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[Tpoussemenne Ilypa — Anamapa akKTHBHO HCTIONBL3YETCS MPH KPHUITOAHATN3E aChHM-
METPHUYHBIX KOJOBBIX KPDHUIITOCHCTEM THIIA 1\/[E),I{—9J'II/ICE),7 OCHOBAHHBIX HA JHUHEHHBIX KO-
Jax. I/IMGHHO7 9TO MPOU3BEJACHUE YCHEIIHO MPUMEHLACTCA IPU KPUNTOAHAJIN3E KOI0-
BBIX CHCTEM Ha ITOAKOJaX 0000mEHHbIX Konos Puga — CosoMoHa, Ha IBOMYIHBIX KOIAX
Puna — Mannepa m ux moJkKogax KOPasMepHOCTH 1, HA COEIWHEHWH HEKOTOPHIX H3-
BCCTHBIX KOIJOB. B Ka4deCTBE cnoco6a ycujiennd CTOUKOCTH KPHUIITOCUCTEMBI aBTOPpaMHi
paHee mpeaoyKeHa CHCTEeMa, Ha, TEH30PHOM MPOU3BEICHUH JUHEHHBIX KOA0B. C IeIbio
aHaJIN3a CTOHKOCTH 3TOH CHCTEMBI B HACTOsAIIEN PaboTe UCCIEIYIOTCS CBOHCTRBA IPOU3-
Beqerns [lypa — Amamapa 77151 TEH30PHOTO TTPOUIBEICHUST TPOM3BOIBHBIX JTHHEHHBIX
KOIJOB. B pesyjabTaTe 1Moy 1eHbl H€O6XO,ZLI/IMI>I€ 1 A0CTaTOYHbBIE YCJI0BUA, KOTAa S-4 CTE-
IIeHb TE€H30PHOI'O IIPOU3BEACHNA KOAOB IIEePECTaHOBOYHO 3KBHUBAJICHTHA HpHMOfI CyMME
KOJIOB. DTOT PE3YJIbTAT MO3BOJIAET, B YACTHOCTH, BHIOHPATH ITAPAMETPhI JTHHEHHBIX KO-
JIOB Tak, 9To0b mponssenenne llypa — Anamapa 7711 TEH30PHOTO TPOW3BEIEHUS COB-
MaJIa7I0 CO BCEM IMPOCTPAHCTBOM, B KOTOPOM 3TO NMPOU3BEAEHHE ONpeneneHo. TakuMm
06pazoM, MOryT ObITH OIPEIE/IEHB] TAPAMETPHI JTMHEHHBIX KOJIOB, IIPH KOTOPBIX aTaKa
Ha ocHoBe mpousseaenns Lllypa — Anamapa, TPpUMEHEHHOTO K TyOIUTHOMY KITIOTY, He
npoxoanT. [loayuensl HEKOTOPBIE HOBBIE CBOMCTBa mpoussenenus lllypa— Anamapa
HJIA JHUHENHBIX KOJOB, KOTOPLIC IMIO3BOJINJIN, B 9aCTHOCTH, JOKa3aTbh HEPA3JIOKHMOCTD
ABOMYHBIX KomoB Puaa — Mannepa. Kak cienctsue, 1oka3ana TeopeMa O CTPYKType
[PYIITBI IEPECTAHOBOYHBIX ABTOMOP(U3MOB MPAMOM CyMMbI HEPAZIOKUMBIX KOJOB.

Kuarodesbie caoBa: mensophoe npoussedenue, pasaoHCuMOCib K00068, KPUNIMoC-
cmemvt muna Max-Pauca.
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The Shur — Hadamard product is actively used in the cryptanalysis of asymmetric
code cryptosystems like McEliece based on linear codes. Namely, this product is
successfully used in cryptanalysis of code systems on subcodes of generalized Reed —
Solomon codes, on binary Reed — Muller codes and their subcodes of codimension 1,
on the combination of some well known codes. As a way to enhance the security of
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a cryptosystem, the authors have previously proposed a system based on the tensor
product of linear codes. In order to analyze the security of this system, in this paper
we study the properties of the Schur — Hadamard product for the tensor product of
arbitrary linear codes. As a result, necessary and sufficient conditions are obtained
when the sth power of the tensor product of codes is permutationally equivalent to
the direct sum of codes. This result allows, in particular, to choose the parameters of
linear codes so that the Schur — Hadamard product for the tensor product coincides
with the entire space in which this product is defined. Thus, the parameters of linear
codes can be determined, at which the attack based on the Shur — Hadamard product
applied to the public key fails. Also, some new results on the Schur — Hadamard
product for linear codes were obtained, which made it possible, in particular, to prove
the indecomposability of binary Reed — Muller codes. A theorem on the structure of
the group of permutation automorphisms of a direct sum of indecomposable codes is
proved.

Keywords: tensor product codes, decomposabilily of codes, McEliece type systems.

Bsesenue

AcumvmerpudHble KOJIOBBIE KpunTocucreMbl Tua Mak-Durca [1] xapaxrepusyrores: 60-
Jiee BBICOKO CKOPOCTBIO oneparuil g posanust 1 paciiundpoBaHus 10 CPABHEHHIO € COOT-
BETCTBYOIAMHU OIIEPAITHSIMUA UCIIOIb3YEMbIX B HACTOSIIIEe BPEMsT ACHMMETDHUIHBIX KPHIITO-
CHCTEM. DTO CBSI3aHO C TeM, UTO B OIepanusax mudpoBaHus U PacudpPOBAHIsT KOIOBBIX
CHCTEM HCIIOJIB3YIOTCsT, KAK [IPABIIIO, TOJIBKO MATPHYIHAST ADHU(PMETHKA U AJITOPUTMBI PelTe-
HUsI CHCTeM JIMHEHHBIX ypaBHeHU HaJ mossiMu HeGoJbIol MomaocTH. B cneremax RSA
Wi DJib-1'aMasist BBIIOJTHSIIOTCST ONIEPAIMH ¢ OOJIBIIIMMU IHUCIAME, 9TO B BBIYUCIUTEIHHOM
oTHOIeHnn Gostee 3aTpaTHO. KOMOBBIE KPUIITOCUCTEMBI YCTORUIUBBI TAKXKE K ATaKaM C HC-
[OJIB30BAHMEM KBAHTOBBIX KOMITBIOTEDOB [2], TI09TOMY OHM DACCMATPUBAIOTCS KaK ajibTep-
HATHBA COBDEMEHHBIM aCHMMETPHYHBIM KPUIITOCHCTEMAM [3].

