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M1. YNU3UKJIU ITPOTPAMMAJTALITHUPUILLT MACAJIACHU (UTIM).

1.1. MacanaHuHr yMyMui KyHHJIMIIN

Tabpud 1. Ymsuxnu nporpammanam Macanacu (UI[IM) — yu3ukiu QyHKIMSHUHT 3HT
KaTTa Ba DSHI KUYMK KUWMaTIapuHU OepuiiraH YW3MKIM YEKJIaHWIUIapAa TOMUIN XaKUJaru
Macajiagup.

Ywmsuxkmm Gynkus YIIM HuHT makcao Gyakuusacu aevwiany. YM3uKIM TeHrIamanap Ba
TeHTcH3MKIap Owian Oepwiran yexnanunuiap UIIM HUHT YeKJIaHUIUIAP CUCTEMAcH (TU3MMHM)
Neunnagu.

Tabpud 2. Makcan OQYHKIMSHMHT Ba YEKJIAHWIUIAPHUHT MaTeMaTuk wudomacu
UKTHUCOIUN MacaJlaHUHT Mamemamux Mooeny Neiniaiu.

YMymMuit X0J1/1a YM3UKJIM TporpaMMaiail MacalaCUHUHT MaTeMaTUK MOJICTH KylHnaarnya
é3mnaau:

YU3UKIU MaKcaa (QYHKIUSHUHT 3HT KaTTa (KHYUK) KNAMaTHHU

L(X) =cX=C%, +..C;X; +...+C X, — max(min) (1.1)
y1_H6y YCKIIaHHMIJIapaa TOIIMUII KEPaK:

A% ot 3y X ety X, =h,

Ay Xy Fot 3y X+ 3, X, =Dy, (1.2)

x>0, j=1..n (1.3)

Oy epna Xj — HObManymnap ; & b,c; — Oepuiran noumuii MUKIOpIap.
max f (xX) = min(—f (x)) skamnmuruaasn, (1.3) 72 max éku MiN MacajgaHd UXTUEPUACHHA

Kapail MyMKHUH.
bab3u €xu Gapua TeHrIamanap TEHICU3IUKIIAp KYPUHUIIIA OEPHITUIIN MyMKHH.

A=[a ], x=[x;]eR",b=[b]eR™ wmarpuna Ba BexkTOpmAap KHPHUTHO, MaTeMaTHK

MOJICJIHY KUCKA KYPHHHUIILJIA KyHuaarnya udoana MyMKHH:
L(X) =cx — max (min), (1.4)

HU ym0y YeKJIaHUIUIap/ia TOMHII Kepak:
Ax=Db, x>0 . (1.5)

A Matpunianusr panru  r=rank(A) =m OyacuH. By epaa MKKU X0 OYJIUIIN MyMKHH:
m<n,m=n. bupunun xonma YIl macamacu MabHOra sra, MKKMHYM XOJJa 4YEKJIaHUILUIAP
cucreMacu OutTa HyKTagad uoopat Ba UIl MacnacuHu TEKIIUPUIIT MabHOTA 3Ta HMAC.

Tabpud 3. Uusukam nporpammaian MacaJJaCHHUHT MYMKHH OYJTraH eduMu (pexach)
ne6 ueknanuuuiap cuctemacn AX=Db,Xx>0mnu KaHoaTnaHTHpyBun ~ X=[X,..,Xx ] €U cR"
BEKTOPra auTUIaIu.

MyMkun Oynran euumiap tymiamuau (coxacunu) U ={xeR" |AX =b,x>0} neb
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OenrunanMus.
X=[X,.X,0,..,0]" €eUc R" kypunummary MyMKkun 6yiran euum Tasuy (6a3uc) eunm

neiinnanu, Oy epa ¢ — YeKJIaHUIUIAp CUCTEMAaCUHHUHT paHTU. YMyMaH, TassH4 e4uMja I' Ta HoJMac
KOMITOHEHTAJIap OYJIHIIN Kepax.
Tavpud 4. Unsuxnmm maxcan QyHKIUSATa SKCTpemMai KuiMat Oepagurad MyMKHH OyiaraH

eunM YII macanmacuHuMHT onmuman euumu ned atuimagu Ba X =[X,..,X,]€eU c R"xypunuiiga

OenrwiaHaau.
1.2. Mamemamuk mooennapuunz mypaapu

YII macanaCMHUHT MOJIEJIM KaHOHUK Ba HOKAHOHUK OYJIMIIN MyMKHH.

Tabpud 5. Arap yexknanunIapHUHT Oapyacu TeHTIamanap 6ynub, Oapua y3rapyBuuiap
mycbar Oynca, OyHmail mojens KaHOHMK nedmnaau. Akc xonna YII macamacMHUHT MoAenH
HOKAHOHUK JICHNIIaN.

Hemak, UIIM HUHT KaHOHUK KYPUHUIIY Kyiiaaruda 0ymap sKaH:

L(X) =cx > max, Ax =b,x>0 (1.6)
Kynunaua YIIM HUHT KylH1ard KYpUHULLIAPU XaM YUpalIn:

L(X) =cx —> max, Ax<b,x>0 1.7)

L(X) =cx —> min,AX>b,x>0 (1.8)

Ymymuii xonaa UIIM kyiugarnda apanam KypuHUIILIA XaM OSpUITUIIA MyMKHH:
L(x) =cx —>max, Ax<b,, Ax=b,, Ax>b,, x>0 (1.9)

HokanoHMK MacanajapHd KaHOHUK Macajara aljJaHTUpPUII Y4YH TEHICHU3JIMKIIApHU
TEHIVIMKJIApra ailaHTUpUIl Kepak. ByHuHr ydyH xap Oup Tenrcusimumkka X, >0,i=1...m ,
OamaHc Y3rapyBUMHU KYmMO €KUM allMpuO, TEHICU3IMKHU TEHIJIMK OMJIaH aJMaIlITUPHII Kepak.
Arap, TeHrcu3nuK < Oynca OamaHC Y3rapyBYM MycOaT WIopa OwiaH KYIIWJagd, TEHTCU3IUK >
KypuHuiga Oynca OamaHc ¥y3rapyBum aiipuiagu. Makcan ¢ynkuusra Oananc Yy3rapyBun 0
K03 uLMeHT OnaH KUPUTUIAHU, SIbHU KUPUTUIMANIH.

YII macanacMHMHT MaTeMaTUK MOJAEIMHYU KypUlll Y4yH KyHHJard UIJIapHU KAJIUII Kepak:

— Y3rapyBUHJIapHU OeNruaad OJUII Kepak;

— UKTUCOAM MIapTiaapra aocaaHu0 Makcas pyHKIMSHU KypUII Kepak;

—MacaJaHUHT YeKIaHUIUIapH acOCU1a YEKITaHUIIUIAp CUCTEMAaCHHU TY3HII Kepax.

1.3. UIIM ra o140 KeJaJAuraH UKTHCOAUI Macajaap.

1. Muuiad ynKapyImHy IJIAHJIAIITHPHII MACAJIACH.
Kopxona Oup oiima m Ta xoMariéaan N XWjiI MaxcyJoT (ToBap) HIUIA0 YMKApCUH. |-

ToBapaan X; (j=1,...,n) MUKIOp/a HILIA0 YMKCHH Ba YHUHT OMP JOHACHHH COTHIIIAH (oiina
C; Oyscun. j-roBap uuuIab ynku yayH i-xomaménan @; (i=1,...,m) muknopna capdmam 3apyp
Oy1cuH Ba, yHHHT oMOopaaru 3axupacu b, 6yacun. Kopxona 6up oiina xap Oup ToBapiaH KaH4a

U0 YUKHII KePAKKU, COTUIIIIAaH OJMHTAH JapoMaJl SHT KarTa OYJICHH.

by Macananunr MmaTemaTuk Mojenu (1.6) MaTeMaTUK Macanaaup.

2. Panuon macajacu. XaiBoH OOKuII OWiaH myry/uiaHaauran gepmaga n (j=1,...,n)
XHJT 03MK-OBKaT Typu 00p. By o3ykamapaa m (i=1,...,m) xwui ¢oiigann MUHEpal, BATAMUHIIAD
MaBxKys. MabIyMKH, j-XuIl 03yKa y3ua a; MUKIopAa Goinann MUHepas, BATAMHUHIIAPTa ora,



YJIapHUHT OMp OMPJIMIMHUHT HApXH C; 6YyicuH. Xap Oup XailBoH Oup cyTKana poinanm MuHepa,
BUTaMUHJIAP/aH b, naH Kam OYnmaran MUKAOp/Ia Kalysl KHJIMIIA Kepak. X; €0 J-Xuil 03yKaHUHT

CYTKaJIUK HOpMacHu OYJcuH. XalBOHJIapra HopMaJaru o3ykajnapHu 0epu0, sHT kaM maliar
cap(amy yayH yJapHUHT MUKIOPH KaHIai OYIMIIN Kepak.

by macananunr matemaTuk moaenu (1.7) aup.

3. Tpancnopt macanacu. m (i=1,...,m) ta Aj TabMHHOT MyHKTH/A 8i MUKIOPa
MaxcyJoT unuiad ynkapuiaau. Yiaapuu n (j=1,...,n) Ta Bj ucrepmon nyHkTIapura eTka3ud oepuii
kepak. IOkuunur 1 Gupnurunm A nyHkTaan Bjnynkrra eTkasub 6epuut yayH C;; MUKIOp/a Mabiar

capdnanaam. KOxmapHu TAabMUHOT MyHKTIAPUAAH UCTEHMOJ MYyHKTIApUTa KaHaai MUKIOpaa
eTKa3ub OepuIn Kepakku, capd-xapakar SHT KaM OYJICHH.
By macamanuHT MaTeMaTHK MOJIENH Kyiuaarnda Oynaau:

n m m n
FO)=>DDcx; = min, D x; =b;, > x; =a;,%; 0. (1.10)
j=1 i=1 i=1 j=1

XKapaéunap TagKUKOTHIa MKTUCOAMETHHHI siHa OMp KaHYa Macananap Kapajiaad. Yiap
)KyMIlacuTa PpecypciapHi ONTHMaN TaKCHMIAM, capdiapHd MHHUMAJUIALIITHPHIL, SHT KHCKa
MacohaHd TONHII, MATPHLAIN YHHHIAP, TEXHUKAHW ONTHMAll OJKCIUTyaTallUs KHIHII Ba
AJIMAlITHPUII Ba XOKa30 Macajiajap Kupaiu. PuBoxmanran MaMJIaKaTJIapHUHT 6I/Ip KaH4yacujga
UKTUCOAUET MacajaJapHHUHI MaTeMaTHK MOJACIIAPH CUYMIMO, XalK XYy)KaJWIMra KarTa-Karra
MaOnarnapHu Texkamra o6 kemsinty (K. X.M.Taxa, [1]).

Mvuaapuxara

M2. YIIM Hu equIIHUHT rpaduk ycyan

2.1. MacajnaHuHT KYiWInIm

UIIM xyna cogna ycyia- rpaduk ycyn OWIaH MKKHTA y3rapyBUM OYJIraH HOKaHOHHK
Macaja Ba KyN ¥3rapyBUWd KaHOHUK Macajajia HMKKATa SpKUH ¥y3rapyBuM OyiaraH Xosija
UITIATHIIAH.

TynnaMHUHT WYKM HyKTacu 1€, Tymiaamra Y3WHUHT Oupop atpodu OuiIaH KUPYBUM
HyKTara aituiagu. TYMJIaMHUHT YeTKH HyKTacu nAe0, Y3u Tymiamra KUpaaurad, JEKUH Y
HYKTaHHHT OUpop aTpodu Tyriamra KHpMalanraH HyKTara aiTmwiaan. Macanan, [a,0] kecmanuHT
a,b HyKTamapu KeCMaHWHT YeTKH HYKTaJapuaup, KOJTaH HyKTajap Wuku HykKraizapaup. AABCna
yunap, KUppajlap 4Y€TKM HyKTajlapAup, KOJraH HyKTaJap WYKU HyKTamapaup. Jlemak, 4deTku
HyKTajlap OJAWM HyKTa, KecMa, OMpop cUpT OYIMIIM MyMKUH 5KaH. MacanaH, TeTpaeap/a 4eTKH
HyKTanap Oy yuiap, Kuppajiap, €H €knapaaH noopaTaup.

I'eomerpuk nHykram Hazapunan, YIIM macamacuia un3ukin GyHKIMITAa SHT KaTTa Ba SHT
KAYMK KUMMaT OepyBUM UYEKJAHMIUIAD COXACHUIArd YeTKH HYyKTajap Tonwiaau. YeTku HyKraiap
GYHKIUSHUHT YCHUII Ba KaMaluIl HYHAIMIINAA SHT YeTKHU (KeHUHIM) HyKTanap O0ynanu.

I'padux ycyn OwiaH SKCTpeMall HYyKTaJapHU TOMUII Y4YyH Makcaa (QYHKUIUSHUHT
IpaJueHTH

oL(x) oL(x)
gradL(x) = ox e+ ox, e, =Ce +C,e, =(C,C,)
naH Qoiigananum kepak, 0y epaa €,€,-map OX,,OX, yKnapHuHr OMpIIMK BEKTOpIapHu. MaremaTHk

aHaJIM3/IaH MabIyMKH, (QYHKIMs ailHaH, TPAIUEHT BEKTOp HYHaIWIUIa Ycaad Ba aHTUTPATUCHT
WYHaIWIIN1a KaMasi/Ix.

2.2. Macaja e4yuul aaropuTMu

1. MacanaHuHT MyMKUH OYJITaH e4uMiIap COXaCUHH TOTIaMU3.
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2. Bekrop € =(C,,C,) HH Kypamus3.
3.Bextop C ra nepnenaukymsap 6ynran ysrapmacnuk umsurn L, (X) =C X, +C,X, = const

HU KypaMus..

4. Vsrapmacnuk umsurmHE Max (Min) Macamacupa GYHKIMSHH Yo (Kamaitum)
TapTHOUJa CWDKUTAMHU3. By CHIDKUTHUIIHH Y3rapMacivuK YM3UFUM €YUMIIAp COXacu OwiaH OWTTa
YeKKa HYKTaJa KECUIITyHYa JaBOM JTTHpamMu3. by HykTa Makcaa (YHKIUSCHHUHT DKCTPEMYM
HyKTacu Oynaau. By HyKTaHM 4YeKJIaHWIDIAp CUCTEMACHHU KeCUIITHpUO Tomamu3. Tomwiran
9KCTPEMYM HYKTalapjaa Makcaa pyHKIUsS KUiMaTIapuHU TONUO, YHUHT SKCTPEMYM KUWMaTIapuHu
AHUKJIAUMU3.

Arap, y3rapMmaciuk YU3WFd OWUpOp YeKJIaHUINra mapamien OYynud Kojca, dKcTpemal
HyKTaJlap Iy YCKIAHWITHUHT Oapua HyKTajlapw OViaau Ba SKCTpeMall HYKTaJIapHU KyWuaaru
dbopmysa OUsIaH TOTTUIIT MYMKHH:

X=(1-t)X +1X,,
byepma 0<t<1, X, Ba X, — onTuMai UKKMTa Y€KKa HyKTajap.

Arap yexnmanunuiap oupranukaa 6ynmaca, Ul macanacu eanmra sra Oynmaiiam.
5. DKCTpeMyM HYKTaJapHUHI KOOpAMHATajlapu Ba Oy HyKramapjaa Makcaj (QyHKIus
KUHMATJIAPUHU TOIIAMU3.

2.3. MaxcyJIoT HIIVIa0 YMKAPUIIHUHT ONTHMAJT BapUAHTH
®dupma 2 Xxu1 My3KaiMOK MIIA0 YMKapaau: KailMOKJIM Ba MIOKoIa . My3KaliMoK

uIIad YMKUII YUyH 2 XWI XOM all€ HIUIaTUIaAn: CyT Ba KyIMMyanap. YJIapHUHT 1 KT My3KaiiMOK
UIuUIad YUKUII YIyH KeTaaurad capgd — xapaxkatu ymoy 2.1-xaaBaijga KeITHPUITaH.

K.2.1.
| Kr My3KallMOKKA K€TaJIUraH XOM aleé Omb6opaaru MaBXYy/l
XoM amié Kaitmoxim [Iloxonaanu | MUKIOP
Cyt 0,8 0,5 400
K¥ymmmuanap 0,4 0,8 365
1 xr. My3-K Hapxu 16 14

bo3opHu ypranum myHM KypcaTOukH, | CyTKaauk KaMMOKIM MY3KalMOKKa KH3UKHIL
IIOKOJIAJTH My3KaMoOKKa Ku3ukuiiad 100 kr. gad Kym sMmac 9kaH. YHJaH TallKapu MIOKOJIaIN
My3KaiiMOKKa 1 cyTkanuk Ku3ukuim 350 Kr JaH omMac 3kaH. 1 Kr KaiMokiu mokonan 16 cym, 1 kr
IOKOJIAUTH My3KaiiMOoK 14 cyMm Typaau.
1 cyTkanwk mapomaja SHT Kym OYynummm ydyH (upma KaH4a MHUKIOpAA KalMOKIW Ba
MIOKOJIAJT MY3KaiMOK HIIIJIA0 YUKHUIIHN KEPaK.
Eunm. X,X, — 71e0 KallMOKJIM Ba INOKOJAUIM MY3KaiMOKIApHUHI OMp CYTKaJIUK KI
Japaard UIUiad YUKUITaH MUKJIOPUHU OeNTUIAINK.
MacananuHT MaTeMaTHK MOJICIIMHH TY3aMH3.
Makxkcan QyHKIHS Ba YeKJIaHUIIIAp KyHUAard KYpUHUIITHHA OJIa TH:
L(x) =16x, +14x, — max,
0,8x, +0,5x, <400,0,4x, +0,8x, <365,
X, —X, <100, x, <350, x, =20, x, >0.
UeknaHuuIap CHCTEMAaCUHUHT TEHTCU3IUKIAPUHHU TCHTIIMKIIApTra aljlaHTUPUO, yoy
TYFpU YM3UKJTAPHU YU3aAMU3:
0,8x, +0,5x, =400,0,4x, +0,8x, =365, X, —X, =100, X, =350, x, >0, X, >0.
U=OABDEF- ne6 mymkuH Oyjiaran euumiiap Tyrmiamuau Oenrwmmaiinuk, C(1,1)-BeKTop Kypamms.
Maxkcan ¢yHkuusHUHT y3rapmaciauk coxacu L, =L (X) =16x +14x, =const=Cc ¢opmyna Gunan
Oepwnamu, y Tyrpu umsukamp. YHu C(16,14) BekTop HyHaNMIIMIA ~ CHIDKUTaMU3.
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L, (X) = const ¥3rapmaciuk ynsuru U MyMKuH O¥niran edqumiap coxacu 6uian oxupru mapta D

-

O/F » \ o NG x,;

Pacwm 2.1.
HyKTaJa yupamaai. by HyKTa HMKKWTa TYFpU YM3UKIAPHUHT KECHIIUIAH XOCHI OYITau:

{0.8x, +0.5x, =400, 0.4x, +0.8x, =365

By cucremanu eun0, ymoy Hykranu tonamus: D =X =(312.5,300),
Oy HyKTaaa MaKkcaa QYHKIUSHUHT KANMATH OTHMA Oy iaiu:

L(X) =16 *312.5+14 %300 = 9200c.

[ynnpaii kunub 6epuiran yeknanunuiapaa ¢pupma 312,5 kr kaliMokIu My3kaiimok Ba 300
KI' HIOKOJIQJUIM MY3KaliMOK HMIUIa0d 4yuKca 3HT Kyn ¢oiina omap skaH yHUHr napomanu 9200 cym
Oynap sKaH.

2.4. Tpaduk ycya épaaMuaa HKTUCOAUI TaXIuia

IOxopuaa ypranunran MacalaHu UKTUCOAMM TaXTHJI KHJIAMH3.
MacanaHuHT MaTeMaTUK MOJIETH KyWHarnda d/1u:

L(X) =16x, +14x, — max,

0,8x, +0,5%, <400, (cyr muknopura yekinanum) (2.1)
0,4x, +0,8x, <365, (xymmumuanapra yexnanum) (2.2)

X, — X, <100, (Tanadra 6030p YEKIAHUIIIN) (2.3)
X, <350, (Tamabra 6030p YEKIAHUIIIH) (2.4)
X =0,%,20.

Tonwiran ontuman eunmra acocat, pupma 6up cyrkana 312,5 kr KaiMOKJIN My3KaitMOK
Ba 300 Xr mokomaaau My3KaiMOK HILIA0 YMKHIIK Kepak dkaH. byHna MyMKkuH OynaraH mapoma
9200 cym O¥ymap skaH. MacaJlaHUHI MaTeMaTUK MOJEIUAAH KYPUHAIUKHU, Oy TapoMaJHu XOM aié
3axppacura Kapa® y3rapTUpHWIl MYMKHH. MacajlaHu TaxJIWwl KWIHII Y9yH KYpaMHU3KH,
YEeKJIAHUIUIAD TYFPU YU3UKJIApU aKTUB €KUM TMACCUB OYIUINM MyMKHH. YeKIaHUII ONTHMal
HYKTaJaH yTca akTUB JEHUIIaIn, aKC X0J1a TaCCUB YEKJIAHUII IeUUIaIn.

Arap 4YeKJIaHHWII akKTUB Oyjca, MOC XOM amEHM TUPHUIUT JeHMU3, YyHKH y TYyia
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dolinananunaay. Arap 4ekJIaHHII TaccUB Oyiica, y OpTUKYa MUKIOpra 3ra Oynaau.
(2.1) myHOCabaTHMHT YHI TOMOHHH CYT pecypcH Oyiinya omupuirHa Kypainuk. (2.1)
TYFPU YM3UKHU y3Ura-y3UHU Mapajiesl Ky4YupHIl HaTUkKacula, TOKU TYFpH uM3ukiap (2.2), (2.3)
Omnan M HyKTazma kecumryHda dyekmanuil (2.1) aktuB 6yau6 Kona 6epaau. M nykranu (2.2), (2.3)
TYFPU YM3UKJIAPHUHT KECUIIUIIHNIAH TOTIAMU3:
0,4x, +0,8x, =365, x, —x, =100.
Hemaxk, M(370,83;270,3).

M HyKTaHUHT KoopauHaTasapuHu (2.1) TeHriaamara KyuuO, CyT ydyH HT KYI MyMKHH
OyJnraH CyTKaJIUK 3arac MUKJIOPUHHU TOTIAMU3:

0,8x, +0,5x, =0,8-370,83+0,5-270,3=432,1 «r,
OyHI1a JapoMaji MUKJIOPH YIIIOY MUKIOPTa OIIaIu

L(X) =16-370,83+14-270,3=9724,9 p.

Kymmmuanap Oyiinua 4YekIaHUNDIApHH OMHMPUO MY3KaMOK HIUIA0 YHKAPUIIHH
omupHIIHu Kypub unkamus (p. 2.3). (2.2) TYFpu YU3UKHHU Y3UHU y3Ura YHITA Mapaijien Kydupuo
(2.1) Ba (2.2) Tyrpu unsukiap 6mnan N ga maBom sTTHpHaMus. byHna yeknanum (2.2) akTuB 6y1n6
Kousia 6epagu. Hykta N HE ymOy TYFpH yM3uKiIap KeculIMacu cudaruia TonaMus:

0,8x, +0,5x, =400, X, =350

by epnan Tonamuz N(281,25; 350).

0| F \7 X; O, F X,

Pacm 2.2. Pacm 2.3.
CyTkanuk MyMKUH OYJTaH KyIIMMYaaap YIyH 3a1ac MUKJIOPHHH OIIUPHUIIT MYMKHH, TOKH

0,4x, +0,8x, =0,4-281,25+0,8-350 =392,5 «r,

OyHaa mapomaj cyTKaaa KyWnuaaru MUKIoprada Omaim:
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L(X) =16- 281, 25+14-350 = 9400 p.

Ounu maccuB uekianunuiap (20.3) Ba (20.4) JapHUHT YHT TOMOHJIAPWHHU OIIWPHIITHH
kypaitnmuk. Ontuman eduMuu y3raprupmacaad (p. 20.4), Tyrpu unzuk (20.3) HU y3ura mapaien
paBuma oxopura D(312,5; 300) HykTa OuaaH KECHIITyHYa JaBOM JTTUPUII MYMKHH, SIBHU
(20.3) yekaHUITHUHT YHT TOMOHMHHU KyWuaaruda kamaitupum mymkuH 312,5-300=12,5 kr.

Tyrpu umsuk (20.3) y3ura mapamten pasumima OXi1 Yk Owman  P(500; 0) nHykrama
KECHULITYHYa JaBOM 3TTUpUII MyMKHUH. SbHU (20.3) yexknaHuiHUHT YHr ToMoHMHM 500 kr raua
OILIUPUIII MyMKHH.

[HI.k. y3rapMac ONTHUMajd €YUM Yy4YyH, MCTEbMOJYM Tajnabu KaWMOKJIM Ba MIOKOJIAIIH
My3kaiiMokka 12,5 kr nan 500 Kr raya OpTUIIA MyMKHH.

Xy myHjaam ycyiijaa, onTuMain eduM ysrapmail Koiran xonaa (p. 20.5), TYFpu 4u3uK
(20.4) Hu ¥y3uHM Yy3ura mapawien paBuinga tokopura OXo yku Owman R(0; 456,25) mykrama
kecumrynya €ku mactra Tyrpu un3uk (20.1) omwran D(312,5; 300) HyKTaga KeCHIITYHYA JaBOM
STTHPHII MYMKHH.

ng

(1.3)

-

7 7
O F s, P X

Pacm 2.4. Pacwm 2.5.

OI.k.  y3rapmac  onTUMan  e4yuMJa  I[IOKOJQUIM  My3KallMOKKa  HucOataH
ucrebMomamtapHuHT KM3ukumm 300 kr .maH 456,25 kr raya OpTHITN MyMKHH.
OHAM Y3rapmac onTuMal eyuma Makcaa GyHKIMSIHUHT KodppuuueHTiapu 6yiuda, sbHU
My3KaiiMOKKa Hapxjap Oyirda Tax il YTKa3aInK.
Makcaa GyHKIMSHHUHT Y3rapMaciuri Kyiuaarnda coaup Oyaumuy MyMKuH (p. 2.6):
1T -+ caT2 = const .
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0 F X,

Pacwm 2.6.

Makcan ¢pyunkuusiau 6epyBun Tyrpudn3ukHuHT (20.1) Oypuak KO3 PHUIMSHTH TEHT:
K,=-8/5.

Ty¥pu un3uKIap ycrMa-ycT TyITaHaura yuyH, To K = Ki, Oy epaan, C2 = 14 na Cimax =
22,4. KoadpduimeHTt c1 HA Makcan QyHKIUS Y3rapMaciuk 4u3uruHu TYFpu un3uk (20.2) Ounan
yCTMa-yCT TYLIT'YHYa 1aBOM 3TTHUPpUII MyMKUH. [IIlyHUHT y4yH,

— /14=-1/2=c;, =7.

lyrnait ko6, arap 1 Kr KaiMOKH My3KaiiMoK Hapxu 7 c¢. Jlan 22,4 c. raga orica, pa
dbupma napomaau 6 387,5 c.nan 11200 c. ["aua omap skaH.

Xynmu myHga, c1 = 16 nebd typuO, 1 kr. mIoKomaum My3KaiMOKHUHT HapxuHH, 10
c.aaH To 32 c. raya ommupcak, pupma qapomaau, 8000 c. nan 14 600 c.raga omraau.

AHa Taxyui1 MaHa Taxiuil. Humanapau y Oepmaiinu.

2.5. Mamkaap

I'paduk ycyn OunaH equHr.
2.1. U ={2x, +3X, <6,2x, —3X, <3,X, X, 20}, L(X) =3X, + X, > maXx,X €U Hu TONuHr.

2.2.U ={x —x,20,x —5%, 2-5,x, %, 20}, L(X) =2x, —10x, - min,Xx€U =K1 TOmHHT.
2.3. U ={x +4x, 28,x, <4,2X, 25,%,X, 20} L(X)=2x +3X, >max,XxeU HU TONHUHT.

24, U={X—X%X<3-3%+X<6X,24,%x,X, >0} L(X)=3x +5x, >max,xeU Hu

TOIIUHT .

2.5.U ={3x, +X, >29,x +2X, 28,X +6X, >212,x,X, >0} L(X)=4x +6x, >min,xeU uu
TOIIMHI.
2.6. U ={3x +5x, <18,2x, — X, 20,5x, —3x, <15,%,%, 20} L(X)=4x, >min,xeU Hu
TOITHHI.
13



2.7. U ={Bx, +3x, <15,5x +4x, > 20,%, 25,x,%, 20} L(X)=2x +3x, >max,xeU Hu
TOTIVIHT.
2.8. Uxxura o3uk monna A, B nmapna ukkura Goinamy munepamwiap [7,, 11, 6op. 11

muHepan Kynura 200 OupnukaaH xam OynMaciauru Kepak. /I, MUHEPAIHMHI 1 OMPAMIMHMHT
Hapxu 2 cyM, I1,- nuku Moc papumiia 180 Ba 4 cym. O3uk MojnanapHUHT 1 OMPIMIMHHUHT

HOpMacH, ynapaaru ¢oiaai MUHEpAITITApHUHT MUKIOPH YIIOY KaJBasija KeITUPUIITIIH.
OBKaTJIaHUIITHUHT MUHUMAaJ ONTHAJI PAlMOHWHU IIYyHJAaW aHUKJIAHTKA, UHCOH KEpakiu
3MKa Ba MUHEpAJJIAPHU OJICUH/A Ba HAPXU HT KUYUK OYJICHH.

XK. 2.2.
O3yka Mmoza OHT KaM HOpMa 10upaMK o03yKala MHUHEpaUIapHUHT
MaBXYJJTATH
Hl HZ
A 120 0,2 0,2
B 160 0,4 0,2
MuHepaulapHUHT HOpMacu 200 180

I'paduk ycyn acocuaa UKTUCOIUH TaXJIUJT KAJIHHT.

2.9.U ={2x, +4x, <16,—4x, +2x%, 28,% +3X, 29,%,X, 20} L(X)=x +Xx, >max,xeU
HU TOIIMHI.

2.10. ®upma ukku Xxun mMaxcynoT unuiad yukapaau : A u B. bynga 4 xun xoMm amé
unuiaTwiaaa. [Ipu 9ToM HCONIB3yeTcs ChIphe YETHIPEX BHJIOB. XOM aMEHUHT MaxCyJOTIapHHUHT |
OMpAUTrMHU UIUTad YuKUII yayH XoM amé capdu XKangsan 2.3 ga 6epunran. Xom amé 3axupacH Ba
MaXCYJIOTHUHT | OWPJIMTHHUHT HapX¥ jKaJaBaiia OepuiraH.

X. 2.3
M XoM amié MaxcynoTHUHT OMp OUPIUTUHUHT HAPXU
axcyJsoT 2 4
A 1 2 300
B 0 1 200
3 4 1
axmpa 1 0

dupmara SHT KYII Japoma]i OepyBUM UILIA0 YUKAPHUIIT PEKACHHHU TOITHHT.

211. A w B [nerannapHUHT KaiTa WILIAIl y4Ta CTaHOKIA Oaxkapuiaad, xap Oup meran
CTaHOKJapaa KeTMa-keT Oaxapunanu. [lerannapuau cornmaan ¢oiina 100 Ba 160 cym. bommanruy
mabaymotiap XKansan 2. 4 na GepuiiraH.

Kansan 2.4
Cranokiap 1 gmeranHM cTaHOKIAa KaiTta wunniam BakT | CTAHOKHMHT  WIIUIAIT
HOPMACH, C BaKTH, C.
A B
1 0,2 0,1 100
2 0,2 0,5 180
3 0,1 0,2 100
Tamad 300 200

OuUpMaHUHT TapOMAINHH SHT KYTI KUJTYBUU PEKAHU TOIUHT.
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MyHapukara

M3. YHIIMHU EYUIITHUHI" CUMILJIEKC
YCYJIN

3.1. MacanaHuHr yMyMui Kyiluamumm
Yceyn yauBepcan 0yim6, L(X) — max, AX=Db,x>0 kypunuigaru uxTuépuii KaHOHHUK

UIIM su eya omagu. CuMmiekc ycyn fFosich Kyimparuaan ubopatr: Oupop TasHd 0<X, €U

m
n !

pexaman Oomurad, myHAai dekiau conparu tasHu pexamap 0<x e€U,k=1..,N=C ", kerma-
kerury tommnaguku, (X)) < f(x)<..<f(X,) Tenrcusnuknap Gaxapunagu. TasHu edumiap

COHH YCKIJIN 6§/HraHJ'II/Il"I/I,Z[aH, YCKJIM COHAAru KagaMJaH CS'/HF OIITHMAJI €YhMIa €THO 60paMI/IS.

3.2. CuMILIeKc ycyJ1 aJITOPUTMH
Assasio, m=rank(A) neitmuk. Y xosma anredpagan MabIyMKH, A MaTpUIaaa
mryaaaii m=rank(A) ta yctyH OOpKH, yiaap YM3HMKIU 3pKiId. By ycTyHmapHu 0a3uc ycTyHiap
nevimu3. ['aycc yCyNIMHUHT Ha3apuscura acocaH, mynaaid m=rank(A) HobMamymiap, 6a3uc

Y3rapyBumiap Ba N —M HOBOA3MUC Y3rapyBUmiiap 00pku, 6a3zuc y3rapyBuniap HoOa3HC
y3rapyBumiap opkaiu uoiaiaHaIu:

X+ > hx =f=x==> hx+f,i=1.,m 3.1)

j=m+1 j=m+1

m n
Oumu L(X) = ZC (X, z C;X; , 10, yHUHT OMPUHYM KHCMHUTa 0asuc Y3rapyBUMIapHHU
j=1 j=m+1

KYsIMHU3 Ba MakcaJ QYHKKIUSHU KyHHUIard KYpUHHUILTa KeATUPaMU3:
n m m
L)+ D AX =A,A =D he—c A= ¢f. (3.2
j=m+1 i=1 i=1
Ouay, (3.1), (3.2) acocua CUMIUIEKC YCYTHHHT KyHHIard KOUIalapuHu KeITHPaMu3.
1.YIIM xanonwuk makinja 6yncus. (Hokanonuk YITM kaHOHUK IIaKJIra KENTUPUIAIN. ).
2. bomnanruy tasgHy eduM 0< X, €U HuM Tonmamu3 Ba yHH ONTUMAJUIMKKA TEKIIMPAMU3.
ByHuHTr yuyH cummiekc xaasan Ty3amus JK.3.1. xkaaBaqHUHT OMpHHYM caTpuiaH Oomuiad, TOKM M-
caTpuraya Makcaja (QyHKIIMs Ba YeKJIaHUIIIAp CUCTEMAcH acocuaa Ty3uinaau. Munekcnap catpu 1e6
aTalyBuM catp A; KyWHaarnia TOIHIaIN:

A, :Z::hijci—cj, 1=1...nm Amzifici :

i=1

K 3.1

o basuc c c, e C,, - C, L(X)

y3rapyBuun | X X, e X Xina1 e X, fi

ap

¢ X ! 0 0 Nyt h, |f
C, X, 0 1 0 hz,m+1 hz,n fz
Co | X 0 ! N | | e | o

A, ° 0 Apa A, AL =LK
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YIIM HM MaKCUMyMTa e4uiiia Kyiuaara Xouap OYIuiy MyMKUH:

— arap Oapua Oaxomap Aj > 0 6ynca, y xojAa TONWIraH TasgHY €YUM MAKCUMAIL
onmuman e4uM oynaam;

— arap Oupop 6axo Aj < 0 6ynub, yHra Moc y3rapyBuura Moc yekjaHHILIapaa Oapua

ko3 dunuentiap mandwuii Oyica, MacalaHd CUUIIHM TyxTaTamu3, 4yHKd, L(X ) — oo, sSbHH

Makcan pyHkmus M.0.e.T. U na derapananmaras;,

— arap Oupop 6axo Aj < 0 6ynuod, nry y3rapyBunra MOC YSKJIaHHUII TEHTIIaMaIapy OJIIuaa
Ooupopra mMycbat koapduIHeHT Oyica, y Xonna OomIKa TasHY €4UMra YTHII Kepak Ba MaKcal
(GyHKIMST KAAMATHHUY KaTTAIAIITHPHIN KEPakK;

— arap UWHOEKCIap carpuaa Oup Heuta MmaHbui Oaxomap OVyica, y Xomma 6asuc
y3rapyBUmIap yCTYHHUTa MOJIYJIM SHT KaTrTa OYIraH MaH(uii 0axoii Y3rapyBYMHA KUPUTHUII Kepax.

