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Anomauia—JloBenenHo, Mo iHAEKC PO3rajy:KeHHs MaTpHIi
HaJ KidbleM JMIIKiB 32 Mmomysem 2"3Gepiraerbcsi mpu
romomopgHomy Binodpaskenni y (0, 1)-MaTpumio HaJx ABiHKOBHM
ainilianM  mpocropom.  IpynTyouncs, Ha  ubomy,  OyJam
3aIpPONOHOBAHI IIAXK MiZCHJIeHHs: KpunTorpadivnoi criiikocri
Taknux OsokoBux mm@pie, sik ARIATta Midori, 3a paxynok
Tepexoay 0 onepaniii y Kiibli JMIKIB mig yac mmdpyBaHHs.

Abstract—We prove that branch number of a matrice over
residue ring modulo 2"is an invariant under homomophic
mapping to (0, 1)-matrice over binary linear space. With this
result we propose some ways to increase cryptographic security
of ciphers like ARIA or Midori at the expense of modular
operations usage within encryption.

Knwuogi cnosa—indexc poszanysyncennsa, mampuyi Ha0 Kilvbyuamu
auwikis, (0,1)-mampuyi, wughp ARIA, wiuepp Midori.
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Crpateris IMPOKOro WUISXY, 3ampONOHOBaHa IoHOM
Hemenom y 1998 pomi [7], mocTyiroe, IO CTIHKICTH
CUMETPUYHHX IIU(QPIB O BIIOMUX METOJIB KpPHUIITOAHATIZY
BU3HAYAEThCSA HE JIMIIEC 1 HE TUIBKH SKICTIO HEiHIHHHX
nepeTBopeHs (S-0JIOKiB), ajle W BIIACTUBOCTAMH JIIHIHHHX
MEepeMIilllyIoYlX  TEPeTBOPeHb  IUQPIB 30KpeMa,
MaKCHMaJIbHO MOXKJIMBUX JIABUHHUX e(eKTiB. Y paMkax JaHOi
crparerii ans modoymoBun umdppiB SQUARETa Rijndael
(mizHime cTaHgapTH3oBaHOro sk AES) BHKOPHCTOBYBAaJHChH
cremiajgbHi KOHCTPYKII, Tak 3BaHi MDS-wampuyi Han

Bceryn
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CKIHYEHHUMU TI0JISIMU, SKI MalOTh MaKCHMAaJILHHMA iHZ[eKC

posramyxenns. Came 3aBISKM I[ifi BJIACTUBOCTI BIAIOCH
JIOBECTH sIK mpaktuuHy [8], Tak 1 TeopetuuHy [9]
crifikictbAES 10 JuepeHIiaTbHOro Ta JIHIHHOTO
KPHIITOaHATI3Y.

VY cy4yacHux OnokoBux mudpax JiHIAHI TEPEeTBOPEHHS
MOXYTh  BH3HAUaTHCh  MATpPHUIFIMH  HaJ  JIOBUILHUMH
anreOpailyHUMKM  CTPYKTypamu, SIKi HaJaloTh Ti 4YM iHIOI
MepeBaru 3 TOYKH 30py KPUITOCTIHKOCTI 200 e(heKTUBHOCTI
peamizamii. Y gmaHiii poOOTI pO3MNIANAIOTHCS MAaTpH4HI
MEPETBOPEHHS HaJ[ KiNbIAMH JITUIIKIB 3a MomyieM 2", TloxiOui
CTPYKTYpH 3a3BHYail 3a0e3Meuyl0Th BHUCOKY IIBUJIKICTb TPH
peamizamii Ta TEBHUH piBeHb CTIHKOCTI  BiJl PI3HHX
KPHIITOAHANI THYHUX aTaK.