MHorue ycrersbie aTak Ha KOJOBbIe KPUIITOCUCTEMBI OCHOBAHBI Ha TIPUMEHEHUH IPO-
ussesernst Llypa — Anamapa x nybamanomy ximody [4-11]. B [12] npemroxkena komosast
KpHurrocucrema Trmna Mak-Dimica, OCHOBaHHAsI Ha TeH30PHOM 1pousseiennn Koo C @ C.
Hacrosimast pafora mocssmmena uccjaeIoBanuio cBolicts npoussenenust lypa — Anamapa
JIUTsT TeH30PHOTO TIPOW3BENIeHNsT JIMHEHHBIX KOZ0B. PaboTa MMeeT CJIeyoNiyo CTPYyKTYDY.
B 1.1 uccrenyrorest csoticrsa npoussenenus: Llypa — Anamapa 1jisi TEH30DHOTO TPOU3-
BEJIEHNs] KOJIOB, B YACTHOCTH HOJIy9IeHbl HEOOXOJMUMbIE U JOCTATOYHBIE YCIOBHS TOIO, UTO
$-51 CTEIleHb TeH30PHOTO TPOU3BE/IEHHs KOJIOB [ePeCTAHOBOTHO SKBUBAIEHTHA MIPSIMOI CyM-
Me KOJI0B. B 1.2 Ha OCHOBE HEKOTODBIX Pe3ysabTATOB M3 I. 1 J0Ka3aHA HEPA3IOKUMOCTH
GuHapHbIX KOJOB Puma — Masiepa, a Takyke BBIYHCIEHA TPYIIIA IEPECTAHOBOUHBIX aBTO-
MOPMhU3MOB MPSIMO# CyMMBI HEPAZIOKUMBIX KOJIOB.

1. CsoiicTBa nnpoussegenus Illypa — A pgamapa
AJi TEH30PHOI'O ITPOMU3BEAEHUS KO/I0B

[Iycrs F, — nose Tamxya momuoctn g. og munetiasiv [, k, d],-xomoM Oynem moOHHMATH
HOJIIPOCTPAHCTBO pasMepHocTH k npoctpanctsa [y nas xoneunsiv nosiem Fy, umeromiee
koznosoe paccrosmue d. Takoit kox unorga GymeM HassBaTh (1, k| ~xomom. Ternszopnoe mpo-
usBegsienne A @ B jist (ky X ny)-marpunst A u (ko X ng)-marpuiier B onpesesisiercst paBeH-
CTBOM
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aLlB ce aLnlB
A® B = : :
akLlB c. akl,nlB
st BexTOpoB @ = (ay,...,a,) ub = (bi,...,b,) us F} paccmorpim moxoopauHaTHOE
ymuoxenue axb = (a1bq,. .., a,b,), rakxe HazpiBaemoe npousseenuem Llypa wim npous-
segenuneM Anamvapa [13]. lpoussenenunem lypa — Anamapa (k4 X n)-marpunpr A = (ai)fﬁl
u (kg X n)-marpunpr B = (bi)ffl HasbiBaercst (kakp X n)-marpura Buja
ap * bl
aj x bk
AxB = B . 1
Ao x b1 ( )
A, * ka

IIpoussenenne A A 6ynem obosnadars A%, s HATYPAILHOTO 1 CHMMETPUIECKYTIO IPYTI-
1y nepecranoBok Muoxecrsa n = {1,...,n} obozuaunm S,. [loz geficTBremM nepecraHoBKE
o € S, Ha BexTOD & = (ay,...,a,) Oy/IeM IOHUMATE TIEPECTAHOBKY KOOPIMHAT ITOTO BEK-
TOPa B COOTBETCTBUU C O
a(a) — (CLU(l), RN ,ag<n));

o(U) = {o(u) :u € U}, rne U —MHOXKECTBO BEKTOPOB JJIMHBL 7. KOMIIO3UIMIO TIEPECTaHO-
BOK 0,0 € §,, 06o3naunM g o0, npuaém (g 04d)(i) = o(6(1)). llycrs r(A) — panr marpurer A.
Euauanyto (n X n)-marpuity obosHadaum 1.

Jlemma 1. Ilpoussenenue Illypa — Anamapa obiagaer caeayoOmuMA CBOMCTBAMMU:

1) Va,b € F} (axb =Dbxa);
2) Va,b e F!Vo € §,Va,b € F (0(aa*bb) = ab(c(a) x a(b)));
3) Va,b,c € F! ((a+b)xc=(axc)+ (bxc));
4) st mobbix Matpuiy, A u B pasmepa (ka X n) u (kp X n) coorBeTcTBEHHO

r(Ax B) < kakp;

5) Va,beFrve,deFr ((a@c)x (b@d) = (axb) @ (cxd));
6) must obeix Matpui, A u B pasmepa (kg X n) u (kp X n) coorBercTBEHHO U JIHOOOHT
(n X n)-MaTpUILl TIEPeCTAaHOBKY () BBIOJIHSIETCS PABEHCTBO

(AQ) x (BQ) = (Ax B)Q.

Zloxazameavcmeo. Csoticta 1-4 BerTexaior u3 onpesenenus nmpoussenenust [lypa —
Aamapa JiJist BEKTOPOB M MATPHIL.

Hokaxem csoticrso 5. [lyers a = (ay,...,a,), b = (by,...,b,). llo onpenenenuto ren-
30pPHOTO npousseeHnst u npoussetenus [lypa — Aamapa nonygaem

(a®c)x(b@d)=(aic,...,a,c)* (brd,... b,d) =
= (a1bicxd,. .. ab,cxd) = (axb) @ (c*d),

rjie 3a1uch (X,y) O3HAYAeT MPUIMCHIBAHUE BEKTOPA Y CIIPpaBa K BEKTOPY X.
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Hoxkaxem cpoticrso 6. U3 onpenenennst (1) npoussenenust Llypa — Anamapa jyist mat-
PHIL, TIOJIYy9aeM, 9TO

(AQ) % (BQ) = ((2Q) * (b;Q) )icka.jeks

rie a; u b; — crpoku matpun; A u B cootBercrBento. U3 cBoifcTBa 2 BbITeKaeT, 9To (a;Q)) *
* (b;Q) = (a; x b;)Q. Orciona noaygaem Tpebyemoe paBeHCTBO. W

MuoxkecTBo Beex mopoxjatomux Mmarpur, koga C obosHadnm G(C). Ormerum, [uro
C = L(Ge) nnst Beex Go uz G(C), rne L(A) — muneitnast 060/109Ka, HATsIHyTas Ha
crpokn Marpunst A. s [n, ki|,xoma C) u [n, ks, xoma Cy ux npomssenenue Ilypa —
Anamapa onpenensiercss Kax JmHeHHast 0b0JIOYKA, HATSHYTAsT HAa MHOKECTBO BEKTOPOB

{a*b:aEC’l,bEC’g}:
01*02:£({a*bla€Cl,bGCQ}). (2)

Ksaspatom xoma C' Hasbibaercst npoctpanctso (ko) CxC' = C?. AHanoruaHo MokeT 6BITh
onpeneneHa mobas crenens s koga C: C% = C*~ 1% C. s 7 C n 4gepes [y (7) obosmarmmv
|T|-MeprOe xoOpaMHATHOE IOAIPOCTPAHCTBO HpocTpancTsa [y, moaras, 9T0 Bee BEKTOPEI
u3 [ (7) Ha xooppuHaTax us 1\ T UMEIOT HYJEBbIe SHATCHHSL.

