Nekuia Ne4.
[1BoicTa 3apayva NiHIMHOTO
nporpamyBaHHA Ta meToaMm Ii
pO3B’A3yBaHHA

. MpAma i aBoicTa 3agauvi niHiMHOrO
nporpamysaHHA.
. 3B’A30K MiXK po3B’A3Kamu NpAMOI i ABOICTOI
3a4a4. Teopemu ABOICTOCTI.

. 3aCTOCYBaHHA CMUMNNEKC-MmeToAyY A0
po3B’A3aHHA ABOICTOI 3a4aui.
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1. Mpama i gBoicTa 3agadi NiHIMHOro nporpamysaHHA

[lamo BM3Ha4YeHHA ABOICTOlI 3a4adi Mo BiIAHOLWEHHIO A0 3arazbHOI 3agadi
NiHIMHOro NporpamyBaHHsA BMUAY:

f(x)=¢x +c,x, +...4+c,x, > max (min), (1)
:
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By + @ + o T8, % Ehy
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x;20, j=Ls,s<n. (3)
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O3HaueHHAa 1. 3agava
f*(y)=by +b,y,+...+b vy — min (max), (4)

@y 0t @yt oot 8, Z(E)e,

G J) TV T st ¥, 2 (S) Gy,

1@y tay, . ta,y, 2(S)c, (5)

AoV Ty Yyt ta, 1V, =Cis

8P T W F v Tl F, S
y,20,i=Lk,k<m,y eR,i=k+1m, (6)

HA3MBAETbCA 080ICMOrO NO BiAHOWEHHIO A0 3a4au4i (1)-(3).

3apavi (1)-(3) i (4)-(6) yTBOplOIOTL NApy 334a4, SAKY B AiHIMHOMY
NporpamyBaHHi Ha3MBalOTb 080ICMOrO naporo 3aday, Npu Uubomy 3aaavy (1)-(3)
HA3MBAlOTb MPAMOIO 33434€EI0.
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[1BoicTa 3aga4a NoO BIAHOWEHHIO A0 NPAMOI CKNAAAETbCA 3@ TaKUMMU
npaBuaamm:.

1. Akwo 3ana4a (1)-(3) € 3apaueto makcumisauii, To gBoicTta 3agayva (4)-(6) €
3a4a4eto MiHimi3auii i HaBnNakKw.

2. MaTtpuua cknageHa 3 KoedilieHTIB Npu HEBIAOMUX B cUMCTEMi 0OMmeKeHb
(2) npamoi 3apaui, i matpuua cuctemm obmexkeHb (5) ABoicToi 3apaudi
O4epXKYHTbCA O4HA 3 O4HOT TPAHCMNOHYBAHHAM:

al] a‘lz e o o a‘ln a‘l‘l a2] e o o am‘l
A= ay, Ay ...4,, ’ ST — a, dy ...4,,
aml amZ LS amn aln a2n e amn

3. KinbKictb 3miHHMX Yy pBoicTi 3apaudi (4)-(6) AOpPiIBHIOE KiNbKOCTI
obmexKeHb B cucTeMi (2) npAmoi 3aaaudi, a KinbKicTb obmexkeHb B cuctemi (5)
NBOICTi 3aaa4i (4)-(6) AOPIBHIOE KiNIbKOCTI 3MIHHUX Y NPAMIA 3a4aui.
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4. KoediuieHTM npu HesBigomux y UinboBin PyHKLUii (4) ABOiCTOI 3apaui €
BiIbHI YleHU cucTemu (2) npamoi 3a4adi, a npaBi YaCTUHU B cUCTEMI 0BMeXKeHb
(5) aBoicToi 3aga4i € KoediLiEHTU NPU HEBIAOMUX Y LiNbOBIN PYyHKLT (1) npamoi
3a4aui.

