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YAK 003.26:004.056.55:519.2

BEPXHI OLITHKU CTIMKOCTI BAOKOBUX IIIN®PIB 13
PAHAOMI3OBAHMMU BY3AAMU 3AMIHM AO METOAIB
ATHIFTHOTO TA AUPEPEHIIIAABHOT'O KPUITTOAHAAI3Y

Bacwuar Kinsepapmrt

Ha cvoz00i meopia ananisy ma obrpynmysara cnitikocnzi 610K06ux uugpie i3 Qikcosarum 8y31aMu 3aMiti 610HOCHO Me-
710018 AIHIIH020 1A QUPEPEHYIANBHOZ0 KDUNIMOAHANIZY 00cUMID CUABHO possurena. Lenytome maKone 6.a0K08i wngpl, 6 axux
6Y3/11 3aMINU EUSHAYAIOMICA PAYHOOSUMY KAIOUAMY. SPO3YMING, 10 6UKGPUCINIANNA PAHOOMIZ06AHUX 6Y3116 3AMINY Y M-
pax YeKAadHI0¢ iX KPUNMOananis, npome KiAvKicHo ye 6ancko oyinumu. 3 02490) Ha ye, akmyaisor 3adauero ¢ 6useoerts
AHANIIMUMHUX BUDA3IE, 10 0arnIb MONAUBLNIL D06€cHIll HPAKIMUMHY CHITTIKICNIL O/10K0BUX UUPDDLE 13 paHOOMi308anuMy 6)3-
AaMYU 3aMIHY 8I0HOCHO Meni00i6 Niniiinozo i Ougepenyianstozo Kpunmoananisy ma 00360441 3po6uniu KiAbKicHy oyinKy ix
eqpexmusrocmt. Y pobomi ompumari aHasimuyi 66pXHi OYIHKY NAPAMENIDIS, W0 XapaKmepu3)wny npakmuyny cniilkicns
G.n0K081X UUPDPIB 13 PardOMI308aHUMU 8)3AAMU 3AMIHY BIOHOCHO MeNI00i8 AIHIIIHO20 71a QUPDEDEHIIANbHO20 KDPUNIIOGHANI3).
Sastaueni oyinKy y3acansnionwms panine 6i00Mi Ha 010K067 wmu@pu i3 PandoMi308anuMi 8Y34amu amini i 0036047101 06-
IPYHII0BY a1l NIOBUMECHHA CIITHKOCIIE BIOHOCHO 3A3HAUCHUX MENI0018 KDUNNIOAHANI3).

KuaroqoBI caoBa: kpunmozpagis, 6.10k08utl ungp, Ainitnuti Kpunmoarnais, dugepenyiansnuti Kpunmoananis, pandomiso-

6ari 6Y3nu 3amiri.

BCTVYII

OanuMy 3 HalteEKTUBHIIIIX METOAIB KPUIITO-
anaaizy 0AokoBux mmdpis (BIL) e andepeniiiaab-
HUN Ta AlHIHHHE Kpunroanaais [1-3]. Ha cporoami
Teopis aHaAi3y Ta oOIpyHTyBaHHA crifikocti BIII Ao
3a3HAYEHHUX ATaK AOCHTH CHABHO po3puHeHa [4-9]. V
Oarareox BIII mpu mudpyBarHi BUKOPUCTOBYIOTHCA
ACKIABKA PI3HHX TaOAHMIb 3aMiH, ITOCAIAOBHICTH BH-
KOPHCTaHHA AKAX HarepeA (pikcoBaHa (HAIIPUKAAA,
aaroput™ 1mudpysanaa OCT 28147-89 [10], Ka-
Aamna [11] T2 immi). Tak y pobotax [7-9] orpumani
AHAAITIYHI BEPXHI OLIHKM IIapaMETPiB, IO XapaKTe-
PH3YIOTh IIPAKTUYHY CTIHKICTh 3a3HAYEHHUX AATOPH-
TMIB BIAHOCHO METOAIB AIHIFHOro Ta AmdepeHriia-
ABHOrO Kpunroanaaisy. Icayrors takox BIII, B Axmx
omeparii IIACTAHOBOK BH3HAYAIOTBCA PAYHAOBHUMH
kAarogamu (Hanpukaas, ADE [12]). Aorigso npuryc-
TUTH, INO BHKOPUCTAHHA PAHAOMI3OBAHUX BY3AIB
3aMiHH ycKAaAHFOE Kpunroanaais BIII, mpore kiab-
KICHO II€ BAKKO OLIIHUTH.

3 OrAfIAY Ha IIe, aKTYaABHOIO 32AQYCIO € BHUBE-
ACHHSA aHAAITHYHUX BUPA3iB, IO AO3BOASIOTH AOBEC-
T npaktugHy crifikicte BII 13 pamaomizoBanmMu
BY3AaMHU 3aMIHH BIAHOCHO METOAIB AIHIHHOIO i AH-
depeHIIIaAbHOTO KPUIITOAHAAI3Y T4 AO3BOAHUTH 3PO-
OuTy KiAbKICHY OIIHKY edexruBHOCTI Takux BIII.

ITOCTAHOBKA 3AAAUI

V poborti [7] Oyan orpumaHi aHAAITHYHI BEPXHI
OIIHKH CEPEAHIX HIMOBIpHOCTEH AU(EPEHIIAABHUX 1
AlHiftHEX xapakTepuctuk BIII, moOyaoBanux 3a cxe-
moro 1udpy "Kaamma-128". Tlokaxemo edexrus-
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HICTb 3aCTOCYBAHHA PAHAOMI30BAHHX BY3AIB 3aMIH AO
BIII mobyaoBanux 3a cxemoro Iudpy "Kaawmma-
128", y KoMKeH payHA SKHX BBCACHO AOAATKOBHH pa-
YVHAOBHI KAIOY, INIO BIIAMBA€ HA BHOIp TaOAMIb 3a-
MiH.

Posrasmemo I -paysaosmii BILT 3 i3 paHAOMI-
30BAHMMH BY3AAMH 3aMiHH, MHOMKHHOIO BIAKPH-

TuX (1 poBaHUX) HOBIAOMACHD V, = {0,1}n MHO-

KHUHOIO payHAOBUX KArouiB K =V q T2 CiIMENCTBOM
IPYIOYHX IEPETBOPEHD

Fo=f oot k=(k,...k)eK", (1)
Ae r=2r'+1, n=pt, g=pq’, p=4p', t, p’, r’,
Q' — marypaabmi urcaa. [Tapaverp b =29 Busnauae

KIABKICTD PI3HHX TAOAHIIb IIACTAHOBOK, ITIO BUKOPH-
crosyroteca y BIIIL.