Hocurenem Bextopa X = (r1,...,%,) € Fy masosém MuoxecTBO supp(x) = {i € n :
x; 7 0}, a mocurenem A C Fy — mmoxectso supp(A) = |J supp(a). Tosopst, uro [n, k, d]-
acA

ko C' He uMeeT (PUKTUBHBIX WM HYJIEBBIX KOOpIMHAT, ecau supp(C) = n. 3amernm, 9To
[n, k,d],-xon C' nas n > 1 He uMmeer (DUKTHBHBIX KOODMHAT TOTJA U TOJBKO TOTJA, KOIJA
KO/I0BOe paccrosane xKoma CL, nyamsroro x komy C, He MeHee IBYX.

JIemma 2. Ilycrs C' — [n, k],-xom, 7 € n— MHOXKECTBO HEHYJIEBBIX KOODJIHHAT KOJIA.
Torma C'xFy = Fy « C = Fy (7).

Aoxasameavcmeo. llycre Mc u My, — MaTpuipl, CTPOKAMU KOTOPBIX SIB/ISIIOTCST BCE
KoJIoBbIe cyioBa kKoja C' u npocrpancrsa Iy cootsercrsento. [lo yenosuio B matpune Mo
CcTOOIBI ¢ HOMEPAMH W3 T HEHYJIEBBIE, a OCTAJIbHBIE HYJIEBBIE, CJIEI0BATEIHHO, B MATPHUILE
Mc * Myn BCe cTOMOUBL ¢ HOMEDAMU U3 N \ 7 HyJeBble, & ¢ HOMEPAMU U3 T — HEHYJIEBBIE,
npuaém B Mo My natinyres | 7| erpok, obpasytomux 6asuc npoerpancrsa Fy(7). Hocrmen-
Hee CJIeJlyeT U3 TOTO, UTO JIJIsl KaxKJI0To ¢ € T B Marpurie Mo Haliiércs cTpoka ¢ HEHYIEBOU
1-f KOOpMHATON M HAWJETCS CTPOKA B MaTPHIE Mpg Beca OJIMH TaKKe C HeHyJeBOMU -1
xoopzmHatoit. [losromy u3 (2) nveem C' xFy = Fg « C' = L(Mc * M) = Fy(7).

N3 memmsl 2 nostygaeM, 9To ecau [n, k|,~xox C' He nMeer (DUKTUBHBIX KOODIUHAT, TO
T T . (2
CxFy =F;xC =T, (3)

B coorserctBun ¢ [14] BBeEM onpesiesierne BHeIHEH (MpsiMoi) U BHYTpEHHEH CyMMBbI
IBYX KOZOB. st 9TOr0 moHasobaTest MOHATHsT TPOEKIMKA BEKTOPa W MPOEKIIUN TTPOCTPAH-
cra. [log npoeximeit Bektopa X = (x1,...,%,) Ha MHOXecTBO T C n OyJeM IIOHUMATH
n-mepubiit Bektop y = [l (x), Takoit, uro y; = x; qm ¢ € T, u Yy, = 0, ecrw § & T.
[Ipoexiuio xoma C' HA MHOYKECTBO HOMEPOB T OIPEJIEJIUM 110 IPABUILY

[L(C) = {Il;(c): c € C}. (4)
Ormernm, aro supp(ll-(x)) C 7. lpsawmoit cymmoit komos C' C Fy m D C F* nasoséM ko

CeD={(cd:ceCdeD}CF™ (5)
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[opox natomast marpuria Geogp xKoma C @ D moxer ObITH NpescTaBieHa B OJI0THO-IHAro-
HaJIbHOM BIJE:

. G 0
GC@D = dlag(Gc,GD) = < OC GD > .

Hyers 7 ={1,...,n},v={n+1,...,n+m}. Koay C comocraBum nogxox C =11.(Ca D)
koga C @ D, a kony D —mnoukon D = I1,(C @ D). Torga

CaeD=CH+ D, supp(C) Nsupp(D) = @, dim(C) = dim(C), dim(D) = dim(D), (6)

rie
C+D={at+b:acCbeD}CF ™ (7)

— BHYTDPeHH#A cymMa KoJ10B. Taxmm obpasom, npsvast cymma C'@ D xomos C' u D mpejcra-
BHMa B BUJIe BHYTPeHHeH cynmmbl noaxonos C C CaDu D C CaD ¢ HETIEPECEKAIOTIUMHCST
HOCHTesIME. LIpH 5TOM 3aMeTnM, 9To MOryT Halftaes npa noxxona C' C C@Du D' C CaD
¢ TIepeceKAOIIIMECs HocuTessivu, Takue, ato O + D' = C' & D.

o anamorun ¢ (5) u (7) onpenessiercst BHEIHSIsT M BHY TPEHHSIsI CyMMa % KOJoB, 1 € N.

JIemma 3 [13]. st xomos C, Cy u C3 u3 [y BBITOTHSTIOTCST CIe/ Ty OTIHe PABEeHCTBA:
(Cl + 02) * Cg Cl * Cg + 02 * Cg (8)

U3 memmbr 3 u npesicraniennst (6) BhITEKAET, YTO

(COD)+E=(C+D)xE=CxE+D+E=C+Il E) + D * I 00py ()

supp(C) (

ats mobex xogtos C C TP, D CF u B C Fpt™. Torna
(Ce D)y FE=(CxE) & (DxE,), (9)

rme xou By C IFZ OJIy9aeTcss U3 Koja [ oThpachlBaHMEM ITOCTIEIHUX 171 KOOPIUHAT B KO-
JoBbix ciobax usz F, a xon Fy C F" — orGpackibanuenm niepsbix n xoopjuuart. M3 9),
B YACTHOCTH, BBITEKAET, TITO

(Co D)?=C*® D

B obmem ciyuae
(Ci1@...oC)Yy =Cla...aC..

