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O’quv qo’llanma uch gismdan iborat bo’lib, uning birinchi gismida sonlar
nazariyasida muhim bo’lgan asosiy mavzular bo’yicha gisgacha nazariy ma'lumotlar
hamda ularning tadbiglariga doir misol va masalalar berilgan. Ikkinchi gismida misol
va masalalarning javoblari keltirilgan. Uchinchi gismida esa barcha misol va
masalalar ishlab ko’rsatilgan.

Qo’llanma universitetdagi 5130100-matematika ta'lim yo’nalishi talabalariga
mo’ljallangan bo’lib undan algebra va sonlar nazariyasi fanining sonlar nazariyasi
qismida amaliy darslarni o’tishda mashqlar to’plami sifatida foydalanish mumkin.
Shuningdek, o’rta umumta'lim maktablari va akademik litseylar talabalarining
sinfdan tashgari mashg’ulotlarini tashkil etilishda hamda umuman matematikani
mustaqil o’rganuvchilar foydalanishlari mumkin.

VYyebHoe mocobue cocTouT U3 TpEX uvacTted. B mepBod yacTu MPUBOIUTCA
KpaTKUI TEOPETUUECKUI MaTepuall 0 OCHOBHBIM T€MaM IO TE€OPUH YKCEN, a TAKKe
MIPUMEPHI U YIIPAKHEHUH 110 MPUMEHEHUsIM. Bo BTOpO# 4acTH TMPUBOJUTCS OTBETHI
3amad. B TpeTheit yacTu JaHO perieHus BCeX 3a1ad, KOTOpbIe MPUBEICHBI B MIEPBOU
4acTH MOCcoOusl.

VYyebHoe nmocoOue npeaHa3HayeHo sl CTYJEHTOB | M 2-KypCcOB B HaNpaBi€HUU
5130100-marematuka. IlocoOme MOKHO HCIOIBL30BaTh KakK 3aJadyHUK B
MPAKTUYECKUX 3aHATUSAX TI0 YaCThIO TEOpHs YHCeNl mpeamera “Amnredpa U Teopus
gucen”. [locoOusi Takxke MOXKET OBbITh TMOJIE3€H MPU OPraHU3allMd BHEKJIACCHBIX
3aHATUM B CTapliuX KJaccax  CpeaHuX oO0Iieo0pa3oBaTeIbHBIX KON U
aKaJIEMUYECKHX JTUIIETX.

The manual consists of three parts. The first part provides a brief theoretical
material on the main topics on number theory, as well as examples and exercises on
their application. The second part provides the answers to the problems. The third
part provides a solution to all the tasks that are listed in the first part of the manual.

The manual is intended for students of 1 and 2 courses in direction of 5130100-
mathematics. The manual can be used as task book in practical classes in part of the
number theory of the subject of algebra and number theory. The manual can also be
useful in the organization of extracurricular activities in senior classes of secondary
schools.
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KIRISH

Qo’llanma uch gismdan iborat bo’lib, uning birinchi gismida sonlar
nazariyasida muhim bo’lgan asosiy mavzular bo’yicha gisgacha nazariy ma'lumotlar
hamda ularning tadbiglariga doir misol va masalalar berilgan. Ikkinchi gismida misol
va masalalarning javoblari keltirilgan. Uchinchi gismida barcha misol va masalalar
ishlab ko’rsatilgan. Qo’llanma universitetdagi matematika ta'lim yo’nalishi
talabalariga mo’ljallangan bo’lib, undan sonlar nazariyasi, algebra va sonlar
nazariyasi fanlaridan darslarni o’tishda foydalanish mumkin. Shuningdek o’rta
umumta'lim maktablari va akademik litseylar o’quvchilarining sinfdan tashqari
mashg’ulotlarini  tashkil etishda hamda umuman matematikani mustaqil
o’rganuvchilar foydalanishlari mumkin. Qo’llanmani yozishda Respublikamizda
mavjud bo’lgan adabiyotlar:
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singari darsliklaridan tashqari rus tilidagi:

1. Nesterenko Yu.V. Teoriya chisel. -M. Izdatelskiy tsentr “Akademiya” . 2008.
272s.

2. Vinogradov I.M. Osnovi teorii chisel. -M.: Nauka, 1981. — 176s.

kitoblardan va ingliz tilidagi:

1. Hardy G.H. Wright E. M. An introduction to the Theory of Numbers. 6th.ed.
Oxford University Press. -2008. -480p.

2. ManinYu.l. Panchishkin A.A. Introduction to modern number theory Germany,
2007, English. 372p. kitoblaridan ham foydalandik.

