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Anomayis: TIpomoHyeThcsl BHKOPHCTAHHSI 0JIOKOBOr0 KpHNTOrpadiuyHOro mnepeTBOpeHHs s 3aaau
3a0e3neyeHHs] KOHQiAeHuiiiHocTi inGopManiliHuX 00'€eKTiB AaBTOMATH30BAHUX CHCTEM 3 BHKOPHUCTAHHSAM
CHCTeMHM YHCJIeHHS B JIMIIKOBHX KJacax.

Summary: The use of sectional cryptographic transformation for the tasks of providing of confidentiality of
information’s holding object of the automated systems with the use of scale of notation in remaining classes
is offered.

Kniouosi cnosa: Indopmanisi, koHpineHuiliHicTh, KpunTorpadgiyHi nepeTBopeHHs, JHIIKOBI KIacH, CHCTEMH
YHCITeHHS.

I Beryn

Opniero 13 BKpaldl BaXJIWBUX [UIA Cy4YaCHHX aBTOMAaTH30BaHMX CHCTeM € TmpoOiiemMa 3abe3medeHHs
KoH(ineHIiHHOCTI Ta mimicHocTi iHpopmamii [1 — 3], I BupimIeHHS SKO1 3aCTOCOBYIOTHCS Ti UM iHIINI METOIH,
METOJWKH UM AJITOPUTMHU.

st 3a0e3nevenHs KoHGiAeHIIHHOCTI iHpopManii B 6araTb0X BUNaAKax KpUnrorpadiyHe NepeTBOPEHHS € YU
HEe €MHUM LUIIXOM 3a0e3nedyeHHs 11 KoH(DineHIiHHOCTI (3 MEeBHOK CTIHKICTIO A0 cOpo0 pPO3KpUTTS 11 3MicTy —
kpunrorpadiyHoo criiikicTio). Ha 1eil yac mHUpOKO BiIOMHMHU € JEKiJIbKa ajIrOpuUTMiB KpunrorpadidHoro
MIepEeTBOPEHH, 13 IKMX B YKpaiHi peKoMeHJ0BaHO 3acTocyBaHHs anroputmy 3a [OCT 28147 — 89.

Crig 3BepHYTH yBary Ha Te, IO OJHOYACHE 3a0e3redycHHs 1 KOHQIICHIIIIHOCTI 1 MUTICHOCTI 1H(pOpMAIiiTHIX
00’eKTIB NpH BHKOPHCTaHHI BIJIOMHX aJTrOPUTMIB JOCATAETHCS TOCHIIOBHUM 3aCTOCYBaHHSM MpPOLEIYP
KpunTorpadigHOTO MepeTBOPEHHS 1 mpotenyp oduncieHHs nudpoBoro mamnucy. [Ilpu 3B0poTHOMY ITepeTBOPEHHI
CIIOYATKYy TepeBipsA€THCS IUTiCHICTE iHQOpMaii, a moTiM 3xaiicHIoeTheA ii nemmdpysanas. ToOTo mei mpouec €
nBoGa3HUM 1 TIpH TPSIMOMY i TpH 3BOPOTHOMY IIEPETBOPEHHI, 3a PaXxyHOK YOTO NPOAYKTHUBHICTH 3ac00iB
00po0OienHs iHpopmarii 1emo 3HNKYETHCS.

Jnst ycyHeHHS naHOro HeHodiky B [4] 3ampomoOHOBAaHO HHU3KY KOJOBHX IIEPETBOPEHb, B TOMY YHCIHI
KpunTorpadigHUX i3 3aCTOCYBaHHSIM HPOIENyp KOAYBaHHS NUIIXOM IEPETBOPEHHSA 3 MO3HIIHHOI CHCTEMHU
yucaenns (IICY) B cucremy mummkoBux kiaciB (CJIK) ta mpoueayp aekoayBaHHS IUISIXOM IEPETBOPEHHS 3
CUCTEMH JIMIIKOBHX KJIaciB B MO3WLiIHY cucTeMy umcieHHs. B [4] nmokazano Takox, 1o Taki kpunrorpadiui
nepeTBopeHHs (mudpyBaHHS) BUXITHOTO TEKCTY MOXHA 3MIHCHUTH HUIIXOM MEPEMHOXKCHHS MaTpHIll — psjKa,
OTPUMaHOT MPH MPEICTABIEHH] BUXiJHOTO KOy JOBKHHOI B k cMMBOIIB, i KoayBansHoi Matpuni G (puc. 1) 3 k

pankis i kK crosmuis. IIpasuna Bu6opy uu GopMyBaHHS ii €TeMEHTIB BU3HAYAIOTHCS TUIIOM MEPETBOPEHHSL.
Eu & - 8w - Bu
Exn E» - 8w - 8uk

gnl gnZ . gnn . gnk

8 k2 - . -

Pucynok 1 — 3arajbHuii B KoayBaJbLHOI MATPUL

Kon, orpumanuii y pe3ynbTaTi MHOXKEHHA BHXIJHOTO KOJYy HA KOAYBaJbHY MAaTpUI0, € JESKUM
KpunTorpaiuHuM TEpeTBOPEHHSM BHUXITHOTO Konay. SIKmo MexaHi3M (opMyBaHHS EJIEMEHTIB KOIYyBaJbHOL
MaTpHIll € CEKPETHUM, UM MEXaHi3M ()OPMYBaHHS €JIeMEHTIB KOAYBAIbHOI MATPHIIl € 3arajibHOBIIOMUM, aje MpU
iIXHPOMY (OpPMYBaHHI BHKOPHCTOBYIOTBHCS JESKUH CEKPETHUIl MapaMerp — K04, TO 3amn(ppoBaHHN KOA Mae
BU3HAYEHY KpunrorpadiuHy CTidKicTb, TOOTO CTIHKICTH O CHpPOO KPUNTOAHAIITHUKOB OJEPXKaTH 3
3arpoBaHOro Koay (4acTo 3 BUKOPUCTAHHIM MEBHOI YAaCTKH BiIKPUTOTO BUXIJHOI'O TEKCTY) KJIFOY, Y BJACHE
BUXinHUI KoJ (TekcT). Taka kpunTorpadiuHa CTIHKICTh € OCHOBHOIO BJIACTUBICTIO TaKHX IIEPETBOPEHB 1 IOCUTH
4acTO BU3HAYAETHCS YUCIOM BapiaHTIB KIIIOUiB.

