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BBenenue

AKTyaJIbHOCTb TE€MBI MCCJe/I0BaHUA. JInHeiiHbIe ONTUMHU3AIMOHHBIE
MOJIEJIM [IUPOKO HPUMEHSIOTCs B 9KOHOMUKe u rexauke [11], [13] — [14], [33],
[41], [67], [79], [107], [109] — [111], [126], [130], [158] — [160], 3ama1ax nOMeExO-
YCTONYNBOIO aHAJIN3a SKCIEPUMEHTAJbHBIX JAHHBIX, TapAHTUPYIOIIEro OIeHH-
Banus napamerposn [12], [123] — [125], [131], [179], [199], pacniosnaBanust 0bpa-
308 u kuaccudukanuu [15], [16], [39], [42], [63], [66], [68], [103] — [105], [127],
|146], [147], [162], [163], [175], [180], [183], [187], [198]. B cBst3u ¢ BbIcOKOI BOC-
TpeOOBAHHOCTHIO B MIPUIOKEHUIX (PYHIAMEHTAJbHbIE CBOKCTBA, 3(P(DEKTUBHbIE
METO/Ibl U aJITOPUTMbI OCTPOEHUSI, AaHAJIN3A U IIPUMEHEHUST PACCMATPUBAEMbIX
MOJIeJIel SIBJISTIOTCsT OOBEKTOM MHTEHCUBHBIX uccieaosanuii [34], [35], [37], [38],
[70], [71]. VYkazanmble Mojen MPEACTABISIOT CODON COBOKYMHOCTH OOBHEKTOB
JIBYX KJIACCOB: CUCTEM JIMHEHHbIX aJiredpanvecKux ypaBHEHUN U 3a/ia4 JInHel-
HOT'O MIPOrPAMMUPOBAHMUs, KOTOPhIE 00'bEIMHSIET COBMECTHAsI MAaTEMaTUICCKasT
Teopus. Tak, pe3yabTaThl, TOJyIeHHbIe JIJIsT CHCTEM JIMHEHHBIX aJredpandecKux
ypaBHEHU, UMEIOT BayKHOE 3HAYEHUE W I 3aJad JIMHEHHOTO TPOrpaMMupo-
Banus. Takum 00pa3oMm, Jijis pelieHus 3a/ad JIMHEHHOTrO pOrpaMMUPOBAHMSE
NMEETCs JJOCTATOTHO MOIIHBIN MaTEeMaTUICCKUN allapar.

O iHako Ha MPaKTHKE YacTO BCTPEUYAIOTCS Hepa3pelnMble 3aa49u JINHe-
HOrO 1porpammupoBatust. OCHOBHBIMU IIPUUUHAMY KX BOSHUKHOBEHUS siBJISAIOT-
Cs1 TIOrPeNTHOCTH (IIyM) B 9KCIIEPUMEHTAJBHBIX JIAHHBIX, OIMUOKN OKDPYTJICHHS,
BO3HUKAIOIHE MIPU BLIYUCTIEHUAX B apupMeTHKE ¢ KOHETHOW PaspsTHOCTHIO, a
TaK>Ke HEUYETKOCTh W TMPOTHBOPEUYNBOCTH MWH(MOPMAIUH, UCIOJB3YIOMENRcs TpH
IOCTPOCHUHU YKa3aHHbIX Mojiesieit. Takue 3a/ia1uu NPUHATO HA3bIBATH IPOTUBO-
PEUUBBIMU U HECOOCTBEHHBIMU.

B cBs3u ¢ TeM, 9TO HeCOOCTBEHHAs 3ajlava JIMHEHHOrO MPOrpaMMUpOBa-
HUs HE 1I03BOJISIET IOJIYUYUTb COJEpPKATE/IbHYI0 KHPOPMAIUIO 00 KCC/IelyeMOM
IPOIECCEe UJTH sIBJIGHUU HEITOCPE/ICTBEHHO, BOBHUKAET HEOOXOIMMOCTD B €€ yTOU-
HEHWW, W3MEHEeHUH, B pe3yJibTaTe 4ero J0JKHa OBbITh MOJydeHa cOOCTBEHHAas

3ajada, B HEKOTOPOM CMbICIe «Om3Kasgy K ucxonnoii. T.e. Bo3HUKaeT 3aj1a-



4a 1pejBapUuTe/IbHOM 00paboTKU JaHHbIX. Ke/in paccMaTpuBarOTCs: MO Ma-
JIOW Pa3MEepHOCTH, TO CUTYaIlWs HEPa3PEITUMOCTU TPEOJIOJEBACTCS JTOCTATOUY-
HO TPOCTBIMU CPEJICTBAMU: KOHTPOJIb MPABUJIBHOCTU MCXOJHBIX JIAHHBIX C IO-
caeyroleil nxX mpaBKoii, ocjaadbaeHne HEKOTOPBHIX OI'PAHUUYCHUH MM UX TOJTHOEe
UCKJII0UeHre u3 Mojiesin 1 T.1. OJIHaKO B Cjydae MOJIe/IM BBICOKOH pa3MepHO-
CTH WJIM TIPM aBTOMATH3MPOBAHHOM (IPOrpaMMHOM) (GOPMUPOBAHUY MOJIEJH,
HEOOXOIUMBI O0Jiee CJIOXKHBIE (TIPOrPAMMHO 0OECIIeTeHHbIE) CPEJICTBA KOPPEK-
nuu Jannbix [72]. Takum 00pasoM, mMarpuuHasi KOPPEKIUs MOXKET sBJISATHCS
MHCTPYMEHTOM 06paboTKK JaHHbIX (MHMDOPMAINK), TO3BOJISIIOIIMNM PEIIaTh 3a-
Jladd JIMHEHTHOrO MpPOTPaMMUPOBAHUS C 3allyMJEHHBIME, HEOIPee/eHHbIMU,
HEYETKUMHU JIAHHBIMU, YTO TIO3BOJISIET €€ BKJIOUNUTH B OOJACTH WCCJIEOBAHUS
TEOPETUIECKUX OCHOB MH(DOPMATHKHA.

Hecmotpst Ha TO, 9TO U3yUeHne METOI0B KOPPEKIINN JTaHHBIX HECOOCTBEH-
HBIX 33124 JIMHEHHOTO TPOrPAMMUPOBAHUSA ABJISIETCA OTHOCUTETHHO HOBBIM Ha-
[PaBJCHUEM Pa3BUTHUsI TEOPETUICCKON MH(MOPMATUKHU, TIPEJNOCHIIKA K HUCCIIe-
JIOBAHUIO TTPOOJIEM KOPPEKIMH JIaHHBIX HECOOCTBEHHBIX 33,1849 BBITYKJIOTO MPO-
I'PAMMUPOBAHUS W TPOTUBOPEUMBLIX CUCTEM JIMHEHHBIX aJrebpandecKux ypas-
HEHUi MOXKHO TpociennTh erme B paborax A.H. Tuxowmosa [152] — [156]. Cu-
CTEMATUIECKHE YK€ MCCIIeI0BaHusT B JJAHHON obsiacTu Oblin HadaThl B 80-X r0-
nax (XX seka) .U, Epemunbivn [73] — [84], ero yuenwkamu u Kosieramu:
H.H. Acradwesbiv [1] - [3], A.A. Barosumsim [23] - [30], [196], [197], B[, Ma-
syposbim, [128], [129], JI.Z. Ilonossim [141] — [144], B.A. Ckapunbiv [148] —
[150], C.IT. Tpodumossim [157|, B.H. @®pososeim [158] — [161] u apyrumu. B
HepevrcIeHHbIX padoTax PacCMaTPUBAIOTCA HECOOCTBEHHBIE 3a/IaUl JIMTHEHHOTO
1 BBIMTYKJIOTO TPOTPAMMHUPOBAHMSA, BBOJATCA COOTBETCTBYIONIAS TEPMUHOJIOT U
v Kjaccupukaius HecOOCTBEHHbIX 3a/1a4 JIMHEHHOrO nporpammuposanust [80],
CTPOWTCST W WCCJEAYETCS TEOPHsT JBONCTBEHHOCTH, BBOJATCS W HCCIIEILYIOTCS
JINCKPETHDIE alMPOKCUMATIIH PENIeHUil — KOMUTETHbIE KOHCTPYKIIUY, MTPe//Iara-
I0TCsI PA3JIMIHBIE TIOCTAHOBKY U METO/IbI PEIICHKST 3a/1a4 OJIHOM NJIM 9aCTUIHOM
(npaBasi 9acTh CHCTEMbI yDABHEHUIT WM HEPABEHCTB) MapaMeTpPUYecKoi KOp-
PEKITUH U UX CojJleprKaTesibHasi, B OCHOBHOM SKOHOMHWYECKas, HHTEePIPETAITHSI.

B GoJbIIMHCTBE WCCJIEIOBAHN pacCMATPUBAETCS KOPPEKIUS O BEKTO-

py 1paBoit yacTu orpanudeHuil u Ko3puimeHTaM BeKTOPa 1e1eBoi PyHKIUY.



Tak, MeTojibl KOPPEKIUMK [IPABOI 4aCTU OIPAHUYCHUN JIBOMCTBEHHON HApPbl 3a-
Jlad JIMHEHHOTo iporpaMmMupoBanus pacemarpusasuch O.I1. Bacuibesbiv [17] —
|21], npudem Bce BeoMoraTesbHBIE 3a/a11 ObLIH TaKkKe 3aJladaMi JTHHEHHOTO
IPOTPAMMUPOBAHUSI.

B komnie 90-x rogos (XX B.) uccieioBatusi B 061aCTH KOPPEKIIUKE HECOD-
CTBEHHBIX 33124 JMHEHHOro MpOrpaMMHUPOBaHUsS OBIIN TPOJOJIKEHbI (a Tak-
ke mpojiokaroresa B Hacrosiee Bpemst) B BIL um. A.A. opomaursina PAH
1 MOCKOBCKOM IEeJarorudeckoM rocyaperseiiom yuupepcurere B.A. Topeiiu-
KoM [43] —[65], [176] — [177], [132], [134] ero yuenukamu u xkoseramu: B.1. Epo-
xunpiM |85, [86], B.A. Konaparsesoii [114], O.B. Mypasbesoii [137], P.P. Uo6a-
rynsmabiM [108], P.B. Ileuenkunnmv [140], [178], . A. BoaToesoit [106] u apyru-
MU. Y Ka3aHHBIMKA aBTOPAMH ITUPOKO UCCIET0BAIACH KOPPEKITHS HECOBMECTHBIX
CUCTEM JIMHEHHBIX aJredpandecKnx ypaBHEHUH TIPU YCIOBUHM HEOTPHUIATETHHO-
CTHU pelleHus], 8 TaK:Ke Obljla II0Ka3aHa UX TeCHas CBsI3b C 3aJladaMyi MaTPUIHOIM
KOPEKIMKM HeCODCTBEHHbBIX 3a/ia4 JIMHEHHOI'O 1IporpaMMupoBanus. B ux padorax
PacCMOTPEHBI 331491 JIMHEHHOTO MPOTPAMMUPOBAHWS ¢ HECOBMECTHBIMU CHCTE-
MaMU OUpaHUYEHUIi, T.e. HECOOCTBEHHBIC 3aJlaul JIMHEHHOIO IIPOrpaMMUPOBa-
aust 1-ro u 3-ro pojia B kinaccudukanuu [80]. B kauecrBe BecroMoraTebHbIX, pe-
IIEHBI 33/1a91 KOPPEKIMU HECOBMECTHBIX CUCTEM JIMHEHHBIX yPaBHEHUI 1 HEpa-
BeHCTB. Tak, KOPPeKIWs 3aa491 JNHEHHOTO TPOrPAMMUPOBAHNS PACCMATPUBA-
JIACh KaK JIByXKpHUTepuaJbHas MpobdjieMa MaKCUMHU3AIUKA UCXOIHOIO JIMHEIHO-
o0 KPUTEPUsi ¥ MUHUMHU3AIUN HOPMbl KOPPEKTUPYIOIIEH MaTpUIlhl OrpaHUIe-
HUil. DTa npobsema Oblia (GOpMaIN30BaHa KaK 33/a9a MUHUMU3AINNA HOPMBbI
KOPPEKTHUPYIONIEil MAaTPUIbl IIPU OI'PAHMYCHUU CHU3Y Ha 3HAUCHUE HCXOJIHOI'O
kputepus. [losydeHsl ycaoBus CyIeCTBOBaHUS pEIIEeHUs] BCEX ITOCTABJIEHHBIX
3a/1a9 M AHAJUTUYECKUE BhIPAXKEHUsT PEIIEHUI depe3 cOOCTBEHHbIE THCIIa 1 BEK-
TOPHI CHEIUAJBHBIX MAaTPHUIl. B KadecTBe MPUIOKEHWS pereHa JIMHeHasT 3a-
Jlava, aIllIPOKCUMAIIAN 110 KPUTEPHUI0 MUHUMAJILHOIO paccTosinug. Kpome Toro,
C MCIOJIb30BAHUEM YeOBIIIEBCKON MaTPpUYHON HOPMBbI U Psijia Crienn(uIecKnx
CBOWCTB OJIHOPAHTOBBIX MATPHI], ObLIO TTOJYyIEHO peIeHre 3a a9 MUHUMAaKC-
HOI KOPPEKIMU MaTPHIbl KOI(MPUITMEHTOB HECOOCTBEHHON 3a/aun JTUHEHHOTO
IIPOTPAMMHUPOBAHUSI B KAHOHUIECKOH (popMe IyTeM CBeJIeHHs ee K 3ajaue Jik-

Heitnoro nporpammuposanusi. Cosmectro ¢ B.JI. Marpocosbim u C.A. 2K jano-



BbiM [133] uccsieoBaioch HpUMEHEHE MEeTOJI0B KOPPEKIMU JIAHHbIX B 3aJlaue
KJ1acCu(UKAIIN.

Pabota B 00J1acTH KOPpPEKIMH JIAHHBIX CHCTEM JIMHEHHbBIX aJire0OpanIecKux
ypaBHEHUII U HECOOCTBEHHBIX 3aJ1a4 JUHEHHOTO IIPOrpaMMUPOBAHUS BEJUCH U
sapybexkubimu uccaegoBaressivu. Tak, [1. Amapas (P. Amaral) n I1. Bapaxo-
ro (P. Barahona) [168] — [173] He3aBUCHMO OT MepedMCIEHHBIX BhIIE HCCJIe-
JloBaTesieil, HO HECKOJILKO I1032Ke OBbLIN IOJIYUeHbl CXOXKHE PEe3yJIbTAThl B 0018~
CTU KOPPEKIMU HECOBMECTHDBIX CUCTEM JIMHEHHDBIX aJIre0PaniecKuX ypaBHEeHU 1
HECOOCTBEHHBIX 3aJ1a4 JIMHEHHOTO TTpOrpaMMupOBaHusi. Psiji BOPOCOB KOPPEK-
I HECOBMECTHBIX CHCTEM JIMHEHHLIX HEepPaBeHCTB paccMmarpuBainch A. Jlak-
com (A. Dax) [174]. B paborax [Ix. B. Posena (J.B. Rosen) u ero maywnoii
rpytibt [189] — [193] GbLia BlepBble HOCTaBIEHA U PEIIEHa 33/1a4a CTPYKTYPHOIL
KOPPEKINH TIepeorpeieIeHHoi crucTemMbl. PaccmaTpuBaach cucreMa, TUHETHbIX
aareOpamdecKux ypaBHEHMIA, B KOTOPOIl JieBas JacThb CUCTeMbl — MaTpuia A —
3a/laHa HETOYHO (B CHJIY HEJOCTATOYHON allpuopHOil nHQOpMAaIum), a BEKTOP
NpaBoii 4acTu b CcoepKUT HETOYHbIE JaHHble (B CBSA3M C OMMOKaMK U3Mepe-
rust). Kpome toro, marpuna A obmagaer remiuieBoit crpykTypoii. Pesyibra-
ToM paborel agroputma [192| sBisiercst pacuMpeHHas MaTPUIA KOPPEKIHH,
obJ1alafo1ast TaKoi »Ke CTPYKTYPOii, KaK W MCXO/HAasT MaTPHILA.

JlaHHBII T10JIX0J1 K PEIIeHUIO 3a/a4 CTPYKTYPHOIW MaTPUIHONW KOPPEKITUU
HOJIYIIJI JlaJibHelilnee pa3BuTre B paboTrax OeJIbIUiCKIX MAaTEeMATUKOB IO PY-
kosogicrBoMm nipodeccopa C. Ban Xaddeon (S. Van Haffel) [181], [184], [185].

[Tepeauciennbie Bbile PAOOTHI OMPEJIEISAIOT HAIPABICHUST COBPEMEHHBIX
UCCJICJIOBAHMI: MaTpUUIHAs KOPPEKIUs C HCIOJIb30BAHHEM KBaJPATUIHOIO U
MUHUMAKCHBIX KPUTEPHUEB, a TaKKe IOJU3/IPAJbHBIX HOPM; KOPPEKIUsl HEeCOB-
MECTHBIX CUCTEM 3a/[aHHOM CTPYKTYPhI; nocTpoeHne 3(p(HeKTUBHBIX B BbIUHUCJIN-
TEJILHOM TIJIaHe METOJI0OB KOPPEKINW; KOPPEKINsT HECOBMECTHBIX CHCTEM C MaT-
pPUIIAMHU, UMEIOIIAMEI Pa3PEKEHHYI0 CTPYKTYPY; IOCTPOEHNE METO/IOB PEeIIeHUsT
MHOTOKPHUTEPUAJIBHBIX 33J1a4; TOMCK HEOOXOJMMbBIX U JOCTATOYHBIX YCJIOBUI Cy-
IIIECTBOBAHMS PEIeHns 3a,/1a1 MATPUIHON KOPPEKIUH.

Tak, B paborax [levenkumna P.B. [44] — |47], [52], [54], [134], [140] mosmyuen
METOJI, PellleHnsl 3aJauid ONTUMAJIbLHOW MATPUIHON KOPPEKINH HECOBMECTHBIX

OJIOYHBIX CUCTEM JIMHEHHBIX aJiredpanvecKuX ypaBHEHUN 1PU UCIHOJIH30BAHUU



KBaJIPATUYHOIO U MUHUMAKCHOI'O KPUTEPUEB, CPOPMYJIUPOBAH KPUTEPUL Oll-
TUMaJIbHOW KOPPEKIMKM HECOBMECTHOW CcUcTeMbl ¢ Marpuiiamu Teriuia u Ban-
JIEPMOHJIA, TIPY HAJWIHWH OIMUOOK TOJHKO B JIEBOW YaCTW U MPEJJIONKEH METO/T
KOPPEKIINH C UCIOJb30BaHKeM ITpadHbIX (PYHKIU HOPM BEKTOPOB HEBA3OK,
JUIs TLJIOXO OOYCJIOBJIEHHBIX CUCTEM CO CTPYKTypoil Banjiepmonjia copmysin-
POBaH peryJisipu30BaHHbIN KPUTEPUil KOPPEKIU, pa3paboTaH YMUCICHHbBINH aJi-
TOPUTM, PEAJTUIYIONUi TTONCK ONMTUMAJIHLHOTO PENeHns B pa3JndHblX HOPMaxX.

B paborax Ubarymmmna P.P. [56] — [58], [108] npojosnkeHo usyuenue 1po-
OJIeMbl PeryJisipu3aiu U anipoKCuMallu HeCOOCTBEHHBIX 3a/a4 JIMHEHHOrO U
BBIIIYKJIOTO IIporpaMmupoBanust chopmynupoBannoii Tuxonoseim A.H., Epe-
vunniM W.W., Baronunoim A.A. u np. [lpu 9TOM OCHOBHBIM KpHUTEpHEM KOp-
PEKIMU JIAHHBIX sABJISIICS KBaJIpaTUIHbIN KpuTepuit. B jlanubix paborax rpeji-
JIOXKEHBI 33J1a41 KOPPEKIINK JIAHHBIX C MUHUMAKCHBIM KPUTEPUEM U TTOCTPOEHbI
METOBI KOPPEKIINN, KOTOPBIE ABJAIOTCA JIJIA 33724 JIMHEWHOTO MPOrPaMMUPO-
BaHusi Oosiee 3PDEKTUBHBIMU B BbIYUCJIUTE/ILHOM ILJIaHe, IIPUBEJIEHbl (POPMY-
JINPOBKa U pellieHne 3a/iad KOPPEKIMU BCeX JIAHHBIX JIJIsi HECOBMECTHBIX CUCTEM
JIMHEHHBIX YpaBHEHUI ¢ MUHUMAaKCHBIM KpUTEpUeM, (hOPMYJIUPOBKa U MCCJIET0-
BaHre 3a/1a9 MIHIMAaKCHOM alpoOKCUMAINA HECOOCTBEHHBIX MO/Ie/IeH TUHeHHO-
I'o IPOrpaMMUPOBaHUs B KAHOHUYECKON M CcTaHJapTHON (bopMe, MOCTPOEHbI U
MPUMEHEHBI K HEKOTOPHIM 3aJ[auaM ONTUMU3AIUA W YITPABJICHUST METOJbl KO-
peKIuu HeCOOCTBEHHBIX 3a/1a9 ¢ HECOBMECTHOI CUCTEMOI OrpaHUYeHMIA.

B paborax 3osroesoit M.A. [53], [54], [106], nosyuenbr merojipl perierust
3aJ1a4 KOPPEKIIUKM CUCTEMbl OIPDAHUYEHUN U MTOPOrOBbIX 3HAYEHUN MTPU UCIIOJb-
30BAHMM MHUHMMAKCHOI'O U KBaJIPATHYHOIO KPUTEPHUEB, pa3pabOTaHbl METO]Ibl
ONTUMAJbHOI KOPPEKIIMN HECOBMECTHBIX CHUCTEM C Pa3pEeXKEHHLIMHA MAaTpPHIIa-
MU, KOTOPbI€ TIO3BOJIAIOT TPUMEHUTDH JIAHHBIN 110JIX0/] JIJis PElleHus Psijla MHO-
FOKPUTEPUAJIbHBIX 3314, TIOJIYUEeHO pellieHne 3aa91u KOPPEKINN JJaHHbBIX MHO-
TOKPUTEPUATHLHON 331a11 TTPU UCIOJb30BAHNN METO/A TTONAPHBIX CPpaBHEHNN U
METO/Ia aHaJIN3a Uepapxuil.

B patorax Kowngparseroii B.A. [59], [112] — [114] npobaema koppexiun
dopmynupyerca Kak AByXKpUTepUaJbHas 3a/1ada, KOTopas 3aK/II09aeTcsa B O/I-
HOBPEMEHHOM IIOMCKEe MATPHUIIBI, AllIPOKCUMUPYIOIIEH CUCTEeMYy OTpaHUYeHU, U

pPElICHNU CKOPPEKTUPOBAHHON 3aJ1a4M 110 MCXOAHOMY KPUTEPUIO, 1OCTABJICH-



Hasi 1PoDJIeMa PEHIaeTcst M0 IIyTH OT BCIOMOIATEJbHOW 3aJladi MaTPUIHOM
KOPPEKIMU CUCTEMBbI JIMHEHHBIX ypPaBHEHWH K 3ajade allpoKCUMAIMN CHCTe-
MbI OIpaHUYeHnl 3a/1a9¥ JIMHEHHOTO TPOrpaMMUPOBAHUs U, HAKOHEIl, K JIBYX-
KpPUTEPUATHHOM 3a/1aue, JJOKA3bIBAIOTCS HEOOXOIUMBbIE U JIOCTATOYHBIC YCJIOBUS
CYIIECTBOBAHUSI PEIIEHUsT 3aJ1a9 MATPUIHOW KOPPEKIUU CHCTEMbl JIMHEHHBIX
ypaBHEHW, CHCTeMbI JIMHEHHBIX ypPaBHEHWH ¢ (DUKCUPOBAHHBIMU SJIEMEHTAMM,
CUCTEMBI OI'PaHUYEHNNl KAHOHMIECKOW 3aJ1auy JIMHEHHOTO TPOrpaMMUPOBAHUSI,
UJLTIOCTPUPYIOTCS CIIydan, KOTJIa 3a/1a4a allllPOKCUMAIMU HE HMEET PEIleHus,
HCCJIEJIYETCsT JIBa YaCTHBIX CIOCODA MapaMeTpusaluy 3a/adu JIMHEHHOro 11po-
IpaMMHUPOBAHUS: KOPPEKITUS C MOMOIIBIO MaTPHIILI, paHT KOTOPON paBeH eJiu-
HUIE, ¥ OJINH U3 CIIOCOOOB MHOTOIIATOBOM KOPPEKIINH.