Qo’llanmani qo’lyozma holatida o’qib chiqib, uning mazmunini yaxshilash
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GLOSARIY

Pifagor uchburchagi — tomonlari Pifagor teoremasi shartini ganoatlantiruvchi
uchburchak;

Umumiy boluvchilar — berilgan sonlarning barchasi bo’linadigan sonlar;

Eng katta umumiy bo’luvchi (EKUB) — umumiy bo’luvchilarining eng kattasi;

Umumiy karralilar — berilgan sonlarning barchasiga bo’linadigan sonlar;

Eng kichik umumiy karrali (EKUK) — umumiy karralilarining eng kichigii;

Algoritm — chekli gadamdan keyin masalaning yechimiga olib keluvchi amallar
ketma-ketligi;

Evklid algoritmi — dastavval Evklid tomonidan ikkita sonnning EKUBIni topish
uchun qo’llanilgan algoritm;

Tub son — faqat o’ziga va birga bo’linadigan birdan katta natural sonlar;

Murakkab sonlar — tub son bo’lmagan birdan katta natural sonlar;

Arifmetik funksiya (sonli funksiya) — butun sonlar to’plamida aniqlangan va
qiymatlari to’plami umuman olganda kompleks sonlardan iborat bo’lgan funksiya;

z(x) funksiyasi —x ning musbat giymatlarida aniglangan, x dan katta bo’lmagan

tub sonlarning sonini ifodalaydi;

y =[x] butun gism funksiyasi — x ning barcha haqigiy giymatlarida aniglangan,
X dan katta bo’lmagan va unga eng yaqin turgan butun sonni ifodalaydi.

y={x} — kasr qgism funksiyasi {X } % [ tenglik yordamida aniglanuvchi
funksiya;

7(n) funksiyasi —n ning barcha natural giymatlarida aniglangan, n ning barcha
natural bo luvchilari sonini ifodalaydi;

o(n) funksiyasi — n ning barcha natural giymatlarida aniglangan, n ning barcha
natural bo luvchilari yig indisini ifodalaydi;

Multiplikativ funksiya — ixtiyoriy a va b o’zaro tub natural sonlari uchun aynan
no’lga teng bo’lmagan va f (ab) = f (a) f (b) tenglikni ganoatlantiruvchi f funksiya;

Eyler funksiyasi p(d)—a dan katta bo’lmagan va a bilan o’zaro tub bo’lgan
sonlarning sonini ifodalaydi;

m moduli bo’yicha tagqoslanuvchi sonlar — agar ikkita butun a va b sonni  m
natural soniga bo’lganda hosil bo’Igan qoldiglar o’zaro teng bo’lgan sonlar;

Berilgan modul bo’yicha chegirmalar sinfi — modulga bo’lganda bir xil qoldiq
goluvchi butun sonlar sinfi;

Berilgan modul bo’yicha chegirmalar to’la sistemasi — berilgan m > 0 modul
bo’yicha m ta har xil sinf bo’ladi, shu sinflarning har biridan bittadan chegirma olib
tuzilgan sistema;



Berilgan modul bo’yicha chegirmalar keltirilgan sistemas i — berilgan m >0
modul bo’yicha chegirmalarning tola sistemasidan modul bilan o ’zaro tublarini olib
tuzilgan sistema;

Kvadratik chegirma — x* = a(mod m) tagqoslama yechimga ega bo’lsa, a ga
kvadrartik chegirma deyiladi;

n darajali chegirma — X" = a(mod m) taqqoslama yechimga ega bo’lsa, a ga
kvadrartik chegirma deyiladi;

Chekli zanjirli kasr — berilgan ratsional sonni Evklid algoritmiga yoyib uning
chala bo’linmalarini ma’lum ko’rinishda joylashtirib tuzilgan ifoda;

Cheksiz zanjirli kasr — berilgan irratsional sonni Evklid algoritmiga o’xshash
algoritm yordamida yoyib, uning chala bo’linmalarini ma’lum ko’rinishda
joylashtirib tuzilgan ifoda;

Ko rsatkichga garashli son — modul m bilan o’zaro tub bo’lgan a sonning bir bilan
taqqoslanuvchi bo’lgan @’ =1(modm) manfiy bo’lmagan eng kichik darajasi &
bo’lsa, a soni m moduli bo’yicha J ko’rsatkichga tegishli deyiladi;

Boshlang’ich ildiz — agar a soni m moduli bo’yicha ¢(m) ko’rsatkichga tegishli
bo’lsa, a soni m moduli bo’yicha boshlang’ich ildiz deyiladi;

Algebraik son — biror ratsional koefffisiyentli ko’phadning ildizi.

Transendent son — birorta ham ratsional koefffisiyentli ko’phadning ildizi deb
qarash mumkin bo’lmagan son.



I-BOB. BUTUN SONLARNING BO’LINISHI
1-§. Qoldigli be’lish hagidagi teorema

Natural sonlar 1,2,3,...,n, ... va ularga garama-garshi sonlar
—1,-2,-3,...,—n,... hamda 0 soni birgalikda butun sonlar deyiladi. Butun sonlar
nazariyasida qoldigli bo’lish hagidagi teorema muhim ahamiyatga ega: ixtiyoriy
butun a va m>0 sonlari uchun a=mq+r, 0<r<m tenglikni
ganoatlantiruvchi yagona butun g va r sonlari jufti mavjud. Bu yerda a-bo’linuvchi,
m-bo’luvchi yoki modul, g to’ligsiz (chala) bo’linma va r goldig.

