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BBe.neime 

; .MeTO,D; 00'b9MHHX HHTerpa.m:.HHX ypaBH9Hllil JIBJ1JI9TCH SiJxJ)eKTHBHHM 

· MeTo,n;oM pemeHIDI s~al! MarHHTOCTaTHKH •. HaH60Jiee nony-!lflpmlli; nporpaMM

HHil naKer OOIItero .HB3HB'I9HIDI, HCU~3yroiitHii HH';L'erpaJil>HYIO.UOCTBHOBicy", 

GFUN3]) 6Wl cos,n;aH CHMKHHHM.x·,n;p//. , : . . ·,·.. ·. ;<: ,_:· 

IIycT:& 'B , Fi , M · ecT:& HH.1JYKD,Hf.!:, HanpmteHHOCT:b H HaMar!m'IeHHOCT:b 

MarHHTHOrO UOJIJI. HMeeT M9CTO CJI9.IIYIOIIt99 HHTerpaJI:bH09 ypaBHSHHe ~·, ' 

p(~J ~ Rs~ii>+, ::j~MOfJ:. Valx~a/dVx,., i 
r,n;e G ·· .:..' ooJ!acT:&, sanoJIHe!niaR:Marim'r~ M~T~HaJI~M, · fis·(a.) :.:.. 

nOJie oT TOKOBHX o6MOTOK. BeJIHl!HHH B , H, 1'1 · cBR:saHH HeJIHHeiiHH-

(I) 

MH COOTHOill9HHflMH 
- _ 8 (x) 
H (x ) = flo f' (I s c ~ D ) ;,..} .,.., ~ (2) 

Rex) ==i!B <n -·Rex) 
Uo i 

~· .. r· 
.. •: ·~·c 

r,n;~ . jJ = f1 (IB I ) -; Mat'~THaH npo~t3eMOCT:&, .• Jf o - MarHHTHaH 

npo~a9MOCT:b BSxyyMa. ' · ~ 
,lLml ,D;HCKp9TH3allHH {I) .O~JiaCT:b (}. :. pa3.6HBa9TCH Ha ::JJI9M9HTH { GJ: 

N 

G = u GL. 
i.=i 

IIOJiaraH B , R, M nocTOHHHHMH B GL H paBHHMH cooTBSTCTBeHHO 

. B ~ , Hi. , N ~ , MOJitHO saUHcaT:& CJIS.IJ.YlOIIIYIO .n;HCKpeT:asoBaHHYIO c:acTeMY 

ypaBHeHHii: . -~.. . . ... , •. '" · ;· . ·' 

H- -H-st._') Vo.. (~··J·(·M- _L )d" )I 
i - la.• +·'IX fu ·r;, j • ~ Jx.:.ai vx a. .. i( . \: 

' 
(3) 

J • -
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r.n;e. Cii, RBJlffiOTCH ~9HTpoHJiaMH .G;_ 
y.n;oBJieTBOpmoT COOTHOW9HHS!M (2). 

• Bemrnnm ·Hi. Bi. .. M· > L 

0TM9THM OCHOBHHe CHOEHOCTH HCfianDSOBaHEH M9TO.D;a 06~eMHHX HH
Terpam.HHX YPaBHeami. 

I. llOJIHOCT:&IO sanOJIHeHHaJI MaTp~ma .ItHCKpeTHSOBaHHo.lt cHcTervm 
ypaBHeHHti. B CBJISH C STHM C pOCTOM paSM9pHOCTH ,ItHCKpeTHSOBaHHOH 
Sa,IJ;alJH HM99T M9CTO KBa,ItpaTHllHJ:tli pOCT BWmcnHT9Jl:&HHX SaTpaT Ha onpe
,II;9Jl9HH9 K0~9HTOB MaT~ H Tpe6oBamtii. K onepaTHBHOH fiaMHTH 

.<1 
3BM ,II)1JI xpaHeHHH HaH.n;eHHHX KOa<l$!UH9HTOB. 

2~ llpo6~eMa pemeHHH HeJIHHeiiaoti .n;HCKpe~HSOBaaaoii cHcTeMH ypa~ 
H9HHH 60JI:&WOH paSM9pHOCTH C fiOJIHOCT:&IO sanOJIHeHHOA MaTpJ.meli. . . 