PayHAOBe IIEpeTBOPEHH fi' v (X) AASL OYAB-SIKIX
xeV,, keK,i elr OIHCYETHCS SIK
(p(x@k(l), k(z)), AKWO i zl(mod 2), i<r
fi (X) = (p(x+k(1), k(z)j, akuoi=0 (mod 2), i<r, (2
S(X(-Bk(l), k(z)), aKwo i =r
ae k® 1a k® wacrunm payHAOBOTO KAroua K
(k=(k®,k®), k¥ eV,, k@ eV,).
ITiacranoBKkH @ 1 S BH3HA4AIOTHCA 32 HOPMY-
AAMH:

(% y)=s(xy)M, xeV,, yeV,, @)
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! S)’o

s(x,y):<sypil(xp_l),... (xo))

X:(Xp_l,...,XO),y:(yp_la--"yo)’
Ae X; eV, Y eV

4)
— IIIACTAHOBKA Ha

muozxuHi V) (O iHAEKCY Y, OOHpacThes AAfL BHKO-

PHCTAHHA OAHA TAOAHIIA IIACTAHOBOK 13 b mokan-

Bux), J€0, p—1, M — oGoporaa px p - marpuus
HAA TIOAEM GF(Zt), a MHOKEHHSA S(X, y) ma My
Brpasl (3) BUKOHYETbCA HAA IIUM IIOAEM IIPU OTOTO-
“KHEHHI ABIIKOBHUX BEKTOPIB Sy, (X j) 13 fioro eaeme-
HTaMM.

V dopmyai (2) cumBoan @ i + BianosiaaroTh
BIATIOBIAHO OIIEpamifiM I10 KOOPAMHATHOIO OYAEBOIO

AOAABAHHSA ABIKOBHX BEKTOPIB AOBKHHK N Ta aAre-
6pa'1'qHy OTIEPAIIiFO BUAY

x+k = (x(l) +k® 94 k(“)), ©)
o xm() k(K k),
x¥ k) eVy s vel 4, a + me cumBoa omeparii

tp’ .
AOAABAHHA 32 MOAYAEM 2% Ha MHOXMHI th,

Harapaemo, 1o imMoBipHiCTh AH(EpeHITiaAbHOL

o,)<(%\{0})"

BII 3 npm katoui mmpysanus (K, ...,

xapakrepucrukn Q= (0)0, Oy .oy

k) bu-

) ©

Aae X, X' — HesarexHI BHIIAAKOBi piBHOIMOBIpHI
ABIKOBI BEKTOPH AOBKUHI N :
1
(g oo fup )(X),

X; =(fiy, ooe fiy J(X), X
Cepeane saauenns (6) no scim (K, ...,

3HAYAETHCA 110 popmyAai [13]:

pp ) (Q) = P[h{xi ®X/ =wi}| X®X'=aw,

i=1

ie]j.
k)eK'

HA3UBAIOTh CEPEAHBOIO IMOBIPHICTIO AudepeHriia-
ApHOI xapakrepuctukn () Ta BH3HA4aIOTH 332 (POP-

myaoro [13]:
Z DPt*(Q).

EDP(Q) =| K |
Takox Harapaemo [13], IO CepeAHs HMOBIp-

()

HiCTP AlHifiHOI Xapakrepucrukn (2= (coo, O, ..., O, )
BIII 3 BusHauaerscs 3a GopMyAOKO:
ELP(Q HI 4, 0;) 8)

Ae AAsE OyAb-sikux o, B €V, | el, r
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n+q z

keV,,,

2.(-1

XeV,

" (e, p)=2

[2 1)t j C)

Meroro AaHOI POOOTH € OIIHKA IIPAKTHIHOL
cririkocti BIII i3 paHAOMI3OBAHIMH BY3AaMH 3aMiHH,
mo onucyrotbca dpopmyramu (1)—(5), BiAHOCHO Me-
TOAIB ADEPEHIIIAABHOIO Ta AIHITHOTO KPHIITOaHa-
Al3y 32 PaXyHOK OTPHUMAHHS AHAAITHYHHUX BEPXHIX
mex mapamerpis (7), (8). Ha ocHOBI AaHHX OIIHOK
ITOKaKEMO €(PEKTHBHICTh BUKOPHUCTAHHA PAaHAOMI30-
BAHUX BY3AIB 3aMIHI.

BEPXHA OLIIHKA CEPEAHIX
MMOBIPHOCTEU AU®EPEHIIIAAD-
HMNX XAPAKTEPHUCTHK
Haraaaemo [7], mo aast AoBiABHOI AndepeHIiia-
AbHOI xapakrepuctuxkn Q BII J i3 cimelicrBom
mudpyrounx neperBopesb (1) BUKOHyeTbCA HepiB-
HICTB:

EDP

®1,@);

Iel,r

<Hmaxd (10)

XeV,

A€ AAsE OyAb-sikux X, o, B €V,
A7 (a. B)=| K| D 8(f, (x@a)® 1, (x),8). (11)

Hexait 3 — BIII, mo onucyrorscs (hopmyramu
(1)=(5). 3 orasay Ha Te, 1m0 AAd AaHoro BIII payn-
AOBHUI  KAIOY  OIIUCYETHCHA  CIIBBIAHOIIICHHAM

k=(k® k@), k®eV,, k?eV
Il 5 no» q>
dopmyay (11) B HacTyITHOMY BUTAAAL
d," (e, B)=2"" > 5(f, (x@a)® T, (x), B)
kev, n+

q

TICPpEITUIIIEMO

=27 k<;/ {zn szv 5( fir(k(”,k‘z’) (x®a)® f"(km*k(z)) (), ﬁ)]
(12)

AAfl 3HAXOAKEHHA BEPXHBOI MEkKi ITapamerpa

EDP (Q) OLIIHIMO KOKCH i3 CIIIBMHOMKHUKIB ITPaBOi

ugactuan HepiBaOCTI (10).
Crrouatky BBEAGMO AEAKI ITO3HAYEHHS.

JAVY:

OYAB-AKOTO HATYPAABHOIO | rosmaunmo U+V cymy
32 MOAYAEM 2! ABITKOBHIX IIAMX YHCEA, ITPEACTAB-
ACHHX y BUTASIAL BekTopiB U T2 V (U, V €V,); cumBo-
AOM v(u, V) ITIO3HAYUMO OIT IIEPEHOCY B | - PO3pAA

pu AoAaBaHHI unceA U 1V B KiABII Z.

