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Jlnst moucka omuOOK B KOJOBBIX CIOBaX MPEJIaraeTcsl HCIOJIb30BaTh MPOBEPKY HAa YETHOCTH I10
OoCsIM M JuaroHamsM (TJIaBHOM U BCIIOMOTATENbHON) KOJOBOM IUIOCKOCTH. AJNTOpPUTM,
UCTIOJNIB3YIOIINI PE3YJIbTAaThl TAKUX MPOBEPOK, TTO3BOJISIET HAXOJUTh KPAaTHbIE OMMUOKU B CTPOKAax
U CTONOIAxX KOJOBOH IUIOCKOCTH.

Kniouesvie cnosa: KOJOBBIC CJIOBA, KOAOBAsA INJIOCKOCTb, OH.[I/I6I(I/I, YCTHOCTH IO JUaroHalIsiM.

BBenenune

B pabore [1] npeaioxken crnocob MouckKa aapecOB OAWHOYHBIX OIIMOOK B KOJOBBIX CIOBax
JIBYXMEPHBIX KOJIOB, OCHOBAaHHBIH Ha HMCIOJIB30BAHHU PE3yIHTATOB MPOBEPOK YETHOCTU MO OCSIM H
[JIABHOM JHArOHAJIM KOJOBOHM IUIOCKOCTH (OMHAPHOI MaTpHIlbl), MPEACTaBIAIOLICH KOJOBBIE CIOBA.
Jlst moucka omu6oK B [1] HCIOIB30BANNCH PE3yIbTAThI MPOBEPOK Y€THOCTH 10 ocsiM X, Y [2-5] u o
[JIaBHOM JMaroHald MaTpHLbl, MpeanoxeHHod B [6]. Ilox rmaBHOM auaroHanbpio B [6] MOHUMAIOTCS
KaK OCHOBHAsI TJIaBHAsI IMArOHaJIb MAaTPHIIBI, TAK M BCE MapajlieNIbHbIE el JUaroHaiH.

IIpoBepkn YETHOCTH IO CTPOKaM, CTOJIONAM M TJIaBHBIM JWArOHaJISIM MAaTPULBI TTO3BOJISIOT
WCTIONB30BaTh IS BBIYUCICHHS aJpPECOB DIEMEHTOB MAaTpPHUIIBI TPH KOOPAHMHATHI — HOMEpa CTPOK,
CTOJIOIIOB M TUIaBHBIX nuaroHajneil. Ho, kak 0110 0TMedeHO B [1], 3THX JaHHBIX BO MHOTHX CIIyYasiX
HEI0CTATOYHO IS IOMCKA JBOWHBIX U 00JIee CII0KHBIX TUIIOB OLIMOOK B MAaTpHILIE.

B Hacrosmell paboTe mnpeanaraeTcsi paclIUPUTh BO3MOXKHOCTH OIIPEICNCHUSI aJpPEcoB
OMMOOYHBIX JJIEMEHTOB. IYTEM BBEACHUS B pPACCMOTPEHHE TMPOBEPKM Ha YETHOCTh IO
BCIIOMOTATENbHBIM ~ JUAroHasAM. BcmomorarenbHbIMH — OyZieM — CUHTaTh Kak  OCHOBHYIO
BCIIOMOTATEJIbHYIO JAMAaroHalb MaTpHLbl, TaK W BCE MapajulelbHbIe €W AWaroHajdh. 3HAuYeHHS
MPOBEPOYHBIX CHMBOJIOB YETHOCTH TIO TJIABHBIM M BCIIOMOTATEIILHBIM JHATOHANISIM BBIYUCIISIOTCS
COTJIACHO TPEJACTAaBICHHON Ha puc. | cxeme, rie B KIETKax MaTPUIBl BBEPXY YyKa3aHbl HOMeEpa
IJIaBHBIX, 8 BHU3Y — BCIIOMOTaTeJIbHBIX quaroHaneil. CTpoka co 3Haue€HUSAMHU IPOBEPOYHBIX CMBOJIOB
[0 TJIABHBIM JWaroHaisiM oOo3HadeHa uepe3 €TPC, a 11 1OpoOBEpOYHBIX CHMBOJIOB IO
BCIIOMOTATEJbHBIM JraroHaisMm — uepes eTPC.

Beegem o0o3HayeHus: M, N — KOJINYECTBA CTPOK U CTOJOLOB MAaTPHUIbI COOTBETCTBEHHO; & —
HOMepa CTpoK; b, b — Homepa cTonOIOB B MpsMOM M 0OpaTHOM HampapieHusx; d — HoMepa IJaBHBIX
JuaroHaeit; d — Homepa BCIIOMOTaTesbHBIX quaroHajiei; (a,0) — anmeMeHT MaTpuIlbl Ha nepecevueHrn
cTpoku a u croiona b; d (a,b) — HoMep rmaBHO#M aWaroHaM, COOTBETCTBYIOIIMI 3jeMeHTy (a,b);
d(a,b) — HOMepa BcrmoMorarenbHOW AMAroHaM, cooTBeTCTBYromMi snmemeHty (a,b); N (a,b) —
mopsaaAKoBeIi HOMep aneMenta (@,b) B marpume; N (1,1) = 1; SX — cnimcok HOMEPOB OIMIMOOYHBIX
CTpoK; SY — CIHMCOK HOMEPOB OIIMOOYHBIX CTOJOIOB; SE — criMCOK HOMEPOB OMIMOOYHBIX TIIABHBIX
nuaroHaneit; SE — cricox HoMepoB OIMOOYHBIX BCTIOMOTaTEIbHBIX JHaroHaeH.
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Puc. 1. Paszmemenue HOMCPOB JUaroHajceu U NpoBEPOYHBIX CUMBOJIOB