B paborax Mypasbsesoii O.B. [51], [60] — [65], [135] — [138], [177] uccie-
JIYIOTCST BOITPOCHI CYIIIECTBOBAHUS M €IMHCTBEHHOCTH PEIIeHWsT B 3aja9e MaT-
PUIHON KOPPEKIMKM HECOBMECTHOM CHCTEMbI YpaBHEHUN 10 KPUTEPUIM €BKJIN-
JIOBOW M CHEKTPAJbHOW HOPM MATPHIbI, PACCMOTPEHbI HEKOTOPbHIE HE M3y YeH-
Hble paHee 0000IeHNs 3a/lauu KOPPEKIMKY HECOBMECTHON CUCTEMbl JIMHEHHbBIX
ypaBHEHW, B 9aCTHOCTH, (PUKCHUPOBAHHBIE OI'paHUYEHUs TPH HEKOPPEKTHUPY-
eMOM BEKTOpE MPaBOil YacTH CUCTEMBI, JIUHEHHbIE OrpaHUYeHUs] Ha MaTPHUILY
KOPPEKIMH, TTOJIyIeHbl aHAJUTHIECKUE BhIPAYKEHUS JIJIsI PENIEHUST 33,191 KOP-
pekinn HecobcrBennoit 3ayauu JIII, popmannzoBanHoii 3ajlaHeM TOPOTrOBOTO
3HAYEHUS TeIeBOi (DYHKITMM U BBEJCHUEM ee B KadecTBe JIMPEKTHUBHOTO Or'pa-
HUYEHUs, PACCMOTPEHDI Clydan ¢ (DUKCUPOBAHHOW U KOPPEKTUPYEMOM 11paBoil
JACThIO CHCTEMbI, TTPON3BOJILHBIM ¥ HEOTPHUIATEHHBIM JIOTYCTUMBIM TJIAHOM,
OrpaHMYEHUSAME BUJ@ PABEHCTBA U HEPABEHCTBA, (DOPMYIUPYETCS W PEIIaeTcst
3aJ1a4a JIMHEHHON AIIPOKCUMAIIUN JUCKPETHO 33/ JaHHON (DYHKIINM 110 KPHUTE-
PHIO, OTJIMYHOMY OT HCIIOJIb3yEMOI'0 B METOJ€ HAMMEHbBIITUX KBaJPaTOB, MPHU-
BOJIATCST TTPOIEAYPHI TTOCTPOEHUST €MHOTO KPUTEPHsT B 3ajade BEKTOPHO Orl-
TUMWU3AIUU, OCHOBAHHBIE HA PA3JUIHBIX METO/IaX allPOKCUMAINA HECOBMECT-
HBbIX CHCTEM JIMHEHHBIX yPABHEHUI C JIOMOJTHUTEIbHBIME OI'PAHUICHUSIMHU, TEO-
pHst KOPPEKIMH HECOBMECTHBIX CUCTEM JIMHEHHDBIX YPABHEHUI TPUMEHSIETCST /15T
KJACCU(PUKAIINI CBOICTB B reOMETPUIECKUX 3a/[adax.

B paborax Jle H.3. [119] - [122]| mpuBogaTCS TOCTAHOBKI K OPUTHHATHHBIE

METO/Zbl PEIHICHNs HOBBIX 3a/Ja4d KOPPEKIMKU HECOBMECTHLIX CHCTEM JIMHEMHBIX
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aJireOpanyecKuxX ypaBHEHUI U HEPABEHCTB ¢ OJIOUYHONR CTPYKTYPOR ¢ UCIIOJIb30-
BaHUEeM KBaJIPaTUYHOIO U MUHUMAKCHOI'O KPUTEPUEB, OCHOBaHHbIE HA JICKOM-
MO3UIMOHHBIX CXeMaX, ¥ aJTOPUTMbI, peaJu3yloliue pa3paboTanuble MeTOIbl.

TakuMm 00pa3zoM, METO/Ibl MATPUUYHON KOPPEKIWH JIAHHBIX, pa3paboTaH-
HbIE TIePEYUCJEHHBIMU BbIIIE aBTOPaMK, (PAKTUUYECKU CBOJISITCH K KOPPEKIUU
JIOTIYCTUMO# obJjtacTi 3ajiad JIMHEHHOro mnporpammupoBanus. Ho koppekiuns
JIOIIYCTUMO# 00J1acTy 33241 JUHEHHOIO IporpaMMUpOBaHus Oe3 obecreueHns
HEIYCTOThI JIOILYCTUMOM 00JIaCTH COOTBETCTBYIOIIEH JIBOMCTBEHHON 3ajia4u, He
rapaHTUpyeT cOOCTBEHHOCTh CKOPPEKTUPOBAHHOMN JIMHEWHON ONTUMU3aIlMOHHO
mogedn 5], [18], |78]. Ilpeamocsuikn K nccieoBaHIio KOPPEKIIUH JBOHCTBEHHOI
mapbl 33144 JJUHEHHOTO MPOrpaMMUPOBaHUs 3aj102KeHbl BaTosmusiv A.A. [25], a
OJIHUM U3 [EPBbIX TPYJIOB B 00JIaCTH MATPUUHON KOPPEKIUU JIBOUCTBEHHOMN T1a-
pbI 33/1a4 JIMHEHHOIO MPOrpaMMUpPOBatus sijsiercs pabora Epoxuna B.I. [85].
B nacrosiee Bpemsi paboThl B 00/1aCTH MATPUIHON KOPPEKITUHU JIBORCTBEHHOI
1apbl 3a/1a4 JIMHEHHOI'O POIPAMMUPOBaHUs aKTUBHO BejyTest Epoxunbiv B,
Kpacuukosbim A.C., Bapkasiosoit O.C. He TOJIBKO MO KPUTEPHUIO €BKJIHI0BOI
HOPMBI, HO U 10 MUHUMYMY IIOJIU3PAJIbHLIX HOPM.

Tak, B paborax Kpacumkosa A.C. [88] — [94], [115] — [118] bt pas-
paboTaHbl METOJbI ONTUMAJILHOW 110 MUHUMYMY €BKJIMJIOBOM MaTPUUHONW HOP-
MBI COBMECTHON KOPPEKIIMHU JAHHBIX JBOWCTBEHHON mapbl HECOOCTBEHHBIX 3a-
Jlad JIMHEHHOT'O IIPOrpaMMUPOBaHUsI, He UMEIOINX CIeUaJbHONi CTPYKTYPHI, a
TAK>Ke COOTBETCTBYIOIIUX 3a/a4 CO CICHUAJbHON CTPYKTYPO# B BUJE 3allpeTa
HA KOPPEKIIMIO OTJIEJIbHBIX 3JIEMEHTOR, CTOJIOIOB, CTPOK, OJIOKOB MaTPUILbI WU
pacIIupeHHoONl MaTpHUILl KOA(MDUIMEHTOB ux orpanundenuii. [IpuBegensr ycio-
BUS PA3PEIIMMOCTH 3324 ONTUMAJIbHON 10 MUHUMYMY €BKJINJI0BON MaTpUIHON
HOPMbI COBMECTHO# KOPPEKIMK JAHHBIX JIBOMNCTBEHHON IHapbl HECOOCTBEHHbIX
3aJla4 JIMHEHHOro TNporpamMMmupoBaHusi. Paszpaboranbl, TeopeTuiecku 0O0CHO-
BaHbl U IIPOBEPEHBI B BBIYUCIUTEILHBIX IKCIEPUMEHTaX aJrOPUTMBbI PEelIeHUsT
[IEPEYUCICHHBIX BbIIIE 3a/a4 OUTUMAJbHON COBMECTHON KOPPEKIUU JIaHHbIX,
HCCJIE0BAaHbl TIPUJIOXKEHU MOJIYYEHHBIX METOJ0B K 3aJa4yaM paclio3HaBaHUs
00Pa30B € MEPECEKAIOTUMUCS KJIACCaMU U 3a/jadaM TapaHTHPYIONIETro OTeHIBa-
HU¢ ITapaMeTpoB.

B pa6orax Bapkasiosoit O.C. [7] — [10] nosyuensl u reoperudecku 060CHO-
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BaHbl HEOOXOIMMBIE U JIOCTATOYHBIC YCJIOBUS CYIIECTBOBAHUS PEIICHUS 331491
KOPPEKIIMKU CUCTEM JIMHEHHBIX YPABHEHUI 110 MUHUMYMY Pa3JInYHbIX BUJIOB T10-
JIIIPATLHBIX HOPM, pa3pabOTaHbl METOJIbI PelleHus 3a/1ad KOPPEKIUI HEeCOB-
MECTHBIX CUCTEM JIMHEHHBIX YpaBHEHUI ¥ HEPABEHCTB MO MUHUMYMY TOJTHI]I-
paJibHBIX HOPM, B TOM YHUCJE C PA3JIMYHbIMU OIPAHUYEHUSIMU HA CTPYKTYPY
MaTpuIl KO3 DUIMEHTOR, pa3padoTaHbl METOJIbl KOPPEKIUN 3a/a4 JIMHEHHOrO
POrpaMMHUPOBAHU IO MUHUMYMY TOJI3IPAJTHHBIX HOPM, a TaK»Ke COBMECTHOI
KOPPEKIMU 11aphl JBOMNCTBEHHDBIX 3aJ1a4 JIMHEHHOIO MPOrPAMMUPOBAHUS, JIJIsI
MHOTOKPUTEPUAJIBLHBIX 3aJiad PACCMOTPEHbI METOJIbl KOPPEKIUU 110 MUHUMYMY
MOJIN3/IPAJIBHBIX HOPM C HCIOJIb30BaHuEeM (DUKCHPOBAHHBIX MMOPOTOBBIX 3HAYE-
HUil, a TaK>XKe OJTHOBPEMEHHOI KOPPEKIINN CUCTEMbl OTPDAHWYECHUI U TOPOTOBBIX
3HAYCHU.

O/iHaKO B OTJIMYHE OT CJIyYast pereHust 3a/1a4 O€3yCJIOBHOM ONTUMU3AIINH,
BO3HUMKATOIIMX U3 PEryJN30BaHHbBIX 3319 CUCTEM JINHEHHDBIX YPaBHEHU 1 HEpa-
BEHCTB, 1IPU KOTOPOM [PUMEHEHUE TEOPUU JIBOUCTBEHHOCTU MOXKET PUBECTU K
CHUKEHUIO Pa3sMepHOCTH 3aauu [36], npumenenue Teopuu JBOACTBEHHOCTY TIPH
perrenny 3a/1a9 MaTpPUIHON KOPPEKITMH HeCOOCTBEHHDIX 3aJ1ad JIUHEHHOTO TPO-
IrpaMMHUPOBAHUS IPUBOJIUT KaK K YBEJTUUCHUIO PA3MEPHOCTH PEIaeMoil 3a1a4u,
TaK 1 K YCJIOKHEHUIO aJlrOPUTMa, ee pertenns. [1oaroMy BaXKHBIM aClEeKTOM sIB-
JIsieTcsT KaK MOYKHO OoJjiee TOUHOE oTrpejiesienne 00J1acTi MPUMEHMMOCTH METO/IOB
ONTUMUBAIINN, OCHOBAHHBIX Ha KOPPEKIIUU TOJBKO MPAMOIl 3a/1auu JIMTHEHHOTO
1POI'PAMMUPOBAHUSI.

YKazaHHBbIE METOJIbI OnupaloTcs Ha jemmy Tuxonosa [153] u ee moju-
gukanuym Ha HOPMbBI, OTJIMYHBIE OT €BKJIMJIOBOI, U MOITOMY HMEIOT CIeIasb-
HbIHi BUJ| (ONTHMAJIBHBIE MATPHUIIEI KOPPEKITUH OKA3BIBAIOTCS OJHOPAHTOBBIME
[85]). Mex 1y Tem, cTpyKTypa JJaHHBIX TPUKJIAIHO 334l MOXKET UMeTh boJiee
CJIO>KHBIN BUJI: OBITH OJIOUHOM, pa3pe’KeHHOM, UMeTh (PUKCUPOBAHHbBIE 3JIEMEH-
THI, CTPOKH WUJIN CTOJIOIBI, KOPPEKIHA KOTOPBIX 3allpeleHa. Takue 3a7jauu pac-
CMATPUBAJIMCH U paHbllle, OJIHAKO JIO CUX 110D He BIPAOOTAHO €JIMHOTO MOJIX0/a
K WCCJIEJIOBAHUIO TaKUX 3ajad. TakuM o0pasoM, Jjis perienus 3ajad JImHel-
HOT'O MTPOI'PaMMUPOBAHUS CO CIEUAJbHON CTPYKTYpoil Tpebyercs pazpaboTka
CTEeNMAJBLHOTO MATEMAaTHIECKOTO alapaTa.

B cBoio ouepe/ib, crennajibHasi CTPYKTYpa MaTPUilbl KOPPEKIUN 3a,/1aeT-
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Csl PACIOJIOKEHUEM (PUKCUPOBAHHDBIX 3JIEMEHTOB PACIIUPEHHBIX MATPHUIL 33144
JIMHEWHOro nporpaMmupoBanus. HeobxojumocTs B (DUKCUPOBAHUU 3JIEMEHTOB
Jalle BCero BOZHUKAET MpU 0OpabOTKe pas3pexKeHHbIX MaTpHUIl, HyJeBble 3HaTe-
HUS 9JEMEHTOB KOTOPBIX COOTBETCTBYIOT apryMeHTaM, He BJIMSAIOINNUM Ha KOH-
KPETHOE ypPaBHEHHUE CUCTEMbl OIDAHUYEHUI, U TIPU PEIeHnn 3a/1a49 JIMHEHHOTO
MPOrPAMMHUPOBAHNST ¢ CUCTEMAMU OIPAHWYIEHNH, COMEPKAITIMHU OCBODOXK JICH-
HbIe OT KOPPEKIIUU SJEMEHTBHI B CBA3U C (PUBUUIECKUM CMBICJIOM 3ajiaun. Pas-
PEXKEHHDBIE MATPHUIbI BOSHUKAIOT MPU MOJIECTUPOBAHUN SIBJICHUI U IIPOIECCOB,
PEJICTABJISIONINX CODOI CUCTEMBI, cocTosiIre 13 00Jiee MEJKUX TOJCUCTEM,
crabo CBA3aHHbIX MexKTy coboii. Takas curyanus Ha MpaKTUKe BO3HUKAET B
caydae HaJWIus OOJBINOrN0 YUCTa apryMEHTOB, CBSI3aHHBIX OOJIBITUM YHUCJIOM
ypaBHenuii. Takum oOpa3oM, 3ajiauu CO CTPYKTYPHOIU MaTpUIHON KOPpEKIneit
BO3HWKAIOT Yallle BCEro TP M3yUYeHWH 33/a9 JIMHEHHOTO TTPOrPaMMHUPOBAHMST
BBICOKOI pasmepHocTHu. [lajee, ecm HET COOTBETCTBYIOIIUX OTOBOPOK, OyJeM
CIMTATH, YTO UMEEM 33JIa9y CO CIEIUAJBHON CTPYKTYPOH, KOTOPas siBJISETCs
3a/1a1eil BhICOKOW Pa3MEpHOCTH.

B 60JbIuHCTBE UCCTe0BaHUil TUCIeHHbIe METO/Ibl PelleHusl 3a1auu Ma-
TEMaTUYECKOTO MPOrPAMMHUPOBAHUsS, K KOTOPOW CBOJUTCA HCXOJHAdA 3ajada
MaTPUIHON KOPPEKIMHU JIAHHBIX, HE PACCMATPUBAIOTCS. VICKIIIOUEHUSIME MOT'YT
ciayxuth paborel B.A. Topenuka, B.I. Epoxuna, P.B. [Teuenkuna, 1.A. 3osnro-
epoit, H.3. Jle, B KOTOpPbIX HaMeUarOTCsS MOJXOIBI K pa3pabOTKe COOTBETCTBY-
IOIIUX YMCJICHHBIX METOJIOB M aJIOPUTMOB MATPUIHON KOPPEKIMK JAHHBIX HA
ocHoBe TLN (Total Least Norm — asropurm 060011ieHHO# HarMeHbIIeii HOpMbI )
n Meroga Heiorona [47], |54], [86], [122|. K manmnomy psay pabor MOXKHO OT-
nectn paborer B.M. Epoxuna [85] u A.C. Kpacuukosa [118], uccrenoBanimx
YUCJICHHBIE METOJIbl KOPPEKIMU JAHHBIX C TPUMEHeHrneM MeTojia MapkBap/ira.

Tem He MeHee, 9TOOBI MaTPUYHAsT KOPPEKIINS CTaJia peajbHO padoTaio-
M THCTPYMEHTOM aHAJM3a JAHHBIX, (DOPMAU3YEMbBIX C IIOMOIIBIO JTUHEHHBIX
OLITUMUBAIMOHHBIX MOJIeJIeH, HeODX0MMO DoJIee IMPOKO UCCJIE0BATD COOTBET-
CTBYIOIIINE YNCIEHHBIE METO/BI U AJITOPUTMBI, J00MBATHC WX IPDEKTUBHOCTH,
POBEPATH Ha OOJIBIIEM KOJMIECTBE BO3HUKAIONINX Ha MTPAKTUKE 3a,71ad.

TakuMm oOpa3oM, aKTyaJbHOIl HAYUIHOI IPOOJIEMOIl sIBISETCsS Pa3BU-

T™ne METOJO0B M aJI'OPHUTMOB OIITUMaJIbHOM ManHqHOﬁ KOPppEKIHN JTaHHBIX



13

HECOOCTBEHHbIX 3aJlad JIMHEHHOI'O 11POrpaMMUPOBatus 1-10 poja, 1103BOJIHIO-
IUX BKJIIOYATH HECOOCTBEHHBIC JIMHEHHbIE ONTUMU3AIMOHHBIE MOJIEJIN B YKUCJIO
JIOTTYCTUMBIX ¥ KOHCTPYKTHUBHO UCIIOJIb3yEeMbIX METOIOB TEOPETUIECKO HHMOP-
MATHUKHN.

O0BbeKTOM mMCCIIeOBAHMS sIBJIIeTCs 1IPOOJIeMa MATPUITHONW KOPPEKIUN
JIAHHBIX HECOOCTBEHHBIX 3aJia4 JIMHEHHOTO MPOTrPaMMUPOBAHUS, BOSHUKAIOIINX
B 3aj1avaX JUHEHHOW ONTUMUBAINHT, CBA3AHHBIX ¢ MHOTOUNCIEHHBIMY TPUJIOXKE-
HUSIMU T€OPeTUUecKOl uHdopMaTuku (KiaaccuuKalust, rapaHTupyoiee ole-
HUBAHUE [TAPAMETPOB ¥ JIP. ).

Ilpeamer wuccaegoBaHUSA COCTABJIAIOT 3a/a9M KOPPEKIUN JTAHHBIX
HECOOCTBEHHBIX 3aJ[ad JIMHEHHOTO MPOrpaMMUPOBaHUA 1-TO pojia ¢ eBKJIUIO-
BO# M B3BEIICHHON €BKJIMJIOBOW MaTPUIHON HOPMOI B POJIM KPUTEPUA KadeCTBa
KOPPEKITNAH.

IHear paBoOTBI COCTOUT B MOCTPOCHUHM MaTEMATHYIECKOTO allapaTa Oll-
TUMaJIbHON 110 MUHUMYMY €BKJIMJIOBOU U B3BEIICHHON €BKJIMOBON MATPUYHON
HOPME KOPPEKIIMK JIaHHBIX HECOOCTBEHHbBIX 3aJiad JIMHEHHOTO TTPOrpaMMUPOBa-
HUs 1-TO pojia BHICOKON pa3MepHOCTH, CTPYKTYPa KOTOPBIX OMpPEJIeseTcs Mpo-
M3BOJIbHBIM MHOYKECTBOM (DUKCHPOBAHHBIX (HEKOPPEKTUPYEMBIX) 3JIEMEHTOB, U
pas3paboTKe COOTBETCTBYIONINX BbIUUCIUTEIbHBIX aJIOPUTMOB.

B ocHOBY mccieloBaHus MOJIOYXKEHa, Ceyomas runoTe3a. [Iycth Hecob-
CTBEHHAs JINHEWHAs ONTUMA3AIMOHHAS MOJIENTb SABJISAETCA PEe3yJIbTATOM HETOUYHO
3aJIAHHBIX WJIK TTPOTUBOPEUNBBLIX UCXOJIHBIX JIaHHbIX. [Ipryem, jlaHHast onTuMu-
3allMOHHAasT MOJIeNIb MTPEJICTaBIsgeT coboit HecobcTBeHnyto 3amady JIIT 1-ro poja.
OnrumasibHas MaTpuIHas KOPPEKIns, CBOJUMast K 3a/ade OMTUMUBAINN, TI03-
BOJISIET TIOJIYYUTH ONTUMAJIbHbIE 110 MUHUMYMY €BKJIUJIOBON HOPMbI MaTPUILHI
koppektnun Hf nim [H{ — h}], rapanTupyiomue coOCTBEHHOCTh U CTPYKTYP-

HBIN BUJ CKOPPEKTUPOBAHHON JIMHEHHON MOj1e/n

(A+H)z=b, x>0, c'z > max WIH (A4 H})z=>b+h}, z>0, ¢z — max

M COOTBETCTBYIOIME ONTHMAaJbHbIE BEKTOPbI T] U uj. Pesympraramm omnru-
MaJIbHOIl COBMECTHOU MaTPUYIHON KOPPEKIUU, CBOJAUMON K 3a/a4€ OUTUMU3A-
IIUH, TIO3BOJISIOIIEH MOJTYIUTh ONTUMAJBHbIE TIO MUHUMYMY €BKJIAJIOBOH HOPMBI
MaTpHIbI KOPPEKIuH, apisiorcs Hy win [Hy — hi], rapanrupytoiiue cobcTBeH-

HOCTBb M CTPYKTYPHBIN BUJ CKOPPEKTUPOBAHHBIX JIMHEHHDBIX MO/IeIei
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(A+ H})x =b, 2 >0, c'z — max, (A4+H}xz=b+h}, >0, c'z — max,
nJjin
u' (A+ H}) = ¢, bu — min, u' (A+H3) =c", (b+h3)"u— min,

M COOTBETCTBYIOIIHE ONTUMAJbHBIE BEKTOPHI Ty U Us. Torma H{ nw Hi, hi n hj,
T] U Th, U] U U, HONAPHO COBIIA/IAIOT.

st nocTvkeHust 1eiu paboThl U MPOBEPKU TPABUJIBHOCTH BbIJIBUHYTO
I'UIIOTE3bI OBLJIN IIOCTABJICHBI CJIEIYIONINe 3aaM:

1. [MonyunTrh M OOOCHOBATL YCJOBHUsI CYIIECTBOBAHUS pEHICHUs] HECOD-
CTBEHHBIX 3a/1a4 JIMHEWNHOTO MporpaMMupoBanus 1-ro pojia, He UMEIOIINX Clie-
[MAJLHOW CTPYKTYPbI 0€3 KOPPEKIIMHU JBONCTBEHHON 3a,/1a4H,

2. Onupasich Ha TEOPETUUECKUEe Pe3yJIbTAThI, MOy YeHHbIE IIPU PEIIeHUN
HpeJibL iy et 3a/iauu, HoJydnuTh 1 000CHOBATH YCJIOBUS CYIIECTBOBAHUS peliie-
HUsi HECOOCTBEHHBIX 3aJ/a4 JIMHEHHOIO MporpaMMUpoOBaHus 1-1o pojia co crie-
MAaJbHOM CTPYKTYPO# B BHUJIE 3allpeTa Ha KOPPEKIUIO OTJEJbHBIX 3JEeMEHTOB
PACIIUPEHHON MaTPUITLI KOAIMDMHUITUEHTOB UX OrpaHUYIEHNUIA,

3. Pazpaborarb, Teoperniecku 000CHOBATH U IPOBEPUTH B BHIUUCIUTE b
HBIX 9KCIIepuMeHTax 3(PMEKTUBHBIE aJTOPUTMbI PEIICHUS TIEPEUNCIEHHBIX BbI-
1e 3aJ1a4 ONTUMAaJIbLHON KOPPEKIUK JTaHHbBIX.

MeTo/1010TUYECKYI0 OCHOBY WCCJIEOBAHUS COCTABJISIOT METO/IbI
KJIACCUYIECKON M BBIYUCIUTENBHON JIMHEHHOW aJireOpbl, MaTPUIHOIO aHAJIN3a,
MaTeMaTHIeCKOIro MporpaMMUPOBAHNS.

Hay4ynast HOBU3HA JccepTAIUN 3aKII0IAETCA B TOM, UTO TMOJYyUIEHbl U
TEOPETUIEeCKH 0OOCHOBAHDI:

1) ycJIoBHST CYIIECTBOBAHUS PEIIEHUST 331211 ONMTUMAJBHO 10 MUHUMYMY
eBKJIMJIOBOI 1 B3BEIIEHHON €BKJINIOBOI MATPUUHBIX HOPM KOPPEKITUU JTAHHDBIX
HECOOCTBEHHBIX 3a/1a4 JIMHEHHOI'O IPOIpaMMUPOBatus 1-10 pojia, rapaHTupyio-
IIer0 COOCTBEHHOCTH CKOPPEKTUPOBAHHBIX 38124 M YUUTHIBAIOIIETIO UX CTPYKTY-
Py, BbIpasKE€HHbIE B TEPMUHAX KOPPEKIUH JIOIYCTUMOI 00JIaCTU HPIMOil 3a/1a4u
JIMTHEHHOTO TPOrpaMMUPOBaHNA,

2) KOHCTPYKTHUBHBIE (DOPMYJIbI IIOCTPOEHHUS YKA3AHHOIO PEIeHus,

3) COOTBETCTBYIOIINE YMCIEHHBIE aJITOPUTMbI KBA3UHBIOTOHOBCKOTO THIIA
¢ AHAJINTUYECKUM BBIYUCJIEHHEM IPOU3BO/IHBIX.

IIpakTnyeckass 3HAYUMOCTDh PE3yJIbTATOB.

