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OIITUMAJIBHA A MATPTYHA A KOPPEKIINA
HECOBMECTHBIX CUCTEM JIMHENHBIX
AJITEBPANYECKUX YPABHEHUI C BJIOYHBIMU
MATPUIIAMUA KOROOUIIMEHTOB*)

B. A. I'opennk, B. U. Epoxun, P.B. [leuenkun

PaccMaTpuBaoTest 3a/1aun MATPUIHON KOPPEKIMH MaTpuIll (paciim-
DPEHHBIX MATPHI]) HECOBMECTHBIX CHCTEM JIMHEHHDBIX asrebpanmdecKux
ypaBHEHUiI ¢ OJI0YHON CTPYKTYPOIl ¢ KPUTEPUAMEI KA9eCTBA KOPPEKIIUU
JBYX TUIOB: 10 MUHUMYMY CyMMBbI KBaJIPATOB B3BEIIICHHBIX €BKJINIOBBIX
HOPM OJIOKOB MaTPHUIIBI KOPPEKIIMU U 110 MUHUMYMY KBaJpaTa MaKCH-
MaJILHOM B3BEIIEHHOW €BKJINJIOBOW HOPMBI OJIOKA MATPUIILI KOPPEKITAH.
Sasaqn 060UX THUIIOB UCCJIEIYIOTCS KAaK C YCJIOBUEM HEOTPUIATETbHOCTH
peIleHns CKOPPEKTUPOBAHHON CHCTEMBI, Tak U 0e3 Hero. 3ajadu mep-
BOI'O THUIIA CBEJEHBI K BCIIOMOTATETbHBIM 3aa9aM MUHUMUABAIMI CyMM
JPOOHO-KBAIPATHIHBIX (DYHKIHI B 3aBUCUMOCTA OT BUJA UCXO/HOMN 3a-
JIa9H, cosieprKalleil OrpaHuYeHNs B BUJIE CUCTEMbI JINHEHHBIX HEPABEHCTB
win HeT. g 1esieBbIX pyHKIMIT BCIOMOraTe bHBIX 33/ aHAJIUTUYEC-
KU MOJIy9eHbl YaCTHBIE ITPOU3BOHBIE IIEPBOTO M BTOPOTO MOPSIIKA, 9TO
[TO3BOJISET MMPOBOJUTH OE3yCJIOBHYI0 MUHUMMU3AIMIO MeTOA0M HbioTOHA,
a YCJIOBHYIO — I'DQ/INEHTHBIMHA METOAMU.

3ajiavuu BTOPOrO THUIIA CBEJECHBI K BCIIOMOTATEHHBIM 3a/adaM [TOWC-
Ka MUHUMaKCa Ha HEKOTOPOM HabOpe JIpOOHO-KBAIPATUIHBIX (DYHKITHIH.
Onn Takzke OO COMEPXKAT OMPAHUYEHUsI B BUJE CUCTEMbI JIMHEHHBIX
HEPABEHCTB, JINOO ABJSIOTCS 0€3yCTOBHBIMU. J[JIsi peIleHnst yKa3aHHbIX
3a/1a4 IpeIaraeTcs NCIoIb30BaTh paspaborannyo B.D. JleMbsaHOBBIM
n B.H. Majo3eMOBbIM MUHUMAaKCHYIO BEPCUIO METO/Ia HAUCKOPEHIIero
CIIycKa min €€ MoIu(UKAIUIO, VIUTHIBAIONLYIO HAJNYNE OIDAHUYEHNil B
BHUJIE CUCTEMBbI JIMHEHBIX HEPABEHCTB.

st 3a121 6€3yCA0BHON MATPUIHON KOPPEKITUHU 110 MUHIUMYMY CyMMBI
KBa/IPATOB B3BEIIEHHBIX €BK/INIOBBIX HOPM ITOKA3aHO, 9TO HEOOXOIUMBIM
YCJIOBHEM HUX Pa3PENINMOCTH SBJII€TCS IIOJIHOTA CTOJIOIEBOIO pAHTa KOP-
peKTUpyeMoit 6JI0YTHON MATPHUIIBI.

Bce paccmorpennbie 3amaun MaTPUIHON KOPPEKITUU TPOUILIIOCTPUPO-
BAHBI YUCJIEHHBIMU ITPUMEDAM.

“)YcemeioBanme BBLIIOJHEHO IIpH (PHHAHCOBON HOAepyKKe TPAaHTa II0 IIPe3d-
JIEHTCKOM IIPOrpaMMe HOJJIEPKKY BeAyIuxX HayIHbix mKoJa P® (npoexr HIII
2094.2003.1).

(© 2005 I'opesuk B. A., Epoxun B. 1., ITeyenkun P. B.
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Bseaenune

[IpobGiema koppeknuu Beex KodbUINEHTOB (MaTpudyHasi KOPPEKIus)
HECOBMECTHBLIX CHCTEM JIMHEHHDBIX aire0pamdecKuX YpPaBHEHUN U CBA3AHHDbIE
c Helt 3amaun — ODOOIMEHHBIN MeTO/ HAaMMEHBIINX KBaIPaToB, HECOOCTBEH-
HbIe 3aJIaMK JIUHEHHOr0 IPOrpaMMUIPOBAHUS — UCCIIEIOBAINCD B PA3JIMIHBIX
nocraHoBkax (cM., Hanpumep [2, 4, 7, 8]) u B Tom uncie ¢ yuerom dpukcanun
(0cBOGOKIEHUST OT KOPPEKIIUH) PA3IMIHBIX KOMOMHAIMHA CTPOK U CTOJOIOB
MaTpull (PacIIupeHHbIX MaTpuIl) KOI(MMUIMEHTOB UCCIIeAyeMbIX JIMHEHHBIX
cucreM [5]. OHAKO BCe M3BECTHBIE PE3YJILTATHI HE TIPUMEHUMbI K KOPPEKIIUH
JIMHEHHBIX CHUCTEM, MATPUIIBI KOTOPBIX MMEIOT OJIOUHYIO CTPYKTYpy. B man-
HOIl CTaThe IOJIyUYEHBI [IEPBbIe PE3YILTATLL.

