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OBIIAA XAPAKTEPUCTUKA PABOTDBI

AKTyaJbHOCTh T€MbI MCCJIEAOBAHUS. JIMHeHbIe ONTUMU3AIMOHHBIE
MOJIEJIN TIIIPOKO IPUMEHSAIOTCSI B 9KOHOMUKE U TeXHUKe, 3a][auaX TOMEeXOYCTOM-
YUBOTO aHAJIN3a IKCIEPUMEHTAJIHHBIX JAHHBIX, FAPAHTUPYIOIIErO ONEHUBAHMUS
napaMeTpoB, paclio3HaBaHusi 00pa30B M KjaccuuKaluu. Y Ka3aHHbIE MOJC/H
IPEJICTABJIAIOT CO00# COBOKYIIHOCTH OOBEKTOB JIBYX KJIACCOB: CUCTEM JIMHE-
HBIX aJINeOPAMIeCKUX YPABHEHUN M 3a/a4 JIMHEHHOIO HPOIPAMMUPOBAHUSI, KO-
TOPBIE 00'bEINHSIET COBMECTHAS MaTeMaTuIecKast Teopusi. Tak, pe3ysibTarhl, M0-
JIy9€HHbIE JIJIsi CUCTEM JIMHEHHBIX aJiredpaniecKuX ypaBHEHUN, HUMEIOT BaXKHOE
3HAUEHME U JIJIs 3a]1a4 JIMHEeHHOro IporpaMMupoBanus. Takum obpaszom, Jisd
pelieHns 3a/1a4 JJMHEHHOro POrpaMMUPOBAHUsT UMEETCS JIOCTATOIHO MOIIHbI
MaTeMaTUYIeCKUl amnmapar.

OJiHaKO Ha IIPaKTUKE YACTO BCTPEYAIOTCS HEepas3pellrnMble 3a/1a4u JIMHe-
HOTO ITporpaMMupoBanns. OCHOBHBIMU IIPUINHAMU UX BOSHUKHOBEHMUS SIBJISTFOT-
Cst TIOIPEIHOCTH (IIyM) B 9KCIEPUMEHTAJIbHBIX JIAHHBIX, OMUOKN OKDPYIJICHUs,
BO3HWKAIOIIME MTPU BHITUCICHUSX B aprPMETHKE ¢ KOHETHOW PaspsiHOCTHIO, a
TaK»Ke HEeYETKOCTb U IIPOTUBOPEUUBOCTH MHMOPMAIUHU, KCIIOJIb3YOIeiics Ipu
MOCTPOCHNH YKa3aHHBIX Mojeseil. Takue 3aaun NPUHSATO HA3bIBATH MPOTUBO-
PEIUBBIMU UJIM HECOOCTBEHHBIMHU.

B cBs13m ¢ Tem, 9T0 HecoOCTBeHHAs 3ajiada JIMHEHHOTO MTPOTrPpaMMHUPOBA-
HUsI HE TIO3BOJIAET IOJIYUUTDh COJEp:KATEJbHYI0 HH(MOPMAINI0 00 UCCIelyeMOM
LIPOIECCE WIIK SBJICHUN HEIOCPEACTBEHHO, BO3SHUKAET HEOOXOJIMMOCTD B €€ yTOU-
HEHWW, W3MEHEHNN, B pe3yJjibraTe 4ero J0JKHaA ObITh MOJydeHa cOOCTBEHHAs
3a/1a49a, B HEKOTOPOM CMbICie «Oym3Kasi» K ucexoanoil. T.e. BosHuKaeT 3ajiada
IpeJIBApUTEIbHON 00pabOTKH JTaHHbIX. Ecu paccMaTpuBatoTcss MO MaJioit
Pa3MEpPHOCTH, TO CUTYaIMs HEPA3PEITUMOCTH ITPEOJIOJIECBACTCs JIOCTATOTHO IIPO-
CTBIMU CPEJICTBAMMU: KOHTPOJIb MTPABUIHLHOCTH UCXOIHBIX JIAHHBIX C MOCJIEIYIO-
el ux npaBKoii, ocadbieHue HEKOTOPBIX OIPAHUICHUN MU UX IIOJIHOE MUCKJIIO-
yeHue u3 Mozaeau u T.j. OJHaKO B Caydae MOJIEIN BBICOKOI Pa3MEepHOCTH HJIH
P ABTOMATU3UPOBAHHOM (IIPOrpaMMHOM ) (DOPMUPOBAHUU MOJIEJIN, HEOOXO 11
MbI GoJsiee ClIoyKHBIE (POrpaMMHO obecriedeHHble) CPejiCTBa KOPPEKIMH JlaH-
HbIX. TakuM oOpa3oM, MaTpuUIHas KOPPEKIHs MOXKET sIBJISITbCSA HHCTPYMEHTOM
00paboTKM JaHHbIX (HHGOPMAIINT), TO3BOJISIONIMM PEIiaTh 33a9i JUHEHHOTO
IPOrPAMMHUPOBAHMUS C 3l MJIEHHBIMH, HEOTIPEJICJICHHBIMU, HEIETKUMHU JIaHHbI-

MU, 9TO IMO3BOJIACT €€ BKJIIIOYNUTH B 00/1aCTH HNCCJIEJOBAHUA TEOPETUIECCKUX OCHOB



nH(OPMATHUKH.

Hecmotpst Ha TO, 9TO n3yUeHWE METOI0B KOPPEKINU JJAHHBIX HECOOCTBEH-
HBIX 337121 JIMHEHHOTO TPOrPAaMMUPOBAHUS ABJISAETCA OTHOCUTETLHO HOBBIM Ha-
IpaBJeHUEM Pa3BUTHUs TEOPETUUIECKON MH(MOPMATUKHU, MPENOCHIIKA K UCCTIe-
JIOBAHUIO MTPOOJIEM KOPPEKIMK JIaHHBIX HECOOCTBEHHBIX 3a/1a49 BbIIYKJIOTO MPO-
IPAMMUPOBAHUS W TPOTUBOPEUMBBIX CUCTEM JIMHEHHBIX aJredpanvdecKnx ypan-
HEHWI MOXKHO TIpocsennTh eme B paborax A.H. Tuxonosa. Cucremarudeckue
Ke UCC/Ie/IoBaHust B JIaHHON objactu Obutn Hadathl B 80-x romax (XX Beka)
N.N. Epevmunbivu, ero yuennkamu u kosteramu: H.H. Acradnesbim, A.A. Ba-
romuabiM, B . Mazypossim, JI.JI. TTonoseim, B. /. Ckapurbim, C.I1. Tpodn-
MoBbIM, B.H. ®posioBbIM 1 Jipyrumu.

B paborax mepeuncaeHHbIX aBTOPOB PAaCCMATPUBAIOTCS HECOOCTBEHHBIC
3a/1a91 JIMHEHHOrO ¥ BBIYKJIOTO TPOrPAMMHUPOBAHMsI, BBOJATCS COOTBETCTBY-
IOITAsT TEPMUHOJIOTHST U KJIaccupuKaInst HeCOOCTBEHHBIX 3a0a9 JIMHEHHOTO MPo-
IPAMMHUPOBAHUS, CTPOUTCS U UCCIIEIYETCA TEOPUS JBOMNCTBEHHOCTH, BBOJIATCS U
UCCJIEJLYIOTCS JIMCKPETHBIE AlllIPOKCUMAIIMK PEIEHU — KOMUTETHBIE KOHCTPYK-
I[1H, TTPEJIIATAI0TCS PA3INIHBIE TOCTAHOBKY W METO/IbI PEIeHnsT 3a/1a9 MOJIHOM
WK 9aCTUIHON (IpaBas 9acTh CHCTEMbI yPABHEHWH WJIM HEPABCHCTB) Hapa-
METPUYIECKON KOPPEKIINN W WX CojJieprKaTesibHasi, B OCHOBHOM dKOHOMUYECKas,
uHTepperanusi. B OOJbITMHCTBE UCCIIEI0BAHII PACCMAaTPUBAETCS KOPPEKIUsT
10 BEKTOPY MPABOil 4acTu orpaHwdeHuit u Ko HUIMeHTaM BEKTOPa, MeJIeBOif
dyHKIHUN.