Agar r=0 bo’lsa, a soni m ga bo’linadi deyiladi va a:b ko’rinishida yoziladi.

a =mq +r,0 <r < m munosabatni % =q +% 0< % < 1) ko’rinishda yozish
mumekin.

Bunday holda, g soni % sonning butun gismi, % esa uning kasr gismi hisoblanadi.

Shuning bilan birga yig’indining bo’linish alomati muhim tatbiglarga ega: agar,
a i mvab: mbo’lsa, u holda, (a + b) : m bo’ladi.

Quyidagi teskari teorema o’rinli ekanligini gayd qilib o’tish muhim: agar (a + b) :
mvaa : mbo’lsa, u holda b: m bo’ladi.

Sonlarning bo’linishi refleksivlik a i a va tranzitivlik xossalariga ham ega, ya’ni
aibvab:clardana : c kelib chigadi.

1. 13 ga bo’lganda, to’ligsiz bo’linma 17 teng bo’ladigan eng katta butun sonni
toping.

2. Agar bo’linuvchi va to’ligsiz bo’linma mos holda 1) 25 va 3 2) -30
va -4 bo’lsa, bo’luvchi va goldigni toping.

3. Isbotlang:

a) toq natural sonning kvadratini 8 ga bo’lganda qoldiq 1ga teng bo’ladi.

b) ketma-ket ikkita natural son kvadratlari yigindisini 4 ga bo’lganda goldiq 1ga
teng.

4. p = 5 tub sonni 6 ga bo’lganda qoldiq 1 yoki 5 bo’lishini isbotlang.

5. p=5 tub sonning kvadratini 24 ga bo’lganda 1 qoldiq hosil bo’lishini
isbotlang.

6. Agar ikki butun sondan har birini m natural soniga bo’lganda 1 qoldiq golsa, u
holda ularning ko’paytmasini m ga bo’lgandagi goldig ham 1 ga teng bo’lishini
isbotlang.

7. 3m+ 2 (m=1,2,...) ko’rinishdagi sonlar butun sonning kvadratidan iborat
emas ekanligini isbotlang.



8. Matematik induksiya metodidan foydalanib, 15 ning ixtiyoriy natural darajasi
15™ ni 7 ga bo’lsak, qoldiq 1 ga teng bo’lishini ko’rsating.

9. Barcha22" +1 (n = 2,3, ... )ko’rinishdagi sonlar 7 ragami bilan

10. 2*" —5(n = 1,2, ...) ko’rinishdagi sonlar 1 ragami bilan tutashini isbotlang.

11. Ikkita toq sonning kvadratlari yig’indisi butun sonning kvadratiga teng
emasligini isbotlang.

12. Pifagor uchburchagining (tomonlari natural sonlarda ifodalanadigan to’g’ri
burchakli uchburchakda) hech bo’lmaganda bitta kateti 3 ga bo’linishini isbotlang.

13. Pifagor uchburchagi tomonlaridan hech bo’lmaganda bittasi 5 ga bo’linishini
isbotlang.

14. S, =14+2+3+ -+ n yig’'indini 5 ga bo’lgandagi qoldiq 1 bo’ladigan
barcha n natural sonlarni toping.

15. Agar (ax —by)im, (a—b):m hamda b va m lar 1 dan fargli umumiy
natural bo’luvchiga ega bo’lmasa, u holda (x — y) : m ekanligini isbotlang.

16. 4" +15n—1(n = 1,2,...) ko’rinishdagi sonlar 9 ga karrali ekanligini
isbotlang.

17. Natural argumentli f(n) =10"+18n—1 va F(n) = 32"*3 + 40n — 27
funksiyalar giymatlari mos ravishda 27 va 64 ga karrali ekanligini isbotlang.

18. . Z va — "__ ko’rinishdagi kasrlar sof davriy o’nli kasrlarga aylanishini

n<+1 n<+n+1

isbotlang.

19. Agar ikkita uch xonali sonlarning yig’indisi 37 ga bo’linsa, u holda ulardan
birini ikkinchisining davomidan yozish natijasida hosil bo’lgan olti xonali sonning 37
ga bo’linishini isbotlang.

20. Quyidagilarni isbotlang:

1) (m®—m):i5, 2)m(m?+5)i6 3IImim+1)2m+1):6

21. 2n+ 1 ta ketma-ket natural sonlar yig’indisi 2n + 1 ga karrali ekanligini
isbotlang.

22. 7-11-13 = 1001 ekanligini bilgan holda 7, 11 va 13 ga bo’linishning
umumiy belgisini keltirib chiqaring va uni 368312 soniga qo’llang.

23. Ragamlari yig’indisi bir xil bo’lgan sonlar ayirmasining 9 ga karrali ekanligini
isbotlang.

24, S, =7+77+777 + -+ 71,—/7 — yig’indini hisoblang.

nta

25. 48,4488,444888, ... sonlarni ikkita ketma-ket juft sonlarning ko’paytmasi
shaklida ifodalash mumkinligini ko’rsating.

26. 16, 1156, 111556,11115556, sonlarning to’liq kvadrat bo’lishini ko’rsating.