[Mosixompr, mosydennbie mpu pa3paboTKe Mojiesiell 1 aJropuTMOB, HCCTIET0-
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BaHHBIX B JJAHHON paboTe, MOI'yT ObITh HCIOJIL30BAHBI JIJIsI IIOCTPOEHUS] METOJI0B
1 aJIrOPUTMOB, HAIIPABJICHHBIX Ha PeIIeHUe MPAKTUIECKUX 3a/1ad, CBA3aHHbBIX C
9KOHOMUKOI, TEXHUKO, aHAJM30M JIaHHbIX, OOHAPYKEHHEM 3aKOHOMEPHOCTEI
B JIAHHBIX U UX M3BJE€UECHUEM, aHAJIM30M TEKCTa, YCTHON pedn u n300parkeHwuii,
pacrnosHapanueM 00pa30B, uibTpaliyeil, pacio3HaBaHUEM W CUHTE30M H300-
parkKeHui.

OcHOBHBIE T10JI0XKEHNS, BBIHOCUMbIE HA 3aMIUTY:

® JIOCTATOYHbIE YCJIOBUS CYIIECTBOBAHUS PEIIEHUSI 33,124 OITUMAJIbHOM 110
MUHUMYMY €BKJIMOBOI ¥ B3BEIIEHHOH €BKJIMIOBON MaTPUIHBIX HOPM KOPPEK-
UM JIAHHBIX HECOOCTBEHHBIX 3aJiad JIMHEHHOTO IporpaMMUpoBanus 1-ro poja,
BbIPpayKeHHBbIE B TEPMHUHAX KOPPEKINH JIOMYCTUMON 0DJIACTU IPSMOiL 3a atu;

® JIOCTATOYHbIE YCJIOBUS CYIIECTBOBaHUS PEIIEHUs 3a/1a4 ONTUMAJbHOM 110
MUHUMYMY €BKJIUIOBOI ¥ B3BEITEHHON €BKJIMIOBON MAaTPUIHBIX HOPM KOPPEK-
UM JIAHHBIX HECOOCTBEHHBIX 3aJiad JMHEHHOTO IporpaMMUpOBaHus 1-To poja,
BbIPpayKEHHbIE B TEPMUHAX KOPPEKIUU JIONYCTUMON 0bJ1acTh 1PAMOM 3ajiauu ¢
YUYETOM CHEIUAJIBLHON CTPYKTYPbI;

® DeJIyKIIMK 33/a4 MATPUIHONR KOPPEKIMH JIAHHBIX ONTUMAJbHON 110 MH-
HUMYMY €BKJIUJIOBO# 1 B3BEIIEHHON eBKJIMIOBON MaTPUIHBIX HOPM HECOOCTBEH-
HbIX 3a/1a4 JIMHEHHOTO MporpaMMupoBaHus 1-ro pojia, yUuThIBAIOIINE OI'PaHMU-
YEHUsi Ha, CTPYKTYPY KOPPEKTHUPYIOIIEH MATPHUIIbI, K 3ajadaM 0e3yCJI0BHOM MU-
HUMW3AIINN;

® 5 PEeKTUBHBIE AJITOPUTMbI PEIICHUs 31849 OIITUMAJIBLHOM 110 MUHUMY MY
eBKJINJIOBOW M B3BEIIEHHON eBKJINIOBOW MATPUIHBIX HOPM KOPPEKIINH JTaHHBIX
HECOOCTBEHHBIX 3324 JUHEHHOI'O IPOrpaMMUpPOBaHus 1-T0 PoJia.

Buenpenune um anpobamusi pe3yabTaToB uccijiegoBaHmUs. OCHOB-
HbIE PE3yJIbTAThI, 1IOJIYUYEHHbIE B JIMCCEPTAIMU, JIOKJIA/bIBAJIUCHh U O0CYXK/ia-
qmch Ha XIV-oit Beepoccuiickoii kondepenimn «MaremaTndeckoe mporpam-
MupoBanue u npusnoxenus» (Exarepuntypr, 2011), Mex gynaposaoit KoHbe-
penru «CoBpeMeHHbIe TPOOJIEMbI TPUKJIAHON MATEMATUKNA 1 MEXAHUKK: TEO-
pust, sKcriepument u npakrukay (Hoocubupek, 2011), Hayuno-rexunueckoit
KoHpepeHun MoJojbiX yueHblXx CankT-IleTepOyprckoro TexHOJOrHIECKOTO
wHCTUTYTa (TexHwueckoro yumpepcutera) «Hemens wmaykm - 2013» (Camkr-

[TerepOypr, 2013), VII MockoBckoit MexryHapojHO#i KoH(bEpeHuu 1o uc-
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caegosanuio onepaiuit ORM-2013 (Mocksa, 2013), cemunape 110 KOHCTPYK-
TUBHOMY HersiaJiKoMy anaiusy u Heguddepeninupyemoii onrumuszannu (CNSA
& NDO) Canxr-Ilerepbyprckoro TeXHoJIOrndaeckoro HHCTUTYTa (TE€XHUIECKO-
ro yuusepcurera)(Cankr-IlerepOypr, 2014). Kpome Toro, ocHOBHBIE pe3y/ibTa-
ThHI, MOJIYUYEHHBIE B JIUCCEPTAINH, JTOKJIAIbIBAJINCH U 00CYKIAJINCH Ha HAYTHO-
METOINIECKUX CeMUHapax Kadeaphbl TPUKJIAIHONH MaTeMaTHKU, HHPOPMATHUKH,
busMKM 1 MEeTOJIMKK X IpenojaBanusi Bopucoryiiedckoro dgpuanasa derepab-
HOI'O TOCYAAPCTBEHHOIO OI0/KETHOIO 00PAa30BATEALHOIO Y UPEXK JICHUS BbICLIEIO
obpazoBannsi «BopoHeKCcKWit rocy1apcTBEHHbBIN YHUBEPCUTET» U KadeIpbl WH-
HOBATHKKM 1 mHMOpMannoHHLIX TexHosoruit Cankr-Ilerepbyprekoro rocymap-
CTBEHHOTO TEXHOJOTUIECKOTO UHCTUTYTA (TEXHUIECKOTO YHUBEPCUTETA).

[TostyueHo cBujieTesibcTBO O perucrpanuu ajaropurma [96).

MarepunaJibl, COCTABISIONIE OCHOBHOE COIEP>KaHWEe JIUCCepTaIni, Ommy0-
JINKOBAHLI B 9 IeIaTHBIX paboTax, 3 HUX 4 CTaThH — B U3IAHNUAX, BKIIOYCHHBIX
B nepedenr BAK P® [95], [99], [100], [164], 5 — B cbopuukax u Tpyjiax KoHde-
pennuii [97], [98], [101], [102], [165].

CrpykTypa m obbem aucceprammm. Pabora cocTouT U3 BBEJICHHUH,
Tpex IJiaB, 3aKJIOYEeHHs, CIUCKa JIMTEPATyphl, cofepzxkaliero 199 ncTrounukos.
[Tonnbiit 0O0bem juccepranuu cocrapjser 116 crpanull, ocHoBHas dacTh — 116

CTPaHMNII.
OCHOBHOE COJEP?KAHNE PABOTEI

Pabota nocssmiena paspadborke 3(hGeKTUBHBIX METOI0B ONTUMAJILHOM 110
MUHAMYMY €BKJIHJIOBOH ¥ B3BEIIEHHOW €BKJINIOBON MATPUUIHBIX HOPM KOPPEK-
IUU JIAHHBIX HeCOOCTBEHHBIX 3a/1a4 JIMHEHHOI'O IIPOI'PaMMUPOBAHUS IIEPBOI'O PO-
J1a, BLIPAXKEHHBIX B TEPMHUHAX KOPPEKITUHU JIOIYCTHMOM 00/IaCTH IIPAMOI 33,1211
¢ YUETOM CIENHUAIbHONI CTPYKTYPhI, ¥ X HPAKTHICCKUM IPUIOKEHUSM.,

Bo BBemeHumM 000CHOBBIBAETCS aKTYyaJHLHOCTH TEMbI WCCJIEOBAHMS,
OIIpeJIesIsIeTCs 11eJIb pabOThI, BBIABUIACTCA I'UIIOTE3a, (POPMYIUPYIOTCS 3a/1a4H,
KOTOpbIe HEOOXOAMMO PEIINTD JIJI peaju3allii IOCTaBJICHHON eI U IPOBep-
KU BBIJIBUHYTON M'UIIOTE3bI, YKA3BIBACTCSI METOL0JOIMIECKasT OCHOBA, UCCJIe0Ba-
HUsI, PACKPBIBACTCs HAayUIHAs HOBU3HA U IMPAKTUIECKAs 3HAUUMOCTD JINCCEPTa-

HI/IOHHOfI pa6OTbI, BBIABUT'aOTCA OCHOBHBIE IIOJIO2KEHNW I, BBIHOCUMBIEC Ha 3alllUTY,
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LPEJICTABIIEHO OCHOBHOE COJIEPXKAHUE PADOTHL.

B mepBoii ri1aBe paccMaTpuBarOTCs MOCTAHOBKY 3a/1a4 MaTPUUHON KOP-
peKkIuy 0e3 CTPYKTYPHBIX OI'PaHUYCHMl, CTPYKTYPHOM, a TaK»Ke CTPYKTYPHOIl
B3BEIIEHHONH MaTPUUIHON KOPPEKINN KaK JIBOMCTBEHHON Taphbl HECOOCTBEHHDLIX
3aJiad JHeitnoro nporpammuposanust (JIIT), rak u Hecobersennoit 3amaqau JII1
nepBoro pojia. [lpudem kakias 3aja4a pacCMaTPUBACTCS B JIBYX MOCTAHOBKAX:
KOPPEKIIHSI TOJILKO JIEBOI YacTH CUCTEM OUpaHMUYEHUI M KOPPEeKIns 00enux va-
creit cucrem orpanundenuit. [IpuBojsTest BeomoraTe/babie jieMMbl. IIpuBejieHbl
JIOCTATOYHbBIE YCJIOBHUS Pa3pelInMOCTh HecoOcTBeHHbIX 3a1a4 JIII epBoro poja
110CJIe MATPUIHOM KOPPEKIUU UX JIOIYCTUMOI 00JIaCTH.

Bo BTopoii rimaBe paccmarpuBaeTca MeTon bpoitnena-daerdepa-
Tosbibapba-Ilenno. Haxozpsres: anamuTuieckue 1mpousBOHbIE JIJIsi HEJIEBbIX
dyHKIMi 33489 MATPUIHON KOPPEKINK 6€3 CTPYKTYPHBIX OrPAaHUYEHU, CTPYK-
TYPHOM, & TaKKe CTPYKTYPHOU B3BEIICHHON MAaTPUIHON KOPPEKIINN KaK JIBO-
CTBEHHOM 1apbl HecoOcTBeHHbIX 3aJja4d JIII, Tak u Hecobcrsennoit 3ajiaun JII1
nepsoro poga. OcHoBbiBasich Ha Mertojne bpoiinena-®Dierdepa-Losbdapbda-
[[lenHo, mosiydeH aJI'OPUTM MUHUMUBAIUU, IPUMEHUMbIA K JII00OH U3 mepe-
YUCJIEHHBIX BbIIIE (DYHKITHIA.

B Tpetneil rimaBe paccmarpuBaioTcs 3ajlauM CpejiHell pa3MepHOCTH
bgdbgl, mondou2 u3 cucremsr netlib [182]. TIpusojurcs onucanue u rpadu-
yecKoe IpeJicTaB/IeHe JaHHbIX 3a/a4. [[poBoisaTcsa BoIUUCINTEIbHBIE SKCIIEPH-
MEHTbI, 1OJITBEPXK,atolue padboToCocOOHOCTh paspaboTaHHbIX MeTOJI0B. Pe-
3yJIbTaThl PA0OTHI AJITOPUTMa MPEJICTABICHbBI B BUJE I'PA(PUKOB CXOJMMOCTH, a
TaK>Ke T'UCTOI'PAMM OTHOCUTEJIbHOM BEJIMYUMHBI KOPPEKIUU JIEMEHTOB MaTPHIL
cucreM orpanmdeHunii 3amaqd JIII.

3aKJJII09YEHNE COJIEPXKUT PE3YJIbTAThl U BbIBOJIbI JINCCEPTAIUN.
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I'maBa 1. Marpuunag KoppeKnnugd HeCOOCTBEHHBIX 3a1aY
JIMHEITHOTro MPOrpaMMUPOBAHNUS 110 MUHUMYMY

€BKJINJIOBO HOPMBI

1.1. IlocTtaHOBKU 33241 MATPUYHON KOPPEKIINNI

[Tycrb
L(A,b,c): Az =b, x>0, ¢' r — max (1.1)

~ HEKOTOpasl 3a/1a9a JIMHEHHOTO IPOrPAMMHUPOBAHUS B KAHOHIIECKOi dhopMme,
L*(A,b,c): w'A>c", b'u — min (1.2)

— JBOHCTBeHHasd €l 3ajava JUHEHHOro NpOrpaMMHUPOBAHUA B CTAHIAPTHOM
dopme, tie A € R™" ¢z € R*, bu € R™ Cumsoiom X(A,b) =
{z|Ax =b, x > 0} obosnauum jonycrumoe MHOKecTBO 3ajaun L(A, b, c),
a cumsosoM U(A,c) = {u‘uTA > CT} — JIONYCTUMOE MHOYXKECTBO 3aJIa1u
L*(A,b,¢).

Bagaun (1.1), (1.2) ycsoBuMcst paccMaTpuBaTh Kak HeCOOCTBEHHbIE, B CH-
Jy 4ero xors 6l o0 u3 Muoxects X (A,b) wiu U(A, ¢) sBisercsa mycThiM.
Sajiaueii DU —h] MaTPUIHON KOPPEKIINH Maphl B3AUMHO JIBOHCTBEHHBIX HECOO-
crentbix 3aja4u JIIT L(A, b, c) u L*(A, b, c) 6yjem HasbiBaTh 3aja4y HOCTPOE-
Hust Mmarpuilpl [H — h] € R™ (1) " o6 anatomeil MUHIMAIBHON eBKJIN0BOM

HOPMOIi ¥ TapaHTUPYIOIIEH pa3pelmMOCTh CKOPPEKTUPOBAHHbBIX 3314

LA+ H,b+h,c): (A+ Hx=b+h, x >0, ¢' z — max,
L(A+Hb+h,c):u"(A+H)>c", (b+h)"u— min.

Sajauei D MAaTPUYHON KOPPEKIMHU TOJILKO JIEBBIX YaCTen (h = O) rna-
Pbl B3aMMHO JiBOiCTBeHHBIX HecobcrBentbix 3ajaq JIIT L(A,b,¢) u L*(A,b,c)
OyreM Has3bIBaATH 3aja4y nocrpoerust Marpuiibl H € R™ " obpagatoreit Mu-

HUMAJIbHON €BKJINIOBO HOPMOW M TapaHTUPYIOIEl COBMECTHOCTL CKOPPEKTH-
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POBaHHbLIX 3a/Jla4

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

H =y DH Gynem paccmarpuBarh KOp-

OpHoBpeMeHHO ¢ 3ajadamu [
PEKIIMIO TPOTUBOPEINBOI crucTeMbl orpanndenuii 3ajaun L(A, b, ¢), dbopmaiu-

30BaHHYIO C ITOMOIIBIO 3a/1a4

I[H = hll| = min,

plH =l
XA+ H,b+h)+ 2,
H |H|| — min,
X (A+ H,b) # @,
rie ||| — eBkamgoBa marpuunas (jasiee, B 3aBUCHMOCTH OT KOHTEKCTa, MaT-

pUYHAst WM BEKTOPHAs) HOpMa, onpegensieMast st A = (a;;) € R™" kak

1Al =

MbI Takke pacemorpuM Mogndukarmn sagad D, DU —hl - pH - plH —h]
—sagauu SDH, SDW —h gpH §PpH —hl ¢ yekoropbiMu MPE/ITUCAHHBIMEI MHO-
KecTBaMK HyJIeBbIX djieMentoB marpuly, H u [H — h|, nopoxjamoiumu 3aipe-
Thl HA KOPPEKIuUIO djeMenToB Marpuil A u [A — b]. Ykazauubie 3ajiauun Oyjiem
HA3LIBATL 33[a9aMi MaTPUUIHON KOPPEKIUU CO CTPYKTYPHBIMHU OTPAHUICHISI-
M.

Tocrarounble yejaosust paspemumocru sagaa DH . DU =M gpH
SDW =t g cryaae X (A,b) = @, U(A, ¢) # @ n spasorcs: B HACTOSMEH paboTe
OCHOBHBIM IIPEJIMETOM HCCJIEOBAHMS.

JormycTumbie MHOXKECTBa, BCEX PACCMATPUBAEMbBIX 3aJ1a9 MATPUIHONR KO-
peximn Gyem obosnagars kak FS(+). Hanpumep, FS(SDW ~H) - nonycrumoe
MHOKECTBO pertenuii 3agauu S D M,

st mpousBosibHOrO BekTopa x € R", mo anajoruu ¢ ncesnpoo0OpalieHueM

MaTpHUII, CUMBOJIOM T Oyjem 0bo3HadaTh ero «ncespoobpamennes [32]:

-1
o (arTa:) 2" ecmm x # 0,
0 € R™" 5 nporuBHOM ciyuae.

(1.3)



20

+

[Ipu x # 0 necnoxno yoepurnes, uro xtx = 1 u ||zt = 1/||z||, a econ

BRIMosIHEHO yenosue ||x|| =1, To 27 =z 7.

1.2. JlocTraToYHbIE YCJOBUSA PA3PENIMMOCTH HECOOCTBEHHBIX 33134
JIII 1-ro poma mocJje MaTPUYHON KOPPEKIUU UX JOMYyCTUMOIA

obsacTu 6e3 yvueTra CTPYKTYPHBIX OTPaHUYEHUA

[Ipenosokum, 9T0 Ha MaTpPHIBl KOPPEKIUK (PACIIMPEHHbIE MaTPHIbI
koppekuuu) 3anad L(A, b, c) u L*(A, b, ¢) He HaJIOXKEHbI OrPAHUYEHUS

JJist OCTIeIYI0TUX BBIKJIAJIOK TOTPEOYIOTCs Ope/IeJIeHHbIe CBEICHHST O
marpunax H* u [H* — h*], apisiomuxcs pemennsvu sagau PH p PH —h
Cucremarusupysi pesy/ibrarThbl, BIEepBble HojydeHHbie B paborax [25], [80], u
pa3BUTBIE BIIOCJEACTBUE B pabortax [51], [59], ykasaHHble cBeIeHIs MOKHO 13-

JIOXKUTH B BUJIE CJIEAYIONINAX JIEMM.

JemMma 1.2.1. Ecau pewenue 3adawu PT cywecmeyem, mo ono umeem 6ud

H* = (b— Ax*) z*", (1.4)

2de b A

S ArgminM.
>0 ]l
IIpu smom

o _ 16— Az™]|

]| = TR (1.5)
l*]]

Jlemma 1.2.2. Ecau pewenue 3adavu pUH 1] cywecmeyem, mo 0Ho umeem

6ud : ) [ N ]
b— Az*)- [x* 1
H* — b = , 1.6
| | v 41 (1.6)
2de )
b— A
x*EArgminM.
2 el 1
IIpu smom
EH =" = S (1.7)
"+ 1

PeByﬂbTaTbl JAaHHBIX JIEMM, sABJIAIOINXCA KIIACCUICCKUMU PE3YyJIbTaTaMU,

HCIIOJIb3YIOTCA JJIA JOKa3aTCJAbCTBa HU2KECJICAYIOINNX TCOPEM.
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Jlemma 1.2.3. (Hepasencmeo Kowu-Bynaroscrozo) [31]
s aobwz eexmopos x,y € R™ cnpasediuso mepasencmeo ‘a:Ty| <
||| - [lyll, womopoe obpawaemen 6 pasencmeo mozda u moavko mozda, kozda

CNPABEINUBO NPedcmasienHue iy = Yx, 20e Y — HEKOMOpPoe YUCAO.

Jlemma 1.2.4. (Teopema dsoticmsennocmu [18], kaaccudurayus necobemeen-
nox 3adaw JIII [80]) 3adawu L(A,b,c) u L*(A,b,c) paspewumovr moeda u
moavko mozda, koz2da odnospemenno evinoanenv, ycrosua X(A,b) # & u
U(A,c) # @. Ecau sadavu L(A,b,c) u L*(A,b,c) nepaspewumvi, 603mo1c-
HoL CACOYIOWUE TNPU CAYYUAA:

1. X(A)b) = @, U(A,c) # @, L(A,b,c) — necobecmsennan zadaua JIIT
1-20 poda, L*(A,b,c) — necobemesennasn sadava JII 2-20 poda.

2. X(A,b) # @, U(A,c) = @, L(A,b,c) — necobemeennas zadava JIIT
2-20 poda, L*(A,b,c) — necobecmsennan sadava JIII 1-20 poda.

3. X(Ab) =9, U(A,c) =@, L(Ab,c) u L*(A,b,c) — necobecmeennuie
sadavu JIII 3-20 poda.

Jlemma 1.2.5. (@aprawa [35], |37]). Jubo umeem pewenuve cucmema
Az =b
e (1.8)
x>0,

AUOO paspewiuma Cucmema

Aly >0,
{ Y (1.9)

bTy < 0.

B jaJibHeiiiieM  HEOJHOKPATHO  Oyjer  MCIOJIb30BAThCSI  TEOpeMa
AstekcanpoBa—Panb-113n 00  aJbTEePHATUBHONW  COBMECTHOCTH  CHCTEMBI
JIMHEMHBIX HEPaBeHCTB MW CMEIIAHHOW CHUCTEeMbl JIMHEHHLIX YpaBHEHUl u

repasencts ([5]) B caemyomieit hopmyupoBke

Teopema 1.2.6. (Aaexcandposa—@anv-I[3u) Jubo cosmecmua cucmema

uw'A>c', aubo coemecmna cucmema Az =0,¢'x > 0,2 > 0.
CuteicTBUEM JAHHOW TEOPEMBI SIBJISIETCsT CJIELYIONIEE YTBEPK IeHNe

Jlemma 1.2.7. (Caedemeue ycaosus U(A + H* c) = & npu pewenuu 3aday
pH_plH =k gpH §PH = garq nwecobemsennoti sadawu L(A, b, ¢) 1-20 poda)
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Myemv H* — pewenue szadavu PH wau SPH, [H*  — h*] - pewenue
sadau PH ~M ypu SPY =M ona wecobemesennoti 3adauu L(A,b, ) 1-20 poda
u svinoaneno yeaosue U(A+ H* c) = @.

Tozda cywecmsyem eexmop z € R", ydosaemsoparouyuis ycrosusm
220, |zll=1, (A+H)2=0, c'z>0, (1.10)
Az 0. (1.11)

Joxasamesvemeo. Tlo oupeyenenuto U(-) yeaosue U(A+ H*, ¢) = & o3nauaer
HECOBMECTHOCTH crucTembl Hepasencts u' (A + H*) > ¢'. B stom ciyyae B cn-
ay reopembl Anekcanaposa-®Panb-113u, coBMecTHA anbTepHATHBHAS CACTEMA,
umeromias sy, 2 = 0, (A+ H*)z = 0, ¢'2 > 0. B cuny yenosusi ¢z > 0
BEKTOD Z — HEHYJIEBOH 1 MOXKeT MMETh POM3BOJIBHYIO (HeHyseByi0) HOpMy. B
YAaCTHOCTH, MOXKET BBITIOJHATHCs yeyosue ||z|| = 1, uro u coorsercrayer (1.10).

Yo6eaumcst B BeimostHennu yesiosust (1.11). JleficTBUTeIbHO, TTPE/IITONIOXKUB
Az = 0, no reopeme Asiexcaniposa—Qanb-I113u umeem U(A, c) = &, uro upo-

TUBOPEYNUT YCIIOBUAIO JIEMMBI. []

Teopema 1.2.8. (O docmamounviz yeao8UAT CYWecmeo6aHUAs PeUeHus 3a0a-
wu, D)

Ecau X(A,b) = O, U(A,c) # @ (m.e. L(A,b,c) — necobecmeennas 3ada-
wa JII 1-20 poda), b # 0, sadavwa PH paspewuma v mampuua H* seasemea
ee pewenuem, mo sadawa DT maxoce paspewuma v mampuya H* asasemca

€€ PEWEHUEM.

Hoxazameavcmeo. 1. Ilokaxkem, uro maTpuna H* TpUHAIIEKUT JIOIYCTHU-
moit obsactn sagaun DY . TIpeanonoxum nporusnoe, a umenno, uro H* ¢
FS(D¥). Mockomexy H* € FS(P?) & X(A + H*)b) # @, B cuny Jiev-
mbl 1.2.4 U(A+ H*, c) = @. CrefioBaresibHo, B CHIy JieMMbl 1.2.7 cytecTByer
BEKTOD 2z, yjoBierBopsiomuii yceaosusim (1.10)-(1.11).

1.1. TTokaxkem, 4TO BBITIOJIHACTCS YCJIOBUE

a _ 16— Az™]]
[H™[| = T > 1A= (1.12)
l*]]
Heiicreurensho, (A+ H*) 2z =0= H*z = —Az. B cuy (1.4), nosyunm

(b — Ax™) (x**z) = —Az. B cuny yenosus (1.11) *72 # 0, 2* # 0. Torya
b— Az* = —Az /2" 2. (1.13)
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[Tokaxkem, uro x* # Az, rjge A # 0 — wekoropoe uucio. Ipejonoxum

NIPOTUBHOE:

Az

¥tz

1
a:*:)\zix*JF:XzTi(b—Aa:*:— <:>b—)\Az:—)\Az):>b=0,

9TO HPOTHBOPEUUT YCJIOBUIO TEOPEMBI.
Onenunm |x*"z|. Tlockonbky ©* # Az, B ety seMmbl 1.2.3 cipaBeiinBo
nepasenctTBo |zt z| < ||[z*F]| - ||z|| = ||=*" .