B konre 90-x romos (XX B.) uccieqoBanus B 06JaCTH KOPPEKIIUHE HECOD-
CTBEHHbBIX 33124 JIMHEHHOr0 NpPOrpaMMUPOBaHUs ObLIM TPOJOJIKEHbI (& Tak-
xKe npojospkatorest B Hacrosiiee Bpemsi) B BIL um. A.A. JTopogunnpina PAH
1 MockoBckKOM memarorudeckoM rocymapcrsennom yumsepcurere B.A. Tope-
JUKOM, ero yuenmkamu u Kojaeramu: B.J. Epoxunniv, B.A. Konnparnesoii,
O.B. Mypassesoit, P.P. Ubarymmunabiv, P.B. Ilevenkunnim, N.A. BosroeBoit u
JPYTUMHU. YKa3aHHBIMI aBTOPAMU TMHPOKO WCCIEI0BAIACH KOPPEKIINS HECOB-
MECTHBIX CHCTEM JIMHEHHBIX aJreOpamdecKux ypaBHEHWI MpU YCIOBUM HEOT-
PUIATEJILHOCTH PEIIeHUs], a TaK »Ke MOKa3aHa MX TeCHasl CBs3b C 3ajladaMu
MATPUIHON KOPEKIMU HECOOCTBEHHBIX 3a/1a4 JUHEHHOTO MPOrpaMMUPOBAHMS.

Kpome Toro, KOppeknust JOIMyCTHMON OOJACTH 3aJjaud JIUMHEHHOTO TTPO-
rpaMMHUpOBaHus 6e3 obecrievueHnsl HEMmyCTOThI JOMYCTUMO#R ODJAaCTH COOTBET-

CTBYIOIIEH JIBORCTBEHHOM 3aJlauu, HE rapaHTUPyeT COOCTBEHHOCTH CKOPPEKTHU-



POBAHHOW JIMHEHHONR ONTUMU3aNMOHHON Mojesn. OJHUMU U3 LEPBLIX TPY/IOB
B 00JIaCTH MaTPUYHON KOPPEKIMK JIBOMCTBEHHON Naphl 3a/1a4 JIMHEHHOTO 1TPOo-
rpaMMupoBanus Oblin paborel Epemuna M.UM., Barosuna A.A., Tpodumosa
C.IL., Acradnesa H.H., Epoxuna B.I1. B macrosmiee Bpemst paboTnl B 001aCTH
MaTPUIHON KOPPEKIUU JBOUCTBEHHON 1apbl 3a/1a1 JIUMHEHHOrO IPOrpaMMUPOBa-
aust akTuBHO BeayTest Epoxunbivm B.U., Kpacuukoseim A.C., BapkaJiosoit O.C.
He TOJILKO IO KPUTEPHUIO €BKJINJIOBOI HOPMbBI, HO W IO MUHUMYMY TIOJIA3IPAJIb-
HBIX HOPM.

OjiHaKO NMPUMEHEHHE TEOPUHU JIBOWCTBEHHOCTH MPUBOJUT KaK K yBEJIHU-
YEHUIO Pa3MEPHOCTHU PeIiaeMoil 3aJladuu, TaK U K YCJIOXKHEHUIO aJITOPUTMa ee
perrenus. IloaTomMy, BayKHBIM acCIEKTOM SIBJISIETCS KaK MOXKHO Oojiee TOIHOE
ornpeJiesieHue 00JaCTH TPUMEHUMOCTH METOJIOB ONTUMHUBAINK, OCHOBAHHBIX HA
KOPPEKIIMU TOJILKO NPIMOil 3a/1au1 JIMHEHHOrO POrPpaMMUPOBAHMUS.

Cremyer OTMETHUTh, YTO METOJbl MATPUUIHON KOPPEKIINK JIaHHBIX, Pa3pa-
OOoTaHHbIE TIEPEYNCIEeHHBIMU BBIIE aBTOPaMu, (DAKTHIECKH CBOIATCA K KOPPEK-
LUK JIOIYCTUMOM 00JiacTu 3aJiad JIMHEHHOrO 1POrPpaMMUPOBAHUsA. Y Ka3aHHbIE
METOJIbI ONUPAIOTCH Ha JieMMy TUXOHOBA U ee MOJM(UKAIMU HA HOPMbI, OT-
JMYIHBIC OT eBKJIHMJOBOI, U TOSTOMY MMEIOT CIIENUAIbHBIN B (ONTUMAJbHBIE
MAaTPHIIbI KOPPEKITUH OKA3bIBAIOTCST OJJHOPAHTOBBIME). MeX 1y TeMm, CTpyKTypa
JIAHHBIX [PUKJIQJIHON 3a/launl MOXKeT uMerTb 0oJjiee CJIOKHBIF BUJ: ObITH 0J104-
HO¥, pa3peXKeHHON, uMeTh (PUKCUPOBAHHBIE 3JIEMEHTbHI, CTPOKU WJIU CTOJIOIHI,
KOPPEKINS KOTOPBIX 3alpeleHa. Lakue 3a/a9u pacCMaTpPUBAJNCH U PAHbIIIE,
OJTHAKO JIO CHX IOP HEe BBIPAOOTAHO €JMHOTO TOJIXO/a K MCCJIEIOBAHUIO TAKUX
3aJiad. Takum oOpa3om, jijist perieHus 3a/1a4 JUHEHHOTO POIPaMMUPOBaHUS CO
CHeIUaJIbHON CTPYKTYpOit Tpebyercs pa3padoTKa CIeIUaJbHOTO MaTeMaTHYe-
CKOTO aTmapara.

B cBoto ouepeib, cenuaibHas CTPYKTYpa MaTPUTIHI KOPPEKITNN 3a,1aeT-
Csl PacIojioykeHneM (PUKCUPOBAHHBIX 3JIEMEHTOB PACHIMPEHHBIX MaTpPUIL 3aJ1a4
JIMHEWHOro nporpaMmMmupoBanus. HeobxoinmocTs B (DUKCUPOBAHUYN 3JIEMEHTOB
Jalle BCero BOZHUKAET MpU 0OpabOTKe pas3perKeHHBIX MaTpHUIl, HyJeBble 3HaYe-
HUs BJIEMEHTOB KOTOPbIX COOTBETCTBYIOT apryMeHTaM, He BJIMAIOIIUM Ha KOH-
KPETHOE ypaBHEHUE CUCTEMbl OIPAHUYEHUN, U MIPU PEIIeHUH 3a/iad JUHEHHOTO
POrpaMMUPOBAHUs C CUCTEMAaMH OIPAHUYEHU, COJIEPXKAITIMEI OCBOOOXK JIeH-
HbIe OT KOPPEKIINK 3JEMEHTBHI B CBA3U C (PUBUUIECKUM CMBICJIOM 3ajiaun. Pas-

pexKeHHbI€ MaTPHIbl BOSHUKAIOT IIPWU MOAECJIMPOBAHUN ABJICHUI U IIponeccos,



HPEJCTABIIAIONMX CODOM CUCTEMbBI, COCTOsIINAE U3 00Jiee MEJKUX IOJICUCTEM,
cabo CBsI3aHHBIX MeXKy coboii. Takast cuTyanusi Ha NMPaKTUKE BO3HUKAET B
caydae HaJMdust OOJIBIIOrNO UKCJIa apryMEHTOB, CBA3aHHBIX OOJIBIIUM YHCJIOM
ypaBHeHnii. TakuMm oOpa3oM, 3aJa4u CO CTPYKTYPHOI MaTPUIHON KOppeKIuei
BO3HMKAIOT Yallle BCEro NP M3yUYeHWH 33/a9 JIMHEHHOIO ITPOrPpaMMUPOBAHMUs
BBICOKO# pasmeprocTu. [lajee, ecim HET COOTBETCTBYIOIINX OTOBOPOK, Oy/em
CUUTATH, YTO UMEEM 3aJlady CO CIeIUAJIbHOI CTPYKTYpOil, KOTOpas SBJISI€TCs
3a/1a4eil BLICOKOW pa3MepHOCTH.