27. Ixtiyoriy n natural soni uchun (n+1)(n+2)..(n+n) ning 2" ga
bo’linishini isbotlang.




2-§. Eng katta umumiy bo’luvchi (EKUB) va eng kichik
umumiy karrali (EKUK)

Berilgan a4, a,, ...,a,, sonlarning barchasini bo’luvchi sonlarga ularning
umumiy bo’luvchilari deyiladi. Umumiy bo’luvchilarining eng kattasiga berilgan
sonlarning eng katta umumiy bo’luvchi (EKUB) deyiladi va uni (aq,a,, ..., a,)
ko’rinishda belgilaymiz.

Berilgan a4, a,, ...,a, sonlarning barchasiga bo’linadigan sonlarga ularning
umumiy Kkarralilari (bo’linuvchilari) deyiladi. Umumiy karralilarining eng kichigiga
berilgan sonlarning eng kichik umumiy Kkarralisi (EKUK) deyiladi va uni
[a;,a,, ...,a,] ko’rinishda belgilaymiz. Ta’rifdan (a4, a,,..,a,) =1 va
[a,,a,, ...,a,] = 1 ekanligi kelib chigadi.

Bu paragrafda masalalar yechimini topishda EKUB va EKUK ning quyidagi ikki
asosly xossasidan foydalanamiz:

1. Berilgan sonlar EKUBI ularning ixtiyoriy umumiy bo’luvchisiga bo’linadi.

2. Berilgan sonlarning ixtiyoriy umumiy karralisi ularning EKUKiga bo’linadi.

Bir nechta sonlarning EKUB va EKUKIini topishda

(a;,az, e, Qp_q,ay) = ((al, Ay ey Apy_q), an); [ay,as, ..., 0,1, Qy]
= [[ay, az, -, @n 1] an]

rekurrent formulalardan foydalanib, ikkita sonning EKUB va EKUKIlarini topishga
keltiramiz.

Ikkita sonning EKUBIni ularning kanonik yoyilmasi (tub ko’paytuvchilar
ko’paytmasiga yoyilmasi) yoki Evklid algoritmidan foydalanib topish mumkin.

a va b lar natural sonlar bo’lib a > b bo’lsin. U holda qo’ldigli bo’lish haqidagi
teoremaga asoslangan quyidagi jarayonga Evklid algoritmi deyiladi:

a=bg, +r, 0<r<b
b=r-q,+r, 0<r,<r
L="r,-0;+10;, 0<r<r,

1)

Buyerdab > r, >r, > -+ > 1,_; > 1, bajarilgani uchun jarayon albatta, chekli
bo’ladi. Evklid algoritmidagi noldan farqli oxirgi qoldiq n, berilgan a va b
sonlarning EKUBI bo’ladi, ya’ni r;; = (a, b). Agar a4, a,, ..., a,, sonlari uchun
(ay,ay, ...,a,) = 1 bo’lsa, ular o ’zaro tub, i, + i, bo’lganda (ail,aiz) = 1 bo’lsa,
juft-jufti bilan o’zaro tub sonlar deb ataladi. Ikkita a va b sonlarining EKUB va



EKUK lari (a,b) - [a,b] = a - b tenglik orgali bog’langan, ammo bu ko’p hollarda
bir nechta sonlar uchun o’rinli emas.

Agar berilgan sonlar juft-jufti bilan o’zaro tub bo’lsa, ularning EKUKi berilgan
sonlarning ko’paytmasiga teng bo’ladi.

28. Evklid algoritmidan foydalanib, berilgan sonlarning EKUBIni toping:

1) 546 va 231; 2) 1001 va 6253; 3) 1517 va 2257.
29. a). (420,126,525) va [420,126,525];
b).(529,1541,1817) va [529,1541,1817] ni toping.

30. a).[6,35,143] = 6-35-143; b).[n,n + 1] = n(n + 1) ekanligini isbotlang.

31. Ikkita ketma-ket juft sonlarning EKUBI 2ga, ikkita ketma-ket toq sonlarning
EKUBI esa 1ga teng ekanligini isbotlang.

32. (c¢b, bc,ca)i(a, b, c)? ekanligini isbotlang.

33. Agar(a,b) = 1 bo’lsa, u holda (a + b,a — b) 1 ga yoki 2 ga teng ekanligini
isbotlang.

34. Agar % gisqarmaydigan kasr bo’lsa, a% kasr gisqarmaydigan kasr bo’la
oladimi?

35. Ikkita toq sonlar ayirmasi 2" ga teng. Bu sonlar o’zaro tub ekanligini
isbotlang.

36. Quyidagi sonlarning EKUBInI toping:

a)d = (a,b) va m = [a, b] b) a-b va|a,b]

c)a+bvaab,bunda(a,b) =1 d)a+bvam=[a,b].
37. Quyidagilarni toping:
a) (n,2n+ 1), b) (10n+9,n + 1), c)(3n+1,10n+ 3)

38. x = [a, b] bo’lganda va fagat shunday bo’lgandagina (g,%) = 1 bo’lishini

isbotlang.

atb a+c b+c . . g C e
SR ) tenglik o’rinli ekanligini

39. a,b,c toq sonlar uchun (a,b,c) =( ,
isbotlang.

