METOABbI OITUMHN3ALIUA
N OITUMAJIBHOE YIIPABJIEHUE
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METO/] CYMMAPHBIX
TIPEJICTABJIEHUI U1 PEIIEHUS 3AJIAY
O MATEMATUYECKOM CEN®E HA TPAGAX

KiioueBsle coBa: MaTeMaTH4ecKuil ceii(, cuctema ypaBHCHUM, BEKTOpP HAYaJIEHOTO
cocTosiHUs cetiha, HEOPUCHTHUPOBAHHBIN Tpad), METOI CYMMApPHBIX MPEICTABICHHIMA.

MeToa cyMMapHBIX NpeACTaBICHUI BliepBbIe paccMOTpeH B [1], rae ucnonp3o-
BaJICSl HAa YHCTO MHTYUTHBHOM ypoBHE. B maHHOI paboTe maeTcst TeopeTHieckoe 000CHO-
BaHUE 3TOr0 METOAA.

Kak m3BecTHO, 337a4a 0 MareMaTHyeckoM ceide GpopMyaupyercsi ¢ HOMOIIBIO
rpa)0B M MaTpHIL, & €€ PEIICHNE CBOJUTCS K PEUICHUIO CHCTEM JINHEWHBIX YPaBHCHUN
B KOHEYHBIX ITOJISIX [2] WM KOHEYHBIX Koblax [3]. Bepmmasl rpadoB m300pa3uM B Buze
KpPY’KOYKOB, BHYTPH KOTOPBIX YKa3aH HOMEp BepIIMHBL. [ Ka)xa0oro MareMarudec-
KOTo ceiiha CylIecTBYyeT HadyaabHOE COCTOSIHHE, KOTOPOE 3aJaeTcsi BEKTOpoM b =
= (b, by, ..., by), tme 0<b; <k —1. Yucno cocrosuuii i -ro 3amka obo3naunm Kj. Pac-

cMoTpuM ciydaid, korga Bce Kj =K. Takoii ceiid) Ha3piBaeTcsi cefihoM ¢ OHOTUITHBIME

3aMKaMH. 3a/lada COCTOUT B CIEAYIOIIEM: HCXOMs U3 HA4aJIbHOTO COCTOSIHHSA cefida Haii-
TH TaKo# BEKTOp X = (Xq, Xp,...,Xp), YTOOBI OCIIE OCYIECTBICHUS Xj MIOBOPOTOB B

COOTBETCTBYIONIMX 3aMKax cei( mepemen B coctosuue bfin = (b =0),,. [Ipennara-

MBI METOJ] paCCMOTPUM Ha HEOPHEHTHPOBAHHBIX Tpadax, MPEICTABISIONINX CeH-
(GBI C OTHOTUIIHBIMU 3aMKaMH. B o0miem ciydae perieHue 3ajJaqu CBOJIUTCS K pe-
IICHUIO CHCTEMBI

Ax+b =0(mod K), 1)

rine A — mMartpuiia HHIUIEHTHOCTH Tpada.
CyTh MeTOZ]a COCTOMT BO BBEJCHHMH CIEHUAIBHOTO MapaMeTpa, KOTOPHIi Ha3bIBa-
n
eTCsl CyMMOH HEW3BECTHBIX S :Z Xj . HexoTopsie Tpadpl MO3BOJSIOT IPEICTABIISATH
i=1
IIepeMEHHbIE CHCTEMBI Yepe3 3TOT mapaMmerp. CyMMHpPYs 3TH MEepPeMEHHBIE, MToydaeM
yYpaBHEHHE OTHOCUTENIBHO Hero. PemmB faHHOE ypaBHEHHE, MOIY4YHM 3HAUYEHUE TOrO
rapaMeTpa U 3Ha4€HUs BCEX IIEPEMEHHBIX.
OcHoBHas npo0OJieMa 3aKIII0YaeTcsl B HAXOKAECHUH JJaHHOTO napamerpa. [ms ero

