <popMhI: 

I L-1 L-1 
c/> ( {i), y,b, a) = L W; (b; -L R;r a,;2 + y L a,2. (23) 

i=O r=O r=O 
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IlpHpaBHHBruI ttymo qacTHhie npOH3BO,UHhie OT KBa,upaTttqHOH 

!pOpMhl cf>, npHXO,UHM K JIHHettHOH CHCTeMe a.rrre6pattqeCKHX ypaBHeHHH 

OTHOCHTeJihHO a, C KBa,upaTHOH MaTpHUeii: 

L-1 
L qn,(li),r) ar = fn(W), n=O, L-1, 

r=O 

r,ue BBe,ueHhI o6o3HaqeHillI 

I 

q,,,( {i), r) =L R;r llJ; R;,, + r 8,,, , 
i=O 
I 

. fn(w) = L w; b; R;,,, 
i=O 

(24) 

(25) 

On, - CHMBOJI KpotteKepa. C11cTeMa ypaBHeHHtt (24) MO)l(eT 6hITb 

HCITOJih3OBaHa )lJUI qHcJieHHOfO HaxO)KJ],eHillI K03!p!pHUHeHTOB a, CTaH

,uapTHhIMH MeTO,UaMH. BeCOBhie MHO)l(HTeJIH ClJ; , ~apa\feTp Y' H IIIHpHHhl 

BpeMeHHhlX OKOH L1; ITOJJ;6Hpa!OTCH nyTeM MHHHMH3aU,HH norpeIIIHOCTH 

npH peIIIeHHH TecTOBhIX 3a,uaq. PemeHHe cncTeMhI ypaBHeHHtt (4) JlJUI 

HaXO)KJ],eHHH JJ;eKpeMeHTOB 3aTyxaHillI IlITOTHOCTH TCITJIOBhlX HCHTpOHOB 

As OCyl[(eCTBJllICTCH CTaHJJ;apTHhlMH MeTO}J;aMH pemeHillI aJire6pattqeCKHX 

ypaBHeHHH L-ro nopHJJ;Ka, K KOTOphIM MO)l(eT 6hITb CBCJJ;eHa 3Ta CHCTeMa 

ypaBHCHHH. 

Haxo)l(}J;eHHe aMITJIHTYJJ; As. 3KCITOHCHUHaJihHhIX cocTaBJIHIOll.{HX 

CHma.rra IfHK TaK)Ke MO)l(CT 6hITh peaJIH3OBaHO C IIOMOl[(hIO MeTOJJ;a 

HeorrpeJJ;eJieHHhIX MHO)l(HTeJieii Jlarpatt)l(a rryreM MHHHMH3a[(HH ITO As 
KBa,upaTHqHoii cpopMhI: 

I L L 
</J(li),y,bA) = l:llJ;[M brl:As(exp(-,tst;)-exp(-kt1))/AsJ2 + rLAl . (26) 

i=O s=l s=l 
AttaJiornqHo rrpon;eJJ;ype IIOJiyqeHillI CHCTCMhl ypaBHeHHH (24) 

rrpHXOJJ;HM K CHCTeMe JIHHeHHhIX aJire6p~eCKHX ypaBHCHHH 

OTHOCHTeJihHO As: 
L 
I qn,(li), r) A,= fn (w), 

r=O 
C KBa,upaTHOH MaTpHn;eii 

7 

n=O .. L, (27) 

' 



I 
qn,(m)=.L mi [exp(-A,if;) - exp(-A,itf)] [exp(-}.,,.t;)-exp(-A,-t1)l I AnAr + Dnr 

~o µ~ 
H rrpaBOH tJaCThlO 

I 
fn(m)= M .L m ;b; [exp(-A,it;)-exp(A,it1)l I An• (29) 

i=O 
CHCTeMa (27) MO)KeT 6LITh HCIIOJih30BaHa WUI 'lIICJieHHOfO HaXO)I(.neHIDI 

aMIIJIHTYA As crn~apTHLIMII MeTonaMII . JIIIHeiittoii anre6pb1. 

KoscpcpHQHeHThl mi . H MHO)KHTeJib J1arpaH)Ka r, Ka.IC II B cnyqae 

CHCTeMbl ypaBHeHHH (24), rron6HpaIOTCH IIYTeM MaTeMaTII'leCKOfO 

SKcrrepHMeHTa no MIIHIIMH3aQHH rrorpelllHOCTII arrrrpOKCIIMaQIIII CIIfHaJia 

HHK. PaccMOTpHM rrpIIM~p KOHKpeTHoii peanH3aQIIII anropHTMa wrn 
cnyqM L=2. IIpoBenettHLiii attanH3 6onbI110ro 061>eMa CKBa)KHHHLIX 

II3MepeHHH IIOKa3LIBaeT, 'ITO BO Bceii o6naCTII reonoro-TeXHII'leCKHX 

ycJIOBIIH KapOTa)Ka, KpOMe, B03MO)KH0, CJIYtJM 60JiblllIIX KaBepH HJIH 

HaJIII'lIDI rrpoHHKHOBeHIDI B IIJiaCT tteiiTpOHHO-Me'leHoro pacTBopa B 

TexnonorIDix 3aKatJeK, · CHrnan HHK MO)KeT 6LITL npencrnBJieH B B~e 

CYMMhl AByx SKCIIOHeHQHaJihHbIX y6brnaIOIQIIX KOMIIOHeHT. 