Jemma 4. s moboix Go, = (gh), € G(C1) u Go, = (g2)12, € G(Cs) BemomsieTcs
PaBEHCTBO

01*02 = ‘C(GCl*GCz)-

Jloxazameavcmeo. llo onpenenenuto xoma C+Cy mponsBobHbIN BeKTOp € € (% (5
peJIcTaBsieT coOol HEKOTOPYIO JTHHENHY0 KOMOMHAIIMIO BUJIA

le
c— > vi(aixby), v £0, a; € C1, b; € s,
=1

A kg
e [ JJis KaxKJIoro ¢ B obiem ciaydae csoé. Tak kak a; = » g, by = > 5,82%, 1o u3

. 3 JeMMBI 1 ToJTydaemM

le le ka kp N le ka kp ) N
¢ S ilab) - o, (lz gl Y ﬁrgr) -5 (z 5% (e *g») .
= =1 r= i= =1r=

i=1
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ka kp

Bekrop Y. > ai3,.(g} * g2) npescrasisier cobolt MHeHHYI0 KOMGUHAIIMIO CTPOK MATPHIbI
I=1r=1

G, * Gy, TOITOMY BEKTOD € TAKIKe ABIAETCS JTHHEHHOM KoMOMHAIMeH CTPOK 9TOH MaTpu-

el Crenosarenbro, C) x Cy C L (G, * Ge,). ObparHoe BIOKeHHE 0UEBUIHO. B

lycre C; — [ng, ki, di]~xon, G, —ero mopoxpatormast Matpuna, ¢ = 1, 2. Tensopabiv
npouseziernem xkoyioB C1 u Ch Ha3bIBaeTCS [n112, k1ks, d1ds]~k01, 0b0s3HATAEMbIT C) @ C),
MOPOXK/IAIONIAsT MATPUIA KOTOPOro umeeT Bull Goyao, = Goy @ Ge,. yansHbiM K TeH30D-
HOMY IIPOU3BEJICHNIO KOIOB ABJIACTCA KO/

(Cy @ Cy)t = (F @ CF) + (CF @ F2). (10)
[lo onpeneneHnio TEH30PHOTO MPOUIBEJICHUS TIOJTYIaEM

Cl@CQgFZl®02:CQ@@CQ (11)
P e

JIemma 5 [15]. Ilycts C'— |n, k|,-xox, Torma
dim(C?) < min {n, k(k + 1)/2} . (12)

B [15] past caygaitaoro smuaeitHoro kojga C' MOMYUYEHBI TEOPETHIECKUE OIEHKU BEPOsIT-
HOCTH BBIITOJIHEHUsT paBeHCcTBa B (12).
Wcenenyem csoiicrsa npoussegenust Llypa — Anamapa s xoma C @ Cs.

JIlemma 6. Ilycrs C; — [ng, ki, di],-x07 ¢ nopox natoreit marpuneit Ge,, @ = 1, 2. Torna

oxaszameavcmeo. Hepasencrso dim((C) @ C5)?) < ny dim(C2) < nyny BHITEKaeT
us (11) u Toro, uro dim(C%) < ny. B [16] nokazano, uro jyist mo6bix Marput; A u B Beerya
HaiJIyTCsT JiBe TaKue MaTpHIbI IEPeCTaHOBOK 1 1 P, MOAXOIAINX PA3MEPOB, 9TO

A® B=F(Bo AP, (14)

[Hosromy xox € @ 'y mepecTaHOBOYHO SKBUBAJIEHTEH HEKOTOPOMY IOJIKOILY KOJA F? @ Ch
u dim((C; @ C5)?) < ny dim(C?). Torma (13) cremyer us (12). m

Bazknoll 1151 maabHEHINIEro SIBasieTCs
Teopema 1. lIlycrs Cy, Dy C Fyt, Co, Dy C Fy2. Torya

(C1 @ Cy) *x (D @ Dg) = (Cy % D) @ (Cy % Dy).

Jloxazameavcmeo. Kak cienyer u3 qeMMbl 4, 7Tt JlokaszaTenbecTBa TeopeMbl 1 jtocta-
TOYHO II0KA3aTh, YTO JUIst JIFOOBIX nopoxkgatomux Marputt Ge, , Geo,, Gp,, G'p, BIIOJIHSIETCS
pPaBEHCTBO

L ((Gcl @ GCZ) * (GDl @ GDZ)) =L ((Gcl * GDl) @ (GCZ * GDZ)) .

Iycrs ¢, ¢f, dj, d2, —mpoussosheie crpoxu Marputt Ge, , Gy, Gp, 1 Gp, coorBeTcTBeH-
vo. Torma us 11. 5 Jemmbl 1 mosryaaem

(el o)« (dl@d2) = (c!xd)) © (cF +d2). (15)
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BameruM, 9To B J1€BOH qacTu pasencTsa (15) cTomMT IpecTaBIeHHE HEKOTOPOH CTPOKH M3
(G, @ Ge,) *(Gp, @ Gp,), a B npasoit — HekoTopoit crpoku u3 (Ge, * Gp, ) @ (Ge, * Gp, ).
Taxum obpasom, kaxjast crpoka Marpuibl (Go, @ Ge,) * (Gp, @ Gp,) siBAsgeTcst CTPOKOH
marpuisl (Go, * Gp,) ® (Ge, * Gp,), 1 HAOG0POT. W

U3 (3) m teopembl 1 BoITekaer, uto ecm Cf — ™ u xon D) He mMmeer (PUKTUBHBIX
) q
koopuHar (mmm Dy = [y u xon C He umeer PUKTUBHBIX KOOPJIMHAT ), TO

(Cl & Dl) * (02 & Dg) = Fgl & 02 *DQ.

Teopema 2. Ilycrs 73 C n; — MHOXKeCTBO (DUKTHBHBIX KOOpJWMHAT |1, k;],-koma CiF,
1= 1,2. Torna

1) (C1oCy)?=Ct o,

2) (G CoH)2 = B2 & (CH? 4+ B (i \ m) (g \ m) + (CF)? © .

Joxazamenvcmeo. Yrepxienue 1 BBITEKAET HEIMOCPEJICTBEHHO U3 TEOPeMbl | Tpu
Dy = Cy u Dy = Cy. Hokaxem yreepxaenue 2. U3 (10) u (8) nonyuaem

(CLo )M =Fp o Cy + CFaFp)? =
(0 CHR + () 0 OF) « (CF OF)) + (G 0 PP
13 reopemsr 1 creayer, aro (F2* @ C5)* = F1 @ (Cy)?, (Cf @ F?)? = (CF)? @ F?, a no
JeMMe 2 nMeeM
(IE“Z1 * C’f) ® (C’2L * IE‘ZQ) = (m\7m)® Fy? (n2 \ 72).
CobpaB BMecTe TIpeCTABICHNS CJIAraeMbIX, TOIyIaeM YTBEPKICHNe 2 TeopeMbl. B

N3 1. 1 Teopembl 2 st HATYPAJIBLHOrO § 2 | moIydaeM paBeHCTBO

Komer C u D ns IFZ OyIeM Ha3bIBATH IEPECTAHOBOYHO SKBUBAJEHTHBIMH M ITHCATH
C ~ D, ecyin Hafizéres: Takast niepectaHoBka o € S, uro o(C) = D. [logrpynna S, takux
nepecranoBok o, uro o(C) = (', Ha3bIBaeTCst IPYIIIONH IEPECTAHOBOYHBIX aBTOMOD(DU3MOB
u obosHavaercs 3neck Kak PAut(C).
Cnepacrsue 1. Ilycrs 7 C n; — MHOKeCTBO (DUKTHUBHBIX KOODAUHAT (14, K;|-KOma Ct,
1= 1,2,3. NUmetor MecTo ciejytonue cpoiicTsa:
1) ecmn 7y = &, 10 ((C; @ Cy)1)2 ~ (Fr2(m) @ (cHHhHt,
2) ecmn 1, = &, 1o ((C) @ Cy)1)?2 = (Fpi(m) ® (CHHHL
) )?