B 6osbIuHCTBE NCCIe0BaHUI TUCIEHHBIE METO/Ibl PEIEeHUsT 3a,/1a91 Ma-
TEMaTHIECKOTO TTPOrPAMMHUPOBAHMNST K KOTOPO# CBOAMTCS NCXOIHAST 3a/1a19a, MaT-
PUUHOI KOPPEKIUHU JIAHHBIX HE PacCMaTpUBAIOTCs. VICKIIOUeHUIMU MOIYT CJIy-
»KuTh paborel B.A. T'openuka, B.M1. Epoxuna, P.B. Ileuenkuna, 11.A. Soaroe-
Boit, H.3. Jle B KOTOPHIX HAMEUIAIOTCS TOIX0/IbI K Pa3pabOTKE COOTBETCTBYFOIIIX
YUCTEHHBIX METOJIOB W AJTOPUTMOB MATPUIHON KOPPEKITNHU JTaHHBIX HA OCHOBE
TLN (Total Least Norm — ajroputm 06001eHHO# HANMEHBITEH HOPMBI) U Me-
rojia Heorona. K gannomy psijty padbor MmoxkHO orHectu padborsl B.M. Epoxuna
n A.C. Kpacuukosa, nccieoBaBInx YUCICHHBIE METOJbl KOPPEKIUN JTaHHBIX
¢ IpuMeHeHueM MeTojia MapkBap/ira.

Tem He MeHee, YTOOBI MaTpUYHASA KOPPEKIUs CTaJia peajibHO paboTaro-
MM KHCTPYMEHTOM aHAJIM3a JAHHbBIX, (DOPMAJIN3YEMbIX C IIOMOIIBIO JTUHEHHBIX
ONTUMU3AINOHHBIX MOJeJIei, HeoOX0InMOo DoJiee TMMPOKO UCCIIeI0BAThH COOTBET-
CTBYIOIIUE UNCJIEHHBIE METO/bI U aJIFOPUTMbI, JJOOUBATHCS UX 3PPEKTUBHOCTH,
IPOBEPSTH Ha OOJIbIIEM KOJHMYECTBE BOSHUKAIOIIUX Ha, IPAKTUKE 3a,1ad.

Takum oOpasom, akTyajbHOI HAYYIHOW ITPOOJIEMOM sIBJIsIETCS Pa3BU-
THE METOJOB ¥ AJI'OPUTMOB ONTUMAJbHON MATPUIHON KOPPEKINH JTaHHBIX
HECOOCTBEHHBIX 3aJiad JIMHEHHOI'O IIPOrpaMMUpPOBaHUsA 1-TO poja, II03BOJISIIO-
X BKJIIOYATH HECOOCTBEHHBIE JIMHEHHbIE ONTUMU3AIMOHHBIE MOJIEIN B UKCJIO
JIOTTYCTUMBIX ¥ KOHCTPYKTHBHO UCIIOJIb3yEMbIX METO/I0B TEOPETHIECKON nHMOP-
MATHKHU.

O06BbeKTOM mMCCJIeOBAHMS SIBJISIETCs IIPo0IeMa MATPUIHON KOPPEKIUN
JIAHHBIX HECOOCTBEHHBIX 3aJ1a4 JIMHEHHOTO TPOrPAMMUPOBAHNUsI, BOSHUKAIOIIMX
B 3aJla9axX JUHEHHON ONTUMHU3AINN, CBIA3aAHHBIX ¢ MHOTOYUCICHHBIMY TTPHUIOKE-
HUSIMU TEOPETHIeCcKOl nHMOpMATHKN (K/IaccuUKAIUs, TapaHTUPYIOIIee Olfe-

HUBAHWE APAMETPOB U JIp. ).



IIpeamer wmcciemoBaHUS COCTABJISAIOT 3aJla4d KOPPEKIMU JIAHHBIX HECcOD-
CTBEHHBIX 3a/la4 JIMHEMHOI'O IMPOIrpaMMUpPOBaHus 1-10 pojia ¢ €BKJIMJIOBOW u
B3BCIICHHON €BKJIMIOBOIl MAaTPUIHON HOPMOIl B PO KPUTEPUA KadeCTBa KOP-
PEKIAN.

ILlenp paboOTBHI COCTOUT B HOCTPOCHUM MATEMATUIECCKOI'O allllapara, Oll-
TUMAJIbHON 110 MUHUMYMY €BKJIU/IOBOU M B3BEIICHHON €BKJIN0BON MAaTPUIHON
HOpME KOPPEKIINK JIaHHBIX HECOOCTBEHHBIX 3aJiad JIMHEHHOIO IIPOrpaMMUPOBa-
HUSA 1-TO pojia BBICOKO# pa3sMepHOCTH, CTPYKTYpa KOTOPBIX OIpeessaeTcs Tpo-
M3BOJIHBIM MHOXKECTBOM (DUKCHPOBAHHBIX (HEKOPPEKTUPYEMBbIX ) 3JIEMEHTOB, U
pas3pabOTKe COOTBETCTBYIONINX BHIUUCIUTEIbHBIX aJIrOPUTMOB.

B ocHOBYy mcciieoBanus 1MoJjioXKeHa cjejyiomasi rumore3a. [lycrs necod-
CTBEHHAs JIMHEeHHas ONTUMU3AIMOHHAs MOJICJIb SIBJIACTCS Pe3yJIbTaTOM HETOYHO
3aJaHHBIX WJIM IPOTHBOPEUNBLIX MCXO/IHBIX JaHHbIX. [Iprdem, nannas ontuMu-
3allMOHHAs MOJIEJIb IIpejicTaBsgeT coboil HecobcTBennyto 3aa4dy JIII 1-ro pona.
OnruMaJjbHas MaTpUuHas KOPPEKIUs, CBOJIMMAas K 3a/aue ONTUMUABAINH, 1103~
BOJIFIET MOJIYYUTH ONTUMAJIbHBIE 10 MUHUMYMY €BKJIUJOBON HOPMbI MaTPUILBI
koppekiun Hf win [Hf — hi], rapantupyiomiue cobCTBEHHOCTh U CTPYKTYP-
HBIN BUJ CKOPPEKTUPOBAHHON JIMHEHHON MOjiesn

(A+H)z=b, >0, ¢c'& »max WIA (A+H)x=b+h}, x>0, ¢z — max

M COOTBETCTBYIOIME OINTHMAaJbHbIE BEKTOPHI T] M uj. Pesympratamm onru-
MaJIbHOIl COBMECTHOW MaTPUYIHON KOPPEKIMU, CBOAUMON K 3a/a4e ONTUMU3A-
1M, TTO3BOJISIONIEH TTOJIYIUTh ONTUMAJIbHBIE T0 MUHUMYMY €BKJINJIOBON HOPMBbI
MaTpUIbl KOppeKiuy sipjsitores Hy wan [Hy — hi], rapantupyromme cobersen-
HOCTb U CTPYKTYPHBII BUJI CKOPPEKTUPOBAHHBIX JIMHEHHBIX MOJIEIN

(A+ H}z=b, 2 >0, c'z — max, — (A+H})xz =b+h}, >0, c'z — max,

u' (A+H3) >c', b"u — min, u' (A+H3)>c", (b+h3) u— min,

¥ COOTBETCTBYIOIIME ONTUMAJIbHBIE BEKTOPBI T4 U us. Torma Hi w Hi, hi n hj,
X] M Ts, U] W U MOMAPHO COBMA/IAIOT.

st TOCTUYKEeHWsT TTOCTAaBJICHHOMN 1EJIM U MPOBEPKH MPABUILHOCTH BbIJIBU-
HYTOW I'UIOTE3bl ObLIN TOCTABICHBI CJIEJYIONNe 3aTaAYM:

1. Honyunrs u 0O60CHOBATH YCJIOBUs CYIIECTBOBaHUs peEIICHUs] HECOD-
CTBEHHBIX 3aJla4 JIMHEHHOro MporpaMMUpOBaHus 1-To pojia, He UMEIONUX CIie-
IUAJBHON CTPYKTYPhI O€3 KOPPEKIUU JBONCTBEHHON 3a1atu.

2. Onupasich Ha TEOPETUYECKUE PE3YJIbTATHI, Oy YCHHBIE DU PEIICHUH

npeJiblL Ly et 3a/1aum, nojayunTh 1 000CHOBATH YCJOBUS CYIIECTBOBAHUS periie-



HUsl HECOOCTBEHHbIX 3aJ1a4 JIMHEHHOI'O LpOrpaMMUpPOBaHust 1-ro poja co clie-
IUAJBLHON CTPYKTYPOil B BUJIE 3alpeTa Ha KOPPEKIUIO OTJIEJIbHBIX 3JIEMEHTOR
PaCIIUPEHHON MaTpPUIlLI KOIMDMUITUEHTOB UX OrPpAHUICHUI.

