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ANTOPUTM NOCTPOEHUA CYNIMbI MHOITOIrPAHHUKOB
M.B. YxaHoe

Hpeanoxen adropuT™ TOYHOro NOCTPOEHHS CYMMBI 10 MHHKOBCKOMY ABYX MHOrO-
IpaHHUKOB, 3aJaHHbLIX CHCTEMaMH JIHHEHHbIX HEPABEHCTB.

Bsenenue
Onpeoenenue. Cymmoii no MUHKOBCKOMY IBYX MHOXeCTB F| ¥ P, W3 1 -MEPHOIO EBKJIMIOBOIO

npocTpancTsa R” HazpiBaeTcs MHOXeECTBO P € R” Takoe, yro
2 My =
P=R+P2{xeR"|x=x+x,x€P,x,eB}
WIH TI0-JAPYroMy

~ P=R+P=U(@x+hR).
x el

B ToM cremmansHOM ciiyuae, KOTAA KaxXJ0e U3 MHOXKECTE P, ¥ P, COHUEPIKMT TONBKO MO OAHOMH

TOYKE, 5Ta OMEpalHsA COBMAJacT ¢ OOBIKHOBEHHBIM CITOXKEHHEM BeKTopoB. Ocoforo BHHMAHMS 3aCHy-
)KMBAeT BBITOJTHEHHE ONEPalldyl HAJl IyCTBIM MHOXECTBOM I, a nMeHHO: A+ = . Onepauns clo-
)KEHHUs, OUEeBHIHO, KOMMYTATHBHA M ACCOLIMATHBHA, TO €CTh

R+bB=P+R;, R+(KR+R)=(F+P)+h.

W3 onpenesienrs cyMMsI 110 MUHKOBCKOMY JIETKO clieflyeT, 9To cymma F, + P, 3aBHCHT OT OTHOCH-
TENBHOIO NMoJIOKeHus | 1 P, 1o OTHOWIEHHIO K Hagary KoopauHaT. Ho Bce noydarommecs npu uzme-
HEHHH 3TOr0 OTHOCHUTENILHOIO MONOMKEHUS PazIddHble CYMMBI COBMEIHAIOTCA MMAapauIe/IbHBIM [1€PEeHO-
com. O003HaUMM uYepe3 ¢ U £ ABa MapalieJIbHBIX IIepeHoca U uepe3 aff — pe3ysbTaT uX MocleroBa-
TEeNbHOTO BhINOMHEHNA. Torna

a B _ af ;
P +Pf =(B+P)?.

[Ipn cnoxennn mo MMHKOBCKOMY BBIMYKJIBIX MHOTOTPaHHHMKOB OropHas (yHKIs BeneT cebds
npocro. O603HaunM yepes h(A,u) BeTHUHHY ONOPHOM (yHKUWH IPOM3BOILHOIO BBUTYKIJIOTO MHOTO-
rpaHHnka A B HanpasiaeHud u . Toraa

(P + Py ,u)=h(F,u)+ h(P,,u),
TO €CTh BEJIMYMHEI OTIOPHBIX (PYHKIUH B PUKCUPOBAHHOM HAIPaBIICHHH CKJIAIBIBAIOTCS.

3aaya mocTpOEHNs CyMMBbl MHOXKECTB SBJIE€TCS OHOM U3 3a1ay BRIYHMC/IMTEIbHOH reomeTpud [1].
Koraa MHOrorpanasie Muoxectsa /} ¥ P, 3a1aHbl MHOXXECTBAMH CBOMX BEPILIVH

1.2 k
Vi={v.vi...ov ),
i 2 k
V, ={v5,¥5,..., V2 }.
Tornma rocTpoeHHe CYMMBI CROAHUTCA K IIOCTPOSHHIO BBHIYKJIOH 0GONOYKH

P=R+ B =comv{y| +vi [ eV, v €Wy},

TO €CTh, K HAXOMKACHUIO BEPIIHH BUIA V; + Vj , IEXKAIMX Ha TPAHULE BBIMTYKION 0b0n0odxu. M3BecTHbie
B HACTOSAIIEE BpeMsl AJITOPUTMBL TIOCTPOEHUs BBIITYKJIOH 000TOUKH W3 N TOYEK B 7-MEPHOM MPOCTPaH-

