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TO‘PLAMLARNING TO‘G‘RI KO‘PAYTMASINING XOSSALARI

Rasulova Jasmina
SHDPI , ”Matematika "fakulteti 1-kurs talabasi
1lmiy rahbar:Zaxiriddinova Shahlo “Matematika va ta’limda axborot

texnalogiyasi” Kafedrasi o ’qtuvchisi

Anotatsiya (O¢‘zbekcha):To‘plamlarning to‘g‘ri ko‘paytmasi, shuningdek,
Kartesian ko‘paytma deb ataladi, to‘plamlar nazariyasining asosiy tushunchasi
bo‘lib, ikki yoki undan ortiq berilgan to‘plamlardan yangi to‘plamni tartibli juftliklar
yoki tyuplar orqali hosil giladi. A x B= {(a, b) | a € A vab € B} deb ta’riflanadi,
bu elementlarning tartibli  xususiyatini ta’kidlaydi va boshga to‘plam
operatsiyalaridagi tartibsiz juftliklardan farqlanadi. Asosiy xossalar orasida
kommutativ bo‘lmaslik mavjud, ya’ni A x B#B x A, agar A = B bo‘lmasa; masalan,
A={1,2},B={x,y} bo‘lsa, A x B={(1, x), (1,y), (2,x), (2,y)}, Bx A esa {(x,
1), (x,2),(y, 1), (y,2)} gateng. Shuningdek, assotsiativ bo‘lmaslik xossasi mavjud,
ya’ni (A X B) x C# A x (B x C) tuzilishda, ammo ular izomorf; A = {a}, B = {b},
C = {c} misolida birinchisi {((a, b), ¢)}, ikkinchisi {(a, (b, ¢))} beradi, lekin ikkalasi
biyektiv ravishda moslashtirilishi mumkin. Distributivlik birlashma, kesishma va
ayirma ustida saqlanadi: A x (B U C) = (A x B) U (A x C), masalan, A = {1}, B =
{2}, C={3}da A x (B UC)={(, 2), (1, 3)} ko‘paytmalar birlashmasiga mos
keladi. Sonlilik multiplikativ, chekli to‘plamlar uchun |[A x B| = |A| % |B|, masalan,
{1, 2}| x |{x, y}| = 4. Agar bitta to‘plam bo‘sh bo‘lsa, ko‘paytma bo‘sh bo‘ladi,
masalan, A X @ = @. Ushbu xossalar diskret matematika va to‘plamlar nazariyasining
asosly matnlaridan olingan bo‘lib, koordinatalar geometriyasi, munosabatlar va

algebraik tuzilmalarda qo‘llaniladi.
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Kalit so‘zlar: to‘plamlar nazariyasi, to‘g‘ri ko‘paytma, Kartesian ko‘paytma,

distributivlik, sonlilik, tartibli juftliklar.

Abstract (English):The Cartesian product, also known as the direct product of
sets, 1s a fundamental concept in set theory that constructs a new set from two or
more given sets by forming ordered pairs or tuples. Defined as A X B= {(a,b) |a €
A and b € B}, it emphasizes the ordered nature of elements, distinguishing it from
unordered pairs in other set operations. Key properties include non-commutativity,
where A x B #B X A unless A = B, as the order of components matters; for instance,
if A= {1,2} and B = {x, y}, then A x B = {(1, x), (1, y), (2, x), (2, y)}, while B x
A={x1),(x,2),(y,1),(y,2)}. Itis also non-associative, meaning (A x B) x C #
A % (B x C) in structure, though they are isomorphic; consider A = {a}, B= {b}, C
= {c}, where the former yields {((a, b), ¢)} and the latter {(a, (b, ¢))}, yet both can
be mapped bijectively. Distributivity holds over union, intersection, and difference:
Ax(BUC)=(AxB)U (A xC),exemplifiedby A= {1}, B= {2}, C= {3} resulting
in A x (B UCQC)={(, 2), (1, 3)} matching the union of products. Cardinality is
multiplicative, |A x B|=|A| % |B| for finite sets, such as |{1, 2}| x |{x, y}| =4. If one
set is empty, the product is empty, e.g., A x @ = @. These attributes, drawn from
foundational texts in discrete mathematics and set theory, underpin applications in

coordinate geometry, relations, and algebraic structures.

Keywords: set theory, Cartesian product, direct product, distributivity,

cardinality, ordered pairs.

AnHoranus (Pycckmif):IIpsimoe mpousBeIeHNE MHOXKECTB, TAKKE U3BECTHOE
KaK JIEKapTOBO MPOU3BEACHHE, SIBISIETCS (QyHIAMEHTAIbHBIM MOHATUEM B TEOPUU
MHOECTB, KOTOPOE€ CTPOUT HOBOE MHOXKECTBO M3 JABYX WU 0OoJjiee JaHHBIX
MHOXECTB IyTeM (OPMHUPOBAHUS  YNOPSAOYEHHBIX TMap WM  KOPTEKEH.

