3azaua o paiMelieHun Quananor fanxa

Hano: [={l,..., m} — MHOXECTBO MeCT (pailOHOB, TOPOI0B, OKPYI'OB), I'JI€ MOXKHO
OTKPBIBaTh (hPUJIHAJIBI;

J={1,..., n} — MHOXECTBO MOTEHIUAJIbHBIX KJIUCHTOB;

i =2 0 — pacxojpl Ha OTKpBITHE Qunana i.

¢;j 2 0 — 10oxox OT 00CIy)KUBAHMS KIIMEHTA j (PUITHATIOM .

p > 0 — MakcuMaJIbHOE YHCJIO OTKPBIBAEMBIX (DHUITHATIOB.

Haiitu: nogmuoxectBo S < [, | S| < p, OTKpbIBa€MBbIX

—_‘T = CBEPBX&K
IlepeMeHHBIE 32124 L= ;

.= 1, ecm oTKpBIBaEM (puimaln i,
* |0 BHIpoTHBHOM CIydae

. 1, eciiu KIIMEHT j 00CTy>KUBAeTCs (PUITHATIOM I,
Y |0 BIpOTUBHOM CITy4ae
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MareMmaTnueckas MOJ€eJb

max Z ZCUZU — Zfl-xl-

il jeJ iel
IIpU OTPAHUYECHUSIX:

Dz <1, jeJ;

iel

xl-ZZl-j, iel, jelJ;

D % < p;

el

Zjj, Xi€ {0,1}, iEI,jEJ
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3anaua paiMeuieHNA NPOM3IBOACTRA

HMano: [={l,..., m} — MHOXECTBO pailOHOB (TOpPOJIOB, 00JaCTEl), I'JI€ MOXKHO
OTKPBITh IIPOU3BOJICTBO HEKOTOPOH MPOIYKIIHH;

J=1{1,..., n} — MHOXECTBO NOTPEOUTEICH F3TON NPOAYKIHNH (KIUEHTOB);
f; =2 0 — 3aTpaThl Ha OpraHU3alMIO MPOU3BOJICTBA B MyHKTE i.

¢jj 2 0 — IpOU3BOACTBEHHO—TPAHCIIOPTHBIE PACXOABI Ha YIOBIETBOPEHHE CIIPOCA j-TO
KJIMCHTA i-M TIPEATPUITHEM.

p > 0 — MakcUMaIbHO BO3MOYKHOE YMCJIO MPEATPUATHIA.
Haiitu: noamuoxkecTBo npeanpuaruit S < I, | S| < p,

KOTOPOC IIO3BOJEICT YAOBICTBOPUTH CIIPOC BCCX
KIMCHTOB C MUHUMAJIbHBIMHU CYMMAPHBIMH 3aTpaTaMHU.

JMekuun 13. /[uckpemmnvie 3a0auu pasmewieHus -3



IlepemeHHbIC 3a1a4M:

.= 1, ecii OTKpBIBAEM MPEANPUATHE I,
* |0 BIpOTUBHOM ciTydae

. 1, ecnu mpeanpusitie i 0OCIYy>KHBAET KIIMEHTA J,
Y |0 BIPOTUBHOM CiTydae

MareMmaTnueckasi MojaeJb

min Z ZCUZU + Zﬂxi

iel jeJ iel
IIpU OTPAHUYECHUSIX: Zzij =1, jelJ;
iel
X; Zzl-j, iel, jelJ;
D x; < p;
iel

zjj, x;€10,1}, iel, jeJ.

Ynpaxknenue. 3amena z;€ {0,1} na z; > 0 He MEHAET MUHMMYyMa CyMMapHBIX 3aTpar.
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Brifop cocTaBa CHCTEMBEI TEXHHYECKHX cpem'm