Anst 6yap-sixoro  J € 0,b—1, amaroriuno pobori
[7], mosHagmmo:
d, ()

=27 35(s,(

keVy

a/i’) 23 5(s

keVy

k@a)®s;(k), B), (13

(k+a)@s;(k), B), (14)
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Ay = max{d@(s’)(a, B):a, BeV\{0}, ] em} , (15)
)(a, B):a, feV, \{O}, j em} , (16)
A=max{Az A, }. (17)

AOAATKOBO BBEAEMO HaCTynHi criBBiAHOMIEHHS:
=b" Zmax{ a, B): a,ﬂth\{O}},

(18)

d.%)(a, B):a, BeV, \{o}}, (19)

+

A, = max{dfs’

A = max L}, (20)

do (@ ) =b"2.0. (@ p), @y
=0

Q@ p)=b'3d P (@p),

=0

5@( B):e, ,Bth\{O}}, (23)

{ o,
A, = max{i(a, B):a, feV, \{O}}, (24)

A = max {A@ , &} 25)
Haraaaemo [7], 1 (0) Bara BEKTOPA
X= (Xp_l, ey Xo) BU3HAYACTHCA 32 cpopMyAOIo:

Wt(x):#{j €0, p-1:x, ;tO},
Ae X e GF(2Y),
marpuri M BusHawaerscs 3a popmyaoro [14]:

B, = min{wt(x)+wt(xM *):ixeGF(2) \{O}}.

(26)

j€0, p-1.

Imaexc raayxenns

(27)

Temep AOBEAEMO HACTYIIHE TBEPAKCHHS.

Aema 1. Hexaii 3 — BIII, 1o onmcyerses cris-
Bianommennsamu (1)—(5). Toal Aas GyAp-sikoro X €V,
BHKOHYFOTHCS HACTYIIHI TBEPAKCHHS:

1) sxmo | El(mOdZ), i<r,To

) ~ \Wt(@M™)
d," (@, m)< (A@) ;@9
2) sxmo i=r, 10
) ~ \Wt(@)
d." (o, 0)< (Ae) ;@)

3) AKIIO iEO(mod2), i<r,To

) ~ wt(oM ™)
d." (@, m)< (A+j . ()

4) sxmo 1 <Tr, 10
wt(oM ) =wt(a,); (1)

5) sxmo i =T, 10
wt(w, )=wt(a,).

r

(32)

Aoseaenrs. Hexait i =1(mod2), i < r. Bpaxosyroun cissiaromerss (2) repermemo dopmyay (12):

d" (@, 0)=2" 3 [2” > 5((#(“”@wi-uk‘z))@@(kw’km)'wi)}
k@ey,

k® ev,

=2-qk(%q[2'”kén5( (K @,k )@s(k(”,k(z)),w.M‘l)}

3Biaku Ha ocHOBI hopmya (4), (13), (21) Bumambae, 1110

A, (@,0)= ﬁ{?q' 2 (Z_I 2 5(%(2)(kj(l)@(“’n—l)j)@sk;”(kim)’(“"M_l)")B:

kP evy ke,

pt k(Z)
= 2q d o, (a)IM"1
j=0

Ockiapkn d ( @)

i

) )D :ﬁ(d (@), (am?), )) :

(33)

j=0

-1
\ a)M ) )<1 TO MaKCHMAaAbHE 3HAYCHHS CIBBIAHOIIEHHSA (33) AocfArae KOAHM
j

(a) ) (a)l\/l ) =0, B TakoMy BUITAAKY 5 ((a)l_l)j , (a)IM fl)j ) =1 (sayBasmmo, 1110 X042 O AAST OAHOTO

J (a)i_l)j ,(a)ll\/l )j #0 (j€0, p—1)). Ha ocuosi woro, 3 Bukopucranuasm (opmyan (23) caiaye BipHiCTb

HepisaocTi (28) Ta dopmyan (31):

23
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4" (oa)= 51(5@ (@), (@M_l)j)jggemw_l),
M(@Mfl)zm(w.fl)'

AHAAOTIYHUM YNHOM AOBOAATBCA cIiBBiAHOIICHHS (29), (32).
Aoseaemo crissianomenns (30). Hexait i =0 (mod 2) , 1<Tr. BpaxoByroun cuiBBianomenus (2) mepe-
rmrremo opmyay (12):

i 5 [ Z ol oo
k@ ey,

k® ev,

_20 Y (2-” > 5(s(k‘”i((x@wi_l)ixj'k(Z)J@S(km’k(z))’w.'\/"lj} (34

k® v,

V pobGori [7] AOBeA€HO, IO AAfl AOBIABHHX (DIKCOBAHHX ITACTAHOBOK HA MHOKHHI V

to
S(X) = (Sm_l(Xm_l), e Sp (Xo)) , X= (Xm e Xo) upu 6yab-sikux o, B €V, crpaBeAArBa HEPIBHICTb:
Zom z s(s(a+k)@s(k), p)<(a,)"". (35)

Amnanorigao reperuieMo opmyAy (35) AAS BUITAAKY, KOAH TAOAHIIA IIACTAHOBOK S OYAE 3aAEKATH BIA
mapamerpa Y (AuB. opmyay (4)).
Hexan S(X, y) = (Symil (Xm—l)1 ey Syo (XO )) — AOBIABHA ITIACTAHOBKA Ha MHOXKuHI V , , X= (Xm_l, s Xo) s

y =(ym_l, . yo), X; ev, Y qu,, ] €0, m—-1 (mapamerpom Y, 3a3HAYACTBCA SIKA KOHKPETHA TaDAUIIA
samin Ha MHO)HHI V, GyAe BHKOPHCTOBYBaTHCH — 0obmpaeThes OAHA Tabanms i3 2% momxansux). Toal Aas
Oyab-sikux o, B €V, crpaBeAAnBa HEPIBHICTD:

d (s)(a,ﬁ)dif -y (2 "> 5(s(a+k, y)@s(k, y), ﬁ)j (ZJM(B). (36)

Y&Vng KeVi

AoBeaeMo HepiBHICTH (30) METOAOM MaTeMaTH-

) " ) S X .),..,S ), A€ S, — IIACTAHOBKA HAa
9HO! 1HAyKIi 1o mapamerpy M (amasoriano [7]). ( ym’l( " 1) 5 (Xl) Ji

[Mepesipumo pu M=1 cnpaBeasmsicts TBepA)en-  MHOKHHI V,, Y i EVq, , Jelm-1.

ua (36). Ha ocrosi criBBianomenns (14), (22) ta (24) _
BHTIAIBAC, 11(O: Aas OYAb-SIKOTO X= (Xm_l, e Xo) eV,

= - eV,
( ﬂ Z[Z 25( a+k o5 (k) ﬂ)J: y (~yml YO) q HOBHa‘—H/IM(i
= ke, " X=Xy 10 %), Y=(Ypar o Y1)
— 2 q (sy) —q A ~(~ -
s yz(d (a,ﬂ))—d+(a,ﬂ)S(A+j | S(X’ yj=(sym(xm_1),---,syl(xi)).
Tenep npumycrumo, 1mo TBepAKeHHA (36) BUKOHY- B cuay piBHOCT

€TbCA AAF yeix HIACTAHOBOK BHAY

a+k=(0~z+l2+v(ao,ko),ao+k0j, a,keV,,

CIIPABEAAMBE HACTYIIHE!