40. 1). Agar a=cq+r va b=cq, +r, bo’lsa, u holda (a,b,c) = (c,r,1y)
ekanligini isbotlang. Bu yerda a, b, q, q;, 7, ; — manfiy bo’lmagan butun sonlar; ¢ —
mushbat butun son.

2). Birinchi qismda isbotlangan qoida bo’yicha : a) (299, 391, 667), b)

(588, 2058, 2849) larni toping.

40. (a,b) = (5a + 3b,13a + 8b) tenglik o’rinli ekanligini isbotlang.

41. Uchta ketma-ket natural sonlarning EKUB va EKUKIlari nimaga teng
ekanligini toping.

42. n, a, b — natural sonlar va (a,b)=1 bo’lsa, nab sonni ax + by ko’rinishda
tasvirlang, bu yerda x, y lar ham natural sonlar.
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43. a = 899,b = 493 uchund = (a,b) ni toping va uni d = ax + by ko’rinishda
ifodalab x, y larning giymatlarini aniglang.

44, Evklid teoremasini isbotlang: Agar (a,c) = (b,c) =1 bo’lsa, u holda
(ab, ¢) = 1bo’ladi.

45. Ikkita natural sonning EKUBI ular ayirmasidan katta bo’lishi mumkinmi?

46. Agar (a,c) = 1 bo’lsa, u holda b : (ab, ¢) o’rinli ekanligini isbotlang.

47. Agar (a,b) = 1bo’lsa, u holda (ac,b) = (c, b)ekanligini isbotlang.

48. m, n va k natural sonlar uchun m-n -k = [m,n, k] - (mn, mk, nk) munosabat
o’rinli ekanligini isbotlang.

49. Quyidagi tenglamalar sistemasini natural sonlarda yeching:

{x+y =150 (r,y) =45 {xy = 8400
Ny =30 t= 5 Ny =20°

x 5
-=c xy = 20
) {(x Z’) =9 28 ©) {[x.y] =10

50. (a—bq) im (0 < b <9) bo’lganda va fagat shu holdagina N = 10a + b
natural son m = 10q + 1 ga bo’linishini isbotlang.

51.a + b(q + 1) : m bo’lganda, va faqat shu holdagina N = 10a + b(0 < b < 9)
natural son m = 10q + 9 ga bo’linishini isbotlang.

52. N = @, ...a;a, soni 19 ga bo’linishi uchun, N; = @,, ...a,a; + 2a, sonning 19
ga bo’linishi zarur va yetarli ekanligini isbotlang va misollarda ko’rib chiqing.

53. 52-misoldagi qoida bo’yicha N = 3086379 sonining 19 ga bo’linish bo’lin-
masligini aniglang.

3-§. Tub va murakkab sonlar

Agar natural son faqat ikkita bo’linuvchi (bir va 0’zi) ga ega bo’lsa, bunday natural
sonlar tub sonlar deb ataladi. Agar natural son ikkitadan ortiq bo’luvchilarga ega
bo’lsa, bunday sonlar murakkab sonlar deyiladi.

Tub sonlar (va ularning natural darajalari) juft-juft o’zaro tub. Birdan farqli
berilgan a sonining eng kichik bo’luvchisi p tub son bo’ladi va p < +/a bajariladi.
Har bir murakkab sonni tub sonlar ko paytmasi ko’rinishida yagona usulda tasvirlash
mumkin ( bu tasdigga arifmetikaning asosiy teoremasi deyiladi), ya’ni a ni a =
P1P2 - Pn ko’rinishda yozish mumkin.
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Agar bu yoyilmada p, soni a; marta, p, soni a, marta va hokazo p,, soni a; marta
gatnashsa, (k < n), uni a =p;'p,? p,(f * ko’rinishda yozish mumkin. Bu yerdan
a ning ixtiyoriy bo’luvchisi d ni

a=plpytpet O<pi<aui=Ln) (¥

ko’rinishda ifodalash mumkin ekanligi kelib chigadi.

Berilgan (Ny, N;), (N, < N;) oraliqdagi tub sonlarni ajratish uchun Eratosfen
g’alviri deb ataluvchi usuldan foydalaniladi. Unga ko’ra berilgan oraligdagi 2 ga
bo’linadigan sonlarni o’chirib chigamiz. Qolgan sonlar orasidan 3 ga karralilarini
o’chirib chigqamiz, keyin esa 5 ga karrali sonlarni o’chirib chiqamiz va hokazo

davom etib p ga (p bu \/Fl dan katta bo’lmagan va unga eng yaqin turgan tub son)
bo’linadigan barcha sonlarni o’chirib chiqamiz. Bunda p ga Kkarrali sonlarni
o’chirishni p? dan boshlash kifoya. O’chmay qolgan sonlar izlanayotgan tub sonlar
bo’ladi.