3. Pazpaborarh, TeopeTniecku 000CHOBATH U IPOBEPUTH B BHIUUCIUTE b~
HbIX dKClIepuMeHTax 3(PPEeKTUBHbIE aJIOPUTMbI PEIIEHUS IEPEUNCIEHHDIX Bbl-
1e 3a/ia4 ONTUMaJIbHOW KOPPEKIUU JIaHHbIX.

MeToa0/10TUYECKYI0O OCHOBY WMCCJIEJIOBAHUS COCTABJIAIOT METO/IbI
KJIACCUIECKON M BBIUYMCIUTEILHON JIMHEHHON aJreOphbl, MATPUUHOIO aHaJIMA3a,
MaTEMaTUIYECKOI'O ITPOrPAMMUPOBAHMSI.

Hayunas HOBU3HA jccepTaliny 3aKJI0UAETCS B TOM, 9TO MOJYyUYCHbI 1
TeOpeTHIecKr 0OOCHOBAHBI:

1) ycIoBust CyIIECTBOBAHSI PEIICHUST 3a/Ia41 OMTUMAIBLHON 110 MUHUMY MY
€BKJIMJIOBOW M B3BEIIEHHON €BKJIMOBOW MaTPUUYHBIX HOPM KOPPEKIUMU JIAaHHbIX
HECOOCTBEHHBIX 3a/1a9 JIMHEHHOTO TPOrpaMMUPOBaHus 1-T0 pojia, rapaHTUpyIo-
IIer'0 COOCTBEHHOCTH CKOPPEKTUPOBAHHBIX 33184 M YUUTHIBAIOIIEIO UX CTPYKTY-
Py, BbIPAaXKEHHbIE B TEPMUHAX KOPPEKIUHU JIOIYCTUMOR 00JIaCTH 1PsIMOiL 3a 1491
JIMHEWHOI'O MPOIPaMMUPOBAHUSI,

2) KOHCTPYKTHBHBIE (DOPMYJIBI TOCTPOCHHST YKA3AHHOTO DEIICHNU,

3) COOTBETCTBYIOIIUE TUCJCHHBIE AJITOPUTMbBI KBA3UHBIOTOHOBCKOTO THIIA
C AHAJIMTUYECKUM BbIUUCJIEHUEM [1POU3BO/HbIX.

ITpakTuyeckass 3HAYMMOCTDh Pe3yJabTATOB. [l0/X0/bI, MOIyUYeHHbIC
1pu pa3paboTke Mojiejieil U aJrOpUTMOB, MCCJIEIOBAaHHBIX B JIaHHON padoTe,
MOTYT OBITH MCIIOJIB30BAHbI JIJIsI IIOCTPOCHUS METOJOB U AJTOPUTMOB, HAIPAB-
JIEHHBIX Ha, pellleHre MPAKTUIEeCKUX 3a/1a4d, CBI3aHHBIX C SKOHOMUKOM, TEXHU-
KOI, aHAJIM30M JIAaHHBIX, OOHAPYYKEHNEM 3aKOHOMEDHOCTEH B JIAHHBIX U UX W3-
BJICUCHMEM, aHAJN30M TEKCTa, YCTHOM pedr U M300parkKeHuil, paclo3HaBaHHeM
00pa30B, dpuabTpalneii, paclio3HaBaHuEeM U CHHTE30M U300parKeHMnii.

OcHOBHBIE TI0JI0KEHNS, BBIHOCUMbIE HA 3AMIUTY:

® JIOCTATOYHbBIC YCJIOBUS CYITIECTBOBAHUS PEITICHUS 33,11 ONTUMAJIbHOI 110
MUHHUMYMY €BKJIMJOBOM W B3BEIIEHHON €BKJIMIOBON MaTPUIHBIX HOPM KOPPEK-
MU JIAHHBIX HECOOCTBEHHbIX 3aJiad JIMHEHHOIO 1porpaMMupoBanus 1-ro poja,
BbIDAyKEHHbIE B TEPMUHAX KOPPEKIMK JIONYCTUMON 00JIaCTU TIPSIMOI 3a/1a4u;

® JIOCTATOYHbIE YCJOBUA CYIECTBOBAHN PEIIeHN 33,189 OITHMAJIbHOM 110
MUHUMYMY €BKJIIJOBOM M B3BEIIECHHON €BKJIMIOBON MATPUIHBIX HOPM KOPPEK-

LMK JIAHHBIX HECOOCTBEHHBIX 3a/1a4 JMHEHHOIO IIPOrpaMMUpOBaHus 1-ro poja,



BBIPDAXKEHHDBIE B TEPMUHAX KOPPEKIUK JIOIMYCTUMONR 0OJIACTH NPAMO 3a/1a49u ¢
Y9IETOM CIEIUAJIBHON CTPYKTYPHI;

® DEJIYKIMY 33J1a9 MaTPUIHON KOPPEKIUH JIAHHBIX ONTHUMaJIbLHON 0 MU-
HUMYMY €BKJIUJIOBOI 1 B3BEIIEHHON €BKJIMJIOBOM MATPUIHBIX HOPM HECOOCTBEH-
HBIX 33129 JIMHEHHOrO MpOrpaMMUPOBaHUs 1-T0 POJia, YIUTHIBAIOIINE OIPAHN-
YeHUST Ha CTPYKTYPY KOPPEKTUPYIOIIEH MaTPHIIh, K 3aj1ad9aM 0e3yCJIOBHON M-
HUMUBAIINN;

® 5pPeKTUBHBIE AJTOPUTMBI PEIIeHUs 38189 ONITUMAJIBHOM 10 MUHUMYMY
eBKJINJIOBOW M B3BEIIEHHON €BKJINIOBOW MATPUIHBIX HOPM KOPPEKIINH JIaHHBIX
HECOOCTBEHHBIX 3a/1a1 JIMHEHHOTO MPOTpaMMUPOBaHUsS 1-10 pojia.

Buengpenune u anpobamus pe3yabTaToB uccijiegoBaHusa. OCHOB-
HbIe PE3YJIbTATHI, MOJYYEHHbIE B JINCCEPTAINN, JTOKJAJIBIBAJINCH U OOCYXKa-
Jimchb Ha XIV-g Bceepoccniickoit kondepennun «Maremaruieckoe 1mporpammm-
poBanue u npuioxkenusi» (Exarepunbypr, 2011), Mexynapoiroii kordepen-
muun «CoBpeMeHHbIe MPOOJEeMbl TPUKJIAHON MaTeMaTUKA W MEXaHUKU: Teo-
pust, skcuepument u npakrukay (Hosocubupck, 2011), Hayuno-rexuudeckoii
KoHpepeHmn Mosojbix yueHbix CankT-IlerepOyprckoro TexHOJIOrHIeCKOTro
nHeTUTYTa (TexHudeckoro yuupepcutera) «Hemens maykm - 2013» (Camkr-
[Terepbypr, 2013), VII MockoBcKoil MeXIyHAPOHON KOH(MEPEHIMH 10 HUC-
caegoannio onepanuii ORM-2013 (Mocksa, 2013), ceMuHape 110 KOHCTPYK-
TUBHOMY HeryiaJiKoMy anaiusy u Heguddepeniupyemoii onrumuszannu (CNSA
& NDO) Canxr-Ilerepbyprckoro TeXHOJIOrn4ecKOro HHCTUTYTA (TEXHUIECKO-
ro yuausepcurera)(Cankr-IlerepOypr, 2014). Kpome Toro, ocHOBHBIE pe3y/IbTa-
ThHI, MOJIYUYEHHBIE B JIUCCEPTAINH, JTOKJIAQIbIBAINCH U O0OCYXKJIAJINCH Ha HAYTHO-
METOINIECKUX ceMrHapax Kadeapbl MpUKIIaIHON MaTeMaTnKn HHPOPMATUKH,
GUKUKU ¥ METOJIMKK UX IpernojaBannus bopucoriedbeckoro dpunuasia derepaib-
HOTO TOCYJIAPCTBEHHOTO OI0/I>KETHOTO 00PA30BATEIHLHOTO YUPEXKICHUS BbICITIC-
ro npodeccuoHaj bHOro obpazoBanust «BoOpoHEKCKUI 1ocylapCTBEHHbIN yHU-
BepcuTeTy n Kadeaphbl MHHOBATUKU W WHMOPMAIMOHHBIX TexHoa0rnii CaHkT-
[TeTepOyprekoro rocyapCcTBEHHONO TEXHOJOTHYECKOTO WHCTUTYTA (TeXHUe-
CKOI'O YHMBEPCUTETA).

