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0 ‘zbekiston oliy o ‘quv >111! la ri cia ko‘p bosqichli xa’lim tizimi 
joriy etilib, bakalavriat va magistraturada rautaxassislar tayyorlash 
yo'lga qo'yilgan. Bu esa oliy o ‘quv yurti o‘qituvcbi!aridan jahon 
andozaiariga to‘ia javob beradigan. mustaqillik talab va ebtiyojlariga 
javob beradigan bakalavr va magistrlar o'quv rejasi, o'quv rejaga 
to'ia inos keluvchi o'quv dasturlari, oliy kasbiy ta’lmming davlat 
standartlari asosida darslik, uslubiy qollanm a, o ‘quv qoMlanma 
kabi adabiyotlarning yaratillshini taqozo etadi. Ushbu darsükda 
malematik programmalashtirish faniga tegishii masalalarni yechish 
metodikasi nazariy va amaliy ji bat dan keng koMamda berilgan. 
Darslikda matematik modellarning optimal yechimlarini EHM ni 
qo'Uab yechish uchun matematik modeilar original usuliarda yoritib 
berilgan.

Ushbu darslik lotin aliibosida birinchi marta chop etilganligi 
bois ayrim kamcliiliklari bo iisln  mumkin. Shuning uchun bu 
darslik bo'yicha bildiiilgan barcha taklif va fiki-lar muallif tomonidan 
manmuniyat bilan qabul qilinadi.

Muallif
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KIRISH

Matematika fanining fundamental rivojlanishi boshqa fanlaming 
ham rivojlanisliiga olib keldi. Hozirgi vaqtda matematika usullari 
qo‘llamlmagan fan va texnikaning biror sohasi yo'q. Xalq xo'jaligini 
rejalashtirish va boshqarish masalalari juda murakkab boiib. bu 
masalalarni yechish uchun matematik modellami qo‘llashga to 'g 'n  
keladi.

Ayniqsa bozor îqtisodiyotiga o‘tish davrida va undan keyin 
barcha iqtisodiy m asalalarni yechganda m atem atik m odel- 
lashtirishning tatbiqi juda katta ahamiyatga ega bo'ladi. Shuning 
uchun darslikda har bir masala iqtisodiy masala ekanligiga asosiy 
e 'tibor beriladi. Misol va masalalar shundav tanlab olinganki, 
talabalar uni yechganda ortiqcha tashvishga tuslimasin. Har bir 
mavzuni boshlaganda bu mavzuda qo'llaniladigan nazariy qismlar 
sodda holatda berildi. Shu bilan bir qatorda har bir mavzuga doir 
m asalalar yechildi. U m um an, darslikda ham m a mavzularga 
atroflicha tushunish uchun kerak bo'lgan barcha nazariy va amaliy 
usullar ham berildi. Masalalar tuzilganda, ulami soddalashtirishga 
harakat qilindi. Masalalar shunday tanlab olindiki, kelgusida bu 
masalalarni EHM  da hisoblash mumkin bo'lsin. M asalalarni 
tanlashda juda ko'p adabiyotlardan foydalanildi.

«Matematik programmalashtirish» fani quyidagi boiim larni o'z 
ichiga oladi: optimizatsiya usullari, o ‘yinlar nazariyasi, stoxastik 
usullar, iqtisodiy usullar, chiziqii programmalashtirish, modellaming 
sezgirlik darajasining tahlili, ikki taraflama baholash, chiziqsiz 
programmalashtirish, Lagranjning ko‘paytmalar usuli, qavariq 
programmalashtirish masalalari, Kun-Taker nazariyasi, kvadratik 
programmalashtirish masalalari va boshqa asosiy tushunchalar.

Xalq x o ‘jaligining iqtisodiy m asalalarini yechish uchun 
yuqoridagi usullar keymgi vaqtda ko‘p qoilanilmoqda. Le kin shuni 
ham ta ’kidlash lozimki, barcha ishlab chiqarish korxonalarining
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mablag' va xomashyo bilan ta’minlanishi chegaralangan. Shuni 
hisobga olib, iqtisodiy masalalar yechiiganda bu yechimlar ichida 
kerakli yechimlarm tanlashga to'g'ri keladi. Denude, har bir aniq 
iqtisodiy masalani yechish uchun harakat programmasini nazariy 
va arnaliy asoslab berish kerak.

Vuqoridagi usullarni fäsavvur qilish uchun bir nechta masalalar 
yechib ko‘rsatiladi.

1. Materialiarni optimal bichish masalasi

1-masala. Yarimtayyor mahsulotlar korxonaga to'qilgan rnate- 
riallar, ternir, taxta va oyna varaqlari sifatida keltiriladi. Bu 
yarimtayyor mahsulotlardan iloji boricha ko'proq detallar to ‘plami 
tayyorlash talab etiladi. Shu bilan birga quyidagi shartlar bajarilishi 
lozim. Jami n partiya material bo'lib, i partiya birlikka ega. 
To’plam esa m xil turli detaldan iborat. Har bir to ‘plamga esa k  xil 
detaldan p.. ta kiradi. Yarimtayyor mahsulotlar birügi s ta turli 
usul bilan bichilishi niumkin.

/ partiya yarimtayyor mahsulot j  usul bilan bichilganda k  xil 
detaldan ajkj ta hosil b o ladi deb faraz qilaylik.

X., bilan /-partiyaningj usul bilan bichilgandagi soni (miqdori)ni 
belgiiayhk. Bu usulda bichilgandagi k  xil detai miqdori a/kxij bo‘ladi. 
Bichishning barcha usullaridan hosil bo iad igan  k  xil detal

.S

soni X  aiigx ij ga teng. Har bir partiya material belgilangan k  xil
/=i

detaining k  xil umumiy soni quyidagicha ifodadan aniqlanadi.
.s s s n s

X a \kjX \ j  +  X a W X 2 / + • • •  +  X V n j  =  X X a W X ii .
j =I 7=1 j= \  (=1 7=I

Har bir to'plain k  xil detaldan p k taga ega. Shuning uchun k  
xil detal bilan ta’minlangan to'plam soni quyidagiga teng:

n s
z k = x x % % .

f=l 7=1

To‘plam barcha xil detallar bilan ta’minlangan bo‘lishi shart, 
ya’m materialiarni optimal bichish masalasida shunday x;i sonlarni



topish kerakki, ular Zk nisbatining minimal qiymatiga maksiinum 
qiymat bersinlar, ya'ni

Z k > Z  (k = ü i )  (1)

shart bajarilganda Z  ga maksiinum qiymat berish talab qilinadi. 
Shu bilan bir qatorda

(i = l,n )  (2)
M

X y >  0, ( i  = l,n , 7 = 1,«). (3)

Yuqoridagilardan ko‘rinib turibdlki, (2) formuladagi shartlar,
/-partiya qt birlik materialga ega bo'lganligini, (3) formula esa
mahsulot sonining manfiy bo'lmasligini ko'rsatadi.

2. Transport masaiasi

2-masala. Samarqand viloyatining ikkita bazasidan uchta 
tumanga bir jinsli tovarlarni tashish kerak bo'lsin. Tovarlar zaxirasi 
birinchi bazada 400 tonna, ikkinchi bazada 600 tonna. Birinchi 
tumanning tovarga ehtiyoji 350 toima, ikkinchisiniki 450 tonna va 
uchinchisiniki 200 tonna. Birinchi bazadan uchta tumangacha 
bolgan masofalar mos holda 10 km, 20 krn va 30 km. Ikkinchi 
bazadan uchta tumangacha bolgan masofalar mos ravishda 40 
km, 50 km va 60 km ga teng. Tumanlarga tovar tashish xarajatla- 
rinmg optimal variantlarini topish talab etiladi.

Bu masalani yecliish ucliun quyidagi jadval tuziladi.
1- jadval

Baxalar Tovar
zaxiraiari

TuHianlar

1 3

Jomboy 400 t 10 20
X I2

30
*13

Juma 600 t 40
*21

50
X̂2

60
x2}

Tovariarga 
bo‘lgan talab 1000 t 350 t 450 t 200 t
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Tumaiilaming bazalardan olgan yuklarixÿ (/' -  1,3, j  -  1,3) har

xil taqsim lam shi mumkin. Misol uchun 1-bazadagi yuklarni 
quyidagicha taqsimlash mumkin:

xu =150, .V|2 =150. x13 - 100 t
2-bazadagi yuklarni esa mos ravishda iste’molchilarga quyidagicha 
taqsimlanadi: x21 = 200, x22 = 300, x23=100 t.

Bu taqsimot bo'yicha transport xarajatlari quyidagicha bo'iadi:

Ft =150 10 + 150 - 20 +100 -30 +
+200 ■ 40 + 300 • 50 +100 ■ 60 = 36500 m.km.

Agar x, iar ikkinchi marta boshqacha tanlab taqsimlangan, 
ya’ni

Xu = 50 m, x12 = 200 rn,
Xj3 = 150 m ,x 2i = 300 m, x22 = 250 m ,x2i = 100 m. bo'lsa,

u vaqtda transport xarajatlari quyidagicha bo'iadi:
F2 = 50 • 10 + 200 • 20 + J 50 • 30 + 300 ■ 40 + 250 • 50 + 100 60 = 39000 m.km.

1- va 2- variantlardagi xarajatlari!ing farqi quyidagicha bo'iadi: 
F2 -  /j  = 39000 m.km -  36500 m.km -  2500 m.km .

Demak, transport xarajatlari oshadi. Ya'ni F{ F1 dan ko'ra 
yaxshiroq. Shunday qilib. F. ko'p variantlari ichidan optimalini, 
ya'ni eng kam transport xarajatlarini talab qiladigan variantni topish 
kerak.

Birinchi jadvalga asoslanib, quyidagi matematik modelni tuzish 
mumkin:

Xj, + x ,2 + x ,3 = 400.
x2, + x22 + x2? = 600.

• x u + x21 = 350,
X|2 + x 22 = 450. ^
xi3 + *23 = 200.

Bu shartlarga asoslanib, transport xarajatlarini quyidagicha 
yozish mumkin:
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F  = Юл'ц + 20x12 + ЗОх13 + 4 0 x 21 + 50x22 + 60x23. (5) 
Shunday qilib, (4 ) sistemanmg shunday musbat yechimlarini 

topish kerakki, (5) chiziqii forma (maqsad flinksiyasi) minimum 
qiymatga ega bo'lsin.

3. Ratsion haqidagi loasaia

Faraz qilaylik, mahalliy sayyohning bir oylik ratsioiiini 12 kg 
birlik. ya'ni tarkibi tashkil topgan mahsulotdan iborat. Sayyohning 
ratsioni gc'sht, makaron mahsulotlari va sabzavotlardan iborat.

Mahsulotlar tarkibi bo‘yicha m a’lumotlar quyidagi jadvalda 
berilgan.

2- jadvai

Ko‘rsatKich!sr Birlik
oMchovf

Sabza- 
votlar, X,

Makaron 
mahsulotlari, x7

Go4- 
shî, x,

Jam! kerakli 
mahsulotiar

Oqsilning koef- 
fitsient birligi kg 0,18 0,24 1,2 12

Oqsilning
miqdori t 10 8 200 1000

Vita miniar m, 15 1 1,5 450
1 kg ning nanti tiyin 1 1,2 7,5

Masalaning matematik modelini tuzing. 
Jadvalga asosan quyidagi model tuziladi:

0,18xj + 0,24x2 + 1,2хз -  12, 
lOXi + 8x2 + 200x3 > J 000, • ^
i5xj + lx 2 + 1,5x3 > 450.

x,>0, x2>0. x ;>0.
Chiziqii funksiya esa quyidagi ko‘rinishga ega bo'ladi:

F  (х,,х,.х3)=1х1+1,2хл+ 1,75x,. (7)
Shunday qilib, (6) sistemaning shunday nolli va musbat yechim­

larini topish kerakki, (7) maqsadli funksiya qiymati minimum 
bo'lsin.

Bunday masalalarni yechish hollarini keyingi mavzularda 
ko'ramiz.



I BOB
CHIZIQLI PROGRAMMALASHTIRISH

I-§. Chiziqii pi ogi ammalashtirishning asosiy masaiasi va chiziqli 
progranmialashtirish masalalarini asosiy masalaga keltirish

Chiziqli program m alashtirishning asosiy masaiasi ta ’riiini 
quyidagicha berish mumkin.

Bizga chiziqli funksiya (maqsadli funksiya)

F  = c,xL + c2x2 +... + c„xn (1.1)

va «-noma’lumli m-ta chiziqli tenglamalar sistemasi

a\\Xl + °12X2 + ••• + a\nXn ~ A>
«21*1 + a22X2 +"- + a2nX„ = ¿2* ►

amiXl + am2X2 + -  + <>mnXn = K ]  ^
X, >  0 , X2 > 0 , ... , X„ > 0 .

berilgan bo'lsin.
Bu verda (1.2) sistemaning shunday yechimlarini topish kerakki, 

(1.1) chiziqli funksiya (maqsad funksiyasi) eng katta (maksimum) 
yoki eng kichik (minimum) qiymat qabul qilsin.

Maqsad funksiyasining eng katta yoki eng kichik qiymatlarini 
topish masalaning qo'yilishiga bog‘liq. Ishlab chiqarishda daromad 
d ish  talab etilsa, chiziqli funksiyaning eng katta (max) qiymatlari 
topiladi.

Agar ishlab chiqarishda xarajatlarni rejalashtirish kerak bolsa, 
u holda chiziqli funksiyaning eng kichik (mm) qiymatlarini topish 
talab etiladi.

K o'p masalalarni yechganda xp x2 ..., xn o'zgaruvchilarga 
qo‘yilgan cheklovlar chiziqli tengsizliklar sistemasi ko‘rinishida 
beriladi, ya’ni
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allx l +al2x2 +... + alnxn </>,, 
a2lxi + a22x2 + ... + a2nxn < ¡h,

«mi*i + am2x2 +... + amnxn < bm.
(1.3)

Har qanday (1.3) ko'rinishdagi shartlarni chiziqli program­
ma lashtirishning asosiy masalasidagi ko’rinishiga keltirish mumkin.

Haqiqatan ham, (1.3) sistemasining birinchi tengsizligiga y 1, 
ikkinchisiga y2 va h.k. /w-tengsizligiga ym qo'shsak. (1.3) sistemaga 
ekvivalent boîgan quyidagi sistema hosil boMadi:

anx j + al2x2 + ... + ahlx„ + y, = è,, 
a2]x ] + 022x2 +... + a2nxn + y-, = b2.

am\X\ + am2x2 + ... + amnxn + y m -  bm. 

Xi > 0 ,i = l , n , ..., y  i >0, j  = l,m

(1.30

Shuni qayd qilish kerakki, (1.30 chiziqli tengsizliklar siste­
masining yechimi (1.3) tengliklar sistemasini ham qanoatlantiradi 
yoki aksincha.

Tengsizliklar sistemasi quyidagi koiinishda

flnXj + ar2x2 +... + alnx„ > b{,

«21*1 + «22*2 + -  + a2nXn ^  k2,

«,.,1 * 1  +  « „ 2 * 2  +  -  +  V „  >  bm .

Xj > 0, / = 1, n , ..., y 'j  > 0, j  = 1, ni

(1.4)

bo'lganda ham masala yuqoridagi kabi yechiladi. ya’ni bu yerda 
musbat y t, y2 ym lar mos ravishda ayriladi. Demak, chiziqli 
program m alashtirish m asalalarini asosiy m asalaga keltirish 
mumkin. Shunday qilib, (1.2) sistemani 0 ga teng yoki noldan 
katta yechimlarini topish kerakki, (1.1) chiziqli forma (maqsadli
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funksiya) eng katta (max) yoki bo'lmasa eng kichik (min) qiymat 
qabul qilsin.

T a ’rif. (1.2) sistem aning m anfiy bo ‘lmagan har qanday 
yechimlar to ‘plamiga mumkin bolgan yechimlari yoki masalaning 
tayanch rejasi deyiladi:

F ( x {, x, ,  ... , x„)
Bundan keyin chiziqii iunksiya maqsad funksiyasi deb yuritiladi. 

Maqsad funksiyasini maksimumlashtiruvchi (mmimumlashtiruvchi) 
mumkin bolgan barcha yechimlariga optimal yechimlar deyiladi 
void optimal reja ham deb yuritiladi. ______

Chiziqii programmalashtirishning asosiy masalasini yechganda, 
odatda, simpleks usulidan foydalaniladi.

2-§. Simpleks usuli

Chiziqli programmalashtirishning asosiy masalasini geometrik 
usai yordamida yecliilganda tenglamalar sistemasiga va maqsad 
funksiyasiga kiruvchi o'zgaruvchilar soni qancha kam b o isa , 
masalani yechish shuncha osonlashadi. Agar o ‘zgaruvchilar soni 
juda ko‘p boisa, masalan, qavariq shald uclilarining soni bir necha 
million boisa, u holda maqsad funksiyasining eng katta (eng kichik) 
qiymatlarini topish hozirgi zamon hisoblash mashinalariga ham 
og‘irlik qiladi.



Haqiqatan ham, n! ta uchga ega boMgan qavariq ko'pyoqlik 
berilgan bo'lsin (l.l-chizm a). Masalani yechish uchun ko'pyoq- 
likixing n! ta uchlarining koordinatalarini topib maqsad fiinksiyaning 
bu nuqtalardagi qiymatlarini taqqoslash kerak. Agar operatsiyalar 
soni «>15 bo‘lsa, u holda masalanhig zarur bo'lgan yechimini 
topish hozirgi zamon hisoblash mashinalariga ham og'irlik qiiadi. 
Buni ko‘rsatish uchun Stirling formulasidan foydalaniladi:

Agar qavariq ko'pyoqlik uchlarining soni «=20 bo'Isa, masa-

ianing shartlari 2 ■ 101" dan ham oslii'o ketadi. Bu yerda qavariq 
ko‘pyoqiikning lozim bo'lgan uchi koordinatalarini tanlab oLish 
uchun sekundiga 10 million operatsiyani bajaradigan hozirgi zamon 
hisoblash mashinalariga 5000 yil ham kamlik qiiadi.

Yuqoridagi misoldan ko'rinib luribdiki. bundav masalalarni 
yechish  uchun  m axsus usu lla r ishlab ch iq arish  lozim ki, 
ko‘pyoqlikning uchlarini tanlash tartibsiz emas, balki maqsadli 
ravishda amalga oshirilsin. Masalan, ko‘pyoqlikning qirralari bo'ylab 
shunday harakat qilish iozimki, har bir qadamda maqsad funksivasi 
F ning qiymati maksnnum (minimum) qiymatga tomon tartibli 
ravishda intilsin (1.2-cJiiznia).



Simpleks usul birinchi bo'lib amerikalik olim D. Dansig tomo- 
nidan 1 9 4 9 -  yili taklif etilib, keyinchalik 1 9 5 6 -  yilda Dansig, Ford, 
Fulkeron va boshqalar tomonidan îo‘la rivojlantirildi. Lekin, 1 9 3 9 -  

yilda rus matematigi L.V. Kantorovich va lining shogirdlari asos 
solgan yechuvchi ko'paytuvchiiar usiiü simpleks usulidan ko'p farq 
qumaydi «Simpleks« so‘zi n -olchovli fazodagi n+ 1 ta uchga ega

bolgan oddiv qavariq ko‘p voqlikni ifodalaydi. Simpleks bu 2uxk -  1
A=1

ko'rinishdagi tengsizliklarning yechimlari sohasidir.
Simpleks usuli yordamida chiziqli programmalashtirishning 

ko‘pgina masalalari yechiladi.
Bu usul yordamida chekli qadamlarda optimal yechimlarni 

topish mumkin. H ar bir qadamda shunday mumkin bo ‘lgan 
yechimlarni topish kerakki, maqsad funksiyasining qiymati oldingi 
qadamdagi qiymati (miqdori)dan katta (kichik) bo‘lsin. Bu jarayon 
maqsad funksiyasi optimal (maksimum yoki minimum) yechimga 
ega bo‘lguncha davom ettiriladi.

Simpleks usulini tushuntirish uchun quyidagi masalani ko‘rib 
chiqayük.

Masala. Quyidagi tengsizliklar sistemasining

an xt + al2x2 +... + au xn < t\, 
a2lxl + a22x2 +... + a2nxn < b2,

W + W  + - + V »   ̂K-

manfiy bo'lmagan shunday yechimlari x = a p x2 — a v  
topilsinki, maqsad funksiya

F{Xy, x 2, ...,x„) = qx, + c2x2 + ... + c„x„

( 1 . 5 )

x -  o.

( 1.6 )

maksimum yoki minimum qiymatga ega bo‘lsin.
Bu masalani yechish uchun ( 1 . 5 )  chiziqli tengsizliklar siste- 

masiga shunday j p y2 yn manfiy boMmagan o‘zgaruvchilarni 
mos ravishda qo‘shib, quyidagi ekvivalent sistemani hosil qilamiz:
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anx , + an x2 +... + alnxn + v, = bf, 
«21*1 + a 22x2 +.. .  + a2nx„ + y 2 = b2,

4*1*1 «m2*2 «/w»*« J'm — A»

(1.7)

bunda Xj  >  0, y j  >0, i  =  1, n , y =  1, m .

U holda maqsad funksiyasi quyidagi ko'rinishda yoziladi:

F (.Xj, X 2 , •••) Ĵ 2 * ym) —

= C,JC, + c 2x 2 + ... + c „x „ + (1 .8)

+ 0 ^ + 0 .  >-2 + ... + 0 • ym.

Agar (1.7) danxj = x2 = ... = xn = 0 deb olsak, birinchi mumkin

bo‘lgan yechimlar to ‘plamiy} -  bj, j  = 1,m, .x, =0, / = 1, // hosii 
boMadi. Bu holda maqsad funksiyasi 0 ga teng, va'ni

F ( 0 , = 0 .

Simpleks usulini qo‘llaganda ketma-ket jadvallarni almashtirish 
ancha qulay boladi. Jadvalni tuzishga o‘tamiz:

1) eng yuqoridagi m + 1 satriga m aqsad funksiyasining 
koeffitsientlari joylashtiriladi;

2) jadvalning yuqoridagi 2-satriga o‘zgaruvchi xv x2 ,..., xn, y v 
y2 ,..., y j a i  yoziladi;

3) jc,, x2 ,..., xn larning koeffitsientlari jadvalning asosiy qismini 
tashkil qiladi (asosiy matritsa), y v y 2 yn; o ‘zgaruvchilaming 
koeffitsientlari esa bosh diagonal bo'yicha yozilib, birhk matritsani 
tashkil etadi;

4) jadvalning oxirgi satriga indekslar satri deyiladi va bu satr 
maqsad funksiyasiga qatnashuvchi o‘ zga ruvc hilarn i ng koeffitsient- 
larini teskari ishora bilan olingan koeffitsientlar orqali to ldiriladi.

Natijada quyidagi jadval hosil bo'ladi.
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Dastlabki berilganlarning asosiyjadvali

in-f-1 I II III C1 C2 . . . c„ 0 0 . . . 0
Maqsad
funksiya

satri

X1 *2 Xn y i y2 ym ruvcliilar
satii

1 0 y. b l a.. ai2 V 1 0 o" Birlik
matritsa

2 0 y2 b 2 2̂1 2̂2 hm 0 1
0 r

m 0 y« bm k i \>q. 0 0 lJ
! ndeks
satri u -si -S2 -C„ u u

Ns
Asosiy matritsaMaqsadli ustun \  O'zgannaslar ustuni 

O'zgaruvchilar ustuni

Bu jadvalga asoslanib, birinchi simpleks jadval tiiziladi.
Dastlabki berilganlarning asosiy jadvalini tahlil qilamiz. Indekslar 

satrini tahlil qilganda satr element larining musbat va manfiy qivmat- 
lariga e ’tibor beriiadi. Agar indeks satri elementlarining hammasi 
musbat bo'Isa. u holda mumkin boigan yechimini o'zgartirib bo‘l- 
mavdi va bit yechim optimal yechim bo'ladi. Faraz qilaylik, indeks 
satri elementlarining ichida bir nechta manfiy sonlar mavjud va 
bu manfiy son (-Sj) ga teng bo'lsin. (-s,) ni qora chiziqli to'rt- 
burchak ichiga olamiz. Bu ustunga yechuvchi ustun deyiladi. (-s,) 
joylashgan ustun elementlarini ham qora chiziq bilan chizilgan 
to‘rtburchak ichiga olinadi. Bu yerda shuni ham aytish kerakki, 
agar bordi-yu indeks satrida bir-biriga teng bir necha kichik manfiy 
sonlar bo'Isa, u holda chap tomondan boslilab birinchi katakdagi 
manfiy son tanlanadi. Yechuvchi satrni topish uchun o'zgaruvchilar 
ustunidagi sonlarni kalith ustundagi mos musbat sonlarga bo‘lib, 
ular ichidan eng kichik musbat son tanlab olinadi. Faraz qilaylik.

bu s o n ~  bo'lsin, ya’ni
12
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K  = eng kichik {— , ^ 1  = —
VaU a2l am2 J a\l

Birinehi simpleks jadvalda Sv Sv Sm+l ning qiymatlari quyi- 
dagicha topiladi:

il n
S { = \+ b l + ^ air S2 = \+ b 2 + ^ a 2i.

m ¡=i

Sm = 1 + K  + X  G":i ■
1=1

s m+i = o - X c , . .
/=1

m+i in m m m n

s  = X = /w+1+X 4 X X ̂ 2 /+• • •+X — X ■
/=1 /=1 ;=1 i= l i =I w

Ikkinchi simpleks jadvalni tuzishga o‘tamiz. Ikkinchi simpleks 
jadvalda o‘zgamvichilar ustuni o‘zgaradi. Bu ustunda yangi o ‘z- 
garuvchi x L yechuvchi satrdagi «, ring o‘rnini egallaydi. Ya’ni 
yechuvchi ustundagi o‘zgaruvchi yechuvchi satrdagi o'zgaruvchi- 
ning o‘rnini egallaydi.

Bundan keyingi jadvallarni tuzganda ham bu qoida saqlanadi. 
Birinehi simpleks jadvaldagi yechuvchi satrga ikkinchi simpleks 
jadvalda bosh satr deb ataladi va bu satrdagi har bir katak quyidagi 
formula yordamida to'idiriladi:

bunda:
K -  yechuvchi son;
O. — oldingi son;
B. ~  bosh satr elementlari.
Ikkinchi simpleks jadvalida bosh satrlardagi kataklar quyidagi 

formula yordamida toMdiriladi. Yechuvchi ustun bilan yechuvchi

16



Y  -satr kesishgan kataklarda turgan sonK ~ ga yechuvchi son
•*]i

deyiladi. Yechuvchi satr ham qora chiziq bilan to‘rtburchak ichiga 
olinadi. Dastlabki berilganlar jadvalining oxirgi ustnniga lekshirish 
ustuni joylashtiriladi. Tekshirish ustunidagi har bir son o'zgar- 
tnaslar ustunidan boshlab satrdagi sonlar yig'indisiga tengdir. 
Tekshirish ustunidagi sonlar yechuvchi ustunni topishda qo'llanil- 
maydi. Natijada birinchi simpleks jadval hosil bo’ladi.

Birinchi simpïeks jadval

M +l Í И in s , «»» s „ 0 0 «... e 0

X X \ V -y. —V-----

Тек-
shirish! 7 Г; •4 - m
iistimi

1 0 У, 4 a, a,2 A,in ] 0 0
S,
yechuv­
chi satr\

2 0 У, B2 3 2 \ U : A,2 0 0 1 0

4M 0 ym b ,„ a n, о a m., 0 0 J Sm
In-
deks
satri

Maq-
sadii
ustun

T1 II о ' f t с ,
\ 0 0 0 Sm+l

\
Yechuvchi son

Yechuvchi ustuni

Boshqa satrdagi kataklarquyidagi formula yordamida toldiriladi:

K {K 2
* ° 0 - -  *
Toshkent Axborot Texnologivalari Universitet Iblinda:

Oj — oldingi son; 
к — yechuvchi son Axborot Resurs Markazi
К — О ga mos boMgan yechuvclïï^âtrciâgrsôiTr
К, — O ga mos bolgan  yechuvchi ustundagi son.
Yuqoridagi formulalar asosida yangi elem entlarni birinchi 

simpleks jadval elementlari orqali hisobiab chiqsak. natijada ikkinchi

17



simpleks jadval hosil bo‘ladi. Bundan keyin maqsadli satrni 
yozmasak ham bo'ladi, chunki bu satr elementlari keying! jadval- 
larda qo‘Iianilmaydi.

Ikkinchi simpleks jadval

M+l I 11 ill X1 X2 . . . xn S1 S2 . . .
Tekshirish

ustuni

1 0 xl p, su=l S12 S,n Va,, 0 0 S', -bosh 
satr

2 0 У, F2 c2l=0 C22 C2„ d21 d22 S',

M 0 У» f!E C m l-
=0 Сш2 Cmn <J«i

D
m2

dmn S',„

In-
deks
satii

p\ «1 a. «о ß, ß2 ßm S'm+t

Bu jadval kataklaridagi sonlar quyidagilarga teng:

-S.' = + —  + i % .
a\ i /=i

S'2 =F2 + l c 2i + Z d2r
/=1 7=1

n  m

\я  ~ Fm + X  X  ^’4 '
/=1 7=1

n m
• ^ , = ^ + 1 « , + i P y

i=l 7=1

Bosh satr elementlari:



,  _  I ; _ 0 _ n  I 0 „d\\ — 9 d \2 — — 0, d\n — — 0.
a \ 1 a \ I I

Ikkinchi satr kataklaridagi sonlar:

f  -  U “  ,  Ü I1Ö2J — A r  - nr l — °2 » C21 ~ ®21 ' — *-') ••••5 c2/i —

/«-satr elementlari:

F = h -  ^ Üml r  -  n  -  g'»laH -  fi -  n am\cl\nin m ■> *- “ m l u î  Lmn u nm
! I Ö11 f l l 1

,-/ _A ®J»1  ̂ ,/ _ I 0 • flmj“/«1 “ U --------5--•••, «;„2 ~ 1 -----
Û11

lndeks satr elementlari:

F l=0 - t * A ,  '

ön "ji

O' -  c (_C|)ön a  -  -«2 -  c2 , aw — cn -----------
a\ l ai i

Pl = o _ 1_Î=£l) ......... p,„ = o -  2_Çz £l_) = o.
\ Cl\ 1

sonlarning ham m asi m usbat bo ‘lsa, u holda bu jadvaldagi 
yechimlarga optimal yechimlar deyiladi va maqsad funksiyasining 
optimal qiymati

F\(F{, 0, 0, 0, 0, Ft, F3, t m) — clF] + c2 ■ 0 +... + cn ■
■0 + 0 0  + F2 0 + F3 0 + ... + Fm 0 = clF] 
bo‘ladi, bunda:

x i =F], x 2 = 0, a'3 =0, ...,xn = 0, 
y , = 0 ,  y 2 = F2, y 3 = F3, ..., y m = Fm '
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Agar indeks satrida manfiy sonlar mavjud bo‘lsa, yuqoridagi 
yechinilar optimal yechim bo'lmaydi. Shuning uchun yuqoridagi 
qoidalami ikkinchi simpleks jadvalga qollab, uchinchi simpleks 
jadval tuziladi. Jadvailarni almashtirish (yaxshilash) indeks satrida 
hamma kataklardagi sonlar musbat bo'lguncha davom ettiiiladi.

Simpleks jadvailarni tuzganda quyidagi qoidalarga asosiy 
e’tibomi berish kerak:

1) agar yechuvchi ustunda nol bo'lsa, kelgusi jadvalda shu nol 
turgan satr o'zgarmaydi;

2) yechuvchi satrda nol bo‘lsa, bu nol turgan ustun kelgusi 
jadvalda o'zgarmavdi;

3) har bir 0 ‘zgaruvchi ustun va mos o'zgaruvchi satr kesishgan 
katakdagi son 1 ga teng bo‘lsa, bu ustundagi boshqa katakdagi 
sonlar nolga teng.

Shu vaqtgacha maqsad funksivasining maksimum qiymatini 
izlagan edik. Lekin ayrim masalalarda maqsad funksiyasining 
minimum qiymatlarini topish talab etiladi, ya’ni

L  = -^nax = -ii* l -  C2* -  -  -  CnX„ yoki,
^ n a x  =  - F * *  =  Cl * l  +  C2X2 +  . . .  +  C„Xn .

Bundan ko‘rinadiki, masalaning maksimumini topish yetarli. 
Shunday qilib, har qanday maksimum qiymat talab qilingan 
masalalami unga ekvivalent bo'lgan minimum qiymatni talab qilgan 
masalalar bilan ahnashtirish mumkin.

Yuqoridagi qoida va formulalardan foydalanib, quyidagi masalani 
yechamiz.

1-masaia. Korxonada ikki tur buy urn ishlab chiqarish uchun 
uch xil xom ashyo ishlatiladi. Birmchi tur buyum ishlab chiqarish 
uchun birinchi xil xomashyodan 6 kg, ikkinchi xil xomashyodan 
3 kg, uchinchi xil xomashyodan 4 kg ishlatiladi. Agar korxona 
birinchi xomashyodan 600 kg. ikkinchi xil xomashyodan 520 kg, 
uchunchi xil xomashyodan 600 kg ta ’min etilgan va birinchi xil 
buyumni sotganda har bir donasidan 6 so‘m , ikkinchi xil buyumni 
sotganda esa 3 so'm foyda olganda, korxona ishlab chiqarishini 
shunday rejalashtiringki, olingan daromad maksnnal bo'lsin.

Yechish. Faraz qilayhk, birinchi tur buyumdan x1 dona , ikkinchi 
tur buyumdan x2 dona ishlab chiqarilsin.
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Masai an ing shartini x, va x2 o'zgaruvchiiarni o 'z  ichiga oigan 
quyidagi tengsizliklar sistemasi ko'rinishida vozish mumkin:

6 xj + 2 x 2 < 600,

4x, + 3x2 < 520,
(1 .9)

3xj + 4x2 < 600.

x{ >0. x2 > 0.
U  holda maqsad funksiyasi

F  (x,, x2 ) = 6x, + 3x2 ( 1 • 10)
bo'ladi.

D einak, (1.9) chiziqli tengsizliklar sohasida shunday manfiy 
b o 'lm a g a n  y ech im la rin i to p ish  kerakk i, m aqsad  fun k siy a­

si F ( xa, x2) maksimal qiymatga ega bo'lsin.
M asalani sitnpleks usuli bilan yechisb uchun (1.9) tengsizliklar 

sistemasi tenglamalar sistemasiga keltiriladi:

6xt + 2x2 + >’] = 600,

3X| + 4x2 + y3 -  600.

X, > 0 , x2 > 0, yv > 0, >>2 > 0 , >з > 0.
M aqsad funksiyasi esa quyidagicha bo'ladi:

F ( x 1,x 2 ,>’1, j '2,^ 3) = 6 x, + 3x2 + 0• >’, + 0• ,v2 + 0• >’3. (1.12) 

Agar (1.10) dan x,=0, x ,=0 deb olsak, u holda >,=600, y,=520, 
>-,=600 ga teng bo'ladi. Demak, birinchi bazisli yechimlar x^O , 
x,=0, y = 6 0 0 , у =520, >’,=600 bo'ladi. Endi maqsad funksiyasining 
bu yechimlarga mos qiymati topiladi:
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F (О, О, 600, 520, 600)=6 0+3 0+600-0+520 0+600 0М).

Bundan ko'Tinib turibdiki, ishlab chiqarish hali boshlanmagan. 
Simpieks usul qoidalaridan foydalanib, dastlabki beriiganlaming 
asosiy jadvali tuziladi.

Dastlabki berilganîaramg asosiy jadvali

I II III 6 3 0 0 0 Maqsad satri

*2 У] У, У.1
Ozgaruv- 
chilar satri

1 0 У) 600 6 1 0 0 Asosiy
ma iritsa

/ 0 У, 520 4 3 ► 0 1 0 .
Biriik
»matritsa

3 0 Уз 600 3 4 0 0 i

In-
deks
satri

Maq­
sad

ustuni

0 ‘z- 
ga rav- 
c hilar 
ustuni

F=0 ~6 -3 0 0 0 .

Dastlabki beriiganlaming asosiy jadvaliga asoslanib, birinchi 
simpieks jadval tuziladi.

Birinchi simpieks jadval

IV I II Ш 6 3 0 0 0 TekshMsh 
и sh¡r¡ !

xi X , У. y7 У,
1 0 Y, 600 6 á_ i 0 0 609 kalitli

\ satr
2 0 Y2 520 4 3 \ « 1 0 528
3 0 Y, 600 3 4 Vo 0 1 608
lndeks
satri

Maqsad
ustuni

F0=0 -6 -3
'1— “J J__ \\

0 0

Yechuvchi ustun Yechuvchi son
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Bu jadvaldan ko‘rinib turibdiki. indeks satrida manfiy sonlar 
bor. Bu sonlar ichidan eng kichigi topiiadi. Eng kicbigi {-6, -3} =  
-6 bo lgani uchun bu ustun yechuvchi ustundir. O'zgarmaslar 
ustunidagi sonlami mos ravishda yechuvchi ustundagi sonlarga 
bo‘lib, uiar ichidan eng kichigi topiiadi.

1600 520 ш г т  -  -
mm [ 6 4 3 J 6

Bu satrga yechuvchi satr deyiladi. Yechuvchi ustun va yechuvchi 
satr kesishgan katakda joylashgan K= 6 songa yechuvchi son 
deyiladi.

Simpleks jadval tuzish qoida va formulalaridan fdydalanib, 
ikkinclii simpleks jadval tuziladi.

Ikkinchi simpleks jadval

IV I II III xi *2 y, y. Уз
Tekshirish

ustuiii

III 6 xt 100 1 1/3 1/6 0 0 101—bosh 
2

satr

II 0 У2 i ; o 0 5/3^ -2/3 1 0
122
yechuvchi
satr\

I 0 Уз 300 0 3 V i /2 0 1 303-
2

Indeks
satri F,=600 0 -1

— i—
l \ 0 0 600

Yechuvchi ustun
Yechuvchi son

Indeks satrida manfiy son mavjud bolgani uchun ikkinchi 
simpleks jadval tuzilgani kabi uchinchi simpleks jadvalni tuzamiz.
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Uchinchi simpleks jadval

IV I II n i xi *2 y, y. y3 Tekshirish ustuni

I 6 xi 76 1 0 3/10 -1/5 0 7 7 1  
10

II ■->
*2 72 1 -2/5 3/5 0 7 3 — bosh 

satr ^

III 0 y3 272 0 7/5 -9/5 1
3

2 7 2 -
5

Indeks 
sa tri F,=672 0 3/5 3/5 0 673-

5

Shunday qilib, uchinchi simpleks jadvalning indeks satrida 
manily soniar yo'q. Shuning uchun bu jadval optimal program- 
madir. Optimal yecliim esa x,=76, x= 72, v,=0, y2—0, >’-,=272 ga 
teng. Bu yechimni (1.11) formulaga qo'ysak quyidagi hosii bo'ladi:

F (76, 72. 0,0, 272) = 6-76+3-72+0 0+0 0+0 272=6-76+3-72=672,

Fm»r672 S0‘m-
Demak. maksimum daromad olish uchun birinchi tur buyum- 

dan x,=76 dona, ikkinchi tur bu vu md an esa x,=72 dona ishlab 
chiqarish kerak ekan. Endi yuqoridagi simpleks usul bilan yechilgan 
masalaning geometrik talqinini beramiz. Oldin (1.8) tengsizliklar 
sistemasini qanoatlantiravchi soha chiziladi. Buning uchun (1.8) 
tengsizliklar sistemasi tenglamalar sistemasi ko‘rinishida yoziladi

( jc,. > 0 , / = Ü  ):

6X[ + 2x2 = 600,

4x, + 3x2 = 520.

3jq + 4x2 = 600.

V)

( n i )

x, > 0, x2 > 0. 
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Bi! sistemaga kiruvchi to 'g ‘ri cliiziqlarni chizib, yarimtekisliklar 
tashkil qilgan solia lopiladi.

x 42

\  30°

1.3-chirjna.

OABCD ko'pburchak uchlarining koordinataiari to ‘plami 
optimal yechimlar to ‘plamiga kiradi (1.3-chizma): 0(0; 0), ß(\4; 
119,5), C{76; 72), £(100; 0), .4(0; 150).

Endi maqsad fimksiyasining OABSD ko‘pburchakiiing uchla- 
ridagi qiymatlari hisoblanadi:

/ q(0; 0)= 0 so‘m,
Fa(0; 150)= 6 0+3-150=450 so'm,
FB( 14; 119,5)= 6 14+3 119.5 =84+358,5=442,5 so'm,
Fc(76; 72)= 6 76+3-72=456+216=672 so‘m,
FD(100; 0)= 6 100+3 0 =600 so‘m.
Demak,

/ ’max= m a X i / ’o» f A ' F V  f K ’  F U f = 6 7 2  S O ' m -

Agar sath chizig‘i 6xl+3x2=K bo‘lsa, K  ga 0,1,2, ... qiymatlar 

berib, C (6.3) vektori yo'nalishini o'zganirmasdan siljitib borsak,
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tayanch chizig‘i C nuqtada urinib o 'tadi. Maqsadii funksiya shu 
nuqxada optim al yechim ga ega bo 'lad i. Tayanch chizig‘ining 
tenglamasi: x2-7 2 = —2 (x —76); F{7 6 ;  7 2 ) = 6 7 2  so‘m  m aksim um  
daromad bo “lib, simpleks usul yordamida topilgan optimal yechimga 
mos keladi.

2-m asala, Quyidagi masalani chiziqli programmalashtirishning 
asosiy masalasi ko‘rinishida yozing:

2 x, + x3 -  x4 + x5 < 2, 

x, -  x3 +  2 x 4  +  x5 <  3,

2 x 2  + x3 -  x4 + 2 x 5  < 6 ,

x , + x 4 - 5 x 5 > 8 .

X|, x2, x3, x4, x5 > 0.

F ( X|, x2, x 3 ; x4. x5 ) ~ 3Xj 2x2 5x4 t  x  ̂ max.
Yeehish. Bu masalani chiziqli programmalashtirishning asosiy 

masalasi ko'rinishida yozish uchun mnsbat bazisli o'zgaruvchilar 
xb, xr  x8, x9 ni «<» belgi bo'lgan tengsizliklarning chap tarafiga
qo‘shiladi yoki «>» ishorasi bo‘lgan tengsizliklarning chap tarafidan
ayriladi. U  holda quyidagi hosil bo’ladi:

2 x, + x3 -  x4 + x5 + x6 = 2 ,

Xy -  x3 + 2 x 4  + x5 + x7 = 3,
>

2 x 2  + x3 -  x4 + 2 x 5  + xs = 6 ,  

x, + x4 -  5 x 5  -  x 9  = 8 .
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S h u n d a y  q i l ib ,  bu  m a s a la n i c h iz iq l i  p ro g ra m m a la s h t ir is h n in g  
a s o s iy  m asa las i k o ‘r in is h id a  y o z is h  m u m k in .  Q u y id a g i s h a rt la r

*1 *2> * 3 > * 4 * 5 ’ *6> *75 *8  J * 9  — О-

2 x j  +  x 3 — x 4 +  x 5 +  x 6 =  2 ,

Xj -  x 3 +  2 x 4 + x 5 +  x 7 =  3,

»

2 x -  +  Xn —  X* +  2 x< +  x <, =  6

X, +  x 4 -  5 x 5 -  x 9 =  8 .

*1 ’ *2 ’ *3 » * 4 1 *5 ’ *6 > *7 • X¡¡, Xq > 0
b a ja r ilg a n d a ,

F x 9)  =  3 x j — 2x2 — 5 x4 +  x 5 +  0 • x 6 +  0 • x 7 +  0 • x g +  0 • x 9 

fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .

3-masala. M a s a la n i q u y id a g i c h iz iq l i  p ro g ra m m a la s h t ir is h n in g  
a so s iy  m a sa la s i k o 'rm is h id a  y o z in g :

2 x j  x? — x 3 ■+■ x 4 ^  6,

X[ +  2 x 2 +  X ,  -  x 4 >  8,

3 x, -  x 2 +  2 x 3 +  2 x 4 <  10,

- X j  +  3 x 2 +  5 x 3 -  3 x 4 =  15.

X j , x 2, x 3, x 4 ä  0 .

F ( x ¡ ,  дс^, x 3, x 4 ) =  — X| +  2 x 2 — 5 x 3 +  x 4 — > m in .
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Y e c h is h .  B u  m a sa la  s h a rt id a  m a q sa d  fu n k s iy a n in g  m in im u m  
q iy m a t in i  to p is h  ta la b  e t iia d i.  S h u n in g  u c h u n  m a q s a d li fu n k s iy a n in g  
m in im u m  q i y m a t in i  t o p is h  o 'r n ig a  F =  ~F  n in g  m a k s im u m  

q iy m a t in i  y u q o r id a g i s h a rt la r  b o ‘y ic h a  to p ila d i.
D e m a k , m asa la  q u y id a g ic h a  q o 'y i la d i :

m a k s im u m  q iy m a t in i  to p in g .

T o p s h ir iq la r
Q u y id a g i  m a s a la la rn i c h iz iq l i  p ro g ra m m a la s h t ir is h n in g  a s o s iy  

m asa las iga  k e it ir in g .

2 xy -  x 2 -  x 3 +  x 4 +  x5 =  6,

X] + 2x2 + A3 -  X4 — Xg — B,

3X| — x 2 +  2 x 3 +  2 X 4 +  Xq — 10 ,

- x ,  +  3 x 2 +  5 x 3 -  3 x 4 +  0 =  15.

x ,,x 2,X3, X4, Xj, X(,, X7 ^ 0
s h a rt la r  b a ja r ilg a n d a

1.1. 5x, -  2x2 < 3, 1.2. 4 x , +  3x -2 -  x 3 <  24.

x ,  +  2 x 2 >  1, 3 x, +  8x ,  S: 14,

- 3 x ,  +  8x 1 < 3.

.Xj > 0, x 2 > 0 .

F =  x ,  +  4 x ,  - »  m a x

x L > 0 , x 2 > 0 .

F =  3 x , -  2 x 2 +  x 3 ->  m i l l
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3-§. Sun’iy bazis usuii

C h iz iq l i  p ro g ra m m a la s h t ir is h n in g  aso s iy  m a s a la s in i k o ‘ rg a n d a , 
u n i ta y a n c h  re ja s in i k o 'rs a tis h  m u m k in  e d i. A g a rd a  P. v e k to r la r  
k o m p o n e n t la r i  b e r i lg a n  c h iz iq l i  te n g la m a la r  s is te m a s id a  q a tn a -  
s h u v c h i X , , x , , . . . ,  x  n o m a  iu m ia r  k o e ft its ie n t ia n d a n  ib o ra t  b o ‘ lib ,  
u n d a  n ta b i r l ik  v e k to r  qatnashsa . L e  k in  s h u n i h a m  a y t is h  k e ra k k i 
c h iz iq l i  p ro g ra m m a la s h t ir is h n in g  k o 'p g in a  m a s a la la r in i y e c h g a n d a  
Pj v e k t o r la r  ic h id a  h a m m a s i h a m  b i r l i k  v e k t o r la r  b o ‘ lm a s l ig i  
m u m k in .  F a ra z  q i la y l ik ,  q u y id a g i c h e g a ra v iy  sh a rtla rd a

° a x l + a\2x 2 + — + a \ nx n = h i  
j a2 jXj + a22x2 +... + a2„x„ = (113)

"h 9m2x2  + -■■ + @mnx n = fyn

X j>  0 (; = Щ  (1.14)
F(xv x2, ... xn)= sixl+s2x2+...+snxn. (1.15)

tu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p is h  k e ra k  b o ‘ ls in , b u  ye rd a  

bj > 0, (/ =  1 ,mj, m<n va  q u y id a g i v e k to r la r  ic h id a

Ч и  ' a\2 '«1 n '

"21 ; h  = 022 i ; p „  = «2 n

aml , “ m2; a,m y
P. — v e k to r la r  ic h id a  b i r l ik  v e k to r la r  y o ‘q.

Ta’rif. Q u y id a g i  c h e g a ra v iy  s h a rtla rd a

< h \ *  +  a \2x 2 +  ••■ +  a \nx n +  x n+\ -  bi> 

a 2\x \ +  a 22x 2 +  — +  a2nx n +  x n+2 =  *2> 

  (1.16)
amlxl +  am2x2 + — +  amnx n +  Xn+m =  Kr

Xj > 0 (j = ln  + m) (1.17)

F(X)= C , x , + C 2x 2+ . . . + C x -  Mxn+~.. -Mxn+m, (1.18)
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X=(xvxv ...,xn., x rhl, . . . ,  x „ +/î) .

B u n d a  M is ta lg a n c h a  katta  m u sb a t son  b o ‘l ib ,  q iy m a t i ,  o d a td a , 
b e r i lm a y d i ,  F(X) f u n k s iy a n in g  m a k s im u m  q iv m a t in i  to p is h g a  
c h i z iq l i  p r o g r a m m a la s h t ir is h n in g  (1 .1 6 ) =  (1 .1 4 ) m a s a la la rg a  
n is b a ta n  k e n g a y t ir i lg a n  rnasala  d e y ila d i.

K e n g a y t ir i lg a n  m a s a la n in g  ta y a n c h  re ja s i

X = ( 0 ; 0 ; 0 , v ,;  v2; v j
n ta  n o t,

P P ...... P b i r l ik  v e k to r la r  s is te m a s i o rq a li  a n iq la n ib ,  nn~*~ I /rt-2’ 5 n+m v 1 ■
ta  v e k to r la r  fa z o s id a  b a z is n l ta s h k ii q i la d i,  q a y s ik im  su n  xy  b a z is  
d e y i la d i.  S h u  b i la n  b i r  q a to rd a , Pn+V Pn+V..., Pn+m v e k to r la rg a

v a x£ + l;x*+2,...,jc*+(n o ‘z g a ru v c h ila rg a  s u n ’ i y  o 'z g a r u v c h i la r  d e y i la d i.  

K e n g a y t i r i lg a n  m a s a la  ta y a n c h  re ja g a  ega b o 'lg a n i  u c h u n ,  u n in g  
y e c h im l a r in i  s im p le k s  u s u l b i la n  t o p is h  m u m k in .  B u  y e r d a  
q u y id a g i  te o re m a  o 'r in l id i r .

1 .1 -te o re m a . A g a r  k e n g a y t ir i lg a n  m a s a la n i

( 2 .4 ) — ( 2 . 6 )  mT=(xf;x$;...,xS', ^ t;xxn+2 -,...,xxn,m) ° P t im a l

re ja g a  ega b o ‘ l ib ,  s u n ’ i y  o ‘z g a r u v c h ila m in g  q iy m a t la r i  xft+t = 0 ,

( i = l , m )  b o ‘lsa , u  v a q td a  X A'( * f ,* 2x , . . . , x £ )  (1 .1 3 )— (1 .1 4 ) m a s a la n in g

o p t im a l re jasi b o 'la d  i.
S h u n d a y  q i l ib ,  k e n g a y t ir i lg a n  m a s a la n in g  to p iig a n  o p t im a l re jad a  

s u n ’ i y  o ‘ z g a r u v c h i la r  n o lg a  te n g  b o 'l s a ,  u  v a q t d a  d a s t la b k i 
m a s a la n in g  o p t im a l re ja s i to p iig a n  b o la d i .

S h u n in g  u c h u n  k e n g a y tir ilg a n  m a sa la n i o p t im a l re ja s in i to p is h g a  

a lo h id a  t o ‘x ta b  o ‘ta m iz .
D e m a k , X = (0 ;0 ;0 ; . . . ;0 ;  b{, b2;...\ b j  k e n g a y t ir i lg a n  m a s a la n in g

m

ta y a n c h  re ja s i b o ‘ lsa , u  v a q td a  c h iz iq l i  fo rm a  = -M^bi  g a te n g
/=1

m

b o ‘I ib , A  - =  Z .  - C ,  n in g  q iy m a t i  A/ = - A f  C L ij-C j. S h u n d a y  q i l ib ,
/=1

F 0 va  Z  - C  a y irm a  b ir -b ir ig a  b o g 'l iq  b o lm a g a n  ik k ita  q is m d a n
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ib o ra t ,  b it ta s i M g a  b o g ‘l iq ,  ik k in c h is i  esa b o g 'l iq  em as. B l in d a n  
k e v in  F(j va  q iy m a t la m i h is o b la g a n d a  k e n g a y t ir i lg a n  m a s a la n in g  
b e r i lg a n  q iy m a t la r i  ja d v a lg a  k i r i t i la d i ,  b u  ja d v a ld a  b it ta  q a to r  
o ld in g i  s im p le k s  ja d v a ld a n  k o ‘p  b o 'la d i .  S h u n d a n  k e y in  (m+2) 
q a to rg a  M  n in g  k o e fñ ts e n t la r i  jo y la s h t in la d j ,  k e y in  esa (m+\) 
q a to rg a  M  ga b o g ' l iq  b o ‘lm a g a n  k o e f f it s e n t la r n i jo y la s h t i r i la d i .

B i r  ta y a n c h  re ja d a n  ik k in c h i  ta y a n c h  re jaga  o 'tg a n d a  b a z isg a  
{m+2 ) q a to rd a g i a b s o lu t q iy m a t  jih a td a n  e n g  k a tta  b o 'lg a n  m a n f iy  
so n g a  m o s  b o 'lg a n  v e k to r  k ir i t i la d i.  B a z is d a n  c h iq a r i lg a n  v e k to rn i 
b i r  n e c h a  a ln ia s h t ir is h la rd a n  k e y in  ja d v a lg a  y o z m a s a  h a m  b o 'la d i.  
L e k in  ik k in c h i  m a sa la  y e c h ilg a n d a  b u n d a y  a lm a s h t ir is h la r  k e ra k  
b o 'la d i.

S h u n i h a m  a y t is h  k e ra k k i b ir  n e ch a  a lm a s h t ir is h la rd a n  k e y in  
s u n ' i y  v e k t o r  b a z is d a n  c h iq m a s l ig i  m u m k in .  S h u n in g  u c h u n  
s im p le k s  ja d v a l la r n i  h is o b la g a n d a  b i r in c h i  t a y a n c h  re ja d a n ,  
i k k in c h is ig a  o 't g a n d a  s im p le k s  u s u ln in g  u m u m iy  q o id a la r ig a  
a so s la n ish  k e ra k . S im p le k s  ja d v a ln in g  (m + 2 ) s a tr in i a h n a s h t ir is h  
q u y id a g i h o la tg a c h a  d a v o m  e t t ir i la d i:

1 ) h a n u n a  s u n ’i y  v e k to r la r  s u n ’i y  b a z is d a n  c h iq a r i lg u n c h a ;
2 ) h a m m a  s u n ’ i y  v e k to r la r  (m+2 ) q a to rd a n  b a z is d a n  c h iq a r i l -  

m a g a n , y a ’ n i  m a n f iy  e le m e n t la r  Rl R,,..., Rn+m v e k t o r la m in g  
u s tu n id a  y o 'q .  B i r in c l i i  h o la td a  b a z is  b ir  n e c h ta  ta y a n c h  re ja g a  
ja v o b  b e ra d i.  S h u n in g  u c h u n  (m+1) s a trn i t o 'ld i r ib ,  ta y a n c h  re ja  
to p i la d i.

