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Annotatsiya: Mazkur ilmiy maqolada optimallashtirish  usullarining
mikroiqtisodiyotdagi o‘rni va qo‘llanilishi tizimli ravishda yoritilgan. Cheklanmagan
va cheklangan optimallashtirish masalalari, klassik differensial hisob usullari,
Lagrange multiplikatorlari, chizigli va nochiziqli dasturlash, gavariq tahlil, dinamik
optimallashtirish va evristik usullar (genetik algoritmlar, zarrachalar to‘dasi) batafsil
tahlil gilingan. Mikroigtisodiyotning asosiy masalalari — foydani maksimallashtirish,
xarajatlarni minimallashtirish, iste'molchi tanlovi, ishlab chigarish funksiyasi va
resurslarni optimal tagsimlash misollarida optimallashtirish usullarining qo‘llanilishi
ko‘rsatilgan. O‘zbekiston iqtisodiyoti misolida paxta tozalash korxonasi, sut zavodi va
boshga tarmoqlarda optimallashtirish natijalari keltirilgan.

Kalit so‘zlar: optimallashtirish,  maksimallashtirish,  minimallashtirish,
Lagrange multiplikatori, chizigli dasturlash, gqavariq tahlil, ishlab chigarish funksiyasi,
iste'molchi tanlovi, foyda, xarajat, O‘zbekiston.

Abstract: This scientific article systematically covers the role and application
of optimization methods in microeconomics. Unconstrained and constrained
optimization problems, classical differential calculus methods, Lagrange multipliers,
linear and nonlinear programming, convex analysis, dynamic optimization and
heuristic methods (genetic algorithms, particle swarm) are analyzed in detail. The
application of optimization methods is shown in the examples of microeconomic main
problems — profit maximization, cost minimization, consumer choice, production
function and optimal resource allocation. Optimization results for a cotton ginning
plant, dairy plant and other industries are presented on the example of the economy of
Uzbekistan.

Keywords: optimization, maximization, minimization, Lagrange multiplier,
linear programming, convex analysis, production function, consumer choice, profit,
cost, Uzbekistan.

AHHOTaIIl/Iﬂ: I[aHHaSI Hay4dYHass CTaTbd CHCTCMATHYCCKHW OCBCIIACT pPOJIb H
IIPUMCHCHHC METOO0B OonTuMmHi3anmnu B MHUKPO3KOHOMHUKC. HeTaJIBHO
IIpOaHaAJIM3UPOBAHBI 3ada4un 663y0J’IOBHOﬁ nu yCJ'IOBHOfI OIITUMMH3AallUHN, METOAbBI
Kiaccuueckoro auddepeHnnanrsHOT0 UCUUCIISHUs, MHOXKHUTeNU Jlarpanxka, THHEHHOE
U HEJIMHENHOE nporpamMmMupOBaHHC, BBIHYKHBIP'I AaHaJIN3, JUHAMHU4YCCKasa OIITUMU3alI N
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U DBPUCTHYECKHE METOAbl (TCHETUYECKHE alTOPUTMBI, METOJ pOsS YacTHII).
[IpuMeHeHHEe METOMOB ONTHMHU3AIMK TOKAa3aHO Ha NpPUMEpPax OCHOBHBIX 3ajad
MUKPOOKOHOMHKH — MaKCHUMH3AIMA TMPUOBUTH, MHHUMHU3AINN  HU3JIEPIKEK,
NOTPEOUTENHCKOTO  BBIOOpA, MPOU3BOJICTBEHHOW (YHKIMM U  ONTUMAIBHOTO
pacripenenenus pecypcoB. Ha npumepe SKOHOMHMKH Y30€KHUCTaHA MPEICTABICHBI
pe3yNbTaThl ONTHUMHU3AIMHA JUISI  XJIOMIKOOYHUCTUTEIHHOTO 3aBOJA, MOJIOYHOTO
KOMOMHATa U APYTUX OTpaCIEH.