Ha BiaMiHy Bim MaTpHIlh Haj CKIHUCHHUMH ITOJISAMH, IS
MaTpUIlb HaJX KUIBISIMH JIMIIKIB He OYJI0 OIyOJIiKOBaHO
AHAJIITUYHKUX OIIHOK HAa 3HAYCHHS IHACKCY PO3TaIyKCHHI. Y
JaHiil poboTi Oyae MmoKa3aHo, IO MATPUYHI IEPETBOPESHHS HAJT
KUIBIIMM JIMIIKIB MalOTh BJIACTHBOCTI, momioui mo (0,1)-
MaTpHILb HaJ 1MojJeM F)i, TAKUM YWHOM, ISl OLIIHKH 1X 1HIEKCY
pO3Tay’)KeHHS] MO)KHAa 3aCTOCYyBaTH BiZIOMi pe3yJbTaTH,
omepkaHi Juia  1BilikoBux Matpuubs [1]. Sk Hacmijok,
3aMpONOHOBAHO MPOCTUH CHOCIO MiABHINCHHS CTiiikocTi SP-
mepexx tuny ARIAabo Midori no nudepeHmiansHOro Ta
JHIHHOTO KPUIITOAHAI3y 3a paxyHOK IepexoAy Ha iHIIi
anreOpaiyHi orneparii y JiHIHHOMY HIapi.



IL

Binpuricte icHyrounx OJOKOBUX INUQPIB 31 CTPYKTYpOIO
SP-meperki BAKOPUCTOBYE B SIKOCTI JIIHIHHOTO IIapy MaTpHYIHE
MepeTBOpPeHHs. SIK TMpaBWIIO, MATpHIl PO3MVISNAIOTHCS Ha
OJTHI€IO 3 TPHOX TAKHUX ANTeOpaidHUX CTPYKTYP:

OCHOBHI TEOPETHUYHI BIJOMOCTI

1) ckinuenne mone GF(2") i3 BiANOBIAHUME OIEpaIisIMU
JI0ZIaBaHHS Ta MHOKEHHS Y ITOJTi;

2) xinbue smmkie Z,'i3  onepamisMe  JIONAaBaHHA Ta
MHOYKEHHS 3a MOLyeM 2”;

3) nimifiHuii BekropHuit mpoctip V,={0,1}" i3 onepariero
MOBITOBOTO TOIaBaHHS Ta MHOYKEHHSM Ha ckaisipu 0 1a 1.

OcranHili BUNIagoK onucye BUKOpuctaHHs (0, ])-MaTpHllb.
BigmoBa Bim (MoxJMBOi) omepaiii MHOXXEHHS KOOpJHHAT
BXIJIHUX BEKTOPIB HaIpaBJcHA Ha IiIBHMIICHHSA IIBUIKOCTI
BUKOHAHHS OOYHCIIEHb, L0 € BAXJIMBUM [UISl QJTOPHUTMIB
jerkoi  kpunrorpadii, mNpH3HAYEHUX U1 peayizamii y
MAJIOTIOTYKHHUX ITPUCTPOSIX.

Jlnst meskoro BEKTOpPY X6aea 6ekmopywt(x) IOPIBHIOE
KIUJIBKOCTI HEHYJIbOBHX KOOPJMHAT Yy BekTopi. J[ist nBiiiKoBHX
BEKTOPIB BBEIEHA TAKMM YHWHOM Bara CIIBINAAa€ i3 OLIBII
3BUYHOIO BAror0 XeMMIiHTa.

Inoexcom pozeanydicennsi KBaJpaTHOI MaTpUIl PO3MIpy
MXm Ha3UBAETHCS BEJIMYMHA

BN(A)=m£1{wt(x)+wt(Ax)}.

AHaTITHYHI OIIIHKA CTiHKOCTI SP-mepex hie}
UG epeHIiaTbHOTO Ta JIHIHHOTO KPHUITOAHATIZY
OOYHMCITIOIOTBCSI Yepe3 3HAY€HHS IHAEKCY pO3TalTyKEeHH:
JIHIHHUX TIEPETBOPEHb, SIKi BUKOPHCTOBYIOTHCS: YUM OLIBIIHMI
IH/IEKC, THM CTIMKiImi mmdp.