C y4eToM yKa3aHHbBIX 0003HAYCHHIA BHIBEJICM JOCTATOYHO OYEBHIHBIC ()OPMYJIbI BBIYMCIICHUS
HOMEPOB CTPOK, CTOJIOLIOB M AMATOHAJICH:

d(@ab)=(-a+b+1)modn, (1)
b(ad)=(a+d-n-1)modn, (2)
a(d)=(b+n-d+1)modn, €))
b=n-b+1, (4)
d(@hb)=(n-a+b+1) modn, ®)
N(@b)=(@-1)*n+h. (6)

Heob6xoaumo yuutsiBath, uto: eciu b <0, tob mod n=n—b mod n, ecmu b = 0, wu b = n,
to b mod n = n. ToacraBus 3naueHue b u3 (4) B popmyiy (5), Halinem
d@b)y=(n-a+(n-b+1)+1)modn=(2n+2-a-h)modn. @)

[Ipu3HakoM Hanu4usi JBOWHBIX OIIMOOK B CTPOKAaX WIIM CTOJOIAX SBISETCS pasHHLA B
KonndecTBe d7eMeHToB B cnnckax SX, SY, SE w SE, a uMeHHO: eciu ecTh 0JlHa CTPOKa C JBOMHOM
omuoOkoii, To B SY, SE u SE OyneT Ha jBa 31eMeHTa 0osbliie, ueM B SX; eCliu JIBE CTPOKH C JTBOMHBIMH
omuoOkamu, To B SY, SE 1 SE Ha ueThIpe siieMeHTa OorbIie, 4eM B SX U T.1.

Hanmvune nBOWHBIX OINMOOK yMEHBIIAET YHCIIO KOOPAWHAT JUIS BBIYUCICHUS aJIpecoB
9JIEMEHTOB (TIPH JBOMHOHN OHMIMOKE B CTPOKE OTCYTCTBYET HOMEp ITOH CTPOKH B SX, MpH JBOHHOI
omuOKke B cTOJNOIE — HOMEp cTONOMa B SY ), IOTOMY B KadecTBe AOTOIHUTENHHON WHPOpPMAIUH
OyIieM UCIIOIb30BaTh HOMEpa TuaroHaiel u3 cnuckos SE n SE.

Onucanue cnocooa NOMCKa OMIMO0OK

Crnioco6 npeaycMarpuBaer (opMUpOBaHHE MHOXKeECTBA CTpok S1-S2-S3-S4, rne S1 u S2 —
HOMeEpa OIMOOYHBIX CTPOK U CTOJIONOB U3 cuckoB SX, SY, a S3 u S4 — Homepa auaronaneit u3 SE u
SE, COOTBETCTBYIONINX IEMEHTaM MaTPHIIbI, aipeca KOTOPhIX yKazanbl B S1 u S2, ¢ mocieayommm
aHaM30M CTPOK MHOKecTBa S1-S2-S3—-S4 ¢ 1enbio UCKITIOYEeHHUS aJIPEeCOB JIOKHBIX OIMHOOK.

Hdns BeramcieHus 3HadeHHd cTpok B S1-S2-S3-S4 wmcnomesyrorcs dopmyast  (1)—(7).
3aMeTuM, YTO MPH BBIYMCICHWH HOMEPOB OUAroHaledl B cronbOue S4, MpUHUMAIOTCS BO BHUMAaHHUE
TOJIBKO CTPOKHU ¢ HOMepamu oT 1 10 (M-2), T.e. uckimouarorcs ctpoku eTPC u eTPC.

ANTOPUTMBI TOWCKA TMPH HAIWYMHA TOJBKO JIBOMHBIX ONIMOOK B CTPOKAX WIIM CTOJNOIAx
OTIMYAIOTCs (POPMUPOBAHKMEM M aHAJIM30M MHOXecTBa cTpok S1-S2-S3-S4. B kauectBe mpumepa
MPUBEIEM aJITOPUTM MTOUCKA IBOMHBIX OMIMOOK B CTPOKAX MAaTpHUIbI (B criUcke SX HET 3JIEMEHTOB).

1. ®opmupyemM MHOKeCTBO cTpok S1-S2-S3-S4, rne S2 u S3 — HOMepa CTOJIOIOB M IJIaBHBIX
muaroHaneii u3 crimckoB SY u SE, S1 m S4 — HoMepa CTpOK W BCIOMOTATENbHBIX JUaroHaieH,
COOTBETCTBYIOLIMX 3JIEMEHTaM MaTpPUILIBI Ha IEPECEUCHUH CTOJIOLIOB U TMaroHaliel, ykazaHHbIX B S2 u S3.