(s)(a,ﬂ)=2“"2( 12 0(5 (a0 +ko) @5, (O)’ﬂo)}

YoeVy KoV

24
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X2—(mq'—q’) z 2—(mt—t) Z 5(;(5{+ l;+V(a01ko)l

keV,

mt-t

erquq,

B V(Og ;0):1(0‘01 By ) 9~ (ma’~a) Z

erquq,

v(ag. k)= v
YEVmq—q

= d.

v(ao, Ko )=l

20 3 5(;(@@1, v)es(ky).p |+
0(a01ﬂ0)><2—(mq’—q’) Z o-(mt-=t) Z 5(;(0}_”2, ;/j@é(k ;/j,b] =

(o, ﬁo)xd@ (o}+1, bjﬂ

o))

keV,

mt-t

keV,

mt-t

jg (e ﬁo)><d+(gj (o}, ,Bj (37)

(

p M e SR
ckiabku d,.* 7| a+1, B |<| A+ Ta d |, <] A 32 IPUIYIIECHHAM IHAYKII], TO Ha OC-

HOBI hopmyAan (37) cAlAye CIpaBeAAUBICTD TBepAKeHHA (30):

d.%(a, p) < d. (. ﬂo)x(m

IO 1 TOTPIOHO OYAO AOBECTH.

wt| 8 . wtﬂ]wvt(ﬂo) < \"(8)
R

ITepenmmmmemo crisBiaHOIIEHHS (34) BpaxoByroun HepiBHICTE (30):

0, (0, 0)=d," ((x@wi_l)ix, oM lj < (ZJM(@M.

Ormxe, cpaBeasmsa HepiaicTs (30). Aema ao-
BEACHA.

Teniep BCTAHOBHMO aHAAITUYIHY BEPXHIO OIIHKY
crifikocti mmapamerpy (7) aaa BII, mo onmcyrorses
cuisBianorenaamu (1)-(5).

Teopema 1. Hexait 3 — r-paynaosuit BIII,
mo ommucyerscs cuiBiaHomenaamu  (1)-(5). Toal

BHUKOHYIOTbCH HACTYITHA HEPIBHICTB:
_rBy+l

<A

~ By +1
EDP (Q) <A
AoBeAeHHH.
Ha ocnosi cruiBeiaaomens dopmya (10), (23)-
(25), (28)-(30) cupaBeaAnBa OITIHKA:

<A™ (38)

~ rZfllw‘t(wl M ’1)+Wt(a),)

EDP(Q) <A™

OckiAbkn 32 dopmysramu

(39)
(13)-(25)

A<A<A<I, to mpaBa wacruHa HepiBHOCTI OyAe

MAKCHMAABHOIO TIABKI KOAW

rz—l wt (a)I M 71) +wt (a)r ) OyAe miHiMaApHEM. B po-
i—1

6ori [7] mokasaHo, 110

rz_l“wt (a)I M 71) +wt (a)r ) >r1'B,, +1, Ha ocHoBi woro
i—1

caiaye HepiBHicTb (38). Teopema AoBeacHA.

BEPXHSA OLIIHKA CEPEAHIX
MMOBIPHOCTEM ATHIMTHUX
XAPAKTEPUCTUK

Aast Gyap-sikoro «, f€V,, J€0,b—-1 , amaro-

rigHO poOOTi [7], mO3HAYINMO:

I(S”(a,ﬂ)=2t2(2‘Z(—l)“*@’ﬁs"‘*@”] . (40)

keV, PEEVA
JZ
(41)

Ay = max{l(s")(a, B):at, BeV,\{0}, ] eo,b—l} . (42)

(_1)ax®ﬂsj(x+k)

keV, ae{0,1} |xeV,v(x, k)=a

A (a, p)=2" 2(2‘ 3

A, = max{A(sj)(a, B):aeV,, BeV\{O}, ] eo,b——l} (43)

A=max{Ag,A,}.

AOAATKOBO BBEAEMO HACTYITHI CITIBBIAHOIIICHHS:

Ao =t S max{i) (@, p): e v\ (0}], 49

(44)

A= b‘lk_)z_llmax{A(s‘) (@, f):acV, eV, \{o}} , (46)

A = max {]\@,[n}, @7)



3AXVCT IHOOPMALIIL, TOM 15, Nel, CTMEHb-BEPE3EHD 2013

-1

b1 (o

j=0

B

I« (48)

b—:

i=0

(e, B):a, BeV, \{0}}, (50)

1
A(a

|

ax{f\(a, B):acV, eV, \{o}}, (51)

—

, B), (49)

b

A(Si) (a ﬁ

Ao = max

A+:

A= max{/z\@,fn}. (52)

AAfA 3HAXOAKEHHA BEPXHBOI Mexki Irapamerpa

ELP (Q) OLIIHIMO KOKCH 13 CIIBMHOMKHHUKIB IIPaBOl

YACTHHU CIIBBIAHOIIIECHHS (8).
Aema 2. Hexait 3 — BI, mo omwucyerscs
craiBBipHOIIIeHHAME (1)—(5). ToaAl AAf OyAp-fKOTO

X €V, BHKOHYIOTBCS HACTYIIHI TBEPAKCHHS:

1) sxmmo iEl(mOdZ), i<r,To

I(i)(a)i—l'all) Z [
k(z)eV kmeV

a(

3Biaku Ha ocHOBI popmyA (4), (40), (48) BunauBac,

Mo, )= ﬁ[z_q,kmze:v,[z_tké
[ v[l(S“J‘Z’J (@), (

@), (oM), ) <1, TO MAKCUMAABHE

2" >

=293

kP ev,

D)

k@ ey,

1
e 5
kj(z eV,

-0 2

]

Ockiabkn | ((
3HadeHHA  criBBiaHOIIEHHSA (58)