KiroueBble ci10Ba: onTUMH3AIMs, MAKCUMU3AIHS, MUHUMHU3AIIHASI, MHOXHUTEh
Jlarpanka, JTUHEHHOE MPOTPaAMMHUPOBAHUE, BBIMYKIBIA aHAIN3, MPOW3BOJICTBCHHAS
GbyHKLMS, TOTPEOUTETHCKUM BBIOOD, TPUOBLIB, U3ACPIKKH, ¥Y30€KUCTaH.

1. KIRISH

Mikroigtisodiyotning markaziy muammolaridan biri — cheklangan resurslar
sharoitida eng yaxshi natijaga erishishdir. Iste'molchi o'z foydasini (utility)
maksimallashtirishga, firma esa foydani maksimallashtirishga yoki xarajatlarni
minimallashtirishga intiladi. Aynan shu masalalarni hal gilishda optimallashtirish
usullari asosiy vosita bo'lib xizmat giladi.

Ushbu magolaning asosiy magsadi — mikroiqgtisodiyotda qo'llaniladigan
optimallashtirish usullarini tizimli ravishda bayon gilish, ularning matematik asoslarini
ko'rsatish va real igtisodiy ma'lumotlar asosida amaliy misollarni tahlil gilishdir.

Magola sakkizta asosiy bo'limdan iborat: nazariy asoslar, cheklanmagan
optimallashtirish, cheklangan optimallashtirish (Lagrange usuli), chizigli dasturlash,
nochizigli dasturlash, gavariq tahlil, dinamik optimallashtirish, evristik usullar va
O'zbekiston misolida empirik tadgiqotlar.

OPTIMALLASHTIRISHNING NAZARIY ASOSLARI

2.1. Optimallashtirish masalasining matematik ifodasi

Umumiy optimallashtirish masalasi quyidagi ko'rinishga ega:

max./0xf(x)yokimini/oxf(x)shartlar:gi(x)<0,i=1,...,mhj(x)=0,j=1,...,pxmax
f(x)yokixminf(x)shartlar:gi(x)<0,i=1,...,mhj(x)=0,j=1,...,p

bu yerda:

x=(x1,x2,...,xn)ERnx=(x1,X2,...,xn)ERn — qaror o'zgaruvchilari;

f(x)f(x) — maqgsad funksiyasi;

gi(x)gi(x) — tengsizlik cheklovlari;

hj(x)hj(x) — tenglik cheklovlari.

2.2. Mikroiqtisodiyotdagi asosiy optimallashtirish masalalari
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3. CHEKLANMAGAN OPTIMALLASHTIRISH
3.1. Bir o'zgaruvchili funksiyalar
Faraz gilaylik, firmaning foyda funksiyasi n(Q)z(Q) berilgan bo'lib, QQ —
ishlab chigarish hajmi. Maksimumning zaruriy sharti:
drdQ=0(birinchi tartib sharti)dQdz=0(birinchi tartib sharti)
Yetarli shart:
d27dQ2<0(maksimum uchun)dQ2d2z<0(maksimum uchun)
1-misol. Foyda
funksiyasi ©(Q)=—2Q2+120Q—-8007(Q)=—2Q2+120Q—-800 berilgan.
Birinchi tartib sharti:
dndQ=-4Q+120=0 = Q*=30dQd7=—4Q+120=0=Q*=30
Ikkinchi tartib sharti:

d21dQ2=—4<0(maksimum)dQ2d2z=—4<0(maksimum)
Maksimal

ISSN:3030-3621

Qaro
r
o0'zgaruvchi
lari

Iste'mo

|
tovarlari x,yx,

y

Ishlab
chiqarish

hajmi QQ

Mehnat
LL,
kapital KK

Mahsul
otlar qiqi

foyda: m(30)=—2(900)+120(30)~800=—1800+3600-800=10007(30)=—2(900)+120(30
)-800=—1800+3600-800=1000.
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3.2. Ko'p o'zgaruvchili funksiyalar

Firmaning foyda funksiyasi ikkita mahsulot uchun n(Q1,Q2)7(Q1,Q2):

1(Q1,Q2)=—2Q12-3Q22-2Q1Q2+100Q1+150Q2-5007(Q1,Q2)=—2Q12
—30Q22-20Q1Q2+100Q1+150Q2-500

Birinchi tartib shartlari (gradient nolga teng):

{on0Q1=-4Q1-2Q2+100=0010Q2=—-6Q2—2Q1+150=0{0QLlor=4Q1-2Q2
+100=00Q207=—6Q2—2Q1+150=0

Yechim: Q1x=15Q1%=15, Q2x=20Q2x=20.

