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ANNOTATSIYA

Ushbu maqolada mantiq algebrasida muhim o‘rin tutuvchi monoton funksiyalar
tushunchasi bayon etiladi. Monoton funksiyalarning ta’rifi, asosiy xossalari, mantiqiy
amallar bilan bog‘ligligi hamda ularning mantiqiy sxemalar va hisoblash nazariyasidagi
ahamiyati ko‘rib chiqiladi. Shuningdek, monoton funksiyalarning qo‘llanilish sohalari

yoritib beriladi.

Kalit so‘zlar: mantiq algebrasi, monoton funksiya, Bul algebrasi, gisman tartib,

mantiqiy funksiya.
KIRISH

Mantiq algebrasi matematik mantiq va diskret matematikaning muhim bo‘limlaridan
biri hisoblanadi. U mantiqiy mulohazalar va ularning formal modellarini o‘rganadi. Bul
algebrasi asosida aniglangan mantiqiy funksiyalar zamonaviy kompyuter texnologiyalari,
ragamli sxemalar va algoritmlar nazariyasida keng qo‘llaniladi.
Shu funksiyalar orasida monoton funksiyalar alohida ahamiyatga ega bo‘lib, ular
argumentlarning qiymati o‘zgarishi bilan funksiya qiymatining muayyan tartibda

o‘zgarishini ifodalaydi.

ASOSIY QISM

86-son 1-to’plam Dekabr-2025 Sahifa: 318



é Ustozlar uchun pedagoglar.org

1. Mantiq algebrasi tushunchasi

Mantiq algebrasi (Bul algebrasi) — bu {0,1} to‘plamida aniglangan va VA (A), YOKI
(v), INKOR (—) kabi amallar bilan jihozlangan algebraik tuzilma hisoblanadi. Har bir

mantiqiy funksiya bir yoki bir nechta mantiqiy o‘zgaruvchilar orgali ifodalanadi.
2. Monoton funksiya ta’rifi

Agar mantiqiy funksiya o‘z argumentlarining hech biri bo‘yicha inkor amalini o‘z
ichiga olmasa va quyidagi shart bajarilsa, u monoton funksiya deyiladi:
agar x<yx \le yx<y bo‘lsa, u holda f(x)<f(y)f(x) \le f(y)f(x)<f(y).

3. Monoton funksiyalarning xossalari
Monoton funksiyalar quyidagi xossalarga ega:

fagat VA (A) va YOKI (v) amallari orgali ifodalanadi;

inkor amalidan foydalanilmaydi;

gisman tartibni saglaydi;

monoton funksiyalar sinfi kompozitsiya amaliga nisbatan yopiqdir.
4. Misollar

« T(X,y)=xAyf(x,y) = x \land yf(x,y)=xAy — monoton funksiya;
« T(X,y)=xvyf(x,y) = x \lor yf(x,y)=xvy — monoton funksiya;

f(x)="xf(x) = \neg xf(x)=—x — monoton funksiya emas. 5. Monoton funksiyalarning
gisman tartib bilan bog‘ligligi

Mantiq algebrasida monoton funksiyalar gqisman tartiblangan to‘plamlar bilan uzviy
bog‘lig. {0,1}" to‘plamida tabiiy gisman tartib aniqlanadi. Agar x<yx \le yx<y bo‘lsa,
monoton funksiya bu tartibni saglaydi. Bu xossa mantigiy modellar va algoritmlarning

barqarorligini ta’minlaydi.
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6. Monoton funksiyalarning normal shakllari
Har ganday monoton funksiya monoton dis’yunktiv yoki monoton kon’yunktiv
normal shaklda ifodalanadi. Bu shakllarda inkor amali gatnashmaydi, fagat VA va YOKI

amallari qo‘llaniladi.

7. Monoton funksiyalar sinfining algebraik xossalari
Monoton funksiyalar sinfi kompozitsiyaga nisbatan yopiqdir. Ikki monoton
funksiyaning kon’yunksiyasi va dis’yunksiyasi ham monoton bo‘ladi. Inkor amalini

qo‘llash esa monotonlikni buzadi.

8. Post panjarasida monoton funksiyalar
Monoton funksiyalar Post panjarasidagi asosiy sinflardan biridir. Ushbu sinf

funksional to‘liq emas, chunki u inkor amalini ifodalay olmaydi.

9. Algoritmik va amaliy ahamiyati
Monoton funksiyalar optimallashtirish, garor gabul gilish va mantigiy sxemalarni

loyihalashda keng qo‘llaniladi.

5. Relation between monotone functions and partial order
In logical algebra, monotone functions are closely related to partially ordered sets. On
the set {0,1}, a natural partial order is defined. If x<yx \le yx<y, a monotone function

preserves this order, which ensures the stability of logical models and algorithms.