(@14), =(@M); =0,
:

((w,fl)j (M), )=1 (3ayBakuMO, IO Xoua O AAf

AOCHATAE HpI/I

B TAKOMY BHITAAKY

oAHOIO | (@), (@M), #0 (j €0, p-1)). Ha ocrosi

4oro, 3 BukopuctanuaMm dopmyan (50) caiaye Bip-
uicte HepiBrOCT (53) Ta dpopmyan (506):

o, 0)=27 > |27 Z(
k(@ eVq k@ ev,
=20 > (2" > |27y (L

k(z)qu k® v, XeV,

26

> (-1

xeV,

-

~ \Wt(oM)
1 (@, @) < (A@j SN GX)
2) sxmo i =r,T0
~ \Wt(@)
V(@ )< (A@j ; (54)
3) AKIO iEO(modZ), i<r,To
~ \Wt(eM)
o, o)< (Aj SN CE)
4) sxmo 1<r, 10
(M) = wt (o) 5
5) skmo 1 =T, 10
wt(o,)=wt(am,,). (7)

AoBeaennsa. Hexait | sl(mod 2) , 1<r. Bpa-

XOBYIOYH CIIBBIAHOIIEHHA (2) mepenurnemo dop-

myay (9):
2
w 1X(—Bw(o X@k @ ke )] J

&
2
w.1x@(fw X®k(l),k(2))j }
2
)(w,1);"@(@M),skj'z,(x@k/u))] J}

2.(-1

XeV,

jan(e]

2.1

]

wt(aM)=
AHAAOTIYHIM UYHHOM AOBOAATBCHA CITIBBIAHO-
rensd (54), (57).

AoBeaeMo Hexait

cruiBBipHOIIeHH  (55).
=0 (mod 2) , 1<r. Bpaxosyroun criBBipAHOIICHHS

(2) meperuizemo popmyay (9):

- a},x@mqy[x%k(l)‘k(nj ?
73 (et

XeV,

2
,1x® (M) s(x+k(l) k(z)]}

(59).
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Hexait s(X, y):(symil(xm_l),... X=(Xpgs o %) s
y:(ym—l""’ y0)> Xj EV»[, yj EV

w» J€0,m—1 (mapaverpom Y, 3asHavaeTbcsa fAKA KOHKPETHA TaOAMIA

S

, (XO )) — AOBIABHA ITIACTAHOBKA HA MHOXKHHI V
Yo mt >

samin Ha MHO)HHI V, GyAe BHKOPHCTOBYBaTHCh — 0obHpaeThes oAHA Tabanms i3 2% momxansux). Toal Aas

2
[ (_1)ax®ﬁs(x+k, y)J < (Z+ )Wt(ﬁ) .

Aoseaemo uepisaicts (60) MeToaooM MaTemaTnaHO! IHAYKLI 110 mapamerpy M. Ilepesipumo mpn M=1
cupaseAAnBicTb TBepAKeHHA (60). Ha ocnosi criBBiaHOImIenHs (41), (49) ta (51) Bunamnsae, 1m1o:

Oapyzy 2 2(2 S J )

yeVy keV, XeV,
2 . ENTT))
2" =A(a, ,B)S(/hj .

Oyab-sikux o, B €V, crpaBeaAnBa HEPIBHICTD:

_ 2—mq’ Z 2—mt z

YeVng KeVi

I+(S) (a 2™ z

XVt

(60)

. B)=

=2 Z ot Z Z Z (_1)ax®ﬁsy(x+k)

yeVy keV, ae{0,1} |xeV,v(x, k)=a
Tenep mpunyctumo, 1o TBepAkeHHA  (60)  BHKOHYETbCA ~ AAA  yCIX  IIACTAHOBOK — BHAY
(Sym,l (mel), - (Xl)), A€ Syj — miACTAHOBKA Ha MHOXKHHI V|, Y; qu, , jelm-1.
Anst Gyab-akoro X =Xy gr s X)) €Vies ¥ =(Yias 1 Yo ) €V, mosHaummMo

X=(Xpgrr %), ;}:(ym_l,... X,y s

et

,yl),é( j:(syml(xm_l),... (%))

B cuay pismocti X +K :(;<+I2+v(x0, Ko )+ %o +koj, a,keV

mt >
{2

2—(mt—t) Z 2—(mt—t) Z (_1)ax®ﬂ§[

keV(mH)
)M(/})w(ﬁo) ( jwt(ﬂ)

CITPAaBCAAMBC HACTYITHE!:

L9 (a, p)=27 > | 2>

Yo€Vy koeVy

2. (1)

2
% ® oSy, (%o ko)
X
XV

2

]

><2—(mq'—q') Z X+Kk+v(Xg, Ko ),

er( ma'~q)

= A(a, ﬂo)xL[;j (&, ﬂj <A(a, ﬂo)x(fhjwm s(

XV (mi-t)

As

A+

110 1 TOTPIOHO OYAO AOBECTH.
Ha ocrosi mepisrocti (60) caiaye BipHICTD CIIiB-
BiaHOIIEHHA (55):

V(@4 @)=L (0, aM) <A

Aema AOBeAcHA.
Teopema 2. Hexait I — r-paynaosuii BIII,
mo omucyerbes criBBiaHOmenaamu  (1)-(5). Toat

BUKOHYIOTBCA HACTYIIHA HEPIBHICTD:
~ By +1 _By+1

ELP(Q)<A <A

wt(aM)

<A™ 6D

27

AoBeaeHHA.
Ha ocuosi cnisBiauOmens gopmya (8), (50)-
(55) crrpaBeaAnBa OITIHKA:

~ rZ%Wt(w, M )+wt(e, )

ELP(Q) <A™

32 dopmyramu

(62)
(40)-(52)

OckiApku

A<A<A<], ro npasa yacruna HepiBHOCTI OyAe
r-1
MaKCUMAABHOIO TIABKH KOAH Z wt (a)I M ) +wt (a)r )
i—1
Oyae MiHIMAABHIM. Y poboTi [7] 110Ka3aHo, 110
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r-1
D> wt(oM)+wt(w,)>rB, +1, Ha OcHOBI WoOrO CAiAye
i=1

uepisHicTs (61). Teopema aoBeacHa.
OLIIHKA E®@EKTHMBHOCTI
3ACTOCYBAHHA PAHAOMI3OBAHIMX
BY3AIB 3AMIHU

Harapaemo, 1mo B poboti [7] ommcanmit I -
payaAoBuii 6aokosuit mudp I’ (mobyaoBanmii 3a
cxemoro mudpy "Kaanna-128") i3 MHOKHHOIO BIAK-
purux (ImdpoBaHux) mOBIAOMACHD V| = {O,l}n ,