[Tosryueno cBujieTesibeTBO O perucrpaiiun ajaropurma [10].



OCHOBHOE COLAEP2KAHUE PABOTHEI

Pabotra cocTrouT u3 BBejieHNS, TPEX IVIaB, 3aKJIOUEHUs, CIIUCKA JINTEPaTYy-
phI.

Bo BBezmeHmm 000CHOBBIBAETCS AaKTYaJbHOCTH TEMbI MCCIETOBAHUSI,
OlIpeJIeISIeTCs 11eJib pabOThl, BbIJABUIAETCS I'MIIOTE3a, (POPMYJIUPYIOTCs 3aJiauHu,
KOTOpbI€ HEOOXO/IMMO PEIIUTh JIJIs PeaJu3alii OCTaBJICHHON e/ U 1TPOBEp-
KU BBIJIBUHYTON TUMIOTE3bI, YKA3bIBACTCS METOMOJOTHIECKAsT OCHOBA UCCIIET0BA-
HUsI, PACKPBIBAETCA HaydIHas HOBU3HA U MPaKTUIECKas 3HAUYUMOCTD JTUCCEPTa-
IIMOHHOW pabOThI, BbIJIBUTIAIOTCS OCHOBHbIE 110JIOYKEHU ST, BBIHOCUMbIE Ha 3AIIUTY,
MPEJICTaBJIEHO OCHOBHOE COJiep:KaHue padoThI.

B nepBoii ry1aBe paccMaTpuBaiOTCS MOCTAHOBKY 33719 MATPUUHON KOP-
PEKITNHU O3 CTPYKTYPHBIX ONPAHUYCHNN, CTPYKTYPHOM’, a TaK »Ke CTPYKTYPHOIt
B3BEIIEHHOW MaTPUYHON KOPPEKIUKM KaK JIBOHCTBEHHOMN 1apbl HECOOCTBEHHbBIX
3ajia4 JHeitHoro nporpamvuposanust (JIIT), Tak u Hecobcrsennoit 3amaqan JIIT
MIEPBOTO POJIA B CJEAYIONIUX MOCTAHOBKAX

IIycrn

L(A,b,c): Az =b, x>0, ¢' r — max (1)

— HEKOTOpas 3aJiava JIMHEHHOro MporpaMMUpPOBaHUs B KAHOHUYIECKOI (opme,

L*(Ab,c): w'A>c', b'u — min

—~
[\
~

— JBOHCTBeHHas €l 3ajadva JUHEHHOro NpPpOrpaMMHUPOBAHUA B CTAHIAPTHOU
dopme, rie A € R™" ¢z € R", bju € R™ . Cumponom X (A b) =
{z|Az =b, x > 0} oboznauum jonycrumoe MmuOXKecTBO 3ajgaun L(A, D, c),
a cumposiom U(A,c) = {u‘uTA > CT} — JIONyCTHMOE MHOYKECTBO 33J1a4K
L*(A,b,¢).

Bagaun (1), (2) ycaoBumes: pacemaTpuBarTh Kak HECOOCTBEHHbBIEC, B CUJLY
aero xorst Obl 01HO 13 MHOXKecTB X (A, b) win U (A, ¢) sBiasiercs mycrbiM. Sajia-

[H =] MATPUYHON KOPPEKIUK apbl B3AUMHO JIBOWCTBEHHBIX HECOOCTBEH-

veit D
upix 3agad JIII L(A,b,¢) u L*(A,b,c) Gygem HazblBaTh 334y HOCTPOEHHUSI
marpunbl [H — h] € R™ (1) oG iauaoneil MUHUMAILHOR eBKJINI0BOHA HOD-

MOI U TrapaHTUPVYIOIIEH Pa3pernMOCTh CKOPPEKTUPOBAHHBIX 3a/1a4

LA+ H b+hc):(A+Hx=b+h, 2 >0, c'z — max,
L(A+Hb+h,c):u"(A+H)>c", (b+h) u— min.
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Bayadeit D marpuunoit koppekiuu Tosbko Jesbix dacreit (h = 0) ma-
pbl B3aMMHO JIBOHCTBEHHBIX HecoberBennbix 3ajad JIIT L(A,b,¢) u L*(A,b,c)
OymeM Ha3bIBATL 3aJady mocrpoenns: Marpunnl H € R"™*" obpagatoneit Mu-
HUMAaJIbHOM €BKJIMJIOBOY HOPMOI U rapaHTUPYIOIIEHl COBMECTHOCTb CKOPPEKTU-

POBaHHbIX 3aJda4

LA+ H,bc): (A+H)x=b, x>0, ¢’ — max,
L*(A+ H,bye):u"(A+ H)>c", b'u — min.

Onuospemento ¢ sagadamun D~y D Gynem pacemarpusars Kop-
PEKIIMIO TPOTUBOPEUNBOI crcTeMbl orpanndenuii 3agaun L(A, b, ¢), dbopmaiu-

30BaHHYIO C ITOMOIIBIO 3a/1a4

i J U =Bl >win, Ly f ] - min
X (A+H,b+h) +# o, X (A+ H,b) # 2,
rie ||| — eBkampoBa maTpuuHas (jgasiee, B 3aBUCHMOCTH OT KOHTEKCTa, MaT-

pUYHAS WM BEKTOPHasi) HOpMa. JlOMycTHMbIe MHOXKECTBA, BCEX PACCMATPHUBa-
eMbIX 3aJ1a4 MaTPUIHON Koppekiuu Oynem obosnadarh Kak FS(+). Hampuwmep,

FS(SDW =k — jonycrumoe muoxecrso pemrenuii sanaan SDWH —7,

Teopema 1. (O docmamounvir Ycr0BUAT CYUECTNEOBANHUA PEUEHUSL 3400 4U
DH)

Eeau X(Ab) = O, U(A,¢) # D (m.e. L(A,b,c) — necobemesennan 3ada-
wa JIIT 1-20 poda), b # 0, zadavwa PY paspewuma u mampuya H* seasemes
eé pewenuem, mo 3adavwa DF maxorce paspewuma v mampuya H* asasemcs

€€ PeUWeEeHUEM.

Teopema 2. (O docmamounvix YeioBUAT CYWECTNEOBAHUA PEUEHUA 30004U
DA —h])

Ecau X(A,b) = @, U(A,c) # @ (m.e. L(A,b,c) — necobemeennan 3ada-
wa JIII 1-20 poda), 3adavwa PH ~M paspewuma v mampuya [H* —h*] asasemes

[H —h]

e€ pewenuem, mo 3adayva D makorce paspewuma u mampuua [H* — h*]

MAKHCE ABNACMNCA €€ PEULEHUEM.

[Tycrs sagaun L(A,b,¢c) u L*(A,b,¢) rakosbl, uro X(A,b) = &,
U(A,c) # @. C necoberBennbivmu 3amadamn L(A,b,¢) u L*(A,b,c) Oy-
neM cBasbiBarh 3agaqn SDH . SDW —h gpH  gplH I crpykryproit mar-
PUYHOIl KOPPEKIMH, B KOTOPBIX Marpuie H wWinm paclmpeHHoil MaTpu-
ne [H —h| upejnucaHo uMerb CTPYKTYPY HYJIEBbIX UM HEHYJIEBbIX 3Jie-

MEHTOB, 3a/laBa€Myl0 MHOXKECTBaMW HWHJICKCOB HYJIEBBIX 3JIEMCHTOB K =
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{(iE{l,Z,...,m}, jE{l,Q,,TL})‘HZJ:O} u k = {26{1,2,,m}\
h; = 0}.
st peayusanuu crpyKTypHbIX Tpebosanuit Kk H u [H — h] BBOjMTCS

psiJi OOBEKTOB:

Hij=0ecan {1,j} € K,
M=) | " thJ}
Hi; = 1 B nporusHOM Cilyuae ,
h; =0 ecom ¢ € k,
h=(b)|
H; = 1 B nporuBHOM CJIyUae .