Ji1  HeBUPOKEHMX MAaTpULb 1HAEKC PO3TaTyXKeHHS
3MIHIOETBCA B AiamasoHi 2<BN(A)<m+1. Marpuus

3BeTbCs MDS-mampuyeio, SIKIIO ii 1HACKC PO3raly)KeHHs csArae
MakCUMajibHOro 3HaueHHs m + 1.J[ms MDS-matpuis icHye
npocTHil Kputepii [9].

Trepmxkennst. Matpurst € MDS-matpuiiero Toi i TIIBKA
TOJIi, KOJIH BCi il KBaJpaTHI MiIMaTPHULI € HEBUPOIHKEHUMHU.

s orpumanns MDS-Matpuis HajJy CKIHUEHHUMH TIOJISIMH
ICHYE psiIl TAKMX KOHCTPYKIIiH, sk Matpus Banaepmonnaa abo
Matpuis Ko, ane Ha KiIblsl JIUIIKIB i CTPYKTYPH 3 THX YH
IHIIMX TPUYUH He repeHocsaThes [4]. Takox s CKIHYEeHHHX
MOJIIBOJICP)KAHO PAZ  PE3yabTaTiB  Imomo modymoBuMDS-
MaTpHlb 3 JOJATKOBHMH BJIACTUBOCTSIMH (iHBOJIIOTHBHICTB,
LUUPKYJISTHTHICTH TOIIO),I0 JIO3BOJISIE ONTHUMI3YBaTH PECypCH,
HeoOXigHi JUIs IMOOYJOBM KPUITOCUCTEMH, a TAKOXK DAL
pe3yibTaTiB, sKi 103BONSIOTE 3 MDS-matpunp orpumyBatu
MDS-matpuui 6i1bmoro po3mipy [6]. Jist kinenp JumkiB Taki
KOHCTPYKIII TaKo)X HE TEePEeHOCIThCS, ToMy Ipoliema
MOOYI0BU MAaTpUIlb 3 BHCOKUM IHJEKCOM PO3TATY)KEHHS Ta
IHIIUMH KpUNTOrpadiYHUMHU BIACTUBOCTSIMH € aKTyaJIbHOIO.

(0, 1)-MaTpHLli € TOMYJISIPHOI0 KOHCTPYKIII€IO YISl IIO0YA0BH
OmokoBuX ImUGPIB Yepe3 MOy)Ke NPOCTy peamizaimiio 3
BHUKOPUCTAHHSAM €JIEMEHTIB KOMIT FOTEPHOI HH3bKOPiBHEBOI
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apXiTeKTypu (OOYMCICHHS 3BOAMTHCS JO JAEAKOl KIJIBKOCTI
MoOITOBUX J0/1aBaHb KOOPIHMHAT BXiTHOTO BekTOopy). Tak, y
um¢pi E2 BuxopucroByetsces (0, 1)-matpuis po3mipy 8 Ha 8 3
ingexcom posranyxkenas 5 [10],y mudpi ARIA — marpuis
po3Mipy /6 Ha 16 3 iHOekcoM posramyxenHst 8[2], y mudpi
Midori MaTpulsl po3Mipy 4 Ha 4 3 iHIEKCOM
posrayxenns 3[3]. Brim, nosemeno, mo (0,1)-maTpuii He
MOXyTh OyTit MDS; Oinbl TOro, Ma€ Miclie Taka OIliHKa.

Teopema 1 ([1]). Ins kBagpaTHOi (0, 1)-Matpuii Apo3mipy
MXMBUKOHYETHCSI HEPIBHICTh

2m+4

BN(A)<

3 teopemu | BummmBae,mo npu m=2,3 abo 4 MOXYTh
icayBatH (0,1)-maTpuii i3 Maibke MaKCUMaJIbHAM 3HAYCHHIM
iHEKCY posraimyxeHHsi BN(A) = m; npu OLIBMIMX po3Mipax
MaKCHMaJIbHO MOXJIMBE 3HAYCHHS 1HIEKCY pO3Taly)KEeHHs
BiJTHOCHO 3MEHIIIYETHCSL.