MHOKHUHOO payHAOBHX KArouiB K =V, rta cimeiict-
BOM IIH(PYIOUHX [IEPETBOPEHD
F = fr,k, °...0 flykl, k=(k;,..,k)eK", (63)
ae t, p,or p=4p’,
r=2r'+1, n=pt.
Payuposa dymkmin f; |, aas Oyap-axux X eV,

— HATYPAaABHI YHCAA,

ke K, i€l r onucyerscs HaCTyIHUM YHHOM:

go(X@k), AKWO izl(mOdZ), i<r

f go(x-:-kj, axuo i=0(mod2), i<r. (64)

S(X@k), AKwo 1=r1

ITianctaoBKk @ 1 S BHU3HAYAIOTHCA 32 POPMY-

o p(x)=s(x)M, xeV,, (65)
s(x):(sp_ (xp_l),...,so(xo)),
X=(Xp g0 %) (66)

Ae X;€Vy, S, — miactamoska Ha mmOKHHI Vi,

i
J€0,p—-1, M — oboporna PX P- MATPHULIA HAA
IIOAEM GF(ZI), a MHOKCHHSA S(X) ma M y Bupa-
31 (65) BHKOHYETHCA HAA LM IIOAEM IIPH OTOTOMK-

HEHHI ABIMKOBHX BEKTOpPIB S i (X j) 13 IOTO EAEMEH-

tamn. CumBoan @ i + BiAmoBiAaroTs onepanism o
KOOPAHMHATHOIO OYAEBOIO AOAABAHHA ABIFKOBHX
BEKTOPIB Ta aAreOpaiuny omnepaiiiro (5).

V [7] aoseaeno, mo aas BIII I (ommcyerses
criBBiaHOIIEHHAMI (63)-(60)) BUKOHYIOTBCS HACTYII-
HI HEPIBHOCTI:

EDP(Q) <A™, (67)

[Tpunryctamo, mo y BII Kaamma-128 aoaatko-
BO BBEAH PAyHAOBI KAIOUYI, IT[O BU3HAYAIOTH, fKI Ta0O-
AMII 3aMiH BUKOPHCTOBYIOTBCA Y PayHAL Y TakoMy
Burmaaky orpumaemo BIIT I (3 mapamerpavu Q' =3,

ELP(Q) <A™, (68)
Akmo y paysaosy dymkniio  f o BIIT J
(cipaBeaAmBi  criBBiAHOIIeHHA  (63)-(66)) BBECTH

AOAQTKOBHH PayHAOBHIT KAFOY, IIIO BIAMBA€E Ha ¢O-
pMyBaHHSA orepariil IMACTaHOBOK (AuB. (popmyay (4)),
10 daxtnuno BII I’ nepersopurses na BII I
(cmpaBeaamsi crisBiaHOIIeHHA (1)-(5)). B cuay do-
pmya (13)-(25), (40)-(52) ta mepisrocTent (38), (61)
BEPXHA aHAAITHYIHA OIIHKA CEPEAHIX HMOBIPHOCTEH
AUDEPEHITIAABHUX Ta AlHIHHNX xapakrepuctux bIII

~ r'By +1
I IIOKPAIIIUTBCA  BIAIIOBIAHO y (A/ Aj T4

~ r'By +1
(A/ Aj pasiB. 3ayBaKUMO, IO YMM OIABIIOFO

OyAe KiAbkicTs pisuux TabAmb samin BIIT I’ tum
KparmuMy OYAYTh BEPXHI OLIHKH CTIHKOCTI AO AlHIH-
HOTO Ta AU(EPEHIIIAABHOIO KPUIITOAHAAI3Y.
[Tokaxemo edeKTUBHICTD BHKOPHCTAHHA paH-
AOMI30BaHHX BY3AIB 3amiHm Ha 1ipukAaal BIIT Kaan-
Ha-128 [11] (aBAseTbCA KOHKpeTHHM ITprukAasoM BIIT
3’ 3 mapamerpamu t=8, p'=4, r'=5, p=16,
r=11, n=128, y xoxuomy payHAI BHKOPHCTOBY-
F0ThCS 8 pisHUX TaOANIG 3aMiH Ha MHONHHI V).

[Tapamerpu (15), (16), (42), (43) Aaa xoxHOI
TaOAmUIi 3amMiH aAropuTMy mudpysanaa Kaanna-128
HaBeAeHl v 1abOA. 1. 3riano dopmya (15)-(17), (42)-
(44) Ta mHepiBHOCTEH (67) 1 (68) oOTpHMaEMO:

A=0,031250, A=0,0625, EDP(Q) <2,
ELP(Q)<2™ (r'=5, B, =9).

ITapamerpu TabAuip 3amia BIIT Kaanna-128.  Tabanma 1

E:QA A@(SJ) A+(Sj ) A@(SJ) A+(Si )
TIIACTAH.
1 0,03125 | 0,0273438 | 0,0625 0,0425324
2 0,03125 | 0,03125 0,0549316 | 0,0297253
3 0,03125 | 0,03125 0,0625 0,0297267
4 0,03125 | 0,0273438 | 0,0625 0,0551662
5 0,03125 | 0,03125 0,0625 0,0356412
6 0,03125 | 0,03125 0,0625 0,0353937
7 0,03125 | 0,03125 0,0625 0,0296712
8 0,03125 | 0,03125 0,0625 0,0625

28

q =48, b=8). Aas takoro BIII moxHa 3acTOCOBY-
BatH HepiBHOCTI (38) Ta (61) AAA PO3PAXYHKY BEPXHIX
AHAAITHYHAX OIIHOK CTIHKOCTI BIAHOCHO METOAIB
AUQEPEHINIAABHOTO Ta AIHIHHOrO Kpuirroanaaisy. Ha
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ocHoBl opmya (21)-(25), Aast ormcanux B 1rudpl
Kaamna Tabauie 3amin [11], Oyau pospaxosani ma-

panterpi (23)-(25): Ae =0,015625, A. =0,0107422,

Z=0,015625. Aast mux ke TabAumnp 3amin [11], Ha
ocHOBI opmya (48)-(52), Oyan pospaxopaHi mapa-

verprr (50)-(52): Ao =0,0159302, A. =0,0143183,

A =0,0159302.