Omnpenensierca kak A X B= {(a,b) |a € A u b € B}, noguepkuas ynopsi04eHHy0
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IPUPOy DIEMEHTOB, OTJIMYAIONIYIOCS OT HEYMOPSIOYCHHBIX IMap B APYTHUX
omepanusx  Hajg  MHOXecTBamMH.  KiloueBble ~ CBOMCTBAa  BKIIOYAIOT
HEKOMMYTaTUBHOCTh, Tie A X B #B X A, eciiu A # B; mHanpumep, eciiu A = {1, 2},
B={x,y},To AXxB={(1,x),(1,y), (2, %), (2,y)}, BTO Bpems kak B x A = {(x, 1),
(x,2), (y, 1), (v, 2)}. OHO Takke HEeacCcOrMaTUBHO, TO ecTh (A X B) X C# A X (B x
C) no crpykrype, X0oTs1 oHU n3oMopdHsbl; paccmorpuM A = {a}, B = {b}, C = {c},
riae nepsoe maet {((a, b), ¢)}, a Bropoe {(a, (b, ¢))}, Ho 06a MOTYT OBITH OMEKTUBHO
oToOpakeHbl. IucTpuOyTUBHOCTH COXpaHsieTcs HaJl 00beIUHEHUEM, TTIEPECCUCHUEM
u pazHocThio: A X (B U C) = (A x B) U (A x C), nanmpumep, 111 A = {1}, B = {2},
C= {3} Ax B UC = {I, 2), (I, 3)}, copnangaromee ¢ 0O0beIUHCHUEM
npousBeneHni. MoIHOCTh MyJIbTUILIUKATUBHA, |A X B| =|A| X |B| 114 KoHEUHBIX
MHOJKECTB, Kak [{1,2}| % |{x, y}| =4. Ecniu 0/HO MHOXECTBO IyCTOE, IPOU3BEACHNE
MyCTO, HAarpuMep, A X @ = (. DTU CBOWCTBA, 3aMMCTBOBAHHBIE U3 0A30BBIX TEKCTOB
M0 JTUCKPETHOW MaTeMaTHUKe U TEOPUH MHOYKECTB, JIEKAT B OCHOBE MPUJIOKEHUN B

KOOPJMHATHON T€OMETPUH, OTHOIIIEHUSIX U aNreOpandecKux CTPyKTypax.

KiroueBble cjioBa: TeopHss MHOXKECTB, JICKapTOBO IMPOU3BEACHHE, MPAMOEC

Mpou3BeJIeHUE, TUCTPUOYTUBHOCTD, MOIIIHOCTD, YIOPSIOUEHHBIE TTaphI.
Kirish

To‘plamlar nazariyasi XX asr matematikasining asosi bo‘lib, Georg Kantor
tomonidan yaratilgan. U zamonaviy matematikaning deyarli barcha sohalarida —
algebra, analiz, topologiya, informatika va hatto fizikada qo‘llaniladi. To‘plamlar
ustidagi asosiy operatsiyalar — birlashma (U), kesishma (M), ayirma (), quvvat

to‘plami (2"A) va to‘g‘ri ko‘paytma () dir.

To‘g‘ri ko‘paytma (Kartesian ko‘paytma) Rene Dekart sharafiga shunday
atalgan bo‘lib, u koordinatalar geometriyasining asosini tashkil etadi. Ushbu

operatsiya ikki yoki undan ortiq to‘plamdan yangi to‘plam hosil giladi, uning
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elementlari tartibli juftliklar (yoki tyuplar) dir. Tartibning muhimligi bu operatsiyani
boshqa operatsiyalardan (masalan, birlashma yoki kesishma) keskin farqlaydi.
Magolada to‘g‘ri ko‘paytmaning ta’rifi, asosiy algebraik xossalari (kommutativlik
yo‘qligi, assotsiativlik izomorfizm nuqtai nazaridan, distributivlik, sonlilik
xossalari), shuningdek, uning matematika va informatikaning turli sohalaridagi
ilovalari batafsil o‘rganiladi. Har bir xossa misollar va qisman isbotlar bilan

tasdiglanadi.

Magola o‘quvchi to‘plamlar nazariyasining asosiy tushunchalariga ega deb
hisoblaydi, lekin zarur joylarda eslatmalar beriladi. Ish klassik manbalarga (Halmos,
Kunen, Suppes, shuningdek, o‘zbek matematiklari — A.Sodiqov, M.Mirvaliev)

asoslanadi.

Magqgsad: To‘g‘ri ko‘paytmaning xossalarini tizimli ravishda yoritish.