[TosTomy B cuiy (1.13)

ol < Azl
16— Ax™|| > ——. (1.14)
(Bl
Tak xak ||z**|| = 1/||z*|, To ||b— Az*|| > ||Az| - ||z*||, orkysa B cuuy

(1.5), (1.14) u nmosywaem (1.12).
1.2. Hyers H,, = (b—~vAz)(v2)", raie v > 0 — HexoTopwIii cKa-
aapublit mapamerp. Ouesnjno, uto H, , — JomycTrMOe pereHue 3aaun PH

nockosbky (vz) € X (A+ H.,,b). B to xe Bpems, no amanoruu ¢ (1.5),
5|

= v 1||b — yAz||. Paccmorpum H: = lim H,, = —Azz". B cu-

Y—+00

ay (1.12) umeem

|H:, || = [[Azz"|| = ||Azz" || = |A=|| < |H"||. (1.15)

|

Ho ycnosue (1.15), B ¢BOIO 0Uepe/ib, O3HATAET, ITO JIJIsT JTOCTATOTHO OOJIb-
1oro, Ho Kouewanoro 7y > 0 cymecrsyer Marpuna H, , SBJISAIOMASICS JIOLyCTH-
MbIM periennem sajgaun P7 o rakast, uro ||H, .|| < |[H*||, uro nporusopeuur
IPEJIIOJIOXKEHNIO0 00 ONTUMAJBHOCTH MaTpuIlbl H™.

2. Tlokaxxem, uro H* — ontumaibhoe pemenne sajgaan D7, Jleficrsuresn-
HO, eCJIM TIPEeIIOI0KUTL IPOTUBHOE, To cymectsyer marpuna H** € FS(DH)
Takas, uro |[H**|| < |H*||. Ho FS(D¥) c FS(PH), cnenosarensno, cyre-
cTBOBaHME MaTpHUIlbl H ™ mpOTHBOPEUNT MPEINOJOKEHNI0 00 ONTUMAILHOCTH
marpuisl H* B 3a1a1e P, ]
Teopema 1.2.9. (O docmamounviz yea0B8UAT CYULECMBOBAHUA PEUEHUA 3000
yy DU —h)

FEeau X(A,b) = D, U(A,c) # D (m.e. L(A,b,c) — necobemeennan 3ada-

wa JIII 1-20 poda), sadavwa PY M paspewuma v mampuya [H* —h*] asasemes
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[H —h]

ee pewenuem, mo 3adava D makorce paspewuma u mampuua [H* — h¥]

maxotce ABAACTNCA €€ PEULEHUCM.

Jlokazameavemeo. 1. Tlokaxkem, uro marpura [H* — h*] npunaIIe)KUT

[H —h]

JloryctumMoit obsiactu 3ajauun [ . IIpejnosoxkum 1nporuBHOE, a WUMEHHO,

aro [H*  — h*] & FS(Dyyy _p. Hockomky [H* — k] € FS(PH ) &
X(A+H*b+h*) # @, B cuny gemmnr 1.2.4 U(A+ H*, c) = @. CrieioBaresib-
HO, B CHJly JieMMbl 1.2.7 CyIIECTBYET BEKTOD 2, YJOBJIETBOPSIONIUI yCJIOBUsIM
(1.10)-(1.11).

1.1. Ilokaxkem, 9TO BBITIOJHAETCS YCJIOBUE
16— Az
Vaorter+1
Heiicteurensuo, (A+ H*)z =0 = H*z = —Az. B cuny (1.11) u (1.6),

1OJLy YU M

|~ 1) =

> || Az]]. (1.16)

(b— Ax*)a*T 2

i A |

= —Az£0=21""24£0, ¥ #0. (1.17)

DopmyJia (1.17) nozsossier csizarb Bejudutb ||b — Ax*|| u [|Az]|:

* 1 % 1 * 1 % 1
b—Ar =2 T T = A = Az
T |$*TZ|
B cuiy niemmbt 1.2.3 ¢ yueroum yeaosust ||z]| = 1 umeem |27 z| < ||z =
Va*To*, nostomy
o Tr+1
16— Az™[| > A=

A /.CL'*T.T*

Ho B cuny (1.7),

b— Ax* *T 1
i —wy) = 024 S ST ) s Az,
/LU*T.T—Fl .I'*T.T*

q4TO U O3HAYAET BhiNoJHeHHe yciobus (1.16).
1.2. IlycTo

(b—vAz) [v2" 1]
7?41

[H =1 H.p —hep] =

Y

z,’y:[

e v > 0 — HekoTOpblil cKaJisipHblil napaMerp. Hecioxuo yOeauThes, 4To

(v2)e X(A+ H., b+ hs ), B cuny 1ero marpuna [H — h],  — jomycrumoe
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H = B 10 xe Bpems, no anasorun ¢ (1.7),

_ Ib—~Az|

MG

pelienue 3aja4u P
[H —hl

Paccmorpum marpuity

(b—vAz) [sz 1}

* . o T
[H —hl,., = 71_1>rirloo 1 = [-Azz' 0].
B cuy (1.16) nmeem
IH = AL, | =A< [|H =Rl (1.18)
Yeaoswe (1.18), B cBOIO ouepesb, O3HAYAET, UYTO JUIST JOCTATOU-
HO Oosbinoro, no Komeunoro 7y > 0 cymecrsyer marpuna [H —h],
ABISIOmascs  gonycruMbiM  pertennem  3agadn P My makas,  aro
I[H —n], || <[[H* —h*]||, aro nporusopeunt npeanonoxenuio o6 onTH-
MaJbHOCTH MaTpunbl [H*  — h*].
2. Hokaxewm, uro [H* — h*] — ontumanbuoe pemenne 3anaan DF —h,

JleicTBUTE/IBHO, €CJIM TPEJIINOJOKUTH MPOTUBHOE, TO CYIIECTBYET MaTpHIla
[H* — h*] € FS(DW ~h) qakaq, uro ||[[H** — h*]|| < ||[[H* — h*]|. Ho

FS(DW —hy ¢ FS(PW ~M)  cuenosarensho, cymecrsopanue Marpuiipl H**

IIPOTUBOPEUUT TPEJIIOJIOKEHUIO 00 onTuMaibHoCTH Marpulisl [H*  — h*] B
sanaue PH —N n
B xadecTBe npuMmepa, WILTIOCTpUpYIomero reopembl 1.2.8 n 1.2.9 pacecmor-

H —h)

puM 3agadn onrumusanun DH | Dl ¢ TapaMeTpaMu

- . - 1
-1 04 3 O 2 5
2 33 5 —1
A= , b= , ¢c= |0
31 2 1 1 |
|2 68 10 0 | 10 |

[TpoBepka rnpuHa JIeXKHOCTH YKA3aHHO 3a,/1a41 K KJIaCCy HECOOCTBEHHBIX 3a/1a4

JIIT 1-ro poja.
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[Mycrs y = ATy = >0, b'w = —3 < 0, Torua 10 Jemme

_— O Ot O

Ar =b
1.2.5 = { He MUMeeT pellenuii, orciona cieayer, uro X (A, b) = @.
x

=U(A,c) # 2.

[Tycrs v = culA=

~ N O N
WV
o
4{
I
_— o W

- - 2 1

Obo3HaYMM pPe3yIbTaThl KOPPEKIUN TOJHKO MPSIMOI U JBORCTBEHOM Tapbl

3aJa1 JIMHeHHOro nporpaMMupoBannsd Kak x*, H*, h* u z**, H**, h*™* coorset-
CTBEHHO.
1) Jlns napwt sagau P7 u D

[0.850427271 |
0

o~ 2™ & |0,958054645 |

0

4, 526254446

_—0,037732253 0 —0,042507527 0O —0,200823495_
0,036557949 0 0,041184606 0 0,194573460
—0,205024855 0 —0,230972150 0 —1,091209907
| 0,024393141 0 0,027480260 0 0,129828344

'z~ cl ™ ~ 1,388780151.
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2) Jlnst napst sagaa PH My DU~

0. 772044982 |

, [ 0,058749831 |
S . |—0,029623942
oF ~ ™ A |0,961585405 | , bt &~ B & ,
; 0, 257256409
| -0,041738421

3,970548191

[—0,045357512 0 —0,056492980 0 —0,233269035
0,022871016 0 0,028485950 0 0,117623290
—0,198613520 0 —0,247374009 0 —1,021448970

| 0,032223938 0 0,040135056 0 0,165724410 |

clxt ~ o ~ 1.321198065.

1.3. IlocranoBKa 3ajijaum CTPYKTYPHOI MATPUYIHOI KOPPEKINN

[Tycrs szagaun L(A,b,c) u L*(A,b,c) makosbl, uro X(A,b) = &,
U(A,c) # @. C necobersennbiMu 3agadamu L(A,b,c) u L*(A,b,c) 6y-
seM csssbiBarh sagaun SDY SDW —hgpH - gplH —h cipykryphoit mar-
PUIHON KOPPEeKINH, B KOTOPbIX Marpuile H wuiam pacimmpeHHoil MaTpu-
ne [H —h| npeanucano uMeTh CTPYKTYPY HYJIEBBIX M HEHYJIEBBIX 3Jie-
MEHTOB, 3aJ[aBaeMyl0 MHOXKECTBAMHU WHJIEKCOB HYJIEeBBIX sjeMeHToB K =
{(te{l,2,...,m}, je{l,2,...n})|H;; =0} w k = {ie{l,2,...m}
h; = 0}.

st peanmusanuu crpyKTypHbIX Tpebosanuii K H u [H — h] BBOjmTCSI

psijl, 00 LEKTOB:

’Hi,j = 0 ecimm {i,j} e K,

H;; = 1 B nporuBHOM CiIy4ae ,

H=(Hij;)

h; =0 ecim 1 € kK,

b= (h:)

h; = 1 B IpoTHBHOM CJIydae .
Kak BHIHO M3 IpeJICTaBJICHHBIX BBIIIE (OPMYJ, MaTpuiia H 1 BEKTOP
h — Jormueckue mabJIOHbI JIIs CTPYKTYPbl HYJIEBbIX U HEHYJIEBBIX 3JIEMEHTOB

matpuiibl H u BekTopa h.
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IIycrn

p; ecan q; # 0,

spa)=(si) ="’ !
0 B IpOTHUBHOM cCJIydae,

e s (p,q) € R", p=(p;) € R", ¢ = (¢;) € R". Takum obpaszom,

S (HlT*, HL)
hH) = : - (1.19)
s(Hp 1)

BEKTOP, COCTaBJIEHHBI! 13 3JIEMEHTOB CTPOK H;, B COOTBETCTBUMU C I1aDJIOHAMUI

cTpoK His, 3 _
(] T
—hi| | b
h([H —h)) = : - (1.20)
HT 1 [T
S m* 7 mx
_hm bm
BEKTOD, COCTABJIEHHbIN U3 9jileMeHTOB ¢TpoK [Hy  — h;| B coorBercrBum ¢ mab-

JoHaMu cTpok [H B,

57 (z,H,) 0 |
T T o« o e
X(z) = 8 i <x(’)H2*) | 8 - (1.21)
|0 0 st (2, H)

MaTpPHIIA, i-51 CTPOKa KOTOPOii cocTaB/ieHa 13 HYJIeBbIX 3JEMEHTOB U JIeMEHTOB
BEKTOPa T B COOTBETCTBUU C IMIAOJOHOM H.y.

Boipaxenust H(h), [H(h) — h(h)] = [H — h](h), x(X) — obparuenusi
dbopmya (1.19), (1.20) u (1.21) coorsercrenno. Tak, wanpumep, H(h) — 310
maTpuna H, BoccraHOBJIEHHAsI IO BEKTOPY A B COOTBETCTBUU C (DOPMYJIOi
(1.19).

Ncnonbayst (1.19)-(1.21), wecnoxkuo ybemurbesi, uro st marpun, H u
[H — h], HOJUUHSIONMXCS COOTBETCTBYIOIIUM CTPYKTYPHDBIM OTPAHUICHUSIM,

CIIPaBeJINBBI (POPMYJIBI

Hz = X(z) - h(H), [H — h]- H =X <H> R(H —h]).

1
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Taxum obpasom, eciiu H, H — marpuiipl pasmepa m X nu x € R", 1o pas-
Mepbl pacemarpusaeMbix 00bekros X (z) € R™Y A(H) e RN, X ([z7 1]7) €
R™N p(H —h) €eRY tie N=m-n, N'=m - (n+1).

JI1st TIOCTIeIYIONX BBIKJIAIO0K, CBA3aHHBIX ¢ 3amadamn SPT u SD | ua
pajty ¢ Marpuneit X (z) norpebyercsa marpuna X T (z) € RM*™ - ncepnoobpar-

nast K Marpuie X (x) € R™V,

Jlemma 1.3.1. Mampuua, ncesdoobpammnas x mampuye X (x), sadannoti gop-

myaoti (1.21), umeem 6ud

(s (2, M) 0 0o ]
+7 T
X+ (z) = 8 ’ (”B’ M) 8 . (1.22)
0 0 st (2, M) |

ede 6exmopuvi-cmpoky s+ (51:,7-[;) svruucastomesn 6 coomsememeuu ¢ (1.3).

Hoxasamesvcmeo. Kak uzecrno (cm., Hanpumep, [31]), Bemecrsennas marpu-
1a 7, 1ces/oobparias K HeKOTOPOii 3a/1aHHOi BelecTBenHoi Mmarpuiie A, oHo-
3HAYHO ONPEJIESISIeTCst CJACYIONNMU YeThIPhbMsi YPaBHEHUsIMU (HA3bIBAEMbBIMH
ypasuenuamu [lenpoysa): AZA = A, ZAZ = Z,(ZA)" = ZA, (AZ)" = AZ.
Takum ob6pazom, st obocHoBarust (hopmynbl (1.22) HEOOXOJAUMO BBIOJHUTH
npoBepky ypasaenuii [lenpoysa ¢ ucnosnbzoBatuem coornomenuii (1.3), (1.21)
u (1.22). Pacemorpum siBa carydasi.

1. Marpuna X (x) He uMeer HyJEBLIX CTPOK. B 9TOM cilydae IIPOBEpPKa
ypasnenunit Ilenpoysa cylecrseHHo obserdaercst, 1OCKOJIbKY, KaK HECJI02KHO

yoenurbest (¢ ucnosb3osarnem (1.21), (1.22) u (1.3)), BoinosHsIeTCS YCJIOBYE
X(z) - Xt (z) = I,

rae I, — euHrIHas MaTpuIa HOpPsIIKa, 7.
2. Marpuna X (z) umeer nysessie crpoku. Kak cienyer us (1.3), (1.21) u
(1.22), marpuna X (x) umeer Hysesbie ¢TOJAOIbI C TEMU 2KE HOMEPAMU, B CUILY

Y9€ro BbLINIOJIHAECTCA YCJIOBUE

X(x) X (x) = I,
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rie Iy, — eAMHUUHAS MATPULA LHOPSJIKA 70 ¢ HYJICBBIME JIMATOHAJIBHBIME 9J1e-
MEHTaMHU, COOTBETCTBYIOIMMHU HyJseBbiM crpokam X (z) (HyJeBbiM croJiOnam
X*(z)). Iepecranoskoit ¢ctpok B X () u Takoil »ke MepecTaHoOBKOi CTOMONOB
B X (r) yKazannble MaTpUIbLI MOXKHO MPUBECTH K OJOYHOMY BH/LY, BLIJIEJIUB
OJIOKKM HYJIEBBIX M HEHYJICBBIX CTPOK, HYJEBLIX M HEHyseBbIX cToabnos. [Tocme
3TOTrO ¢ TTOMOIILIO TEXHUKHU TIEPEMHOKEHNs OJIOUHBIX MATPUIL yOesKIaeMcs B
crpaBeyinBocTu ypasaenuii [lenpoysa. O

Tlist BBIKIAJIOK, cBsizanublil ¢ sagadamu SPH My SDWH = orpe6y-

orest mogudukanun marpur X () u X (x):

T T

X+
1 1

X

YKazaHHbIE 00BEKTHI TAK¥)Ke MOIYT ObITh «OCTPOEHbI» 10 (opmysnam (1.21) u
(1.22), HO y2Ke U3 BEKTOPOB
x H,, n x H.,
S : S
1 b 1 OF
Kak Oyjier 1nokazaHo HUXKe, HyJIEBble W HEHyJieBble CTpOKu Marpul] H,
[H —h], X(-), a Takxxe HysneBble u Henysesbie croaomnsl X T (+) 0TKasbpBAIOTCA

TECHO CBA3aHHBIMU C MHOZKECTBOM HNHJIEKCOB

L(z) = {i[(b— Az), # 0},

KOHTEKCTOM HMCIIOJIb30BaHUA KOTOPOI'O 6y,[LyT CJIYy2KMTb HECOBMECTHaAsA CUCTEMA

Ax = b, x > 0 u copmecrnble cucrembl (A+ H)x =b, (A+ H)x =b+ h.

1.4. JlocTtaTo4Hble YCJIOBUS PAa3PENIMMOCTH HECOOCTBEHHBIX 3a/1a4
JIIT 1-ro poxma mocjie MaTPUIHON KOPPEKIUNW WX JIOMYCTUMOMN

00J1aCTH C yYUeTOM CTPYKTYPHBIX OTpaHUYeHM’IA

Jlemma 1.4.1. ITycmo cywecmsyrom mampuua H u eexmop x makxue, wmo
H omseuaem cmpyxmypnvim o2parusenuam, 3adasaemvim mrodtcecmeom K,
cucmema (A+ H) x = b — coemecmna.

Tozda mampuuya H, A6AAOULGACH PEWEHUEM YRAZAHHOT CUCTIEMbL ¢ MU-

HUMANLHOT e6KAUI0BOT HOPMOTL, cyuLecmseyem, edunHcmeenna U onpedessemc
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bopmy.noii
H=H(h),
ede
h=X*%z)-(b— Ax). (1.23)
IIpu smom
Hi. #0 < i € L(x), (1.24)

1) == | S 0o A”””) (1.25)

i€L(x H

Joxazameavemeo. (A+ H)x =b< Hr=b— Az < X(v)h(H) = (b — Ax).
3aMeTuM, 9TO B CUJTY UCXOJHBIX IPE/IIONOKEHUH BCe CHCTEMbI B yKA3AHHOM 11e-
MOYKE IKBUBAJICHTHBIX CHCTEM COBMECTHbBI, OTKY/Ia, B CUJIY XOPOIIO U3BECTHDIX
CBOMCTB 11ceB1000paTHbix Marpull [31], [32], nosyuaem obocHoBanue cyiiecrso-
BAHMS U CMHCTBEHHOCTH MaTpuiipl H | BekTopa fi u cipaseymBoctn GpopMyJibl
(1.23).

st obocroBanusi popmyst (1.24)-(1.25) 3amerum, 410 CymMmUpyembie B
(1.25) BeMUMHBL ABISIOTCS KBAPATAMH €BK/IMOBBIX HOPM CTPOK Marpuihl H
(aT0 MOKHO TIOKa3aTh ¢ ucnob3oBanuem (1.3), (1.19)), (1.21) u (1.22)). Ho, B
ety comectrocTn cucreMbl (A+ H)x = b n murnmansroctn ||H||, MEOXecTBO

HOMEPOB HEHYJIEBbIX CTPOK Marpuiibl H cosnajaer ¢ muoxecrsom L(x). []

Jlemma 1.4.2. I[Tyemov cywecmeyrom mampuya [H — h| u sexmop x maxue,
wmo [H — h] omeeuwaem cmpyxmypnom oeparuuenuim, 3a0a8aemoim MHo-
ocecmeamu K, k, cuecmema (A+ H)x =b+ h — cosmecmma.

Toeda mampuya {ﬁ — ﬁ}, ABAANOULAACA PEWEHUEM YKAZAHHOT CUCTNE-
ML ¢ MUHUMAALHOT €6KAUI060T HOPMOTE, cywecmeyem, eOuHCMEERHa U onpe-

deasemca popmyrot

2de

ﬁ=X+<H> (b — Az). (1.26)
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IIpu smom
[H —i%} £0 e ic L(x), (1.27)
R . . b— Ax)?
i =1k = |3 o
i€L(x) x
V] )
ﬂomwammbcmeo.

(At Hyx=b+he [HR) — h(h)] H —b— Az &

@X([T])h([[f ) =b— Ag.

[Tocko/IbKy BCe CHCTEMBI B YKa3aHHOM IE0YKe 3KBUBAJEHTHLIX CHCTEM
COBMECTHBI, M3 XOPOIIO U3BECTHBIX CBONCTB 1ceB000paTHbix Marpurl [31], [32]
BBITEKACT CYLIECTBOBAHUE U CAMHCTBEHHOCTH Marpulpl [H  — h], Bekropa A n
cripaseinBocTh dhopmysib (1.26).

Hyst obocroBanmst popmysn (1.27)-(1.28) 3amernm, 9T0 CymMMUpyeMbie B
(1.28) BeMUMHBI SABJISAIOTCS KBaJpaTaMU €BKJIMJOBBIX HOPM CTPOK MATPHUITHI
[ﬁ —iz], aro coepyer u3 (1.3), (1.20)), (1.21) u (1.22). Ho, B cuity coBmecTHOCTH
cucremst (A4 H)z = b+ h n munnvansnocrn |[[H  — h)||, MEoKecTBO HOMEPOB
HeHYJIeBBIX CTpoK MaTpuisl [H  — h] cosnanaer ¢ muoxkecrsom L(z). O

Jlemmbr 1.4.1 u 1.4.2 nozsossitor ceectu sagadu SPT u SPH Mk sa5a-
“aM YCJIOBHOI MUHUME3AINK 110 BeKTopy x > 0 neseBbix GyHkiwii Buga (1.25)
u (1.28) coorBercrBerno. OUEBHIHO, UTO CYNECTBOBAHUE MUHUMYMa B YKA3aH-

H —h]

HBIX 3aJ[a9aX S5KBUBAJICHTHO paspernmmMocty 3a1ad SPH u SP! , UTO SABJIS-

ercst 000CHOBAHIEM I[IPUBOJMMBIX HU2KE JIEMM, JIaIOIINUX, 110 aHAJIOTUN C JIEMMa-

M 1.2.1 1 1.2.2, KoucrpyKTuBHOE onucanue pernenuit sagaq SPH u SPWH —h,

Jlemma 1.4.3. Ecau pewenue 3adavu SPY cywecmsyem, mo ono umeem 6ud
H*=H (X*(2")- (b— Az"Y)),

20e
(b — Ax)?

s (. 1)

" € Argmin
x>0

i€L(xz*)
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IIpu smom

FAERD> a (1.29)
i€L(z*) ‘S(I*uH;)HQ

Jlemma 1.4.4. Ecau pewenue 3adavu SplH —h cywecmeyem, mo oo uUMeem

6ud
[H* = h]=[H(R") —h(h)],
ede
ox (o
x* € Argrglin Z (b— Ax*)? 5 -
220 e z* T
(Einon
IIpu amom
i —wl=iwl= | Y A
i€L(z*) x T
] e o)

Teopema 1.4.5. (O docmamounvir Yeao8UAT CYU,LCMEOBAHUA PEULCHUA 3000
wu SDH)

Ecau X(A,b) = O, U(A,c) # @ (m.e. L(A,b,c) — necobemesennasn 3ada-
wa JIIT 1-20 poda), b # 0, sadawa SPH paspewiuma v mampuva H* aeasemea
ee pewenuem, mo sadava SDH maroce paspewuma v mampuya H* asasemes

€€ pewerHUEM.

Hokazamenvcmeo. 1. Tlokaxem, aro marpuna H* npunajjiesKuT Jg0myCTUMOM
obnactu samaun S D, [Ipeanonoxum mpotusnoe: myers H* ¢ FS(SDH). Tlo-
ckonbky H* € FS(SPH) & X(A+ H,b) # @, B cuny aemmbr 1.2.4 U(A +
H* c¢) = @. CiejioBaresibHo, B cuily JieMMbl 1.2.7, CyIIECTBYeT BEKTOP Z, YJI0-

BreTBoOpstomuii yeaosusam (1.10)-(1.11).
(1.10),(1.11) => H'2 = -A2 & X(2) - h(H") = —Az =

X(2)- X" (2" (b— Ax") = —Az #£0. (1.31)
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[ycrs D = (d;;) = X (2)- X1 (2%), u; = s(x*, H},), vi = s(z,H,,), Torna
B cuay (1.3), (1.21) u (1.22)

+ .
g u; v; ecam i = j
1)
0 B IpOTUBHOM CJlydae.