02 |+
CTBE MMEIOT BpeMs pererus O(NY" ! ) [1, c. 172], yro HenmpuemneMo /171 MHOTHX IPaKTUYECKHX 3a-

nau. Kpome toro, savactyro ynodHee MpeACTaBITh MHOTOTPAHHAK HE CBOMMM BEPLUKHAMH, a TPaHAMH.
Crioco0 3apaHKd MHOXKECTBA €0 MPaHIMH, KaK NMPaRWIo, TpeOyeT MEHBLIETO 00beMa NaMATH 110 Cpas-
HEHHUIO C 3aAaHHEeM MHOIKECTRA BEPILMHAMH.

bynem paccMaTpuBaTh CYMMHUPOBAHHE MHOIOI'DAHHUKOB, 3aJaHHBIX CHCTEMaMH JIMHEHMHBIX Hepa-
BEHCTB (IpaHsMu)
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MaTteMaTuka

B={xeR"|4x <b, 4 eR™" b eR"},
Py={x,eR"|4x, <b,, 4, e R b, e R},
B sacrosmeii pabore, onupasce Ha uaen crated A.B. JlotoBa 0 3agade MoCTPOEHHS MHOXKECTB

IDOCTHKHMOCTA [2], paspaboTaH alropuTM MOCTPOSHMsS CyMMBl P MHororpanumkos P, u P, B BHIE
CHCTEMBI JIMHENHBIX HEPaBEHCTB

P={xeR"Ax<b, AcR""  beR"}.
1. ANroOpHTM HOCTPOEHHS! CYMMBI

JIns HAXOXKJIEHHS CyMMbI 3aNHINEM CHCTEMY JMHEHHBIX HEPABEHCTB ¥ PABEHCTB OTHOCHTENBHO ITe-
pemenHbix x € R”, x; e R" u x, e R”

x -x -x = 0
Ax, < by (1)
Ax, < b,

3amenseM B cucteMe (1) x; Ha PasHOCTE X — X, M IOJy4aeM 3KBHBAJICHTHYIO € CHCTEMY OTHOCHTENBHO
TIEPEMEHHBIX X H X,
Ax —-Ax, £ b; @)
Ax, < b,
Toraa pMeeT MecTo yTBep)KAeHUE
xe P 3x, i —A4x, <b — Ax, Ayx, <b,. 3)
JokazaTenscTBo.
= Hycte x e P. Torna no onpeaenenmio cymmel no Munakosckomy 3x,3x, 1 A x, <h, 4,x, <b,
TaKMe, 4TO X = X, + X, . Cle1oBateibHo, X; =X~ X, U —Ax, <b - Ax.
< Ilyere 3Ix, i—Ajx, <b —Ax, Ayx, £b,. Obo3HaumM dwepe3 x; =x-—x,. Torma x=x +x,,
Ax, <b, A)x, £b,. To ecTh X NPUHAAJEKHT CyMme P .
Beegem 0603HaYeHus

C= _AI e m(m] +my d= bl - Alx e R
4, ’ b,
u 3anumeM (2) B MaTpu4HOi popme
Cx, <d. Q)

Teopema Munkosckoro-®@apkama [3, c. 139]. Jlns Toro 4robel cucTeMa JIMHEHHBIX HEPABEHCTB
Cx, <d wMena perueHus HeOOXOAMMO H JOCTATOUHO, YTOOBI I TIOGOrO TAKOro y, 4To
C'y=0, y=0 (5)
BBIIOMHSIOCH YC/IOBYE
d,y)=0 (6)
WK TO-APyTroMy
ax,:Cx, <d & Vy:C'y=0,y20=>(d,y)=20.

3ameTuMm, YTo BCAKOE petieHue (5) MOXKHO MPEeICTaBUTh B BUIE CYMMBI C HEOTPHLIATEIILHBIMY KO3 dHu-
UHMEHTAMM KOHEYHOro yucia GyHIaMeHTaNbHBIX peilleHnii 3Toit cuctemel. Takum 00pasom, yerosue (6)

HEOOXOAMMO MPOBEPATEH TONBKO i QyHlaMeHTaNnbHbIX pemeHul (5). V3 yreepikaennd (3) ¥ TeopeMsl
Munkorckoro-Papkania nonyyaeM CICACTBHE

xePoVy:Cly=0,y20=(d,)20. (7)
Haiizem ¢ nomompio cxemel H.b. Yepuuxonoii [4] Bce ¢yHpaMeHTallbHbIE PEHIEHNS CHCTEMbI
ypapHenuit ¢ marpuuelt C' . Tlyers ux umcno k . O6osnauum uepes ¥ € R¥*™) wmarpuiy, crpoku