O.n;HHM HS nyTeil npeo.n;OJieHHH CJIOEHOCTeti,~asaHHHx BHW9
1
HBJ!ff9TCR 

Hcnon»soBaiDie . o6JiacTel cneiU~aJI:&Horo BH.n;/2-41. . 
B ,a,Hoil pa6oTe aBTOp cJie.n;yeT H.n;ee, C~OPMYJIHpOBaHHOll A.E.CaMo-

XHHHM B 4 
,II)1JI sa.n;aq TeopHH ·.ItHWP8KllHH. • . 

I. ITorpY!eHHe paclleTHO.it o6JiacTH B nap~eJienHnen · 

PaccMoTpHM c.nyqaii, Kor.n;a o6JiacT:& G HBJlffeTCH napaJIJieJienHne.n;oM. 
Paso6:&eM. G · Ha N l( L x M paBHHX napaJIJieJienHne.n;oB (pHc.I). 

Pl!:c.I 

BBe.n;eM cne~ HH.n;eK98IUIIO aneMeaToB: 

G = Uo-- . /( 
L ,J > i = O,N--1 ,. j = 01 /.,~1 K;, o:t=F1 

I , •· 

~·.n;aaaoro pas6HeHHH sa~eM: (3) B cie~eM BH.n;e: 

• 
2 

.1 
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I 
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j 
1 

_ . -S - N-1 L-1 M-1 i,i,K • _ .. • (
4

) 
HiJ,K = H (a•.i,K) -t ?:- ?=- L [Ai.,,j,,I(J Mi1,j1,K-t ' 

L1 ~o J,.=D K,=o 

i.::.ON-1 J·=o-:T:=f K,;,-~f. 

r.n;e [· i ,i .·~· ]. ~ ' v~ (; J·' c' ~ . ;'. 17-1. . ·;: 

A~,j;•"! g = 'tTL. G . B, \Tctfx.,O.J)d llx) a=cr.· . K 

. . L1 1J1,KI •,J, 
KaK OTMellimoc~ :a/4~ ·MaTp~ · [A~·j·~., K

1
] HBJimOTCH <l!Y~ BeJIH-

1 ,J • 

llHH (i..-1-i) , (j-j~) , (K-K.,) • IT03TOMY K0:$1JJomH9HTI:l Bcex 
MaTpJ.m,, [ A~· j ~ K '] MOJKHO BI:lpasHT:& qepes KOs@l~mHeHTI:l 

t..1,J1,K1 • • 

[A ooo] (' .. __ 
N. L. • M MaTpJ.m . ' . ' K. L = o , /II- 1: , J -= o, t..- 1 , 

L,J, 0 0 0 ' 
K ::: o , M -1 ) • B .n;aJI:&aei1meM MaTp~ [ A i. ', j : 1<. ] 6y.n;eM 

060SH8ll8T:& KaK [ C i. , j ; 1< ] • ' IJycT:& . []) 1 J , [ D).] , [.D ~ J ... · 
ecT:& cJie.n;yromHe .n;HaroHaJI:&HHe MaTp~: 

(D1 ]= 0 1 0 , [.D;,]= 0-1 0 , [:D3J= o 1 0 . (
:..1 D 0 ) · ( 1 0 0') . · ( 1 o · o ) 

0 0 1. 0 0 -( . 0 0 -1 

,I(oonpe.n;eJIHM [ Ci J. KJ 
J ' 

' ,II)1JI OTPJ.m8T9Jl:&HI:lX i 

[ c-i,j,K ]= [D~] [ C.:,j,K] LD1] .. 