Arap Oupop 6axo manpuii 6yica,apau Ak < 0 O6yica, y Xxonma K-ycTyHHH Kanut (Xai
KUIYBUM) YCTYH 1e0 onamu3. Kamut (xan KuiyBun) catp €0, MycOat o304 Xamiapau b, >0 kamur

ycrynpary  mycbar kodpduumentnap hy >0 nucbatu b /hy =Ta%((bi/hik)3HF KaTrra Oyiran

WHJIEKCTa MOC caTpHU ojiamu3. KaliuT yCTyH Ba KalUT carpiiap KECHINTaH KaTakJard JJIEMEHT
h, >0 kamuT (Xan KHIyBYH) 2JIEMEHT JAeHuIanu.

H30x. Arap makcaq GyHKIUSHUHT MUHUMAL OITAMAI €9MMHUHT KUAUpHIaéTran 0yca,
YHUHT ONTHMAIUTMK IapTi 6apua 6axonapuunr manduiinurunan ubopar: A; <0, j=1..,n.

3. CuMIuIeKC )KaJBATHUHT 2- KQJJaMUHU KyHUIard KOUIa acoCU/Ia TYIIIMPaMuU3:

— KQJIHUT CaTPHU KAJIUT AJIEMEeHTTa 0yuo Y3 xoinra é3amus;

— 0a3uc yCTyHJIapHU TYJIIUPaMU3;

— JKaJIBAJTHUHT OOIIKA dJIEMEHTIIAPUHU “TYFpUTYPTOYypUaK’ KOMIACH aCOCHIa
Tynaupamus. baxonap xam my kouna acocuaa tynaupunaai. CYHT sIHTH TassHY €4UM TOTIaMH3, YHU
ONTUMAJUIMKKA TEKITUPaMH3 Ba X.K. By jkapaéHHM onTHMa e4uM TOMMITYHYA JABOM dTTUPAMU3.

“TyrputyprObypuax” Kounacu Kyiuaaruaad uoopar: gapas kunaitnuk, hy, >0-xan

KHUIIYBYU 3JICMCHT 6S’/HCI/IH. VYV xonga sHru KagaMmaaru h’ij QJICMCHT KYﬁHHaF n4ya TOoIInJIaau:

I s) j,s=1.m,j,k=1.n.

h’ii:hij_

sk

3.3. CuMILIeKe yCyJHM KYJUIalra J0Mp Macajiajap e4ui.

Kopxona yu xun wunuiad 4Yumkapuil pecypcura — osra: (xoM ameé, Kypoid SIpoF,
AIIEKTPIHEPTHUSICH) Ba UKKU XUJI yCyJija MaxcyJoT uiuiad ynkapaau. PecypcapHuHr oitnuk cappu
Ba xap Oup MaxcynaoT Oyiinya pecypcapHHUHI MaBXKyJ 3axXuUpacd, xap Oup ycyjajaa HIuIad
YUKapHIaIuran MaxcysnoT conn JKaapan 3.2 ma 6epuiras.

K.3.2.
Nminab yukapum pecypciapu 1 ot yuyH pecypcnap cappu Magsxyn
lycyn 2 ycyn | yMyMu# pecypce
Owtan Owtan
XoM amé 1 2 4
TexHuka 1 1 3
DJIEKTPIHEPT U 2 2 8
N1 yuk. MaxCyJoT COHHU 3 4
(MuHTTA)

Kopxona »HT Kym MaxcylnoT HIIIA0 YMKApWUII Y49yH MaBXKyA pecypciapaa Heda ou
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UIIJTAII Kepak?

Eunm. MacnanuHr MaTeMaTHK MOJENMHHM Ty3aMu3. benrumiam Kuputamusz: X1 —
KOPXOHAHHUHT | ycyn OWJaH MaxCyJloT HMIUIA0 YMKApHII BaKTH, X2 — 2 yCyll OWJIaH MaxcCyJloT
UIUTa0 YMKHII BaKTH. MacalaHWHT MaTeMaTuK MOJAEIH Kyluaarnda Oymaam

L(X) =3x, +4x, —> max,
U(X) ={x +2X, <4,%x +X, <3,2x +X, <8,x,X >0}

1-ycyn. Cummnekc ycyn. MacajlaHu KaHOHUK KYPUHUIITA KEATUPAMU3:
L(X) =3x, +4x, - max,,

X, +2X, <4,
X, +X, <3,
2%, + X, <8,
X, % =0
1 KaAaMHHUHI' CUMIIJICKC KaJIBaJIMHU KypaMu3 :
K33
o basuc | 3 4 0 0 0 L(x)
Xi XZ XS X4 X5 bi
0 X, 1 2 1 0 0 4
0 X, 1 1 0 1 0 3
0 X 2 1 0 0 1 8
A, -3 -4 0 0 0 0

JlacTnabku TasiHY €4uM KypaMu3:
X,=(0,0,4,3,8),L(X) =0

WNnpnexcnap catpuna 2 ta Aj < 0 manduilt 6axo maBxyn. Jlemak, TasH4 €4UM ONTUMAI
5Mac Ba YHM AXIIMigam MyMKuH. Kamut ycTyH cudarupa X, y3rapyBUMHHMHI YCTYHHHH OJaMH3,
ayHkd | 4| >|-3|. Kanut yeryn cudaruma min (4/2,3/1, 8/1) = min (2, 3, 8) = 2 Gynrannuru yayn
X, CAaTPMHU OJIaMu3. 2 KaJJaMHUHT CUMILIEKC XKaJABaIuHHU Kypamus (;kaasan 3.4):

by epnan onamus:
X, =(0,2,0,1,6),L(X,) =8

XK 3.4.
¢, |basuc |3 4 0 0 0 L(x)
Xl X2 X3 X4 X5 bi
X, V2 1 Y 0 0 2
0 X, ) 0 -1/2 1 0 1
0 Xs 32 |0 -1/2 1 1 6
-1 0 2 0 0 8
AJ'

WNunexcnap catpuga | ta manduit 6axo Mapxyn. TomunraH TasHY €YUMHH STHA
sxmunaiimus. Kamut snemeHT cudatuga 2 HU onamu3. 3 KaJaMHHHT CHMIUICKC >KaJIBAJIMHU

apaTamu3 >kajasai 3.5:
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o bazuc | 3 4 0 0 0 L(x)
Xi X 3 X4 X5 bi
4 X, 0 1 1 -1 0 1
3 1 0 -1 2 0 2
X 0 0 -3 1 3
0 0 2 0 10
Ai

bapua 6axomnap myc6ar Aj> 0, nemak TONMUITAH TasHY €4UM ONTUMAL:

X =(2,1,0,0,3), L(X) =10

AK.3.5.

ynnait kunub, kopxoHa 1 ycyn Ounan 1 oi, 2 ycyn 6unan 1 oif uniaca, gapoman 10000

Ta MaxcyJioTra KyTapuiap KaH.

2-ycyn. Uy macananun MathCAD épnamuna eun6, Kyinaara Oup Xui e4MMHH OJIAMH3:

WNupexcnap Oomu ORIGIN :=1
Makcan (b}’HKIII/I?[ L(X) = 3)(1 + 4)(2
Marpuna 12 4
EGKTOp A=[11]| b=|3
OII-Y UTEPALUS
part ) 1 ;
1
bnok 6o X = ( j
0
Given Ax<b x>C
YexmaHuIap Given r:== Maximize (L)
f=(21) LH=10
Harwxanap

Hemak, MathCAD épaamuna macamanu e4u0® aHUK KAaBOOHU OJIIMHIAH TOMHO OJIHII

MYMKHH DKaH.
3.4. ATbTepHATHB ONITUMYM

UIIM wu CY OuiaH euuinja MakCUMyM MacajacuJia ONTHUMaUIMK maptu Aj > 0 awup,
MUHUMYM Macajacuaa aca Aj <0 maptuaup. Arap MakCHMyM Macajiacuja Oupop Kagamaa Oupop
6axo Aj = 0, Ba 6omka 6axomap Aj >0 0Oynca, ( muamMyM macanacunga Aj < 0 6ynub kosnca), y
X0Ji7a, KaauT ycTyH cudaruma 6axocn Aj = 0 OyiraH yCTYHHHW OJICaK, Ba SHTH ONTHMAJ SUYUM
TOTCaK MakcaJ QyHKIMS KUHMATHUHU Y3rapMaralJMruHu kKypamus. By xonna macana ajabTepHaTUB
ONTHUMYMTIa 3ra AeHUIaIu.

AJbBTEpHATUB ONTUMYMHUHT HIAPTH OUpPOpPTA SPKUH Y3rapyBUMHUHI MHJEKCIIAp caTpuia
0axocHHUHT HOyra TeHTuruanp: Aj = 0.

Arap Oupopra Oaxo  Hojdra
Tommnan: X = aX +(1-a)X,,0<a <1

Arap MKKHM Ba yHJaH KYI 3pKUH y3rapyBuMiapHUHT O6axonapu 0 ra TeHr Oyiaca ymMymuid
ONTUMAJI €UUM KyHUJarnda TONHIAIN:

TeHr Oynca  ymMymuid  eyuM  KyWujaruda

AnTepHAaTUB ONTUMYM MaBXKYyJ Macaiajapja MacalaHUHT MaTeMaTHK MOJeNura OOoIKa
ONITUMAJUIMK [IAPTIAPUHN KUPUTHII UMKOHUSTIAPH TYFUITAIH.
Mmucoa. UIIM 6epunran
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L(X) = 2% —4x, + 2%, — min,
U(X)={X +3X, =X, +2X; =7,— X, +4X, + X, =12, X; 2 0,j=1..,6}
Eunmn. Cumiutekc xaasan Kypamus (kaasai 3.6).
Wupekcnap carpupa 6utra Mycdbar 6axo MaBxKyA. YHH SXIIMJIAINTa XapakaT KUJIaMu3.

Kamut snemen 4 ra TeHr. 2 cuUMIUICKC X)aaBan Kypamu3 (kansan 3.7). Kyimmaru xagBauiapHu
XOCHJI KUJIAMHU3.

X, =(10,0,3,0,0)
K.3.6.
C BY 0 2 -4 0 2 L(x)
X1 X2 X3 X4 X5 bi
0 X, 1 3 -1 0 2 7
0 X, 0 -2 4 0 0 12
A, 0 -2 4 0 0 10
) K.3.7.
C BY 0 2 -4 0 2 L(x)
| Xl X2 X3 X4 XS bi
0 1 5/2 0 Va 2 10
0 X, 0 -1/2 1 Y Y 3
A, 0 0 0 -1 2 12
K.3.8.
C BY 0 2 4 0 2 L(x)
| X X X X X bi
2 X, 2/5 1 0 1/10 4/5 4
-4 X, 1/5 0 1 3/10 9/10 5
A, 0 0 0 1 -4 12

A2 = 0 Oynranu y4yyH, Macana ajJbT€pHATUB ONTUMYyMra sra. SlHa OMTTa oNTUMAall €4UM
TONamMu3 OYHHHT ydyH Oa3uC y3rapyBuM X1 YpPHHUTA 3PKHH y3rapyBYM X2 HU KHpHTaMH3 (XKaJB.
3.8).
Xocua KujaaMu3
X, =(0,4,5,0,0)

Ontuman eqyum KOOpJAUHATAJIApUHU TOIIAMU3 :
X, =10t +(1-t)0=10t,x, =0t + (1-t)4 =4 - 4t,

X, =3t+(1-t)5=-2t+5x, =0t +(1-t)0=0, x, =0t + (1-t)0=0.
X =(10t,4—-4t,5-2t,0,0).
t ra [0,1] xecmaman xap xui KuiimaTiap Oepu0, Xap XHJ ONTHMAJ €4uMiiap X HH
TONaMM3, JIeKuH Oapubup L(X) = -12.
3.5. Mucoaaap

Ky#innarn macananapHy CUMILIEKC YCyJ1 OMJIaH €UUHT.
3.1. L(X) =X, —3X, —=5%;, —x, > max,
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U (X) ={x +4X, +4X; + X, =5% +4X, + 4%, +X, =5,X; 20, j=1,..,4}

3.2. L(X) =X +2X,+3%, > min,
U (X) ={X +2X, +3X%; + X, =10,2X + X, =3, X, + X, +2X, :6,xj >0,j=1..,4}

3.3. L(X) =—2% — X, + X3 + X, —> max,
UX)={X =X, +2X%—X, =2,2X + X, = 3%, + X, =6, X + X, + X, + X, =7,X. 20, j=1,..,4}

3.4. L(X)=3x +X,+2X, > min,
U (X) ={2X + X, + X, <40, X, + 2X, + 2X, le,xj >0,j=1..,3}

3.5. L(X) =X, + X, +X; — max,
U (X) ={3X, + X, =%, <5,3X +2X, + X, <7,X >0,j=1.,3}

3.6. L(X) =% +2X, + 2%, > min, U(X) ={X +X, + X, >4, X, =X, + %, =>2,X. 20, ] =1,..,3}

3.7. L(X) =3x + X, +X; + X, —> maXx,
U (X) ={2x%, + X, +4X; +3%, <3,3%, — X, +2X; +5%X, <1,X; 20, j =1,..,4}

3.8. L(X) = x, —5x, —3%;, — max,
U (X) ={2x + X, +4X; +3%, <3,3% — X, + 2%, +5%X, <1, X, 20, j =1,..,4}

3.9. L(X) =X +X, + X, +X, —>min
U(X) ={3x, +2X, + X, 28, X, +6X, + 9%, +13x, 2 4,Xx. >0, j =1,..,4}

3.10. L(X) =3x, +5X, +4x, — max
U (X) ={3X, +4X, + 2%, <9,2%, +5X, + X; <8, X, +2X, +4X, > 8, X; >0,j=1..,3}

3.11. MexaHnKa 3aBOJW WUKKH TYypJard JeTaJl UIUIa0 YUKUII YIYH TOKAPIHK, Ppe3epin
Ba CBapka ammapariapuiad Qoinananaay. byana xap Oup geTanHu KaiTa WIUIANT Y9yH UKKUA XUJ
TEXHOJIOTHK yCyJutapJaH ¢hoigaianuiagy. 3apyp MabIyMoTiaap kaasai 3.9 ma Gepuiiras.

AnnaparnapHu IIyHAal UIUIATUALI KEPAKKHU, 3aBOJIa SHT KYI AapoMaj] KeJICHH.

AK.3.9.
Jerannap BakTHHUHT
1 | 2 dornann
TexXHOIIOTHK yCyil onnn,

Texnka 1 2 1 2 CT-K.COAaT
Opeszepiu 2 2 3 0 20
Toxapau 3 1 1 2 37
Capxkanu 0 1 1 4 30
®doiiga,m.o. 11 6 9 6

3.12. Twxopar ¢upmacu yd XWUJ TOBapjapHU COTHII yYyH HKKH XHJI pecypciapiaH
doiigananany: BaKT, CaBI0 3aJUIAPUHUHT MalIoHYalapu. Xap Oup Typaard ToBapjapHU Oup
NapTUSCHHU COTHII Y4yH pecypciapHuHr capdu sxaasan 3.10 na kentupuirnd. ToBapiaapHUHT

Xap mapTHACUHU coTuigad ¢Gorga 1-Xxwin ToBasiap yayH — 5 MHHT CYyM, 2-XWJ1 ydyH — 8 MUHT
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cyM, 3-XWJI yuyyH — 6 MHHT cyM.
dupmara makcuman Qoiia KeNTUPYBYM CaBO COTHKHUHT CTPYKTYPACH TOIHJICHH.

2K.3.10.
Pecypciap Tosap Typu Pecypcnap
Bakr, ogam.c. 1 2 3 MHUKIOpHU
MaiizoH, M? 0.5 0.7 0.6 370
0.1 0.3 0.2 90

3.13. ®upma tanmabrop 4 xua ToBap HILIa0d yukapaau. OWIMK TOBap WILIA0 YWKAPHII
pexxacu 1 Ba 3 ToBapnap yuyH 10 ta, 2 xun toBap yuyH 200ta, 4 xun toBap yuyH 120 ta. ToBap
unpiad YuKapuin yayH xoMm amé capgu sxkazasa 3.11 Ta KenTupuiraH.

K311,
Xowm amé Capd xapaxxat HopMacu Xom amé
1 2 3 4 3axupacu
1 5 1 0 2 1000
2 4 2 2 1 600
3 1 0 2 1 150

1 Xu1 MaxcynoTHU coTuliad ¢oina 6 MUHT CyM, 2 XU YUYH 2 MUHT CYM, 3 XM y4yH 2,5
MUHT CyM, 4 XWJI y4yH 4 MUHT CyM.

@OUpMaHUHT OMIMK ONTUMAJl AapoMajl KEATUPYBUYHM pexacu TOMHIICHH.

3.14. Meramnyprust 3aBogu A1, A2, A3 metannapaan Bi, Bz, B3 ToBap uUIUIa0 YMKAIH.
Pexxanamrupran gaspaa 3aBog 640 T Ar mertamn Ba 800 T A2 METa)T MUIUTATUIINA KEpaK Ba A3
Mmetauigad 860 T 1aH kaM OYaMaraH MUKJIOp/a UILIATUIIN Kepak.

Mertannapaan capgiam HOpMacu Ba TaHHapXu »kazasai 3.12 na kentupuiarad. ToBapiap
Taiiépnania 3HT kKaM capd Oynaguran pexxa TONUICHH.

XK.3.12.
Merann Typu MertaiHu capd KHIUII TeX.HOPMACH MertaanHuHT
B1 B2 Bs 3aBOJIATH 3a11acu
A1 1.0 4.3 2.6 640
Az 5.0 1.5 3.0 800
As 3.0 3.9 4.3 860
| T. KopunIMa HapXu 18 15 15

3.15. Mkku XU cTaHOKJIApJa yd XUl MaTepuai TYKuiaaad. Martepuain TYKHUII y4yH HUILIap
Ba Oyéxyap umuarunaau. XKagsan 3.13 ga cTaHOKIApHUHT KyBBaTJIapy (MUHI CTAHOK C€OAaT) Ba
uruiap Ba 1000 krim OYEKIapHUHT pecypciapH, CTaHOKJIAPHUHTKYBBaTJIapH (MeTp/coar), uijiap Ba
o6yéxnapaunr 1000 metpaaru capdu Ba 1 MeTp MaTepallHUHT HAPXH KYpCaTHIITaH.

K.3.13.
Pecypc typu Pecypc xaxmu CapdHuHT HOpMacH
1 2 3
1 Typ cTaHOK 30 20 10 25
2 Typ CTaHOK 45 8 20 10
Wn 30 120 180 210
byéx 1 10 5 8
Hapxu, 1. 6. 15 15 20
by MabnymoTiap acocuia Kyiugaru Macajagap €4usICUH:
1) KOpXOHaHMHI  TOBap WIUIA0  YMKAPHIIMHK  MaKCUMAaJUIALITUPYBYU

ACCOPTUMCHTHU TOIIUJICUH,
y4 XWJI MaTepuaTHUHT connapu 2:1:3 ne6 xuco0:1a0, KOpXOHAHUHT MaTepual

2)
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UNUIA0 YUKUITHUHT OMITUMAJl peXKacH TOTHIICHH,
3)  y4 XWI MaTepualHUHT | METpUHHMHT Hapxjapu 8, 5 Ba 15 Oupnuk cym 1ebd
Xuco01a0, KOpXOHA MaTepual UIIad YUKAPUIIMHUHT MAKCUMAIUTAIITUPYBYH aCCOPTUMEHTH

TOIUJICHH,
4) (1) macananu | Typnaru craHokiap 1 Typiard mMatepuai MIuiad YMKMaian

€0 eyuHr.

Mvyuaapuxara
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M4. YIIM n1a UKKUEKJIAMAJIUK

Nxtuépuit UIIM ra ynra 6omka uxkxkuéxrama YIIM HH Moc Kyhuin MyMKHH. By WKkku
Macasia Owp Ouwpu OunaH OOFIMK OYIMO sroHa WKKHEKIaMa KY(OTIMKHU TAIIKWI KUJIaIu.
Hkkuékiaama Macananap CHMMETPHUK, HOCHMMETPHUK, apayiall HKKUEKJIaMa Macajianapra Oy IuHaau.

4.1. Ukxkuékiaama UIIM macananap Ba yJJapHHUHT MaTeMaTHK MOJe/UIapUHU
Cummempuk uKKuéKiama macana
JHactabku HokaHoHUK UIIM macamacu Gepunran 0yicuH

L(X) =C-X=CX +C,X, +...4+C X, = max, Ax<b,x >0, (4.1)
by Macana ydyyH MKKUEKIIaMa MacaJlaHUHI MaTEMaTUK MOJCIIMHY Ty3aMHU3. byHUHT y4yH!
X apX, ot Ay X, <y
Ay X + X, ot B X, <b |y,

mn-n

X, + A%, +o e X, <b |y,
X; 20, j=1.ni=1.m.

—  JacTia0Ku MacaJaHUHT xap OuWp YEKJIaHUIINTa SHTU Y3rapyBud Yi HH MOC
KYSIMU3;

— sHrM Makcaa QYHKIUS Ty3aMu3, YHUHT KOd(QUIUEHTIApH JacTiaabkKu
Macaja YeKJIaHUILIAPUHUHT 030]1 Xaajaapu Oyianu;

—  SIHTM YeKJIAHWIUIAp CHCTEMAcCHHU KypaMu3. YJIapHUHT Kod(hduuueHTiapu
JacTiabKu Macalia YeKJIaHUIIUIap MaTpullacura TpaHCIOHUpJaHTaH Oynanu. TeHrcusmmkIiap
TECKapy TEHICU3JIMKKA alIaHTUPHIIIA TN,

— SHTYM Macajaja YeKJaHWIUIAp CHUCTEMACHMHHUHT 030]1 XaJUlapy JacTia0Ku
Macanagaru Makcaja (YHKUUSHUHT KoddduuuenHtiaapu Oymaau. bapua y3rapyBummap
MycOaT Oynuim kepak. Ikkuékiiama MacajJaHUHT MaTeMaTHK MOJIeNH Kyhuaaruya Oynaay :

S(y)=b-y=hy,+b,y, +..+b y_ —>min, A'y>c,y >0,
a, Y, tay,Y, +..+a, Y, =C,
a,ytayy, t...ta,,y, 2b11

a,y,+a,y,+..+a,Yy,=c,,y,20,i=1.m,j=1n

HocuMMeTpuK MKKHEKIaMa MacaJjiaiap
Jlactnabku KaHOHMK Macaja Oepuiirad OVicuH

L(X) =C-X=CX +C,X, +...4+C X, > max, Ax=b,x >0,

B X +apX, +o ke X, =b |y
QX+ AX, et B X, =h ]y,

2n""n

VYHra ukkuékiama MacaJaHUHT MaTEMAaTUK MOJICIIMHYU Ty3aMH3.
Hxknéknama MacallaHMHT MOJEIMHU TY3WII y9yH CHMMETPHK Macjla y4yH HKKHEKIaMa
Macaja Ty3HII KOMJIachra yXIai Ui 6axapamus, paxkar 6upo3 y3rapuiiap xam 0op:
— WKKHEKJIaMa MacaJlaHWHT YEKIAHUIUIApH TEHICHU3IHMKIAp Oymaau. Arap, Makcan
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(GYHKUMSHUHT MUHHUMYMH Kuaupuiaérran —Oyica,
Kuaupuiaaérrad 0yica, y xonna <;
—  VY3rapyBumiap Yi — umopa 0yitnda uxXTuépuii.
Jlemak, KKHEKJIaMa MacaJlaHMHT MOJIENTN KyHHard KypUHHIITA 3ra

TEHICU3JIUKJIAp >, arap MaKCUMyMH

S(y)=b-y=hby,+b,y, +..+b_y_ —min ATy >c,
agyytayy, +..+ayy, 26,
A, Yy +ayY, +t A, Y, 2b,
a, Y, +a, Y, +..+a Yy >C. .

Y, J1ap uxmuépuu uumopanu.

Apanaw ukkuéknama macananap

Jlactnabku Macala xaM CHMMETPUK IIapTiapra, XaM HOCUMMETPUK IIapTiapra sra
oyncun. Mkkuékjiama Macana Ty3ullljla CHMMETPUK Ba HOCUMMETPHUK Macjaiap y4yH MKKUEKIaMa
Macajajap TY3UII KoWJajapura amaja KWIHII Kepak. YMyMHUIl KouJanapHd yumOy >kajBaira
JKOMJIAIITUPAMHU3

XK4.1.
No JlacTnabOku macaia Hxxkuéknama macaina
1.Acocuii L(X) =c-Xx — max, S(y)=b-y—>min,
Macaina Ax<b, Ay>c,
2. KanoHuk L(X) =c-X — max, S(y)=b-y—>min,
3. Apaanr L(X) =c-Xx — max, S(y)=b-y—>min,
Macasa c= [C', Cﬂ] X = [XI’ X”] b= [bf’ b”], y= [yl’ y”]

AX'<b, AX"=b,,x'>0

A'X'>c,A'X">c,,y >0

X'=[X,. X, 1,
X" :[an+l"" Xn]
] Y R RPN |

Y =Yoo Yo 1Y =Yz Yl
b =[0,,.... 0, 1.0, =[0,, 1., B, ],

4.2. UkKHEKJIAMATUKHUHT aCOCUH TeopeMaJiapu

TEOPEMA 1. Arap kymmMa macanangapaad Oupy onTUMail edumra sra 0yica, MKKHHIUCH
XaM ONTHMAJI €4rMTa dra Oynamu Ba MXTUEPUN ONTHUMANl €YHMIIAp X 6a Y ydyH KyWujaaru

TEHIJIMK YPHHIIN :
L(X) > max=S(y) > min.
Arapia 6upop kyumva macana L(X Jmax — o (éxu S( Y Jmin — -o0) cababmu ewmmra sra

OynMaca, MKKHHYUCH XaM €4uMra 3ra OyIManiu.
TEOPEMA 2. MymkuH Oyiran euumiap X Ba Y  KyIIMa MacaJajJapHUHT ONTHMAJ

euruMIIapy OYIUINY yuyH yIm0y MyHOcaOaTIapHUHT Oa)KapHuIIIapu 3apyp Ba €TapIin:
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X (8% —¢;) =0,
i=1

V. a;%,—b)=0.
=

Hkxuéknamaiuk Tteopemanapyu Oup KYylIMa MacaJlaHUHI €YMMUJAH HMKKUHUM KylIMma
MacaJaHUHI €YUMHMHU KeJITUPUO YUKapaIH.

4.3. Uxku éxj1ama MacajajapHu equIl

Cwmnempuk macananapruedunil

Nkkuéxnamannk TeopeMangapy acocua Macaia €4uIIHA KypaMus:

xK.4.2.
Jlactinabku macaia HMkkuékiama macana
L(X) =X —X, = max, S(y) =2y, +2y, +5y, - min,
2% +% <2 [y, 2V, +Y, +Y; 21 %
% -2%<2 |y, =2y, +Y,2-1 %,
X, + X, <5 Y3 y,>0,i=1.3.
X >0,x, >0.

Jactnabku Macanana 2 y3rapyBud 6op. YHH rpaduK ycysiaa e4aMu3 Ba ONTHMAT €YMMHHU
tornamu3s: X onr = (4, 1), Ba 6yHaa L(X )max = 3.

1'I/IKKI/IéKHaMaJII/IK TeopeMacura acoCaH,

L(X)max = S(y)min =3
DOHmU X1, x2 > 0 Oynramnmurugan, 2-UKKUEKIAMAIMK TEOpeMacHura acocaH, MKKHEKITaMa
MacaJlaHWHT YeKJIaHUIILIap CUCTeMacH Kyiuinaruda Oynaiau:

{_zyl +Y,+Y; =1,
y1_2y2 +Ys =-1.

X onr HU JIaCTJIA0KH YEKJIaHUIIJIAp CUCTEMAacMIa KYsIMU3 Ba sIHTH (PUKpIIap TOMaMu3:

-2-4+1<2,-7<2=y, =0,
4-2-1<2,2=2 =1y,>0,
4+1<5,5=5 =Y, >0.

VY xonna KymmMa MacaJlaHUHT YeKJIaHUILIap CUCTEMAacH KyHuaru KYpUHHUIIHYU OJa/In:

{yz +Y; =1,
2y, +Yy,=-1.

by epnan xocun kunamus: Y = (0, 2/3, 1/3), Ba 6ynna S(Y )min = 3.

Duau kymma Macamanuar euumu Y = (0, 2/3, 1/3), S(VY )min = 3,0epuaran ma0b,
nacTiIabKy MacaJlaHUHT €YMMUHHU TOMANINK.

Nxkuéknamamukauar 1 teopemacura MyBOOUK, L(X)max = S(Y)min = 3. y2, y3 > 0
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SKAHJIUTUIAH, MKKUEKITAMATUKHIHT 2- TeOpeMacuIaH JacTIa0Ku MacaTaHWHT UKKWHYH Ba YIUHYU

TCHI'CU3JIMKIIApXU TCHITIMKKA aﬁHaHaﬂHZ

X, —2X, =2,
X, + X, =5.

by epnan X onr = (4,1), 6ynma L(X Jmax= 3.

Macananu MathCADoa euun.

Ikkiyoglamalik
ORIGIN =1 (X = X =% S(y) = 2-y1 + 2~y2 + 5~y3
21 2 1
1 - 1
A=|1 2| b=|2]| x= B=A d:= y=|0
0 1
11 5 0
aver Ax<b x>C r=Maxmize(L,Y) r =(4 1) LN=3
Given Given
By20 y>C q:=Minimze(S,y) q' =(0 0.667 0.339 S(q) =3

By=>d

Hocwmuempm( macananapru el

yH_I6y MacaJiaJlapHUu HKKHEKIaMaIuK TeopMaJlapu acocuia eUalIIuK.

K.4.3.
JlacTnaOku macana Hkkuékiaama macana
S(y) =9y, +6y, > max,
L(X) =3x, +Y, +3X, +X, = min, 2y, +y, <3 X,
2% = 2%, +3% -X, =9 |y, x4y, <1 |x,
X, +X, —6X,—X, =6 Y, 3y,-6y,<3 |x,
X 20,1=1.4. oy, -y, <1 |x4

Y, ,», —UXMUEPUL unopanu

Kymma  wmacanmama 2 Ta HObManyM. YHU rpaduk ycyiaaa e€4aMu3 Ba TOINAMU3:

y=(@1/2,2),S(y)=33/2.
1- uxkuéknamanuk Teopemacura MyBIGUK L(X )min = S( Y )max = 33/2.
Yy HHU KyIIMa MacaJlaHUHT YEKJIaHHUIIUIAP CUCTEMACUTa KYsIMH3:

2-1/242<3, 3=3,
-2-1/2 +2<1, 1=1,
3-1/2-6-2<3,-21/2<83 > z3=0,
—2:1/2-2<1,-3<1—=z4=0.

x3 = x4 = 0 skaHIMTUaaH, 1aCcTIA0KKW MacCaTaHWHT YEKJIAHUIIUTApU KyHUAaru KYpUHUIITHA

OJIaJU:
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2%, —2X, =9,
X, + X, =6.

Cucremanu eun6 onamus
X =(21/4,3/4,0,0), L(X)=33/2.
Apanaw ukkuéknama macananapnu eduul

Apanam MKKHEKIaMa MacajallapHM XaM HUKKHUEKJIAMallMK TeopeMalapu OWIaH edulll
MYMKHH.

K4.4.
Jlactnabku macaia HMkkuékiama macana
S(y) =3y, +4y, > min,
L(X) =X, —6x, —X, —max. yo+2y,21 |x,
X +3%+3% =3 |y, 3y, > -6 %,
2% +3%, <4 Y 3y,+3y,>-1  |x,
X.>0,i=1.3.

Y, — uxmuépuii uwopanu, y, > 0.

K¥y1mma MacanaHuHr e4uMUHY rpaduk ycyijga TonaMus:
X =(1,0,2/3),L(x)=1/3.

1- Ukxkuéknamanuk TeopeMacura MyBopHuK
L(X) =S(y) =1/3.

x1> 0, X3 > 0 Oynrannauru yuyyH, 2- TeopeMara acocaH KyIIMa MacaJlaHUHI OMpHUHYM Ba
WUKKUHYH YeKJIaHUIILTAPH TEHTCU3IIMKKA aiijlaHa i

Y +2y, =1,
3y, +3y, =-1.
by epnan y, =-5/3y,=4/3,y=(-5/3,4/3).
4.5. MACJIAJIAP
Kylinmarn macanamap ydyH KylIMa MacajJaJapHUHI MAaTeMaTHMK MOJENN KYpPWICHH Ba
nacTiaa0Ky MacaJaHWHT ONTUMAJ €4MMHUTa aCOCaH KYIIMa MacajlaHUHT ONTHMal €4UMH TOIHJICUH.

22.1. L(X) = X1 + 3x3 + 3x4 — min,
U) =0 + % +4X+X, 2 2,% — X%, +3%, 21X, 20, j =1..4}

22.2. L(X) =2x1 + x2—3Xa + x4 —,
UX) ={X +2% —X, <4, X, =X, + X, <1 x; >0, j=1.4}

22.3. L(X) =-x1 + X2 + 6X3 — x4 — min,
UX)={2X =X, + 2%, + X, =2, =2% + X, +3X, + X, =6,X. >0, j =1..4}.
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22.4. L(X) =-3%2 + x3— x4 — max ,
U(X) ={38% +5%, + X, + X, =32, =% +3%, + X, — X, =8,X; 20, ] =1..4}

22.5. L(X) = -3x1 + X2+ 3X3 — 4X4 — min ,
U(X) ={2% —2X, +3%X, +3X, =9, X, +2X, —=X; +X, =0,X =X, + 2%, — X, =0,X; 20, j=1..4}

KyH.IMa MacaJlJaHMHI' MaT€MaTuK MOICIIMHU Ty31/I6, YHUHI' €YUMHUTI'a aCOCaH, ,I[aCTJ'Ia6KI/I
MacCaJlaHUHI' CHMMHU TOIIUJICHUH.

22.6. L(X) = 1,5%1 + 2x2 — max,
UX)={2x +X, 27,X +2X, >8,3x +4x, 212,X. 20, ] =1..2}

22.7.L(X) =X1-2X2 + X4 — min,
U(X) ={38% +X, +8%; —3X, =5, 2X, + X, +5%; —4X, =4,%; 20, j =1..4}

22.8. L(X) =-2X1 + x2 — min,
U(X) ={2% + X, <8,% —3X, 26,3% +2X, > 3,—x +3%, <-5X,; 20, j=1..2}

22.9. V4 xun maxcynotr 4, B Ba C wmiad 4MKUII YY9yH yd XU XOM ali¢ WIIaTHIIAIH.
180, 210 u 236 xr. 1 ToBapra capduianamuran xom amé€ HopMmacu, 1 Ta

VIlapHUHT 3axupacu
TOBapHUHT TaHHApXHU ywmoOy xkanasai 4.5 1a KeATUpUIITaH.