Hano: [={1,..., m} — MHOXECTBO TUIOB TEXHUYECKUX ’F‘
CPEJICTB;
{1,..., n} — MHOXECTBO BHMJOB Pa0OT, BHIINOJHICMbIX

9TUMHU TCXHUYCCKHUMU CPCACTBAMU,

fi = 0 — 3arpaThl Ha pa3pabOTKy U OpPraHU3AIMI0 MPOU3BOJICTBA
TEXHUYECKOT'O CPEJCTBA I-I'0 TUIIA;

g; > 0 — 3aTpaThl Ha MPOU3BOACTBO OJIHOTO CPEACTBA i-I'0O THUIIA;
¢;j = 0 — 3arparsl Ha BHIIOJIHEHHE OJHON paOOTHI j-TO BUJA
TEXHUYECKUMU CPEJICTBAMU I-TO THIIA;
pij 2 1 — 4MCI0 TEXHUYECKUX CPEJACTB i-I'0 THIIA, HEOOXOIU-
MBIX JIJIs1 BBITIOJIHEHUS OJIHOM pabOTHhI j-I0 BUAA;

@; 2 1 — uncio pabor j-ro BUAA;

p > 0 — MakCUMaJIbHO BO3MO>KHOE€ YHCJIO TUIIOB TEXHUYECKUX
CPEICTB B COCTABE CUCTEMBI.
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Haiitu:  CocTaB CHUCTEMBbI, KOTOPBIA IO3BOJIMJI Obl BBINOJIHUTH BCE PabOTHI
C MUHUMAJIILHBIMU CYMMAapPHbIMU 3aTPATAMU.

IlepeMeHHbIC 3a1a4M:

{1’ CCJIN BKJIFOYACM B COCTaB CUCTCMbI TCXHHNUCCKUC CpeﬂCTBa I-TO TUIIA
Xi—

0 B IpOTHBHOM CiTy4ae

v; 2 0, 1IeabIe — YMCI0 TEXHUYECKUX CPEACTB i-I'O THUIIA B COCTABE CUCTEMBI

{1’ cCJIn pa6OTI)I ] -I'0 B J1d BBITIIOJIHAKOTCA TCXHNUUYCCKUMHU CpC,Z[CTBaMI/I i-FO THUIIA
Zij:

0 B mpoTHUBHOM ciTy4ac
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MaremMaTn4eckast MOIeJdb

min Y | f; +glvl+2go]

iel jeJ
IIPH OTPAHUYECHHSAX: Dzi=1, jeJ;
iel
v, = Zgojpl-jzij, i el;
jeJ
X; _le, iel, jelJ;
2% <P
iel

Zjj, Xi€ {0,1}, iEI,jEJ.
yﬂpa)KHeHI/Ie 1. YCOBepIHeHCTBOBaTB MOICJIb JIsd Cliydasls HCHYJICBOI'O HAYaJIBHOI'O

COCTaBa CUCTEMBI Vl-o >0,iel.

Yupaxuenue 2. [TocTpouTh MOAEb 71 CJIydas MOCJIE€A0BATEILHOTO BBIMOJIHEHUS Pa0oT.
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JByXypoBHeRaf 3aJjavua paiMelieHusn

Hano: [={l,..., m} — MHOXECTBO MECT, IJI¢ MOXXHO
OTKPBITh TPOU3BOJICTBO HEKOTOPOH MPOTYKIIHH;
J = {l,..., n} — MHOXECTBO MOTpPEOUTENCH 1TOU

NPOAYKIUHU (KJIUEHTOB);
fi 2 0 — 3arpaThl Ha OpPraHU3aIMI0 MPOU3BOJACTBA B ﬂ
ITYHKTE I.

¢;j 2 0 — IpOM3BOACTBEHHO—TPAHCIOPTHLIE PACXOJbI HA

YIIOBJIETBOPEHUE CIIPOCA j-T'O KIUEHTA [-M IIPEIIIPUATAEM.
p > 0 — MakcUMaJabHO BO3MOXHOE YHCJIO MPEANPHUSITHH.

dj 2 0 — npeAnoYTeHus j-ro KIMEHTa HAa MHOXECTBE
PEANPUSTHM:
mind i — HanOoJIee JKeJTaeMbIH ITOCTABIIMK,
iel
i maxd jj — HaMMEHEE JKC/IACMBbIi [IOCTABLIIHK.
iel
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Haytu: IloamHoxectBo S < [, | § | < p, OTKpBIBAEMBIX NPEANPUATHI, KOTOPBIE

MO3BOJIMJIM OBl  YJIOBJIETBOPUTH CHPOC BCEX KIWEHTOB C MHHUMAaJIbHBIMU
CyYMMAapHBIMH 3aTpaTaMH.

