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Co3,namfe BhlCOKOTeMnepaTypHhlX KBaHTOBhlX 

HHTepq>epoMeTpOB, no3BOJISIIO!UHX npOBO)lHTb H3MepeHHSI oqeHb 

CJia6hJX MarHHTHl.lX noJie:H, noJIO:iXHJIO uaqaJio pa3BHTHD HOBOro 

uanpaBJieIIHSI B 6HoMarHeTH3Me H Me)lHI.UiHe - lt1CCJ1eAOBaHvtlO 

CBOHCTB opraHOB qeJIOBeKa no CO3)laBaeMOMY HMH MarHHTHOMY 

noJIIO. O.n:Ha H3 aKTyaJibHHX 3a,naq 3Toro uanpaBJieHHSI COCTOHT 

B peKOHCTPYKI.UfH pacnpe.neJieHHSI TOKOB HCToqnHKa no 

noJiyqeHHhlM H3 H3MepeHHH xapaKTepHCTHKaM MarHHTHoro noJISI. 

8O3HHKaK>UlHe B peaJibHOH npaKTHKe 3a,naqH TaKoro THna, 

o6hJquo Ha3HBaeMhle o6paTHblMH, qpe3B1i1qaHHO CJIOJKHhl H 

Tpe6yIOT cepbe3HblX TeopeTHqecKHX HCCJie)lOBaHHH H 

TeXHHqecKHX pa3pa6oTOK. B HaCTOSIIUee BpeMSI npe)lJIOJKeuo 

uecKOJibKO no.nxo.non K peweHHIO TaKHX 3a,naq, pa3JIHqaIOIUHXCSI 

KaK B CBSl3H co cneuH~HqecKHMH oco6eHHOCTSIMH Kaxr,noro 

HCCJie.nyeMoro opraua, TaK H no Bbl6opy KOHKpeTHhlX MeTO)lOB 

OnTHMH3al.UfH aJiropHTMa peKoncTpyKI.UfH 

BblqHCJIHTeJibHhlX cpe)lCTB (CM., uanpHMep, 

H HMeIOIUHXCSI 

[ 1-7]). Mlil 

paCCMOTpHM pe3yJibTaTbl HeKOTOpblX TeopeTHqecKHX pa6oT, 

OTpaJKaIOIUHX OCHOBHble uanpaBJieHHSI B pewemm o6paTHblX 3a,naq 

6uoMarneTH3Ma )lJISI uo3ra H cep.nua. 

MaTeMaTHqecKaSI nocTaHOBKa o6paTHOH 3a.naqH )lJISI 

MO)leJibHOH CHTyauHH COCTOHT B \ CJie.nyIOIUeM: nycTb B 

neKoTopoH o6JiaCTH G Jc11l, HMeIOIUeH nocTOSIHHYIO uaruHTHYIO 
➔ 

nponHuaeMOCTb, 3a,llaHO HeKOTOpoe pacnpe,neJieIIHe TOKa, J. B 

HeKOTOpOH o6JiaCTH GB' He nepeceKal()IJleHCSI C o6JiaCTblO G J 
➔• 

H3Mepsi:eTCSI BeKTOp MarHHTHOH Hanps1:1:eHHOCTH TIOJISI B, 
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➔ 

CO3)laHHOro TOKOM J. 3TH BeRHqHHH CBR3aHH COOTHOllleHHeM, 

Ha3HBaeMHM 3aKOHOM EHo-CaBapa: 

➔ ➔ _ __! J(y)x(x-y) dy, HRH B=<P(J) • I
➔➔ ➔➔• ➔ ➔ 

B(x)- 4rr ➔ ➔ 13 (1) 

lx-y 

GJ ➔ 
Tpe6yeTCR no )laHHOMY noRD B HaHTH HeH3BeCTHoe 

➔ 

pacnpe)leReHHe J. 

O)lHa H3 OCHOBHHX CROJKHOCTeH 3TOH 3a)laqn 3aKRDqaeTCR 

B TOM, qTQ B TaKOH nocTaHOBKe OHa RBRHeTCH HeKoppeKTHOH, 

B qacTHOCTH, He HMeeT e)l~HCTBeHHOro peweHHR. B HaCTORIUee 

BpeMR B 6oRbWHHCTBe pa6oT, nocBRIUeHHHX o6paTHOH 3a)laqe 

MarHHTOKapMOROrHH H MarHHTO3HUeq>a.RorHH, ~cnonb3yeTCR 

MeTO)l MHHHMaRhHOH HOpMH, no3BORRI0IUHH BH6paTb H3 

MHOJKeCTBa peweHHH TO, KOTOpoe HMeeT HaHMeHbWee 3HaqeHHe 

no HeKOTOpOH HOpMe, TeM caMHM onpe)leRHB era O)lHO3HaqHO; 