IlycTh mama mecoBMeCTHasl CHCTEMA JIMHEHHDLIX aJreOpamdecKux ypaBHe-
HU

Az = b, (1)
KOTOpagd, BOBMOXKHO, JIOIIOJTHAETCA YCJIOBUEM HEOTPHUIIATC/ILHOCTHU PEHICHUA
x>0, (2)

rie x € RV, b e RM g A € RM*N | ppaénm marpuia A mMeer cirenyomyio
OJI0IHYIO CTPYKTYPY:

_ Ao -
Ay 0 0
A= 0 A2 (3)
: . - 0
|0 0 A |

k k
re Ag € RN A € RmMiXi 1 < i <k, mpuaém > m; = M u > n; = N.
=0 i=1
JIJ1s1 moc/1e Iy I0Iux BBIKJIAI0K MOJIE3HO BBECTU B COOTBETCTBUH C (3) G109HbIE
HpeJIcTaB/IeHus JJId BEeKTOPOB T U b:

b
I b?
xTr = ; b= . )

rae v; € R, 1< j <k, b € R™, 1 <4< k. Iloncucremy

on = bo (4)
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HyjieM ToIaraTh COBMECTHOM.
B macrogmieit crathbe mccmeayoTes 3a7adu HAXOXKIeHUsT MaTpur, H; €
R™ix™i gy gekropoB h; € R™i Takux, 4TO CUCTEMBI

Ap
A+ Hy 0 0 Zo
0 Ay+Hy | 5 =, (5)
0 b,
i 0 0 A + Hy,
- A .
A+ Hy 0 0 bo
) . b1 + hq
0 Ao + Hy . : ST = . s (6)
: : - 0 b + hy
i 0 0 A + Hy,

BO3MOKHO, JIOTIOJIHEHHBIE YCJI0BUEM (2), SIBJISIFOTCSI COBMECTHBIMU, & JIEMEH-
Tl MaTpul] H; 1 BEKTOPOB h; YIOBIETBOPAIOT €CTECTBEHHOMY JIJIsI IIPUKJIAI-
HBIX 38189 TPEOOBAHUIO «MAJIOCTH». DTO TPeOOBAHIE MOXKHO 3allICaTh B BUJIE

k
2
i=1 B
i 2
i=1 E
2 .
s (i) — i g
nm
2 .
z:Hil:aX,k{HLl [Hi — hi RZHE} — min. (10)
e L; € Ruxmi R e ROixni) gy R, e ROutDx(ni+l) . gexoropore
HEBBLIPOXKJICHHBIE MATPUIlbl 1ipu Jirobom ¢ = 1,....k, a || - ||g — eBkammoBa

MaTpUIHAS HOPMA.

Crpykrypa KoppekTupyeMmbix marpull B cucremax (5), (6) moxker ObITH
MHTEPIPETUPOBAHA, CJIEAYIONMM 00pa3oM. ViMeercst cucreMa, COCTOSIIIAS U3
k nozpcucrem (Hanpumep, Kopriopanus u3 k npeanpusituii). Cucrema B 11e10M
JIOJIZKHA, Y/IOBJIETBOPSTH HEKOTOPBIM YCJIOBUAM YCTORIMBOCTHU MJIU KOOPIMHA-
1K (OYHKIMOHUPOBAHUST TIOJICUCTEM. DTU YCJIOBUS CBA3BIBAIOT BCE TIEPEMEH-
Hble, 3alHUCHIBAIOTCA B Buje (4) U He MOTYT OBbITH HOJBEPIHYTHI KOPPEKIIUH,
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T. €. ABJISAIOTCA KECTKUME. K03(hpumenTol ke 1mocncreM MOryT KOPpeKTH-
poBarbes. [Ipu srom ciydaii (5) MOKeT OBITH HHTEPIPETUPOBAH KaK KOPP-
PEKIIUsT TEXHOJOTUIecKUX KO3 DUIMEHTOB mojcucTeM, a ciaydail (6) — kak
OJIHOBPEMEHHAsI KOPPEKIUS TEXHOJOTUIECKIX KOIMDMUIMEHTOB U PECyPCOB
nozcucrem. Popmyist (7)-(10) o3HauaoT, 910 TpEeOyeTCss HANTH MUHUMAJIb-
HBIE MAaTPUIILI KOPPEKINHU, 06ECIeIMBAIONIIE COBMECTHOCTh BCEX YCIOBUIL HC-
CJIelyeMO#l CUCTEeMBI.

[Tocranosku 3a1a4 (7)—(10) MoryT GbITH JOIOJHEHBI TPEOOBAHUEM KOD-
peknuu Marpuipl Ag (wim wactu ee koaddbunuentos). Ho rakue samaqau
UMEIOT JPYTYIO COIEPIKATETHHYIO HHTEPIIPETAIIUIO, I OHU HE MOI'YT OBIThH pe-
IIEHBI ¢ OMOIIBIO IPUHATOrO B HACTOSINEH CTaThe MOJX0/1a, OCHOBAHHOIO Ha,
UCIIOTb30BAHNY SIBHOTO TTAPAMETPUYIECKOTO MPEJICTABIEHUS JIJIsT MHOKECTBA
perennii cucrembl (4). ITosToMy B aHHOl cTaThe Takue 3a/aun He PAccMaT-
pHUBaeTCs.

Bagaqan (7)—(10) MoKHO paccMaTpuBaTh Kak 0000IIECHHsT Ha CIIydail Jm-
HEWHBIX CUCTEM C OJIOTHON CTPYKTYPOH 3a/a1 MHOTOIAPaAMETPUIECKOM (MaT—
PUYHOI ) KOPPEKIIH HECOBMECTHBIX CHCTEM JIMHEHHBIX AJIreOpanvIecKuX ypas-
HeHWiT 1 HeCOOCTBEHHBIX 3a/1a4 JIMHEITHOrO TPOrpaMMUPOBAHUs OOIIErO BUIA
[0 MUHUMYMY €BKJIMJIOBOIl HOPMBI, HCCJIEJIOBAHHBIX B paborax |2, 4, 5, 7, 8.

1. CBenenne 3ama4 (7) u (8) kK 3agagaMm 6e3ycI0BHOI
MUHAMUA3AIAN

3ameTnm, 4TO B COOTBETCTBUM CO CTPYKTYpoil Bua (3) marpunsl A 110-
cucrema (4) sIBJISIETCST HEJIOOIIPEIEJIEHHON CUCTEMOTi TMHEHHbBIX ajrebpandec-
KUX YPaBHEHUI U B OOIIEM CJIyuae nuMeeT 6eCKOHEUHOe MHOYKECTBO PElleHHuil.
Do MHOKeCTBO OyJieM obosHauars epes X (Ag, by) = {x € R Agzo = by} .
JIJ1st OCTIe Y IONX BBIKJIAI0K OKAXKETCsl TIOJIE3HOM CIeiytonas mapaMeTpu-
sanus MHOXkectBa X (Ao, by) (cm., manpumep, [1]):

X(Ag,bo) = {z =2 + Py}, (11)

rie
& = Ag bo, (12
P=1- Af A, (13)

I — enuHUYHAs MaTpuna mopsiaka N, AS‘ € RVXmo — yarpuna, ncesdo-
obpamnasn® (06obmEnnas obparaas mo Mypy-Ilenpoysy [3]) k marpuie A u

*Onepaumo HCBB,HOO6paHIeHI/IH MBI 6y,ILeM IIPpUMEHATb U K BEKTOpaM, CUuTad UX MaT-
punamMu, COCTOAINMMUA U3 OJHOI'O CTOJ'I6H‘3..
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y € RY — mpon3BosIbHBIH BEKTOP. 3aMeTHM, UTO JII060i BEKTOP &, IIOCTPOEH-
Hblii 110 bopmyute (11), siBisiercs perenrem nojacucreMst (4), u Ha060poOT, J1Ist
soboro pertenns nojcucreMbl (4) cupasemmso npejacrasienue (11). Bou-
Hble IpejcTaBaeHus Marpull, Ag, P 1 BEKTOPOB I, ', €CTeCTBEHHBIM 00pPa30M
CBsI3aHHbBIE C NpeJicTaBienueM (3), 3aluiieM B BUE

Bl Pl fl z1
Aa_ - , P= ES y &= ) (14)
Bk Pk ffk T

re B; € RvXmo P e RW*N 3. = Bibg, oy = & + Py, i = 1,..., k.