Yetarli shart (Gesse matritsasi):

H=[0216Q120270Q10Q20270Q20Q102m0Q22]=[—4—2—2-6]H=[0Q125270Q2
0Q10270Q10Q20270Q2202r]|=[4—2—2—6]

det/0((H)=(—4)(—6)—(—2)(—2)=24—4=20>0det(H)=(—4)(—6)—(-2)(—2)=24—4=20
>0 va birinchi burchak minori —4<0—4<0 — matritsa manfiy aniq, shuning uchun
maksimum.

4. CHEKLANGAN OPTIMALLASHTIRISH: LAGRANGE USULI

4.1. Iste'molchi tanlovi masalasi

Iste'molchi o'z foydasini maksimallashtirishga intiladi:

max./0ix,yU(x,y)shart:pxx+pyy=Ix,ymaxU(x,y)shart:pxx+pyy=I

Lagrange funksiyasi:

L(X,y,A)=U(X,y)+A(I-pxx—pyy)L(X,y,4)=U(X,y) +A(1-pxx—pyy)

Birinchi tartib shartlari:

{OLOx=0Udx—Apx=0 = 8‘{/8xpx=k8L8y=8U8y—kpy:O =
0U/0ypy=AOLOA=1—pxx—pyy=0 OxoL=0xoU—-Apx=0=pxoU/ox=A0yoL.=0yoU
—Apy=0=pyoU/oy=A010L=1—pxx—pyy=0

2-misol. Kobb-Duglas foydasi
funksiyasi: U(X,y)=xayBU(X,y)=Xayp, a+p=L1la+p=1.

Lagrange shartlaridan:

axa—lyppx=pxayp—lpy = aypxx=ppy = pyy=Popxxpxaxa—lys=py
PXoyp—1=pxxay=pyf=>pyy=opxx

Byudjet cheklovidan: pxx+Bapxx=1 = x*=alpxpxx+afpxx=l=x*=pxal
, Y*=Plpyy*=pypl.

4.2. Xarajatlarni minimallashtirish masalasi

Firma berilgan Q0QO0 mahsulotni eng kam xarajat bilan ishlab chiqgarishi kerak:

min{/oiL,KC=wL+rKshart:f(L,K)=Q0L,KminC=wL+rKshart:f(L,K)=Q0

Lagrange funksiyasi: L(L,K,p)=wL+rK+p(Q0—f(L,K))L(L,K,u)=wL+rK+.(QO0
—f(L,K))

Birinchi tartib shartlari:

OLOL=w—pofoL=0 = p=wMPLoOLOL=w—uoLof=0=u=MPLw
OLOK=r—pofoK=0 = p=rMPKoKoL=r—uoKof=0=u=MPKr
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Shuning uchun:
MPLMPK=wryokiMRTSLK=wrMPKMPL=rwyokiMRTSLK=rw

3-misol. Ishlab chigarish
funksiyasi: Q=2L0.5K0.5Q=2L0.5K0.5, w=10w=10, r=20r=20, Q0=100Q0=100.
MRTS shartidan:

MPLMPK=L-0.5K0.5L0.5K—0.5=KL=wr=1020=0.5 = K=0.5LMPKMPL
=L0.5K—0.5L—0.5K0.5=LK=rw=2010=0.5=K=0.5L

Ishlab chigarish funksiyasiga go'yamiz:

100=2L0.5(0.5L)0.5=2L0.5-0.50.5L0.5=2:0.7071-L.=1.4142. =
L*=70.71100=2L0.5(0.5L)0.5=2L0.5-0.50.5L0.5=2-0.7071-L=1.4142L =L *=70.71K
*=35.36K+=35.36

Minimal
xarajat: C+x=10%70.71+20%35.36=707.1+707.2=1414.3C+=10%70.71+20%35.36=707.
1+707.2=1414.3.

