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SKCTPEMAJIBHAS (OIITUMU3AIIMOHHAS) 3AJAYA
(P)

HaiiTn:
min £ () (1)
[IPA yCJIOBUH, YTO
pi(z) < 0,i=1,m, (2)
xeSCR"vwuZ" vn B™. (3)
X = (X1y...4Lp)— BEKTOP NEPEMEHHBIX;

f — uenesast pyHKUUS 3a4a4U;
pi(x) < 0,2 = 1,m, x € S — orpaHuyeHns

3aJa4W.
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MeToabl ontumumzaumn = Teopus onTuMuK3a-
UM = Teopus akCTpeManbHbIX 3aga4 = MaTemaTtu-
4ecKoe MporpamMmMupoBaHme

1. TeopeTuyeckoe nccnefoBaHne BOMPOCOB Cy-
LLLeCTBOBAHUSA ONTUMabHbIX PELLEHWI SKCTPEMaIbHbIX
3a/ay.

2. Heobxogumbie u/van goctaTouHblie yCI0BUS
3KCTPEMYyMa.

3. PazpaboTka 4ncieHHbIX METOLOB PeLLIEeHIS.

4 Wccneposarne cnoxHocTy 3agay (knacesl PO,

FPTAS, PTAS, APX, poly-APX, exp-APX, NPO).



OCHOBHBIE OITPE/IEJIEHN £

BekTop @ — monyctumoe pelleHne 3agaqn P, ecnn BbINoaHs-
toTcst orpatudenns (2),(3).

Q(P) = {& € R"|pi(x) < 0,i = T,m,z € S} —
MHOXECTBO LONYCTUMBIX pelleHnii 3agaqn P.
OnrumanbHoe perieHue (ra106aJbHBII MUHUMYM ):

ntoboe JoNyCTUMOe pelleHre 3a4adn, Ha KOTOPOM AOCTUraeTcs
MUHUMYM uenesoli yHkumn f Ha mHoxecTee Q(P).

lL.g(x) =0=g(x) <0,—g(x) <0
g(x) <0=g(x)+y=0,raey > 0.

2.
max g(z) = min —g()
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OCHOBHBDBIE OITPEAEJIEHN A

3ajada ONTUMU3ALMN PELLIEHA, eCnu

— Anbo HallleHO €€ oNTUMaNbHOE peLleHue,

— AnbO HaliaeH KOHEYHbLIA WHWHYM LeNeBON MYHK-
umn Ha mHoxectee Q(P), B cnydae, korga ontu-
Ma/IbHOrO PeLleHnst He CYLLECTBYET,

— nMbo [OKa3aHO, YTO LeneBas MYHKLUS HeorpaHu-
4EHa CHU3Y Ha MHOXECTBE JOMYCTUMbIX PELLEHW,

— nMbO YCTAHOBIEHO, YTO MHOXECTBO [OMYCTUMbIX
peleHunii 3agadun P nycTo.
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JlarpaH>keBa Teopus JBOICTBEHHOCTU

PaccmoTpum 3agavy P ¢ npon3BosibHbIMK PyHKUuaMU f u @;:

f(x) — min (1)

Qoz(m) <0,2=1,m. (2)

Onpenenenne 1. OyHKONIO
L(CE, )‘) — f(iB) + Z )‘i(toi(w)a
i=1

onpe/ieJIeHHYIO IPU BCceX & U A, Ha3oBeM (yHkimeii Jlarpanxa
s 3agaqn (1), (2).



JlarpaH>keBa Teopus JBOICTBEHHOCTU

Omnpenenenne 2. Ilapa (x*, \*) HasbIiBaeTcs ce/IJI0BOI TOUYKOA
dbysknun Jlarpanxa, ecan

(3) (4)
L(z*, ) < L(z*,\*) < L(z, \*) V& € R,V > 0.

[ycTb

g(x) = sup L(x, A)
A>0

Torga
—

_ | f@), z€Q,



JlarpaH>keBa Teopus JBOICTBEHHOCTU

3apada P skBuBaneHTHa crenytoLLeii:
g(x) — min

[ycTb

h(\) = Cc1€n]:£n L(x, ).