2. U3 S1-S2-S3-S4 ynanstorces CTPOKH, B KOTOPBIX: 3HaUeHHe cToiOa S4 oTcyTcTByeT B SE;
3HaveHue ctosbia S1 npebimaet (M—2); UMEIOTCS OTHHAKOBBIC 3HAUCHHUS B CTOJIONE S4.
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3. Ecnn B S1-S2-S3-S4 He ocTanoch CTPOK, TO 3TO O3HAYAET HEBO3MOXKHOCTE ONpPEACICHUS
aZpecoB oMIMO0YHBIX 371eMeHTOB. Ilepexos B 11.6. Eciin B S1-52-S3-S4 ocranuck TOIBKO JABE CTPOKH
(Ipu HaTMYMKM B MaTPHIC OJHOW CTPOKH C ABOWHOW ONIMOKOH), WM TOJNBHKO YETHIPE CTPOKH (TIpH
HAJIMYMHU JIBYX CTPOK C JBOHHBIMH OIIMOKAaMH), B KOTOPBIX 3HaYeHUs B cToiONe S| OAMHAKOBEI, TO
3TH CTPOKHM TIPEICTABIIIOT COOO0M agpeca TBOWHBIX OMIMOOK B CTPOKaX, HOMEpa KOTOPBIX YKa3aHbI B
S1. 13 SY, SE u SE ynansrorcst 3JIeMEHTbI, 3HAYCHUST KOTOPBIX MPUCYTCTBYIOT B OCTABIIINXCS CTPOKAX,
a caMH CTpOKH ynanstores u3z S1-52-53-54.

4. Ecnu KpoMe CTpOK, YKa3aHHBIX B .3 (WJIM OTCYTCTBHM TakKoOBBIX), B S1-S2-S3-S4 eme
€CTh CTPOKH, TO OHH TOX€ IPEACTABIAIOT aapeca omuOouHbIX 3memeHToB. U3 SX, SY, SE u SE
YIAISIOTCS IEMEHTHI, 3HaYeHUsI KOTOPBIX MPUCYTCTBYIOT B OCTABIIUXCS CTPOKAaX, IPH 3TOM, €CITH B
SX otcyTcTBYIOT 3HaueHUs ctoibua S1, To Takue 3HAUYEHUS 3alUCHIBAIOTCS B SX, a caMi CTPOKH
ynansrores u3 S1-S2-S3-54.

5. Ecnu B SX u SY Oosbliie HET 3JEMEHTOB, TO IIEPEXO0 B I1. 6, MHa4e mepexos B In. 1.

6. OcraHoB anropuTM™Ma.

PaccmoTpuM paboTy mpUBEIEHHOTO alroputMa Ha npuMmepe MaTpuubsl M1, puc. 2. Ctpoku 2
¥ 7 comepkaT ABOHHbIE OmHOKH (oTMeucHbl M) Homepa OMMOGOYHBIX JHArOHANEH OTMEUCHBI
cuMBoJiaMHU ** B cTpokax €TPC u eTPC.

1. 3anumiem B ctosOIpl S2 v S3 Bee maphl 35eMeHTOB U3 cruckoB SY u SE, B cronOisr S1 u
S4 — HOoMepa CTPOK M BCIIOMOTATENbHBIX THaroHajIel, KOTOpbIe COOTBETCTBYIOT HJIEMEHTAM MaTPHIIBL,
3HAYEHUs] KOTOPBIX yKa3zaHbl B cTouiOmax S2 u S3. i BeluMciIeHus 3HaueHuil crosndonoB S1 u S4
KCIIOJIb3YyeM MPHUBEACHHBIC Bhilie Gopmyisl (3) u (7).
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Puc. 2. Matpuua M1

2. U3 wmuoxectBa S1-S2-S3-S4 ynanuM CTpPOKHM, B KOTOPHIX 3Ha4eHHs croioma S4
OTCYTCTBYIOT B criucke SE — 3to ctpoku 2, 3, 4, 8, 9, 14, 15; oTMeueHHbIE CUMBOJIAMHU --; CTPOKH, B
KOTOPBIX 3HaueHusi ctondma S1 mpesbimator (M-2) : ctpoku 6, 11, 13; cTpoku ¢ OJUHAKOBBIMHU
3HauyeHusAMH B croiione S4: 5, 10u 7, 12.

3. Ocranucek ctpoku 1 u 16, ormMmeueHHbIe 3HaKOM +. Cpeir OCTaBIIMXCSI HET HU OJTHOW IMaphl
CTPOK C‘OJMHAKOBBIMH 3HAYCHHUSIMHU B cTOJI01E S1.

4. OcraBmmecsi CTpOKM NMPEACTABISIIOT apeca OMMNOOYHBIX IEMEHTOB (2,2) B CTpoke 2 u
(7,8) B ctpoke 7. Ymansem u3 SY 3Hauenus 2 u 8, u3 SE — 1 u 2, uz SE — 7 u 5, conepxkammecs B
crpokax 1 u 16. Ilockonbky 3HaueHust 2 u 7 cronbua S1 B ctpokax 1 u 16 orcyrcTByroT B SX,
3anucbiBaeM 3TH 3HadeHus B SX. U3 S1-S2-S3-54 ynansiem crpoku 1 u 16.