VY crarTi NpONOHYIOTHCS METOJUKH OTPUMaHHS 3alpOIOHOBAaHUX B [4] MaTpHub JUIsl NPSIMUX Ta 3BOPOTHHX
MEPEeTBOPEHD 3 BUKOPHCTAaHHSAM JIMIIKOBUX KJIACIB Ta, SIK aJbTEPHATHBA, PO3IIIAAAIOTHECS KOJOBI IEPETBOPEHHS 13
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CHCTeMH YMOBHUX JIMIIKIB B IIO3HUIIHHY, KOTPi, SIK TOKa3aHO HIDKYE, € KPAITUMH BiJl BITOMHUX.

II MeTroanka nody10Bu Ta 3aCTOCYBaHHS KOAYBaJIbHOI MaTpHLi /151 0JIOKOBOrO
KPUIITONICPETBOPCHHA TUITY — l'[O3I/IIIiﬁl—[3 CHCTEMA YUCJEHHA — CHCTeMa JUIIKOBHUX KJIACIB
3 ypaxyBaHHSIM BHKIJIAJeHOTO B [4], merommka (aJropuTMm) OJIOKOBOTO KPUOTOTPadiyHOTO MEpPEeTBOPEHHS
BHUXIJHOTO M — CHMBOJBHOTO mu(ppoBoro xoxy (OJIOKYy BIAKPHUTOTO TEKCTY 3 M CHMBOJIB), SIKHH BBa)KA€THCS
IeskuM gucioM A y mosuniiHii cucremi uyucienHsa (IICY), B gyucmo Acik B CHCTEMI YHCICHHS B JIMIIKOBHX
knacax (CJIK) 3BoauThCs 0 HACTYMHUX Mporeayp (oneparriii).
1. IlpencraBieHHS CYKYNHOCTI CHMBOJIB OOpaHOTO MO3UI[IHHOTO MPEACTABICHHA — BHUXITHOTO CJIOBa IS

KOJlyBaHHs y BUIJISAI MaTpuui — psjka posmipuocti (I xm ) suny A=(a,,a,,...,a,,...,a, ). 3 uieo Merow
CHMBOJM BHXIJHOTO OIOKy CJiJ pO3INIAfaTH fAK CHMBOIH d, (i=1,2,...,m) obpaHoro NO3MILiiHOIO

npeacTasneHns (nubpy B MO3ULIKHHIN cucTeMi uncneHHs uucna A ) 3 BiAMOBiAHMMH BaroBuMu KoedilieHTamu.

Hanpuknan, a1 mpeacTaBiIeHHs B NECATKOBIA CHCTEMI YMCICHHA C; = 10i —1, nna asilikoBoro npejacTaBieHHs

. . . o - . i—1 .
Inpu yMOB1 MPEACTABJICHHS CUMBOJIIB BUX1AHOI'O KOAY, SK 6aI/IT1B, —Cl=256l . HeBaxko 3pO3yMITH, IO

. . m
JianasoH IIpeJcTaBIEeHHS Takux uucen B mnepmomy sunaiky pgopisHioe 0< A<10", a B ocrannbomy

0<A4<256";

2. VY3rojpkeHHs PO3MIpiB KOJYBajbHOT MAaTpHIli Ta BUXIJHOIO CJIOBa JJIS KOAYBaHHSA. 3 M€ METOIO
HEOOXIIHO:
— BHOpaTH CyKYyNHICTh OCHOB CHCTEMH UYHCICHHS B 3aJMIIKOBHX Kiacax 3 /1 = /11 B3a€MHO TPOCTHX YHCEI

P, (j=12,...,n), p; - J—Ta oCHOBa (eIeMEHT KpunTorpaiyHOro KiIOYa, 3a IOMOMOIOK SKOTO

3abe3nedyeTbesi NOTpiOHA KpunTorpadivyHa criiikicts, auB. nami). Kinbkicte (77) OCHOB p; (ocHos, K1
YTBOPIOIOTH JIiala30H MPEACTABICHHS YHCEI B JIMIIKOBUX Kjacax — “po00Yux’ OCHOB) CIiJl 0OMpaTH TaKoIo, M00

1 . i-1 )
3abesmeuntn ymoBy 256" < P, nna nsiiikosoro mpexmctasnenns, uun 107 < P. B ocrammix Bupasax
n
P= I | P - niana3oH npezactaBiieHHs (“pobounii” miamazon) CJIK.
jA

OCKiJIbKM B TOMAJBIIOMY IIOCTaHE MUTAHHSA PO BU3HAYEHHS EJEMEHTIB 3BOPOTHOI MATPHIN, MUIAXOM
MEPETBOPEHHS KOAYBAJIbHOI MATPHIll B JEKOIYBajabHY, K€ € MOXIUBHM JIMIIE JUIS KBaJpPAaTHHUX MAaTPHIlb, TO,
3pO3yMiJIO, IO SIK PO3MIPHICTH JIJIS KOJYBAIBHOI MATpHIli CIii oOupaTu Oiiblne i3 3HaYeHh M Ta n. [To3Haunmo
po3MmipHicTh KomyBanbHOi Matpuui k sk k =max(m,n). Jlns ysromkeHHs po3mipiB MaTpuins npu m < k
Buxigny marpumo A4 =(a,,a,,...,4;,...,d, ) cuix gonosuutd (S =Kk —m) HynsMH Ha MICHSX CTapuUIMX
po3psiIHUX KoedilieHTIB (K BimoMo mpu npomy BenndnHa ynucen B I[ICY e 36inpmyerses). [Ipu npoMy BuXigHA
a a

marpuns A uabyne surnagy A =(0,0,...,a ,a, ), T06T0 3amicTh po3mipHocti (/XM )

s+ G429 Ggypjoeee
otpumae posmipuicts (/X k).
— BU3HAYMTH po3MipHicTh kopyBanbHoi Matpuni sk (K k), ek =m+s uu k=n+r;