Pacemorpum koppekiuio i-it nogcucrembl cucrembl (1), 1 < @ < k.
Cucremy (5) MOXKHO IlepelmcaTh Kak COBOKYIHOCTb k CHCTEM JIMHEHHBIX ajl-
rebpanvecknx ypaBHEHUI ¢ HeM3BeCTHOH maTpureir H;:

(AZ + Hl) rv;, =b; & Hyjx; = b — A (15)

TTockobKy B CHJIy CJIeJIAaHHBIX BBIIIE ITPEJIITONIOXKEHU MaTpuilbl L; u R; siB-
JISTIOTCST KBAJIPATHBIMI W HEBBIPOXKIEHHBIMH, SKBUBAJEHTHBIE TPEoOPa30Ba-
HEsl crcTeMbl (15) MOXKHO MPOJIOJIKUTD CJIELYIONIM 00pa3oM:

Cornacuo siemme u3 9] perienne ypaprenusi (16) OTHOCHTEIBHO HEU3BECT-
Hoit marpunst L;H;R; , obiamaioniee MUHUMAJIbHONI €BKJIUI0BOI HOPMOIL,
CyImecTByeT npu JboM x; # 0 , eIMHCTBEHHO U 3a7aéTcst (DOpMyJIoit

LiH;R; = Li(b; — Ajz;)(R; ') ™, (17)
MIPUIEM
A L;(b; — Az
2 ||R ]
rae || - || — eBkammoBa BekTOpHasi HOpMa. B cBoio ouepenn, u3 (17)—(18)

CJeJIyeT, YTO ¢JUHCTBCHHBIM DEIICHUEM ypPaBHCHUA (15) OTHOCUTEJbHO HEU3-
BeCTHOM MaTpuribl H;, obmagaiommmyM MUHIMAIBHON B3BENIeHHON eBKIINI0BOI
HOPMOI TIPU HEKOTOPOM x; 7 0 sIBJIsieTCST MaTpuIia
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JTsl B3BEIIICHHOM €BKJIMJIOBON HOPMBI KOTOPOIt 6yjeT crpase/ymBa GopMya
(18). Takum obpaszom, 3aaa4dy (7) MOXKHO CBECTH K 3aJ1avue

. P— . . 2
Z”L’(b’ Aw)l” (20)

i=1 HR-_lﬂj‘iuz x;#£0, i=1,....k

Bomosnus mekoropere mpeobpasosanust dhopmyssl (18) ¢ ncrnonp3oBanmeM
dopmyi (11), (12) u upencrasiennit (14), nosxyanm

[Li(b — Aiza)|| 1|b — Agy

ETell et Bl 2y
rie
bi = Li(b; — Ay, (22)
A; = L, A;P;, (23)
= R 'y, (24)
P, =R;'P,. (25)

Torma 3amada (20) MoXKeT OLITH [IPEJCTABICHA B BH/IE

16— Al <~ .
Z =Y @iy —» _min | (26)

g + Pyl? = qi+Py#0, i=1,....k

Bamernm, 4T0 331a49a (26) He sBIseTCS 3aatieil Oe3yCIOBHON MIHIMU3AIIN
B cuty yeaoBuit Buna g; 4+ Py # 0. TeM He MeHee JIerko oKasarh, 9To Jiro6oit
YHUCJICHHBII METOJ] MUHIMU3AINH, CHAOXKEHHBIN JONOTHATEIbHBIMI IPOBED-
KaMU BO BCIIOMOIATEJIbHBIX IPOIE/yPax THUIA OJHOMEPHOIO [OUCKa U rapa-
Tupyiomuii yooisanne ¢yukiun f(y) Ha KazkJI0H UTepanun, He IPUBEIET K
TOYKaM paspbiBa f(y) IpU yCcaoBHU, 9TO cTaproBast Touka st f(y) sABIIsA-
eTcsl JIOIyCTUMO. DTO O3HAYAET, UTO B IIPONECCE MUHUMU3AIMN (DYHKIIUIO
f(y) MmoxKHO cunTaTh HENPEPBIBHOI, a 3aja4dy (26) — 3asadeii 6e3yCaI0BHOI
MUHIMHI3AIAN.

Urax, 3amaqa (7) ceenena x 3agade (26). Ipeamonoxum, uro y* € RY —
Touka MuHIMyMa 3agaun (26). Torma, sorancims sektop x* € RY 1o cdop-
myne ¥ = & 4+ Py*, B coorBercrBun ¢ (19) MOXKHO IOCTPOUTBH ONTHMAJIb-
uple st 3aga4au (7) marpunsl kKoppeknun HY, 1 < i < k, mo dopmyie
Hf = (b — Aix}) (R 1x§)+Ri_ ! TIpu oToM B CHIy IPUBEIEHHLIX BHITE Bbl-
KJI&I0K

x* e X(A(),Al —I-Hik,...,Ak —i—HZ,b(),bl...,bk),
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T. €. BEKTOD =™ MPUHAJJICKUT MHOKECTBY PEIICHU{T CKOPPEKTHPOBAHHOI CHC-
TeMbl BuA (5).

O6parnmes K uccsenopannio 3agaqdn (8). Cucremy (6) MOXKHO 3ammcarhb
B BHUJIE CHCTEMBI JUHEHHBIX aJredOpandecKuX YpaBHEHHUI ¢ HeN3BECTHON MaT-
punieii [H; — h;l:

Ty

(Ai + Hy)zi = bi + hi < [H; —hi]'[ 1

:| = bl — All‘l (27)
ITockosbKy 110 TIPEIIIONIOKEHNIO MATPUILI L; 1 R; ABISIOTCT KBAIPATHBLIMA
U HEBBIPOXKJICHHBIMU, SKBUBAJICHTHBIE TIPE0OPa30BaHust CUCTEMbI (27) MOKHO
IPOJIO/IZKUTD CJIEIYIONNM 00pa30M:

Xy

1

Corunacuo siemme u3 9] pemenne ypasaerusi (28) OTHOCUTEIBHO HEU3BECTHOI
MaTPHIILI, 001 a0IIee MUHIMAILHON €BKINI0BON HOPMOii, CYIIIECTBYET IIPH
JII060M BEKTOPE T;, €IMHCTBEHHO U 33JIa€TCs CJISIYIOMIM 00pa3oM

LilH; — hi]R;i = Li(b; — Ajx;) - <R;1 [ ”i D+ (29)

TPUIEM

| Li(b; — Aix;)]|

e

B cBoro ouepenns u3 dopmy (29)—(30) ciesyer, 94TO eIMHCTBEHHBIM DEIIeHH-
eM ypasHeHHsl (27) OTHOCHTEIBHO Hem3BeCTHOH Marpunsl [H; — h;|, obrama-
IOIMM MWHHUMAJIBLHOW B3BEIIECHHON EBKJNJOBOM HOPMOW NPU HEKOTOPOM Ij,
SBJIIETCS MaTPHUILA