Kak BWJIHO M3 IpeJICTaBJICHHBIX BBIIIE (POPMYJ, MaTpuiia H 1 BEKTOP
h — sormdeckue mabJIOHbI JII CTPYKTYPbl HYJIEBbIX U HEHYJIEBbIX 3JIEMEHTOB

matpuiibl H u BekTopa h.

p; ecau q; # 0,

s(p,q) = (Si) =
(P, ) = (s:) 0 B mpoTHBHOM ciIydae,

[ s (HLHL)
h(H) = : -
|5 (H o M)

BEKTOD, COCTaBJICHHBII 13 9JIEMEHTOB CTPOK H;, B COOTBETCTBUU C 11aOJIOHAMU

ctpok Hi., anamornano A([H — h]) — BeKTOp, COCTABJIEHHDIA U3 3JEMEHTOB

CTPOK [Hl* —h;| B cOOTBETCTBUM C 1IA0JIOHAMHU CTPOK {Hl* f)l},

[s" (2, H{,) 0 0 ]
0 st (v, Hg,) - 0
Xle) = 0 (0 & 0 )
0 0 s (2 Ho)

MaTpuIa, -9 CTPOKa KOTOPOH COCTaBJIEHA M3 HYJIEBLIX 3JIEMEHTOB M 3Je-
MEHTOB BeKTOpa & B coorBercTBuu ¢ 1mabsionom H;.. Boipaxenus H(h) u
[H(h) — h(h)] =[H — h](h), 310 coorsercriento marpunpl H u [H — hj,

BOCCTaHOBJICHHbBIE 110 BEKTOPY F.

Teopema 3. (O docmamounvix Ycao8uAT CYWECMBOBAHUA PEULEHUA 3a0a14U
SD)
FEeau X (A, b) = O,U(A,c) # @ (m.e. L(A,b,c) — necobcmsennan 3ada-

wa JIIT 1-20 poda), b # 0, 3adavwa SPH paspewuma v mampuya H* seasemea
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eé pewenuvem, mo 3adava SDH maroce pazpewuma v mampuya H* asasemcs

€€ PeUWeHUEM.

Teopema 4. (O docmamounvir YCA0BUAT CYUECTNEOBANHUA PEUEHUA 3400 4U
SDU —hl

FEeau X(A,b) = O,U(A,c) # @ (m.e. L(A,b,c) — necobecmeennan 3a-
dava JIII 1-20 poda), zadawa SPY " (¢ napamempom b # 0) paspewuma u

[ —h]

mampuya [H*  — h*] aeasemes eé pewenuem, mo szadava SD maxotce

paspewuma u mampuya [H — h] aeasemes eé pewenuem.

Kak 1oka3biBalOT BBIYUC/IUTEIbHBIE SKCIEPUMEHTHI, 4acTO B 3aja4dax
SDH spH SpUWH =k gpH Il y 1hyrux 3agauax MATPHIHON KOPPEKI[HH OKa-
3BIBACTCS ONMPABJAHHBIM UCIIOJb30BAHNE B3BENIEHHON €BKJINIOBOW HOPMBI. DTO
CBA3aHO C TEM, YTO BEJIMYMHA KOPPEKIUs OOJIBIITUX U MaJbIX 10 MOJLYJIIO KO-
3 UIMEeHTOR crcTeM orpaHWYeHnit paBHO3HAUHA. TakuM 0Opa3oM, TTPU OTHO-
CUTEJILHO HEOOJIBINOM MO €BKJINJIOBOM HOpME MaTpHUIle KOPPEKIUH MOXKET ObIThH
nosiyuena 3ajiada JIIT coBecem e «110xoxkasty Ha UCXOJHYIO.

[Tycrs szagaun L(A,b,c) u L*(A,b,c) makosbl, uro X(A,b) = &,
U(A,c) # . C recobersennbivu 3agadamu L(A, b, ¢) u L*(A, b, ¢) Gynem cBsi-
spiBath 3aaun SwDH, SwDW —M SwPH  SwPH —M crpykrypHoii B3Beren-
HOM MaTPUYHOM KOPPEKIUHU, B KOTOPbIX MaTpulle H ujiu paciuimpenHoit marpuiie
[H — h] upejanucano umerb CTPYKTYPY HYJIEBBIX U HEHYJIEBbIX 3JIEMEHTOB, 3a-
JlaBaeMyIo MHOYKECTBAMU MHJIEKCOB HYJeBbIX aeMenToB K 1 Kk, a Takxke, Beco-
Bble KO3 PUIMEHTH 3a/1aBaeMble MaTpuniamu YV u to. Bec KaxX10ro sjgeMenTa
H;; n h; 3ajnaerca sjnementamu VWi u tv; coorBeTcrBeHHo, e VV — BecoBad
MaTpHUIla C pa3MepamMu m X M U t0 — BecoBasl MaTpuila ¢ pasMepamu m X 1.

Kputrepuit onTuMajbHOCTH MaTPUIHON KOPPEKIUU B JaHHON (dopMe Ipu

YCJIOBUAN
W = (W” >0‘i€ 1,....m, j€& 1,...,n),
= (o, >0]iel,...,m)
obJiajlaeT MOYTH MaKCHMAaJbHOH OOIMHOCTLIO MPHU MCIOJL30BAHUN €BKJIUI0BOM
HOPMbBI U sABJIAETCA CYIIECTBEHHBIM YCJIIOBHEM DiAla TEOPETUYIECKNUX BbIKJIAJ0K.
Taxk, ecsim HekoTOpasi NPHUKJAJHAS 3aJada MOXKeT HoTpeboBaTh IMPUMEHEHMUs

HYJIEBBIX BECOB JIJisl OTJIeJIbHBIX 3jeMentoB Marpuil H, [H — hl], To Hysesbie

ko3bdunuentsr YW u 10 MOryT ObITH 3aMEHEHBbI HEKOTOPBIMU MAaJIbIMU (OTHO-
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CUTEJILHO JIAHHOM 3a/1a41) 110JOKUTELHBIMU YHCTAME, YMEHbIIEHHE KOTOPbIX
Oyjer jaBaTh NPUOJIMKEHNE K PEIIeHUIO UCXOHON 3a/1a91.

Pemenust 3aja4 B obmiem ciaydae (Ipu npousBosibHBIX MaTpuiax YW u
f0) He MOTYT OBITH 3AIUCAHBI B TEPMUHAX COOCTBEHHLIX BEKTOPOB MATPHII, TO-
CTPOEHHBIX UCHOJIL30BaHUEM MaTpullbl A 1 BekTOpa b, Tak Kak npousBejieHuem
marputl 10 Ajiamapy («o») B 0DlIeM cJiydae He CBOJUTCS K KJIACCHUECKOMY
MATPUYHOMY yMHOKEHHUIO.

Torma st pemenns yKazaHHoO# mpobIeMbl BBOASTCS CJAEAYIONHE 00bEK-
moi: w(W) = Wi ... Wy — BekTop, cocrasiennblii 13 51eMenToB CTpoK
Wi n w(W w]) = [Wh wi] ... Wy 0,,]]" — Bektop, cocrasennbrii u3
3JIEMEHTOB CTPOK [Wi, 1o;].

Teopema 5. (O docmamounvir Ycr08UAT CYWECTNEOBAHUA PEUEHUA 34004U
SwD™)

Feau X (A, b) = O,U(A,c) # @ (m.e. L(A,b,c) — necobemsennan 3ada-
wa JIIT 1-20 poda), b # 0, sadava SwPY paspewuma v mampuya H* seasemea
eé pewenuem, mo sadava SwD™ maxoce paspewuma v mampuya H* aens-

emca eé pewernuem.

Teopema 6. (O docmamounvir Yei0BUAT CYWECTNEOBAHUA PEUEHUA 30004U
SwDU —hl)

Eeau X (A, b) = O,U(A,c) # @ (m.e. L(A,b,c) — necobcmsennan 3ada-
wa JIIT 1-20 poda), 3adawa SwP™ ~M (¢ napamempom b # 0) paspewuma u

[H —h]

mampuua [H*  — h*| aeasemes eé pewenuem, mo sadaua SwD maxotce

paspewuma v mampuya [H*  — h*| asasemes eé pewenuem.