[ci.,.,j,~J= [D:.JLci,j;.cJ [I>.d, 

[Ci. j- K J =[D,,J [C;. l If] [D3] .. 
' , . ' .J .. -

.llJIR: BI:lllHCH9HRI1 TpOHHOH .ay}.v.m B npaBOH llaCTH (4) MO&HO HCfiOJI:&3o
!}8T:& 6I:lCTplle aJirOpHTMH YMH.OJtSHHH 6JIO'llH0-TenJIJomeBI:lX MSTpJ.m Ha B9KTOp 
1 51. nwi~ c.J" =;.:rr-,(3..N-1F1 ,w:z=J:Jt·(2t.-1r1, w:!>=Z:il.·(ZH~n-". · 

llyCT!. N i. J K . . ecT:& M9.lJYlOOlaH cyYMa : 
'' . 
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" t/--4 L-4 M-4 _ _ 

Mi,j,l< = ~ ~ L exp(w1·i·i.1 -tW::·J·j· +w3·K·K,)·Mi,,j1,K1 • (5) 
1.~ : 0 J1 ~ 0 K1 ~ 0 

Aaa.norHllHO 
/'J-4 L -1 . M--1 

[C.i. j,J = t= L L [(
1
,i,,KJexp(wfi·i, .. u>z.j·j1+ib~·K·K,). (6} 

' L1 =-(N-1} j,•-(1.-rl ICt•·{IH) • • 

,..; -, 
si.,j, J<. B npaBO~ qacTH (4) 9CTD Tor~a TpOHHaH CYMMa 

. - . 2N--4 2L-1 2./H . . . . . II /\ (7} 
Si,j:K =d..?: L LP.f(-W/•'1.1-W.:I..'J'J1- W.3K·K,)·[Ci..,j,, .. Jt·1i,,j,,K,' 
' L1" 0 Jt•O -1(,:0 

r~e 
o1. = ((:l.N-1 )(2L.-1)(:l.M-1J)-

1 

2. PemeHHe He~He~HOll HtlCKpeTH30B8HHOll CHCT9MH' 

3anHID9M CHCT9MY ypaBH9HH~ {4) B COKpameHHOM B~9 

H = /:i 5 + [A] M . 

KaK OTMeqa~ocn BHWe, 

[A] R = [F*] [c][F] M > 

'<a> 

{9) 

. r~e [ F ] H [ F • J ecTD IIpmwe H o6paTHOe TpeXMepHoe ~cKpeTHoe 
IIpeo6paaoBaHHe ~pDe, OIIpe~e~eMoe no ~OPMY~aM (5),{7), a [C] -
9CTb 6~oqHo-~arOHaJlbH8.ff MaTp~a HS (6). ITo r~aBHOll ~aroHa~ [C] 
CTORT CHMM9TpnqHHe MaTp~ C ~9~CTBHT9~HHMH K03~9HT8MH paSMepa 
[ 3x3] . 0TM9THM, qTo Cll9KTp MaTpHUbl [A) OIIpe~e~eTCR CII9KTpOM 

MaTp:miji [ C] , CII9KTp KOTOpo:a MOJK9T 6HTb ~erKO ~CJ19H. . 

.Jl,JIR pemeHHR (8} HCII~3Y9TCH c~e,IIYlO!llHil HTepaUHOHHH~ npoqecc: 

- -s - -
BK+~=H +([AJ+[E])M(B~e) {IO) 

',t .:i 

s = Rs 
. 0 

., · .. ,, K = 1, 2; ... ' . '· 

r~e [, E ] - e~HHqHaR MaTp~a. 
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llTepaUHOHHI:li!: nponecc (IO) SaKaHqHBaeTCR, eCJIH // M cBKt-1 )-M(BK) If 
Meiu.me Hanepe~ s~aHHo.ii: Be~im. C yqeTOM paSJicmearud9) ~ KaJK
~oro mara HTepaUHOHHoro IIpoqecca (IO) Tpe6yeTCR 0(NLM·{N+l. +M)) 
oiiepaUHft. 

QqeB~HO, qTo IIP9AnOX9HHH~ ~OpHTM MOX9T 6HTb HCn~SOBaH H B 
c.nyqae, KOr~a qacTD S~9M9HTOB pas6HeHHR napaMMemme~a OTCYTCTBYST. 

ilyCTD [D] 9CTD ~arOH~HaH M8Tp~a, xapaKT9pHSYJOII\aH pa36H9HH9 
napaMeJieiiHIIe~a (Ha COOTB9TCTBYJOII\9M M9CT9 CTOHT I, 9CJIH 3Jl9M9HT npH
HSAnexHT 06Jl8CTH MSrHHTHClrO M8T9pHaJia, H 0 B npOTHBHOM 6Jly'qae) • liTe-