Taxum obpaszom,

ufv; - (b— Az*), = —(Az); Vi € L(z*),

, (1.32)
(Az); =0 Vi ¢ L(z"),

(1.31) = {

Bamerum, uto yesaosue (1.24) skpupanentno ycaosuio (b— Ax*);-u # 0,

otkya B cuiy (1.3) nmeem
u; #0 Vi e L(z"). (1.33)
Pasobbem wmHokectBo L(z*) na tpu mnopmuOokectBa: Li(z*) =

{i € L") ufvi £ 0} | Lo(a®) = {i € L(@")|ufv; = 0,v; # 0} u Ly(a*) =
{i € L") u/v; = 0,0, = 0}. B cuny (1.3), (1.32) u (1.33)
(b — Az®),[  [(Az)i]

P Jureg 70 eI, (49020 ViE LG ULs(a).
1 u; v;

3aMeruMm, 4TO BEKTOP U; HE HPEJCTaBUM B BHJE U; = AVU; JUIS BCeX
i € Li(z") , rme A — HEKOTOPOE YKCIIO, TOCKOJIBLKY B MPOTHBHOM ciydae (¢
IIOMOIIIBbIO «IIOCTPOYHOIO» BapHaHTa KCIOJb3YEMbIX B J0KA3aTeJILCTBE TEope-
Mbl 1.2.8 BBIKJIQJIOK) TosiydaeM b = 0, 9T0 TPOTHBOPEUUT YCIOBUSIM TEOPEMBI.

Takum obpaszom, B cuity jemMmbl 1.2.3,

[ vil < Jluill - [Josll - Vi € La(2"), 3i € L") |Jug vil < [lus]] - [Jui

OTKY/1a, B CBOIO odepeib, Vi € Li(z")
b— Ax™). Az); b— Ax™). Az);
6 Ar)lJ] 16 Aw)] A2

2 = ) = )
[ il - il [ | vl

HpUYeM B IIPUBEJICHHON [IEII0UYKe HEPAaBEeHCTB 00s13aTe/IbHO PUCYTCTBYIOT CTPO-
rve HepaBeHCcTBa.

CrenoBaresnbro, B cuiy (1.29),

I = >

2
i€L(z%) HUZH i€l (z*)

(b— A:C*)Z2 (b — A:(:*)Z2

2
i
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Paccmorpum
H,.=HX (2" +72) (b— Az* — vAz2)).

Ouesngno, uro H,. — jpomycrumoe pemenne sagaun SPH | nockonbky
(x* +v2) € X (A+ H. ., b). Kpome Toro, B cuity (1.3) u (1.22)
(b — Az™ —yAz)|

Hz x| — )
H( ﬁ) H HS (Sl?* + ’YZ,HZZ) H
IpuyIeM
H(sz)Z* =0 Vyupni ¢ L(z7%),
_ {‘(ﬁ”fﬁi' Vi€ L"), 0 Vi € Lo(e), 10— A0 ﬂuA'T M yi e Lg(x*)}.
Caenosarennbho, nius H = lim H,, nveem
’ y—++00
. . (Az)? (b — Az*)?
H: || = lim ||H,.|= L+ —
12 = o 14 Z;) Joil? Z() ]
Taxum obpaszom,
[H: || < 117

Ho 3710 0o3Hauaer, 4To npu J0CTATOYHO OOJIBLIIIOM, HO KOHedHOM 7y > 0
cymecrsyer marputia H, , = H(X V(2" +72) - (b— Ax* —yAz)), siBasionasics
soryerumbiv pemennem sagaun SPH u raxas, uro || H, .|| < ||H*||, aro upo-
TUBOPEUUT IIPEIIIOJIOKEHNIO 00 OINTHMAa/bHOCTH MaTpulbl H* B 3ag1aue SPT,

2. Onrumanbrocts H* B 3amaue SD mokaykeMm OT IPOTUBHOTO: TYCTh CY-
mecrsyer Marpuiia H** € FS(SDH) rakas, uro ||[H**|| < ||[H*||. B To e Bpe-
vs FS(SD) c FS(SPH), s cuny 1ero cymecrsosanue marpuinl H** nporn-

BOPEUNT IPE/IIONOKEHIIO 00 ONTUMAIbHOCTH MaTpuibl H* B 3amaue SPH. [

Teopema 1.4.6. (O docmamounvir YeAoBUAT CYULLCNEOBAHUA PEULCHUA 3000
yy SDW —hl)

Ecau X(A)b) = @, U(A,c) # @ (m.e. L(A,b,c) — necobecmsennasn 3a-
daua JIII 1-20 poda), sadaua S plH —h] (¢ napamempom b # 0) paspewuma u

H —h]

mampuya [H*  — h*| aeasnemes ee pewenuem, mo zadaya SD! makotce

paspewuma u mampuya [H — h] aessemes ee pewernuem.
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Joxasamesvemeo. 1. Tokaxem, uro marpuna [H — h] npunajiexur jio-

H —h]

nycruMoit obutactu sagadan  SD! [Ipegmonoxkum 1TPOTUBHOE: IIYCTh

[H — h] ¢ FS(SDH ~M) Tlockombky [H — h] € FS(SPY ~H) 5 cuny nem-
mbl 1.2.4 U(A+ H*, c) = @. CrefioBaresibho, B CHIy JieMMbl 1.2.7 cytecTByer

BEKTOD 2z, yJjoBserBopsiouii yeaosusim (1.10)-(1.11).

z
0

@X([é])-h([ﬂ’* ) = —Ar
@X([(J)-)ﬁ [1]>-(6A:1:*):Az#0. (1.34)
E NEE _ x* H.
-] () -] [£])

BeKTOPbI U;, v; U MHOX)ecTBa Liy(+), L3(-) u La(-) oupejesnennl Takxke, Kak B

(1.10), (L.11) = [H* — I"] [ ] = Ao

nokazaresberse Teopembl 1.4.5. B cuny (1.3), (1.21) un (1.22)

a; Vi ecim i = j
dij - ! O 7

0 B IPpOTUBHOM CJiyHae.

Taxum obpaszom,

U

(134) = af [ 0 ] - (b— Ax*), = —(Az); Vi e L(z"),

(1.35)
(Az), = 0 Vi ¢ L(a*),

Bamerum, uto yeaosue (1.27) skpupanentno ycnosuio (b— Ax*);-a # 0,

OTKYya MMEEM

a; #0 Vi € L(z*). (1.36)
B cuny (1.3), (1.35) u (1.36)

(b —Ax®), [ [(Az)i] . | , \
) = T Vi € Ll(l' ), (AZ)Z =0 Vi€ LQ(SIZ ) U Lg(l' )
] |u vl
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B cuiy siemmbr 1.2.3,
Ju vif < will - fJoill - Vi € Ly(a”),

orkyja, ¢ yaerom (1.30), Vi € Ly (z*)
(b — Az™),| S |(Az),] (b — Ax™),] S - |(Az),] S (Az),]

Nl 7 Ml ol lEl T el

)
o]
npndeM B HEPaBEHCTBaX, 3aMbIKAlOIINX TIPUBEIACHHYIO BbLINIE IIEITIOYKY HEpa-

BEHCTB, 00S13aTEJIbHO €CTh CTPOrUe, MOCKOJLKY B cuiay f) % (0 BLIIOJIHSIIOTCS

yCJIOBUS
G = |lw||/||wil| = 1 Vi € Ly(z*), FieLi(z")|¢ > 1.
CutetoBaTesibHO,
A ENEDY 0
(A2)? (b — Ax*)?
> Z 2 Z ~ 12
i€Ly (z*) H ZH i€Ly(z*)ULg(z*) ||UZH
[IycTn
[H —h].,=[H(h;) h(h. )],
rye

¥+ vz
1

oy = (

Kak HecmoXHo mokasarh,

) - (b— Ax" — vAz).

(2" +72) € X(A+ H.,,b+h.,) = [H —hl.,€FS(SPH )

Kpowme Toro, B cuity (1.3) u (1.22)

b — Ax* — yAz|,
o = -
; xt 4z H,;,
( N D
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puiem
(i = ni.,|| =0 vy mpni ¢ L),
[ o] =
Az); b— Ax*);| .
= {M Vi € Ll(x*), 0 Vi e LQ(I*), |(~—x)‘ Vi € L3(l'*)} .
vl ]
Cuoiepiosarenbio, aist [H —h|1 = lim [H — h],, umeem
’ Y—+00

|t =z = tim i - =

Y—+00

_ oy Wy (b_—’T;‘deH* —w).

2 ~
icLy (z*) vl i€Ly(a*) I
Ho nocsejnee sepaBeHCTBO O3HAYAET, UTO IPU JIOCTATOIHO OOJIBIIOM, HO

koHeunoM 7y > 0 cymecrsyer marpuna [H — hj ABJAIONIAACA JIOIYCTUMbBIM

277
pemennem 3agaqu SPH My raxas, wro ||[[H — hl < H* =R, aro
IIPOTUBOPEUUT MIPEJIIOJNOKEHIIO 00 ONTUMAJILHOCTH MaTpulibl [H*  — h*]. B 3a-
naue SPU —hl,

2. Orrrumagsuocts [H* —h*] B 3anase SDH ~" nokaxewm or nporusmoro.
JleficTBATENIbHO, IYCTh cymecTByer MaTpura [H*  — h**] € FS(SDH ~H) qa-
kas, uro ||[H* — h*]|| < ||[[H* — h*]||. Ho FS(SDW —hy c FS(SPH ),
CJIeJI0OBATEJIbHO, CYIIeCTBOBaHUE MaTPpUIlbl H ™ IpOTUBOPEUYNT 1IPEII0JI0KEHUTO

06 onTumasbHOCTH MaTpuiel [H* — h*] B zagaue SPH —hl, O

1.5. IloctanoBKa 3aJa4u CTPYKTYPHOII B3BEIIEHHOI MAaTpPUYHOMN’

KOppeKnuu

Kak MoKa3bIBalOT BBIUYMCINTEILHBIE SKCIEPUMEHTHI, JacTO B 3ajadax
SDH spH SpH —h gpH Il y 1hyrux 3agauax MATPHUIHON KOPPEKI[HH OKa-
3bIBAETCSI OLPABJIAHHBIM UCIIOJIH30BAHME B3BEIIEHHON €BKJIMI0BOI HOPMbI. DTO
CBSI3aHO C TE€M, UTO BEJMIMHA KOPPEKIMU OOJIBIMUX U MAaJbIX 10 MOJIYJIIO KO-
3 PUIMEHTOB cUcTeM OrpaHnYeHuil paBHO3HAYHA. TakuM oOpa3oM, IIpU OTHO-
CUTEJLHO HEDOJIBIION MO0 €BKJINIOBOM HOPME MaTPHUIEe KOPPEKINHA MOXKET OLIThH

noJsiyuena 3ajiada JIII coBcem «Heroxoxasi» Ha UCXOJHYIO.
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[Tycrs sagaun L(A,b,c) u L*(A,b,¢) rakosbl, uro X(A,b) = &,
U(A,c) # . C necobersennnivu 3ajadamu L(A, b, ¢) u L*(A, b, c) Gyiem cBsi-
spiBarh 3aaan SwDH, SwDW —M SwPH  SwPH —M crpykryproii B3seren-
HOU MATPUIHON KOPPEKINH, B KOTOPBIX MaTrpuiie H min pacimmpennoil MaTpu-
e [H — h| npejincano umerb CTpyKTypy HYJEBbIX U HEHYJIEBbIX 9JIEMEHTOB,
3a/1aBAEMYyI0 MHOXKECTBaMI NHJIEKCOB HYJIeBbIX demenToB K 1 K, a Takxke Beco-
Bble KO3 DUIIMEHTHI, 3aJaBaeMblie MaTpunaMu VYV u to. Bec KaxX10ro sjieMenTa
H;; n h; 3ajaerca sjemenramu VWi u tv; coorsercrseHto, rie VW — Becosas
MaTpPUIA ¢ pa3MepaMu M X N u {0 — BecoBasi MaTpHIla ¢ pasmepamu m X 1.

Kputrepuit onTuMajbHOCTH MaTPUIHON KOPPEKIUU B JAHHON (dopMe IIpu

YCJIOBUU

W:(W¢j>0\i€1,...,m, jEl,...,n) (1.37)

= (o, >0]icl,...,m) (1.38)

00J1aJlaeT 10YTH MaKCUMAJIbLHON OOILIHOCTHIO HPU UCIOJIL30BAHUU €BKJIMI0BOI
HOPMbBI ¥ SIBJISIETCST CYIIECTBEHHBIM YCJIOBUEM Psijia, TEOPETUIECKUX BBIKJIAI0K
|87]. Tak, eciiu HekoTopas HpHUKJAJHAS 3ajada MOXKET HOTPEOOBATH IIpPHMe-
HEHMsI HYJEBLIX BECOB JIJIsS OTJAEJNbHBIX djeMentos Marpun, H, [H  — hl, To
HyJsieBble KO3 duimenTsl VYV u 1o MoryT ObITh 3aMEHEHbl HEKOTOPHIMK MaJibi-
M (OTHOCHTEJIHHO JIAHHOM 3a/[aui) MOJOKHUTEJIbHBIMU YUCIAMH, YMEHbIIeHe
KOTOPBIX Oy/IeT JaBaTh NpUOIMKEHNe K PEIIeHri0 NCXOTHOM 3a,1an.

Peenusi 3aa4 B 06iem ciyudae (Ipu 11POU3BOJIbHBIX Marpuiax YW u
f0) He MOTYT ObITh 3allMCAHbl B TEPMUHAX COOCTBEHHBIX BEKTOPOB MaTPHIL, 110-
CTPOEHHBIX UCIOIL30BAHHEM MATpUIbl A U BeKTopa b, TaK Kak IpPOU3BEJICHHE
marpuil 1o Ajiamapy («o») B 00IeM cjiydae He CBOJUTCS K KJIACCHICCKOMY
MATPUIHOMY YMHOXKEHUIO.

Tycrs w(W) = Wi ... W] — BEKTOp, COCTABICHHBI 13 S1eMeH-
108 ¢tpoK Wi, w(WV w]) = [Wi wi] ... W )] — Bekrop, cocras-
JIeHHBI 13 saementoB ¢rpok Wi wy], rae w(W) € RY, w(WV w]) € RY,
N=m-n, N=m-(n+1).
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Takum obpaszom,

wi(W) ecin i = j,
QW) = (Q;(W)) = (1.39)
0 B IPOTUBHOM cJjly4ae,
wi([W w]) ecim i = 7,
AW w]) = (W wl)) = (1.40)
0 B IpOTUBHOM cJjlyyae,
rie QW) € RVN QW w]) € RV >V
ITycrs, Tax xe,
i ; ; (W), ecmu | = k,
Q= Q' Wi) = (W) = 0 l (1.41)
B IPOTUBHOM CJTy4ae,
i i ; Wi w;], ecin | =k,
Q= QWi wi]) = (Wi wi])) = 0 Z (1.42)
B ITPOTHBHOM CJIydae,

e QZ(W) c Rnxnj Qz([W m]) c R(n—i—l)x(n—i—l)-

Jlemma 1.5.1. 3adaua cmpyxmyproti 636ewWeHHOT MAMPUNHOT KOPPEKUUL

SwPH sxeusarenmmna zadaue

|1QOWV) R (H)|| — min (1.43)
(X (@)1 W) (QUW)A(H))=b— Az

Hoxazameavcmeo. Ucnonbsys (1.19), (1.21), (1.39), HecnoRHO yOenThCst, 410
71t MaTpuibl H | o quHsIomeRcs cCOOTBETCTBYIONIUM CTPYKTYPHBIM OIDAHU-
GeHUsIM M MMEIOITIeH 3a/IaHHbIe BeCOBbIE KOAhMUIMEHTDI, ClIpaBe Bl (POPMY-

(X (2) Q7' W) (QW)h(H)) = X(x) - W(H) = H - & =
= (X () ') (QOW)h(H)) =b— Az & X(A+ H,b) # @

120V) R(H)|| = [W o H .
O

Jlemma 1.5.2. 3adava cmpyxmypnoti 636euwennots mampuunot Koppexuul

SwPH —h sxeusanenmmna sadave

12(0V wl) A ([H —h])] = min

x
X(L])Ql([w m])) (AV whA((H —h]))=b—Ax

(1.44)
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Hoxazamenvcmeo. Ucnonbsys (1.20), (1.21), (1.40), HecnoRHO yOenThCst, 410
it Marpuiel [H  — h], moguauHsiomeiicss cooTBeTCTBYONMM CTPYKTYPHBIM

OrpaHUYEHUAM M MMEIONIEeil 3a/laHHble BecoBble KO MUITMEHTDI, CIIPABE/JINBLI

-
([
<

)Ql([W m])) QW w))A(H —h]))=b- Az <

x
1

)Ql([W m])) QW w))A(H —h]) =

)-h([H —h)) = [H hJ-H:

8

1

S XA+Hb+R) £2

12V w])a([H = h])|| =[PV w]o[H —hlf|.
0

1.6. JlocTtaTodHble YCJIOBUS Pa3pPENIMMOCTI HECOOCTBEHHBIX 3aa4
JIIT 1-ro poaa mocJjie B3BEIMEHHON MaTPUIHON KOPPEKIAU UX

JOIyCTUMOII 00/1aCTH C yI€TOM CTPYKTYPHBIX OTPAaHUYEHUIA

Jlemma 1.6.1. Ilycmv cywecmsyrom mampuua H u eexkmop x makue,
umo H omseevwaem cmpyxmypnolm 02panuienuim, 3a0a6aEMbM MHOANCECMEOM
K, u umeem secosvie woasppuyuernmov, 3adasaemoie mampuuetd YV, cucmema
(A+ H)xz =b - coemecmna.

Tozda mampua f[, ABAANOULAACA PEULEHUEM YKAZAHHOT CUCTNEMDL C MU-
HUMAALHOT 836eUWEHHOT €68KAUNOBOT HOPMOT, cyuecmeyem, eJuHCMBEHHA U
onpedenaemca Popmyrot

A~

H = H(h),
2de
A=t W) - (X (2) QW) " - (b — Ax). (1.45)

IIpu smom
Hi, #0 < i€ L(z), (1.46)
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(b—Az);
7 (. D) - @)

HWOFI

— HQ(W)ﬁH — (1.47)

i€L(x)

Jokazamervcmeo.
(A+H)jzr=b&s Hr=b—Ar & X(2)h(H) = (b— Az) &

S (X (2) Q') (YW)h(H)) =b— Az &
h(H) = Q' (W) - (X (2) Q7' (W) - (b— Ax).

BaMeTuM, 9TO B CUJTY UCXOJHBIX TPEJIIIONOKEHUT BCe CHCTEMbI B yKA3AHHOI 11e-
I0UKE 9KBUBAJIEHTHBIX CUCTEM COBMECTHbI, OTKY/IA, B CUJLY XOPOLIO U3BECTHbIX
cBoOiCTB 0OpaTHBIX U 1ceB000parHbix Marpuly [31], [32], nosyuaem obocHoBa-
HHAC CyMECCTBOBAHMSA U CMHCTBEHHOCTH MATpuIbl H, Bextopa fi n cipaseyin-
Boctr bopmyutsr (1.45).

Huist obocroBanust dbopmyd (1.46)-(1.47) 3amerum, 410 CyMMUPyEMbIe B
(1.47) BesMUMHBI SIBJISIOTCS KBQIPATAMU B3BEIIEHHBIX eBKJIMJIOBBIX HOPM CTPOK
marpuipl H (970 MOKHO mokasath ¢ ucroabsosannem (1.3), (1.19)), (1.21),
(1.22) u (1.41)). Ho, B custy coBMECTHOCTH CHCTEMBI (A+H)z = b u Mmunumaib-

HOCTH HW o H , iput (1.37) MHOXKECTBO HOMEPOB HEHYJIEBBIX CTPOK MAaTPHUIIbI

H cosnajiaer ¢ muoxkecrsom L(x). O

Jlemma 1.6.2. ITycmo cywecmeyrom mampuya [H — h] u sexmop x makue,
ymo [H — h] omseewaem cmpyxmyproim oepanuvenusm, 3a0a6aeMbLM MHO-
orcecmeamu K, kK u umeem secosvie xospduyuenmor, 3adasaemovie mampuuyer
(W w), cucmema (A+ H)xz =b+ h — coemecmnua.

Tozda mampuua {ﬁ — ﬁ}, ABAANOWAACA PEULEHUEM YKA3AHHOT cucme-
MbL ¢ MUHUMAALHOT 636eWenHol e6KAUI060T HOpMOT, cyuecmeyem, eouH-

cmeenna u onpedeasemcs Gopmyrot
[ﬁf - iz] - [H(ﬁ) - h(ﬁ)] ,

ede
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IIpu smom
[ﬁz — ﬁl} #0< 1€ L(x), (1.49)
IW wlol A = ]| = || (W w])f =
= Z & fo)? S (1.50)
O ]) e
ﬂ0%a3ameﬂfbcm60.

x
1

@X([T])h([]f B =b— Az &

)Ql([W m])) QW w))A(H —h]))=b- Az <

(A+H)z=b+h< [H(h) — h(h) [

udl

S h(H —h])=0" (W w])- <X<

-
] =b— Axr &

x
1

516 >Ql([w m])) (b — Ax).

[TockosibKy BCe CUCTEMbI B YKa3aHHON IEMOYKe SKBUBAJEHTHBIX CHCTEM
COBMECTHbI, U3 XOPOIIO U3BECTHBIX CBOWCTB OOPATHBIX U MCEBI00OPATHBIX MaT-
putt [31], [32] BbITekaer cyuiecTBoBaHMe M €AMHCTBEHHOCTD Matpuibl [H  — A,
BeKTOpa fi U ClpaBeynBocTh GOPMYJIbI (1.48).

Hyst obocroBanust popmys (1.49)-(1.50) 3amernm, 9T0 CymMMuUpyeMbie B
(1.50) BesUMHBI SABJISIIOTCS KBaJ[PATAMU B3BEHICHHBIX €BKJIMJIOBBIX HOPM CTPOK
varpune [H — — iz], aro caexayer w3 (1.3), (1.20)), (1.21), (1.22) u (1.42).
Ho, B cury coBmecroct cucrembl (A + H)z = b+ h 1 MUHEMAJIBLHO-
W w]o {}A[ — ]Al}
[H — h] cosnanaer ¢ muoxecrsom L(z). ]
[H —h]

CTHU

‘, MHO2KECTBO HOMEPOB HEHYJIEBBIX CTPOK MaTpPHIIbI

Jlemmbr 1.6.1 u 1.6.2 nossossiior cBectu 3ajaan SwP? u SwP K

3aJ1a9aM YCJIOBHONH MHUHUMM3AIUU 110 BeKTOPY X > 0 IesieBbIX (PYHKIMI BHjIa

(1.47) u (1.50) coorsercrBerno. OueBuiHO, Y4TO CyIECTBOBAHME MUHUMYMa B
H —h]

VKa3aHHBIX 33/auax 9KBUBAJICHTHO paspernmoctu 3a1ad SwP? u SwP! ,
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4TO ABJISIETCs OOOCHOBAHUEM IIPUBO/JMUMbIX HHU2KE JIEMM, JIalOIIKUX, 110 aHaJIOI'nX C

gemmvamu 1.2.1,1.2.2u 1.4.3, 1.4.4, KOHCTPYKTUBHOE OTTUCAHUE PEITEHUH 33,31

SwPH y SwpPH —h,

Jlemma 1.6.3. Ecau pewenue sadavwu SwPH cywecmeyem, mo ono umeem

6ud
H* = H (27 W) - (X (1) 7' ")) - (b - Ax))
20e
r* € Argmin (b - A:c)f 5 -
720 ieL(a) ‘ST($,'H;I;) : (Ql)_lu
ITpu smon
Wo H*|| = (b= Av); (1.51)

ieL(x)

s ml) @)

Jlemma 1.6.4. Ecau pewenue 3adayu SwPH 1] Cywecmeyem, mo 0OHo UMe-
em 6ud
[H* =W =[H(R") —h(h7)],
ede
+
=YW w)) - (X ( 91“" ) Q (W m])) (b= Ax),
2
x* € Argmin Z (b— Az), 5
w20 L) x| | HL 1
S ) @
1 bi

IIpu smom

I[W wloH™ = || = [|2(W wl)- /|| =

-1 Y (b~ Az); . (1.52)

IR

Teopema 1.6.5. (O docmamounviz yeao8uUAT CYwecmeosanuds peuerus 3a0a-

yu SwD)
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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
ee pewenuem, mo sadava SwD™ maxoce paspewuma v mampuya H* aens-

E€EMcsA €€ peUwweEHUEM.

oxazameavcmeo. 1. Ilokaxkem, uro marpuiia H* npuHAJJIEKNAT JOMYCTUMOM
obnactu zajgaan SwD. Ipeanonoxum nporusnoe: mycts H* ¢ FS(SwD™M).
[ockonbky H* € FS(SwP?) & X(A+H,b) # @, B cuny nemmnt 1.2.4 U(A+
H* c) = @. CuiejioBaresibHo, B cuily JieMMbl 1.2.7, CyIIECTBYyeT BEKTOP Z, YJ10-

BreTBoOpstommuii yeaosusam (1.10)-(1.11).
(1.10),(1.11) = H'2 = -A2 < X(2)-h(H") = Az &

s (X ()W) - (AWK (H7)) = —Az =
(X () Q') - (X (@) Q'OW) - (b — Az*) = —Az #£0.  (1.53)

Myern D = (dy) = (X ()27 W) - (X () 2 OW)) s = (@)

s(z*, 1), vi = (Q) " - s(z,H.,), rorna B cuy (1.3), (1.21) u (1.22)

+ .
u; v; ecam i = j
0 B IpOTUBHOM CJlyHae.

dij =

Taxum obpaszom,

ufv; - (b— Az*), = —(Az); Vi € L(z*),

| (1.54)
(A2); = 0 Vi ¢ L(z"),

(1.53) = {
Bamerum, uro yejaosue (1.46) skpusanentno yciosuio (b— Az*);-uf # 0,

orkysa B cuiy (1.3) u (1.38) umeem
u; #0 Vi e L(x"). (1.55)
Pasobrem wmHOkectBo L(z*) wna tpu mommuOokectBa: Li(z*) =

{i e L(@")|u/v; #0} , Lo(z*) = {i € L(z*)|u/v; =0,v; # 0} u Ly(z*) =
{i € L(z")|u/v; = 0,v; = 0}. B cuny (1.3), (1.54) u (1.55)
(b= Az®),|  |(Az)i]

5 = 7& 0 Vie Ll(:L‘*), (AZ)Z =0 Vi e LQ(ZU*) U L3(£IZ*)
i | |u] il
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3aMeTuM, 4TO BEKTOD U; HE IMPEJCTaBUM B BUJE U; = AU; JUIsS BCEX
i € Li(2*), rge A — HeKOTOpOE YUCII0, TIOCKOJIbKY B TPOTUBHOM CJIydae (¢ MoMo-
IIbIO «ITIOCTPOYHOIO» BapuaHTa UCIIOJIb3yEMbIX B JI0Ka3aTeJbCTBE TeopeMbl 1.2.8
BBIKJIQJIOK ) TToJydaeM b = 0, 970 TPOTUBOPEUUT YCIOBUSIM TEOPEMBI.