3) ecan To = @ 1 — N3 17T — T3, TO ((Cl®02) :((Cg®02) ) ;

4) ecrm 1 = 1o = @, 1o ((C} @ Cy)1)? = = e,

Zloxazameavcmeo.

Hoxaxem coticrso 1. U3 yrBepKkenus 2 Teopembl 2 U yCAOBUS T| = & BBITEKAET

IeImo4vYKa paBeHCTB

(Cr@ Co)h)? =T @ (C3)* + Fy @ F2(na \ ) + (C)? © Fy* =
=F" @ ((C3)* +F(na \ ) + (C1)? @ F2 =F @F2(n2 \ ) + (C1)° @ Fy2.

Orcrona, nocienosarenbHo mpuMensisi (10) u (14), moaydaem

(C1® C))? = ((CT))T @ (B (2 \ 7)) 7)" ~ (B () @ ((C1)*))™
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ColicTBO 2 MOKA3BIBAETCS TI0 AHAJOIHH CO CBOHCTBOM | C €CTECTBEHHBIMH YITPOIITEHUSI-
MU; CBOIMCTBO 3 BBITEKAET M3 CBOHCTBA 2.
Hoxaxem cpoitctBo 4. U3 11. 2 Teopembl 2 u yenoBust 4 noydaem

(CLO G =T @ (CH2+ TN 0F2 + (C20F» =Fr o F2 = F,
Cnencrsue 1 mokazano. B

PacemoTpum HexkoTOpbIe MPUMEPHI.

IIpumep 1. llycrs GRSy, — 0b606miénnstit [n, k|,-xox Pura — Comomona [17], s € N,
UssecrHo [4], uTo GRSiyn = GRSmin{2k—1,n},n- OTCIONA CIEMYET

GRSZ@ — GRSmin{s(k—l)Jrl,n},n- (17)

U3 (16) ciemyer, 9To $-51 CTEEHb TEH30PHOTO MPOU3BEIEHUsT OOOOIEHHBIX KOJIOB Pujia —
CostoMOHa eCcTh TeH30pHOe mpoussesieHne 00600mEnHbIX Kom0B Puma — Comomona. Ilycts
C; = GRS, n,;, 1 = 1, 2. Ecnu cymectsyer Takoe s, 4TO

TLl—l n2—1
< : 1
it <= ) 0

To w3 (16), (17) 1 GRSs(ky—1) 41,0, = GRSy, 1, = Fy! momygaem

(GRS 0y @ GRSkyiny)® = (GRSky ny)* @ (GRSkym,)° = Fy' @ GRSy —1)11n0 7 Fy' @ F2.

Hpyrumvu ciioBaMu, s-s1 CTEIEHb TEH30PHOTO TTPOU3BEIeHNsT 0000mERHBIX KOm0B Puma — Co-
JIOMOHA, TIPU BBINIOJIHEHNH HepaBeHCTB (18), paBHA NPsiMOl cyMMe HETPUBHAIBHBIX 0006~
ménasx KoaoB Puna — Cosomona. Taxk kax o6obménnbit kon Pumna — Cosomona He umeer
dukTHBHBIX KoopaMHAaT, U3 11. 4 ciaexucrsust 1 nonydaem, 9o ((GRSk,ny © GRSk, m,) ) =
= IFZW? IUJIsE BCEX S 2> 2.

IIpumep 2. Ilycrs RM(r,m) —6unapusiii kogn Puna — Masepa nopsiaka r u -
uel 2. U3 pesynbraros paborst [5] ciaemyer, aro (RM(r,m))® = RM(min{m, sr}, m). To-
rja u3 (16) mosydaem, 94To $-st CTENeHb TeH30PHOTO IPOU3BeIeHN st GUHAPHBIX KOJ0B Pujia —
Masiepa ecth TeH30pHOE HpousBeJieHne OMHAPHBIX KOoB Puma — Masiepa, Ho 6osbimero
nopsiika. [lyers C; = RM(ry,my), ¢ = 1, 2. Ecim cymecrsyer takoe s € N, uro

2m1 2m2
<s< ,
T T2
_ mem
to u3 paBeHctBa RM(my,my) = F5 ' BbITekaet, 9T0 $-s1 CTEN€Hb TEH30PHOI'O IPOM3BEJIE-

Hust OuHAPHBIX K0710B Prma — Masmepa ects nipsiMast cyMMa HETPUBHAIBHBIX KOIOB Puma —
Mautrepa 6osbIIero mopsiaka:

(RM(rl,ml) & RM(TQ,?TLQ))S = (RM(rl,ml))S & (RM(TQ,?TLQ))S
= F2™ @ RM(sry, my) £ F2 @ F2™.

YauteBasi, aro bunapusiit kox Puna — Masiepa ne umeer (hpUKTUBHBIX KOOPIHUHAT, U3 T1. 4
m]+m
crencreas 1 momydgaem, aro ((RM(r,m;) @ RM(rq, mg))*)* = F2 JUTST BCeX § = 2.
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2. I'pyumna nepecTaHOBOYHBIX aBTOMOP(U3IMOB
HPAMOU CyMMBbI HEPA3JI02KUMbIX KO/OB

21. HepasmoxXuMBle KO b

ToBopsit, ato ®om C' passoscumsili, €Cin OH TTEPEeCTAHOBOTHO IKBUBAJIEHTEH IPSIMOMN
cymMMe JIByX mian 6ojiee HETPpUBHAIBHBIX KOJ0B |18, 19]. B mporusHOM citydae Koy Ha3bI-
BaeTCs HEPA3JIOKUMBIM. Lo noaHsm pasokenreM KoJia TOHUMAETCST TIPEJICTABICHNE TIe-
PECTAHOBOTHO HKBHUBAJIEHTHOTO €My KOJA B BHIE IPSMOH CYyMMBI HEPA3JIOXKUMBIX KOJIOB.
Pazmoxumeiit ko1 B 9TOM CIydae MEPECTAHOBOTHO YKBUBAJEHTEH KOIY C MOPOXK A0t
MaTpuIlel, npegcraBuMoil B OJI0THO- TMATOHAJIFHOM BUJIE C JIBYMsI WK OoJiee OJIOKaMU HA
ryiaBHOM Juaronasu. B [6] mocrpoen 3 dex TMBHBIN a/ropuT™M, TO3BOJISIFONIIT ONPeIeUTh,
SIBJISIETCST JTU TPOU3BOJIBHBIN JTHEeNHBIN Kot C' Pa3/I0KUMBIM, U HAWTH J/IsT IEPECTAHOBOYTHO
9KBUBAJIEHTHOIO €My KOJIa MOPOXKJIAIOILYI0 MATPUILY B 6109HO-1uarosabuoM suje. U3 (9)
BBITEKAET