Ocxiapkn I'=5, B, =9, 10 Ha ocHOBI Hepis-
Hocreir (38), (61) Oyam pospaxoBaHi BepxHI Mewki
cririkocti yaockoHaaenoro BIIT Kaamna-128 13 pan-
AOMI30BAHUMHU BY3AAMH 3aMIHH AO METOAIB Audepe-
HITIAABHOTO Ta AIHIFHOTO KPHIITOAHAAI3y BIAITOBIA-

no: EDP(Q) <27, ELP(Q) <2 sk suao 3

PO3paxXyHKIB BEpPXHI AHAAITHYHI OIIHKH CEPEAHIX
HMOBIpHOCTEN AM(EPEHIIIAAPHUX Ta AIHIHHHUX Xapa-
krepuctuk yaockoHaAenoro BIII Kaawmma-128 Bia-
IIOBIAHO ITOKPAIIIUAUCH Y 2% 2% pasiB y mopis-
HfAHHI 13 OPUTIHAAOM.
B CHOBKI

V poboti oTprMaHi aHAAITHYHI BEpPXHI OIIHKA
IIapaMeTpiB, IO XAPAKTEPU3YIOTh IPAKTHYHY CTiH-
kictp BT J i3 PAHAOMI3OBAHUMH BY3AAMHU 3aMIHI
(ommucyrotbesa dpopmyaamu (1)—(5)) BiaAHOCHO MeTO-
AIB AIHITHOTO T2 AU(DEPEHIIAABHOIO KPHIITOAHAAI3Y.
ITokasano, mo BHKOPHCTAHHA PAHAOMI3OBAHHX BY3-
AiB 3amiam y BIII Ao3BOAfie TOKpamnTi aHAAITHYHI
BEPXHI OIIHKU CEPEAHIX HMOBIpHOCTEH AMEpeHIIi-
AABPHUX Ta AIHIHHHX XapaKTEPUCTHK BIAIIOBIAHO Y

- r'By +1 < r'By +1
(A/Aj Ta (A/Aj pasiB y HOpIBHAHHI 13

aHaAoriganMu oriakamu cxoxux BIII 3 dikcoBann-
mu By3aamu 3aminn. Ha mprxaaal BII Kaanma-128
ITOKA32aHO, ITI0 BUKOPUCTAHHA Y HbOMY PaHAOMI3OBa-
HUX BY3AIB 3aMIHH AO3BOASI€ ITOKPAITIUTH BEPXHI MEKI
CEepeAHIX MMOBIpHOCTENH AMEPEHIIAAPHUX Ta AIHIH-
HUX XaPAKTECPUCTHK 2% ;2% pasiB BIAIOBIAHO.
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BEPXHUE OLIEHKU CTOMKOCTH
BAOKOBBIX ITHU®POB C
PAHAOMMN3NUPOBAHHBIMM Y3AAMM
3AMEHBI OTHOCHUTEABHO METOAOB
AUMHENHOTI'O U AUPEPEHIIMIAABHOTO
KPUITTOAHAAMN3A

Teopus amasmsza m OOOCHOBAHHUA CTOHKOCTH OAOYHBIX
mudpoB ¢ (HUKCHPOBAHHBIMU Y3AAMH 3aMEHBI OTHOCH-
TEABHO METOAOB AHHEHHOTO u AHPEEPEHIINAABHOIO
KPHIITOAHAAN32 AOBOABHO CHABHO pa3ura. CyInecTByroT
TaKKe OAOYHBIC IITHMPBI, B KOTOPBIX Y3ABI 3AMCHBI OIIpE-
ACASIFOTCA PAyHAOBHMH KArodamu. IlomatHO, 9rO HC-
IIOAB30BAHUE PAHAOMH3UPOBAHHBIX Y3AOB 3aMEHBI
mudpax 3aTPYAHACT UX KPHIITOAHAANUS, OAHAKO KOAMHe-
CTBEHHO 3TO TPYAHO OLIEHHUTb. YUUTHIBASl 5TO, AKTYaAb-
HOH 3aAadell ABAACTCA BBIBEACHHC AHAAUTHYCCKHUX BBIPA-
MKEHHUI, IO3BOAAIOIINX AOKA3aTh IIPAKTHYECKYIO CTOM-
KOCTb OAOYHBIX ITH(PPOB C PAHAOMUSHPOBAHHBIMI Y3A2-
MH 3aMEHBI OTHOCHTEABHO METOAOB AMHEHHOIO U AH(-
(hPEepEHIINAAPHOIO KPUIITOAHAAU3A U IIO3BOAAT CACAATDH
KOAHMYECTBEHHYIO OLIeHKY ux addexrusHoctn. B pabore
[TOAYYEHBI AHAAUTHYECKIE BEPXHUE OLIEHKH IIAPAMETPOB,
XAPAKTEPHSYIOIINX IIPAKTHYCCKYIO CTOMKOCTD OAOYHBIX
mudpoB ¢ PAHAOMHUSHPOBAHHBIMU Y3AAMH 3dMEHBI OT-
HOCHTEABHO METOAOB AMHEHHOIo u AU depeHInarbHO-
IO KPHUIITOAHAAH3A. YKa3aHHBIC OLICHKH ODOOIIAOT pa-
Hee H3BECTHbIE HAa OAOYHBIE IMU@PH C PAHAOMH3HPO-

B

BAHHBIMH Y3AaMH 3aMEHBI M ITO3BOAAIOT ODOCHOBBIBATH
[IOBBIIIICHHE CTOMKOCTH OTHOCHTEABHO YKA3aHHBIX METO-
AOB KPHITTOAHAAU3A.

Karouepnle caoBa: kpurrorpacus, OAO4UHBIH mudp,
AMHEWHBI KPUIITOAHAAHU3, AUMD@EPEHINAABHBIN KpPHUII-
TOAHAAU3, PAHAOMH3UPOBAHHEIC Y3ABI 3AMEHBI.

UPPER BOUNDS OF BLOCK CIPHERS
RESISTANCE WITH RANDOMIZED NODES
CHANGE TO LINEAR AND
DIFFERENTIAL CRYPTANALYSIS METHODS
The  theory  analysis and  basis of  block
ciphers resistance with fixed replacement nodes regard to
the linear and differential cryptanalysis 1is quite
developed.There are also block ciphers in which the
nodes are defined by replacing the round key. It is clear
that the using of randomized replacement nodes in
ciphers makes difficult cryptanalysis for them, but it is
difficult to assess quantitatively. Given this, the urgent
task is to take the analytical expressions that allow to
prove the practical resistance of block ciphers with
randomized replacement nodes regard to the linear and
differential cryptanalysis and will make a quantitative
assessment of their effectiveness. In this paper obtain
analytical upper bounds for the parameters characterizing
the practical resistance of block ciphers with randomized
replacement nodes regard to the linear and differential
cryptanalysis. These estimates generalize previously
known to block ciphers with randomized replacement
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nodes can explain increase resistance regard to these
methods of cryptanalysis.