Berilgan sonning tub yoki murakkab ekanligini aniqlashda ham shunga o’xshash
usuldan foydalanish mumkin. Berilgan a sonining tub yoki murakkab ekanligini
aniglash uchun uni p < +/a shartni qanoatlantiruvchi barcha tub sonlarga bo’lib
ko’ramiz. Agar ularning birortasiga ham bo’linmasa a tub son, aks holda murakkab
son bo’ladi.

54.6n+ 1 (n = 1,2, ...) ko’rinishidagi tog sonni, tub sonlar ayirmasi ko’rinishida
iIfodalab bo’Imasligini isbotlang.

55.Tub sonlar ayirmasi ko’rinishida tasvirlanadigan barcha toq sonlarni toping.

56.N =3m+ 2 (m = 1,2, ...) sonning kvadratini natural son kvadrati va tub
sonning yiq’indisi ko’rinishida ifodalash mumkin emasligini isbotlang.

57. a murakkab sonning eng kichik tub bo’luvchisi va dan katta emasligini

isbotlang. Bu teorema a = p tub son o’rinli bo’ladimi?

58. Oldingi masaladagi teoremadan foydalanib,

1) 127 2)919 3) 7429

sonlarining tub yoki murakkab ekanligini aniglang.

59.1) 100 va 110, 2) 190 va 200, 3) 200 va 220,

4) 2640 va 2680 sonlari orasidagi barcha tub sonlarni toping.

60. nva n! (n > 2) natural sonlari orasida hech bo’lmaganda bitta tub son

joylashganini isbotlang.

61. 20 ta ketma-ket murakkab sonni yozing.

62. n ning shunday natural giymatlarini topingki, n, n + 10 va n+ 14
sonlarning barchasi tub sonlardan iborat bo’lsin.

63. Shunday p tub sonni topingki 2p? + 1 ham tub son bo’lsin.
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64. 4p? + 1 va 6p? + 1 sonlarning har ikkalasi ham tub son bo’ladigan p tub
sonni toping.

65. Quyidagi sonlarning bir vaqtda tub son bo’lmasligini isbotlang:

1).p+5vap+10; 2)p,p+2vap+5; 3)2"—1va2"+ 1, bunda n > 2.

66. Agar p va 8p? + 1 tub sonlar bo’lsa, u holda 8p? + 2p + 1 ham tub son
ekanligini isbotlang.

67. 218 + 318 ni tub ko’paytuvchilarga ajrating.

68. a > 3 butun son va m,n lar natural sonlar 3 ga bo’lganda mos ravishda 1 va 2
qoldigli bo’lsalar uchta a, a + m, a + n sonlarining bir vaqtda tub son bo’Imasligi
isbotlang.

69. n > 1 natural son bo’lsa, n* + 4 van* + n? + 1 larning murakkab son
bo’lishini isbotlang.

70. 3,5 va 7 sonlari yagona egizak tub sonlar uchligi ekanligini isbotlang: (ya'ni
ayirmasi 2 ga teng arifmetik progresiya tub sonlar uchligini tashkil etishini isbotlang).

71.3n+2 (n = 1,2,...)ko’rinishdagi tub sonlarning eng kattasi mavjud
emasligini isbotlang.

72. Dpi1 < P1° Py Py €kanligini isbotlang, bunda p; (i = 1,2, ...,n) —
birinchin ta tub son va p,,, ;soni p,, dan keyingi tub son.

73. p, > 2n ekanligini isbotlang, bundan = 5,6, ....

74. Matematik induksiya metodidan foydalanib, p,, < 22" ekanligini isbotlang.
Bunda p,, bilan n —tub son belgilangan va tenglik fagatgina n = 1 bo’lgandagina
bajariladi.

75. Agar 2™ — 1 tub son bo’lsa, u holda n ning ham tub son bo’lishini isbotlang.
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11 BOB. SONLI FUNKSIYALAR
1-§. m(x) — funksiyasi

m(x) funksiyasi x ning musbat giymatlarida aniqlangan bo’lib, x dan katta
bo’lmagan tub sonlarning sonini ifodalaydi. 7z(x) ning giymati tub sonlar jadvalidan

foydalanib, bevosita hisoblash yo’li bilan aniglanadi. x ning katta giymatlarida esa
x du

m(x) = % va m(x) = |, —
formulalardan foydalanib tagribiy topiladi .
76. Hisoblang: 1) = (5); 2) m(10); 3) = (25); 4) w(37); 5) ©(200); 6) (1000).
77. m(x) zﬁ formuladan foydalanib, m(x) ning tagribiy giymatini toping va
nisbiy xatosini hisoblang. 1) (100), 2) 7 (500), 3) ©(1000), 4) =(3000).
78.y = m(x) funksiya ning grafigini chizing va undan foydalanib, m(x) = g
tenglamani yeching.