HaxoxaeHusi B cucreme (1) yMHOXHM |-¢ ypaBHEHHWE Ha TaKOd MHOXHTENb
di, i=12,...,n, 49tobBl CymMMa BCEX YypaBHCHHWII jana B JIEBOW YaCTH BEKTOP
(dxq, dx,, ..., dx,), rme d — kakas-To KoHcraHTa. OTCIOa MONYYaeM DPaBEHCTBO
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n

dS=- Z dib; u merxo Haxomum S . Ho mist aToro Heobxoxumo Haiitu dj u d . B cuny
i=1

MOCJICAHETO NOCTPOCHUA OHU YAOBJICTBOPAOT CUCTEMC ypaBHeHI/Iﬁ

AD=d (mod K), )

rne D=(d,d,,...,d,), a d=(d,d, ...,d). Juis pasnuunsix rpados cucrema (2) pema-
eTcst Tmo-pasHomy. IIpu 3TOM HCIIONB3YIOTCS CHelU(UIecKue CBOWCTBA rpadoB, Takue

KaK CHMMETpHS, CBSI3HOCTh M T.II. YYET CHEHU(HUKH CTPYKTYpHI rpadoB 00JIerdacT Ha-
XOXKIECHHUE ITUX IIAPAMETPOB.

Mpumep 1. Paccmorpum tpad Ha puc. 1,tne K=7,b=(1,2,3,4,5,6,7, 8).
7 30 4

3anmmieM s atoro rpada cucremsl (1) u (2) B Bune cucrem (3) u (4).

Puc. 1

X+ Xo + . X5 oo =-1
X+ X0+ Xg+ .. X . =-2
Xo+ X3+ Xg+ . . X7 =-3

X+ - X.3+ ).(4+x.5+ X - )Tg E—: (modk), @)
Xo+ . . Xg+Xg+ X7 . =—6
X3+ . . Xgt+ Xg+xg=—7
Xg+ . . X7+Xg=-8
di+dy + . ds .. =d
di+dy + d3+ . . dg =d
dyo+ d3+ dg+ . . dy =d
d3+ dg+ . dg =d

d+ . . . ds+ dg i g [(ModK). @
do+ . . dg+dg+d; . =d
da+ . . dg+d;+dg=d
ds+ . . d7+dg=d

CpaBHuBas B cuteMme (4) 4eTBEpTOE M BOCBMOE YpaBHEHHS, TIOJYyYUM PaBEHCTBO
d3=d7 . [lo aHanoruu ¢ 3TUM U3 IEPBOTO U ILSITOr0 ypaBHeHWid ciexyer O, =dg, u3

TpeThero u cexpmoro — 04 =0dg , u3 Broporo u mecroro — dy =dsg.

Takum 06p3.30M, mojrygyacm d]_: d4 =d5 = d8 ,a d2 =d3 :dﬁ = d7 .
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CpaBHuBasi mepBoe W BTopoe ypaBHeHHs u3 (4), momyuum dg=2d,. IIycTsb

dy=1. Torma dz=dg=d;=1, d;=d4=d5=dg=2. 3naunur, d=5. Orcroga 5S=

= —i dibj=—54=2(mod 7),a S =6 (mod 7).
i=1

Haitnem X;, i=1 2,...,n, u3 cucremsl (3), UCTONB3Ys MPEACTABICHHUS MEPEMEHHBIX
yepe3 mapametp S. CkiapiBasi 4€TBEPTOE U LIECTOE YpaBHEHUs, HOMyduM S — X =—10.
3uaunt, Xy =S+10 =16 = 2(mod 7). AHaIOrHYHO M3 BTOPOTO M BOCEMOTO YpaBHEHHIA T10-
ayuum Xg = 2(mod 7), u3 nepBoro u cempmoro — X4 = 0(mod 7), u3 TpeTbero U miToro —
Xg= 0(mod 7). TloacTaBisis HOMyYCHHBIE 3HAYCHUSI B yPABHEHHSI CHCTEMBI (3), TOIydrM
Xo =2(mod 7), x3 =0(mod 7), xg =-2(mod 7), X; =—1(mod 7). B pe3ynbTare HaxXomum
obree pemenne X = (2, 2, 3,0, 2, -2, -1, 0)(mod 7).