IlepeMeHHbBIC 3a1a4M:

. 1, eciii OTKpBIBaeM MPEANPUITHE 1,
* |0 BHOpOTHBHOM CiTy4ae

1, ecnu npeanpusTUe i 00CITYKHUBAET KJIMEHTA J,
Z.. f—
Y |0 BIPOTUBHOM CiIydae
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MaTteMaTuueckass MoJeJb

min Z ZCijZ;’ + Zfixi

iel jeJ iel
MpU OTPAaHIYCHHSX D x; < p;
iel
x;€{0,1}, i€l

*
rac z;; — OITHUMAJIbHOC PCHICHHUC 3a/1a49U HOTp€6I/IT€H}II

l]
min Z Zdijzij

jeJiel
[IPU OTPAHUYCHUSIX: Zzij =1, jeJ;
iel
xl-ZZl-j, iel, jelJ;

zjj€40,1}, iel, jeJ.
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KpaapaTuuHas 3aJja4a 0 HA3HAYCHHAX

Hano: [ = {l,..., n} — MHOXECTBO 3/IaHUM, I]I€ MOTYT

pa3MeliaThes 1exa;
J=1{1,..., n} — MHOXECTBO MMPOU3BOJICTBEHHBIX IICXOB;

Ay — PACCTOSHUE MEXIY 3daHusaMu k, [ €1 ;

b; — 00bEM NPOAYKUHUM, TPAHCIOPTUPYEMBIA M3 IE€Xa i

BIIEX j, TAC I, ] €J.
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IlepeMeHHbIC 3a/1aUN:

= l,ecnm nex i pa3Memaercs B 31aHUH K,
ik 0 BmporuBHOM Cityuae

MarteMaTuueckass MoJeJb

min D > > aybxyx

ieJjedJlelkel

[IPU OTPAaHUYCHUSAX:
ink =1, nia Beex kel
ieJ
Z X =1, s Beex iel,
kel

xix €40,1}, ied, kel
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IeneTHUecKHil ATOPUTM AJIR 32424 Pa3MelleHHAA

HNnes 3auMCTBOBaHA y )KMBOUW NIPUPOILI U COCTOUT B OPraHU-
3allMd  DBOJIIOLIMU, LEJIbI0 KOTOPOU SBISIETCA ITOJIYYEHUE
ONTUMAJIHOT'O PEIICHHUS B CJI0KHOM KOMOMHATOPHOM 3a/1a4e:

min{ 1(S), SeSol}.

HavanbHasa nonyasiuust P = {S, S, ..., S} —

Ha0Op JONMYCTUMBIX PEIICHUI UCXOIHOM 3aJjauH.

IIar 3BoJroIMK: BEIOMpPAEM U3 MOMYJISAILINKU 1B PELICHUS, CKPEIIMBAEM

X, MOPUMEHSIEM MYTalMI0, JIOKUIBHYK IIEPECTPOMKY W H0OaBIsIEM
B MOIYJIALMIO, 3aTEM HAUXYIIECE PEIICHUE YAAISIEM U3 ITOMYJISIHMN.
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O6mana cxema ajaropuT™Ma

1. Bri6paTh HAUaIBHYIO MOMYJIALUIO P U 3aIIOMHUTH pexopn F- = min  f(S ;).
i=1,...,k

2. Tloka He BBIMOJIHEH KPUTEPUN OCTAHOBKH J€JIaTh CICIYIOIEE:
Bri6pats “poaurencii” S; ,S; W3 NOMyJIALUN.
[Ipumenuts Kk S i ") j, ONEPaTOp CKPEMBAHUA M MOIYYUTh HOBOE
penreHue S'.
[IpumeHuTh K S’ oneparop MyTaluy U MOJYYUTh HOBOE perieHue S .

[Ipumenuts Kk S” omeparop JIOKaIbHOTO YJYYIIEHUS W ITOJYYUTh

HOBOE penreHue S
Eciu f(S"") < F *, TO CMEHUTbh peKkopa F "= f(S™).

JloO6aBuTh S’ K MONMYJISIIUM ¥ YJIAIUTH U3 HEE HANXY/IIIEE PEIICHUE.
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OnepaTop CKpelNBAHNSA

IIycth S}, S — ABa pelieHus, 3aJaBaeMble BEKTOpamMu X 1, X% e {0,1}".