5. B cnmckax SX u SY, mpeAcTaBieHHBIX O] CIUIOLUIHOM YepTOH, €CTh 3JIEMEHTHI, TIO3TOMY
nepexox B 1.1. @opmupyem HoBoe MHOKecTBO S1-S2-S3-S4 (ctpokm 17+20). Ilocne ynameHus
ctpok 17 m 20, B KOTOpBIX 3HaueHUs crojdua S4 orcyrcTByloT B SE, ocratorcst ctpoku 18 u 19,
npencrasisione omuoku (7,4) B crpoke 7 u (2,6) B ctpoke 2. [locne ympanenus u3 cnuckos SX, SY,
SE u SE coxmepxamuxcs B 3THX CTpOKax 3HaueHMH B chuckax SX u SY 3J€MEHTOB HET.
CrnenoBaTenpHO, Bce OMTMOKH 0OHAPYKEHBI.

6. OcraHoB anropuT™a.
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AJITOPHUTM MOUCKA OIINOOK 0 pe3yJbTaTaM NPOBEPOK HA YeTHOCTh

0. IIpuanmaercs pr ;= 0.

1. Anaimsupyercsi coctosiuue cruckoB SX, SY, SE m SE. Ecnu Bo Bcex cmmckax HeT
3JIEMEHTOB, TO 3TO O3HA4YaeT OTCYTCTBHE OIMMOOK, mepexo B m.11. Ecnu B kakux-mmbo AByX u3
crickoB SX, SY, SE, SE HeT 35IeMEeHTOB, WM JBOWHBIC OMIMOKU eCTh O0ojiee YeM B IBYX KOOPIHUHATAX
(MMeroTCSl B BHJLy CTPOKH, CTOJIOIBI, TNIABHBIC JUATOHAIH, BCIIOMOTATENbHbIC IHArOHAIHN), TO 3TO
03Ha4YaeT HeJJOCTATOYHOCTh JaHHBIX U HEBO3MOKHOCTH OOHApyKeHHs oIIHOOK, epexo B 1. 11. Ecnu
1 B SX 1 B SY UMEIOTCSI SJIEMEHTBI, TICPEXO/ B I1. 3, MHAYE MePeXo/ B 1I. 2.

2. Ecnu B SX OTCYTCTBYIOT DIIEMEHTBI MIIM YHCIIO JJIEMEHTOB B SX MeHbine, yeM B SE, To
nepexos B 1. 8, ecnu B SY HET 3JIEMEHTOB WK YHCIIO AJIeMeHTOB B SY MeHbIe, yeM B SE, To mepexon
B 1. 6, B IPOTUBHOM cily4ae Iepexo B 1. 3.

3. Chopmupyem mHOkecTBO S1-S2—S3-S4 u3 snemenros criuckoB SX, SY, SE u SE, e S1-
S2 mpencrarnstor Bce mapsl dneMeHToB W3 SX m SY, a S3 m S4 — cooTBeTCTBYyMOIIUE UM HOMEpa
TJIABHBIX U BCTIOMOTATENbHBIX AUArOHaJeH.

3.1. Ecnu B SE uMmeroTcs aeMeHThl, TO mepexon B 1. 3.2, unadye u3 S1-S2-S3-S4 ymanstorcs
CTPOKH, B KOTOPBIX 3HaueHHs cToyubna S4 orcyrcTByroT B crnmcke SE. Eciu cpemy octaBmxcs
HUMEIOTCS Tapbl CTPOK C OJAMHAKOBBIMHM 3HAYCHUSIMH B CTOJIOIE S3, TO 9TH CTPOKU MPEICTABISIOT
azpeca OMMOOYHBIX CHUMBOJIOB, W3 SX, SY u SE ypmansrorcsi MpUCYTCTBYIOIIME B 3THX CTPOKaX
AJIEMEHTBI, CAMH CTPOKHU yaansroTcs u3 S1-S2-S3-S4 u mepexox B 1. 1; mHade mepexon B 1. 4.

3.2. Ecmm B SE ectp anmemeHTHI, TO mepexon B 1. 4, mHaue u3 S1-S2-S3-S4 ymanstorcs
CTPOKH, B KOTOPBIX 3HaueHHsi cTosbma S3 oTcyrcTByroT B cmmcke SE. Eciam cpemm ocraBmmxcs
HUMEIOTCS Taphl CTPOK C OJWHAKOBBIMH 3HAYCHHUSMH B CTONONE S4, TO OHM MPEACTABISIOT aapeca
OIMMOOYHBIX CUMBOJIOB, n3 SY m SE ymansroTcst mpucyTCTBYOIINE B ATHX CTPOKAaX AJIEMEHTHI, CaMH
cTpoku ynansitorest u3 S1-S2-S3-S4 u nepexon B 1. 1, nHaye mepexo B 1. 4.

4. U3 muoxecTtBa S1-S2-S3-S4 mocnenoBaTeNbHO YAAISIOTCS CTPOKH, B KOTOPHIX 3HAYCHUS
cTtonbmoB S3 m S4 orcyrctByroT B cnuckax SE m SE COOTBETCTBEHHO, W CTPOKH, WMEIOIIHE
OJIMHAKOBBIE 3HAUYEHUs B cTOJIO1E S4.