I k k in c h i  h o la td a ,  a g a r  (m+2) s a t rn in g  Ro v e k t o r  u s tu n id a  
m a n f iy  s o n  b o 'ls a , d a s t la b k i m a sa la  y e c h im g a  ega em as; a g a r u  0 
ga te n g  b o 'ls a ,  u v a q td a  to p i lg a n  ta y a n c h  re ja  v a  bu  re ja g a  tu g 'm a  
re ja  d e y i la d i  va  b a z is  k a m id a  b it ta  s u n ’ i y  b a z is  v e k to r ig a  ega  
d e y i la d i.

A g a r  d a s tla b k i m a sa la  b i r  n e c h a  b ir l ik  v e k to r la r ig a  ega b o 'ls a , u 
v a q td a  u la r n i  s u n ’i y  b a z isg a  k ir i t is h  ke ra k . S h u n d a y  q i l ib ,  c h iz iq l i  
p ro g ra m m a la s h t ir is h  m a s a la la r in i s u n ’i y  b a z is  u s u li b ila n  y e c h is h  
u c h u n  q u y id a g i q o id a la rg a  r io y a  q il in a d i:

1 )  k e n g a y t ir i lg a n  m a s a la n i tu z is h ;
2 )  k e n g a y t ir i lg a n  m a s a la n m g  ta y a n c h  re ja s in i to p is h ;
3) o d d iy  h iso b la sh  n a tija s id a  s im p le k s  u s u ld a n  fo y d a la n ib , s u n ’ iy  

v e k to r la rn i b a z is d a n  c h iq a r is h .
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N a tija d a :
a ) ta y a n c h  re ja  to p i la d i;
b )  ta y a n c h  re ja g a  ega e m a s lig i k o ’rs a tila d i.
4 ) to p iig a n  ta y a n c h  re jaga asos lan ib  s im p le k s  u s u ld a n  fo y d a la n ib , 

m a s a la  y e c h i la d i  v o k i  b o im a s a  m a sa la  y e c h im g a  ega e m a s lig i 

k o 'rs a t i la d i.
4 -m a s a la .  Q u y id a g i  c h e g a ra v iy  s h a rtla rd a

2xx +  x 2 ~  2 x3 + x 4 = 24;

X] + 2x2 + 4x3 < 22 ;

Xj -  x2 + 2  x3 > 10 .

x t > 0. x 2 > 0

F  =  -2X| +  3 x2 -  6x 3 -  x 4 fu n k s iy a n in g  m in im u m  q iy m a t in i  to p in g .

Y e c h is h .  M a s a la  c h i z iq l i  p r o g r a m m a la s h t i r is h n in g  a s o s iv  

m a s a la s i k o ‘ r in is h ig a  k e l t i r i l a d i :
Q u y id a g i  c h e g a r a v iy  s h a r t la r d a

2 x t + x 2 -  2 x3 + x 4 = 24,

X| + 2 x2 + 4 x3 + x 5 = 22, 

x , -  x 2 + 2x 3 -  x 6 = 10 .

x j  > 0,(j = 1 , 6)

F(x) =  2 x, -  3x2 + 6x 3x 4 fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .

M a s a la n in g  o x i r g i  s is te m a s id a g i n o m a ’ lu n i la r n i  k o e f i i t s e n t -  

la r id a n  tu z ilg a n  v e k to r la m i k o 'r ib  c h iq a y l ik :

=

P> =

' 2 ' < r ( - 2 \ V

1 ; P2 = 2 ; ¿3 = ; A  = 0

1V / -1 2V / 0V ^
'0^ r O' ' 2 4 '

1 ; n  = 0 ; ^0 = 22

0V > -1V 10V

R., R2, R-,, Rv R$, v a  Rf] v e k to r la r  ic h id a , fa q a t ik k ita  b i r l ik  
v e k to r  m a v ju d  (Ri v a  Rs). S h u n in g  u c h u n  s is te m a d a g i 3 -te n g ia -
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m a n in g  c h a p  q is m ig a  rn u s b a t q o ‘s h im c h a  o 'z g a r u v c h i  x 7 n i 
k ir i t a m iz  v a  k e n g a y tir iJg a n  m a s a la n i y e c h a m iz :

Y a 'n i  q u y id a g i c h e g a ra v iy  s h a rtla rd a

2xl + x2 -  2 x , + x 4 = 24,

A| -r 2.v-) + 4 x 3 -t- -\-r r- 22=
X\ -  x 2 +  2 x 3 -  xb +  x 7 = 10.

x ,  > 0 (1 ,7 )

F(X) = 2x i  - 3x;  + 6x j  + x 4 -  Mx7 fu n k s iy a n in g  m a k s tm u m  q iy m a t i

to p i ia d i.  B u n d la Pi =

K e n g a y t ir i ig a n  m a sa la n i R4> R., v a  R6 b ir l ik  v e k to r la r i  o rq a li 

a n iq la n g a n  ta y a n c h  y e c h im i X = (0; 0; 0; 24; 22; 0; J 0 )g a t e n g .  

D a s t la b k i b e r ilg a n la rg a  q a ra b  q u y id a g i ja d v a l tu z ila d i.

1- ja d v a l

Bazis S0 pr o 2 -3 6 1 0 0 -M

P. P. P3 P4 p. p. p7
1 P, 1 24 2 1 -2 1 0 0 0
2 0 22 1 2 4 0 1 0 0

3 -M 10 1 -1 2 0 0 - 1 1

4 24 0 4 -8 0 0 0 0
5 -10 -1 1 —2 0 0 1 0

B u  ja d v a ln i  4, va  5 (m+1, m+2 ) s a t r la r in i  t o id i r i s h  u c h u n

m
F{X(>) = _/VfI  b‘ va  &j = cnxi{j + chxhJ + ... + cimximj -  Cj. B u n d a  /„ i2,

..., im b a z is li v e k to r la rn in g  ta r t ib  ra q a m la r i,  x n , x Pj, ..., x . t s a  P.j 
—  v e k to r  y o y i lm a s in in g  k o e ff its ic n t la r i.
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B a z is  v e k t o r la r g a  m o s  b o ‘ lg a n  X , ( /  =  l , 7 ) y o z i b  o l in a d i .  U  

q u y id a g ic h a  b o la d i :

X i = (0; 0;0;2; 10; 7);

X2 = (0; 0; 0; 1; 2; 0; —1);

X3 = (0;0;0;-2;40;2);

Xu  = (0; 0; 0; 1; 0; 0; 0);

X5 =(0;0;0;0;1;0;0);

Z6 =(0;0;0;0;0;0;-l):

X7 =(0;0;0;0;0;0;1).

Y u q o r id a g i  ta y a n c h  y e c h im la r g a  m o s  b o ‘ lg a n  FJx) v a  Z ( x )  

( / = 1 ,7 )  la m in g  q iy m a t la r i  h is o b la b  c h iq ila d i:

F0(x) = 24-M\
Zl{Xl) = 2 -M :
Z2 (X2) = 1 + M ;
Z}(X3) = - 2 - 2 M ;

Z4 (X4) = 1 + 0 - M ;
Z5(X5) = 0 + 0 M ;

Z6(X6) = 0 + M ;

Z7 (X1) = 0-M.
E n d iA ,  = Zj-Cj a y im ia la r  h is o b la b  c h iq ila d i:

Ai = z\ -  q = 0 -  M ; 

a 2 = Z2 -  c2 = 4 + M ;

A3 = «3 -  C3 = -8 -  2M ;

A4 = Z4 -  c4 = 1 -1  = 0;

A5 = z$ ~ £5 =0 — 0 = 0 ,

A6 = z 6 - c 6 = 0 + M ;



A y  =  Zj -  O] = -M + M = 0.

B m d a  F0 v a  A, la m in g  ta rk ib iy  q is m la r i ik k ita  y ig ' in d id a n  ib o ra t. 
S h u n in g  u c h u n  b u  y ig ' in d i la r n i  M ga  b o g 'l iq  b o ‘ lm a g a n la r in i 4 - 
sa trg a , b o gM iq  b o i g a n la r in in g  k o e f f its ie n t la r i  5 -s a trg a  y o z i la d i .  
B u n d a y  y o z is h  ja d v a lla rn i a lm a s h tir is h n i o s o n la s h t ira d i (1 -ja d v a lg a  
q a ra n g ).

1 -ja d v a ln in g  5 -s a tr id a  ik k ita  m a n f iy  s o n  m a v ju d  (1 — ; — 2). B u  
s h u n i k o ’ rs a ta d ik i, k e n g a y t ir i lg a n  m a s a la n in g  re ja s i o p t im a l em as. 
S im p le k s  u s u ln i q o ‘ lla b , bu  re ja n i k e tm a -k e t  v a x s h ila b  b o ra m iz . 
N a t i ja d a  q u y id a g i ja d v a l  h o s il b o ia d i .

2 -  j a d v a l

i Bazis 2 -3 6 1 0 0
Jo * v

P, P, P,■y P, p5 p„
1 P4 1 35 0 1 0 -1
2 P5 0 2 3-1 4 0 1 2
3 P7 0 5 - 1/2 - 1/2 0 0 - 1/2

4 Indeks
satri 64 4 0 0 0 0 —4

B u  ja d v a ld a  4 ta  s a tr  m a v ju d , c h u n k i s u n ’i y  b a z is  P1 v e k to r  
b a z is d a n  c h iq a r i ld i .  2 -  ja v d a ld a n  k o ‘ r in ib  t u r ib d ik i ,  x = x2—0 , 
,x3= 5 ,  jc4=  3 4 , x=2  d a s t la b k i m a s a la n in g  ta y a n c h  y e c h im la r id i r .  
X =  (0 ; 0; 5; 34; 2) esa ta y a n c h  re ja d ir .  F=  (0 ; 0 ; 5; 34; 2 )=  64 
m a q sa d  f i in k s iy a n in g  b u  re jaga  m os b o 'lg a n  q iy m a t id ir .

2 -  ja d v a ln in g  in d e k s  sa trid a  Rüv e k to r  u s tu n id a  ( — 4 )m a n f iy  son  
m a v ju d . S h u n in g  u c h u n  v e k to rn i bazisga  k ir i t i l ib ,  R, v e k to r  b a z is ­
d an  c h iq a r i la d i va  s im p le k s  ja d v a l tu z ila d i.

3 -  j a d v a l

i Bazis
So Po

2 —3 6 1 0 0

P« P, P3 p, ps
I P, 1 35 5/2 2 0 1 1/2 0
2 Ps 0 I - 1/2 2 0 0 1/2 1
3 P7 6 11/2 1/4 1/2 1 0 1/4 0

4 Ir.deks satri F=68 2 8 0 0 2 0
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J a d v a ld a  A  =  z¡- c, la r  ic h id a  m a n f iy  s o n ia r  y o 'q .  S h u n in g  u c h u n  
b u  ja d v a lg a  asósan  to p i lg a n  y a n g i ta y a n c h  re ja  o p t im a ld ir .  D e m a k , 
d a s tla b k i m a s a la n in g  ta y a n c h  re ja s i X * = (0 ;  0 ; 11/2; 0 ; 1) o p t im a l 

re ja d ir .
B u  re ja g a  asosan m a q sa d  fu n k s iy a n in g  q iy m a t i

FmM =  2 x , - 3x2 + 6x 3 + x 4 = 2  0 - 3  0 + 6 y  + 1 35 =  68 te n g .

5-m asa la . Q u y id a g i s h a rt la r

[ x ¡  + 3x2 + 2 x3 + 2 x4 = 3,

]2 x , + 2x2 + x 3 + x 4 = 3. 

xj > 0 , j  = 1,2,3,4

b a ja r ilg a n d a ,
F=  5 x 1+ 3 x 2+ 4 x 3- x 4

fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .
Y echish. M a ’lu m k i,  s is te m a d a  b ir l ik  m a tr its a  m a v ju d  em as. H a r  

b i r  te n g la m a g a  b it ta d a n  m a n f iy  b o ‘ lm a g a n ,  m o s  ra v is h d a  x5> 0 , 
xh > 0, s u n ’i y  b a z is li o 'z g a r u v c h i la r  k i r i t i la d i .  N a t i ja d a  b e r ilg a n  
m a sa la g a  n is b a ta n  kengayiirilgan inasala d eb a ta lu v c h i m asa laga  

o ‘t i la d i.
Q u y id a g i  s h a rtla r

j  Xj + 3x2 + 2 x3 + 2 x4 + x 5 = 3,

12xt +  2 x2 + x 3 + x 4 + x6 = 3.

Xj > 0, j  = 1 -  6

b a ja r ilg a n d a
F  =  5 X j + 3 x2 + 4 x f - x - M x - M x b 

m a q s a d  fu n k s iy a n in g  m a k s im u m  q iy m a t in i  t o p in g  (b u n d a  M 
y e ta r lic h a  k ic h ik  m a n f iy  so n , m asa la  m in im u m g a  y e c h ila y o tg a n  
b o ‘ lsa  y e ta r l ic h a  k a tta  m u s b a t s o n  d e b  a ta la d i)  s h a r t la r  v e k to r  

s h a k lid a  y o z i la d i :

Pfa +  P2X2 +P3x} + Pyx4 +P,x5 +  pbx6 =  Px0.



х5, х6 o 'z g a r u v c h ila r  b a z is  o ‘ z g a ru v c h ila r  b o 'ls in .  U  h o ld a  b i -  
r in c h i ta y a n c h  y e c h im  X 0= ( 0 , 0 ,0 ,0 ,3 ,3 )  h o s il b o la d i .  S iin p le k s  
u su l q o l l a n ib  o p t im a l y e c h im  to p ila d i

l -s im p le k s  ja d v a ln i  tu z a m iz :
J a d v a ln in g  3 - v a  4 -  s a tr la r in i t o ld i r is h d a

B a z is l i  v e k to r ia r g a  m o s  b o 'ig a n  X,(i --1 ,6 ) la r  v a  Z (  X) la r  

h is o b la n a d i:

Xt = (0; 0; 0; 0 :1; 2) Z ,  (Xl) = - 3 M 
X2 = (0; 0; 0; 0; 3; 2) Z ,  ( X2 ) = -5 M 
A j  = (0; 0; 0; 0; 2; 1) Z 3 ( JT3 ) = -3 M 
X4 = (0; 0; 0; 0; 2; 1 ) Z 4 ( X4 ) = -3 M 
Xs = (0; 0; 0; 0; 1 ; 0) Z 5 (X5 ) =  0 M 
A 6 = (0; 0:0; 0; 0; I)  Z ¡  (Хг) = 0 M

h is o b la s h la rn i b a ja r ib , Z  —  с  q iy m a t la r i to p ila d i v a  M n in g  c h iz iq l i  
fu n k s iy a s i e k a n lig i a n iq la n a d i.

B u  y e rd a  Fti va  A ; la m in g  ta r k ib iy  q is m la r i  ik k ita  y i g ‘ in d id a n  
ib o ra t .  S h u n in g  u c h u n  b u  y ig ' in d i la r t i i  M ga b o g 'l iq  b o l lg a n !a r in i
1 -  ja d v a ln in g  3 -s a tr ig a  ( m - r ls a t r ig a ) ,  M  ga  bo gM iq  b o 'lg a n la r in i
4 -s a tr ig a  y o z i la d i .  N a t i ja d a  1 - ja d v a l  t o ‘ la  t o ‘ ld ira d i.

J a d v a ln in g  (m+2) sa trid a  m a n f iy  s o n la rn in g  m a v ju d lig i ta y a n c h  
y e c h im n in g  o p t im a l e m a s lig in i b ild ira d i v a  u n i ya x sh ü a s h  m u m k in  
b o la d i .  J a d v a ln in g  (m+2) sa trid a  e n g  k ic h ik  son  ( -5 )  R2 v e k to r  
b a h o s i b o 'l g a n l ig i  u c h u n  y e c h u v c h i  u s tu n  /?, u s t u n i  b o ‘ Ia d i.

3 ^
m i n ( - , ^ )  = l ,  u la r n in g  k e s is h is h m a s id a g i 3 e le m e n t  b o ‘ lg a n l ig i

F(X0) = C6X0 = -M ■ 3 = M ■ 3 + 0 = 0 - 6M .

E n d i  A, =Z: -  c¡ a y irm a  h is o b la n a d i:

Ai = - 5 - 3  M;  a 2 = - 3 - 5  M:
A4 = 1 -  ЗА/ ; Aj = 0 + 0 ■ M ;

A 3 = - 4 - 3  M ;  

A 6 = 0 + 0 • M
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1- simpleks jadva l

i Bazis-
lar Bazis

koeffitsientlar R»
5 3 4 1 -M -M

R, R, R,
1 R, -M 3 i 3 2 2 i 0

2 R„ -M 3 2 2 1 1 0 1

m+1 Zj — c¡ 0 -5 -3 -4 1 0 0

m+2 Z - c , -6 -3 -5 -3 -3 0 0

u c h u n  R, v e k to r  sa tr i y e c h u v c h i sa tr b i la n  y e c h u v c h i u s tu n  k e s is h - 
g a n  k a ta k d a g i y e c h u v c h i e le m e n t b o ‘ la d i. D e m a k , R n i  b a z is d a n  
c l i iq a r ib ,  o ‘ r n ig a  R2 v e k to r  b a z is g a  k i r i t i la d i .  2 -s im p le k s  ja d v a l 
tu z ila d i.

2- simpleks jadval

i Bazis- Bazis
R,,

5 3 4 1 -M -M
lar koeffitsientlar

R, R R, R< R R,
i R z 3 i 1/3 i 2/3 2/3 1/3 0

-M i 1/3 0 -1 /3 -1/3 -2 /3 i

m+1 Z -  a 3 -4 0 —2 3 1 0

m+2 Zj - Cj - i -4 /3 0 1/3 1/3 5/3 0

2 -s im p le k s  ja d v a ln in g  im+2) s a tr i a so s iy  q is m id a  ( — 4 /3 ) m a n f iy  
s o n  b o ‘ lg a n lig i u c h u n  R v e k to r  u s tu n i y e c h u v c h i u s tu n , R. v e k to r  
s a tri y e c h u v c h i sa tr, 4/3 y e c h u v c h i e le m e n t b o ‘ la d i, B a z is d a n  R 6 
s u n 'iy  v e k to r n i c h iq a r ib ,  R. v e k to r n i bazisga  k i r i t ib .  2 -s im p le k s  
ja d v a ld a g id e k , 3 -s im p le k s  ja d v a ln i h o s il  q i la m iz .

3-simpleks jadval

i Bazis-
lar Bazis

koeffitsientlar R,,
5 3 4 1 -M -M

R, R, R< R5 R,
1 R, 3 3/4 0 1 3/4 3/4 1/2 -1 /4
2 R, 5 3/4 i 0 -1 /4 -1 /4 - 1/2 3/4
m+1 Zj- Cj 6 0 0 -3 2 - 1 3

m+2 Zj -  Cj 0 0 0 0 0 1 1



Z - ja d v a ld a  (m+2) sa trd a  s u n ’ i y  b a z is  q iy m a t la r id a n  ta s h q a r i 
h a m m a  q iy m a t la r  0 ga  te n g  b o 'la d i:

M  s o n n in g  ta n la n is h ig a  asosan  R, va  Rb v e k to r la r  e n d i bazisga  
tu s h m a y d i.

x] ~ (3 /4  3/4 , 0, 0, 0. 0 ) y e c h im  b e r ilg a n  m a s a ln n in g  y e c h im i

b o 'la d i,  le k in  u  o p t im a l em as, c h u n k i (m+ 1 ) sa trd a  m a n f iy  q iy m a t  
m a v ju d . E n d i  y e c h im n i ya x s h ila s h  ( / » + [  ) sa tr b o 'y ic h a  o lib  b o r ila d i.  
Z j —  C ,  = — 3< 0, b o 'lg a n l ig i  u c h u n  R, v e k t o r  u s tu n i y e c h u v c h i  
u s tu n , R, v e k to r  sa tr i y e c h u v c h i sa tr, 3/4 y e c h u v c h i e le m e n t b o 'l ib ,  
m+2 -s a t r  e n d i h is o b g a  o l in m a y d i.  Y u q o r id a  k o 'rs a t ilg a n  u su l b ila n
4 -s im p le k s  ja d v a l tu z ila d i:

4-simpleks jadval

i Bazis-
lar Bazis

K»

3 J 4 1 —M —M

koeffitsientlar
R, R, R. R, r 5 R„

I R;i 4 1 0 4/3 1 i 2/3 -1 /3
2 R, 5 1 l 1/3 0 0 -1 /3 2/3
m +1 Z .- c .j  j 9 0 4 0 5 1+M 2+M

3 ~ s im p le ks  ja d v a ld a n  q o 'y i lg a n  m a s a la n in g  o p t im a l y e c h im i 

X  =  (1 ,0 ,1 ,0 ,0 ) b o ' l i b , Z max( X )  = 9 b o 'la d i .  B i r in c h i  v a  ik k in c h i  

s a tr la rn i o 'z a r o  a lm a s h t ir ib ,  R. v a  R, v e k to r la r  u s tu n id a  te s k a ri7 2> O
m a tr its a n i h o s il q i la m iz .

Tayanch iboralar
Programma, matematik prograrnm aJ ashtirish. chiziqli programmalashtirish, 

chiziqli forma, maqsad fuaksiya, asosiy masala, tayanch chizig'i, tayanch 
yechim, mumkin bo‘lgan yechimlar sohasi, bazisli o'zgaruvchilar, qo‘shimcha 
o'zgaruvchilar, standart sistema, simpleks, yechuvchi ustun, yechuvchi satr. 
yechuvchi son, indeks satri, optimal reja, optimal yechim, muvozanat chizig'i. 
yo'naltiruvchi vektor (nuqtasi. tekisligi).

Takrorlash uchun savoliar
1. Matematik model nima?
2. Matematik programmalashtirish nima?
3. Chiziqli programmalashtirishda qanday masalalar o'rganiladi?
4. Chiziqli programmalashtirishning asosiy masalasi nima ?
5. Chiziqli programmalashtirish masalasi nima?
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6. Chiziqli programmalashtirishning tayanch yechimi deb nimaga aytiladi?
7. Maqsadli funksiya deb nimaga aytiladi?
S. Simpleks deb nimaga aytiladi?
9. Dastlabki berilganlar jadvali qanday tuziladi?
10. Birinchi simpleks jadval qanday tuziladi?
11. Ikkinchi simpleks jadval qanday tuziladi?
12. Simpleks jadvallar tuzish qachon to'xtatiladi?
13. Optimal yechimlar jadvalning qaysi ustunidan olinadi?
14. Muvozanat chizig'i deb nimaga aytiladi?
15. Yechimlar sohasi deb nimaga aytiladi?
16. Yo'naltiruvchi vektor deb nimaga aytiladi?
17. Tayanch chizig'i deb nimaga aytiladi?
18. Tayanch yechim deb nimaga aytiladi?
19. Tayanch reja deb nimaga aytiladi?



II B O B
C H IZ IQ L I P R O G R A M M A L A S H T IR IS H N IN G  

IK K IL A N ISH  M A SA L A L A R i

l - § .  Ikkilangan masalalar haqida asosiy tushunchalar

B iz g a  c h iz iq l i  p ro g ra m m a ia s h t ir is h  m a sa la s i b e r ilg a n  b o ‘ ls in .

alxxl + aï2x2+... + ainx„ <J\,
a21л‘] + o22x2 + ...  + a2nx„ < b2 ,

amlx{ + am2x2 + ...  + amnx„ < bm. (2 . 1 )

хх,х2 ,...,хг > 0

m a q s a d  fu n k s iy a s i

F = CjX] + c2x2 + ... + c„x„ ( 2 .2 )

n in g  m a k s im u m  q iy m a t in i  to p is h  k e ra k  b o ‘ls in .
H a r  q a n d a y  c h iz iq l i  p ro g ra m m a ia s h t ir is h  m a s a la s in i ik k ila n g a n  

m asala  d eb  a ta lu v c h i m asa la  b ila n  u z v iy  b o g 'l iq  e k a n lig in i k o ‘ rsa tish  
m u m k in .

T a’rif. Q u y id a g i  s h a rtla r

«llJ'l + «2lJ'2 + -  + ат1Ут *  Cu '

al2Л + а22Уг + -  + ат2Ут * C2,

«lm.Vl + a 2m >'2 + -  + а тпУт  ̂<V ’

У1>У2>~>Ут ¿ 0
q a n o a t la n t ir i lg a n d a

F = l\y\ + ly, y2 + .. .  +  bmym (2 .4 )
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fu n k s iy a n m g  m in im u m  q iy m a t in i  to p is h g a  ( 2 . 1 ) ,  ( 2 .2 ) c h iz iq l i  
p ro g ra m m a la s h tir is h  m a s a la s in in g  ik k ila n g a n  m asa las i d e y ila d i.

B u  m a s a la la m in g  o p t im a l y e c h im la r i  o 'z a r o  q u y id a g i te o re m a  
asos id a  b o g 'la n g a n .

T eorem a. A g a r  b e r ilg a n  m a sa la  y o k i  u n g a  ik k ila n g a n  m a s a - 
la la rd a n  b iro r ta s i o p t im a l y e c h im g a  ega b o ‘ Isa, u  h o ld a  ik k in c h is i 
h a m  o p t im a l y e c h im g a  ega b o 'la d i h a m d a  b u  m a s a la la rd a g i c h iz iq l i  
fu n k s iy a n in g  o p t im a l q iy m a t la r i  o 'z a r o  te n g  b o 'la d i ,  y a ’ n i

F — F*'max rinin *
AgaiF(x1 ,x2 ,...,x„) yokiF'(yl,y2 ,...,yn) -  c h iz iq l i  fu n k s iy a la rd a n  

b iro n ta s i c h e g a ra la n m a g a n  b o 'is a , u  h o ld a  m a sa la  h e c h  q a n d a y  
y e c h im g a  ega b o 'lm a y d i .

I k k i la n g a n l ik  m a s a la la r i s im m e tr ik  v a  s im m e t r ik  b o 'lm a g a n  
m a sa la la rg a  b o 'l in a d i.  Y u q o r id a g i  te o re m a  s im m e tr ik  b o 'lm a g a n  
m a s a la la rn i y e c h is h d a  q o 'l la n i la d i.  S h u n i h a m  a y t is h  k e ra k k i, te n g -  
s iz i ik la r  s is te m a s in i q o 's h im c h a  o 'z g a r u v c h i la r  y o rd a m id a  te n g la -  
m a la r  s is te m asi k o 'r in is h ig a  k e lt ir i la d i.  D e rn a k , s im m e tr ik  i k k i -  
la n m a lik  m a s a la la r in i s im m e tr ik  b o 'lm a g a n  ik k i la n m a lik  m a sa la ga  
k e lt ir is h  m u m k in .  S h u n in g  u c h u n  s im m e tr ik  b o 'lm a g a n  ik k ila n is h  
m a s a la la r in in g  o p t im a l y e c h im la r i  h a q id a g i te o re m a  s im m e t r ik  
ik k ila n g a n  m a s a la la r u c h u n  h a m  o 'r in l id i r .

2.1-m asaia . Q u y id a g i  s h a rtla r  b ila n  b e r ilg a n  m asa lan i ik k ila n g a n  
m asa laga  k e lt ir in g :

X| -  lx2 -  4 x 3 < -3 ,

— zx3 ^ 8,
Xj +  2 x 2 -  x 3 >  2, •

2xj + x 2 -  2 x3 > 3

x , ,  x 2, x 3 > 0

F = X| + 2 x2 +  4 x3 ->  m in

M a s a la n i ik k i la n g a n  m a sa la g a  k e lt ir is h  u c h u n  o ld in  c h e g a -  
r a lo v c h i  s h a r t la r  b i r  x i l  k o 'r in is h d a g i  te n g s iz l ik la rg a  k e lt i r i la d i .  
B u n in g  u c h u n  b ir in c h i te n g s iz lik  te sk a ri k o 'r in is h g a  k e lt ir la d i:
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-Xj ■+• 7x2 + 4 x 3 > 3,

x j  + x 2 -  2x 3 > 8,

Xj + 2x 2 -  x 3 > 2 , ►

2 x j + x 2 -  2 x3 > 3.

X (, x2, x 3 > 0 

F = X j + 2 x2 + 4 x3 m in .

H o s i i  b o 'lg a n  m a sa la g a  ik k ila n g a n  m asa la  q u y id a g i k o ‘ r in is h d a  
b o ia d i :

-y\ + y2 + >’3 + 2 v4 < 1, '

7_Vj + y 2 + 2y3 + y 4 — 2, 

4^i -  2y2 - y 3-  2y4 <  4.

•

V3, y 4 ^  0 

F = 3>’i + 8y 2 + 2y3 +  3>'4 m a x .

Ik k i la n g a n  m asa la  n i c h iz iq l i  p r o g r a m m a la s h t ir is h n in g  a so s iy  
m a sa la s iga  k e lt ir ib ,  s im p le k s  u su l b ila n  y e c h is h  m u m k in .

2 -§ .  Ikkilangan simpleks usul

B u  usu l o ld in  a k a d e m ik  L . V .  K a n to r o v ic h  to m o n id a n  k o 'r s a -  
t i lg a n  e d i. L e k in  b u  u s u ln i b o sh q a  k o ‘r in is h d a  L e m k s  d e g a n  o l im  
k o 'r s a t g a n .  S h u n i  h a m  a y t is h  k e r a k k i ,  a g a r  b i r o n t a  c h i z iq l i  
p ro g ra m m a la s h t ir is h  m a s a la s in i y e c h is h  k e ra k  b o is a ,  u n in g  o ‘ rn ig a  
ik k i la n g a n  m a s a la n i y e c h is h  m u m k in .  A g a r  ik k i la n g a n  m a sa la  
o p t im a l y e c h im g a  ega b o ‘lsa , u h o ld a  d a s tla b k i b e r ilg a n  m asa la  
h a m  o p t im a l y e c h im g a  ega b o ia d i .

D a s t la b  A m a tr its a g a  A ' —  t ra n s p o n ir la n g a n  m a tr its a  y o z ib  
o lin a d i.  M a tr its a g a  t ra n s p o n ir la n g a n  m a tr its a n i y o z g a n d a  u s tu n la r 
va  s a tr la m in g  r o l i  o 'z g a ra d i,  v a 'n i  b e rilg a n  m a s a la n in g  sa tri t o ‘g ‘ris id a  
s o 'z  ketsa  u u stu n ga  o ‘ta d i.
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X u s u s iy  h o ld a  s im p le k s  ja d v a lla r n in g  in d e k s  sa tri t o lg 'r is id a  
g a p  ketsa , ik k ila n g a n  m a sa la la rd a  o z o d  h a d la r  u s tu n i t o ‘g ‘ ris id a  
g ap  k e ta d i. B u n i  q u v id a g i ik k ita  m asalada k o 'r a m iz .

2 .2 -  m asala. Q u y id a g i  sh a rtla rd a

4 x y +  9 x 2 < 56,

• 5.V] +  3 x 2 £  37,

-X| + 2 x 2 <  2.  

xu x 2 > 0

F = 3 xt + 4 x 2 — fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .

S im p le k s  u su l q o id a la r id a n  fo y d a la n ib , d a s tla b k i b e rU g a rü a rn in g  
a so s iy  ja d v a lin j  tu z a m iz .

I- jadval

I _X2 Te k. ustuni

y, 56 4 9 69

y2 37 5 3 45

y, 2 —1 2 3

F 0 -3 -4 -7

In d e k s  sa tr id a n  F d a n  a b s o lu t q iy m a t  b o 'y ic h a  e n g  k a tta  m a n f iy  
son  o lin a d i.  B u  s o n  y e c h u v c h i u s tu n n i k o 'rs a ta d i.

1. O z o d  h a d la rn i m o s  ra v is h d a  y e c h u v c h i u s tu n d a g i m u sb a t 
so n la rg a  b o ‘ l ib , u la m in g  e n g  k ic h ig i  ta n la n a d i. B u  sa trga  y e c h u v c h i

{56 37 21 _ 2 _
sa tr d e y i la d i y  > 2 1  2  '

2. Y e c h u v c h i  u s tu n  v a  y e c h u v c h i sa tr ke s ish g a n  k a ta k d a g i so n g a  

y e c h u v c h i son  d e y ila d i.
3. S im p le k s  ja ld v a l la r n i  t o ‘ ld ir is h  fo rm u la la r id a n  fo y d a la n ib ,  

q o lg a n  k a ta k la r  t o ‘ ld ir i la d i.  N a t i ja d a  2 -  ja d v a l h o s il b o ia d i .  B u  
ja d v a ld a  x2 a so s iy  o ‘z g a ru v c h i!a r  sanga o ‘ tk a z ila d j.  q o ‘s h im c h a  
o 'z g a r u v c h i la r  sa figa  o 'tk a z i la d i.
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2- jadval

I ~x, - y 3
Tek.

ustuni

V ■ r 7 r 1 9- i
r -> ,J

y2 34 13/ 2 -3 /2 39

x, 1 1 ?
1

1
2

F 4 -5 2 1

F in d e k s  sa trid a  m a n f iy  so n  ( — 5) b o 'lg a n i  u c h u n  3 - s im p le k s  
ja d v a l tu z ila d i.  N a t i ja d a  q u y id a g i ja d v a l k o s i l  b o ‘ la d i.

3- jadval

I - y 2 - y ,

y. % - % - %

x. % % - % 3

*2 % V l3 Y 13

F 3% % %
F in d e k s  s a tr i h a d la r in in g  h a m m a s i m u s b a t b o 'lg a n i  u c h u n  

q u y id a g i y e c l i im :

33 68 47 .  n

1 = l3  *1 = n ; X2 = l 3 : y2 y3 =

o p t im a l y e c h im  b o 'la d i .  U n g a  m a q sa d  fu n k s iy a s in in g  q u y id a g i Fn 
m o s  k e la d i.

rp 1 0 , > 11 , ,  392 392
max 0 (  -V2 ) +  1 3 (  >’3 ) +  1 3  13  ■

2 .3 .-m asa ia . Q u y id a g i  sh a rtla rd a
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4щ + 5и2 -  щ > 3,

9и, + Зи2 + 2ы3 > 4,

« |,«2 ,«3  S О-

F' =56н, +37 и, +2м3 f im k s iy a n in g  m in im u m  q iy m a t in i  to p in g . 

S im p le k s  u s u l q o id a la r id a n  fo y d a ia n ib ,  b e r i lg a n la rn in g  a so s iy  
ja d v a i in i  tu z a m iz .

1- jadval

I u.i U2 lL>

v, -3 4 5 -1

V2 -4 9 3 2

F 0 56 37 2

1. O z o d  h a d la r  u s tu n id a n  m a n f iy  s o n la r  ic h id a n  e n g  k ic h ik  
m a n f iy  s o n  o lin a d i.  B u  s o n  tu rg a n  sa tr y e c h u v c h i s a trn i k o ‘ rsa tad i.

2. F sa tr h a d la r in i  m o s  ra v is h d a  y e c h u v c h i s a trd a g i s o n la rg a  
b o 'l ib ,  e n g  k ic h ig i  o lin a d i:

/56 37 21 2
m in  | y ;  2 J 2 -

B u  u s tu n g a  y e c h u v c h i u s tu n  d e y ila d i.
3. Y e c h u v c h i  satr va  y e c h u v c h i u s tu n  ke s ish ga n  k a ta k d a g i s o n  

y e c h u v c h i son  d e y ila d i.
4. Q o ’s h im c h a  o ‘ z g a m v c h i « 3 n i ,  v2 a s o s iy  o ‘z g a ru v c h i s ifa tid a  

bazisga  k ir i t a m iz .  S im p le k s  ja d v a ila r n i  tu z is h  fo rm u la la r id a n  fo y d a ­
ia n ib , 2 -  s im p le k s  ja d v a l tu z ila d i:

2- jadval

f u i U2 V2 Tekshirish ustuni

v i -5 v/ i
/
2 " Я

U 3 2 - V
/2

-31
/

/
2 У2 -3  — 

2

F* 4 47 34 1 83
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0 ‘ z g a rm a s la r  u s tu n id a  m a i i f i y  s o n  ( — 5) b o ‘ lg a n i  u c h u n  b u  
ja d v a l h a m  y u q o r id a g i k a b i a lm a s h t ir i la d i.  N a t ija d a  q u y id a g i ja d v a l 
h o s il b o ‘la d i.

3- jadval

T U! V, V2

U 2
10 17 2 1
13 13 13 13

U 3

11 33 3 5
13 13 13 13

392 33 6 8 47
r

13 13 13 13

O z o d  h a d la r  u s tu n id a  h a m m a  h a d la r  m u sb at b o 'Ig a n i u c h u n  
q u y id a g i y e c h im  o p t im a l b o ‘ la d i:

lh
10

13
Щ = y | ;  « 1 = 0; vx = 0; v2 = 0,

Fm
33 68 47 392 392

13 ‘
S h u n d a y  q ih b , ik k ila n g a n  s im p le k s  u s u l o rq a li  m asa la  y e c h ild i .

• Щ +  V i +  V ?  +  ■
13 1 13 1 13 2 13

T o p s h ir iq la r
Q u y i d a g i  m a s a la la r n i  c h i z i q l i  p r o g r a m m a la s h t i r i s h n in g  

ik k ila n g a n  m a sa la s iga  k e lt ir in g  va  ik k ila n g a n  s im p le k s  u s u l b ila n  
ye  с h in g

2 .4 . 5 xj + Зх2 < 52, 

x 2 < 2 , 

lO x j + 4 x 2 < 7 0 ,

2*5- 9x, +1 l x 2 < 46,

5^i + x2 < 42,

Xj + 13x2 < 4,

xu x2 > 0.

F = 8x j  + 6x 2 m ax

xu x2 > 0 .

F = 5x, + x2 m a x
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3 -§ .  Ik k ila n g a n  m a s a la la rn in g  g e o in e tr ik  ta lq in i

A g a r  b e r i ig a n  v a  u n g a  ik k ila n g a n  m a s a la la rd a  o 'z g a r u v c h ila r  
s o n i ik k ig a  te n g  b o ‘ Isa, c h iz iq l i  p ro g ra m m a la s h t ir is h  m a s a la la r in in g  
g e o m e tr ik  t a h l i l in i  b e r is h  o so n la sh a d i.

B u  h o ld a  b i r - b i r in i  is ts in o  q ilu v c h i q u v id a g i u c h ta  h o i b o l is h i  
m u m k in :

1 )  ik k a la  m a sa la  h a m  o p t im a l y e c h im g a  ega;
2 )  fa q a t b it ta  m a sa la  o p t im a l y e c h im g a  ega;
3) ik k a la  m a s a la n in g  o p t im a l re ja la r i b o ‘sh to 'p la m n i  ta sh k il 

q ila d i.
2 .6 -m a s a la . Q u y id a g i  s h a rt la r  b o 'y ic h a

-2 x j  + 3x2 < 14,

x ,  + x2 < 8.

x , , x2 > 0

F = 2*! + lx2 - »  m ax

m a s a la n i ik k i la n g a n  m a s a la g a  k e l t i r in g  v a  ik k a la  m a s a la n in g  

y e c h im la r in i  to p in g .

Y e c h is h .  B u  m a sa la g a  ik k ila n g a n  m asa la : F* = 1 4 + Sy2 f u n k -  

s iy a n in g  q u y id a g i s h a rtla rd a

- 2 yx +  ,v2 > 2 , _

3 *  + }’j * 7,

>•,, >»2>0

m in im u m  q iy m a t in i  to p is h d a n  ib o ra t b o 'la d i.
B e r iig a n  v a  u n g a  ik k ila n g a n  m a sa la d a  h a m  n o m a ’ lu m la r  s o n i 

ik k ita  (jc, va  x2), (>>, v a  y , )  u n in g  u c h u n  g e o m e tr ik  u s u l b ila n  
y e c h is h  m u m k in .  D a s t la b k i m asa lada  m a q sa d  fu n k s iy a s i B n u q ta d a  
m a k s im u m  q iy m a tg a  ega. S h u n in g  u c h u n  B (2 ; 6)  n u q ta d a  F (2:
6 )= 2 -2 + 7 -6 = 4 6  m a q sa d  fu n k s iy a s i o p t im a l re ja g a  (p la n g a )  ega (2 .1 -  

c h iz m a ) .
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X,

6 ;

к /
-2ж,+3дг,=14

f V  2

г L У  s' ■' /  \  /
А 3 'С.

/ А Т /  с

з 7

2л',+7х2=46

х.+х,=8

-2 -1 О 1 2  3
-I tt,

-2

5 6 7 8 л.
л

II
2.1-chizma.

Ik k i la n g a n  m a sa la  esa E(  1 ; 4 ) n u q ta d a  m in im u m  q iy m a tg a  
(2 .2 -c h iz m a )  ega. S h u n in g u c h u n  F * ( i ;  4 ) =  14 14-8-4=46 m a q sa d  
fu n k s iy a s in in g  m in im a l q iy m a t id ir .

У2 f

-2)>1+У2=2

У i

2.2-chizma.
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JV, 2.3-chizma.

, r
2v,+v,— 3 

 ̂ Э

4
3 \

—4>!1+.v2—-2

о

f \ ,  1
-2  -1  0 1 2 3 4 5 6 7 V,

-1

X/
2.4-chizma.

f t

2.7-m asala. Ikkilangan masalalar juftligining yechimlarini 
toping.



D a s t l a b k i  m a s a l a

—4.x:, + 2x 2 > 4,

.Vj • — 6.
x{, x2 > 0 .

F = -2x] -  3x2 ->  m in

Ik k i la n g a n  m asa la

-4y\ + y2 < -2,

2)’i + y 2  ̂-3.
y¡, }’2 ä  0.

F' = + 6y2 —> max

Y e c h is h .  D a s t la b k i m a s a la  v a  u n g a  ik k ila n g a n  m a s a la  h a m  
ik k ita d a n  o 'z g a m v e h ig a  ega. S h u n in g  u c h u n  u la r  g e o m e tr ik  u s u l 
b ila n  y e c h ila d i.  Ik k a la  m a sa la  u c h u n  h a m  s h a k lla r  c h iz i la d i (2 .3 , 
2 .4 -c h iz m a la r ) .

2 .3 -c h iz m a d a n  k o ‘ r in ib  tu r ib d ik i ,  d a s t la b k i m a sa la  y e c h im g a  

e g a  e m a s . C h u n k i  m a q s a d  f u n k s i y a s iF = -2x¡ - 3x2 m u m k in  

b o ‘ lg a n  y e c h im la r  t o 'p la m id a  q u y id a n  c h e g a ra la n m a g a n . 2 .4 - 
c h iz m a d a n  k o 'r in ib  tu r ib d ik i ,  ik k ila n g a n  m a s a la n in g  h a m  o p t im a l 
re ja la r i y o 'q ,  c h u n k i y e c h im la r  k o 'p b u rc h a g i b o 's h t o 'p la m n i  ta sh k il 
q ila d i.  S h u n d a y  q i l ib ,  d a s tla b k i m a sa la  o p t im a l re jaga  ega b o 11m asa 
(m a q s a d  f u n k s iy a s i  m u m k in  b o 'l g a n  y e c h im l a r  t o 'p la m id a  
c h e g a ra la n m a g a n  b o ig a n i  u c h u n )  u n g a  ik k ila n g a n  m a sa la  h a m  
o p t im a l re ja g a  ega b o 'lm a y d i.

Tayanch iboralar
Asosiy masala, ikkilanma masala, yechuvchi son, yechuvchi ustun,
yechuvchi satr, optima! reja.
Takrorlash uchun suvollar
1. Ikkilanma masala deb qanday masalalarga aytiladi?
2. Ikkilanma simpleks usuli qanday qo‘llaniladi?
3. Ikkilangan simpleks jadvalda yechuvchi satr, yechuvchi ustun, yechuvchi 

son qanday topiladi?



I l l  B O B  
T R A N S P O R T  M A S  A L A S  I

l - § .  T a q s im o t  u s u li

F a ra z  q i la y l ik ,  m ta  is h la b  c h iq a r is l i  k o r x o n a s i b e r i lg a n  b o 'ls in .  
B u  k o rx o n a la rd a  m o s  ra v is h d a  av a.,. am to n n a d a n  b i r  j i i i s l i  
m a h s u lo t la r  ish la b  c h iq a r ilg a n  b o 'l ib ,  Br Bv B;I —  is te 'm o lc h ila rg a  
m o s  ra v is h d a  bv bv bn to n n a d a n  ta rq a tis h  k e ra k . Aj -  ish la b  
c h iq a r is h  k o rx o n a s id a n  B. is te ’m o lc h ila rg a c h a  m a h s u lo t la m i ta s liis h  
b a h o s i q u y id a g i t a r i f  m a tr its a s i k o ‘r in is h id a  b e r ilg a n  b o 'ls in :

cn  c!2 ... cln
rp c2\ c22 c2n

 ̂Cml cm2 • ■ ■ cmrt /

Y u q o r id a g ila rg a  asosan q u y id a g i ja d v a ln i  tu z is h  m u m ld n .

1- jadval

Ishiab
chiqarish

korxonalari

Korxonada 
bo‘lgan 
ishlab 

chiqarilgan 
mahsulot- 
lar (tonna 
hisobida)

Iste* molehilar va ularning talabi

B, B, Bu

b.t b,t b,t V

c,, c ,, c,, c,
A , a,x 11 u

xn X 12 X 13 Xlll

A . a2t C 21 C 22 c23 C2n

X 2! X 22 X jj X2n

A „ Cnü C m2 C m3
Cnui

Xml X m2 XmJ Xirm
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A g a r  ish la b  c h iq a r is h  k o rx o n a s id a g i ja m i b ir  j in s l i  m a h s u lo t la r  
m iq d o r i  is te ’m o lc h j la m in g  ta la b in i t o l a  q o n d irs a , y a ’n i

Ü = üi + (¡2 5

b=bi + ^2 5
a=b

b o ls a ,  y u q o r id a g i  ja d v a lg a  a s o s la n ib  t u z i lg a n  m o d e lg a  y o p iq  

m a te m a t ik  m o d e l d e y ila d i.
A g a r  m a sa la n , a>b b o ls a ,  tu z ilg a n  m a te m a t ik  m o d e lg a  o c h iq  

m o d e l d e y ila d i.
Is te ’m o lc h i la r  sa figa  so xta  is te ’m o lc h i  B_l n i k ir i ta m iz .
S o x ta  is te ’ m o lc h i m a h s u lo t jo y la s h g a n  k o rx o n a  boM gan i u c h u n  

m a h s u lo t la rn i ta sh ish  b a h o s i 0 ga te n g .
S h u n d a y  q i l ib ,  o c h iq  m a te m a t ik  m o d e ln i  y o p iq  m a te m a t ik  

m o d e lg a  k e lt irs a  b o ‘la d i.
J a d v a ln i q u y id a g ic h a  tu s h u n t ir is h  m u m k in :  x n , x 12, . . . ,  xu¡ la r  

Aj is h la b  c h iq a r is h  k o r x o n a s id a g i  m a h s u lo t n i  m o s  ra v is h d a
Br B2  B is te ’m o lc h ila rg a  ta rq a t ila d ig a n  m iq d o r i xn, xl2, .. . ,  xln
la r  A, is h la b  c h iq a r is h  k o rx o n a s id a g i m a h s u lo tn i m o s  ra v is h d a  
Br B2, Bn is te 'm o lc h ila rg a  ta rq a t ila d ig a n  m iq d o r i v a  h o k a z o . C .  
la r  esa 1 to n n a  m a h s u lo tn i / - is h la b  c h iq a r is h  k o r x o n a s id a n  j- 
is te ’ m o lc h ig a c h a  ta sh ish  b a h o s i, y a ’ n i ta r if .

S h u n d a y  q i l ib ,  tra n s p o rt m a s a la s in in g  s h a rt in i b e r ilg a n  ja d v a lg a  
a so s la n ib , x  la rn i o 'z  ic h ig a  o ig a n  q u y id a g i n+m ta  te n g la m a la r  
s is te m a s i k o 'r in is h id a  y o z is h  m u m k in :

x l\ + x12 Xfaf -  a,,
x 2l + x 22 "* + x 2n — a2i
x m\ +  x m2 + ' ' ' + x mn =  an, 

•XJ1 + x 2l + ' "  +  x ml ~  h -

X12 + x 22 + ---h x m2 = b2 ;

X\,l + X2 n + - -  + Xnn = b n. 

x¡j > 0, i = In, j  = 1 ,m

(a)

(b) (3 .1 )
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T ra n s p o r t  x a ra ja t la r i  (m a q s a d li f im k s iy a )  esa q u y id a g ig a  te n g :

/  = cnxn + Cy2X l2 +■■■ + Cln X ln  + c21x2l +■■■ + c2nx2n ^
_i C/?lX m\ +  ^m2x m2 +  "  ' +  ^mnx mn

D e m a k , (3 .1 ) c h iz iq l i  te n g la m a la r  s is te m a s id a  s h u n d a y  0 l i  va  
m u s b a t y e c h im la r in i  to p is h  k e r a k k i ,  (3 .2 )  m a q s a d  fu n k s iy a s i 

m in im u m  q iy m a t  q a b u l q ils in .
(3 .1 )  t e n g la m a la r  s is te m a s in i v a  (3 .2 )  t e n g i ik n i  q u y id a g i  

k o ‘r in is h d a  ix c h a m  y o z is h  m u m k in :

x¡¡ =  a¡, (i = hm)
;=i
ft) _
J ^ X y = b h  0  = 1,«  )
i =i

(З.Г)

va

f  = 'L'Lcaxij ^ m in  (3 .3 )
1=1 7=1

S h u n i h a m  a y t is h  k e r a k k i  (3 .1 )  te n g la m a la r  s is te m a s in in g  
h a m m a  te n g la m a la r i b i r -b i r i  b ila n  c h iz iq l i  b o g 'l iq  y o k i c h iz iq l i  b o g ‘l iq  
em as b o l is h i  m u m k m . C h iz iq l i  b o g 'l iq  b o 'lm a g a n la r  s o n i m + и - 1  

d an  k ic l i ik  y o k i  te n g  b o 'la d i.
T a q s h n o t  u s u lin i  u m u m iv  h o ld a  a lg o r i tm in i  tu s h u n t ir is h  a n c h a  

o g ‘ ir .

1. S h i m o l i - g ‘ a rb  b u r c h a k  u s u l i .  « S h im o l i - g 'a r b  b u r c h a k »  
u s u lin in g  u m u m iy  q o id a s i q u y id a g ila rd a n  ib o ra t. E n g  a w a l  d a s tla b k i 
b e r i lg a n la r n in g  ja d v a l id a n  « S l i i m o l i - g ‘ a r b id a  jo y la s h g a n  x n 
n o m a ’lu m n in g  q iy m a t in i  a n iq la y m iz » .

x n = m in ( ö , 6)

B u n d a  ik k i  h o i  b o l i s h i  m u m k in :

1 )  ax < by b o 'ls a ,  x n = ö, va  xXj = 0 (j -  2 ,ri) ; b\ - Ь у - а х\

2) ax > bx b o ‘lsa , x u  = ahx va  a{ -  ax-by\ A .
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A g a r  b i r i n c h i  h o i  b a ja r i l s a ,  b i r i n c h i  q a d a m d a n  s o 'n g  
m a s a la n in g  y e c h im la r id a n  t a s h k i l  to p g a n  m a t r it s a  q u y id a g i  

k o 'r in is h d a  b o T a d i:

'* 1 1  = i / l 0 0 • 0 o  '

JY” -, -j .X ) i Ch•^11

*m l X nil *m 3 -

¿rl

x mn a m

K k  ~ 0 \ ¿2 ¿5 • ■ K n
E n d i ik k in c h i q a to rd a g i b ir in c h i  e le m e n t to p ila d i.
B u  y e rd a  h a m  ik k i h o i  b o 'l is h i  m u m k in :

1) A g a r  a^bx- a l b o 'ls a , xll=bi- a i va  

* 2 , = Q  j  =  2 j i a \ = a 2 - ( b ]  - a { ) ■

2) A g a r  a2<b] - a { b o is a ,  x2l=a2va b\ = by -ciy - a 2.

A g a r  b u  y e rd a  h a m  b ir in c h i  h o i  b a ja r ils a , u  h o ld a  ik k in c h i  
q a d a m d a n  s o 'n g  y a n g i m a tr its a  q u y id a g i k o 'r in is h d a  b o 'la d i:

*1 1  = « 1 1 0 0 • 0 0

* 2 1  =b, - a , * 2 2 X23 * 2  n a2 = a2 -  (¿! -  )

*31 * 3 2 * 3 3  • ' «3« «3

xm\ xm2 * m 3  ' • */«« am
b\ =  bv -  cty -  a2 bi ■ K f

B u  ja r a y o n  q a d a m -b a q a d a m  b a rch a  a. va  b. la r n o lga  a y la n g u n c h a  
d a v o m  e t t ir i la d i.  M a 'lu m k i ,  h a r  b ir  x.. n in g  q iy m a t i v a  bj la rn in g  
tu r l i  k o m b in a ts iy a la r in i a y ir is h  y o k i  q o 's h is h  y o rd a m id a  to p ila d i.  
S h u n d a n  k e y in  (3 .2 ) fo rm u la  o rq a li tra n sp o rt xa ra ja tla r i h is o b la n ila d i.

2. M in im a l x a r a ja t la r  u s u li. M in im a l x a ra ja t la r  u s u lin in g  q o id a s i 

q u y id a g ic h a :
1 . T ra n s p o r t  m a sa la s i x a ra ja t la r id a n  ta s h k il to p g a n  ta ’ r i f  m a t r it -  

sasi b e lg ila b  o lin a d i:
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'cu C12 cUi

T = ?2l c22 c2 n

ycml cm2 cmn J

2. T m a tr its a n in g  m in im a l e le m e n tin i to p a m iz :

m in  {£•,-,} = k.

F a ra z  q i la y l ik ,  b u  e le m e n t

%  = k-
U  h o ld  a

•xj2 = mm(ah bj2 ).

B e r ilg a n la rg a  asosan  q u y id a g i ik ld  h o i  b o ‘l is h i  m u m k in :

lH j  ± b h ,

2)

B ir in c h i  h o ld a  i\ s a tm in g  b a rc h a  e le m e n tla r i xj{j = 0. (j * j {) 
b o 'la d i,  b u n d a y  h o ld a  iy sa tr e le m e n tla r i o 'c h ir i la d i .

I ld d n c h i  h o ld a  j\  u s tu n n in g  b a rc h a  e le m e n t la r i %  =  0. (/ * /x) 

v a  b u  h o ld a  b a rc h a  j\ u s tu n  e le m e n tla r i o ‘c h ir i la d i.
U s tu n  va  sa tr e le m e n t la r in i o ‘ c h ir is h  n a tija s id a  h o s il b o Lig a n  

y a n g i  m a t r its a n in g  u s tu n  v a  s a tr la r  s o n i T m a tr its a g a  n is b a ta n  
b it ta g a  k a m a y a d i.  I k k in c h i  q a d a m d a  y u q o r id a g i  ja r a y o n  y a n g i  
m a tr its a  u c h u n  y a n a  b a ja r ila d i.  S h u n d a y  q i l ib ,  q o ‘y i lg a n  m a s a la n in g  
b o s h la n g ‘i c h  o p t im a l  p la n in i  to p is h  u c h u n  m in im a l  x a r a ja t la r  
u su h d a  n+m —  1 ta  q a d a m n i b a ja r is h  k e ra k .