CyTh 3Toro MeTO)la COCTOHT B TOM, qTo HIUeTCR peweHHe 

3a)laqn (1), opToroHaRbHoe RJlPY HHTerpaRbHoro onepaTopa 

<P, MHHHMH3HpyDmee HOpMy B npocTpaHCTBe peweHHH, 

HanpHMep, L2(GJ): 

11;11. [ J l;CXl 12 aX 

GJ 

~min. 
]

1/2 

JlpyraR CTOpOHa HeKoppeKTHOCTH npoRBRReTCR B XO)le 

peweHHR 3a)laqn, KOr)la BHqHCRHTeRbHHH 

npouecc MOJKeT OKa3aTbC.H neycToHqHBHM. JlRR 

HTepaUHOHHHH 

Toro, qTo6H 

npeO)lOReTb 3TY TPYJlHOCTb, Ha TOM HRH HHOM 3Tane 

npHMeHReTCR HeKOTOpa.H peryRRpH3aUHR, T. e. 3aMena 3a)laqH 

2 

1 

1 

1 

Ha JlpyryD, peweHHe KOTOpOH CRa6o OTRHqaeTCR OT HCXO)lHOH, 

~TepaUHOHHHH npouecc JlRR KOTOpOH 6y)leT ycToHqHBHM. 

TaK, B pa6oTe [8] npHMenena peryRRpH3aUHR THXOHOBa, 

opaR npHBO)lHT K 3aMene ypaBHeHHR (1) Ha ypaBHeHHe 

➔➔ ➔➔ ➔ ➔➔ (x,y) K(x,z)J(z)dzdx I
➔ ➔ 

+ «{pcYi;cYi - qcYiiCcYi} 
GJ 

➔ ➔ ➔ ➔ = B(x)K(x,y)dx, I
➔ ➔ 

GB 

K onpe)leRReT onepaTop I
➔ ➔ ➔ 
➔ ➔ ➔ ➔ 

<P: K(x,z)J(z)dz=<P(J), a 

GJ 

, q - napaMeTpH peryRRpH3aUHH. JlHCKpeTH3aUHR 3Toro 

3HeHHR npHBO)lHT K CHCTeMe RHHeHHHX ypaBHeHHH C 

rnTpHqHQH noROlKHTeRbHO onpe)leReHHOH MaTpHUeH. 

AnaRorHqHaR npoueJlypa MoJKeT 6HTh npoH3Be)leHa nocRe 

(peTH3aUHH 3a)laqH (1). Tor)la CHCTeMa RHHeHHHX 

rneHHH 

g=Af+n, (2) 

g, f, n - seKTopb1, o603naqaD1UHe MarHHTHYk> HHJlYKUHD, 

H wyM COOTBeTCTBeHHO, a MaTpHua A - MCKpeTHUH 

1or onepaTopa <P, 3aMenReTcR Ha ypasHenHe 

t t 
A g=(A A+a.I )f I ( 3) 

a. - napaMeTp peryR.HpH3aUHH. 
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ipyraH npo6neMa npu peweHHH peaJibHOH 3a.ll.aqu - yqeT 

B03MOJKHUX OWH60K H3MepeHHH. B pa6oTe [ 9] npe,llJiaraeTCH 

cquTaTb,qTo pe3yJibTaTu H3MepeHHH MarHHTOMeTpOB fk 

OTJIHqalOTCH OT TeopeTuqecKHX 3HaqeHHH ~ Ha HeKOTopue 

OWH6KH ck, k=l , ... , N, HMelOIUHe HOpMaJibHoe pacnpe,lleJie1rne 

C HyJieBUM cpe.ll.HHM H .ll.HCnepcHeH ~- 3a~HKCHpOBaB 3HaqeHHe 

2 N 2 
cpe,llHeKBa,llpa THqnoro OTKJIOHeHHH X = L ( f k -mk ( J) ) / ~, 

k=l 
l-1l4YT. peweHHe, .ll.JIH KOTOporo MaKCHMaJibHoe 3Haqe1me 

npHHHMaeT 3HTpOTIHH 

N N _1 N -l 
S= :E f 1 ( t fk) log[f1 ( t fk) ]. 

1=1 k=l k=l 
11CilOJib3YH TaKOH MeTO.ll. H npeMOJiaraH, qTQ HCKOMoe 

pacnpe,lleJieHHe TOKa J HOCHT BepOHTHOCTHUH xapaKTep, 

"1CXOAHY~ aaAa4Y CBOAHT K ypaBHeHHIO (3), r)le BeKTopu f, 

g H napaMeTp a: - cnyqaHHUe BeJIHqHJIU. B CTaTbe [10) 

npHBe)leHU pe3yJibTaTU HeKoTopux nuqHcJieHHH C 

HCilOJib30BaHHeM 3TOro IlO.ll.XO)la. ABTOpU OTMeqalOT, qTQ 

BUqHcJieHHH HeKOTopux TeCTOB .ll.BY Mepnux peKOHCTPYKUHH Ha 

"cTaH,llapTHOM YHHBepCHTeTCKOM KOMilbDTepe" 3aHHMaDT OKOJIO 

10 qacoB BpeMeHH pa6oTu ueHTpaJibHoro npoueccopa, a .ll.JIH 

BUqHcJieHHH TpexMepHUX peKOHCTpyKUHH IlpHXO)lHJIOCb 

HCilOJib30BaTb KOMnileKC H3 30 TpaHCilbDTepoB T800. 