,[(OJifO)KHBYIIIM KOMIIOHeHTa HeCeT HHcpOpMaQIIIO O HeiiTpOHHbIX 

CBOHCTBax IIJiacTa, a KOpOTKO)KIIBYIIIM KOMilOHeHTa - 0 HeHTPOHHblX 

CBOHCTBax OKOJIOCKBa)KIIHHOfO rrpocTpaHCTBa. 3aMeTHM, 'ITO 

OKOJIOCKBa)KIIHHOe npocTpaHCTBO HMeeT CJIO)KHYIO pMIIaJILHYIO 

CTpyKTYPY, cocrnBm10mIIe KOTopoii pe3KO KompacnipYIOT npyr c 

npyroM Ka.IC . IIO HeiiTpOHHO-nornomaIOIQHM, Ta.IC H no tteiiTpOHHO

pacceHBaIOIQIIM CBOHCTBa!.f. OnttaKO roMoreHH3aQIDI HeiiTpOHHhIM IIOJieM 

HeiiTpoHHbIX napaMeTpOB OKOJIOCKBa)KIIHHOH cpenLI npIIBOAHT K TOMY, 

'ITO nocnenH}l}I OIIHCLIBaeTCH OAHOH (KOpOTKO)KHBYllleii) KOMilOHeHTOH. 

Ha pHCyttKe 1 n306pa)KeHb1 II3MepeHHLiii cHrnan HHK, BOCCTaHO

BJieHHLiii 3a MepTBoe BpeMH, a TaK)Ke AOJifO)KHBYIIIM H KOpOTKO)KIIBY

mM KOMIIOHeHTbl, Bhl'lIICJieHHble cornaCHO npencTaBJieHHOMY Bhlllle an

ropHTMY- l13MepeHIDI npoBOAHJIIICh B o6ca)KeHHOH CKBa)KHHe nponrn 

IIJio:rnoro Kap6ottaTttoro IIJiacia; cKopoCTL Kap0Ta)Ka - 120 Mfqac; KBaHT · 

rny6IIHbl - 10 CM. BpeMeHHM 6a3a OT 0 no 2000 MKC 61,ma pa36HTa 

Ha 100 BpeMeHHhlX . OKOH uiIIpIIHOH 20 MKC. Pe3yJILTaT pacqern: 

"'1 = 2.1 1/MC II "'2 ·= 8.9· l/MC. YcTOH'lIIBOCTh anropIITMa neKOMil03H~IIII 

Tecn1poBanacL tta 1,rnTepIIanax II3Mepe1mii ua uaTypHbIX Monemx, a 

8 

TaK)Ke MaTeMaTII'leCKIIM MonenttpOBaHIIeM. ArrropIITM neKOMil03IIQIIH 

BKJIIOtJeH B nporpaMMY o6pa6oTKtt nattHbIX HHK. 

1000 'f. 

.100 

10 . . . . . . . . .. . . 
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0 500 1000 1500 2000 

Time, mks 

PHC. 1. CHrHan HHK ( cqeT HeHTpOHOB BO BpeMeHHOM OKHe 

20 MKC). 1 - KOpOTKO)KHBYlllaH ( CKBa)KHHHaH ) 

KOMnoaeHTa, 2 - ~onrO)KHBYIJlaH ( nnaCTOBaH) KOMnoaeHTa 

AttanorntJHM 3MatJa B03HIIKaeT npII ttccnenosaHIIII Bblxona 

3anaJnLrna10mnx tteiiTpottoB (3H) nem1mnxcH Hnep. B ttacrnHmee 

BpeMH 3aBHCHMOCTh BhIXona 3H OT BpeMeHII OilHCbIBaeTCH C IlOMOmLIO 

cpopMyJILI (1), B KOTOPYIO BXOAHT 6 cnaraeMbIX /4/. ,[(JIH pa3BHTIDI 

q>H3IIKII peaKTOpOB Heo6xOAIIMO 6onee TO'lHOe 3HaHIIe napaMeTpOB A; II 

A;. Mbl HMeeMCH, 'ITO pa3BIITbiii B nattttoii pa6oTe Mernn noMO)KeT B 

onIIcattIIII nattHbIX no 3H, nonyqeHHbIX B nocnenttee speMH B J1H<I> 

OIDIJ.1 /5/. 
B 3aKJIIO'leHIIe, aBTOpbl C'lIITalOT CBOIIM npIDITHhlM nonrOM Bbipa3IITb 

6naronapttocTb B.11.<l>ypMatty II IO.C.3aMHTHIIHY 3a noMep)l(Ky na1moii 

pa60Thl H MHOfO'lIICJieHHbie o6c~eHIDI. 
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