OJHOTOYEUHBIN OIlepaTOp CKpEIIMBaHUS: BBIOMpaeM CIy4aHBIM 00pa3zoM
koopauHaty | < / < n m HOBBIM BEeKTOp X’ momydaer NnepBble / KOOPAWUHAT OT

BeKTOpa X 1, a OCTaJIbHbIE OT BEKTOpa X g
X':©0100[1...011)
X (1101/0...111)
X:01000...111)

Y

[

AHaJIOTUYHO OIIPCHCIIACTCA I[BYXTO‘IC‘IHI)II\/JI, TpCXTO‘IG‘IHBIfI " T.A. OIICPATOPHI.

PaBHOMEPHBIN OIEPATOP CKPENIMBAHUA: HOBOE PEHICHUE X B KAXKJIOM KOOPJIUHATE
MOJIY4aeT ¢ BEPOATHOCTHIO (.5 3HAUEHHUE OJTHOTO U3 POJIUTEIIECH.
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Bribop poautenei

TypHupHas ceyiekuusi: U3 MONyJasianuu P ciydaliHbIM 00pa3oM BbIOMPAETCS] HEKOTO-

po€ MOAMHOXKECTBO P ' < P u poauTesieM Ha3HAYAETCsl HAWJTy4lllee peneHue B P '
S; = min f(S).
SeP

[IponoprioHaabHas CEICKIUA: U3 MOMYJISIIUK P cllydailHbIM 00pa3oM BBIOHMpAIOT-
ca aBa poautens. s penieHus S; BEPOSTHOCTh ObITH BBIOpAHHBIM OOpPaTHO

POIOPIMOHAIbHA 3HAYEHUIO 1eJIeBOM (PyHKIUU f(.S;).

BapuanTel: Jlyumunii B monyiasinuu + CIy4aiHO BEIOPAHHBIMN.

Cny4daiiHO BBIOpaHHBIM + HauOosee yJaJICHHBIH OT HEro

u JIp.

.

w
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OnepaTop MyTanum

BeposaTHOCTHBINM omepaTop MyTalMH CIy4dailHbIM 00pa3oM BHOCHUT HU3MCHEHHUS B

JOMyCTUMOE pelieHne 3a1aun. Hampumep, ¢ Majaon BEpOSATHOCTBIO g < % B KaXKJI0U
KoopauHate 3HadeHue X;€ {0,1} 3ameHsercs Ha npotuBonoyioxkHoe 1 — X;. Eciau B

peleHnn TpebyeTcs: COXPAHUTh ) X; = p, TO CIydallHbIM 00pa3soM BbIGHpAcTC
iel
KOOpAMWHATA [| Takasg, 4yro X i =1 m kxoopauHatra i, Takasg, 4ro X i = 0 wm

mpou3BoauTCA 3ameHa X; =0, X; =1.

7~ O\
X= 01010...01T1)

X"= (11000...011)
i is
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JIoKka/ibHoOe ylayvilleHHe
Jlns pemenust S 0003HauuM yepe3 N(S) ero oKpecTHOCThb, HallpUMep, MHOKECTBO
BCEX pelieHui S', Haxoasauxcs oT S Ha paccTosHuu He 6onee 2 (3,4, 5...)

AJITOPUTM JIOKAJIBHOI'O CIIYCKA

1. Ilonoxwuts S :=S8";

2. HaiiTu B OKpECTHOCTH pelIeHHs S HauIydlIero coceaa S

f(8)=min{f(8),8 € N(S)};

3. Ecm  f(S)< f(S), 10 momoxure S:=S u BepHyTbCd Ha mIar 2,

nHaue STOP, nonydeH NoKaaIbHbIA MUHUMYM.
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3anaun paiMellleHUS B YCAOBHAX KOHKYPEHIHN

I={1,..., m} — MHOXECTBO ITYHKTOB Pa3MEIICHHUS;
J={1,..., n} — MHOX€ECTBO KJIUECHTOB,;

C;j — PACCTOSHHUC OT ITYHKTA I 10 KIIUCHTA J;
fi — CTOMMOCTb OTKPBITHS NPEAPUATHS B IIYHKTE I 1)1 riepBoro JIIIP;

g; — CTOUMOCTB OTKPBITUA MPEANPUATHS B IyHKTE I 11 BTOporo JIIIP;

d; — 10X07 OT 00CIIy)KUBAaHUS KIIMEHTA j;