Takum obpaszom, B cujty jemmbl 1.2.3,
[uj vil < flull - [Joill - Vi € La(2%), 3i € L(a”) [Ju; vif < [l - [Joil]
OTKYJ1a, B CBOIO ouepe/ib, Vi € Li(z*)

(b Axm)i (A=)l (0= Aat)|  [(A2)il

2 = ) = )
i il - [|vi] [ | i

HprdeM B IIPUBEJIEHHON [IEI0YKe HePaBEeHCTB 00s13aTe/IbHO TPUCYTCTBYIOT CTPO-
rve HepaBeHCTBA.

CrenoBaresnbro, B cuiy (1.51),

IWoH | =] > >

2
i€L(z*) o icLy (a*)

(b— Ax*)? (Az)? (b— Ax*)?

R

’iELQ(SL’*)ULg(ZL’*

2
o ]

Paccmorpum
H,.=HOQOW) - (X (&5 +72) QW) " - (b— Az* —yAz2)).

Ouesngno, uro H,, — JomycTuMoe perenne 3ajadu SwP™ | nockonbky
(" +v2) € X (A+ H.,,b). Kpome Toro, B cuity (1.3) u (1.22)
(b — Az™ — 7 Az)i|

WoH,.). || = :
H( o ,’Y)z* HQ—I(W) . S (l’* —I—VZ?%;)H
npuaeMm
||(W o HM)Z*H =0 Vynopu i ¢ L(z"),
WETOO [WoH.,),| =
- {‘(AZM Vie Li(a'), 0 Vi€ Lya'), 200 i e L3<w*>} |
v ] i |
Caenosarenbno, nus H = 1_1&1 H, ., nmeem
~Y—r—400
2 _ )2
WoH: ||= lim [WoH,.|= | Y (Az)3 > (b— Az)}

2 2
e 1€l (z*) HUZH i€Lg(x*) Hqu
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Takum obpaszom,
W Iz || < Iwo 1.

Ho 3710 o3nauaer, 4To npu j0CTaTOYHO OOJILIIIOM, HO KOHedHOM 7y > ()

CylLIeCTBYET MaTpHUIa
H,.=HQ ' W) (X (@ +72) 27 (W) - (b— Az* — yA2)),

SBJIAIONIAACA  JIONYCTUMBbIM — perienuem  3ajaun SwP?  u  rakas, uro
IWo H, .|| <|WoH*||, 9ro npOTHBOpEINT MpPEIOTIOKEHNIO 00 OnTH-
MasbHocTH MaTpunsl H* B 3agadte SwP,

2. Onrumasbraocrs H* B 3agade SwDY nokaxeMm or mpoTuBHONO: MycTh
cymecrsyer marpuna H* € FS(SwD) raxas, uro |[W o H*|| < |W o H*||.
B ro xe spema FS(SwDf) c FS(SwPf), B cuny 1ero cymecrsosanue mart-
punbl H** IpoTUBOPEUUT IPEIIIOJOKEHUIO 00 ONTUMAJbHOCTH MaTpullbl H* B
sagade SwP. O]

Teopema 1.6.6. (O docmamounviz yeA08UAT CYUECMBOBAHUA PEUEHUA 3000
yu SwDH —hl)

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

H ]

mampuua [H*  — h*| aeasemes ee pewenuem, mo sadaua SwD MaKxotce

paspewuma u mampuya [H*  — h*] asasemes ee pewenuem.

Joxasamesvemeo. 1. Tokaxem, uro marpuna [H — h] npunajiexur jio-

H —h]

myctuMoit obstactu 3agadn  SwD [Ipennonoxxkum TpPOTUBHOE: MYCThH

[H —h] ¢ FS(SwD! ~M). Tlockomsky [H — h] € FS(SwP! ~H) 5 cu-
ay siemmbl 1.2.4 U(A + H*,¢) = @. CuejioBaresibHo, B cuity JiemMbl 1.2.7

CYIIIECTBYET BEKTOD Z, yjoBjerBopsitoiuii yciaosusim (1.10)-(1.11).

z
0

o X ([;D (HY — ) = Az &

>Ql([W m])) QW w)A(H" —h7) =-Az =

(1.10), (1.11) = [H* — k] [ ] = Az e

z
0

udl




)Ql([W m])) :

(b— Ax")=—-Az #0. (1.56)
QW w)) |- [ x =) QYW 1)) +

0 1 ’
x* ’H; ~ /i _1. _Z _/H;—k .

([1]’161 ),Ui—(ﬂ> S(_OI,_bi]>,BeKTopblul,

v; 1 muoxkectBa Li(+), L3(+) u Lo(+) onpejenensl Tak:Ke, KaK B JOKA3aTEIHCTBE
reopembl 1.6.5. B cuny (1.3), (1.21) u (1.22)

= ()7

v

~_|_~ . .
g u; v; ecau i = j,
1) T
0 B IPOTUBHOM CJIyUae.

Taxum obpaszom,

(1.56) = { 0 - (b= Ax”); = —(Az); Vi e L(z7),

| (1.57)
(Az); =0 Vi ¢ L(z"),

Bamerum, uro yejaosue (1.49) skpusaienrno yciosuio (b— Az*);-af # 0,

OTKY/la UMEeM

i £0 Vie L. (1.58)
B cuny (1.3), (1.57) u (1.58)

(b —Az7);|  [(Az)i| . | \ .
9 = - VlELl(QJ ), (AZ)ZZO \) ELQ(IC )UL3(SU )
2] |u vl

B cuiy siemmbr 1.2.3,
Juj o] <lwill - [lvill - Vi € La(a”),

oTKyja, ¢ yaerom (1.52), Vi € Ly (z*)
(b — Az™),| S |(Az),] (b — Ax™),] S |(Az),] S (Az),]

Nl 7 Ml ol El T el

lvill
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npui€eM B HEPaBEHCTBaAX, 3aMbIKAlOIIMWX IIPDUBEIACHHYIO BbIIIE IEIIOYKY HEpPa-

BEHCTB, 00513aTeJIbHO €CTh CTPOrue, MOCKOJBbKY B Cuay B 7% 0 BBINOJIHSIIOTCS

YCJIOBHST
= ||| /||ui|| =1 Vi € Ly(2¥), FieLy(z")|§G > 1.
CuteoBaTesibHO,
, , (b — Ax*),|”
W wjo[H — b= Y >
ieL(z*) HUZH
(A2)? ]
D o AP P 7
icLy( Yi i€Ly(z*)UL3(2*) Ui
Ilycrn
[H - h]z,v - [H(hz,v) - h(hZ,’Y)L
rie

xt 4+ vz

) QHwW m])) - (b— Az" —~vAz).

hmﬂlwvm»(x<

Kak HecmoXHo mokasarh,

(z" +72) € X(A+ H.,,b+h.,) = [H —h]., € FS(SPH ~),

Kpowme Toro, B cuiy (1.3) n (1.22)
b— Ax* — yAz|,

[(V w]o[H —h].,),

i g | T T H,, |
L]l b
npuyeM
(v m]o[ — h, H—OV’prngéL( ),
{‘(HA |)|| Vi € Li(z*), 0 Vi € Ly(z?), % ViELg(a:*)}.
Cnenosaresnsuo, i [H —hl]i = lim [H — hl,, umeem

v Y—+00

|W w]o[H —hj;

= lim H[W w]o[H — Al

Y—+00

m‘:




20

= ¥ (Az); + Yy wqy[w w]o [H* — Y|l

~ 2
i€Ly (z*) i i€Ly(z*) oAl

Ho mocneanee HepaBeHCTBO O3HA4YaeT, 9TO HPH  JOCTATOYHO OOJIb-

moM, HO Komeunom 7y > 0 cymecrsyer wmarpuna [H —h], ., a8

JILOIIAACH  JIOIYCTUMbIM — PelleHueM  3a/iavu SpH —h -y Takas, 4To

H[W wjo[H —hl, <H[W w]o [H* — h*]

, 9TO TIPOTUBOPEYUT NPE/I-

10J102KeHII0 06 onTuManbHocTH MaTpunsl [H*  — h*] B zagade SPWH —H,

2. Onrumagbuocrs  [H* — kY] B sagave SwDW 7
MOKaykeM  OT  mpoTuBHOro.  JleilcTBUTEIBHO,  MyCTh  CYIIECTBY-
er  wmarpuma  [H*™ — h* € FS(SwD ~hy  qakag,  uro

W w]o [H™ —h*]|| <||[[W w]o[H* —h*]||. Ho FS(SwDW ~h) ¢
FS(SwP[H _h]), CJIeJIOBATEIbHO, CYyIIeCTBOBaHKMe MaTpullbl H* 1nporuso-

PEUNT TPEJAONIOKEHNI0 00 onTuMaabHOCTH MaTpulbl [H*  — h*] B 3amaue
SwpPH —hl, ]



o1

I'maBa 2. IlocTrpoenne 3¢hdHeKTUBHOTO aJrOPUTMAa
pelneHnsd 3a/4a9 MaTPUYHON KOPPEeKInn HecOOCTBEHHBIX

3a7a4 JUHENHOTO IMMPOTrpaMMUPOBAaHUSA MIEPBOTO POIa

2.1. KBa3MHbBTOHOBCKUII AJTOPUTM MATPUYIHOI KOPPEKINN HEeCcOoO0-

CTBEHHBIX 3aJ1a4 JIMHEIHOTO ITPOrpaMMUPOBaHNs MTEPBOTO PoOIa

st perennst 3a/1a9 MATPUIHON KOPPEKIMKU HECOOCTBEHHBIX 3aJad JIK-
HEHOr0 MpOrpaMMHUPOBaHUA IIEPBOTO POJia CTPOUTCI KBA3UHBTOHOBCKUM aJITro-
PUTM, OCHOBaHHBII Ha Meroje Bpoiinena-Dueruepa-Tonbadapba-Illenno, Ko-
TOPBII, KaK U BCE I'PAJINEHTHBIE METO/bl, OCHOBaH Ha UTEPAIMOHHO IIPOIEe/ Iy pe,

peayim3yeMoil B cOOTBETCTBUU ¢ (DOPMYJIOit
" =2 +af s (aF),

rie ¥ — TexyIee npubIHKeHIe K PEIIeHHIO,

of — napamerp, xapakrTepusyonuil JYIMHY [IAra,
S (xk) — HallpaBJIeHKUE ITOMCKA.
[Ipuuewm,

S (a:k) = -GF". Vo (xk) ,

riae O () — nenesas dynkius,
V& (z) — rpajuent nenesoit GpyHkiuu,
G — npubmmKenne K MaTpuiie obparHoit Mmarpurie ['ecce 1eseBoit GyHKINN.
Takum 06pazoM, BLIOOP JAHHOI'O METO/A CBSI3aH ¢ TEM, 9YTO OH OTHOCUTCS
K KJIACCY KBa3MHBIOTOHOBCKUX, T.€. HE TPEOYIONINX HEITOCPEICTBEHHOTO PACIeTa
mMarpuiibl [ecce npu onpejie/leHnN HAllpaBJIeHUs OUcKa MuHEMYyMa. st pea-
JIU3AIAN TAHHOTO aJrOPUTMa AHAJUTHIECKN TIOJYIeHbI TPOM3BOIHBIE TIeJI€BO
dyHKINH.
st nepexojia ot 3aja4u ycaoBHoOi MunuMuzaiyn (x > 0) x 3aja4e 6e3-

yC.HOBHOﬁ MHUHUMHU3allUK BBOJUTCA 3aM€Ha, 3aJdalollad [IapaMETPUYICCKYIO 3a-
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BUCUMOCTDb BEKTOpPa T OT HEKOTOPOI'O BCIIOMOI'aTEJIbHOI'O BEKTOPA T

7

r=x(z)=|:| =diag(2)2.

Ly,

Ha ocnoBe paccMOTpeHHOTO BBITIIE METO 1A IOy YeH CIe YOI aJIropuTM
MATPUIHON KOppeKIuu HecoOCTBeHHBIX 3a/1a4 JIIT 1-ro pona:

ITar 1. 3agars 2°

— HaudaJibHOe HpubJimxkenue K £°; M — makcumaJibHOE
(7orycTHMOe) KOJIMYECTBO WTepalnii; €1 — mapaMerp CXOJAUMOCTH aJrOPUTMA;
€9 — NApPaMeTP CXOMMOCTH JIJIsI IOMCKa BJIOJIb IpsiMoit; @ (T) — nesieByio pyHK-
MO, ONPEJICTSIEMYIO THIIOM 3a/Ia4H.

IMTar 2. IMogoxurs k = 0, G¥ = I, rae I, — equuudHAs MATPULA
nopsijika 1.

Tar 3. BeraucanTs KOMIOHEHTHI

Vo (3) = &g—f % |

IIar 4. Ecim BeImoHSIETCS HEPABEHCTBO HVCD (5:]“) H < €1, TO nepeiTn
K mary 15, nnaue nepeiiTu K cjeJiyiomnemMy Iary.

ITar 5. Ecin Beimosinsiercst aepasenctso k > M, To nepeiitu K mary 15,
MHaYe TTepeiT K CJIeyomeMy Iary.

IITar 6. Beruucaurs s (57’“) = -GF. Vo (fk)

ITar 7. Eciiu Bbinosinsiercst nepapecrso VP (ik) -5 (ik) < 0, To ne-
peiiTu K mary 9, unaue nepeiiTu K cjiejyloiemy mary.

IITar 8. IlosoxXuTh s (5:’“) =—-Vo (i‘k), GF =1,.

ITIar 9. Haiitn o, mpu xotopom ® (i’k +aF-s (i"k)) — Min ¢ TOYHO-
CTHIO £3.

ITTar 10. Berancanrs AZF = aF - s (ik>, ghHl = gk 4 53k,

IITar 11. Ecyu BoinoJingercs HepaBeHCTBO P (:T:k“) <o (:Z’k), TO Iepeii-

TU K CJieJlyIolleMy 1iary, uHade nepeiitu k mary 195.

|azt]

IHIar 12. Eciu BbIIOJHSIETCS HEPABEHCTBO ]
x

< €1, TO TIEPEUTH K

mary 15, nnade nepeiiTu K cJjejyronemMy mary.
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MTar 13. Boruucaurs Agh = VO (2H1) — Vo (),

LA’ Agh (AT Ag
IMTar 14. ITonoxuts k = k + 1. Ilepeiitn x mary 3.

Gt (A7)
(Azk)' - Agh

GF+1 — Gk .

IMTar 15. Beraucaurs H*, h* (B cOOTBETCTBIHN € TUIIOM PeIIaeMoii 3a/1a1:
14,1.6,14.3,1.4.4,1.6.3,1.64), z*.

IITar 16. BeiBecTn pe3yabTaThl 1 OCTAHOBUTHCS.

2.2. IIpousBognble 1esieBbIX (DYHKIIMIT 3aaa91 MATPUIHOI KOpPpeK-

muu 6e3 ydera CTPYKTYPHBIX OTpaHUYEHUIA

2.2.1. IIpousBoanas 1eseBoit pyuknun 3anaau P’

Ha ocuoBanun jemmbr 1.2.1, 1eneBass pyHKIUs JaHHON 3a7a4Uid MMeeT

BUJIL;:

b— A (diag(2)z))”
|diag(#)Z(|"

™" (7) =

Y

nJjim

o (z) =B . x"",
B = (b— A(diag(2)1)),

pPH 1
| diag()||*
oo (z) op" _, ,0XH
- x4 pH—
07 oz TP o
PH
8§£ — —4diag(z) - AT - (b — A(diag(3)7)),

axt" B _4diag(§:) - diag(7)
0% |diag(&)Z||"

Y

2.2.2. IIpon3BoaHaga 1ejieBoii (pyHKINM 33029 pU —h

Ha ocnoBanun jiemmbr 1.2.2, neneBasi (DyHKIUST JaHHONW 3aa4di UMeEET

BHO]:
gy (0= 4 (diag(aé)a;))?)

|diag(Z)Z|* + 1




o4

nJjim

[H —h] , . [H —h] [H —h]
o () =B T X

BP" T = (b — A(diag(#)7))?,
plH—H 1
 |[diag(@)F]* + 1
H-h], . [H —h [H =]
opF! ](x) _ oB" ]XP[H S, gl oxr

0z 0z o’
oBr" "
—a = —4diag(z)- A" - (b— A (diag(3)7)),

oxr' , ding() - diag(#)i
o (Ildiag(@)a | + 1)
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2.3. IIpousBognble 1esieBbIX (DYHKIMIT 3aaa91 MATPUIHOI KOpPpeK-

AU C YYE€TOM CTPYKTYPHBIX OTPaHUYEHU

2.3.1. IIpousBoanas 1eJeBoit pyukuun 3agaan SPY

Ha ocuoBanun jemmbl 1.4.3, 1eneBass pyHKIUs JaHHON 3aJa4ud MMeeT

BUJL;
H bZ—Az* diag(x 2
P N R (L)
L S (diag(z)z, H,,) s(diag(z)z, H}.)
n
q)SPH Z BSPH XSPH
ieL(x)
BE" = (b — Au (diag(#)))%,
1

SPH
A s' (diag(z ):C H}.) s(diag(z)z, M)

H, . H SPH
. 8.10 ! 8@ ’
ieL(x)

oBSP" T
5 = —4bi — Aix (diag(2)7)) - (i) diag(2),
axSP" . s(diag(z) - diag(Z)z, M)

oz (s (diag(z)z, H.,) s(diag(z)z HT))



%)

2.3.2. IIpon3BoaHaga 1ejieBoii (pyHKOINM 330241 Spl =1l

Ha ocuoBanun jemmbl 1.4.4, 1neneBas yHKIUs JaHHOK 3aJa4Ud MMeeT

BUJIL;:

(b; — A (diag(2)x

PSP (7) = ,
(2) ZEL;:) o diag(%)® HZT* dlag 7 H,,
1 | b

nJjim

pSPH (7) = Z BZSP[H —h] 'XiSP[H —h]7 BZSP[H -h (bi — A (diag(i‘)i‘))Q,
1€L(x)

[~ 1
i B o7 diag(7)x H,, ) diag(7)x H,. '
1 b 1 | b

—nl, . ) [H —h]
opSP! hl(@ B Z aBSP[H ”XSPH h]+BSP[Hh](9X{9P
ox ! 0T ’

T = —4(b — Ay (diag(2)7)) - (Ai) " diag(F),

) CLan . s(diag(Z) - diag(z)z, M)

or . diag(2)Z | |H,.
1 | b

2.4. IIpousBoaHbIe IIeJeBBIX (PYHKINIA CTPYKTYPHOI B3BEIIEHHOI

1

3391 MAaTPUYIHON KOppeKuu

2.4.1. IleneBag dyHKIUS «B3BEIIeHHHOIy 3amaun SwP! u ee mpouns-

BOJHASI

Ha ocuoBanum jemmbl 1.6.3, 1esneBas pyHKIUs JaHHON 3aJa4ud MMeeT

BUJIL;

(b; — A (diag(7)7))?

(I)SwPH 7) = ’
(2) ig(:) T(diag(z)z, H}) - () 1-(Qi)_1-s(diag(5:):?:,7-[;)




o6

nJin
(I)SwPH E BSwPH XSwPH
ieL(x)

B3P = (b; — A, (diag(7)7))?,
1
sT(diag(2)2, L) - (Q) " ()" - s(diag()3, HL)

w =, w SwPH
a(I)S PH(’I.) Z (an PHXSu)PH BSwPHaX )

SwPH
Xi

oF 9z o
i€L(x)
BSU)PH
. o = 40 — Ai (diag(2)7)) - (As) " diag(),
ox; " (@) (@) s(diag(2) - diag(7)7, H])

R 2
(T () HE) (@) (@) - s(dine(2)E, 7))

H —h)

2.4.2. IlesteBast pyHKIMS «B3BEMIEHHHOMN» 3amaun Sw P! " ee Mpo-

N3BOTHASA

Ha ocuoBanuu jemmbl 1.6.4, 1eneBas (pyHKIUs JaHHON 3aja4d MMEEeT

BUT:
B Gy (bi — A (ding()7))* i}
o | gy ( diagl(m ] | [7—;]) H
nJjim
5P Mgy = N BEeP T xSl pSeP T (- A, (ding(7)7))°.
i€L(x)
SwPlH —h !

(@) S([ diagl(i’)i:] | [“ré])




o7

gBSwr "
o7 ::—4au—-AH<mag@»f»-<Amflﬁ%4f%

) G _ 4(&2”)_1 : (Q’i)_l - s(diag(z) - diag(Z
0z diag()Z ’Hj; H

(@) 1

2.5. MHcnoaw3oBanme mrpada a4 aganTaliuy aJropurMa KOoppek-
U K 3aJavaM, IIOCTAHOBKA KOTOPBIX JOMYCKaeT HaJ4due

HEKOPPEKTUPYEMBIX CTPOK MATPUIbI KO3 PUIINEHTOB

[Tpu perennu 3a/iaqu CTPYKTYPHON MATPUITHON KOPPEKITUU MOTYT UMETh-

Cs1 CTPOKU € 3allpeTOM KOPPEKIIMU, MHOXKECTBO KOTOPbIX OIpeaeadeTC s
Q(z) = {i|(b— Az); # 0, Hi =0 € R"},
W, B 3aBUCUMOCTH OT KOHTEKCTaA,
Q(z) = {i|(b— Ax);, # 0, [H;. h]=0€ R},

Takum 00pa30oM, HPKU UCIOJIb30BAHUN OIUCAHHOI'O BBIIIE aJrOPUTMa, BOZHUKA-
eT HeOOXOIMMOCTE He JIOIYCTUThH HEBSI3KU B CTPOKAX, HE TOJJIEXKAIINX KOPPEK-
muu. Torja Jijist 006001eHrs aJIrOpUTMa Ha Caydail pelieHus 3a1ad ¢ 10 100H0i
CTPYKTYPOIl pUMEHsSIeTCsI KBaJipaTudHasd mTpadHass (PyHKIHUA, KOTOpas s

Ka2K/I0OM HEKOPPEKTUPYEMOU CTPOKU MMEET BUJL:

Ri (&) = (b — Au(ding(2)))° (2.1)

rje [ — mTpadHO mapaMeTp, SIBJIAOINIMICA JOCTATOUYHO OOJBIION BeIuYn-
HOW JI/IsT KOHKpeTHO# 3ajadun. Cjiejlyer OTMETUTh, 9TO BBIOOP KBaJIPATUIHOI
mrpadHOit (PYHKINK ONPeJIeIsieTcs, TPEXK e BCero, KaHOHN4IecKoi (popmoit 3a-
MUCU KOPPEKTUPYEMOii 3aJlavuu, a TaKxKe TeM, UTO U JlaHHasd (DYHKIHS Herpe-
pbiBHa 1 juddepennupyema. Torga rpajguent (2.1) umeer Buj
OR;(T)
0x

YuaursiBas (2.1) mesessie GyHKINN 337849 CTPYKTYPHO# ¥ B3BEIIEHHONH CTPYK-

= —4u(b; — As (diag(2)7)) - (Ai*)T diag(7). (2.2)

TYPHON MaTpUYHON KOPPEKIIMU TOJILKO JIEBOW U 00enx 4dacreil CUCTeMbl OI'pa-

HUYEHUI TIPU HAJUYIUU HEKOPPEKTUPYEMbIX CTPOK MOT'YT OBbITh YBEJUYEHbI HA



o8

3HadYeHue PyHKIUN
R(E) = ) (b — Au(diag()7))?,
iZQ(x)

a I'PAJMEHThl [IEPEUNCICHHBIX BbIIIe TeseBbix (yHKIMHA Ha ocHoBannu (2.2)

MOJIy4alOT MOMPABKY

D) — z — Ay (diag(£)7)) - (Ar.) " diag(7).

i¢Q(x
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I'maBa 3. BeraucanTejabHble 3KCIIEPUMEHTbI

3.1. IlocranoBKa m perenue 3ajga4u bgdbgl

3.1.1. O6maga nocranoBKa 3amaa4uu bgdbgl

B kauecTBe npumepa paccMOTpeHa 3ajiadua cpeineit pasmepHoctu bgdbgl
U3 XpaHWJinila HecOOCTBEHHbIX 3ajlad JIMHEHHOIO lporpaMmupoBanus netlib
[182]. JleBasi wacrh janHOl 3ajauu npejcTaBisier coboil MaTpUIly pasMepoM
348 x 407, Bxovatoniyio 1485 HEHyIEBBIX 3JIEMEHTOB. TaKke B 3ajja1d€ NUMEIOT-
¢ OTIOJTHUTEIbHBIE BepXHUE orpaHnveHus Ha x. CTpyKTypa HYJEBBIX U HEHY-
JIEBBIX 9JIEMEHTOB PACIMPEHHON MaTpUIbl IIpejcTapiena Ha pucynke 3.1 (dep-
HBIMU TOYKAMU BBIJICJCHBI HEHYJICBbIE 37ieMeHThl ). [Ipu mpejcraBiennn qannoit
3aJ1a9M B KAHOHMYECKOM BHUJIE C YUIETOM JIOTIOJIHUTEIHHBIX BEPXHUX OTpAHUIE-
HUI Ha apryMeHT, 3ajlaua uMeeT pasmepHocTb 393 X 674, e 267 nepeMeHHbix

ABJIAIOTCA BCIIOMOI'aTE€JIbHBIMU U PaCCMaTPUBATHCA IIPU BBIBOAE HE 6yf[['YT

Puc. 3.1. Murocrpainus pacuimpeHHol MaTpullbl CUCTEMbI Orpanndenuit 3a1a4du bgdbgl
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3.1.2. ITocTanoBka u pemenue 3aga<au bgdbgl PY

KoppekTupoBaJiach TOJIbKO JieBasi 4aCTh CUCTEMbI OI'paHudenuii. B kade-

CTBE HaYaJILHOTO TTPUOJIMKEHWST ObLIT BhIOpaH
= (7)) |1} =4 Viel,2,...674.