TIO-BH,llHMOMY, yqeT CTaTHCTHqecKOH HH~pMaUHH B 

pewemm peaJibHUX 3a)laq neo6XOMM, Il03TOMY aBTOpU [ 11] 

HCCJie)lOBaJIH C TIOLIOillblO 'llCJieHHoro 3KcnepHMeHTa DJIHHHHe 

anpHOpHOH CTaTHCTHqecKOH HH~pMaUHH na npouecc 

peKOHCTPYKUHH H KOppeKTHpOBKH COOTBeTCTBYIOIUero 

aJirOpHTMa. lICilOJib30BaJiaCb ~pMyJia cpe,llHeKBa,llpaTHqnoro 

OTKJIOHeHHH 1 nonyqeHHOro B pe3yJibTaTe peKOHCTPYKUHH 

peweHHH OT uaqaJibHO 3a)lannoro pacnpe.ll.eJieHHH TOKa: 

4 

_j 
] 
I 

I 

~ 

i1'· C 

tr' 

T T -1 
MSE=tr{Kf-KfA [AKfA +Kn] AKf}/tr[Kf], 

r)le Kf H Kn - KOBapHaHTHUe MaTpHUU .ll.JIH pacnpe,lleJieHHH 

TOKa f H wyMa n COOTBeTCTBeHHO (CM. ypaBHeHHe (2)). EUJIH 

npoBe,lleHU pacqeTU .ll.JIH pa3JIHqHUX KOM6HHaUHH anpHOpHOH 

HH~OpMaUHH H .ll.BYX BapHaHTOB pacnoJIOJKeHHH ,lleTeKTOpOB, B 

pe3yJibTaTe KOTOpux ycTaHOBJieHO, qTQ HCilOJib30Bamie TaKHX 

anpHOpHUX ,llaHHUX cymecTBeHHO BJIHHeT Ha npouecc peweHHH 

o6paTHOH 3a)laqu. KpoMe Toro, ycTaHOBJieHO, qTQ OMH H3 

BapHaHTOB pacnoJIOJKeHHH )leTeKTOpOB - BOKpyr H3Mepsi:euoro 

o6oeKTa - uaH6onee npeMoqTHTeJieH. 

TIOHCKH TTOBUWeHHH 3!p(peKTHBHOCTH BUqHCJIHTeJibHOro 

aJirOpHTMa peKOHCTPYKUHH TOKOBoro pacnpe,lleJieHHH HCTQqHHKa 

Be.ll.yTCH H B .n.pyrHX HanpaBJieHHHX. TaK, B [ 12] MeTO.ll. 

MHHHMaJibHOH HOpMU HCTTOJib3yeTCH B KOM61-1Ha41-11-1 c MeToAaMH 

anaJIH3a KOHequux 3JieMeHTOB. HcKoMoe pacnpe,lleJieHHe TOKa 

Hl!leTCH B BH.ll.e 

➔ n ➔ 
1cx)= r 1cx

1
)f

1 
ex), 

1=1 
r)le f

1 
KOHeqHUH Ha6op neKOTopux HHTepnOJIHUHOHHUX 

TTOJIHHOMOB. TaKOH MeTO.ll. TT03BOJIHJI npoBeCTH pact:feTU .ll.JIH 

peaJibHUX reoMeTpHH M03ra H cep.ll.Ua qeJioBeKa H cpaBHHTb 

era 3!p(peKTHBHOCTb C Tpa,llHUHOHHUM MeTO)lOM .ll.HTIOJibHOro 

npe.ll.CTaBJieIIHH HCTQqHHKa TOKa. Pe3yJibTaTU pa6orn 

noKa3UBalOT, 1ITO 3!p(peKTHBHOCTb ueTO.ll.a UHHHMaJibHOH HOpl.UI 

oco6eHHO npOHBJIHeTCH npH HCCJie,llOBaHHH nenpepUBHUX 

HCXO.ll.HUX TOKOBUX pacnpe,lleJieHHH, O)lHaKO .ll.JIH 6oJiee TOHKOro 

HCCJie,llOBaHHSI JIOKaJibHUX oco6eHHOCTeR HCTQqHHKa, 

no-BHJ{HMOUY, Heo6XOMMO C03.ll.aHHe ueTO.ll.a, o6oe,llHHHI01Uero 

MeTO.ll. ~HHHMaJibHOH nopuu H l!eTO.ll. 3KBHBaJieHTHOro 

JlHnOJlbHOro npe.ll.CTaBJieHHSI. 
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