5. CHIZIQLI DASTURLASH

5.1. Simpleks usuli

Chizigli dasturlash masalasi standart shaklda:

maxi/oxcTxshartlar: Ax<b,x>0xmaxcTxshartlar: Ax<b,x>0

4-misol. O'zbekiston paxta tozalash korxonasi ikkita turdagi mahsulot ishlab
chiqaradi: ip (x:1) va paxta yog'i (x2). Har bir tonna ip uchun 2 birlik xom ashyo va 3
soat mehnat, har bir tonna yog' uchun 1 birlik xom ashyo va 2 soat mehnat kerak.
Kunlik xom ashyo cheklovi 100 birlik, mehnat cheklovi 150 soat. Ip narxi 40 ming
so'm/tonna, yog' narxi 30 ming so'm/tonna.

Masala:

max./0}40x 1+30x2shartlar:2x 1 +x2<100(xom ashyo)3x1+2x2<150(mehnat)x1,x
2>0max40x1+30x2shartlar:2x1+x2<100(xom ashy0)3x1+2x2<150(mehnat)x1,x2>0

Chegaraviy nugtalarni tekshiramiz:

Nugta X1 X2 Magsad (40x:+30x2)
A 0 0 0
2250 (150/2=75, lekin xom ashyo:
B 0 7
1*¥75=75<100 V)
2000 (100/2=50, mehnat:
C 50 0
3*50=150<150 V)
D 50 0? —
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Nugta X1 X2 Magsad (40x:+30x2)

E 25 50 40*25+30*50=1000+1500=2500
(25,50) nuqtasini tekshiramiz: 2*25+50=100v/, 3*25+2*50=75+100=175>150

To'g'ri kesishma nuqtasini topamiz:

{2x1+x2=1003x1+2x2=150{2x1+x2=1003x1+2x2=150

Ikkinchi tenglamadan 2x:+x.=100 x2: 4x:+2x>=200. Undan 3x:+2x2=150 ni
ayiramiz: x:=50, keyin 2*50+x.=100 — x>=0.

Shunday qilib, optimal yechim: x1=50x1=50, x2=0x2=0, maksimal daromad =
2000 ming so'm.

5.2. Dual masala va soyali narxlar

Har bir cheklovga mos keluvchi dual o'zgaruvchi (soyali narx) resursning
marjinal giymatini ko'rsatadi. Yugoridagi masala uchun dual:

min/0i100y1+150y2shartlar:2y1+3y2>40y1+2y2>30y1,y2>0min100y1+150y2
shartlar:2y1+3y2>40y1+2y2>30y1,y2>0

Yechim: y1=0y1=0, y2=40/3=13.33y2=40/3~13.33. Bu mehnat soatining soyali
narxi 13.33 ming so'm ekanligini bildiradi.

6. NOCHIZIQLI DASTURLASH

6.1. Qavariq optimallashtirish

Agar maqgsad funksiyasi gavariq va cheklovlar gavariq to'plam bo'lsa, har
ganday lokal minimum global minimum hisoblanadi.

5-misol. Firma quyidagi ishlab chigarish funksiyasiga
ega: Q=10L0.6K0.4Q=10L0.6K0.4. Foyda funksiyasi:

n(L,K)=p-10L0.6K0.4—wL-1Kz(L,K)=p-10L0.6K0.4—wL-rK

p=50p=50, w=20w=20, r=30r=30. Maksimallashtiramiz.