5. Konu 3miHHa x; npamoi 3aaadi (1)-(3) moxke npuimaty nvwe Hesig eMHI

3HAYEHHA, TO j-Te obmexeHHs B cuctemi (5) ABOICTOI 3a4a4i € HEPIBHICTIO BUAY
o ”

>"  AKWO NpsamMma 3aja4va € 3aJa4et0 MaKCcMMmiszalii, i € HepiBHicTioO Bnay “<”,
AKLLO NpAMA 3a4a4a € 3ag4a4eto MiHIMI3auil. AKLWO K 3MiHHA X; MoxXe NPUAMaTH

AOBINbHI AINCHI 3HAYEHHA, TO j-Te obmeXKeHHA B cuctemi (5) gBoicTol 3aaadi €
PIBHAHHAM. AHaNOriYyHi 3B’A3KM MalOTb Micue MK obmerkeHHaIMM (2) npamoi
33/a4i i 3MiHHMMM ABoicTOoI 3a4aui (4)-(6). AKWo i-Te obmexXeHHA B cuctemi (2)
NpAMOI 3a4a4yi € HepiBHICTIO, TO 3MiHHa ABoicToi 3agadi y, = 0. Koan * i-te
obmexeHHA B cuctemi (2) npamoi 3agayi € pPiBHAHHAM, TO 3MiHHA Y, MOXe
NPUMMATH AOBINbHI AiNCHE 3HAYEHHA.
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Mpasuno nobyaosu asoicroi 3apaui

Mpama 3apava [BoicTta 3apaya
3HaliT1 max f(x) 3HaliTM min f*(y)
MaTpuua KoedilieHTiB cucTeMun GyHKLIOHANbHUX MaTpuua KoedilieHTiB cucTeMmn GyHKLIOHANbHUX
obmexeHb A = (a; )ij=11,m, obmexenb A’ =(a - -
=l,n i=1,m
BinbHi uneHu cuctemm obmexkeHb b,., i=1,m KoediuieHT LinboBOoi PyHKLi b,., i=Lm
KoediuieHTn LinboBoi yHKLUiT Cj» j=Ln BinbHi uneHun cuctemm obmekeHb ¢, j=Ln
®yHKUiOHaNbHI 0bMeKeHHs: Mpami obmekeHHA Ha 3MiHHi:

1) y,20

1) Za,, x; <
2) ;<0

2) Za,, X2
3) y;eR

3) Zay J i

MpaAmi obmexKeHHA Ha 3MiHHiI: ®yHKUiOHaNbHI 0bMeKeHHsA:
1) x.>20 e
J 1) Za aYiZc;

7) %, < N
2) Za ViS¢

3) x;€R i
3) leajiyi =Gy
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[Boicti 3apadi b6yBalOTb cumempuvyHUMU | HecumMempu4yHUMU.
B cumeTpuyHin napi ABOICTUX 3a4a4 0buAaBi 3a4adi € CTaHAAPTHUMM 334a4aMM
JIM1, npu ybomy NpAma 3aaava, AK NPaBuUNO, € 3a4a4€0 MAaKCUMI3aLil, a ABOICTA
— 334a4elo MiHimizauii, obmexxeHHa (2) npamoi 3agayvi € HEpPIBHOCTAMU BUAY
“<”, a obmexkeHHa (5) aBoicToi 3a4aui € HepiBHOCTAMM BMAy “>", 3MiHHI 060X
33434 MOXYTb MPUNMATHK NnLLE HEBIA EMHI 3HAYEHHA.
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Mpuknag 1. NobyaysaTtn ABOICTY 33434y NO BiAHOLWEHHIO A0 334aHOi 3a4aYi
NiHINHOro NporpamyBaHHA:

f(x)=x +2x, —x, - max,
(—x, +4x, —2x, <12,

5 X +x,+2x, <17,

2x, —x,+2x, =4,

x,20,j=13.

"

Po3s’a3yBaHHA. 3rigHO npaBua NnobyaoBm ABOICTOI 3a4a4i MAaEMO
f*()=12y,+17y,+4y, > min,
r_J’l +y,+2y, 21,

A+, =y 22,
23 +2y,+2y, 21,

N

y;20,i=L2, y, eR.