K.A4.5.
XoMm amé 1 Ta ToBapra xom ameé capu,kr XoMm ameé
A B C 3aXUpacH,KT
1 4 2 180
2 3 1 210
3 1 2 236
ToBap Hapxw, m.6. | 10 14 12
bepuiran macana ydyH Kylima Macajia Ty3WICHH Ba ONTUMaJl €4MMHU TOMUJICHH.
Mynapuxara
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M5. TPAHCITIOPT MACAJIACHU (TM)

5.1. MacanaHuHr yMyMui KyinJIuIu

TM — YIIM HMHI KEHI TapKaJraH KYypUHHIIUIUDP. YHUHI Makcaau — TOBapJIapHU
TPAHCIIOPTUPOBKA KWJIMIIHUHT SHT palMOHal HYJUIApUHU Ba YCYJUIApUHU UILIA0 YMKHIL, XaJaaH
TallKapu Y30K, KECHIIYBYaH, TAaKPOPJIAHYBYAH WYINApHU TONMUIIaH uOoparmup. By macamanu
€UMII TOBApJIAPHU XapaKaT UYIUHU KUCKApTUPUO, XOM aIé, Matepraiap, EKUiIFd, TEXHUKA Ba X.K.
OwJiaH TABMHUHJIOBYY (PUPMATITAPHUHT XapakKaTJIapUHA KaMalTHPAIH.

YMmymuit xonga TM Kyiimparnya 6aéH 3TUiaagd: m Ta WILIA0 YMKApuIl (TabMHHOT)
nyHkTIapu Az, Az, ..., Am aa Oupop Oup KUHCIU 10K (KyM, TYIPOK, IIEMEHT, MaxTa, JOH Ba X.K.)
MOC paBHIlfa ai, a,..., dm MUKIOpJa MaBXkyl. by 1okHH 7 Ta uctebmon nyHkTiapu Bi, By, ...,
Bnra by, by,..., b, Muknopaa etka3ub Oepunr kepak. Ai myHKTAaH BjmyHKTra MaxcyJaoTHHHT OHp
OMpAUTMHU eTKa3u0 Oepulll TaHHAPXU Cijjra TEHT.

MaxcynoT TallWIIHUHT IIyHJal pekacMHU TY3MHTKH, Oapya IOK HI KaM Xapaxarijap
OuiaH Tamuob KETUIICHH.

Magxy[ I0KJIap 3aX|pacy Ba Tanad dTWITaH rokiap HucOaTura kapad, TM ounk €ku €nmuK
OYIUIIN MYMKUH.

Tabpud 1. Arap roximap 3axppacu Ba Tajnad dTUITaH IOKJIAp MUKJIOPH TEHT O¥Jica, SbHU

m n
r=>a->h =0
i=1 i=1
TEHIIUK Ypunau Oyica, TM énux Oeimmanu, akc Xonma, (r=0) oynca, TM  ouuxk
Nerunnagu.
X; j MUKIIOp A nyHKTAAaH Bj MyHKTra onu0 OopuiIaJuraH 0K MHUKIOPH OYICHH. Enuk

TM Hu KapaiimMu3. YHUHT WApTIapuHu ymdy maxcumom xaasanuia €3amus. (xkamsan 5.1).

K. 5.1.
Ombop, | 3axupa | B, B, e B, N B,
MTYHKT
Tamab b, b, ... bj ... b,
A & Cu Cj Gij Cin
X X X, X,
AZ aZ C21 C22 C2j C2n
X1 X2 X Xon
Ai a'l Cil C|2 Cu Cm
X|1 XI 2 Xi j Xm
ATI a'm le Cm2 ij Cmn
Xml Xm2 Xm] an

TM HHUHT MaTEMaTUK MOJENN KyHHUIaru KypUHUIITA 3ra:

L(x) = Zmlzn:cijxij — min,

i=1 j=1
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n m

DX =a, ) % =b;,x; =0i=1,m j=1n.
i=1

j=1 i

OnTtuman euuM TMHHHr 4YeKJIaHUIUIAP CUCTEMAcH Ba MakcaJ (QYHKIHIra 3HI KAYUK

KHIMaT OepyBYM MaTpHUIA
X = (YI j )mxn

naH ubopar 6ynaau. TpaHcnopT macanacu, YU3UKIW IIporpaMMarail Macanacu cudaruia,
CUMIUICKC YCyJ OMJIaH CUMIHMIINA MYMKHUH. JIEKWH, Y3rapyBUMIIApHUHT KYTUIUTH CHMILUIEKC YCYJTHH
Kyutaman Kuuanamtupaad. lyauar yayas TM yayH Maxcyc ycyiuiap uUnuiad YuKWIraHk, Oy
yCyJuiap XaM CUMILICKC YCyJl KaOW yd dTariaH TallKI TOMA i, aifHaH:

— JMacTIa0Ku TasH4 €YMMHH TOTIHIII;

— JMAcTJIA0KU TasHY €YMMHH ONTHMAJUTHKKA UEKITUPHII,

—  Oup TasgHY eyuMaH OOIIKA AXIIMPOK TasiHY €4UMra YTHUIII.
Xap Oup dTanmHu AToXuaa Kypuod YUKaMu3.

5.2. TasgH4 gacTIa0KM €4YUMHM TOIIMII

MacanaHuHr waprtiapy Ba JAacTiaOKU TasHY €YUMHHU TAKCUMOT >KaJBajura &3zaMus.
IOknap &3mnran KkarakiapHM OSrajylaHraH Katakjgap nae0 aTtaiiMu3, ynapra TasHY EYUMHUHT
y3rapyBunsiapu Moc kenagu. Kosran karakiapHu OYml Karakjiap JAeWMH3 Ba ylapra 3pKUH
y3rapyBumiap Moc kenaau. KarakiapHuHr 10Kopu YHI Oypuakiapura TabpudiaapHu €3amus.

TasgsHy euynMm ToOmMMIIHMHT OWp HEYa yCylJlapu MaBXyHd. YnapiaaH Oupu MUHHMAT
AIIEMEHTIIap YCYIUIUp.

by ycynra acocan, okiap OupuH4YM HaBOaTAa HSHI KaM Tabpuduu  Cjj  KaTakra
KOWITaITUpWIAAU. YHIaH CYHI, IOKjgap Oym OynmaraH, KaMpoK Tabpudud KaTakka
3axXypajlapHUHT KOJITUFY Ba TaJlaOJIapHUHT MUKJIOPUHU XHcoOra ojiraH Xosijga >KOMIaimTHpuiIaIu.
By »xapa€H 3axupanap TyraryHua Ba TajaOmap OakapwiryHca naBoM STTupuianu. HOkmapHu
Takcumilamia, O0aHa karakiaap coHu m + n — 1 man kam OYnuO KOJMUIIM MYMKHH, Oy XoJjaa
KaTakjiIap MUKJIOpU HOJITAa TEHI IOK OWjaH TabMMHJIAHAAW Ba OyHIal KaTakyiap LIapTiu OaHA
KaTakjap J1ed alTuianu.

Honra Ttenr 6ynran Okjap IIyHJIail >koMnmamITUpuiIaguku, xap Oup catp Ba Xap Oup
yCcTyHJa Xxe4 Oynmaranja ourragad OaHja KaTakiap OYIMIIN Kepak.

JlacTiiaOKku TassHY €4MMHU TOIMUIIHU MUCOJAA KYpUO YMKaAMU3.

5.3. FOxHu ucTebmMoIYnapra 00 GOPpUIHMHT ONITUMAJ BAPHAHTH

Alitaitnuk, A1, A2, A3 omOoprapaa 6upop 6up ToBapausr 90, 400, 110 T muxknopu 60p. B,
B2, B3 ucrepmomuunap Oy ToBapHUHT Moc pasumga 140, 300, 160 T jmar onumuiapu Kepak.
TabMUHOTUMIIAPHU UCTEBMOTYMIIApTa OUPUKTUPUO KYHHUIIHU [IYHAAl BapUaHTH TONMWJICHHKH, FOK
TaIIWII XapakaTIapy SHT KaM OYJIcHH. | T TOBapHUHT TABPMUHOTYMIIAPAAH UCTEHMOTUMIIAPTa OO
6opuiI HapxJapH ymoy MaTpuiaga OeoTiIraH.

C=

w b~ DN
o Ol
c o1 N

bepunran macana énuk TM nup, 4yHKH:

3 3

r :Zai —ij =600-600=0.

i1 -1

JlacTnaOku TassH4Y eYUMHU MUHUMAT Tabpudiaap ycynu Omnan TonaMu3(k. 5.1):

Papimianku, C, =min ¢; =1,c, =min ¢; =2 . llynunr y4yn, 2-ucrebmonuura 300 T
1£2, j#2
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TOBap Kepak Oynranu yuyH, yHra 2-tabMuHoTduaH 300 T 1ok Oepamu3. 2-ycTyH OEKWIIH, S’bHU 2-
HUCTEBMOJIUM peXaaard KHH oiaud Oynau, konraH 100 T Hu 3-ucrebpMonumra Oepamus. 2-caTp
OeKHIAH, ThHU 2-TABMUHOTYHM Oapua ToBapuHHM Oepub Oynnu. l-uctemomuura l-TabMHHOTYMAAH
90 1, 3-rapmMuHOoTUMAaH 50 T K Oepamu3, l-HcTeMOTYM pekanard OKHHH om0 Oynam. 3-
uctepmonuura 3-rabMuHoTunAad S0 T 10k 6epamus. bapya roximap TakcuMiianuO O6yiau.

Kansan 5.2
Omb6op, 3axupa 1 2 3
MTYHKT

Tanad 140 300 160

1 90 2 2
90

2 400 4 5

300 100

3 110 3 8

50 60

Harmxana ous3 yI_H6y IOKJIApHUHI TAKCUMJIAINIHHUHIT )IaCTJ'Ia6KI/I pEKaCHHU TOIIAUK.

90 0 0
X,=| 0 300 100
50 0 60

XKansannga 6ann katakiaap conu TeHr m +n-1=3+ 3 —1 =5, gpHU Oy3UIMACIHK IAPTH
Oaxapuiras.
By nactnalOku TassHY pexa y4yH pexka y4yH, FOK TAlIMIUIAPHUHT HAPXHU TEHT:
L(x)=90-2+300-1+100-5+50-3+60-8=1610 m1.6.

5.4. Tonujrad TasiH4 e4MMHH ONTHMAJLUIMKKA TCeKIIUPHUII

Tonwiran TasiH4 €YUMHH ONTUMAIIIMKKA nomenyuaniap ycyau OuiaaH TeKIIUPpaMu3.
[lorennmamap ycynuaa TONWITAaH TasHY €YMM ONTHMAal OYIWIIN YYyH KyHHIarua
KPUTEPUA MaBXyJ: Arap TasHY €4MM OonTHMaji Oyica, COHM m + n Tra TEHI IIyHJal Ui Ba Vj
XaKUKUI COHJIAp CHCTEMAacH MaBXyAKH KyHUIaru mapTiap Oakapuiau:
1) Oanmxg xarakiap y4yH Oy commap Ui + Vj = Cjj TCHIIMKIAPHU
KaHOATIaHTUPAIH,
2)  opkuH Katakiuap yayH Ajj = Ui + Vj - Cij <0 TeHrcu3nmmkiIap YpuHiIu 0ynam.
Ui Ba Vj COHJIap nomenyuaniap nevnnanu. TakCUMOT KaJIBalura sHTH Ui yCTYH Ba Vj
carp KyLIWIaIH.

[Torennmammap Ui Ba Vj Oana KaTakiap y4yH Ui + Vj = Cjj €3wiIrad TEHIJIMKIapAaH
TOTIWJIA[IN, YIIAPHUHT COHU m + n , OaH] KaTakiap coHu m + n - 1 ra TeHr, spHU TeHTJIamMaliap COHU
OaHJ KaTakyiap coHugan o6urra kym. LyHuHT yuyH OupopTa nmoTeHIualra uXTuépuii Kuitmat 6epuod
KOJITAaHJIApUH CYHT OWMp KMAMATIM TOMUII MyMKHH. Macanan, u1 = 0 1e0 KoJiraH moTeHIHaIapHA
Oup KuiiMaTiau Tonui MyMKHUH: 1) arap Ui Mabiaym Oynca, Vj = cij— Ui; 2) arap Vj Mabiym Oyica
Ui = Cij — Vj .

Ymly Aijj = Ui + Vj - Cjj Oenrunam KupuTaiinuk. by coHHu apkun kamakuune baxocu 1eod
adtunaan. Arap Ajj < 0 6ynca, y Xoaaa AacTia0ku TasHY €4uM onTuMan Oynaau. Arap Oupop
6axo mycOat Oyinca, ssbHu Ajj > 0, 6yiica TassHY eduM onTuMa OYiaMaiau Ba yHU OOIIKa TasHY
eqynMmra yTuo sAxXImiIam MyMKHUH.

Kangsanra Ui ycTyH Ba
TEKIIHPaMU3.

ABB10 U1 = 0 1elnK, Ba yHHU jKaJJBAOHUHT OXUPIH yCTyHUTa 1-catpra €3amus.

Vj carp KymuO TOMWIraH TasHY €YMMHHU ONTHMAJUTUKKA
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AK.5.3.

a \b, 1 2 3 u

140 300 160
1 90 2 5 2

90 0
2 400 4 1 5

300 100 -2

3 110 3 6 8

50 60 1

7 2 3 7

1-carpaunr Oupunum (1,1) Ganx kataruHu Kapaiimms. w1 + Vi = 2 mapt Oakapuiiaau.
Hemak, U1 = 0 skaniurunat, Vi = 2. YHU aJBaJIHUHT OXUPIH carpura l-ycryHra €3amu3. Xyiu
nry kabu, 0aH/ KaTakIapHH IIyHAal KapaOepaMHu3Ku, TOUMO OMpOpTa MOTEHIIUA aHUK, OYJICHH.

Karak (3,1) kapaiimus. PaBimanku, uz + Vi =3, V1 =2, Oy epaan us = 1.

Karak (3,3) uu KapaiimMu3 : u3 + V3 =8, uz =1,v3 =7.

Karak (2,3) nu kapaimus: uz + V3 =5,V3 =7, up = -2.

Karak (2,2 uu kapaiimMu3): Uz + Vo =1, up = -2, V2 = 3.

Tonunran mnoTeHIMAJUTAPH >KaABajra KUPUTAMH3. DPKHH KaTaKJIapHUHT OaxoJapHHU
XucoOJIaiMus:

A, =U+V,—C,=0+3-5=-2<0,

A,=U+V,—C,=0+7-2=5>0,
A, =U,+V,—Cy =—2+2-4=-4<0,
Ay =Ug+V, —Cy, =14+3-6=-2<0.

Hemak, A1z =5> 0, Ba TONMWITaH TassHY €4UM ONITUMAJI SMAC Ba YHH SXIIMIANI MyYMKHUH.

5.5. bup TasgH4 eunMaaH GOMIKACUIa YTHII

Mycb6ar 6axomu (Ajj > 0) 3pKkuMH KaTaKHUHT MaBXKY/UINTH, JACTIA0KH TasHY €YMMHUHT
ONTUMAJl AMACIMTUHM Ba MakcaJ (QYHKIUSHUHT KUMMaTHHM KaMaWTHpUII y4yyH OOIIKa TasHY
€YMMra YTHII KEepakiIWuTHHH  Kypcartaad. ByHWHr ydyH fOKiIapHH OaHJ KaTakiapAaH SPKHH
KaTakj1apra CDKMTHO, KalTa TakcUMITall Kepak Oynaau. DpKuH KaTak OaHa, wirapu 6any 0ynran
Oupop Katak 3pKuH OYIrb KoJaau.

Mycbar Oaxomu (Ajj > 0) opkuH Katak y4yH IMKI (3aHXHp, KynOypuak) IIyHAau
KypUJIaJAUKU, YHUHT OUTTa yuuJaH OolKanapu OaHja KaTakjapja €TUIIN Kepak, Oypuakiap TYFpH,
y4iap COHM Xy(hT Oynuimm Kepak. DpKHH Katak éHura (+) ruimoc, cyHr kerma-ker (—) Ba (+)
UIopagapy Kynuiaan. MUHYC MIIOPaIM YYJaH SHT KUYUK IOK OJNIMHAIH, YHU (+) MIIOpanu ydra
Kymunanu, (—) wumopanu y4ynaH adpwiagu. HOkmapHu myHnmai  ycynm OwiaH - Kaidta
TaKCUMIIAaHTaHIaH CYHT, STHTH TPSHY €YMM OJHMHAIN Ba YHH ONTHMAJUIMKKA TEKIIMPHII KEepak Ba
X.K. By >)kapaéHHM onTHMaI €4uM OJMHTYHYA JaBOM 3TTUPHUII KepaK.

bup TasHY eunMIaH UKKHHYH TasHY €YUMTa YTUIITHA MECOJIIa KYPHO YNKaMu3.

Myc6ar Gaxonmu karak (1,3) yuyH mwkn Ty3amus. L{uxnnausar yainapura (+) Ba (—)
UIIopajapHu KyWno, IOKIapHH €3aMu3.

90

50 60
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(—) mmopanu yuiapaaH 3HT KHYUK FOKHE oamu3, y Min(90,60)=60. Yuu (+) umopanu
ywiapra Kymamus3 Ba (-) HIIOpaIy ywiapiaH alupuO, sSsTHTY MUK XOCHUI KHJIaMH3:

30 60
+ —
-+
110
SIHTY TastHY €4UM TOIIaMU3:
30 0 60
X, = 0 300 100
110 O 0

Xocui OYaraH TassHY €YUMHHM ONTUMAJUIMKKA TEKIIMpaMu3. ByHUHT ydyH YHM TaKCUMOT
ajBaiura é3aMu3 Ba 0aH/| Ba 3pKUH KauaKJIApPHUHT MOTCHIMAIIAPUHU €3aMu3(ckanBai 5.4).

XK. 5.4.
a \bj 1 2 3 U,
140 300 160
1 90 2 5 2
30 60 0
2 400 4 1 5
300 100 4
3 110 3 6 8
110 2
v, 2 -2 2

By ep/iaH MOTEHIMAIIAPHE XUCO6Iab 0NaMu3:
Ap=-7 An=1>0, Ap=-T7, Ap=-5

A21 =1 06axonu KaTak y4yH SIHTH LIMKJI KypaMu3:

30 60

100
HOxnapHu siHa OOIMIKATTTaAaH TAKCUMITANMU3:

90

30 70

Slarm eunM onn0, YHM TaKCHUMOT >KaJBalWra >Kolmamrupamu3 (kaasai 5.5). YHu
ONTUMAIIIMKKA TEKILIUPAMU3.
ALS.S.

a\b 1 2 3 U.

i j i

140 300 160

1 90 2 5 2
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90 0
2 400 4 1 5
30 300 70 3
3 110 3 6 8
110 2
v, 1 -2 2

By epaan siHru mOTeHUMAITIAPHU XUA00IaliMu3:

Ap=-1, Ap=-1 Ap=-6, Ap=-4

bapua 6axonap mandwuit Ba Tonmwirad eunm ontuman. [llynnait kumub, Kyiumara ontuMalt
€YMMHHU TOIJIUK:

0 0 90
X=|30 300 70
110 0 O

Tpancnopt xapaxaraapuHu XUCOOIaHMU3:

L(X)=90-2+30-4+300-1+70-5+110-3=1280 m.6.
OnTuMan eunmaa J1acTiadKy eduMra HucOaTtaH xapaxkariap kamarimokaa: 1610>1280. .

ORIGN=1 m=3 n=3 i=1.m j:=1.n
252 90 140
C= 415 A :=| 400 B:=| 300
3638 110 160
111 1 1
x= 111 ep=| 1 e=| 1
111 1 1
m n
L=, > (Cij%) L(x) = 36
i=1j=1
0 0 9
Given x>0 Xx-e;=A xT~e2: B r:= Minimize(L,x) r=| 30 300 70
110 0 O
L(r) = 1.28 x 10°
2)  Macananu MathCAD na euwniira J1oup MHECOJL.
ORIGIN:=1m:=3 n=4i=1.m j=1.n
4000 1
6 498 6000 1111 1
5000 1
C=|5328| A=|3000| B:= x=[1111 e, = e,=|1
1000 171 2
2368 4000 1111 1
3000 1
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0 3000 0 3000
r:=Mininize(L,¥) L() =5.2x 10" r=| 0 2000 1000 0
4000 0 0 0

5.6. Tpancnopt Macajiacuaa aiiHMTaH X0J1

TpancopT MacamacuHm eduIaa 6aHa Karakiaap COHU M + n — 1 naH kam OYnu0 KOJIHIIN
MyMKHUH. By Xonma macana aifHuran edumra sra Oynu0 xonaaw. ByHnai XoimaH KyTHWIHII Y9YH,
TabMUHOTYWIAD Ba HUCTEHMONYHIAPHU Oupu Oupu OWiIaH YpUHJIAPUHU AIMAIITHPUII Kepak EKu
Oy kaTakra SHI KaM 0axoiM HOJra TEHT OYiraH IOKHM >KOMIAIITHpUII Kepak. Homau mryHpait
JKOMNAIITUPHUII KEPaKKKU, Xap Oup carp Ba Xap Oup ycTyHna Xxeu Oynamarania Outramgan OaHp
KaTakiap OYJICHH.

TM na aliHUTaH X0Jra MUCOJ KapaiMus3.

Mmucon 2. 3 Tta cximagra sra Oynran ¢upma 4 Ta COBYTWITaH HYMMIIMKIAP WILIA0
YUKaJIWraH 3aBOJIHU IIHWINA WAUIUIAp OWiIaH TabMHHIaWau. 1-ckimagaa -6000 Tta, 2-cknamna-3000,
3-ckmanna-1000 ta, 4-ckmamma 3000 ta maum Gop. 1-3aBomra 4000 Ta, 2-3aBoara-5000 ta, 3-
3apoara 1000 Ta uaum kepak. bupnuk 1ok Tammin HapxJapy ymoy Matpuia OunnH Oepuiras:

6 4 98
C=|5 3 28
2 3 68

Kaiicu cknanman Kailich 3aBojAra KaHua MIuOUIap oJauO Oopuil Kepakku, (upma
XapaxaTJIapH HT KaM OYIJICHH.

Eunm. /lactnabku MabiyMOTJIApHM TaKCHMOT JKaJBajura €3amu3. MUHHMMaNn Tabpud
ycynu 6yinda 1acTiiabKu TasiHd €4UMHM TolaMu3. baHja kaTtakiap COHU 5 ra TeHT, JJeKuH m +n — 1
= 6, Ba TM aiiHura xonra TeruiuIn.

AVHUTaHJIMKHU HYKOTHUII Y4yH OMpOp KMYMKPOK Oaxoiu Oyl karakka O ra TeHr IOKHU
xKoWnamrupamus. by karakHu 3HIM, TOTEHUMAUIApHU XUcoOalll yuyH Kepak OyiiaJuran KaTakiap
KaTopura mapTiv paBunina Kymamus. LK. u3 moreHumanHu xucoOmam yuyH, (3,2) Karakka
Mukaopu 0 ra TeHT OYJTraH 0K JKOMIATHpaMu3, IIyHAaH CYHT Oapya MOTeHIIMaUTapHA XUCOOIanl
MYMKHH OYnaju.

XK.5.6.
a \b; 1 2 3 4
4000 | 5000 1000 | 3000 | y
1 6000 |6 4 9 8
3000 3000
2 3000 |5 3 2 8 -1
2000 1000
3 4000 |2 3 6 8 -1
4000 |0
7 4 3 8

OpKuH KaTakjaap 6axoiapu Kyiuaarnya:
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A =-3, Aiz=-6, Ay =-3,
A24 = _]-'r A33 == —'4, A34 = ~-1.

bapua 6axomap mandwuit Ba O3 oNTHMAI €9UMra KeIuK.
0 3000 O 3000

x=| 0 2000 1000 O
4000 O 0 0

[ynaait kuauo, 1-ckmamgman 4-3apoara 3000 ta waumm, 1-cknaanan 2- Ba 4-3apoara 3000
Ta uau, 2-ckaaagad 2 3asoara 3000 Ta waum Ba 3-3aBoara 1000 Ta mamm, 3-cknaggaH 1-3aBoara
4000 Ta uaumI KYHATHIN Makcaara MyBoduk skaH, OyHna muauMan xapaxar 28 000 mr.6. 6ymap
JKaH.

5.7. OYHMK TPaHCHOPT MacaJiacu

OuMK TpaHCTIOPT Macajacuja TabMUHOTYWJIAPJArd TOBAPHUHT 3aXUpa MHUKIOpU Tasiad
STWJITAH TOBAap MUKIOPH OMJIaH yCTMAa-yCT TYIIMalIu, S’IbHU

3 3

r=>a-) b =0
=1 =1

L J
By epna Oupmiimm MyMKUH UKKH XOJ:
a) arap r >0 O¥ynca, TOBapHUHT 3axypa MHUKIOPHU CYpalraH MUKJAOPUIAH KYym, oMOOpaaH
Oapua ToBap TamMO KETHWJIMAcJaH TOBApPHUHI MabliyM KUCMU OpTHO Kojaau. by oumk macamaHu
€nuK Macana XoJaTUra KEeATHPHIN y49yH, sSHrd (N+1)- HCThMOIYM KHPUTHO YHra TOBapHUHT
3axupajga opTud KOoJraH KUCMU Oepuiiau:
b,,=r>0

Bynnait MacanaHuHr MaTeMaTHK MOJAEIH Kyiiniaruya Oynaau:

n m
L(x) =D > c;x; — min,
=1 i=1
n+l m
D% =a, > ox;=b;, x;20,i=1.m, j=1.n+1.
=1 i=1
0) arap Tanad MUKIOpH 3axXUpa MUKIOpUIAH Kym Oynca, skHu I <0, Oynca TamaOHUHT
Oup KucMmu Oakapunmail Koiaau. by macamanu €nuk Macanara KeITHPHUII yIyH SHAW MaBXKY/

Oynmaran cynbpuid (M+1)-ToBap oMOOPH, KHPUTHWIINO YHT'a MUKIOPH YILIOY COHTa TEHT FOK Oepamu3:

a,,=-r>0
Bynnait MmacamaHuHT MOJIeN Kyiuaarnda oymaan

L(x) = iic” X; — min,

=1 i=1

>
3
T
i

X =8, D X; =b;, x;20,i=1.m+1 j=1.n.

Ounk TM ra BazusTra Kapad [OK TaIIWIl HAPXW HOJTAa TEHI CYHBbUM TabMHHOTYU EKHU
CYHBUM HCTEBbMOJIYMHU KUPUTWIMIIKA YHU €nuK TM ra ailantupanu Ba €MUK Macajaa MaBxKyJ
ycymiap OwiaH eumna Oepanu. Makcan ¢QyHKuuara CyHbUH HCTEMONYU EKM TabMHUHOTYU
KUPUTUIMANIA.
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5.8. Tana6 Ba TakJIM(PHUHT TPaHCchoOpPMANUIHUA XUCOOTa 0JITAH X0J1a/1a 0K TAINMIIHUHT
ONTHUMAJ BAPUAHTHHH TONMIII
Kyitnaarn macananu Kapansiuk.
3 Ta tapmuHoTuuparu 240, 40, 110 T roxmapuu 4 Ta uUCTEbMONUWra KyWHaaru
mukaopiapaa 90, 190, 40 u 130 1. erkazud Oepurn kepak. bup OupiIMK FOKHM HapXJapyd MaTpUIlacu
KyWhHaarnya:

7 13 9 8
C=|14 8 7 10|.
3 15 20 6

3 4
Eunm. FOxnap 3axupacu TeHr: Z a;, =390 1. Mcrepmonunnap Tanabu TEHT: Zb ; =450 T.
i=1 j=1

3 4
z a, < Z b i OYNTaHJIUTU Y4yH, CYHbUM 4- TABMUHOTYMHH KyHUAaruda KUPUTAMH3: d4c
i-1 j=1

=450 - 390 = 60 1. Yaunr taspudunu 20 m.6. ned kupuramus.(DHT KaTTa Tabpud Oepamus).
OHmu, m + n— 1 =7, 6ynrannuru Ba 0aHa KaTakjiap COHH 6 ra TeHT OYJITaHIIUTH YYyH,

MacaJlaHUHI aWJIMTaHIUTUHY UYKOTUII YuyH (2, 2) kaTakkka 0 MUKIOpAard 10K OWJalITHpamMus3.

VY Xon1a 3pKUH KaTakKJIapHUHT 0axocu KyiHuaarudm Oynaau:

An=-2, Ap=3 OAHan=14, Ay=-T7 A[Ap=-4
A33 —_ _MIO’ A4¢>1 = —8, A4¢3 = —1, A4¢)4 = -5

(tabm. 5.7).
(1,3) xkarakHUHT Oax0CH MycOaT OYITaHINIH YUYH, FOKJIAPHHA KalTa TaKCUMITAiiMHK3:
130 90 40
-+
+ —
0 40 40
K.5.7.
a \b; 1 2 3 4
90 190 40 130 | Y,
1 7 1319 8 0
240 130 110
2 14 8 7 10
40 0 40 -5
3 3 15 20 6
110 90 20 -2
4¢ 20 20 20 20
60 60 7
7 5 13 12 8
2K.5.8.
a, \bj 1 2 3 4
90 190 40 130 | Y
1 7 13 9 8
240 90 40 110 {0
2 14 8 7 10
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40 40 -5
3 3 15 20 6
110 90 20 -2
4 20 20 20 20
60 60 7
7 5 13 9 8

Kaiita TakcumilaHraH IOKJIapHH KaJBaira xonamrupamus (k. 23.11).
Tonamns

A =-2, An=-14, Ap=-3, Ay=-7,
Ap=—4, Ap=-13, An=-7 Ap=-4, Au=-5

Mynnait kKunnbd, ontuMan eY4UMHH TOIAMK !

0 90 40 110
X=(0 40 0 O
90 0 0 20

by xon yuyHn Tpancnopt xapaxatnapu Tenr — 3120 m1.0.
5.9. TM aa UKTHCOAMIT TAXJIHJI

Konkper macanaia MacamaHUHT UKTUCOIUHN TaxX IUITUHHU KYpaMu3.

Mmucoa 3. Yura caBno omOopiapu Ompop MaxcyiaoTtHu 9, 4 Ba 8 T. MEUKIOpAa €TKa3uo
Oepaau. MarasuHIapHUHT I0KKa 3XTUEKIApU MOC paBuIia TeHr: 3, 5 Ba 6 T.

TpancopTHUHT oMOOpIIap/iaH MarasuHiIapra MIapTIv Xapaxariap MaTpHIIack OepHiTaH:

10 20 5
2 10 8.
1 20 7

TpchnopT XapaxaTJIapuHU SHT KWYHUK KWIaJJUIraH peKa TOIUIICHUH.

3 4
Eunmi. Om6opinap 3aXupacu TEHT: Z a;, =21 1, MmarazuHnap 3XTUEKU TEHT: ij =14
i=1 =1
T, sbHU 04MK TM ra sramm3. CyHbHI ((DUKTHB) Mara3uH KHpHTamu3: SXTUEXKH D4p = 7 T Ba
tapudu 20 m.6. (Tadm. 23.12).
by katankiap 6axocu TEHT:
&11 = —9, Agl = —11, A23 = —-13, A24 = -—10,
Ap =0, Ap=-2, Ay=0

baxonap As2 = Azs = 0, my. Macasia UMeeT albTepPHATUB ONITUMYMTa 3ra, Ba YHUHT OUTTa
€4MMHU TEHT:

|

Il
w O O
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AK.5.9.

2 3 4 u
a \b. 5 6 7
10 20 20
1 9 1 6 2 0
2 10 20
2 4 4 -10
1 20 20
3 8 5 0
v, 20 5 20

V xo0J1/1a TPAaHCTIOPTHUHT MHHUMAJI XapakaTjapH TEHT:
L(X) =93 mwaptiu Oupnuk.

FOxnapHUHT OXUPTU TaKCUMOT KaJBalIUAaH Ba OVII KaTakiIapHUHT (yhaap noononvedalu
baxonap-awupun 6axonap nevwnanu) KuhMatuaaH ¢oiinananul, UKTUCOAUNA TaxJIMI YTKA3ZUII
myMmkuH. Cosimarn Oaxosnap OYymn kKaTakka OWTTa IOK KyWcak, TPAHCIOPT Xapakarjaph KaHda
OLIMIINHKA Kypcartagu. Macanan, 2 omOopaaH 3 marasuHra OWTTa OKHH Tamub onub® OGopwi,
Maxcya0T HapxuHU |Azs| = | - 13| = 13 maptiu Oupiukka ommpap 3kaH, 0y (2, 3) Karakgaru 0k
tabpuunan 8 mr.6.ra kyn. KOk Tamwummy HapXJTApUHUHT OIIWIIN FOKJIAPHUHT KaiTa TaKkCHUMIIAII
Ouan O60FnuK. (2,3) OY1I KaTakka IOK KYyWHII OusaH OOFJIMK IUKIHU KapaMu3:

1 6 5 2
+ —
-+

(2, 3) xarakka 4 .10k, (1, 3) karakka 11. ypuura — 51, (2, 2) karakka 4T ypHHUTa —
Oy KaTak >KOMIAIITUPAMUS.

Xapaxarnap 6ymagu: 4-20-4-10+8-4 -4 -5=72 m.0. €&ku 6urra Maxcynorra 72 :
4 =13 m.0.

Arap cosaru kaTakaaru 0axo Hoira TeHr 0yica, (As2 = 0), y Xosaa Macana ajJbTepHATHB

ontumymra sra. FOxmnapuu (3.2) katakka HucOaTaH OOIIKATTa aH TAKCUMIIANMU3:

1 4 3

|

| 5 1 4

SIHa OuTTa ONTUMAI €4UM YIIOY KYpPUHUINTA 3ra

X

N

Il
w O O
~ b~ O
o O o
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FOK TamMITHUHT 3HT KAYKK XapaKaTH TEHT:
L(X,) =93 mapriu 6upiux.

[ynra yxmam TaxJuin 0omKka Oy KaTakaap y4yH XaM YTKa3uIll MyMKUH.

bym karaknapHuHTr SmMpuH OaxoyiapuaaH OUTTa MaxXCyJOTHHHI EKM TabpU(HUHT
HApXWHU Y3TapUIIMHUHT Oenrucu (MHAuKaTopu) cudaTtuaa porlganaHuI MyMKUH.

Macanan, 6y (3,3) KarakHUHT SIIUpUH Oaxocu TeHr: |Ass| = | - 2| = 2, Ourra
MaxCyJOTHUHI amManjard tamum Oaxocu TeHr — 7 m.6. Lll.y. karakimapjara IOKJIapHUHT Kaita
TaKCUMJIAIl HATH)KACH/Ia XapaKaTJapHUHT KaMaluIM ydyH Oy KatakHUHT O6axocu 7 — 2 = 5 m1.0.
JIaH KT OYIMAacIIuru Kepak.

bann kartakmapparu y3rapunuiapHUHT KMMaT OVilmda TaxJIuiuHU Kuiamus. KaTakHuHT
TabpUPUHA KaMaHHIITN MaXCyJIOTHUHT OPTHINN OMJIAaH XaMOXaHT OYnuIy Kepak. TabpudrapHUHT
OpPTHUIIM 3Ca MaxXCyJlOT MUKJIOPUHUHT Kamaiumu OimaH moc Oynumu kepak. banna karakiapmaru
TappudIIap OpTca, YIapHUHT KHAMATIapu MablyM MUKIOpTa eTrania Oy xaTtakaaH (oiganaHuIl
HOMaKOyn Oynu0 KoJaau Ba Ba IOKJIAPHM KaiTa TakcMMIIAll Kepak Oynaau.

Mucon cudaruma (1,3) xarakmaru TabpuHA MYMKHH OYITaH OpPTHUIIMHU MyXOKama
kunainuk. Karak tappucu 1 maxcynorra 5 mi.6. ra Tenr. by MUKIOpHUHT KaMalUIIK 10K TaIIHII
XaKMHUTA TAbCUP STMANIN, YyHKN KEATHPUITAH MUKJIOPJAry 10K 3 MarasuHHUHT 0apya dXTUEKUHH
KaHOATJIAaHTUPATIH.