Jlemma 7. Ilycrs C' — n-mepusbiit kox. Torma

1) ecau C' — pasiaoxkuMBbIil, TO Jijist JE060T0 HATYPAIBHOTO § = 2 Koj C° PasioXKuMBbIi;

2) ecrm C'— pasnoxumpiit, To asa moboro D C Fy xox C'x D pasmoxuMbiit;

3) eciu C° — HepaszaoxuMblit, To u C* — HEPA3IOKUMBIH KO j1jist Beex ¢ = 1,..., 8§ — 1.

C wucroib30BaHUEM JIEMMBI 7 JIOKA3BIBAETCST

Teopema 3 |11, nemma 5. Bunapusiit kog Puga — Masutepa RM(r,m) st r = 0, ...,
m — 1 aBisgeTcs HePa3I0KIMBIM.

22. 'pynma mepecTaHOBOYHBIX aBTOMOPGOHU3IMOB

M. Cnenmanom B pabore [18] mokasana cieyroriast

Teopema 4 [18, Teopema 2|. s xaxmoro [n, k|,-xoma X cymectsyer m Hepasio-
KuUMBIX K0s0B C, ..., O, Takux, 910 KOI X TEPecTaHOBOYHO IKBUBAJEHTEH MPIMOL
cymmve C' = C) @ ... @ G, DTO pasiiokeHne eIUHCTBEHHO B CJIEAYIOMEM CMBICTIE: €CJIh
X~C=0C1d...a0,, tme (], ..., Cl, —§#epaznoxumble Koapl, 10 m = m' u Cy ~ C}
ey Gy ~Cf JT2i€ 1y, . ., Iy, — HATYPAJIBHBIE YHCIA OT 1 10 M B HEKOTOPOM IOPSIIKE.

B [14] mocTpoen ajropurm pasioxkeHus! IPOU3BOIBLHOIO JTMHEHHOTO KOJa B IIPSIMYEO CyM-
MY HEePa3JI0KUMBIX TTOIKOI0B. OTHAKO, KPOME PA3JIOXKEHUST ITPOU3BOILHOTO KOJA B IIPSIMYTO
CYMMY KOJIOB, MHTEPEC MPEJICTAB/ISIeT OMMCAHNE TP IEPECTAHOBOYHBIX aBTOMOP(MU3IMOB
IPSIMOM CYMMBI HEPA3JIOKUMBIX KOJIOB.

[lyctes n € N. st a,b € n, a < b, obosnauum S,[a; b] moarpymny cuMMeTpudeckoi
I'PYIIBL Sy, TAKYIO, UTO BCSIKAs! IEPeCcTaHoBKa o u3 S, |a; b| mepecranisier 9716MeHThI U3 MHO-
xectBa {a,...,b} C n, a ocranbHbIE 3JIeMEHTHI U3 1 ocrasisier Ha Mecre: o(i) € {a,..., b},
ecu i € {a,...,b},uo(i) =1, ecu i & {a,...,b}.

Iycrs @ € u, C; — [ny, ks ,-xox ¢ rpynmoit nepecranoBouansx asromopdusmos PAut(C;),

k = Zu:ki, n = Zu:ni, n;, = Zz:nj, ny = 0. Pacemorpum [n, klgxon C = C1 & ... & C,.
OTMGZ';I}IM, qT0 ;LJZ;{l HpOHSBOH;;lOI‘O BEKTOPA
X = (X1, Tnyy Ty il s Lngs -« -y Ty 1415+, Tn,) € C
BBITIOJTHSIETCST YCIOBUE C; = (Ty, |41, ---,%n,;) € C; (em. (5)). yers
Ci = Hpmy y11..mp(C1 ... BCY)
(ompenenenne npoextmn Iy, 41, 23 (C1 @ ... 5 Cy) em. B (4)),

PAUbp, ;1110 (Ci) = PAUt(C;) N Sy + 15 my).



O HekoTopbix cBolicTBax npoussegenns Lllypa — Agamapa 81

Orcioza Berrexaer, aro rpymust PAut(Cy) 1 PAut,, m, ,11:n,](Cs) ecrecTBenno uzoMopdHsr;
COOTBETCTBYIOITIH m30MOP(MU3IM 0003HATUM TaK:

Sn,Ci,niAH,ni : PAUt(C,) — PAutn,[nithl;ni](Ci)'

g

Ormermm, uro PAut(C;) = S, B ciyqae C; = Fpi,
€n7FZi7ni7 t1n; (Sn;) TIEDECTABIISIIOT MPOU3BOIBHBIM 0OPA3OM KOODJMHATHI ¢ HOMEDAMH M3

IIO3TOMY IIEpeCTaHOBKH M3 TI'DYIIIILL

MHOkecTBa {n;_1+1,...,n;}, a Apyrue ocraBiasoT HenoaBuKHbIMU. HeTpyiHo nposeputs,
9TO TPOU3BEIEHAE O TP

PAutny[noﬂ;m](CN'l) Tt PAutn7[nu71+1;nu](Cu)

HE 3aBUCHT OT TOPSIIKA CJIETOBAHUS U SIBJISIETCST TOAIPYIION TPyt S,.

Jlemma 8. Ilycrs C; — mepasnokuMblit [n;, k;|,~xon 6e3 (DUKTUBHBIX KOODMHAT, i =
— 1,2, Cl 76 02. TOI‘,ZL&

PAut(Cy @ Cz) = PAutn1+n2,[no+l;n1](él)'PAUtn1+n2,[n1+1;nz](62)-
JToxazameabcmeo. OHUeBHIHO BIOXKEHHE

PAutn1+n2,[n0+1;n1](él)'PAutnthz,[nlJrl;nz](62) C PAut(Cl D 02)

Hoxaxxem pasenctso. lIpesnonoxkum, 4T0 CyIIecTByeT Takasl IEPecTAHOBKA 7 B T'PYIIIE