. PaUHOHHHii IIpoqecc {IO) SaMe~eTCR Ha CJI9,IJY~ll HTepaUHOHHH~ npD!l9CC: 

BK+1 = H5
"' ([A]+ [E] )[D] M UL,) 

Bo = H5 

K:::: 1,2, 

. {II) . 

llTepaUHOHHHil: IIponecc s:aKaaqHBaeTCR, ec~ II D (M (BK+r) -H(BK)) 1/ 
MSHDIDe HSIIepe~ 3~8HHOil: B9JIHllHHH. 0TM9THM, qTQ B 3TOM c.nyqae MH 

OIIpe~e~eM IIOJie He T~Ko B ~eppoMarHeTHKe, a B neHTpo~ax Be ex Me
MeHTOB pas6HeHHR IIapaManeiiHIIe~a. 

3. lfil:CJI9HHH9 pesy~T8TH · 

ITp9AnOE9HHHll ~OpHTM 6~ HCn~SOBaH ~ C03~8HHR KO~eKCa 
IIporpaMM pacqeTa M~rHHTOCTaTHqecKHx nOJie~ " BAR"· • .Jl,JIR OIIpe~Me
HHR Koa~eHTOB ~cKpeTHSOBaHHHX ypaBHe~ H BaqHcJieHHR TpeiMep

Horo ~cKpeTHoro npeo6pasoBaHHR ~pDe B nponecce pemeHHR HSnHHe~Hoil: 
CHCT9MH 6~ paspa60T8HH napaM9~HH9 ~OpHTMH, 6aSHpyroillH9CR Ha 
pacnpe~eJieHHOM BUqHC~T~HOM KOMIIJieKce SBM EC-IoGI H MaTpHqHOM npo-
neccope EC-2706. IIpH pa6oTe c Ko~excoM IIporpSMM "BAR" HMeeTCR 
BOSMOEHOCTb yqeTa CHMM9TpHH IIOJIR pacc~THB89MOH MSrHHTHO~ CHCTeMH. 
naHHHU XOMIIJ19KC HCIIO~SOBaJICR ~ pac~eTa MarHHTHOrO n~ ~~Horo 
MarHHTa :·HYKJ!oTpoHa JIBS Ollllli (pHc .2 L Ha pzc. 3 npHBe~eHo pas6Herme 
BOCbMO~ qaCTH M8rHHT8,HCnOJ!DSyeM09 B pacqeTaX. B·Ta6~e_nPHBe~eHH 

pesy~TaTH pacqeTOB MarHHTHOrO II~~ JJ.BYX pas6HeHd. B nepBOM . 
c.nyqae ·N=14 , L.=12. , f1=.14 , Bo BTopoM N~3o , L=1J. , 
M=I4.· BpaMH neHTpanDHOro npo~eccopa EC-I06I B nepBOM cnyqae COCTaBH~ 
~0 8 MHH 48 C,BO BTOpOM IS MHH 9 c.~ ~CJ19HHK noxa B pa6oqe! 

o6JiaCTH MarHHTa {B ~aHHOM cnyqae oHa HMeeT ~OPMY napanieJieiiHne~a) 
HCn~SOBSJlae» TpeXM9PH8R CnnBHH-8IIIIpOKCHMaqHR. ~aR KOMnOHSHTa 
II~ no sHaqeiDIJIM n~ B neHTpoB,Itax 3JleMeHTOB npz6J.Imu3Jlacn n~Ho-
MHaJll,HO~ <iJYHKUHeii OT IIepeMeHHHX X , ':1 , = , HM9:Bllll9H CM9ID8HHY10 
npozsBo~ no X,~, 1 ~o Tp9TDero nop~a no ~oil IIepeMeHHOA H. 
aenpepHBHYD ~o BToporo no~a. · 

s· 
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PHc.2. 

BochMaa ~acT~ ~o~Horo MarHHTa. 

·PJIC.3. 

Pas6JieiD!:e MarHHTa, Hcn~syeMoe B pac~eTax. 

X 0.0539 O.I6I7 0.2696 0.3775 0.4854 0.5932 

I I.8803 I.877I I.870I I.858I .I.8080 I.7988 

II I.878I I.8722 . i.8600 I.84I2 I.8I53 'I.?984 
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