Bo BTOpoOit riaBe, ocHoBbIBasich Ha MeToae bpoitnena-Daerdepa-
Lonbdapba-1llenHo, MogydeH aaropuTM MUHUMUZAINE TEJIEBbIX (DYHKITUHT 3a-
Jlauy ONTUMAJILHON MaTPUIHONW KOPPEKIMU JIaHHbIX HecoOcTBeHHOM 3aga4um JITT

nepBoro poJa AJisd BCEX MEPEINCIECHHHHBIX B Hpeﬂbmymeﬁ rjlaB€ IMMOCTaHOBOK:

P & () = |HIP. H = (b— Ax)a*,
PUH ;@ (&) = |H —h|P, [H —h] =

SP: & (3) = |H|*, H=H (X" () - (b— Ax)),
SPH ~h. & (z)=|H —h|* [H —hl=[H —h] | X" (b — Az) |,

SwPH: & () = [WoH|? H=H (Ql(W) (X (@)t W) (b — Aa:)),
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SwPH ~M: & (7) = ||[W wlo[H — h]|’,
_|_
X

[H —h]=[H —h]{ QDY w])- { X | | |27V w]) | - (b—Az) ).

e r=x ()= [:T:% i‘%}

[Tonydennbl pOpMyIbI I AHAJTUTUICCKOTO BBIYHCICHHUS IPaJUeHTa JIJIs1
[EePEUNCICHHBIX BbIIe (DYyHKIIHIA.

B Tperbeil riiaBe B KauyacTBe IpUMepa PacCMOTpPEHa 3ajiada CpejiHei
pasmepHoctu bgdbgl uz cucremsl netlib. JleBass vacTh jpanHOil 3ajaun pe/i-
crapJisieT coboit marpuily paszmepom 348 x 407, Bitouatoinyo 1485 HeHyeBbIX
s7eMeHTOB. Tak »Ke B 3ajade MMEIOTCsT JIOTOJHATEIbHBIE BEPXHUE OrpaHUte-
Hus Ha 2. [Ipu npejicraBieHny JJAHHON 32149 B KAHOHUYIECKOM BHJIE C YIETOM
JIOTIOJIHUTEJILHBIX BEPXHUX OIPAHUYCHMI HA apryMeHT, 3ajada UMeeT pa3Mep-
HOCTH 393 X 674.

Tak »ke, B KauacTBe NpHUMepa, PaccMOTpeHa 3ajada cpegreii mondou2
13 XPaHWJIUIA HeCOOCTBEHHBIX 3aJad JIMHEHHOI'O IIpOorpaMMHUpOBaHus netlib.
JleBas 4acTh JAHHON 3a/lady MPEJICTaBJsSIeT coOOi MATpuily pasmepom 312 X
604, Britoudaioniyo 1623 HeHyIeBbIX 9JIEMEHTOB.

Ucnonb3yemblit it MaTpUIHOW KOPPEKIINN aJrOpuTM ObLI pean30BaH
B cucreme MATLAB 7.9 nis komnbiorepa ¢ mporeccopoum Intel Core i3 M370,
TakKToBO# uactoroit 2,4 I'l'm, onmeparuBhoii mamarbio 3 ['6. g yKazaHHBIX
3aJ1a9 ObLTM HaW/IeHbl MaTPHUIA KOPPEKIMH, 3HAYEHWE COOTBETCTBYIOIIErO ei
aprymMenTa u 1esieBoil ¢pyHkinn. OCHOBHBIE PE3yJbTaThl MATPUIHOW KOPPEK-
UM OIMCAHHBLIX BBIIIE 33Jia4, PACCMOTPEHHBIX BO BCEX IIOCTAHOBKAX, IIpepe-
YUCJIEHHBIX B 1I€PBOI 1UiaBe, 1pejcraniienbl B Tabsiniie 1. Z — peliaemast 3ajia4a
MATPUIHON KOPPEKIINK, HadaJbHOe MPHUOJIVKEHUE JIJIsi KOTOPOW TeHeprupOoBa-
noch 1o npasuny: 2’ € R?, 20 = (:1:?) ’x? =Sz Viel,2,...n. Ilpu stom s
3aJ1a4 CTPYKTYPHOI KOPPEKINN KOPPEKTUPOBAJINCH TOJIHLKO HEHYJIEBbIE DJIeMEeH-
Tol. Jlist 38189 CTPYKTYPHOW B3BEIIEHHON KOPPEKIMU BEC SJIEMEHTa MaTPHUILbI
KOPPEKIUHU OTPEJIEISIICA KaK KBaJIpaT 00PaTHOrO 3HAYEHUST COOTBETCTRYIOIIE-
I'0 JIEMEHTa, PACIIMPEHHON MaTpUIlbl orpanndenuii. [lapamerp cxogumocTu Jijist
Bcex npumepoB € = le — 8. T — Bpewms peleHust 3a7a4n B CeKyH1ax. It — Kosu-
YeCTBO BbINOJIHEHHbBIX aJjiropuTMoM bpoiiiena-Piierdepa-Losibidpapbda-Ilentno

urepanuii. |kl — eBkinj0Ba HOpMa T10JIyYEHHONW MATPUIBI KOPPEKITUH.
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Tabsinma 1. Pesysbrarsl BBIMUCIUTEIBHBIX SKCIIEPUMEHTOB

Z Sx | It T 7]
bgdbgl P¥ 16| 860 | 1741,026 0,03004226
bgdbgl PU —/] 16| 863 | 1831,044 0,03007555
bgdbgl SPH 1 [ 50000 | 54943,508 6,35600584
bgdbgl SPW —H] 1 [ 50000 | 55034,749 5,93852587
bgdbgl SwPT 1| 34389 | 40772,617 6,12242995
bgdbgl SwPH —H] 1] 3277| 4005,330 | 122,82760499
mondou2 P7 107 99 | 188,352 0,01388127
mondou?2 PH — 10* 98 | 172,147 0,01396059
mondou2 SPH 107 240 238,166 1,41423658
mondou2 SPY -7 [10*| 242 235,778 1,41423658
mondou2 SwP? 104 240| 313,639 1,41423658
mondou2 SwPf =M [10* | 245| 245,485 | 1147,79139297

B zakJsrovenuu nmpuBegeHbl OCHOBHBIE Pe3YJbTAaThl:

1. Teoperndeckn 0OOCHOBAHO JIOCTATOUHOE YCJIOBHUE CYIIECTBOBAHUS pe-
IeHUs 33/l MaTPUIHON KOPPEKIMU HEeCOOCTBEHHOW 3aJiauu JIMHEHHOTO 11PO-
rpaMMUpoOBaHus 1-To pojia, BbIpazKalolleecs B CyIeCTBOBAHUN pellleHns 38 1a49u
MATPUYIHON KOPPEKIINK JIOIYCTHUMOI 0bJlacT yKas3aHHOI 3aja4un. PaccmaTpu-
BAIOTCsE CJIe/yIOIIMe PA3HOBUIHOCTA MaTPUIHON KOppekiuu 3aja4d JIIT:

— 0e3 CTPYKTYPHBIX OIPAHUYEHUI 110 MUHUMYMY €BKJIUJIOBOW HOPMBbI;

— CO CTPYKTYPHBIMU OT'PaHUYCHUAMU 110 MUHUMYMY €BKJIUJIOBO HOPMDI;

— CO CTPYKTYPHBIMU OTrPAHUYCHUSAMU IO MUHUMYMY B3BEIICHHON eBKJIN-
JIOBOI HOPMBI.