— BU3HAYHUTH CJICMCHTH Z;; KOAYBalbHOI matpuni G 3 posmipuicTio (£ x k )
g; ={ciip;s
sie 3HaK {C, }P; o3nauae oGuMCIeHHs NMIIKY (BiIpaxyBaHHs) Bizi posnoziny ¢; Ha pj;

3. 3uiiicHenns BiacHe kpunrorpadiunoro nepersopenus A, = AX G . Ilpu upomy ciiig BpaxoByBaTH, 10
BCi omeparii MaroTh 3IIHCHIOBATHCS 3a BIATIOBITHUMH MOIYJISIMH, TOOTO MPH OOYHMCIEHHI MEPIIOTO eleMEeHTa
pe3ysIbTYI04Ol MATPHIIl — PsZKA — 32 MOIYJIEM D, , IPYroro — 3a MOJylIeM p,, [ —To —3a MoAylIeM p; iT. iH.

ITpoimocTpyeMo 3acTocyBaHHS i€l METOIUKH HAa HACTYITHUX MPHUKIIA/IaX.
Ilpuknao 1. 3acTocyBaHHS METOIUKH IS YMOB IIPSIMOTO TIEPETBOPEHHS uncen i3 pecarkoBoi [ICH B cuctemy
numkoBux kiacis (CJIK).

Hexail kpunTorpadiuHoMy NepeTBOPEHHIO Mijisrae aBopospsaHe Buxigne cioo A =17 (m=2) 3
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.. 0 1 . .
aroumu koedimiearamu ¢, =10° =1 ta ¢, =10 =10. V Burssini MaTpuii — psiika 1e CJI0BO Ma€ BHIJISI
1 2 p p

A=(1,7).
BubepemMo CyKyIHICTHP OCHOB CHCTEMHM WYHCIEHHS B 3aJMIIKOBMX Kiacax. Hexail 1e € OCHOBH
)2 =2, )22 =3, D =5 (n =3). Toni pmiama3oH mnpexacraBieHHs uucen (“podoumit” miamason) B CJIK

J=1
BuszHauumo po3MipHicTh kojayBambHoi Mmatpuni Kk sk kK =max(m,n)=3. Jlns y3romkeHHs po3Mipis
MaTtpub (M < k ) BUXiZHY MaTpHIIIO A= (al ,a, ,a3) CITiZI JOTIOBHUTH OIHUM (S =k-m= 1) HyJIeM Ha MicCITi
crapmioro  pospsaHoro  koediumienty. Ilpy  upomy  BuxigHa  Matpuus A wHabyae  BUDJILY
A=(0,a,,a,)=(017) 3 sarosumu xoedinienramu ¢, =10° =1, ¢, =10' =10 1a ¢, =10° =100, 0670
3amicTh posmiprocTi (/X 2) orpumae posmipnicts (1% 3).

Creopumo komyBanbny mMatpuito G 3 posmipnictio (3% 3), enemenramu &;; AKOI BUKOPHCTAEMO BETHYHHH

gij = {ci/pj. ne suak {c;!p; osHauae oGumCIeHHs 3amMuIKy (BiZpaxyBaHHs) Bix posmoginy C; Ha p;. B
pesynbrati orpumaemo g7 = {100}, =0, g12 = {100}3 =1, g13 = {100}s =0, g2;1 = {10}, =0, g2
= {]0}3 = ], g23 = {]0}5 = 0, g31 = {1}2 = 1, g32 = {1}3 = 1, g33 = {]}5 = 1, TOOTO:

010
G=[0 1 0
1 1 1
31iHCHUMO TTEpPETBOPEHHS
010
A=A XG=0,1,7)x |0 1 0][=(1,2,2).
1 11

HeBaxxko nepexoHaTHCs B IPAaBUIIBHOCTI BUKOHAHOTO MEPETBOPEHHSI.

Ilpuknao 2. 3acTocyBaHHs METOJUKH ISl YMOB MPSMOTO MEPETBOPEHHS unced i3 aecatkoBoi [ICU B cuctemy
mumkoBux kiaciB (CJIK) muist iHIIOT CyKyImHOCTI OCHOB CHCTEMH YMCIICHHS B 3aJIMIIKOBHX Kiacax. Hexaii ue e
OCHOBU p; =3, pr =7, p3 =11 (n=23). Toxai niama3oHn npencrasiacHus uncen (“podounii” mniamazon) B CJIK P =

j=3
[1r =231
Jj=1

1. BuzHaunmo po3mipHicTh KoayBajbHOT MaTpuli k. Sk i B nonepeanpomy npukiaai k = max (m,n) = 3. Ilpu
[OMY BHUXiJHA MaTpHI A, K i panime, mae Burisin A = (0, a,, az) = (0, 1, 7) 3 BaroBuM# KoeQillieHTaMH C; =
10°=1, ¢, = 10 ta c3 = 100, To6T0 Mae posmipricts (1 X 3).