Arap, (3,1) karak Tabpucu 5 m1.6.1aH oprca, Uk Ty3umnalAzs| = 13 6axoau Oy karak
(2, 3), éxu |Azs| = 2 6axomu 6y katak (3, 3) wnutatmnaau. Mkkana nukiama xam (1, 3) karak
MHHYCH»—« HIIOpaan Oyiaau Ba Tabpu(GHUHT Xap KaHaai optuiny o0y katakmap (2, 3) éku (3, 3)
JApHUHT COsAAard TabpuIapruHU OPTHUILHUTA OJIUO KeJlaau.

Ok Tammm XaxxMUHUHT opTulln V3MeHeHue oObema nepeBo3ok OyneT UMETh MECTO B
ciyuae, eciau Tapud kietku (1,3) katakHuHT Tabpudu 2 1.0 gaH TopTHO TO 7 1m.0.4aH OPTryHUa
y3rapu6 Oopamu. by xomma (3,3) xarak mycOarnamu6, (1,3) karakman ¢oigananum Oedoiina
Oynmaau.

[II.k., onTrMan XxaXMJIaru 10K TAlIUII TAKCUMOTUHU (pekacuHu) Tonuml yuyH (1,3) xatak
tabpuu 0 maH 7 mr.6. rava Y3rapuinu Kepak dKaH. by opanuk vuuga TpaHCIOPT XapakaTiapu
¥3rapuo6, roKIap pexacu (TaKkCUMOTH) Y3rapMaid KoJjap SKaH.

5.11. TpancnopT Macajiacu MOeIJIAPUHUHT MKTUCOAUI Macajiajaap eyuiura TaaouKu

TM HUHT anTOpUTMHU Ba €YU YCY/UIApU HKTUCOMUETHHHT TM OmmaH Xed KaHaai
ajloKacu MYK Macanaiapra TaJ0WuK KWJIUII MYMKUH. By Xonma tabpud MUKAOpIApU cij Xap X
MabHOra d3ra Oynmumu MyMKuH. ByHnmalt macanamapra mucon cudatuia KKHUmard macananap
KUpaau:

—  Cra”oknapHu  (IKCKBAaTOpJapHU, MYTaxXacCHUCIApHU...) MabIyM Oup
oTepanysUIapHA OakapuIll yY4yH ONTHMAaJl TaKCHMJIAIl Macanacu. by xomnma Cij Tabpudiaap
UM YHYMJOPJIUTHHUHT UKTHCOAMM KypcaTKuwiapu Oynmaau. MacinaHu eduin HaTHXacuia
KalCH CTAaHOKHM KalCH WIJ]a UIIJIATUII KEPAKKA YHYMIOPIUK, JapoMaJl dHT KaTTa OVIICHH.
TM na MUHHMYM H3JIaHap 314, Oy epJa MaKCUMyM U3JaHMOK/A, [1.y. Makca] QyHKIUSIHA —
UIIopa OWJIaH OJHII KEPaK;

—  Onrtuman TaiivHnam €Ky TaHJIOB Macajacd. 1 Ta MexaHU3M Oop, ynap m Ta
XapxXwl WIIHM Cij YHYMJOPJMK OuiaH Oaxapulld MyMKHH. MacanaHu e4yuni-Kaiicu
MEXaHU3MHU KalCH MIIa UIIIATUII KEPAKKH, SHT KaTTa YHYMIOPJIMKKA SPUIINICHH,

— HMmna® yuKapumHM MaxcylnoT Taiépiaml Ba TallUIl XapakaTJapuHU
XUcoOra oJiraH XoJijja KUCKapTUPHUIITHA Macallacu,

—  ABTOMOOUJIb TPAHCHOPTHHHM KEpPaKCHU3 IOTYPUIIMHH KaMaWTHPHUII Xucooura
U YHYMIOPIUTHHY OLUIUPUIIL,
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IOk TammiHu MaH 3THII WM OWJIaH XapakaTiapHu Kamaitupuul. by ycyn
OUpOp IOK MHUKIOUPHUHU OUPOp HMCTEHbMOJIYMIra >KYHaTHO OYnmaiauraH XoJulapaa mHaino
O0ymamu. ByHHHT y4yH KaTakka KaTTarua tTabpud OepHi Kepak, Xoyoc.

5.12. Tu1abd yuKapui KypoJJIapuHU ONTHMAJI BADHAHTHHHU TAHJIAII

KopxoHama y4 TypyX CcTaHOKIAp MaBXyJ, YJIapHHHI Xap Oupu Oem Xl aMaiiap
OakapuIlM MyMKHH (amMayutap HXTUEpU TapTuOAa OakapuivIid MYMKUH). Xap Oup Typyx
CTAaHOKJIAPHUHT MaKCHMaJl MIuIam BakTd Moc pasumiaa TeHr: 100, 250, 180 ¢. Xap 6up aman moc
paButina 6axapunum Bakta Tenr: 100, 120, 70, 130 c.

Anuknanr: CTaHOKIAp TYpyXH SHT KYII JIeTajulapra WIUIOB OCpHIN YYyH Kaiich aMaHu
KaH4a BaKT Oa)xapHuIly KEPaKJIUTyd aHUKJIAHCHH.

Xap Oup craHOKJIAp TYPYXUHHHI Xap OMp aMaija WMl YHYMAOPIUTH Ym0y MaTpuia

épnamuia GepuiiraH:

Eupm. Enux TM HuHT eynmn anroputmuaas doiinamanamus. (k. 23.13).

11

3 5 10 5
5 10 15 3 2.
4 8 12 10

Macanaga MakCUMyMHW TONHMIN Tanad dTwiagw, uLy. Ttabpuduapau(—1)
KylanTupamus.
a, \b. 1 2 3 4 5 U,
100 120 70 110 130
1 100 -3 -5 -11 -10 510
40 60
2 250 -5 -10 -15 -3 2| -2
60 120 70
3 180 -4 -8 -6 -12 -10 | -5
110 70
v, -3 | -8 -13 -7 -5
by karaknapHUHT 6aXx0NapUHHU TOTIAMH3:
A12 = —3, A13 - —2, A14 = 3, A24 - —6,
Ags = *5, Agl = —4, A32 = —5, A33 = -12.

Ouau A4 =3 >0 6ynranu yuyH, I0KJIapHHU KaiiTa TaKCUMJIaiiMU3 Ba OJIaMM3:

60 60
+ —
-+
110 70 50 130
OunvHTaH I0KJIapHUHT TAKCUMOTHHY XK. 23.14. Ta KupuTamus.
by kaTaknapHUHT OaXoJapUHU SHIM TEHT OYiau:
App=-3, Ap=-2 Ap=-3, Ay=-Y,
Aps = -8, Az =-1, Ap=-2 Apy=-I

Tonmwiran euyum onTuMan Oymaaw, 4yHKH, Oapua Oyl KaTakIapHUHT Oaxojapu

MaHpuitaup. Jemak,
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0 0 0 60 O
X=|60 120 70 0 0
0 0 0 50 130
K511,
a \b, 1 2 3 4 5 u
100 120 70 110 130
1 100 3 5 11 10 5[0
40 60
2 250 5 10 15 3 22
60 120 70
3 180 4 8 6 12 ‘10| 5
50 130
v 3 |8 13 7 5

HI.x. 1-xun cranokiap Ounan 1- Ba 4- amamnapau 6axkapum 40 Ba 60 ¢ 6axkapu,
2-X1J cTaHokiIap OwnaH 1-,2- Ba 4- amamapan 6axapum60, 120 Ba 70 ¢ Gaxxapwuii,
3-xw1 ctaHokIap Owinan 4- Ba 5- amatapau 6axapum 50 Ba 130 ¢ Gakapumn Kepak dKaH.

Bynpa sHr Ky KaiiTa UIIaHTaH JeTajuiap COHU TeHT Oynap skan: 5 170 moHa.

5.13. MACAJIAJIAP

Ym0y TakcuMoT kajiBaiu Ounan Oepuiaran TM HU e4uHT:

23.1. 23.2.
bJ 7013020140 bj 30! 80| 60110
1 3 4 5 6 8! 15 4
90 60
51 3 1] 2 9| 151 2| 3
30 130
ol 1] 4l 2 6l 12| 7 1
40 90 |
23.3. 23.4.
b, | 120 | 80 | 60 b: | 240 | 40 | 110
2 4 2 7115 3
100 90
51 5| 6 13| 8] 15
70 190
41 6] 3 9| 71 20
70 40
61 8 1 8|10 6
20 | 130

23.5. Temup #ynnan ¢oitnanannd, Kypuiuil MaTepuauilapuHd 3 Ta 3aBojajgaH 4 Ta
KypWIMII MaiJoHJIapura oiu® OOpHII ydyyH ONTHMAN peka TY3WII Kepak. Xap Oup KBaprania
Kypuwni Maigonmapura 5, 10, 20, 15 BaroH Kypwidil MmaTepHalapy OO OOpHIl Kepak.
3aBoAsIapHUHT UMKOHMATIApU Moc paBuiiia 6up kapranaa 10, 15 Ba 25 Baronra tenr. Macana
maptiapu k.5.12. ma 6epunran. Karaknapaaru connap Oup Barod FOKHHHT TabpU(pU XUCOOTaHAIH.
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AKS5.12.

a \b, 1 2 3 4

5 10 20 15

1 10 8 3 5 2
2 15 4 1 6 4
3 25 1 9 4 3

23.6. K.5.13 nma TakcumoT >kamBasim OwiaH Oepwiran TM MacanacuHU €YHMHT. 2-
TabMUHOTYUIAH 2-UCTCHMOJIYUTA, 3-TABMUHOTYHAH |-HCTEHMONYNra BAKTUHYAIMK FOK TAIIUII
MaH STWITaH J1e0 oauHT (KajBaiaa Moc Karakiapra karra M > 0 tTabpud KOWIAITHPHITaH ).

XK.5.13.

a,\b, 1 2 3

S S 3

1 6 6 6 4
2 3 5 M 2
3 4 M 3 6

23.7. 3 ta unuiad yuKapuil nyHkTiapuga moc pasuiga 200, 170, 130 T rokmap 6op. by
romap 50, 220, 80, 110 Ba 140 T MHKAOpAA UCTSHMOYUTA €TKA3UO OepuiuIm Kepak. bupimuk
MaXCyJOTHUHT TallUIIIAPHUHT Tabpu( MaTpUIlacu ynidy MaTpuIaia OepruiraH:

2 10 8 15 5
3
7 3 12 2

Tynam koOmuATH OYIMaraHJIMri y4yH TAbMUHOTYMHMHT 1-TIyHKTHIaH UCTEbMOTUNHUHT
1-myHKTHTa Ba TABMUHOTYMHHUHT 2-TIYHKTHJAH WCTCHMONYMHUHT 3-yHKTHTa IOK TallWIl MaH
stuarad. FOK TamMITHUHT MUHUMAIT XapaXkaTiap pexxacu TY3UJICHH.

23.8. ®upma 3 Typmard MaxcyJaoT WIUIA0 4yuKapuin ydyH (Ookaj, Jaimika, Baza) Oup
xadrana taiiépaam yuyH OyroptMma onau. byroptma mukiopu: 6okan — 4000 nona, yamka — 2400
nmoHa, Baza — 1000 mona.

Taiiépnam yvacTkacu MaxcysloT HMIUIA0 YMKapyBUYM 3 Ta CTAHOKKA dra. YJIapHUHT
KyBBaTH OHMp XWJI Ba MXTHEPHIA MaxCyJIOTHH Taiépmamm MyMKuH. JIekuH, Oup OMpIHMK Xap XU
MaxCyJOTHU Talépaall yuyH KeTaJuran capg —xapaxar xap Xui1 Ba x. 23.17 1a kenTupuiras.

ByHnman Ttamkapu, CTaHOKJIApPHUHT WNLIa0 YMKApHUIl KyBBaTiapu TeHT: 1-cranok-2000
JIOHA, 2-Ba 3- cTaHOKJIApHUHT KyBBaTiapu TeHr: 3000 qoHa MaxcyIorT.

XK.5.14.
CraHoK bokainap Yamkanap Bazanap
1 1,2 1,3 1,1
2 1,4 1,2 1,5
3 1,1 1,0 1,3

TM monenunan Qoitnananu6, OylopTMaHM SHT KaM Xapaxar OuiiaH Oa)kapull peskacH

TOIINJICHH.

MYHJIAPUKAT'A
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M6. BYTYH COHJIA ITPOT'PAMMAUJIAI

6.1. MacajnaHuMHT YMYMH# KYHHJIUIIH

YII HuHr Oab3u Macanajgapud OyTyH COHJIM €UMMJIAPHU TONMILHYU Tanad 3Taau. Yiapra
OyTyH COHJIM, OYTUHMAaNWUraH TOBApJIAPHU MIUIA0 YMKAPHIL, FOKJIAI, )KOMIAIITHPULI Macajanapu
KHpaJy, MacajlaH, CTaHOKJap, TeJIeBU30piap, aBTOMOOMIIap Ba XOKa3oJjap XaKuJard macajanap
OyTyH COHJIM €4uM OYIUIIHYU Tanal 3Taju.

Ymymuil xonga OyTyH COHJIM IIporpamMmaiaml Mmacajgacd KyHuaaru KYpUHMIIIa sra:
koo duuentiapu Oyryn O6ynran UIIM Hu ymoOy 4YekIaHMIUIAPHM KAHOATIAHTUPATUraH OyTyH
e4ruMIIap OpacuaaH

n
D ayx;=b,x;20,i=1.m,j=1n, (6.1)
i=L
YU3UKJIU MaKcaa (yHKIUSHUHT

L(x):_zn:cjxj —max (min) (6.2)

OYTYH COHJIM SHT KarTa (KUYMK) KUiMaTiIapyu TOMHICHH.

Cumrnekc ycyn OusaH TONWITaH ONTUMaJl €4uM OyTYH COHJIM OYJIMACIUTU MyYMKHUH. Y HU
AXJWUTIAIl HATH)KACHJA OJMHIAaH €4MM, YEKJIAHMIUIAD CHCTEMACHHU KaHOATJIAHTUPMACIUIU
MyMkuH. lynunr yayH, YIIM HuHr OyTyH COHJM ONTHMaj €4MMJIAPUHM TONUII Y4yH OOIlKa
anroput™ kepak. bynpait ycyn cudaruga I'omopu ycynu, moxiap Ba yerapaiap, bemiMan kaOu
ycyiuiap unuiad YMKuwirad. 'oMopu ycyauHu Kypuod YnKamus.

I'oMopu ycynu acocuia Kyiuaaru rost (TacaukK) €Tau.

Teopema. Arap (6.1), (6.2) UIIM Oyryn Oyimaran TasHY ONTUMAJ €4UM ¢, Ta dra Oyica,

IIYHAAH TEeHICU3JIHK (TUIEPTEKUCINK) TONUIAUKN:
n
D A=A, (6.3)
j=1

YHU ¢, KaHOATIaHTUPMAaW/IM, IEKKUH, Xap KaHJal OyTyH COHJIM €YMMH KaHOATIAHTHPA/IH.

(6.1) TEHrCU3IUK OYymMYHAUK OYUUYa euumea KYuuiean Kyuumia meHecusiuk 1eHunaiu.

I'oMopH yCynuHUHT Fosich Kyiuaaruaas uooparaup. Cuminiekc ycyn 6unad UIIM HuHT
ONTHUMAJI €YUMUHU TONaMu3. Arap euuM OyTyH COHJIM OyJica Macaja eqyuwiIral XxucodsaHaau. Arap
e4nM OMpopTa Kacp KoopauHaTara sra 0yica, y3rapyBuniapra OyTyHJIMK Oyinda KymnmMya
YeKJIaHWII KYHWIa Iy, SsSHTH Macajia KyHUiauo sHTY ONTUMal €4uM OJuHaau. Arap Oy euuM Xam
OyTyH coHuu O6ynMaca, y3rapyBumniapra sHa OyTyHIUK OYitnda ueknanuin Kyiwiaau. Hlynnai
KEeTMa-KeTJIMK KM OYTYH COHJIM ONTUMAJ €4MM XOCHUJI OYIryHua €k macajia OyTyH COHJIM euuMra
sra OYJIMaciuru KypcaTHJIryH4a 1aBOM STTHPUIIAIIH.

Avitaiik, 6upop Kamamaa onruman eunm X =(f, f,,,..., f,,0,...,0) ommumm, nexun y

OyTyH COHJIM OYIMacHH, Ba CUMILIEKC aJABall KyiHugarnda OyJIcuH:

%10 ..0.0 h,,.h, f,
X 01..0.0 h,, ..h, f,

X, 00 ..0..1 h

r r,r+1 *** "'r;n r

Oy epia I — 4YEKJIAHUIIUIAP CUCTEMACHHUHT PaHrH; Nir+1 — CHMIUIEKC KaIBaJHUHT |-

44



carpu Ba (I + 1)- ycrynunuHr koddduiments; fi — i-caTpHUHT 0301 Xaau.

Ajtraiuk, fi Ba 6upopra hijj (j = r+in,i=1r ) — Kacp conjap OyiCHH.

[fi] Ba [hij] ne6, fiBa hijj connapHuHT OYTYH KHCMIIApUHU OCNTHIIAMIIHK.

Tawpud 1. fi connunr 6yryn kucmu [fi] 1e0, yuman karra OyiMaraH SHr Karta OyTyH
conra aitunamu: [ f,]< f,.

fi u hij connapaunr kacp kucminapunu {fi} Ba {hij} xypunumina 6enrunaitmums:

{fi}: fi _[fi]ZQ {hij}:hij _[hij]zo'

MucoJap.
[0,8]=0, {0,8}=0,8-0=0,8,
[2,667]=2, {2,667}=2,667-2=0,667,
[-0,8]=-1, {-0,8}=-0,8-(-1)=0,2,
[-2,667]= -3, {-2,667}= -2,667-(-3)=0,333,

[4/5]=0, {4/5}=4/5-0=4/5,
[8/3]=2, {8/3}=8/3-2=2/3,
[-4/5]= -1, {-4/5}= -4/5-(-1)=1/5,
[-8/3]= -3, {-8/3}= -8/3-(-3)=1/3,
Kypunu6, TypuOanKu, COHHUHT Kacp KHCMH JOUMO MycOar.
Arap, fi Ba Oupopra muknop hij kacpmiu Oyica, FOKOpHIaru OelruIalIIapra acocaaHraH,
OyTyHJIMKKa KyHUJIaAUrad KymyMya YekJIaHuIl Kyiuaaruya Oyiaau:

{hi,r+1}xr+1 +{hi,r+2}xr+2 +... +{hi,n}xn 2 { fl}

M3oxaap. 1) Arap fi — kacp con, Ba 6apua hjj — map Oyryn connap 6yica, UIIM
OyTYH COHJIap/ia €4MMTa 3ra dMac.

2) Byrynnuk mapmiapu ¢akar 6ap3u y3rapyBumiapra KyhWwiran Oynca, UIIM kucman
OyTYH COHJIU JAeHHUIAIN.

6.2. BCII HM e4MIIHUHT rpaduK ycyan

Masbnaymku, ymymuit UIIM na wkkurta y3rapyBum OepuiraH Oyica Ba ueKJIaHHILIAP
TEHTCU3JIMKJIap/aH ubopar Oyica macanaHu Tpaduk ycyijaa eduil MyMKUH. ByHuHr yuyH, X10X>
KOOP/IMHATIAD CHUCTEMAacHIa MyMKHH Oyiran eunmmmap coxacu U, Bextop C Ba  Makcan
DYHKIMSHUHT Y3rapMaciIuK YN3HKIApH TOMMIAIH. Y3rapMaciiK YM3NFUHA MAKCUMYM MAacallackia

BekTtop C #yHamumuaa cwpkutuO, U euynMiap COXAaCMHUHT KOOPAMHATAa OONIMIAaH JHT Y30K
HYKTacH Ba YHUHT KOOpJAMHATalIapu Tonmuiaan. MabiymMku, Oy HyKTaaa Makcaa pyHKIUS Y3MHUHT
9HT KaTTa MyMKHH OyJIraH KuilMaTtura spuiiaju.

Arap Oy HyKTaHUHT KOOpJIWHATanapu OyTyH Oyiamaca, MyMKHUH OYNTaH edumiiap cOXacw
U nma koopauHatpiapu OyTyH Oynran Typ scanmaau. by TypmaH uekyiaHWIIIap CHUCTEMAaCHHHU
KaHOATJIaHTUPAIUTaH Ba KUWMaTu OyTyH OyIMaraH e4yuMm KuiiMaTwura sIKHH HyKTa Tomuiaad. by
nykra BCII MmacanacuHuHT eunmu Oyiaam.

MuHuUMyM Macaiacu Xam 11y KaOu ednsiaiu.

6.3. BCII ra muco.a

Kyiinnaru macananu Kapaimus:
L(X) =2x, +4x, — max,
{2x +x, <19/3, x, +3x, <10, X, >0 -0yryH.
bus BCII macanacura sramm3: yrapyBuMjap HKKUTa Ba YEKJIAHMIUIAP TEHICU3JIUK

kypunuiga. Eunmuan rpaguk ycynaa tonamus (pacum 6.1).
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OABC — mymkuH Oynran eunmiap coxacu. Onrtuman eunm: B (9/5, 41/15) mykraman
nubopar, 0y Hykraga mMakcaa GyHkuus kuiiMati 218/15 ra Tenr. Tomuiran onTuMan e4uM OyTyH

COHJIU BOMac.
X3 +

A

C
0 F )\ TAR
Pacm 6.1.

BbytyH connu eunm 6ynum maprura 12 ta HyKTa KaHHOATIaHTUPa . MacanaHUHT OyTYH
COHJIM €YUMHUHU TONMII Y4yH kynoypuak OABC uum kynoypuak  OKEMRNF Owuman
aIMaIITHPaMHU3, y MyMKHH OyJran O0ap4a OyTyH COHJIM HyKTaJapHHU ¥3 uuura onanu. Bekrop ¢ (2,
4) uu Kypamu3. Makcaj (QYHKUUSHUHT Y3rapMacivK YH3WKJIAPUHH ¢ BEKTOp WYHamWIma
CHIDKMTHO, cOXa OWJaH KeCHIIaJuraH OXupru OyTyH connu Hykta FE (1, 3) HH Tomamms, Oy
HYKTaJa Makcaa QyHKIMS 9HT KaTTa OyTyH COHJIM KMHMATra 3pHILa/Iu:
L(X)s,, =2-1+4-3=14 m.6.

6.4. Fomopu ycyn

Y6y macananu ['omopu ycynu 6usnaH edaMus.
L(X) =2x, +4x, — max,
{2x +x, <19/3, x +3x, <10, X, >0-0yryH.

Cumrmnexce sxanBanau ( xkanBai. 6.1) kexrupamus:

XK.6.1.
BY 2 4 0 0 b
CI Xi X2 XS X4
0 X, 2 1 1 9 19/3
0 . 1 3 0 1 10
4
A, 2 -4 0 0 0
0 X, 5/3 |0 1 “1/3 3
4 . 1/3 |1 0 1/3 10/3
2
A, 213 |0 0 4/3 40/3
2 X, 1 0 3/5 -1/5 9/5
4 . 0 1 -1/5 2/5 41/5
2
A 0 0 2/5 6/5 218/5
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Jlemak, YTIM HuHT OyTYH COHIM OYIMaraH nacTiaOKu €4rMMH Kyiuaaruya:

X =(9/5,41/15), L(X) =218/15
9/15 n 41/15 connapHHUHT Kacp KUCMJIAPUHU TOTIAMU3!

ol st
5 5 5

a4 , 114 12 11
15] 15 15’5 15 15
3/5 u - 1/5 connapHUHT Kacp KUCMJIAPUHU YBTHOOpra OIno:

fil-20-2
5 5 5

OMPHHYM caTp y4yH OyTYHJIMK Oylin4a KyIIMM4a YeKJIaHHUII Kypamu3:

3/5%,+4/5x,>24/5—3/5%,+4/5x, — X, =415,

VHH JKajBan 6.2. ra KHpUTammu3.
XKanBannan KyprUHAIUKY,
Xsm = (1,3), L(X) =14,
HNkkuta onTtuMan e4YHMMIApPHH COJUINTHPUO KYpaMU3KH, euuMra KyWuiaJura
OYTYHJIMKKA YEKJIAaHUII, MaKca ] QyHKIMSTHUHT KHAMAaTHHU KaMauTHpap dKaH.

X.6.2.
BY |2 A 0 0 0 b
G X X X X Xs
X 1 0 3/5 -1/5 0 9/5
X 0 1 -1/5 2/5 0 41/15
2
0 0 3/5 4/5 -1 4/5
2 X, 1 0 0 -1 1 1
4 X 0 1 0 2/3 -1/3 |3
2 0 0 1 4/3 -5/3 | 4/3
0 X3
A; 0 0 0 2/3 2/3 14
Kasob. X, =(13), L(X)=14.
MacaJjaaap.

Kyitngaru macananapHUHT OyTYH COHJIM €UUMIIAPUHM TOIIMHT.

6.1. L(X) =16x, +9x, = max,5x, +2x, <20, X, +X, <6, X, > 0—6ymyn.

6.2. L(X)=2x +3X, = min,2x, +X, >9,3%, —4X, 26,X , >0—6ymyn.
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6.3. L(x) =3x +X, = max,2x, +3X, <6,2%, —3X, <3,X,, =0—6ymyn.

6.4. L(X) =4x +X, = max,4x, +2X, <7,3% +10x, <15,% , = 0—6ymyn.
6.5. L(X) =X +X, = maXx, X +X, <4,X +3X, <9,-3X +X, <0,X , =0-6ymyn.

6.6. L(X) =4X +5X, + X%, —> max, 3%, +2x, <10, x, +4x, <11,3x, +3x, <13,X; 20,
j =1..3—6ymym.

6.7. L(X) =X —2x%, +3%, = maX, X, +12X, + 4%, + X, = 34,3%, +4X, + 2%, + X, =22, X; >0,
j =1..4—6ymyn.

Mvuaapuxara
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M7. TAUMHJIAILIAP XAKAJTATY MACAJIA.
KOMMMBOSIJKEP MACAJIACH

7.1. MacajnaHMHT KYilHIHIIA

MacanaHuHT MOXUATH KyHUJarujaH ubopar: pecypciapHu oObeKTIap Oyinua IryHiai
TAaKCUMJIAII KEePaKKW, TaWWHJIANUIAPHUHT KUHAMAaTh 3Hr KWWK OyncuH. dapa3 KWIMHAAWKH, Xap
Oup oObeKTra akat OuTTa pecypc TaMMHIIAHAIM Ba aKCHHYA.

Talinananuiap Xakuaard MacallaHWHT MYMKHUH OYJraH TaaOWKJIapuHU YIIOy >KajaBaia
KEeNTUPAMU3:

Kansan 7.1.

Pecypcnap OOBekTIap Dol gannIuK KpuTepuicu
Nurgunap N ypunnapu | Bakr
ABtromoOmmnap | Mapmpytnap | XapaxkaTiap
Cranoxnap VYyacTkanap WM. yukapmiran.MaxcysaoT XaxMu
OKunaxiap Peiiciiap byur typuim BakTu
Kommusostxep | Llaxapnap Toap aitnpOnuIam

Hapxnap matpunacu C Kyiuaaru KypuHuUIIra sra

C= (Ci j) '
Oy epaa Cij —i- pecypcHu |- 00bekTra, i = =1,n, ( n — oO0bekTiIap €K pecypciap COHH)

TalWHTANUIApAaH KeMO YUKKaH capg-xapaxar.
Kyitnaanu y3rapyBUrHU KUPUTAMU3:
{1, aeap i— pecypc j—obvekmea manuniaHean oyica,
i

0, axc xonoa

[lynnait kunub mMacana equMu  ymdy MaTpuua Kypunuia ésunamau X = (X;;)

MywmkuH OYiran eduM mauuniaw ne0 antunaad. TaluHIA eyuMiIap MaTpullacura xap
6up carpra ¢akat 6urra 1, xap Oup ycryHra ¢akar 6urra 1 €3umpman kenuO umkanu. Jlekuw,
HIyHAal e4MM TONUII KepaKKu, capd —XxapakaT SHT KaM OYJICHH.

Hapxuap matpuniacu C na Xij = 1 anemeHTiapra Moc Cij JapHU Tarura 4u3ub KysMus3.:

4 7 0 0 01
C=(c;)=|0 3 8|, x=(x)=|1 0 O
6 0 9 010

TalinHmanuiap Xxakuaaru MacaJlaHMHI MaTeMaTUK MOJENH KyHuaarnya Kyuuiaan:

n

L(x)=zn:zn:cijxij —>min,Zn:xij =1) %, =Li=1.n,j=1.nx, =0, 88l
=1

i=1 j=1 i=1

KoMMuBosxep Macasiacu xaMm TalMHIIAIl Macanacura yxmam. by epna C marpuna iymiap
MaTtpuiacu 0ynuob, xap Oup maxapaH, OoIIKa maxapra OopaauraH WYl y3yHJIUTUHHA OWIITAPAIH.
Macanas, Cjj-i-lmaxap/JaH j-maxaprava OyiraH iyn y3yHJIUTHHA OWIIUpay,

C,, =0  €KM KaTTapoK CcoH nae0 KaOyyn Kuimamu3. X- MaTpula, XyIIu OKOpUAAru

matpunara yxmam, X={x;}, X;;=1, x;; =0,i = ].

49



7.2. Macaja eyl aaropuTMu

Talinnnanuap Xakuaard macaiga TPaHCIOPT MacajJacCHHUHT XYCyCHid Xonuaup, Oy epaa
a; =b; =1. UlynuHr y4yH yHM TPaHCHOPT MacalaCHHUHI airOPUTMIApU OWJIaH €4HMIIl MyMKHH.

JlekuH Ou3 my Macaja ydyyH Maxcyc SipaTHJITaH BEHTep yCylnu OWjlaH TaHWIIamMu3. Y KyHUaara
KaJamiiapJad noopar:

1) MaTpUIIaHUHT caTp Ba YCTYHJIAPUHU Y3rapTHPHIII;

2) TaliMHJIAIIHN aHUKJTAIII;

3) y3rapTupuiIraH MaTpuliaHu MOAU(UKAIUSITAIL.

1-kaoam. Kanamuunr makcaau C marpunana kynpok 0 jap xocwn Kuiuii.. ByHuHT
YUyH MaTpULE@HUHT Xap OUp caTpuJiaH caTpllard SHI KMYUK 3J€MEHTHH ainpul Taluiaml, Ba xap
OMp YCTYH/IaH yCTYHIArd SHT KUYUK JIEMEHTUHU alupuO Talianl.
2-kaoam. OINAVHTM KaJamJlaH KeWMH, MaTpUL@aHUHI Xap Oup caTtpu Ba xap Oup
ycryHuaa outragan 0 a1eMeHT TaHiad oM MyMKHH OYJIca OJMHTaH €4iM OTITUMAIT OYITasm.
3-Kkaoam. 0 napaaH Ty3wiraH MyMKdAH OViraH e4uM ToluiaMmaraH Oyica, Kydujaru
e Oakapamus. bav3u Oup carpiap Ba yCTyHJapJaH MUHUMAaJl COHJIAHU TYFPU YU3UKJIAPHU
myHzaal yTkazamusku, Oapya 0 jap umsmirad OyiacuH. Uu3uiMaraH 3HI KHMYUK 3JIEMEHTHHU
oJlaMu3, YHHM Xap Oup uM3WIMaraH 3JIEMEHTJaH allupamMHu3 Ba YM3WITaH KecMajlap KEeCHILTaH
KOWIapaaru xap Oup sneMeHTra Kyuamus.
Arap 3-xkagampaaru MIUIapJaH CYHI ONTHMal €4MM TONWJIMaraH Oyica, y UIUIapHU
ONTUMAJl €YUM TONMITYHYA 1aBOM ITTHPAMU3.
Mmucour.

2 10 9 7
15 4 14 8
T113 14 16 11
4 15 13 19

Pecypcrnapuu o6bexTinap 0yitnda onTuMan TAKCUMIIAHCHH.

Eunm. 1-xadam. 1, 2, 3 Ba 4 caTpiapHUHT SHT KMYUK 3JIEMEHTIapyU MOC paBHUIIia TEHT 2,
4,11 Ba 4.
VYnapuu xap Oup carpaaH aiupud Kyluaara MaTpuIiaHu XOCHUI KUJIaMU3:

2 10 9 7) (0 8 7 5
15 4 14 8| [11 0 10 4
13 14 16 11| |2 3 5 0
4 15 13 19) (0 11 9 15

1, 2, 3 Ba 4 yCTYHJIApHMHT HT KHMUYUK 3JieMeHTIapu Moc paBuinka teHr 0, 0, 5, 0 . Ynapuu
xap Oup ycTyHIaH alnpuO KyHuaard MaTpULaHU XOCHIT KAJIAMHA3:

N =

2 10 9 7 0 8 7 5 0 8 2 5
15 4 14 8 11 0 10 4 11 0 5 4
= — —
13 14 16 11 2 3 5 0 2 3 0 0
4 15 13 19 0 11 9 15 0 11 4 15

2-kaoam. bupopra xaM TYIUK TaWMHIAm ojauHMamu. Hapxmap wmaTtpuiiacuH
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Y3LapTUPaAMU3.
3-kaoam. l-yctyn, 2-catp (€ku 2-ycTyH), 3-caTpHM yCTHJAaH uu3amMu3. YuszmiMaraH
MUHUMAJ 3JIEMEHT TeHT 2 ra.

- - min=2

» P o
P H o

©
1t
2
o

H
H
G <» TN T N
H

5

VYHu xap Oup uM3uiIMaraH 3JeMEHTIaH alipaMu3 Ba YM3UKJIAP KECHILNTaH HyKTalapJaru
aJIeMEHUIapra KyIKMA3 Ba XOCHII KHJIaMU3:

0 6 0 3 0010

13 0 5 4 _ |01 00
— —>X=

4 3 0 0 0 001

0 9 2 13 1000

XKaBob. 1- pecypcuu 3-o0beKTra, 2- pecypcHu 2-00beKTra, 3- pecypcHu 4-o0bekrra, 4-
pecypcHH 1-00bekTra WyHantupamu3. Tadwnmanuiap Hapxu TeHr: 9+ 4 + 11 + 4 = 28.

Macanaau MathCAD na eunrr.

1.Mwucom 1.
ORIGIN:=1 m:=4 n:=4 i=1.mr j=1.n
2 10 9 7 1 1 1000 1 1
15 4 14 8 1 1 0001 1 1
= B:= X:= e, = e, =
13 14 16 11 1 1 o100 1 |1 27 11
4 15 13 19 1 1 0010 1 1
m
L<X=ZZ L) L=
Given
0010
2C e <A Nee =B r=MinmzLy =00 L
X2 xXe, = X ‘e, = r= Inimize (L, X r= r =
1 2 0001
1000
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2. Mucon 2.

ORIGIN:=1 m:=5 n:=£ i=1.m j=1.n
57643 1 1 10000 1 1
48465 1 1 00100 1 1
C=|67544| A=|1| B=[|1| x={01000 elszl e2::1
76767 1 1 00001 1 1
54785 1 1 00010 1 1
L() :Z Z (Cij%y) 9=
00001
10000
Given x> x-ele xT«eZ:E r:=Minimze(L,X) r=|00100 L(r) =22
00010
01000

3.KommuBosxep macanacu. Y0y KOMMHBOSDKEp MacalacHHU KapaiMus3.

