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PosrnsigaeTscst OOUH 3 ICHYIOUMX METOMIB pO3B’sI3aHHS 3a/adi PO MaTeMa-
THYHHH ceii) — MeTo] cyMapHUX IpeAcTaBIeHb, PO3pOOJICHUH I TpadiB
Ta MaTpHlb, TEOPETHYHO ONMHUCAHHH 1 OOrpyHTOBaHMI y momnepenHix podo-
Tax. [nes MeTony mosArae y mouyky cleliaJibHOro napamerpa S, sSKud Ha-

3MBAETHCS CYMOIO HEBIZIOMHUX, 1[0 HPEACTABIAIOTH PO3B’I30K BHXIiAHOI cHC-
TEMH PiBHSAHb. B iCHYIOUOMY METOJi CyMapHUX IPEJICTAaBICHb HA MAaTPHLAX
[[e JOCATAEThCS IUIIXOM PO3B’SI3aHHS CIELialIbHOT J0JAaTKOBOI CHCTEMH pi-
BHSIHb, 5IKa € 3BQ)KEHOI0 CYMOIO PiBHSIHb BUXIJIHOI CHCTEMH 3 KoedilieHTaMu
d;,i=12,..,n, acama cyma pisna dS, ne d — HeBigoma koHcTanTa. Jloc-

JDKEHHSIME OOIPYHTOBAHO METOJ SIK IHCTPYMEHT PO3B’s3KY 3a4a4 Mpo Ma-
TEMaTU4HUH ceild, ajse METoA YyTIUBHH 1O BHUHATKOBUX BHUIIAJIKIB, KOJH
pO3B’sA3Ky He icHye (3HaueHHA napamerpa d kpartHe, ne K — KiJIbKiCTb
CTaHIB KOXKHOTO 3aMKa B ceidi), i morpebye Kopekiii MO4aTKOBUX CTaHiB
ceiidy. Tomy B gaHiif cTaTTi IPONOHYETHCS METOJ CyMapHHX IPEACTaBICHb
Ha MaTpULAX, SKHH 03BOJINTh OTPUMATH YHiIBEpCaJbHUIl Ta CTIHKUIl MeTOX
PO3B’sI3Ky 3a7ad PO MaTeMaTHYHHH ceiid moBinbHOTO 06Csry. Ocobnusic-
TIO METO/ly € «CerMEHTAILis» BPICX%ﬁZ[HO'I' CHUCTEeMH PiBHSAHB BiTHOCHO 3MiHHHX

Xjj Ta BBEJICHHs omepaTopa Oj = Z Xij' SKUH, Ha BIAMIHY BiJl METOOY CyMa-
i=1
PHUX TpEACTaBICHb PO3B’SI3aHHS 3aJladyi MPOo MaTEMaTUYHHI ceiid Ha rpa-
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bax, € 4acTKOBOIO CyMOIO IpH (ikcoBaHOMY HOMepi j. 3aBASKM BBEICHHIO

/I0/IATKOBOTO ONEPaTopa Gj OTPUMAEMO MOXJIMBICTh PO3B’A3KY BHCXiJHOT
CHCTEMH: Xjj =S; + 0 +bij~ Merox NMpOAEMOHCTPOBAHO Ha MPUKIAi, SKHUif

MiATBEPIUB HOro e(eKTHBHICTH Ta SKiCTh. [IpoBeseHO aHANi3 apupMeTHIHOT
CKJIQJIHOCTI aITOPUTMY METOJly CyMapHHX MPEACTABJICHb Y NOPIBHSAHHI 3 KJla-
cuyHuUM MetonoMm ['aycca.

KurouoBi cioBa: marematuuHmii ceiid, giopanToBa cucTeMa piBHIHb, BEKTOP
MIOYaTKOBOTO CTaHy ceiidpa, MeTo cyMapHHX IpeCTaBlIeHb, CKIHUEHHI OIS,
CKIHYCHHI KibIsI, Orepatop, apupMeTHIHA CKIaJHICTh.

Brepie MeTox cyMapHHUX TPEACTaBICHb OYJIO PO3TIISTHYTO JUIS PO3B’SI3aHHS 3a7a4
PO MaTeMaTUYHHIA celid Ha rpadax y crarti [1].

Sk Bimomo, 3aBIaHHS PO MaTeMaTUYHUHA CeH( POPMYITIOETHCS 32 TOITOMOT0I0
rpadiB i MaTpHIh, a HOTr0 PO3B’sA3aHHS 3BOJUTHCS O PO3B’SA3KY CHUCTEM JiHIHHUX
PIBHSHD y CKIHYEHHHX IOJIAX ab0 CKiHUeHHHMX Kinbusx [2], a Takok Horo Bapiarii
HaJ IUMHU 00JIaCTAMHU.