PaccmoTpum 3agavy (D):

h(A) — max.
A>0

(D) — 3agaqa agolicTBeHHas K npsiMoil (uan nexogHoid) 3agade P
Aly e ooy Ay — LBONCTBEHHbBIE MEPEMEHHBIE, @ L1y« + « 4 Ly — NPSAMbIE
NepeMeHHbIle.
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JlarpaH>keBa Teopus JBOICTBEHHOCTU

Ecomax € Q, A > 0, To x — gonyctrMoe pelleHune npsiMoit 3agaqdu,
a A — JONyCTUMOE peLLeHNe NBONCTBEHHOI 3a4a4u.

Jlemma 1. (Csrabast Teopema JBOICTBEHHOCTH).

Ve € Q VA > 0 (h(X) < f(x)).

Jemma 2. EcmuZ € QuX>0u f(£) =h(A), T0oTu X —
onTUMaJibHble penienns 3agaun P u D, cooTBeTCTBEHHO.
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JlarpaH>keBa Teopus JBOICTBEHHOCTU

Teopema 1. BekrTopa T, A\ — onTUMaJbHbIE PEIIeHUS IPSIMOii
u jaBoiicrBenHoit 3agaun u f(Z) = h(\) Torga m TOJBLKO TO-
raa, korda napa (T, \) — cemyioBag Touka dyHKnuu Jlarpas-
xka. IIpu atom L(x, \) = f(Z) = h(N).

Caenctsue 1. Ilycts T € Q(P), A > 0. Ciegyromue yTBepzKie-
HISI 9KBUBAJICHTHBI:

1. ITapa (x, ) — ceayoBas Touka dpynknuu Jlarpamxa.
2. f(z) = h(N).

3. minsup L(x, A\) = maxinf L(x, A).
T >0 AZ0 z

o



JlarpaH>keBa Teopus JBOICTBEHHOCTU

Caencrsue 2. Ilycts *,Z € Q, A*, A > 0.

Ecau napst (T, A) u (x*, A\*) — ce1j10Bble TOYKHN PYHKITUN
Jlarpanzka, To napsl (¢, A*) u (*, \) — TaK>XKe ce/IJI0BbIe TOYKH
dbyukmuu Jlarpamxka, npuiem

L(z*,X) = L(F, \*) = L(Z, X\) = L(z*, \").
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Jluneiinoe niporpammvupoBanue (JIIT)

3apaqa sunelinoro nporpammuposatus (J11) B kaHoHWYeckoit dhopme:

w(x) = (c,£) — min (5)
Ax = b, (6)
x > 0, (7)

rae ¢ = (¢j),x = (x;) € R", A = (a;;) — (m X n) matpnua,
b= (b;) € R", m <n, rang(A) = m.

Ax = b= (a;,x) = b;,t = 1, m,

ACIZZbEiAJCEJ:b

j=1
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JIII: nBoiicTBeHHasda 3aja4a

3agaya (5) — (7) skeuBaneHTHa 3agaqe

(¢, ) —> min

(aiam) —b; <0, A: >
—(ai,z) + b; <0, A >0
—xj < 0. Hj =

Ee doyHkuus Jlarparxa:
L(z, A% p) = (¢, CB)"|_(>‘17 Am—b)—l—()\z, —Az+b)+(p, —) =
— <c A= AHA — g, :c) — (Al = A%, b).

CnepoBaTenbHo, LeneBast PyHKLUWS OBONCTBEHHOW 3af4a4y UMEET BUL:
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JIII: nBoiicTBeHHasda 3aja4a

h(A', A%, ) = inf Lz, A, A%, p) =

—

_ _(baAl—Az), ecnu C+(>‘1—>\2)A—u20,
— 00, WHaye.

[1BoiicTBeHHas 3amada

1 2
}L(;>\ ’ A ’ IL) — Sup ’
>\120a>\220,M20

aKBMBaneHTHa 3agaye JIIT:
— (b, A' — \*) — max
c+FAN=XA—-—p=0=c+ A =2)A>0.