ILi[H;  — hi|Ri|lp = (30)

(H, —h]= (b — Agzy) - <R;1 [ ﬁ D+ R, (31)

JIJIST B3BEIIEHHOW eBKJIMJIOBOI HOPMBI KOTOPOH cliipaBeiimBa (hopMyIa (30).
Takum 0b6paszom, 3aja4a (8) cBelieHA K 3a/ade

(b — A2
Z HLz(bz Alxz)|2’ . min ‘ (32)
=1 R—l ZT; xq, i=1,...k

Pl
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ITpeo6pazosas (30) ¢ ncronbzoBanmenm (11), (12) u (14), mosmyanm
I1Li(bs — Aszi)| _ |1bi — Aull
1| % 4+ Pyl
[z ]| o+ Pl

e pu 060 4, 1 < i < k, a1s b; u A; cipaseymest GOpMYIIBL (22) u (23)
COOTBETCTBEHHO,

(33)

G = Ridi + v, (34)
P, =TRiP;, (35)

n
R =[R; v], R;eROFDxmi e Rt (36)

Torma 3amada (32) MoxKeT ObITH [IPEJCTABJICHA B BUJIE

Ib: = Awl® _ - .
Z Z ©i(y) — min. (37)

HQZ + sz”2 i=1

Bamernm, 4to 3a1ada (37) ovenp moxoxka Ha 3axady (26). Tak, nesesble
dbyaknmn obenx 3a1au UMEOT OAUH U TOT ke Bui. OTinune 3aK/II0IaeTCS
B TOM, 4TO 3aJa4a (37) B CTPOrOM CMBICJIE SABJIsieTcs 3ajadeil 6e3yCaoBHOM
muHEMu3amu. [Ipuseném obocrosanue storo yreepxkienus. 3 (11)—(14) u
(34)-(36) cremyer, aro

o2l

Ho B cuny meBoipoxknennoctn marpurt R;, 1 < ¢ < k, J1eBas 9acTh TOXKIECTBA
(38) ommuHa OT Hysist IpH JHOOBIX 3HAaUYEHUAX Z;. CileJloBaTesIbHO, MpaBast
9acTh TOXKJecTBa (38) OT/IMYHA OT Hy/id IIPH oObIX 3HaMenRnsx y;. OTciona
cienyer menpepsisrocTs dyaxmm f(y) B RY.

Urax, 3ama4a (8) ceesena x 3amade (37). Ipeamonoxum, uro y* € RY —
Touka MuHEMyMa 3a1a4du (37). Torga B coorsercrBunm ¢ (11) z* = & + Py*
u B coorBercTBun ¢ (31) MOXKHO IOCTPOUTH ONTHMAJbHBIE JIsi 3ajaun (8)
Marpuibl Koppekruu [HY — hf], 1 <i < k, no dopmye

* +
HY — 0] = (b — Agz?) - (R SR
3 (A 3 1 1 (A

G + Py

(38)
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HpH 9TOM U3 HpI/IBe,HéHHbIX BBIIIIE€ BBIKJI&JIO0K CJjaeayeT, 9TO

LS X(A07A1 +Hf77Ak +H]:7b07b1 + hTavbk + hZ)v
T. e. ¥ IPUHAIICIKUT MHOXKECTBY pelleHHil CKOPPeKTUPOBAHHON CHCTeMBbI
Buia (6).

Jlemma 1. Ecim rank A < N, to muanmym B 3azadax (7) u (8) me
JIOCTHIACTCSI.

HokazareabctBo. [lycts rank A < N. CremoBarenbHo, CymecTByeT

z1 € R™ Apz =0,
. Alz =0

z= : Takoe, uro 2z #0n Az =0<& (39)
2 € R Az = 0.

IIpemnonozkum, aro muaumyM B 3agade (7) uwan (8) gocruraercs. Torma mu-
HUMYM JIoCTHTaeTcs U B 3aiade (26) mmm (37). Ilyers y* € RY — mekoro-
pas ToUKa MUHHMyMa 3ajadn (26). 3amernM, uro f(y*) > 0, Tak Kak npu
f(y*) = 0 Bce marpurpl Koppekimn H; UMEIOT HyJIEBYIO €BK/IHIOBY HOPMY,
a 3HAYUT B CHJIy AKCHOMBI HEBBIPOXKICHHOCTH CAMU SIBJISIIOTCS HYJIEBBIMI,
9TO IIPOTHBOPEUHT MIPEIOJIOKEHUIO 0 HecoBMecTHOCTH cucreMsl (1). Haree,
ucnosssys (13), (14), (23)—(26) u (39), HETPYAHO BHIETH, YTO

lim f(y+az)= inf f(y) =0, (40)
a—00 yERN

roe y € RN — IIPOU3BOJIBHBI BEKTOP, He ABJIAIONUINICA TOYKON pas3pbiBa
dyukuun f(y). deiicrBurensHo,

Z”b (7 + az)]]? Z\ Aij+ aL;Ai Pz |*
lgi + Pi(5 + az)||? lg; + P + aR; Piz||2

flg+az) =

Ho Pz = z; — B;Agz = z;. Ilostomy
k

) s — AP
+ az) = ~ . 41
040D = BT R TR )

Tereps 3aMeTuM, 9TO B CUTy HEBBIPOXKICHHOCTH MATPUIL IX; u ycjaoBust z # 0
CYIIECTBYET % TAKOe, UTO

Ri_lz’i # 0. (42)



12 B. A.Topenuxk, B. U. Epoxun, P. B. [leueHkuH

Yuurssas (41), (42) u HeorpunareabHocTh dyHkimu f(y), moxydaeM co-
ornomenue (40). Hanee, npennonaras, uro y* € RY — mexoropas Touka
vuEIMyMa 3agaan (37), meem f(y*) > 0, a ncnossys (13), (14), (22), (23),
(34)—(37) u (39), ybexmaeMcsi B TOM, 4TO

lim f(g+az) = inf f(y)=0, (43)
a—o0 yeRN

rie j € RY — npoussosbublii BexTop. JleficTBuTeIHHO,

Z”b (7 + az)]]? Z\ Ay + aL;Ai Pz |
lgi + Pi(5 + az)||? lg; + P + aR; Pz |2

- AP
las + Py + aR; izl

flg+az) =

(44)

Ho nommarpuna R; € ROWTDX1i yarppnpr R; € RHDX (41 pyeer mos-
HBII cTOJIGIeBOl panr (B IPOTHBHOM cIy4uae MaTpuna R; ' He cymecTsopasia
Ob1). YuuTbiBas 3TO yCJIOBUE, a TaKyKe ycaoBue 2z # (), 3aK/odaeM, 9ro Cy-
IECTBYET TaKoe ¢, IYTO BBIHOIHSETC (42).

onb3ysich (44), (42) u neorpunarenbHOCTBIO byHKIIE f (1), MOIydaeM
coornomrenne (43). Ho ycmosue f(y*) > 0 nporusopeunt (40), a yciaosue
f(y*) > 0 nporusopeunt (43). Jlemma 1 mokasama.