Vazifalar:
l. Ta’rif va asosty misollarni keltirish.
2. Algebraik xossalarni isbotlash.
3. [lovalarni ko‘rsatish.
4. Cheksiz ko‘paytmalar haqida gisqacha ma’lumot berish.

1. To‘plamlar nazariyasining asosiy tushunchalari

1.1. To‘plam va element To‘plam — yaxshi aniglangan ob’ektlar yig‘indisi.
Elementlik munosabati € belgisi bilan belgilanadi. Bo‘sh to‘plam @ — hech qanday

elementga ega bo‘lmagan yagona to‘plam.

1.2. To‘plamlarning tengligi va quyyi to‘plam munosabati A € B & Vx (x
EA >x€B).A=B& ACc BvaB C A (ekstensionallik aksiomasi).
1.3. Tartibsiz va tartibli juftliklar Tartibsiz juftlik {a, b} = {b, a}. Tartibli juftlik
(a, b) Kuratovskiy ta’rifi bo‘yicha: (a, b) ¥ {{a}, {a, b}}.
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Isbot qisqacha: (a, b) =(c, d) = {{a}, {a,b}} = {{c}, {c,d}} > a=cvab=d. Bu
ta’rif tartib muhimligini ta’minlaydi: (a, b) = (b, a) fagat a = b bo‘lganda.

1.4. To‘plamlar ustidagi asosiy operatsiyalar

«Birlashma: A UB = {x | x € A yoki x € B}

«Kesishma: ANB={x|x € Avax € B}

sAyirma: A\B={x|x € Avax & B}

¢ Quvvat to‘plami: 2*A — A ning barcha quyyi to‘plamlari.

2. To‘g‘ri ko‘paytma ta’rifi va umumiy xossalari
2.1. IKKi to‘plam uchun ta’rif Ta’rif 2.1. A va B to‘plamlar uchun A x B = {(a, b)
|la€ A,b € B}.

Misol 2.1. A = {1, 2}, B = {3, 4,5}. A x B da2 x 3 =6 ta element bor.
Misol 2.2. {0, 1} x {0, 1} = {(0,0), (0,1), (1,0), (1,1)} — ikkilik kodning 2 razryadli
so‘zlar to‘plami. 2.2,
n ta to‘plam uchun kengaytma A: X Az x ... X A, = {(ai, az, ..., a,) | ai € Aj}.
Masalan, R* = R x R x R — uch of‘lchovli fazo.
2.3. Grafik va geometrik tasvir A x B ni to‘rtburchak shaklida tasavvur qilish
mumkin: A  elementlari  gorizontal, B elementlari vertikal o°‘qda.
2.4. Proyeksiyalar mi: A X B — A, mi(a, b) = a — birinchi proyeksiya. m2: A x B —
B, m(a, b) = b — ikkinchi proyeksiya. Bu funksiyalar suryektivdir.

3. Algebraik xossalar

3.1. Kommutativlik yo‘qligi Teorema:A va B izomorf bo‘lmasa yoki tartib

farqli bo‘lsa, A x B#B x A.

Batafsil isbot: Tartibli juftlik ta’rifi bo‘yicha (a, b) # (b, a) agar a # b. Shuning

uchun elementlar to‘plami farq qiladi.
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Misol kengaytirilgan: A = {north, south}, B = {east, west}. A x B — shimoliy-

sharqiy va boshqa yo‘nalishlar; B x A esa aksincha.

3.2. Assotsiativlik va izomorfizm Teorema 3.2. (A XxB) xC = A x (B x C).
Izomorfizm tasviri: f: (A X B) x C — A x (B x C), f((a, b), ¢) = (a, (b, ¢)). Bu
biyeksiya va struktura saqlaydi.

Misol: Uchta {1,2} to‘plami uchun har ikkala ko‘paytma ham 8 elementga ega.
3.3. Distributivlik xossalari (to‘liq) Teorema 3.3.

.  AxBUC)=(AxB)U(AxCQC)
2. AxBNC)=(A*xB)N(AxC)
3. Ax(B\C)=(AxB)\(AxC)

To‘liq isbotlar (har biri uchun):

1. € nuqtai nazaridan ikki tomonni solishtirish.

2. Kesishma uchun ham xuddi shunday.

3. Ayirma uchun: (a,b) e AX(B\C)eobeBvabg C e (a,b)
€ A x B lekin (a, b) € A x C.

Qo'shimcha misollar: Har xil sonli elementlar bilan.
3.4. Sonlilik (kardinal son) xossalari Teorema 3.4.

« Chekli: |A x B|=|A| - |B|
« Cheksiz: |A| x |B| = max(|A|, |B|) agar kamida biri cheksiz va ikkalasi

ham nolga teng bo‘lmasa (kontinuum gipotezasiz).