VMHOXIM orpaHndenns Ha —1, obosHauum y = — (Al — A?)
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JIII: nBoiicTBeHHasa 3aja4a

[Tonyyum
(b,y) — max (8)
yA < c. (9)
Sameuanue 1. [nsa 3amad (5)-(7) u (8)-(9) BbInOJIHSIOTCS BCe
yTBepKaeHud: Jj. 1, jg. 2, Teop. 1, caeacreua 1 — 2.

Teopema 2. 3ajaua aBoiicTBeHHas K 3ajade (8)-(9) cosma-
JlaeT ¢ ucxoaHoi 3amaqeit (5)-(7).

JokaszaresibcTBO. 3agaqa (8)-(9) akBuBaneHTHa 3agaqe
—(b,y) — min
yA < c.
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JIII: nBoiicTBeHHasda 3aja4a

yA < ¢ = cncteme Hepasencts (Y, Aj) — ¢; < 0, x; >0

(conocTaBuan KaXkKAOMY OrpaHUYeHUto ABONCTBEHHYIO MepemMeHHyto (MHO-
xuTenb Jlarpavxa))

DyHkumsa JlarpaHxa:
L(y,z) = —(b,y) + (z,yA —¢c) =
—(b,y) + (Az,y) — (z,¢) = (Az — b,y) — (¢, z).

Llenesasi dpyHKLMS ABOWCTBEHHON 3a4a4m

h(x) = ir?}f L(y,x) =

{ —(c,x), ecnn Ax = b,
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JIII: nBoiicTBeHHas 3aja4a

3ajaya

)

sKBMBaneHTHa 3agade JIIT:
—(¢y ) — max
Ax = b,
x>0
nan
min(c, x)
Ax = b,
x > 0.
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JIII: nBoiicTBeHHasda 3aja4a

[lpsimasi 3apa4a

[1BolicTBEHHas 3ajaya
n m
w(x) = Z c;r; — min z(y) = Z b;y; — max
j=1 i=1
a;x > b; 1€ I y; > 0
a;r = b; 1 € I, Y; — CBOD.
&L 22 0 .j (S c]i 3114.' f; Cj
x; — cBob. 7 € Jy YyA; = c;j.
Y1ipaKHeHue.

TexHvKa mosiydeHns 3TOl CxeMbl: MO0 MOBTOPUTL BbIKNAAKW, MPUBES-
wue k 3agade (8), (9), nubo Bocnonb30BaTHCS CBOAUMOCTLIO 0DLLEN 3ajaun
JIM « 3apgaye JI[1 B kKaHoHW4ecKoli hopMe U MPUMEHUTL FOTOBbLIV peuenT

(3agava (8), (9)).
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JIIT: monsTue 6a3mcHOTrO AomycTuMoro perienus (6./71.p.).

Bazuc — ntoboii Habop Ag(1)s - - + s Ag(m) U3 T AUHElHO He3aBUCH-
MbIX CTONDLIOB MaTpuLbl CUCTEMbI OrpaHuYeHunii A,
Matpuua B = [As(1)s « - - y Ag(m)] Ha3bIBaETCS HasnCHOIL.

ObosHaveHus:

S={c(1),...,o0(m)},S ={1,...,n}\ S, A = [B,N],
rore N = [Aj]jES" x = (xp,TN), TB = (wa(l)a SR wa(m)) —
Gasuchbie, a TN = (&;),c g — HebasucHble nepemenHbie.

Exzg+ B 'Nzy =B (6)
Onpenenenne 3. Pemenue (xg, xn) = (B~ 'b,0) cucrembr
ypaBHenuii (6) HazoBeM 6A3UCHBIM (COOTBETCTBYIOIIUM OAa3UCy

B).
e



JIII: mongaTue 6.1.p.

Jlemma 3. BekTop & — 6a3ucHoe pemienue cucteMmsbl (6) Torma
1 TOJBKO TOT/ia, KOTJ[a MHOXKECTBO CTOJIOIOB C MHJIEKCAMU U3
mHOkecTBa S(x) = {j|z; # 0} — nuHeitno He3aBUCUMO.

Omnpenesienne 4. BazucubiM gonyctuMbiM perienuem (0.1.p.)
Ha3blBaeTCs tobON anemMeHT MHOXecTBa @, sBnsoumnlics 6asucHbIM pe-
LeHNeM cuCTeMbl ypaBHeHnii (6).