Ecnu nocne ynanenuii B S1-S2—S3—-S4 ctpok He octajnock, To pr := pr + 1. Ecau pr = 3, 1o
nepexon B 1. 11, nHaue nepexon B 1. 2.

5. U3 SX, SY, SE u SE ynmansrorcsi MpUCYTCTBYIOILIME B 3THX CTPOKAX 3JIEMEHTBHI, €CIIM B 3THX
CTpoKax 3HaueHus ctosoios S1, S2, S3, S4 orcyrcryror B SX, SY, SE, SE, To 3TH 3HaueHHUS 3aHOCSATCS B
criucku SX, SY, SE, SE coorBerctBenH0. Camu cTpokH yasstores u3 S1-S2-S3-S4. Tlepexon B 1. 1.

6. CocTaBIstOTCS BCE TIAPBI AJIEMEHTOB U3 CIIUCKOB SX U SE 1 3alUCBHIBAIOTCS B CTONONBI S1 1
S3, 1m0 3HAYEHUSIM THX TP BBIYUCIISIOTCS COOTBETCTBYIONIME HOMEpPA CTOJIOIOB M BCITIOMOTATEIbHBIX
JaroHanei, Kotopele 3anuceiBatores B S2 u S4. M3 S1-S2-S3-S4 ynanstorcst CTpokd, B KOTOPBIX
3HaueHue B S4 orcyTcTByeT B SE, cTpoku, uMmeronue ouHakoBbie 3HaueHus B S4 u S1. Eciu B S1-
S2-53-54 He ocTanoch CTPOK; TO Pr := pr + 1; ecnm pr = 3, mepexox B 1. 11, nHade nepexoy B 1. 8.

7.Ecim B S1-S2-S3-S4 ocTanuch TOJABKO OJHA WM HECKOJBKO Map CTPOK, UMEHOIIMX
OJTMHAKOBBIC 3HAUCHHUS B CTONOIE S2, TO 3TH CTPOKH MPECTABIISIIOT a/ipeca ONIMOOYHBIX JIEMEHTOB B
CTONOIAX MATPHIIGl, HOMEPA KOTOPBIX YKa3aHbl B S2. DIEMEHTHI, COJCPKAIIMECS B ATUX CTPOKax,
ynansitoress u3 SX, SE m SE, camu crpoxu ymamstorcs u3z S1-S2-S3-S4 u nepexon B m. 1; B
MPOTHBHOM citydae u3 S1-S2-S3-S4 ynansrorcst CTpoKH, B KOTOPBIX 3HaUeHHUS S2 OTCYTCTBYIOT B SY.

Ecmu B S1-S2-S3-S4 eme ocranuch CTPOKH, TO OHM MPEACTABISIIOT ajpeca OINOOYHBIX
anemenToB. M3 SX, SY, SE u SE ynaistoTcst BXOJSIINE B 3TH CTPOKHU JJIEMEHTBI, IIPU 3TOM, eCiid B SY
OTCYTCTBYET 3HaueHHE CToJIOIa S2 B yIajiseMo# CTpPOKe, TO 3TO 3HAYCHHE 3amuchiBacTcs B SY, a
cTpoka yaansercs u3 S1-S2-S3-S4. Ecnu B SX u B SY Gonbilie HET 311eMEHTOB, TO nepexos B 1. 11,
WHaue rnepexox B 1. 1.

8. CocrapnsaoTcs Bce mapbl 3yieMeHTOB M3 SY u SE u 3anuceiBaiorcs B S2 u S3, mo ux
3HAYEHUSIM BBIYHMCISIIOTCS COOTBETCTBYIOIIME HOMEpa CTPOK W BCIIOMOTAaTEIbHBIX JUaroHaeH,
KOTOpPBIC 3aIUCHIBAOTCS B CTONOLEI S1 1 S4.

W3 S1-52-S3-S4 nocnenoBareibHO YAAISIOTCS CTPOKH, B KOTOPBIX: 3HA4YEHHUs cTOJIOINAa S4
oTcyTcTBYIOT B crnucke SE; 3Hauenwe cronOiia S1 mpeBbimiaer (M—2); CTPOKH C OJMHAKOBBIMH
3HAYEHUSIMH B CTOJIONE S4; CTPOKH C OJTMHAKOBBIMHU 3HAYCHUSIMU B CTOJIONE S2.
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9.Eciu B S1-S2-S3-S4 ocranuch TOJIBKO OfHA MM HECKOJIBKO Map CTPOK C OJMHAKOBBIMHU
3HAYECHUSMH B S1, TO 3TH CTPOKH YKa3bIBAIOT aJipeca OIMOOYHbIX d1eMeHToB B Marpuriie. U3 SY, SE u SE
VIATSIFOTCST 3JIEMEHTHI, COZEPAINecss B 3THX CTPOKaX, CaMU CTPOKH yaamsttorcss 3 S1-S2-S3-S4,
nepexof B 1. 1, B IpOTUBHOM citydae u3 S1-S2-S3-S4 ynansioTest CTpoKH, B KOTOPBIX 3HAYEHUS CTOJIOLA
S1 orcyrerByrot B SX, nepexon B 11.10.