Martpuiy HaJ KUTBISIMHU JIMIIKIB BUKOPUCTOBYIOTBCS Yepe3
MIPOCTY peajti3alliio, JOCTYIIHY Ha PiBHI IHCTPYKIIiH poIiecopy,
Ta pi3Ke YCKIAJHEHHS JESIKHX KPHUIITOAHATITHYHUX arTak
(30Kpema, JHIHHOrO KPHIITOAHANI3y Ta Horo MoauQikarii).
Hamnpukian, y cimeiictsi mudpieB SAFER BukopucToBytoThHCS
Matpulli po3mipy /6 Ha /6 Hajx KiblieM JHIIKIB Z,54(TOOTO,
Haxa Oaiitamu) [S5]. [l MaTpuup Hajx KuUTbLISIMH JIMIIKIB He
OITyOJIIKOBAaHO OINIHOK ISl 1HAEKCY pO3Tally)KEeHHs, ajie

MOKa3aHo, MI0 TaKi MaTpull He MOXyrh Oyrm MDS-
MaTpurpiMu[ 11].
III. OLIHKU IHIEKCY PO3TAJIYXKEHHS MATPULb HAJT

KUIbLIAMM JIMIIKIB

Mix Kimplusmu ouikis Z)"ta {0,1} icHye «OpHpPOIHUID

romomMopizM  @g(x)=x mod 2. B  KOpPEKTHOCTI  I[HOTO
roMoMop(i3My HECKIaJHO IEPEKOHATHCh CTAHIAPTHOIO
MEePEBipKOI0.  AHANOTIYHMM  YHHOM MOKHA ~ BH3HAYHTH

roMoMop(i3M HaJ MHOKMHamMH Matpuilb. Hexait M,,(Z,")—
MHOXXHMHA KBaJpaTHUX MATPHUIlL PO3MIPY mHAI KiJblEM
mUIIKiB Z,", Toxi Binobpaxkenus ¢:M,,(Z,") — M,,({0,1}) Taxe,
mo ¢(A)=Amod 2, ne Amod 2-1e wmatrpuili, OTpUMaHa
3aCTOCYBaHHAM TOMOMOP(]IZMY (¢ JO KOXXHOTO eJeMEHTY
Matpulli A4 (s BEKTOpy pO3Mipy mroMoMopdizm ¢
BU3HAYAETHCS AHAIOTTYHAM YHHOM, TOMY He OyIeMO BBOIUTH
JIOJIATKOBE TI03Ha4YeHHs). [lepekoHaeMoch y MpPaBUIBLHOCTI
poro (akry. Hexait A, B — e Matpuii Hag Z,", TOIi elneMeHT
MOOYTKY IIMX JBOX MATpHUIb 3 iHIEKcoM [ Ta j Oyne
3HaXOJUTHCH 32 (HOPMYIIOF0:

(AB)z'j = z AikBAj
k=1

Tenep 3mHaiimemo o00Opas3 s

3aCTOCYBaHHS BiOOpaKEHHSPy:

ObOoro CIICMCHTY

(p()((AB)ij) =0, (Zm: AikBkj) = Zm:(pv(Aik )(p()(Bkj)
k=1 k=1

OCKIJIBKY 1€ CITiBBIJHOLIEHHS BUKOHYETHCS JUIS KOXKHOI HapH
IH/IEKCIB iTaj, TO AJIs BiTOOpa)kKEHHS () BOHO T€XK BUKOHYETHCS:

O(AB)=¢(A)p(B)



AHaNOriYHUM YMHOM  TIepeBipsETHCS,
BIOOpaKEHHS 110 CYMH MATpPHIIb,
B1100pa’kKeHb BiATMOBITHUX MATPHUIh:

(P(A,] + Bij) = (P(A,j) + (P(B,j)

OTke, 3aIpONOHOBAHE BiMOOpPaKEHHS MATPUIL @ €
roMOMOp(i3MOM.