2. Meroap! pernenusi 3ama4 (26) u (37), ucnosb3yoniye nepBbie 1
BTOpbIE IIPOU3BOJHBIE

ITycrs B HEKOTOpOIT TOuke y dyHkuus f(y) weupepbiBHa. Torga dbyHk-
nust f(y) ssasercsa quddepeHnupyeMoii, TpuIéM CyIIeCTBYIOT €€ JacTHbIE
[POU3BOJIHBIE JIIOOOTO TOpsiKa. MBI OrpaHNYUMCST BBIMHCIEHHEM YACTHBIX
IPOM3BO/HBIX [IEPBOTO M BTOPOTO IOPSIJIKA, TAK KaK 9TOr0 Oy/IeT JOCTATOTHO
JUIsl OCTPOEHHsI KaK I'DAJIMEHTHBIX U KBA3UHBIOTOHOBCKIX METOJOB MUHH-
MH3AI[MI, TaK 1 caMoro Merona Heiorona.

B cuy (26) mveem

k
= Veily) (45)
=1

k
= VZi(y). (46)
=1
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CaoxHocTb 10cTpoenust dopmysbl st V;(y) CpaBHUTENBLHO HEBEJIMKA.
Heckonbko Gosbliie BBIKIAIOK MPUXOAUTCS MPOJAETATh IPH BBIBOJIE POp-
Myast s V2 (y). OpHako NPUHIMINAILHBIX MATEMATHICCKHX CJIOMKHO-
creit mer. [IpuMensist cranmapTHbIe TpaBmiIa anddepeHImpoBaHIsSI BEKTOPHO-
MaTPUYHBIX BbIparKeHHU, O/IydaeM

Vei(y) =2(Diy —ti — wi(y)pi(y)) - s(y), (47)
VZpi(y) = 2(D; — p! (y)Veily) — (Vi) pi(y) — ¢i()Gs) - si(y), (48)

rie

D;=ATA;, t; = flf@i, (49)
pi(y) = Giy+g;, G;=DI'P, (50)
9= Pla, si(y) = (q] ¢ +29]yi + vl Giy)™". (51)

Teneps zaiivémes muddepenrmposanuem byaxmun f(y). Kak ormeua-
Joch BBIMIe, 3Ta GYHKIMs ompeernena ma seéM RY u cymecTsyroT eé wact-
HbIE TIPOM3BOJIHBIE TPEOYeMOro HopsijKa. B cuiry aHajgorum Mexy (hopmy-
namvu (26) m (37) cymIecTBYIOT COOTBETCTBYIONIHE aHATOTHH U B (opmyiax
JI71s BBIMHC/ICHUs rpajuenta u Marpuipt Lecce bynxmmit f(y) u f(y). Tak
s VE(y), V2f(y), Vi(y) m V25 (y) ciipasemmussr dbopmyast (45)-(48), B
KOTOPBIX MO-IPEZKHEMY MOYKHO HCIIOJIb30BaTh 00EKTHI, OIPeIeEHHbIe (HhOp-
mymamu u3 (49), a Bmecro dopmyn u3 (50) u (51) ciemyer MCHOIB30BATH
dopmyJibt

pi(y) = Gy + Gi, Gi = PP,
gi =Pl 5i(y) = (@ @ +25]yi + ! Giy) ™.
3. Pemenne 3aza4 (9) u (10) MeTogoM HAMCKOpENIIEro crycka

Onmpasicb Ha BBIKJIAJKH, NPUBEJICHHBIE B pasjesie 1, W, B 4aCTHOCTH,
ucrnosbdyst opmysbl (18) u (21)—(25), a rakxke (30) u (33)—(36), moxkHO

[OKa3aTh, 4TO
min Zirllaxk { HLszRzHi;} = myin zirllaxk {%(y)} = myin {F(y)} (52)
. 2 . -
min 'mauxjf {HLZ [HZ — h,]RZHE} = mylll ,mafi’k {%(?J)}

i=1,... i=1,..
=min{F(y)}. (3)
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e F(y) = max {g;(y)}, Fy) = max {@i(y)}.
i=1,..,k i=1,..,k

Hpyrumu ciosamu, 3amada (9) ceogurcst K 3amade (52), a sagada (10) —
k 3azaue (53). Tlocsennue nBe 3a/a4u NPUHAJJIEIKAT K KJIACCY TaK HA3bl-
BAaEMBIX <«JIMCKPETHBIX MHHUMAKCHBIX 3aJa9», JeTaJbHO PACCMOTPEHHBIX B
[6]: mpu srom 3amaun (52) u (53) TECHO CBA3AHBI ¢ PACCMOTPEHHBIME Bbl-
e 3azagamu (26) u (37), MOCKOJIbKY HX TiejieBble (bYyHKIMU [TOCTPOEHBI U3
OJIMHAKOBBIX «KHPIUYIUKOB» — DyHKIHit ¢;(y) u &;(y).

[TpuBeéM Tpu BaKHBIX TeopeTHdecKux pesyibrara u3 [6]. st sroro
BBEJIEM HEKOTOPbIE JIONOJHUTEIbHBIC 0003HAYCHUS, KOTOpBIE I obecrede-
HUsI KOMIIAKTHOCTH M3JI0’KEHHs CHAYa/1a Oy/IyT COTIACOBAHBI TOJLKO C 381
geit (52). BameruM, uro nenesast Gynknus F(y) 3agaaun (52) MoxkeT uMeTh
TOYKM Pa3pbiBa, KOTOPbIE COBIIQJAIOT ¢ TOYKAMHU Pa3pblBa IEJIeBON (DyHK-
mun f(y) 3amaun (26) u sBIAOTCS TOYKaMu paspbiBa GyHKIM ¢;(y). B To
JKe BpeMsl, KaK y»Ke OTMEeYasioch BBIIIe, BHE TOUeK paspbiBa GyHKIimu ¢;(y)
UMEIOT JacTHBIE IIPOM3BOMHBIE JTIOOOTO HEOOXOMMMOro HaM mopsigka. Ilosro-
MY YCJIOBUMCS, UTO OIPEAEIAeMble HUKE O0BEKThI PaAcCMAMpPueaiomcs 6He
mouex pazpuea PyHruul ©;(y).

Urak, nam moTpedyercst MHOXKECTBO UHIEKCOB

Jw)={ieli="1 . k}eil) = Fw)}. (54)
Kpowme Toro, morpebyrorcs MHOKECTBA
Gly) = {Vw(y)b' € J(y)}

u L;, nmpesacrasisiioniee cob0ii MHOXKECTBO BEKTOPOB, IIPHHA/JIEKAIINX BbI-
nykJIoit obostouke MuO)ecTBa G(Y):

L(y) = {2 = > aVei(y)

JEJ(y)

a; =0, Y ajzl}. (55)

C ucnonbzoBanuem (54) u (55) ofun u3 dyHIAMEHTATBHBIX PE3YJILTATOB Pa-
6oTbI [6] MOXKHO cHOPMYIUPOBATH B BUJIE CJIELYIONIETO YTBEPKICHHUSL.