PAut(C, @ Cy), aro

T ¢ PAutn1+n2,[n0+1;n1] (él)'PAutn1+n2,[n1+1;n2] (62) (19>

[Tycte 0; — HysmeBolt BeKTOD JUTHHBL N, ¢ = 1, 2. Be3 morepu obImHOCTH, TIPEIOI0KUM, ITO
ny = ny. Us onpenenenust PAut(C; @ Cy) BbITeRaeT, uro

g, oy (7(Ch @ Cy)) = Iy, nyy (C1 @ Cy) = Cy @ {0} (20)
PacemoTpum MHOKECTBO HOMEPOB KOOp/UHAT T C Ny BHJIA,

T={j€n () € m}

U €ro JIONOJIHEeHHe T = N \ 7 J10 MHOXKecTBa N1. [lo mpesmonoxenuto, seinosasiercs (19),
IIO9TOMY U3 YCJIOBHS 11 > 1o BBITEKAET

0 <|7], 7] < ni.
Tax xkaxk m € PAut(Cy @ Cy), u3 onpejesenust 7 u T 1OIydaeM

W(Cl ©® {02}) C 6 O, W({01} ©® 02) C 6 O,
I (7(Cy & {02})) € C1 @ {02}, IIA(7({0:} ® C2)) € C1 @ {02}

Torna

I (C1 & Cy) = (7 (Cy @ Cy)) = (7 (Cy @ {02})) € C1 & {02}; (21)
LG @ Ca) = Ha(7(C1 @ (o)) = Llx(m ({01} @ C2)) € C1 @ {02} (22)
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Us (21) u (22) cnemyer
IL(7(Cy & Co)) + A (CL & Cq)) = 11 (Cy & Co) + 1IF(CL & Cs) € Cr & {02}, (23)

Tak xkax jst 1006010 auHetHoro Kojga D JIuHbL 1 | H000T0 MHOXKECTBa T C 71 BBIIOJIHSICTCS
HEPABEHCTBO

dim(IT,(D)) + dim(IL-(D)) > dim(D),
o dim(IL-(Cy @ Cy)) + dim(I1-(Cy @ C3)) = dim(C)), orkyna ¢ yuérom (23) numeem
HT(Cl @ 02) + H?(Cl @ 02) — Cl @ {02} (24)

Tax xak kouet C u Cy He comepxar dpuxktusHbx Koopuuatr, To dim(IL(C) @ Cy)) > 0
u dim(I1-(Cy & C3)) > 0. Orcioma n w3 (20) moaygam, aro dim(I1(C) & Cy)) < ki u
dim(II=(C & C3)) < ky. Torma (¢ yuérom (24)) ko C) msoMopden BHeI e TpsMoit cymme
JIBYX HETPUBHAJIBHBIX KOJIOB, Tak Kak Hocuresn koyos 11-(C; @ o) u [I-(C; @ Cy) me
nepecekaroTcsi. OIHAKO HTO TIPOTUBOPEIUT HEPA3IOKUMOCTH Koma C. B

N3 nemmbl 8 BhITEKAET
JIlemma 9. Ilycrs v € N, C; —nepasnoxumbiit [n;, k;|xon Cp, i = 1,...,u, C 4 C;
qutst Beex | 7 j. Torma

PAUt(Cy @ ... & Cy) = PAUL, ng110,)(C1) - - - - PAUt, [y 14100 (Cl),

u
e no= y . n;.
=1

Pacemorpum rpymimy P, (n X n)-mMaTpull mepecTaHOBOK M €CTECTBEHHBIH n3oMophusm
n Sy — Pp. dnst HATYpATBHBIX 1 1 M B rpyme Py, PACCMOTPUM TOAIPYIIILY

Pom ={B®1,: BePy},

rae I, —emunmanas (nx n)-matpuna. Hyers S, = ot (Phm). Otvernm, uto rpymma S,

uzoMopdHa rpyuie S,,, IpuaeéM n30MopPusM By, ¢ Spy — Sy MOXKHO 3aIUCATH B BUIE

Brm(v) = 047;7711(0%(7) @ In), 7y € S

JIemma 10. llycrs C; = 0;(C) — [0y, ki|g-xom, e C' — mepasznoxumbliit [n, k|,-xox 6e3
(PUKTUBHBIX KOOpIUHAT, 0; € Sy, @ = 1,2. Torma

~ . a-l — SQR,F;’;,I’LL‘,1+1,1’1¢ (Uz))
(0'1 o wp © 0'1)0

~ . Uz - €2nIF" n;_1+1 nl(o-_—ll : );
PAut(Cy & Cy) = (g 0wy 0d3)0 : g1 LI AT AT (1) (25)
Bn 2(7) wi & PAut2”7[ni71+1§ni](C)7
7 1=1,2, v € Ss.

Jloxazameavcmeo. CHadajia 3aMeTHM, YTO MHOXKECTBO, ONPENEJEHHOe B IIPaBoOil
yacTu paBeHcTBa (25), siBisieTCst TOAPYIIOH rpymmbl So,. Hemocpeicrsennast mposepka
HOKa3bIBaeT, 4ro Jiobasi mepecTaHoBKa u3 npasoil wactu (25) me menster xkox Cp @ Cy,
a KOMIIO3UIWA ABYX IIEPeCTaHOBOK HU3 3TOI'0 MHOXKEeCTBa IIpeACTaBUMa B TaKOM 2Ke BUJIE.
OTcrozia cieyer, 9To 9T0 MHOXKECTBO SIBJIsIeTCs MOArpynnoit u copepxkurcs B PAut(C @ Cy).
s noxkazarenbeTBa COBIAJCHUST TUX TPYII JOCTATOYHO MOBTOPUTH PACCYKJICHUS U3
JIOKA3ATEIBCTBA JIEMMBI 8, TOJIOXKHUB N = Mg = N U 3aMEHNB PAuthrm’[nOH’m](CN'l) X
X PAUL ;s [my +1.00] (C2) HA TIPaBYIO wacTs M3 paserctsa (25). M

Jlemma 10 moxkeT 6BITH 00001IEHA HA CIIydall CyMMBI U OJIMHAKOBBIX KOJIOB.
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JIlemma 11. llycrs C; = 0,(C) — [0y, ki|g-xom, e C' — mepaznoxumblit [n, k|,~xox 6e3
ukTUBHBIX KOOpIMHAT, 0; € Sy, @ € u,u € N. Torma

(&1 owp 0 dl)o 0; = funﬂg,n%ﬁl,ni(@)a
di:é:unIF"nl, +1n*(0-_711 ')7
PAW(CI & ... Cy) =< . S Ry ) 26
h ( ! ) (Uu O Wy © Uu)o Wi € PAutun,[ni,lJrl;ni](C); ( )
Bru(7) 1€u, v€ S,
Caeacrue 2. llyers w € N, C) = ... = C, = RM(1,m), rorma
PAut(Fy @ RM(1,m)) = ... = PAut(Fy @ RM(m — 2,m)) =

= PAutungLQm](él) oLt PAutungnuthl;nu](CN'u) ngm.
Aoxaszameavcmso. Us (11) nonyuaem, aro st j = 1,...,m — 2

F3 @ RM(j,m) = RM(j,m) ® ... ® RM(j,m).