79. Chebishyev tengsizligi a < m(x): % <b, (bunda a vablara<b, 0<

a <1, b >1 shartlarni ganoatlantiruvchi o’zgarmas sonlardir) dan foydalanib

x — oo da @ — 0 ning bajarilishini ko’rsating.

n(p—1)

80. p-tub sonlar uchun < ”;p) tengsizlikning, m-murakkab son uchun

) ”(m_ll) tengsizlikning bajarilishini isbotlang.

m m-—

2-§. Butun gism va kasr gism funksiyalari.

y = [x] — funksiyasi x ning barcha haqiqiy giymatlarida aniglangan
bo’lib, X dan katta bo’lmagan va unga eng yaqin turgan butun sonni ifodalaydi. Bu
funksiyaga x ning butun gismi deyiladi.

Tushunarliki, [x] < x < [x]+ 1 go’sh tengsizlik o’rinli. X ni hamma vaqt
x = [x] +a, (bunda 0 < @ < 1) ko’pinishda yozish mumkin. Bundan «a = {x} =
x — [x]. Bu tenglik yordamida aniglanuvchi y = {x} — funksiyaga kasr qism
funksiyasi yoki  x ning kasr gismi deyiladi.

Agar x; va x, sonlardan hech bo’lmaganda bittasi butun son bo’lsa, u holda
[x1 + x2] = [x1] + [x]
tenglik o’rinli bo’ladi.
Sonning butun gismi uchun[%] = [[:;—]] ayniyat o’rinli. n! sonning kanonik
yoyilmasida p tub son
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daraja ko’rsatgich bilan gatnashadi, bu yerda s, p5 < m < ps*! tengsizlikdan
aniglanadi.

10
3+\/§

[ 7—+21
81. Sonlarning butun gismini toping: a) -2,7; b) 2+3/987 - C) 2\/_ ; d)

e) 1,(3)+2tg%;i) 3+sin1377z; j) 3— 20052077Z f) 2—1g2512;

I=2—Igabcd; k) J%+§/1_o

82.[7;][8] +[e] :[e][”] +[ 7] tenglikni ishotlang. Bu yerda 7 =3,14...— aylana

uzunligining uning diametriga nisbati va

1 n
e=lim (1+—j =217...
n—o n

83. { } ning P=1 yoki P=3 ga tengligini isbotlang. Bu yerda p > 2 tub son.
4 4 4

84. {i} — 27T tenglikni isbotlang , bu yerda » soni ani m bo’lgandagi qoldig.
m m

85 M)y [ 1 _1 ) tengsizlikni isbotlang.
n n n

n n n n

n

87. Arap m —toq son bo’lsa, u holda [2} mTl ekanligini isbotlang.

88. Funksiya grafigini chizing:
ay=[xl by=&k dy=|-3];
d)y= [xz—z — 1]; e) y = [sinx].
89.Tenglamani yeching.
a) [x2]=2; b) [SXZ —x]: x+1; ¢) [x]=% x d) [xz}: X.
90. [12,4m]=87 tenglamani ganoatlantiruvchi mnatural sonning mavjud

emasligini isbotlang.
91. [-x] va [x] funksiyalar orasidagi bog’lanishni aniglang.

92. [X1+X2+"'+Xn] Z[X1]+[X2]+"'+[Xn] tengsizlikni isbotlang.
93. [nx] > n[x] tengsizlikni isbotlang, bunda n=1,2,3,...
15



94. 10°val10’ sonlarning orasida 786 ga karrali nechta natural son bor.

95. 1000 dan kichik nechta natural son 5 ga ham 7 ga ham bo’linmaydi.

96. 36 soni bilan o’zaro tub, 100 dan katta bo’lmagan natural sonlar sonini toping.
97.2017! soni nechta no’l bilan tugaydi.

98. p"!=1.2-3---p"ning kanonik yoyilmasida p tub soni qganday daraja
ko’rsatkich bilan ishtirok etadi.

99. 100! ko’paytmada 6 soni ganday daraja ko’rsatkich bilan ishtirok etadi.

100. 11! sonining kanonik yoyilmasini toping.

101-102---1000 .
101. N = son butun son bo’ladigan eng Kkatta natural sonni

706

toping.
102. (2 m)!! sonining kanonik yoyilmasida p tup soni ganday daraja ko’rsatkich
bilan gatnashishini toping.

103. X ning [x]-2 ﬂ:l tenglama to’g’ri tenglikka aylanadigan giymatlavrini

toping.
104. [ax2 +bx+c|=d (bu yerda a # 0,d —butun son) ko’rinishdagi tenglama

yechimining mavjudlik shartini toping .

105. a va b lar natural sonlar, f(x) berilgan kesmada manfiy bo’Imagan uzluksiz
funksiya bo’lsa, a < x < b, 0 <y < f(x) egri chizigli trapetsiyada nechta butun
koordinatali nugtalar bo"ladi.

106. x? + y? = 6,5 doirada nechta butun koordinatali nugta bor.

107. 12317 dan katta bo’lmagan va 1575 bilan o’zaro tub bo’lgan butun musbat
sonlarning sonini aniglang.