E n d i  q u y id a g i m a s a la n i k o ‘ r ib  c h iq a y lik .
Mas-ala. S a m a rq a n d  v i lo y a t in in g  J o m b o y  v a  J u m a  b a za s id a n  

K a t ta q o ‘r g 'o n ,  Is h t ix o n  va  N a r p a y  tu m a n la r ig a  b i r  j in s h  to v a r la rn i 
ta s liis h  k e ra k , to v a r la r  z a x ira s i J o m b o y  b a za s id a  400 to n n a , J u m a  
b a za s id a  esa 600 to n n a . K a t ta q o ‘ r g ‘o n  tu m a n in in g  to v a rg a  ta la b i 
350 to n n a ,  I s h t ix o n  tu m a n in ik i  450 to n n a  v a  N a r p a y  tu m a n in ik i
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esa 200 to n n a . J o m b o y  b a za s id a n  u c h ta  tu m a n g a c h a  b o 'lg a n  m a s o -  
fa la r  m o s  ra v is h d a  100 k m , 60 k m  va 110 k m . J u m a  b a za s id a n  
u c h ta  tu m a n g a c h a  b o ‘lg a n  m a s o fa la r m o s  ra v is h d a  40 k m , 70 k m  
va  50 k m  g a  te n g . T u m a n la rg a  to v a r  ta s h is h n in g  o p t im a l v a r ia n t in i  
to p in g .

Y echish. M a s a la n in g  s licu iig d  a»oaan q u y id a g i ja d v a ln i tu z a m iz .

1- jadval

Bazalar Bazalardagi
tovar zaxiralari

Tnmanlar

Kattaqo‘rg‘on Ishtixon Narpay
Jomboy

I 400t 100 xn 60 Xj, 110 x13

Juma 600t 40 x21 70 x 50 Xj3

Tovarlarga 
bo'lgan talab lOOOt 350t 450t 200t

B u  m a sa la d a  b a z a la r  s o n i m=2, is te ’m o lc h i la r  s o n i esa n— 3 ta . 
S h u n in g  u c h u n  m a h s u lo t la rn i ta q s im la g a n d a n  k e y in  t o ‘ld ir ig a n  

k a ta k la r  s o n i m+n—1 = 2 + 3 — 1 = 4  ta  b o ‘ l is h i  k e ra k .

1 -  ja d v a lg a  a s o s la n ib , 2 -  ja d v a ln i tu z a m iz .

2- jadval

Bazalar
Bazalardagi

tovar
zaxiralari

Tnmanlar va ularning tovar mahsulotlariga talabi

Kattaqo‘rg‘on 
350 1

Ishtixon 
450 2

Narpay 
200 3

Jomboy
I 400t 100

350
60

50
110

0

Juma
11 600t 40

0
70

400
50

200

T ra n s p o r t  x a ra ja t la r in i 2 - ja d v a lg a  a s o s la n ib  liis o b la sa k , 

/ , = 35 0  100 + 50 -60 + 400 -70  + 200 50 =

=  35000 +  3000 + 28000 +10000 = 760001 .km  n i  

ta s h k il e ta d i. 2 -  ja d v a ln in g  o p l im a l l ig in i  te k s h ira m iz .
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B u rr in g  u c h u n  b o ‘sh  k a ta k la rg a  n is b a ta n  z a n jir la r  tu z a m iz . 
B u n d a y  z a n jir la r  A , ,  v a  A 21 la rd a n  ib o ra t.
А и  —  z a n j i r  q u y id a g i k o 'r in is h g a  ega. B o 's h  k a ta k  in d e k s in in g  

is h o ra s i m u s b a t is h o ra  b i la n  o l in a d i.  Q o lg a n  in d e k s la r  is h o ra s i 

alm a sh ib  tu ra d i.

60 1 1 0
_ +

A .< =  1 1 0 -6 0 + 7 0 -5 0 = 7 0
+ —

70 50

B u  z a n j i r  m u sb a t, s h u n in g  u c h u n  b o sh q a  b o ‘sh z a n jir ,  y a  ni 

Д 21 te k s h ir ila d i.
A 2i z a n j i r n in g  k o ‘ r in is lr i  q u y id a g ic h a  b o ‘ la d i:

350 60
_  +  

A „  = 4 0 -1 0 0 + 6 0 -7 0 — 70
+

400

D e m a k , A 21 z a n j i r  m a n f iy  is h o ra g a  e g a , s h u n in g  u c h u n  b u  
z a n jir n i  y a x s h i la y m iz .  M a n f iy  u c h la rd a  jo v la s h g a n  y u k la r n in g  e n g  

k ic h ig i  o l in a d i,  y a ’n i  m in  {3 5 0 ,4 0 0 }= 3 5 0 .
B u n d a n  k e y in  350 m a n f iy  u c h la rd a g i y u  к la rd a n  a y i r i la d i  v a  

m u sb a t u c h la rd a  tu rg a n  y u k la rg a  q o 's h ila d i.

3 5 0 -3 5 0 = 0  5 0 + 3 5 0 = 4 0 0

- +

+
—

0 + 3 5 0 = 3 5 0  4 0 0 -3 5 0 = 5 0

A 21 z a n jird a g i o ‘ z g a r is h la rn i h is o b g a  o ! ib  3 - ja d v a l tu z ila d i.
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3- jadval

Bazalardagi Tumanlar va ularning tovar mahsniotlariga talabi
Bazalar tovar

zaxiralari
Kattaqo'rg'on 

350 t 1
Ishtixon 
450 t 2

Narpay 
200 3

100
0+

60
0+1 400t 1 110

Juma 600t 2 40 70 50
[I 350 50 200

3 - ja d v a ld a g i p ro g ra m m a  b o ly ic h a  tra n s p o rt x a ra ja t la r i

f 2 = 100 • 0 + 400 • 60 +110 • 0 + 350 ■40 +  50•70 + 200 ■ 50 =

= 0 + 24000 + 0 +14000 + 3500 +10000 = 515001 k m  n i  ta s h k il
e ta d i.

2 -  va  3 - ja d v a lg a  j o y l a s h t i r i l g a n  p r o g r a m m a la r n in g  f a r -  

q i fi -  f2 = 76000-51500 = 24500 t k m  n i ta s h k il e ta d i. D e m a k , iq t i -  

s o d iv  te ja sh  24500 to n n a  k m  n i  ta s h k il e ta d i.
E n d i  3 - ja d v a ld a g i b o ‘sh  k a ta k la rg a  n is b a ta n  tu z i lg a n  z a n j i r -  

la rn in g  is h o ra s in i y u q o r id a g i k a b i te k s h ir ib  c h iq s a k  A u , A , , la m in g  
is h o ra la r i rnusbat e k a lig i k o 'r in a d i .

S h u n in g  u c h u n  3 - ja d v a lg a  jo y la s h t ir i lg a n  p ro g ra m m a  o p t im a l 
p ro g ra m m a  b o 1 lib , b u  p ro g ra m m a  b o ‘ y ic h a : K a t ta q o ‘r g ‘o n  tu m a n i 
J u m a  b a z a s id a n  350 to n n a  y u k  o l in is h i  k e ra k  b o ‘l ib ,  t ra n s p o r t  
x a ra ja t la r i

/ i  = 0 100 + 350 • 40 = 14000 t k m  n i ta s h k il e ta d i.

I s h t ix o n  tu m a n i 400 to n n a  y u k n i  J o m b o v  b a za s id a n , 50 to n n a  
y u k n i  esa J u m a  b a za s id a n  o lg a n d a  tra n s p o rt  x a ra ja t la r i

F2 = 400 ■ 60 + 50 70 = 24000 + 3500 = 27500 t  k m  n i  ta s h k il e ta d i.

N a r p a y  tu m a n i 200 to n n a  y u k n i  J u m a  b a z a s id a n  o la d i va  
tra n s p o rt  x a ra ja t la r i

F3 = 0  110 + 200 50 = 10000 t  k m  n i ta s h k il e ta d i.

J a m i t ra n s p o rt x a ra ja t la r i

f 2 =Fi+F2 + F3 = 14000 + 27500 +10000 = 5150 t k m  n i  ta s h k il  

e tad i.
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2 -  ja d v a lg a  jo y la s h t i r i lg a n  p r o g r a m m a  b o 'y i c h a  t r a n s p o r t  

x a ra ja t la r i tu m a n la r  b o 'y ic h a :

K a t ta q o ‘ rg ‘o n  /, = 100 3500 = 35000 t k m ;

Is h t ix o n  f 2 = 50 ■ 60 + 400 • 70 = 3000 + 28000 = 31000 t k m ;

N a r p a y / 3 = 200 ■ 50 = 10000 t  k m ;

J a m i /, + f 2 + /3 = 76000 t  k m .

T u m a n la r  b o 'y ic h a  te ja lg a n  tra n s p o rt x a ra ja t la r i:

K a tta q o ‘ rg ‘o n  f 2 -F2 = 35000 -14 000  = 21000 t k m ;

I s h t ix o n  f 2 —F2 =  3 10 0 -2 7 50 0  = 4500 t k m ;

N a r p a y  f3 -F3 = \ 0000 -10 0 0 0  = 0 t k m .

S h u n d a y  q i l ib ,  1 to n n a  y u k n i  1 k m  ga ta s h is h  u c h u n  100 s o 'm  
m a b la g ' sa rfla n g a n d a , tu m a n la r  b o 'y ic h a  iq t is o d iy  te jash :

K a t ta q o ‘ r g 'o n 2 1000 L00 = 2100000 = 2 m ln  100 m in g  s o 'm ;

Is h t ix o n 4500 • 100 = 450000 = 450 m in g  s o 'm n i ta s h k il e ta d i. 
J a m i v i lo y a t  b o 'y ic h a  iq t is o d iy  te jash  3 - ja d v a ld a g i p ro g ra m m a  

b o 'y ic h a  2 m i l l io n  550 m in g  s o ’ m n i ta s h k il e ta d i.
1 -  ja d v a lg a  a so s la n ib  q u y id a g i m o d e ln i tu z is h  m u m k in :

x u  + X\2 + X |3 =400,

A"') 1 +  x22 + x23 = 600,

X j i  + x2j =  350,

X|2 + X22 = 450,

*1 3  +  * 2 3  =  2 0 0 -

Xg > 0 .

/  = lO O xj] + 60x)2 + 1 10x l3 + 40x2i + 70 ' *22 + ^0 ■ x 23. 

Y u q o r id a g i s is te m a n i y e c lis a k , q u y id a g i h o s il b o 'la d i:

X u  = 0, x 2i = 350,

— 400. x 22 = 50,

x13 = 0, x23 = 200.
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/  = 100-0  +  60 ■400 +  110-0  + 4 0 -5 0  + 7 0 -5 0 +  50-200 =  51500 
to n n a  k m .

Y u q o r id a g i  o p t im a l p ro g ra m m a  m a te m a t ik  m o d e l y e c h im la r i  
b i la n  m o s  k e ld i.

S h u n i h a m  a y t is h  k e ra k k i,  n w s a Ja la r y e c h g a n d a  A.. la m in g  b ir  
n e c h ta s i m a n f iy  b o ‘la d i.  U  vaq td a  m a n f iy  A,, la r  ic h id a n  e n g  k ic h ik  
z a n jir  ta n la n a d i va u  y a x s li i la n a d i.

A g a r  z a n jir la rd a  b i r  n e c h ta  o ‘z a ro  te n g  m a n f iy  s o n la r  p a y d o  
b o 'ls a , u v a q td a  b ir in c h i  ( is ta lg a n ) m a n f iy  z a n j ir  y a x s li i la n a d i.  A y r im  
va q td a  t o 'ld i r i lg a n  k a ta k la r  s o n i n+m-i  d a n  k a m  b o ‘la d i. S h u n in g  
u c h u n  b iro n ta  k a ta k k a  0 q o 'y ib ,  u  k a ta k  y u k  b ila n  t a ’m in la n a d i v a  
t o ld i r i l g a n  k a ta k la r  s o n i n+m-l  ga te n g  b o ‘la d i.  B o 's h  k a ta k k a  0 
q o 'y is h d a  k a ta k n i s h u n d a v  îa n la s h  k e ra k k i.  u  k a ta k  b ila n  tu z ilg a n  
b a rc h a  z a n jir la rd a  A. la r  m u sb a t b o ‘ls in .

M in im a l  x a ra ja t la r  u s u li b i la n  m a s a la la r  y e c h is l in i  ta la b a la rn in g  
o 'z ia r ig a  ta v s iy a  q ila m iz .

2 -§ .  Potensiallar usuli

F a ra z  q i la y l ik ,  t ra n s p o rt m a sa la s i q u y id a g i ja d v a l k o 'r in is h id a  
b e r iig a n  b o ls in .

Ishtab
chiqarish

korxonalari

Korxona-
iarda 
ishlab 

ehiqariigan 
mahsulot- 
lar (tonna 
hisobida)

Iste’molchilar va uiaraing talabi

B, B2 B3 . . . b„

bit b2t b3t bnt

A i a,t c u

x . l

C 12

X 12

c n

X 13

C ,n

x h,

a,t C21

X 21

C22
X j2 X 23

C 2n

* 2 .

K a™1 Cra l

X n ll

C m2

X m2

Cm3

X m3

Cmn

X mm
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B u  ja d v a l « s h im o l i - g ‘a rb  b u r c h a k »  u s u lid a n  fo y d a la r tg a n d a n  
k e y in  b o s h la n g ‘ ic h  ta y a n c h  re ja  b o is in ,  xr —  ta q s im la n g a n  v u  к 
(z a x ir a ) la r  c ' (.. y n k la r  b o im a g a n ,  y a ’n i  t o ‘ld ir i lm a g a n  k a ta k la r , ctJ 
la r  esa t o id i r i l g a n  k a ta k la r b o is in .

B o s h la n g ic h  ta y a n c h  re ja g a  a s o s a n  t r a n s p o r t  x a r a ja t la r i

/  =  ¿11*11 + Cj2x 12 +  c 23*23 +  ••■ +  c 2nx 2n +  •" +  c m3-xm3 +  •" +  Cmnx mn 8 a

te n g  b o ia d i .
1 -  ja d v a lg a  Al,A2,...,Am k o r x o n a la rg a  m o s  ra v is h d a  u¡,u1,...,um 

s h a rtli v a r ia n t la r  (p o te n s ia Ü a r) k ir i t a m iz  f i 1, Ä 2, . . . , ß i is te ’ m o lc h ila rg a  
m o s  ra v is h d a  v x,v 2, . . . , v  s h a r t li  v a r ia n t la r  (p o te n s ia lla r )  k ir i ta m iz .  
D e m a k , A —  k o r x o n a n in g  p o te n s ia li (s h a r t li  v a r ia n t i)  u. — m iq d o r .

( -  1, Hl1
2? —  is te ’m o lc h in in g  p o te n s ia li (s h a rt li  v a r ia n t i)  v. —  m iq d o r

i = 1, m

j  = 1, «
N a t i ja d a  q u y id a g i ja d v a l h o s il b o ia d i .

1-jadval

Ishlab
chiqa-
rish

korxona-
lari

Korxona- 
larda 
ishlab 

chiqarilgan 
mahsulotlar 

(tonna )

Iste’molchiiar va ularning talabi

® i « 3 . . .

b.t b2t b3t b„t
u i -

variant
sharti

К a,t c n

xu
C I2

X 12

C ,3

X !3
. . . c ,„

X lr,
u1

а . a2t C21

X 2 l

C22

^ 2

C 23 C2n

X 2u
U 2

A3 a3t C 3,

X 3I

C 32

X 32

C33

^ 3

C 3n

X 3n
U 3

Am a ml
C « l

X m l

Cm2

X m2

C n-.3

Х ГО3

СЛ1Л
Х ,ш,

U m

V -
j

Shartli
varianti V 1 V 2 V 3 V n

г/;. v a  V s o n Ja r in i s h u n d a y  ta n la b  o lis h  k e ra k k i,  u la rn in g  y i g in d i s i  
t o id i r i lg a n  k a ta k d a g i t a r i f  с.. g a  te n g  b o is in .  U  v a q td a  y u q o r id a g i
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ja d v a lg a  asosan  q u y id a g i n+m-1 ta , h o z irc h a  n o m a iu m  b o ig a n  u. 
va v. la rg a  n isb a ta n  c h iz iq l i  te n g la m a la r  s is te m asi h o s il b o ia d i :

ul +  V1 -  ¿ i l l  «3 +  v 2 -  ¿32, 

'•'I '■ ■ li' ^ V; = !'’'-
M1 +  v 3 =  ¿13)

U2 + V3 = ¿23, ................................

U2 + v3 = c23, u„, + v„ = cmn.

B u  s is te m a d a  n o m a ’lu m la r  s o n i n+m ta . S h u n in g  u c h u n  u la rd a n  
i x t i y o r i y  b ir o n ta s in i  i x t i v o r i y  q iv m a tg a  te n g la s h t ir ib  (m a s a la n  0 
g a ) o l ib ,  q o lg a n  u. v a  v  la r n i  b i r in -k e t i i i  to p a m iz .

E n d i b o 's h  k a ta k la r  u c h u n  ja d v a lg a  a so s la n ib  y u q o r id a g i k a b i 
c h iz iq l i  te n g la m a la r  s is te m a s in i tu z ib  o la m iz :

«1 + V 3 = C  13,

«1 +v„ - c  ln. 
u2 + Vj =  c '21,

u  2 + v 2 =  c  22 »

+  V, =  C n i ’

c'y — la rg a  b ilv o s ita  t a ’r i f la r  d e v ila d i.

u. va v. la m in g  q iy m a t la r in i  q o 'y ib ,  b ilv o s ita  ta ’r i f la r n i  -  c'y 
h is o b la b  c h iq a m iz .

A g a r  b i r i n c h i  p r o g r a m m a d a  q u y id a g i  h a m m a  a y i r m a la r  

c 'ij— Cÿ < 0 b o is a ,  u  va q td a  b u  re ja  o p t im a l re ja  b o ia d i .

A g a r  a y irm a n in g  b iro n ta s i c'y-Cy > 0 b o is a ,  u  v a q td a  o p t im a l 

y e c h im  l ia l i  to p ilm a g a n  b o ia d i .
D e m a k , 1 - p ro g ra m m a n i y a x s h ila s h  k e ra k .

B u n in g  u c h u n  m a x { (c 'ÿ - cÿ) > 0} n i  t o p a m iz  v a  sh u  z a n j i r n i  

ta q s im o t u su ü  b ila n  o 'z g a r t ira m iz .
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N a t ija d a  y a n g i re ja  h o s il b o 'la d i.
H o s i l  b o i g a n  re ja  u c h u n  t r a n s p o r t  x a r a ja t la r i  h is o b la b  

c h iq a r ila d i.
2 - re ja g a  h a m  p o te n s ia lla r  u s u li q o ‘ l la n ila d i.  P o te n s ia lla r  n s u l i i i i  

q o i la s h  ja r a y o n i  b a rc h a c '^ -c ,- ,  > 0 b o ‘ lg u n c h a  d a v o m  e t t ir i la d i.

S h u n d a y  q i l ib .  p o t e n s ia l la r  u s u li  y o r d a m id a  b o s h la n g ic h  
ta y a n c h  re ja d a n  b o sh la b , o p th n a l y e c h im g a  y a q in r o q  b o ig a n  y a n g i 
ta y a n c h  re ja g a  o ‘ t a m iz  v a  c h e k l i  s o n d a g i a lm a s h t ir is h la r d a n  
( ite ra ts iy a la rd a n )  s o ‘n g  m a s a la n in g  o p t im a l y e c h im in i  to p a m iz .

P o te n s ia lla r  u s u lin in g  a lg o r itm i q u y id a g ila rd a n  ib o ra t:
1. S h im o l i - g ‘a rb  b u rc h a k  y o k i  m in im a l x a ra ja t la r  u s u lin i q o ‘Uab, 

b o s h la n g ic h  ta y a n c h  re ja  ( b ir in c h i  b a z is h  y e c h im )  to p ila d i.
2. Is h la b  c h iq a r u v c h i la r  va  is te ’ m o lc h i la r n in g  p o te n s ia l la r i  

h is o b la n a d i (  «  v a  v. la r ) .

3 . c ' y  b ilv o s ita  ta ’r i i la r  to p ila d i.

4. H a m m a c 'ÿ - c ÿ a y ir m a la r  h is o b la n ila d i.  1) a g a r c '^ -c ^  < 0 

b o is a ,  tu z ilg a n  re ja  o p t im a l re ja  b o ia d i  v a  bu re jaga  asosan tra n s p o rt 

x a ra ja t la r i  h is o b la n a d i;  2 )c'iJ—c¡J > 0 b o is a ,  u  v a q td a  b u la rn in g

ic h id a n m a x { ( c ’ÿ - c 0)  > 0} n i  to p ib  o lib  b u  z a n j i r n i  y a x s h i la y m iz .  

Y a ’n i y a n g i b a z is li o ‘ z g a ru v c h i xa k ir i t i la d i v a  y a n g i ta y a n c h  re ja  
tu z ila d i.

M a s a la .  T a q s im o t  u s u lid a g i m a s a la n in g  b ir in c h i  ta y a n c h  re jasi 
b e r ilg a n  b o is in .  B u  ja d v a lg a  s h a rt li v a r ia n t la rn i k ir i t ib ,  q u y id a g i 
k o 'r in is h d a  y o z a m iz .

2- jadval.

Bazalar
Bazalardagi

tovar zaxiralari 
(tonna)

Tumanlar va ularning tovarlarga talabi
1- tayanch reja ( 1 1. hisobi).

Kattaqo‘rg‘on
350

Ishtixon
450

Narpay
200

A, 400 100
350

60
50

110
u,

A, 600 40 70
400

50
200 u,

v i V! V 2 V 3
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/, = 76000 t k m  tra n s p o rt xa ra ja ti.

T o ' ld i r i l g a n  k a ta k la r  u c h u n  q u y id a g i s is te m a  tu z ila d i:

щ + V, = 100, 
U, -r V-, -  60, 

w2 + V2 = 70, 

щ  + V - , =  50,

b u  s is te m a d a  5 ta n o rn a ’ lu m  b o r. S h u n in g  u c h u n

n o m a ’lu m la rd a n  b iro n ta s i 0 g a  te n g ia s h t ir i la d i,  fa ra z  q i la y l ik  « ,= 0  
b o ls in .  U  v a q td a  s is te m a  q u y id a g i y e c h im la rg a  ega:

u, = 0,
и i—

*
О о

v2 = 60, .

u2 = 10. ( A )

v3 = 40.

B o 's h  k a ta k la r u c h u n  ut v a  v. p o te n s ia lla rg a  a so s la n ib , q u y id a g i 
s is te m a  tu z ila d i:

щ + v3 = c \  3 ,

U2 + V] = c ' 21

B u  s is te m a ga  ( A )  y e c h im la r  q o ‘v ils a , b ilv o s ita  ta ’r i f la r  k e lib  c h iq a d i.

с 13 = 110, с'2i = 40.

E n d i  c'y-су — a y irm a la r  h is o b la n a d i.

c']3- î-u = 40 — 110 = -70 < 0, 
с 2i — ¿2, = 110-40 = 70 > 0.

c'2i - c 2l = 70 >0  b o ‘ lg a n i u c h u n  b u  z a n jirn i y a x s h i la y m iz .  O ld in  

z a n j ir n in g  k o ‘ r in is h i c h iz ib  o lin a d i.

350 50
— "f
A2|=  -110

+ —
L00
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B u  z a n jird a g i y u ld a rn i q a y ta d a n  l - §  da  ta q s im la g a n  e d ik . U n in g  
k o ‘ r in is h i q u y id a g ic h a :

0  400
- +

+ _

350 50

Y u q o r id a g i  o 'z g a r is h la rg a  a s o s la iiib , ta y a n c h  re ja n in g  ja d v a i i  

tu z ila d i.

3- jadval

Baza-
Jar

Bazalardagi
yuk zaxirasi

Iste’moichilar va uiarning talabi

Kattaqo‘rg’on
350

Ishtixon
450

Narpay
200 u,

100 60 110
A, 400 400 ui

40 70 50
A, 600 350 50 200 u2

Vj v. V2 V3

f 2 =  51500 t  k n i  tra n s p o rt  x a ra ja t la r i.
T o ‘ ld ir i lg a n  k a ta k la r  u c h u n  q u y id a g i s is te m a n i u, v a  v. p o te n -  

s ia l la n i i  q o i la b  tu z a m iz .
Y u q o r id a g i  k a b i « .  =  0 d e b  o lsa k .

«i + V[ = 60,
Ui + v, = 40, 
«2 + v2 = 70. 
w, + = 50.

Hi = 0,
u2 = 60, 
u2 = 10, 
Wj = 30, 
v, = 40.

B o ‘sh  k a ta k la r  u c h u n  w, + y, =  cy la r n i  h is o b la y m iz

»i +vi = c ,n ,l  
« i+ v 3 = c ,13,(

(B)
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w va  v  la rn i ( B )  d a n  b u  s is te m a ga  q o 'y i ls a c ', ,  = 3 0 , = 4 0

k e lib  c h iq a d i.

E n d i c 'y-  cv a y irm a la r  h is o b la n a d i:

c li-  hi -  30 -100  -  —70 < 0, 
c'l3— C'i3 = 40 — 110 = —70 < 0.

B u  re ja o p t im a l re ja  h is o b la n a d i, c h u n k i c y -c ÿ < 0 .

O p t im a l y e c h im la r  ( to n n a  b is o b id a ) :

Xj ] — 0, %2i ~ 350

x¡2 — 400, x22 = 50 

x13 = 0, x23 = 200

B u  y e c h im  u c h u n  
/  ta y a n c h  re ja  = 1 0 0 x n + 6 0 x n + 1 1 0 x 13+ 4 0 -x2l+ 7 0 x ,2+ 5 0  x 23= 5 1 5 0 0  
t  k m ,

f t — f  ta y a n c h  re ja  = 7 6 0 0 0 -5 1 5 0 0 = 2 4 5 0 0  t km .

Topshiriqlar

Q u y id a g i  t ra n s p o r t  m a s a la la r in i y e c h in g  (3 .1  —  3 .6 ).
M a s a la .  V i lo y a t n in g  u c h ta  Al,A2 v a  A, k o r x o n a la r id a  b ir  j in s l i  

m a h s u lo t la r  ish la b  c h iq a r i l ib ,  ish lab  c h iq a r ilg a n  m a h s u lo t la m i beshta 
B ,B2 ,B3,B4,B5 is te ’ m o lc h ila rg a  jo 'n a t is h  k e ra k .

Ar A2 v a  A} k o r x o n a la r d a  m o s  ra v is h d a  ar a2, a3 to n n a  b i r  
j in s l i  is h la b  c h iq a r i lg a n  m a h s u lo tn i Br B,,B,.B4 v a  B. is te ’ m o l ­
c h ila rg a  m o s  ra v is h d a  bvbv b3,bAva  b. to n n a  y u k la r n i jo 'n a t is h  
k e ra k .

Tsh lab  c h iq a r is h  k o r x o n a la r id a n  is te ’m o lc M a r g a c h a  b o 'lg a n  
m a s o fa la r q u y id a g i m a tritsa d a  b e r ilg a n :

' ¿ ¡ I  ¿12 ¿13 ¿14 ¿15 ^

¿21 ¿22 ¿23 ¿24 ¿25

¿31 ¿32 ¿33 ¿34 ¿35

Is h la b  c h iq a r is h  k o rx o n a la r id a n  m a h s u lo t la m i is te ’m o lc h i la r -  
g a c h a  ta sh ish  x a ra ja t la r in in g  m in im a l v a r ia n t in i  to p in g :
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3.1.
ах = 330, 
а2 = 270, 
а3 = 350

Ô, = 220,
¿г = 170,
Ь3 = 150, j  _  
ft, = 150, 
b5 = 200,

<11 3 6 

14 L0 2 
14 11 5

1 2 32
1 0 36

8 34

3.2.

3.3.

3.4.

3.5.

3.6.

а х =  260, 1h =70.

а2  =  150, Ь3 =  130,
а 3 =  2 0 0 , Ь4 = 1 1 0 ,

¿ 1  =  1 0 0 . *5 =  2 0 0 .

öj =  2 0 0 , гъ =  130,
а2  =  350, =  1 0 0 .

а3 =  300, Ь4 =190,

¿1 =  270, ¿ 5  = 1 1 0 .

ах =  250, ¿ь = 135,
а-, =  300. h. =  1 2 0 ,

ОоечII
4 

<SP

т= 150, 1
=  135, 6 5 = 2 1 0 .

Oj =  300, Ь2 =150,

а2 =  350, bi =  190,
о 3 =  2 0 0 , ¿4 =150,
6 , = 1 1 0 , b5 =  250.

fl! =  170, ib = 1 1 0 ,
а2 =  250, b¡ =  160,
аъ =  230, b4 =  90,
Z>i =  150. ¿ 5  =  140.

i o 12 24 50 42'
Т = 12 22 49 66 32

26 27 35 68 62

"27 19 20 10 2 2 л
20 10 13 13 18
26 17 19 21 23

^35 59 55 27 4 P  
50 47 23 17 21
35 59 55 27 41

Т  =
(2Ь 17 19 21 23

27 19 20 16 22
20 10 13 19 18

4 6  27 36 40 45
Г = 49 26 27 16 38

40 19 25 25 35
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Tayanch iboralar
Taqsimot, ta'rif, ta’rif indeksi, shimoli-g‘arb burchak usuli. optima] reja, 
yopiq model, ochiq model, shartli varianta, potential. indeks, ta’rif, optimal 
reja, optimal yechish.

Takrorlash iichun savollar
Í. Transport :::asaiasi deb qanday tnasalaga aytitadi?
2. Birinchi programma qanday tuziladi?
3. Taqsimot uslubi deb nimaga aytiladi?
4. Transport masalasida jadvaUarning optimaliigi qanday tekshriladi?
5. Transport masalasida programmalarni qanday yaxshilash mumkin?
6. Potensiallar uslubi yordamida birinchi programma qanday tuziladi?
7. Ochiq model deb nimaga aytiladi?
8. Yopiq model deb nimaga aytiladi?
9. Transport masalasini yechganda ochiq modelni qanday qilib yopiq modelga 

keltirish mumkin.
10. Programmada to ‘Idirilgan kataklar soni qanday topiladi?
11. Optimal yechish qanday aniqlanadi?



IV BO B
B U T U N  S O N L I P R O G  RAM M ALAS H T I RI S  H

B iz g a  q u y id a g i n n o m a 'lu m li  m ta c h iz iq l i  te n g la m a la r  s is te m asi 
b e r ilg a n  b o ls in

a\\x l + aV2x2 + --------^ a\nxn ~ h  >

021*1 + a22x 2 +•■• + a2nx n = h>

am lx \ +  a m2x 2 +  ' "  +  a mnx n ~  h i r

Xj >0 ,  JC2 > 0, •••, Xn  > 0

v a  m a q s a d li fu n k s iy a

F  = qXj + c2x2 + • • • + c„xn.
B u n d a  X  —  is h la b  c h iq a r ilg a n  m a h s u lo t la r  b i r l ig i ;  o ‘z g a ru v c h ila r  

h a r  q a n d a y  m u sb at so n  b o 'I is h i  m u m k in .
C h i z i q l i  p r o g r a m m a la s h t i r i s h n in g  k o 'p g in a  m a s a la la r in i  

y e c h g a n d a  xi —  o ‘z g a ru v c h ila rg a  b u tu n  s o n li b o 'l is h  s h a rt i q o ‘y i la d i.  
B u n d a y  m a s a la la rg a  b u tu n  s o n li  p ro g ra m m a la s h t ir is h  m a s a la la r i 
d e b  a ta la d i. B u tu n  s o n li p ro g ra m m a la s h t ir is h , m a te r ia lla rn i o p t im a l 
b ic h is h ,  tra n s p o rt  m a s a la la r in i m a rs h ro t la rg a  o p t im a l ta q s im la s h , 
b o 'l in m a y d ig a n  m a h s u lo t is li la b  c h iq a ru v c h i k o r x o n a la n i in g  is h in i  
o p t im a l  p la n la s h t ir is h  k a b i m a s a la la rn i y e c h is h d a  q o ‘ l la n i la d i .  
Y u q o r id a g i la m i y a x s l i i  a n g la b  o lis h  u c h u n  q u y id a g i m a s a la n i k o ‘ r ib  
c h iq a m iz .

l - § .  M arketolog haqidagi masaia

F a r a z  q i l a y l i k ,  Al s h a h a r d a  y a s h o v c h i  m a r k e t o lo g  n ta  
ArA .̂...A„ sh a h a rla rd a  b i r  m a rta d a n  b o ’ l ib , m in im a l v a q t ic l i id a  
A, sh a h a rg a  q a y t ib  k e lis h i k e ra k  b o 'ls in .  B u  m a s a la n in g  m a te m a t ik  
m o d e l in i  tu z is h  u c h u n  m a rk e to lo g n in g  A s h a h a rd a n  A sh a h a rg a
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b o r is h i u c h u n  sari' q iJga n  v a q t in i  t9 (i,j = 1 , « ) b ila n  h a m d a  u n in g

h a r  b ir  A. s h a h a rd a n  A, sh a h a rg a  b o r is h i k o ‘ rs a tk ic h in i x .  b i la n  
b e lg ila b  o is a k , u  v a q td a  m a rk e to lo g  A. s h a h a rd a n  AJ sh a h a rg a  
b o rsa  jc = 1 , b o rm a s a  x = 0  ga  te n g .

Y u q o r id a g i m a s a la n in g  m a te m a tik  m o d e lin i q u y id a g i k o i in is h d a

y o z is h  m u m k in :

"cIIII«

(4 .1 )

1 ^ = 1 ,  {4 = Un). (4 .2 )
H

xa ~ 0 , y o k i  x . . = l . (4 .3 )

/1 n
^min =  X i  S *ijXij ’ 

i=l 7=1
(4 .4 )

B u tu n  s o n l i  p r o g r a m m a la s h t ir is h  m a s a la la r id a g i x .  la m in g  
h a m m a s i u c h u n  b u tu n  b o i i s h l ik  sh a rti q o :y i!s a , b u n d a y  m a sa la la r 
t o 'l iq  b u tu n  s o n li p ro g ra m m a la s h t ir is h  m a s a la la r i, a g a r u la m in g  
m a iu m  b i r  q is m i u c h u n  b u  sh art q o 'y i ls a .  q is m a n  b u tu n  s o n li 
p ro g ra m m a la s h t ir is h  m a s a la la r i d e y ila d i.

A g a r  (4 .3 )  k o ‘ r in is h d a g i  s h a r t la r  b u t u n  s o n l i  p r o g r a m ­
m a la s h t ir is h  m a s a la la r id a g i o ‘ z g a r u v c h i la r g a  q o 'y i l g a n  b o 'ls a ,  
u  v a q td a  b u n d a y  m a s a la  Bui programmalashtirish masalasi d e y i ­

la d i.
B u tu n  s o n li p ro g ra m m a la s h t ir is h  m a s a la la r in i y e c h is h  u c h u n  

u n in g  x u s u s iy a t la r in i e ’ t ib o rg a  o lu v c h i u s u lla r  y a ra t i lg a n . U la r d a n  
b ir i  A m e r ik a  o h m i R .  G o m o r i  to m o n id a n  y a ra t ilg a n  b o  l i b ,  o p t im a l 
y e c h im n i b e ru v c h i e n g  a n iq  u s u l h is o b la n a d i.

R . G o m o r i  u s u li  q u y id a g id a n  ib o ra t.
O ld in  c h iz iq l i  p ro g ra m m a la s h t ir is h  m a sa la s i s im p le k s  u s u l b ila n  

y e c h ila d i.

A g a r Xi(i = k « )  y e c h im  b u t u n  s o n l i  b o 'l s a ,  u  b u t u n  s o n l i  

p ro g ra m m a la s h t ir is h  m a s a la s in in g  h a m  y e c h im i bo M ad i.
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F a ra z  q i la y l ik ,  pjA -m a s a la  s im p le k s  u su l b i la n  y e c h ilg a n  va 
u n iu g  y e c h im i  x:A b u t u n  b o ' l i s h  s h a r t in i  q a n o a t la n t i r m a y d i .  
Y u q o r id a g i la n i i  h iso b g a  o l ib ,  q u y id a g ila m i b e lg ila b  o la v lik :

{a} -  Xj = a y e c h im n in g  k a s r q is m i;

k ~ o x i r g i  s im p le k s  ja d v a ld a g i e r ld i o 'z g a n iv e h ila r n in g  in d e k s i; 

5 -  {as0} la m in g  ja d v a ld a g i e n g  ka tta s i jo y la s h g a n  satr.

U  v a q td a  R .  G o m o r i  x. n o m a ’lu m la r n in g  b u tu n  b o 'l is h l ik  
s h a rt in i e ’t ib o rg a  o lu v c h i  va «k e s u v c h i te n g la m a »  d eb  a ta lu v c h i 
q o ‘s h im c h a  te n g la m a  tu z a d i.

B u  h o ld a  t o ‘l iq  b u tu n  s o n li m a sa la n i y e c h is h  u c h u n  G o m o r i i i in g  
I  k e s im in i q u y id a g i k o 'r in is h d a  y o z is h  m u m k in .

^ ° -  (4,5)
k

Q is m a n  b u tu n  s o n li m a s a la n i y e c h is h  u c h u n  G o m o r in in g  I I  
k e s im in i (b u  k e s k n n i t o ‘J iq  b u tu n  s o n li m a s a la n i y e c h is h  u c h u n  
h a m  q o ‘lla sa  b o ia d i )  q u y id a g ic h a  y o z is h  m u m k in :

M - ' L { a s k } * k  ¿ 0 ,  ( 4  6 )

b u n d a  ark —  k o e ff its ie n t la r  q u y id a g i n is b a t la rd a n  to p i la d i.
1 ) xk la r  b u tu n  so n  b o 'lm a s l ig i  ta la b  q il in m a g a n  h o ld a

ask, agar ask> 0 .

agar ask < 0 .
i  \&so>

2 ) xk la rg a  b u tu n  son  b o ‘l is h i ta la b  q ilm g a n  h o ld a  

ask, agar {a,k)<{asn

-(\-{ask), agar \ask > {a j .<** = K o)
l - K J

T o ‘ l iq  y o k i  q is m a n  b u tu n  s o n li  m a s a la la m i y e c h is h  u c h u n  
k e tm a -k e t  ja d v a lla rn i  a lm a s h t ir is h  ja r a y o n la r in i  b a ja r is h  q u y id a g i 
ta r t ib d a  a m a lg a  o s h ir ila d i:

1 )  phl m a sa la  y e c h i l ib ,  xi X o p t im a l y e c h im la r  to p i la d i;
2 )  a g a r i j  y e c h im la r  b u tu n  s o n li  bo*Isa, s im p le k s  ja d v a lla r  

tu z is h  to 'x t a t ik id i ;
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3) a g a r p,, m a sa la d a  i ,  y e c h im la r  b u tu n  s o n li b o ‘ lra a sa , u 
v a q td a  G o m o r in in g  I y o k i  ÍI k e s im la r i tu z i ia d i;

4 ) p j m a sa la g a  3) h o ld a g i s h a rt la r  t o ' ld i r i l ib ,  p. m asa la  tu z i ia d i  
va  ya n a  1) h o ln i  b a ja r is h g a  t o 'g ‘ r i k e la d i.

2 -§ .  T o ia butun sonii program malashtirish

1. Q u v id a g i s h a rtla rd a  b u tu n  s o n li  m a s a la n i y e c h in g :

-x , + 2x2 +yi=  2 , 1  

3xj + 2 x 2 + у 2 -  6.J 
X] > 0 , x 2  > 0 , y } > 0 , y2 > 0

h a m m a x* (A : =  1.2) b u tu n  son  yx > 0, y2 > 0 , F = x} + 4 x2 ->  m a x .

Yechish. M a s a ia n in g  d astlab  b u tu n  s o n li y e c h im la r i  b o i i s h in i  
ta la b  q ilm a s d a n  s im p le k s  u s u l b ila n  c h iq a m iz .

1- simpleks jadval

№ BadsM Olzgar-
maslar
ustuni

aio

1 4 0 0
ai0
®ipC5

o‘zgarnv-
chilar X! X2 >'i y2

1. 0 X2 2 -1 2 1 0 1

2. 0 6 3 2 3
3. F F=0 -1 -4 0 0

2- simpleks jadval

№ BazisM 0 ‘zgar-
maslar
ustuni

*10

1 4 0 0
ai0

cs
o‘zgaruv-

chilar X! X2 yt y2

1. 4 x) 1 - 1/2 1 1/2 0

2 0 y2 4 2 0 -1 1

3. F "Л II -3 0 2 0
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3- simpleks jadval

№

C8

Bazisli
o'zga-

ravchiiar

O'zgar-
maslar
ustuni

a№

1 4 0 0
Д/о
®¡pX! X2 Vi Уг

1. 4 X2 3/2 0 1 3/8 1/8

2. 1 X, 2 1 0 - 1/2 1/2

3. F

Г'-IIPU 0 0 5/4 3/4

3 - s im p le k s  ja d v a ld a ii  k o ‘ r in ib  tu r ib d ik i ,  p m asa la  n in g  o p t im a l

y e c h im la r i  .* = 1 , x ,= 3 / 2 . y ,= 0 ,  j>2= 0  ga  te n g . B u  y e c h im la r  ic h id a  
x=3/2  —  k a s r son . S h u n in g  u c h u n  y u q o r id a g i 3 -  v a  4 -  h o l la m i

q o ‘lla b , j> m a s a la n i tu z a m iz . 3 -  s im p le k s  ja d v a l d a  y a g o n a  1 sa trd a

kasr y e c h im la r  b o r  (1 —  au, 5 = 1 ).
U  v a q td a  G o m o r in in g  b ir in c h i  k e s im i q u v d a g ic h a  y o z i la d i.

31 f l  
+

1 3 1 < 0.

B u  te n g s iz lik k a  b a z is li o ‘z g a ru v c h i y3 n i k ir i t ib ,  q u y id a g i te n g -  
la m a  k o ‘ r in is h id a  y o z a m iz :

3 1 1

8*  + 8» - Л  = 2 *
B u  te n g la m a n i o id in g i 2 -  te n g la m a la r  sa flga  b ir la s h t ir ib  y o z s a k . 

u  v a q td a  P{ —  m a sa la  h o s il b o ‘ la d i.

O x ir g i  s im p le k s  ja d va l T\ m asa las i u c h u n  q u y id a g i k o T in is h d a  

bo  M ad i.

3 1 1-У] + - y ¿ -  Уз = -  —  te n g la m a d a  y3 o ‘ z g a ru v c h i b a z is li o 'z g a r u v -
о  o  2

c l i i  b o ‘ lis h i m u m k in ,  le k in  u n in g  o ld id a g i k o e ff its ie n t i m a n f iy  son .
S h u n in g  u c h u n  p{ -m a s a la  u c h u n  tu z ilg a n  4 - ja d v a ld a g i y e c h im ­
la r  o p t im a l y e c h im la r  b o ‘ la  o lm a y d i .  ( y 3 = -1 / 2 ) .  D e in a k ,  4 -  
s im p le k s  ja d v a ln i  y a n a  a lm a s h t ir is h  ke ra k .
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4- simpleks jadval

№
BarisK
o‘zga-

ruvchil-
ar

0 ‘zgar-
masiar
ustuni

a

1 4 0 0 0
M/0
a¡ з

«га
fl/4Co

X! X2 Ух Уг Узid

1. 4 xi 3/2 0 1 3/8 1/8 0 4 12

2. 1 *2 2 1 0 - 1/2 1/2 0 0 0

3. У3 1/2 0 0 3/8 1/8 -1 4/3 4
-4,- F F—7 0 0 V4 3/4 0 0 0

4 -  ja d v a ln in g  3 -  s a tr in i y e c b u v c h i sa tr d eb  ta n la b  (3 -  v a  4 -

s h a r t la m i q o ‘l la b ) ,  m ii i  \ —  1 to p ila d i.  U  v a q td a  m in  j  —  I  jo y la s h -
I aip J I a 'P J

g a n  u c h in c h i  u s tu n  y e c h u v c h i u s tu n  b o ia d i .
A g a r  b u n d a y  u s tu n  to p ilm a s a , u v a q td a  y e c h u v c h i u s tu n  deb 

ta n la n g a n  s a trd a g i e n g  k ic h ik  e le m e n tg a  ega b o lg a n  u s tu n  ta n la b

o lin a d i ( v a ’ n i m in  i  —  !• ).
K J

B u n d a n  k e y in  n i  bazisga  k i r i t ib  5 -s im p le k s  ja d v a ln i tu z is h  
m u m k in .  B u  y e rd a  ta n la n g a n  s a tr  v a  u s tu n  y u q o r id a g i ta la b g a  
ja v o b  b e ra d i.

5- simpleks jadval

№
0 ‘zgar~
maslar
usttmi

*10

1 4 0 0 0
Bazisli
o'zga-

ruvchiiar x. *2 y. y2 Уз

ai0
0/3

0/0
fl/4

i. 4 h. 1 0 1 0 0 1

2. 1 4/3 1 0 0 1/3 -2/3

3. У1 4/3 0 0 1 1/3 -8/3

4. F 16/3 0 0 0 1/3 10/3
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B u  ja d v a ld a g i  y e c h im la r  h a m  o p t im a l  y e c h im la r  b o ' l i b ,  
q u y id a g ila rg a  te n g :

* ,= 4 / 3 , x , = l ,  = 4 / 3 , y 2 = 0 ,  y3 = 0 .

L e k in  b u  y e c h im  h a m  b u tu n  s o n li em as. S h u n in g  u c h u n  P2- 
m a sa la n i tu z is h g a  k ir is h a m iz .

M o s  k e s im la r  q u y id a g ic h a  b o ‘ la d i:

f—21

B u n d a

4 ] 1

3
= 3 va

\ \ y i  +

—2 ] -2 

T i= T

-  > ’3 < 0.

-2

3

-2 1 
= - y  -( -1 )  = 3 bolganligi

u c h u n  k e s u v c h i te n g la m a n in g  k o ‘ r in is h i q u y id a g ic h a  b o ‘ la d i:

1 1 l
3 ^  + 3 * - ^  = 3 ’

u  v a q td a  5 -  ja d v a ld a g i 4 -s a t rn i b u  te n g la m a g a  a sosan  y o z s a k , 
q u y id a g i ja d v a l h o s il  b o ia d i .

6- simpleks jadval

№
BazisK
o‘zga-

rnvchilar

0 ‘zgar~
maslar
ustuni

1 4 0 0 0 8

a i(\

3i0 x, X2 h y2 h
a i4 a i5

1. 4 *2 1 0 I 0 0 1 0

2. 1 X! 1 1 0 0 0 -1 1

3. 0 1 0 0 J 0 -3 1

4. y2 1 0 0 0 1 1 —3

5. Indeks
satri F F=5 0 0 0 0 3 ]

In d e k s  s a tr id a  h a m rn a  s o n la r  b u tu n  s o n la r  b o M g a n lig i u c h u n  

b u  ja d v a l o p t im a l y e c h im n i b e ra d i:

X j = 1 ,  x 2 = 1 , yt = 1 , y2 = 1 , yi = 0 ,  y4 = 0  va
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A g a r  in d e k s  sat r id a  m a n f iy  s o n la r  b o lg a n d a  s im p le k s  ia d v a lla r  

tu z is h  d a v o m  e t t ir i la rd i.
M a s a la n in g  g e o m e tr ik  iz o h i  q u y id a g i k o i i i i i s h d a  b o ia d i .  O ld in  

P0 m a s a la n in g  o p t im a l y e c h im i s h a k lin i c h iz a m iz .

p -  m a s a la n i y e c h g a n d a  I  k e s im  q u y id a g i  t e n g s iz l ik  o r q a li

q o ‘ lla b  v, va  y2 la r  q is q a r t ir i ls a ,  x1 < 1 k e lib  c l i iq a d i.  S h u n in g  
u c h u n  bu te n g s iz lik k a  x = l  t o ‘g ‘r i  c h iz iq  m o s  k e la d i. x2=l  c h iz iq

3
b u tu n  s o n li b o 'lm a g a n  o p t im a l yechimlamix0(l; - )  a jra ta d i, le k in

h a m m a  b u tu n  s o n li y e c h im la r  s o h a s in i (0 ; 1), (1 ; 1 ), (1 ; 0 ), (2 ;
0 )  s a q la b  q o la d i .  p x m a s a la d a  y a n g i  o p t i m a l  y e c h i m ­

la r: (4 / 3 , 1, 0, 4 / 3 ) sohasi h o s il b o 'la d i .  E n d i  ^y3 +^y4 >^~II

k e s im n i k i i i t ib  p2 m a s a la n i tu z ila d i.  B u  m a s a la d a n  y u q o r id a g i k a b i 
b a z is li o ‘z g a ru v c h ila m i q is q a rtirs a k , x= x2< 2 h o s il b o ‘ la d i. Y a n g i 
soha  b u tu n  s o n li o p t im a l soh a  b o ‘la d i (4 .1 -  c h iz in a  ga q a ra n g ).

k ir it i lg a n  e d i: ^  x • B u  te n g s iz lik k a  d a s tla b k i te n g s iz lik la n ii
O O 1
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Topshiriqlar
Q u y id a g i  m a s a la la rn in g  t o ‘ l iq  b u t u n  s o n l i  y e c h im la r in i  t o ­

p in g  va  g e o m e t r ik  i z o h i n i  ( m u m k in  b o ‘ lg a n  jo y d a . )  b e r in g  
(b u n d a  xk > 0 ) .

4 .1 . *1 + 3*2 ^6,
3xj + 2x 2  S 36, 
x 2  < 13.

F  = 3x( + 3x2  -» max.

4 .2 .
3x, + 2x2 S 8,

Xj +  4 x2 < 10. J 

F -  3.X] + 4̂ 2 niax.

3 -§ . Qisman butun sonli prograramalashtirish

Q u y id a g i sh a rtla rd a  q is m a n  b u tu n  s o n li  m a s a la n i y e c h in g :

3xj + x 2 < 9, |
„  , . , „  > / =  x , +  8 x7 —> max .
0,16x, + x 2 <1,9 .| 1

X( > 0, x 2 > 0

v a  xk — b u tu n  s o n li (k =  1 ,2 ...).
Y echish. B u  m a sa la  t o ‘ l iq  b u tu n  s o n li  m a sa la  em as, c h u n k i 

s is te m a d a g i ik k in c h i  t e n g s iz l ik n i  k a n o n ik  k o ‘ r in is h g a  k e lt ir s a k , 
q u y id a g i te n g la m a  h o s il b o 'la d i:  0 ,1 6 x ]+ x 1+ v 2= l , 9 .  B u  te n g la m a d a  
y2 n in g  b u tu n  q iy m a tJ a r id a  x .  v a  x 2 b u tu n  s o n li q iy m a t la rn i q a b u l 
q ilm a y d i.  S h u n in g  u c h u n  bu  m asa laga  q is m a n  b u tu n  s o n li m asa la  
d e y ila d i.  M a s a la n i y e c h is h  u c h u n  o ld in  P{) m a sa la n i s im p le k s  u s u ln i 
q o ‘ lla b  y e c h a m iz .

1- simpleks jaclval

№
BazisM

yechimlar

O'zgar-
masiar
ustuni

l̂O

1 8 0 0
%
«ip*i X2 y2

]. 0 Vi 9 1 1 1 0 9
9 0 y2 1,9 0,16 1 0 1 1,9

3. Tndeks
satri F=0 - I -8 0 0
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B u  ja d v a ln in g  in d e k s  s a tr id a  m a n f iy  s o n la r  b o ‘lg a n i u c h u n  
s im p le k s  u s lu b n i q o i la b  ik k in c h i  s im p le k s  ja d v a l tu z ila d i.

2- simpleks jadval

№ 0 ‘zgar- 1 8 n n

Cc
yechim­

lar
maslar
ustuni

ai0
xi X2 Jl y2

ai0
aip

i. 0 x, 7,1 2,84 0 1 - 1

2. 8 *2 1,9 0,16 1 0 1

3. Indeks
satri F F= 15,2 0,28 0 0 8

I k k in c h i  sa trda  m a n f iy  s o n la r  y o ‘q. D e m a k , 1 - a lm a s h tir is h d a n  
k e y in  o p t im a l y e c h im la r  q u y id a g id a n  ib o ra t :

x ,  =  0, Xj = 1 ,9 ; y ,  =  7 ,1 , y2 = 0.

O p t im a l y e c h im  ic h id a  }\=7, 1 b u tu n  s o n li y e c h im  em as. S h u -  
n in g  u c h u n  p{ -m a s a la n i tu z is h  k e ra k . (6 .6 ) fo n n u la d a n  fo y d a la n ib ,
2 -s a trg a  a s o s la n ib  (5 = 2 ) P{ -m a s a la  u c h u n  G o m o o n in g  k e s im i 
tu z ila d i.  U  v a q td a  ja d v a ld a n  q u y id a g i h o s il  b o ‘la d i:

{«20} ~ («21*1 +a2iy2)>0.

Y u q o r id a  k o i 'd ik k i ,  x x —  b u tu n  s o n li o 'z g a r u v c h i va  { ö 21} < { ö ,()} 
b o lg a n i  u c h u n ,

{ % }  =  W21} =  0 ,16. (4 .7 )

(4 .7 ) te n g l ik d a n  fo y d a la n ib ,  a14 n i  to p a m iz  (1 k e s im d a n  fo y d a ­
la n ib ) .

ga  b u tu n  s o n li b o ‘lis h  ta la b  q il in m a g a n i v a  « 24>0 b o ‘lg a n i 
u c h u n  y u q o r id a g i k e s im d a n  fo y d a la n s a k , b u  k e s im  q u y id a g ic h a  
b o ‘la d i:  a24=  1, 0 ,16x,+ _y2- v 3 =  0,9.

B u  te n g la m a n i y u q o r id a g i ja d v a lg a  k ir its a k , p, -m a s a la  c h iq a d i.
P j -m a s a la d a  s im p le k s  ja d v a lla m i ik k i  m a ita  a lm a s h tirg a n d a n  

k e y in  o p t im a l y e c h im  q u y id a g ic h a  b o ‘ la d i:
X j = 8 / 3 , x 2 = 1 ;  yy = 0 , = 71 /1 5 0.

O p t im a l y e c h im  ic h id a  1- sa trd a g i xx = 8 /3  b u tu n  s o n  em as. 
S h u n in g  u c h u n  y u q o r id a g i q o id a la rd a n  fo y d a la n ib ,  y a n g i k e s im n i 
tu z ib  b u tu n  o p t im a l y e c l i im  to p ila d i.
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Pl - m a s a l a  u c h u n  tu z i lg a n  s i n ip l e k s  j a d v a l l a r  q u y id a g i c h a :

1-simpleks jadval

№

Co

Bazisli
o‘zga-
ruvchi-

iar

0 ‘zgar-
masla-
rustuni

ai0

1 8 0 0 0
£/0 

«ipX, X2 y2 Уз

1. 0 x, 7,1 2,84 0 1 - i 0 0

2. 8 X2 1.9 0,16 1 0 i 0 1,9
3. 0 Уз 0,9 0,16 0 0 i -1 0,16

4. Indeks
satri F=15,2 0,28 0 0 8 0

2- simp le ks jadval

№ Bazisli
o‘zga-
ruvchi-

lar

0 ‘zgar-
maslar
ustuni

I 8 0 0 0
£¡0 
Дipa x« X2 y. У2 Уз

1. 0 У. 8 3 0 1 0 -1 8/3
2. 8 X2 1 0 1 0 0 I 0

3. 0 Уг 0,9 0,28 0,16 0 0 1 90/16

4. Indeks
satri F=8 -1 0 0 0 8

3- simpleks jadval

№

Q

Bazisii
o‘zga-
ruvchi-

lar

0 ‘zgar-
maslar
ustuni

*>0

1 8 0 0 0
aiO
&ipxi X2 У1 У2 Уз

1. i xi 8/3 1 Ü 1/3 0 -1 /3
2. 8 X . 1 0 1 0 0 1

3. 0 У2 71/150 0 0 -4/75 1 71/75

4. Indeks
satri F F=32/3 0 0 1/3 0 23/3
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3 -ja d v a ln in g  i -s a t r id a n  k o ‘r in a d ik i ,  x1 = 8 /3  o p t im a l y e c h im  

b u tu n  s o n li em as.
S h u n in g  u c h u n  1 -s a trg a  a s o s la n ib ,  G o m o r in in g  k e s im in i  

tu z a m iz :

| | |  -  ( i â f t  + ÛL5ÏST 2  ° r "

b u n  da

I
0\2 «15 =

Y u q o r id a g ila r d a n  q u y id a g i te n g la m a  k e lib  c h iq a d i:

y, + 2 y^-y4 = 2.