[0, 3aCTOCYBABIIH
OTPHUMAEMO  CYMY

ChopMyar0eMo 1 TOBEAEMO TEOpEMY, SIKE OB’ SI3y€ 1HICKC
posramyxenns (0,1)-MaTpuilb 3 1HIEKCOM pPO3TATY)KEHHS
MaTPHIh HaJ KiJIbIIEM JIUIIKIB.

Teopema 2. Jlng noBinbHOI Matpuii A Hax KiTbleM
JIMIIKIB Z," BAKOHYETHCS PiBHICTS:

BN(A)=BN(o(A4))
Jie (p—OTHMCAaHUH BUILE «ITPUPOTHUID roMoMopdi3M.
JoBenenns. [Tokaxxemo crioyatky, mo BN(A4) > BN(p(4)).

Po3rnsiHEMO IeIKuil BEKTOp xIOBKUHUmHAL Z,"I OynemMo
JUTSL HHOT'O JIOCTIDKYBAaTH BUpa3 BUILY wi(x)+wi(Ax).

OueBuaHO, mowr(x) > wi(p(x)).JilicHo, mpu 3acToCyBaHHI
roMmoMopGi3My JI0 BEKTOPY XHOro Bara He MO)Ke 301IbIITUTUCE:
BCi HEMapHI €JIEMEHTH BEKTOPY X CTaHYTh ONUHUIIAIMHU, a BCI
MapHi CTaHyTh HYJSIMH, TOOTO KiJIBKICTh HYJIIB MOXKe
30LTBIITUTUCH, AJIC HiSK HE MOYKE 3MEHIIIUTHCh.

[Tokaxkemo Temep, mowt(Ax) > wt(p(Ax)). Hexait Ax=y, ne

V=01, Vm) TA V;= Zau X;, me i=1,_m. [Ticns 3acTocyBaHHS
Jj=1

roMoMop(i3My JI0 BEKTOPY YOTPHUMYEMO BEKTOp O(V)=@(Ax).

Jus Toro, mo0 JOBeCTH HEpIBHICTH WI(Y) = Wi(Q())),

HEOOXIHO MMOKa3aTH, IO y; > Qo(V;), [ =1,m, TOOTO HE MOXKeE
BUHHMKHYTH CUTYyauii, koo y,=0, a ¢o(v;)=I1 s pesxoro i.
THmmMu CJI0BaMH, Tpeba [OKa3aTH, 110 3
x. =0 mod2",

/a9

yi=0OsuruBae@y(y;)=0. Hexait y;=0, Toni Za
Jj=1
0, 33 BJIACTHBOCTSIMU KOHTPYEHIIiH,eKBIBaJIEHTHO PiBHOCTI

Za

X, =k2".

X, 3acTocyeMO 10 1IOTO BHpa3y romMmoMopdizm i

OTpUMYEMO @, ( Zau x;)=¢,(k2")=10. ToMmy BUKOHY€ETbCS
Jj=1

Wi (Ax)>wi(p(Ax)).

Omxe, Oyno [OBeJAEHO, IO JJIs JESKOr0 BEKTOpa
XBUKOHYETBCS: WE(x)+wt(Ax)>wt(p(x))+wt(p(Ax)). Toni

wt(x)+wt(Ax) = wt(p(x))+wt(o(Ax)) =
= min{ wt(¢(y))+wi(o(Ay)) 2 BN(o(4))

OckiJibkd B 11i#i HEPiBHOCTI X— JOBLIBHHUN BeKTOp Haj Z,",
TO W JUIS BEKTOPY, Ha SKOMY JIOCSTAEThCS MiHIMAaJbHE
3HAUEHHSUTIBOPYY, JaHa HEpIBHICTH Oyae CIpaBeTUBOIO.
Taxum uunoM,BN(4) > BN(p(4)).