MarpuuHas KOppeKIus IPOU3BOIMIACH HAa MHOXKECTBE JIEHCTBUTEIbHBIX THCEI
R. CxoauMOoCTh apryMeHTa, nejieBoit (GpyHKIIUU ¥ eBKJIUI0BOH HOPMbBI MaTpH-
I[bIl KOPPEKIMK TIpejicTaBjieHa Ha puc. 3.2 — 3.4. 3HaUeHUe apryMeHTa MOCje

MATPUYHON KOPPEKIMK IIPEJICTABICHO Ha puc. 3.5. 3HaUYEHHUs JIEMEHTOB MaT-

1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
i

Puc. 3.2. UnnrocTpariusi cx0AuMOCTH aIrOPUTMa MUHUMUBAIUU 110 APLyMEHTY I HeJaeBoil pyHK-

i P 3amaan bgdbgl

PUIbl KOPPEKITUU HAXOJISATCH B JIMANIA30HE [—O, 0063 O, 0063] Autroput™ BbI-
nostau 860 mrepanumii 3a 1741,026 c¢. 3HaueHue BeJUMUUHBI 11€JIEBOM (DYHKIUH
er" (.7,7*) = 9,025374361735607e — 004. EBkimaoBa HOpMa MATPHITHI KOPPEK-
nuu ||H|| = 0,030042260836585. Bameuanue: jiaHHbIe U MOCJEJLYIOIIUE BbIUUC-
jennst Buimosasanch B cucreme MATLAB 7.9 xoMIbioTepoM ¢ MpOoIEeccopoM

Intel Core i3 M370, TakToBoit wacroroit 2,4 I'l'l, oneparuBnoit namsaTbio 3 I'6.
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3 Il Il Il Il Il Il Il Il
0 100 200 300 400 500 600 700 800
i

Puc. 3.3. UnaocTpanust CXOAUMOCTHA AJITOPUTMa MUHUMA3AIWHA 10 IE1eBOH DyHKINN PH 3an1aun

bgdbgl

o (1220
15 [

_1.5 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
|

Puc. 3.4. NnmocTpamust CXOAMMOCTH aJATOPUTMa, MUHUMU3AIMWU 10 €BKJMIOBONH HOPME MATPHIIHI

KOPPEKITNH s ueneBoﬁ(byHKuHHAFﬁlaaﬂaqujbgdbgl

3.1.3. ITocraHoBKka n pemenne 3anaan bgdbgl P~/

KoppekTupoBaJinch 0be dacTtu cUcTeMbl orpaHudeHuii. B kadyecTBe Ha-

JaJIbHOI'O IpUOJIMKEeHUsT ObLIT BHIOpaH
= (1)) ]2} =4 Viel,2,...674.

Matrpuunasi KOppeKius IPOUM3BOJMIACH HA MHOXKECTBE JIeHCTBUTE/IbHBIX YU~

cest R. CxomumocTh aprymMenTa, 1meaeBoil (DyHKITMU ¥ €BKJIUI0BOH HOPMBI Pac-
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intervals

Puc. 3.5. lnTepBaabHbIil Psa pacipemesenns JeCITUIHBIX JTOTapUMMOB 3HAYEHNN IJIEMEHTOB ap-

ryMeHTa, TTocye Koppeknun resesoit dbyukmmn PH 3amaqn bgdbgl

IIMPEHHON MaTpHIbI KOPPEKIUHU IIpejicTaBjeHa Ha puc. 3.6 — 3.8. 3HaueHue

apryMeHTa, IOCJe MaTPUYHOW KOpPPEKIMH IIpejicTaBjieHo Ha puc. 3.9. 3Ha-

1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
i

Puc. 3.6. UttocTpariust CXOAUMOCTH aJITOPUTMa, MUHUMUBAIUT 0 aPTyMEHTY s eaeBOi dpyHK-

i P =M 390a0m bgdbgl

YeHUsI JIEMEHTOB PACHTUPEHHON MATPUIIBl KOPPEKITUN HAXOJIATCA B IMANA30He
—0,0064 0,0063|. Asnroputm Bbinosaua 863 ureparnuu 3a 1831,044 c. 3ua-
YeHUe BEJIMYMHBI 1eJIeBOil (DyHKINN P (:5*) = 9,045389476243942¢e —

004. EpkimjoBa HOpMa paciupennoii Marpunbl koppekuuu ||[[H — h]|| =
0, 030075553986989.
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3 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
i

Puc. 3.7. nntocrpaiyst ¢CXOAUMOCTH aITOPAUTMA MIHUMHUIAIUN 110 TeJIeBOi (DyHKINMN PlH —h]

qn bgdbgl

3a/1a-

\H — hl— [~ h)|
lg( TH — ] )

_1.5 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
i

Puc. 3.8. NnmocTparmnst CXOAMMOCTH aATOPUTMa, MUHWUMW3AIWA TI0 €BKJIMIOBONH HOPME MATPUIIHI

KOppeKIuu Jijisi 1eieBoit pyukiun P [H —h] zagaqun bgdbgl

3.1.4. ITocranoBka u pemenne 3anaan bgdbgl SPH

KoppekTupoBaJjach TOIbKO JeBas 9aCTh CUCTEMbI OT'paHnuvennii. B kade-

CTBE Ha4YaJIbHOT'O 1TPUOJIMKEeHMsT ObLI BhIOpaH

= () ]2} =1 Vviel,2,...674.
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200 189

150
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count

100+ 95 92

62 64

S0 40

. 16
— ] 2
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intervals

Puc. 3.9. aTepBaabHblii psia pacipemeneHns JeCITUIHBIX JTOTapUdMOB 3HAYEHNN JIEMEHTOB ap-

ryMeHTa, mocite Koppexiun nenesoit by P~ 3anaun bgdbgl

KoppekTupytorcsi HeHyJieBbie 3JIEMEHTHI JIEBOMl 4aCTh CUCTEMbI OI'PDAHUYEHMUIA,

TaKUM 00pa30M I1abJIOH, 330K TO3UINI0 KOPPEKTUPYEMBIX 3JIEMEHTOB

H;;j =1 ecnn A # 0,

H;; = 0 B uporusHOM Ciiyuae.

H=(Hij;) (3.1)

Marpuunast KOppekiiust TPpOU3BOJIMIACH HA MHOXKECTBE JIEHCTBUTEIbHBIX YUCEI
R. CxoauMOCTb aprymeHTa, IejieBoii pyHKIUU ¥ €BKJIUJI0BOI HOPMbI MaTpH-
I[bI KOPPEKINK IIpejcTaBieHa Ha puc. 3.10 — 3.12. 3nauenue aprymeHTa 1mocse
MATPUUHON KOPpPEKIUU 1pejicTaBjieHo Ha puc. 3.13. Marpuiia koppekiiuu mpe/i-
cTaBJieHa JmarpaMmoit puc. 3.14.

Anropurym Beimostama 50000 ureparuit 3a 54943,508 ¢. 3HaueHne BeJININ-
HbI 11€JIeBOM (DYHKIIUK el (a;*) = 40, 398810217995688. EBkJinjoBa HOpMa
marpuilbl Koppekiu | H || = 6,356005837792425.

3.1.5. ITocTanoBKa u perienne 3aga4u bgdbgl SPU 7

KoppekTupoBaJnch obe dacTi CHUCTeMbl orpaHuveHuii. B kauecTBe Ha-

YaJIbHOI'O 1IPUOJIMKEHUsT ObLII BHIOpaH
2= (%) |1} =1 Viel,2,...674.

KoppekTupyrorcst HeHyJIeBbIe 3JIEMEHThl CUCTEMbl OI'PDAHUYEHUil, TaKuM oOpa-

30M IH&6JIOHI)IJ 3a /a0 e ITOSUINIO KOPPEKTUPYEMbBIX 9JIEMEHTOB OIIpEACJIACTCA
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Puc. 3.10. Unnocrpanus cxoauMOCTU aJrOPUTMa MUHUMU3AMUE 110 APIYMEHTY s 1eJIeBOi PyHK-

mun SPH 3amaun bgdbgl

Puc. 3.11. aocTparust CXOAUMOCTH JITOPUTMa MUHUMHUBAIIAN 10 TeIeBoii (PyHKIIN S PH 3a0aun

bgdbgl

(3.1), a Takxe
h;, = 1 ecam b; # 0,

h; = 0 B nporuBHOM CilyUae.

b= (bh:) (3.2)

MarpuuHast KOppEKIHs TPOU3BOIMIACH HA MHOXKECTBE JIeHCTBATEILHBIX THCET
R. CxomuMoCTh apryMeHTa, IejaeBoil (DyHKIMKU U €BKJIMJIOBO HOPMbI PACILIU-
PEHHOI MaTPHUILl KOPPEKIINK IIpeicTaBIeHa Ha puc. 3.15 — 3.17. 3nauenue apry-

MEHTa, 110CJIe MaTPUIHON KOPPEKIMK IpeJicTaB/ieHo Ha puc. 3.18. Paciiupennas
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Puc. 3.12. UnnocTpanus CXOARMOCTH aJrOPATMA MUHUMHUIAIUNA 110 €BKJIUIOBOM HOPME MATPHIIBI

KOPPEKITNN [T 1e1eBOM (DYyHKIUT SPH 3anaau bgdbgl

250

*
221 [ Jig(=")
200+
150 146
€
3 118
o
100
50 50 40 46
L{L% 6 8 9
e E— —

(-8,-5](-5,-4](-4,-3] (-3,-2] (-2,-1] (-1,00 (0,1] (1,2] (2,31 (3.4] (45 (5,6]
intervals

Puc. 3.13. ntepBasibHbIil psij pacupee/ienns JeCATUIHbIX JorapuMOB 3HAUEHUN 9JIEMEHTOB ap-

ryMenTa mocse Koppekrmu resesoii dynkmmn SPH 3amaan bgdbgl

MaTpHUIla KOPPEeKINK IpeicTaBaeHa guarpaMmoit puc. 3.19.

Agropurm Beimosiansg 50000 urepanuit 3a 55034,749 ¢. Snadenne BeJin-
YUHBI 1leJIeBoil (DYHKIUN L (x~*> = 35,266089543842405. EBkimaoBa
HOpMa pacimpennoii marpunbl koppekuun ||[H — h]|| = 5, 938525872947968.
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Puc. 3.14. UnrepBanbubiil psjy pacupe/enenns: 3HAYEHUil JIEMEeHTOB PACIIMPEHHON MaTPUIbl KOP-

PeKIHH s 1eeBoil hyHKImn SPH 3anaau bgdbgl

Pwuc. 3.15. WantocTpanusa cxoOAMMOCTH aJrOPUTMa MUHUMUBAIWH 110 APTYMEHTY /s [1eJIeBOi PyHK-

S P —h 39190 bgdbgl
3.1.6. ITocranoBka u pemenue 3agaqau bgdbgl SwP?

KoppekTupoBaJjach TOIbKO JeBas 9aCTh CUCTEMbI OT'paHnuvennii. B kade-

CTBE Ha4YaJIbHOT'O 1TPUOJIMKEeHMsT ObLI BhIOpaH
= () ]2} =1 Vviel,2,...674.

KoppekTupyiorcsi HeHyJieBbie 3JIEMEHTHI JIEBOMl YaCTH CUCTEMbI OI'PDAHUYEHMIA,

TaKuUM 00pa30M IabJIOHbI, 3aJalolue MO3UIUI0 KOPPEKTUPYEMbIX 3JIEMEHTOB
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0 . .

Puc. 3.16. NnmocTpanust CXOAUMOCTHA AJTOPUTMA MUHUMHU3AIUN 110 EJEBOM (DYHKIIMA S plH —hl

zasaan bgdbgl

\H — hl— [~ h)|
lg( TH — ] )

Puc. 3.17. NnatocTpainst CXOAWMOCTH aJTOPATMa MUHUMUIAINN TT0 eBKJINIOBOW HOPME MATPUIIHI

KOppeKIuu Jijis 1esieBoit pyrkiuu SP [H —h] zajgaun bgdbgl

onpegensiores (3.1) u (3.2). BecoBbie K0ahbUIMEHTHI 91€MEHTOB 3a,1AI0TCH

1
W ;= —— ecim A;; # 0,
LAy ! (3.3)

Wi ;j = 1 B mpoTuBHOM Cilyuae.

w

I
—~
=
<,
~—

MaTpuanas KOppeKInsa IPOUu3BOINIACH Ha MHOXKECTBE AEHCTBUTEIbHBIX YHCE
R. CxoauMOCTh aprymeHra, mnejeBoit yHKIUMU ¥ €BKJIUI0BOH HOPMbI MaTpPH-

I[bI KOPPEKIMK MpeicTaBieHa Ha puc. 3.20 — 3.22. 3HaueHne aprymenTa mocjie
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Puc. 3.18. UnTepBaabHBIH DS pacpemenenns JeCATHIHBIX JOTapUMPMOB 3HAUEHNH 3JIEMEHTOB ap-

PyMeHTa, OC/Ie Koppekiun nenesoii dyuxmun SPH —h sanaun bgdbgl

1400
1216
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count
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129 2 90 6,0 5.0 1490 17 g
0,1] ,5] (5,10] (10,25] (25,50] (50,100](100, 200)
intervals (%)

Puc. 3.19. UnTepBanbHbIil pgaa pacupeeeHns 3HAUEHNN 3/IEMeHTOB PACIINPEHHON MaTPHUITBI KOp-

pekmuu s 1eaeBoit pyHKmmn S PlH —h] zajgaun bgdbgl

MATPUIHON KOPPEKIINH TPeICTaBICHO Ha puc. 3.23. Marpuiia KoppekInu mpe;/i-
cTaBJieHa JinarpaMmoit puc. 3.24.

Anropurym Boinostam 34389 ureparnuit 3a 40772,617 ¢. 3HaueHne BeJUIN-
HBI 11eJIeBOM (DYHKIINK pSwh” (xN*) = 25,071610923548086. EBkaunoBa HOpMa
Marpuibl Koppekimu ||H|| = 6,122429955006273.
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Puc. 3.20. Unnocrpanus cxoauMoCTu aJropuTMa MUHUMU3AMWH 110 APIYMEHTY s [eJIeBOi PyHK-

i SwPH 3amaan bgdbgl

_10 1 1 1 1 1 1
0 0.5 1 15 2 2.5 3

x 10

Puc. 3.21. Vunocrpaiyst CXOAMMOCTH aJropuTMa MUHUME3AuN 10 mesesoit dynkunn SwPH 3a-

nmaun bgdbgl

3.1.7. IlocranoBka u pemenne 3agaqu bgdbgl SwP! 7

KoppekTupoBaJinch 0be dacTtu cUcTeMbl orpaHudeHuii. B kadyecTBe Ha-

JaJIbHOI'O IpUOJIMKEeHUsT ObLIT BHIOpaH
= () ]2} =1 Vviel,2,...674.

KoppekTupyrorcst HeHyJIeBbIe 3JIEMEHThl CUCTEMbl OI'PDAHUYEHUil, TaKuM oOpa-

30M I1a0JIOHBI, 3aJIaI0IINe TIO3UINI0 KOPPEKTUPYEMbIX 3JIEMEHTOR OIPEIC/II0T-
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Puc. 3.22. NnnocTpanus CXOARMOCTH aJrOPATMA MUHUMHUIAIUNA 110 €BKJIUIOBOM HOPME MATPHIIBI

KOPPEKITNN /T 1e1eBOi (DyHKIIN SwPH 3anaun bgdbgl

250

[ Jlg(z¥)

214
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count

104

100} 96

15 15 14 6

I I T ——
(-8,-5](-5,-4] (-4,-3] (-3,-2] (-2,-1] (1,00 (0,1] (1,2] (2,3] (3.4] (4,51 (5.,6]
intervals

Puc. 3.23. UnrepBaabHBIH PsI pacpenenenns JeCATHIHBIX JOTapUPMOB 3HAUEHNH 3JIEMEHTOB ap-

IyMeHTa TIocye KoppeKmun mesesoit dbyukmmn SwPH zama«an bgdbgl

cst (3.1) u (3.2). Becosbie koadduipen o smemenTos 3agaorcs (3.3) u
1
; = — eciu b; # 0,
o = (1;) (bs) (3.4)

1v; = 1 B MIPOTUBHOM cCJIydae.
MaTpuanast KOppeKIns TPOU3BOINIACH Ha MHOXKECTBE AeHCTBUTENIBHBIX YHCE
R. CxomuMOCTh apryMeHTa, IejaeBoil (DyHKIMK U €BKJIMJIOBOI HOPMbI PACIIU-
PEHHOM MaTPUIbl KOPPEKIIUK [IPEJICTaBICH Ha PUC. 3.25 — 3.27. 3HaueHue apry-

MEHTa, TI0CJIe MaTPUIHON KOPPEKIMK TPeJICTaB/IeHo Ha puc. 3.28. Paciupennas
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Puc. 3.24. UnrepBanbubiil psji pacupe/enenns: 3HAaYEHUil JIEMEeHTOB PACIIUPEHHON MaTPUIbl KOP-

PeKIHH s Te1eBoil by HKImn SwPH sanaun bgdbgl

MaTpHUIla KOPPEKIUK 1TpeJicTaBjieHa JuarpaMmoit puc. 3.29.

G
=]

0 300 600 900 1200 1500 1800 2100 2400 2700 3000
i

Puc. 3.25. WitocTpaliust CXOAMMOCTH aJTOPUTMA MUHUMUBAINY TI0 apTYMEHTY JJIs [eIeBOi (pyHK-

. SwPH —h 3aaqn bgdbgl

Austropurm Boimosinm 3277 nrepanuit 3a 4005,330 ¢. 3HaueHne BEJIUINHbI
nesesoii gynkimn O5UFT T (7¥) = 20,820672695534476. Epkinioa nopma
paciupentoii marpuipl Koppeknun ||[[H — hl|| = 1,228276049854352¢ + 002.



73

_14 1 1 1 1 1 1 1 1 1 1
0 300 600 900 1200 1500 1800 2100 2400 2700 3000
i

Puc. 3.26. NnmocTpanus CXOAUMOCTH AJrOPUTMAa MUHAMUBAIAKA 110 [IeJeBOit (DyHKIMN SwPH —hl

zasaan bgdbgl

\H — hl— [~ h)|
: lg( TH — ] )
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0 300 600 900 1200 1500 1800 2100 2400 2700 3000
i

Puc. 3.27. NnnatocTparnnst CXOAWMOCTH aJrOPATMa MUHUMUIAINNA TT0 eBKJINIOBOW HOPME MATPHIIHI

[H —h]

KOppeKuu Jijisi 1esieoit pyskiun SwP zagaqun bgdbgl

3.2. IlocranoBka u perneHne 3ajga4dn mondou2

3.2.1. Obmjasg mocraHoBKa 3aja4un mondou2

Tak>ke, B KadacTBe lpuMepa, paccMoTpeHa 3ajada cpejHeil mondou?2

) J
U3 XpaHWJINIA HEeCOOCTBEHHBIX 3aJlad JIMHEWHOIro TporpaMMupoBanus netlib
[182]. JleBasi gacTh jaHHON 3aadu MpPEICTABICT COOON MATPHUIYY pasMepOM

312 x 604, Bxuouatoniyo 1623 HeHyIeBbIX 7eMeHTOB. CTPYKTypa HYJIEBBIX U
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Puc. 3.28. UaTepBagbHBIH DS pacpemenenns JeCATHIHBIX JOTapUMPMOB 3HAUEHNH 3JIEMEHTOB ap-

ryMeHTa, moc/Ie Koppekiun mnesnesoit dpyuxmun SwPH —M zanaan bgdbgl
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743 [ JH[ _1n
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intervals (%)

Puc. 3.29. UntepBanbHbIil pgaa pacupeenenns 3HAUEHNN 3JIEMEHTOB PACITUPEHHON MaTPHUITHI KOp-

PeKIuu s eeBoil hyHKITIn SwPH —h] zagaqn bgdbgl
HEHYJIEBBIX JIEMEHTOB PACITUPEHHON MaTPUILhl MTPeJicTaBIeHa Ha pucynke 3.30
(YepHBIMU TOYKAME BBIJICTCHBI HEHYJIEBBIC SJICMEHTHI).
3.2.2. ITocTtanoBKa u pemreHne 3agaau mondou2 P

KoppekTupoBaJjach TOJILKO JieBas 9aCTh CUCTEMbI OrpaHuvenuii. B kade-

CTBe HaYaJIbHOTO IIPUOJIMKEHNST ObLT BHIOpaH

i’ = (2)) |&) =100 Vi€ 1,2,...604.
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Puc. 3.30. UnntocTpanus pacimmpenHoil MATPUIIbl CUCTEMBI OrpaHnYdennit 3aa4n mondou?2

MaTpuunasi KOppPeKIns IIPOU3BOMIACH HA MHOXKECTBE JACHCTBUTEIbHBIX YHCEJ
R. CxomMOCTh apryMenTa, MejeBoil GyHKIMU U eBKJINJIOBOI HOPMbI MATPHUIIHI
KOPPEKIINH IIpeJicTaBjiena Ha puc. 3.31 — 3.33. 3HadyeHue apryMmenTa 1mocje MaT-

PUUHOW KOPPEKIMHU TIPEJICTaB/IeHO Ha puc. 3.34. 3HaveHus JIEMEHTOB MaT-

Puc. 3.31. WtrocTpalius CXOAMMOCTH aJITOPUTMA MUHUMUBAINY 110 apIyMeHTY Jjisd 1e1eBoi (PpyHK-

tun PP 33291 mondou2

PUILI KOPPEKIUNA HAXOJAATCS B JMana3one {—5,33016 —4 5,2790 — 4|. An-
ropuT™M BbInoHUI 99 mrepanuit 3a 188,352 c. 3HaueHHe BeJUUMHBI I1€JIEBOIl
dyHKIIHI or" (xN*) = 1,926896357986016e — 004. EBkinmoBa HOpMa MaTpu-
bl koppeknuu || H|| = 0,013881269243070.
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Puc. 3.32. Unmocrparust CXOAUMOCTHA aJrOPATMA MUHUMUBAIAY 10 HEeJeBOi (DyHKINN PH zaaun

mondou?2

o (1220
15 ]

-0.5r-

_1.5 1 1 1 1 1 1 1 1 1
0

Puc. 3.33. UnntocTpanud CXOAUMOCTH aJrOPATMa MUHUMHU3AIUN 110 €BKJIMIOBOM HOpME MATPHIIHI

koppextmn s teaesoit dynxmmm PH 3amaan mondou2

3.2.3. ITocranoBka u permenne 3agaan mondou2 PU

KoppekTupopaJinch obe dacTi CHUCTeMbl orpaHuveHuii. B kauecTe Ha-

4aJIbHOI'O 1IPUOJIMKEHUsT ObLII BHIOpaH
i’ = (%)) |#) =100 Vi€ 1,2,...604.

MaTpuunasi KOppekIiins MPOU3BOAMIACH HA, MHOXKECTBE JIeHCTBUTE/ILHBIX YH-

cen R. CxomumocTh aprymeHnTa, 1ejeBoil (pyHKIUKM ¥ €BKJIMJI0BOI HOPMBbI Pac-
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Puc. 3.34. UnrepBaabHBIH PSI pactpemeaennst JeCATHIHBIX JOTapudPMOB 3HAUEHWH 3JIeMEHTOR ap-

ryMenTa ocie Koppekiun nesesoii dbyukimn PP 3anaqn mondou?