2. CtBopuMO KoayBasbHY MaTpuIlto G 3 posmipHicTio (3 X 3). B pesynsrari otpumaemo gy = {100}5 =1, g1,
={100}7; =2, g13= {100} ;; =1, go; = {10}3 =1, g2p = {10}7 =3, g3 = {10}, =10, g5, = {1}3 =1, g = {1},
=1,g3 = {1} =1, To0TO:

1 2 1
G=11 3 10
1 1 1
3. 3nifiCHUMO TIepETBOPEHHS
1 2 1
A=A XG=(0,1,7) X || 3 10|=(23,06).
1 1 1

HeBaxxko nepexoHaTHCs B IPAaBUIIBHOCTI BUKOHAHOTO MEPETBOPEHHSI.
TaxkuM 9MHOM, HaBEACHI UTFOCTPATHBHI MPUKIAAH IiATBEPIKYIOTh MPAaBUIBHICTH 3alIPOMIOHOBAHOT METOIUKH
noOyJJOBH Ta 3aCTOCYBaHHS KOJYBaJIbHUX MaTpHUIlb Jisi OJOKOBOI'O KPHUIITONEPETBOPEHHS THIy — IO3MIIiHHA
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CHCTEMAa YHCIIEHHS — CHCTEMa JIMIIKOBUX KJIACIB.

III MeToauku no0y10BH 1eKOAYBaJIbLHUX MATPUIb VIS el (pyBaHHs (3BOPOTHOIO
KpUNTONepeTBOPEHHs) 0JI0KOBOr0 KPUIITONEPETBOPEHHS THILY —
CHCTEMA JIMIIKOBUX KJACIB — MO3HIIHHA CHCTEeMA YHCJICHHSA

J1J1 3BOPOTHOTO NTEPETBOPEHHS HEOOX1JHO:

1. BU3HAYHTH eJIeMEHTH 3B0POTHOI Matpuui G ';

2. 3MICHATH 3BOPOTHE TIEPETBOPEHHA A = A ;o X G

Jtst 3p0o3yMIiHHS MOJANBIIAX MipKYBaHb IIOA0 3BOpoTHOTO neperBopeHHs gucen i3 CJIK B IICY posrasHemMO
pOIEypH BH3HAYEHHs €JIEMEHTIB 3BOPOTHOI MaTpumi G ' JUIs PO3IIAHYTHX BHIIE NPHKJIALIB MPAMOTIO
MEPETBOPEHHS 13 MO3HIIiHOI AecsTkoBoi cuctemu gncienHs (IICY) B cuctemy mumkoBux kiacis (CJIK).

IIpu BU3HAYCHHI eleMEHTIB 3BOPOTHOI MaTpuui G ' HaragaeMo, O Taka (3BOPOTHA) MATPHUI iCHYE, SKIIO
JeTepMiHaHT [t npsiMol Matpuiii G € BIAMIHHUM BijJ HyJis1, ToOTO det G # 0.

Mpukaan 3. Copobyemo oTpuMaTtu 3BOpoTHY MaTpuio s neperBopentst CJIK — I1CY nmiast ymoB mpsiMoro
NepeTBOpPeHHs 3a mpukiaaoM 1. He Baxkko mepekoHaTHcs, IO A 1Or0 NpUKiIany, Haxanb, det G = 0, ToOTO
OTpHMATH 3BOPOTHY MaTpuIio G ' TpaaMIifiHUM MaTeMaTHIHIM METOIOM HEMOXUIHBO. Lle MOSCHIOEThCS THM, 110
B Marpulli G € OJHAKOBUMM MEPIIMHA Ta APYIMHA PSJIKMA, a TaKoXX MEpIIMH Ta TPEeTiH CTOBIYMKH, KOJHU 3a
BJIACTUBOCTSIMH JICTEPMIHAHTY BiH JOPiBHIOE Hyf0. OCTaHHE, B CBOIO YEPry, € HACIIAKOM TOTO, IIJ0 OCHOBH p| = 2
Ta p; = 5 € guIbHUKaMu ycix BaroBux po3psuiB [ICYU. Ane ananoridyHa cutyarist Moxe OyTH 1 B BUIIaJKy, KOJIX
ocaoBamu CJIK OynmyTh 0OpaHi uncia, BeIHMUWHA SIKUX NIEPEBHINY€E 3HAUCHHS BaroBHX KOE(IiIi€HTIB (HAIIPHUKIIA],
c| = 10° = 1,c, = 10! = 10, ...). Toxi B xoxyBadbHill MaTpHIi 3’ IBIATHCS PSAAKH, AKi € TIHIHHUMHI KOMOIHAIISIMHI
OJIMH OJTHOTO, BHACIIOK YOTO 32 BIACTUBOCTIMHU JIETEPMiHAHTY BiH Oy/e JOPiBHIOBATH HYIIIO.

Hpumitka 1. Take sBHIE TPU3BOANUTH 0 3MEHIICHHS KUTBKOCTI YHCEIN, SIKi MOXXYTh OyTH BUKOPHUCTAHUMH SIK
ocaoBu CJIK i, 3po3yminio, — 10 3MEHIIEHHS KiTBKOCTI BapiaHTIB KIFOUiB, IO MAa€ CBOIM HACHIAKOM 3HUKCHHS
Kpurnrorpadiqaoi CTiiKOCTI KOIy.

[Tepmum croco6OM YHUKHEHHS IIbOTO YCKIAIHEHHS € BHOIp TaKWX OCHOB, SKi HE € MITbHUKAMH BaroBHX
po3psaiB. s imocTpanii 1bOro MiAXOJY PO3MITHEMO HACTYMHHUH MPUKIAN Ui YMOB INEPETBOPEHHS TOTO K
camoro BuxigHoro ciosa A = (1,7) i3 TUMH XK, 3p0O3yMiJI0, BaroBUMHU KoedimieHtamu ¢; = 1 ta ¢, = 10.