3amedanne 2. Pewenune cooTeeTcTBytowee basucy B — 6.4.p. <=
B~'b > 0.

Onpenenenne 5. Bektop & € Q — KpaliHsasd TOYKa NN BEePHITHA
MHOXecTBa Q, €CU He CyLLEeCTBYeT JONyCTUMbIX peluennii &1 # x? n3 Q
Takux, 4To £ = ax! + (1 —a)z? rre 0 < a < 1.
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JIII: Kpurepuii pa3pemmmoctn

Teopema 3. BekTop * — 06.4.p. TOorJa m TOJBKO TOTJa, KOTda &
— KpaliHds TOYKa MHOXKecTBa ().

Teopema 4 (Kpurepuii paspemmmvoctn). 3ajgada JUHEHHOTO
nporpammupoBanus (5)-(7) pa3pernmnmMa TOrjia U TOJIbKO TOT/IA,
KOI'JIA MHOXKECTBO JIOIIYCTUMBbIX PeIIeHnii He IyCTO U IejieBas
dyHKIUS orpaHryeHa Ha HEeM.

Caencrsue 3. Eciim MHOXKeCTBO JAOIIyCTUMbBIX PeNIeHnil 3a1a9u
JIIT me mycTo, TO cylmecTBYIOT Oa3uCHBIE JOIIyCTHUMbIE pelle-
HUS.

CrnencrBue 4. Ecan 3agada JIII pa3penmmma, To cyIiiecTByeT OIl-
TUMaJIbHOe Da3MCcHOe penieHune.

9L



Cumruiekc-tadbuna (c.-T.)

X — fonycTuMoe pellerne 3agaqn (5—7) co 3HaveHnem
Lenesoit yHkunn (¢, ) = w < napa (w, x) —
PELIEHNE CUCTEMbI YPaBHEHUI] (5,), (6,), (7) nan
CUCTEMBI

—w ~+ (e — CBB_lN)CBN = —CBB_lb,
(5)
Exp+ B Nzy =B, (6)

x >0
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Cumriuiekc-tadbsuna (c.-T.)

144

—w+ Y zjTj = 200, (5)

jeSs’
, "
Lo () + Z ZijTj = Zi0, t = 1, m, (6)
jeSs’
rae
z00 = —cgB~'b = —w(@),

20§ = Cj — CBB_lAj, 17 =1,...,n,
(Z109°°°7zm0)—r — B_lba
(zlj,...,zmj)T — B_lAj, ] — 1,...,n.
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Cumruiekc-tadbuna (c.-T.)

Lo (1)
Lo (i)

To(m)

1 o T
200 | 201 204 20n
210 | 211 Z1j Z1n
Zi0 | Zi1 Zij Zin
2m0 | #ml Zmj Zmn
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Cumruiekc-tadbautia (c.-T.)

w]_ e o o wz e o o wm va_|_1 wn
_w ZOO O o o o O o o o O Z0m+1 ZOn
w]_ Z10 ]. o o o O e o o O z1m+1 z1n
T; | 20| 0 .. 1 oo 0 2Zimaa o
mm Zmo 0 e o o O o o o 1 me_|_1 Zmn

o




Cumruiekc-tadbuna (c.-T.)

Omnpenenenne 6. Cumniekc—Tabanua npsiMo 4ONyCTy-
Ma, ecin zjg > 0, 2=1,...,m.

basuc B, COOTBETCTBYIOLMIA €N, TakKXKe Ha3bl-
BAETCA MPSIMO AONYCTUMBIM.
Omnpeaenenne 7. Cumnaekc—Tabanua BOACTBEHHO
ponyctuma, ecim 295 2 0, 3 =1,...,n.

baznc B, COOTBETCTBYHOLLMIA 3TOW Tabnanue, Tak-
)Ke Ha3blBAETCS [BONCTBEHHO LOMYCTUMbBIM.

_08-



DJjieMeHTapHoe IIpeobpa3oBaHue 0.71.p.