[okaxxemo tenep, mo BN(A) < BN(p(A4)). Hexali MmaTpursa
B € enementom M,,({0,1}), a z— nesKndi BEKTOp Han
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{0, 1} noBxunu m. Po3risiHeMo MmoBHUIA 1Tpoo0pa3 miei MaTpuil
BiTHOCHO roMoMOp(}izMy ¢, TOOTO MHOXHHY

¢ '(B)={CeM,(Z,):¢(C)=B}

O4YeBHIHO, IO IS MHOXKHHA € HEIyCTO, OCKUIBKHA @ —
CIOp’€KTHBHE BimoOpakeHHS. Bubepemo 3 1Ii€i MHOXHHU

NOBiBHY ~ Matpuito  A.J[OBINbHOMYIBIHKOBOMY — BEKTOpPY
z=(z}, ...,Z,)TIOCTABUMO y BIIIOBiAHICTE BEKTOp
X=(Xj, ..., X)JHAT Z5"3a TAKAM TIPABHIIOM:
n—1
v = {2 , akwoz, =1
L=
0, saxwoz;,=0

OdyeBHIHO, O O(X)=zTa Wi(x)=wt(z)=wt(p(x)). Hecknanuo
TaKOXX [OKAa3aTH, M0 B CHIYy TroMoMOp(i3My BHKOHYETHCS
PIBHICTb Q(4)z=0(4)p(x)=¢(Ax).

[Tokaxkemo, mo wi(Ax) < wt(p(Ax)). LLq HEPIBHICTH Oyme
BUKOHYBATHC  JIHILIC TOJ, KOJMM KUIBKICTh HEHYJILOBUX
€JIEMEHTIB Y BEKTOPI AX=yMeHIIa, HiX y BEKTOpl O(Ax)=0(y),
TOOTO KOJM HEMOXIJIMBA Taka cUTyamis: y;# 0, ane @o(y;)=0.
TakuM YMHOM, MOTPIOHO TOBECTH, IO 3 TBEPKEHHS (Po(y;)=0
BUILIMBAE y;=0. 3po3ymisio, MmO @o(y;)=0 EKBiBaJCHTHO

m
PIBHOCTI Z(po (a; )o,(x;)=0mod 2. 11 cyma CKIafaeTses 3
Jj=1
JIOJaHKIB a00 q)o(a,)q)o(x) 1, abo q)o(a,)q)o(x) =(. OueBuaHO,
[0 KiJBKICTh JOMAHKIB, SIKi JOPIBHIOIOTH OJMHHUIII, IapHa,
iHaKIe OW 3HAYCHHS CyMHU 3a MOMYyJIeM 2 HE JOPIBHIOBAIO O
HyII0. AJle CHTYallisi, KOJIH @y(a;)@o(x;)=0, po3nanaeTbcs e
Ha TPH BUIAIKHU B 3aJI€XKHOCTI BiJl 3HAYEHBKOOPUHAT BEKTOPY
X.

PosrisneMo Bci BUITaJKH z[eTanLHime.

1. Sxmo @o(a;)—nosineHe Ta @y(x)=0, TO B CHUIY
oOy10BaHOrO TOMOMOPQi3MYy @ 1 KOHCTPYKIIi BEKTOpY X
Maemo, mox;=0. Toxi ay;x/= a;0=0 mod2", i HymbOBHii

Ux/ HIYOIo HE BHOCHTE.

JIOIAHOK B CyMY Za

Jj=1

2. Sxmo @o(a;)=0 1a eo(x)=1, 10 a;=2kmod 2" i x;=2"".
Toni a;x=(2k): 2"'=2"k=0 mod2 i HYILOBMH IOJAHOK B

Ux/ HIYOro He BHOCHT.

cymy Za

Jj=1

3. Sxmo @o(ay)=1 ta @o(x)=1, T0 a;=2k+1) mod 2" i

x=2". TozuZa x, =2""

%) Zaij ; ale cyMa MapHOI KiJIBKOCTi

J=1

m
HENapHUX YUCENl € TAPHUM YHUCIIOM, TOMY Zai/ =2l Ta
j=1

m

Za

n—1
% =2

Zai/ =2""1.21=2"1=0 mod 2"
Jj=1

x.=0mod2",

/a9

OTxe, Za
Jj=1
BurunBae y;=0. Takum anHoM, wi(Ax) < wt(p(Ax)).

a ToMy 3 piBHOCTI @g(y;)=0



OTrxe, wi(x)+wt(Ax) < wi(p(x))+wt(p(Ax)) i
BUKOPHMCTOBYIOUM MIPKYBaHHs, aHAJOTIYHI IIOMEPETHBOMY

BUIAJIKY, OTPUMYEMO, 110 BN(4) < BN(p(4)).