Mpukaaa 4. BusHaunMo ereMeHTH 380poTHOI MaTpuii G ' U1 yMOB IPSAMOTO NIEPETBOPEHHS 33 MPUKIAIOM
2. Ins poro CIovYaTKy MepeBipuMo, 1o BoHa icHye. JlilficHo, st 3amanux ymoB det G = 9 # 0, ToOTO 3BOpOTHA
MaTpul icHye. He Bako nepekoHaTucs, 110 Taka MaTPHUIISI MA€ BUTJIS]

1 -7 -1 17
-2 1 1

Ha po3BuTOK 1[bOTO TPUKIALY 1 JJIs1 MEPEBIPKU MPABHIBHOCTI OTPUMAaHHs 3BOPOTHOI MATPHINl PO3TIISTHEMO
npukiaau nepersopenHs koxis i3 CJIK B I1CY.
Ilpuknao 4.1. Hexaii nepuie uucio B CJIK € A, = (1, 1, 1). Toxi
-7 -1 17
Anca=Aa X G =(LLDX19) | g  _g|=(1/9(0,0,9)=(0,0,1)=1.

-2 1 1

HeBaxko mepexoHaTHCS B IPABUIIBHOCTI BUKOHAHOTO MEPETBOPEHHS.
Ilpuknao 4.2. Hexaii apyrum umciiom B CJIK € A = (0, 3, 3). Tonmi
-7 -1 17
9 0 -9 =(1/9) (21, 3, -24).

-2 1 1

Takuit Burnsag orpumanoro yucia B IICY € mocuth HE3BHYHUM. AJie HOTO JIETKO MEPETBOPHUTH y 3BUYHUN

BUTJISIA, SIKIIO 3raJiaTH, 1110 MPH 3aMUCl YUCcel B MOJIHOMIANBHIN (GOpMI CiTiJl THCATH
Ancy =(1/9) (21, 3,-24) =(1/9) (21100 + 3 10 + (—24) 1) = (1/9) « 2106 = 234,
3BepHEMO yBary TakoX Ha Te, 10 OTPUMAaHHUN Pe3yabTaT MEPEBUIIYE TOMYCTHME 3HAYCHHS, TOOTO YHCIIO Apcy
BHUUIIIO 3a Mexi poboyoro mianazony CJIK: Apcy = 234 > 231. [Ing BBOAY ILOTO YKCIA B POOOYMH Miama3oH

ciig 3midcHUTH omepamito Apcy = { Ancy }21 = { 234}, = 3. HeBaxkko mepekoHATHCs B MPaBHIBHOCTI
BUKOHAHOT'O MIEPETBOPCHHSI.

3BepHEMO yBary Ha Te, II[0 OCTaHHI IEPETBOPEHHS ITOB’A3aHi 3 HACTYITHAMH BIIACTHBOCTSIMU.

AI'IC‘I :Acmc X Gil :(Oa 39 3) X (1/9)
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3anmc gucen B [ICY € hopMoro iX CKOPOUEHOTO MOIIHOMIATBHOTO TIPEICTABICHHS
Ancy=a,, 10 ™ +a,, 10 ™2+ ... +a, =102 +a,210 ' +a,210 °. (1)
Bennuuna yucen B [ICY, oTpiMaHuX BHACIHIJOK yCiX NEPETBOPEHb, HE MOBHHHA MEPEBUIYBATH Aiala3oH ix
j=n
npencrasieHas B CJIK P = H p;-
J=1

IMpu npexncranenHi uyucen B [ICY cnig BpaxoByBaTH HasBHICTb MDKPO3PSAHUX 3B’S3KIB Ta MOMIHBOCTI
3aMo3u4eHHs 13 CTapUIMX PO3PsAiB B MOJOJIII Ta MEPEHOCIB i3 MOJOIIINX PO3PSAIIB B cTapiii B pa3si, KOIu
3HAYECHHS PO3PSIIHUX KoedilieHTiB:

a) € MEHIIIMMH 33 HYJIb;

0) e OinpmuMu 3a 10.

Lle npu3BOIUTH JI0 TOTO, IO PE3YJIbTAT IEPETBOPEHHS B OCTAHHIH irocTpamnii y BUIIIsIl

Ancy =(1/9) (21, 3, 24)
CJIiJT TTOCITITOBHO 3aITMCATH Y BUTIISII
Ancu =(1/9) (21, 3, --24) =(1/9) (21, 0, 6) =(1/9) (2, 1, 0, 6),
MO-TIepIIIe, SIK HACTIIOK 3aI03WYeHHS i3 APYTOTO PO3PSAAY TPhOX MECATKIB IS OTPUMAHHS HEBil'€MHOTO 3HAYCHHS
MEPIIOTO PO3PSIIHOTO KoedimieHTa, Ta, TO-ApyTe, IEPEHOCY ABOX NECATKIB i3 TPETHOTO PO3PSTHOTO KoedilieHTa
SIK JIBOX OJIMHUI[b IO YETBEPTOTO PO3PSTHOTO Koe(illieHTa.

BHacniiok peanizaiii nepmux TprOX BJIACTUBOCTEH ONepallito MIICHHS Ha JEeTePMIHAHT CIIiJl 3/1iHCHIOBATH 110
BIJTHOIICHHIO JIO €IMHOTO JecsITKOBOro umcia B ¢opmi (1), otpumaBmu npu npboMy Apcy = 2106/9 = 234, ta
Ancu = {234}, =3.

Taxi >k HacHiAKKM MOKHa OTpUMATH, 3AIMCHUBINM Omepalii 3a 1. 3 MoA0 eNeMEHTIB AeKOAYyBaIbHOI MaTpuIl,
3BEpHYBIIM YBary Ha Te, IO PE3y/bTAaT MHOKEHHS BEKTOpA — PAKA Ay HA 3BOpPOTHY Matpumio G ' MoxkHa
3aMKUCaTy y BUIJISI

-7 -1 17
AHC‘-[ :Acm( X G71 :(O, 3, 3) X (1/9) 9 0 -9|=
-2 1 1

=19 [0 (N+3=9+ 3%(2),0s(1)+3=0+3=1),(0=17+3 = (-9)+3=1)],

JIe B KOXKHIH 13 KPYTIIUX Ty’KOK 3alACaHi pe3yJIbTaTH 00YnCIeHHs BaroBux koeginieHTiB [ICY.