Mobyayeatn A4BOICTY 3a4a4y NO BiAHOWEHHK 40 3a4aHO01 3a4a4i
NIHIMHOTO NPOrpamyBaHHA:

S(x)=5x, +12x, + 4x, - max
x, +2x, +x, <10,
a)

2x; =%, +3%; =8, S(x)=4x, +5x, =5x;, 5> mm

> .: "). ’
x,20,i=13 4x, +2x,+x, =7,

f(x)=15x, +12x, > min  B) {125 —4x, +2x, <6,

5) [% T2 23, 4, — 2, —4x, 2T,
- |2x, —4x, <5, 20 i=13
E; >0,i=12.
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EKOHOMIYHA iHTepnpeTaLlifa 3aaavi, 4BOICTOI A0 3a4aui
NpPo BUKOPUCTAHHA pecypciB

[lamo eKOHOMIYHYy iHTepnpeTauito 3agadi, ABOICTOI A0 3agadi npo
BMKOPUCTAHHA pecypcCiB NiANPUEMCTBA NPU NAaHYBaHHI BUPOOHULUTBA 3 METOO
oAeprKaHHA MaKCMManbHUX NpuUbyTKiB. Haragaemo, WO maTemaTtuyHa MOAENb
L€l 3a4a4i € TAKOLO:

f(x)=cx +c,x, +...+ ¢, x, > max,

(a,x, +a,x,+...+a, x, <b,
e P A R T B

|, T 5y a2, E D

X & 0, j=1n,
ae c; — npubyToK Big peanisauii oanHuui j-ro Bmay npoaykuii (abo wuiHa
OAMHULI j-rO BUAY NPOAYKLIi), a,; — KiNbKiCTb OAUHML i-TO pecypcy, Lo nae Ha
BUFOTOB/JIEHHA j-r0 BUAY NPOAYKLUii, b, —3anacM oAuHuLUb i-fO pecypcy, X; =

KIJIbKICTb OAMHWUUb j-ro BUAY NPOAYKLUII, WO NAAHYETbCA BUTOTOBUTMW.

MeTogm onTtumMmisauii Ta gocnigkeHHA onepawin
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3MiCTOBHa iHTepnpeTauia ABOICTOI 3aaadvi GOPMYNIOETLCA TaK: AKY UYiHY
npusHavyumu KoxcHomy eudy pecypcy, wob sampamu Ha 8u20MOB/EeHHsA
O0UHUYi KOMCH020 8udy npolyKuyii 6ynu He meHwi, Hi¥¢ npubymok eio
peanizayii 20moeoi 00uUHUYi NpooyKyii, i 600HOYAC 3020/1bHA 8apmMicmb ycix

pecypcie byna 6 miHimanbHol0.
LliHn pecypciB y,, y,, ..., V,, B EKOHOMIYHI NiTepaTypi MatoTb pi3Hi Ha3Bw,

30Kpema HeABHa yiHa abo miHbo8a uyiHa pecypcis.

MeToau onTtumisauii Ta gocnigXXeHHA onepauin
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2. 3B’A30K MiXK po3B’a3Kamu npamoi i ABoicToi 3aaay. Teopemu ABOICTOCTI
Po3rnaHemo napy ABOICTUX HECUMETPUYHMX 3a4aY:
JEx) =&% + 6%, + . +6 % —>max, (7)
Xy il e T aux il . =0,

Ay X +ApX, +...+a, X, =b,,
y (8)

&% T F e B, =0,
x;20, j=Ln. (9)
ToAai ABOICTa 3a43a4a MA€E BUTNAL,:
f*y)=by +by,+...+b, vy, — min, (10)
(allyl tayy,+...+a,y, ¢,

a +a o O b o
| V1 TAn), m2Ym = Co (11)

npu ubomy y, eR',i=1Lm.
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Teopema 1 (nepwa Teopema ABoicTOCTi). AKWO 00Ha 3 napu 0s8oicmux
3a0ay (7)-(9) abo (10), (11) mae onmumanvHul naaH, mo U iHWa 300040 MAe€
ONMMUMGQAbHUU NMAGH | MPU UbOMY MAE Micye pigHicmb f max = f *min.