[IpoBepuM 3TO pemeHue:

b=(1,23,4,5,6,7,8), x=2—(3,4,3,4,0,6,7, 8),
X,=2 — (5,6,5,4,0,8,7,8), x3=3—(5,9,8,0,0,8, 10, 8),
X5=2—(0,9,8,0,2,10,10,8), Xg=—2—(0,0,8,0,0,8, 8, 8),

X7 =—1— (0,0,0,0,0,0,0,0) (mod 7).
n
3neck Bo3HHKaOT TpymHocTtH, ecniu K = 5. Torma ypaBHenuwe 5S =—Z dib; =
i=1
=—54 (mod 5) He umeer pertenust. UToObI OHO UMENIO PEIIEHHE, HEOOXOIUMO CKOPPEKTH-
poBath HavdanmbHOE cocTosiHue cefida. [lonoxum b; =7 . Torma 5S=-55(mod 5), orcroma
S=-1(mod 5). [TIpousBexs Te *e ONEepaIH, YTO U BBIIIIE, C YPABHSHUSIMH U3 CUCTEMBI (4),

HO 110 MOAYJTIO 5, mostyunm obitee penrerne X = (0,0, - 3,2, -1, 1, — 2, 2)(mod 5).
[IpoBepuM 3TO peleHHe:

b=(1,23/4,57,7,8), x3=—3—(1,-1,0,1,5,7,4,8),
X4=2—(1,-1,2,3,5,7,4,0), x5=—1—(0,-1,2,3,4,6,4,0),
x=1—1(0,0,2,3,0,7,50), x,=-2—(0,0,0,3,0,0, 3,-2),
Xg=2—1(0,0,0,0,0,0,0, 0) (mod 5).
Mpumep 2. Paccmorpum rpad Ha puc. 2, tne K=5,b=(1,2,3,4,5,6, 3,2, 1).

G
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Puc. 2
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3anmnieM 1 3Toro celida o0IIyo cucTeMY.

X+ X + . Xq4 . . .o =-1
X1+ Xo + X3+ . Xs .. .. ==2
Xo+ Xg+ . . Xg - .. =-3
X+ . . Xg+ Xg+ . X7 . . =-4
Xo+ . X4+ Xg+ Xg+ . Xg . =-5;(mod5). ©)]
X3+ . Xs +Xg+ . . Xg =—6
Xg+ . . Xg+X%Xg . =-3
Xs+ . X7 + Xg+ Xg=-2
Xe+ . Xg+ Xg=-1
dy+do+ . dg . . . . . =d
di+dp+dg+. dg . . . . =d
dyo+ d3+ . . dg . . . =d
di+. . dg+ dsg+. d; . . =d
do+ . dg4+dg+dg+ . dg . =d;(mod5). (6)
ds3+ . dg+dg+ . . dg =d
dg+ . . d;+dg . =d
ds+ . d; +dg+dg=d
dg+ . dg+dg=d

B cmty cummerpuu rpada oueBumgHo, uto O;=d3=d;=dg, a dy=dy=dg=dg.
Pemas B cucteme (6) COBMECTHO BTOPOE M IATOE YPABHEHHMS, MONYYHM COOTHOIICHHE
2d;=3d,. CnemoBaTenbHO, OTCIOA CaMbIM MPOCTEHIIMM pemieHueM ectb Oq=3,

d,=2. Takum o6pazom, d=7,a dg=—1. [[pocyMMupoBaB Bce ypaBHEHHs B CHUCTeE-
n
Mme (6), monyunm 7S =— Z dib; =—47 (mod 5) = 3(mod 5). Orcrona S=-1(mod 5).
i=1
IMepexoauM K MOUCKY NEPEMEHHBIX CHCTEMBI (5) ¢ MOMOMLIBIO JAHHOTO MapaMeTpa.
CknafpiBasi epBoe, TPEThe W BOCAMOE YpPaBHEHHsI, MOJydaeM B JICBOH 4acTH S+ Xp,