Toni

Ancy =(1/9) [0 (-7)+329+ 32 (2),0=(-1)+3=0+3=1),(0=17+3=(-9)+3=1)],
MiclsT BpaxyBaHHsI BAroBUX KOe(ilieHTIB
Ancy=1/9) [0z (-7)+329+ 32 (2)=100+ 0= (-1)+3=0+3=1)=10+(0=17+3(-9)+3z1)=
1],
rpyMyBaHHs HIO0 SJIEMEHTIB MaTPHIIi — PSIKa
Ancy =(1/9) {0« [(<7) = 100+ (-1) = 10+ 17 = 1] +3 = [9 = 100+ 0% 10+ (-9)= 1]+ 3 « [(-2) « 100+ 1 = 10
+ 12 173=(1/9) [0 © (-700 — 10 +17) + 3 = (900 —9) + 3 & (—200 + 10 +1)] = (1/9) [0= (—693) +3 © 891 +3 & (—
189)],
Ta JIIJICHHS Ha BEJIMYUHY JeTepMiHaHTa OTPUMAEMO
Ancy =0 (=77)+3 299+ 3 = (—21).
J1st mo36aBiIeHHS BifT Bil’ €MHHX BEJIHYWH BBEIEMO Pe3yIbTAaTH OOUHCICHHS B MEKi poOOYOro Iianma3oHy
A ={Ancu}p={{0aT7)}p+ {3599} p+3 = {(2D}p}pr={{0= (-77+231)+ {3 % 99}p + {3 & (-21+
23D} p}p={{0 154+ {3 % 99}p + {3 210}p}p={0+66+168}p = {234}p =3.

Taxuif HOBrui HIISX JOCTaTHLO EJIEMEHTAPHUX PO3PaXyHKIB MU 3pOOMIM JHIIE I TOTO, 00 3BEpHYTH

yBary Ha IpOMDKHUH pe3yIbTaT OCTAHHBOT'O PO3PaxXyHKY y BUITIAIL
{Ancylp = {.{0 154+ {3%99}p + {3:210}p}p,

1110 MOXKHA TPAKTYBaTH SK pe3yJIbTaT oneparii

Anca =Aee X G =(0,3,3) X [0 9
2 1

= {6100 +30 10+27}p = {927} 53 = 3.

[ N

1. 3BepHEMO yBary Takox, IO JI0 3BOPOTHOT MaTpu 1i G’S1 y 13 Il
G'=|l0 9 9
2 1 0
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bJIOKOBI KPUIITOI'PA®IYHI IIEPETBOPEHHA 3 BUKOPUCTAHHAM JINIIKOBUX KJIACIB

MO’KHA MIPUNTH IIIAXOM HU3KH HACTYIHHX IIEPETBOPEHD
-7 -1 17 =107

G'=(1/9]9 0 -9|=(1/9)|8 9 1|=(1/9)
-2 1 1 211

-693 =07 =07 2 3 1 1 5 4
8911=1099|=]099 |+(0 O O=(0 9 9
—-189 -021 -021 2 3 1 2 1 0

B 1iit HU31I epeTBOpEeHbh BUKOPUCTAHI onepanii MiKpO3psJHUX 3al03U4eHb Ta MEPEHOCIB, a TAaKOXK omeparlii
BBEJICHHS PE3YJIbTATIB B MEX1 poOOYOro /iana3oHy.

8. I, HaperITi, MOKaKeMo, 0 11 MATPHUILS € HE IO iHIIe, K, PO3KIa] M0 eIeMEHTaX MaTPHUIli OPTOTOHATBHUX
0a3uciB 3 00paHMMHU OCHOBaMHU CHUCTEMH YHCJICHHS B JIMIIKOBUX Kiacax. JlilicHO, 1y oOpaHoro Habopy OCHOB P

Jj=3
=3,p,=7,p3 =11 (n = 3) 3 giana3oHoM mpeacTaBicHHs uucen (“pobdounm” giamazoHom) P = Hpj = 231,
j=1

KoHcTaHTamu Py = 231 /3 = 77, P, = 231 /7 = 33, P; = 231 /11 = 21, maemMo0 “Baru” OpTOTOHAJILHUX Oa3WCIB
cucteMu m; = 2, m, = 3, mz = 10, oo nae 3HaYEHHS OPTOrOHANBLHUX 0aszuciB cuctemu By = 154, B, = 099, B; =
210.

Takum 4nHOM, eJeMeHTH MaTpumi ais 3BopoTHOro neperBopenHs i3 CJIK B [ICY MoxHa BU3HAYAaTH HUITXOM
KJIACHYHMX MaTeMaTHYHUX ITEPETBOPEHb JINIIE B OKPEMHX BUIAIKaX. bUIbII yHiBepcanbHNM € BU3HAUYEHHS TaKHX
MaTpHIlb, BUXOSIYH i3 BIACTHBOCTEH KOy, TOOTO SIK 3HaUCHHs OPTOTOHAIBHUX Oa3uciB cucremu. OctanHe OyIo
BU3HAUYeHO B [4, 5] IpM PO3IIsAAi MUTAHHS MPO 3aBajOCTIiHKi IEpPeTBOPEHHS, KOIM SK 3BOPOTHY MaTpumio G '
3aMpoNOHOBAHO BUKOPHUCTATH CIPOIIEHY 3BOPOTHY MAaTPHUIIIO BHILY

gn By
G'l=| &n B,,

g By

Takuii migxig po3B’si3ye mnpoOieMy MO0 BHU3HAYEHHS MaTpHOb Ui AEKOAYBaHHS (11 3BOPOTHOTO
nepetBoperHs i3 CJIK B IICY) y pa3i xonmu meTepMiHAaHT KOAYyBalbHOI MAaTpHIl JOPiBHIOE HYIO. TuM camMum
3HIMaroThCs 1 oOMexxeHHs 3 BuOopy ocHoB CJIK i, orxke, oOMexxeHHS mOA0 KpunTorpadidHoi CTIHKOCTI KOmy
(auB. mpuMiTKy 1).