Eciu B S1-S2—-S3-S4 He ocrtanock cTpok, To Pr:= pr+l. Ecnu pr = 3, nepexox B 1. 11, uxaue
nepexon B 1. 6.

10. OctaBiivecss CTPOKH MPEACTABISAIOT ajpeca ommoOouHbIx 3nemeHToB. M3 SX, SY, SE u SE
YIAISAIOTCS COZIEPIKAIINEcs] B 9TUX CTPOKAX AJIEMEHTHI, TIPU 3TOM, eciii B SX HeT 3Ha4eHus cToiona Sl B
yIamsieMoi CTpoKe, TO 3TO 3HAa4YeHHE 3amuchiBacTcs B SX, cama cTpoka yaamsercs u3 S1-S2-S3-S4.
[Nepexox B 1. 6.

11. OcranoB anropuT™Ma.

Paccmotpum paboty amroputmMa Ha mpuMepe Matpumbl M2, mpencTaBieHHOW Ha prC. 3, B
KOTOpOH HMeeTcs OfHA CTPOKa C TpeMs OMMOKaMH U JBE CTPOKH C OJUHOYHBIMH OMMOKamu. B
COOTBETCTBUU ¢ 1. | airoputMa o0pazyeM MHOXKeCTBO CTpok S1-S2-S3-S4. 3nech u najiee KypcuBOM
OyZIeM BBIIEIATh 3HAYCHHS TEX CTOJIOLOB, KOTOPBIC SBISIIOTCS OOpPa3yIOIIMMH Uil HAaXOXKICHUS
OCTJILHBIX 3JICMEHTOB CTPOKH. B naHHOM citydae 370 3HaueHus cToiaounoB Sl u S2. YnaiseM CTpoKy B
COOTBETCTBUU C 1. 4 (OTMEUCHBI CUMBOJAMH --,---). OcTanuch cTpoku 2 u 6 (OTMEUYCHBI 3HAKOM +),
mpecTaBisromue anpeca ommbok. M3 crimckoB SX, SY, SE u SE ynansem aneMeHTHI, copepskaimecs B
cTpokax 2 u 6. OcTaBiuuecs B CHMCKaX 3HaYE€HHsI IOKa3aHbl O IITpuxoBoi muHuel. Ilepexon B mm. 1.

Dopmupyem HOBoe MHOXKECTBO S1-S2-S3-54 (ctpoku 16-18), yaansem u3 Hero ctpoku 16 u 17,
B KOTOPBIX 3HAUEHHs CTONONA S4 OTCYTCTBYIOT B cricke SE. Ocraercest ToJbKO cTpoka 18, ykaspiBaromas
anpec omoku (7,7). Y nansem u3 SX, SY, SE u SE 3nauenus, conepxaniuecs B ctpoke 18. [lepexon B 1. 1.

[Mockonbky B crnmcke SX HET 3JIeMEHTOB, TO Tepexon B M. 8. DopMmupyercs MHOXKECTBO
S1-52-53-S4 (ctpoku 19-22), Ha ocHOBe 3HaueHUM cnuckoB SY u SE (BblgeneHsl B cTpokax 19-22
kypcuBoM). [locne ynanenuns ctpok 20 u 21, B KOTOPIX 3HAYEHHS CTONOMA S4 OTCYTCTBYIOT B CITHCKE
SE, ocraeTcst TONBKO O/iHA Tapa cTpok — 19 u 22, B KOTOPHIX 3HaUeHUs cTo0na S1 OAMHAKOBEL. DTH
CTPOKH TPEJCTABIAIOT ajipeca AByX omrOok B erpoke 4. Y aansem uz SY, SE u SE 3nauenus ctpok 19
u 22, a camu ctpoku — m3 S1-S2-S3-S4. Tlepexoxn B 1. 1. Ilockonpky B cimckax SX, SY, SE u SE

OoJIbllIe HET OJICMCHTOB, TO 3TO 03HA4YacT, YTO BCC (03111 () ' O6Hapy>KeHLI.
4 SX SY SE SE S1-82-83-S
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Puc. 3. Matpuua M2

Hpyroii npumep npeacrasieH Ha puc. 4. Marpuua M3 conepXuT ABOHHBIE OIIMOKH B CTPOKE
6 1 B IM1aBHOM AuaroHanu 3. BeimonHeHne myHKTOB 1-5 mo3Bosnser HaiiTh omuobKy (4,7). [loBTOpHOE
BBITIOJTHEHWE 3THX )K€ MyHKTOB (CTpoku 9-11), n myHkTOB 6, 7 (cTpoka 12) He maeT pesynbpTaTta.
[ocneayromee BoimonHeHue .. 8—10 (ctpoku 13—15) mpuBoauT k HaxoxAeHHO omrnoOku (6,3). [Ipu
3TOM OOHApYKMBAETCs, YTO B CIUCKE SX HET 3Ha4eHus: 6, UMelolerocsi B CTpoke 13, mostomy B
cnHCcOK SX 3aHOCUTCSI 3HAYEeHUE 6.