B u  te n g la m a n i 3 -  ja d v a lg a  k ir its a k , P2 m a sa la  h o s il b o ‘ la d i.
P2 m a s a la n i s im p le k s  usu i b ila n  y e c h a m iz .

I-simpleks jadval

№

c .

Bazisli
o‘zga-
ruvchi-

!ar

0 ‘zgar- 
maslar 
u st uni

aic

1 8 0 0 0 0
ai0
%x i x2 y, y2 y3 >4

1. 1 x , 8/3 1 0 1/3 0 0 0 8

2. 8 1 0 1 0 0 0 0 0

3. y3 71/150 0 0 -4 /7 5 1 71/75 0 0

4. y4 2 0 0 1 0 2 -1 2

5. Indeks
satri F=32/3 0 0 1/3 0 23/3 0 0
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2-simp!eks jadvai

№ Bazisli
o‘zga-
nivchi-

lar

0 ‘zgar-
inaslar
ustuni

a,o

I 8 0 0 0 0
ai0
QipCo xi x2 y¡ y 2 y3 y4

1. J X, 2 1 0 0 0 -1 1/3 0

2. 8 X2 I 0 1 0 0 I 0 0

3. y3 0,58 0 0 0 1 0,84 -4/75 0

4. y* 2 0 0 1 0 2 0 0

5. Ind.
satri

F=10 0 0 0 0 7 1/3 0

2 -s im p le k s  ja d v a ld a n  k o 'r in a d ik i ,  q is m a n  o p t im a l v e c h im la r  
q u y id a g ig a  te n g :

x ,  = 2 , x ,  = 1  j .= 0 ,5 8 ,  y = 2 , V j= 0 , y 2= 0 .

B u  y e c h im  ic h id a  y . = 0 ,5 8 , ie k in  bu  y e c h im m  h a m  t o ' l iq  b u tu n  
son ga  k e lt ir is h  m u m k in .

X u s u s a n , s is te m a d a g i 2 -  te n g s iz l ik n i 100 ga  k o ‘p a y t ir ib ,  b a z is li 
o 'z g a r u v c h i  k ir its a k , q u y id a g i te n g la m a  h o s il b o ia d i .

16jC[ + 100x2 + >’3 = 190.

B u  te n g ia m a d a n  k o ‘r in ib  t u r ib d ik i ,  y 3 b u tu n  b o ig a n id a  x ( va 
x ,  la r  b u tu n  q iy m a t la r id a  b u tu n  q iy m a t  q a b u l q il is h i m u m k in .

Topshiriqlar

Q u y id a g i  s h a r t la rd a  q is m a n  b u t u n  s o n l i  m a s a la n i y e c h in g  
(xk > 0  s h a n  b a ja r i lg a n d a ) .

4 .3. -2 ,9 x j + 6 x2 < 17,4,1 4 .4 . x t + 3x2 < 12,

3xj -  x 2 < 1. J 3x¡ -  8x 2 < 24.

X[ va x2 butun son, x 1 butun son,

F = 6xj + x2 - »  m a x . F = xx —> m a x .



4.5. 0,5^ + x2 < 1,75,|
a'j +0,3x2 < 1,5. j 
X| va x 2 butun son, 
F  -  0,25x, + *2 -4 max,

x 2 butun son,
F -  x t + x 2 —¡> max.

4,7 Xn -t-7 x^ + 2x4 —3,5,
- 2 x t - x 2 + 3x3 + 3x4 =1,5, • 
2x[ + 2x2  ■+* 8 .X3  + X4  = 4. 

x 2 butun son,
F = 8x| + bx2 —7 m a x .

Tayauch iboralar
Birinchi kesim, ikkinchi kesim, butun sonli programmalashtirish, to'üq 
butun sonli programmalashtirish, qisman butun sonli programmalashtirish.

Takrorlash nehmt savollar
1. Butun sonli programmalashtirish deb nimaga aytiladi?
2. To‘liq butun sonli programmalashtirish deb nimaga aytiladi?
3. Qisman butun sonli programmalashtirish deb nimaga aytiladi?
4. R.Gamorining birinchi kesimi qanday aniqlanadi?
5. R.Gamorining ikkinchi kesimi qanday aniqlanadi?



V  B O B
PA R A M E T R IK  P R O G R A M M A L A S H T I RI S H

X a lq  x o ' ja l ig in i  b o s h q a r is h  va  re ja la s h tir is h  ja r a y o n id a  iq tis o d d a  
q u y id a g i x u s u s iy a t la rg a  ega b o ‘ lg a n  m a s a la la rg a  d u c h  k e lin a d i:

1) iz la n a y o tg a n  m iq d o r la rn in g  ju d a  k o ‘p  p a ra m e tr la rg a  b o g ‘ -  

l iq l ig i;
2) y e c h i la y o tg a n  m asa la  c h e k s iz  y e c h im g a  ega b o l i b ,  u la rd a n  

o p t im a l y e c h im in i  ta n la b  o lis h .
O p t im a l la s h t i r is h  m a s a la la r in i  c h iz iq l i  p ro g r a m m a la s h î i r is h  

u s u lla r i  b i la n  t o ' l iq  y e c h is h  u c h u n  bu  m a s a la la rd a  q a tn a s h a yo tg a n  
k o e if it s ie n t la r  a n iq  q iv m a t la rn i q a b u l q i la d i,  deb  fa ra z  q i l in a d i.  
L e k in  a m a ld a  k o 'p c h i l ik  m a sa la la rd a  b u  k o e f f îts ie n t la rn in g  t a q r ib iy  
q iy m a t la r i y o k i  u la m in g  m a v ju d  b o ‘ lis h  o r a l ig ‘ i  m a ’lu m  b o 'la d i.  
S h u n in g  u c h u n  c h iz iq l i  p ro g ra m m a la s h t ir is h  m a s a la s in in g  o p t im a l 
y e c h im i  h a r  b i r  q a tn a s h a y o tg a n  k o e f f it s ie n tn in g  m a v ju d  b o 'l is h  
o r a l ig ’ id a  o ‘z g a r is h ig a  q a n c h a lik  b o g l iq l ig ig a .  y a ’n i  m a s a la d a g i 
k o e f f îts ie n t la rn in g  o ’z g a r is h i u n in g  y e c l i im la r  t o £p la m ig a  q a n d a y  
ta 's ir  q i l is h in i  a n iq la s h  m a sa la s i ta la b  e t ila d i.

A n a  s h u n d a y  q o 'y i l g a n  m a s a la la r n i  h a l q i l is h  p a r a m e t r ik  
p ro g ra m m a la s h t ir is h n in g  p re d m e t in i ta s h k il e ta d i.

î - § .  Param etrik program malashtirish m asalaiarining îqtisodiy va
geom etrik talqini

C h i z i q l i  p r o g r a m m a la s h t i r is h n in g  a s o s iy  m a s a la s in i k o ‘ r ib  

c li iq a y h k .

> 1 «12 •• «1» ' [h ï

A = a21 «22 •• «2/1
.. B = h

Kaml «n/2 «mfl fin ,
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F(X) = CX - »  m a x .

K e lt i r i lg a n  m a s a la d a  A m a tr its a n in g  a., e le m e n t la r i,  B v a  C 
v e k to r la rn in g  ta rk ib iy  q is m la r i q a n d a y d ir  / p a ra m e trg a  b o g 'I iq  o ’ z g a -  
r is h i m u m k in . B u n d a y  m a sa la la rg a  p a ra tn e tr ik  p ro g ra m m a la s h t ir is h  
m a s a la la r i d e y ila d i.

A g a r  fa q a t C  v e k to r n in g  ta r k ib iy  q is m la r i t p a ra m e trg a  b o g l iq  

b o 'ls a ,  y a ’n i C ’ = C'+C"t, t e [  a, ß] b e r ilg a n  m a sa la  m a q sa d  f u n k -  

s iya s i p a ra m e trg a  b o g ‘ l iq  m a sa la  d e y ila d i.
A g a r  B v e k to rn in g  ta rk i b i y  q is m la r i t p a ra m e trg a  b o g l i q  boM sa, 

y a ’ n i B=B'+tB", t e [a ',  ß ']  u  v a q td a  b u  m a s a la g a  o z o d  h a d i 

p a ra m e trg a  b o g l i q  b o ‘ lg a n  m a sa la  d e y i la d i.  B u n  d a  a , ß, a ' ,  ß ’ 

i x t i y o r iv  h a q iq iy  s o n la r.
D e m a k ,  t p a ra m e t rn in g  o ‘ z g a r is h  s o h a s id a  F m a q sa d  f n n k -  

s iy a n in g  m a k s im u m  ( m in im u m )  q iy m a t in i  to p is h  ke ra k .
A g a r  b o r d i - y u  m a q s a d li fu n k s iy a n in g  k o e ff its ie n t la r i v a  o z o d  

h a d n in g  ta r k ib iy  q is m la r i t p a ra m e trga  c h iz iq l i  b o g  iiq  b o 'Is a , u  
v a q td a  q u y id a g i s h a rt la rd a

n in g  m a k s im u m  ( m in im u m )  q iy m a t in iie  [a, b] o ra l iq d a  to p is h  

k e ra k .
Y u q o r id a  k o 'r i lg a n  m a s a la !a rn i u m u m la s h t ir u v c h i  m a sa la g a  

p a ra tn e tr ik  p ro g ra m m a la s h t ir is h n in g  u m u m iy  m a sa la s i d e y i la d i.  
B o s h q a c h a  a y tg a n d a , q u y id a g i sh a rtla rd a

n
Yiaijxi = b'i+b"it (i = l,m), (5 .1 )

X j > 0, (/ = 1,»). (5 .2 )

M a q s a d  fu n k s iy a s i

n
F = Y J(c 'i+ c " i r)xi (5 .3 )
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Xj > 0, (/ = M )
n

t n in g  [ « ,  ¡5] o ra liq d a  o ‘zg a r is h  s o h a s id a  F = /L^ c '; + c / f)xt n in g
/=1

m a k s im u m  ( m in im u m )  q iy m a t in i  to p is h g a  p a ra m e tr ik  p r o g ra m m a - 
la s h t ir is h n in g  u m u m iy  m a sa la s i d e y ila d i.

Y u q o r id a g i k a b i m a sa la la rn i c h iz iq l i  p ro g ra m m a la s h t ir is h  u s u lla r i 

b i la n  y e c l i is h  m u m k in .
K e lg u s id a  b u n d a y  m a s a la la r  t o ‘ l iq  o 'r g a n ib  c h iq ila d i.
E n d i  (5 .1 ) -  (5 .3 ) m a s a la n in g  g e o m e tr ik  t a lq in in i  k o ‘ra m iz .
F a ra z  q i la y l ik ,  (5 .1) s is te m a n in g  m u s b a t y e c h im la r  t o ‘p la m i 

(q a v a r iq  y e c h im la r  to 'p la m i:  k o ‘p b u rc h a k , k o 'p y o q l ik  u c h la r in in g  
k o o rd in a ta la r i t o 'p la m i)  b o ‘sh  t o ‘p la m  b o 'J m a s in  va  b u  n u q ta la r  
s o n i b ird a n  o r t iq  b o ls in .  U  v a q td a  b e r ilg a n  t p a ra m e tm in g  [a, [3] 
da jo y la s h g a n  q a v a r iq  to 'p la m d a g i k o 'p y o q l ik n in g  u c h la r in i  k o o r d i -  
n a t a la r id a  ( 5 . 3 )  m a q s a d l i  f u n k s i y a n i  m a k s im u m  q iy m a t g a  
e r is h t ira d ig a n  n u q ta n in g  k o o rd m a ta la r in i to p is h g a  t o ‘g ‘r i  k e la d i.

B u  n u q ta n i to p is h  u c h u n  t ga  t = t0 q iy m a t  b e r ib ,  m a s a la n i 
c h iz iq l i  p ro g ra m m a la s h t ir is h n in g  g e o m e tr ik  u s lu b i b ila n  y e c h a m iz .  

B u  y e rd a  ik k i  x i l  h o i  b o ‘ l is h i m u m k in :
1. K o ‘p y o q l ik  u c h la r i k o o rd in a ta la r in in g  b iro n ta s id a  o p t im a l 

q iy m a t  q a b u l q ila d i.
2. t — t0 da y e c li is h  m u m k in  b o 'lm a s lig i a n iq la n a d i.
A g a r  b i r in c h i  s h a rt b a ja r ils a . u v a q td a  F m a q s a d li fu n k s iy a  

m a k s im u m  q iy m a tg a  ega b o ‘ la d ig a t i n u q ta n i to p a m iz .
E n d i  t n in g  y a n g i t =  t{ q iy m a t in i  o la m iz  va  ya n a  y u q o r id a g i 

k a b i y e c h is h n i d a v o m  e t t ira m iz . C h e k l i  q a d a m la rd a n  k e y in  p a ra -  
m e tm in g  [a ,  (5] q iy m a t la r id a  F m a q s a d li fu n k s iy a n in g  o p t im a l re ja s i 

to p ila d i.
Y u q o r id a g i  q o id a  v a  f o r m u la la r d a n  f o ) ?d a la n ib ,  q u y id a g i  

m a s a la la r  y e c h ila d i.
5 .1 -m a s a la .  K o r x o n a d a  ik k i  t u r  m a h s u lo t  is h la b  c h iq a r is h  

u c h u n  u c h  x i l  x o m a s h y o  is h la t i la d i.  H a r  b i r  is h la b  c h iq a r i lg a n

(a '¡j+  a ”ij t)Xf = b ' j + b " j t  ( j  = 1, in)
7=1
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m a h s u lo tg a  k e ta d ig a n  x o m a s h y o  m e ’ y o r i  va  z a x ira s i q u y id a g i  
ja d v a ld a  b e r ilg a n .

Xomashyo
xiliari

Har bir ishiab chiqarilgan buymnga 
ketadigan xomashyo me’yori Xomashyo

zaxirasi
1-tur 2-tur

i 4 1 16

2 2 2 22

3 6 3 36

S h u  b ila n  b irg a  b ir in c h i  tu r  m a h s u lo t la rn i re a liza ts iy a  q ilg a n d a , 
n a r x i  2 s o 'm d a n  12 s o 'm g a c h a ,  i k k in c h i  x i l  m a h s u lo t la r n i  
re a liza ts iya  q ilg a n d a , n a rx i 13 s o 'm d a n  to  3 s o 'm g a c h a  o 'z g a r ib ,  
b u  o 'z g a r is h la r  q u y id a g i te n g l ik ia r  b i la n  a n iq la n a d i:

Cy =  2 + /, c2 = 1 3 -/ ,  0 < / < 10.

Is h la b  c h iq a r i lg a n  m a h s u lo t la rn i n g  n a r x i  y u q o r id a g i k o 'rs a t i lg a n  
o ra liq la rd a  o 'z g a rg a n d a  ish ia b  c h iq a r is h d a n  m a k s im u m  d a ro m a d  

o lis h  re ja s in i to p in g .
Yechish. F a ra z  q i la y l ik ,  b i r in c h i  tu r  m a h s u lo t  xA b ir l ik ,  ik k in c l i i  

t u r  m a h s u lo t  x2 b i r l i k  is h ia b  c h iq a r is h  k e ra k  b o 'ls in .  U  v a q t -  

d a  / e [0, 10] o ra liq d a  o 'z g a rg a n d a  q u y id a g i sh a rtla rd a

4x, + x2 < 16,
• 2xj + 2x2 < 22, ^  4 ^

+ 3x2 2 36.

JC] > 0 , x2 > 0 (5 .5 )

F(x t̂xi) = (2 + t)x1 + ( 1 3 -/ ) x 2 (5 .6 )

(5 .6 ) n in g  m a k s im u m  q iy m a t in i  to p is h  ta lab  e t ila d i.  E n d i  (5 .4 )
—  (5 .6 )  m a s a la n in g  y e c h im in i  t o p is h  u c h u n  (5 .4 )  s is te m a g a
a s o s la n ib , y e c h im la r  t o 'p la m in i  i z o h lo v c h i  k o 'p b u rc h a k  s h a k h n i 
c h iz a m iz  (5 .1 -c h iz m a ) .

A g a r  [0 , 10J o r a l iq d a  / n in g  q i y m a t i n i  / =  0 d e b  o l ib ,

2x, + 1 3x2 -  k, ( b u n d a ,  k = 0 ,1 ,2 ,... 26) s h a k l in i  c h iz s a k  v a  u n i
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C'(2; 13) vektor bo‘yicha OABCD ko‘pburchak tomon harakat-
lantirsak. bu to ‘g‘ri chiziqvi(0; 11) nuqtada ko'pburchakka urinadi.

Shunday qilib, t — 0 bo‘lganda birinchi qadamda x, = 0, x2 =  1J 
optimal yechim bo‘ladi.

5.1-chizma.

Bu yechimga asosan birinchi tur mahsulot narxi 2+0 =  2 so'mni, 
ikkinchi tur mahsulot narxi esa 13-0=13 so'mni tashkil etadi. 
Optimal rejada maqsad funksiyashling qiymati quyidagicha topiladi:

Fx max = (2 + 0) • 0 + (13 -  0) • 11 = 13 11 = 146 so'm.
Agar t — 2 deb olinsa, sath ciiizig'i quyidagi ko’rimshda bo‘ladi: 
(2 + 2)xj + (13-2)x2 =4xj + llx2 = k, k  ga q iy m atla r b e rib ,

C(4;ll) vektor b o ‘yicha siljitilsa, /r=44 b o ig an d a  OABCD
ko'pburchakka ,4(0; 11) nuqtada urinadi. Demak, A nuqtada F 
maqsadli funksiya maksimum qiymatga ega boladi va xt = 0. x1 — 11 
lar optimal yechimlar bo'ladi. Bu yechimga asosan birinchi tur 
mahsulot narxi 2 + 2=4 so'm ni, ikkinchi tur mahsulot narxi
13-2=11 so‘nmi taslildl etadi.
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Demak, Fmax = (2 + 2) • 0 + (13 -  2) • 11 = 121 so‘m.
5.1-chizmadan ko'rinib turibdiki, mahsulotlami ishlab chiqarish 

fning har qanday qiymatida optimal bo‘ladi, toki to‘g‘ri chiziq

2x, + 2xi = 22. :Ly -  -  ~~y ~ t0 ^ chiziqqa parallel bo'lsa. Bu shart

bajariladi, agarda /=5 .5  bo‘Isa, t liing bu qiymatida AB kesmaning 
istalgan nuqtasi optimal rejani beradi.

Shunday qilib, t niiig quyidagi oraliqdagi fe  [0:5,5] barcha 
qiymatlarida Xj=0, x2= l  1 optimal yechim bo‘ladi va maqsadli 
funksiyaning maksimum qiymati max = 143-111 ga teng.

Endi t ning qiymatini 5,5 dan katta qilib olsak, masalan t= 6 
b o ‘lganda berilgan  m asalan ing  y ech im in i to p ish  u chun  
(2 + 6)xj + (13-6)x2 = k to ‘g‘ri chiziqni tuzamiz (bunda k=0,1,2,-;..).

Misol uchun  A'=56 bo 'lganda bu to ‘g‘ri chiziq quyidagi 
ko‘rinishda bo‘ladi. 8x1+7x2 =56. Bu to ‘g‘ri chiziqni C(8; 7) vektor 
bo‘yicha siljitsak, OABCD ko'pburchak bilan eng chetki 5(1; 10) 
nuqtada urinadi. Shunday qilib, t = 6  bo ‘lganda uch inch i 
qadamda x, =2 + 6 = 8 so'm, x2 = 1 3 -6  = 7 so‘m optimal yechim 
bo'ladi va ishlab chiqarish natijasida maqsad iunksivasi

Fmax = 8 -1 + 710 = 78 so‘mga teng.

5.1-chizmadan ko'rinib turibdiki. 5(1.10) nuqtaning koordina- 
ta la r i t >5 ,5  q iym atida  op tim al yech im  b o ‘lad i, tok i 
2xj + 13x2 + (x, -  x2)t = k to 'g‘ri chiziq6xj + 3x2 = 36 to‘g‘ri chiziqqa 
parallel boTguncha.

Bu shart bajariladi, agar^-f-- = 1 bo‘lsa, ya’ni t =5,5 ga
O 3

teng bo‘lganda / ning bu qiymatida AB kesmaning istalgan nuqtasi 
optimal rejani beradi.

Shunday qilib, /e  [5.5:8] oraliqda t ning barcha qiymatlarida 
x  j= l; x2=10 yechim optimal reja bo'ladi. Shu bilan birga te  [5,5;8] 
orahg'ida AB  kesmaning barcha koordinatalari optimal yechim 
boiadi, ya’n i^2max =(2 + /)l + (13-/)10 = 132 — 9? ga teng.
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Yuqoridagi kabi ta  [8:10] oralig'ida x  =2: x,=8 optimal yechim 
topiladi (5.1 -chizmaga qarang). Demak, birinchi tur mabsulotning 
bahosi 10 so'mdan 12 so‘mgacha, ikkinchi tur mahsulotning bahosi 
3 so'mdan 5 so‘mgacha o'zgaradi, birinchi tur mahsulotiar 2 birlik, 
ikkinchi tur mahsulotiar 12 birlik ishlab chiqariladi.

Shu bilan birga re [8 ;I0 ]  oraliqdagi qiym atlarida ishlab 
chiqarilgan mahsulotlaming narxi

3 rna\ = 108 -  6/ ga teng.
Shunday qilib. masalaning geometrik talqinidan quyidagi optimal 

yechimlarni topdik:
1) ie{0;5,5] oraüqda x ,=0; x2= l l ,  / ' lmax= 143-1 lr;
2) fe[5,5;8] oraliqda x t= l;  x2=10, F 2iWi= \32-9  t,
3) /e[8;10] oraliqda x ,= 2 ; x,=8, F 1mix=108-16 t.

2-§. Maqsad funksiyasi parametriga bog‘liq 
boigan masalaLar

l-§ da ko‘rib chiqilgan (5.1) — (5.3) masalalar berilgan boisin. 
[a; ß] oraliqda t parametrning bironta t =  t0 qiymatini olib, bu 

masalani simpleks usul bilan yechamiz. Bu yerda ikki bol bo'lishi 
mumkin:

1) t = /0 nuqtada masala optimal rejaga ega bo'ladi;
2) t — t{) masalani yechish mumkin emasligi aniqlanadi.
Faraz qilaylik, birinchi hol bajarilgan bo‘lsin. U vaqtda oxirgi

sim pleks jad v a ln in g  (N  + 1) (indeks sa tr id an ) sa tr id an  
Ji(t(>) = J 'i+t0 J"i ni yozib olamiz, Bundan quyidagiiar topiladi:

Tn =

T =

( J ' imax l , agar J  "i > 0
< { J m, mavjud boisa,

-oo. agar J "j < 0

min J ' i ) agar J  "j < 0
! J "‘ j mavjud bo‘lsa.

oo, agar jami J ", >0
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U vaqtda T0 < t < T da berilgan masala (barcha t lar uchun) 
t = t0 qiymatda bir xil optimal rejaga ega bo'ladi.

Agar/ = t{] qiymatda masalani yechish mumkin bo‘lmasa va 
oxirgi sim pleks jad v a in in g  N + l  sa trid a  u n in g  y ech im i 
j k = J 'k + t0J " k, (x,k <0, i = lm )  songa teng bo‘lsa:

1) J "k = 0 bo‘lganda berilgan masalani istalgan t uchun yechish 
mumkin emas;

2) a g a r/"* < 0  boisa, berilgan masalanit < h -  ~ 'rrf- laming
J k

barchasi uchun yechish mumkin emas;
3) agar/"* > 0 boTsa. berilgan masalani barcha t >/, lar uchun 

yecliish tnumkin emas;
4) birinchi qadamda 1 ning o ‘zgarish sohasi aniqlaniladi, 

yuqoridagi qadamni te  [a, fi\ oraliqda t ning boshqa qiymatmi ohb, 
ya’na simpleks usuli qo‘llanadi;

5) chekli almashtirishlar natijasida masalaning optimal rejasi 
topiladi yoki masalani yechish mumkin emasligi aniqlanadi.

5.2-masala. Quyidagi shartlarda

x1+x2 + x3 =  12.
x \  -  x 2 +  x 4 “

—Xj +  X2 +  Xg =  6.

Xi > 0, x2 â 0, x3 > 0, x4 >0, x5 > 0.
(5.7)

F=(xv  x 2 ) = 2 x 1 + ( 3 + 4 / ) x ! maqsadli funksiyani (5.8). te  + ° o )  

oraliqda /n ing  barcha qiymatlari uchun maksimum qiymatini 
toping.

Yechish. Berilgan oraliqda parametrning istalgan qiymatini olish 
mumkin.

Oldin dastlabki berilganiarga asoslanib, birinchi simpleks jadvalni 
tuzainiz.
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1- simpleks jadvai

№> Bazisli 0 ‘zgarmas 
koeffitsient- 

!ar 
list uni

2 3+4t & 0 Ô

Co
o‘zga-

ruvchilar x ¡ X2 X 3 X 4 X5

J. 0 12 1 1 1 0 0

2 . 0 X .4 1 0 3 - 1 0 1 0

3. 0
X 5 6 - i 1 0 0 1

i

4. Indeks
satri F = 0 - 2 —3—4t 0 0 0

Bu jadvalga asoslanib ikkinchi simpleks jadvalni tuzamiz.

2- simpleks jadvai

№

c CT

Bazisü
o ‘zga-

ruvchil-
ar

C(t) 
0 ‘zg3rnäas 

koeffiis ien t-  
?ar ustani

2 3+ 4t Ö 0 0

x . 54 X 3 X 4 X 5

1 . 0 X3 6 2 0 I 0 I

2 . 0 X4 16 0 0 0 1 1

3. 3+ 4t X2 6 - 1 1 0 0 ]

4. Indeks
satri F = 1 8 + 2 4 t —5—4t 0 0 0 3+ 4t

2- jadvalning indeks satrida manfiy miqdorlar bolgani uchun 
3-simpleks jadvalni tuzamiz.

3- simpleks jadvai

№ Bazisii
o‘zga-

nivchilar

C (i)  
0 ‘zgarmas 

koeffitsient- 
iar usftrni

2 3 + 4 t 0 0 0

X, *2 X1 X 4 x i

I. 0 x , 3 1 0 1/2 0 - 1/2

2 . 0 X 4 16 0 0 0 1 1

3. 3+4t X 2 9 0 1 1/2 0 1/2

4. Indeks
satri F = 3 3 + 3 6  t 0 0 2,5 +2t 0 0 ,5 + 2  t
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Bu jadvalga / = 0 qiymatning indeks satridagi / ning o'miga 
qo'ysak x,=3, x2=9. x,=0, x4=0, x5=0 optimal yechim va maqsadli 
funksiyaFxmax = 2 - 3 — (3 + 4 0)- 9 = 6 +27 = 33 qiymatga ega bo'ladi.

Endi F{ ning qiymatiga asoslanib / ning qiymatini topamiz.
3-simplcks jadvalning indeks satri clementlari musbat bo'lishi 

uchun 2.5+2/ > 0 va 0,5+2t >0 bo‘lishi kerak. Bu tengsizliklardan 
/ > -  0,25 kelib chiqadi. Demak, / e  [-0,25; +°°) oraliqda / ning 
barcha qiymatlarida xi=3, x2=9, x3=0, x4=0, x5=0 yechim opthnal 
yechim bo'ladi va FhmK=33+36t ga teng.

Ikldnchi qadamda / ning 0,25 dan kichik qiymatini olib 3- 
simpleks jadvalning indeks satridan x5 ni bazish yechimlar safiga 
o'tkazamiz u vaqtda x4 qo‘shhncha o'zgarovchilar safiga o ‘tadi, 
Natijada 4-simpleks jadval hosil bo 'ladi (3-simpleks jadvaLni 
almashtirgandan keyin').

4-simpleks jadval

№
Bazisli

C (t)
G'zgar-

mas
koeffitsi-

entlar
SiStuni

2 3 + 4 t 0 0 0

o ‘zga-
ruvchilar

x , X3 X 4 X5

1. 2 11 1 0 0,5 0.5 0

2 . 0 x5 16 16 0 0 1 1

3. 3+ 4t X, 1 0 1 0,5 - 0 ,5 0

4.
indeks
satri

F = 2 5 + 4 t 0 0 2 ,5 + 2 t - 0 , 5 - 0

Bu jadvalga asosan x t =11, x2 = 1 , x3 = 0 , x4= 0 , x5=16 
yechim 2,5+ 2/ > 0 va -0 ,5 -2 /> 0  bo'lganda, beiilgan masala 
uchun optimal yechim bo'ladi.

Demak, /e  [-1,25; -0,25] -  da Fmax =25 + 4/ bo'ladi. Uchinchi 
qadamda / < -1 ,25  bo'lganda x3 indeks satridagi qivmati manfiy 
bo'ladi. Shuning uchun simpleks usulni qo'llab, 4- jadvaldan 5- 
jadvalga o'tamiz.
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5-simpleks jadval

№ Bazisfi
o ‘zga-

ruvchilar

C(t)
O'zgarmas

koeffitsientlar
ustuni

2 3+4t 0 0 0

x . X2 X3 X 4 X 5

1. 2 x, 10 1 - 1 0 1 0
2 . 0 X5 16 0 0 0 1 1

3. 0 X . 2 0 2 1 - I 0
4. tndeks

satri F = 2 0 0 - 5 - 4 1 0 2 0

Bu jadvalda bazis yechim: xL=10, x,=0, x = 4 ,  x4=0, jc_= 16 
optimal yechimlar bo'ladi va te  (-00, -1,25]- da Fimax =20.

Shunday qilib, yiiqoridagi jadvallardan quvidagi optimal rejani 
yozish mumkin:

1)fe[-°°, -1,25] oraliqda jc,=10, x,=0, x = 2 ,  x4=0, x5=16. 
F = 20-x max

2) t e [-1,25, -0,25] oraIiQda x = \ ,  x = 0 , x4=0, xs=l6.

■̂max = 25 + 41,
3) re  [-0,25, +00] oraliqda x = 3 , x2=9, x3=0, x4=16, x5=0. 

^max = 33 + 36/.
5.3-masaia. Korxonada uch tur mahsulot ishlab chiqarish uchun 

uch xil xomashyo ishlatiladi. Har bir ishlab chiqarilgan mahsulot 
birligiga ketadigan xomashyo me’yori va narxi, xomashyo zaxirasi 
quvidagi jadvalda berilgan.

Xomashyo xilfari
Har bir ishlab chiqarilgan buyumga ketadigan

xom ashyo m e’yori

i-tn r  bnynm 2-tur buy am 3-tur buyum

1 18 15 12
2 6 4 8

3 5 3 3

Har bir ishlab chiqarilgan  
mahsulot narxi (so‘in) 9 10 16

X om ashyo zaxirasi 360 kg 192 kg 180 kg
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Shu bilan birga ishlab chiqarilgan mahsulotlarai to 'la sotish 
ta’min etiigan. Ishlab chiqarishning shunday rejasini tuzingki, ishlab 
chiqarilgan mahsulotlami sotishga tarqatganda qiymat jiliatidan 
m aksimum darom ad olinsin. Shu bilan birga narx-navoning 
o'zgarishini hisobga olib, optimal reja turg‘unligining tahlili berilsin.

Yechish. Faraz qiiaylik, birinchi tur mahsulot x, birlik, ikkinclii 
tur mahsulot x2 birlik, uchunchi tur mahsulot x3 birlik ishlab 
chiqariiishi kerak bo ‘lsin.

U vaqtda masalaning matematik modelini ushbu ko‘rinishda
yozish mumkin:

Quyidagi shartlarda

18.\'i + 15x2 + I2.X3 < 360,
6xj + 4x2 + 8x3 < 192, — (5.9)
5xj + 3x2 + 3x3 < 180.

Xj > 0, x2 > 0 (5.10)
F = 9д( + 10x2 + 16x3 funksiya maksimum qiymatni toping.
(5.9) tengsizliklar sistem asiga^,v2,j>3 bazis o ‘zgaruvchilar 

kiritib, tenglamalar sistemasini quyidagi ko‘rinishga keltiriladi:

1 8jC] + 15x2 + 12x3 + < 360,
6xi + 4 x 2 + 8x3 + >'2 <192. • (5 11)
5a'j + 3x2 + 3x3 + y3 <180.

,\'j > 0, x2 > 0, x3 > 0,
V] > 0. у 2 > 0, >’з S 0.

U vaqtda (5.10) maqsadli funksiya quyidagi ko‘rinishni oladi: 
F = 9xj + 10x2 +16x3 + 0 ■ yx +0 ■ y2 + 0 • v3. (5.12)

Bunda = 0, x2 = 0, x3 = 0 deb olsak, F = 0 bo‘ladi (simpleks 
usulga qarang).

(5.11) — (5.12) larga asoslanib, birinchi simpleks jadval tuziladi 
va simpleks jadvallami ketma-ket ahnashtirib, masalaning optimal 
vechimlari topiladi.
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1- s imp le ks j adv al

№
c,

Bazisli
o ‘zga-

ruvchilar

0 ‘zgarmas 
koeflïtsient- 

lar usinai

9 10 16 0 0 0

xi x 2 X3 У. y. Уз

1. 2 У, 360 18 16 12 1 0 0

2. 0 y 2 196 6 4 8 0 1 0

3. 0 Уз 180 5 3 3 0 0 1

4. Indeks
satri

F = 0 - 9 - 1 0 - 1 6 0 0 0

2- simpleks jadvai

№
Bazisli 

o'zgaruvebi- 
~ lar

0 ‘zgar-
mas

koeffitsi-
entlar
ustuni

9 10 16 0 0 0

Xi >4 X3 y. У2 Уз

1. 0 У, 72 9 9 0 1 - 3 / 2 0

2. J6 x3 24 3 /4 1/2 1 0 1/8 0

3. 0 Уз 180 11/4 3 /2 0 0 - 3 / 8 l

4. Indeks
satri

41 II cc 4̂ 3 - 2 0 0 2 0

3- simpleks jadvai

№

c .

Bazisli
o ‘zga-

ruvchiiar

0 ‘zgar-
mas

koeffitsi-
entlar
DStUni

9 10 16 0 0 0

x r X2 *3 y. Уг Уз

1. 10 X2 8 1 1 0 J/9 - 1 / 6 0

2. 16 X3 20 1/4 0 1 - 1 / 1 8 5 /2 4 0

3. 0 Уз 96 5 /4 0 0 - 1/6 - 1/8 1

4. Indeks
satri

F = 400 5 0 0 2 /9 5 /3 0
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Bu jadvaldan ko'rinib turibdiki, birinchi tur mahsulotlar Xj=0 
dona, ikkinchi tur mahsulotlar x2=8 dona, uchinchi tur mahsulotlar 
x5=20 dona ishlab chiqariladi.

Bu reja optimal reja bolib, daromad
^ n a r=  9 0 + 8 + i i  20 4- ft y t + 0 • j ’2 + 0 • 96 = 80 + 320 = 400.

so'mni tashkil etadi.
Endi yuqoridagi optimal rejaga asoslanib, ishlab chiqarilgan 

mahsulot turlari bahosining o'zgarish chegaralari aniqlanadi.
Oldin birinchi tur mahsulotdan boshlaymiz. Faraz qilaylik, 

birinchi tu r m ahsulotning qiymati cv— 9 so 'm  emas, ya’ni 
Cj—'(90+7,) so‘m bolsin.

Bu yerda rt parametr t{ e (9; °°) oraliqda o'zgarishi mumkin. 
U vaqtda yuqoridagi optimal rejaga asoslanib, masalaning shartiga 
ko'ra F = (9 + f|).V| + 10x2 + 16.v, maqsad funksiyasining maksimum 
qiymatini topish talab etiladi. Maqsad funksiyaning bu qiymatini 
hisobga olib, 4-simpleks jadvalni shunday yozish mumkin.

4- simplets jadval

c

Bazisli
o ‘zga-

ruvchilar

O ’zgarraas
koeffitsien î-

lar
usinai

9 + t , 10 lb 0 0 0

x . *2 X 3 y. y2 y3

l. 10 X , 8 1 1 0 1/2 -L /6 0

2. 16 *3 20 1/4 0 1 - 1 / 1 8 5 /2 4 0

3. 0 y3 96 5 /4 0 0 - 1 / 6 - 1 / 8 i

4. Indeks
satri

F = 400 5~tj 0 0 2 /9 5 /3 0

Bu jadvaldan ko‘rinib turibdiki, x,=0, x,=8, x3=20 yechimlar 
parametrik programmalashtirishning optimal rejasi bo ladi, agarda 
5— t { > 0 boisa, (t< 5).

Demak birinchi tur mahsulotning qiymati c, <14 so‘m boisa, 
Xj=0, x2= 8 , x3=20 optimal yechim b o lad i. Ishlab chiqarish 
korxonasi birinchi tu r m ahsulo tn ing  qiym ati 14 so 'm d an  
oshm aslig idan  m an faa td o r em as. Shu bilan b irinch i tu r
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mahsulotning qiymati o ‘zgarganda, ikkinchi va uchunchi tur 
mahsulotning qiymati berilgan masalaning shartlarida o’zgarmaydi 
deb hisobiaymiz. Xuddi shunday ikkinchi tur mahsulotlaming 
qiymati 8 < c2 < 20 oraliqda o‘zgarganda masalaning dastlabki 
shartlarida ikkinchi tur mahsulotning qiymati x, =8 so‘m, uchinchi 
tur mahsulotning qiymati 20 so'mni tashkil etadi va bu reja optimal 
reja boladi. Lekin shuni ham aytish kerakki, ko‘rsatilgan reja 
optimal bolishiga qaramasdan c , ning har xil qiymatlarida maqsadli 
funksiya har xil qiym atlar qabui qiiadi. Agar uchinchi tur 
mahsulotning narxi 8 < c, < 20 oraliqda o ‘zgarganda ham ikldnchi 
tur mahsulotning narxi 8" so‘m, uchunchi tur mahsulotning narxi 
20 so'mni tashkil etadi va bu reja optimal reja boladi. Shunday 
qilib, berilgan masala maqsad funksiyasining bitta koeffitsientiga 
parametr kiritib optimal rejaning sezgirlik darajasini tahlil qildik.

Xuddi shunday optimal rejaning sezgirlik darajasini hamma 
tur m ahsulotlam ing qiymatlari o'zgarganda ham tahlil qilisli 
mumkhi.

3-§, Ozod hadlari parametriga bog‘liq boigan masalalar

(5.1) — (5.3) masalalar berilgan bolsin. Bu masalani yechish 
uchun yuqoridagi kabi t parametming qiymatini t e [a, ß] oraliqda 
t=t{) songa tenglashtirib chiziqii programmalashtirish usuiini qollab, 
masalanmg yechihshini ko'rsatamiz. Bu yerda ham ikki hoi boladi:

1) t=t(. qiymatda masala optimal rejaga ega;
2) t=l:) qiymatda masalani yechish mumkin emasligi aniqlanadi.
Birinchi holdaT o< t< T  oraliqda t nhig barcha qiymatlarida

topilgan reja optimal reja boladi, bunda

_ }max (—j  'J  j  "i ), agar j  ", > 0, 
r ° “ i  - ,  agar j" i< 0 . mavjud bolsa.

_ Ímin { - j  V  j  "j ), agar j  ”, < 0,
1 - i  ^ mavjud bolsa.[ - ,  agar j  t > 0. J

J \  va/",- lar quyidagi / ,  =  / ’, +/„ /" •  optimal rejaning tarkibiy 
qismlari bo lib . tfí ga bogliqdir.
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Agar t =  t0 qiymatda berilgan masalani yechish m um kin 
bo‘lmasa, u vaqtda bu yerda ikki hoi bo'Iishi mumkin:

1 ) maqsad funksiya optimal rejalar to‘plamida chegaralanmagan;
2) berilgan sistema musbat yechimlarga ega emas.
Birinchi ho Ida raasala/ ß] oraliqda t ning istalgan qivmatida 

yechimga ega emas.
Ikkinchi holda sistem aningr [a. ß] oraliqda t ning qaysi 

qiymatlarida birgalikda mavjnd boMmagan qivmatlari aniqlaniladi 
va uni masalaning aniqlanish sohasidan chiqariladi. Shundan keyin 
x ning boshqa qiymatini t e [a, ß] oraliqda olib, yana simpleks usul 
qo‘llaniladi va chekli almashtirishlar natijasida masalaning optimal 
rejasi topiladi yoki masalani yechish mumkin emasligini aniqlaymiz.

Shunday qiJib, (5.1) — (5.3) masalani yechish uchun quyidagi 
jaryonlar amalga oshiriladi;

1. t paramétraing bironta aniq t0 qiymatini [a, ß] oraliqda olib, 
chiziqli programmalashtirish usiubini qollab, masalaning optimal 
rejasi topiladi yoki masalani yechish mumkin emasligini ko'rsatamiz.

2. Paramétrée [c/., ß] ning qaysi qiymatlarida bir xil optimal 
rejaga ega bo'lishi yoki yechish mumkin emasligi aniqlaniladi va t 
ning bu qiymatlarini [a, ß] oraliqdan chiqariladi.

3. [a, ß] oraliqning qolgan qismidan i ning bironta qiymatini 
olib, masalaning optim al rejasi topiladi. Buni yechish uchun 
ikkilamchi simpleks usuli qo'llaniladi.

4. Chekli almashtirishlar natijasida t paramétrai qaysi to‘plamlar 
qivmatida bir xil optimal rejaga ega bo‘Jishini yoki bolmasligini 
fa, ß] oraliqda aniqlanadi.

5.4-masala. Quyidagi shartlarda

X] +  X) +  =  12 +  /,

2x, ~ x 2 + x4 = 8 + 4/,
-2xy + 2x2 + x5 = 10 -  6/.J (5.13)
Xj >0, x2 > 0, x3 > 0, x4 >0, x5 > 0.

F = ix,. x2s x3, x4, x5) = 3xj -2 x a +5x3 -4 x 4 (5.14)
fujiksiyaning/e (-00 +oo) oraliqqa maksinuim qiymatini toping.
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Yechish. ( —co -j-oo ) oraliqda t parametming istalgan qiyniatini olib, 
chiziqii programmalashtirish usullarini qo'ilab masala yechiladi. 
Faraz qiiaylik. f=Q bo'lsin, u vaqtda quyidagi simpleks jadvalni 
tuzish mumkin.

l-jadvalga asoslanib, masalaning optimal yechimi topiladi. 
Birinchi jadvaldan ko'rinib turibdiki xt=0, x ,= 5 -3 1, x3= 7 -4 1, 
x4=13+r, x5=0 bo‘lganda berilgan masalaning optimal rejasi 
bo‘ladi.

1- jadvai

Ns Bazisîi 3 - 2 5 0 - 4

c a
o ‘zga-

ruvchilar x i x 2 X 3 X 4 X5

1. 5 ^3 12+t I 1 1 0 0

2. 0 X4 8 + 4 1 2 - 1 0 1 0

3. - 4 10—t - 2 2 0 0 1

4. F = 2 0 + 2 9 t 10 - 1 0 0 0

1. *3 7 + 4 1 2 0 1 0 - 1 / 2

2. 0 X4 1 3 + t 1 0 0 1 1/2

3. - 2 X2 5—3t - 1 1 0 0 1/2

4. indeks
satri

F = 2 5 + 2 6  t 9 0 0 0 1/2

Yuqoridagi vechim lar to ‘plam i optim al yechim  b o ‘ladi, 
agarda? + At > 0, 13 + 1 > 0. 5 — 3r > 0 bo‘Isa. va’ni

2) t > -13;

3) t< ~  bo‘lsa.
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S hunday  q i l ib , re
7 5

‘ 4 ’ 3
o ra l iq d a xx = 0, x2 =5-3>t,

x3 = 7 + 41, jc4 =13 + t, x5 = 0 bo1 Isa, optimal reja F¡ max = 25 + 26r 
bo'ladi.

Endi t > ^ bo‘igan qiymatlarida berilgan masala optim al

yechimga egami yoki yo'qligi teksliiriladi. t > ^ bo'lganda 5 -  3/ < 0 

bo'lgani uchun x,=0, x?=5-3t, x}—7+4i,  x4=13+t, .r5=0 optimal

reja b o la  olmaydi. Shuning uchun t > |  bo‘lganda yangi rejaga

o ‘tish kerak. Lekin yangi rejaga o ‘tish uchun oldin x2 bazis 
o'zgaruvchi joylashgan satr elementlari teksliiriladi.

Bu satr elementlari ichida manfiy son x '2l = -1 bo'lgani uchun 
yangi tayanch rejaga o‘tiladi (agar bu satrda manfiy son bo‘l- 
maganda, yangi tayanch rejaga o‘tib bo‘lmas edi). Bu yerda x2 
o'zgaruvchini bazis o‘zgaruvchilar safidan chiqarib, uning o‘rniga 
x, o'zgaruvchi kiritiladi va yangi tayanch rejaga o‘tiladi.

Nati jada quyidagi jadval hosil bo‘ladi.
2 -jadval

№ Bazis X0
3 - 2 5 0 - 4

c .
0‘zgaruvcliilar

x i *2 X3 X4 x s

I. 5 X3 17—2t 0 2 1 0 1/2

2. 0 X4 18—2t 0 1 0 J 1

3. 3 X. —5+ 3t 1 - 1 0 0 - 1 / 2

4. Indeks
satri

70 —t 0 9 0 0 5

Dernak. 2- jadvalga asosan dastiabki masalaning kerakli rejasi 
x= -5+ 3t, x,=0, x3= 17-2/, x4=18-2 t, x.=0 bo'ladi, agarda barcha t 
lar uchun -5 + 3/ > 0, 17 -  2/ > 0, 18 -  2t > 0 bo‘lsa. Bu tengsizliklar-
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ni y e c h s a k /ä - ,  t< 9 hosil b o la d i .  Shunday qilib ,
.i 2

t€ 5 17

3 ’ 2 oraliqda maqsad funksiyasi ~  5/3 ^17/2^ 9

Fmax = 7 0 - /  dastiabki masalaning optimal rejasi bo'ladi.

A g ar/> -y  bovlsa, Xj— 5+3/, x3=17-2/, x ;—0, x3=18-2/, x5=0

optimal reja bolm aydi, chunki optimal reja tarkibida x3=17-2/ 
manfiy songa teng. Birinchi jadvalning x1;. satrida manfiy eíementlar

17
2

bo‘lmagani uchun / > — bolganda masalani yechish mumkin emas.

Endi 1 -jadva ldan / < b o l g a n d a  m asalaning yechim i 

tekshiriladi.
Bu holda Xj=0, x2= 5-3 /, x3=7+4/, x4=13+/, x5=0 optimal reja 

bo la  olmaydi, chunki x3=7+4/ manfiy qiymatga ega.
Shunüig uchun / parametrahig bu qiymatlarida opthnal reja 

mavjudligini tekshirish uchun birinchi jadvaldan x3 ni bazis 
o'zgaruvchilar saíidan chiqarib, uning o‘rniga x5 kiritiladi. (x3 turgan

satrda x ' [5- i  manfiy son bolgani uchun bu jarayonni bajarish

mumkin).
Natijada quyidagi jadval hosil boladi.

3- jadval

№ Bazisli 3 - 2 5 0 -4
c 0‘zgaruvcbiIar

x . X2 x 3 * 4 X5

1. - 4 - 1 4 - 8  t - 4 0 - 2 0 1

2. 0 X 4 2 0 + 5 1 3 0 1 1 0

3. 2 X! 12+t 1 1 1 0 0

4. Indeks
satri

F = 3 2 + 3 0  t 11 0 1 0 0
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Uchinchi jadvalga asosan x,=J2+i, x2—0, x,—0, x4— 20 ! 5/, x5 -
14-8/va t parametrning quyidagi shartlarni -14-8 / >0, 20+5/>0,

7
12+/ > 0 qanoatlantiruvchi barcha qiymatlarida, ya m h <

>2 2 -4 ,
t > _ 12 bolganda

-4  [ \ \ \ \ \ \ ]  -A 4  *
optimal reja boladi.

7
Shunday q il ib /e  [-4; - - ]  o ra liqda  berilgan  m asalaning

yechimlari x,=0, jc,=12+/, x3=0, x4=20+5/, xs= -14 -8 / bo ladi va 
F  v=32+30/.

r"3Uchinchi jadvaldan ko'rinib turibdiki, /> -4  bolganda berilgan 
masala yechimga ega emas, chunki x4 element joylashgan satrda 
manfiy elementlar yo'q.

Demak,
1) agar/e  (— ; -4] bolsa, masala optimal yechimga ega emas;

7
2) agar te  [-4; - - ]  bo‘lsa, masalaning optimal yechimlari x,=0,

x = 1 2  + /, x = 0 , x4=20 + 5/, x =  - 1 4 - 8  / bolib, Fnux= 32 + 30/ ga 
teng;

3) agar/e  [-7; | ]  bolsa, masalaning optimal yechimlari x,=0, 

x =5 -  3/, x3=7+ 4/, x4=13 + /, x =  0 bo lib , F0max=25+26t ga teng;

4 )  agar / e [ | ;  y ]  b o lsa , masalaning optim al yechim lari 

x ,=  - 5  + 3/, x 2= 0 , x 3= 1 7 - 2t, x 4=  1 8 - 2 / ,  x 5=  0 b o l i b ,  
^ „ a x = 7 ° - '  ê a t e l l g ;

5) agar / e [ y , o») bolsa, masalani yechish mumkin emas.

5.5-masaIa. Korxonada uch tur mahsulot ishlab chiqarish uchun 
uch xil xomashyo ishlatiladi. Korxona birinchi xil xomashyodan
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180 t, ikkinchi xil xomashyodan 210 t va uchunchi xil xomashyo- 
dan 244 t ta ’min etilgan.

Har bir islxlab cliiqarilgan mahsulot birligiga ketadigan xomashyo 
me’yori va narxi 4- jadvalda berilgan.

4- jactval

Xomashyo xillari

Har Mr ishlab chiqarilgan buynmga 
ketadigau xomashyo me’yori

1-tur buyum 2-tur buyum 3-tur
buyum

1 4 2 1
2 3 1 3
3 1 2 5

Har bir ishlab chiqarilgan 
mahsulotning narxi (so'm) 10 14 12

Ishlab chiqarishning shunday rejasini tuzingki, ishlab chiqaiilgan 
mahsulotlami sotishga tarqatganda qiymat jihatidan maksimum 
daromad olinsin.

Shu bilan birga xomashyo miqdorini liisobga ohb, optimal reja 
turg'unligining tahlili berilsin.

Yechish. Faraz qiiaylik, birinchi tur mahsulot x, birlik, ikkinchi 
tur mahsulot x2 birlik, uchinchi tur mahsulot x3 birlik ishlab 
chiqarilsin, u vaqtda masalaning matem atik m odelini ushbu 
ko'rinishda yozish mumkin.

Quyidagi shaitlarda

4.tj +2x2 + x3 < 180,
3xj + x2 + 3x3 < 210, • (5.15)
x¡ + 2x2 + 5x3 < 244.

x¡ >0, x2 > 0, x3 > 0. (5.16)
F = 10x, + 14x2 + 12x3 (5.17)

funksiyaning maksimum qivmathii toping.
Yechish. Masalani simpleks usulni qoilab yechamiz. 
Yechishjarayonining hainmasim bitta jadval ko‘rinisliida yozamiz.

104



5- jadva l

№

4

Bazis
o ‘zgaruvciii-

lar
x o

10 14 12 0 0 0

x i X2 X3 X4 X5 x 6

1 o X 180 4 T 1 1 o о
2, 0 xs 210 3 1 3 0 1 0

3. 0 x6 244 1 2 5 0 0 1

4.
Indeks
satri F ,= 0 - 1 0 - 1 4 - 1 2 0 0 0

1. 14 x2 90 2 1 1/2 y 2 0 0

2, 0 *5 120 1 0 5 /2 - 1 / 2 1 0

3. 0 X6 64 - 3 0 4 - 1 0 1

4. Indeks
satri F;= 1 2 6 0 18 0 - 5 7 0 0

1. 14 82 19/8 1 0 5/8 0 - 1 / 8

2. 0 Xs 80 23 /8 0 0 1/8 1 - 5 / 8

3. 12 X .i 16 - 3 / 4 0 1 —1/4 0 1/4

4. Indeks
satri 1340 57 /4 0 0 2 3 /4 0 5 /4

Bit jadvalga asosan optimal yechim х(=0, x,=82, x,=16, x4z=0, 
x5=0, x6=0 ga teng.

Bu yechimni (5.7) ga qo'ysak, quyidagi hosil bo'ladi:

F = 10 • 0 +14 • 82 +12 • 16 = 1340 so‘m.

Demak, bu rejaga asosan daromad Fmax =1340 so‘mni tashkil 
etadi.

Endi bu rejaning turg‘unligi tahlilini ko‘rsatamiz. Buning uchun 
xomashyo xillari (hajmlari)ning miqdorlarini o'zgartirib uni maqsad 
funksiyaga ta’siri ko‘rib chiqiladi.

Oldin birinchi xil xomashyo hajmi tonnaga o‘zgartiriladi, 
ya’m birinchi xil xomashyo 180 + /j tonna bo'lsin. Bunda t —
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parametr, /, parametr uraum holda (-°°, +°°) oraliqdagi qiymatlami 
qabul qilishi mumkin, u vaqtda masalaning sharti quyidagicha 
bo'iadi. Quyidagi shartlarda

4 * | +  lx 2 + x 3 <  180 +  /j,

3x¡ + 3x3 < 210, * ( 5 1 8 )

Xj + 2x2 + 5x3 < 244.

X] > 0, x2 s  0, x 3 > 0. ( 5 .1 9 )

F = (x 1#x2,x 3) =  10X| + 14x2 + 12x3 ( 5 .2 0 )

( 5 .2 0 )  funksiyaning maksimum qiymatini shunday topingki, 
X] = 0 .  x 2 = 82, x 3 = 16 optim al yechim b o ls in . Buning uchun
( 5 .1 8 )  — ( 5 .2 0 )  param etrik  program m alashtirish m asalasini
yechamiz.

Beshinchi jadvalning oxirgi qismi quyidagicha yozib olinadi.