IV MeToauku 0JI0KOBMX KPUIITONIEPETBOPEHb THILY
CHCTEeMa JIMIIKOBHUX KJIaciB — NMO3MLiiHA cMcTeMa YHCJIeHHS

VBaxkHe 03HAHOMJICHHS 3 OTPUMAHUMU B MONEPEHIX PO3MiIax pe3yabTaTaMH J1a€ MOXKJIIMBICTh CTBEPAXKYBATH,
mo mneperBopenHst i3 [ICYU B CJIK e moxiuBuM pansi Oyab-sKOT CYKYIHOCTI OCHOB, SIKI 3aJJOBOJIbHSIIOTH
BIAMOBIJHMM  BHMOTraM. TakUM YUHOM, pO3IJSIHYTI METOIMKH  JO3BOJISIIOTH  3IIMCHUTH  OJIOKOBI
KPHUIITOIIEPETBOPEHHSI THUIMY — TMO3UIliifHA CHCTeMa YHUCIEHHS — CHCTEeMa JIMIIKOBUX KJaciB i3 IIEBHOIO
kpunrorpadiyHoro criikicTio. OIHaK Taki MepeTBOPEHHs MAIOTh 1 IEBHI BaJiH, 10 KX MOXKHA BiJIHECTH:

1. HemocTaTHIO KpUNITOrpadiyHy CTIHKICTh, MOB’SI3aHy 3 MOXIIMBICTIO PO3KPUTTS IHU(PY, TOOTO BU3HAUYEHHS
BexnurH ocHOB CJIK mpu mocTaTHRO TpHBaIOMy CIIOCTEPEKEHHI 3a OJIOKAaMH 3aKPUTOTO TEKCTY; 1€ € MOXKIUBUM
3aBJISIKH TOMY, III0 MaKCUMaJIbHE 3HAUEHHS JIMILIKIB 32 TIEBHOIO OCHOBOIO P; AOpiBHIOE (p; — 1), TOOTO BU3HAYECHHS
IIPU TPUBAJIOMY CIIOCTEPEXKEHHI BenuunHH (p; — 1), OTHO3HAYHO BH3HAYaA€E 1 p;; MOXHA 3alPOIIOHYBATH CHOCOOU
3arobira"Hs 1[bOMY, ajile BOHH IOB’s3aHi 3 HEOOX1IHICTIO TOJaTKOBUX ornepaniii npu neperBopenHi B CJIK;

2. BENIMKY HaJUIMIIKOBICTH 3aKPUTOTO TEKCTy IOPIBHSAHO 3 BIAKPUTHM; OCTaHHE MOSCHIOETHCS THM, IO
301IBIIeHHS] KpUNTOTpadivHOT CTIHKOCTI KOJY € MOXKJIMBHM 32 PaXyHOK BUKOPHCTaHHS 3HAYHOI KUTBKOCTI OCHOB —
B3a€MHO ITPOCTHX YHUCEJI, BEJIMYMHU SKUX MMEPEBUIIYIOTH (@ MpH X BEMUKIH KUJIbKOCTI — 3HAYHO TEPEBHIYIOTH)
BenuarHY ocHOBHU B [ICY; T0OTO, KO BUXITHUI KO MOTpeOye I 3amucy (mepeaaBanas, 30epeKeHHS Ta 1H.) g
PO3psAIB, TO KOXEH CUMBOJ 3alIM(ppPOBaHOTO TeKCTy — He MeHmIe Hixk (g + 1). Lle, B cBoto 4epry, mpu3BoauTh ab0
JI0 HEOOX1THOCTI BUKOPHMCTAHHs NpH 3amucy KokHoro i3 cumBoiiB CJIK moasiiiHOI po3psimHOCTI (MOPiBHSHO €
cumBoamu [ICY), abo k 10 HEOOXiMHOCTI 3MIHCHIOBATH “TIePEYNaKOBKY  3amH(ppOBAaHOTO TEKCTY 3 METOIO HOTO
yminebHeHHS (i3 3BOPOTHOIO TPOIEAYPOI0 PO3YIIUIFHEHHS), IO BUMAara€ 3HAYHUX 3aTpaT OOYMCITIOBAIBHHUX

pecypcis.
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Bsuecnas Bacunenxo

Tomy, sk anbTepHATHBA PO3IIISTHYTHM METOIUKAM IEPETBOPEHB 13 MO3UIIIHHUX CHCTEM B CHCTEMY JIMIIKOBHX
KJIaciB IPOTIOHYIOTHCS METOIMKN KPUNTOrpaigHUX IEepEeTBOPEHB 3a CXeMaMU: pH MU PyBaHHI — IEPETBOPEHHS
i3 CHCTeMH JHIIKOBHX KIJaciB B MO3WIIHHY CHUCTEMY YHCICHHS, MpH Oemu(pyBaHHI — MEPETBOPEHHS i3
MO3UIIHHOI CHCTEMH YHUCIICHHS B CHCTEMY JIMIIKOBUX KJIaciB. 3 Mi€l0 METOI OyaeMo YSBISTH yCi CHMBOJIHU
BUX1JIHOTO OJ0Ka Juist M pyBaHHS

A=aq,dy, ..., O,
HE3aJIS)KHO BiJ MOYATKOBOI CHCTEMH YMCJICHHS (/I BU3HAYEHOCTI B MEXKaX CTATTi IOYaTKOBA CHCTEMa YHCICHHS
Hexail Oy/ie Mo3uIiiHO0), CUMBOJAaMU B neskiil ymoenin CJIK — nuikamu 3a ocHoBamu p; (1 =1, 2, ..., k). llo6