a B 1paBod yactTh — yueno — 1 -3 -2 = — 6. Otcioga Xy =—6+1=-5=0(mod 5).
AHAJIOTHYHO U3 IIEPBOT0, MIECTOrO M CEIbMOI0 ypaBHEHHH nonyduM X4 =1(mod 5), u3
TPETBEro, Y4eTBEPTOrO M JACBITOr0 ypaBHeHUt — Xg =— 2 (Mod 5), u3 BTOporo, ceapMo-
ro u nepiatoro — Xg =0 (mod 5). [loacrasiss noixyuyeHHbIe 3HAUYCHHS B TIEPBOE, Tpe-
The, CEIBbMOE M JEBATOC ypaBHeHMs, moiydaeM X =—2 (mod 5), X3 =—1(mod 5),
X7 =1(mod 5), Xg =1(mod 5). U3 msroro ypaBHeHuss — Xg =1 (mod 5). Takum o6pa-

30M, ob1ee pemenue umeet Bun X = (-2, 0,-1, 1, 1,-2, 1, 0, 1)(mod 5).
[IpoBepuM 3TO pereHue:

b=(1,234,56,321), x=-2—(-1,0,32586,3,21), x3=— 1 — (-1,
~1,2,2,55,3,2,1), x4 =1— (0,-1,2,3,6,5,4,2,1), xs=1—(0,0,2,4,7,6,4,
3,1), X3=—2—(0,0,0,4,0,4,4,3 -1), ;=1 =1-—(0,0,0,0,0,4, 0, 4, — 1),
xg=1=1-(0,0,0,0,0,0,0,0,0))(mod 5).
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Bosnukaet npobnema mpu K = 7. Torma ypaBHenue 7S=—47 (mod 7) He umeer

peleHns, CIeA0BaTEeNbHO, B JAHHOM IIPHMeEpE 3a/adya He UMeeT pemeHus. s Toro
4TOOBI OHA MMeEJIa PEeIeHNE, HE00X0JMMO OTKOPPEKTHPOBATh HA4YaJIbHOE COCTOSHHUE

n
ceiipa. Monoxum by =2, bg=1. Torna 7S=->" d;b; =—42(mod 7) = 3(mod7). Otcrona
i=1
S=1(mod 7). ITpousBes Te ke OIEpaIiH, UTO U BBIIIC, C YPABHCHISAMHU U3 CHCTEMBI (4),
HO 10 Moyt 7, moayuum obmiee pemenne X = (1, 1, - 3,-3,-2,-1,0, 1, 0)(mod 7).
JIerko mpoBEPHTH, UTO OHO B IEHCTBUTENLHOCTH SBJIACTCS PELICHUEM.

Kak noka3zanym nmpuBeieHHBIE IPIMEPHI, METOA CYMMAapHBIX MPEACTABICHUH SBIIS-
€TCsl YHHBEPCANBHBIM JUIA PELICHHS 337ad O MaTeMaTHYEeCKuX celihax Ha HEOPUEHTH-
poBanHbIX rpadax. Vckmrouenne — ciy4ait, korqa d kpartHoe K. Torma mms cyie-

CTBOBAHUS PEUICHUS HEOOXOJUMO OTKOPPEKTHPOBATH HauajlbHOE COCTOsIHHE celda
n

TakuM 00pa3oM, 4TOOBI —Z dib; Oputa xpatHoii K. B pesynprare 3amaya pema-
i=1

eTcd o 00IKM TIpaBMIIaM METOJa.