ORIGIN:=1 m:=6 n:=6 i:=1.m j:=1.n

/] nanexcel

100 7 3 10 17 5 ] 1 00 00O
9 100 4 5 8 6 01 0000
13 2 100 9 11 14 001000
C:= X= Il nmnaréxuas marpuna
5 8 6 100 3 6 0 00100
16 11 13 10 100 8 0 00010
| 6 5 9 8 4 100 | 0 00001
Al = [1 1111 1] B=Ae=Ae, =B // BeKTOpPBI OrpaHHICHUI
Z(x) = ZZ(CI %) Z(x) =600 /I nenesast hyHKIMS
Given o
X, =1 x>0 xe,=A x'e, =B q:=Minimize(Z,x) // BHyTpeHHSs
byHKIIUS
001000
000100
q:= 010000 Z(q) =27 |/l BeBOA pe3ynbTaTOB
0 00011O0
0 00 O0O0O1
1 0 0 0 0 O]
M3oxaap. 1. Arap marpuna kBaapar Oyiamaca, MaTpula KBajgpaT OYIWIIM y4yH

¢uKTHB caTpiap €k GUKTHB yCTYHJIAp KUPUTHII KEPaK.
2. Arap Oupop pecypcHH OUpOp OOBEKTra TalMHIAl MyMKHH OyiIMaca, MOC HapXHHU
Oupop kKarra M. COHra TEHT KUJIUO OJTUII KEPaK.
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3. Arap pnactinabku Macajia MakcUMyMm Macainacu Oynca, C wmarpunann (—1) ra
KynauTupub, MaTpUIIAHUHT Oapya SJIEMEHTIAPUHM MATPUIIAHUHT MaKCHMall 3JeMeHTHra (Exu
KaTTa COHra) Kymuo, MycOaT 3JIEMEHTJIM SIHTH MaTpHUIla XOCHJI KUJIUII KepaKk Ba KSMHMH MUHUMYM
MacaJlaCHHU €YUl KepaK.

4. Arap xBaapat matpunaaa 0 sjeMeHTIIapHU 4u3a0 TaluUlaurad carpjap Ba YCTYHJIap
COHHM TeHT OYiica, y xosna 0 KuiiMaTiau TailuHiIam MaBay/l.

7.3. CTAaHOKJIAPHUHT YHYMJIOPJUTHHUA XHCOOTa 0JIraH X0.1/1a YJIAPHU HIIra 0Yaui

Kyitnaaru macananu Kapansauk.

Kopxonama 5 Ta craHok Oop, ynap IeTaljapHU KalTa WIDam Oyiduca S5 Xuin aman
Oaxkapanu. CTaHOKJIApHUHT Xap OUPHHM Xap XWJ aMaj Oa)kapHIUJard YHYMIOPIUTH Kyluuaru
MaTpulia OMJIaH aHUKJIaHAIu:

5 3 46 7
6 2 6 4 5
C=|/4 3 56 6
3 4 3 4 3
5 6 3 25

Xap Oup craHok O6utTa amain 6axxkapaau 1e0, yMyMuil yHYMAOPIUK MakCUMall OYIHUIIN y4yH
CTaHOKJIApHU amayuiap OVinya onTuMai TAKCUMOTUHH TOITUHT.

Eunm. Macanaga max HH Tomuml Tanad STUIMOKIA, alrOPUTM MIN y4yH OepHiraH.
lynunr yayn, C marpunanu aBBan (—1) ra xymaiiTupamus, MaTpuiia dJIEMEHTIAPUHH MycOaT
KWJIMII y4yH Oapua syieMeHTIapHu Oupop MycOar coHra, macanad, 10 ra xymamu3. Hartmxana
KyHUJaru MaTpULIAHU OJIaMU3:

53 46 7) (2 4310) (24310
6 26 45| |[04021| |040 21
C=|/4 356 6[>/23100|/>/2310 0>
34343 10101 |1 0101
56 325 (10341 |1 0341

Carpnapaara MUHUMAI 3JIEMEHTIap TeHT: 3, 4, 4, 6, 4. YnapHu catp 31eMeHTIapuaH alftup K.
Taitunanam xocun OYyIMaau, yHUHT Y49yH, 2-caTp, 2-,4-,5- yCTYHIapHU YUUPIIUK.
OHT KMYUK 3JIeMEHT TeHT 1. YHu Oapua yu3niMaras leMeHTIapad alupaMu3 Ba UKKUTA
YM3HKJIap KECUIITaH )KOWJark dIeMeHTIapra KymamMns3 Ba OJIaMu3:

14210 00001
050 3 2 10000
C>»/1 300 0/l>%X=/00010
00001 00100
002 41 01000
By Marpunara MOoC OIITUMaJl €4YUM TCHI:

00001

10000

X={0 00 1 0

00100

01000




YMymMuii yHyMJIOpJIMK 3ca TeHr: 6 + 6 + 3 + 6 + 7= 28.

[ynnmaii kummb, 1-cranokna S-amanau, 2-cTaHokda 1-amannu, 3-cTaHokaa S-amanHu, 4-
CTaHOK/a 3-aMajHH, S5-CTaHOKJa 2-aMaiHHu Oaxkapcak YMyMHIl YHYMIOPIUK OWp BakT Oupiuruia
28 Ta gerain Oyiap 3KaH.

MAIIKJIAP

7.1. ®upma yura mexaHusmra sra: A1, 42, Az (caTpiap) yJapHUHT Xap OUpH Y4 XHJI UIIIA
uunulatwMmy MymMkuH: Bi, B, Bz (ycrymmap). MexaHU3MIIADHUHT HWII YHYMJIOPJIUTH YHIOY
MaTpuUlaJa mapTiau Oupiukiapaa Gepuiras.
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MexaHu3manapHi HII Typiapud Oyinda MIyHJall TaKCUMJIAHTKH, MEXaHU3MJIApHUHT
YMYMHH U YHYMJIOPJIUTH SHT FOKOPH OYJICHH.

7.2. beu1 xumu TYPT XU Ui OaXapuIiy MyMKHH. Xap OMp maxc UXTUEPUN HUIITHU Xap
XWI YHYMAOPIUK OninaH Oaxxapuinm MyMKUH. Xap Oup maxc Oup maiTaa OuTTa UIIHU Oa)kapHIm
MyMKUH. NITYUIapHUHAT U YHYMAOPJIUTH YHYMAOPIIMK MaTpUIlacu OuiiaH OepuiraH:

342 21
4 5 3 1 3
4 3111
312 2 2

Kumiapan unuiapra mysaail TakCHMIIall KEpakKH, YMYMHMM YHYMIOPJMK 3HI IOKOpH
OyncuH.

7.3. ®upmaHuHT TYpTa cKiaau Oop, y TYpTa MCTEMOIYWAAH 3aKa3 OJNIu. 3aka3 Oyiuda
IOKJIAPHU MCTebMONUMiIapra erkazub Oepumn kepak. OUpMaHUHT CKIaJIapu KyAa KeHr Oyiuo,
Kepakin MUKIOP/AArd TOBapJiaH!U 3aKa3jiapHu Oakapull y4yH CakjIalld MyMKHH.

Cknaanmap Ba HCTebMONUMIIAp opacuaaru macodanap Hymiap marpumacu €pramunaa
Oepuiiras.

68 72 75 83
56 60 58 63
38 40 35 45
47 42 40 45

3aka3apHu CKJIajap opacuja IyHAai TAKCUMIIAHTH, TPAHCOPT UYIIM SHT KHYUK OYJICHH.
7.4. ®upMaHUHT yuTa KOPXOHACU MaBXYJ, YIAPHUHT Xap OMpHU Y4 XHJI MaxXCyJIOT MILIA0 YHMKUIITH
MYMKHH. Xap Oup KOpxoHa OUp XHJI MaxcysaoT MIIUIA0 YUKUIIA MYMKUH.

Xap Oup MaxCyJOTHHHT OHMPJIMK MUKIOPHHUHT TaHHApXJap HapxJiap MaTpHIacHaa
Oepwiras:
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15 12 11
13 11 10
12 10 11

MaxcynoT unutad YUKUIIHU KOpXOHalap ypracujaa IIyHAald TaKCHUMIIAHTKH, YJIapHUHT
TaHHAPXM SHT KMYUK OVIICHH.

MyHpaaprkara
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MS. HOUM3UK [MPOTPAMMAJIALI
MACAJIACH (HIIM)

8.1. MacajnaHMHTI KYilHIHIIN

Houn3zuk nporpaMMaiaiilHUHT MaTEMaTHK MOJISITM YMYMHUH X0Ji1a Kyiuaaruda 6a¢H
STHIIAN: OCpPHUIITaH TEHICH3IHKIAPHU

g,(x)=b,i=1.m,
g,()2b,i=m, +1.m,,
g,(x)<b,i=m,+1.m.

KaHOATJIAHTUPYBYH MIYHIAH X = (X1, X2, ..., Xn) BEKTOP TOITHUII KEPAKKH, y Makcaj QyHKIusAra

L= f(x,X,,...X,) > max(min),xeU < ng%xf(x): f(X), (8.1)

onTUMall (FHT KarTa KM KHYKMK) KuiMaT OepcuH, Oy epaa Xj — y3rapysuwmiap, i =1.m, j=1..n;
L, f, gi — Oepuiran n y3rapyBuwin GyHkuusiiap, bi— commap, U-TeHrcusiukiap cucteMacu
eunmiapuauar Tyiiam, U ={x e R" |gi (X)<(=2)b,i=1..m} .

HIIM caHoatna MaxcysnoT HMIUTA0 YMKAPUIIHM OamiopaTr KHIWIL, TOBAp peCypclapHH
OolIKapuill, TEXHUK BOCHUTaJapra XH3MaT Ba PEMOHT KWIMII Kabu HIIapHU Oakapuiiga
KYJUJTAHWIIA]IH.

HIIM Hu euumiia, 4M3UKIN Macajanap KaOuW siroHa ycyn Hyk. Makcan ¢yHKIus Ba
YeKJIaHUILIap Typura OOFJIMK X0J1/1a MaXxCcyc yCyJjap MIUIad YMKWIraH, MacalaH, SHI' YHUBEpcas
JlarpamXKHUHT KynallTyBUMIap ycyiu ( yHH X03Up, TYFPUPOFU JlarpaH)KHUHT MUHUMYM TPUHIIUIIN
ned alTuiagu), KBaJpaTUK Ba KaOapuK NporpaMMajalliTUPHIN, TpagueHT ycyiulap, TaKpuOuii
ycymnap, rpaduk ycyn Ba X.K. Ontuman OomkapyBaa  Jlarpamk mnpunnunu [loHTpsruH
NPUHIMIIMHA KeNTUpUO uyukapamu. Makcan ¢yHkiua cemnapaben Oynranma bemnmManHUHT
ONTUMAJUIUK MIPUHITUIH YPUHIU OVaau.

Jlarpawx npunuunua (8.1) macana yuyn Jlarpanx GyHKIusIcH Ty3uiIu0,

F(0A) =4 (043 49,0 2

WAPTIH Macana max f(x) = f (X) maprcus max F(x,1) = F(X, 1) macanara kexrupunamu. by

XO3UPrvu 3aMOH MATEMATUKACUHUHT OHT KYy4JId, CEPMaxCyl, Ta}16I/IKJ'IapI/I KEHT FOsICH XI/ICO6J'IaHa)II/I.

Teopema. (Jlarpamxk npuniunm).d K. ex:[Jr f (x) = f(X) 6yncun Ba f(x),0;(X),i=1..m,

dyukuusnap U < R" yanykens auddepennmamianysun 6yickH. Y xoaa Oupaanura Hojra TEHT
OynmMaras mryHjaai Jlarpamk kynadTyBuniIapyu TOMWIAUKHI, KyHHIary mapTiap 6akapuiaau:

1) F (X,4) =4, f,(X) Jrz/T,l(gi)X =0 ij (X,A4)=0, j=1..n; (CTamMOHAPINK MIAPTIAPH)
i=1

2) A, <0,extr = max; A, > 0,extr =min ; (MIopaTapHUHT MOC KEIUII MIapTJIapH)

3)A40;(X)=0,i =1..m. (maccUBIUKHU TYIIUPUIL MIAPTIAPH)

HIIM na sxmuruna ypraswirad Xxoiap 0y, Makcas (pyHKIUS HOUM3UK OYiraH Ba
YeKJIaHNIIIIap CUCTEMAacH YM3UKIN OyiraH xoi. by X0 Xxam kya 0coH amac, Makca
(YHKIMSHUHT alpuM KYPUHUILIAPH YYYH SXIIU yCyJUIap ULIad YUKWITaH, MacajlaH, MaKkca/l
byHKIHS cemapaden, sbHA y Oup Y3rapyBunian (yHKIMSUTADHUHT HUFHHAUCH OYIIraH X0J €Ku
KBaJpaTHK GyHKUUs OYnran Xou, sxumu yprauuiarad. YI[IM nan Gapkiaupok Makcan GpyHKIS
COXAHHUHT HYHJa XaM, dyerapajapuaa XaM SKCTpEeMyMra 3ra Oy Uiy MyMKHH.
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HIIM Hu eunmiga Mmakcaa QyHKIHS XaM JOKaJl, XaM II00all SKCTpeMymMiiapra 3ra Oyaumm
MyMKHH. [J100a]1 SKCTpeMyM JIOKall 3KCTpeMyMIIap WYMJAH M3JaHaaud. Arap TJio0an 3KCTpeMyM
axpatwiMaca, Oy aManuii MacajajJapHH €YHUINa, MacallaH, ONTHUMall OOIIKapyB MacajalapuHu
CUMIIZA HOTYFPH HaTH)Kajgapra OJMO KEIWIIM MYMKHH, HOTYFpPH HaTIKajgap 9ca, Karra
MaryousTIapra, OTKa3uIIapra oJud KeJIUI MyMKHUH.

8.2. I'paduk ycyn

HIIM pa wkku Y3rapyBUWiIM XOJHHM Kapaiimu3.Makcaa (yHKOMS Ba 4YeKJIAHUILIAp
YU3HKJIM Ba HOUM3HUK OYnuiu mymkuH.bynnai xonaa HIIM rpaduk ycymnaa eduaunm MyMKHH.

Yu3sukiu Makcao UyHKyusa 6a HOYU3UK YEeKIAAHUULAD

Mucoa 1. ®yHKIMSHUHT T7I00aJ1 SKCTPEMYMIIAPU TOTHIICHH:
L=2x +X,, X +x; <16,%,X, >0.

Eunm. MBEC paanycu 4 ra TeHr 0yiraH JOUpaHUHT OMPUHYN YOpaKIaru KHCMHIUD

X, A

o]

) -

0, X,

Pacwm 8.1.
Makcan ¢QyHKUMSHHUHT Y3rapmaciuk (carx) umsukmapu 2%, + X, =C = X, =-2x, +C

Tyrpu unsukiaapaup. ['modan muaumym O (0, 0) HyKTama spuimiIam, riio0aTbHbIH MAKCUMYM —
3ca y3rapMaciuK YM3UKIAPHUHT aillaHa OWilaH ypuHTaH HYyKTa 4 Ja spulindiagu. A HyKTaJlaH
Yy3rapMacivK YM3UFUra NeprneHIuKymisap TYFpU YM3UK YTKazaMu3. Y KoopAuHarta oomuaaH ytuo, s
Oypuak ko durmentra Ba Xz = 1/2x1 Tenrnamara sra 0ynaau. YOy cucTeMaHU KapaiuK:

X2 + X2 =16,%, = 0.5%,

By epnan Tonamns: x1=8+/5/5, x2=4+/5/5, L =16/5/5+4+/5/5=445.

XKaBo6. ['moban muammym O (0, 0) Hykrama spuImIMIagM, HONTa TEHT, TIIIO0AN
Makcumym A4 (8 V515,445 /5) HyKTana SpUIIHIaIH 4.5 ra Tenr.

Makcao pynkyus Houu3uK, YeK1anuwIap YU3UKIU X071

MucoJ 2. DyHKIUSHUHT r7100a71 9KCTPEMYMIIApH TOTTUIICHH .
L=(%—2)"+ (%, —3)%, X +2X, <12, % +X, <9,X,%, >0
Euumr. MBET — OABD kynOypuakka Tenr (p. 8.2). Carx umsukiapu- mapkasu O1 (2,
3). 6yunran aitnananap. Makcan ¢pynkius O1 HyKTaaa SHT KHYMK KHAMATra 3ra,y HOJITa TEHT.
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Makcan ¢hynkuus sHr karta kuitmatra D(9, 0) Hykrana spuinagm, y Kyduaarura TeHr:
L(D)=(9-2)* +(0—-3)* =58.

XKaso6. I'moban makcumym D (9, 0) Hykraga spumwian Ba y 58 ra TeHr, riodan
muauMyM O1 (2, 3) HykTaa spuinmiaay Ba 0 ra TeHr.
Mucoa 3. DyHKIUSHHUHT 1J100aT YKCTPEMYMIIAPH TOPUIICHH

L = (X, —6) + (X, —3)%, 2%, +3X, <14,3x, +2X, <15,X,X, >0
Eunm. MBEC — OABD TtyrputyptOypuakaup (pacm. 8.3). Carx umsukiapu mapkasu O
(6, 3) Hykrana Oyaran aitnananapaup. I'nmo6an makcumym O (0, 0) HyKTaga SpULIKIAIH, YYHKH Y
O1 HyKTa/iaH 5HT KaTTa Y30KJIamrad HyKTtaaup. [ 1o6an MuauMyM E HyKTaja SpUIIAiIagg, y 3X1 +
2X2 = 15 Tyrpu um3uk OwiaH yHra O1 HyKTajaH YTKa3WIraH NepHeHIUKYNIsIp KEeCUIIraH HyKTazaa
JKOMJIAIITaH.

Xok

0 9\ /S x

Pacwm 8.3.

E-HyKTaHUHT KOOpIMHATalapuHU TomamMu3. 3X1 + 2X2 = 15 TYfpu uyM3MKHUHT Oypuak
kodpdunment Tenr -3/2. lllynunar yayn, O1F nepneHIuKyISpHAHT Oyp4yak KO3 GHUIIMEHTH TCHT
2/3. By tyrpu um3uk O1 (6, 3) mykraman yragu. LLlyHUHr ydyH YHHHT TEHIJIaMacH KyWuaarmda
Oymaau:

(x,—3)=2(x, —6)/3,= 2x, —3x, =3.
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Ym0y cucremanu eand

2%, —3X, =3,3%x, + 2%, =15,
E HyKTaHUHT KOOpAMHATANapuHu Tonamus: x1 = 51/13, xp = 21/13, 6ynna L(E) = 1053/169.

X aBo6.'modan makcumym O (0, 0) nHykraga spurmmiaaay Ba y TeHr 52. ['moOanbHbIi
MUHHUMYM

E (51/13, 21/13) nykrana spummian Ba Tenr 1053/169.

Houu3uk makcao pyHKyusa 6a HOUU3UK YeKIAHULIAD

Mmucoa 4. OyHKUMSHUHT 7100aJ1 3KCTPEMYMIIAPU TOMUIICUH
L=(x—2)"+(x,—1)° x°+x,°> <16,%,%, >0
Eunm. MBEC Mapkasu koopauHaTtanap Oommia Ba paanycu 4 ra TeHr OYiaran J1OUpaHuHT
OupuHun yopakaaru KucMuaup. Carx unsukiaapu mapkasu O1 (2, 1) na 6yaran paitnananapaup.
I'no6an muaumym O1 HyKTaga spuinmiaad, riaodan makcumym — A (0, 4) HykTaaa

spumnagu. bynaa

L=(0-2)°+(4-1)?>=4+9=13.

Xo4

G

Pon-

0 X,

Pacm 8.4.

XKaBo6. 'moban munumym, Tenr Homra Ba O1 (2, |) Hykraga spummnanu, rta00aM
mMakcuMyM, TeHr 13 ra, Ba A4 (0, 4) nykrana éraau.
Mpumep 5. YOy GyHKUUSAHUHT T7100a1 SKCTPEMYMIIApH TOTHUIICHH

L=X"+X", XX, 4% +X, 25,% <7,% <6,X,% >0.

Eunmn. MBEC wkku Kkucmaan wubopat(pacm. 8.5). Carx 4u3MKIapu-MapKa3u
KoopAuHaTanap 6ommuaa 6yirad aiinananapaup.
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PacwMm 8.5.
A Ba B, HyKTaJJapHUHT KOOpJAMHATAJIAPUHU YIIOY CUCTEeMaHH €4r0 TOamMm3:

XX, =4,X +X,=5

by epman omamu3z 4 (1, 4), B (4, 1). By uykramapaa (GyHKus riodajl MHHAMYMTa
spuIIa Iy Bay 17 ra TeHr.

D u E  HyKTaJapHUHT KOOpAWHATATIAPUHH YIIOy TEHIIaMalap CHCTEMAacHHH e4r0
TOMAMU3:

XX =4,%+X,=6,
XX, =4, X +X, =71

by epnan Tonamu3: D (2/3, 6) Ba L(D) = 328/9, E (7, 4/7) Ba L(E) = 2417/49.

XK aso6.Makcan pyukuus A (1, 4) Ba B (4, 1) HykTanapaa,MKKUTa riiodal MUHUMYMTa
ora, y 17 ra Tenr. ['mobanbHblii Makcumym, TeHr 2417/49 ra tenr Ba, E (7, 4/7) Hykrama
SPUILTUIIAIH.

8.3. Kacp-uu3ukym nporpammaJnam macanacu (KUIIM)
Macananunz mamemamuk mooenu

yMy'MI/Iﬁ XOJIAp KaCp-UU3UKOU IIporpaMmmaianl MmacajiaCu Kyﬁnnar nda 6ep1/mazu/1:

L=>c;x;/ > d;x; > max(min),> a X, =b,x,>0,i=1.m, j=1.n,
[ i1

=L

n
Oy epna ¢, d;, b;,a; j— ysrapmac kospduumentiap sa Zdjxi =0
i=1
Y1ly Kacp-4M3uKIN IporpaMMalIall MacalaCHHH Kapalink:

L =(c,x +C,%,)/(d X +d,x,) — max(min) (8.3)
ayX +a,<b,i=1.mx >0,i=12 (8.4)
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®apas kunamusku, d X, +d,x, #0 6yacun.
by macananu eunm yayn MBEC Hu Tomnaiuk, coxa (8.2) uyeknanunuiap 6uian Oepuiras.
®.x. Oy coxa Oy OyimacuH.
(8.3) man x2 HM TOIMANJIHK:
Ld;x, +Ld,X, =C;X +C,%,, X, (Ld, —¢,) =% (¢, - Ld,),

X, = X1(Cl - Ld1)/(Ld2 _Cz)a X, = le’

Oy epma k =(c,—Ld,)/(Ld, —c,).

Tyrpu unszuk X2 = kxi O(0,0) nHykTanan yraau. L- y3rapmac 6yiica, Oypyak kodpduuueHt
XaM y3rapMac Ba TYFpPH YU3HK OWPOp XOJIATHM drajutaiad. L HUHT KMiMaTH y3rapca, TYFpU YM3UK
x2 = kx1 Xxam y3rapaau, y koopauHarta Oomura HucOaTaH aiana oonutaian. (pacM. 8.6).

sz

Pacwm 8.6.
L Hu MOHOTOH ¥y3rapamu ae0, Oyp4yak KodppuuueHTHUHT Y3rapumuan Tonamu3. dk/dL
XOCHJIaH! TOTIAMU3!
ak g —di(Ldy — ¢3) — dyley — Ldy) _ dica —dper
dL (Ldy — c3)? (Ldy — c2)?

Maxpax noumo mycoar Ba L man 6ornuk smac. lllynuHr yayH xocuiia y3rapmac uiiopara
sra Ba Oypuak ko3¢ UIMEHT Ycaau €ku KaMasiau, TbHU Oypuak Ko3dduimeHT koopanHaTa Gommra
HucOaraH yHrra éku vamnra aitmanamu. Arap k>0 6yica TYFpu 4M3HMK COAT CTpEJIKachra TeCKapH,
arap k<O Oynca coar crpeikacu WyHaIMIIMAA aijgaHa OoNUIaWau. AWIaHUII WYHAIWIIN
aHukianray, kyn€km MBEC HUHr yun €KW ywiapuHM IIyHJald TONAMH3KH, yJapJa MakKcal
(byHKLUS SKCTpeMall KuiiMaTiaapra S3puIlIcuH €KH YyerapalaHMaraHuHu KypcaTamMus.

X2 A

O me

Y

x

Pacm 8.7. Pacwm 8.8.
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Pacwm 8.9. Pacm 8.10.

By epna Kyiiuaru MyMKuH OYaraH Xosuiap OV MyMKUH:

1. MBEC 4erapananras, MakCHMyM Ba MUHHUMYM YHUHI YETKH HyKTajapujia
spummanu. (p. 8.7).
2. MBEC uerapananMaras, JeKHH Makcaa (QYHKIUS SKCTPEMyMra sra 4YeTKH

HyKTanap maexya (p. 8.8).

3. MBEC uerapamanmaras, JIGKHH dKCTpeMyMiapaap Oupu maBxya. MacanaH,
MUHMMYM COXaHMHI OMpOp 4YeKKa HYKTacHAa JSpHUILWIAIH, MaKCUMyM aCHUMITOTHK
Makcumym Oymanu(p. 8.9).

4. MBEC uerapananmarad. MakcuMyM Ba MHHMMYM acUMIITOTUK OYmanu (p.
28.10).

Eyuw ancopummu
1. MBEC nu Tonamus.
2. Bypuak ko3 duureHTHH Tonamm3, Ba Makcaj] (QYHKIMSHUHT aiIaHUIl HYHATUIINHA
TOIIAMM3.
3. Makcan ¢yHkusHUHT — Max(min) Hykrajapu Ba KHHMATIApUHU TONAMH3 EKU
MacaJIaHUHI €YMJIMACIUTUHU KypcaTaMus.

Kacp-uusuxnu npozpammanamiHunz Maxcyiom maHHapxXuHu aHuK1auw yuyn Kyaiau

Kacp-unm3uknu nporpaMManaliHUHT MaxcyJlOT TaHHAPXWHM aHUKJANl Y4yH KYJUIAIIHU
KypuO 4nKamus.

Mmucoa 6. Ukku Typnaru MaxcyiaoT 4 Ba B HY WIIUTA0 YMKHII YIyH KOPXOHA Y4 TypIaru
TEXHOJIOTUK KypuimanaH ¢oinananunamu. Xap Oup MaxcynoT Xap Oup Kypuimana KaiTta
UIUTAaHWIAIM. Xap Oup MaxCyJoTHH Xap Oup KypwiMaaa KaiTa WUl BakTiapu Ba capd-
xapaxatiap JK.8.1. 1a kenTupuiras.

Kypunma | Ba Il map xopxonana 26 Ba 39 coarnman kym 6ynmaran xonaa, |l kypuiama 4
coarnaH Kym OyIMaran BakT MUUAa UIUIATHIAIIN MYMKHH.

Xap Oup MaxcyJOT TaHHApXHM ypTaya MUHUMAJ OYJIMINNA YYyH,KOpXOHa Xap Oup Typaaru
MaxCyJIOT/aH KaH4a Tal€piiall Kepak.
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K8.1.

Kypunma typn | Ta MaxCyJIOTHH KaiiTa unuiamra capgiaHagurad BakT
A B
1 2 8
2 1 1
3 12 3
1 Ta Mmaxcymnotra 2 3
capdranaguran xapaxar,
MUHT CyM
Euynm. MacananuHr MaremMaTUK MOJEIMHH Kypamus3. D.K. X, X, — KOpXoHaJa

taniépnanaauran A Ba B maxcymoriap coHu OyicuH. VYIapHu Tai€piam ydyH yMymMui capd-
xapaxat TeHr (2x1 + 3X2) MUHT CYM. , a yJIapHHUHT ypTaya TAHHAPXH TCHT OYIaau:

(2%, +3%,) 1(% +X;) .-
[I.x. MacamaHUHT MaTeMaTHK MOJIeH Kyiuaaruya Oynaau:

L =(2x, +3X,) /(X +X,) = min,
2%, +8X, <26, X + X, 2 4,12x, +3X, <39,X,X, =0.

AABC — mymkuH Oyiran eunmiiap coxacu (p. 8.11).

o

\\ A\pg
¢ —»
0 A\( T Xy

Pacm 8.11.

X, Hu Tomamus: L= (2% +3X,) /(X +X,), 2% +3X, =L(X +X,), X%, (3—L)=x(L-2),

X, = (L—2)% /(3-L) = kx,
HI.x. 6ypuak koaddumment Teur (L—2)/(3—L) =Kk, y xonma

dk _B-L)-()(L-2)_ 1
dL (3-L)2 - (3-L)*

dk/dL >0 oynranmuru yuyH, K= (L-2)/(3-L)=k(L) ¢ynkuus ycysuan. By sca tyrpu
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YU3UKHU COAT CTpeNKacura Teckapu aimanummuu Ownmupamu. .y, C wmykraga (pacm 8.11)
Makcaa (pyHKIUS SHT KHYMK KHHUMaT KaOys1 Kuiiaau (T700am MUHAMYM ).
C HyKTaHUHT KOOpIUHaTaIapuHu Tonamu3. CucTeMaHu e4ud, TOmaMus3:

12X, +3X, =39, X, + X, =4=X, =3,X, =1.

SAwau, C(3,1), X=(3,1),L=9/4.

[I.x. kopxoHa A Typaaru MaxcyiaoTaad 3 Ta, Ba B Typnarm maxcymotaas, 1 Ta umad
YUKUIIN Kepak dkaH. lllyHna mMaxcyaoTIapHHHT TaHHApXHW SHT KUYMK OYnuo, 2.25 MUHT CyMHU
TAILKUJI 3Tap dKaH.

Kacp-uuzuknu npozpammanaw macanacunu YIIM 2a keamupuw

KUIIM nu YIIM ra kenTupuil MyMKHH Ba YHH CUMIUIEKC YCyJ OWJIaH €4MII MYMKHH.
Arap

d :Zdjxj £0
=1

0yaca, ymOy Genrunam kuputub Y, =1/d, suru ysrapyumnap kuputamus: Y, =Y X;. ¥ xoina
KYIIM ky#ngaru YIIM KypuHUIIUHYA OJIaJu:

L=>"c¢;x; - max (min),
=1
Zaijyj _biyo :O’Zdjyi =1 Y; >0,i=1..m, j =0..n.
j=1 i=0

KypI/IJ'IFaH MacajlaHud OITHMaJ CYHMMHU TOIIWJIrad, I[aCTJ'Ia6KI/I MacCaJlJaHMHI' OIITUMal
CUYMMHHH TOIIaMH3.
Mmucoa 7. KUIIM 6epuiran 6yiacun
L =(2x, —X%,) /(X + 2%, +1) — max,
X = 2%, + % =2,2% +X, +X, =6, X; 20, j=1..4,
Eunm. benrunaiimus: X, +2X, +1=1/y,, Y, >0,y =omna L =2xY, —X,Y,.

benrumaitmus: X Yo = Y1, %Yo = Y2, %Yo = Y31 X4 Yo = Ya-
YeknaHunuiap CUCTEMAaCHHU Y3rapTUPAMU3,
OYHHMHT y4YyH, YEKJIQHUIIUIAPHU Yo Ta KYNauTUpuO, sIHTH Y3rapyBumiap yo, Y1, Y2, Y3, Y4 ra yTamus.
Macana ymoy KYpUHUIITHU OJIaJIH:
L=2y, -y, > max,

—2Yo+ Y1 —2Y, + Y3 =0,—6Y, +2y, + Y, +Y, =0,y +y, + 2y, =1, Yi >0,j=1.4.

N BII 0 2 1 0 0 bi
Yo i Y, Ys s

Y, 2 1 2 1 0 0

y 6 2 1 0 1 0

: 1 1 2 0 0 1

0 Y, 0 3 2 1 0 2

0 y 0 8 13 0 1 6
4
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0 Yo 1 1 2 0 0 1
AJ— 0 -2 1 0 0 0
2 Vs 0 1 2/3 1/3 0 2/3
0 y 0 0 2/3 -8/3 1 2/3
0 4 1 0 4/3 -1/3 0 1/3
Yo
A 0 0 713 2/3 0 4/3
j

UIIM xocun 0¥nu , CUMILIEKC yCyil Ounan edamu3 (xaasan 8.2). OnTuman e4um TEHT
y=(1/3,2/3,0,0,2/3)

y X0n1a
X =Y, /Yy, % =2,%=0,%=0,X,=2.

Kaso6: X=(2,00,2),L=4/3.
8.4. Jlarpan:k KynauryBuuiap ycyju (Jlarpansk npuHomnmm)
Macananune Kyuunuwmu
HIIM Gepunran 6yiacuH:

L=f(X)=f(x,X,..., X,) > max(min), g;(X) =g, (X, X,,..., X,) =0,i =1..m. (8.5)

®.x. pyrxkmusamap f(x)=f(X,%,,...,X,) Ba 0;(X)=0;(X,%,,..., X,) Y3IyKCH3 OMpPHHYH
TapTUOIM XyCycHil Xocwiajnapra sra OyicuH. YeknaHWIIap TEHIVIMKIAp OuiaH Oepuiiras.
HIyHuHT y4yH, MAPTIIM HSKCTPEMYM MacajlaJlapuHM IIapTCH3 SKCTPEeMyM Macajacura onud
kenaaurad Jlarpanx ycynau (MUHMMYM NPUHIUIN) JaH QoiaiaHaMus.

Macananu ednmt yuyH Jlarpanx QyHKIMSICH KypUIIaau

F(,2) = F00 =400+, 49,(9) 56

Oy epna A — Jlarpamxka KymalTyBUHIIAPH.
C¥Hr Xycycuii Xocuiaaaap aHUKJIaHaIu:

o ietw X ioim
33:3-’ >1=L4Lmn, a)\i’ I .
VYnapau HOJUTapra TeHT1a0 ymoy CHCTEeMaHH OJIaMu3:
OF [ 0x; = A,0f /6Xj+22,,8gilaxj =0, j=1.n, (8.7)
i=1
OF 104 =g;(X,....X,)=0,i=1.m. (8.8)

Cucremanu eun® QyHkmus L MyMKuH OYaraH SKCTpeMall HyKTaJapHH TOMaMU3.
FOxopuaaru maptiap SKCTPEeMYMHUHT 3apypuil maptiapua O6epaau xonoc. Tommiran 3KCTpeMan
HYKTaJapHH ajidaTTa TEKITUPHUO KYPHUIIT KEepaK.

Mucoa 8. OyHKUMSAHUHT SKCTPEMYMH TOIHIICHH:
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L=XX,+XX;,
X =X, =2,X, +2X, =4

Eunm. Jlarpamk QyHKIMSICUHU Kypamu3:

F (X, A) = 4 00X +X%) + 4 (4 =%, =2) + 4, (X, +2% —4)

YHaaH X1, X2, X3, A1, A2 y3rapyBumiap Oyiinda xycycuit Xxocuinanapau Tonu6 0 ra TeHrnad
9KCTPEMYMHHUHT 3apypHil YapTIIapuHU TOIAMHK3:

F, =X, +4 =0,
F, =404 +X%) =4 +4 =0,
F, =X, +24,=0,

F,=%-X,-2=0,
F,=%+2%-4=0

1-xoa1. Arap necakku, A, =0. ¥ xonna 6apya Jlarpanx KynaiTyBunIapy HOJIIa TEHT:

Ay = A, =4, =0. bynpnaii 6ynumm mymkus smac. Illynusr yuyn, A, #0 nelimus, macanas,
A, =1 neiinux.

2-x011. A, =1 peimuk. Y xonga omamu3 A1 = -Xz, A2 = - X2/2,

x1=-2,X2=-4,x3=4,L=-8.

Xocusl KWIMHTaH €YUMHHU Y3rapTHpuO, SKCTPEMYMHMHI XapaKTePUHH YPraHMU3.
VY3rapunran KuiMaTiap 4eKJIaHUIUIapHUA KaHOATIAHTUPHUINY Kepak. Omaiinuk, x1 > -2, MacajiaH X1

= -1, y X0J1/1a YeKJIaHUIIIap CHCTEMacHIaH Tonamus: x2 = -3, X3 = 7/2, L = -15/2. Onaitnuk, x1 < -
2, MacanaH x1 = -3, y Xonaa tonamus x2 = -5, X3 = 9/2, L = -15/2. llemak, L = -8 — QyHKUMSIHUHT
MUHHUMAJI KUMMaTH Oyiap SKaH.