Teopema 2 (apyra Teopema gsoicrocTi). llaaH X* = (x,* x,*,..., x, *) npamoi

3a0ayi (7)-(9) i nnan Y*=(y*,y,*,...,y *) 0soicmoi 3adauyi (10), (11) €
onNMuUMQaAbHUMU MA0GHAGMU 0414 Uux 3a0a4 mooi i minbKu mooi, Koau 071
KoxHoz20 j (j =1,n) mae micye pisHicmo

Zaijy; —c; xj. =0, (12)
i=l

MeTogm onTtumMmisauii Ta gocnigkeHHA onepawin
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3. 3acTocyBaHHA CMMNEKC-MeToAY ANA Po3B’A3aHHA ABOICTOI 3a4aui

Po3rnaHemo napy ABOiCTMX 3a4au NliHiMHOro nporpamysaHHsa — (7)-(9) i (10),
(11).

MpunycTumo, Wo 3a AO0NOMOro CUMMNJIEKC-METOAY 3HAWAEHO ONTUMAIbHUM
nnaH X*=(x*x,*,.., x *) 3agadi (7)-(9) i uer nnaH BM3HayaeTbca 6asmncom,
AKNI yTBOPEHUW BekTopamu P, P,,..., P .

MosHaummo uepes C; =(c,,C;y,...,C;,) BEKTOP-pAAOK, AKMN CKNaLEHO 3
KoediLliEHTIB Npn HeBiAOMMX LiNboBOiI GYHKUIT (7), Wwo BignosBigatoTb 6HazncHUMm

Bektopam P, P,,.., P , a 4epes P~'— matpuuto, obepHeHy [0 MaTpuLj

P=(P,,P,,..., P ). Toai mae micue HacTynHe TBEPAKEHHA.
Teopema 4. AKwo 300040 AiHIUHO20 NPO2PAMYBAHHA 8 KAHOHIYHIU (hopmi
(7)-(9) mae onmumanerul nnaH X* = (x,*,x,*,..., x, *), mo
=P (15)
€ ONMMUMAanAbHUM riaaHom 08oicmoi 3adayi (10), (11).
3ayBaxeHHA. Matpuua P=(P,, P,,..., P, ) YTBOPIOETbCA 3 BiANOBIAHUX

BEKTOP-CTOBMYMKIB 0bMeKeHb (8) npamoi 3aaaui.

MeTogm onTtumMmisauii Ta gocnigkeHHA onepawin
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Mpuknap 3. [nha napu ABOICTUX 3343y  JiHIMHOTO MpoOrpamyBaHHA 3
npuknagy 1 3HanTn ix po3B’A30K 33 AOMNOMOTO0 CUMMNEKC-METOAY.

Po3s’a3yBaHHA. 3HanMgemo po3B’A30K NpAMOI 3agayi METO4OM LUTYYHOrO
6a3ucy (Tabn. 1).
[Nns uboro cno4vatky NObyAYyEMO pPO3LWMPEHY 3a4a4y AN4 L€l 3aaaui:

x)=x,+2x,—x, +0x, + 0x. — Mx, —> max,
1 2 3 4 5) 6

(—x, +4x, - 2x, +x, =12,

.

& tE 425 X =17,

2%, —x, +2x, + x, =4,
x; 20, j=1,6.

Mopanbwi obpaxyHKn nogaHo y Tabanui 1.

MeTogm onTtumMmisauii Ta gocnigkeHHA onepawin
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Tabauuya 1.