6- simpleks jadval

№
Bazis

o ‘zgamvehilar xo
10 14 12 G 0 0

x . X 2 x 3 xi x 6

i. 14 X, b'o 19/8 1 0 5/8 0 - 1 / 8

2. 0 xs Ь 5 2 3 /8 0 0 1/8 1 - 5 / 8

3. 12 Хэ b'3 - 3 / 4 0 1 1/4 0 1/4

4. Indeks satri F'o 5 7 /4 0 0 2 3 /4 0 5 /4

O ltinchi jadval 5- jadvaldan x0 vektor joylashgan ustun 
elementlari bilan farq qiladi. x0 vektorning tarkibiy qismlarini b'2, 
b'5, b \  oxirgi jadvaldagi bazisii vektorlar x2, x5, x, bo'yicba yoyib 
quyidagicha yozish mumkin:

в - ] х п =

u  2 

b ’ 5

b’ 3V 5  /

( 5 .2 1 )

bunda B A matritsa В matritsaga teskari matritsa bo'lib, x v, x5, x, 
vektorlarning dastlabki tarkibiy qismlaridan iborat.
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Matritsa B 1 5- sirapleks jadvalning vektorlar joylashgan ustun 
elementlaridan iborat, x0 vektor esa 5- jadvalning dastlabki x0 
jadvalida joylashgan ustun elementlaridan iborat:

B~l
f 5 /8  0 - 1 /8 ' 

1/8 1 -5 /8 X„
180 + / , ' 

210
-1 /4  0 1/4v )

5 -**■()

244V.
B l va X0 matritsalarni (5.21) formulaga qo'ysak, quyidagi hosil 

bo‘ladi:

(b'l "5 /8  0 -1 /8 ' '180 + i, ' 8̂2 + 5 /  8/, "

b's = 1/8 1 -5 /8 210 = 80 + 1/8?!

1*3 J -1 /4  0 1/4 244V 16-1/4?,

Yuqorida topilgan X {] vektor (5.15) — (5.17) masalaning optimal 
yechimi bo'ladi:
Jtj =0, x2 = 82 + 5 /8 ti, x 3 = 1 6 -1 /4 /j, x4 -  0, x5 = 80 + 1/8?,, x6 = 0

va iW  = 10'0 + (82 + 5/8/,)• 14 + (1 6 -1 /4 ^ )  12 = 1340 + 5 ^ tv

Demak, yuqoridagi yechim bo‘lsa, musbat t param etm ing 
barcha qiymatlarida 7 optimal reja bo'ladi.

?j=0 bo‘lsa, /^ = 1 3 4 0  so‘m bo'lib, 5- simpleks jadvalning 
maqsad funksiyaning miqdori qiymatiga to‘g‘ri keladi.

Bu shuni ko‘rsatadiki. t] parametming o'zgarishi x, optimal 
yechimga ta ’sir qiladi.

Misol uchun t=  16 ga teng deb olsak, ishlab chiqarishning 
optimal rejasi ^ = 0 , *,=92, jc3=12 ga teng bo‘ladi va ikkinchi 
tu r buyum  92 birlik, uchinchi tu r buyum 12 birlikka teng 
bo‘ladi.

Bu h o ld a /’max = 92 -14 +12 12 = 1432 so‘mni tashldl qiladi.
Agar ikkinchi xil xomashyo miqdorini eng ko‘pi bilan 8 0  tonnaga 

kamaytirsak u vaqtda reja optimal reja bo'ladi va ikkinchi tur 
mahsulotdan 82 birlik. uchinchi tur mahsulotdan 16 birlik ishlab 
chiqariladi.

Bu holdaFmax = 14 82 +12 16 = 1148 so‘mni tashkil etadi. Ko‘r- 
satish mumkinki uchunchi xil xomashyo miqdorini o‘zgartirsak,
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x = 0 , x2=82, x3=  16 tayanch yechim o'zgaradi. Ya’ni bu yechim 
turg‘un yechim emas.

Shunday qilib, (5.15) -  (5.17) masalaning optimal rejasi hamda 
xomashyolaming hajmini o'zgartirganda sezgirlik tahJilini ko‘rsatdik. 
Xuddi shunday optimal reja sezgirlik tahlilini uch xii xomashyo 
miqdorini bir vaqtning o‘zida o‘zgartirganda ham ko‘rsatish mumkin.

4- §. Ozod hadlar va maqsad fiinksiya parametriga bogiiq 
bo‘lgan masalalar

l-§  da ko‘rib chiqilgan (5.1) — (5.3) masalalar berilgan bo'lsin. 
1—3-§ larda yechgan parametrik programmalashthish masalalarini 
vechish usulidan foydalanib, quyidagi masalani yechamiz.

5.6-masaJa. Quyidagi shartlarda

xr - x 2 +x3 - 2 4 - 121,
- jc, +  2x2 + x 4 = -1 8  + 1 0 .

> 0, x2 > 0, t e  (-oo, +°°).

F  = (xi, x2, x3, x4) =
= (8 -  5t)xi + (9 -  3t)x2 + ( - 3  + 5t)x2 - ( 2  + 4t)x4 -> max

qiymatini toping.
Yechish. / par ame truing qiymatini ixfiyoriy tan Jab olamiz. Faraz 

Cjilaybk, t — 2 bo'lsin. Dastlabki berilganlarga asoslanib, masalani 
simpleks usul bilan yechamiz.

1- simpleks ja d va l

№

G6
Bazis

o ‘zgaruvchiIar X0

8—St 9-~3t 1 U*
 1 urs - 2 ~ 4 t

x , X 3 x 4

1. —3 + 5 t X3 24 + 2 t 1 “ I 1 0

2. 11

X4 — 18+10t - 1 2 0 1

4. Indeks satri F = 0 — 8 + 5 t — 9+ 3t 3—5t 2 + 4 t

Uchinchi simpleks jadvaldan koVrinib turibdiki, t  — 2  bolganda 
x  = 0, x = —9+ 51, .*3=15-7/, x = 0  berilgan masalaning optimal 
yechimi bo'ladi.
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2- simpleks jadval

N°

g 5

Bazss
o ‘zgaruvchi-

!ar
*o

8 — 5 t 9 — 3 t - 3 - 5 t —2 — 4 t

X! X2 X 3 X4

1. 2 4 + _)t 1 - 1 1 03
2. —2—4t *4 18+lO t - 1 2 0 1

4. Itideks
satri

F — 36+
208t-100t:

—11 +  1 Ot —6t—2t 0 2+ 4t

3- simpleks jadval

№ Bazis 8 - 5 t 9—3t —3 —5t - 2 —4t

G6
o'zgaruvchi-

lar
x o

x i X2 X 3 X 4

1. —3+ 5t X 3 i 5—7t 1/2 0 1 1/2

2 . 9—3t X j —9 + 5 t - 1 / 2 1 0 1/2

4.
Indeks
satri

F ma, = = _ 1 2 6 +
I68t—50t; 9t—14 0 0 5+ 5t

Bu yechim 9t — 14 > 0 bo'lganda, ya'ni t > — qiymatlarda

ham musbat yechim bo'ladi. Shunday qilib, t e [9 /  5, 15/7] oraliqda 
t ning barcha qiymatlarida masalaning optimal yechimlari x x— 0, 
x  = \5~ It, x3= -9 + 5 ty -x4=0 bo'lganda Fmax = -126 + 1 6 8 /-50/2 ga 
teng.

9
A g a r i< -  bo‘lsa, ya’ni -9+5K 0 bo‘lsa, yuqorida ko'rsatilgan 

yechim optimal reja bo'lmaydi.
9

Shuning u ch u n f< ^  bo'lganda yangi simpleks jadval tuzish

mumkin, chunki x2 element joy]ashgan satrda (3- simpleks jadval) 
- 1 /2  manfiy son mavjud.x'21 = -1 /2  sonni kalith son deb tanlab 
olib, yangi simpleks jadval tuziladi. Natijada quyidagi jadval hosil 
bo'ladi.

109



4- simpleks jadval

№ Bazis 8—St 9—3t —3 —5t —2 - 4 t
o'zganivchi-

iar
x o

x . X 3 X 4

1. —3 +5t x, 6 —2t 0 1 1 1

2.

iri1CO

x ,

oTCO 1 - 2 0 - 1

3. Indeks
satri

F  = 1 2 6 -max
134t+ 40t2 0 —28+1 0 14t—9

T V r tin c h i  ja d v a id a n  k o ‘rin ib  tu r ib d ik i, 6 - 2 /> 0  va

1 8 -1 0 /> 0  bo'lganda (yuqoridaf ä — qim atini ko 'rgan edik)

oraliqdagi/ e  [14/9, 9 /5] oraliqdagi qiymatlarida ^= 18-107 , x2=0, 
x 3= 6 - 2 /, jc4= 0  m asa lan in g  o p tim a l y ech im i b o 'l ib ,

Fmax = 126 -134/ + 40/- ga teng.

Endi / > y  bo‘lganda masalaning yechimlarini tekshiraylik.

? > y  b o ‘lsa, xi = 0, x2 = -9  + 5/, x3 = 15-7/, jc4 = 0  yech im

optimal reja bo‘la oLmaydi, chunki [5 - 7/ < o. Shu bilan birga x3 
turgan satrda manfiy son yo'q bo'lgani uchun masalani yechish 
mumkin emas. Shunday qihb, biz masalani te  [14/9, +°°) oraliqda 
yechdik. Masalani to la  yechish navbati r & [-°°, 14/9) keldi. Agar 

14
t < y  bo'lsa, —28 + 18/ < 0 boladi. Shuning uchun yangi simpleks

jadvalga o‘tamiz.
Beshinchi simpleks jadvaidan ko'rinib turibdiki, te  [— , 14/9) 

oraliqdagi t ning barcha qiymatlarida x (=30-14/, x2—6-2t, x3=0, 

x4= 0  optim al yechim  bo 'lib , = 294- 298/ + 76/2 ga teng. 
Demak:

1. A gar/e [—*>, 14/9] boisa, masala optimal rejaga ega bo'lib,
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5- simpleks jadva l

№ G8 Bazis
o ‘zgaruvchilar

8—5î 9—31 -3 -5 1 - 2 - 4 1

x . x2 x3 X4
1. 9—3t X2 6—2t 0 1 l 1
2. 8 —5t XI 3 0 + i4 t 1 0 2 - 1

3. indeks
satri

F = 2 9 4 + 2 9 8 t+ 7 6 t2 0 0 28—18t 19—4t

Xi = 30 —14?, x2 = 6 -  2/, x3 = 0, x4 = 0 va

F2 max =  2 9 4  -  +  76jf2 § a  t e n S-

2. A g a r/e  [14/9, 9/5] masala bo 'lsa , optim al rejaga ega 
bo‘lib;q = 18^11)/, x2 = 0, x3 =6-9?, x4 = 0 va

iv,max = -134/ + 40/2 ga teng.

3. A g a r/e  [9/5, 15/7] m asala optim al rejaga ega b o ‘lib 

Xj = 0, x2 = -9  + 5/, x3 = 15 -  7/, x4 = 0
jFmax = 126 +168/ -  50/2 ga teng.

Topshiriqlar
Quyidagi 5.7 param etrik  program m alashtirish  m asalani 

/ £ (—°°, +~) oraliqda optimal rejasini toping.

5.7. *1 + x2 + x3 + x4 = 2, |
-2xj + x2 -  x3 + x5 = 1. J

x,- >0, / = 1,5.

F = ( t -  l)xt + (4 -  t)x2 + (/ -  2)x3 + (2 -  /)x4 + (2/ -  3)x5 -> max. 
Tayanch iboraiar
Parametr, parametrga bog'liq boigan maqsadli funksiya, parametrik 
programmalashtirish.

Takrorlash uchun savollar
1. Param etrik programmalashtirishning iqtisodiy talqini nim a?
2. Parametrik programmalashtirishning geom etrik talqini nima ?
3. Parametrrüng m a ’nosi nim a?
4. Parametrik programmalashtirish m asalalari ko'rinishlarini bilasizmi?



VI BOB
DINAMIK PROGRAMMALASHTIRISH

l-§ . Dinamik programmalashtirish masalalarining 
umumiy xususiyatlari

Chiziqli programmalashtirish masalalarini yechganda vaqtga 
bog'liq bo‘lmagan statik va iqtisodiy jarayonlar ko'rilgan edi. 
Masalalarning optimal yechimlarini topganda bu yechimlar vaqtga 
bog'liq bo‘lmagan bir bosqichli optimal yechimlardan iborat deb 
hisobladik. Shuning uchun vaqtga bog'liq bo‘hnagan bunday 
masalalarni bir bosqichli masalalar deb ataiadi. Lekin ko‘p iqtisodiy 
masalalarni yechish jarayonida bu masalalar o:z-o‘zidan bir nechta 
bosqichlarga bo‘lingan bo'ladi. Shu bilan birga iqtisodiyotning 
rivojlanish jarayoni ayniqsa bozor iqtisodiyotiga o'tish davrida ko'p 
omillarga bogliqdir. Shuning uchun bunday masalalarning yechimi 
yagona bolmaydi. Balki har bir bosqichga mos keluvchi yechimlar 
to‘plamidan iborat bo'ladi. Bu yechimlar to'plamidan eng maqbuhni 
tanlab olishga optimal strategiya deyiladi.

Dinamik programmalashtirish iqtisodiyotda uchraydigan ko'p 
masalalarni bosqichma-bosqich yechish uchun ishlatiladi.

Bunga misol sifatida quyidagi masalalar kiradi: yuklarni optimal 
joylashtirish; eng qisqa yo'lni aniqlash, tezhkka bog'liq bo'lgan 
m asalalarda optim al tezlikni topish; sarm oyalarni optim al 
joylashtirish; optimal rejalashtirish masalalari.

Demak dinamik programmalashtirish quyidagi xususiyatga ega 
bo‘lgan masalalarni yechadi;

1) ko‘p bosqichli iqtisodiy jarayonning birdan bir yagona 
yechimini emas, balki har bir qadamga mos keluvchi va asosiy 
manfaatni ko'zlovchi yechimlar to'plamini topishga yordam beradi;

2) dinamik programmalashtirish uslub va usullari yordamida 
yechilayotgan ko‘p bosqichli masalaning ma’lum bir bosqichi uchun 
topilgan yechimi undan oldingi bosqichlarda topilgan yecliimga 
bogliq bo‘lmaydi. Unda faqat shu bosqiclmi ifodalovchi omillar 
nazarga olinadi;
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3) dinamik programmalashtirish yordamida ko'p bosqichli 
masalani yeciiish jarayonida har bir bosqichida asosiy maqsadni 
ko'ziovchi yechimni aniqlash kerak, yanayechimlar to‘plami orasida 
asosiy maqsadga erishishga maksimal ulush qo‘shuvchi yechimni 
taniab olishga to 'g 'ri keladi.

D inam ik programmalashtirishning asosiy usul va uslublari 
amerikalik matematik R. Bellman va lining shogirdlari tomonidan 
asoslangan bo‘lib, optimallik prinsipiga amal qiladi. Endi dinamik 
programmalashtirish uslub va usullari bilan yechiladigan ba'zi 
iqtisodiy masalalarni ko'rib chiqamiz.

2-§. Yuklarni optimal joylashtirish 
haqida masalalar

6.1-masala. Muzxonaga har xil xomashyolarni joylashtirish 
kerak. Muzxonaga jami tâ tonna xomashyoni joylashtirish mumkm. 
Xomashyolar toLg‘risida quyidagi ma’lumotlar mavjud:

P. — i xil xomashyoning og'irligi;
V. — / xil xomashyoning bahosi (naixi);
X. — muzxonaga joylashtiriladigan i xil xomashyoning soni.
Muzxonaga xomashyolarni shunday joylashtiringki, maksimum 

qiymatga ega bo‘lgan xomashyolar joylashsin.
Demak, bu masalani umumiy holda quyidagi ko'rinishdayozish 

mumkin.
Quyidagi shartlarda

1. t x i
(=1

2. X: = 0.1,2.3.....  (konteynerlarga joylashgan xomashyolar soni
yoki yashiklar soni);

N

3. f W )  -  X  ^ ' Vi _ ning maksimum qivmatini toping.
/=1

Masalada Xi — xomashyolar butun qismlardan iborat.
Agar 2-shart bo‘imaganda edi, u vaqtda masalani chiziqli 

programmalashtirish masalasi ko'rinishida yechish mumkin edi. 
Shuning uchun masalani quyidagi ko'rinishda yechamiz.
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1. Oldin muzxonaga birinchi xil xomashyolar joylashtiriladi. 
Joylashtirilgan yuklarning qiymatini /< W) deb belgilasak: 

f^W)=mé&{XjW), (6.1) agarda quyidagi shartlar bajarilsa.

(6.2) tengsiz likdan^ i -~p  bo ‘lgani u c h u n / i ( wO -  v\

Bu funksiyaning grafigi 6.1-chizmada ko‘rsatilgan. Shunday 
qilib, muzxona birinchi xil xomashyo bilan to'ldirilganda ffJV) 
ning qiymati topildi. Endi muzxonaga x t va x2 xil xomashyolar 
jovlashtirilganda f 2( W) ning makshnum qiymatini topaylik.

" Agar ikkinchi xil xomashyodan x2 dona joylashtirilgan bo‘lsa, 
u vaqtda m uzxonaning hajm ini hisobga olsak, b irinchi xil 
xomashyodan W  -  X, P2 tonna ohsh mumkin va uning qiymati 
f y( W  -  X, P2) so ‘mga" teng b o 'lad i. U m um iy qiym at esa 
X2V2+fi(W -X~P2) ga teng bo'ladi. Bularga asoslanib, faqat x2 ning 
qiymatini topsak bas. Shunday qilib, muzxonaga joylashtirilgan 
birinchi va ikkinchi xil xomashyolarning maksimum qiymati 
quyidagicha bo'ladi:

teng bo‘ladi.
Bunda f A.( W) muzxonaga joylashtirilgan N  xil yuklarning 

maksimum narxi;
XA. F  —N  -  xil joylashtirilgan mahsulotning qiymati; 
f NJ W -  XNPN) -  umumiy og'irligi W -  XNP V tonnadan ko'p 

bo'lmaydigan (N  - 1 )  xil yuklarning maksimum qiymati.

1. XVP<W-,
2 . Z ,= 0 , 1 , 2 , 3 , . . .

bo‘ladi.

f 2( W0=max {Xi V2 +f2 ( W  -  X2 P2)}.
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Yuqorida topilgan rekknrrent formulalardan ketma-ket f\{W), 
/ г( IV),..., IV) funksiyalarning qiymatlarini topish mumkin.

6.2-masala. Muzxonasining umumiy hajmi v = 83тъ bolgan 
firmaga hajmlari p, =  24m3, p2 = 22m'\ p3 = J6m \ p4 =  10rrP 
bo‘lgan konteynerlar bilan yuk olib kelindi.

Bu yuklarning har birining narxi mos ravishda vt = 96 ming 
so'm, v2 =  85 so‘m, v, =  50 so'm va v4 =  20 so'inni tashkil etadi. 
Konteynerlar ochilmasdan saqlanishi kerak. Muzxonaga konteyner- 
larni shunday joylashtirish kerakki, joylashgan yuklar maksimum 
qiymatga ega bo'lsin.

Yechish. Masalani yechish uchun / л,( W) ni N  ning har xil 
qiymatida hisoblash kerak:

f 4( 83) ni hisoblash uchun^(83 — jc4/?4) ni topish kerak. Shuning 
uchun pog'onama-pog'ona W  ning har qanday qiymatlarida har 
xil yuklar muzxonaga bittama-bitta hisoblab joylashtiriladi. 

Natijada 6. 1-jadval hosil bo'ladi.
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6.1- jadva!

w f,(W) — fiinksiya X!

0 - 2 3 0 0
2 4 -4 7 96 1
48—71 192 2
7 2 -8 7 288 3

Birinchi xil yukni joylashtirish uchun (л )̂ .0—23 tonnaga x 1 
yo'q. 24—47 tonnagacha yuklar joylashtirilsa x l =1 dona bo'ladi 
va uning qiymati 96 ming so‘mai tashkil etadi, 48—71 tonnagacha 
yuklar joylashtirilsa, x= 2  dona boladi va uning qiymati 192 ming 
so‘mni tashkil etadi. 72—87 tonnagacha yuklar joylashtirilsa. х=Ъ  
dona bo‘ladi va uning qiymati f =  288 ming so'mni tashkil etadi.

Endi f j  IV), / ,(  }V) va f 4( W) fimksiyalar uchun jadvallar tuzamiz:

6.2- ja d v a  I 6 .3- jadvaI

W f,(W) -  fiinksiya X 3

0 - 1 5 0 0
1 6 -2 1 50 1
2 2 -2 3 85 0
2 4 -3 7 96 0
3 8 -3 9 135 1
4 0 - 4 5 146 1
4 6 - 4 7 181 0
4 8 - 6 3 192 0
6 4 —69 242 1
7 0 -7 1 277 0
7 2 -7 8 288 1

w f,(W ) -  fusiksiya *2

0 -2 1 0 0
2 2 -2 3 85 1
2 4 -2 5 96 0
4 6 - 4 7 181 1
4 8 - 4 9 192 0
7 0 -7 1 277 1
7 2 -8 7 288 0

6 .4 - ja d va !

w f4(W) —fnnksiya X4 4 0 - 4 5 146 0
0 - 9 0 0 4 6 - 4 7 181 0
1 0 -1 5 20 1 4 8 - 5 7 192 0
1 6 -2 1 50 0 5 8 -6 3 212 1
2 2 -2 3 85 0 6 4 - 6 9 242 0
2 4 -3 3 96 0 7 0 -7 1 277 0
3 4 -3 7 116 1 7 2 -8 1 288 0
3 8 -3 9 135 0 8 1 - 8 7 308 1
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Q uyidag i
f 2{W )=max { X ^  +f2 ( W -  X2P2)} 

0< X 1<

tengèfkdau foydalxiiiib. / ,(  IV) funksiyani hAsobianish yo lini 
ko‘rsatamiz. x, miqdor 0,1,2,3 qiymatlar qabul qilishi raumkin 
bo'lgani uclum 6 .1 -jadvaldan foydalanib, {X2 • 85+/^(70-x,-22)} =  
=/’< W) funksiya hisoblanadi:

Hisoblash shuni ko‘rsatdiki, x2 =1 bo'lganda f 2(70)=277 eng 
katta qiym atga ega. Xuddi yuqoridagi kabi f y(W ) va f A(W ) 
funksiyalaming qiymatini hisoblab, 6.3, 6.4- jadvallami iuzish 
mumkin.

6.4- jadvalga asosan / 4(83)=308 ming so‘mga teng. Demak, 4 
xil konteynerdan x4= l  donasini muzxonaga joylashtirish mumkin. 
P4=10 tonna bolgani uchun muzxonaga yana 83-10=73 tonna 
yuk joylashtirish talab etiladi. 6.3- va 6.2- jadvaliardan ko'rinib 
turibdiki, i f —73 bolganda yukning soni x4=0; xt=0 donaga teng.
6.1- jadvaldan ko‘rinadiki, x,=3 dona konteyner joylashtirish 
mumkin. Demak.

/ 4max=96 • x,+20 ■ x4=96 ■ 3+20 ■ 1=288+2.0=308 ming so‘m.

3-§. Dinamik programmalashtirish usullarining iqtisodiy 
masalalarni yechishdagi tahlili. Optimal réjalashtirish masalasi

Faraz qilaylik, viloyatda n ta korxonani o 'z ichiga oigan sanoat 
birlashmasining T  yillik rejasini tuzish masalasi o'rtaga qo'yilgan 
bo‘lsin. Rejalashtirilayotgan T  davrning boshida birlashmaga K t 
miqdorda mablag1, ajratilgan. Bu rnablag' n ta korxonaga taqsim- 
lanadi. Taqsimlanayotgan mablag4 korxonalarda io‘la yoki qisman 
ishlatilishi va shunga qarab ma’lum miqdorda foyda (daromad)

x2 = 0; /i(70) = 192. f 2(W) = 192;
x2 = l; / 2(70) = 85 + /,(48) = 277:
x2 = 2; f 2 (70) = 2 • 85 + /, (26) = 266;
x3 = 3; / 2 (70) = 3 85 + /,(4) = 255.
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olish murnkin. Keyingi qadamlarda m ablaglar korxonalararo qayta 
taqsimlanishi mumkin.

Natijada quyidagi masala hosil bo'ladi. Korxonalararo К  mab- 
lag'ni qadam-baqadam sliunday taqsimlash va qayta taqsimlash 
kerakki, birlashmaning T  yil davomida oigan daromadlar yig‘indisi 
maksimnm qiymatga ega bo'lsin.

Har bir ishlab chiqarish bosliqariluvchi jarayon hisoblanadi va 
bu jaravon ajratilayotgan xomashyo, mablag', uskunalami yangilash 
kabi muammolarga bog'liqdir. Bu muammolami hal qilishni qadam- 
baqadam tashkil qilishga boshqarish deyiladi.

Demak, bosqichdagi boshqarish

U1 =

vektor funksiya kabi ifodalanadi. Bunda U j j ( j  =  I n )  korxona
uchun qadam ning boshida ajratilgan xomashyo, m ablag‘ va 
hokazolarning miqdorini ko'rsatuvciu vektor.

Jami korxonalar birlashmasining T  davr ichida boshqarisliini
U = (ul ,u2 uT) vektor funksiya orqali ifodalash mumkin.

Birlashmadagi korxonalaming taraqqiyot dinamikasini ifodalash
uchun ularning holat darajasini ko 'rsatuvchiX, =

vektorni kiritiladi, bundaX/ t(t = I/T) qadam boshida korxonalar- 
ning moddiy va moliyaviy ahvol darajasini ko‘rsatuvchi ko'rsatkich 
bo'lib, uning tarkibiy qismlari korxonadagi mehnat resurslari, asosiy 
fondlar moliyaviy ahvol darajasini ko'rsatadi. va’ni

X /  =
Shunday qilib, yuqoridagidan xulosa qilib aytish mumkinki, 

boshqarish vektori U' korxonalaming / qadamning boshidagi holatini 
ko'rsatuvchi vektordir, va’ni

U ’ = U ' ( X ,~1).
Demak, sistemaning boshlang'ich holati Xn berilgan bo'ladi. 

Maqsadli funksiya sifatida korxonalar birlashmasining T davr ichida 
oladigan daromadlar yig'indisini ifodalovchi

T

Z  = X  max funksiya kiritiladi.
/=i
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Har bir t qadamning boshida sistemaning X'  holat darajasiga 
va U'  boshqarish vektoriga ma’lum bir chegaralovchi shartlar 
qo'yiiadi. ßu shartlar birlashmasi Crbilan belgilanadi va uni mumkin 
bo'igan boshqarishlar to'plami deb ataladi. Natijada quyidagi 
dinamik programmalashtirish masalasiga ega bo'lamiz:

U ' e G  <6 i >

Z = X  Z ‘ -» max . (6.2)
i=l

Hosil bolgan (6.1), (6.2) modelga ishlab chiqarishning dinamik 
modeli deyiladi. ____

6.3-masala. Katta taiabga ega bolgan mahsulotni ishlab chiqarish 
maqsadida korxonalarga kapital qurihsh uchun S  ming so’mlik 
mablag' ajratildi. Bu mablag‘dan / korxona Xi ming so'm ishlatganda 

(egri chiziqli funksiya) ko'rinishdagi o'sishga ega boladi. 
Kapital qurilishga ajratilgan mablag'ni korxonalar o'rtasida shun- 
day taqsinilangki. korxonalar ishga tnshganda maksimai daroniad 
beruvchi mahsulotlar ishlab chiqarish qobiliyatiga ega bo’lsin.

Yechisb. Masalaning matematik modelini tuzamiz. Demak, 
quyidagi shartlarda

I  x .  =  s -
i=1

z,. > 0, (i = U j)

n

F = X  f ( x i) funksiyaning eng katta qiyraatini topish kerak.
(=1

n

Agar ^ = X  /№ )  tunksiva qavariq yoki botiq funksiya bo'lsa, u 
/=1

vaqtda bu masalani egri chiziqli programmalashtirishdagi Lag- 
ranjning ko‘paytmalar usuhni qo'llab yechish mumkin. Agar F  
funksiya qavariq yoki botiq bo'lmasa. u vaqtda bu masaia dinamik 
programmalashtirish usulidan foydalanib yechiladi.

Har bir korxonaga ajratilgan m ab lag1 qadam-baqadam qanday 
Sam ara berishini hisoblab chiqiladi va bulaming iehidan optimal 
strategiya tanlab olinadi.
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6.4-niasaSa. Ishlab chiqarish jarayonini tashkil qilish uchun 
korxonani yangi uskunalar bilan jihozlash kerak. Uskunalarning 
ish unumdorligi vaqt o ‘tishiga bog'liq bo‘lib, unga ketadigan 
xarajatlar 6.5- jadval ko‘rinishida berilgan.

6.5- ja d va l

Uskunalarni ishlash vaqti 
(yil hisobida)

0 1 2 3 4 5
Bir yilda ishlab chiqarilgan mahsulotlaming narxi 
(qiymati) R(v) (ming so‘m hisobida) 80 75 65 60 60 55
Uskunalarni ta'mirlash va saqlash uchun 
ketadigan xarajatlar Z(h) (iniiig so'm hisobida) 20 25 30 35 45 55

Korxonani yangi uskunalar bilan jihozlash uchun 40 ming so‘m 
ketganini hisobga olib, uskunalarning xizm atini o ‘taganlarini 
hisobdan chiqarishning, besh yillik rejasini shundav tuzingki. 
korxona maksimum umuiniy daromad oLsin.

Yechish. Bu masalani yechish uchun boshqaruv jarayonini ikkiga 
bo'lib ko‘ramiz:

a) Ul — uskunalarning ishlab cliiqarish qobiliyatini saqlovcln 
yechimlar to ‘plami bo‘lsin;

b) U2 — ishlash qobiliyati îam om  b o 'lgan  uskunalarn i 
almashtiruvchi yechimlar to'piami bolsin.

Birinchi bosqichda beshinchi besh yillikning boshidan, birinchi 
yilning boshiga qadar uskunalarning holatini shartli optimal 
boshqaruvchi yechimlar to'piami topiladi. Ikkinchi bosqichda ishlab 
chiqarish harakatini birinchi yilning boshlanish qismidan, beshinchi 
yilning boslilanish qismigacha, har yil uchun tuzilgan shartli optimal 
yechimlarga asosan uskunalarni almashtirish besh yillik optimal 
rejasini tuzamiz.

Shartli optimal yechimlar to'plamini tuzish uchun oldin bu 
masalaga moslashtirib, Bellmanning funksional tenglamasi tuziladi.

Har bir vii boshida (K- yil, K = 15 ) ikkita holatdan bittasi 
bo‘ladi: uskunalar kerakmi yoki yo‘qmi?

U vaqtda k -  ( k =  1, 2. 3, 4. 5) yilda korxonaning daromadi 
quyidagicha bo'ladi:
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i ? ( r W ) - z ( r (A)) ,  u x

R ( r (¿) = 0) -  Z  ( f w  = о) -  Cn, U2 b°  lganda’

bunda Y (k) — uskunalaming к yil boshidagi ishlagan yillar soni 
(yoshi), Uk — k- yii boshidagi boshqaruv vektori; Sn — yangi 
uskunalaming qiymati, k= 1,2,..., 5.

Shunday qilib, bu holda Bellmanning funksional tenglamasi 
quyidagi ko'rinishda bo‘ladi:

R (Y ,k))~ Z y W) ±  Fk+1 ,
F'k (У(к)) = max

R

„ 
"*0 II 

-чГ>4 - z к
¡----------- г

c )  = 0 1 -C„ +Fk+l (1,<*) = 1) (6.1')

Endi (6.1'') tenglamani qo‘llab, dastlabki masalaning yechimi 
topiladi. Besh yillikning boshida hamma uskunalar yangi bo‘lgani 
uchun 7 n)=0 b o la d i. Beshinchi yilning boshlanishida esa 
uskunalardan foydalanish muddati 1, 2, 3, 4 boMishi mumkin. 
Shuning uchun berilgan sistemaning m um kin bo‘lgan holati 
quyidagicha boladi:

} f  = 1, Y2(5) = 2, Y p  = 3, Y4(5) = 4 .
Bu holatlarning har biriga mos ravishda shartli optim al

yechimlari va ularga mos boigan F5 j funksiyaning qiymatlari 

aniqlanadi.

Endi (6.1) tenglamadan foydalanib, = 0 ni hisobga

oigan holda quyidagi topiladi:

F5 (y (5> j = max
R ( y (5)) - z ( r (5)), 

ä ( f (5) =  o ) - z ( y l5) =  o ) - C .

(6.2/) foimulaga Y t5)= 1 va 6.5-jadvaldagi berilganlar qo‘yilsa 
quyidagi hosil bo'ladi:

1 2 1



Demak, bu hoida shartli optimal vechim U ° =  U t ga teng. 
Xuddi shunday hisoblarni 5- yil boshida boshqa hoiatlar uchun 

ham yuqoridagi kabi bajariiadi:

F s  (Y 7(5 ) )  =  max \ 6 5  ~  30 1 =  35, U °  = U U
5' 2 [8 0 -2 0 -4 0 ]  1

F5 (K(5)) = max | 66 '  35 1 = 25, U° = U2,
5V 3 ’ [8 0 -2 0 -4 0 J 2

F\ ( Y , (S )) = max j6° "  4“ 1 = 20, U° = U,.
3 4 '  [80 -  20 -  40J 3

Hosil bo‘lgan bu qiymatlarni quyidagi jadval koiim shida yozish 
mumkin.

6 .6 - ja d v a l

Uskunaiardan foyda­
lanish muddati (yil)

F  5(U (i)) funksiyaning qiymatlari 
(m ing so ‘m hisobida)

Shartli optim al
yechim lar U®

l 50 U°

2 35 U ,

3 25 U 2

4 20 U 3

T o‘rtinchi yilning boshlanishida uskunalardan foydalanish. 
m uddati 1,2,3 bo 'lish i m um kin. Shuning u chun  berilgan  
sistemaning mumkin bo‘lgan holati quyidagicha boladi:

7,(4) = 1 ,7 2'4) = 2 ,F 3(4) = 3 .

Bu holatlarning harbiriga mos ravishda shartli optimal yechimlar 
to'plamini va ularga mos bo'lgan Fn(Y [4>) uskunaning qiymatlarini 
yuqoridagi kabi 6.5- va 6.6- jadvaldan foydalanib hisoblaymiz:



В Д < « > =  +  1
[R(Yi4] = 0) -  Z (7 (4) = 0) -  C„ + F5(Y i5' = 1) I

[75-25 + 35 1 ocrr0 TJ
= max 4 > = 85, U = U,.

[80 -  20 -  40 + 50J _  1

Fa (У,(4) ) = max I6:> “  30 + 25 1 = 70, Un = U2,
4 2 [8 0 -2 0 -4 0  + 50J ’ 2’

F4(Y¡4)) = m a x f  + 20 } = 70,U° = U .
4 3 [8 0 -2 0 -4 0 +  50J  2

Hosil bolgan natijalarga asoslanib, quyidagi jadvalni tuzamiz.

6.7- jadval

Uskuiîalardan F4(Y<4)) funksiyaning Shartli optimal
foydalaaish muddati qiymati(ming so‘m yechimlari

(vil)—Y'4) hisobida) U°

1 85 u ,
2 70 u 2

3 70 U,

Uchinchi yiliiing boshida uskunalardan foydalaiiish muddati 
1,2 bo‘lishi mumkin. Shuning uchun berilgan sistemaiiing mumkin
bolgan holatií/ р  = 1 ,U ^) =2 boladi. Bu holatlaming liar biriga
mos ravishda shartli optimal yechimlar to ‘plamini va ularga mos 
bolgan  funksiyaning qiymatlari vuqoridagi kabi (6.1/)
formulad an foydalanib hisoblanadi:

F3(Y/3)) = max
[ R(Y(3) = 1) -  Z(Y{3) = 1) + F4(Y(4) = 2), 1

[Л(У<3) = 0) -  Z ( 7 ,3) = 0) -  C„ + F4(Y{4) = l.J

<<«») = m a x |" !' t = 2 ," Z,1' !  = 2> + W , , ’ = ■ i
■ ■ [R(Y0) = 0) -  Z(Y'(3) = 0) -  C„ + F4{Y(4) = 1)J
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6.5- va 6.6- jadvaldagi berilganlardan foydalanib, quyidagilar 
topiladi:

I  “  :  ™  +  8 5 }  =  1 2 ° , £/» =  tr ,;

n\ [65 -30  + 70 1 1A _ rrQ TT
F%(K> ) = m ax< = 105,1° =U2.
3V 2 [80 -2 0 -4 0  +85J

Oxirgi tenglikdan ko‘rinib turibdiki, F3(i/2(3)) = 105 da boshqaruv
shartli optim al yechim iardan Yi yoki Y2 qaysisini olmaylik 
uskunalami ishlash muddati besh yillikning uchinchi yiJi boshida 
ishlash muddati 2 yilni taslikil qilgani uchun mehnat unumdorligi 
bir xii boMadi. Hosil bo'lgan natijalar 6.8- jadvalga yoziiadi.

6.8- ja d v a l

Uskaaalaraing ishlash 
muddati (yil hisobida)

F,(Y(3,)foaksiyaning qiyiuati 
(ming so‘m hisobida)

Shartli optimal 
yechinilar

i 120 u,
2 10 u 2

Besh yillikning ikkinchi yil ini ng boshida uskunalardan  
foydalanish muddati 1 yil bo lad i, F 2,=  l. Bu yerda uskunani 
almashtirish kerakmi degan savol tug'iladi. Bu savolga javob berish 
uchun quyidagilar liisoblaniladi:

F2(U P )  =  m ax j|  R(V(2> = 1) -  Z (Y a) = 1) + F3(Y{3) = 2)
] R(Ya) = 0 ) - Z (3)( r (2) =* 0) - C n + F3(Y(3) = 1) |

= m ax
[75-25 +105 1 [155] ̂ l = max<  ̂= 155,Z/i.
[80 -  20 -  40 +120j [144j

Bu natijaga asoslanib 6.9- jadval tuziladi.
6 .9 - jadva l

Uskunalarniag ishlash 
muddati (yil hisobida) 

Y(2) yil

F,(Y a))ftiiiksiyamng qiymati 
(m ing s o ‘m hisobida)

Shartli optimal 
yechimlar

1 155 .....
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Masalaning shartiga ko'ra besh yillikning boshida uskunalami 
yangi uskunalar bilan almashtirish shart emas. Demak, boshqaruv 
vektori yoki shartli optimal yechim Ux bo‘ladi. Korxonaning 
daromadi esa

F{(Yim) ^  R(Y2{1) -  0) = 0) Z(y,(1) = 1)- SO -20  + 155 = 215 so'm.
Demak, korxonaning maksimum daromadi Ft( l il))=215 so'mni 

taslikil qiladi. Shunday qilib. korxona uskunalarini almasluirislming 
optimal rejasini 6.10- jadval orqali ifodalash mumkin.

6.10- ja d v a l

Usknnalarning isMash yiBari

1 yilda 2 yilda 3 yilda 4 yilda 5 yilda

Masala-
ning
optimal
yechim-
lari

Uskunalami 
almashti­
rish kerak 
emas

Uskunalami 
almashti­
rish kerak 
emas

Uskunalami 
almashti­
rish kerak

Uskunalami 
almashti­
rish kerak 
emas

Uskunalami 
almashti­
rish kerak 
emas

6.5-inasala. Katta ehtiyojga ega bo'lgan mahsulotni ishlab 
chiqarish uchun uchta korxona kapital qurilishiga 5=700 ming 
so'm mablag' ajratilgan. Bu mablag‘dan uchta korxonaga mos x. 
ravishda jc,, x2, x3 ming so‘m dan ishlatganda kapital qurilish 
hajmining o‘sishiga mos ravishda ishlab chiqarilgan mahsulotlarning 
hajmi o'sishi F fa )  so‘mni taslikil qiladi. Kapital qurilishga ajratilgan 
mablag‘ni korxonalar o‘rtasida shunday taqsimlangki, korxonalar 
ishga tushganda maksimum daromad beruvchi mahsulotlar ishlab 
chiqarish qobiliyatiga ega bo‘lsin. .x, va F.(xj) miqdorlar 6.11- 
jadvalda berilgan.

6.11- ja d v a l

Kapital qurilishga 
ajratilgan mablag'ning 
hajini Xj, (ming so‘m)

Kapital quriiisliga ajratilgan mablag‘ hajiniga 
mahsulotlar ishlab chiqarishning o‘sish 

ko'rsatkichi F(x.) (ming hisobida)
1-korxona 2-korxona 3-korxona

0 0 0 0

10 30 50 40
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6.11- jadvalning davomi

200 50 80 50

300 90 90 110

400 110 150 120

500 170 190 180

600 180 210 220

700 210 220 240

Yechish, M asalani yechish  uchun  B ellm anning o ‘zaro 
bog‘lanish rekkurent formulalari tuziladi. Bu inasala uchun o‘zaro 
bog'lanishni quyidagi funksional tenglamalar ko‘rmishida yozish 
mumkin:

cp,(x) = max r/jU-ltl;
0  <j C j < x  L  J

cp2(.v )=  m ax [ i r, ( * 2) +  cp1( x - . x 2)]; / a

(p„_, (x )  =  m ax [F„_, (x„_,) + <p„_2(x  -  x „ )].
0<.r.,_] sx

(6.3) formulada <p( (x)(/= 1,ai-1) uchta korxona 0 taqsimlangan 
x  ming so'm kapital mablag‘ natijasida o'sish sur’ati(ko‘rsatkichi). 
Shuriing uchun f n(x) ning qiymatini x= 5=700 ming so‘m deb 
olamiz. Chunki uchta korxona kapital qurilishiga 5=700 ming 
so‘in ajratilgan. (6.3) formulani 6.11- jadval yordamida hisoblab 
chiqilsa, u vaqtda birinchi korxona uchun ajratilgan shartli optimal 
kapital mablag‘nl aniqlash uchun (pt(x) ni x=0, 100, 200, 300, 
400, 500, 600 va 700 qiymatlarida 6.11 - jadval ni qo'llab hisoblab 
chiqiladi:

1. x=0, <p,(0)=0. 0 ‘sish yo‘q, ya'ni X,° -0 .

2. x=100, q>2(100) = ( maxo{0,30} = 30,X20 =100.

3. *=200, 9,(200) = ^> ^{0 ,30 ,50}  = 50, X¡ = 200.

4. x=300, <Pi (30°) = 0 max o {0,30,50,90} = 90, X¡¡ = 300.
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5. л-400, <Pi(400) = omaxo{0,30,50,90,110} = НО,А? =400.

6. х=500. Ф1 (500) = о max JO, 30,50,90,110,170} = 170, ̂  = 500.

7 л-600  «о, (600) -  max [0,30.50.90,110,170,180]
’ 0<*i<600

= 180, Х% = 600.

8 ^ = 7 0 0 , я>1 (700) = ^ т а х  ДО,30,50,90,110,170,180,210} =

= 210, X? = 700.
Hisoblash natijalari va shartli optimal yeehimlar 6.12- jadvalga 

yoziladi.
6.12- ja d v a l

Birinchi korxonaga 
ajratilgan x kapital 
raablag‘Bing hajmi 

(ming so‘in)

ф.(х) maksimiun 
o‘sish 

ko‘rsatkichi 
(ming so‘m)

Birinchi korxonaga 
ajratilgan shartli 
optimal mal»lag‘ 

(ming so‘m)
0 0 0

100 30 100
200 50 200
300 90 300
400 110 400
500 170 500
600 180 600
700 210 700

6.11- va 6.12- jadvaldagi natijalarga asoslanib, ikkinchi 
korxonaga ajratilgan kapital mablag'ning shartli optimal hajmini
h is o b la s h  u c h u n f 2^ ) = m a x J JF2 (x 2 ) +  9 1( x - A - 2 )] П1 * = o ,  1 0 0 , 2 0 0 ,

300, 400, 500, 600 va 700 qiymatlarida hisoblanadi:

1. x = 0 ,  (p2 =  0 , X i  = 0 ;
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2. X -100, Ф2 (100) = max (°n+ i = 50, J,° = 100;’ z o<x2<ioo ¡50+ 0j

3. x=200, <fc(200)= max
’ 0< х2 < 200

0 + 50 
50 + 30 
80 + 0

= 80, X~ = 100;

4. x-300, Ф2(300)= max
0<л_2<300

0 + 90 
50 + 50 
80 + 30 
90 + 0

Í 0 ,Z 4° = 2 0 0 ;

5. x=400, Ф2(400) max
OSa't <400

0 + 110 

50 + 90 
80 + 50 
90 + 30 
150 + 0

= 150. Х5° = 400;

6. x=500, Фо(500) = max
0<*-> <500

0 + 170 
50 + 110 
80 + 90 
90 + 50 
150 + 30 
190 + 0

= 190. X \  = 500;

7. =600. фт(600)= max
’  0<Ï,<600

0 + 180 
50+170 
80 + 110 
90 + 90 
150 + 50 
190 + 30 
210 + 0

=  2 20 , Z 7° =  100;
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0 + 210
50 + 80
80 + 170

max 00 + ПО ■ = 250, = 20ft.ОогV
IS*V
I

о

150 + 90 
210 + 30 
22 + 0

OSingan natijalarnl va korxonaga ajratiladigan kapital mablag‘ 
ning shartli optimal hajmlari 6.13- jadvalga yoziladi.

6.13- ja d va l

Ikkita korxonaga  
ajratiladigan kapiia! 

mablag‘ hajmi, x ,(m in g  
s o ‘ra)

Ф,(х) maksimum  
o 's ish  ko'rsatk ichi 

(m ing so ¡m)

Ikkinchi korxonaga  
ajratiladigan shartli 

optimal roabiag1, x 2°, 
(m ing so ‘m)

0 0 0

100 50 100

200 80 100

300 110 300

400 150 400

500 190 500

600 220 100

700 250 200

6.11- va 6.13- jadvalga asoslanib,
Фя(x) = max [F-,(x3 ) + ф2 (x -  x3 )] funksivaning qiymatlari hisob-

0< VJ <.Y

lanadi. Bu yerda korxonalar soni n= 3 bo'lgani uchun hisoblash 
faqat x=700 ming so‘m uchun bajariladi:
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X  = 700, (700) = max
0 < х ? < 7 0 ( !

0 + 250 
40 + 220 
50 + 190 
100 + 150 
120 + 110 
180 + 80 
220 + 50 
240 + 0

= 270, А? = 600.

Demak, maksimum о ' sisli ko‘rsatkichi <p (700)=270 ming 
so‘mm tashkil qiladi. Bu ko‘rsatkichga erishish mumkin, faqatgina 
uchinchi korxona 600 ming so‘m, birinehi va ikkinchi korxonalarga 
esa 100 ming so‘m kapital mablag4 ajratilsa. 6.13- jadvaldan ko‘rinib 
turibdiki, ikkinchi korxonaga 100 ming so’m ajratish kerak.

Topshiriqlar
Dinamik programmalashtirish usullarini qo'llab. quyidagi 6.6- 

masalani yeching.
6.6-raasala. To‘rtta korxona qurish uchun 200 ming so‘m 

sarmoya ajratilgan. Har bir korxona o‘ziga ajratilgan sarmoyaning 
miqdoriga bog‘liq ravishda turli miqdordagi daromadga erishadi. 
Bu daromadlar 6.14- jadvalda ko'rsatilgan.

6.14- jadval

Korxonalarga ajratiladlgan 
sarmoya raiqdori (ming so‘m)

Korxonaiarning daroraadi
Z,(x) Z2(x) Z3(x) Z4(x)

0 0 0 0 0

40 15 14 17 13

80 28 30 33 35

120 60 55 58 57

.160 75 73 73 76

20 90 85 92 68
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M avjud sarm oyalarni korxonalararo shunday laqsimlash 
kerakki, natijada hamma korxonalarning olgan daromadlarining 
vig'mdisi maksimal bo'lsin.

Tayanch iboralar
D inam ik  program m alashtixish, optim al prinsip, shartti optim al, shartli 
optim al hajm.

Takrorlash uchun savollar
1. D inam ik programmalashtirish deb nimaga aytiladi?
2. R. Bellmanning optim allik prinsipi deb nimaga aytiladi ?
3. Bosqichina -hosqich rejalashrtirish qanday aham iyatga ega Y



VII BOB
CH IZIQS1Z PROGRAMMALASHTIRISH

l-§ . Chiziqsiz progrannnalashtirisli masalalariaing iqtisodiy va
geometrik talqiiii

Faraz qilaylik, bizga yuklarni optimal joylashtirish masalalari 
berilgan bo 1.sin, Bu vaqtgacha bunday masalalami yechganda har 
bir ishlab chiqarilgan mahsulot maksimal bo‘lishi uchun ishlab 
chiqarish xarajatlarini o'zgarmas deb hi sob lagan edik. Bundan keyin 
bu xarajatlami o'zgaruvchi (o‘zgannas emas) deb qaraymiz. Ishlab 
chiqarish xarajatlari ishlab chiqarilgan m ahsulotlar hajmiga 
proporsional emas. Ishlab chiqarilgan mahsulotlar hajmi x. -korxona 
uchun x.t korxona xarajatlari esa f i x )  funksiyaga teng bo'ladi. 
Ishlab cliiqarish quvvati esa har xil bo'lishi mumkin (butun sonh, 
kasr sonh va h.k.).

Natijada ushbu iqtisodiy masala kelib chiqadi.
Quyidagi shartlar bajarilganda:
1 .Xj >0 (musbat miqdorda mahsulotlar tashilgan);

m
2 , x i = lL xu (ishlab chiqarilgan mahsulotlar to ‘la iste’mol-

j =i
chilarga yetkazilgan);

n
3. Y ,xij =■ B, j= l  m (har bir iste’molchi eng kamida ozining

/=i

talabini qondimvchi mahsulotlar hajmini oladi);

V. 11
F ( x )  =  X  (xi) + X  C y ( x y ) f i x )  funksiyaning m inim um ini

f = l  !=1

toping.
F{x) maqsad funksiya va yuqoridagi shartlardan birortasi 

chiziqsiz bo'lsa, bunday masalalar chiziqsiz programmalashtirish 
masalalariga kiradi.



Shunday qilib, chiziqsiz programmalashtirishning masalasi 
ta ’rifini quyidagicha yozish mumkin;

Quyidagi shartlar bajarilganda

< l S x v X V “ , X t)  < =  b j >(J =  1’ ^-)

( f j ^ x v x ^ y -  ’ Xr) ^  b j ' ( i  = k  + \ ,m)

F(X) = J \x u x2....,xn) (7.2)

F(X) funksiyaning maksimum (minimum) qiymatini toping. 
B u n d a /v a  q.n — o‘zgaruvchili funksiyalar, b. ~  beriigan sonlar, 
{>, <,=} belgilardan rnasalaning shartiga ko'ra faqat bittasi bo'ladi 
va shu bilan bir qatorda, turli munosabatlarga turli belgilar mos 
bo'lishi mumkin.

(7.1) va (7.2) sliartlarda chegaraviy shartlar qatnashmasa, u 
vaqtda bu masalaga shartsiz optimallashtirish masalasi deyiladi. 
Chegaraviy shartlar (7.1) shartga kiritiigan bo'lishi mumkin yoki 
bo'lmasa (7.1), (7.2) masala quyidagicha beriigan bo‘lishi mumkin:

q fx v x v " 'X r )  -  bpti ~ (7-3)

x .>0. (j = l,n); (7.4)
F{x)=/{xl, x2,..., x j  -> max(min) (7.5)

Nom a’lumlaming manfiy emasiik sharti (7.4) qatnashmagan 
masalalarga, bu shartlarni osonlik bilan kiritish mumkin.

En Evkhd fazosida (7.1) sistema rnasalaning mumkin bo'lgan 
yechimlari sohasini ifodalaydi.

Agar (7.1), (7.2) rnasalaning mumkin boigan yechimlari sohasi 
aniqlangan bo'Isa, u vaqtda bu sohaning eng yuqori (eng chetki) 
yoki bo'lmasa eng quyi nuqtalari f ( x r xv ..., xn)=R  giperbolik 
sirtning (sath tekisligining) o'tgan nuqtalariga mos keiadi.

Bu nuqtalar yechim lar sohasini chegara nuqtalarida yoki 
bo'lm asa sohaning ichki nuqtalarida ham joylashgan bo'lishi 
mumkin.

Chiziqsiz programmalashtirish masalalarining geometrik talqini 
quyidagi bosqichlardan iborat:
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1. (7.1) masalaning mumkin bolgan yechimlar sohasi aniqlaiiadi 
(agar bu yechimlar sohasi bo‘sh to ‘plamni tashkil qilsa, u vaqtda 
masala yechimga ega emas).

2. fix ,, x2,..., x)= R  giperbolik sirt cliiziiadi.
3. Eng yuqori va eng quyi giperbolik sath sirti aniqlanadl yoki 

bo'lmasa f{ x r x2,..., x j  yuqori dan (quyidan) chegaralanmagani 
aniqlanadi (bn holda masala yechimga ega emas).

4. Giperbolik sath tekisligi o ‘tgan eng chetki, eng quyi urinib 
o'tgan nuqta aniqlanadi va bu nuqtada F{x)=flxl, x2,..., x )  qiymati 
aniqlanadi.

7.1-masala. Quyidagi shaitlar

2xj + 3x2 < 24
x l + 2x2 < 15
3xj + 2x2 < 24 (7.6)

V
I,CN

K

IV o (7.7)

F(x)=xl- x l2 + 6 x ,  (7.8)
bajarilganda

fnnksiyaning maksimum qiymatini toping.
Yechish. Oldin (7.6) sistemaning aniqlanish sohasi topiladi (7.1- 

chizma). Bu sistemaning mumkin bolgan yechimlari sohasi OABC 
ko‘pburchak boladi. OABC ko‘pburchakning qaysi nuqtasida (7.8) 
funksiya maksimum qiymai qabul qilishini izlaymiz. Buning uchun 
F=k= x2- x f  +6x, sath egri chizig'idagi k ga qivmatlar berib 
chizamiz va (7.8) egri chiziq paraboladan iborat bo lib , k  ga o'sib 
borish tartibida qiymatlami: 9,10,11,13 bersak. bu parabola OX 
o ‘qidan borgan savin vuqoriga k o la rilad i. N atijada OABC 
ko'pburchaginmg D nuqtasida urinadi. Demak, D nuqtada Fix) 
funksiya maksimum qiymatga ega boladi:

x 2 - x ,  +  6 x i ~  ^

Bu sistemani yechib, D nuqta topiladi A '3.4):
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Fn =F~ =x - v2+f.Y = 4 - 9  + 6-3 = 13D max jQmaX 2 1 1
X2

131
/ -  " 12
1!
10
9 h

: \  3.1'i + 2* ,= 24

V 2 T j - 3 . x , = 2 4

F =  13
M v /  \  / ^ = 1 1
7  C S i  \  f /  F =

> U  r K  M / K  r -
/ - =  10 

9

3 
2 ►

i. ■ > _ x£ i' I L ¡*'2^

p o r t X -
x+2xj=15

\K/ \  \ y  /  // \

if i i j—  * ¿ v  ■ ■ ■ rpyz~-
_ 2 _ i 0 i l  2 3 4 5 6 ? 8X9 10 1112*13 1415 * *,

-2  L 
- 3 p

7.2-masala. Quyiclagi shartlar

3 x j  +  2x2  ~  7

1 0 . V 1 " X 2 - 8 

- lS x i+ 4x2 -  12

7.1-chizma.