Teopema 1. /Lst roro uyrobbl ¢pyuknus F(y) gocrurasa MunuMyMa npu
y = y* HEoOX0aUMO, ITOOBI BBITOJIHSIJIOCH YCIOBHE

0 € L(y"). (56)
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Onpenemm npouscodnyio gynryuu F(y) 6 moure yo € RY no nanpas-
aenuro u € RN |jul|=1, cremytommm o6pazom

OF(yo)  F(yo + au) — F(yo)

ou «
Torma, kak 6bLIO MOKa3aHO B [6], cipaBenBa

Teopema 2. Ilycrs ¢pynxunn ¢;j(y), 1 < j < k, ABiIsgrorcss HelpepbIBHO
JauggepeHnupyeMbIMi B HEKOTOPOiT okpectHOCTH S(Y0, d) TOUKH Yo, T/1€

S(yo,8) = {yllly — yoll < 8},5>0.

Torna dyukmus F(y) qupdepernupyema B TOUKe Yy 110 JIHOOOMY HAIPABJIE-
o u, ||u|| = 1, npuaém
9F (yo)

_ T .
o —jg}]%:fo){u ©;(yo)}-

Hanpasaernuem nauckopetiwezo cnycka pynkyuu F(y) 6 mouke yo Gymem
Ha3bIBATH BEKTODP ¥(Yo) TaKoii, 410

IF (yo) _ OF (yo)

v(yo)|| =1 = min :

ool =1 By = i o

JocraTounble ycaoBus CyIECTBOBAHMS U €JIMHCTBEHHOCTH HAIPABJICHUS

Hanckopeiintero crycka dynkimn F(y) B Touke Yo — 970 TpeTnil dbyHsaMen-
TaJIbHBI pesyibrar u3 [6).

Teopema 3. Ecimu j1st Hexoropoii Touxn yy € RY pommosmsercs ycrosue

0¢ L(y), (57)

TO B TouKe Yo GyHkus F(y) umeer equHcTBEHHOE HAIIDABJICHHE HAHCKODETi-
mero ciycka v(yo), onpeiesieMoe GhopMyIoi

Z*

v(yo) = =77 (58)
[
rae Bexrop z* € RN — 6mmpxaiimas x mavany xoopaunar (B eBKIMIOBOIL

Mmerpuke) Touka MHOXKecTBa L(yo), T. e. z* — perrienne 3aja4n

* in . 59
=1 = 2, )
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Ilpu sTom M = —Hz*H

9v(yo)

3ameuanue. MoKHO 1T0OKa3aTh, ITO B TOUKE ™, JIJIsT KOTOPOI BBITTOJIHSI-
ercs yesosue (56), dyukuust F(y) He nmeeT HalpaB/eHUsT HAMCKOPEHIIEro
ciycka. Takum obpasom, ycsioBue (57) sIBJISIETCSI HE TOJBKO JOCTATOYHBIM,
HO U HEOOXOJMMBIM YCJIOBUEM CYIIECTBOBAHUS HAIIPABJIEHUs HAMCKOPEHIIIEro
ciycka yukinuu F(y) B Touke Y.

Teopembl 1-3 1 9T0 3aMedanue sIBISIOTCS OCHOBOM JIJIsi OCTPOEHUSI BbI-
YHUCJIUTENBHBIX aJIlOPUTMOB MuUHMMu3aImu dbyakiun F(y) ¢ ucrnosb3oBanu-
eM HaIllpaBJIeHuil HAMCKOpeHilero ciycka. B 9acTHOCTH, TAKMM aJarOPUTMOM
SIBJISIETCS AA20PUMM HAUCKOPETUWE20 CNYCKA, KOTOPBI MOXKET OBITH 3allUCaH
CJIEIYTIOIIM O0OPA30M.

Aujiropur™ Hamckopeiiniero ciycka it MuauMuzanun gyakimn F(y)

1. Basarb cTapTOBYIO TOUKY y(o) € RV, nonoxuts i = 0.

2. Haiitu pemrenme z* samasn (59). Eemum |2 = 0, to y® — Touxa
JOKaJIbHOrO MuHIMyMa dyuknnu F(y). Pabory asropurma 3aKOHIATS.
B mportusHOM citywae mepeiiTu K mrary 3.

3. Bpramesnts fu(y(i)) 1o dopmyie (58) u penUTh BCIOMOTaTENLHYIO 3a-
Jaty
F (39 + av(y?) ) — min. (60)
«

4. Tonoxute ylith) = 4@ 4 a*v(y(i)), rae af — perrenne 3amaan (60),
MOJIOXKATD ¢ = ¢ + 1 U mepeiiTn K mary 2.

BaMeTuM, YTO B CHJIy HEOIDAHUYEHHOrO Bo3pacTanus (GyHKuuu ¢;(y)
BOJIM3M TOUKM pa3pbiBa OyaeT HabJIIOMATHCA U HEOTPAHUIEHHBIH pOCT DyHK-
muu F'(y). Tlosromy crnpaseyimBo 3aMedanue, CJIeJaHHOE IPU aHAJIN3Ee 3a-
naan (26): 060t YUCAeHHbIH MeToJ, MUHUMM3AIUHE, OYeBUJIHBIM 00Pa3oM
JOpabOTaHHBIH U rapaHTupyonmit yoomanne F'(y) Ha KaxKI0il nrepamnumn (I/I
KOHEYHOCTh F'(y) B IPOMEKYTOUHBIX BBIKJIJIKAX, HAIPUMED, BO BPeMsl OJI-
HOMEPHOTO IOKCKA ), He IPUBEJIET K TOUKaM paspbiBa F'(y) mpu ycioBuu, 9To
craproBas Touka F'(y) 6ymer gomycrumoii. Ho a0 o3Hauaer, uto B mporecce
muHIME3armn F(y) MoKeT paccMaTpuBaThCs KaK HelpepbIBHAs (QYHKINS, a
3as1a4a (52) IpHU CeaHHBIX OFOBOPKAX MOYKET CUUTAThCS 3ajiaueii 6e3ycoB-
HOIl MUHUMUW3AINN.