6. Normal forms of monotone functions

Every monotone function can be represented in monotone disjunctive normal form or
monotone conjunctive normal form. These forms do not include negation and use only
AND and OR operations.

7. Algebraic properties of the class of monotone functions

The class of monotone functions is closed under composition. The conjunction and
disjunction of two monotone functions are also monotone, while applying negation

generally destroys monotonicity.
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8. Monotone functions in Post’s lattice
Monotone functions form one of the fundamental classes in Post’s lattice. This class

Is not functionally complete because it cannot express negation.

9. Algorithmic and practical significance
Monotone functions are widely used in optimization problems, decision-making

processes, and logical circuit design.

5. CBS13b MOHOTOHHBIX (PYHKIIUH C YACTUYHBIM MOPSIKOM

B noruueckoit anrebpe MOHOTOHHBIE (DYHKIIMH TECHO CBS3aHBI C YACTHYHO
ynopsiioueHHbIMU MHOkecTBamMu. Ha wmuoxectBe {0,1}" 3amaércs ecTecTBEHHBIN
YaCTUYHBIN MOPSAAOK. MOHOTOHHAs! PYHKIUS COXPAHSAET 3TOT MOPSAO0K, UTO 00ECIIEUNBAET

YCTOﬁQHBOCTB JJOT'MYCCKHUX MOHCHCﬁ H aJITOPUTMOB.

6. HopmaiibHbie (hOpMbl MOHOTOHHBIX (DYHKIIHIA
JItobass MOHOTOHHAasT (YHKIMS MOXET OBITh TMpeACTaBiIeHa B MOHOTOHHOM
JTU3BIOHKTUBHOW WJIM MOHOTOHHOM KOHBIOHKTUBHOM HOpMasibHOM opme. B atux gpopmax

HC HUCIIOJIB3YCTCA OIICpalurs OTPpHULIAHHA.

7. AnreOpandeckue CBOMCTBA KJIacCa MOHOTOHHBIX (DYHKIIUI
Kitacc MOHOTOHHBIX (DYHKIIHI 3aMKHYT OTHOCUTEIHFHO KOMIO3ULIMK. KOHBIOHKIUS U
TU3BIOHKIIMS JBYX MOHOTOHHBIX (DYHKITMIM TaK)Ke SIBISIOTCS MOHOTOHHBIMH, TOT/Ia Kak

OTpPHUILIAHUE HAPYIIAET MOHOTOHHOCTb.

8. Monoronnsie pynkiuu B pemérke [locra
MoHoToHHBIE (YHKIMH 00pa3yroT OAWH M3 OCHOBHBIX KiaccoB B pemérke [locrta.
JlaHHBIH KJ1acC HE SABJsIeTCs (PYHKIIMOHATIBHO MOJIHBIM, ITOCKOJIBKY HE MO3BOJISIET BHIPA3UTh

OTIEPALINIO OTPHIIAHUS.

9. AnropurmMuyecKkoe 1 MpaKkTUIEeCKOe 3HaAUYCHHUE
MoHoTOHHBIE (DYHKIIUU MIUPOKO MPUMEHSIOTCS B 3a7a4aX ONTUMU3AIWU, IPUHSITHUS

PELICHUH U MPOCKTUPOBAHUS JIOTUYECKUX CXEM.
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10. Monoton funksiyalarning minimal va maksimal elementlar bilan bog‘liqligi

Monoton funksiyalar gisman tartiblangan {0,1}" to‘plamida aniglangani sababli,
minimal va maksimal elementlar bilan bevosita bog‘liqdir. Agar barcha argumentlar 0 ga
teng bo‘lsa, funksiya minimal qiymatni qabul qgiladi, barcha argumentlar 1 ga teng bo‘lsa
esa maksimal giymatga erishadi. Bu xossa mantigiy sxemalarni tahlil gilishda muhim

ahamiyatga ega.

11. Monoton funksiyalar va chegaraviy giymatlar

Monoton funksiyalar uchun quyidagi tengsizliklar doimo bajariladi:

£(0,0,...,0)<f(x1,x2,...,xn)<f(1,1,...,1)f(0,0,\dots,0) \le f(x_1,x 2\dots,x_n) \le
f(1,1,\dots,1)f(0,0,...,0)<f(x1,x2,...,xn)<f(1,1,...,1)

Bu xossa yordamida funksiyaning barcha mumkin bo‘lgan giymatlari chegaralanadi

va bu holat hisoblash jarayonlarini soddalashtiradi.

12. Monoton funksiyalarni sintez gilish masalasi

Mantigiy sxemalarni loyihalashda monoton funksiyalarni sintez gilish muhim
masalalardan biridir. Inkorsiz sxemalar kamroq elementlardan tashkil topadi va energiya
tejamkor bo‘ladi. Shu sababli, real texnik tizimlarda monoton funksiyalar asosida qurilgan

sxemalar afzal hisoblanadi.