CUMBOJIH [TOYATKOBOT CHCTEMH YHCJICHHSI MOXHA OYyJ10 BBaXKaTu cuMBosiaMu B yMoBHiH CJIK, 3HaueHHs1 OCHOB 1€l
ymoBHoi CJIK p; ciix Bubuparu 3 yMoBH
pi > g,
JIe & — OCHOBa BHXIZHOI CUCTEMHU YHUCIeHHs, a f — pO3psSOHICTh CHMBOJIIB NOYAaTKOBOi CHCTEMH 4HcieHHs. L{s
BUMoOra moB’si3aHa 3 TuM, mo B CJIK 3Ha4eHHS OCHOB € 3aBXAM OUIBIIMMH, HDX 3HAUYEHHsI JIMILIKIB 32 LUMHU
OCHOBaMH (a 11 — 3HaYeHHsI CUMBOJIIB IT0YATKOBOT CHCTEMH YHCIICHHS).
Metoanky OJIOKOBHX KPHUITOIEPETBOPEHb TUIY CHCTEMa JINIIKOBUX KJAaciB — IMO3UIIIHHA CHCTeMa YHCICHHS
MIPOLTIOCTPYEMO, SIK 1 paHille, KOHKPETHUMH IIPUKIIaJaMH.
Ilpuknao S. Hexait kpunrorpadivHOMY NEpeTBOPEHHIO ITiJUIATaE IBOPO3PSAIHE BUXiAHE c1oBO A = 17 (m = 2)
B AecATKOBiH cuctemi uncneHHs. Toxi g = 10, a f = 1. BBaxxaemo, mo me uncio € uncio B yMoBHIN CIIK A =
(1, 7). Buznauumo ocuosm 1iei ymoBHO1 CJIK. Hexait Takumu ocHOBamu OyayTs p; = 11, ta p, = 13. Ilpu upomy
P, =13,P, =11, m; =6, m, =6, B; =78, B, = 66. Toxi, 3 ypaxyBaHHAM IONIEPEIHIX pe3yIabTaTlB, KOIyIO9y Ta
JIEKOJIyI0UYy MATpHIIl CJIiJT 3a[MCATH Y BUTJIISI
I 9
G=(7 °1.G"=]10 10|
8 6
1 1
nepetBopene (3amudponane) B [ICH uucino

Ava=(1,7) x [T 8] =(63,48) = (111),
8 6

a nemmppoBaHe —

1 9
A=(111) x | 1010 1= ({12}, {20}13) = (1, 7),
1 1

o BiAmoBimae BuxigHoMy umciy 17, sxe mimrsrano mpsmomy (B IICH) ta 3BoporHOMy (B ymoBHy CJIK)
MIEPETBOPEHHSIM.

HeBaxko ymeBHHTHCA, MO0 KpHUNITOTpadivyHe MEPETBOPEHHS 3a TAKOI CXEMOK0 € BUTBPHUM BiJl BHKIIAJCHHX
BWIIE BaJl, OCKITBKHA TPEACTABICHHS 3alIn()POBAHOTO TEKCTY B MO3MIiiHIN (0coOmMBO B MBiiKOBii) cucTemi
YHCIICHHsI Ma€, BHACHIOK BriacTuBoctel [ICY, HallBUILY IMIJIBHICTH YIAKOBKH. [Ipy iboMy 3a7a4i yIIiIbHEHHS Ta
PO3YIIIJILHEHHS € 3aiBUMH; OCKUIBKU 3alii(pOBaHUIl TEKCT MPEACTABISIETHC B MO3ULINHIA CHCTeMI YUCIEHHS,
TO po3kpuTH mHKpp, ToOTO Hadip ocHOB B yMOBHIN CJIK, IUISIXOM CTaTUCTUYHOTO aHai3y BEIUYHMH CHMBOJIIB, €
HEMOKJIMBHUM (CKOpillle 3a Bce JIs IHOTO MOTPIOSH Juile mpssMuil epedip ycix X MOKIMBUX BapiaHTIB).

TakuM YHHOM, BapiaHT OJOKOBHX KPHITONEPETBOPEHb TUIY — YMOBHa CHCTEMa JHIIKOBHX KIaciB —
MO3UIlifiHA CHCTeMa YHCJICHHs, MOPIBHSIHO i3 3ampoloHOBaHWM B [4] BapiaHTOM KpPHUITONEPETBOPEHb THITY
NO3UIiifHA CHCTEMa — CHUCTEMa YHCIICHHS JIMIIKOBUX KJACIB, € OLIBII JOCKOHAIHM.

Jlimepamypa: 1. Hopmamuegnuii ookymenm Cucmemu mexHiuHo2o 3axucmy iH@opmayii “3aeanvHi nonocenHs
npo 3axucm iHgopmayii 6 komn'tomepHux cucmemax 6i0 Hecaukyionogarozo oocmyny” (HH T3I 1.1-002-99).
2. Hopmamuegnuti  0oxkymenm Cucmemu mexHiunoeo 3axucmy iugopmayii  “Kpumepii oyinku 3axuujenocmi
ingopmayii 6 xomn'tomeprux cucmemax 6i0o HCJJ” (H/[ T3I 2.5-004-99). 3. Hopmamuenuii ookymenm Cucmemu
mexuiyno2o 3axucmy ingopmayii  “Knacugpixayis aemomamuzoeanux cucmem i cmanHOapmui QyHKYIOHATbHI
npoghini 3axuwenocmi 06pobmosanol ingopmayii 6i0 necankyionosanozo oocmyny” [HI] T3I 2.5-005-99]. 4.
Bacunenxo B. C. Bapiaum 3agadocmiiikoeo xpunmozpaghiunozo nepemeopenns // Ilpagose, nopmamuene ma
MemponoziuHe 3a0e3neyuents cucmemu saxucmy ingpopmayii 6 Yxpaini, eun. 8, 2004 p. — c. 101 —108.
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