IIUPEHHON MaTpUIlLl KOPPEKIINK IpejcTaBaeHa Ha puc. 3.35 — 3.37. 3HaueHue

aApryMeHTa MO0C/e MAaTPUIHOW KOPPEKIMHU TpejicTaBjieHo Ha puc. 3.38.  3Ha-

Puc. 3.35. WuttocTpaltivst CXOAMMOCTH aJITOPUTMA MUHUMUBAINY 110 apIyMeHTY JJis 1eIeBoi (pyHK-

JR8%0%1 plH —h] 3a,1a9r mondou?2

YEHUsT JIEMEHTOB PACITUPEHHON MaTPUILhI KOPPEKIIMN HAXOJSITCSA B JUAIa30He
—5,4967¢ — 4 5,3094e — 4|. Anroputwm Bbinosinus 98 ureparuii 3a 172,147 c.
SHaYeHne BEJIMIUHBI 11€JI€BOH (DYHKIINN P (:5*) = 1,948979631325387¢ —

004. EpkJmjioBa HOpMa pacliupeHHoil Marpunbl Koppekuuu ||[[H — h]|| =
0, 013960586059780.
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Puc. 3.36. Unntocrpaiinst CXOAMMOCTH AJTOPUTMA MAHUMHUIAIUN 10 [IeJeBOH (DYHKINN PH =h] 5y

maan mondou?2
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Puc. 3.37. UnnocTpanusa CXOAUMOCTH aJTOPUTMa MUHUMHU3AINNA TI0 eBKJINIOBOM HOPME MATPHIIBI

H —h]

KOPPEKITNN /T 1e/1eBoi DyHKITNN Pl 3a1a4un mondou?2

3.2.4. IToctaHoBKa u pemnrenne 3amadu mondou2 SPY

KoppekTupoBaJiach TOJIbKO JieBasi 9aCTh CUCTEMbI OrpaHuvennii. B kade-

CTBE HaYaJIbHOTO IIPUOJIMXKEHNS ObLT BHIOpaH
i’ = (%)) |#) =100 Vi€ 1,2,...604.

KoppekTupyrorcss HeHyIeBbIe 3JIEMEHTHI JICBOM YaCTH CUCTEMbI OI'PDAHUYCHMIA,

TaKuM 00pa30oM 11abJIOH, 3aJIA0IUil TO3UIMI0 KOPPEKTUDPYEMbBIX 3JIEMEHTOB
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Puc. 3.38. UnTepBannbHBIH DS pactpenenennst JeCATHIHBIX JOTapudPMOB 3HAUEHWH 3JIeMEHTOR ap-

TYMEHTA ITOC/I€ KOPPEKIINU 11eJIeBOit (DyHKIUM PWH =1 3451901 mondou?2

ompejiesisieTcst aHaJgorudHo 3asade bgdbgl (3.1). Marpuunast Koppekiust mpo-
M3BOMJIACH HA MHOXKECTBE JieiicTBuTebHbIX unces R. CxoguMocTh apryMenTa,
11eJ1eBOM (DYHKIIMU ¥ €BKJIMJIOBOI HOPMBI MaTPHI[bl KOPPEKIMN PEICTABJICHA,
Ha puc. 3.39 — 3.41. 3HadyeHue apryMeHTa I0cJje MaTpPUIHON KOPPEKIUN IIPe/I-

cTaBJIeHO Ha puc. 3.42. MaTpuia KOppeKIun IpeicTaBIeHa JuarpaMMoil puc.
3.43.

_6 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220
|

Puc. 3.39. Wnntocrpanus cXOAMMOCTH aJArOPUTMA MUHUMUBAIWH 110 APTYMEHTY /s [1eJIeBOM PyHK-

mun SPH 3a71a9u mondou?

Anropurm Bouimosinna 240 urepanuit 3a 238,166 ¢. 3Havenne BeIUUNHDI
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Puc. 3.40. Umocrpanusa ¢XoauMOCTH aJIrOPAUTMa MUHUMUBALAN 10 TeIeBol PyHKnma S PH 3aau0m

mondou?2

o (1220
]

_3.5 1 1 1 1
0

1 1 1 1 1 1 1
20 40 60 80 100 120 140 160 180 200 220
|

Puc. 3.41. UnntocTparnst CXOANMOCTH aJrOPATMa MUHUMU3AINNA 110 eBKJINI0BOW HOPME MATPHIIHI

KOPPEKITNN /TS TeIeBON DYyHKIIN SPH 3anaaun mondou?2

1eJ1eBOil (PYyHKITNH P (35*) = 2,000065097597554. EBkimaoBa HOpMa MaT-
punbl Koppeknuu ||H|| = 1,414236577662149.

3.2.5. ITocranoBka u pemenne 3aga4un mondou2 SPUH

KoppekTupoBaJinch 0be dacTtu CUCTEMbl orpaHuveHuii. B kavyecTBe Ha-

JaJIbHOI'O IPUOJIUKEHUsI ObLT BHIOpaH

i’ = (2)) |&) =100 Vi€ 1,2,...604.
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Puc. 3.42. NnrepBaabHBIA PSI pacTpemeennst JeCATHIHBIX JOTapudPMOB 3HATEHWH 3JIeMEHTOR ap-

ryMenTa ocyie Koppekiun nesesoii dbyukimn SPH 3asaun mondou?
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Puc. 3.43. nTepBanbHbIil pgaa pacupeeneHns 3HaAUeHN 3JIEMeHTOB PACITUPEHHON MaTPHUITHI KOP-

PeKIun /s TeeBoil (pyHKImn SPH 3anaaun mondou?2

KoppekTupyrorcs HeHYJIEBbIe 3JIEMEHThI CUCTEMbl OI'PAHUYCHUI, TaKUM oOpa-
30M TIaOJIOHBI, 33/IaI0TIHe TTO3UITUIO KOPPEKTUPYEMBIX 3JIEMEHTOB OIIPEJIE/ISII0T-
cst anagormdaHo 3amade bgdbgl (3.1) u (3.2). Marpuunas KOppeknus mpons-
BOJIMJIACH HA MHOXKeCTBe jeficrBuresibHbix dnces R. CxopumocTh aprymenTa,
11eJIeBOM (DYHKIIMKM M €BKJIMJOBOW HOPMbI PACHIMPEHHON MATPHUIlbl KOPPEKIIUU
npeJicTaBjieHa Ha puc. 3.44 — 3.46. 3nauenne apryMeHTa mocjie MaTpuIHOil Kop-

PEKINH TpeJicTaBIeHo Ha puc. 3.47. Pacmupennas MaTpuiia KOPPEKIUH Tpe/I-
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crapJjieHa Jiarpammoit puc. 3.48.

1 1 1 1 1 J
0 200 40 60 80 100 120 140 160 180 200 220 240
!

-6 I I I I

Puc. 3.44. WrocTpalius CXOAMMOCTH aJITOPUTMA MUHUMUBAINY 110 aPIyMEHTY Jjisd 1e1eBoi PpyHK-

i SPH —h 531301 mondou?

m(@@ﬁ—@@ﬂ)
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Puc. 3.45. WmrocTpalius CXOAUMOCTH aJrOPUTMa MUHHMH3AIAN II0 I1e/IeBOil (pyHKITHN S plH —hl

3a,1a9u mondou?2

Asropurm BeImostHW 242 urepanmn 3a 235,778 ¢. 3Havyenne BeJIUUNHBI
1eJIeBoil (pyHKIUN PSP (95*) = 2,000065110932379. EBkmmmoBa HOpMma
paciupenHoii Marputsl Koppekiwn ||[[H — hl|| = 1,414236582376648.
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Puc. 3.46. nnocTpanust CXOAMMOCTH aJrOPATMA MUHUMHUIAIUNA 110 €BKJIUIOBOM HOPME MATPHIIBI

KOPPEKIINN I T1e/1eBoi (DYHKIINN SpH —hl 3a1aun mondou?2
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Puc. 3.47. aTepBa/bHbIi psi pacupee/ienns JeCATUIHBIX JorapuMOB 3HAUEHUN 9JIeMEHTOB ap-

ryMenTa mocje koppexiun nenesoii gy SPH ~h 3anaun mondou?
3.2.6. ITocranoBka n pemenne 3amadn mondou2 SwPH?

KoppekTupoBaJiach TOJIbKO JieBasi 9aCTh CUCTEMbI OI'paHuvennii. B kade-

CTBE Ha4aJIbHOT'O IIPUOJIMXKEeHNS ObLT BHIOpaH
i’ = (&) |&) =100 Vi€ 1,2,...604.

KoppekTupyrorcs HeHyaeBble 3JIEMEHTHI JIEBOM YacTH CHCTEMbI OI'PDAHUYIEHMHIT,
TaKuM 00pa30M 111abJIOHbI, 3a/1al0lKue [O3UIUI0 KOPPEKTUPYEMbIX JIEMEHTOR

onpegensitorest (3.1) u (3.2). Becobie K03 bUIMEHTHI 37IEMEHTOB 3aJIAI0TCsI
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Puc. 3.48. UnrepBanbubiil psji pacupe/enenns: 3HAYEHUl JIEMEHTOB PACIIMPEHHON MaTPUIbl KOP-

PEKIIH s TeeBOil hyHKITIN SpH —hl 3a 14 mondou?2

(3.3). Marpuinast KOppeKIus MPOM3BOJINIACH HA MHOXKECTBE JeHCTBUTETIBHBIX
qnces R. CXoAuMOCTh apryMeHTa, IejaeBoil (PYHKIUKU ¥ eBKJIUIOBOI HOPMBI
MaTPUILI KOPPEKIMK MpejcTaBieHa Ha puc. 3.49 — 3.51. 3nadenne apryMmenTta
ocjie MaTPUIHON KOPPEKIUH IIpeJIcTaBIeHo Ha puc. 3.02. MaTpuiia KoppeKiun

npejcTaBjena JuarpaMMoi puc. 3.53.

_6 1 1 1 1 1 1 1 1 1 1 1
0 200 40 60 80 100 120 140 160 180 200 220

Puc. 3.49. WtrocTpalinst CXOAMMOCTH aJITOPUTMA MUHUMUBAIUY 110 aPIyMEHTY JJis 1eeBoi pyHK-

. SwPH 3amaan mondou2

Anropurm Beimosnna 240 urepanuit 3a 313,639 ¢. Snadenne BeJUUNHDI
IKMwBOﬁ(byHKuHMWbSWPH(i3):: 2,000065097539562. EBkiinjioBa HOpMa MaT-
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Puc. 3.50. NnmocTpamust CXOAUMOCTH AJTOPUTMA MUHUMASAIAHA 110 [EJeBOH (DYHKIIMI SwPH 3a-

maan mondou?2

o (1200
[
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Puc. 3.51. UnntocTpanus CXOAUMOCTH aJTOPUTMa MUHUMHU3AINNA TI0 eBKJINIOBOM HOPME MATPHIIBI

KOPPEKITNN A 11e/1eBoi DYHKIUN SwPH s3anaun mondou2

putbl Koppekuuu || H|| = 1,414236577641648.

3.2.7. ITocranoBka u pemenue 3agaun mondou2 SwPH —7]

KoppekTupoBaJinch 0be dactu cUCTeMbl orpaHudeHuii. B kauyecTBe Ha-

YaJIbHOT'O TIPUOJIYKEHUsT ObLIT BHIOpaH

i’ = (%)) |z =100 Vi€ 1,2,...604.
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Puc. 3.52. MnrepBanbHBIH PSII pactpemenennst JeCATHIHBIX JOTapudMOB 3HAUEHNH 3JIeMEHTOR ap-

ryMenTa nocie Koppekiun nesesoit dbyukimn SwPH zajaun mondou?
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Pwuc. 3.53. nTepBanbHbIil pgaa pacupeenenns 3HaAUEHN 3JIEMeHTOB PACITUPEHHON MaTPHUITHI KOP-

PeKIun /s TeeBoil (pyHKIImn SwPH 3anaun mondou2

KoppekTupyrorcs HeHYJIEBbIe 3JIEMEHThI CUCTEMbl OI'PAHUYCHUI, TaKUM oOpa-
30M I1a0JIOHBI, 3aJIa0IIKe TO3UIINI0 KOPPEKTUPYEMBbIX 3JIEMEHTOB OIIPEeIsIOT-
cst (3.1) m (3.2). Becosbie xkoaddurmentsr ssementon 3amaorcsa (3.3) u (3.4).
Marpuunast KOppekiiust IPOU3BO/IMIACH HA MHOXKECTBE JIEHCTBUTEIbHBIX YUCEI
R. CxognmocTh aprymenTa, IeeBoi (DYHKIMU W eBKJIUIOBONH HOPMBI PaCITI-
PEHHO MaTPUIbl KOPPEKIINK IIpejicTaB/ieHa Ha puc. 3.54 — 3.56. 3HaueHnue apry-

MEHTa, [TOCJIe MATPUIHON KOPPEKIINK IpeICTaBIeHO Ha puc. 3.57. Pacmmpennas
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MaTpulla KOPPEKIMU MIpejicTaBieHa juarpaMmmoit puc. 3.58.

1
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Puc. 3.54. WtrocTpalius CXOAMMOCTH aJITOPUTMA MUHUMUBAINY 110 aPIyMeHTY JJisd 1e1eBoi (PpyHK-

i SwPH —" 53 1a9u mondou?
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Puc. 3.55. WinfocTpariusa CXOAUMOCTH aJITOPATMA MUHUMU3AIUA 110 I€1€BON (DYHKITAN SwPH —hl

3a,1a9u mondou?2

Asropurm BoeImostHWI 245 ureparmii 3a 245,485 ¢. 3Hauenue BeJIUUNHDBI

1eJeBoit (pyHKINK PSwptt (a;*) = 2,000029805006946. EBkaumoa HOpMAa
paciupenHoi Mmarpuiisl Koppeknuu ||[[H — hl|| = 1,147791392970291e + 003.
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Puc. 3.56. UnnocTpanust CXOARMOCTH aJrOPATMA MUHUMHUIAIUNA 110 €BKJIUIOBOM HOPME MATPHIIBI

KOPPEKINN /I 1e/1eBoi DyHKITNN SwPH —hl 3a1aun mondou?2
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Puc. 3.57. laTepBa/ibHbIi psi pacupee/ieHns JeCATUIHBIX JorapuMOB 3HAUYEHUN 9JIEMEHTOB ap-

rymenTa mocjie koppexiuu nenesoit dpyuximun Sw P~ zanaan mondou2

3.3. AmnHaau3 pe3yJIbTaTOB BbIYNCJIUTEJIbHBIX 3KCIIEPUMEHTOB

[Tpn mMaTpuvHOll KOppEKIUu obenx 3ajiad cpejieHell pa3sMepHOCTH B TIO-
cranoskax bgdbgl P, bgdbgl PH ~" mondou2 P, mondou2 P~ Gp-
JIa TPOJIEMOHCTPUPOBaHa, PabOTOCTIOCOOHOCTD MPEJIJIOKEHHOTO aJaropuTma. Tak,

ecsirr Juist 3a1a4 B nocranoskax mondou2 PY . mondou2l plH =1l

Ha0JII0/1aeTCs
o0Im1ast TEeHEeHINSI K KBaJPATHIHON CKOPOCTH CXOMUMOCTH HPH TPUOJIMKEHUN

K Touke pemienus (puc. 3.32), To jis sajgad B nocranoskax: mondou2 PH
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Puc. 3.58. UnrepBanbubiil psji pacupe/enenns: 3HaY€HUil JIEMEeHTOB PACIIMPEHHON MaTPUIbl KOP-

PEKIuHu s TeIeBOil dhyHKITIN SwPH —hl 3a 14 mondou?2

mondou2 P~ — kpajparndnast cKOpoeTb CXOANMOCTH BOIM3H TOUKU Delie-
Hust odesuyna (puc. 3.3). Cieayer OTMETHTH, UTO JIJI BCEX 3aJ[a9 B MEPEIUC-
JIEHHBIX BBIIIE MOCTAHOBKAX PENICHUE HAXOJNUTCS 3a COTIOCTABUMOE C Pa3MepOM
aApryMeHTa IMCJIO TTAroB.

Pemenne 3ajad CcTpyKTypHOI MaTpUYHON KOPPEKIWW B TMOCTAHOBKAX
bgdbgl SPH, bgdbgl SP¥ ~" mondou2 SPH, mondou2 SPY " gpngercs
bosiee Tpypoemkum (puc. 3.11, 3.16, 3.40, 3.45), yem st 3aj1a1 GecCcrpyKTyp-
HOIl MaTPUYHON KOPPEKIMU, 3a CUET OrPAHUYCHUIN Ha MO3UIUU KOPPEKTUPYe-
MBIX 9JIEMEHTOB. Y Ka3aHHbIe OI'PAHUUEHUs PE3KO COKPAIAIOT KOJUIECTBO KO-
PEKTHPYEMBIX 3JIEMEHTOB, a 9TO, B CBOIO OUepe/ib, MPUBOJUT K 3HAUUTETHHOMY
POCTY BEJMYMH JEMEHTOB MaTpuiibl Koppekuuu (puc. 3.14, 3.19, 3.43, 3.48).
B pesysibTare CKOppeKTHPOBaHHAS 3a/1a9a MOXKET 3HAUUTETHHO OTJIUIATHCS OT
UCXOJTHOM: HEKOTOPbIE 3JIEMEHTHI MATPHUIILI CUCTEMbI OTPDAHUIEHUH MOTYT M3Me-
HUTH 3HAK, U3MEHUTHCS 110 BEJIMYMHE HA HECKOJILKO 1opsijikoB. Hecmorpst Ha
o, npumepst mondou2 SP u mondou2 SPY ~* u ocobenno bgdbgl SPH
u bgdbgl SPY " nemoncrpupyior sdbdeKTHBHOCTD HPEICTABICHHOTO AJIro-
pUTMa MPU BBITOJTHEHUH OOJIBINOrO Yncya urepanuii. Tak Kak B paMKax OJIHOI
UTEPAIMH BBITOJHSIETCS] BEITUCICHUE TPAIMEHTa, HAX0XK ICHNE TTPUOJINKEHUST K
nceB000paTHO Marpuie lecceana, TOWCK BIOJIb TMPSIMOi, TO BaXKHBIM CTa-

HOBUTCsI TpeOOBaHUEe BLICOKOH 3 ()EKTUBHOCTH AJIOPUTMA B YACTU COKpAIIle-
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HUsI 3aTPaT MAIIMHHOTO BPEMEHM Ha OCyIIeCTBJIeHUE OJjiHO# urepanuu. Orcio-
Jla cjejyer HeoOXOJIMMOCTh MCIOJIb30BaHus pe3yJibraroB Teopem 1.2.8) 1.2.9,
1.4.5, 1.4.6, 1.6.5 1.6.6, a TakxKe mpuMmenenme MeToja bpoiinena-Perdepa-
Tosbadapba-Ilenno.

Perienue 3ajia4 CTpyKTYpHON B3BEHIEHHON MaTPpUYHOW KOPPEKIUU B 110-
cranoskax bgdbgl SwPf | bgdbgl SwPMY ~". mondou2 SwP?, mondou2
SwPH ~h  pecmorpst ma masnbheiimee YCJIOKHEHNEe BUJIa TeJIeBOil (DyHKITUH
U ee ILPOU3BOJHOMN, JeMOHCTpUpyer 3P@PEeKTUBHOCTL aJropuTMa DBpoiijieHa-
Daeruepa-lLonbiadapbda-Illenno npu jloctaTrouHO OOJIBIIIOM KOJUYECTBE UTEPa-
11ii, a Tak»Ke OOJIBIIONM MOTEeHIUA /I BO3MOXKHBIX MojepHu3anuii. Ilpudem,
MOJTyYeHHbIEe MATPUII KOPPEKIIUU COCTOAT U3 3JEMEHTOB ¢ MEHBIIIUM OTHOCHU-
TE€JIbHbIM OTKJIOHEHUEM OT 3JIEMEHTOB MCXOJIHbIX MATPUIL CUCTEM OI'DAHUYEHU
(puc. 3.24, 3.29, 3.53, 3.58), wem marpunn Koppekmun sajgad bgdbgl SPH,
bgdbgl SPH ~ mondou2 SPH, mondou2 SPY ~h. Takum o6pasowm, ykasan-
HBII 110/1X0/1 1I03BOJIsIeT PELIUThb 1PODJIeMY BO3HUKHOBEHUSI CKOPPEKTUPOBAHHOT
3a/a4ur, HPUHIUITKNAJIHLHO OTJUIHON OT MCXOJHOM, 33 CUeT MaJIoi 110 abCOJIIOT-
HON (HO 3HAYUTESHHON 10 OTHOCUTEIBHO) BEJINUNHE KOPPEKIUH HEOOJIBITIX

10 MOAYJIIO 3JIEMEHTOB.
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SaKJII0UYeHne

B pabote paccMoTpeHbl 3aa4U1 ONTUMAJIBLHON 110 MUHUMYMY €BKJIAI0BOM
1 B3BEIIEHHON €BKJIMJIOBOI MaTPUYHBIX HOPM KOPPEKIMHU JAHHBIX HECOOCTBEH-
noit 3asaum JIII mepBoro poja, Koropasi, MOMHUMO HECOOCTBEHHOCTH, MOYKET
00J1a/1aTh JIOIOJHATEIbHBIM CBOMCTBOM, & UMEHHO OIIPEJeJeHHO! CTPYKTYPOIi,
CBA3AHHOW C 3allpeTOM U3MEHEHUs [IPOU3BOJIbHBIX JIEMEHTOB.

Bce kijiacenl 3ajiad paccMaTPUBaJINCh B JIBYX [MOCTAHOBKaX: KOPPEKIMU
IOJIBEPTaeTCsl MaTpuia KodhMUIUEHTOB CHCTeMbl OrpanndeHnil (Mmarpura A),
Wi pacimpentas Marpuna ([A b]).

OcHOBHBIE BBIBOJIbI:

1. Teoperndecku 0OOCHOBAHO JIOCTATOYHOE YCJIOBUE CYIIECTBOBAHUS Pe-
IIeHUs 3a/1a91 MaTPUIHON KOPPEKIUU HeCOOCTBEHHO! 3a/1a4ui JTUHEHHOTO IPO-
rpaMMupoBanus 1-10 pojia, BbIparkalomieecs B CyIeCTBOBAHUN PEIIEHNs 3a/1a91
MaTPUUIHON KOPPEKIMN JIOIMYCTUMON 0bJIacTH yKa3aHHON 3aja4un. Paccmarpu-
BAIOTCA CJIeYIONe pa3HOBUIHOCTH MaTPUIHON Koppekmuu 3aaad JII1:

— 0e3 CTPYKTYPHBIX OFPpAHUYUEHUN 110 MUHUMYMY €BKJIUJ0BOI HOPMBI;

— CO CTPYKTYPHBIMU OI'PAHUYCHUAMU 110 MUHUMYMY €BKJIMJOBO HOPMBbI;

— CO CTPYKTYPHBIMU OI'PAHUYCHUAMU 110 MUHUMYMY B3BEIICHHOW eBKJIU-
JIOBOIl HOPMDI.

2. Paszpaboran ajiropurm ONTHMAJILHOR MaTPUIHON KOPPEKIMU JIaHHbIX
HecoOcTBenHoit 3aj1a4m JIIT nepBoro pojia, BKJo4Yatonmii B cebsi

— UCIOJIb30BaHNe MUHUMAJILHOI'O 10 €BKJINIOBOM UJIN B3BEIIEHHON eBKJIN-
JIOBOII HOpMe MATPUUIHOIO peIleHusi 0OpaTHO! 3aau1 JIMHEHHOrO IPOrpaMMU-
poBaHusd;

— aJITOPUTMUYECCKUI ydeT HeOTPUIATEeJIbHOCTU YaCTU TIePEMEHHbIX;

— KcnoJb30BaHue MTpadHbIX PYHKIUN B CIydae 3alpera KOPPEKITUU OT-
JIeJIbHBIX CTPOK KOPPEKTUPYEMOW 3a/1a4u;

— PEAYKIMIO 3aJla9i MaTPUIHON KOPPEKINU JIaHHBIX JBOWCTBEHHON Ia-
Pbl HECOOCTBEHHBIX 3a/1a4 JIMHEHHOIO IIPOrpaMMUPOBAHUs K BCIOMOIaTebHOI

3aj1aue 0e3yCJIOBHON MUHUMU3AIINAMN;
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— LpUMeHeHHe pacderHoil cxembl bpoitjena-Pierdepa-Tosibidapba-
[[lenno ¢ MCIOJB30BAHUEM AHAJUTUIECKOTO MPEJICTABICHUS TPOU3BOIHON I1e-
JieBoil (DYHKIIUK 3aJ1aUi ONTHUMAJILHON MaTpUUIHON KOPPEKIHUK JAaHHBIX HECOob-
creernoit 3ajaun JIII mepBoro poja ¢ BO3MOXKHBIMU OTPAHUYCHUSIMHU B BHU/IE
HEKOTOPOI COBOKYITHOCTH (PUKCUPOBAHHBIX 3JIEMEHTOB.

3. B pesymnbprare TecrupoBanusi Ha HECOOCTBEHHBIX 3ajiavax JIMHEHAHOTO
IPOrpaMMUPOBAHUS CpeJTHEl pazMepHocTy u3 pernosutopus netlib/lp /infeas mo-

Ka3aHa PabOTOCIIOCOOHOCTD 110J1YYEHHOI'O aJII'OPUTMA.
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