[Tycrs BcomoraresibHasi 3ajada (H2) mMeer peleHne, KOTOPBIM sIBJIsi-
ercsa Touka y*. Torma perrenne 3agaqau (9) MOXKeT OBITH HOJIYUEHO TEM Ke
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c11ocoboM, KaKUM IO pereHuio 3a1adu (26) MOKeT ObITh MOJIYUYCHO PEeIleHue
sagaun (7), a nmenno: no cdopmyie (11) sorancasem z* € RY u o dop-
myse (19) crpoum onrmMasbmble I 3agadn (9) MaTpuiel kKoppekuun H,
1 < i < k. Ipu sTom

x* e X(A(),Al —I-Hik,...,Ak —i—HZ,b(),bl...,bk),

T. €. ¥ NPUHAJJICKAT MHOXKECTBY PEIICHHI CKOPPEKTUPOBAHHON CHCTEMBI
Buzia (5).

O6patmmcs Terepsb K nuccsaeaoBanmio 3agaqu (53). Eé samucn coBnamaer ¢
3aIChio 331291 (52) ¢ TOYHOCTBIO 10 0603HAYEHHUIT UB CUILY HEIPEPBIBHOCTU
u muddepennupyemoctn dbyukmmit 3;(y) ma RY B 3amaue (53) mer orpanu-
JeHnil, cBs3aHHBIX ¢ 3agadeii (52). CuegoBarenbHo, perenne 3agadu (53)
MOKET OCYIIECTBIIATHCS TEMH Ke Merojamu, dro u 3agaqdu (52). IIpu sTom
Hepexoj; OT BeroMmoraresabHol 3a1aaun (53) K ocHoBHOI 3as1ade (10) cosma-
Jlaer ¢ mepexo/loM OT BCIIOMOraTesbHOl 3a1aun (37) K ocHOBHOI 3a1aue (8),
a WMeHHo: mycTh y* — pemrenne 3agaqun (53), Toraa Beramcus ¥ € RY mo
dbopmyste (11), mo dopmyste (33) MOKHO OCTPOUTH ONTUMAJIBHBIE JJIs 38,18~
qn (10) MaTpuibl KOppeKImn [HZ* — hj] [Tpu sTOM B cHly IpUBEIEHHBIX B
pazjiesie 1 HacTOsEeil PaBGOThl BBIKJIAI0K

x* € X(Aog, A1+ H, ..., Ak + H},,bo, by + hi..., b + hy),

T. €. ¥ NPUHAJICKAT MHOXKECTBY PEIICHHI CKOPPEKTUPOBAHHON CHCTEMBI
Buia (6).

4. YucjeHHbIe IIpuMepbl 1 BbIMUCJINTEJIbHbIE 3KCIIEPUMEHTbI

IIpuBeIéM IpUMEDBI 1 HEKOTOPBIE [IPe/IBAPUTEIIbHBIE PE3YJIBTATHI, XapaK-
TEPU3YIOIINe CXOAUMOCTD 110 APIYMEHTY U 1O I1es1eBoil (DYHKIMI aIropuTMOB
peleHns] BCIoMoraTesIbHbIX 3a1ad (26), (37), (52) u (53).

Mp1 paceMoTpesin HeOOJIBITIOE YUCI0 MOJIEJIHLHBIX HECOBMECTHBIX CHCTEM
MaJIoll pa3MepHOCTH ¢ OJIOYHON CTPYKTYpOil. YKa3aHHBIE MOJE/bHBIE CHUC-
TeMbl OBLIN IIOJIyYeHbl U3 COBMECTHBIX CHUCTEM JIMHEHHBIX aJirebpamdecKux
YPpaBHEHUII IOcjIe BHECEHUS BO3MYIIEHUI B BEKTOP MpaBoil yactu. Pe3yibra-
Thl KOPPEKIUU U IIOBEJCHUE BBIYUCIUTEIbHBIX aJI'OPUTMOB BO BCEX CJlydasdX
ObLIN OJHOTUIIHBIMU, B CHJIY Y€rO MbI IIPUBOJIUM TOJBKO OJIHY MOJETBHYIO
HECOBMECTHYIO CHCTEMY C MATpurieil KoapuimenToB A 1 BEKTOPOM TTpaBoit
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qactu b BUA

1 21 3 2 9
-1 121 3 1
2 =100 0 4
A=| 3 1000/, b=]8],
4 -2 00 0 7
0 01 2 4 8
0 03 1 5] 3 ]

JUIsl KOTOPOI T1ocstetoBaresbuo 6l perensl 3agadn (7)—(10) 6e3 yuéra n
C y4ETOM yCJIOBHS HEOTPHUIATEIBHOCTH PEIeHNs] CKOPPEKTUPOBAHHOM CHCTe-
Mol [Ipu sTom BecoBble MaTpuIsl L; n R; BO Beex CiIydasix ObLIN €/ [MHIIHBI-

121 3 2 9
mu.  OueBugno, uro Ay = [_1 1 2 1 3} by = [1]7
2 -1 4
AIZ 3 1 ,b1: 8 ,A2:|:;) i ;1:|,b2:|:§:|
4 =2 7

Hucsrennoe pertrerne 3aa49 (7)—(8) IpoM3BOANIACE C HOMOIIBIO 3aIIPOT-
paMMEpOBaHHOTO aBropamu B cucreme Matlab meroma Heiorona. Ilpu sTom
HCIIOJIB30BAJIOCH IICEBI000pAIeHne MAaTPHUIBl [ecce B CHHIYJIAPHOM Pa3JIo-
JKEHIH, 9TO MO3BOJIMJIO IIPEOJIOJIETH BBIPOK/ICHHOCTD U IJIOXYIO 00YCJIOBJICH-
HOCTD YKA3aHHON MaTDHIIBL.

Tabanuma 1

Pesynbrarsl pemenus 3agaan (7)

" H; x]
0,17651444  0,08576679
0,79032327 —0,01722986 —0,00837183 ffg?ggggz
—0,28429196 0,00267078  0,00129771 ’
—2,53152817 0 T
ﬁ;‘ggggi —0,01572363  0,00537151  0,01302739 _ggéggggg
0,19388520 —0,06623509 —0,16063844 210063041

[Tpu pemennn 3ama4 (9)—(10) ucnonssosanack dyHKiws fminimax u3 om-
TUMH3AIMOHHOrO nakera cucreMbl Matlab, npennasnauennast jijis peneHust
MUHAMAKCHBIX 33/1a4. PesysbraTsl pacdeToB mpeicTaBieHbl B Tabaumnax 1-4.
ITepBblit cTos6e1 B 9THX TaGJIUIAX COAEPKUT BEKTOD Y, sIBJISIONMIICS perie-
HHEeM COOTBETCTBYIOIIEH BerioMoraresibHoil 3agaun (26), (37), (52) umm (53).
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Tabauma 2

Pesynbrarsl pemenus 3agaqn (8)

y" Hyf hi ]
0,15471231  0,07525257 —0,06706723
0,78807425 —0,01293924  —0,00629369 0,00560911 f’fgggj‘éii
—0,28420326 0,00511139  0,00248620 —0,00221577 |
—2,52458170 o 5 o5
_izgggggggg —0,01712337  0,00588164  0,01418384 | —0,00649330 _g’gggggﬂg
017840940  ~0,06128119  —0,14778226 |  0,06765410 | "/ /uroc,
Tabnuma 3
Pesynbrarsl pemenus 3agaqn (9)
y" H a7
0,20237566 0,10343203
0,55407557 —0,01807038 —0,00923558 ???g?g;?;
—0,07123926 0,05902256  0,03016580 ’
—2,23154183 Ii6 75
—1,36371113 —2,7274
9 48092351 —0,00894330  0,00286539  0,00732557 0727;83223
0,17819469 —0,05709274 —0,14596158 9.23411892
Tabanuma 4
Pesynbrars!l pemenns 3agagn (10)
v Hy hi ]
0,17693364  0,09294536 —0,07668678
0,78497942 —0,03958364  —0,02079376 0,01715639 f;’%g?g;i
—0,18892909 0,05777546  0,03035014 —0,02504111 |
—2,72849263 o g 5
_;’gi’éiéggg 0,01732845 —0,00500870 —0,01412944 | 0,00608059 _g’gggﬁgig
’ 0,16739569  —0,04838484  —0,13649277 | 0,05873953 | o000

Pesynbrarer pemennst 3a1a4 (7)—(10) ¢ ponosHnTeIbHBIM yejoBreM (2)
npencraBieHbl B Tabumnax H—8. B mepsoM crosfue B HUX HPUBEIAEH BEK-
TOp ", ABJISIOMNIICS PEIIeHNeM COOTBETCTBYIOIIEH BCIIOMOTATEILHON 38181
(26), (37), (52) mum (53).