B criucke SE et anemeHTOB, moaTomy BeimonHAOTCA 1.1 1-3, 3.1 (cTpoku 16—-19) u mocie
ynaneHus ctpok 17, 18, B KoTopbIx 3HaueHus croibua S4 orcyrcTBYIOT B SE, B S3 ocTaroTcs TOJIBKO
nee ctpokud (16 um 19) ¢ OAMHAKOBBIMHM 3HAYCHUSIMH B CTOJOIE S3, KOTOpBIC MNPEACTaBIISIOT
omubouHble 3neMeHTsI (2,4) u (6,8) B riaBHOM quaroHanu ¢ HomepoM 3. Tlocne ynanenus uz SX, SY,
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SE u SE 3nHauenmii crpok 16 m 19 B 3TUX chomckax HE OCTAOCh JJIEMEHTOB, 4YTO SBISCTCS
CBUETEIHCTBOM TOTO, YTO BCE ONMIUOKH OOHAPYKEHBI.

1 2 3 4 5 6 7 8 9 SX SY SE SE ~ S1-S2-S3-S4
11273 ]4]5]6[7]8]9], 2 37 2 1)33§§--
9 |8 |7 |6 |5 |a4|3]2]1 4;‘452);*;21-
9o (1 [2 ™[4 [5[6 78], i .8 B384
8 |7 16 |54 (3 ]2]1]9]° 5543 9 4-
8o [T [2[3[4[5[6]7]; 6)4 4 1 3-—
7016|5|4|3|2|1]|9]|8]" 747 49+
T8 o1 [2]3[™5]6], 8 48 5 8-
6 |54 |3 [|2]|1]|9 (8|7 33 7 3 9333 6o
6 |7 |8 (9|1 |23 [4][5]s T3l 51093 a3 5%
514[(3 |2 [2 9|8 |7|6]|" 2 g 6§ 1) 2 8§87 1=
5|6 | ™89 1|2 |3 4 ”
4 |3 (21|98 |7]6]5 1) 2 8T 1=
a5 e |7 (891 [2]3], 1) 6 37 2+
3 21 ]9 |8 |7]|6]5 |4 %f;Zj;f
3 [4ee| 5|6 |78 |9 |1 |2]8elPC
Qee| 1 Qe | 8 |7 [6oe|5ee| 4 |3 |9 erPC é -g (: %gz% g ; Tj
18) 6 4 8 1 —
196 8 3 6 +

Puc. 4. Matpumna M3

[louck ommboOk He Bceraa 3akaHYMBaeTcsl ycremHo. Hanmpumep, He ymaeTcs ONpeaeiuTh
azpeca omMOOK B Cllydyae, IPeJCTaBICHHOM Ha puc. 5. B MaTpuiie M4 nmerorcst TOJIbKO Be OMINOKY,
HO TIOCJIe yIajeHnus n3 MHOkecTBa S1-52-S3-54 cTpok, nMeronx 0fMHAKOBBIE 3HAYSHHS B CTOIOIIE
S4, He ocTaeTcs HU OJHOM CTPOKH M TIOTOMY HAWTH ajpeca OMMUOOYHBIX 3JIEMEHTOB HEBO3MOXHO. A
BOT B OoJiee CIIO)KHOM cilydyae, NMPH HaJIMYMH B MATpPHIE JBYX CTPOK C TPYMIOBBIMH OLIMOKAMH
(puc. 6, matpunia MS5), 1erko onpenessoTcs agpeca BCeX OLIMO0UHBIX 3IIEMEHTOB.

1 2 3 4 5 6
T2 3[4]56 ], SY SY SE SE S1-52-53-54
6 5 4|3 %) 1 - 2 5 2 4 2 5 2 -
s 111213 (415, - 545 12 25
514 (320106 |7 L5 5 2 -
5 6 112 |3 4 |3 4 5 2 5 -
4 |3 211 16 |5
4 |®l 6|1 ™3|,
3 2 116 5 4
3[4 [ 5]6 |12 ]s
2 1 6|5 4 |3
2ee | 3 4 | 5| 6 | 7 |7 eTPC
7 |6 [S5e| 4 | 3 |28 eIPC
Puc. 5. Matpumna M4
1 2 3 4 5 6.1 8 09 SV ST SE SE S1-S2-S3-S4
L2 3 [%]5]6]7 (891 218 7 2109 8x
: : 4 3296 221 7
9 |8 |FA[6005 |4 |3 [2 |1
o —+ 0 m . 315 2326«
9 [ L [23 [umlsw G775, 2 L4 Sz aak
'XA7 6 5_-1.3 2 11 9 6 5 3 2 6 5 3.
Sl OME M 253 (4[5 [6 |7 |3 76 2 276 2+
@ M lis |3 2|1 |9 |s 3187+
‘7 [0 11 |23 456 |4 3296
6 | 5944 [3[2]1]9 |8 |7 S L2
Q7 8 [T [2[3 [+ 55 36 4 50
514 (3 2 1 [9 |8 |7 6 37 5 1 x
’5 6 (78 o1 213 (4]
403201 ]9o]8]7 |6 |5 22096 221 7x
% 3653 2653+
40s|e|7]8]o|1[2]3]7 R
3 21|98 |7 ]6 |5 |4 36 4 2x
3 | dee|5en | Goe| 7 | en| 0w | dee| 2 | 8 eTPC
2ee | 1 | 9 | 8 | Tee| Goe| See| due| 30| 9 cTPC