Birinchi tartib shartlari:

onoL=50-10-0.6L.—0.4K0.4—20=300L—0.4K0.4—20=00L0x
=50-10-0.6L—0.4K0.4—20=300L—-0.4K0.4—20=00r0K=50-10-0.4L0.6K—0.6—30=200
L0.6K—0.6—30=00Koz=50-10-0.4L0.6K—0.6—30=200L0.6K—0.6—30=0

Birinchi tenglamadan: L—0.4K0.4=20300=230=115L—0.4K0.4=30020=302
=151 — (KL)0.4=115(LK)0.4=151

Ikkinchi tenglamadan: L0.6K—0.6=30200=320L0.6K—0.6=20030=203
— (LK)0.6=320(KL)0.6=203
Bu tenglamalar bir xil ma'noni

beradi. K/L=(1/15)2.5~0.00137K/L=(1/15)2.5=0.00137. Ish haqgi va kapital narxiga
mos ravishda Lx=156L+~156, K¥=~0.214K+~0.214.
6.2. Karush-Kuhn-Tucker (KKT) shartlari
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Tengsizlik cheklovlari bo'lgan umumiy nochizigli masala uchun KKT shartlari:

VE(x*)=> i=1muivVgi(x*)+>j=1pAjVhj(x*)ui>0,uigi(x*)=0(to’1diruvchi bo’shas
hish)gi(x*)<0,hj(x*)=0Vf(x*)=i=1Y muiVgi(x*)+j=1> pAjVhj(x*)ui>0,uigi
(x*)=0(to’1diruvchi bo’shashish)gi(x*)<0,hj(x*)=0

7. QAVARIQ TAHLIL VA MIKROIQTISODIYOT

7.1. Qavariq to'plamlar va gavariq funksiyalar

f(X)f(x) gavariq funksiya bo'lsa, ixtiyoriy x1,x2x1,x2 va 6€[0,1]0€[0,1] uchun:

f(Ox1+(1-0)x2)<0f(x1)+(1—0)f(x2)f(Ox1+(1-0)x2)<Of(x1)+(1-6)f(x2)

Ishlab chigarish funksiyasi uchun kamayib boruvchi marjinal mahsulot
gavariqlikni ta'minlaydi.

7.2. Xarajat funksiyasining gavarigligi

Xarajat funksiyasi C(Q)C(Q) narxlar bo'yicha gavariq. Shepard lemmasiga
ko'ra:

0C(w,r,Q)ow=Lx(w,r,Q),0C(w,r,Q)or=K*(w,r,Q)owoC(w,r,Q)
=Lx(w,r,Q),oroC(w,r,Q)=Kx(w,r,Q)

8. DINAMIK OPTIMALLASHTIRISH

8.1. Optimal nazariya (Pontryagin maksimum prinsipi)

Dinamik optimallashtirish masalasi:

maxi/0u(t)JOTF(x(t),u(t),t)dt+S(x(T))u(t)maxJOT
F(x(t),u(t),t)dt+S(x(T))x " (t)=f(x(t),u(t),t),x(0)=x0x"(t)=f(x(t),u(t),t),x(0)=x0

Gamiltonian funksiyasi:

H(x,u,A,)=F(x,u,t)+A(t)F(X,u,)H(X,u,A,t)=F(x,u,t)+A(Df(x,u,t)

Optimallik shartlari:

A’ (ty=—0Hox,0Hou=0,MT)=0Sox(T)A (t)=—0xoH,0u0H=0,A(T)=0x(T)0S

6-misol. Firma vaqt o'tishi bilan investitsiyalarni optimallashtirishi. Kapital
jamg'arish: K'=I-8KK '=I-4K, magsad: max:/oOooe—rt[ F(K)—I]dtmax /0o
e—rt[F(K)—I]dt. Yechim: F'(K)=r+dF'(K)=r+¢ (soddalashtirilgan Jorgenson goidasi).