2. Pazpaboran ajropuTM ONTUMAJbHON MATPUUHON KOPPEKIINUU JIAHHBIX
HecoOcTBenHoOM 3a1a4u JIII nmepBoro pojia, BKJo4daonui B cebst

— UCMOJIb30BaHNe MUHUMAJLHOTO 110 €BKJINIOBOM UJIN B3BEIIEHHON eBKJIN-
JIOBOI HOpME MaTPUYHOI'O pelieHusi 00paTHOM 3a/iauu JIMHEHHOIO 1POrPpaMMU-
POBaHNsA;

— @JITOPUTMUYECKUIl yIeT HeOTPUIATETLHOCTH YaCTU MTEPEMEHHbIX;

— KCIoJb30BaHue MTPpapHbIX PYHKIUN B CIydae 3alIpera KOPPEKITUU OT-
JICJIBHBIX CTPOK KOPPEKTUPYEeMO# 3a/1a4u;

— PEAYKIMIO 3aJla9W MaTPUIHON KOPPEKINU JIAaHHBIX JIBOWCTBEHHON Ta-
pPbl HECOOCTBEHHBIX 3314 JIMHEHHOIO IIPOrpaMMUPOBAHUs K BCIOMOIaTeIbHO
3aJiade 0e3yC/IOBHON MUHUMU3AIIUK;

— IpUMeHeHHe pacuerTHoi cxembl bpoitjgena-Pueryepa-Tosbadapba-
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[IexHo ¢ UCIOAB30BAHUEM AHAJUTUYECKOIO IIPEJICTABJICHUAS [TPOU3BOJIHON I1e-

JIeBOM (DYHKIIMU 3a/1a41 ONTUMAJBLHON MaTPUIHOW KOPPEKIUK JaHHBIX HECOb-

crBennoit 3ajaum JIII mepBoro pojia ¢ BO3MOXKHBIMU OIpaHUYEHUSIMH B BH/IE

HEKOTOPOI COBOKYITHOCTU (PUKCUPOBAHHBIX 3JIEMEHTOB.

3. B pesysibrare TecTMpOBaHUs HA HECOOCTBEHHBIX 3aJiadaxX JIMHEHHOI'O

IPOrpaMMUPOBaHUs Cpe/IHel pasMepHocTy u3 pernosuropus netlib /1p /infeas to-

KazaHa pabOTOCIIOCOOHOCTD IOJIYYEHHOI'O aJIrOPUTMA.

OcHoBHOE cojiepKaHue JUCCePTAIMOHHON pabOThl M3JIOXKEHO B CJIE/IYIO-

HUX 11yOJIUKAITUSIX:

1.

Epoxrun B.U., Kpacnuxos A.C., Xeocmose M.H. MuHumaJbHbI€
110 €BKJINI0BOII HOpMe MaTpUYHbIe KOPPEKIMN 3a4a49 JUHEIHO-
ro nporpammvupoBauus // ABromaruka u Tenemexanuka. 2012.
Ne2, C. 11-24. — 0,88 m.;1. (aBTOpCckmii BkJax — 33%).

Epoxun B.U., Kpacnuxos A.C., Xeocmos M.H. O nocTtaToYHBIX
YCJIOBUSX Pa3peIrnuMOCTd 3329 JUHEITHOTO TIPOTPaMMUPOBAHUS
IPU MaTPUYHOU KOppeKiun nx orpannyenunii // Tpynst Uucrn-
TyTa MaremaTukn n mexanmku. 2013. T. 19. Ne2. C. 144-156. —
0,81 m.;1. (aBTOpCKMIt BKJIaT — 33%).

Epoxun B.U., Kpacnuxos A.C., Xeocmose M.H. KBa3uHbIOTO-
HOBCKUE aJITOPUTMbI MATPUYIHOUN KOPPEKIINN HECOOCTBEHHBIX 3a-
Ja4q JIUHEHOr0 MPOrpaMMUPOBAaHUA C MPOW3BOJBHBIM MHOYKE-
CTBOM KOppeKTupyembix koadduruentoB // N3zBectus CaHKT-
IleTepOyprckoro rocyJapCTBEHHOTO TEXHOJIOTMYECKOTO WMHCTU-
TyTa (TexHm4IecKoro yunBepcurera). 2014. Ne23. C. 87-92. — 0,75
n.J1. (aBropckwmit BKaag — 33%).

Xeocmos M.H. O pgoctaTOYHBIX YCJOBUSX Pa3pedImMOCTH
HecoOcTBeHHBIX 3aa4 JIII 1-ro poga mocse MmaTpuvHOl KOppekK-
IIAX UX JIOITyCTUMO 00JIaCTH 10 MUHUMYMY B3BEIII€HHOI €BKJIU-
JI0BOIi HOPMBI C y4eTOM CTPYKTYPHBIX orpanuyenuii // BecTHuk
Bopouexkckoro rocyziapcrseHHoro yanBepcurera. Cepusi: ®usn-
ka. Maremaruka. 2015. Ne2. C. 150-167. — 1,06 m.;1. (aBTOpCKMii
BKjIag — 100%).

Epoxun B.U., Kpacnuxos A.C., Xeocmos M.H. MunumaibHoe MaTpUd-
HOE peleHne 0bpaTHO 3a /14491 JIMHEHHOIO IIPOrPAMMUPOBAHUS ¢ UCIIOJIb-

soBanueM Bektopusaiyu // UudopMmalmontbie 1 KOMMYHUKAIMOHHBIE
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10.

rexHojorun B obpazoBanuu. COOpHUK MarepuasioB X Mexx 1yHapo HOii
HayYHO-ITPAKTUYECKON KoHdepeHiun B 2-x Tomax. 1. 2. Bopucoriedck:
['OY BIIO BI'TIN, 2009. C. 207-211. (aBropckuii Bkias — 33%).
Epoxun B.U., Xeocmos M.H. JloctaTo4uHble YCJIOBHUS Pas3perIuMOCTH
HECOOCTBEHHBIX 3a/lad JIMHEHHOTO MPOrPAMMUPOBAHUS MOCJE MaTPHUd-
HOH KOppekiuu ux jonycrumoii obsacru // Marepuasbl HaydHO-
IIPAKTUUIECKOI KOH(MEPEHIINN, MOCBIeHHOM 184-ii rojioBInHe 00pa30oBa-
aust CIIGITU(TY). 2012. C 169-170. (aBropekuit Briajg — 50%).
Epoxun B.U., Kpachuxos A.C., Xeocmos M.H. Koppeknust HecoOCTBEH-
HBIX 32124 JJMHEHHOTO IPOIPaMMUPOBAHUS C PA3PEXKEHHBIMU MaTPUIIAMU
koabdunuentos // Marepuasbl HayIHON KOH(EPEHIUH, TOCBSIIEHHON
185-it rogosiuue obpazosanus CIIGITU(TY). 2013. C 264-265. (aBrop-
ckuit BrIajg — 33%).

Epoxun B.U., Kpacnurxos A.C., Xeocmos M.H. O pa3permmmoctn 3a1a-
YU JIMHEHHOI'O HPOIPAMMUPOBAHUSI IIPU MATPUUHONR KOPPEKIMHU €€ JIOILY-
crumoit obstactu // VII MockoBekast MexkjiyHapojiHas KOH(DEPEHIUst 10
uceaegoBanuio onepanuii (ORM2013): Mocksa, 15 — 19 okrsbps 2013 1.:
Tpyme: Tom 2 - M.: MAKC Ipece, 2013. C. 37-39. (aBropckuii BKJIaI —
33%).

Xeocmos M.H. Tlpumenenue mrpadHoil GyHKIUN TTPU PEIICHUN 33,1891
CTPYKTYPHOII MAaTPUUHON KOPPEKIUU HeCOOCTBEHHON 3a/auu JIMHEIHOro
MporpaMMupoOBanus mepBoro pojga // Maremaruueckue urenust PICY.
C6opuuk marepuaso XXIII maremaruueckoii mkosbl-ceMunapa (28 si-
Bapst — 1 despass 2014 roga). - M.: Uznaresncrso PT'CY, 2015. C. 174
— 177. (aBropckuii Bkaag — 100%).

Epoxun B.H., Kpacnuxos A.C., Xeocmos M. H. KBa3uHbIOTOHOBCKUIT aJi-
TOPUTM CTPYKTYPHOI MATPUIHON KOPPEKIINNA HECOOCTBEHHBIX 3aJ1ad JIVi-
HEfHOTO IIPOrpaMMUPOBAHUSA C Pa3PEKEHHLIMUA MaTpUIAMKU KO3 UITH-
entoB // O6beuHeHHbI (HOH/T 3JIEKTPOHHBIX pecypcoB «Hayka u obpaso-
BaHuey. CBUJIETEIHCTBO O PErUCTPALNK 3JIEKTPOHHOTO pecypca Ne19696.
21 Hosi6pst 2013 1. (rocygaperBennbiii nHGOPMAMOHHBI dOHJI HeolyO-
mmkoBaunbix gokymentoB OHI'Y ITUTUC Ne50201351112). (aBropcknii
BT — 33%).

18