XKaBob. OxkcrpemyM HyKTanap xi1 = -2, X2 = -4, X3 = 4, y xonmga maxL = -8.

Mmucon 9. YH koMOMHATH YHHM MKKM XWJI COTajau: 1) mMara3uH OpKajM; 2) areHmiap
OpKaJIH.

Marasuna X1 KT YHHM COTMIIA X12 Myl OUPIHMTH XapakaT KHIMHAIM, areHTIap OpKaau
X2 KT YHHH COTHIIA X2° MyJl OUPIUTH caod)-XapaxkaT KUIMHAIH.

5 000 Kr yHHM COTHMII yYyH YHM KaH4Ya KUCMHUHM Mara3uH Ba KaH4a KHCMUHHU areHT
OpPKAOU COTHUII KEPAKKH, XapaxkaTyiap dHT KaM OYJICHH.

Eunm. MacananuHr MaTeMaTUK MOJHIIN Kyiuaaruda Oymaam:

OYHKIUSTHIHT MUHUMYMUHHI

L=x2+X,"
yi0y 4eKIaHuNIIIapa TOMUII Kepak:
X, +X, =5000, X, X, =0
Eunm. Macnanu eunmn yayH Jlarpanx npuHIunugad ¢oigaraHaMms:

F(X,2) = 4,(x* +X,°) + A(x, + X, —5000) .
XocunagapHu TONIaMU3:
F, =24%+4 =0,
66



F, =24X% +4,=0,
F, =x+X,—5000=0.

1-xon. A, =0 necak, 4, =A4=0, spnu Oapua Jlarpanmx kod(pQUIMEHTIApH HOJITa TEHT.
Bynpaii 6ynuim MyMKHH Mac.

2-xon. A, =1 nelimus. Y xonna

2X, + A =0,2x,+ 4 =0, X, + X, —5000.
by epman A = -5 000, x1 = 2 500, x» =2 500, L =12 500 000 mys 6upsurmy.
x1 y3rapyBumra 2500 maH KMYMK Ba Karra Kuiimariap O0epu® kypuO, L dyHkmus skcrpemyma
byakuum x1 = X2 = 2 500 kaliMaTiap/ia MUHUMYMTa SPUIIAIITAHA KYpaMu3.

M3o0x. (8.3) macananu ypHHra ymoy TEHICU3IUKIap OMiiaH Oepuiiral MIapTiid SKCTPEMYM
MacajlaCuHU KApanuiukK:

L=f(x)=f(x,X,...,X,) > max(min), g;(X) =g, (X, X,,...,X,) <0,i=1..m. (8.9)
Ey MacCaJlaHu OJIJUI'd Macallara, SbHHU TCHIJIMKJIAp Oomtan 6epI/IJ'IFaH Macajara
KyWHJarnda KeITUPUII MyMKHH:

L=f(X)= f(X,X%,,..., X,) = max(min), g,(X) =g, (X, X,,..., X,) +U.> =0,i =1..m,
Hatmwxaxa Jlarpamk GyHKIMSICH KyWnHIard KYpUHHUITHHA OJIA/IH:

F(,A) = F (0= AT 00+ 40,09 +u?) (8.10)
oF [ ox; = 4,0f 10X, +i,a,,agi 1ox; =0, j=1.n, (8.11)
OF 104 =g,(X)+u’=0,<g,(x)<0,i=1..m. (8.12)
oF /U, = Ag.(X)=0,i =1.m. (8.13)

Jlemak, Oy Xom/1a XaM Jesipiid Oup Xuit v oaxapuiap skaH. GakaTtrina, Kymmmuya (8.13)
HIapT naio Oynantu. by mapTHU NacCUBIMKHY TYJIIUPYBYM IAPT ASHUIAIN.
Mucoa 10. Yily mMacanaHu Kapaliauk:

L= f(x)=x"+x,-12x +16X, — max,
g(x) =x°+x,”—25<0.

Eunm. Jlarpamk ¢pyakuuscuau ty3amu3 (8.10) Ba (8.11) Ba (8.13):

F, =4 (2% —12)+24x =0,F,_ = 4(2X, +16)+ 24X, =0, 1g(x) =0.

1-xom. Arap A, =0 necakx, A =0 Ba Oynumm MyMKHH 5Mac.

2-xon. A, =1 neiinuk. Y xonna

F, =2% -12+24% =0,F,_=2x,+16+21x, =0, 29(x) =0.

Arap A =0pnecak, X, =6,X, =-8,%"+x,°-25<0-—>100-25<0, mymxun smac. Jlemax,
A # 0. Jlemak, MacCUBINKHY TYJIMPYBYH mapTaan, X’ +X,” —25=0 Ba ymoy cucTemara KeJaMus:

F, =X—6+Ax =0,F, =X +8+1x,=0, X’ +X,°-25=0.

by epman wuwkkura Hykra Tomamm3: A(3,-4) Ba B(-3,4). XwucobOmaimmus:
f(A)=-75—>min, f (B) =125 — max.
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MAIIKJIAP

I'padux ycyn épramuaa IKCTPEMYMIIAPHH TOTIHHT.
8.1.
L=x, +2x, ,

U={xe Rz‘x12+x22 <25,%,X%, >0}.
8.2. L=x, +3x, , U ={xeR*|xXx, <8,x, <6,x, <4,x,X, >0}

8.3.
L =(x, -6)°+ (X,-2)*,
U ={x e R?|x +2x, <8,3%, +X, <15,% +X, >1,%,X, > 0}

8.4. L=(x, -3)*+ (x,-4)’,
U ={x e R?[3x +2x, <7,10x, — X, <8,—-18x, +4x, <12,x,X, > 0}

8.5.
L :(Xl '4)2+ (Xz '3)2 |
U ={x e R?|2x, +3x, > 6,3x, —2x, <18,—X, +2X, <8,x,X, > 0}

8.6.
L =(x, -3+ (,-2)%,

U={xe Rz‘xl2 +X,° <36,%, X, >0}
8.7.L=(x, -2)*+ (x,-1)*, U ={x e R*|(x —1)(x, +1) <4,X, <3,x,X, > O}

8.8.
L=x,°+Xx,°,
U ={xeR?|xX, <4,% +X, >5,% <7,X, <6,%,X, >0}

Kacp-um3ukimm GyHKIUSHUHT MAaKCUMYM Ba MUHUMYMJIAPH TOTTHJICHH.
8.9. L=(2x; -X,)/ (X, +X,),
U={x e R?|2x, - X, >-13,X, + X, 26, 4X, - X, <19,X,,X, >0} .

8.10. L=(3x, -X,)/ (X, +X,),
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U={x e R?|x, + X, >5,-x, +3x, <7, 3X, -X, <11,x,,X, >0}

8.11.
L= (3%, +7x) (%, +X,),
U={x e R?|x, -2 X, <1, X, +X, >4,2X, + X, <12, 5X, - X, >2,X,,X, >0}

J'IarpaHX(a IIPUHOMUIIA aCOCUZa SKCTpEMYMJIIAp TOIIHUIICHUH:
8.12.

L =2X,X; -X,X; ,

U={x e R?|x, +2 X, =3,X, +X, =2}

8.13.
L =XX, +X,X; ,
U={x e R?|x, +X, =2,X, + X, =2}

8.14. L=Xx,X, +X,X, ,
U={x e R?|x, X, =2,X, + X, =4}

8.15.
L =2Xx,-X, +X; ,

U={x eR® ‘xf +x,°+x,° =1}

Myvunapuxara

69



M9. IMHAMMUK ITPOT'PAMMAJIAI (A1)

9.1. MacajnaHMHI KYilHIHIIA

JluHaMUK mporpaMMajan — ONTHUMaJ IMpOorpaMMasIalllHUHT Oup Oyimumm OYauo, yHIa
Kapop KaOyJ1 KWJIHII kapaéHu Ba OOIIKApUII OMp Heda aJoxXua dTariapra, Kagamiapra Oy ImHaIu.

Arap UWKTHUCOIWW >KapaCHHWHT VY3rapilura  TabCUpP KWIMII MYMKHH Oyica, y
OomkapyBuaH jaeiinnaau. bormkapys ned, xap Oup 3tanga skapaCHHUHT PUBOKIIAHHIINTA TabCUP
KypcaTulIM MYMKHH OYNraH e4yumiiap Makmyacura aiTwiagud. MacanaH, MaxcyjaoT HuIuiad
UHMKApHII-GONMIKAPUITYBYH XKapadH. Vnn Gommaa (KBapTan Ba X.K.) KOPXOHAHHHH XOM amé OuiaH
TabMHUHJIALI, TEXHUKAHU aJIMAlITUPUIL, MabjmaF OuilaH TabMMHJIAII XaKuaa KaOyn KWJIMHAJAUTaH
KapopJiap 6omkapyB xucobaanaau. Maxcynot unuiad YuKapyIlHA ITYHAAM TallKal dTHII KEPAKKH,
aNoxujaa dTariapaa Kabysn KWIMHTaH Kapopiap, SHT KaTTa XaXMJIard MaxcyloT HIiad YuKHIIra
€ku (oiina onuira oMb KeJICuH.

JluHaMHMK TmporpaMmanail Kym y3rapyBUHIM Mypakka® MmacallaHu KaM Y3rapyBUWIH
OIIMIPOK Macajara oiu0 KeJIWIl HMMKOHUSTHHM Oepaau. by XxucobOnanuiap XaKMUHU KECKUH
KaMaiTupuoO, 60mKapyBaa Kapop KaOys KWW Kapa€HUHU Te3TaIlTHPAIH.

Um3uiyii  mporpaMmalniaii - MacajacugaH — (apKIMpoK, JAMHAMHK — I[IpOrpamMMaall
Macajiacujia MacajlaJlapHu €4MIll y4yH, CUMIUIEKC ycyira yximami, yHusepcan ycyn uyk. JIIM na
Macajla €YUIIHMHI acOCUW Yycy/ulapuaaH OupH, amepukaiauk onuM P.bennman umnad yukkaH
ONTUMAJUIMK MPHUHIMIIATA acOCJaHraH peKKypeHT ycynaup. [lpunnun kyhumarugaH wubopart:
UXTHEPUI Kagama KaHJai OONIIaHFUY XOJIaT Ba OOMIKapyB OYIMAacwH, KEJITycH OOIIKapyB Iy
KaJaM OXHUpHJArd XxojlaTra HucOaTaH onTHUMal KWinO TaHmad ONMHUINK Kepak. [IpuHuumHu
Ky/utam Xap Oup KaHmad Kagamja TaHjgad OJMHTaH ONTHMal OOIIKApyB MaXaJTUW ONTHMAI
O6ynmMacaaH riaobalt onTuMal OOIKApyB OYIMITMHNA TabMUHIIANHIH.

NAIMMpa, kyniuH4a, OomKapuil xkapaéHu Kagamiapra Oynunanu. Pecypcimapuu Oup Heda
Wu, KBapTaiara TakCUMIIAIIAA, KajaM Ae0, BaKT JaBPUHM OJIMIN Kepak; pecypciapHU KOpXoHalap
OyindJa TakcuMmItaniia Kajam e, HaBOaTnarn KOpXxoHa HOMEPHHHM OJHII Kepak. bomka xommapaa
KaJaMHU CYHBUI paBHILa KUPUTHUII Kepak Oymanu. MacanaH, y3mMyKCU3 BaKT OPAIUFUHU IIAPTIN
paBullla BakT OpalMKIapu KUpPUTUO AucKpeT ne0 Kapamr MyMKHH. KoHkper MacianaH kenu0
YUKUO, BAKT OpaJUFU IIyHAal ONWHAAMKH, COANAPOK Macaia XOCWi OYICHH Ba aHUKIHUK Xam
eTapiau OYIJICHH.

9.2. ATIM ra KeJTHPWINO e4nIaIuran 0ab3u NKTHCOAMI Macajiajiap
9.2.1.Texnukanu onmuman armawtmupunL Macaiacu

Hkruconuérna MyxuM Macaiajiap/iad OMpH WIUTA0 YHKAPHINAA WINTHPOK 3TAETraH dCKH
CTaHOKJIap, arperariap, MallnHAIapHU Y3 BaKTHUa alTMAIITUPHUII XUCOOIaHATH.

TeXHUKaHWHU SCKUPUIIH YHU XaM (H3UK, XaM axJIOKHHd SCKUPUIIHHHA OWIIIHPAIH,
HATHKaJla 3CKU TeXHUKaJa MaxCyJoT UIUTA0 YMKAPUII XapakaTiapy OMIAAH, YHH PEMOHT KHIIUII
Ba YHTa XHM3MaT KYPCATHIN XapakKaTJIaph OINAIf, YHYMIAOPJIUK KaMasid, SSHTU TEXHOJOTHSIIApHU
103ara Kenui Tydaiam Hapxu nacaitn6 6opamu. lllyHnail BakT Kemaauku, 3CKM TEXHUKAHU KaTTa
capd-xapaxaTr OusnaH UNUIAaTHO TypraHjaH Kypa coTuO, ymranmai cuH@ra TETHWIILIH, 3aMOHABHM,
TaKOMUWJIIAIITAH, STHTU TEXHOJIOTHsIIapra acocIaHuO SpaTHITaH, SSHTUCUHU COTHUO OJHII Makcasra
MyBOGUK OYIMO KOJIaIu.

TexHUKaHM ONTUMAIT aJIMAIITUPHIL CTPATETHACH YHU ONTHMAJ aIMAIITUPUII BaKTIAPUHH
aHWKTanIad uooparaup. TeXHUKaHW ONTHUMAaJl aJIMAIITHPUII KPUTEpHCcH cudaThuaa TeXHUKAHH
WIUIATUIIIAH OJMHAIUTAH AapoMaJl MUKIOPH MaKCHUMAJUTAIITUPUII €KW KapanaéTraH IaBp UUuaa
TEeXHUKara capdiaHaguran xapaxaTjiap MUKIOPHHH MUHUMAJUTAIITHPHIN KaOW KYpCaTKUWIApHU
OJIUIII MYMKHH.
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benarunanuap kupuramus: r(t) — t -émpgarm TeXHMKaga WHJ  JAaBOMHUA HUILIA0
YUKAPUJITaH MaxCyJoT HapXH;

u(t) — t -€mmaru TexHukara Oup Huiaa Kypcatuinaaurad capd-xapaxariap;

S(t) — t -émmaru TeXHUKAHWHT KOJIIUK 0axOCH;

P — SIHTM TEXHUKAHUHT HapXH.

N ¥uigan mbopaTr JaBpHU Kapaiimus, Oy JaBpAa TEXHHUKAHU ONTHUMA aJIMAIITHPHUII
UUKJIMHA TOMIAMU3.

fi(t) me6 t -émmaru TeXHWKAHMHT Ba N WWIHMHT K- sTanmugard TeXHUKATa MaxCyyoT
uniad 4ukuO oNMHAaAMraH Makcuman ¢odganu Oenruinaiauk. TexHWKaHuHT Emu KapaéHHU
Oopuil HyHanummMaa XucoOllaHalu, BaKT OJTalljlapd yHra TecKapu WYHaIMIAa XucoOJaHau.
Macaiman,

t = 0 suru TexHukanaH QoiinanaHuira Moc kKemaau, N = 1 sca TEKMMPHUII LUKIA
TyraryHda OWp HuJI KOJTaHWHU OwWaaupand, K= N — 3ca TEKIIUPHUIIT AKX 3HIU OOIJIaHTAaHUHU
ouwnaupanu. (k. 9.1).

N —IaBpiid MUKITHUHT Xap OWp 3Tanmuja TEXHUKAHHW CakjIad KOJMII €KW aIMaIllTHPHIIT
Xakuga Kapop KaOyn kuiauHuid MyMkuH. Dakat kapop, mMakcuman ¢oiia OJHMIIH Ky3iaraH
oYUM Kepax.

Kansan 9. 1.

Texnuka €mm 0 |1 2 3 LoDt
BakT sramiapu n [n-1 [(n2 [n-3 1 |0

OnTUMaTuK TPHIUIATA ACOCTAaHTaH (QYHKIIMOHAI TerJiaManap Kyiuaarnda Oymaam:

f,(t) == max(r(t) —u(t),s(t) — p+r(0)—u(0)), (9.1)
f (t) =max(r(t)—ut)+ f_,(t+1),s(t)— p+r(0)-u(0),k=2,..,n (9.2)
(9.1) Tenrmama 1-sramm okapaéuuu udomanaiinu,  (9.2) —Kk-srarmm  xapaéHHU

udonanaian. VMkkama TeHrmama xaM WKKM KUCMJaH MOOpar: OMPHHYM KHUCM- CakKiIad KOJIWHTaH
TEXHUKAJAH OJIMHAJUTaH JapOMaJHU OWIAMPaad, WKKAHYM KHUCM-SHTHJIAHTaH TEXHHUKaJIaH
OJIMHA/IMTaH JIapOMaHN OWJIIUpaIu.

Tenrnamanapna aiiupma r(t) — u(t) k- stanma unad YMKWIraH MaxcyynoT HapXH OWJIaH
TEeXHUKaHU HIUIATUII y9yH capdiIaHraH MaOIarIapHUHT alupMacuHA OWIIAMPaIH.

@Oynknus fka (t + 1) émm (t + 1) ra TeHr Ba ki tyraryHua K-1 BakT KoJraH TeXHHKa
y4yH YMYMHUiA ontuMain Goijann Ouigupaiy.

(9.1),(9.2) TenrnukmapHUHT UKKUHYK Kucmugard S(t) — p dyHkuus t émmara TeXHUKaHN
anMamTupunaara cod doiaanu Ounaupau.

Oyukius r(0) sca 0 émpmary SIHTM TEXHUKAJAAaH KeNaJuraH JapoMaaHu Ownaupamd. t
€Iary TeXHUKaJaH SHTY TeXHUKara YTUII OMp 3ymJia amalira ommpuiagy 1ed ¢apa3 KUIuHAIH.
bup srarmuu xkapaén xaMm myHaail tymyHunaau. by epna fo(t + 1) xanx iyk, aynku K y3rapysum 1,
2,..., N kuitmatnapau kaOyn kunaau. fo(t) = 0 renrmuk fi(t) yHkus rabpuduaan kenub duKaIm.

(9.1) Ba (9.2) Tenrmamamap OepuiraH Mmacana ydyH P.BelsMaHHMHT pEKKypeHT
dopmynacu 6ymuo, fk(t) Ba fi(t + 1) muknopnap opacumaru OofnaHWIIHM Oepaau. YIJapHUHT
CTPYKTYpacu HIYHIAWKH, OMp STaljaH KeHHHIHM dTanra YTHIIa TeXHUKaHuHT €mm t gan (t + 1)
omaau, Koara sramiap oca K man (k— 1) raua xamasiu.

Xucoomamr (9.1) Tenrmamaman Oomnranagu. (9.1) Ba (9.2) Tenrnamanap, TEXHHKaHU
aIMalITUpUIl €KMW cakiad KOJMII BapHaHTJIAPUHU KypcaTHOrMHAa KojmachaH, Oy HIuIap
HaTWIKaCHa OJMHAUTAH TAPOMAJIHHA XaM KypcaTuoO Oepasu.

Mmucoa 1. (9.1) xanBanna Gepunrad Ba ymoy MabIyMOTIap YUyH TEXHUKAHU ONTHMA
alMaIITupuIn nukiau anukiaancud: P = 10, S(t) = 0, f(t) = r(t) — u(t).
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K.9.1.

n
folw0 |9 |8 [7 |6 |5 |4 [3 |2 |1 |o |o o

Euumr. (9.1) Ba (9.2) TenrnamanapHu Kyidugariua é3amms:
fi () = max(f (t) + f, ,(t+1),—p+ £ (O) + f,_, (D))
f,(t) =max(f (t),—p+ £(0)). (9.3)
k=1 y4yH onammu3
f,(0) = max(f (0),—p+ f (0)) =max(10,-10+10) =10,
f,(1) =max(f (2),—p+ f(0)) =max(9,-10+10) =9,

f,(12) = max(f (12),—p+ f (0)) = max(0,-10+10) =0
kK = 2 yuyH onamu3

f,(0) = max(f (0)+ f,(1),—p+ f(0)+ f, (1)) = max(10+9,-10+10+9) =19,
f,(@) =max(f @)+ f,1),—p+ f(0)+ f,(1)) =max(9+8,-10+10+9) =17,
Xucobmanutapan  f, (1) > f,(t),t =0,...,k, ( fi(1) > f2(t)) mapr Gaxapunrynua gaBom
STTUPAMU3, YYHKH 3CKHA TEXHUKAHH SHTHCUTA alIMaIlITHpraiaard (oi1a 3CKu TeXHUKaHH
UIIIATraHIaH KYTIPOK.
XucoOmanmapay — ymoly KaJBaira OKOWIAINITHpPaAMHU3, TEXHUKAHU  aJIMaIlTHPUII

MOMEHTHHH 10J1]1y34a OusaH OenruiaiiMus Ba Kelarycu XucoOnanuiapau Tyxratamus (k.9.2).
XK.9.2.

1 2 3 7 8 9 10 11 12

6 5 4 3 2 1

R O
N _ [N-1 [11 |10
f@ |10 |9 |8 |7

OO |~
U1({00| O

3 2 1 0 0 0

Ol N

L |19 [17 [15 [13 |11 |[9*

.0 (27 |24 |21 [18 [17* [17

f.(t) |34 |30 |26 |[24* |24

() |40 |35 |32 [3L |30* |30

f() |45 |41 |39 |37 |36 |35% |35

f() |51 |48 |45 [43 [41* |41

f,() |58 |54 |51 |48~ |48

f() |64 |60 |56 |55 |b54* |54

f,(t) | 70 65 63 61 60* | 60

f, ) |75 72 69 67 66 65* | 65

f.(t) |82 |78 |75 |[72* |72

(9.3) Tenrmamanu xap cadap edumaciaH, XUCOOJANUIApHH KaJBal acocuja oiaub OGopca
xam O0ynaam, macanas, f,(t),t=0,..., K, Hu xucobmaiimus:
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£,(0) = f,(0) + f,(1) =10+ 24 =34 = £,(0) > ,() = 24,

f,()=f,()+f,(2)=9+21=30= f,(1) > f,(1) = 24,

£,(2) = £,(2) + f,(3) =8+18 =26 = f,(2) > f,(1) = 24,
f,(3) = f,(3+ f,(4) =7+17=24= f,(3)> f,(1) = 24,
f,(4) = f,(4)+ 1,(5) =6+17=23= f,(4) < f,(1) = 24

f4(t) Hu kenrycumaru xucobnmanuiapau TyxTaramus, uynku, fa(4) =23 <f3(1) = 24.

Xucobmanuiap acocuaa, JKaJBAIAard TEXHHKAHH CakKjiad KOJHUII Ba aJMAIITHPHUII
COXaJapvHU 4YeKiIad TypyBYM UHM3UK acOCHIa TEXHUKAHW ONTHMAl aJMAIITHPHUIN JIaBPHHU
Tonamus. bepunran mMacana yuyH y 4 HWIHM TalIKWI 3TaaU.

t 0 |1 2 [3 4 |5 [6 |7 [8 |9 [10 [11 [12
10 (9 (8 |7 |6 |5 |4 |3 [2 [1 o |0 |o
f |10 |9 |8 [7 |6 |5 [4 [3 |2 |1 [0 [0 |0
0 |19 |17 [15 [13 [11 |9 f,(1)> f,(5)
.0 |27 21 |18 |17 f,(1) > f,(4)
f,(t) |34 26 f,()> f,(3)
i) |40 [35 [32 |31 f,(1) > f.(4)
£(0) |45 39 (37 |36 |35 f.(1)> f,(4)
() |51 |48 |45 |43 f.()> f,(3)
f.() |58 |54 |51 |48 f,1) > f,(4)
f,() |64 |60 |56 |55 |54 f,1)> f,(4)
f,() |70 |65 |63 |61 |60 f,0)>f,05)
f.(t) |75 |72 [69 |67 |66 |65 f,(1)>f,(3)
f.(0) |82 [78 [75 |72

KaBo6. 12 osramnm TexHWKanmaH ¢oipanaHuIga ONTUMAI LUK Xap 4 Wuima
TEeXHUKAHU SHTUIANIAaH noopat Oynaau.
Macana yuyH [lackans Tuiamaa nporpaMMa YHUHT WIIJIANT HATH)KACUHU KEITHPAMU3:

program zamena oborudovaniya;

const

p=10;

var i,Jj,k,n:integer;

f:array([0..100,0..100]
function max(a,b:integer) :integer;begin if a>b then max:=a

else max:=b;
begin
for j
begin
for j
for j
for 1
begin
for 1
for j
begin

end;

write('n=?"); readln(n);

:=0 to n do

write('g[',J,']="); readln(g[j]);end;

:=0 to n do £[0,3]:=g[3];

:=0 to n do f[l,j]l:=max(glj]l,-ptgl0]);

:=2 to n do for j:=0 to n-1 do
fli,jl:=max(g[jl+£f[i-1,3+1],-p+g[0]+£[i-1,1]) ;end;

:=0 to n do begin

:=0 to n do
write(£[1i,7]

writeln;end;

end.

A\l
4

')

end;

g:array[0..100]
of integer;

of integer;
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10987654321000
10987654321000
191715131199999990
2724211817171717171717170
3430262424242424 242424240
4035323130303030303030300
4541393736353535353535350
5148454341414141414141410
58545148 48 48 48 48 48 48 4848 0
64 60 56 55 54 54 54 54 54 54 54 54 0
70 65 63 61 60 60 60 60 60 60 60 60 O
757269 67 66 65 65 65 65 65 65 65 0
8278757372727272727272720

74




9.2.2. Pecypcnapnu onmuman maxcumaaui

@.K. MabJIyM OMp pecypciapiaH X MUKIOpJa MaBxXKy/l, YHU 7 Ta KOPXOHA, OOBEKT, UIILIap
opacua IIyHAal TakCMMJIAll KEpaKKW, TaHJIAHTaH TaKCHUMJIAIl YCYJIMJAH SHI KarTa YMYMHiA
JlapoMaJ OJIMHCHH.

ANTalINK, Xj — I- KOpXOHara akpaTuirad pecypc Mukaopu 6yincun (i =1,n);
gi(Xi) — I- xopxoHara Xi —MHKJOpJard peCypCHH TaKCHMJIAIIaH OJjuHaauraH Qoiina
oyicun; fu(X) — x pecypcuu OupuHuM K  Ta KOpXOHara TaKCHMIIAIIaH OJMHAJUTAH JHI KaTTa

Japoman; ba€H sTriran MmacaslaHu MaTeMaTHK TUJAA Kyluaarnya €3l MyMKUH:
n n
f,0)=max > f(x), D x =xx%20,i=1.,n
i=1 i=1

Macananu eunin yuyH, fk(X) Ba fk-1(X) map opacuaa pekyppeHT hopMmysianap TOMHUII Kepak.

O6o03HayuM uepe3 xk €0, K- ycymn OuaaH axpaTHITraH pecypc MUKIOPUHH OCITHITaiIHIK,
(0<xx<x), yxomaa (k— 1) takcumoT ycyaura (X — Xk) pecypc MUKIOpH Kojaau. Y xoiama (X —
Xk) MuKgopaaru pecypcaan oupunun (K — 1) Ta ycyn Ounan QoiiianaHUNIaH OJUHAIWIAH SHT
katTa qapomaj fi-1(X — Xk) ra Tenr 6yaamu.

k- Ba oupunaun (K — 1) yeynaan doiiaananud, yMyMuid 1apoMa il MaKCUMaJUIAI THPHIIT
YUyH Xk HU IIyHAal TaHaa0d OJUII KePaKKH, KyHuIaru MyHocabariap 0axapuicHH:

f.(}) = 0,(x),
fk (X) = max{gk (Xk) + fk—l(X_ Xk)}! k=2.n

Kopxonanap ypracuna mMabnariapHu ONTUMaN TaKCHMIIAII XaKUIard KOHKPET MacalaHu
Kapaimus.

Kopxona nomenyuanuoan 3¢ppekmue poitoananunus yuyn uneecmuyusaiapiu
maxcumaaw

dupMaHUHT AUPEKTOpiap KeHramu (upmara Kapamou TYpTTa KOpXOHaaa Oup Typaaru
MaxXCYJIOTHUHT MIUIA0 YUKAPUII Xa)KMUHU OIIMPMOKYH.

ByHMHT yuyH nupekTopiap KeHramu ymyMui xaxxmu 120 miH cyMm 6ynran mabnarau 20
MJIH CYMJaH KOpXOHajapra axpaTHIIHH pPeXaJTallTUPMOKYU. MaxcyiaoT wunuad YUKUII
axparuiarad Mabnarra Oornuk Oynu6 ymOy xaxBanmma (k.9.3) kentupwirad. MabGnarHu
KOpXOHaJlap ypTacuja IIyHaal TakcCUMIIall KepakkKy, MaxCyJloT UILIa0 YMKHII MaKCUMaJl paBHIa
OLICHH, OUTTa KOPXOHA OWTTaJaH KyT OYJIMaran MHBECTUIHS OJIUIIA MYMKHH.

XK.9.3.
Asxpatunran Maxcy0T UIu1ad YUKapUITHUHT OPTUIIH, MIIH CYM
Mabnar, MIH Kopxona 1 Kopxona 2 Kopxona 3 Kopxona 4
cyM
20 8 10 12 11
40 16 20 21 23
60 25 28 27 30
80 36 40 38 37
100 44 48 50 o1
120 62 62 63 63
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Eunm. Macana euuiHu KOpXOHajap COHHMra Kapad TypTTa stamra Oynamu3 Ba yiapra
UHBECTULIUUIAp Oepamus.

PexyppeHTt MmyHocabatnap Kylnaara KypUHHUIITHHE OJIQIN

Neo 1 xopxoHa yuyH

fl(X) = gl(X)

KOJIFaH KOPXOHA yYyH

f () =max{g, (%) + f,(X—x )} k=2.n

EduMHM pexyppeHT MyHOcabaTianp acocuaa TYpTTa sTara onud 6opamus.
1- 9man. NuBectunmsinapuu akat OMPHHYN KOPXOHAra axparamus. Y XoJija araMu3

f1(20) =8, f1(40) = 16, f1(60) = 25,
f1(80) = 36, f1(100) = 44, F1(120) = 62.

2- man. VHBecTMIMSUIapHM OMPHHYM Ba MKKHHYM KOPXOHAlapra a)xxparamus.
PexyppeHT MmyHocabatnap Kyiiuaaruua 0ynaau:

f2 (X) = max{gz(xz) + fl(X_ Xz)}-

VY xonna

x =20 ma f2(20) = max (8 + 0,0 + 10) = max (8, 10) = 10,

X =40 na f2(40) = max (16,8 + 10,20) = max (16, 18, 20) =20,

x =60 ma f»(60) = max (25,16 + 10, 8 + 20,28) = max (25,26, 28,28) =28,

x =80 ma f2(80) = max (36,25 + 10,16 + 20,8 + 28,40) = max (36, 35, 36, 36, 40) = 40,

x =100 na f2(100) = max (44,36 + 10,25 + 20,16 + 28,8 + 40,48) = max (44, 46, 45, 44,
48, 48) = 48,

x = 120 na f2(120) = max (62,44 + 10,36 +20,25 + 28,16 + 40,8 + 48,62) = max (62, 54,
56, 53, 56, 56, 62) = 62.

3- 9man. VHBecTHIMSUTApHT 2- JTanra Ba 3-KOpXOHara axxpaTamus. XHcoOJanulapHH
bopmyna
f3(X) = max{g, (x;) + f,(x—x3)}

acocua oiaub 6Gopamus.

V xomna

x =20 ma f3(20) = max (10, 12) =12,

x =40 ma f3(40) = max (20,10 + 12,21) = max (20, 22, 21) = 22,

x =60 ma f3(60) = max (28,20 + 12,10 + 21,27) = max (28, 32, 31, 27) = 32,

x =80 ma f3(80) = max (40,28 + 12,20 + 21,10 + 27,38) = max (40, 40, 41, 37, 38) = 41,

x =100 ma f3(100) = max (48,40 + 12,28 + 21,20 + 27,10 + 38,50) = max (48, 52, 49, 47,
48, 50) = 52,

x =120 na f3(120) = max (62,48 + 12,40 + 21,28 + 27,20 + 38,10 + 50,63) = max (62, 60,
61, 55, 58, 60, 63) = 63.

4- 3man. 120 MIIH c. THBECTULIMSUTAPHU 3-3Tall Ba 4-KOpPXOHA YpTacuaa TaKCUMIIaiMHU3:

x =120 na f4(120) = max (63,52 + 11,41 + 23,32 + 30,22 + 37,12 + 51,63) = max (63, 63,
64, 62, 59, 63, 63) = 64.

[II.x. 1- Ba 4- >Tanapau OOMIKApAJAUTaH IIAPTIAP TOMUIIH.

Bepuemcs ot 4-srangan  1-3Tanra kaitamus. Maxcynot unuiad yukui 4-sTanga 64 MIiTH.
c. 41+23 xypuHMmIga TONWiIraH, ssbHU 23 MiH. c. 40 MiH.c. HU 4-KOpXOHara axpaTuil Ky3za
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TYTHUII Kepak 3kaH. (3k.9.3 ra kapanr). 3 stanga 41 muH. c. 20+21 kypunuiga ronunrat, sbhn - 21
MJIH.C. 3-KopxoHara 40 MHUH.C. HU @KpATHUIIHU Ky37a TYyTyAau. 2-3Tanra acocad 20 miH.c. 40 MIIH.C.
HU UKKMHYY KOpXOHara aXpaTUILIHU Ky3/1a TyTaIu.

[I.x. 120 muH.C. HTHBECTULIASIIAPHU 2-, 3-,4- KopxpHayapra 40 MITH.C.JaH aXXPaTHUIIl KEPAK
9KaHKH, MaXCyJOTHU oMy pupmara 64 miH.c. (oiina kentupap skaH.

Macana yuyn [Tackanp THiInIa mporpaMma YHUHT UIUTAII HATUXKACUHU KEJITHPAMU3:

{Optimalnoe raspredeleniye resursov}

var maxx,i,j,k,1l,n,m:integer;
a,b:array[0..100,0..100] of integer;
function max(a,b:integer) :integer;

begin if a>b then max:=a else max:=b;end;
begin write('n,m='");readln(n,m);

for i:=1 to m do

for j:=1 to n do

begin write('g[',1i,',',J,'] = '");readln(ali,j]); end;
for i:=0 to m do a[i,0]:=0; for j:=0 to n do a[0,73]:=0;
for i:=0 to 1 do

for j:=0 to n do b[i,jl:=ali,jl;

for k:=2 to m do

for j:=1 to n do
begin maxx:=alk,0]+b[1,]];
for i:=1 to j do

begin maxx:=max (maxx,alk,i]+b[k-1,3-1]); end;
blk,j]:=maxx;
end;

for i:=1 to m do
begin for j:=1 to n do write(b[i,j],' "); writeln;end;
end.

8 16 25 36 44 62

10 20 28 40 48 62
12 22 32 41 52 63
11 23 35 45 55 64

N3ox. Ym0y macaiia caMOJIETHU ONITUMAJT FOKJIAIl Macajiacu JAeHuiaum.
n n
f,(x) =max > f.(x), f;(x)=Cx, > pX <w,x >0,i=1.,n.
i=1 i=1

By Macajia XxaM OJIAMHI'YM Macajiagaru xabu cunjagn:
f.(w)=[w/p,]C,, f,(w)= max {C,x,+ f,(w—p,x;)}....,

0<x,<[w/ p,]

fn (W) = max {Cn Xn + fn—l (W_ ann )}*

0<x,<[w/ p,]
Oy epaa[w/ p,] xaBc numnga kenTupuiarad UpoAaHUHT OYTyH KUCMH.