X , ' X > 0

(7.9)

(7.10)

bajariiganda
F(x1,x2)= (x |—3)-' + ( x - 4 ) 2 

funksiyaning maksimum va minimum qiymatlarini toping.
Yecbish: (7.9) -  (7.10) masalaning mumkin boigan yechimlari 

sohasi ABC  uchburchakdan iborat. Maqsad funksiyani F(xvx2)=k 
deb olsak.

( x — 3)2 +(x,—4)2=/c aylana hosil bo'ladi.

Bu aylananing markazi £(3,4) nuqtada bo'lib, radiusi 
teng.
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Agar k ga qiymatlar bersak, F(xvx.,) funksiyaning qiymatlari k 
o'sganda o ‘sadi (k  kamaysa F(xr x2) kamayadi) va D nuqtada 
maqsad funksiya yechimlari sohasi ABC  uchburchakka urinib, 
urinish nuqtasida m inim al qiym atga ega bo ‘ladi. I) nuqta 
koordinatalarini topish uchun quyidagi to 'g’n  chiziqlarning burchak 
koeffitsentiarining tengligidan foydalaniladi:

10^—x2=8 va aylanaga D  nuqtada o‘tkazilgan urinma to'g'ri 
cliiziq

x^lO .^+ 8  , £=10, x'2 =k=\0  bo'lgani uchun quyidagi sistemani

E( x . X * ) nuqtaning koordinatalari topiladi:

—123/101, x2*= 422/101 .
Shunday qilib, F .= (1 2 3 /1 0 1 —3)2+ (4 2 2 /1 0 1 —4 )2= 3 2 4 /

7.2-chizmadan ko'rinib turibdiki, agar (7.10) aylana radiusi k 
ning qiymatlarini osliirib borilsa. u C nuqtada maksimum qiymatga 
ega boiadi.

C nuqtaning koordinatalarini topish uchun quyidagi sistemani 
yechamiz:

Demak. Fm..= 65 maqsad funksiyaning maksimal qiymatidir.

2(x .—3)+2(x2~4) x2 =0.
Bundan

x2 =—(x —2)/(x2—4)

yechib.
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if  4 7.2-chizma.

7.3-masala, Quyidagi shartiar

X p X a  -  3> ] 

xi + x? < 36.
(7.11)

(7.12)Xi’X2 -  0 
bajarilganda

F(.y1,x2)=12a' |+4Xj (7.13)
/'(XpXj) iunksiyaning maksimum qiymatini toping.

Yechish. Bu masalaning aniqlanish sohasi 7.3- chizm ada 
ko'rsatilgan. Chizmadan ko'rinib turibdiki, maqsad funksiya maksi- 
mum qiymatga, to 'g‘ri chiziq aylanaga uringan E  nuqtada erishadi. 
E  nuqtaning koord inata larin i top ish  uchun  12x,+4x = k  va
xf + x\ = 36 aylanaga o ‘tkazilgan urimna to'g 'ri chiziqlarning bur- 
chak koeffitsientlari tengligidan foydalaniladi. Aylananing tengla- 
masidan x2 ni a, ga nisbatan oslikorm as funksiya deb olib 
differensiallansa, quyidagi hosil bo‘ladi:

2 x + 2 a v  x ' i  = 0 ,  bundan x 2 =  -~r~ = r = - 3.1 ' X2



+4х,—25

7.3-chiztna.

Demak, urinma to‘g‘ri chiziqnmg tenglamasi 2х,-6х2=0 yoki 
X,-3x2=0 bo'ladi. Shunday qilib, £  nuqtaning koordinatalarini topish 
uchun quvidagi sistemará yechamiz:

[ 2x 1 6x 2 “ ^’ 1*1 3x 2’

[x2 + x} = 36. ^  [9х| +xj =36.

X, -  3 x v

A :  +  v i 0  '

Demak,

=  7 П Г  ’  Х '2  =  Ш '  o p t i m a i  y e c h i m  b o ‘ l i b ’

182 62 
p = —  + — = 36 teng.

max IQ Ю

Topshiriqlar
Chiziqsiz programmalashtirish masalalarini yeching (7.4—7.5).
7.4-masaIa. Quyidagi shartlarda

х Г Х 2 - 4 >  I 
x f  + x\ < 25.1

X | ’ X2
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F(xv x2):=3x.+4x2 funksiyaning maksimum qiymatini toping.
7.5-masaIa, Quyidagi shartlarda

6 x i  +  4 x 2  - 1 2 ’

2X1 +  3X2 -  2 4 ' •

- 3 x 1 + 4 x 2  s 1 2 -

X l1 X 2 -

/tXpX^XjX, funksiyaning maksiinum qiymatini toping.

2-§. Lagranjning ko‘paytma!ar usuli

Faraz qilaylik, bizga (7.1), (7.2) masalalar berilgan bolsin  va 
sistema (7.1)da faqat tenglamalar qatnashsin (nomanfiylik sharti 
qatnashsin). Shu bilan bir qatorda J(xvx2,...xn) fiinksiya va ulardan 
ohngan xususiy hosilalari bilan birga uzluksiz bolsin. ya’ni

8, (xvx2,...x j=  /.,i = j j ,  (7.14)
tenglamalar sistemasini qanoatlantiruvchi va

F{x)=f{xr xv ...xn) (7.15)

funksiyaga maksimum (minimum) qiymat topilsin (x,,x2,...xn). 
Bunda yechimlaming to ‘plamini topamiz. Matematik analizda 
(7.14). (7.15) masalaga shartli ekstremum yoki optimallashtirishnhig 
klassik masalasi deyiladi. Bu m asalani yechish uchun F{X) 
funksiyaga A1,A2,...,Ab o‘zgaruvchilar kiritiladi. Bu o'zgaruvchilarga 
Lagranj ko'paytuvchilari deb aytiladi. Shunday qilib, yuqondagilarga 
asosan Lagranj funksiyasini tuzamiz.

F(Xy,X2, . . . ,  Xn, A |, , ...Xm ) — J (Xj, x 2, •... X(() +  
m

+ Z M »/ - 9i(xl,x2,...,x„)] (7.16)
/=1

Lagranj funksiyasidan quyidagi xususiy hosilalar olinadi.

M  dF O f dF
dXx ,dX2' - ’ dXm va d'Al 'dX2,'"’~dhm (7A7)

va quyidagi n+tn noma’lumJi n+m tenglamalar sistemasini
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va xisx j , A ),A2,...An yechimlar topiladi.
(7.18) sistemaning har qanday yechimlari shunday ¿ ( x ^ , . . . ^ )  

nuqtani aniqlaydiki, bu nuqtada f( x l,x2,...,xn) maqsad funksiya 
eksirem um ga ega bo ‘lishi m um kin. Shunday qilib, (7.18) 
sistemaning yechimlarida (7.15) funksiya ekstremal qiymatlarga 
ega boiishi mumkin. Keyingi tekshirishlar shartsiz ekstremumlarni 
tekshirish kabi olib boriladi.

Demak. (7.14), (7.15) masalalarni Lagranjning ko‘paytmalar 
usuli bilan ekstremal nuqtalami topish auyidagi hollarni o 'z ichiga 
oladi:

1. Lagrani funksiyasi tuziladi.
2. Lagranj funksiyasidan x. va Af bo‘yicha xususiy hosilaiar 

olinib, nolga tenglashtiriladi.
3. (7.18) sistem ani yechib f ( x ],x2,...,x t)  maqsad funksiya 

ekstremumga ega bo'lishi mumkin bo'lgan nuqtalari topiladi.
4. Ekstremumga bo‘lishi mumkin bo'lgan nuqtalar ichidan 

ekstremumga ega bo‘lgan nuqtalarni topib, maqsadh funksiyaning 
bu nuqtalardagi qiymati hisoblanadi.

7.6-masala. Ishlab chiqarish korxonasining rejasi bo’yicha 180 
ta buy uni chiqarilishi moijallangan. Bu buyumlami ishlab chiqarish 
uchun ikki xil texnologik jarayon ishlatiladi. Birinchi texnologik 
usulni qo'llab x t dona buyumlami tayyorlaganda, xarajatlar 4^+x," 
so‘nmi, ikkinchi xil jarayon x2 dona buyumlami tayyorlaganda esa 
xarajatlar 8x2+x,2 so-mni tashkil etadi. Korxona rejasini shunday 
tuzingki, ikki xil usul bilan ishlab chiqarish buyumlariga ketgan 
xarajatlar minimal bo‘lsin.

Yechish. Masalaning sharti bo'yicha F(x)=4x1+ x !2+8x2+x22 
funksiyaning minimal qiymatini x,+x2=180, xt>0, x2>0 shartlar 
bajarilganda topish kerak, ya'm



х,>0, х7>() (7.20)

Дх)=4х1+х12+8х2+х22=(х1+2)2+(х2+4)2-20—»min. (7.21 )

Funksyaning minimum, qiymatini topish kerak.
Oldin masalani geometrik usulni qo‘llab yechamiz. (7.21) 

funksiya, markazi (-2;-4) nuqtada bo‘lgan aylanadan iborat. Bu 
masalaning mumkin bo‘lgan yechimiar sohasi X j + X ,=  180 to ‘g‘ri 
chiziq tashkil qilgan AB kesma ustida joylashgan bo'lib, (7.4 chizma) 
sath chizig‘ining markazi E ( -2 ;-4 )  nnqtada joylashgan aylanadan 
iborat.

Ushbu
(x1+2)2+(x2+4)2= 5  (7.22)

aylananing x,+x2—180 to 'g‘ri chiziqqa uringan D nuqtada maqsad 
funksiya Fix) minimum qiymatga ega boladi.

(7.22) tenglamadagi S  ga qiym atlar berib borilsa, aylana 
X j + X ,=  180 to‘g'ri chiziqqa D nuqtada nrmadi.

sharîlar bajarilganda

7.4 chizma

Aylanaga D nuqtada o'tkazilgan urinma chiziqning burchak 
koeffitsienti AB to‘g‘ri chiziqning burchak koeffitsientiga teng bo‘hb, 
k = - 1 teng.

141



Agar aylananing tenglamasidagi x2 ni oshkormas funksiya deb, 
x, argument bo‘yicha hosiJa olsak, quyidagi hosil bo'Iadi.

Yuqoridagilarga asosan k=x2l — I.

Dernak,~ 4 + ^  ■ = -1  yoki x -x = 2 .

D nuqtaning koordinatalarini topish uchun quyidagi sistemani 
yechamiz:

Bu yerdan optimal yecbim xJ*=9 i , x2*=89 ga teng. Shunday 
qilib b irinchi xil texnologik jarayon bilan x,*=91, ikkinchi 
texnologik jarayon bilan x2*=89 dona buyum ishlab chiqarilganda 
maqsad funksiya eng kam qiym at qabui qiladi va xarajatlar 
i^ .n==4-91+912+8-89+892=17278 so'm ni tashkü etadi.

Endi (7.19)—(7.21) masata Lagranjning ko'paytmalar usulim 
qollab yechiladi.

Buning uchun oldin Lagranj funksiyasini tuzamiz:

Endi xp x2, À, bo‘yicha xususiy hosilalar topiladi va xususiv 
hosilalar nolga tenglashtiriladi:

Sistemadagi birinchi va ikkinchi tenglamalardan A. ni topib 
tenglasbtirilsa quyidagi sistema hosil bo'Iadi:

4+ 2xt+8x2' +2x2x2‘= 0  yoki. x21==“ 4+ x

/ ’(x1,x2,A,)=:4x1+ xl2H-8x2+x22+X( 180-x,-x,).

—  = 4 + 2x t -  X  = 0,
<)X]

 = 8 + 2x> -  À = 0,
dx2 (7.23)

—  = 180 -  .v, - x 2 =0.
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x l +  x2 =  l^O.J

Bu sistemani yechib D (x*,x*) nuqtaning koordinatalari topiladi: 
jCj*=91, x2*=89.

Bu nuqta ekstremumga shubhali nuqta hisoblanadi.
Ikkinchi lartibli xususiy hosilalar (7.23) dan topiladi.

X, - Х 2  = 2 .

A = y ^  =  ( 4  +  2 x i - X Y 4 = 2 ,
dX±

5  =  - ^  =  (4  +  2 x1^ X ) ; 2 = 0 .
oX[ ox-t
-\2 p

n  — — 19 i ■"> r  > У -  ^L -  — (o  +  AXi K)x -
dXJ

Ikki o ‘zgaruvchi funksiya ekstremumi haqidagi teoremaga 
asosan

A = d F
àXi

va A =
A В 2 0
В С 0 2

= 4 > 0

bo'lgani uchun Д91;89) nuqîada F(xvx2) minimuniga ega.
7.7-masala, Quyidagi shartlar

X, + x2 = 2, 
x2 +x3 = 2.J

bajarilganda, F=xlx2+x2x3 funksiyaning shartli ekstremumga ega 
bo'lgan nuqtasini toping,

Yechish. Masalaning shartiga asosan Lagranj funksiyasi quyidagi 
ko‘rinishga ega:

F(x} ,x2,x}, \ v a,2) = x ]x 2+ x 2x î +Xt (x, +x2-2 )+ ^ ( X j + X j^ )  .

Bu funksiyadan 1-hosilalar xususiy hosilalarni olib, nolga 
tenglashtiiilsa, quyidagi sistema hosii bo'ladi:
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Bu sistemadagi birinchi va uchinchi íenglamadan x2, 
X2= -xr  Shuning uchun

x( -  2 x 2 + x3 = 0.
.x'i +  x 2 =  2,

x2 + x3 = 2.

Bu sistema yechilsa, xJ=x2=x3= 1 boMadi. U vaqtda/= l ‘1+1 -1=¿.
7.8-masala. Quyidagi shartda x, + x= l, ./(x,,x2)= (x -2 )2-t-(x-3) 

funksyani 0<x <5, 0<x2<10 sohada shartli ekstremumini tekshiring. 
Yechish. Lagranj fimksiyasini íuzamiz:

F(x¡ ,x2,A ,)= (x -2 )2+ (x 2- 3 ) 2-X (3 -x 1- x 2) .

F(xvx2,X) ñmksiyadan xvxv X ho‘yicha xususiy hosilalarni olib, 
nolga tenglashtirilsa quyidagi sistema hosil bo'ladi:



Sistemaning birinchi va ikkinchi tenglamalaridan X ni topib 
tenglashtirib olsak. quyidagi tenglama hos.il boladi:

Bu tenglamani sistemaning uchinchi tenglamasi bilan birgaiikda 
yechilsa,

f 2^1 -  2.y2 + 2  =  0,

[ .Xj + x2 -  7 = 0.
.x)=:3 va x2=2 yechimlar topiladi.

U vaqtda masalaning geometrik shakli chizilsa, 7.5- chizma 
hosil boladi.

Sistemaning aniqlanish sohasi OABC yopiq soha. Shuning 
uchun global va lokal ekstremumlar mavjud. Boglanish tenglamasi 
DE kesma to'rtburchak OABC ichiga joylashgan. Demak, F(xrx2) 
tunksiyaning qiymatlarini DE kesmada yotgan nuqtalarda taqqoslab 
tekshiriladi. (x(-2 )2+ (x2-3 )2=/: sath ch izig l tenglamasi bo'lib, 
markazi 0 |(2;3) nuqtada joylashgan. 7.5-chizmadan ko'rinib turib- 
diki shartsiz ekstremumga 0,(2;3) va 5(5;2) nuqtalarda erishiiadi:

£oin,in = (2 -2 )2+(3 -3 )2 = 0, / 5m3X = (5 — 2)2 + (10 — 3)2 = 9 + 49 = 58.

Shu bilan birga ôlniin =0 ham lokal, ham global minimum
boladi. FB= 58 esa global maksimumga ega bo‘ladi.

Agar faqat DE toug‘ri chiziq ustida yotgan nuqtalar ko‘rib 
chiqilsa, shartli global maksimum £(0,7) nuqtada erishiiadi va

2Cx1-2 )= 2 (x r 3).

7.5-chizjna.
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i rCa4!i= (0 -2 )2+ (7 -3 )2=20. D nuqtaning koordinatalarini topish 
uchun aylanaga urinma chiziq tengiamasini tuzamiz:

F$2 (x1,x2)= 2 (x ,-2 )+ 2 (x 2-3 )x 21-0 , 2(xr 2)+2(x2-3 )-(-l )= 0 ,

x2 =kDF~ \  bolgani uchun 2Xj-2-2x2+6=0,

2x,-2x2+2=0
va quyidagi sistemani yechamiz:

X j-x 2+ l = 0
+

X. +x,-7=0i

2Xj-6=0 
x= 3 , x2=4.

Demak, G nuqtaning koordinataiari x= 3 , x2- 4  bo‘hb. FGmir( 3 -
2)2+(4-3)2=  1+1=2. Shunday qilib, G statsionar nuqtaning koordi­
nataiari topiiadi.

Topshiriqlar

Quyidagi masalalarda (7.9)—(7.10) Lagranj usulini qo'llab 
statsionar nuqtalarni toping va shaitli ekstremumlami aniqlang.

7.9. F—x i2+x22, Xj+X2= l bolganda.

7.10. i r=3x12+ 2 x 2-3x1+ 1, x,2+ x 22= 4  bolganda.

3-§. Qavariq programmalashtirish masalalari

Quyidagi shartlami

q.{xvxv ...x)<bi (/' =1. m) (7.24)

x>0 (/'= Гй ) (7.25)

Дх)=Дх, .x2,.. ,xn)—>max (7.26)

qanoatlantiruvchi chiziqsiz programmalashtirish masalasi berilgan 
b o ls in . Bunda / v a  qt — x r x2,...xn o 'zgaruvchilarga b o g liq  
funksiyalar. Yuqorida ko‘ rsatilgan masalani yechish uchun biron ta 
umumiy usul yo‘q. Shuning uchun /  va qt funksiyalarga har xil 
shartlar qo'yib, cliiziqsiz programmalashtirish masalalarini kerakli
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usuilar yordam ida yechish m um kin. Xususiy holda (7.26) 
funksiyaga qavariq (botiq) funksiya, (7.25) va (7.24) qavariq soha 
shartlari bajarilganda masalalanii yechish mumkin. Shuning uchun 
quyidagi ayrim zarur ta’rif va teoremalarni isbotsiz keltiramiz.

7.1-ta’rif. Agar f i x px,v ...xn) funksiya G c£  qavariq to ‘piamda 
aniqiangan btflib, ixtiyoriy x,e G. x2e G nuqtalar va OsasI son uchun

./(Ax,+( 1 -X)x)<X/(x2)+( l-A ^ x ,)  (7.27)
tengsizlik o ‘rinli bo Isa, fix )  funksiya pastga qavariq deyiladi.

7.2-ta'rif. Agar fix )  funksiya GaEn qavariq to'plamda aniqiangan 
bo'lib, ixtiyoriy x ,s G, x2e G nuqtalar va 0<A<1 son uchun

fi'kx2+ (\-X )x})>Xf(x2)+( i-X)J{x.) (7.28)
tengsizlik o ‘rinii bo‘Isa, fix) funksiya yuqoriga qavariq deyiladi.

7 .3 -ta’rif. Agar f i x vx >,...xit) qavariq (botiq) funksiya bo'lib, 
xr=(xr xT ...xn) (/=1, m) qavariq bo‘!sa, u vaqtda (7.24)-(7.26)

masalaga qavariq programinalashtirish rnasalasi deyiladi.
7.1-teorema. Qavariq programmalashtirish masaiasining istalgan 

lokal maksimumi (m inirauini) global maksimum (minimum) 
boladi.

7 .4 -ia ,rif. L(x) funksiyaga (7.24)—(7.26) qavariq program­
malashtirish masaiasining Lagranj funksiyasi deyiladi, bunda

l(x )= L (x i,x2,...,xn,Xi,X1. ..., X J= fix[ix,,...xi)+

+ i , xi [br gi(xi,xr ...,xn)], (7.29)
/=i

Xt,X2, ■■■, K„~  i-aSranj ko'paytuvchilari.
7.5-ta’rif. (x0, X j— (xin,x2’,...yx f ,  X^ Xf ,  ..., XJ)  nuqta Lagranj 

funksiyasining egar nuqtasi deyiladi, agar barcha x>0 (7=1, m) va 
X>0 (/= 1 , m)  lar u ch u n  L (x l ,x v . . . ,x n, X^.X2(>, ..., Xm°) < 
L(xt\ x 2°,...,xn°, ...,Xm°)< L(x;\x2a,...,xf;\ Xl,Xi: ..., X J  bo'lsa.

Qavariq funksiyalarning ayrim xossalari va teoiemalar isbotsiz 
keltiriladi:

1. G qavariq to'plamda f ( x r x2,.. .x j  funksiya pastga qavariq 
bo’lsa, ixtiyoriy haqiqiy b son uchun f{x)<b , x= (xv xv ...xn) 
tengsizlikni qanoatlantiruvchi nuqtalar to'plami qavariq bo'ladi.

2. G qavariq to'plamda f(x l,x2,...x/)  funksiya yuqoriga qavariq 
bo'lsa, b ixtiyoriy son bo‘lgandaJ/(A'i..x;,...x,)</) tengsizlikni qanoat­
lantiruvchi nuqtalar to'plami qavariq bo'ladi,
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3. Ikkita G'j va G2 qavariq to'plamning kesishmasi ham qavariq 
to 'plam  bo‘lganligi sababli: G qavariq to ‘plam da aniqlangan 
q . ^ X X J  (/=1, m)  funksiyalar past (yuqori)ga qavariq bo lib, 
b. (/=1, m)  ixtiyoriy soiilar bo lganda

tengsizhklar sistemasini qanoatlantiruvchi nuqtalar to'plami past 
(yuqori)ga qavariq to ‘plam bo'ladi (1- va 2- xossalarga asosan).

4. G qavariq to 'plam da aniqlangan fj ,x v xv .. . .x )  ( /-1 , m) 
funksiya past (yuqori)ga qavariq bo‘tsa, ulaming nomanfiy cliiziqli 
kombinatsiyasidan iborat bo‘lgan

funksiya ham past (yuqori)ga qavariq bo'ladi.
5. G qavariq to‘plamda aniqlangan f i x vxv ...,x )  funksiya past 

(yuqori)ga qavariq bo'lishi uchun u o‘z ichiga oigan nom alum - 
larning ixtiyoriy biri bo‘yicha. qolganlarining belgilab oigan (misol
uchun x{,x2 ,xl,...,xn ) qiymatlarida. past (yuqori)ga qavariqbo‘iishi
zarur va yetarhdir.

6. Agar fi(x.,xv ...,xn), (/-1 , n) funksiyalar G qavariq to ‘plamda 
an iq langan  qavariq funksiyalar b o ‘lsa, / ( x 1}x2, . . . ;xn)= m ax 
l{ x vxv ...,xn) (1 <i<m) funksiya ham qavariq bo'ladi. Agar kamida 
bitta x  e G nuqiada qi(x)>bi (f=1, m) tengsizlik. ya’ni Slevier sharti 
bajarilsa, u vaqtda quyidagi teorema o'nnli bo'ladi. (Kun — Takker 
teoremasi).

7.2-teoreraa. x = (x 10)x20,....x í¡°)>0 nuqta (7.23) — (7.25) 
masalaning optimal yechimi bo‘lislii uchun bu nuqtada

m

< o,

so ,

(7.31)

(7.32)

(7.33)
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= 0. * 0 (7.34)

(/=1, m , j = L  m) 

shartlarning hajariüshi zam r va yetarlidir

7.11-masala. Q u y d a g i s h a rtla rd a  

Xj + 2x2 < 8, 1
(7 .3 5 )

(7 .3 6 )

(7 .3 7 )

2x, -  x2 < 12.} 

x ¡> 0 , x 2>0 

/ ( x ,  , x 2) = 2 x 1 + 4 x 2- x ,2- 2 x 22

/  fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .

Yechish. / ( x , , x 2)  f u n k s i y a  b o t i q  f u n k s i y a ,  c h u n k i  / ,  
(x , , x 2) = 2 x 1+ 4 x ,  c h iz iq l i  fu n k s iy a la r  y i g ‘ in d is id a n  ib o ra t (s h u ii in g  
u c h u n  u n i  b o t iq  fu n k s iy a  s ifa tid a  k o ‘ r ish  m u m k in )  v a / , = - x ]2- 2 x , 2 
fu n k s iy a  esa  m a n f iy  a n iq la n g a n  fu n k s iy a  b o ‘ l ib .  b o t iq  q a v a r iq  
h is o b la n a d i.  (7 .3 5 ) s is te m a  esa c h iz iq l i  te n g s iz l ik la r  s is te m a s id a n  
ib o ra t.

D e m a k , K u n -T a k k e r  te o re m a s id a n  fo y d a la n s a  b o ia d i .
B o s h la b  L a g ra n j fu n k s iy a s i tu z iia d i.

L a g ra n j fu n k s iy a s i L{xrx2,Xl,X2) ga  (7 .3 1 ) —  (7 .3 4 ) s h a r t la rn i 
q o 'l ia n s a , q u y id a g i la r  h o s il boM adi.

L = 2 x ] + 4 x 2- x 12- 2 x 22+ A  ( 8 - x , - 2 x 2) + X , (  1 2 - 2 x , + x 2).

= 4  -  4 x 2 -  2JL, + X2 < 0.
ÓX2

 -----= 8 -  A*! -  2x2 > 0, (7.38)

— —  =  12 — 2jc. +  X-, > 0. 1
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va

9 L
3.ÏJ

= Xj (2 -  2X] -  Xj -  2 a 2 =  0,

X̂2 — 2 Aj + Kj — 0,a i
x 2 — = x 2(4 - 

dXj

\ l È L  =  \ l ( 8 - x l  -  2 x 2 )  =  0 ,
a/vj

*2 —  = X2( 1 2 - 2 x1 + x2) = 0. 
dX2

(7.39)

(7 .4 0 )Xj>0 , x 2> 0, ^ j>0. a2>0.

(7 .3 8 ) s is te m a n i q u y id a g i k o 'r in is h d a  y o z ib  o la m iz :

2 X x + Xj + 2a.2 > 2,
4 X 2 +2A.J - X 2 > 4 .

^ , + 2 Z 2 < 8 , ' (7 .4 1 )

2 X , -  X 2 < 12.

(7 .4 2 ) s is tem aga  q o ‘s h im c h a  m usbat b a z is li o ‘z g a ru v c li i la r  k ir i t ib ,  

q u y id a g i s is te m a n i h o s il  q i la m iz  (i3 ,, >),, W\, W\y.

2Xi  + Xi +  2 Xi ■«1=2,
4 A 2 + 2 Àj — X2 — i î2 — 4 

.Y; + 2 X , +  Wx = 8, 

2 ^ ! -  X 2 + W2 = 1 2 .

(7 .4 2 )

x ,> 0 , x 2>0, À > 0 ,  X 2> 0, û > 0 ,  0 2> 0 ,W > 0 ,W 3>0. (7 .4 3 )

(7 .4 2 ) te n g l ik n i  h is o b g a  o l ib .  q u y id a g in i y o z ib  o lis h  m u m k in :  

0 ^ = 0 ,  i V 2= 0 , W ,A . = 0 ,  W 2X 2= 0 . (7 .4 4 )

A g a r  (7 .4 2 ) s is te m a n in g  b a z is li y e c h im la r in i  (7 .4 4 ) s h a r t la r in i 
h iso b g a  o l ib  ye c h s a k , L a g ra n j fu n k s iy a s in in g  e g a r li n u q ta s i to p ila d i 
v a  s h u  b i la n  m a s a la n in g  o p t im a l  y e c h im i  a n iq la n a d i .  (7 .4 2 )  
s is te m a n in g  b a z is l i  y e c h im la r in i  to p is h  u c h u n  c h iz iq l i  p r o g r a m - 
m a la s h t ir is h n in g  s u n ’i y  b a z is  u s u lid a n  fo y d a la n ila d i.
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B u  u s u ld a n  fo y d a la n is h  u c h u n  s is te m a d a g i b ir in c h i v a  ik k iu c h i  
te n g la m a la rg a  q o 's h im c h a  z¡ va  z, m u sb a í o ‘z g a m v c h ila r  k i i i t ib ,  
c h iz iq l i  p ro g ra m m a la s h t ir is h n in g  q u y id a g i m asa lasiga  k e lt ir i la d i:

2x| + + 2X2 — — 2, 

4x2 + 2/„| — X2 — xí-j + z2 —4,
.V! +  2x2 + W¡ = 8, (7 .4 5 )

2x¡ - x 2+W, = 1 2 .

f ~ M z - M z 2 - » m a x (7 .4 6 )

x>0,  x > 0 ,  A  >0 , Á 2>0. W:>0,W2¿0. z>0 , z£ 0 (7 ,4 7 )

(7 .4 5 ) —  (7 .4 7 ) m a sa la n i y e c h is h  p a c id a  h a m m a  v a q t  (7 .4 4 ) 
s h a rtn i h is o b g a  o lib  s is te m a n in g  (7 .4 5 ) y e c h im i to p ila d i.

7.1- jad  val

№ Baás s . R,
0 « « 0 0 0 0 0 -M -M

x, x> \ v, V, w.i W2 Z, z.

1 z„ -M 2 ■) 0 1 2 -1 0 0 0 l 0
2 z, —M 4 0 4 2 -1 0 - i 0 0 0 1
3 w, o 8 1 2 0 0 0 0 1 ü 0 0
4 w. 0 12 2 -1 0 0 0 0 0 1 0 0
5 0 0 0 0 0 0 0 0 0 0 0

6 - 6 - 2 -4 - 3 -1 1 1 0 0 0 0

7.2- jadval

В azi s s . К
9 Ö G 0 0 0 0 0 -M -M

x. X, К V! V, W1 W2 z , z2
! z, - 2 2 0 1 2 -1 1 0 0 1 0
2 Z7 -M [ 0 l 7 . -1 /4 0 0 0 0 0 7«
3 0 6 1 0 0 - 7 , 0 — 1 0 0 — 1/2
4 w, () 13 2 0 i -1 /4 0 1/4 0 0 0 7*
5 0 0 0 0 7 , 0 0 7 , ö i 0 0

- 0 -
ó -2 -2 - 0 - i —2 1 1/4 0 0 0 1

0
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7.3- jaclviii

№ Bazis s 3 R ,
0 0 0 9 0 0 0 0 -M -M

X1 *2 *1 ^2 v t V2 wz Z1 h
1 z , 0 i 1 0 1/2 1 — 0 0 0 1/2 0

2 z , 0 l 0 1 0 0 1/2 0 0 0 0 0
3 w 2

W2

0 5 0 0 0 0 0 0 1 0 0 0
4 0 11 0 0 0 0 0 0 0 1 0 0
5 0 0 0 0 0 0

0
0 0 0 0 0

b u  ja d v a k a  asosan  y e c h im  q u y id a g ila rg a  te iig  X . / - 1 ,  x 2° = T , w , - 5 ;

11, V = V =  v ,=  v = 0 .
Y u q o r id a g i la rg a  asosan
x / V = 0 ,  x ,° v ,= 0 , X ,° w = 0 , X 2°w2= 0 , ( x 0, X ?)= (1 ,1 ,0  0) n u q ta  

(7 .2 4 ) -  (7 .2 6 ) m a sa la ga  tu z ilg a n  L a g ra n j fu n k s iy a s i u c h u n n u q ta s i 

b o la d i .
D e m a k , x , = l ,  x 2= 2  (7 .2 4 ) -  (7 .2 6 ) m a s a la n in g  o p t im a l q iy m a t i  

jFnm= 2  l + 4 1 - l - 2 = 3  ga te n g .
7.12-masala. K u n - T a k k e r  s h a r t la r id a n  fo y d a la n ib ,  x ° = ( l ;0 )  

n u q ta  q u y id a g i c h iz iq s iz  p ro g ra m m a la s h t ir is h  m a s a la s in in g  y e c l i im i 

e k a n lig in i  k o 'rs a t in g .

4Xy + 5X2 < 8,1 

2„Yj + X2 ^  4. }

X\ > 0. X2 > 0.

F =f[x)=x.2-  2 x .+ 3 x ,2.m in  '  1 1 2

Y e c h is h . A fJ= ( I . Ü )  n u q ta d a  S le y te r  s h a rt la r i b a ja r ila d i (s i ia r t la r  
q a t ’i y  te n g s iz lik k a  a y la n a d i) .  D e m a k , o u  h o ld a  X, = i  d e b  q a b u l 

q il is h  m u m k in .
Y u q o r id a g i  a s o s iy  m a s a la  s h a r t la r ig a  a s o s la n ib ,  L a g r a n j  

fu n k s iy a s i tu z i la d i:

L(xl,x2, X 1,X 2) - x 1- - 2 x 1+ 3 x 22- À , ( 8 - 4 x 1- 5 x 2) - X 2 ( 4 - 2 x . - x 2) ,

Xj > 0, i = L2, X , -> 0 , / = 12.

K u n -T a k k e r  s h a r t la r in in g  b a ja r i l is i i i  te k s h ir ib  c t iiq ils a :
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ЭДЛГ?,Л^Д?,А§)
dX¡

лО л о

(2Ху  -  2 +  4Х[ + 7 к 2)х  > О,

д1{Х Д  ) = (6Х2 + 5*! + Х2)х° > О,дХ2
д Ц Х ? , Л ° )  = (4^  + 5^ 2 _ 8)Хо = _4 < 0? 

3Xj

ЭХ 7
: (2х} + х2 -  4)х° = -2  < О

щ г , К )  v o _ ^ 4 x » , x » ) x !  = 0¡ Xi X2^• X? = О, 
dx¡ _ dx2

дДХ°,А°) À o = о ^  (_4 ) о _> =  О,
Эл°л

х» = о => (_2)А» => О =* Л§ = 0.
Эл,

S h u n d a y  q i l ib ,  (х°, Х .° )= (1 ,0 ;0 ;0 ) n u q ta  K u n -T a k k e r  te o re m a - 
si n i r¡ g  h a m rn a  s b a rt ia r in i q a n o a t la n t ira d i.  D e m a k , (x°, X ° )= (1 ,0 ;0 ;0 ) 
n u q ta  L a g ra n j fu n k s iy a s in in g  e g a r n n q ta s i b o M a d i. S h u n in g  u c h u n  
X1 (1 :0 )  n u q ta  d a s t la b k i b e r i lg a n  c h iz iq s iz  p ro g ra m m a la s h t ir is h  
m a s a la s in m g  y e c h im i t o p i la d i va î iin= l 2- 2 - i + 3 - 0 = - l  ga te n g .

Topshiriqlar
7.13-masala. K u n - T a k k e r  te o r e m a s in in g  s h a r t la r id a n  f o y -  

d a la n ib , x° (0 .8 ; 0 ,4 ) n u q ta n in g  q u y id a g i q a v a r iq  u s u lla r i m a s a la n in g  
y e c h im i e k a n lig in i k o 'rs a t in g :

2xj + x 2 > 2,
2x, + x 2 < 8,

X] +  x 2 < 6.

Xj > 0,x2 > 0.

f msr f M r Xl ) = - Xl2- X22
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Q u y id a g i q a v a r iq  p ro g ra m m a la s h t ir is h  m a s a la in i y e c h in g .
7 .1 4 -m a s a la .

xt > 0, x2 > 0.

f(xt ,x2)= x ,  + 4 x 2+ x , x , - 2 x 12- 2 x 22— >m ax

4 -§ .  K v a d ra t ik  p ro g ra m m a la s h t ir is h  m a s a la la r i

K v a d r a t ik  p r o g r a m m a la s h t ir is h  m a s a ia s i q a v a r iq  p r o g r a m -  
m a la s h tir is h  m a s a la s in in g  x u s u s iv  b ir  h o l id ir .  F a q a t u n in g  m a te -  
m a t ik  m o d e h d a g i c h e g a ra v iy  s h a rtla r c n iz iq l i  te n g la m a  va  te n g s iz l ik -  
la rd a n , m a q sa d  fu n k s iy a s i esa u m u m iy  h o  Ida c h iz iq h  k v a d ra t ik  
fo rm a la rn in g  y ig 'in d is id a n  ib o ra t  b o 'la d i:

(7 .4 8 ) —  (7 .5 0 ) k v a d r a t ik  p ro g ra m m a la s h t ir is h  m a s a la la r in i 
y e c h is h  u c h u n  a y r im  z a r u r  b o ‘ lg a n  t a ’ r i f  v a  te o re m a la r  is b o ts iz  
k e l t i r i la d i .

7 .6 - t a ’ n f .  Q u y id a g i  k o ‘ r in is h d a g i

x j , x 2, . . . , x n o 'z g a ru v c h ila rg a  n isb a tan  o ‘z g a ru v c h i s o n li  fu n k s iy a g a  
k v a d ra t ik  fo rm a  d e y ila d i.

(7 .5 1 ) fo rm a n i v e k to r  k o £r in is h d a  y o z is h  m u in k in

n
]T  a  ijXj {< , =. >}bi, i = 1, m (7 .4 8 )
/=1

Xj > 0, y = l,« (7 .4 9 )

n

(7 .5 1 )

f{x)=X[DX.

J P = ( x , ,  x 2, . . . , x ;) ,  id~d.). ij=l,n. 
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(7 .5 0) k v a d ra tik  fu n k s iy a n in g  past (y u q o r i)g a  q a v a iiq  b o l i s l i i  (7 .5 1) 
k v a d ra t ik  fo rm a n in g  past ( y u q o r i )g a  q a v a r iq  b o ‘lis h ig a  b o g l iq d i r .

7 .7 - t a 'r i f .  X=0 d a n  b o sh q a  b a rc h a  X=(x1,x2,...,xn) la r  u c h u n  
fiX)<0 o ‘ r in l i  b o 'ls a , fiX) ga m a n fry  a n iq la n g a n  k v a d ra t ik  fo n n a  
d e y ila d i.

7 .8 - t a ’ r i f ,  A — 0 d a n  b o sh q a  b a rc h a  X=(xr x2,....xr)  la r  u c h u n  
/ (A f)> 0  o ‘ r in l i  b o 'ls a ,  / ( A )  ga  m u sb at a n iq la n g a n  k v a d ra t ik  fo rm a  
d e y ila d i.

7 .9 - t a ’ r i f .  A g a r  XDX  k v a d r a t ik  fo rm a  n o m u s b a t a n iq la n g a n  
b o 'ls a .  XDX  k v a d ra t ik  fo rm a  ga  n o m a n f iy  a n iq la n g a n  d e y ila d i.

7 .1 0 - t a ’r i f .  A g a r  XDX  <0 te n g s iz l ik  b a rc h a  A * 0  la r  u c h u n  
t o ‘g ' r i  c h i z iq l i ,  b u n d a  X=0 u c h u n  X[DX= 0 b a ja r ils a , XDX g a  
n o m u s b a t a n iq la n g a n  k v a d ra t ik  fo rm a  d e y ila d i.

7 .3 -te o re m a . A g a r  fix,,j c , , . . . , x ) =  X X k v a d r a t i k  fo rm a d a  

b a rc h a  ta r t ib d a g i

/=i ¡=i

D = d xv D =
d y A i
d 2ld 22

d n d i2 ...d ln

d2xd 22...d 2„

d „ \d n2---d,m

Dj =1,«

a n iq lo v c h i la r  n o ld a n  fa rq li b o  Visa , fix., x 2, . . . , x j )  k v a d ra t ik  fo rm a n i 
q u y id a g i k o ‘ r in is h d a  y o z is h  m u m k in :

b u n d a

fix,, x2,...,xj-a.jVj2 + a2 } ’2 +... + v-„y2„ ,

« , = — ,/ = 1, n D,

D e m a k ,  a . k o e f f i t s ie n t la r n in g  is h o ra s i D. a n iq lo v c h i la r n in g  
is h o ra la r ig a  b o g ‘ l iq  b o ‘l ib ,  k v a d ra tik  fo rm a n in g  k o 'r in is h in i  a n iq la y d i 
va  q u y id a g i h o l la r  b o 'l is h i  m u m k in :



1. A g a r  Dv Dv ...,Dn a n iq lo v c h ila rn in g  h a r b ir i  m u s b a t b o ‘ Isa, 
f(X) k v a d ra tik  fo rm a  m u sb a t a n iq la n g a n  b o la d i .

2 .  A g a r ,  D., i = T,n s o n la r  k e tr r ia -k e t lig id a  is h o ra la r  n a v b a t b ila n  

a lm a s h ib  ke lsa , a, k o e f f its ie n ila r  m a n f iy  b o 'ls a ,  j{X) fo rm a  m a n f iy  
a n iq la n g a n  b o 'la d i.

3 . A g a r  D m a tr its a n in g  ra n g i K n  b o ‘ Isa . h a m d a  D., / = in  
a n iq lo v c h i la r  m u sb a t is h o ra li b o ‘ l ib , q o ig a n la r i n o lg a  te n g  b o ‘ lsa, 
/(X) k v a d ra tik  fo rm a  n o m a n f iy  a n iq la n g a n  b o ‘ la d i.

4. A g a r  D m a tr its a n in g  ra n g i Kn  b o ‘ l ib ,  1, D ,  i = TJi q a to rd a  

is h o ra la r  a lm a s h ib  ke lsa  h a m d a  Z ).; = 0  / = 17« b o 'ls a .  k v a d ra t ik  

fo rm a  n o m u s b a t a n iq la n g a n  b o ‘ la d i.

5. A g a r ,  I, Dp i = TTn s o n la r  k e tm a -k e t l ig id a  is h o ra la r  a h n a s h - 

m a sa  h a m d a  m a n f iy  is h o r a l i  a n iq lo v c h i la r  m a v ju d  b o ‘ lsa , f(X) 
k v a d ra t ik  fo rm a n in g  ish o ra s i a n iq la n m a g a n  b o ‘ la d i.

7.15-masala. Q u y id a g i  fo rm u la n in g  k o 'r in is h i  a n iq la n s in : 
2 x 12+ 2 x ix 2- 3 jci x 3- x ,2+ 2 x ,x 3- 4 x 32.

Y e c h is h .

D

'  3-2  1 - -  
2

I -1  I

- -  1 - 4  
2

D, = - 2

A =

-2  1 

1 -1
= + 2 -1 = 1 , A  =

-2 1

1 -1 1

- 1  1 -4  
2

= -2-

D e m a k , I . Dr D,. Z>3 y a ’ n i 1 , - 2 ,  L  - 2 -  s o n la r  k e tm a -k e t l ig id a

is h o ra la r  n a v b a t b ila n  a lm a s h g a n i u c h u n  F(xv xv x 3)  k v a d ra t ik  
fo rm a  m a n f iy  a n iq la n g a n d ir .
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7 .4 -te o re m a . M o m a n f iy  F(X) =XDX k v a d ra t ik  fo rm a  Er E v k l id  
fa z o s id a  q a v a r iq  f u n k s iy a s id i r .  A g a r  k v a d r a t ik  fo r m a  m u s b a t 
a n iq la n g a n  b o ls a ,  u q a t ’ i y  q a v a r iq  fu n k s iy a  b o ‘ la d i.

7 .5 -te o re m a , N o m u s b a t  F(X) =XDXk v a d ra t ik  fo rm a  En E v ld id  
fa zo s id a  v u q o iig a  q a v a r iq  fu n k s iy a d ir .  A g a r  k v a d ra t ik  fo rm a  m a n f iy  
a n iq la n g a n  b o ‘lsa , u vaq td a  q a i ' i y  y u q o r ig a  q a v a r iq  fu n k s iy a  b o 'la d i.

S h u n d a y  q i l ib ,  k v a d ra t ik  p r o g ra m m a la s h t ir is h  m a s a la s in in g  
t a ’r i f in i  q u y id a g ic h a  b e ris h  m u m k in .

7 .1 1 -t a ’r i f .  Q u y id a g i s h a r t la m i

fl ___
£ a (,X j< b i (i = L m )  / 7 53)
7=1 V

Xj> 0, (j = l,n) (7 .5 4 )

q a n o a t la n t ir o v c h i

fl n n
AX)= X ' V O  + X X  Q x x  (7 .5 5 )

./=1 A=1 j= l k J v ’

fu n k s iv a n in g  m a k s im u m  (m in im u m )  q iy m a t in i  to p is h g a  k v a d ra t ik

n n
p ro g ra m m a la s h tir is h  m asalasi d e v ila d i. B u n d  a X  X  C , x -  m a n f iy

* = i j = i kJ 1

(m u s b a t) —  y a r im  a n iq la n g a n  k v a d ra t ik  fo rm a .
(7 .5 3 )  -  (7 .5 5 ) k v a d r a t ik  p r o g r a m m a la s h t i r is h  m a s a la s in i 

y e c h is h  u c h u n  iu n k s iy a s in i q u y id a g ic h a  tu z ib  o la m iz :

Li XX) =  X  djxi + X  X  CkjxkXj + X,
h 1 k = \ j = \

f
b< -  X  a ijx j  

}=1
</ = ! ,* )

.A g a r  LiXX) fu n k s iy a  (X0 , l0)=  ( x ^ x / , . . . ^ 0, X , ,  X 2, . . . ,  X J  
e g a r n u q ta g a  ega b o ‘ lsa , y a 'n i  q u y id a g i s h a rt la r  q a n o a t la n tir ils a :" ’



b lin d a  va L a g ra n j fu n k s iy a s id a n  o l in g a n  x u s u s iy  h o s ila -

la r n in g  e g a r  n u q t a d a g i  q i y m a t l a r i .  E n d i  ( 7 .5 5 )  v a  ( 7 .5 8 )

t e n g s i z l i k l a r g a û , (/ = 1 ,« )  v a  Щи = 1,m) q o 's h im c h a  o 'z g a -

m v c h i la r  k ir i t ib  (7 .5 6 ) —  (7 .6 1 ) te n g s iz l ik la r  te n g la m a la r  s is te m a si 

k o 'r in is h ig a  k e lt ir i la d i:

^  + ûj = 0 (j  = û ) ;  (7 .6 2 )
j

_  Wj = 0 (/ =  Ljn)\ (7 .6 3 )
aXj

x?bj = о о = Ш ) ;  (7 -6 4 )

X fW j = 0 (i = ïm); (7 .6 5 )

X,° > 0, üj > 0, W¡ > 0 ( y  =  l, n, i = 1, m) (7 .6 6 )

D e m a k ,  (7 .5 3 )  -  (7 .5 5 )  k v a d r a t ik  p r o g r a m m a la s h t i r i s h  

m a s a la s in i h a l q il is h  u c h u n  (7 .62 v a  (7 .6 6 ) s is te m a la rn m g  s h u n d a y  
m a n f iy  b o lm a g a n  y e c h im la r in i  to p is h  k e ra k k i,  b u  y e c l i in i la r  ( 7.63) 

v a  (7 .6 5 ) s h a r t la rn i a lb a tta  q a n o a t la n t irs in .
B u  y e c h im la r  to 'p la m in i  s u n ’i y  b a z is la r  u s u lid a n  fo y d a la n ib ,

m
f(X, 'k)~-  S  f u n k s iy a n in g  (7 .6 2 )  —  (7 .6 5 )  s h a r t la r in i

/=1
q a n o a t la n t iru v c h i m a k s im u m  ( m in im u m )  q iy m a t la r i  t o p i la d i.

S h u n d a y  q i l ib ,  (7 .5 3 ) -  (7 .5 5 ) k v a d ra t ik  p ro g ra m m a la s h t ir is h  
m a sa la s in i y e c h is h  u c h u n  q u y id a g i b o s q ic h la rn i b a ja r is h  k e ra k :



1. L a g ra n j fu n k s iy a s in i tu za  m iz .

2. E g a r n u q t a s i  m a v ju d lig in in g  z a r u r  va  y e ta r li  s h a rt la r i L a g ra n j 
fu n k s iy a s i u c h u n  (7 .6 2 ) —  (7 .6 6 ) k o 'r in is h d a  y o z i la d i.

3. S u n i y  b a z is  u s u lin i  q o 'l la b .  L a g ra n j fu n k s iy a s i u c h u n  e g a r 
n u q ta s in in g  m a v ju d l ig in i  v o k i  m a v ju d  e m a s lig in i k o 'r s a ta m iz  va  
b u  n u q ta n in g  k o o rd in a ta la r i to p ila d i.

4. O p t im a l y e c h im la r i  y o z i la d i v a  o p t im a l re ja  tu z ila d i.  
Y u q o r id a g i  f o r m u la la r  va  q o id a la m in g  q o ‘ l la n is h in i  (7 .2 6 )

y e c h ilg a n  m a sa la d a  k o 'r is h  m u m k in .

Topshiriqiar

Q u y id a g i  k v a d ra t ik  p ro g ra m m a la s h t ir is h  m a s a la la r in i (7 .1 6 —  
7 .18) v e c h in g :

7 .1 6 . Q u y id a g i  k v a d ra t ik  m a s a la s in in g  y e c h im la r in i  K u n -T a k e r  
te o re m a s i s h a n la r id a n  fo y d a la n ib  to p in g .

+ 2x2 <13,
2 x | +  ^2 ^ 9.

X j> 0 , x 2>0

f{X)= - 4 x , 2- 6 x 22+ 8 x ,+ 4 4 x2+ 2 x ,x 1- » m a x .

7 .1 7 . 7 .1 8 .

xl + 4x2 < 4,1 

+  x2 < 2 . j

x > 0 ,  x.,>0. 
/ m, = 2 X 1+ 3 x 2- 2 ^ .

xY + 3x2 > 5,

2xl + ^x2 > 2.

X > 0 ,  X > 0  
f ^ = 4 X ? + 3X ?.

5 -§ .  G r a d iy e n t  u s u li

S h u  v a q tg a c h a  c l i i z iq s i z  p r o g r a m m a la s h t ir is h  m a s a la la r in i  
s im p le k s  u s u lin i q o 'l la b  y e c h g a n  e d ik . L e k in  s im p le k s  u s u li c h e k li 
im k o n iy a tg a  ega b o ig a n l ig i  u c h u n  c h e g a ra v iy  s h a rt la r i va  m aqsad  
fu k n s iy a s in in g  ta r k ib iy  q is m i m u ra k k a b  b o 'lg a n  m a sa la la rg a  q o 'l la b  
b o ‘lm a y d i.  S h u n in g  u c h u n  b u n d a y  h o lla rd a  k v a d ra t ik  va  q a v a riq
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p ro g ra m m a la s h tir is h  m a s a la la r in i y e c h is h  u c h u n  g ra d iy e n t  u s u lla rm i 
q o 'l ia s h  a n c h a  q u la y l ik  y a ra ta d i.  C h iz iq s iz  p ro g ra m m a la s h t ir is h  
m a s a la la r in i g ra d iy e n t  u s u lla r in i  q o ‘ ila b  y e c h is h  u c h u n  a y r im  z a ru r  
b o 'lg a n  t a ' r i f  va  q o id a la rn i k e lt ira m iz .

B iz g a  n o ' l c h o v l i  Er E v k l id  fa z o s i b e r ilg a n  b o 'ls in .  En fa z o s in in g  
b ir o r  s o h a s id a  J\x)=J{xvx.v ...,x) fu n k s iy a  o 'z in in g  x u s u s iy  h o s ila la r i 
b ila n  b irg a lik d a  u z lu k s iz  fu n k s iy a la r  to ‘p la m in i  ta s h k il e ts in . B u  
fu n k s iy a la r  t o ‘p la m i C 'S 1 b ila n  b e lg ila n sa , E da ./è  О fu n k s iy a n in g  
g ra d iy e n t i p ro y e k s iy a la r in i  q u y id a g ic h a  y o z is h  m u m k h i:

3xj ’ Зх2 ’ dx„
D e m a k , En d a  / е  С  fu n k s iy a n in g  g ra d iy e n t i p ro y e k s iy a la r i 

v e k to r  u s tu n  b o l ib ,  u  s im v o lik  ra v is h d a  q u y id a g ic h a  y o z i la d i.

¥  T
g r a d f = V - ^ b * fx /2 > -

b u n d a / j,¿ 2,...,£ „  o r t la r .

G r a d i y e n t n i  En d a  k o o r d in a t a  o ‘ q la r id a g i  p r o y e k s iy a la r i  

q u y id a g ic h a  y o z i la d i:

w r ) - ( ^ + è ï ï + “ + ^ î *.
f(X) fu n k s iy a n in g  b e r ilg a n  x*' n u q ta d a g i g r a d iy e n t in i  q u y id a g i

v „ „ ,K _ â / ( ' ï 0 ) ИЛ
• ' ' *  '  —  -Ч ’ л  ,' * “ 5ox^ 0X2

k o ‘ r in is h id a  y o z is h  m u m k in .
0 ‘y in la r n i  х " = ( х Д х , ° , . . . , х  °) n u q t a d a / A )  fu n k s iy a d a n  g ra d iy e n t  

y o 'n a l is h i  b o 'y ic h a  o l in g a n  h o s ila  e n g  k a tta  q iy m a tg a  e r is h a d i,  

y a ’n i

[ Э / (Х ° )  \ | df(X")
I Эх, riX-,

df(X°) 
dx„

0 \  V

g a  te n g  b o la d i  va  g ra d iy e n t  y o 'n a l is h i  e n g  te z  o 's is h  y o 'n a l is h i  

b o 'la d i.
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fiX) fu n k s iy a n in g  En ic h k i  x° n u q ta s id a g i g r a d iy e n t i  V / i P )  
n u q ta d a n  o 't u v c h i  y u k s a k lik  s ir t i ( / (A j= c o n s t )  ga  p e rp e n d ik u lä r  
b o 'la d i:

df(X°) !>f(Xa) d / ( * V

dx, ox-, ' bx„ /\j C7A2 <JA.n

V e k t o r  / ( A )  f u n k s iy a n in g  x° n u q t a d a g i  e n g  te z  k a m a y is h  
y o 'n a l is h in i  k o 'rs a ta d i va  u n in g  x° n u q ta d a g i a n t ig ra d iy e n t i d e y U a d i.

A g a r  X  n u q ta d a  f{X) f i in k s iy a  u c h u n  V / (A )= 0  b o ‘lsa , u  v a q td a  
Z = ( x , , . v 2, . . . , x n)  n u q ta g a  s ta ts io n a r n u q ta  d e y ila d i.

E n d i  fiX)& C  f i in k s iy a d a n  i x t i v o r i y  v o ‘n aHsh b o ‘y ic h a  x u s u s iy  
h o s ila  o lis h  tu s h u n c h a s in i k ir i ta m iz .

7 . 1 2 - t a ’ r i f .  B e r i l g a n  X>— ( x 1" , x ;;0. . . . , . x jiu) n u q t a d a

f(X)r=f(xvx2,;..,xi)e  O fu n k s iy a d a n  1 ) y o 'n a l is h

b o 'y ic h a  o i in g a n  h o s ila  d eb  q u y id a g i l im itg a  a y t iia d i:

s / i r )  f ( x ^ x s ) - f t r )
   = l i m  -------------------- .() S x— /.

A g a r  f(X) fu n k s iy a  n u q ta d a  d if fe r e n s ia l la -

?f( X ^
n u v c l i i  fu n k s iy a  b o 'ls a ,  i x t i v o r i y  *S'(||kS'|j = 1) u c h u n  — — —  m a v ju d

b o la d i ,  h a m d a  * = ( V / ( A D),.S ) (7 .6 7 ) o T i n l i  b o la d i .  
do

H a q iq a ta n  h a m  ix t iy o r iy  c h e k s iz  k ic h ik  X X )  u c h u n  q u y id a g i te n g lik  

/ ( A r̂ X 5 ) - y ( A fl) = ( V  / ( A 11) , ( A T)+ X 5 - A 11))+0(||x° + X S  -  x°||)

b a ja r ila d i.
B u n d  a

f(X°+XS)=fiA°)-rX(V fiX0) S)+0(||X 5 |).