3 000X JoBedEHHX HEPIBHOCTEH O/IepKYeEMO pIBHICTH
BN(A)=BN(p(A4)), sxy # Tpeba OyII0 TOBECTH.

3 Teopemu 2 Ta BioMHX pe3yabTaTiB mus (0,1)-marpuipb
BUIUTUBAIOTH TaKi HACIIAKH.

Hacminox 1. Han xineuem jummikis Z,'me icuye MDS-
MaTpHIb.

Hacuaimok 2. [Ina noBinbHOT MaTpuili 4 po3Mipy mxmHaz
Z," BUKOHYETLCS HACTYITHA HEPIBHICTE:

BN(A)szm—;é’

Iv. 3ACTOCYBAHHA TEOPEMM ITPO 3BEPEXXEHHS IHIEKCY
PO3I'AJIYXXKEHHSA [JIA IIOBYAOBU MATPULID HAJT KIJIBLIAMU
JIMLIKIB

OpHuM i3 3aCTOCYyBaHb  JIOBEJIEHOI TEOpEMHU  IIpO
romMmoMop}i3M € Mo0ya0Ba MATPHIb HAl KUIBIIMH JIMIIKIB Ha
ocHOBI (0,1)-matpuie. MoTuBarllisi Takoi MoOyI0BU TONATAE B
ToMy, [0 JudepeHIlialbHUui Ta JHIWHUA KPUITOAHANI3
OJIOKOBHUX IMU(PIB CYTTEBO YCKIAIHIOIOTHCS 13 MEPEXOI0M Ha
KiJIbIIE JIMIIKIB, ]I Omeparii BUKOHYIOThCA 3a Momyiem 2",
4yepe3 CKIQJHUHA XapakTep BIUIMBY PI3HUX aireOpaiuHuX
omepamnii Ha PI3HMII Ta JIHIAHI BIJHOCHO TOOITOBOTO
JTIOJJaBaHHS aIlPOKCHUMAIII.

Hampukian, y mmdpi ARIA, sk Oyno 3a3HaueHo,
BukopucroByetscs (0, 1)-matpunst posmipy /6 Ha 16 3
iHgekcoM posranyxenHs §[2]. I3 nmoBemeHHst Teopemu 2
BUIUTUBAE, III0 MOYKHA 3aMIHUTH 1[I0 MATPUIIIO HA 11 JOBUTbHUI
poo0Opa3 BiTHOCHO TOMOMOP(i3MY ¢ 1 TIepelTH B O0YHCIICHHS
HaJl KiTbLSIMH JTAIIKIB. [Ipy Takiii JOCUTH «IIpUPOAHIii» 3aMiHi
IH/IEKC PO3Tally’)KEHHS1 MaTpulll 30epiracTbcs, aje 3arajom
I IBUIIYETHCSl KPUNTOCTIHKICTh. BUOIp enemeHTiB mpoobpazy
MOXE JUKTYBaTHCh IHIIMMHU MIPKYBaHHSIMH; CKaKiMo,
Koe(ilieHTUMATPUL]l HE TIOBHUHHI OyTH BEIUKUMH (HATIPUKIIA,
1, 2, 3 ta 4) s 30epesxeHHs] eeKTUBHOCTI OOUNCIICHHS, alie
HE TIOBUHHI CIIBIAJATH JUIs 3aro00IraHHA IHTErPaJbHOMY
KPHIITOaHATI3Y.