MareMaTHYHUN ceii(p Ha MATPHUISIX IMPEICTABISIETHCS 32 JOMOMOTO MAaTpPHIL
B =(bjj)m,n, fKa HAa3UBAETHCS MATPULEIO NOYATKOBUX CTAaHIB 3aMKiB, /€ KOKHHIH

€JIEMEHT BIANOBiga€e OJHOMY 3aMKy i nmpuiimae omgne 3 K 3nawens 0, 1,...,K-1.
OauH MOBOPOT KIIFOYEM JAaHOTO 3aMKa 32 TOJAMHHHKOBOIO CTPIIKOIO MPU3BOJIUTE IO
301JbIIEHHSI CTaHy 3aMKa Ha «+1», a MPOTH TOMMHHUKOBOI CTPIIKKU — JI0 3MEHIIIEH-
HS Ha «—1». 3aMOK BBa)Xa€ThCS BIAKPUTHM, SKIIO 3HAXOAWUTHCSA B cTaHi «0», B iH-
mux craHax — 3akputuil [3, 4]. KoxkeH MOBOPOT B JaHOMY 3aMKy IPH3BOIUTH JO
TAaKOTO X MOBOPOTY y CYMDKHUX 3aMKaX, TOOTO TaKWX, sIKi 3HAXOIATHCS B OJTHOMY
PANKY Ta CTOBIIMI. 3a/aua MOJATrae B TOMY, 100 IS KOXKHOTO ij-3aMKa 3HANTH TakKy

KUIBKICTb MOBOPOTIB Xjj, MiC/s 3MIMCHEHHs SKMX Cel¢ CTaHe BIAKPUTHM, TOOTO
Bin =(bij =0)m,n’ [0 BIiJANOBIJAa€ OJHOYACHOMY BIIKPHUTTIO YCiX 3aMmkiB. Jlus
OKpeMOro o0paHOro ij-3amMka Le 03Hauae, WO Cyma BCiX Xjj oOpaHOro psika Ta
crosmus gopisaioe —byj (Mod K).

CyTb MeTOIy TIOJNATA€ y BBEIEHHI CIEIiaIbHOTO OIepaTopa, KW Ha3UBAETHCS
CYMOIO HEBIIOMHUX S.

3anuinemMo CHCTeMy PiBHSHB JUIsl IEPLIOTo psiaka Marpuui B st koxuoro by :

X1+ X2+ ot X +Xo1 + . .+ X = -
X11+ X12+ et X1n+ X22 + A+ sz = —blz
(mod K). 1)

X1+ X2+ ot X+ Xon + .+ Xpn = —by

S

n . n n

[osHauuMo . X3 =S;. AHAIOTIYHO Y Xp| =S, -.. 2, Xmj = Sp-
=1 i= =1

Jonasmmy piBHSHHS cuctemHu (1), oTpuMaemo

n
NSy +Sy +S3+...+ Sy =— 2. blj.
j=1
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3miiiCHUBINM BCi Ti % caMi omeparii BiTHOCHO iHIIKX PAAKIB MaTpulli B, otpumae-
MO 3arajibHy CUCTEMY JiHIHHUX Ai0(paHTOBUX PiBHSIHB:

n
nS;+ Sp+ ...+ Sy = —Zblj
j=1
n
S+ NSp+ ot Sy = =2 by
j=1 (mod K). (2)
n
S+ Spt .t NSy = — 3 by
j=1

IMosHauumo $; + Sy +...+ Sy, = S. Jlomapmm yci piBHAHHS, OTPUMAEMO

n 22y
.S =— . ==
(n+m-1)-S i:Z‘ijz::lb,J =S 1 (mod K). (3)

Iepeiinemo no momyky Sj i3 cucremu (2). Ilepie piBHAHHA MOKHA 3allUCATH Y

\ —2 b =S
suriiai (N-s;+S=-3 by =9 =L(m0d K).
=1 (n-1)

Amaoriysi il 103BOJIAI0T 3HAWTH 3arajbHUM BUpa3 JUls IOLIYKY Sj !

n

=
5 = 0D (mod K). (4)

m
TTo3naunmo o j= > Xj- [Ticns mporo, AKIIO Bi3bMEMO TEpIIi piBHSAHHS 13 CHCTEMHU
i=1
Tuy (1) 11 KOXKHOTO Sj, OTPUMAEMO
m
S+ (m —1)61 = —Z bll
i=1
Y3arabHIO04H JUls IHIIMX G j, GepeMo j -Ti piBHsiHHS i3 cuctemu (1), 3anmca-
Hi 114 Sj.