U

Kak cnexyer us rteopembl 3, Bce OGunHapHble Kol Puja — Masiepa HepaszioxuMBbIe.
[osromy u3 semmbr 11 (em. npexcrasierue (26) TPYIIIBI IEPECTAHOBOYHBIX aBTOMOD(U3-
MOB TIEPECTAHOBOYHO IKBUBAJIEHTHBIX HEPA3JIOKUMBIX KOJOB) BBITEKAET, UTO

PAut(IFg & RM(l, m)) — PAutungLQm](él) L PAutugmy[n%lH;nu](CN'u) ngm.

Ussecrro, uro PAut(RM(1,m)) = ... = PAut(RM(m — 2,m)) [20, c.400, reopema 24].
Orctozia cefyer 10Ka3blBaeMoe yTBepXKIeHre. B
Teopema 5. llycte uw € N, | € u, r; € N, D —nepaznoxunmsiit [N, K;|,-xon 6e3
!

(bUKTUBHBIX KOOpAMHAT, npu 91oM D; 4 D; nnst Beex @ # j, rp = »,r;, rop = 0, N; =
-1

l u
=> riN;, Ng=0,n= > r;N;, n;; = N;_; +i- N;. Pacemorpum nabop u3 r,, IuHeHHBIX
i1 =1

[0, ri]g-xomoB Cy, @ € vy, tae Cyy 41 = 001(Dy), ..., Cy, = 01 (D)) st l € w, 01,0 € Sy,
m € r;. Torna xon C Buga
C=Cr1®.. 80,801 ®... 00,8 00, n®...8 0, (27)
A ra re
MUMEET I'PYIILY [epecTaHoBOUHBIX aBroMopdusmos PAut(C) =Py - ... Py, rue st | € u
(&U oW1 © dl,l)o &M - 5n,IFszl,nz iflJrlznli(O-l’i)’
s ’ -1
Pl — (A . b ) : O-lﬂl B €n7F¢JZVl7nl,i71+17nl,i (O-l7"/7~1<i>)’
O O O
Tl & Whr © Tl VRS PAutny[nl,i—lJFl?nl,i](Dl)7
Sn,mff”l,Nl,lﬂ,Nl (B (7)) i€, vES,.

Zloxaszameavcmeo. Us (26) seirexaer, uro rpymma PAut(®,Cr,_ ;) € S, m30-
mopdua rpymme P; C S, st = 1,. .. u. Hosromy Py -...- P, C PAut(C). [Ipeanonoxum,
470 cymmecryer nepecraHoBka o u3 PAut(C) \ {P; - ...  P,}. Torma takas nepecraHoBka
B npesicraBiernu (27) jist § # j MeHsieT KOOPJAMHATHI MEXKIY JBYMs! CJAraeMbIMU-CYMMAaMU
Cor111®...BCrpy Co, 1D ...DC,, .

.

N
74 T

Ho B cumy nemMbr 9 Takux mepecTaHOBOK He CyIiecTByeT. B
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3akJiroueHue

B pabore [12] aBropamu mnpemjioxkena KojoBas Kpunrocucrema tuna Max-Dimca
McE(C) @ Cy) Ha ocnose Tensopuoro npousseienust koo O u Cy. [lposenéunniit B [12]
anasm3 kpunrocucreMbl McF(C] @ Cy) 103BOINI ¢lIe/IaTh BBIBOJ, O €€ BBICOKOH CTOMKOCTH
K CTPYKTYpHBIM arakaMm. [Ipu srom B [12] noaydeno, 4o BeICOKas CTORKOCTD JOCTUIAETCS
Jlazke Tpu UCoib3oBannu KomaoB C u Cy, JJIst KOTOPBIX U3BECTHBI CTPYKTYPHBIE ATAKH JIJIsT
cucrem McE(C)) u McE(Cy), nanpumep B ciiydae UCIOTB30BaAHUS! JBOMUHBIX KOIOB Pujia —
Mausepa.

Pesymnbrarer [4—11] nokasauu, uro npoussesenue [lypa — Anamapa mossosister B psijie
CIIyYaeB TOCTPOUTE (P PEKTUBHYIO CTPYKTYPHYIO aTaky Jijisi pACCMOTPEHHBIX B 3THX Pabo-
Tax KPUITOCUCTEM. B Hacrosiielt pabore ¢ TeJIbI0 yTOYHEHUsT CTOWKOCTH K CTPYKTYPHBIM
arakaMm cucrembl McE(C) @ C3) ms [12| uccrenyrorest cpoticrBa npoussesenus: Hlypa —
Anamapa jutst Tersoproro npoussejierust C7 @ Cy. TomydenHble pe3yabTaThl, B 9aCTHOCTH
dbopmyna (16) uz . 1, nossossor ¢ nomorbio npousseenus: [lypa — Anamapa nocrpo-
uTh 110 y6amaHoN Marpuie cuctembl McE(C) @ Cy) Ko, nepectaHoBOYHO SKBUBAIEHTHBIH
npsiMoit cymme ko1oB. [lpejcrasiisiercs:, 910 3T0 TO3BOJINT, HAIIPUMED, UCIIOJIB3YsT AJITOPUTM
u3 [14], HaffTh Takyo MaTPUILY TIEPECTAHOBKY Py, ¢ OMOITBIO KOTOPOH 11y IMuHast MATPHUIIA
cucrembl McE(C] @ Cy) Moxer 6bITh npeobpazoBana K H0Jiee MPOCTOMY JIJisl AHAIU3A BUJLY.
[Ipu 3rOM ecu IpyIina MepecTaHOBOYHBIX aBTOMOD(MU3MOB MPSIMOA CYMMBI KOJIOB UMEET
Bz (26), TO IPUMEHEHHE MaTPUITHL Py, OJYIEHHOH 10 HEKOTOPOH CTENeH! (B CMBIC/IE TTPO-
usBegienust Llypa — Ajamapa) mybmaHON MATPUIIBI, K MATPUIIE IIyOJIUIHOIO KJIH0Ua Oyier
KOPPEKTHBIM. Pesybrarsl 110 yrouneruto croiikoctu cucrembl McE(C) @ C5) turanupyercst
oy OJIMKOBATE OTIEJIBHO.

10. B. Koconanos npusHaTe e peleH3eHTy 38 BHUIMATEIBHOE IPOYTEHHe CTAThU, B 0CO-
OEHHOCTH 3a IOJIE3HBIE COBETHI MO HCIPABICHHUIO HANIEHHOM OIMMUOKM B IIEPBOHAYAJILHOM
BapHAaHTe JIOKA3ATE/IBCTBA JIEMMbBI 8 U 0DODIIEHNIO TIO/Ty I€HHBIX PE3YIBTATOB.
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