KOTOpOit sBAIOTCS (yHIaMeRTanbHBIME perteausMu. Uepes V; € RE™ 0603HawmM Ty 4acTh MATPHLE,
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CYMMBI MHO202PaHHUKO®

KOTOpas COOTBETCTBYET HEPABEHCTBAM MaTpulpbl —4,, a yepes V, € RP™ _ 7y qacTs, KOTOpaAs cOOT-
BETCTBYET HEpPaBEHCTBaM MaTpHunl A, . Torna nepasencrsa (6) 3anuuryTcs B BUC
V(b —4x)+V,b, 20.
BeeneM obozHaveHus
A=V4, b=V +V,b,. 3

CnepoBatenbHo, cymMMa Oy/IeT OnMChIBATECH OrpaHudeHusMH Ax < b.

B urore, mocrpoeHre CyMMBI IBYX MHOTOTPAHHUKOB CBOAUTCS K HAXOXKIEHHIO ofuiei Gopmynsl HeoT-
PULATENTLHBIX pellieHUH CHCTEMBI OIHOPOIHBIX JIMHEWHBIX YPaBHEHuMI 1 ucrionb3osaHuto gopmyn (8).

3ameuanue 1. ECU B CTPOKE MATPHILI V' €CThb NOJOKUTENLHBIC 2JIEMEHTEI Kak B V] Tak U B V,, TO
CTPOKA [IaeT HEPaBEHCTBO CYMMBI, MHAYE — HET.
Boruncanrensnas cxema. H.b. Yepaukopo# [3] pazpaboran anropurm ans HaxoxzeHus obwme# ¢op-

MYJIbl HEOTPHLIATENIBHBIX PEUICHAH CHCTEMbI ONHOPOIHBIX JIMHEWHBIX ypaBHeHHHA Ax =0, cBOAAMMHACA
K OC/Ie/10BaTe IbHBIM OJHOTHUITHBIM MpeoOpa3oBaHusIM TabIHLbI

Vl——:(I/ll V21)=(E AT)Emanm’
B KoTopoit £ ¢ R" — equnnynas Marpuua (JieBas qacts TabaulE!), A Temmm _ npaBas 4acTb TaOJHLIBL.
OtH npeobpa3oBaHus, He MEHSIOIHE YHCa CTOAOIOB B JIEBOH M MPaBOH YacTax TaOIMIbL, IPOBOAATCS
110 CJIeYIOLEMY ITPaBUILY.
2 -1

[ycTts yxe coctaBieHsl Tabavusl ¥ -,..., V' . Torma nis cocraBineHus Tabnuipl V' BoienuM B
npasoit gacti Tabmausl V' OpomM3BOMBHBIN HEHyNeBo#H cTonbel (€cnM OH HMEETCs), HalpuMep Tep-
BBIH CTONGEL]; HA30BEM €r0 OCHOBHBIM cTONOIOM Tabnuiel V'~ . TlepeHocuM Ge3 M3MeHeHUs B OYepes-
Hyto Tabiuiy V' Te CTpoKM TabmuLpl V'"!| Ha nepecedeHMM KOTOPHIX C OCHOBHBIM CTONGLOM CTOST

HyJTH (€CJIM TAKKe CTPOKM MMetoTes). Beinensem manee s Tabnune V'~ mo6yio napy cTpok, Ha nepece-
YEHHU KOTOPBIX C OCHOBHBIM CTOJOLIOM HAXOMATCS HEHYIEBHIE 3JIEMEHTHI IIPOTHROIONOXKHBIX 3HAKOB
(MOHATHO, YTO TAKMX CTPOK MOKET U He ObiTh). Takyio mapy HaspIBarOT JOMyCTUMO# rapoi. Eciu Tab-

muua V'™ comepxut Gonee BYX CTPOK, M CYUIECTBYIOT CTONOLE! Tabmuupl V™', nepecexarome 1o
HYJIEBBIM 351eMeHTaM 00e CTPOKM JOIMYCTUMOM Naphl, HO HE CYHIECTBYET HMKAKOM JAPYro# CTPOKH Tab-
muusl V', epecekarolneifcst 10 Hy/IEBBIM 3JIEMEHTaM CO BCEMM CTONOLAMHE TAKOTO POJia, TO TIPH 3TOM