Cnavaina JIIIP| npuHuMaeT pemeHue 00 OTKPBITUH
CBOMX MPEANPHUATHN. 3aTeM, 3Has ATO pEIICHMUE,

i

|

JITIP, OTKpBIBAa€T CBOM NPEANPHUATHSA TaK, YTOOBI
MOJIYYUTh MAKCHUMAJIbHBIM J10XOA. KiueHT 3Haer
o0a pemieHus W BbIOMpaeT Ommkaiiiee k cebe ||
npeanpusTyie. 3ajada COCTOUT B TOM, YTOObI HAUTH |
peuienue A JIIIP| ¢ MakcuManbHBIX T0XOI0M.
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IlepemeHHbIe 321241
1, ecnu JIIIP; omkpwvin npeonpusamue 6 nyHKkme i

0 6 npomusnom crnyuae

0, ecru JIIIP, omkpoLn npednpusimue 6 nyHKme i

[ 8 npomusnom cnyuae

J1J1s1 BEKTOpA Z TIOJI0OKUM

[i(z)={iel|c; <min(cy |z =1)} — MHOXKeCTBO MNYHKTOB pasMelICHHS
KOTOPbIC HAaXOMATCSA OJNMKE K KIMEHTY j, YeM OJimKaiiiee OTKPBITOS

npennpustue, npuaamiexammue JIIP,.

Jexkuua 13. /[uckpemmuuie 3a0auu pasmeuwieHus  -20-



MarteMaTun4uecKkast MOJA€EJAb

maxs

2.4 1%

jeJ ie]j(z)

npu orpannueHusx z;€ {0,1}, iel

U X* — OoNTUMaJIbHOE pemeHHe 3agauu JII1P;:

maxs > d (1- []x)-D g(-x)

]eJ

npu orpanndeHusx z; + (1 —x;) < 1,iel, x;€{0,1},iel.

3amayva JITIP, aBmsieTcs sxcTpeMalibHBIM OrpanndeHuem B 3agaue JIIIP;.

i€l (2)

_Zfizi

iel

el

e

N

A4

Jekuun 13. /[uckpemmnwie 3a0auu pazmeuwieHu
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IpunaTre pelieHul NyTeM roJIOCOBAHASA

IIycTh B paiioHe pa3MeliaeTcs p mkoia (0oabpHuL, IHTEpHET-1IEHTPOB, ...).
I={1,..., m} — MHOXECTBO BO3MOKHBIX ITYHKTOB Pa3MEIIICHHUS;
J=1{1,..., n} — MHOXeCTBO KJIUECHTOB (y4alluxcs, ...);

9

¢;j — MaTpHLa NPEAIOYTEHNH (PACCTOSHUM OT I 10 j, YEM MEHBIIE, TEM JIy4IIE)

JITTP, BeiaBUTaeT npoekr z;€ {0,1}, Z Z; = p, ¥ XO4eT IOJIy4UTh €r0 0400pECHHUE.

el

JITTP; — onmo3unus, KOTopasi X04eT “pOBaIUTh ‘;-
MPOEKT Z W BBICTABIAECT CBOU TMPOEKT X, 3Has g
MIPOEKT Z.

Pemenune npuHUMAETCs: TOJIOCOBAHUEM.

KiueHT orgaer CBOM TOJIOC 3a TOT IPOEKT,

KOTOPBIN eMy “‘Onmxe”.

Jekuun 13. /[uckpemmnvie 3a0auu pasmeuwieHus  -22-



MarteMaTun4uecKkast MOJA€EJAb

max Zd fok

jeJ ze] (2)
npu orpanndeHusix z;€ {0,1}, iel, Zzi =p,
iel
U X * — ONTHUMAJIbHOE PEIICHUE 3a/1a4U:

max Z(l— Hx )

jeJ le[ (2)

npu orpannueHusx x;€{0,1}, iel, Z (1-x;)=p.
iel

Ecnu JIIIP; HaOpai 0oJibliie IIOJJOBUHEI T'OJIOCOB, TO OH “‘OOeaWII” .
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«be3HaaexHbIID> MpUMep

I1=11,2,3,4,5, 6} — Mmecra pazMeIcHUs TPEANPUITHH;
J=1{1, 2,3} — KIUECHTHI.
KnuenTsl BIOMparOT OdMKauiee IpeanpusiTue. o

IIpu p =1 JIIIP, Bcerna mpourpwiaer!