9.2.3. Kopxonanaphu Kypuui 6a IKCRAyamayus KUaiuui Xapaxrcamiapunu
MUHUMATNAUIMUPULIL

Kopxonanapau ontuMain XOWJIAIITUPHUII MacajlacH PECypCIapHH ONTHMAal TaKCHMJIAII
Macajacura, SbHM y3rapyBuwiapra KyWuiaagurad OyTyHJIMK IIapTJIapura acocjaHraH
MUHUMAaJUIAIITAPHILI Macalacura KeJITUPWINIIN MyMKHH.

®.k. Mabaym Oup TeppUTOpUAga MabiyM Oup Maxcynorra Ttanad wmapxyn. Ly
MaxCyJOTHHU UILIA0 YMKAapyBYM KOPXOHAJIAPHU KypUII MyMKHH OYJIraH MyHKTJIap aHUKJIaHraH. by
KOPXOHAJIApHU KYPHII Ba MILIATUII YYYH KETaJWTraH Xapaxarjap MUKIOPH XUCO0JIa0 YMKUIITaH.
[Ily xopxoHamaoHW IWIYHIAW >KOMJAIITUPHUIL KEpPAaKKH, YJIapHU KypUIl Ba HIUIATUII YYyH
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XapakaTyiap MUKIOPH SHT KHYHUK OYIICHH.

benrunanuiap kupuramus:

X — TaKCUMIIAaHAJIUTaH PEeCypC MUKIOPH, YHU 1 XU yCyia (oiJalaHUIIl MyMKHH;

X; — I-ycyn 6unan ¢oiinananuiaaurad pecypc mukgopu (i =1..n);

0,(X;) — xapaxarnap ¢yHkuuscu 0ynaub, macanaH, uuulad 4umKapuiiga X, pecype
MHKJIOPUHU |- ycyi1 Omian doitnananranmara capd-xapaxar MUKIOpHTra TCHT;

¢, (X) — sHr kuumk capd-xapaxar 6ynu0, x-MHUKIOpAAru capd-xapaxkatHu Oupunun K
Ta yCyJ OWJIaH MIIUTATraH a Keauo YuKaiu.

Acocuii macana, X-pecypcHu Oapya ycymnap Ounan capduiad 3HT kam Mpkaopaa capd-
XapakaT KUJIHII KepaK:

P, () =min> g;(x), > x =x%%=0,i=1,..,n.
i=1 i=1

X, -y3rapyBUMJIADHUHI MKTHCOAUM MabHOCH 1- IYHKTra >KOHIAIITHUPUIMIIM MYMKHH
Oynran KopxoHajap cOHUMHHU Ounaupaau. Kynainmk ydyH, KypwiaéTraH KopXoHanap OUp XHJ
KyBBatra sra J1e6 Qapas KuiaMus.
Kopxonanapau ontumait )koMIalITUpUIl OYiinya KOHKPET MacalaHu KYpuO YMKaMus3.
Mmucoa. laxapHuHr yuTa paifoHHJa HOH MIUIA0 YMKAJUraH 5 Ta KOPXOHA KypHIL KepakK.
KopxoHanapHau myHIal >KOWJAIITUPHUII KEPAKKH, aJlapHU KypHII Ba MIUIATHII Y4yH MUHUMAJ
Xapakariap KeTcuH. XapaxaTr QyHkuusnapu Q,(X) 9.4 sxajpanna KeITHPHUITaH.

XK.9.4.
X 1 2 3 4 5
9.9 11 18 35 51 76
10 19 34 53 75
9 (x) 9 20 36 54 74
d,(x)
Vmby muconga gi(x) — i-paiioHna KypuiaéTraH Ba MIUIATUIAETTaH KOPXOHAJTAPHUHT

COHMTA Kapal aHWKJIaHAIUTaH XapaxaTiap QYHKIUSICH, MIIH.C. XHUCOOUa;

@k(X) — MuH.c. XucoOuaa OupuHun K Ta paiioHna KapuiaérraH Ba MILIATHIIHMIIA Kepak
OynraH KOpXOHaAJJAPHUHT 3HT KHYMK capd-xapaxaTH.

Eunmi. Euniinum pekyppeHT dopmynanap acocuia oaub 6opamus:

OMpUHYM palioH yuyH

@ (X) =ming; () =0,(x)?
KOJITaH paioHyiap yuyH
@ (X) =min{g, (X )+ @, (x—x)}.k=2.n
Macananu 3 sranga eqamu3 (KOpXxoHajgap COHU yuTa).
1- 9man. Arap 6apua KopxoHanapHu 1-paifoHa Kypcak, y X0iJ1a SraMu3
() = (1) =11, »1(2) =g1(2) = 18, 1(3) = ¢ (3) = 35,
v1{4) = g1(4) =51, ¢1(5) = g1(5) = 76,

Ba MMHHMMaJl MyMKHH OYJraH xapaxariap x =5 na TeHr 6ynanu 76 MIH c.

2- sman. KopxoHanapau OupuHYM 2 Ta pailoHIa KypaMu3 Ba ONITUMAIT YTPATETHSIHA yIIOY
dopmyna acocuaa XxucobaanMus:

@,(X) =min{g, (x,) + ¢ (X—%,)}-
Xucoomaiimuz @2(l):
g2(1) + ¢1(0) =10 + 0 = 10,
92(0) + p1()=0 +11 = 11,
@2(l) = min (10, 11) = 10.
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Xucobmaimus ¢2(2):

g2(2) +¢1(0)=19+0=19,

g2() + @1(1) =10 + 11 = 21,

g2(0) + 1 (2) =0 + 18 = 18,
92(2) =min (19, 21, 18) = 18.

Xucobmaitmus ¢2(3):

92(3) + 01 (0) =34 + 0 = 34,
92(2) + p1(1) = 19 + 11 = 30,
92(1) + ¢1(2) = 10 + 18 = 28,
92(0) + ¢1(3) =0 + 35 = 35,
92(3) = min (34, 30, 28, 35) = 28.

Xucobnaitmus ¢2(4):

92(4) + 91(0) =53 + 0 = 53,
92(3) + pa(l) = 34 + 11 = 45,
02(2) + p1(2) = 19 + 18 = 37,
g2(1) + ¢1(3) = 10 + 35 = 45,
92(0) +¢1(4) =0 + 51 = 51,
¢2(4) = min (53, 45, 37, 45, 51) = 37.

Xucobmnaitmus ¢2(5):
92(5) + ¢1(0) =75+ 0 =75,
92(4) + g1(l) =53 + 11 = 64,
92(3) + ¢1(2) =34 + 18 = 52,
92(2) + 91(3) =19 + 35 = 54,
g2(1) + ¢1(4) =10 + 51 = 61,
92(0) + p1(5) =0 + 76 = 76,
@2(5) = min (75, 64, 52, 54, 61, 76) = 52.
3-aman. 5 Ta KopxoHaHp 3 Ta paioHa KypHIIl ONITHMAJI CTPATETUSICUHU TOITAMU3:

@5 (X) =min{g,(X;) + ¢, (X —%;)} -
Xucobmarimus ¢3(5):
93(5) + p2(0) =74+ 0 =74,
g3(4) + ¢2(1) =54 + 10 = 64,
93(3) + ¢2(2) =36 + 18 = 54,
93(2) +¢2(3) =20 + 28 = 48,
93(1) + ¢2(4) =9 + 37 = 46,
g3(0) + p2(5) =0 + 52 = 52,
@3(5) = min (74, 64, 54, 48, 46, 52) = 46.
HI.x. x =5 na MyMKuH OyIraH MUHMMAaJ XapakaTyiap TeHT Oynap skaH: 46 MIH C.
Kopxonanapuu Kypuminu 1-gan 3-3Tanrada ontumai Xapaxkatiapyd TONPJId. 3-3TanjaH
1-3ranra xaiitamus. 46 MIIH c.ra TeHTr Xapaxariap 3-3tanga 9+37 kypuHuIIa TONWITraH, SbHA 9
MJIH C. OMTTa KOPXOHAHM 3-palioHa KypHIll KepakIuruuu kypcataan (k.9.4 ra Kapanr). 2- stanra
acocad, 37 muH c. 19 + 18 kypunumna tonuirad,spHU. 19 mMuH ¢. 2-pafioHga 2 Ta KOpXOHa
KYpHUIIl KepaKJIMTUHUA Kypcaraaud. 1- sramra acpcaH, 18 MJIH ¢. COOTBETCTBYIOT l-oaiioHra 2 Ta
KOPXOHA KYpHILl KEPaKIUTUHU KypcaTaau.
K a B 0 6. OnTuman crpaterusi OMTTTa KOPXOHAHHW 3-pailoH[Ia, 2 TaJlaH KOPXOHAHU 2- Ba
1- palionnapaa Kypuil KpakJWTMHU Ounaupanu. bynpaa muHuman xapaxartnap 46 MiIH C. HHU
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TaIIKuWI 3Taau. JlacTnabku xapaxariap 76 MIH C. 37H.

Macana Y4yH ITackann TUIKAA IIporpaMMa YHHUHT MIJIAIl HATHXKAaCHUHH KEJITHPAMU3!:

{Minimizatsiya rasxodov}
var minn,i,j,k,1l,n,m:integer;a,b:array[0..100,0..100]
function min(a,b:integer) :integer;begin

min:=b; end;
begin write('n,m=");readln(n,m);
for i:=1 to m do for j:=1 to n do
begin write('g[',i,',',3,'] = ');readln(ali,]j]) ;end;
for i:=0 to m do a[i,0]:=0; for j:=0 to n do a[0,3]:=0;
for i:=0 to 1 do for j:=0 to n do b[i,j]l:=ali,j];
for k:=2 to m do for j:=1 to n do
begin minn:=alk,0]+b[1,73];
for i:=1 to j do
begin minn:=min (minn,alk,il+b[k-1,j-1]); end;
blk,j]:=minn;
end;
for i:=1 to m do
begin for j:=1 to n do write(b[i,]j],"' ');writeln; end;

end.

if a<b then min:=a else

of integer;

1118 3551 76
10 18 28 37 52
9182737 46

9.2.4. Kysypnap ea uynnapunu ymkazuuioa XapaxcamiapHu MUHUMALIAUMUPULL

A Ba B mynktnap opacupa myHgad Wyn (TpyOOmpoBOJ, IIOCCE) YTKA3HII KEPaKKH,

YMYMHI XapakaTiap MUHUMaJ OYIICHH.

Eunm. A Ba B myHktnap opacumarn WyiIHH Kagamuiap (kecManap)ra Oymamus. Xap Oup

Kamamaa dakar mapkka (X yku 6yinad) éku mmmonra (Y yKu OYitnad) xapakaTIaHUIT MyMKUH
oyncuH. Y xonma A Ba B Hykramap opacumaru macoda CHHUK YH3HMKIM WyJutapra aiyiaHaiu.
WynuunT Xap Oup kecmacu OVitna® KypHIIMIN WIUIAPUHUHT XapakaTiapyd MIH C. Jap/ia MablyM

OycuH.
1Y (tmmonn) B
13 9 9 10
11 12 12 13 14
8 14 9 14
13 15 10 10 8
12 11 16 10
10 13 12 9 12
13 13 10 14
A — X (1mapK)

A Ba B myHkTinap opacunaru Macodanu mapk WyHamumuaa 4 ra, IuMol HyHamumuaa 3
ra Oynainuk. Xap Oup kecma Oyiinua CIDKHIIHMHT Oaxocu OepwiraH.Xap OWp TyryH HyKTajaH
KeHUHTU HyKTara YTUII Y4yH ONTHMall HYJ SHT KaMm Xapaxariu uyn OyncuH. Ontumuszanus
MacaJaCHHU €4uIll y4yH, OpKara Kapad ropamus, sbHU B HyKTazaH A HyKTara Kaparo 10paMus.

Oxupru KajaMm ydyH onTuMan Kya Tonamus. B Hykrara éku Bi éku B2 HykTaman kenuin
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MyMKHH. HyKranapna WYIHMHT onTUMan Y3YHIUIMHM €3amMu3. B HyKrara sHr sxkuH uyn Bi
HyKTangaH Oymanu Ba y 10 Oupnukka tenr, 10 ontuman macodaHu TYryH HYKTaja aijlaHa MYHTra
é3amu3. OHu B1 HyKTara sHr sskuH iyn B3 HyKTanaH kenaau.

10
B*| 10 - B

9 10
Ba@ . ’:I-B\ - B
: 13 14
s 23— 14
|
: = 8
L oo o s o = = [ BS

Slna opkara KaWTuO, TOpH3OHTaN MynnaH OWTTa OJIWMHTU HyKTara kemamu3. Keinx
BepTHKaN #yngan Owurra mnacura Tymamu3. KeiimH, ropu3oHTan HyngaH 4Yekkara 4YUKUO
onamu3.Oxupuja 2 MapTa BepTHKai 0yiliad nacuka Tymamus. Y CyMHi onTumal Wy Kyiuaaruaad
ubopar Oynaau:

X =(c,c,b,c,b,b,b)

Oy epaa c-ceBep (IIMMOJT), B-BOCTOK (IIapK) HU OMIITUPAIH.

MuHuMan xapaxxartiaap TEHD
10+13+8+12+9+9+10=71 maH.cyM
bomka uxtuépuii wymHU oncak mMacoda onmTHMan HYIgaH y30KpOK: MacaiaH. ymoy uyn
y4yH
r=(c8,8cs8c,e6)
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XapakaTyiap TeHT Ba KaTTa ONTHMal WYIHUHT Xapaxkaarnapuaan: 10 +12+ 11+ 10+ 9+ 13 +10 =
75> 71.
XKapo6.Onruman iynH ymoly cxema O0yinad Kypuil Kepak: ¢, ¢, 6, ¢, 6, 8, 8, OyHaa
xXapakariap TeHr oynaau: 71 MiH c.
MAIIKJIAP

9.1. Kapanaérran naBp Oommura Keaud KOpXOHaJa SHTH TEXHUKA YPHATUIAH. YIIOY
TEXHUKaHUHT YHHHT WIIUTAll BaKTHTa Ba YHHM CO3 XOJaT[a ynuiad Typull Y9yH PEMOHT KHIIMIITa
KeTa/IMTaH XapaxkaTiap x.9.51a KeITupuiIraH.

MabnyMkuy, YpHATHITaH TEXHHUKAra YXIIanl SHrd TEXHWKaHW COTHO OJIMII, YPHATHUII Ba
WIUIATUII YY9YH KeTagurad xapaxatiap 40 MIH C. HU TAIIKWI 3Taad, aJMAIlITHPWIATUTAH ICKU
TEXHUKa 3Ca MyOMaJIaJlaH YMKApWIHO TalUTaHaJW. 5 WWira MyJDKaJlaHTaH SCKUPraH TeXHHKAHU
AIMAINTHPATUTAaH NIYHIAH IJIaH TY3WHTKH, KapanaéTrad 1aBpaa JapoMajl SHT KaTTa OYJICHH.

X.9.5.
Kypunmanu nnuiatum BakT, WAJIIap

0 1 2 3 4 5
MaxcynoTH WWITHK #.4., | 80 75 65 60 60 55
MJIH. CYM
Kypunmanun wnoratum  Ba | 20 25 30 35 45 55
PEMOHT y4YyH KeTaJuras
WK capd, MITH.CYM

9.2. Kapanaérran nasp (N=8 iinn ) Gommra kennd KopXxoHaa ssHTM TEXHUKA YPHATHIIIN.

VY1by MabiayMoTiaapAa SCKUPraH TEXHUKAHU aJIMAaIITUPAIUTraH ONTHMAJ LUKJ Ty3UHT:

SIHTY TeXHUKaHUHT Hapxu (P) 12 myn Oupnuru (MacanaH, 12 MitH c.);

TEXHUKaHUHT KoK 6axocu S(t) = 0;

f(t) = r(t) — u(t) — €mm t ra TeHr Ba nWkia Tyrammra K ¥ KOJNraH TeXHHUKaJIaH
OJIMHAJNTaH MakcuMal gapoma, r(t)- rexuuka épaamuna 1 innga onuHagurad gapoman, U(t)- t-
émnary TexHukara | Wuiga KypcaTuiiagurald TEXHUK XA3MaT HapXU.

Oyuknusauar fi(t) K ra 6ormuksmry k. 9.6. na Gepunran.
.9.6.

n 0 1 2 3 4 5 6 7 8
f) |12 11 10 8 6 4 2 0 0

9.3. CaBmo ¢upmacu 5 Ta aBTOJaBKara Jra, yjiap JaM OJIMII KyHJaph 3 Ta axoJin
AIaiIurad NyHKTra sxyHatwiaan. dapas KWIMHa UKy, GUPMaHUHT TOBAP aJIMAIIMIIN MYHKTIapra
JKYHATWIIAETTaH TOBApJAPHUHI COHM Ba aCCOPTHMMEHTHUIA BAa aXOJW IMYHKTJIAPWTa JKYHATUIAETTaH
MalllHauap COHUra OOFIIHUK.

Xap Oup MyHKTAArd TOBapaIMAIIMITHAHT YpTada KypcuKuwiapy k. 9.7 ma KypcaTuiras.

X.9.7.

ABTONaBKaJIAp AXO0JIM MyHKTIAPUAATrH TOBAP COTUII, MUHT CYM

COHU 1 2 3

1 15 12 18

2 24 20 23

3 30 31 29

4 37 38 36

5 41 42 39
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ABTOJIaBKQJIADHU aXOJW IYHKTJIAPUTa J>KYHATHINHUHT IMyHJQH PEKACHHU TOIMUHIKH,
(GbupMaHUHT TOBAp aJIMAIIHIIN HT KaTTa OVIICHH.

9.4. XXanpan 9.8 na BunmostTaarm 4 Ta MeBa KOHcepBa 3aBojiapuHUHT 200 MITH.CYM
uHBecTUIMSA 50 MITH. CyM JUCKpET KajgaMm OWJIaH KUPHUTUITAHIA MaxCyloT MIUTA0 YUKAPUITHUHT
OPTHIIM KypcaTUiIrad, OyHaa xap Oup 3aBoj (pakaT OMTTa MHBECTUIUS OJIMITA MyMKHH. MaxcyloT
UIIa0 YUKAPUIIT MaKCUMal OYIIUIN YIyH HHBECTHUIMSUIAPHIUHT TAKCUMOT PEKACH TOMUIICHH.

XK.9.8.

NuBectunmsinap, MaxcynoT uluiad YMKAPUITHUHT YCHUIITH, MITH CYM
MJIH CYM 3aBojsap

1 2 3 4
50 25 30 36 28
100 60 70 64 56
150 100 90 95 110
200 140 122 130 142

9.5. 3 Ta BUIOATAA 5 Ta KUILIOK XY>KAIUK MaxCYJIOTJIAPUHU KalTa UILIaiIural
OMp XU KyBBaTJIM KOPXOHA KYpHII Kepax.

KopxoHamapau myHja >KOWJIAIITUPUIN KEPAKKH, YJIAPHM KypUII Ba HIUIATHIN Y4YyH

KCTaJJuI'aH XapaxkaTtjap MUHHMAJI 6S'IJ'ICI/IH.

i-o0ylacTnard KypwiaéTraH KOPXOHAJIAPHU KypHUII Ba OSKCIUTyaTalMs KWIWII YYyH
KeTaaurad xapaxariap GyHkuusacu gi(X) o0beKTIap coHura OOFIMK Ba 5K.9.9 1a KeNTHPHUITaH.

X.9.9.

X 1 2 3 4 5
9.0 8 14 22 29 34

10 17 18 27 31
9, (x) 11 16 15 26 31
9;(X)

9.6. A Ba B nyHkTnap opacuaa HapXu (MJIH. C.) 9HT KaM OYJraH ras KyBypJlapHu YTKa3HII
Kepak. XuCco0-KUTOO YUyH JIacTIa0Ky MabIyMOTiIap pacMm 9.6. 1a KeNTUPUIITaH.

Pacwm 9.6.
Y 1 mmmon B
8 9 10
5 6 8
7 8 8
4 6 7
6 7 8
3 4 7
4 6 6
A X
—IIapK
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M10. YUMHJIAP HABAPUSICUHUHI ACOCHUI
TYIIYHYAJIAPU

NkTnuconuérna myHgaid Ba3usaT Kyda KYI ydpalau: KYNUWIMK KaTHAIITAH HIUIapJa Kapop
KaOyJl KWJIMII YOFHUJa OWp KaTHAITYMHUHT Kapopu OOIIKa KaTHAITYBYMJIAPHUHT KapopHura OOFINK
6ynanu. Macanas, caBao (PMPMaCHHHUHT 1apoOMajid ToBapJiapra ypHaTuwirad 0axosapraruia OOFiIMK
6ynmacian, GalKu HCTEbMOTYMIAP TOMOHHIAH COTHO OJMHIAH TOBApIap COHMTA XaM GOFIUK. Fxu
TOBAp MILIA0 YMKAPHILAA KOPXOHAAa AaCCOPTUMEHTHHHU TaHJIAIl y4yH OOIIKa KOpXOHalap/a UIiad
YUKapUIIa&TraH TOBapJIapHUHT aCCOPTUMEHTHHH XaM XHcoOra OJIMII Kepax.

Bynnail BasusTnapHu, ssbHU OMp KaTHAIIUM KaOyJl KMJTraH KapOpPHUHI Makcaara MyBO(QHUKIUIH
Oomkanap KaOyn KwiraH Kapopra OOFIWK OYNraH XoJiaTiapHU, MKKH XHJ KiaccuuKarusiani
MYMKHH: KaTHAlIyBUMJIAPHUHT KU3UKUIILJIApU MOC KeJIaaM, Ba yjiap y3apo XapakaTJapHU KeIulno
OJIMIUIAPM MYMKHUH €KM KaTHAIIYWJIAPHUHI XapakaTiapd MOC KeIMaiau Ba y3apo KEJIHIIYB
MYMKHUH 5Mac. KeWuHru xosjza KaTHaIlyBud Y3 KapopuHM OOIIKa KaTHallyBUMJIapra 3bJIOH
KWJIMAac/JaH, CUp TYTUIIM TaOOWHA, YyHKH aKC Xojja Oomkaiap OWPUHYM KATHAITYHMHUHT
Kapopugan ¢Qoigananu6d, Oomkazap xucobunman ¢oiinananud KYOpoK IOTYK OJHINra XapakaT
Kuiuinaau. byanai Basusitiap KOHQIIMKT BasusT aeviniaan. KoHQIUKT Ba3usITIApHUHT MaTEMAaTHK
MOJICJIMHU TY3UlI, LIy acocla Keaud YMKKAaH MacajajlapHU €4MIl OWiIaH YuuHiap Hazapuscu
IIYFy/IaHAAM. YIHHAA UKKA Ba YHIQH KYIPOK HINTHPOKYMIAP KATHAUIMIIM MYMKHH. IIyHuHT
yuyH VimHnap kybtiap ViuHM (2 Ta KaTHAII4M) Ba KYN KAaTHAIIYMJIAPHUHT YHHUHIapura
OynuHanu. Arap yiiuHaa Oup Heua YUMHYMHUHT KU3MKUIUIApU MOC KeJica, yiap y3apo Oupiamud
KOAJIMIMsIIAap Ty3ULIUIapU MyMKHMH. ByHail yiinHnap koanuuusiau Yiluninap xam 1e6 alTHIIaau.

Viiuanap HasapusACHHMHI acocuii Basudacu YHMHUMIApD YdyH MaciaxaTiap HMInIab
YMKMIIAAUp, SHHU yIap y4yH ONTHMAji CTPATerdANapHH WMUUIA0 UMKMUINAUp. Yilunuunume
cmpamezusicu €0, YUMHAA Mai10 OYITraH Ba3uATIAaH YHKUAO KETHUII MYMKHH OYiIraH Koujayiap
KeTMa-KeTIMruuaup. Onmuman cmpamezus 106 YAUHHM KYI MapTa TakpopjaraHjaa yHuHuura
MYMKHUH OYJIraH 3HI KaTTa yprada IOTYKHUM TabMMHJAWAWraH cTpaTerusara aitunmagu. Xap Oup
YiMHYMIA cTpaTerusaap COHU YEKJIU €KU YeKCU3 OYIIMIIM MyMKUH, IIYHUHT Y4yH YHMHIap YeKIu
Ba YeKCU3 YUHMHIIapra OVIMHAIU.

KoH(IUKT Ba3UATIApHUHT 3HT CO/JIa BapUAaHTHHU, SbHU YIMHIA UKKUTA YHUHUN OYIraH XOJHU
Kapailiuk, Oy yiuHAa OMpPUHYM YHUMHUMHUHT IOTYFM UKKMHYM YHUHYMHUHT MarlyOusTUra TEHT
oyncun. bynmait Moaens iturunaucu 0 ra TeHr OYJraH aHTOTOHUCTHK YHHUH AeHuIaam.

Macanan, yiuHAa UKKM YHMHYM HIOTHUPOK 3TANTU. Xap Oup yhuHum 1,2 Ba 3 pakamiapHH
€3uIM MyMKHH. Arap YiiuHuniIap €3raH pakamiap opacujaru aitupma mycoat Oyinca 1-yiunuu mry
COHTra TEeHI OYJraH O4KO OJaJH, aKC XojAa Oy O4koHM 2-YiuHuM onaau. Arap adiupma 0 ra TeHr
Oyica YiiuH HUYbs OWJIaH Tyraiam.

1-yituaunna 3 ta crparerusi 6op: A1 (1 é3um), A2 ( 2 €3um), A3 ( 3 €3um); 2-yiiuHumnma xam 3 ta
ctpaterus 6op: B1, By, Bz (k.10.1).

Tabmauna 31.1

B =1 B =2 By =3
Ay =1 0 -1 -2
Az =2 1 0 -1
Az =3 2 1 0

1-yiimHYrHUHT Bazudacu — Y3UHUHT IOTYFUHU MaKCUMayUlaml. 2-YUMHYMHUHT Bazudacu —y3
MarTyOMATUHU MUHUMAUTAMI €KH 1 -YIHHMHYM IOTYFUHU MUHUMAJUIAII.

ViluHHE ~MaTpuma KYpHHHMINZA OCIrMIal MYMKHH. YHAa caTpmap  1-YHHHYMHEHT
cTparterusuiapu Ae6 alTwiaau, yCTyHJap 2-YHUHYMHUT cTparerusuiapu ne6 aitunaau. byHnai
MaTpHUILaHU My106 Mampuyacu EKU romykiap mampuyacu 1ed aiTunaan. Yoy MUCOJ YUyH TYIIOB
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MaTpULACU KyHUJaru KypUHHUINTa 3ra

0 -1 -2
A=|1 0 -1
2 1 0

Ymymuii xonaa 0 cymmanu xKy(QTIMK YAMHHUHT I0TYKJIap MaTpullacy Kyiunarudya 0ynanu:

a; &, En
A= a‘21 a22 a2n
aml a'm2 amn

Xap Oup YHUHUIMHUHT Bazu(acH Y3u YIyH ONTUMAI CTPATETUsI TONUILIATUD.
bupvHuM YHUHYMHUHT ONTHMAal CTPATErMACHHU TONAMM3: Xap OMp caTpiard 3HI KHYHMK

anementHu o (I = 1, m), neitnuk
a; =ming;
J

i xap Oup Ai cTparerusgard MUHUMAI IOTYKIUpP, |-YHMHYN MUHUMAJ IOTYK SHT KarTa OyiraH
CTPAaTCTrUAHHA TaHHaﬁHHZ YHU O I[e6 66J’I1“I/IJ'I@.I>1MHS, SABHU
o =maxmin g;
i i

Muknop o — 1-YiHUHYM ONUIIM MyMKHH OYJIraH, SHT KaTTa I0TYK, YHH YHUHHM Kylu 6axocH,
ABbHU MakcMunu enunanu. XyJau 11y kaOu, 2-YHMHYM y4yH 9HT KaTTa MyMKUH OYiraH 1oTykK Oy
yCTyHJIApJard HHI KaTTa 3JEMEHTJIIADHUHI SHI KWYWIM XUCOOJIaHaJM Ba YHU Kyimjparuya
AHUKJIAaHA/IN:

B =minmax g
] I

Oy epaa ff — yiiunHUHe 10KOpU Ye2apacuoup (MUHUMAKCLL).

Arap 2-yiiMHUYM MMHHUMAaKC CTpaTerusra acociaHu0 XapakaTliaHCa, YHHMHI MaFiIyOusITH
YeKJIaHTaH, Xap KaHJai Ba3uaTaa f JaH Ky Oymaonmaiau.

Martpunanu yiuHIap yyH ymly TEHICU3JIMK YPUHIIN

alp

Arap a = B, 6Vica, yiun seap nykmanu neinnand, sxypt onrtuman crpaterusuiap (Aionr, Bjonr) —
MaTpHUIIAHUHT 3rap HyKTacH Jedmnaau. by Xonna oij =V 3JIeMeHT ViurHHUHe 6axocu newnnanu, y
Oup BakT/aa XaM i-caTpia, XaM J-yCTyH/1a 9HT KHYHK 3JeMEHT Oynaau. Arap YiuH srap HyKTara sra
Oynca, VitnH cod cTpaTerusiapaa euunaan aed anTunaau.

FOxopuaaru macanaHu €4MMHU TOTIANIHK.

a=maxa;, =max(-2,-1,0)=0,
o = o, = 0— YHMHHMHT KyiM Yyerapacy,
B =min B, =min(2,1,0)=0

B = B, = 0—yHHHUHT I0KOPH Yerapac,

o = f = 0 6ynrannuru y4yH, MaTpULAIN YHHH 3rap HyKTara sra.
1-yUMHYMHUHT ONITUMAJT CTpaTerusicu — A3, UKKuHuuHukn — B3. XK. 9.1 nan xypuHaguku, xap
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MKKaJla YUHYWIAp ONTHMAJ CTpaTerusfaH deTjaHcanap, |-YUMHYMHUHT IOTYFU Kamasiau, 2-
VAUHYUHUHT MaOJTyFUATH OIIaIH.

Arap I0TYK MaTpHIlacu 3rap HyKTara sra 0yiamaca, ssbHU o < 5, O¥1ca, onTuMall CTpaTeTrHusuIapHU
TONHLI Y4yH Mypakkad CTpaTerusHu KyJulamra TYFpu Kenaau. MypakkaO crparerus MKKH Ba
YHIAH KYNPOK CTPaTErHsUIapHUHT YU3UKIHM, Tacoauduii koMOMHamusuiapugan ubopat Oymaau.
ByHjaii cTpaTerusamap , IIyHHHT Y9yH XaM, apaidul cmpamezuanap Aedunamm. Yidamp m X n

Oynran marpunanu yiunaa, 1-YUMHUYMHUHT cTpaTeruscu ymoy KYpUHHIIATH SXTUMOIUIAp X =

(X1, X2,... Xm), Owyan Oepunanuku, ynap €épaamuaa |-YAHMHUK Y3UHUHT CO() CTpaTeTHUSUIAPHHU
KY/utaiiin. By CTpTerussHUHT yMyMHH KYPUHHINN Kyduaruda 0yiauam:

m

& :zm:xiaij, > % =1x>0,i=0,..,m.
i—L

i=1
Xynnu myHaai, 2-yinaau sxrumosiap Y = (Y1, Y2, ..., Vu), OWIaH Y3UHUHT COd

m=> Y8, >.Y;=Ly,>20,j=1.,n
j=1 j=1

CTpaTerusuIapuHy KYJUIAiIu.
1-yiUHYMHUHT YpTada IOTYFU apajall CTpaTervsulapHu KyJularaHaa YWMHHHUHT MaTeMaTHK
KyTHUJIMacura TeHr Oynaau, ibHI

m=2Y3 Y =1y 20,j=1.n
j=1 j=1

Teopema (on Heliman-yiinnnap Ha3apUsSCUHUHT acOCHl TeopeMacu). Xap Oup uekiu
MaTpHLIAIM YIHH apaiail cTputerusuiap cunuaa xeu Oynmaranaa ourra (X,y) ednmra ora.

By ¥yiinH Kyitngaru srap Hykra kypunumuaa oynamm: M(X, ¥) <M (X, ¥) <M(X,y).
Kyiingaru Oenrunanuiapiu KHpUTaMH3:
m n m n
a=maxmin D> > a;xy;, f=minmax> > axy, .
% Yi 3= Yi AT
Y xonma M(X,y)=a=2.
1-YMHYMHUHT ONTUMaJl cTpaTerust X HU KyJUlalliy yHra 2-YHMHUYMHHUHT Xap KaHJai ropuiuia
VIMH 10TyFUJ1aH KaM OYamaras 1oTyK Oepuinu kepak. LIlyHUHT yuyH ymly TEHICU3IMK YPUHIN

Xynau my kabu, 2-YHUHYMTa ONTHMAaj CTpaTerus Y YyHra VHMH IOTYFHJIQH OIIMaiIurax
MaFIyoOMsT KeITHPHUIIN MyMKHH X0JIOC Ba YIIOY TEHICH3JIUK YPUHIN

n
D ay,<v.
-1

Arap OTyKJIap MaTpUIlacH 3rap HyKTara sra OyiMaca, apajamnl CTpaTeTHsUIApHM aHUKJIAIl
MaTpHUllaHu yiryamura Kapad mypakkadnamub 6opaau. lLlyHuHT yuyH MaTpULIaHUHT YI4aMUHU OUp
XWJI (TaKpopJiaHAIUTaH), OMKOp Oedoiia cTpaTerusaapHu YuupHrO I0TYK MaTpULIACH YTdyamMIapuHu
MacauTUPHUII KepaK. YOy IOTYK MaTpHUIlacH OwIaH OepuiiraH YHHHHYN KapainiK:
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7 6 5 4 2

55 3 2 3
A=

5 6 6 3 5

2 3 3 2 4

By epnan a =max(2,2,3,2) =3, f=min(7,6,6,4,5) =4, a # [3.
PaBmanku, A <A, A, <A,. lllynunr yayn o =maxmin crparerusin 1-yitnaun yuyn 4z , Aa
CcTpaTerusulap  HOKyJIail  crparerusuiapaup. by  carpnapuu  yuupamm3.  PaBuianku,
B, >B,,B, >2B,,B, >B,, Ba mynunr yuyn, f=minmax crparerusnu 2-yiiunun yuyn B,B,,B,

cTparerusuiap HoKynai. LlyHuHr yayH, Oy yCTyHJIApHH YUupaMus.
Hartmxana ymoy roTykinap MaTpULIaCUHU OJIaMU3:

A - 4 2
|13 5]
10.2. (2x2), (2 x n) Ba (M X 2) yiimHaapHu rpadguk ycyiaa equin

Mmucoa 1. (2x2) yiinHHN aHaMUTUK Ba rpaduk ycynaa eun. Arap yiinHaa oupop
YUMHYMHUHT 2 Ta cTpaTerusicuruia Oyiica YiuHmap rpaguk ycyiaa eUnIvIId MyMKHH.
Ymly 2x2 matpuna OwiaH Oepuirad YHUHHA KapaiMus3:

a, a,| [4 2} .
A= = ;a=max(2,3)=3,=min(4,5) =4,3<v <4,
Lﬂ azj [3 5

Hemak, ViMH apanam cTpaTerwsuiapja edudmra ora. |-YUMHYMHUHT & apajiail CTpaTeTUscH
X=(X,%),%+X =1x >0,i=12, xypunnmpa Oynaau. 2-YHMHUMHMHT apajanl CTPATETHsACH
Y= Y.) i tY,=1Yy,; 20, j=12, xypunnmna 6ynanu.