YCJIOBHH JOMYCTHMYIO TIapy CTPOK Ha3bIBAIOT ypaBHOBeleHHON. Ecmi Tabnuna V'™ conepxut TobKo
JIB€ CTPOKM, M OHM COCTABJISIOT JOIMYCTUMYIO Hapy, TO MOCIETHSASA CUMTAeTCs ypaBHoBeuweHHOH. Crpo-

KOH paBHOBECHS YPaBHOBEINCHHOW MOMYCTAMOM Mapel CTpok Tabuibl V'~ HasblBaloT Takylo WX JH-
HEHHYI0 KOMOMHAIMIO C TIOJIOKUTEBEHBIMUA KO3((HUIIMEHTaMU, KOTOpas MepeceKkaeTcs 10 HyJIEBOMY
57EMEHTY ¢ OCHOBHBEIM CTOJIGLOM. CTPOKM PaBHOBECHS BCEX YPABHOBEINEGHHBIX 1ap CTPOK TaOIHIILI

V'~! BHocarcs B Tabmumy V' . Ha 3ToM cocTaBieHye TaGaMIb 3aKaHIMBAETCS.

Yepes KOHEUHOE YHCIIO 1IArOB PacCMaTPUBAEMEBIH MPOLECC OKAHYMBACTCS, TAK KaK B ITPaBOH 4acTH
oyepeaHOH Tabuibl THOO HE OKKETCS HEHYIEBBIX CTONOLIOB (4, 3Ha4NT, IPUMEHeHHe K 31o# Tabauie
npaBIwiIa MpeoOpa3oBaHus HE U3MEHHT ee), MO0 cTonbel, KOTOpbIiA NPHHAT 32 OCHOBHOM cTONOel, He
COAEPIKUT HyJIEW U HE ONpeIeiieT YPaBHOBEHUICHHBIX HOIyCTMMBIX Map CTPOK (ciemyromias Tabnuua —
nycra). B nepeom ciryduae MUHUMATBHYIO CHCTEMY 0Opa3yIOIIMX T€MEHTOR KOHyCa HEOTPULIATEIBHBIX
pELIEHUI CHCTEMBI JIMHEHHBIX YPABHEHMH COCTABISIOT CTPOKH JIEBOM YacTH nocieiHeH U3 Tabnul, a Bo
BTOPOM — KOHYC HE COAEPKHUT HEHYJIEBBIX JICMEHTOB.

3ameuanue 2. OUEBHIHO, YMCNIO MPeoOPA3OBaHMIl 3aBHCHT HE TOSBKO OT MATPHIIB! JAHHOM CHCTE-
MBI YPaBHEHMH, HO U OT BBIOOpa OCHOBHBIX cTONONHOB. [N cokpanieHHs npouecca OThICKaHUs HEHYJIe-
BBIX PELUCHUII cneyeT Mo BO3MOXMHOCTH NPHMHHMATH 34 OCHOBHOM TakoH cronbell npaBoil yacTu ove-
peHo# Tabimuiibl, KOTOpBI onpeae:isn Obl HOBYIO TaGJMIy C BO3MOXKHO MEHBIIAM YMCIOM cTpok. Ec-
M, B YaCTHOCTH, B NPABOM YACTH OYEPEeNHOM (B TOM YMCIIE M MCXOJHOM) TaGIMIBI HMeeTCs CTOJIOeI,
BCE JIEMEHTHI KOTOPOI'O OTPULIATEBHBL, TO, OYEBHUHO, CPa3y XKe MOXKHO CKa3aTh, YTO JaHHAs CHCTEMA
HC IMCET HEHYNCBLIX HCOTPHIIATCIIbHBIX pemeﬂnﬁ.

Bpemennan cnosxcnocme ancopumma nocmpoenus cymmet. B pazpaboTaHHOM alnropuTMe CyMMHMpPO-
BaHHA OCHOBHOH W caMoif TPYHOEMKOH I10 BPEMEHHM BBIYMCIECHUSA oHepaumeil SBIACTCH HaXOmKACHHE
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MaTtemaTuka

obmel GopMybl HEOTPHUATENBHBIX PEIICHHH CHCTEMBI OHOPOIHBIX JIHHEMHBIX YPaBHEHHH METOIOM
H.b. Yepuuxoso# a1 cnenmanbhoi 3agadn. Meton H.B. HepHukoBoit X0Tk U yckopsieT paboTy Merona
uckmouenuit dypoe-Moukuna [2, ¢. 239] ang HAXOXKASHUS HEOTPULIATENILHBIX PEeLUeHU CHCTEMBI JIM-
HEHHBIX YPABHEHMH, HO BCE PABHO He ABNAETCS MOTHHOMHAIBHBIM aJIFOPUTMOM B 0011leM ciTyyae.