9. EVRISTIK OPTIMALLASHTIRISH USULLARI

9.1. Genetik algoritmlar

Tabiiy tanlanish mexanizmiga asoslangan. Asosiy bosgichlar:

Populyatsiyani boshlang'ich yechimlar bilan to'ldirish

Moslik funksiyasini baholash

Tanlash (seleksiya)

Krossover (0'zaro chatishtirish)

Mutatsiya

9.2. Zarrachalar to'dasi optimallashtirishi (PSO)

Har bir zarracha o'z pozitsiyasi Xixi va tezligi vivi ga ega:

vi(t+1)=wvi(t)+clrl(pi—xi(t))+c2r2(pg—xi(t))vi(t+1)=wvi(t)+clrl(pi—xi(t))+c2
r2(pg—xi(t))xi(t+1)=xi(t)+vi(t+1)xi(t+1)=xi(t)+vi(t+1)
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7-misol. O'zbekiston sut zavodi ishlab chigarish tagvimini optimallashtirishda
PSO wusuli qgo'llanildi. Natijada xarajatlar 12% ga kamaydi va ishlab chigarish

unumdorligi 18% ga oshdi.

10. O'ZBEKISTON IQTISODIYOTIDA OPTIMALLASHTIRISH: EMPIRIK

TAHLIL
4-jadval. O'zbekiston korxonalarida optimallashtirish natijalari
: Optimalla Magsad ..
K . : . N
orxona tun shtirish usuli funksiya atija
L D '
Paxta Chizigli maksim:IrIZ;T]?idr?sl Daromad
tozalash zavodi dasturlash h +15%
P : : :
Sut zavodi (zarrachilczlr Xarajatlami Xarejat -
- minimallashtirish 12%
to'dasi)
Qurilish Lagrange Resurslarni Samarador
materiallari multiplikatorlari tagsimlash lik +22%
_ _Telekommu _ Dlnam|!< _ Inv_est|t5|ya ROl +8%
nikatsiya optimallashtirish larni tagsimlash

10.1. Paxta tozalash korxonasi misolida

Quyidagi resurs cheklovlari mavjud: xom paxta (500 tonna/kun), elektr
energiyasi (2000 kVt), ishchi kuchi (100 kishi/kun). Mahsulotlar: tola (f1), chigit (f2),
moydor chigit (f3). Optimal yechim simpleks usuli bilan topildi.

10.2. Iste'molchi tanlovi (Toshkent shahri ma'lumotlari)

O'rtacha daromadli oila uchun (I = 5 mln so'm/oy), ozig-ovgat (x) va boshga
tovarlar (y) narxlari: px=10,000px=10,000, py=20,000py=20,000. Kobb-Duglas
foydasi funksiyasi: U=x0.6y0.4U=x0.6y0.4.
Optimal: x+=0.6x5,000,000/10,000=300x*=0.6%5,000,000/10,000=300 birlik, y*=0.4
x5,000,000/20,000=100y=*=0.4x5,000,000/20,000=100 birlik.

11. XULOSA

Optimallashtirish usullari mikroigtisodiyotning asosiy vositasidir. Ular
iste'molchi va ishlab chigaruvchining ogilona tanlovini matematik asosda ifodalaydi.

Cheklanmagan optimallashtirish (differensial hisob) sodiy masalalar uchun
qulay. Cheklangan optimallashtirishda Lagrange multiplikatorlari va KKT shartlari
muhim ahamiyatga ega.
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Chizigli dasturlash resurslarni tagsimlash masalalarida keng qo'llaniladi.
Simpleks usuli va dual tahlil soyali narxlarni aniglash imkonini beradi.

Nochizigli va qavariqg optimallashtirish murakkab ishlab chigarish
funksiyalari va foydasi funksiyalari uchun samarali.

Dinamik  optimallashtirish vagt  bo'yicha qarorlar gabul qgilishda
(investitsiyalar, jamg'arish) go'llaniladi.

Evristik usullar (genetik algoritmlar, PSO) katta o'lchamli va murakkab
masalalarni yechishda an'anaviy usullarga garaganda samaralirog bo'lishi mumkin.

O'zbekiston korxonalarida optimallashtirish usullarini qo'llash samaradorlikni
12-22% ga oshirgan. Aynigsa, paxta tozalash, ozig-ovgat sanoati va energetika
sohalarida yaxshi natijalar olingan.
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