Puc. 6. Marpuua M5

[lpuunHO HEyZayHOro TMOHMCKAa OWIMOOK SABJSETCS HaJMyhe OONBLIOr0 KOJIMYEeCcTBA
OJIMHAKOBBIX HOMEPOB JIMaroHajiel, COOTBETCTBYIOIIUX Pa3IMYHBIM JJIEMEHTaM MaTpHibl. Bens B
KaXJIOW CTPOKE MATPHIIBI COJIEPIKATCS HOMEpa TUaroHayied ot 1 1o N, modToMy UMeeTcsi N MHOXKECTB
9JIEMEHTOB MAaTpUIbl, B KaXJOM W3 KOTOPHIX 3JEMEHTaM MAaTpHLBl COOTBETCTBYIOT OJWHAKOBBIC
HOMepa JHaroHaieil. A TOCKOJIbKY TIOMCK OIIMOOK OCHOBAaH HAa aHalM3e BapHaHTOB
pasMeleHus (apecoB) OIMMOOYHBIX 3JIEMEHTOB, KOTOPBIM MOTYT COOTBETCTBOBATH 3JIEMEHTHI
MaTpUIBl C OJMHAKOBBIMM HOMEpaMH JAMaroHajei, TO MO3TOMy B MHoxecTtBe S1-S2-S3-S4
MOSBISIIOTCSA  CTPOKM C OJUHAKOBBIMH 3HaueHMAMH B cronouax S3 u S4, 4ro co3gaer
HEO/IHO3HAYHOCTh B OTPEJETICHUH aIpeCOB OIIHOOK.
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3akiIouyenue

1. llpemmaraemplii  crmocod  SIBJISIETCS  «CHUTYAIIMOHHBIM», MOCKOJBKY TIPH HEKOTOPBIX
BapHaHTaX pa3MEIeHHs OIMMOOK B MATpHIlE HAXOXKICHHE BCEX OIMMOOK MOXKET OKa3aThCs
HEBO3MOXKHBIM M3-3a COBMAJICHUS HOMEPOB AHAroHajell B pacCMaTprUBaeMbIX BApHAHTaX BO3MOKHOTO
pasmMenienns omuOok. C yBenmdeHHEeM pa3MepOB MaTPHUIIHI (TOUHEE — YHCIa CTOJIOIOB) BEPOSTHOCTH
OOHapy»XeHUsl ONIMOOK TMOBBIMIACTCS, MOCKONBKY TPH 3TOM YMEHBIIAETCS BEPOSTHOCTH IMOSIBICHHUS
HECKOJIBKUX CTPOK C OJWHAKOBBIMH 3HAYCHUSIMH B cTonOuax S3, S4. JlefcTBUTENBHO, BEPOATHOCTD
BEIOOpa HEKOTOPOTO MPOM3BOJBHOTO JIIEMEHTAa MATpPUIBI, KOTOPOMY COOTBETCTBYET HOMED
IUaroHa W B Auamna3oHe oT 1 mo N, paBHa 1/N, a BEPOATHOCTH BEIOOpA BTOPOTO dJIEMEHTA MATPHIIHI C
TAaKUM k¢ HOMEpPOM JHaroHaiy pasHa 1/n?,

2. Cnoco0 moucka obecreyrBaeT BBICOKYIO CKOpOCTh Kona. [[ms maTpuipl, uMeromend n
CTOJIOIIOB U M CTPOK, B KOTOPOHM MOCHEIHHIA CTOIOEI] TPEJICTABISET MPOBEPOUYHBIC CHMBOIBI
YETHOCTH MO TOPWU3OHTAIH, & MOCIEIHUE TPU CTPOKHU — IMPOBEPOYHBIC CHMBOJBI YETHOCTH IO
BEpTUKAIH, TJIABHOH AMAroHajd M BCIIOMOTATEIBHOH AMAroHajl COOTBETCTBEHHO, CKOPOCTh Koaa
paia (Mm-3)*(n-1) / m*n. Hampumep: mpu N=7 u mM=6 CKOPOCTh KOJa paBHa
(6-3)*(7-1)/ 6*7=0,43; mpu n = 30 u m = 27 ckopocts Koma = (27-3)*(30-1) / 27*30 = 0,86.
CrnenoBarenbHO, C YBETUYEHHEM 4YHCIa CTOJNOIOB B MAaTpHIE CKOPOCTh KOJAa TMPHONMKAETCS K
e/IMHUIIE.

CODEWORDS CORRECTION ON THE BASIS OF PARITY CHECKS
A.S. POLJAKOV, V.E. SAMSONOV

Abstract

To find errors in codewords the parity check on axis and diagonals (main and auxiliary) of
code plain is proposed. The results of such checks are used in algorithm to find multiple errors in lines
and columns of code plane.

Keywords: codewords, code plain, errors, parity on diagonals.
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