B 1982 roxy Henscon ycranosmn [2, ¢. 242], yro meton uckmoderuit @ypre-Monkuna 1uis cHc-
TeM, K&KJ0€ OrpaHHYEeHHE KOTOPbIX COAEPXKUT He Oosiee OBYX IepeMeHHBIX (TO ecTh KO3(D(OHUMEHTHI
OPH OCTATBHBIX NIEPEMEHHBIX — HYJIH), UMEET NOPANOK BpeMeHH paboTh

2ogn]+3
O(m -1 P2 logn)
TZIe M — YUC/I0 HEPABEHCTB M 72 — YMCJIO [IEPEMEHHBIX.

2. lIpumep
ITycts cymmupyemble Muokectsa P, € B> —ky6, P, € R’ — nupamuna
X < I
Xy < L X +x, +x; <L
P = x3 < L " P = - X, < 0
—X < 0 —X, < 0
—X, < G -x, < 0.
-x; < 0
B cOOTBETCTBMH C H3I0KEHHOM BEIYHCITUTEIBHONH CXEMOi COCTaBUM TalJIHILY

i 000O0O0O0O0CO0OOI O O

01 060000 O0O0OUO0OO0 1 O

001t 00 0O0O0O0TCO0CGO0O O 1
00010O0O0O0GO0OO-1 0 O

. i | O00O01 00O0O0O0O0 -t O

V=0 "=

00000100 O0O00 0 -1

0000001 O0O00O0O1 1 1

006000001 O0O01 0 O

0000 O0O0O0OO0OT1OQO00 -1 0
0 00 000O0O0O0OT11TH]O0O O -1

W, CUMTas NepRbiii cTonfell ee MPaBoi YaCTH OCHOBHBIM, NPeoOpa3yeM ee B HOBYKO TabsiHIly

01000 0O0O0O0OO0 1T O

001t 00 0O0O0O0O00 0O 1

000 01 00O0O0O00 -1 0

0 00 001 0O0O0O00 0 -1

; ) ) 006 0000 O0OT1O00 -1 0

=0 r )=

000 00O0O0O0O0OT1THO O I

1 001 0000000 0 O

1 0000001000 0 O

0001 001 0000 1 1

0000001 10 00 1 1

Cuwmras BTOpO# cToGen TabIMIE OCHOBHBIM, IIpeobpasyeM €€ B CIeAYyIonly1o Tabauity
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CYyMMbI MHO202paHHUKO8

Yxanoe M.B.
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CTpoKH JIeBOM YacTH TaG/ MBI COCTABIIIOT MHHUMANTBHYIO CHCTeMY 00pa3yIoIX 3IeMEHTOB KOHYCa HEOT-
PHLATENLHBIX PEIIeHHI paccMaTPUBAEMOH CHCTEMBI ypaBHEHMI.
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VY nasss IMIHKe HePaBeHCTRA, MONyHacM ONKUCaHHe CyMMbl P Ky0a U mipaMubl
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MaTtemaTuka

=X < 0
~X, < 0

-x, < 0

X < 2
X, < 2

T x, <2
X tx, < 3
X +x; £ 3
X, +x; < 3

X +xy, +x, < 4.

3akigoyenne

Pazpabotan anropyT™M TOYHOTO TIOCTPOEHUSI CYMMbI MHOTOTPaHHMKOB. AJITOPUTM HE HCIIONB3YyeT
BEpIIWHBI MHOTOIPaHHMKA H MOXKeT NMPUMEHATHCS B 3a7adax BBIYHCINTEILHOH IeOMEeTPHH, KOrja Ha-
JOXEHBI OTpaHKYeHHS 10 00BbeMY MCTIONb3YyeMOH aMATH g 3aaHUd MHOKECTB.

Pabora noanepxana rpantamu POOU — YPAJI Ne 01-01-96419 1 MO Ne TOO / 13.2 / 2647.
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