OTpumMaeMo 3arajabHUI BUI

—Iglblj -S

3Bincu MaeMo po3B’s30k BucxiaHoi cuctemn (1): X =s; +0j +by.

PosrnssHeMo mpukiaj 3amadyi MaTpUIll y CKIHYEHHOMY MOJi mpu m= 3, n= 4,
K =7, ne matpunsa B mae Burmsn
1234

B=|567 8].
2222
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3anunieMo 1Sl Hel CUCTEMY PiBHSHB!

X1+ X
X1+ X2
X1+ X
X1t X
X1

X2

X1

X2

IMo3Ha4MMO BiAIOBIAHI cyMH Y ¥ j

+ X13
+ X13
+ X13

+ X13

X3

X3

+ Xg X
+ X4 +
+ X4
+ X4
Xp1 +
Xo1 +
Xp1 +
Xa + X1 F
X21
n

X4

X22

X0y +
X22 +

X0y +

X22

4

=

X23

X23
X3
X23

X3

X23

X4
X4
X24
X4

X4

X4

(mod 7).

X31

X31

X31
X31
X31

X31

X32

%32

X32
X32
X32

X32

X33

X33

X33
X33
X33

X33

X34 =

4 4
=S, 2 Xpj =S, 2. X3j =S3.
=1 =

YTBoprMO cymu 3 1-T0 10 4-€ piBHSIHHS Ta BiIMOBIAHO — 3 5-ro 1o 8-¢ i 3 9-r0
no 12-e. Orpumaemo

48 +5, +53=-10

Sy +4S, +53 =—-26 ;(mod 7).

Sy +Sy +4s3=-8

(6)
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ITo3nauumo S; +S, +S3 = S. CxiraneMo yci Tpu piBHAHHA cucteMu (6). OTpuMaeMo
6S =—-44(mod7) =—-2(mod7) =12(mod7) = S = % =2(mod 7). Bizememo mepiue pi-
BHSIHHS cucTeMu (6). 3ammmemo iforo sk 3s; +S =-10(mod7). 3sixcu 3s; =-10-
—S(mod7)=-12(mod7) = s, = _le =—4(mod 7) = 3(mod 7).

AHanoriyHo 3 2-ro Ta 3-ro piBHAHb OTPUMAEMO:

35, =—26—S(mod7) =—-28(mod 7) = s, =0(mod 7),
3s3 =—8-S(mod7) =-10(mod 7) =-3(mod 7) = s3 = _?3 =-1(mod?7).

IMo3HauMMO  Xqq + Xoq + X317 = 7. AHAJOTIYHO Xip + Xop + X3 =GCp, X3+ Xoz +
+ X33 =03, X4 + Xo4 + X34 = 4. Bizbmemo pisnsnns (1), (5), (9) ta cxragemo. Orpu-
MaeMo S + 207 =—-8(mod7) = 2061 =-8-2 = oy =—5(mod 7) = 2(mod 7).

Tenep cknagemo pisusiaus (2), (6) ta (10). Otpumaemo S +2c, =-10(mod7) =
=20, =-10-2= 0, =-6(mod 7) =1(mod 7).

Iponosxumo: (3)+(7)+(11). Orpumaemo S +203 =-12(mod7) = 2653 =—-12—
-2 =03 =—7(mod7) =0(mod 7).

Octatouno ckinagemo (4)+(8)+(12). Orpumaemo S + 20, =-14(mod7) = 204 =
=-14-2= o4 =-8(mod 7) =-1(mod 7).

3anuuieMo piBHSHHS I JOBUIBHOTO bij- Otpumaemo Sj+c i~ Xij = —bij. 3Bigcu
JIETKO OTPHMYEMO PO3B’si30K cuctemu (1): Xjj =Sj+0j + bij- BiamoBigHi 3Ha4YeHHS €

enemenTaMu MaTpuli X = (Xjj ) n-

-1-1-1-1
V migcymky orpumaemo Matpuiro X = 0 0 0 O
3210
12314
ITepeBipumo 11e pimenns. Bucxigna matpunsg B=|5 6 7 8|:
2222
0123 -1012
X1=-1-B=|460 8|, x,=-1-B={4 50 8|,
1222 1122
-2-101 -3-2-10
X3=-1—-B=|4 5 6 8|, xu=-1—-B={4 5 6 0,
1 112 11 11
0-2-10 00-10 0000
X33 =3—B=|0 5 6 0|, X3p=2—B={00 6 0|, x33=1—B=(0 0 0 0.
4 4 4 4 66 6 6 0000

Ceiid BimkpuTHii.
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OCKUTbKH B pOoOOTI pO3TIIAIAIOTHECS CUCTEMH PIBHSHB B ITOJI JIUIIKIB 32 MOAYJIEM
MIPOCTOTO YHCHA, TO JO TaKOl CUCTEMH PiBHSHb 3aCTOCOBHHM 3arajbHOBIIOMUN METOT
laycca ckopoueHHs ymcna HeBimomux. [IpoaHanizyemo apudMeTHIHY CKIAIHICTD aJl-
TOPUTMY METOJly CYMapHHX MPEACTABICHb 1 MOPIBHAEMO #oro 3 MeTogoM ["aycca.