AJL T'ypin

METOJI CYMAPHUX
[IPEJICTABJIEHD JIJIS1 PO3B’SI3KY 3AJIAY
[TPO MATEMATUYHNI CEM® HA TPADAX

PosrisiHyTo oiuH i3 3asBJI€HUX B HONEpPEHIX poOOTax METOMIB — METOJ] CyMapHUX
IpE/CTaBIICHb, SIKHI BUKOPUCTAHO HA YUCTO iHTYITMBHOMY piBHI, Ta JaHO #Oro Teo-
petruHe 0OrpyHTyBaHHA. CyTh METOY HOJATaE y HONIYKY CIENialbHOTO IapaMerpa
S, SKWil Ha3WBA€ThCA CYMOIO HEBITOMHX, IO IPEACTaBIAIOTH PO3B’A30K BHXiTHOL
cucteMu piBHsAHB. Jleski rpadu 3a CBOEIO CTPYKTYPOIO T03BOJISIOTH BUPA3UTH 3MiHHI
cucreMu vepes 1eit nmapamerp. Omxe, npobiieMa MojArae B 3HaXOJDKEHHI 3HAUSHHS
LOTO MapaMerpa. Sk 1mokaszayu NpoBeeHi TEOPETHUHI JOCIIDKEHHS, 116 JOCATa€Thb-
sl IUISIXOM PO3B’S3aHHsI CIELialbHOT 0JaTKOBOI CUCTEMHU PiBHSHb, SIKa € 3BaXKEHOIO
CYMOIO PiBHAHb BMXiHOI cucTeMH 3 koediumientamu dj, i=1,2,...,n, a cama cyma
nopiBHioe dS, 1e d — HeBinoMa KoHcTaHTa. PO3B’S3aBIH L0 H0JATKOBY CHCTEMY
PiBHSHb, OTPUMAa€EMO 3Ha4eHHa d;, i =1,2,...,n,d Ta S, a pa3oM 3 TUM i 3HAYEHHS
BCiX 3MIHHHMX OCHOBHOI cHCTeMH. MeToJ MpOAEeMOHCTPOBAHO Ha ABOX IPHKIAAAX,
Akl miarBepawin Horo edexTuBHicTh. KpiM TOoro, B 000X npukiagax 3BEpHEHO
yBary Ha BUHATKOBI BHIIaJKH, KOJH PO3B 53Ky HE icCHye. BOHN BHHHKAIOTH TOAI,
Koy 3HaueHHS mapamerpa d kpatHe K, me K — KiNbKiCTh CTaHiB KOXXHOTO
3aMKa B ceiidi. Y Takux BUMajgKax s iICHYBaHHsS PO3B’S3KY 3M1HCHIOETbCS KO-
peKIlis IOYaTKOBMX CTaHiB cedda by, i=12, ..,n,TakuMm 4YuHOM, OO

n

_z dib; Oyna xpatHoo K. IToTim 3amaua po3B’s3yeThcs 3a 3aTaNbHOIO CXe-
i=1

MOIO METOJY.

Kuouosi ciioBa: MatemaTHuHHiT celid, cucTeMa piBHAHbB, BEKTOP ITOYaTKOBOTO CTa-
Hy cefida, HeopieHTOBaHHIA Tpad, METOI CyMapHUX IPEICTABICHD.
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A.L.Gurin

METHOD OF SUMMARIZED REPRESENTATIONS
TO SOLVE THE MATHEMATICAL SAFE
PROBLEM ON THE GRAPHS

We explore one of the methods, first formulated in our previous papers, namely, the
method of summarized representations which was used in these papers on merely in-
tuitive level. In this paper, theoretical substantiation of the method is given. The gist
of the method consists in search of special parameter S , called the sum of unknowns,
representing the solution of original system of equations. Some graphs in design are
susceptible to express unknowns of the system through the above mentioned parame-
ter. In such cases, the problem reduces to evaluation of the parameter value. The in-
depth analysis of the problem at hand shows that this can be achieved by solving spe-
cial auxiliary system of equations. The latter presents itself as the weighted sum
of original equations, namely, the sum of original system of equations multiplied
by coefficients d;,i=12,...,n. It should be noted that the above mentioned sum

equals dS with d being an unknown constant. Upon solving the auxiliary sys-
tem of equations we obtain the values of d;, i=12,..,n,d,and S, as well as

the values of all original system variables. The method is demonstrated on two

examples confirming its efficiency. In both examples special attention is given

to the particular case of solution nonexistence. This is the case when d is K-

fold, where K is the number of states in each safe lock. For the solution to exist
n

the initial safe state is adjusted in such a way that the sum =3 diby becomes
i=1

K-fold (b, i=12, ...,n, are the safe states). Then the problem is solved using

the general scheme of the method.

Keywords: mathematical safe, vector of safe initial state, nonoriented graph,
method of summarized representations.
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