i |Basuc| ¢, | F, 1 2 -1 0 0| -M

R B |B|A|B|A
1 P, 0 12 -1 4 -2 1 0 0
2| B o] 17| 12| 1]2]o0]1] o0
3| PR |M| 4| 2] 12|01/ 0]1
4 0 -1 -2 il 0 0 0
5 -4 -2 1 -2 0 0 0
1 Vot 0 14 0 7/2 | -1 1 0 | 1/2
2 e 0 15 0 3/2 | 1 0 1 |-1/2
3 A i 2 1 -1/2 | 1 0 0| 1/2
4 2 0 -5/2 | 2 0 0 | 1/2
1 E 2 4 0 1 |-2/7| 2/7 | 0 | 1/7
2| P lo]| 9| o | o [13/7/-3/7] 1 |-5/7
3| P | 1| & 1 0 |6/7| 1/7 | 0 | 4/7
4 12 0 0O (9/7|5/7 | 0 | 6/7
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3 1abauui 1 BmMaHO, WO: nNpaAma 3agadya mae po3s’a3ok X*=(4,4,0),
fmax=12'

4 0 -1 2/7 0 1/7
C.=(2,0,1),P=|1 1 1| P'=|=3/7 1 =5/7]|.
-1 0 2 1/7 0 4/7

Toai ABOICTa 3a4a4a Ma€ PO3B’A30K

2/7 0 1/7
Y*=C.P"'=(2,0,1)| =3/7 1 =5/7|=(5/7,0,6/7),
1/7 0 4/7

f*  =12-(5/7)+17-0+4-(6/7)=12.

TakMi e camui onTumanbHuh nnaH Y*=(5/7,0,6/7) opepxaHo B

OCTaHHIN cumnaekc-Tabauui B 4-omy psaaKYy Ha Micusx, WO BiANOBiAalOTb
noyatkosum 6asncHum sektopam B, P, P,.

MeTogm onTtumMmisauii Ta gocnigkeHHA onepawin
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3apava.

[na 3apaHoi 3a4a4i NiHIMHOro NporpamyBaHHA NobyayBaTK ABOICTY 3a4a4y.
3HanTK PO3B’A30K ABOICTOI 3a43a4i, BAKOPUCTOBYOUYM PE3YbTAaTM PO3B’A3yBaHHA
NPAMOI 334341 CUMMNJIEKC-METO40M.

S (x)=2x,+3x, > max,
(6x, +x, <22,

1 3% —4x, 235,
33, +2%, 23,
x, 20, 7=12,
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19

i |ba3uc| ¢, 74 2 3 0 0 0 -M | -M
R B |B| A |R|R|BR
1 4 0 22 6 1 1 0 0 0 0
2 P | -M 5 3 -4 0 -1 0 1 0
3 P -M 3 5 2 0 0 -1 0 1
4 0 -2 -3 0 0 0 0 0
5 -8 -8 2 0 0 1 0 0
1 o4 0 [92/5]| O -7/5 1 O |(6/5| 0 |-6/5
2 F, |-M|16/5| 0 |-26/5| O -1 (3/5| 1 |-3/5
3 o 2 | 3/5 1 2/5 0 o |-1/5| O 1/5
4 6/5 0o |-11/5| 0 0 |(-2/5] 0 | 2/5
5 -16/5| O 26/5 | O 1 |-3/5| 0 | 8/5
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i | ba3uc | ¢, F, 2 0 0 O | -M | -M
R B| A |[B|R|A
1 i 0 12 0 1 2 0 -2 0
2 it 0 | 16/3 0 -26/3 | 0 -5/3 1 |5/3| -1
3 ' 2 5/3 1 -4/3 0 -1/3 O [1/3]| O
4 10/3 0 -17/3 | 0 -2/3 0O (2/3] O
i |Bba3suc| c¢; F, 2 3 0 0 0 -M | -M
R | 5 | K | A | K | K | B
1 P, 3 4/3 0 1 1/9 | 2/9 0 -2/9 0
2 i 0 |152/9| O 0 |26/27| 7/27 1 -7/27 | -1
3 A 2 | 31/9 1 0 4/27 | -1/27 0 1/27 0
4 98/9 0 0 |17/27|/16/27| 0 |-16/27| O

MeTogm onTtumMmisauii Ta gocnigkeHHA onepawin
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f(y) =22y + 5y + 373
¥z =10

Civen
By +3ya+ Iy =22
yi-4ya+2yz; 23
120 w20 w=0
0.63
p = Miuunazef . v)  p=| 0393
0

f(p) = 10,889