B basunce B = [Aa(l)a e Aa(m)] ctonbel Aa(r)
3aMEHSAEeTCs Ha cTonbeu

Ag,s € {J\o(1),...,0(m)}. Ecnvanement zpg
He pageH 0, 7 > 0, To B pe3ynbTaTe NOAYy4UM HOBbIN
basuc:

[A(1)s s Ag(r—1)s Ass Ag(r41)5 s Ag(m)]
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Cumruiekc-tadbuna (c.-T.)

/! / / / s NN
(){i e (,ZQi(), /Z:i:1<, o o o , ;Zai711) (?Z b ()’ 1r711) CTT[)()P(L4
HOBO|7| CNMNINEKC— Ta6f||/|L||b|:
( Z3
’r is .
o = ai—z—ar, 1 £ T,
rs
1 1 (11)
o, = —Qy.
\ Zer

-9 CTPOKa, S-11 CTONDEL, N SNEMEHT Zpg HA3BLIBAKOTCS
BEAYLLUMMU.
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Cumruiekc-tadbuna (c.-T.)

CooTHoueHnst (11) sKBUBANEHTHBI CEQYOLINM

4 28 s
r N 1s°rgy .
2= mj— L i,
4 _ Zrs
’ “rj
Z’I“j = —
\ 2rs

3aMedanne 3. JJjieMeHTapHbIe Hpeobpa3o-
BaHUS COXPaAHSIIOT IPAMO JOIIYCTUMOCTH C.-T.
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CuMILIEKC-MEeTO/T

0) MocTponTs cumMnaekc—Tabuniy, COOTBETCTBYHO-
LIyt 3aZaHHOMY Da3UCHOMY AOMYCTUMOMY PELLEHUIO
(Tabnuua, ectecTBeHHO, ByAET NPSIMO AOMYCTUMOIA, T.€.
zi0 = 0,2 = L—m)

1) Ecan cumnnekc—Tabanua ABolcTBEHHO AONYCTUMA,
Te 295 =0, 3 = 1, n, To KOHEL (nonyueno on-
TUMaNbHOE pelleHune)

2) WHayve, BblbpaTh Begywmii ctonbey 8 : Zos <
0, s> 1
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CuMILIEKC-MEeTO/T

3) Ecm {i | z;6 > 0, 2 > 1} # 0, 1o BLIbpaTH
BEZYLLYIO CTPOKY 7° MO MpaBuy:
=0 = min{ = | 25 >0, i > 1}
Zrs Z27:
nHave KOHEL (3agava Hepaspelwnma n3-3a Heorpa-
HUYEHHOCTW LieNeBOi PyHKUMN).
4) MpeobpazoBaTb CUMMIEKC—TabANLY, NOJOKNTE
o(r) := s v nepeiitn Ha war 1.
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Jlekcukorpadpuieckuii c. - M.

Nycts o/, arr € R™H1

BekTop o nexcnkorpaduyeckn bonblue sektopa o'’
(=" o —a” =0

Cumnnekc-Tabanua HOpMaabHa, ECAN KaXKas ee CTPo-

Ka g, © = 1,...,MM nekcukorpagpuyecky bonslie
HYISA.
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Jlekcukorpadpuieckuii c. - M.

0) HauaTb ¢ HOpMasibHOW CUMMAeKC—TabanLbl.

3)Ecmm {i | z;6 < 0, 2 > 1} # O, 10 BbIbpaTH
BeyLLYIO CTPOKY T MO Npasuy:

1
—ay = lexmin{ —a; | z;5 >0, 1> 1},
2rs <38

nHave KOHEL (3agaya Hepaspewinma).
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CoxpaHeHne HOpMaabHOCTW C.-T. Ha ware 4:
1_ar>0,zrs>oz>zimar>o
_
2.ziS<O:>ai—z—zai>-ai>O

3. Z'T'S > O :> ZZS[

Zis Zrs
ﬂeKCKOrpaCbI/I‘-IeCKOe BO3PACTaHEHNE O-I7I CTPOKW.
ZOS < O, ZT’S > O 4 ar >‘ O, TO

Z0s
o) — —O0p > Q.
<rs

VITak basncbl He MOTyT MOBTOPSITCS, CeN0BATENbHO,
METOJ KOHEYEH.
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