Jexkuun 13. /[uckpemmnnie 3a0auu pasmeuwieHus -2



Ecnu JIIIP craBuT npeanpustue B BEpIIUHE TpeyrojabHuka, To JIIIP, craBur cBoe
NPEANPUATHE HA TPOTUBONOJIOXKHONU CTOPOHE TPEYrOJIbHUKA U 3aXBATHIBAET JIBYX

KJIMEHTOB, B TO Bpems Kak JIIIP| mony4yaer TonbKkO OqHOTO.
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Ecnu JIIIP| ctaBuT nipeanpustue Ha CTOpoHE TpeyroyabHuka, To JIIIP, craBur cBoe
MPEANPUITUE B COCEIHEN BEPIIMHE TPEYTOJBHUKA U TOXKE 3aXBATHIBAET ABYX KIIU-

€HTOB, B TO Bpems Kak JIIIP| momy4daer TOJIbKO OTHOTO

JIIP,
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3azaua o (r|p)-uentpounne

I={1,..., m} — MHOXECTBO BO3MOKHBIX ITYHKTOB Pa3MEIIICHHUS;
J={1,..., n} — MHOXE€CTBO KJIUCHTOB;

p — YHUCIO0 NPEeAnpUsATUr pasMmeinaeMsbix Jingepom

¥ — YHCJO NMPEeANpUITAN pazMeniaeMbix KOHKypeHTOM

Vj— JOXO0J OT 00CIy>KMBaHUS KIIMEHTA ]

g;j — MaTpHulla PacCCTOSHUU OT MPEAIPUITHS [ O KIIMEHTA j

Haiit: oTKpBITh p ipeanpustyail JInjgepa, Tak 4ToObl MAKCUMHU3UPOBATh €0
CYMMAapHBIN JT0XO/1
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3anava o (r|p)-uenTpouse
IlepemMeHHbIE 327249
Jugep X; = {] , eciu Jluoep omkpwin npeonpusmue 6 nNyHKme i

0 6 nponueHom ciydae

1, eciu Koxypenm omxkpwvieaem 6 nynkme i,

KOHKypeHT vy, =
Vi {0, 8 NPOMUBHOM CAyUYae

1, ecnu knuenm j obcayoscusaemces Jluoepom,
KnneHTsl U. =

0, eciu kauenm j oocayacusaemcs Kouxkypeumom.

JInst 3aTaHHOTO PEEHMUS X;, I €/ ONPENETUM MHOKECTBO

Ii(x)={iel|g; <Il?€i}l(gkj|xk:1)}-

Jekuun 13. /[uckpemmnwie 3a0auu pazmeuwieHu
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3agaua o (rjp)-uenrponge

MareMmaTnueckas MOJ€eJb

max Zr U (xl,yl )

jeJ
IpY OTPAHHYCHUSIX le- =p, x;€{0,1}, iel,
iel
rae u = (uy(x;, ¥ )., u(x;, yi ) onmnmanbHOe pewenue 3anaun Konkypenra:
max ) rj(1=u;)
M] > V1 ]EJ
[PU OTpaHMYCHUIX [ —U; Z Vi, jeJ

ze] (x)
ZJ’i =r
iel
x;i+yi <1, iel;y, uje{0,1},ieljet
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hitp://math.nsc.ru/AP/benchmarks/Competitive/p med comp.html

Pe3ynbTaThl SKCIIEPUMEHTOB MOKA3bIBAIOT, YTO MPHU HEOOJBIINX 3HAYECHUSIX Mapa-
MeTpa p Jlunep npourpeiBaert

n=m=100, p=r=5, r; €(0,200) n=m=50, r=7,r; =1
10JIs phIHKA JInaepa p 10J1s1 pbIHKA JIngepa
IpUMep (B %) (B %)

111 47,63 1 2
211 45,84 2 6
311 45,08 3 16
411 47,12 4 28
511 44,85 5 36
611 47,10 6 44
711 46,01 7 52
811 46,08 8 58
911 45,21 9 62
1011 48,14 10 66
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