VY cnemudikanii mmdppy Midori posrisigaeTbess B SIKOCTI
JIHIKHOTO TIEPETBOPEHHSI TPU MaTpHIl HA BHOIp, JBiI 3 SKHX
3aJIOBUIBHSIOTH BIACTUBOCTI iHBOMIOTUBHOCTI [3]. Takox aBi 3
HUX — [e Mmarpuii Han Z,", a tpers —(0,1)-martpuis, ska
ofiep>kaHa 3 OfiHIET 3 TonepenHiX 3aCTOCYBaHHSIM OITHCAHOTO
romoMopdizmMy. BinmoimHO, i MaTpHIli MalOTh OIHAKOBHI
IHAEKC PpO3TaNy’)KEHHs, IO [03BOJSIE OyayBaTH OLHKH
CTIMKOCTI 10 BIIOMUX METOIB KPUNTOAHATI3Y YHI(piIKOBaHUM
yuHOM. BriM, po3poOHuku Bimmanu mnepesary (0,1)-matpui
4yepe3 BJIACTUBOCTI I1HBOJIIOTHBHOCTI Ta OpIEHTALIl0 Ha
peaizamii y MaJIONOTYKHUX apXiTEeKTypax.

JlBa HaBeleHWX MpPUKIAZa JEMOHCTPYIOTh, IO MOXKHA
3amporoHyBaTu HUIIX Moaudikamii mudpy, a came ioro
JIHIKHOTO TIePEeTBOPEHHS, IS IABUILEHHS KpunrorpadivHoi
cridikocti. s mporo mocratHeo 3aminuTH(0, [)-Matpu, sKi
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BUKODHCTOBYIOTBCS, Ha II€BHI ~MAaTpHII-TIPOOOpa3u  HaJ
KiblsiMu JAInKiB. [Ipu Takiil 3aMiHi iHAEKC pO3TaTyKEeHHS
30epiraeThcs, TOMy mmdp 3a3BUYAll HE BTpayae CBOIO
CTIHKICTH 10 IUdepeHIianbHOro Ta JIIHIMHOTO KPUIITOAHATI3Y,
a peTeNbHU MiAdip BIAMOBIIHOI MATPHUIN MOXE ITiIBUIIUATH
CTIMKICTh 1O aireOpaidyHUX aTak. 3ayBakKMMO, IO uepe3
Mepexil A0 IHMIMX aireOpaidHUX oOmepaiiid Bce OTHO CiX
MIPOBOJIUTH OL[IHIOBAaHHS CTiIHKOCTI MomudikoBaHoro mugpy;
omHak QopMa Ta TOPSAOK OIIIHOK B 0araThboX BHUIMAJKax
30epiraroThCs.

BUCHOBKHI

Y  nmamiii  pobGori Oymo  JOBeNEHO, IO  IHIEKCH
pO3TaTy;KEHHST MaTPHIlb HaJ| KiIBbISIMH JIUIIKIB 38 MOyseM 2"
30epiratoTecsi mpu romomophHoMy BimoOpaxenHi y (0,1)-
MaTpUIl HaJ JBIMKOBUMHM JiHIHHUMH mpocTopamu. lle mamo
3MOTY  3aCTOCyBaTH JUISI  OIlIHKM  3HAYCHb  IHJCKCY
pO3Tay)KeHHs] MaTpHIb HaJ KUIBISMU JIMIIKIB PE3yJbTaTH,
Bimomi st (0,1)-matpunb. IpyHTYIOUHCH Ha OIEPKAHHMX
pe3yibTatax, OyJ0 3aIllpOIOHOBAHO MAESKI LUISIXH MOIIYKY
KpHIITOrpaivHO CHIBHUX MaTpUIlb HaJ KUIBLSIMU JIMIIKIB Ta
MiICHIIeHHST KpunrorpadiuyHoi CTIHKOCTI Takux IIUQPIB, SK
ARIATa Midori, nuisxom 3aMiH¥ 1X JiHIHHUX MEPETBOPEHb Ha
TIepETBOPEHHS HaJl KUIbIISIMH JIUIIIKIB.
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