Binomo, mo apudmeTHyHa CKIaIHICT PO3B’SI3aHHS CHCTEMH JIHIHHHUX OIHOPIM-
HUX Jio)aHTOBMX pIBHSIHB 3a METOJOM [aycca Mae CKIagHICTh O(Is(log k)2), ae
I = max (n, m).

CKIIQIHICTh 3alPOIIOHOBAHOTO METONy CYMapHHX MpPEICTaBICHb CKIANAETHCS 31
CKJIAHOCTI 3HAXOJUKCHHsS PO3B’A3Ky BHCXinHoi cucremu (1) Xj =sj+o;+D;, sxa
CKIaJaeThesl 31 CKIIA/IHOCTI 3HAXO[KCHHs PO3B™s13Ky Sj Ta Oj Ta omneparopa S. Apud-

METHYHA CKJIAJIHICTh 3HAXOKCHHS 3HAUCHHSA S po3paxoByeThes 3a Gopmyoro (3)

ta mae 3HaueHHs O(l(logk)), ne |=max (n,m). Toxi ckiagHICTh 3HAXOMKEHHS
omepatopa S; BimmoBigHo mo dopmymn (4) € O(I(logk +1)) = O(I(logk)), ne
I =max (n, m). Tak camo po3paxyemo CKIAIHICTb 3HAXOUKEHHs omeparopa Gj, ska
po3paxoByeThest 3a hopmysoro (5) Ta Mae 3HaUCHHS O(|2(|Og k +1)2) ~ O(I2(|Og2 k)),
ne | =max (n, m).

Binnosinno, 3aranbha apupMeTnuHa CKIAAHICTb 3HAXOKEHHS PO3B’SI3KY Xjj Mae
pemmanny O(12 (log? k)) +O(I(logk)) ~ O(1?(log® k)), ze | =max (n, m). Omse, Me-
TOJ CYMapHHUX MPEJCTABJICHb MA€ IEPEBard 3a apU(pMETHIHOKO CKIATHICTIO BiIHOCHO
Mmertony ['aycca. Lle HOSICHIOETBCS THUM, IO METOJ CYMAapHHUX IIPEJCTAaBICHb BPAXOBYE
crienuiky 3aqadi mpo MareMatdHui ceid. Takok y MOAAIBIIOMY 3alpPOIIOHOBAHHI

METOJ MOXKHa MOJU(DIKyBaTH AL pO3B’sI3aHHS 3aadl PO MaTeMaTuIHuH ceiid Ha Ma-
TPULAX Y CKIHYCHHUX KIIBLUIX, 16 METOX ["aycca He 3aCTOCOBHU.
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One of the existing methods of solving the problem of a mathematical safe is
considered — the method of total representations, which was developed for
graphs and matrices, theoretically described and substantiated in the cited previ-
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ous works. The idea of the method is to find a special parameter S, called the
sum of unknowns representing the solution of the original system of equations.
In the existing method of total representations on matrices, this is achieved by
solving a special additional system of equations, which is a weighted sum of
equations of the original system with coefficients d;,i=1, 2,..., n, and the sum

itself is equal to dS, d an unknown constant. Research justified the method as
a tool for solving the problem about a mathematical safe, but the method is sen-
sitive to exceptional cases when a solution does not exist (when the value of the
parameter d is a multiple of K, here K is the number of states of each lock in
the safe), and required correction of the initial states of the safe. Therefore, this
article proposes a modification of the method of total representations on matri-
ces, which will allow obtaining a universal and stable method of solving prob-
lems about a mathematical safe of arbitrary volume. The feature of the method
that is, the modification consists in the «segmentation» of the ascending system
of equations with respect to the variables Xij and the introduction of the

m
operator oj= > Xij which, unlike the «classical» method of total represen-
i=1
tations, is a partial sum, with a fixed number j. Thanks to the introduction
of an additional operator cj, we will be able to solve the ascending system:

Xjj =Si +0j +byj. The method is demonstrated on an example that confirmed its

effectiveness and quality. The analysis of the arithmetic complexity of the algo-
rithm of the method of total representations in comparison with the classical
Gaussian method was carried out.

Keywords: mathematical safe, Diophantine system of equations, vector of safe
initial state, finite fields, finite rings, method of summarized representations, op-
erator, arithmetic complexity.
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