1 YiiMHYMHUHT MYMKUH OYJIraH I0TyKJIapuHU YOy *aJBaiia XucoonaimMus:

2 yituaun cod | 1 yitmaumauHr MBIO (MyMKHH OYiraH 1oTyKIapH)

CTpaTerusyIapu
Lyeryn X +an% = (8 —8y) X +ay =X +3=v | 4 +3=-3K +5=dx =2=
2 yetyn a,X +8y,X, = (8, —8y,)X +8, =—3% +5=v | X, =1/2,x,=1/2,v =x +3=7/2

2 YUMHYMHUHT MyMKHH OYJIraH I0TYKJIapHHU YOy KaaBajia XucoOaaiMus:

1 yitunum cod | 2 yitmaumauar MBIO (MymKkuH Onuirat 10TyKJIapu)

CTpaTerusuiapu
;Can a11y1"'a12y2:(311_“5‘12)3/1"'812:2)’14'2:‘/ ZY1+2:_ZY1+534y1:3:
4P AV +a,Y, = (3, —3,)Y, +8, =—2Y, +5=v | y,=3/4,y,=1/4,v=2y,+2=7/2

1 ¥itnHYM ydyH MacanaaHu rpaduk ycynaa eduin yuyH X, +3 =V Ba —3X, +5=Vv TyFpu uu3ukKiIap
rpauriHy Yu3amMus3. Yap KeCUIraH HyKTa Ba YitmH KuiiMatu TeHr: X = (1/2,1/2),v=7/2.
2 yiMHYM y4yH MacanaHu rpaduk ycynna equnn yuyH 2Y, +2=v Ba —2X +5=V TYFpu YU3HUKIaP
rpaguriHy Yu3amu3. Yiap KeCHIlraH HyKTa Ba Vitne kuiiMatu Tenr: Y =(3/4,1/2),v=7/2.
I'paduknapan keaTHpaMu3:
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v

2 Y
|

x,=0

x,=1/ x=1 y,=0

Pacm 10.1.

M2. (2 X n) TapTuOIU YiinHHYM Kapailink, k. 10.2. ra Kapasr.

XK.10.2.
1-yHMHYUHUHT 2-yiinHunHuHr MBIO
Cod crparerusuiapu Y, Y, Y,
Lyeryn () &, &, &,
2 yeryH (X, =1-%,) a5 Ay &

@.K. yiuH srap HyKTara sra OyiaMacuH.
x1 — €0, 1-YiUMHYMHMHT 1-cTpaTerusHu KyJam 3XTUMOJIMHU OeNrmiaiiuk, X2 — J1eo,
1-YHMHYUHUHT 2-CTpaTerusiHU KYJJIall AXTUMOJIMHYU Oenrmnaimuk. Y xomnga x2 = 1 — Xa; yi —1eb
2-YAMHYUHUHT I-CTPATErusiHA KYJUTAIl 3XTUMOJIMHA Oenruinaiuk. 1-YiuHYuHUHT |-cTpaTerusHu
KYJUTalliad OJIMIIM MyMKUH OYJIraH 0TyFH TEHT Oynaau:

X +a, X, =a, X + a21(1_ X1) = (311 _a21)X1 +ay

Xy my kabu, 1-YiAuHUYMHUHT 2-YiuHun 2, 3,..., N-CTpaTerusulapuHU
OJIMIIM MYMKHH OYJTaH I0TYFUHHU yIIOY »KaJBajira xounamrupamus (5k.9.3.):

KyJUtamaas

K.10.3.

2-YUMHYNHUHT

1-YHMHYMHUHT KyTHITaH

cod IOTYKJIapH
cTparerusiapu
;-yCTyH (a,—a,)x +a, =v é,u N yCTYHJIAp aKTUB CTpaTErusijaap
RARE: (B —85)% +8y yrea
2 2 2
(8 —ay)% +ay = (ay, —8,,)X +a,,
n-yerym |

TEHIJIaMa e4uIno, X, X,,V tomunaiu

(a‘ln _a2n)X1+a2n =V

Kagpasrigan kypuHaauku, |-YHUHIMHUHT I0TYFU X1 Ta HUCOATaH YM3UKIU OOFJIaHUIIIA
9KaH, SHbHU TYFPU YM3UKIApAaH ubopar 3kaH. YnapHu Xi,Xz VYkiaapuaa 1-YUUHIYMHUHT MYMKHH
OyiraH I0TYKJIapUHU TaCBUPJIAHMHU3.

1-yiiuHYmM Y3MHUHT MUHUMAaN IOTYKJIApUHA MaKCUMaJUTAIITAPUIHN Kepak. [IlyHuHT yuyH,
1-YHMHYMHUHT MaKCUMAJI IOTYFH [Ty TYFPU YM3HKJIAPHUHT KECUINTAaH HYKTATAPUHUHT SHT KaTTacH
Oynmamu. 2 Ta IIyHIAal KECHUINAIUTaH TYFPH YU3MKJIapra MOC YCTYH (caTp) aKTHB CTpaTerHsuiap
neiviaau. YIapHUHT KeCUITaH HyKTaTapUHUHT KOOpAMHATAApU ONTUMAN CTPATETHsIHU Ba IOTYK
KHIMaTHHU Oepajiy.
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Xynau my kalOu, 2-YHHHYMHUHT ONTHMAl CTPATErMACHHU  TOmamu3. Y MaKCHMall
KyTUiaa€TraH MarayOusTiapy MuHUMautamTupumy  kepak. Iy, 2-YAMHUMHMHT —onTUMan
CTPATEeTHSCH-TYFPU  YHM3UKJIApHM  KECHINTaH HyKTacu OynmO, KyTuinaétraH  MakcUMall
MaFIyOUATIapH MUHUMAJUTALITUPYBYM HYKTa OYJIMIIM Kepak.

Marpunacu ouaan 6epuiaran (2 x n), yiuHHAHT eanmuan Tormamu3 (k. 10.6)

2 2 3 -1
A=
22l

XK.10.6.
2-yiinauuHuHr cod | 1-YAnHIMHUHT
CTpaTerusuiapu KYTWITaH I0TYKJIapH
1-ycryn 2% +4 X +3=x+2—>x=1/2,
2-yeryn X +3 X, =1-x =1/2
3‘yCTyH Xl + 2 X1 !
—7%x,+6

Euum. Tonamus:
a=max (-1,2) =2, f=min (4,3,3,6) =3, 2<v<3.
1-yMHYMHUHT ONTUMAJ CUUMU:
X =(/2,1/2), ¥iiuu 6axocu TeHr v =5.2.
2-YAUHYMHUHT ONTHMaN eyuMuHH Toramu3 (k. 10.7).
Pacm 10.3 nan xypunaauky, 1-YHUHYMHUHT ONITUMAJ CTpATEruacu UQoJaTapHUHT
—X, +3 Ba X, +2 TEHIIMIUIaH Keaub 4MKaau, yaap 2-yHUHUMHUHT 2- Ba 3- co() cTpaTerusiapra

Moc Kenajay Ba myHHHT yuyH (k. 10.5raK.), Ba mynunar yayn Yy, =Y, =0,y,=1-y,.

6
4
3
2

I
|
3 v
[
v 2 1
|
x,=0 =1 X,=1 v.=0 V=1h V.= 1
Pacm 10.2.
K.10.7.
1-yinHYUHUHT cod 2-YWMHIMHUHT KYTHJITaH
CTpaTerusicu I0TYKJIapU
1 -y, +3 -y, +3=Yy,+2->y,=1/2,
2 y,+2 y,=1-1/2=1/2,v=y,+2=1/2+2=5/2

2-YWHHYMHUHT onTUMalt euumu TeHr (pacwm. 10.3):
y=(0,1/21/2,0), 6ynna Vitua 6axocu TeHr v =5/2.
Kapo6.Xx=(1/2,12), y=(0,1/21/2,0), v =5/2.
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Mucoa 3. TynoB carpuniacu (m x 2), Ouuira yitmaau eunsr (k. 9.8 ra x.)

DN W b

Eunnr. Tomamuz o =max (2,2,2,-2) =2, #=min (3,6) =3,2<v<3. k. y1Bay)? (Oy
epaa Y2 = | —y1) — 2-YHHMHYMHKUHT apajiall CTpATETusCH OYICHH; X1, X2, X3, X4 —
1-yMHYMHUHT apajall cTpaTerusicu OYICHH.

1¥yiinaanauHT cod | 2 YHMHYMHUHT KyTHITaH
CcTpaTerusiapu IOTYKJIApU
1 catp (ay—a,)y, +a, =-2y,+4 | -2y, +4=y,+2=Yy,=2/3y,=1/3
2 _ _
322;1;) (321_322)y1+322:_y1+3 v=2+2/3=8/3
4(;an (aBl_asz)y1+a32:y1+2
(a41 - a42)y1 +a, = _8y1 +6

6 4

4 3

3 3 2 ! ) 2

2 ly 2 !

¥,=0 Yi=%3 y,=1 =0 %=l =

Puc. 315 Puc. 31.6
Pacm 9.3.

2 YUUHYMHUHT ONTHMAJ cTparerusicu TeHr (pacm. 9.3):
Y onr = (2/3, 1/3), y xomma Vitnn 6axocu tenr V = 8/3.

MurHHMaKkC HyKTaJa KECHIIYBYM TYFPU YM3UKJIAp l-YHMHUYMHUHT

I-ea 3- cod

cTpaTerusuiapra Moc kenaau. by x2= x4 = 0 sxannurunau ounnupamu. LlyHuHr yuyH , x1 = 1 — X3.
1-YHUHYMHUHT ONITHMAJ CTpaTeruscuHu Tonamus. (k. 9.9, pacm. 9.6).

2 YUUHYMUHUHT cod

| YANHYMHUHT KyTHITaH

CTpaTerusuiapu I0TYKJIapU
1 ycTyH (@, —ay)X +a, ==X +3 | X +3=2x+2=x =1/3,x,=2/3,
2 yCTyH

(312_332)X1+a32 :2X1+2

v=8/3

1-YUHYMHUHT ONITUMAJI CTPATarusCy TCHT '
X onr = (1/3, 0, 2/3, 0), 6ynna yiiun 6axocu TeHr V = 8/3.

XKaBob6. Xomr =(1/3,0, 2/3,0),

yom' = (2/3, 1/3), v = 8/3.

10.3. (&ij)mxn YHMHHH YU3MKJIU MPOTPAMMAJIAII MACATIACH EPIAMU/IA eYHIII

Marpunanu yiuH Macalacd YH3UKIM TporpaMMalall Macajcu OujaH dvambapydac
OofnaHraH, Ba xap OMp HOJb WHFMHIWIM YHUH Macalacu YM3MKJINM IporpaMMaanl Macanacura
KEeITUPUINO CHMIUIEKC ycyl OWaH edWIMIIM MYMKMH Ba aKCHHYa Xap OHp YH3HKIU
nporpaMmananl macajacura MaTpulaid YUHMHHU MOC KYWUII MYMKWH. bUpvHYM YiMHYM Yy4yyH
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MaTeMaTUK MOJEI Kyiuaarnia €3WIni MyMKHH

L(X) = Zx =V — max,

Marematuk Moxaennu Oapua (n + 1) deknaHumuiapHu V ra OYiu0O cojiaiaimiTHPHILI
MyMmMkuH. by V # 0 Oyncarmna mymkwH. Arap V = 0 Oyica TYJI0B MaTpUIlaCHHUHT Oapua
DJIEMEHTIIApUTa OUpP XWJI MycOaT COHHM KYIITUIIT OMJIaH MKCOan KHAMAaTIIH YIHUH X0JIaTUTa KSJTUITHH
TabMuHIaiu. Arap V < 0 6¥nca, y Xoi/1a 4YeKJIaHUIIUIAPHUHT UIIOPACUHU Y3TapTHPHUII KEPaK.

v >0 neb6 dapas Km0, YeKIaHUIIIap CUCTEMACHHA KyiHuaarnia €3u0 ojlaMu3:

Za,J x/v>1j=1..,n;
in/v=1/v;
i=1

benrunam kupuramuz Xi = Xi/v. Jlekun Vv — max, myHusr yayn 1 /v — min. Hlynnaii
ymoy YIIM Hu Xocui KuiaMu3

L(X) :Zm:Xi — min,

i=1

X, >0,i=1,..,m

2-YMHYY yYyH MaTeMaTUK MoJie] Kyhuaaruya €3uinaan

S(Y):ZYJ.—>max,
Za.Y <li=1..,m;
Y;20,j=1

6y epaa S(Y)=1/v,Yj=y/V.

2-yiinaun yuyH YIIM 1-¥ituaun yayn YIIM aunr kymmva YIIM 6ynmokna. Hynnait
Kunuo6, outra yitnaun yuyH YIIM Hu eun6, 2-YHHHYM YUyH €4MMHU UKKUEKTAMAIUK TeopeMaapu
épaama oJIMHap 3KaH.

10.4. MATPUIIAJIM YUVHJIAPHA MAPKETHUHI JA KYJIAI

CaBno ¢upmacu ouwnagurad spMapkaga ©0030p KOHBIOHKTYpacH Ba Xapuiopiap
TajlabJIapUHU XUCOTa OJIFAH XOJIJa TOBApPJIAPHU COTHUIIHU peXaaaliTUpAu. ToBapiaapHU COTHIIAAH
dotina x.9.1. na kentupunrad. ToBapiapHU ONITUMAJT COTHUII PEeXKACH aHUKJIAHCHH.
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Eunm. CaBno ¢upmacunuHr /fi  CTpAaTETHMSCHHMHT KYJUIAll SXTUMONH Xi OyncuH. Ki
CTpaTErUsiHY KYJUIAIll SXTUMOJIMHY Vi AeHInK, i=1,2,3.

2K.10.10.
Corum pexxacu | Hapoman , miiH. CyMm
K1 K> Ks
Iy 8 4 2
Iz 2 8 4
I13 1 2 8

1-yituaum yuayH (pupma) MacaTaHUHT MaTeMaTHK MOJCIIM KyWHIard KYPUHHIITA dTra
L(X) =X, + X, + X; = min,
8X,+2X,+ X, 21,
4X, +8X,+2X, 21,
2X,+4X,+6X, 21,
X, 20,i=1.3x =vX,.

2-yitnHun yuyH (0030p KOHBIOHKTYpAcH Ba Xapuaopiap Tajnabu) MacaJaHUHT MaTeMaTHK
MOJENI KyHHJaru KypUHMINTA 3ra

S(Y)=Y,+Y, +Y, = max,
8Y, +4Y, +2Y, <1,

2Y, +8Y, +4Y, <1,

Y, +2Y, +8Y, <1,
Y;20,j=1.3y, =Y,

2-YiMHYM y4yH MacaJlaHMHI €YUMHHH CHUMILUIEKC YCyi OwmaH Tonmamm3. ByHma oxupru
xansan K.10.11. kypunura sra.

Kansannan kean6 unkaguku, Y = (1/14, 11/196, 5/49), S(Y_ Jmax = 45/196.

Viinn 6axocn v =1/S(Y) = 196/45.

Ouau yi = Yiv, okawnuruaan , y1 = 14/45, y, = 11/45, y3 = 20/45.

b, BY 1 1 1 0 0 0 C,
Y, Y, Y, Y, Y, Y
1 Y, 1 0 0 U7 | -114 0 1/14
1 Y, 0 1 0 -3/98 | 31/196 | -1/14 | 11/196
1 Y, 0 0 1 -1/98 | -3/98 | 1/7 | 5/49
A, 0 0 0 5/49 | 11/196 | 1/14 | 45/196

2-YWMHYMHUHT OTITUMAJT CTPATETHSICH TEHT':

y =(14/45,11/ 45,20/ 45)

1-yMHYUHUHT ONTUMAJl CTPATETUSCHHU OXUPTU CHUMILIEKC >KaJBaJJaH JacTiabKu Ba
KYIIIMa MacajaJIJapHUHT Y3rapyBUMIapy OpacHIard OOFIaHUIIIaH TOTIaMU3;
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X =(20/45,11/ 45,14/ 45)

Mlynmait  xkwmb, caBmo  ¢dupmacu spMapkaza  ONTHUMall  CTpaTerus
X =(20/ 45,11/ 45,14/ 45) uu kynnamu Kepak 9kaH, OyHma y V = 196/45 nyn Oupnurugan kam
OynMaran doiiaa onaam.

Iy macanann MathCAD na euamus.

Pemmm 3amauay ([1],31.3)

ORIGIN: =1 /| THIEKCHUHT KNYNUK KNAMATH
8 4 2
A=|2 8 4| m:=rows(A) n:=cols(A) m=3 n=3  // tynos marpuua
1 2 8
m
& =1 (&)= Z & /1 yiiunun maxcan GpyHKuMsCH
i=1
Given ATé: >1 £>0 /I nuxn yHKUMSTA MypOKaaT

r:=Minimize(f,&) r’ =[0.102 0.056 0.071]

c= L c=4.356 p:=r*c pT = [0.44 0.25 0.31] /'l y#iuHIM ONTHMAIT CTpATETHsI

£(r)
n, =1 9(n) = Zn:nj /1 2 Yitian Makcan GyHKIMACH
Given Anp<1 77]:0 /I waxu GyHKUMATA MypOKAaT
s = Maximize(g,77) s' =[0.071 0.056 0.102]
C:= ﬁ c=4.356 q:=s*c q' =[0.311 0.244 0.444] //// 1 Yitunun onriman crpaterus

10.5. MaTpunauu yiiuaaun YIIM ra kearupui
FOKopuaarn Macanazia TYI0B MaTpuIac Ouiad 6epuran yitna UIIM ra kentupumy. Y3

HaBOatuna YIIM matpunanu yiinHra KeaupuiIniyg MyMKHH.
YIIM Gepunran 6yiicuH:

n
L(X)=cx=)_c;X; — max,
=1

Ax <D,
x>0.

y XOJIJla MaTpUIAJIM YHUHHUHT TYJI0B Matpumacu (m + n + 1)-raptubnu ymoOy marpuiia
Ownan Oepunaau:

0 A -B

-A" 0 C'

B -C 0
0y epaga A — UIIM HUHT 4YeKJIaHUILIAP CUCTEMACHHUHT Marpuiacu; B — 0301 VHT
ToMOHMap Marpunacu (Bektopu) ; C — wmakcan QyHKOUS Y3rapyBudMigapw  OJIUIATH
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kodddurmentiap sekropu; AT, BT, CT — Tpancnonupnanran 4, B, C matpunanap.
Arap UIIM xylinnaru Kypunuiga oepuiarad 0yica

n
L(X)=cx=Y_c,X; = min,
=i

AX <b,
x>0.

y X0J1J1a MaTpuLaiu yitun (m + n + 1) Yr4oBiau yimoy TYI0B MaTpHIIacura sra Oyiiaiau:

0 A" -B
A 0 C
B —-C" 0

Mucoa 4. YmOy YIIM ydyH MaTpunanu YiuH KypHHT:
L(X) = 2x, +3x, > max,

2%, + X, <10,
—X, +3X, <12,

X; >0,j=12.
Eunm. benrunaiimus:

A:{_Zl ﬂ,B:Eﬂ,C:[z 3]

Tpancnonupianran maTpuanap

AT :E ﬂ,BT =[10 12],CT {ﬂ

m+n+1=2+2+1=5.

XKaso6. bepuiran UIIM yuyH MaTpunianu yiuH ymoy TYI0B MaTpHIlacura sra:

[0 0 2 1 -10]
0 0 -1 3 -I12
2 1 0 0 2
1 30 0 3
10 12 2 -3 0

10.6. “Taduar” Omiaan yiiun

IOkopuparn marpunanu yiuMHIapAa MKKATAa KU3MKUIUIAPU KapaMa-Kaplid YHWHYWIap
uiTupok otuigd. UIyHuHr y4yH, xap Oup YHMHUMHUHT XaTTH-XapakaTd V3 IOTYFUHU
(MarnyOusATHHM) Kynatupuim (kamaiTupuini)aad ubopat 3au. Jlekun 6ab3u VitmHiapra oiaud
KeJTaJuraH Macanajapaa MabJiyM OMp aHUKMACIHKIap MaBXKyJ, Oy aHUKMAcIIHK, XapakaTiap COaup
STUII YYyYH MabOYMOTJIAPHUHT HYKIUTHUIaH, KaMIUTHIaH KeanO ynkaau (00y-XaBi, Tanad-3xTHEK
Ba X.K.). by mapoutnap yiuHunra OornmuK OynmacnaH, oObeKTHB cababmap Tydaitim kenud
yukaau. byHmait yitmanap tabuar Owian yitun ne6 aWrtunamu. MHCOH Tabuar OwiaH yiwHIapia,
9XTUET OYMHMO Xapakar Kujdaau, UKKHHYK YHUHYM dca (Tabuat, Tamab-sXTuéx Ba X.K.) Tacoauduit

XapakatjaaHaIu.
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Bapubup, Yiiun mapriapu Tyn0B Matpunacu Ounan 6epunamu: A=[a;] .-

OnTuMman cTpaTerusiHi TaHiamga Oup Heya KpUTepHiliap MaBxya:
1. Kputepuii Banpie. MakCMHUH CTpaTeTUsiCHHU KyJutam Takimud stunagu. Y ymoy
HIapTAAaH aHUKJIAHAAU Ba YUMHHUHT Kyl 6aXOCUra TeHT:

o =min max a;
! J

Kpurepuii  meccumuctuk Oynub, ¢apa3 KUIUHAIUKK, TaOMaT HMHCOHTa CaJIOMiA
MyHocabata 0ymaau.
2. MakcumyM kputepuiicu. Y ymOy MapTnaH aHUKIaHAaIl Ba YHMHHUHT IOKOPH
0axocura TeHr:
b= m?x miin a;

Kpurepuit ONTUMHUCTUK OynmmuO, ¢apa3 KuIMHAIWKK, TaOMAaT WHCOHTA MKOOHIA
MyHocabata Oynanu.

3. I'ypeur kpurepuiicu. Kpurepwuii ymoy dopmyna OunaH aHUKJIaHAIWTaH CTPATETHsHHA
TaKJIA( KATaIH:

y =max{tmina; +(1-t)maxa;}

Oy epna t—ontumusm kodhdunuentu 6yiuo— [0, 1] kecmana y3rapaau.

I'ypBuil kputepuiicu ypradya mo3uLMsHU 3rauiad, QoiinanaHyBuu-yHUHYM WHCOH Y4YyH
TaOMaTHUHI XaM SIXIIH, XaM €MOH MMKOHUATIapuHU xucobra onanu. Kpurepuii t = 1 Banbae
Kputepuiicura, t = 0 — 1a MakcuMyM KpUTepHiicura aiyiaHaiu.

4. CoBumx  kpurepuiicu.  KpurepuilHMHr  MabHOCH  IIyHAAW  CTpaTErUsHU
TaHJIAIIKU,MyMKHH OYJIraH HYKOTUIUIAPHUHT SHT KWYUTHra Wyn Kyiumaup. ByHuHr yuyH aBBaio,
xaB(aap MaTpULlacu TY3WJIAJW,YHUHI JIEMEHTJIApHU,arap SHI SIXIIM CTpaTerusl TaHaad oJiMHMaca
¢upma (MHCOH) KaHuya 3apap KypumuHM Ounaumpamu. llynaan cyHr sHr ku4mk Xasdra moc
cTparerus TanjaaHaau. Xasduap MaTpuuacu ymoy ¢opmynanap OuiaH aHUKIaHa U

j = Maxa; —a;,
Oy epaa Maxaij — yCcTyHIarn Makcumal 3JieMeHT. ONnTuMal cTpaTerus Kyuaarnda TOnuaaan

o = min{max(max a; —&;)}

10.7. KopxoHaHMHT UIILIA0 YUKAPHII MPOrPaMMAaCHHM XaB(-XaTapJInK Ba aHUKMACIHK
HIAPOUTJIAPUAA MATPULAIM YIHHJIAP €épaAaMUAa AHUKIALI

"@apmaneBT" ¢upMacH peruoHga MeIWKaMEHTIap Ba OHOMEAMKaMEHTJIap MIUIad
YUKApYBYM KOpXOoHaaup. Mabnymku Oab3u nopmiiapra Tanabnmap €3ma (fopak-KOH, ajIeprHK),
6ap3u mopuiapra tanabnap 6axop-Ky3 (aHTUMHGEKIMOH, HyTanra Kapiiu) JaBpiapuaa Kydasiu.
CeHTA0pb-OKTAOph oOinapuia AOPUHMHT wApTAd 1 OupiuruHUHr Hapxu-20 c.(ropak-KoH,
IJIEPTUK), MKKWHYY Tpymnacura (aHTUMH(EKLMOH, iyTaora Kapim)-15 ¢.H1 TallKui 3TaIu.

@dupMaHUHT MapKEeTHUHI XH3MaTH MabJIyMOTJIapura kKypa, Oup Heda HWuiiap JaBOMUIA
Ky3aTWJITaHKU, UCCHUK Ky3/1a, 1-Tpymnmna kacauikiap yuayH 2 oiaa 3050 maptiau 1oHa OUpIIKK 0pH,
2-rpynna yuyH -1100 nona maptiu gopu cotwirad. CoByK Ky3 IIapOMTHIA YITAPHUHT COHH MOC
paBumaa 1525 ta Ba 3690 TaHu TaIIKWII YTaau.

OOy XaBOHMHI Y3rapulIMHMA XHcobra oau0, (UPMAHUHT ONTHUMANl CTPATETUSCH
aHukiancuH. ®upma l-rpynma  gopunapHuHT maptm 1 Oupauruaun 40 cym, 2-rpymnma
JOpUJIApUHUHT | OUpIUTUHUHT HapXuHU 30-CYyMIaH COTMOKYH.

Eunm. ®upmanuHr 2 Ta cTpareruscu 0op.

A1 — Oy iinn 00y xaBo uccHK Kenaau. A, — Oy iut 00y-XaBo COBYK KeNaH.
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Arap ¢upma Ai cTpaTterusiHM KyJulaca Ba XaKMKaTaH XaM XaBO HCCHK Kkeica( Tabuar
crpaterucu By), y Xxonga unurad yukapuiarad xamma gqopu (3050 mr.6. 1-rpymma gopuiaapu Ba 1100
11.0.2-Tpymima JOpuiiapy ) Tylia COTUIIAIN Ba JapOMaJl TEHT OYaau:

3050*(40-20)+1100*(30-15)=77500 c.

CoByK Ky3 mrapouTaa (TaOMaTHUHT B2 CTpaTervsicu ) NOPHJIAPHUHT 2-TPYIIAacH Tyiia
coTwianu Ba l-rpynmacunan 1525 m1.6. moHacu coTwimnO, MabiyMm OMp KUCMHU COTHJIMA KOJaIH.
Hapoman Oy xomaa TeHT Oynaau

1525*(40-20)+1100*(30-15)-20*(3050-1525)=16500 .

Xynau myHzaai, arap pupma A2 crpaterusiiu KaOyil Kuiica Ba ,XaKMKaTaH XaM Ky3 COBYK
KeJca, 1apoMajl TeHT Oyiaau

1525*(40-20)+3690*(30-15)=85850 c.
Hccuk xaBona gapomas TeHr 6yiaau
1525*(40-20)+1100*(30-15)-(3690-1100)*15=8150 c.

®upma Ba TaOMAaTHU UKKU YitnHUM 10, OU3 TYIOB MaTpUllacura KellaMus:

77500 16500
8150 85850

a = max(16500,8150) =16500c.,
B = min(77500,85850) = 77500c.

Vitun 6axocu ymby amanasonga éragu 16500 c. < v < 77500 c.

TynoB marpunacuaan kKypuHaauku, 6apya mapoutiapaa upma gapomaau 16 500 c.nan
KYTI, JICKMH XaBO IIAPOWTH TaHJIAHTaH CTpaTerus OWiIaH Moc Tymica, pupMaHUHT napomanu 77500
OYIUIIN MyMKHH.

VHMHHUHT eUMMUHM TOTIAMHUS3.

®upmanunr 4i cmpameeua Kyanaws sxmumonunu Xi , 1=1.2, paBmanku, X; =1-X,.
Vitnaau rpaduk ycynaa eun6 tomamus: X = (0,56; 0,44), yitun 6axocu V=46 986 p.

Jlopu uiiad YMKUITHUHT ONITUMAJ IJIaHU TEHT OYynanu:

0.56*(3050:1100)+0.44*(1525:3690)=(2379;2239.6).

Mynnait kunub, ¢upma ceHTsIO0ps Ba OKTAOph oinapuna 2379 m. 6. l-rpynmna mopu-
JapMoHiIapy, Ba 2239,6 m.0. 2-rpynma JopHu JapMOHJIApW WIUIA0 YHKHUINA Kepak dKaHKH, YHUHT
napomaau 46 986 c. maH kam OynMmac KaH.

Hoanuxnuk mapoutuaa, sSpHM (upmMa sHa OoIIKa apajaml CcTpaTervsuiap Hiuiarca
(Macayian, OOIIKa TalIKWIOTIAp OWJIaH HIapTHOMAajap Ty3ca), Y XOJiJa ONTHUMall CTpaTeTrUsHH
aHMKJIAII Y9yH Ta0MaT KPUTCPUIIApHHN HIIUIATaAMH3.

1. Banbnae xpurepuiicu:

max(minajj)=max(16500,8150)=16500 c.,

@dupma A1 cTpaTeTUSIHH UILIATTAaHH MABKYII.
2. MakcumyM KpUTEpUHCH:
max(minaj;)=max(77500,85850)=85850 c.,
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@dupma Az cTpaTervsiHA UILIATIAaHA MabKYIL.
3. 'ypBuma kputepuiicu: anukiauk yayH t = 0,4, necak pupmMaHuHT A1 CTPATETUACH YIYH

tmina, +(L—t)maxa, = 0.4*16500+ (L 0.4)*77500 = 53100c. .

Az cTpaTerus y4yH

tming; +(1-t)maxa; =0.4*8150+(1-0.4)*85850 = 54770c

III.x. dupmara A» ctparerust Kynpok Had Oepaam.

4. CoBumk kputepuiicu. 1-ycTynna makcuman sneMeHT TeHr — /7 500, uxkkuH4H
yCTyHJIa MakcuMal sneMeHT TeHr — 85 850.

XaB(p matpunacuuu ymoy dopmynagaH TONaMu3:

rij = Mmax aij —aij

Oy epman ri1 = 77500 - 77500 = 0, ri2 = 85 850 - 16 500 = 69 350, r.1 = 77 500 - 8150 = 69 350,
r2 = 85850 - 85850 = 0.

XaBd Marpuiacu KyWuaarda KYpuHUIIHU onaau Ba CIBUDK CTPATETUSACUHUHT KUHMATH

0 69350
69350 0

min{max(max a; —a;)} = min(69350, 69350) = 69350c.

TCHT

yHAal Kuinb, Ai €k A2.cTpaTerusHU KyJUlaraH MabKyJl.

K¥punubd typubnuku, okopuaa KYypuiran xap OMp KpuUTepuil aloxuaa —anoxuja Kapop
KaOyJT KWJIWII Y9yH KOHUKapiau ne6 Oynmaiinu. dakaTruHa, yJapHU OuMpraaukaard TaxJIMIMTHHA
Kapop KaOyJ KWIKII yuyyH cabad OYIuIy MyMKUH.

OXTUMOJUTAPHUHT MabJiyM TaKCUMOTHIA SXIIUTHHA KPUTEPHH cudaTtnga FOTYKHHHT
MaTeMaTHK KyTUJIMACHHUHI MaKCHMYMUHH OJMII MYMKHH. MacanaH, UCCUK Ba COBYK XaBOHHMHI
sXTHMOJIIapu Ooup xuin 0yncuH Ba 0.5 ra TeHr OyicuH. Y xonaa GUpMaHUHT ONITUMAJ CTPATETHICH
ymoy ¢popmyna OuiaH aHUKIIaHAIH:

max{(0.5* 77500 +0.5*16500); (0.5*8150 +0.5*85850)} = max(47500, 47500)

ynnait kunuo, pupma A1 Ba A2 CTpaTerusuIapHU UIIATUIIHN Kepak dKaH.
10.8. MALIKJIAP

Ontuman ctpaterusuiap YUMHHUHT 6aX0CH TOIHJICHH.

1 4

2 5 10 5 2
10.1. A= . 10.2. A= 10.3. A=|3 -2
6 4 1 97 0 5
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4

9
104. A=

5

|6

3
10.6. A=|4

12

© O© w

P W

2 31 4
10.5. A=
3 2 41
8
1 5 8 5
6 2 1 10.7.A:6
4 7 20
3

UIIM yuyyH MaTpulajid YUUH KypHJICHH.

9.8. L(X) =X, +2X, -X, — max:
X +X, =% £1,2% —3%, + %, <2,X; 20, ] =1..3.

Marpunanu yiiuH épaamMuaa e4YuiICHH.

9.9. CaBago TamKWIOTH SHTM OYMJIAETraH spMapKaga WIITHUPOK ATHII y4yH 0030p
KOHBIOHKTYPAaCH Ba XapHUJOpJIAPHUHI TanaOupu YpraHuO, TOBapjapHU COTHILIHUHI OMp Heua
BapuaHTHHU a0 ynkau. Capronan onuHaaural ¢oinanap x. 9.12 na kenTupuiras.

AHMKJIaHT. a) COTULIHUHT ONTUMAJ IUTaHU Ba YIHH 6axocu TONWICHH,

0) casro tamxuiaotu C1 — 30%, C; — 30%, C3 — 40% Oymumm yuyH KaHpmai
CTpaTeTusiHU KaOysl KWJIUILIN Kepak?

w N M~ O

N O W b~

R w NN O

N O W -

Cotuinn pexacu JlapoMaj MUKIOPH, MJTH C.
Cl C2 C3
111 2 1 3
Il 1 2 3
I13 2 3 1

AK.10.12

9.10. Kopxona aHmkmac 0030p KOHBIOKTYpacH MMAPOTHAA SHTH TOBAPIAPHUHT Y9 XU
napTUsACUHU HIIad Yukapagu. Anoxujga MyMKUH Oynran xomatinap Pi, P2, P3, P4, Ba Oy
XoJlaTiapaa Xap Owp BaumaHT Oyiinua TOBapjapHU HWIUIA0 YUKAPHUIN XaXKMIapU MabiIyM Ba
YIAQPHUHT MIAPTIU 3XTUMOIUTapH XK. 9.13 na Gepuras.

2K.10.13.
Maxcyior B030p KOHBIOKTYPaCHHHMHT Xap XWJI [IapOTIapuIa MaxCyIoT
UIDTa0 YUKAPHIIT XKMH

P1 P2 Ps3 P4
M; 0.4 0.1 0.2 0.3

2.2 3.8 2.8 3.2
M3 0.3 0.2 0.1 0.4

2.6 2.4 3.1 3.3
M3 0.2 0.3 0.2 0.3

3.0 2.0 1.8 25

ToBapnapuu oMMaBHii UITA0 YMKAPUII XAKMIAPUHUHT PEXKACcH TOMUIICHH.
9.11. ®upma TamabyaH OoJaJApHUHT KYWHAKJIapW Ba KOCTHIOMJIAPWHH HILIA0 YMKAIIH.
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VYnapau cotum o0y xaBora 00rnuK. PUpMaHUHT aBryCT-CEHTAOpAaru xapaxatmiapu 1 Ta ToBapra
KyHugarnda: KyiwHak — 7 mya Oupiaurd, koctromiap — 28 1m.6. YiapHu COTHII HapXJjapu MoC
pasumaa 15 Ba 50 m.6.

Kym #imnnuk ky3aryBra acocaH, uccuk o0y-xaBoga 1950 Tta kyitmak Ba 610 Ta xocTioM
COTUJIA/IH, CIIBYK 00y-XaBoja Oy kypcaTkuaiap — 630 kyitnak Ba 1050 kocTromaan ubopar.

OO0y xaBoHHM Yy3rapuiura kapad, GpupMaHUHT TOBAp MILIA0 YMKHUII CTPATETUACUHH HIILIA0
YUKUHTKY, YHJIAH (Qupmara SHr Kym jgapoMaj KeincuH. Macananu rpaduk ycynga Ttabuar
KpUTepHiiaapu acocua edrar. Ontumusm napaxacuau t = 0,5 e onuHr..

MvyHpapuxara
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