Index words: cryptography, block
cryptanalysis, differential ~ cryptanalysis,
replacement nodes.

cipher, linear
randomized
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AHAAM3 1 OOHEHNMBAHHWE PMMCKOB MTH®OPMAIITMMOHHDBIX PECYPCOB

Cseraana Kasmupuyx

Aua nocmpoenusn cucnmem MeHeonMenma uHGOpMayuoHom 6e3onachocml, KOMNACKCHBIX CUCINEM 3atyunmivl UHGOpMayuu U
Opyeusc cucmem Ge3onacrocmy 1eodxo0uMo nposodunts anaaus u oyenusarie puckos. Cymecmeyonue cpedcnsa oyerKu 8 noda-
BAA100eM DONBULUHCINGE OCHOBANS! Ha criamucmuyeckux nooxodax. Bo mmozux cmpanax, xax na yposue npednpusmutl, max
U Ha 200)0apcmserHoM YposHe N0000HAR CrianuciuKa He 8e0emca. Do ozparudusaen? 60IMONCHOHIN CYulecrBy X cheocms,
HANPUMED, 1O UCHONBI0EANUI0 PALIUUHBIX 1IUN0E EX00AIUX Oarteix 044 oyerxu. Flssecmmvril uncmpymenmapuil e daem 60-
IMONCHOCHIU NPUMEHEHUA 0417 AHAAUIA 1 OYEHKH PUCKOS ULUPOKOZO cheKmpa HadanbHerx napamenipos. Ha ocrose npedroncen-
1020 a6mOpOM Menioda anantsa i OyerKy pUckos, Komopuiil Ha 0CHOBe UCHOAbI0BANUT MOOCAU UHINESPUDPOBAIHO0 NpedciIas-
JCHUA NAPAMENIPOS PUCKa, 1103601767 HPOSOOUIN OYECHUBANNE 6 OCIEPMUHUPOSANHBIX YeAOBUAX, ¢ UCHONbIOSAHUCM 0ecanii
napamenipos, Komopie Mozym Gvime npedcmas.aenst, Kak 6 4uca080t, max u AUHSUCHIUYecKoT Gopme, Gb110 pearu3osaro
IPOPAMMHYIO CUCHIEMY aHAAU3A U OYEHKU PUCKOS nomept uHbopMayuorHbix pecypeos. Aia sepugpurayun paspabomartozo
1poZPaMMHO20 1POJyKMma Gb110 CMOOCAUPOBAND HECKONBKO PaAZAUMHBLX CUIYAYUTI OMIHOCUINENBHO 3atyUmyenHocy uHpopMa-
YUOHIHBLX DecYPeos, nocae wezo 1po6eder anaius U oyerusariue puckos npy xancood marod cumyayuu. I losyuentivie pesyavma-
7161 UCCACO08aMUA NOOMIBEPANCOAION? AOCKBANIHOCHIL PEALUPOBANUA NPOZPAMMHNOZO CPEOCIIBA 1A UIMEHEHIUE SHAYCHUT OYeHOUHBIX
KOMPNOHENN HPU Paseix YeA06UTX Cedsl OYeHUBA NS, d SHAYeHUe PUCKA CYIYeciIBentio 1He UIMEHACNICA NpU UIMeHeHUY basuca
OYEHOUHBIX KOMIOHEH.

KAaroueBbIe CAOBA: puck, ananus pucka, oyenKa pucka, cucmema anatusa u oyenxu pucka, napamempes: pucka, besonac-

HOCIIb UHEPOPMAYUOHIBLX PecyPos.

[TapaAAeABHO CO CTPEMHTEABHBIM PAa3sBUTHEM U
BHeApenuem IT-rexHorormii Bo Bce cdeprr AedAre-
ABHOCTH YEAOBEYECTBA, PACTET M YHCAO YIPO3 CBS-
3aHHBIX C HAPYIIEHHEM KOH(UAECHIIMAABHOCTH, II€-
AOCTHOCTH U AOCTYIHOCTH HH(POPMAIIMOHHBIX pe-
cypcos (MP), kotopere 0OpabaTeBaroTCs C IIOMO-
mpio atux TexHoAoruii. Ilosromy OesomacHOCTH
TAKUX PECYpPCOB CTAHOBHUTICA IIPHOPHUTIETHON 3aAa-
9ei, KaK AAA IPEAIIPUHIMATCABCKOU AEATEABHOCTH,
TaK U AASl TOCYAAPCTBA B IIEAOM.

Ha ceroAHAIIHUE ACHb PEIIATh TAKYIO 32AQ49y
LIEAECOODPA3HO C IIOMOIIBIO KOMIIAEKCHOIO ITOAXO-
A2 K obecriedeHIIO HH(POPMAITMOHHON OE30IIacHOC-
™ (b) MP. OAHIM n3 3TanioB ITOCTPOECHHUA KOM-
IACKCHOM cuctemsl 3armutel naopmanun (KC3H)
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ABAAETCA pa3pabOTKa MOAEAH YIpo3 [7], METOAOAO-
I CO3AAHHA KOTOPOM BKAIOYAET B CeOA aHAAU3 U
onenuBanne puckos (AOP) [6]. Ha aanneiii MmomeHT
CYIIIECTBYET HEOOXOAMMOCTD B 9(P(EKTUBHBIX CPEA-
CTBaX, KOTOPBIE IIO3BOAHAN ObI B aBTOMATH3UPOBAH-
HOM pexnme ocyraectBadts AOP. Aasa permenns
TAKOWM 3aAQYM, HCIIOAB3YA METOAOAOTHIO CHHTE32
cucteM AOP moteps MP [2], koTopasd ocHoBana Ha
AOTMKO-AMHIBUCTHYECKOM ITOAXOAE, H3BECTHBIX Me-
TOA2X [3] B MOAEAM HHTEIPHPOBAHHOTO IIPEACTAB-
ACHHA ITapaMeTpoB pucka [1], OBIAO IIPEAAOIKEHO
HOBOE COOTBETCTBYIOITIEE CTPYKTYPHOE pEIlIeHHE
cucTeMbl oneHuBaHuA [4]. AAf mpakTHYecKoro mpu-
MEHEHHSA Pa3pabOTAHHOIO METOAA U CTPYKTYPbI CHC-
TEMBI, HEOOXOAMMO PEIIUTD AKTYAABHYIO 33A29y 110
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