Misol: No X% No = o (natural sonlar juftliklari sanab bo‘linadi).

3.5. Bo‘sh to‘plam va birlik elementi Teorema 3.5.
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AXQP=0

oA x {e} = A (kanonik izomorfizm orqali).
3.6. Qo‘shimcha xossalar

«(AxB)N(CxD)=(ANC)x(BND)(agar kesishma bo‘sh bo‘lmasa
shart emas).
« Quvvat to‘plami bilan: 2" {A x B} = (2*A) x (2”*B) emas, lekin kardinal

jihatdan tengliklar mavjud.
4. Ilovalari

4.1. Koordinatalar geometriyasi R?, R? — fazolar. Har ganday nuqta — tartibli
juftlik yoki uchlik.

4.2. Munosabatlar va funksiyalar

eMunosabat R € A x B
« Funksiya f: A — B & graf(f) € A x B va har bir a uchun yagona b.

4.3. Algebraik tuzilmalarda to‘g‘ri ko‘paytma

« Guruhlar ko‘paytmasi: (G x H, -) — komponentaviy amal.

« Halqalar, maydonlar ko‘paytmasi.
Misol: Z> x Z> — Klein guruh.
4.4. Informatika va dasturlash

« Ma’lumotlar bazasida JOIN — Kartesian ko‘paytma + shart.

o Grafalar: qirralar — vertexlar ko‘paytmasining quyyi to‘plami.
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4.5. Cheksiz ko‘paytmalar [[ {i€l} A;—barcha funksiyalar to‘plami [ — UA;
with f(i) € Ai Tixonov teoremasi: ixcham to‘plamlar ko‘paytmasi ixcham

(topologiyada).
Xulosa

To‘g‘ri ko*paytma to‘plamlar nazariyasining eng muhim operatsiyalaridan biri
bo‘lib, tartibli juftliklar orqali murakkab tuzilmalarni qurish imkonini beradi. Uning
xossalari — distributivlik, multiplikativ sonlilik, assotsiativlik (izomorfizm bilan) va
boshqgalar matematikaning ko‘plab sohalarida asosiy rol o‘ynaydi. Kelgusida
cheksiz ko‘paytmalar, aksiyomatik to‘plamlar nazariyasidagi muammolar (masalan,

kontinuum gipotezasi) va topologik ilovalar chuqurroq o‘rganilishi mumkin.
Foydalanilgan adabiyotlar

1. Halmos P. R. Naive Set Theory. — New York: Springer-Verlag, 1974. — 104

2.Lipschutz S. Schaum's Outline of Set Theory and Related Topics. — New
York: McGraw-Hill, 1998. — 282 p.

3.Devlin K. The Joy of Sets: Fundamentals of Contemporary Set Theory. —
New York: Springer, 1993. — 194 p.

4. Suppes P. Axiomatic Set Theory. — New York: Dover Publications, 1972. —
265 p.

5. Kyparosckuii K., MoctoBckuii A. Teopus mHO)kecTB. — MockBa: Mup,
1970. — 416 c. 6. ComukoB A. To‘rmamnap Ha3apusiCu Ba MaTEMATHUK
noruka. — Tomkent: Yxurysun, 1985. — 176 6.

7. MupsanueB M. [luckpetr matematuka. — TomkeHT: ®Pan, 2008. — 512 6.

8. Jech T. Set Theory: The Third Millennium Edition. — Berlin: Springer, 2003.
- 772 p.

https:// journalss.org/index.php/luch/ 481 Yacmp-58 Tom-4 Jlexaopb-2025



https://scientific-jl.com/luch/

ISSN:
3030-3680

JAVYHIITHE HHTEJIVIEKTYAJIBHBIE HCC/IE/IOBAHHA

9. Enderton H. B. Elements of Set Theory. — New York: Academic Press, 1977.
-279p.

10. Stoll R. R. Set Theory and Logic. — New York: Dover Publications, 1979.
—496 p.

11. Kynen K. Teopuss MHOXeCcTB. BBeieHUE B TEOpHUIO HE3aBUCHUMOCTU. —
Mocksa: Mup, 1983. —432 c.

12. Ross K. A., Wright C. R. B. Discrete Mathematics. — New Jersey: Prentice
Hall, 2002. — 800 p.

13. I'payaspr X., @purmine K. Ananurnueckas reometpus. — Mocksa: Hayka,
1975.

14 . ®uxrenronsy I'. M. Kypc auddepeHunanbHOr0o U HHTETPAIbHOIO
ucuucnenus. Tom 1. — MockBa: Hayka, 1966.

15. Biggs N. L. Discrete Mathematics. — Oxford: Oxford University Press,
2002. — 440 p.

https:// journalss.org/index.php/luch/ 482 Yacmp-58 Tom-4 Jlexaopb-2025



https://scientific-jl.com/luch/