Permenne 3ama4 (7)—(8) npousBoAnINCh ¢ TIOMOIIBIO MPOIEyphl fmincon
onTUMHU3AIMOHHOrO nakera cucrembl Matlab. TIpu perennu 3amaq (9)—(10)
UCIIOIb30BaIach (PyHKIMd fminimax ONTUMU3ALUOHHOIO IIAKETa CHCTEMbI
Matlab, npeaHazHadenHast IS MUHIMAKCHBIX 3a7at.
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VnomsaryTole porieayphl fmincon n fminimax momyckaroT 3ajanme orpa-
HITYCHNUIT B BUJIE CHCTEMBI JIMHEHHBIX HepaBeHCTB. B coorBercrenm ¢ (11) yka-

3aHHAs CHCTeMa s obeciieuenus ycsosus (2) nmena Bug —Py < .

Tabanuma 5

Pesynbrare! penrenus 3agaun (7) npu orpanudesHun x > 0

*

*

Y HY 1
—0,09265286 0
0,68803232 0,81469428 0 2’09715363
—1,36383771 —0,66214250 0
0,04528361 H; x5
—0,21469570 0
’ 0 1,16835686 0,19227709
—0,05300377 ’ ’ 2,07346169
0 -0,36608202 —0,06024631 034123065

Tabnuma 6

Pesysnbrare!l pemenns 3agaun (8) npu orpanndenun = > 0

y* Hy hi a2l
—0,07402556 0O 0,03533077
0,68482790 0,66641759 0 —0,31806643 2’09521513
—1,36432775 —0,53677909 0 0,25619283
0,04605947 H3 h3 x5
:g’géggiggg 0 0,95301576 0,15622483 —0,45931872 9 07484632
0 —0,29681978 —0,04865672 0,14305627 0.34012293

Tabanuma 7

Pesynbrare! pentenus 3agaun (9) npu orpanudesHun x > 0

y" Hy 3
0,07334446 0
0,41048360 1,14668892 0 1’92925018
—1,40628227 —0,37164720 0
0,11248423 H; 5
—0,18790574 0
’ 1,18517838  0,13253777
—0,07349602 ’ ’ 2,19339279
~0,18903877  —0,02114009 | ") oo
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Hannbie B Tabsmnax 1-4 6iuskn Mexkay coboii, HO HE COBHAJAIOT, UTO
BBI3BAHO pa3/M4UsMH B nocraHoBkax 3azad (7)—(10). Anasoruunas curya-
IUsT IMEET MECTO JIsl JAaHHBIX, IPUBEICHHBIX B Tabiuiax H-8. Mel takxe
BU/IUM, 9YTO YCJIOBHE (2) NPUBOJUT K CYIIECTBEHHOMY H3MEHCHHIO MATDPUIL
KOPPEKIINH 1 BEKTOPA PEIeHNs] CKOPPEKTUPOBAHHBIX CUCTEM.

Tabnuma 8

Pesynbrare!l penrenns 3agadyu (10) npu orpanmdenun z > ()

y* Hy h ]
0,07657770 0 —0,04015805
0,41471743 0,93746601 0 —0,49161583 1’90690762
—1,35901169 —0,25814434 0 0,13537328
0,13736175 H; h3 5
:8’83233?22 0,00187281  0,98939050  0,10276049 | —0,44769829 g’ggg;iggg
’ —0,00026083  —0,13779280 —0,01431149 |  0,06235111 | *o0c o

[IpuBeéM Tenepb pe3y/IbTaThl HCCJIE0BAHUS CXOMOCTH 1O apTyMEHTY
¥ 10 11e/1eBOii (DYHKIMY YUCJICHHBIX aJITOPUTMOB PEIIeHHsI BCIIOMOTATeIbHBIX
zazada (26), (37), (52) u (53). [Ipu permennu 3amaq (26) u (37) Ge3 orpanude-
Huit Merogom Hbrorona (npu yaadHoM BBIGOpE HAYATBHOTO HMPUOJIMZKEHUS)
B 000HX CJIydasx HaOJIOAIach KBaJPATUIHAS CXOIUMOCTD, YTO HJLIIOCTDH-
PYIOT IIPUBOAMMBIE HIKe pucyHKE 1 u 2. IIpejcraBieHHble Ha HUX JIAHHBIE
HoJTyueHbl B xozie pemtenust 3a1a4 (7) u (8) jyis paccMaTpuBaeMoii B HACTO-
SIIIEM PasJiesie HECOBMECTHOMN CHCTeMBI.

T gyl .
o O o 911"yl
—e— 1g |-y |
20 2 3 4 5 20 2 3 4 5
I I
Puc. 1. CXonuMoCTh 110 apryMeHTY Puc. 2. CXonuMoCTh 110 apryMeHTY
U 10 1e/IeBO# (pyHKIMM IJjIsI 3a1a- U 110 Ie/IeBO# (pyHKIMM IJjIsI 3a1a-
un (26) Ge3 orpaHnyeHuit qn (37) Ge3 orpaHudeHuit

[Tpu pertennn 3aa4 (26) u (37) ¢ orpaHnYeHUsIMU, & TAK¥Ke IPU PEIIeHnH
sazad (52) u (53) (c orpannuennsiMu u 6e3 orpaHIYIeHui) HAOIIOMAIACD JIH-
HellHas NN CBepXJIMHelHas CXOAMMOCTDb KaK 110 apI'yMeHTY, TakK U 110 11eJ1eBOi
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dyuxiwn. Ilpu stom gmciao nreparumit Kosebanocs or 10 1o 40, a rpadukn
CXOIMMOCTH OBbLIN y7Ke He CTOJIb IVIAJKHMH, KakK IDAQUKN, IPeJICTaB/IeHHbIE
Ha puc. 1 u 2.

TakuM 00pa3oM, HCCIEOBAHUE CXOAUMOCTH IHCJIEHHBIX aJTOPUTMOB pe-
IIEHUs] BCIIOMOraTesIbHBIX 3a1a4 (26), (37), (52) u (53) maJio BHOIHE OXKE/Ia-
eMble PEe3yJIbTAThl, XOPOIIO COIVIACYIOIINECs] KaK C TeOpHeil peleHus Hesln-
HEHBIX 3a7a" MaTeMaTHIeCKOrO IPOrPAMMHUPOBAHNS, TAK U C MMEIOIIIMCS
[PAKTHIECKIM OIBITOM.
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