B iz g a  m a 'lu m k i,

( V / ( ^ ) , 5 ) = | v / ( J r 0)||J| c o s (V / (A r' ) A ,5 ) .

D e m a k ,

= ¡|v/(AT0)||5| c o s (V / (A D) A ,S ) .

S h u n d a y  q i l ib ,  b u n d a n  k o ‘ r in a d ik i ,  j[X) fu n k s iy a d a n  X  n u q ta d a  

S y o ‘n a lis h  b o 'y ic h a  o l in g a n  h o s iia

c o s ( ^ V A ° ) /' , 5 ) = l

b o ’ lg a n d a  m a k s im a l q iy m a tg a  ega b o ia d i .
D e m a k ,  S y o 'n a l is h  x° n u q t a d a g i fu n k s iy a  g r a d iy e n t in in g

(VfiX)) y o 'n a l is h  b ila n  b i r  x i l  b o ‘lg a n d a  — y —  m a k s im a l q iy m a tg a  

e r ish a d i.
7 .19-masala. J{xx, ^ ) = 3 x , 2+ 12x22 fu n k s iy a d a n  x * = (3 ;4 ) te k s h ir ib  

5 = (1 ,1 ) ,  5(1151 = 1) y o 'n a l is h  b o ‘y ic h a  o lin g a n  h o s iia  to p ils in .  

Yechish.

V (A ° )= ’ dx2

3Xj dx2

W °> =  6 -3 = 1 8
?)X{

df(X°)
dX2

=  24-4 = 9 6 .

D e m a k ,  V / U ° )= (1 8 ;9 6 )  
(7 .6 7 ) ga  asosan

df(X°) _

162



y a  m

B u n d a

Э/(ЛГ°)_
ri S

r i f jX °) 
d S

(1 8 ,9 6 ), (1 ,1 ) .  

= 1 8 + 9 6 = 1 1 4 .

7 .2 0 -m a s a îa . f (A )= 4 A ',2+ 7 X j2 fu n k s iy a n in g  x ° = ( l ;2 )  n u q ta d a g i 
e n g  te z  o 's is h  y o 'n a i is h i  a n iq la n s in .

Y e c h is h .y f J O  fu n k s iy a n in g  x° n u q ta d a g i e n g  te z  o 's is h  y o 'n a i is h i:

s= m x > ) .

V(X°) df(x°)
rlï[ d.Xi dA‘| ‘ Э х 2

D e  т а к ,  5 = V / ( A ° ) = ( 8 J  ; 14:2)
S=(Z;2)

y o 'n a l is h  b e r i lg a n  J{X)=4x2+7x2 fu n k s iy a n in g  a°=(1;2) n u q ta d a g i 
e n g  te z  o 's is h  y o 'n a i is h i  b o 'la d i.

7 .2 1 - r n a s a la .  / ( A ’) = 5 a 12+  1 O x , 2 f u n k s i y a n i n g  x ° = ( 2 , 3 )  

d f ( X 0 \
n u q ta d a g i ~  < 0  s h a rtla rn i q a n o a t la n t im v c h i bare  h a S y o 'n a -do
l is h la r i to p ils in .

Y e c h is h .  S=(X-X>)=(x-2; x - 3 ) .

S h a rtg a  k o ‘ ra  -  < 0
Э S

( У Д А * ) ,5 )< 0

•0 \  \

V /(^)=  

¥Sxl l
Эх,

~àf (Xo)

Э / ( Г » )  rif(X,])
Э х . c)X?

IO x ,U = 2 0

2 0 x 2|x2=3= 6 0dx2
V / ( P ) = ( 2 0 ; 6 0 ) .
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D e m a k , ^ P  < (20 ;6 0 ), (x-2; x-3))<Q
OO

2 0 (x r 2 ) + 6 0 ( x -3 ) < 0 ,

y o k i
2 0 x ,+ 6 0 x ,-2 2 0 < 0 , 

xj+3x2- l  1<0

d f( X ^ )
te n g s iz lik n i q a n o a t la n t iru v c h i h a r  q a n d a y  n u q ta la r  t o 'p la m i -  -

n o ld a n  k a tta  b o 'lm a g a n  q iy m a t  b e ru v c h i y o 'n a l is h la r n i  a n iq la y d i.
S h u i i i  h a m  a y t is h  k e ra k k i,  a y r im  v a q t la rd a  b u  y o ‘n a h s h  ic h id a  

m u m k in  b o 'lg a n  y o k i  m u m k in  b o 'lm a g a n  y o 'n a l is h la r  h a m  b o M isb i 

m u m k in .

7 .1 3 -ta ‘ r i f .  S h u n d a y X  so n  m a v ju d  b o 'l ib .  h a r  q a n d a y  > .e [0 ,

l ]  u c h u n  x '+XSe M  o ‘ r in l i  b o 'ls a , M  b o s h la n a d ig a n  y o 'n a l is h  

m u m ld n  b o ‘ lg a n  y o 'n a l is h  d e y iia d i.
7 .6 -te o re m a . A g a r  M  t o 'p la m

g (x )< 0 (/  = 1 ,m) te n g s iz l ik la r  s is te m a si o rq a h  a n iq la n g a n  to 'p la m

b o i i b ,  x ° e M  va g ,( jc )= 0  s h a rtn i b a ja ru v c h i i in d e k s la r  t o 'p la m i 

I(x) b o 'ls a , u  h o ld a
(V g ( jt° ) ,5 )+ £ < 0 , (/e /(x° ) )  (7 .6 7 )

te n g s iz l ik la r  s is te m a s in i b a ’z i  e> 0  d a  q a n o a t la n t iru v c h i S y o 'n a lis h  
m u m k in  b o 'lg a n  y o 'n a l is h  b o 'la d i.

7 .7 - t e o r e r a a .  A g a r  x ° e M  n u q t a d a g i  S y o 'n a l i s h  m u m k in  
b o 'lg a n  y o 'n a h s h  b o 'ls a ,  u  h o ld a  h a r  q a n d a y  /e/(x°) u c h u n

(Vgi(A*),S)<0 (7 .6 8 )

te n g s iz h k  o 'r in l id i r .
Y u q o r id a g i g ra d iy e n t  u s u lla r id a n  fo y d a la n ib  h a r  q a n d a y  c h iz iq s iz  

p ro g ra m m a la s h t ir is h  m a sa la la ri y e c h ila d i va  u m u m iy  h o ld a  lo k a l 

e k s tre m u m la m i to p is h  m u m k in  b o 'la d i.
S h u n in g  u c h u n  g ra d iy e n t  u s u lla r in i q o 'l la b ,  q a v a r iq  p ro g ra m ­

m a la s h t ir is h  m a s a la la r in in g  lo k a l e k s tre m u m la r in i to p is h  m u m k in .  
H a r  q a n d a y  lo k a l e k s tre m u m , b ir  v a q tn in g  o 'z id a  g lo b a l e k s tre m u m  
h a m  b o 'la d i.
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G r a d iy e n t  u s u lJa rm i q o l la b  m a s a la la n ii y e c h is h  ja r a y o n i b iro n ta  
A™ ' n u q ta d a n  b o s h la b ,  k e t m a -k e t  iz la s h  n a t i ja s id a  d a s t la b k i 
m a s a la n in g  y e c h im i to p ila d i.

G r a d iy e n t  u s u lla r in i ik k ita  g u ru h g a  a jra tis h  m u m k in :
1. Iz la n a d ig a n  n u q ta la r  m u m k in  b o ig a n  y e c h im la r  s o h a - 

s id a n  c h e tg a  c h iq m a y d ig a n  m a s a la la m in g  y e c h is h  a s u ii;
2. Iz la n a d ig a n  Xk> n u q ta la r  m u m k in  b o 'lq a n  y e c h im ia r  so h a s id a  

v a  iz la n a d ig a n  y e c h im  m u m k in  b o ‘ lg a n  so h a d a n  ta s h q a rid a  b o ‘lg a n  
m a s a ia la rn i y e c h is h  u s u lla r i.

B i r in c h i  g u ru h g a  q a ra sh li m a s a ia la rn i F r a n k - V u l f  u s u li b ila n , 
Ik k in c h i  g u ru h g a  q a ra s h li m a s a ia la rn i esa ja r im a  fu n k s iy a s i u s u li 
b ila n  y o k i  E r r o u  —  G u r v is  u s u li b ila n  y e c h is h  m u m k in .

1. F r a n k  — V u i f  u s u li. F a ra z  q i la y l ik ,  q u y id a g i sh a rtla rd a

b o t iq  fu n k s iy a n m g  m a k s im u m  q iy m a t in i  to p is h  k e ra k  b o ’ ls in .
B u  m a s a la n in g  x u s u s iy a t ia r id a n  b i r i  t e n g s iz l ik la r  s is te m a s i 

c h iz iq l i  te n g s iz lik la rd a n  ib o ra t b o lg a n id a d ir .  S h u n d a y  x u s u s iy a t -  
la rd a n  fo y d a la n ib ,  c h iz iq s iz  p ro g ra m m a ia s h th is h  m a sa la la ri k o £r i -  
n is h ig a  k e l t i r is h  v a  m a s a la n i k e t m a - k e t l i g in i  a im a s h t i r is h la r  
v o rd a m id a  y e c h is h  m u m k in .

(7 .6 9 ) —  (7 .8 1 ) m a s a la n i y e c h is h  ja r a y o n i  m a s a la n in g  m u m k in  
b o ig a n  y e c h im la r  s o h a s id a n  b i r o n t a  xik) n u q ta s in i to p is h d a n  
b o s h la n a d i v a  xfk) n u q ta d a  Д А )  fu n k s iy a n in g  g ra d iy e n t i  to p ila d i.

E n d i  x(k> n u q ta d a  / ( A )  fu n k s iy a n in g  g ra d iy e n t in i  to p a m iz :

n
£ a  gJCjübi (i = lm) (7 .6 9 )

x > 0 , ( /  = I , « )  

.Д А О ^ Д х,^ ,...,^ ),
(7 .7 0 )

(7 .7 1 )

of  ( x ik>) Э / ( Х (к)) Э / ( Х (к))"

V /

v a  b u n g a  a sosan  c l i i z iq i i  fu n k s iy a n i
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ß u n d a n  k e y in  (7 .6 9 ) -  (7 .7 0 ) sh a rtla rg a  asosan  Д х , х 2, . . . , х „ ) ,  
fu n k s iv a n in g  m a k s irn u m  q iy in a t in i  to p a m iz .  F a r a z  q i la y l ik  Z k) 
n u q ta d a  F(X) fu n k s iy a  m a k s im u m  q iy m a t  q a b u i q ils in . U  v a q td a  
d a s tla b k i m a s a la n in g  m u m k in  b o lg a n  y e c h im in in g  k o o rd in a t i  rtk+i) 
n u q ta d a  b o la d i :

о = ^ ) + х ( ^ » - ^ ) ,  (7 .7 3 )
B lin d a  Ik -  i x î i y o r i y  s o n  b o l i b ,  h is o b la s h  q a d a m i d eb  a y t i la d i

va
0 <  Xk <  1 g a  te n g .

X L ~  i x t i y o r iv  so n  b o ‘ i ib ,  u n i s h u n d a y  ta n la s h  k e ra k k i,  / ( A )  
f u n k s iy a n in g  A = A M_1) n u q t a d a g i  Xk b o g l i q  b o ‘ lg a n  q iy m a t i  
m a k s im u m  q iy m a t  y a ’n i  / тах= / ( ^ * +,))  b o ‘ ls in .  S h u n in g  u c h u n

df
■ÿj- -  ü te n g la m a n i y e c h ib ,  Xk i ld i z la i i  ic h id a n  e n g  k ic h ig i  ta n la b  

o iin a d i.
A g a r  bu  iz la n a d ig a n  i ld iz la r  b ird a n  k a îta  b o ‘ lsa . u  vaq td a  k =  1 

d eb  o la m iz  va  s h u n d a n  k e y in  n u q ta d a g i X k+l) n u q ta n in g  k o o r -  
d in a t la r in i  h is o b la b , m a q sa d  fu n k s iy a n in g  b u  n u q ta d a g i q iy m a t i  
to p ila d i.  S h u n d a n  k e y in  y a n g i A5t+2> n u q ta g a  o ‘t is h  z a r u m i i  y o k i  
y o 'q i ig i  a n iq la n a d i.  .A g a r z a ru r  b o is a ,  te o re m a g a  u v a q td a  Xk+Vl 
n u q ta d a  m a q sa d  fu n k s iy a s in in g  g r a d iy e n t in i  h is o b la b  va  c l i i z iq l i  
p ro g ra m m a îa s h t ir is h  m a s a la s in i y e c h ib ,  X k+2) y e c h im la r i  to p ila d i.  
X k~2' n u q ta  h a m  y u q o r id a g i k a b i te k s h ir ila d i.

D e m a k . c h e k li q a d a m la r  n a tija s id a , m a ’ lu m  a n iq lik d a  d a s tla b k i 
m a s a la n in g  y e c h im la r in i  to p is h  m u m k in  S h u n d a y  q i l ib ,  (7 .6 9 )—  
(7 .7 1 ) m a s a la n i F r a n k - V u l f  u su li b i la n  y e c h is h  ja r a v o n i q u y id a g i 

b o s q ic h la rn i o 'z  ic h ig a  o la d i:
1) d a s tla b k i m u m k in  b o lg a n  y e c h im i to p i la d i;
2 ) (7 .7 1 ) fu n k s iy a n in g  m u m k in  b o lg a n  y e c h im in i  a n iq lo v c h i 

n u q ta d a  g ra d iy e n t i  h is o b la n ila d i;
3) (7 .7 2 ) fu n k s iy a n i tu z ib  (7 .6 9 ) va  (7 .7 0 ) s h a rt la rd a  m in im a l 

q iy m a t i  h is o b la n ila d i;
4 ) h is o b a s h  q a d a m i X , to p ila d i;
5 ) (7 .7 3 ) fo r m u la  y o r d a m id a  m u m k in  b o lg a n  y e c h im in in g  

t a r k ib iy  q is m la r i y a n g id a n  to p ila d i;
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6 ) k e y in g i m u m k in  b o 'lg a n  y e c h im g a  o 't is h  z a r u r l ig i  k o 'r ib  
c h iq i la d l.  A g a r  z a m r  b o is a ,  ik k in c h i  b o sq ic h g a  o ‘t i la d i.  A g a r  z a ru r  
b o 'lm a s a  d a s tla b k i x u s u s iy a t la r id a n  k e ra k ii y e c h im i to p ib  h is o b -  
la n ila d i.

7 .2 2 -m a s a la . F r a n k - V u l f  u s u lin i  q o 'l la b ,  q u y id a g i s h a rtla rd a

(7.74)
X, +  2X | <  8,

2x{ - x 2 ä  12.J

X j > 0 ,  x 2> 0 .  (7 .7 5 )

./ (X p X ,)  =  2.x, +  4x 2 -  x , 2 -  2 x ,2. (7 .7 6 )
/ ( x ^ x , )  fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .

Y e c h is h .  f(XyX.) fu n k s iy a n in g  g ra d iy e n t in i  to p a m iz :

V /  = dxl ’ dx2 -  [2(1—x.); 4(1-5%)]

va  m a s a ia n in g  m u m k in  b o lg a n  d a s t la b k i y e c h im i d eb  x<0)= (0 ;0 )  
t o p i la d i ,  y e c h im in in g  a n iq J ik  s i fa t in i  esa j/ (A u + l) )~ / (A , ''r+l,)|< £, 
b u n d a  £-=0.01 d eb  o l in a d i.  E n d i  b u  y e c h im n i  q a d a m -b a q a d a m  
y a x s h i la y m iz .

I .  A J m a s h iir is h  (y a x s h ila s h , o ‘z g a r t ir is h ,  y a n g ila s h ).
xf0) n u q ta d a  / ( x , , x 2)  fu n k s iy a n in g  g ra d iy e n t i  x ,= 0 ;  x ,= 0  n u q ta d a  

to p ila d i.
y / ( A ° ) = ( 2 ; 4 ) .

D e m a k , b ir in c h i b o s q ic h d a  m a s a la n i q u y id a g i sh a rtla rd a

x , +  2x, < 8,

2 xj — x 2 < 12. 

x ,  >  0, x 2 >  0. (7 .7 8 )

Axrx2) =  2 x , +  4 x 2 (7 .7 9 )

Jixpx2) fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p is h  ta la b  e t ila d i.
(7 .7 7 )— (7 .7 9 ) m a s a la n i s im p le k s  u su l b ila n  y e c h ib ,  d a s tla b k i 

o p t im a l re ja  Z 1— (0 ,4 ) to p ila d i.
M a s a ia n in g  m u m k in  b o 'lg a n  y e c h im i  (7 .7 3 ) fo rm u la  y o rd a m id a  

to p ila d i.

167

(7 .7 7 )



(7 .8 1 )

* «= * «»+ 3 1 ¿ZV-tfV), h u n d a  0 < X < 1 . (7 .8 0 )

A 10’ va  Z 0) la r  q iy m a t la r in i  (7 .7 9 ) ga q o 'y s a k .

x (,) = 0  + A;0,
1 ►

xí2) = 0 + A;4.

k e l ib  c h iq a d i .  B u n d a n  Á , n i  t o p is h  u c h u n  xx v a  x 2 la r n in g  
q iy m a t la r in i  (7.81 )d a n  to p ib ,  (7 .7 9 ) ga  q o ‘y i ls a ,  q u y id a g i k e lib  

c liiq a d i:

,ДЯ1) = 1 6 \ - 3 2 Х . 2.

ft)...) fu n k s iy a d a n  h o sñ a  o h b  0 ga te n g la s h tir ib  v e c h ils a , q u y id a g i 

h o s il b o ‘la d i:

F I (> .,)=  16-64?., = 0 , = 0 ,2 5 .

0 < Á j < 1 bo M gan i u c h u n , \  n in g  x u d d i  q iy m a t in i  q a d a m  d eb  

q a b u l q ila m iz .  U  v a q td a  x Í I i= ( 0 ; l )

=  2

A * l)) -A * m)= 2 >  e = 0 , 0 1 .

I I .  A lm a s h t ir is h .  D a s t la b k i m a s a la n in g  A r i)n u q ta d a g i g ra d iv e n t i 
У Д ^ ,> )= (2 ;0 ) b o 'lg a n i  u c h u n  / 2( x 1,0 ) = 2 x 1 m a q s a d li ñ m k s iy a n i
(7 .7 7 ) va  (7 .7 8 ) s h a rt la rg a  a sosan  m a k s im u m  q iy m a t in i  to p is h  
ta la b  e t ila d i.  B u  m a s a la n i s im p le k s  u s u ln i q o ’lla b  ye c h s a k  Z'L) =  

(6 ,4 ;0 ,8 ) y e c h im  k e ü b  c li iq a d i.
E n d i  A ’i2>= .Y !11+ X , ( Z u>- ^ 1))  a n iq la n a d i .  O x i r g i  t e n g l i k n i  

q u y id a g ic h a  y o z is h  m u m k in .

x ¡ 2) = 6 ,4 Л а ,
(7 .8 2 )

xf] = 1 -0 2 A 2.

(7 .8 2 ) n i  (7 .7 6 ) ga q o ‘y s a k , k2 ga  n is b a ta n  q u y id a g i te n g l ik  

h o s il b o 'la d i.
Д ^ 2) = 2 + 1 2 ,8 Х 2-4 1 ,7 6 А .22, b l in d a n  ^ ( ^ = 1 2 , 8 - 8 3 , 5 2 ^ .  

Ft (К) n i  0 ga le n g la s h t ir i ls a  A.2=0,15 h o s il  b o 'la d i:
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х (2) = 0,96, 

x f  = 0,97.

J P 2> -  ( 0 ,9 6 ;0 ,9 7 ) ,  2 ,9 9 6  b o l g a n i  u c h u n  / № 2))~
Л ^ 1>) = 2 , 9 9 6 6 -2 = 0 ,9 9 6 6 > e = Q ,01 k e lib  c h iq a d i.

I I I .  A Irn a s h íir is h .  n u q ta d a  / Ш  fu n k s iy a n in g  g ra d iy e n t in i  
h is o b la v m iz :

V /  (X2>)= (0 ,0 8 ;0 ,1 2 ).

D e m a k  F,(X) fu n k s iy a n in g  n u q ta d a g i k o ‘r in is h i  q u y id a g ic h a  
b o ‘la d i:

i 73( x 1,x 2) = 0 ,0 8 x ^ 0 ,1 2 x 2 - (7 .8 3 )

E n d i  (7 .8 3 ) fu n k s iy a n in g  (7 .7 4 ) v a  (7 .7 5 ) s h a r íla rg a  a sosan
q iy m a t i  to p i ía d i .  B u  q iy m a t  q u y id a g i  k o 'r in is h g a  eg a  b o ‘ la d i:
Z 2)= ( 6 ;0 ) .

Y u q o r id a g i la rg a  asosan x (3) n i  a n iq la v m iz :  
x <3,= x (2,+ Á .3( Z 2,- A t2)) .

N a t ija d a  q u y id a g ila r  to p ila d i:

Ы 3) = 0,96 + 13 (6 -  0,96) = 0.96 + 5,04Хз, 

jx<3) = 0,97 + ),3 (0 -  0.97) = 0.97 -  0,97Á3.

Д Х 3)= 2 ,9 3 8 4 + 0 ,4 0 3 2 Х 2- 2 7 , 3 4 1 б у ,

F(a3)=0,4 0 3 2 -5 4 ,6 8 3 2 L , 

0 ,4 0 3 2 -5 4 ,6 8 3 2 ^ = 0 ,

0,4032 
V  54,6832 ~ 0 '007- 

D e m a k ,  A ™ = ( 0 ,99528; 0 ,9 6 32 1) 

д а 3> )= 2 ,99957 

Д ^ 3)) - Д ^ 2) )= 2 .9 9 9 5 7 -2 ,9 9 6 6 = 0 ,0 0 2 9 7 < e = 0 ,01.

S h u n d a y  q il ib ,  JF 3> =(0 ,99528; 0 ,9 6 32 1 ) (7 .8 4 ) - (7 .8 6 )  m a s a la - 
n in g  iz la n a y o tg a n  y e c h im i  h is o b la n a d i va  b u  y e c h im  q a v a r iq  
p r o g r a m m a la s h t i r is h  m a s a la la r in i  y e c h g a n d a  k o ‘ r g a n  7 .2 7 -
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m a s a ía n in g  X=(  1; l )  ga  a n c h a  y a q in d ir .  A g a r  e m iq d o rg a  ya n a  
k a n iro q  q iy m a t  b e r ils a ,  ^ = ( 1 , 1 )  y e c h im g a  y a n a d a  y a q in r o q  
m a k s im a l y e c h im in i  to p is h  m u m k in .

J a r im a  fu u k s iy a  u s u li. Q u y id a g i  sh a rtla rd a

g-i( ^ , x 2, . . . , x n)< v . (¿ = 1,m ) 

x > 0 , ( i = l , « )

F(X) =J{xvxvxv ...,xs)  b o t iq  fu n k s iy a n in g  m a k s in ra m  q iy m a t in i  
to p is h  s h u n d a y  b o ls in .

B u n d a  (i = k / « ) f u n k s iy a la r  q a v a r iq  f l in k s iy a ia r

t o 'p la m in i  ta s h k il q ila d i.
B u n d a n  k e y in  m a q sa d  fu n k s iy a n in g  m a k s im u m  q iy m a t in i  iz la s h  

o 'm ig a  F{xl,xv ...,xn)=:f((xi,xv ...,xj)+H(xl>xv ...,xi¡) fu n k s iy a n in g  
m a k s im u m  q iy m a t in i  iz la y m iz ,  y a ’n i

F(X)=AX)+H{X)~*m a x , X= ( x , ;x , , . . . , x ) .

D e m a k ,  F(A) fu n k s iy a  m a q s a d  fu n k s iy a  v a  H(X) m a ’ lu m  
c h e g a ra la r s istem asi b ila n  a n iq la n g a n  J a r im a  ftm k s iya s i y ig 'in d is id a n  
ib o ra t.

H(X) ja r im a  fu n k s iy a s in i h a r  x i l  u s u lla r  b iia n  tu z is h  m u m k in .
K o 'p in c h a  ja r im a  fu n k s iy a s i q u y id a g i k o 'r in is h d a  iz la n a d i:

m
# ( * ) =  {x)Sí ( * ) , X= ( x , , x 2, . . . , x  ) .

i=i

ÍO, agarda ¿ , -& ■ ( * ) >  0,
B u  s h u n d a y  M  = mrda h _ g¡ w  s  0 . (7 .8 4 )

a] ( x )  > 0 —  o ‘zg a rm a s  s o n la r  b o 'l ib ,  o g ‘ i r l i k  k o e f f íts ie n t ia r i  

deb  a ta la d i.
J a r im a  fu n k s iy a s id a n  f o y d a la n ib ,  k e t m a -k e t  b i r  n u q ta d a n  

ik k in c h i v a  h o k a z o  n u q ta la rd a  q a d a m -b a q a d a m  d a v o m  e t ib , bu  
ja r a y o n  k e ra k li y e c h im la r  to p ilg u n c h a  d a v o m  e t t ir i la d i.

S h u  b i la n  b irg a  h a r  b i r  k e lg u s i n u q ta n in g  k o o rd in a ta s i q u y id a g i 
fo rm u la  y o rd a m id a  to p ila d i:
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X;k+l!'= m a x j 0^ *  + (7 .8 5 )

(7 .8 5 ) d a n  k o 'r in ib  t u r ib d ik i .  a g a r  k e lg u s i n u q ta  d a s t la b k i 
m a s a la n in g  m u m k in  b o ‘ lg a n  y e c h im la r  so h a s id a  b o 'ls a ,  k v a d ra t 
qavs q o ‘s h i lu v c h i n o lg a  te n g  va  k e lg u s i n u q ta n in g  k o o rd in a ta s id a  
m a q sa d  fu n k s iy a s in in g  g ra d iy e n t i  to p i ia d i.  A g a r  n u q ta  m u m k in  
b o 'lg a n  y e c h im la r  s o h a s id a n  ta s h q a r id a  b o 'ls a ,  u  v a q td a  y a n a  
q a y ta d a n  y e c h im la r  soh as iga  o ‘ t is h g a  t o ‘g ‘ r i  k e la d i va  q a y ta d a n  
o ‘ z g a r t i r i la d i.

S h u n d a y  q i l ib .  ja r im a  fu n k s iy a s i u s u li q a v a r iq  p ro g ra m m a la s h - 
t i r is h  m a s a la la r in i y e c h is h  ja r a y o n id a  q u y id a g i b o s q ic h la m i o ‘ z  
ic h ig a  o la d i:

1) d a s tla b k i m a s a la n in g  m u m k in  b o 'lg a n  y e c l i im la r i  a n iq la n a d i;
2 ) n is o b la s h  q a d a m i a n iq la n ila d i;
3 ) m a q s a d li  f u n k s iy a d a n  h a m m a  o ‘ z g a r u v c h i la r  b o 'y i c h a  

x u s u s iy  h o s ila la r  va m u m k in  b o 'lg a n  s o h a s in i a n iq lo v c l i i  fu n k s iy a  
to p iia d i;

4 ) (7 .8 5 ) fo rm u la  y o rd a m id a  m u m k in  b o 'lg a n  y a n g i y e c h im  
n u q ta la r i a n iq la n a d i;

5 ) t o p i lg a n  n u q t a la r n in g  k o o r d in a t a la r i  b e r i lg a n  c h e g a ra  
s h a r t la r in i q a n o a t la n t ir is h i te k s li ir i la d i.  Q a n o a t la n t irm a s a  k e lg u s i 
b o s q ic h g a  o 't i la d i ,  A g a r  to p ilg a n  n u q ta n in g  k o o rd in a ta la r i m u m k in  
b o 'lg a n  y e c h im la r  soh a s id a  a n iq ia n s a , u v a q td a  k e lg u s i m u m k in  
b o 'lg a n  y e c h im la r ig a  o 't is h  z a r u r l ig i  o 'r g a n ila d i.  A g a r  z a ru r  b o 'ls a , 
m a s a la n i y e c h is h n in g  ik k in c h i  b o s q ic h ig a  o 't i l a d i .  A g a r  z a r u r  
b o 'lm a s a . to p ilg a n  y e c h im la r  d a s tla b k i m a sa la n in g  k e ra k li y e c h im la r i 
h is o b la n a d i;

6 ) k o e f f it s ie n t la r in in g  q iv m a t la r i  a n iq la n a d i v a  4 -b o s q ic h g a  
o 't i la d i.

7 .2 3 -m a s a la . Q u y id a g i c h e g a ra v iy  s h a rtla r id a

( x ,  -  I)1 +  (x2 -  I)1 <  18, 

X j > 0 ,  x 2> 0 .

/  ( x ,  ,x 2) = — X j2— x 22- » m a x

(7 .8 6 )

(7 .8 7 )

(7 .8 8 )
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Y e c h is h . M a q s a d li fu n k s iy a  m a n f iy  a n iq la n g a n  k v a d ra t ik  fo rm a  
b o ‘lg a n i u c h u n ,  u  b o t iq  fu n k s iy a d ir .  M u m k in  b o 'lg a n  y e c h im la r  
soh a s i (7 .8 6 ), (7 .8 7 ) esa q a v a r iq  s o h a d ix . D e m a k , (7 .8 5 )— (7 .8 7 ) 
m asa ia  q a va riq  p ro g ra m m a la s h tir is h  so h a s in in g  m a sa la s id ir. M a sa la n i 
y e c h is h  u c h u n  ja r im a  f u n k s iy a la r  u s u l i  q o ' l l a n i l a d i .  O ld in  
m u m k in  b o ‘ ig a n  y e c h im la r  s o h a s i a n iq la n i la d i  ( 7 .6 -c h iz m a ) .  
K e y in  s a th  c h i z i g ' i n i  Д х Р х 2) = А  c h iz ib  o la m iz .  S a fh  c h i z i g ‘ i 
m a r k a z i  0 ( 0 ; 0 )  n u q t a d a  b o ' í g a n  a y la n a d a n  ib o r a t d i r .  S h u  
a n iq la n g a n la r  t o ‘p la m id a n  b ir o n ta s i m u m k in  b o ‘ lg a n  y e c h im la r  
s o h a s ig a  u r in a d i .  B u  n u q ta d a  m a q s a d  fu n k s iy a s i iz la n a y o tg a n  
m a k s im u m  q iy m a tg a  ega  b o la d i .  A° n u q ta n i a n iq la n is h  s o h a s id a n  
o ls a k , Л ° = (6 ,7 )  ga  te n g  b o ‘ la d i.  A  n in g  q iy m a t in i  Я = 0 , i d eb  o l ib  
v a  g ( x , , x 2) = 1 8 — ( x , — 7 )2— ( x 2~ 7 ) 2 d e b  b e lg i la b ,  u n d a n  x ,  v a  x 2 
o 'z g a r u v c h i la r  b o 'y ic b a  b i r in c h i  t a r t ib l i  x u s u s iy  h o s i la la r  o l in s a ,  
q u y id a g i la r  h o s il  b o 'la d i :

E n d i  (7 .8 5 ) fo rm u la n i q o ‘ lla b , n u q ta la r  k e tm a -k e t l ig in i  tu z ib  
c h iq i la d i .  N a t i ja d a  n u q ta la rn in g  ic h id a n  k e ra k  b o ‘ig a n  y e c h im  
to p ila d i.

— —1X2 1̂ "

T---r-1- 1 -L-r JT
1 2 3 4 5 6

7.6-chiyna.
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I .  A lm a s h t ir is h .  A '0)= (6 ,7 )  n u q ta  m u r a k in  b o ‘lg a n  y e c h im la r  
so h a s id a  b o ‘lg a n i u c h u n  (7 .8 5 ) fo rm u la d a g i k v a d ra t qavs ic h id a g i 
ifo d a  n o lg a  te n g . D e m a k , ja d v a ld a  n u q ta n in g  k o o rd in a t la r i  q u y id a g i 
fo rm u la  y o rd a m id a  h is o b la n ila d i:

E n d i  Än -< 4 ,8 ;  5 ,6 ) n u q ta n i m a s a la n in g  y e c h im la r  t o ‘p la m i 
s o h a s ig a  k i r a d im i  y o k i  y o ‘ q m i t e k s h ir i la d i .  g ( A i l ) ) = 1 8 -4 ,8 4 ~ - 
1 ,9 6 = 1 1 ,2  b o lg a n i  u c h u n  g ( A w ) = -5 4 ,4 .

Í1 . A lm a s h t ir is h .  Y u q o r id a g ila rg a  asosan q u y id a g ila rn i to p a m iz :

х / 2> = т а х { 0 ;  0 .4 8 + 0 , l - ( - 2 ) - 4 , 8 } = 3 , 4 8 ;

x 2(2)= m a x {0 ;  0 ,5 6 + 0 , l - ( -2 ) -5 ,6 } = 4 ,4 8 ;

g (A y,2)) = l 8 -9 ,9 8 5 6 -6 ,3 5 0 4 =  1 ,6 6 4 > 0 , Д х < 2> )= -3 4 ,8 1 6 .

i l l .  A lm a s h t ir is h .  E n d i  m asa la  q u y id a g ic h a  h is o b la n a d i:

x j (3)= m a x {0 ;  0 ,3 8 4 + 0 ,1 (— 2 ) -3 ,8 4 }= 3 ,072;

x 2(3)= m a x {0 ;  4 ,4 8 + 0 ,1 --( -2 )  4 ,4 8 }= 3 ,5 8 4 ;

g ( x (3)) =  1 8 -1 5 ,4 2 9 1 8 4 -1 1 ,6 6 9 0 5 6 = -9 ,0981.

I V .  A lm a s h t i r is h .  A*3) n u q t a  m a s a la n in g  m u m k in  b o ‘ lg a n  
y e c h im la r  soh as iga  k irm a y d i.

S h u n in g  u c h u n ,

+ A —     = m a x  {0 :6  + 0,1 • ( -2 )  • 6 } =

= m a x {0 ;  4 ,8 }= 4 ,8 ,

• = m a x {0 ;7  + 0,1- ( -2 )  • 7 } = 5,4

э/(лг(3)) э/ ( а (3))
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= m a x { 0 ;3 ,0 7 2 + 0 .1  * [ ( ( -2 ) -3 .0 7 2 )+
+ a ( ( - 2 ) - 3 , 0 7 2 + 1 4 ) ] }= m a x {0 ;2 ,4 5 7 6 + a -0 ,7856}

х 2(4)— т а х { 0 ; х 2(3) +Я
a / ( x (3)) a / ( j (3))
— г-- + a — r ------

Эх, Эх-.

= m a x { 0 ;3 ,5 8 4 + 0 ,1  [ ( —2 )3 .5 8 4 )+
+ a ( ( - 2 ) - 3 , 5 8 4 + 1 4 ) ] }= m a x {0 ;2 ,8 6 7 2 + a -0 ,6 8 3 2 }.

B u n d a  a  s o n n i ta n la sh  m u a m m o s i k e lib  c h iq a d i.  a  s o n n i s h u n d a y  
ta n la sh  k e ra k k i X 4) n u q ta  m u m k in  b o 'lg a n  y e c h im la r  s o h a s m in g  
ch e g a ra s iga  y a q in  va  sh u  so h a d a  jo y la s h g a n  b o ls ín .

B u  ta la b n i a  = 1 ,9  q iy m a t  q o n iq t ira d i.  
a —1,9 q iy m a td a  x , '4), 
x .  (4)= m a x { 0 ;2 ,4 5 7 6 + 1 ,9 -0 ,7 8 5 6 }= 3 ,950;

x 2(4) la r  h is o b la n a d i:

x 2w = m a x { 0 ;2 ,8 6 7 2 + 1 ,9 -0 ,6 8 3 2 }= 4 ,165; 
Я (А 14,) = 9 , 3 0 2 5 + 8 ,0 3 7 2 2 5 = 0 ,6 6 0 ; 
ßyX4))~-3 2,9 50 .

V .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
x / 5> = m a x {0 ;3 ,9 5 0 + 0 , l - ( —2)*3 ,9 5 0 }=

= m a x {0 ;3 ,9 5 0 -0 ,7 9 0 }= m a x {0 ;3 ,1 8 }= 3 ,1 8 ; 
x , (S)= m a x { 0 ;4 ,1 6 5 + 0 ,1 - ( - 2 ) - 4 , l 6 5 } = 3 , 332; 
g ( A15)) =  1 8 -1 4 ,7 4 5 6 -1 3 ,4 5 4 2 2 4 = -10 ,2 .

V I .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
X j (6> = m a x {0 ;3 ,1 8 + 0 ,1 * [(—2 )* 3 ,18+1,9*
*((—2 )* 3 ,1 8 + 1 4 )}= 3 ,9 8 7 ; 
x 2<6> = m a x {0 ;3 ,3 3 2 + 0 , l - [ ( - 2 ) - 3 , 3 3 2 + 1 ,9 - 
■((—2 ) -3 ,3 3 2 + 14 )]}~ 4 ,0 5 9 ; 
g (A ? 6> )= l  8 -9 ,0 7 8 1 6 9 -8 ,6 4 9 4 8 1 = 0 ,2 7 2 ; 
f [Xb))--32,372.

V I I .  A lm a s h t ir is h .  Q u y id a g i la r  l iis o b la n a d i:
x / 7)= m a x { 0 ;3 ,9 8 7 + 0 , l - ( — 2 )* 3 ,9 8 7 }«3 ,189; 
x / > = m a x { 0 ;4 ,0 5 9 + 0 , l ( -2 ) - 4 , 0 5 9 } « 3 , 247 ; 
g ( A ™ ) = l 8 -1 0 .1 6 9 7 2 1 -1 0 ,5 4 3 0 0 9 = -2 ,713:

174



V I I I .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
x / 8> = m a x {0 ;3 ,1 8 9 + 0 ,l - [ ( - 2 ) - 3 , 1 8 9 + 1 ,9  
( ( -2 ) -3 ,1 8 9 + 1 4 ) }~ 3 ,9 9 9 ;

— m a x {0 ;3 ,2 4 7 + 0 ,1'К - 2 ) - 3 , 2 4 7 + 1,9 
• (" ( -2 )-3 ,2 4 7 + 1 4 )]}~ 4 .0 2 7 ; 

g (J F * J )= 1 8 -9 ,0 0 6 0 0 1 -8 ,8 5 6 5 7 6 * 0 ,1 3 7 ; 
Д ^ 8> )= -3 2 ,1 8 5 .

I X .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
x ,  (9)= m a x { 0 ;3 ,9 9 9 + 0 , l - [ ( - 2 ) - 3 ,9 9 ] } = 3 ,1 99; 
x 2(S> = m a x {0 ;4 ,024+0,1• [ ( -2 ) -4 , 0 2 4 } } « 3 ,2 19; 
^ 0 = 1 8 -1 4 .4 4 7 6 0 1 - 1 4 , 2 9 5 9 6 — 10,744:

3 ,1 992— 3 .2 192~ - 10,22.

X .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
x , ( ‘° )= m a x {0 ;3 ,1 9 9 + 0 ,l [ ( - 2 ) - 3 , 1 9 9 + 1 ,9  
(  ( —2 )  • 319 + 1 4 ) ] }  = 4 ,0 0 4 ; 
x 2(10)= m a x { 0 ;3 ,2 1 9 + 0 , l - [ ( - 2 ) - 3 , 2 1 9 + 1 ,9  
( ( —2 ) -3 ,2 1 9 + 1 4] }~ 4 ,0 12; 
g ( ^ 10)) =  1 8 -8 ,9 7 6 0 1 6 -8 ,9 2 8 1 4 4 -0 ,0 9 6 ; 

Д Л ? 10*)— 3 2 ,1 2 8 ;

X I .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
x j (!1):= m a x {0 ;4 ,0 0 4 + 0 ,1  • [ ( - 2 ) - 4 , 004] }= 3 ,203 
x , ,1l)= m a x { 0 ;4 ,0 1 2 + 0 , l [ ( - 2 ) - 4 , 0 1 2 ] } = 3 , 2 10 
g (X (11)) =  1 8 -1 4 ,4 1 7 2 0 9 — 1 4 ,3 6 4 1 --1 0 ,7 8 1 ; 
Д Х т ) ) = - 3 .2032—3 ,2 102=— 10,18.

X I I .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i:
x j (12)= m a x { 0 ;3 ,2 0 3 + 0 , l - [ ( - 2 ) - 3 , 2 0 3 + 1 ,9  
( ( -2 ) '3 ,2 0 3 + 1 4 ) ] } « 4 ,0 0 5 ;  
x 2(12)= m a x { 0 ;3 ,2 1 0 + 0 , l - [ ( -2 ) -3 ,2 1 0 + l ,9  
( ( —2 ) -3 ,2 1 0 + 1 4 ] }~ 4 ,0 0 8 ; 
g ( A U2))= -3 2 ,1 0 4 ;
Д А (12)) “ -4 ,0 0  52-4 ,0 0 8 2= -3 2 ,1 0 4 .

Д ^ 7>)«~3,189--3,2472—10,24.
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A g a r  X  va  X I I  a lm a s h tir is h la r  o ‘ z a ro  ta q q o slan sa , 10_! a n iq iik d a  
b i r -b i r ig a  te n g  b o 'la d i .  D e m a k ,  b u  y e c h im  o x i r g i  a lm a s h t ir is h  
n a tija s id a  m a k s im a l y e c h im  b o ‘la d i.  X u d d i  y e c h im la r id a g i  k a b i 
m a q sa d  fu n k s  i y  a q i y  n i  a 11 a r i  n i/ (  X )  va  g(X) fu n k s iy a la r  g ra d iy e n t in i  
JP 12)= (4 ,0 0 5 ; 4 ,0 0 8) n u q ta d a  te k s h ir ib  k o 'r is h  m u m k in ;  y a 'n i

V / ( ^ l2)) = ( - 8 ,0 1 ;  -8 ,0 1 6 ) ;  V / ( A Ti2) ) = ( 5 J99; 5 ,9 8 4 ).
M o s  ra v is h d a  k o o rd in a t la r in in g  n is b a t in i h iso b la s a k ;

— = -1 ,337. r 8 —  „-]  339,
5,99 5,984

B u  k o o rd in a t la rd a n  k o ‘ r in ib  tu r ib d ik i ,  u la r  d e y a r li b ir -b ir ig a  
te n g . D e m a k , V/iX[2)) v a  V g ( y ^ 12))  v e k to r la r  d e y a r li p a ra lle l v e k to r -  
la rd ir .  S h u  b i la n  b irg a  AU2)= (4 ,0 0 5 ; 4 ,0 0 8 ) n u q ta  m u m k in  b o lg a n  
y e c h im la r  so h a s i c h e g a ra s ig a  n ih o y a t  y a q in  jo y la s h g a n ,  c h u n k i 
V ^ ( ^ 12) ) -0 ,0 7 8  b o ‘ lg a n i  u c h u n  x 1<12)= 4 ,0 0 5  v a  x 2tl2> = 4 ,0 0 8  
m a s a la n in g  k e ra k li y e c h im la r i  desa b o 'ia d i.  Y u q o r id a g i  k o 'rs a t i lg a n  
a lm a s h t ir is h la rn i d a v o m  e t t ir ib ,  y e c h im la r n i  k a tta ro q  a n iq i ik d a  

to p is h  m u m k in .
K o o r d in a t la r d a n  m a s a la n in g  g e o m e tr ik  t a lq in i  7 .6 -c h iz m a d a  

h a m  k o 'r in ib  tu r ib d i.
3 . E r r o u  —  G u r v is  u s u li.  Y u q o r id a  ja r in ia  fu n k s iy a s i u s u lin i  

q o 'l la b ,  e g r i c h iz iq l i  p ro g ra m m a la s h t ir is h  m a s a la s in i y e c h d ik .  L e k in  
b u  u s u ln i q o 'l la g a n d a  a  la m in g  q iy m a t la r in i  i x t i v o r i y  ta n la b  o ig a n

e d ik  v a  h a r  b i r  a n iq la n g a n  A 10 (¡ = L « ) n u q t a  d a s t la b  m u m k in

b o lg a n  y e c h im la r  s o h a s id a n  a n c h a  u z o q la s h ib  s i l j ig a n  e d i. B u  
k a m c h il ik k a  E r r o u  —  G u r v is  u s u lin i q o 'l la g a n d a  o ‘ r in  q o lm a y d i.  
B u  u s u lg a , asosan , h a r  b ir  k e lg u s i q a d a m  a ¡(k) q u y id a g i fo rm u la  
y o rd a m id a  h is o b la n ila d i:

a (k):= m a x {0 ;  af*-'1*—Xg/X1®)}; (/ = l , n ) .  (7 .8 9 )

a / k> n in g  d a s t la b k i a/0’ q iy m a t i  d e b  ix t iv o r iy  m u s b a t s o n  o lin a d i.
7 .5 1 -m a s a la . E r r o u  -  G u r v it s  u s u lin i q o ‘ l la b , (7 .5 0 ) m a s a la n i 

y e c h in g :  y a ’ n i q u y id a g i c h e g a ra  s h a rtla r id a

( x - 7 ) 2+ ( x 2- 7 ) 2<18, (7 .9 0 )

x > 0, x2 > 0. (7.91)



F(xr x^ )~ x l1- x 22 —> max.

Yechish. E r r o u  —  G u r v is  u s u lin i q o 'l la b ,  (7 .5 0 ) m a sa ia  y e c h i l -  
g a n d a  b i r in c h i  u c h ta  a lm a s h tir is h d a  л = 0 .  1 b o ‘ lg a n d a  y e c h im la r  
b ir -b ir ig a  t o ‘g ‘ r i k e la d i. 13u s h u n i k o ‘ rs a ta d ik i, b a r  b ir  to p ilg a n  
n n q ta  m u m k in  boM gan y e c h im la r  s o h a s id a  jo ÿ là s h g a n  b o ‘ l ib .  J ' K) 
q iy  m a t la r i  n i  i x t i y o r i y  (7 .8 4 ) v a  (7 .8 9 ) fo rm u la la r  b ila n  h is o b la g a n d a

b ir -b i r id a n  fa rq  q i lm a y d i,  y a ’n i  X , (K)= 0 ( ^  =  1,3), b o la d i .

I V .  /Umashtirish. g (A ,3)) < 0 b o 'lg a n i u c h u n  k e lg u s i Xй' n u q ta n i 
(7 .8 4 ) fo rm u la  y o rd a m id a  h is o b la y m iz :

0,л-,(3) + Я
[ * ( * » )  „ , * ( * « ) '

* —
л , '4)— m a x

—? i--- —— 
,

s

! 7
m a x{0 ,3,072+0,1 [( -  3 ,0 7 2 + a (4)( (  -  2) 3 ,072+14)]}.

max{0;3,584+0,1 [( -  2)• 3,5S4+a<4)( ( -  2)-3,584+14)]}.

t^ 4* —  n i (7 .8 9 ) fo rm u la  y o rd a m id a  h is o b la n a d i: 
af4) = m a x {0 ;  0,1 -g (JP 3)) } = m a x { 0 ; 0 - 0 , 1 -( -9 .0 9 8 1  ) }~ 0 .9 1.
D e m a k , x / 4> -3 ,1 7 2 ; .v2<4'= 3 ,4 8 9 ; g(*<4> )~ -8,981.

V .  Almashtirish. T o p ilg a n  A^4'— (3 ,1 7 2 ; 3 ,489) d a s tla b k i b e r ilg a n  
m a s a la n in g  m u m k in  b o 'lg a n  y e c h im la r  so h a s iga  k irm a y d i.  S h u n in g  
u c h u n  (7 .8 5 ) fo r m u la  y o r d a m id a  t o p i la d i .  L e k in  o ld in  (7 .8 9 ) 
fo rm u la  y o rd a m id a  q u y id a g i h is o b la n a d i:

a (5)= m a x { 0 ;0 ,9 1 -0 ,  l ( — 8 ,9 8 1 ) } ~  1,81 
x , (5)= m a x { 0 ;3 , 1 7 2 + 0 .1  • [ ( - 2 ) - 3 , 1 7 2 + 1 ,8 1  
( ( — 2 ) -3 ,1 7 2 + 1 4 ] }= 3 ,9 2 3 . 
x 2<5)= m a x { 0 :3 ,4 8 9 + 0 ,1  [ ( - 2 ) - 3 , 4 8 9 + 1 ,8 1  
( ( — 2 )* 3 .4 8 9 + 1 4 ]}~ 4 ,0 6 2 . 
g ( X * h - Q , \ .
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V I .  A lm a s h t ir is h .  Q u y id a g i la r  liis o b la n a d i:  
t t (6)= m a x { 0 ;  1 ,8 1 -0 ,1 ( - 0 , 1 ) M , 82 
x , (6):S4 n a x {0 ;3 ,9 2 3 + 0 , l - [ ( - 2 ) - 3 , 9 2 3 + 1 ,8 2  
( ( —2 )* 3 ,9 2 3 + 1 4 ]}~ 4 ,2 5 8 . 
x 2(6)= m a x { 0 ;4 ,0 6 2 + 0 , L [ ( - 2 ) - 4 , 0 6 2 + 1 .8 2  
( ( -2 ) '4 ,0 6 2 + 1 4 ] }~ 4 ,3 1 9 . 
g ( ^ « ) - l , 2 9 4 ;
Д А ^ ) = -3 6 ,7 8 4 .

V I L  A lm a s h t ir is h .  Q u y id a g ila r  h is o b la n a d i:
х / 7)= г п а х {0 ;4 ,2 5 8 + 0 ,1  • [ ( - 2 ) - 4 , 258] }~ 3 .4 0 6 . 
x 2(7)= m a x {0 ;4 ,3 1 9 + 0 , l - [ ( -2 ) -4 ,3 1 9 ] }= 3 ,4 5 5 .

V I I I .  A lm a s h t ir is h .  Q u y id a g i la r  h is o b la n a d i: 
a<8’= m a x { 0 ;  1 ,8 2 -0 ,1  ( -7 .4 8 4 ) }= 2 ,5 7 ;
x ,  (8)= m a x { 0 ;3 ,4 0 6 + 0 , l [ ( - 2 ) - 3 , 4 0 6 + 2 ,5 7  
( ( —2 )3 ,4 0 6 + 1 4 ] } —4 ,5 7 2 ;
.x,(8)= m a x { 0 ;3 ,4 5 5 + 0 , l [ ( - 2 ) - 3 , 4 5 5 + 2 ,5 7  
( ( —2 )-3 ,4 5 5 + 1 4 ]}= 4 ,5 8 6 ; 
g (JY ÎS))~ 6 ,2 7 8 ;
№ 0 — 41,935.

I X .  A lm a s h t ir is h .  x t(9), Д (9\  va  g(X-9)) la r  to p ila d i:
X ,w = m a x { 0 ;4 ,5 7 2 + 0 , l [ ( - 2 ) - 4 , 5 7 2 ] } - 3 , 658; 
x 2(9)= m a x { 0 ;4 ,5 8 6 + 0 , l [ ( -2 ) -4 ,5 8 6 ] } « 3 ,6 6 9 ;  
g(A™)~4 ,2 6 5 .

X .  A lm a s h t ir is h .  oc(I0), x , a0), x 2(,0) va  g(Xl‘y)) la r  to p i la d i:
a (10>= m a x { 0 ;2 ,5 7 -0 ,1 - ( -4 ,2 6 5 )}= 3 ,0  
x 1(IO» = m a x {0 ;3 ,6 5 8 + 0 ,1  [ ( -2 ) 3 ,6 5 8 + 3 ,0  
- ( ( —2 ) -3 ,6 5 8 + 14] }==4,931; 
x 2(!O)= m a x { 0 ;3 ,6 6 9 + 0 , l - [ ( - 2 ) - 3 , 6 6 9 + 3 ,0  
< ( —2 ) 3 ,6 6 9 + 1 4 ]}~ 4 ,9 3 4 ; 

g (JP »° ))«9 ,4 5 1 .
X L  A lm a s h t ir is h .  x , (11), x 2( l i ) , va  g(XU))bs  h is o b la n a d i: 

x 1(11)= m a x {0 ;4 ,9 3 1 + 0 .1 [ ( -2 ) -4 ,9 3 1 ] }= 3 .9 4 5 ;  
x 2( l l i= m a x { 0 ;4 ,9 3 4 + 0 , l [ ( -2 ) -4 , 9 3 4 ] } = 3 , 947; 
g ( A V l l > ) -0 ,6 5 4 .

X I I .  A lm a s h t i r is h .  o'-12',  x ¡ ll2), x 2<12), va  g(Xa2)), f ( A !120  la r  
to p ila d i:



x ,< 12’= m a x { 0 ;3 ,9 4 5 + 0 ,1  [ ( - 2 )  3 ,9 4 5 + 3 ,0 6  
( ( -2 ) -3 ,9 4 5 + 1 4 ] }= 5 ,0 2 6 ;  
x 2<12> = m a x {0 ;3 ,9 4 7 + 0 ,1  • [ ( -2 ) -3 ,9 4 7 + 3 ,0 6 -  
( ( — 2 )-3 ,9 4 7 + 1 4 ]}~ 5 ,0 2 6 ;
¿ J P ) *  1 0 ,2 07 ; 
w/ (x (l21)~ -5 0 ,5 2 1 .

X I I I .  A lm a s h t ir is h .  x , (l3), x 2|i3), va  / ( A TI3)) la r  h is o b -
la n a d i:

x / 13> = m a x {0 ; 5 ,0 2 6 + 0 ,l - [ ( -2 ) -5 ,0 2 6 ] } ~ 4 ,021; 
x . <13)= m a x {0 ;  5 .0 2 6 + 0 .1  - [ ( -2 V 5 ,0 2 6 ] } = 4 ,021; 
* W 13>M >,25t;
/ ( ^ !?1) — 3 2,3 37 .

B u  a lm a s h tix is h d a  to p ilg a n  X = (4 ,0 2 1 ; 4 ,021) y e c h im la rn i k e ra k li 
y e c h im la r  d e b  h iso b la sa  b o la d i .  S h u n i a y t is h  k e ra k k i, y u q o r id a g i 
a lm a s h t ir is h la r  ja r a y o n in i  d a v o m  e t t ir s a ,  d a s t la b k i m a s a la n in g  
y e c h i in la r in i  is ta lg a n  a n iq lik d a  to p s a  b o ‘ la d i.

T o p s h ir iq ta r

Q u y id a g i  c h iz iq s iz  p ro g ra m m a la s h t ir is h  m a s a la la r in i (7 .5 2 — 7.54) 
g ra d ly e n t  u s u lla r in i  q o 'l la b  y e c h in g .

7 .5 2 . Q u y id a g i  fu n k s iy a la rn in g  b e r ilg a n  n u q ta la rd a  g r a d iy e n t -  
la r in i  to p in g .