13. Monoton funksiyalarni aniglash algoritmlari

Berilgan mantigiy funksiya monoton yoki monoton emasligini aniglash uchun
maxsus algoritmlar mavjud. Bu algoritmlar funksiya giymatlarining gisman tartibga
mosligini tekshiradi. Agar kamida bitta juftlikda tartib buzilsa, funksiya monoton emas deb

topiladi
14. Monoton funksiyalar va murakkablik masalalari

Monoton funksiyalar hisoblash murakkabligi nazariyasida ham muhim rol o‘ynaydi.
Monoton sxemalar murakkabligini o‘rganish orqali umumiy sxemalarning quyi baholarini

aniglash mumkin. Bu esa nazariy informatikaning dolzarb yo‘nalishlaridan biridir.
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10. Relation of monotone functions with minimal and maximal elements
Since monotone functions are defined on the partially ordered set {0,1}", they are
closely related to minimal and maximal elements. When all arguments are 0, the function

attains its minimal value; when all arguments are 1, it reaches its maximal value.

11. Boundary values of monotone functions

For monotone functions, the following inequality always holds:

f(0,...,0)<f(x1,...,xn)<f(1,...,1)f(0,\dots,0) \le f(x_1\dots,x_n) \le
f(1,\dots,1)f(0,...,0)<f(x1,...,xn)<f(1,...,1)

This property simplifies the analysis of function values.

12. Synthesis of monotone functions
In logical circuit design, the synthesis of monotone functions is an important task.
Circuits without negation gates are simpler and more energy-efficient, which makes

monotone functions preferable in practice.

13. Algorithms for checking monotonicity
There exist algorithms to determine whether a given logical function is monotone.

These algorithms verify whether the function preserves the partial order of inputs.

14. Monotone functions and computational complexity
Monotone functions play an important role in computational complexity theory.
Studying the complexity of monotone circuits helps establish lower bounds for general

circuits.

10. CBsi3p MOHOTOHHBIX (PYHKUMH C MHUHUMAJIBHBIMU M MaKCUMalbHBIMU
AJIEMEHTAMHU

[TockonbKy MOHOTOHHBIE (DYHKLHH OTpeAesieHbl Ha YaCTUYHO YIOPSI0UYEHHOM
MHokecTBe {0,1}", OHU CBSI3aHBI C MUHUMAJIbHBIMU U MAaKCUMAJIbHBIMU 3JIeMeHTaMH. [1pu
BCEX apryMeHTax, paBHbIX 0, QYHKIMS MpUHUMAET MUHUMAJIbHOE 3HAYCHHUE, a TIPU BCEX

apryMeHTax, paBHbIX |, — MaKCcUMallbHOE.
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11. I'pannyHbIC 3HAYCHHSI MOHOTOHHBIX (DYHKITAN

J17i1 MOHOTOHHBIX (DYHKIIUI BCET/1a BBITIOTHSIETCS] HEPABEHCTBO:

f(0,...,0)<f(x1,...,xn)<f(1,...,1)f(0,\dots,0) \le f(x_1,\dots,x_n) \le
f(1,\dots,1)f(0,...,0)<f(x1,...,xn)<f(1,...,1)

DT0 CBOMCTBO YIPOIIAET aHAIN3 3HAUCHUN (QYHKIIUH.

12. CuHTE3 MOHOTOHHBIX (hYYHKITUH
[Ipu mMpOEKTUPOBAHUM JIOTUYECKUX CXEM CHHTE3 MOHOTOHHBIX (DYHKIIMH SBIISICTCS

Ba)XHOM 3a7adeii. CxeMbl 03 orepaldii OTpuIlaHus mpolie u 6osiee 23HEProdHPeKTUBHEI.

13. AnroputMBI OnpeAeneHuss MOHOTOHHOCTH
CyliecTBYIOT alrOpUTMBI, IMO3BOJSIOIINAE ONPENEIUTh, SBISETCA JIM JIOTUYECKAs

(GyHKUIHSI MOHOTOHHOU. OHU IPOBEPSAIOT COXPAHEHHE YACTUYHOTO MOPSAIKA apITyMEHTOB.

14. MoHOTOHHBIE (DYHKIIMHU U BBIYUCIUTENbHAS CII0KHOCTh
MoHOTOHHBIE (YHKUMH WIpalOT BaXXHYIO pOJb B TEOPUH BBIYHCIUTEIBHOM
CI0KHOCTHU. HcciienoBanue Ci0XKHOCTH MOHOTOHHBIX CXEM IO3BOJIAET ITOIy4YaTh HUKHUE

OLIEHKH CJIOKHOCTH OOIIHUX CXEM
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