1) Z = x y - 2 x y + ^ .  X°>=(1;2);

2) Z=xl3- 2 x 1xv  A ™ = (0 ;1 ) ;
3 ) Z=x* +  x 2 '  AJi,l=(2:0)

4) z= ~l 2-x- , Xm=(l;0).
’  X) + x 2

7 .5 3 . Q u y id a g i  f u n k s iy a  g r a d iy e n t in in g  s a th  c h i z i g ‘ i n i  v a  
g ra d iy e n t la r in i  b e r ilg a n  n u q ta la rd a  h is o b la b  tu z in g :

1) Z  =  ( x - 2 Y +  ( x 2- l ) 2, ^ ° > = (4 ;5 ) ;
2 )  Z  =  ( X j - 2 ) 2 -  ( x - 3 ) 2, ^ ° » = ( 6 ;4 ) ;
3 ) Z  =  2 ( x 1- l ) 2 +  3 ( x - 2 ) 2, A 10l= ( 3 ; 3 ) ;
4 ) Z =  2 x - x , 2- x 2, :  ^ ° > = (1 ;2 ) .
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7 .5 4 . G r a d i y e n t la r  u s u l in i  q o ' l la b ,  Z = 4 x 1+ 2 x 2- x J—  x , -+ 5  
fu n k s iy a n i a lm a s h t ir is h  ja r a y o n in i  A i0) = (4 ;5 )  n u q ta d a n  b o s h la b  
m a k s iin u m  q iy m a t i i i i  t o p in g  va  y e c h h n n i  to p is h n in g  g e o m e tr ik

t a lq in i i i i  k o ‘ rsa tin g .
F r a n k - V u l f  u s u lin i  q o 'l la b  7 .5 5 -7 .5 6  m a s a la la rn i y e c h in g .
7 .5 5 . B o s h la n g ' ic h  n u q t a s i A T0)= ( .2 ;2 )  b o lg a n d a  q u y id a g i  

s h a rt la rd a

X j +  2 X 2  — 1

2*2 ~ X2 -  12-J
x ,  > 0 , x 2 > 0 .

F{xvx , ) = 2 x , + 4x 2- x l2- 2 x 2 f u n k s iy a n in g  m a k s im u m  q iy m a t in i  

to p in g .
7 .5 6 . B o s h la n g lc h  n u q ta s i jc*»= (0 ;0 ;0 ) n u q ta  v a  a lm a s h tir is h  

ja ra v o n in in g  k o ‘rs a tk ic h i / ( ^ +10 - / ( A (k)) < 0 ,0 1 b o ‘ lg a n d a , q u y id a g i 

s h a rt la rd a

X j + 2x 2 + X 3 < 6,

2x 2 + X2 + *3 — 6. •
x 3 > 3, 

x ,  >  0 , x 2>  0 , x  3>  0 .

F(xvxvx3) =  6x 2+ 6x 3-  X j2 -  x 22 -  x 32 fu n k s iy a n in g  m a k s im u m

q iy m a t in i  to p in g .
J a r im a  f im k s iy a s i va E r r o u - G u r v i s  u s u lin i q o l la b ,  (7 .5 7 -7 .5 9 )

m a s a la la rn i y e c h in g .
7 .5 7 . Q u y id a g i  s h a rtla rd a

x j + x 2 < 4.1 

x 2 < 2 . J 

x ,  > 0 , x 2 > 0 .
i 7( x 1, x 2) = 4x 1+  I 0x 2- x j 2— x 22 fu n k s iy a n in g  m a k s im u m  q iy m a t in i

to p in g .
7 .5 8 . Q u y id a g i  sh a rtla rd a

( x , — 5 ) 2+ ( x 2— 5 )2<8, ^  >  0 , x 2 >  0 .

Fix , x j = - x , 2- x 2 fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g .' 1* 2̂  1 2

iso



7 .5 9 . Q uyidagi ju ft shartlarda

2a'i + x-2 < 2,
2.Vj + x 2 <  4 - 

Xj + x2 < 6,

x ] > 0, x2 > 0.
/'(x1,xî) = - x12- x22 fu n k s iy a n in g  m a k s im u m  q iy m a t in i  to p in g . 

Tayanch iboralar
ChizLqsiz programmalashtirish, shartsiz optimallash, eng ehetki nuqta, 
maksimum, minimum, optimal yechim, daromad, ekstremum, funksiya, 
klassik nazariya, aniqmas ko'paytuvchi, Langranj usuli, xususiy hosila, 
shubhali ekstremum, maqsadli funksiya, qavariq va hotiq funksiyalar, 
kvadratik va qavariq masalalar, usullar, chiziqsiz programmalashtirish, 
gradiyenti, funksiyaning yo'nalishi. funksiyaning tezligi, mümlcm bo‘lgan 
berilganlar sohasi, Jarima funksiyasi.

Takrorîash uchun savollar
I. Chiziqsiz masalalar deganda nimani tushunasiz?
2 Chiziqsiz programmalarning iqtisodiy ialqini deganda nimani tushunasiz?
3. Shartsiz optimal nima?
4. Eng ehetki nuqta nima ?
5. Optimal yechim nima ?
6. Lagranj funksiyasi qanday tuziladi?
7. Funksiyaga matematik analizjvng qaysi nazariymi qo'llaniladi?
S. Aniqmas ko'paytuvchi deganda nimani tushunasiz?
9. Xususiy hosila deb nimaga aytiladi?
10. Shubhali ekstremum nima?
II . Maqsadli funksiya nima?
12. Qanday funksiya qavariq funksiya deyiladi?
13. Global maksimum nima?
14. Kvadratik funksiya nima?
15. Kvadratik va qavariq funksiya deb nimaga aytiladi?
16. Funksiyaning gradiyenti qanday topiladi?
17. Frank—Vulf usuli orqali qanday masalalar yechiladi?
18. Yo'nalishi qanday topiladi?
19. Jarima funksiyasi usulini ayting.



V Í I I  B O B
M A T R I T S A L I  0 ‘Y I N L A R  N A Z A R I Y A S I  Y A  C H I Z I Q L I  

P R O G  R A M  M A L A S  H T I R I S  H

l - § .  M a t r i t s a l i  o ‘y i i i la r  n a z a r iy a s in in g  iq t is o d iy  va  
g e o m e tr ik  ta lq in i

B ir -b i r ig a  z id  m a n fa a t la m in g  t o ‘q n a sh  k e lis h id a  e n g  o p t im a l 
( f o y d a l i )  y o ‘ l  ta n la s h  n a z a r iy a s i  o yin/ar nazaríyasi d e y i la d i .  
0 ‘y in n in g  m a te m a t ik  tu s h u n c h a s i h a r  x i l  o 'y in la r  t o 'p la n i in i  qarab  
c h iq is h d a n  h o s il  b o lg a n .  L e k in  u n in g  ta tb iq  e t il is h  sohasi an ch a  
k e n g  b o l i b ,  b i r -b i r ig a  z id  m a n fa a t la r  to 'q n a s h a d ig a n  x i lm a - x i l  
h o la t la r  t o ‘p la m in i  o ‘ z  ic h ig a  o la d i .  B u  o ‘ v in la r  t o ‘p la m ig a  
q u y id a g ila r  m is o l b o la  o la d i:  s h a xm a t, sh ash ka , k a xta  o ‘y in la r i  va 
b o sh q a la r. 0 ‘y in la r  n a z a r iy a s ig a  asos s o lg a n  o h m  F o n  N e y m a n d ir .  
F o n  N e y m a n  q u y id a g i m a s a la n i o ‘rtaga q o ‘y a d i: a ga r n ta  R,.R„...,Rri 
o 'y n o v c h i la r  b ir o r  O o 'y in n i  o ‘ y n a y o tg a n  b o ls a ,  1 —  o ‘y n o v c h i  bu  
o ‘y in d a  y u t ib  c h iq is h i u c h u n  q a n d a y  s tra te g iv a n i ta n la s h i k e ra k ?

M a s a la n , ik k ita  ra q ib  ( b ir in c h i  R, va  ik k in c h í  R2 o 'y n o v c l i i )  
b o ‘h b , u la rd a n  h a r  b i r i  ish  tu t is h in in g  y o l i n i  ik k in c h is id a n  m u s ta q il 
ra v is h d a  s tra te g iy a n i ta n la b  o la d i.

M is o l u c h u n  o q  d o n a ia r  h ila n  R} s h a xm a t c h in in g  s tra te g iy a s m i 
ta n la sh  b i r in c h i  y u r is h n i k o is a t is h  va  R, q o ra  d o n a la m in g  m u m k in  
b o ig a n  b ir in c h i ,  ik k in c h i ,  u c h in c h i y u r is h la r ig a  o q  d o n a la m in g  
q a n d a y  ja v o b  b e r is h in i k o ‘s a tish  d e m a k d ir ;  q o ra  d o n a ia r  h i la n  
o 'y n o v c h m in g  s íra te g iy a s in i ta n la sh  o q  d o n a la m in g  m u m k in  b o lg a n  
h a r  b ir  y u r is h ig a  q o ra  d o n a la m in g  q a n d a y  ja v o b  b e r is h in i k o is a t is h  
d e m a k d ir .  S h u n d a y  q i l ib ,  o ‘ y in  n a t i ja la r i  fa q a t ta n la b  o l in g a n  
s t ra te g iy a la rg a g m a  (v a  e h t im o l ,  n a t i ja s i  o 'y in c h i la r g a  b o g l i q  
b o lm a g a n  ta s o d if iy  s in o v la r g a )  b o g l i q  b o lg a n  t o ‘p la m g a  ega  
b o la d i .  D e m a k , a g a r  o ‘y in c h i  V y u tu q  n a t i ja s in i o ig a n  b o ls a ,  
ik k h ic h i  o ‘y in c h i  b ir in c h ig a  f[v) s o l n  t o la y d i  y o k i  te sk a ris i.

R{ o ' y i n c h i  y u t u g l n i n g  M(X,Y) m a t e m a t ik  k u t i lm a s i  
k o o rd in a ta la r in m g  m o s  ra v is h d a  R] va  R2 o ‘ y in c h i  ta n la b  o ig a n  X 
va Y s tra te g iy a la rg a g m a  b o g l i q  b o ‘ la d i.
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Y u q o r id a g i la rg a  asosan k o ‘ r in a d ik i,  o 'y in la r  n a za riy a s i q u y id a g i 
m a s a ia la rn i o ‘ rg a n a d i:

1. o 'y in c h i  R1 o 'y in c h in in g  q a n d a y  y o ' l  tu t is h ig a  b o g 'l iq  
b o 'lm a g a n  h o ld a  in ik o n  b o r ic h a  k o 'p r o q  y u tu q  o lis h i u c h u n , y a ’ n i  
m in  M (Xü, 7 )= m a x x{m in u M ( x , .y ) }  b o ‘ lis h i u c h u n  u  q a n d a y  x 0 
s tra te g iya  ta n la b  o lis h  ke ra k ;

2. R, o 'y in c h i  Rt c V y in c h in in g  q a n d a y  y o i  tu t is h id a n  q a t ’ i 
n a z a r  i m k o n  k a m r o q  y u t q i z i s h i  u c h u n ,  y a ’ n i  m a x x M  
(X, K0) = m in u{m a x x M ( x , y ) }  b o ‘ l is h i u c h u n  u  q a n d a y  Un s tra te g iy a  
ta n la b  o l is h i  k e ra k .

H a r  b i r  o 'y in c h i i i in g  s tra te g iy a la r  s o n i c h e k li boM gan h o ld a g in a  
bu m a s a la la r p r in s ip ia l j ih a td a n  y e c h ila d i.  B u  y e rd a  u m u m a n  h a r 
b ir  o 'y in c h i  q a n d a y d ir  a n iq  b ir  s tra te g iy a n i em a s  b a ik i,  h a r  b ir  
o ‘y in n i  ta k ro r la g a n d a  R̂  o 'y in c h i  u c h u n  e h t im o lla r i  pr p2,...., pn 
b o 'lg a n  x , ,  x 2,. . . . ,  x n s tra te g iy a la rd a n  b ir in i .  R, o 'y in c h i  u c h u n  esa 
e h t im o lla r i  qv q2,... ,q ti b o 'lg a n  y v yv ~.tym s tra te g iy a la rd a n  b ir in i  
ta n la sh  fo y d a li  b o ‘la d i.

(pt,p„....,pn) va  (qvq7......qir)  to 'p la m la rg a  o ‘y in c h i la m in g  ara lash
s t ra te g iy a la r i d e y i la d i.  {PJ v a  {q j  t o 'p la m la m i va  o 'y in c h i  
y u t u g ‘ in in g  m a te m a t ik  k u tu lm a s in i  to p is h g a  o 'y in n in g  y e c h im i 
d e y ila d i.  E n d i  o 'y in la r  n a z a r iy a s ig a  o id  a y r im  ta ’ r i f v a  te o re m a la m i 
is b o ts iz  k e lt ira m iz .

i - t a ’ r i f .  H a r  q a n d a y  G o ‘y in n i  o 'y in  m a tritsa s i d eb  a ta h iv c h i

a \\a \ l—a \n x 
**21^22 •• *^2 n

mn /
m a trits a  o rq a li  a n iq la s h  m u m k in . B u  m a tritsa  R, o 'y in c h i  u c h u n  
y u tu q la r  m a tr its a s i d eb  a ta la d i.

2 - t a ’ r i f .  O 'y in n in g  n a tija s ig a  y u tu q  d e y ila d i.
3 - t a ’ r i f .  A g a r  o 'y in g a  fa q a t ik k ita  ta ra f  (sh a xs  s h a xs ) q a tnashsa , 

u  h o lla rd a  o 'y in g a  ju f t  o ‘y in  d e y ila d i.
4 - t a ’ r i f .  A g a r  ju f t  o 'y in d a  y u tu q la r  n o lg a  te n g  b o ‘ lsa , y a ’ n i 

b ir in c h i o 'y in c h in in g  y u tu g ‘ i ,  ik k in c h i o 'y in c h in in g  b o y  b e ris h ig a  
te n g  b o 'ls a , b u n d a y  o 'y in  y ig ' in d is i  n o lg a  te n g  v e c h im  d e y ila d i.
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5 - t a ’r i f .  A g a r  A  y u tu q  m a tr its a s i n ta u s tu n  va m ta  sa trg a  ega 
b o 'ls a , b a n d a y  o ‘ y in g a  nxm o ' ic h o v l i  c h e k li o ‘y in  d e y ila d i.

6 - t a ’ r i f .  Y u t u q  m a t r its a s i t o p i lg a n  a = m a x (m in a ÿ ) s o n g a
1 j

o 'y in n in g  q u y i  y u tu g ‘ i  d e y ila d i ( y o k i  m a k s im in  s tra te g iya s i d e y ila d i) .

7 - t a ’ r i f .  Y u t u q  m a tr its a s id a n  to p i lg a n  ß = m in (m a x a ÿ ) so n g a
i j

0 ‘ y i n n in g  y i i q o r i  y u t u g ‘ i  q i y m a t i  d e y i la d i  ( y o k i  m in m a k s  

s tra te g iya s i d e y i la d i) .

8 - t a ’r i f .  A e a r «  = m a x (m in a ,y )  = a = m in (m a x  atJ ) = V b o 'ls a ,  u
J '  i

v a q td a  V — ga  o ‘y in n in g  y u tu q  q iy m a t i  d e y ila d i.
9 - t a ’ r i f .  a=ß o ‘y in g a  e g a r n u q ta l i  o " y in  d e y ila d i.
1 0 - t a ’ r i f .  E g a r  n u q t a l i  o 'y in d a  m a k s im u m  va  m in u m u m n i 

to p is h g a  o p t im a l s tra te g iya  d e y ila d i.
l í - t a ’ r i f .  A g a r  o:*ß b o ‘ lsa , (e g a r  n u q ta g a  ega  b o im a s a ) ,  u  

v a q td a  s o i s tra te g iy a n i k o ‘rs a tu v c h i v e k to rn in g  ta rk ib iy  q is m la r ig a  
s il j ig a n  s tra te g iy a  d e y ila d i.

8 .1 -te o re m a . 0 ‘y m n in g  q u y i  y u t u g ' i  y u q o r i  y u tu g 'id a n  k a tta  

b o ‘la  o lm a y d i.
11 ta ’r i fd a n  k o 'r in ib  tu r ib d ik i ,  s o f  s tra te g iy a n i iz o h lo v c h i v e k to r ­

n in g  ta r k ib iy  q is m la r i l ia r  b ir  o ‘y in c h in in g  n is b iy  ta k ro r la n is h  d a - 
ra ja s in i b i ld ira d i va  u n in g  y ig ' in d i la r i  n o l  (b ir )g a  te n g .

A g a r  b i r in c h i  o 'y in c h in in g  s il j ig a n  s tra te g iy a s in i A - ( x (, x 2, . . . , x m) 
va  ik k in c h i  o ‘y in c h in in g  s il j ig a n  s tra te g iy a s in i

m m

y = ( > ' . , y , , . . . , y  )  d e b  b e lg i la s a k ,  u v a q t d a  X , * / = k  = 1
” i=i /=1

b o 'la d i .  b u n d a x ,- > 0 ; (/ = Irn)  y¡ > 0, (y = 1 , /n ) . Y u q o r id a g i la r g a

a so s la n ib , b ir in c h i  o ‘y in c h in in g  o p t im a l s tra te g iy a s in i x* , ik k in c h i  
b ir in c l i i la r n in g  o p t im a l s tra te g iy a s in i y* b ila n  b e lg ila sa k . u  vaq td a  
ik k a la  o ‘y in c h in in g  o ‘v in i  q u y id a g ic h a  b o ‘ la d i. Y u q o r id a g i la rd a n

n n
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O p t im a l  s t ra te g iy a  va  o ' y i n  y u t u g ' i n i  a t i iq la s h  ja r a y o n ig a  
o 'y in n in g  y e c h im i d e y ila d i.

8 .2 -te o re m a . H a r  q a n d a y  y ig ' in d is i  n o lg a  te n g  m a tr its a  o 'y in i  
s il j ig a n  s tra te g iya s i y e c h im g a  ega.

8 .3 -te o re m a . A  m a t r its a n ii ig  V o ‘y in  y u t u g 'i  Y* va  Z* o p t im a l 
s t r a t e g i y a  b o ' l i s h i  u c h u n  q u y i d a g i  t e n g s i z l i k l a r n i n g

m m
^ajjUj > U = i;m) v a  = l , m ) b a ja r i l i s h i  z a r u r  v a
/=1 j=i

y e ta r l id ir .
8 .4 -te o r e ra a .  A g a r  o ‘y in c h i la r d a n  b ir o n ta s i s i l j ig a n  o p t im a l 

s tra te g iy a n i q o 'lla s a , u v a q td a  o p t im a l s tra te g iya g a  (s o f  s tra te g iy a ) 
q o 's h ilg a n  ik k in c l i i  o ‘ y in c h in in g  q a n d a y  c h a s to ta la r  b ila n  o ‘y in g a  
k ir is h id a n  q a t ' i  n a z a r  y u tu q  q iy m a t i  V  ga  te n g  b o ia d i .

(2 5
8 .1 -m a s a la .  Q u y id a g i  m a tr its a 6 4 b ila n  m a s a la n in g  o 'y in

y e c h im in i  to p in g  va g e o m e tr ik  ta lq in in i  b e r in g .
Y e c h is h .  O ld in  m a s a la n in g  e g a r n u q ta g a  ega y o k i  y o 'q l i g in i  

te k s h ira m iz .
B u n in g  u c h u n  q u y id a g ila r  to p ila d i.  
m in {2 ;5 }= 2 ,  m a x {2 ;6 }= 6 ,
m in {6 ;4 }= 4 ,  m a x {5 ;4 }= 5 .
D e m a k , o 'y in n in g  q u y i  y u t u g 'i  a = m a x {2 ;4 }= 4 ,  y u q o r i  y u t u g 'i  

e h t i m o l l a r i  ß =  m i n { 6 ; 5 } = 5 ,  a = 4 ^ ß = 5  b o ‘ l g a n i  u c h u n

5 ^
6 4 m a tr its a  b i la n  b e r i lg a n  o ' y i n  y e c h im i  s i l j ig a n  o p t im a l

s tra te g iya g a  ega b o ‘l ib ,  u n in g  y u t u g 'i  Vq u y id a g i o ra liq d a  jo y la s h g a n
4 <  v  <  5.

A g a r  A o 'y m c h m in g  s tra te g iya s i U (ur  u2) v e k to r  b ila n  b e r ilg a n
b o 'ls a ,  u  v a q td a  8.4 te o re m a g a  a so sa n  ß  o 'y in c h i  Bl y o k i  B,
s tra te g iy a n i q o 'lla g a n d a  A o 'y m c h in in g  o ‘ r ta c h a  y u tu g 'in in g  q iy m a t i  
q u y id a g i te n g l ik la r  b ila n  b e lg ila n a d i:

12u[ +  6«2 =  &, (B[ strategiyani qo'llaganda),
\ 2ul + 4üi = û (B2 strategiyani qo'llaganda).
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B u  o 'y in la m in g  c h a s to ta la r in in g  y ig ’ i n d is i esa
u*+u*=  1.

Y u q o r id a g i la r g a  asosan  q u y id a g i s is tem a h os iJ b o la d i :

2wx + 6 «2 =

• 5«,' + 4 «2 = 

ü, + «2 =1 •

B u  s is te m a n i ye c h s a k , ¿/,*=0,4; « ,* = 0 ,6 ;  v— 4.4  y e c h irn  h o s ii 
b o ‘Jadi.

A g a r  ß. o 'y in c h in in g  s tra te g iy a s i Z=(z*,z'*) v e k to r  b ila n  
b e riig a n  b o ‘ lsa, u  v a q td a  8 .4 -te o re m a g a  asos lan ib , q u y id a g i s is te raan i 
k e lt ir ib  c h iq a r is h  m u m k in :

S h u n d a y  q i l ib ,  m a tr its a  b i la n  b e r i ig a n  o 'v in  s i l j ig a n

o p t im a l s tra te g iy a s i [/* = (0 ,4 ; 0 ,6 ) ,  Z*=(0 ,4 ; 0 ,8 ) b o 'l ib ,  y u tu q  
q iy m a ii  esa v = 4 ,4  ga  te n g .

E n d i  m a s a la n in g  g e o m e tr ik  t a lq in in i  b e ra m iz . B u n in g  u c h u n  
vOz te k s lig id a  A o 'y in c h in in g  s i l j ig a n  s tra te g iy a s in i U=(uvu2) b ila n  
b e lg ila s a k , U  v a q td a  x u s u s iy  h o ld a  /1,(0; 1) n u q ta  A ,  s tra te g iy a n i,  
4̂2(0 ; 1) n u q ta  esa A2 s tra te g iy a n i b e lg ila y d i v a  h .k .

A g a r  Av va  A2 n u q ta la rg a  p e rp e n d ik u lä r  c h iz iq la r  o 'tk a z ib ,  bu  
c h iz iq la rg a  o ‘y in c h i la r n in g  y u tu q la r in i  jo y la s h t ir ib  c h iq iis a  q u y id a g i
8 .1 -c h iz m a  h o s ii b o la d i .

A g a r  A o 'y in c h i  A, s t ra te g iy a n i ta n la g a n d a  B  o 'y in c h in in g  
s tra te g iya s i B{ b o 'ls a .  u  v a q td a  A o 'y in c h in in g  y u tu g 'i  6 ga  te n g , 
B, b o lg a n d a  esa 4 ga  te n g . B u  ik k a la  son  A2 n u q taga  p e rp e n d ik u lä r  
u s tid a  y o tg a n  5 , 'v a  B }  la rn i b ir la s h tirs a , a n iq la y d i.  B t v a  B {\  B 2

2zl + 5 z * 2  = 4 ,4 , 

- 6z{ + 4 z'2 = 4 ,4 ,

s is te m a n i y e c h s a k  q u y id a g i y e c h irn  h o s ii b o ‘ ia d i;

*,*=0,2; 2̂*= 0,S.

186



va  B2l n u q ta la rn i b ir la s h tirs a  ik k ita  t o 'g ' r i  c h iz iq  h o s i i  b o ’ la d i. B u  
t o 'g ' r i  c h iz iq la r d a n  on o 'q ig a c h a  b o 'lg a n  m a s o fa la r  h a r  q a n d a y  
s tra te g iy a n i ta n la g a u d a g i o ‘r ta c h a  y u t u q n i  k o 'rs a ta d i.  M a s a la n .
B k e s m a d a n  ou o ‘ q ig a c h a  b o ' l g a n  m a s o f a la r  AL v a  A2 
s t r a t e g iy a la r n in g  t a n la g a n d a g i  o ‘ r t a c h a  y u t u g ' i  v[(Al v a  A2 
s tra te g iy a la rn in g  c h a s to ta la r i m o s  ra v is h d a  u. va  u 2 ga  te n g ) .  B  
o ‘y in c h in in g  s tra te g iya s i esa B ga  te n g  b o 'l ib ,  m a s o fa  2w1+ 6 w 2= v 1 
ga  te n g . X u d d i  s h u m n g d e k , B2 s tra te g iy a n i q o ‘ lla g a n d a  o ‘ r ta c h a  
y u tu q  B2. B2l k e s m a d a n  on o ‘ q ig a c h a  b o ‘ lg a n  m a s o fa la rg a  te n g  
b o ‘ l ib ,  b u  m a so fa  5 « 1+ 4 « 2= v 2 ga  te n g . S h u n d a y  q i l ib  s tra te g iy a n i 
Bx MB2 c h iz iq n in g  o rd in a ta la r i A o 'y in c h in in g  h a r  q a n d a y  s iljig a n  
s tra te g iy a s i m in im a l y u t u g ï  b o 'la d i .  B u  m in im a l y u tu q la r  ic h id a  
M n u q ta n in g  o rd in a ta s id a  m a k s im u m  q iy m a tg a  ega b o 'la d i.  D e m a k , 
M n u q t a n in g  o r d in a ta la r i  o p t im a l y e c h im la r  b o 'la d i .  O p t im a l  
s tra te g iy a s i u*={u*\ u 2*) o 'y in  y u t u g 'in in g  q iv m a t i esa v  ga te n g . 
M = ( u u * )  n u q ta n in g  k o o r d in a ta la r in i  to p is h  u c h u n  B, B,1 va 
B2 B2l t o 'g ' r i  c h iz iq  k e s ish ish  n u q ta la r in i q u y id a g i u c h ta  te n g la m a la r  
s is te m a s in i y e c h ib  to p a m iz :

2u\ +  6«2 =

■ 5«!* +  4«2 =  t?,

Uy + u 2 = 1 .
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X u d d i  y u q o r id a g i k a b i B o ‘y in c h in in g  o p t im a l s tra te g iy a s in i 

to p a m iz .  B u n in g  u c h u n  q u y id a g i

- * ,  . 22
2 Zi + 5z> = 3 .

Bundan »i* = j  = 0,4, m, = ^ = 0,6 • û -  —  -  4,4.

M
* 1+ Zi — 1

A =

s is te m a n i y e c h ib ,  Z\ = =  0,2; Zi = j  = 0.8 s il j ig a n  o p t im a l y e c h im -

la r i to p iia d i.  N a t i ja d a  o 'y in n in g  s il j ig a n  o p t im a l s t ra te g iy a la r in in g  
y e c h im l a r i  U*=(0 .4 ;  0 ,6 )  v a  2 * = ( 0 ,2 ;  0 ,8 )  b o ' l a d i .  O ' y i n  

y u tu g ‘ in in g  q iy m a t i  esa v = 4 ,4  ga  te n g .
8 .2 -m a s a ia .  Q u y id a g i  m a t r i t s a  b i la n  b e r i lg a n  o ‘ y i n n i n g  

y e c h im in i to p in g :

7 9 8 
10 6 9

Y e c h is h .  O ld in  m a s a la n in g  e g a r n u q ta g a  e g a  y o k i  y o 'q l i g ' i  

te k s h ir ila d i.

B u n in g  u c h u n  q u y id a g i la r  to p iia d i:  
m in  {7  9 8 }= 7 ,  m a x  {7  1 0 }=  10,

m in  {10  6 9 }= 6 ,  m a x j 6j = 9 ,

m a x  {8  9 }= 9 .
D e m a k , o ‘y in n in g  q u y i  y u tu g ‘ i  a = m a x  {7 6} - 7 ,  y u q o r i  y u tu g ’ i 

esa ß = m in  {10 9 9 }— 9, o f=7 # ^==9 b o 'lg a n i  u c h u n  A m a tr its a  
b ila n  b e r ilg a n  o 'y in  v e c h im i s il j ig a n  o p t im a l s tra te g iy a g a  e g a  b o ‘ l ib ,  

y u t u g 'i  V q u y id a g i o ra liq d a  jo y la s h g a n :
7 < v < 9 .

A g a r  A o ‘y in c h in in g  s tra te g iya s i U(uv u2) v e k to r  b ila n  b e r ilg a n  
b o ‘lsa , u  v a q td a  8 .4 -te o re m a g a  asosan  B o 'y in c h i  B] y o k i  B, y o k i  
s tra te g iv a n i q o ‘ lla g a n d a  A o 'y in c h in in g  o 'r ta c h a  y u t u g 'in in g  q iy m a t i 

q u y id a g i te n g l ik la r  b ila n  b e lg ila n a d i:
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7 и[ + Юг/, =
9//j* +  6г/2 =  г>,

8 и, + 9 и2 = &,

u¡ + и2 = г).

B u  s is te m a n i y e c lis a k  q u y id a g i y e c h im  h o s il  b o 'la d i:  
u*= 2 /3 ; i/2* = l/ 3 .  « * = (2 / 3 ,  1 /3 ), v = 8 .  В o ‘y in c h in m g

s tra te g iya s i Z * = U ,* ,z ,* ,¿ * ) v e k to r  b ila n  b e r ilg a n  b o ‘ lsa , u  v a q td a
8 .4 -te o re m a g a  a s o s la n ib , q u y id a g i  s is te m a n i k e l t i r ib  c h iq a r is h  
m u m k in :

1z\ + 9̂ 2 + 8̂ 3 = 8,

10Z¡ + 6¿2 + 9̂ 3 = 8, •
* * *

Zi +Z2 + Zi = 1.

B u  s is te m a n i ye c h s a k , q u y id a g i y e c l i im la r  h o s il  b o 'la d i:  
z  * = 1 / 2 = 0 , 5, z 2* = 1 / 2 = 0 ,5 . z 3* = 0  , Z * = (0 ,5 ;  0 ,5 ; 0 ) o p t im a l 

y e c h im .
Y u q o r id a g i o ‘y in  y e c h im in in g  g e o m e tr ik  ta lq in in i  8 .2 -c h iz m a d a n  

k o ‘rsa tish  m u m k in : В BK B2 V2l va  B3 Bx t o ‘g ‘ r i  c h iz iq la r  s iljig a n
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o p t im a l s tra te g iy a  b o 'l ib ,  B ,K  B ,! s in iq  c h iz iq  B  o ‘y i i i c h in in g  
y u t u g ' in i  q u y i c h e g a ra s in i k o 'rs a ta d i.

S h u n d a y  q i l ib  2 x2  k o 'r in is h d a g i  o ' y i n  y e c h im la r in i  to p is h  
u s u l id a n  f o y d a la n ib ,  2xn v a  nx2 k o 'r in i s h d a g i  o ' y i n l a r n i n g  
y e c h im la r in i  to p is h n i u m u m iy  h o ld a  q u y id a g ic h a  y o z is h  m u m k in :

1) ik k in c h i  (b i r in c h i )  o 'y in c h in in g  s tra te g iy a la r ig a  m o s b o lg a n  
t o 'g ' r i  c h iz iq la r  c h iz i la d i;

2) o ' i y n  y u t u g 'in in g  q u y i ( y u q o r i )  c h e g a ra la r i a n iq la n a d i;
3) ik k in c h i  (b i r in c h i )  o 'y in c h in in g  ik k ita  s tra te g iya s i to p ila d i 

v a  u la rg a  m o s  m a s o fa la rg a  t o 'g 'r i  s i l j ig a n i a n iq la n a d i.  S h u  t o ‘g ‘ r i  
c h iz iq la r n in g  ke s ish ish  n u q ta s in i m a k s im a l (m in im a l)  o rd in a ta g a  
ega b o lg a n  q iy m a t i  to p i la d i;

4 ) o 'y in  y u t u g 'in in g  q iy m a t i  v a  o p t im a l s tra te g iy a s i a n iq la n a d i.

2 -§ .  M a t r i t s a l i  o ‘ y in la r  n a z a r iy a s i m a s a la la n n i c h iz iq li  
p ro g ra n jn ia la s h t ir is h  m a s a la la r ig a  k e lt ir is h

F a ra z  q i la y h k  m x n k o 'r in is h d a g i m a tr its a  b i la n  a n iq la n g a n  
o 'y in  b e r ilg a n  b o 'ls in

a n ®(2 — au  x

A =
<*2! a 22 ■■■ a 2n

a m\ ®«2 ••• a mn .

l - §  d a g i 8 . 1 -te o r e m a g a  a s o s a n  o ' y i n c h i n i n g  o p t im a l  
s tra te g iya s i g a t e n g b o 'h b ,  o 'y in  y u t u g ' i  v u c h u n

q u y id a g i te n g s iz l ik  b a ja r ila d i:

m __
X atP '  ̂# (i = 1 , n ) .
i=l

M a s a la n in g  y e c h im in i a n iq la s h  u c h u n  y u tu q  v> 0  d e b  h is o b -  

la y m iz .
U  v a q td a  q u y id a g i ifo d a  h o s il b o 'la d i :

£ %  ( y  =  17»)
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u  * w *
B u  te n g s iz lik k a  - r - = Y* a lm a s h t ir is h  k ir its a k , ^  1

V /=1

(j = k « ) , y] > 0  (i = 1 .m) k e lib  c h iq a d i.

m ^

A g a r  X  u> =1  s h a rtd a n  fo y d a la n s a k , te n g l ik la r  h o s il b o ‘ la d i: 
/=1

'ST *
2 . y> S h a rt b o 'y ic h a  p , o 'v in c h i  m a k s im u m  y u lu q q a  e iis h is h

u c h u n  h a ra k a t q ila d i,  y a 'n i  1/v m iq d o r n in g  m in im u m  q iy m a t in i  
to p is h g a  in t i la d i.

D e m a k , p , o 'y m c h in in g  o p t im a l s tra te g iy a s in i to p is h  u c h u n

m

q u y id a g i s h a rtla rd a  -  1 (j = 1 , « ) , y] > 0 (/ = l m ) .

m
= 2*)': fu n k s iy a n in g  m in im a l q iy m a t in i  to p is h  kerak.

/=1

X u d d i  s h u n d a y  p2 o ‘v n o v c h i o p t im a l s tra te g iy a s in i to p is h  u c h u n  
q u y id a g i sh a rtla rd a

m
'Lajxj 2 1 ( y  = 1 ,m ) ,  x, > 0  (j = 1 ,«).

«
F = fu n k s iy a n in g  q iy m a t in i  to p is h  k e ra k  (b u n d a  xi = ^ ) .

i—l u

S h u n d a y  q i l ib ,  A o ‘ y in  m a tritsa s i b i la n  b e r ilg a n  mxn k o ‘r in is h d a g i 
b i r  j u f t  o ' y i n n i  c h i z i q l i  p r o g r a m m a la s h t i r is h  m a s a la s i b i la n  
a lm a s h t ir ib , q u y id a g i s im m e tr ik ,  ik k ila n g a n  m a sa la la r k o ‘ r in is h id a  
y o z is h  m u m k in :

B ir la m c h i m a sa la . Q u y id a g i c h e g a ra v iy  s h a r t la m i

n
!Lavxj  -  1 (i = u ) ,  X j  > 0 [j  = l , r t )
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q a n o a t la n t ir u v c h i F(xl,x2, ...  , x n)  =  X xj f u n k s iy a n in g  m a k s im u m

q iy m a t in i  to p in g .
Ik k i la m c b i n ia s a la . Q u y id a g i  c h e g a ra v iy  s h a rt la rn i

m __  ___
X a ij>’i >  0 (/ = !,«), iij > 0  (/ = 1 , m )
/=1

fl
q a n o a t la n t iru v c h i F(uv uv ...,ua) — X  y j fu n k s iy a n in g  m in im u m

qiymatini toping.
K c frs a t i lg a n  ik k ila n g a n  m a s a la la rn in g  y e c h im ia r id a n  fo y d a la n ib , 

o ‘y in  s tra te g iy a s in i v a  y u tu g ‘ in i  q u y id a g i fo rm u la la r  b ila n  to p a m iz :

x > - ;  x * ;
M  j =I

I * ;  f > ; ’ ( / = i ^ r j  = u ) .
M  <•=I

D e m a k .  p. o ‘ y i n  y e c h im in i  c h i z iq i i  p r o g r a m m a la s h t i r is h  
u s u l la r in i  q o ' l la b ,  to p is h  ja r a y o n i  q u y id a g i k e tm a -k e t i ik d a  a m a lg a  

o s h ir i la d i:
1) o ‘ y in  m a tr its a s ig a  e k v iv a le n t  b o 'lg a n  b i r  ju f t  ik k ila n g a n  

c h iz iq i i  p ro g ra m m a la s h t ir is h  m asa las i tu z i la d i;
2 ) b ir  ju f t  ik k ila n g a n  m a s a la n in g  o p t im a l re ja s i to p i la d i;
3 ) ik k i la n g a n  b i r  ju f t  m a s a la n in g  o p t im a l re ja s i b i la n  o p t im a l 

s t ra te g iy a  v a  o 'y i n  y u t u g ‘ id a n  f o y d a la n ib ,  o ‘y in n in g  v e c h im i  

to p ila d i.
8 .3 -m a s a ia . Q u y id a g i  m a tr its a  b ila n  b e r ilg a n  o ‘y in n in g  y e c h im i 

to p ils in .

'b 2 5 'i
4 3 7
5 5V 6
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Y e e h is h . B u  m a tr its a  e g a r n u q ta g a  an — 5 ega. S h u n in g  u c h u n

u n in g  s il j ig a n  s o f  s tra te g iy a s i A.s v a  B, b o 'la d i,  y a ’n i X = (0 ,0 ,1 )  va

Y — (0 ,1 ; 0 )  v = 5  b o 'lg a n d a .
B u  m a t r i t s a g a  m o s  t o 'g ' r i  b i r  j u f l  c h i z i q l i  p r o g r a m m a -  

la s h t ir is h n in g  ik k ila n g a n  m asaiasi q u y id a g i k o 'r in is h d a  b o 'la d i:

D a ts la b k i m a sa la : 
Q u y id a g i  sh a rtla rd

6x, +  4 x 2 +  5x3 > 1,

Ik k ila n g a n  m asala  
a Q u y id a g i sh a rtla rd

6}’, +  2y2 +  5.y3 < 1,

a

2x, + 3 x 2 + 5 x 3 >  1, 

5xi + 7 x 2 + 6 x 3 > 1 .

2yv +  3 y2 +  5y3 < 1, 

5 v, + 5y2 +  6.y3 < 1.

•

X j> 0 , x ,> 0 , x ,> 0 . w,>0, ¿/,>0, u 3> 0

f ( x , , X 2 , X 3) =  X , + X 2 +  X 3 / ( « , , H2,M j)=M , + w , + « 3
fu n k s iy a n in g  m in im u m  fu n k s iy a n in g  m a k s im u m  
q iy m a t in i  to p in g  q iy m a t in i  to p in g

Ik k ila n g a n  m asa la  s im p le k s  u su l b ila n  y e c h ils a , q u y id a g i ja d v a lla r  
h o s il  b o 'la d i.

/- simpleks jadval

4 I [I III I ] 1 0 0 0 I

c 6 A * U! U 2 U4 l l 5 u 6

3 0 1 -6- 2 5 1 0 0

2 0 U 5 I 4 J 7 0 1 0

I 5 ]0 u 6 1 5 6 0 0

z=o -1 -1 -1 0 0 0

193



2- simpleks jadva l

4 1 2 3 1 1 I 0 0 0
Tek-

shirish
ustuni

c 6 "i '■h u? U4 U 5 5

3 0 U 4 3/5 4 0 13/5 0 0 —2/5 4 1
5

2 0 U 5 2/5 1 0 17/5 0 0 -3 /5
5

I 11 U2 1/5 1 1 6/5 0 0 1/5 3/5

Indeks satri Z=l/5 0 0 1/5 0 0 1/5 3/5

D e m a k , in d e k s  s a tr id a g i h a m m a  k a ta k la rd a g i s o n ia r  m u s b a t 

b o ‘lg a n i u c h u n  o p t im a l y e c l i im  q u y id a g ic h a  b o 'la d i  « , = 0 , i/2= - ,

K3= 0 ,  w4= !  ; « 5= |  v a  Z miL= / nun= ^  b o ‘ la d i .  O y i n  y u t u g ' i

= -  = 5
Z raax j. b o 1 le a n i u c h u n  o p t im a l y e c h im la r  >’,* = 0 , v 2* = l ,

5
} '3* = 0  ga te n g . C h iz iq la rd a  q a n d a y  q i l ib  K  o ‘ y in c h in in g  o p t im a l

s tra te g iv a s i Y * (0 ; 1 ;0 ) ga  te n g .
A o 'y in c h m m g  y u tu g ‘ in i  o p t im a l y e c h im la r in i ,  y a ’n i  d a s tla b k i 

m a s a la n i o p t im a l y e c h im la r in i  o ‘zg a rm a s la r  u s tu n id a n  y4, y5, yb 
s o n la m i ta n la b  o la m iz :

x ,* = 0 , x 2= 0 , x = j  o p t im a l s tra te g iv a s i esa X * (0 ; 0 ;1 )  ga  te n g  

b o 'la d i.

T o p s h ir iq ia r

8 . 4 - 8 . 1 7 -m a s a la la r .  Q u y id a g i  m a t r i t s a la r  b i la n  b e r i lg a n  
o ‘y in la m in g  y e c h im la r i  to p ils in .

194



8.4 .

8 . 6 .

8 .8 .

А ,=

3 4 5
7 6 4\ /

(2  4 О 3 5Ч 
6 3 8 4 2

а 5=
4 7 1 - 2 4
0 - 3 4 2

8.12.

*9=

8.16.

А Ы=

8.5 .

8 .7 .

8 .9 .

А;

А

/ 8 5 3 6 7 л
4 7 9 5 8/
5 3 6 4 5Л 
4 18 4 2

(2 5 л 
7 1
3 7
4 6

8.10. '1  - Г  
5 4

8.11. '2  8' 
4 3

Л  5 0 6
3 -2 а 8= 3 4
2 1Ч / 5 2Ч /

'6 4' 8 .1 3 . '1 - Г
5 3 0 1
3 6 -1 0
1 8 *ю ~ 2 -3
2 5 1 2V V у

8.14. '4 7' 8.15 .
i 9 3

t"-ОО

А ,2= 5 9
[б  9 J

* 1 3 =
6 5 9
7 7 8Ч /

г7 6 7 51
8 .17 . 5 6

\
7

6 7 9 8 Ац = 3 4 2

5ч 8 4 6 2 - 3 8
/
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Tayanch iboralar
Matritsa, o'yin matritsasi. о'yin yutug’i. egar nuqta, vechim. juft. juft о‘yin, 
o‘yinning quyi yiitug‘i, o‘yinning yutug'i.

Takrorlash uchun savollar
1. O'yinlar nazariyasining iqtisodiy talqini deb nimaga aytiladi?
2. О 'yinning geometrik talqini deganda nimani tushunasiz?
3. О yin matritsasi nima?
4. О yin yutug'i deganda nimani tushunasiz?
5. Egar nuqtali o'yin deb nimaga aytiladi?
6. 0 ‘yinning quyi va yuqori yutug'i deb nimaga aytiladi?



1. Maqsadli funksiya qanday tuziladi?
1) maqsadli f u n k s i y a . ..,x n vaa1,a2,...,a„ o'zgaruvchilardan

tuziladi;
2) maqsadli funksiya bu tayanch chiziq;
3) maqsadli funksiya bu optimal reja;
4) maqsadli funksiya deb muvozanat chizig'iga aytiladi;
5) maqsadli funksiya deb matematik modelga aytiladi.

2. Transport masalasida yopiq matematik model deb nimaga aytiladi?

m 

2 >
2. —----< 1 ga aytiladi;n

X * ,
7=1

m

1
4. — —  =  — ga aytiladi.

/•=1

3. Yechuvchi satr deb o‘zgarmas ustundagi sonlarni mos ravishda yechuvehi 
ustundagi sonlarga bo‘lganda...?

1) eng katta son turgan satrga aytiladi;
2) eng kichik son turgan satrga aytiladi;
3) musbat son bo:lgan satrga aytiladi;
4) manfiy satr boigan satrga aytiladi;
5) manfiy boigan satrga aytiladi.

4 .  Yechuvchi ustun qanday olinadi?
1) o'zgarmaslar ustunidagi eng kichik son turgan ustun olinadi;
2) indeks satridagi eng katta musbat son turgan ustun olinadi;

TEST SAVOLLARI

m

1. ——  = 1 ga aytiladi;

I A
i=i

x « /
3. ——  >-1 ga axtiladi:n

XA-
/=1
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3) indeks satrida turgan eng kichik son turgan ustun olinadi;
4) indeks satridagi eng kichik manfiy son turgan ustun olinadi; 
s> satridagi turgan eng katta manfiy son olinadi.
5. Yechuvchi son qanday olinadi?
1) yechuvchi satr bilan o'zgarmaslar ustuni kesishgan katakdagi songa aytiladi;
2) yechuvchi satr bilan x, o'zgaruvchi joylashgan ustun kesishgan katakdagi 

songa aytiladi;
3) yechuvchi ustun bilan yechuvchi satr kesishgan katakdagi songa aytiladi;
4) yechuvchi satr bilan x, o‘zgaruvchi turgan ustun kesishgan katakdagi 

songa aytiladi;
5) indeks satrida joylashgan birinchi katakdagi songa aytiladi.
6. Quyidagi masalaning

j  3X[ +  2 x 2 < 2,

[4 !̂ + 9x2 < 4.
X! > 0,x2 > 0.

F (x ¡, x2) = 5xj + x 2 —> max muvozanat chizig'i tenglamasini toping.

1) 5x! + x2 = 1;

2) 5xj + x2 >-1;

3) 5x¡ + x2 = K;

4) 5x¡ + x2 = 0;

5) 5xj + x2 -< 0.

7. Bosh satr elementlari qanday formula yordamida to‘ldiriladi?

О + A ,  Ki
!) - r " ; 2)

3) 1к ’ 4) ~K,’ 5) K y + K 2 '
8. Bosh satrdan boshqa satrlardagi kataklar qanday formula yordamida 

to‘ldiririladi?

, л K \K 2 t K \K 2
i) 4  = °- 2) Av = 2° i  —

Л / " » К I ~ F 2 . K\ + K 2 A — Г\ _  ^ 13) Aj = Oj —— ; 4) Aj = Oy ------ —— ; 5) Ay -  4f ^  ■
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9. Transport masalasining birinchi programma xarajatlari qaysi formula 
yordamida hisoblanadi?

„  m  ■.

1) L m a x; 2) I  =  ->  m in ;
/=1 >1 M 7=1

ii m JL J2,
3) £  =  X  ■/<' +  X  ^  m in ;  4 ) L =  2 ^  a-, +  X  y >

;=i /=1 >'=1 y=i

5 . L =  / ü f  - »  m a x .

10. Potensiaiïar uslubi bilan transport masaiasini yechganda jadvaliarning 
optima! bo‘lishi uchtui qanday shart bajarilishi kerak?

D Q - Q - O :  2 ) C (/ = *Z>;

3) C,j — C'j y  0 ; 4 ) (¡j +  bj — Cy,
5 ) C'j -  a, >  0 .

11. Yechovchi satr kelgusi jadvalda qanday satr deyiladi?
1) y e ch u v ch i ko'p aytu vch i; 2) y e ch u v ch i ayirm a;
3) bosh satr; 4) yechuvchi satr;
5 ) bosh  b o 'lm agan  satr.

12. Transport masalasiga qanday vaqtda yangi iste’molchilar kiritmasdan 
opfimaHashtirish mumkin?

1) a, = bf, 2 ) t f ; = X ô/-

3) Î a>= b P  4 ) X û - =  X ôy;
i=l

5) a, -  bj =  / .

13. Simpleks uslabida tekshirish ustuni qanday toiidiriladi?
1) satr e lem en tla r in i b ir-biriga ko'paytirib qo 'sh ish  bilan;
2) ind ek s satr e lem en tla r in i qo 'sh ish  bilan;
3) h am m a satrlarni m o s ravishda satr b o 'y ich a  q o 'sh ish  bilan;
4) faqat b itta  satr e lem en tlar in i q o 'sh ish  bilan;
5) u stun  e lem en tlar in i q o 'sh ish  bilan.

14. Transport masalasining modeli qachon ochiq matematik model deyiladi?
1) a = b bo'lganda; 2 ) a, = bt bo'lganda;

II __

3) cij >-b, bo'lganda; 4)  X  a> = X  bo'lganda;1=1
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m n
5) X a < ~  X bj bo‘lganda.

»=1 ./=1
15. Matematik progranunalashtirish masalalari qaysi olimning ishlarida birinehi 

maria ko'riia bosMangan?
1) R. Beilman; 2) D. Dansig;
3) S. X. Siroiiddinov; 4) L. V. Kantorovich;
5) A. S. Gershgorn.
16. Chiziqli prograitunalashtirishiiing umumiy masalasida qanday yechimlar 

o‘rganiSadi.
1) musbat va nolli yechimlar; 2) manfiy sohasida;
3) nolli yechimlar; 4) musbat yechimlar;
5) nolli, manfiy, musbat yechimlar.
17. Chiziqli programmalashtirishning asosiy snasalasida qanday yechimlarni 

topish talab etiiadi.
1) nolli yechimlar; 2) musbat yechimlar;
3) manfiy yechimlar; 4) musbat va nolli yechimlar;
5) musbat. manfiy va nolli yechimlar.
18. Quyidagiiar berilganda transport masalasining birinehi prograirnnasining 

xarajati nimaga teng?
Bazalardagi nollar ai =400 t, a, =500 t va iste’molchilar talabi b, =300 t, 

b: =4001, b. =200.

r _ f3  5 4 '
Ta’rif matritsasi 4 5 9

V ~ /
1.3200; 2. 3100; 3. 3400; 4.5400; 5. 1260.
19. Quyidagi sliartlarda

Jl5xj + 6x2 < 30,
Ix <2*- 1 F  = 7xj + 4x2 ning maksimum qiymatini toping.
X! > 0,x2 > 0.
1.70; 2. 18: 3.24; 4. 14; 5.72;
20. Quyidagi ftmksiyaning

fx! +4x2 < 8,
[4x! + x 2 < 1 .
Xj > 0, x2 > 0.

F  = 10X[ + 20x2 ning maksimum qiymatini toping.
1. IS; 2.32: 3.20; 4.5; 5.28.
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21. Quyidagi shartlarda

X\ +  x2 5  18,

; x  ̂ + 2 x 2 — 24. 

xy < 12.

X, > 0 ,x 2 > 0.

Fm3X -  1 Oa'j + 2 0 x 2 -»  max. maksimum qiymatini toping.
1.42 x«=(12;6); 2.35; 3.32 ^=(10;8);
4. 11; 5. 13.

22. Quyidagi shartlarda

2xj +  2 x2 + 2 x 3 < 6,

5xj +  2 x 2 +  5x3 <  8 . 

x ^ x 2, x 3 > 0 .

F = 9xj + 7x2 + 12x3 —> m a x . maksimum qiymatini toping?
1. F =53/3 x° =(0, 7/3, 2/3);
2 -C = 1 2  x°=(l, 5, 3);
3. Fr>=3 X>=(2, 3/2, 2/3);
4. F =5 y=(0, 7/3,2/3);
5. Fma =4 x"=(0, 7/3, 2/3).
23. Quyidagi shartlarda butun sonli yechimlarni toping.

4xj +  x 2 -  4 x 3 > 2,

—X, +  x 3 > 1,

-3X] +  3x2 -  3x3 > 1.

Xi > 0,x2 > 0.

F(X)  =  2 x ( + x 2 + 2 x 3 ->  m in .m inim um  qiymatini toping.

1- FDliu= 8; 2. Fmia= 4; 3. Finia= 5; 4. Finin= 6; 5. Fmto= 3.
24. Qayidagi yutuqni toping:

3 1 4^
A  =

4 2 3 1
1. jc,=2/3, x,=l/3;
2. x,=3/2, x’=4/3;
3. x =7/3, a-¡=3/4;
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4. jc,=4/3, x2=5/3;
5. x,=l/3, x,=4/3.

25. Quyidagi shartlarda

4x[ + x 2 -  4x3 > 2,
■ -Xj + x3 > 1,

-3 x , + x2 +  3x3 > 1.

X! > 0 ,x 2 > 0.

F  =  2xj + x2 + 2x3 —> m in butun sonli yechimlarini toping.
!■ ^ = 8 ,  x° =(0; 6; 1; 0; 0; 8);
2. 4, x°=(l; 2; 3; 4);
3. ^ m=5, ^=(0; 0; 3; 1; 0; 7);
4. Fmi=6, jk®=(2; 3; 0; 0; 2);
5. /^ = 3 , ¿>=<0; 3; 7; 0; 0; 2).
26. Quyidagi shartlarda butun sonli programmaiashtirish niasalasini yeehing.

3x( + 2x2 < 10,

• xx + 4x2 < 11,

3xj + 3x2 + x3 < 13.

Xj > 0 ,x 2 > 0 ,x 3 > 0.

F  = 4xj + 5x2 + x3 -»  m in. minumim qiymatini toping.

1. x° =(0; 3; -1; 3/2);
2. XJ=(0; 2; -4; 6);
3. x°=(2; 2; 1; 0; 0; 1);
4 .f= (0 ; 0; —2; 3; 1);
5. x°=(3/4; 1/2; 3/2; 1; 2).
27. Quyidagi shartlarda Lagranj funksiyasini tuzing.

2xj + 2x2 = 6,

F ( X )  = x f  + x2 .

1. L( x l , X j , A) = A(x2 + x2) + A(6 -  2x! -  3x2);

2. L(X[, x 2, A) =  Ax2 + x2 + A(6 -  2xt -  3x2);

3. Z ( x x, x 2, A )  = A (6  + 2 x j + 3 x2) -  x,2 -  x 2;
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4. L( xu x 2,A) = x2 + x \  + A(6-2xj -3 x 2);

5. Z,(xj, x2, A) = x2 + a(6 -  2xl -  3x2 ).

28. / ’(Xj, x2,..., xn ) funksiya X  qavariq to ‘plamda berilgan deyiladi, har qanday
y va г lar iichuB quyidagi shartlar bajarilsin.

1. F [X2 -  (1 -  A)x, ] < XF{x2 ) + (1 -  A ) / ’(x1);

2. F  [Ax2 -  (1 -  A)Xj] < A /(x2 ) + (1 -  A)Д х 1);

3. F  [(1 -  A)x2 + (1 -  A)xj ] < A /(x2 ) + (1 + F ( Xl ));

4. /"[(1 + A)x2 + (1 + A)x, ] < / ( x 2) + (1 + / ’(x1));

5. / ’(1 + Ax1) < f ( l  + Ax2).

29. Quyidagi shartlarda

J 4xj + 6x2 < 4000.
|x 1 + 2x2 < 12.
X! > 0, x2 > 0.

F ( X )  = 5xj + 8x2 —> min . minumim qiymatini toping.
1.5200: 2.3200: 3.2000; 4.2200; 5.1700.

30. F (x lx 2)= 3 x l:-г 1 2x2- funksiyadan A °= (3;4) nuqtada 5(1; 1) ||5|| = 1 
yo‘nalish bo'yicha hosila topilsin.

1 - ~ э У “ ж Ц4;

4 j £ g ! > - 1 2 0 ;
Э S Э s

S. Щ р ,  94.
OÙ
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