3-§. Berilgan sonning bo’luvchilari soni va bo’luvchilari yig’indisini
ifodalovchi funksiyalar.

t(n) vaog(n) funksiyalari nning barcha natural giymatlarida aniglangan
bo’lib, mos ravishda n ning barcha natural bo luvchilari sonini va barcha natural
bo’luvchilari yig indisini ifodalaydi.Tarifdan 7(1) =¢(1) =1 ekanligi kelib
chigadi. Agar n ning kanonik yoyilmasi n = p;"'p,? ... p.* ho’lsa, T(n) va a(n) lar
mos ravishda quydagi formulalar yordamida topiladi:

) =(a; +1D(ay, + 1) ... (ap +1), (1)
_ p¢1x1+1_1 - pg2+1_1 . . pzkﬂ—l
o(n) = — e (2)
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Ikkala funksiya ham multiplikativ funksiya ya'ni (m,n) = 1 lar uchun
t(m-n) =t(m) -t(n),c(m-n) =a(m) - o(n)
tengliklar orinli.

108. Quyidagi sonlarning barcha natural bo luvchilari soni va bo luvchilari
yig indisini toping: 1) 375; 2) 720; 3) 957; 4) 988;

5) 990; 6)1200; 7) 1440; 8) 1500; 9) 1890; 10) 4320.

109. Berilgan sonlarning barcha natural bo luvchilarini toping:

1) 360; 2)720; 3)954; 4)988; 5)600.

110. Noma’lum natural son x fagat ikkita tub bo luvchiga ega ekanligi va uning
bo luvchilari soni 6 ga, bo luvchilarining yig'indisi 28 ga teng bo’lsa, shu sonni
toping.

111. N = p* - pP(p, q lar turli tub sonlar ) bo’Isin. Agar N2 soni 15 ta har xil
bo’luvchilarga ega bo'lsa, N3nechta natural boluvchilarga ega bo"ladi.

112. 7(x) va a(x) larning grafigini sxematik tasvirlang.

113. Har bir egizak tub sonlar juftligi p, < p, uchun o(p,) = @(p,) ekanligini
isbotlang. Bunda ¢ (a) —Eyler funksiyasi.

114. o(m) = 2m — 1 tenglamaning m natural sonlarda cheksiz ko'p yechimga ega
ekanligini isbotlang.

115.1). Agar (m,n) =d > 1bo'lsa, t(mn) va t(m)t(n) larda qaysi katta?

2). Agar (m,n) =d > 1bo'lsa, s(mn) va a(m)o(n) lardan qaysi katta?

116. m natural sonining barcha natural bo luvchilarining ko’paytmasi 6 (m)uchun
formula chigaring va 6(10) ni toping.

117. O zining natural bo’luvchilarining ko paytmasiga teng bolgan barcha natural
sonlar to plami barcha tub sonlar to plami bilan ustma-ust tushishini isbotlang.

118.n = pf‘l p?z ... pX sonining bo"luvchilarining k- darajalarining yig'indisi
gy, (n) uchun formula chigaring.

119. g, (n)uchun (118-misoldagi) formuladan foydalanib hisoblang:

1) 0,(12); 2)0,(18), 3) 03(36), 4) 0,(16), 5) 0g5(8).

120. o(n) = 2n tenglikni ganoatlantiruvchi n natural sonlarga mukammal sonlar
deyiladi. 28, 496, 8128 sonlarining mukammal sonlar ekanligini tekshiring.

121. o(n) < 2n shartni ganoatlantiruvchi n soniga yetarli sondagi bo luvchilarga
ega emas, o(n) > 2n shartni ganoatlantiruvchilarga esa ortigcha bo’luvchilarga ega
bo’lgan son deyiladi. N = p™ sonining yetarli bo'luvchilarga ega emasligini
isbotlang. Bunda p tup son, n —natural son.

122. N = p%® - q# ko'rinishdagi toq natural sonning yetarli bo’luvchilariga ega
emasligini isbotlang. Bunda p, g lar turli tub sonlar, «, g lar natural sonlar.
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123. 1). Barcha boluvchilarining ko paytmasi 5832 ga teng bo'lgan n natural
sonini toping.

2). Barcha bo’luvchilarining ko paytmasi 33° - 54 ga teng bo'lgan n natural
sonini toping.

124. N = p;* p,* ... p,© —ko'rinishdagi kanonik yoyilmaga ega bo'lgan sonni
necha xilda 2 ta har xil ko paytuvchiga ajratish mumkun.

125. Agar 5N soni N soniga garaganda 8 ta ko p, 7N soni N soniga garaganda 12
ta ko'p, 8N soni ega N soniga garaganda 18 ta ko'p bo luvchiga ega bo'lsa, N =
2% - 5B - 77 sonini toping.

126. N soni N = 2*-3Y-5% Kkorinishiga ega. Agar N ni 2 ga bo'lsak, hosil
bo'lgan sonning bo luvchilari soni N ning bo luvchilari sonidan 30 taga kam. Agar
N ni 3 ga bo'lsak, hosil bo'lgan sonning bo Inuvchilari soni N ning bo’luvchilari
sonidan 35 taga kam. Agarda N sonini 5 ga bo'lsak, hosil bo’lgan sonning
bo linuvchilari soni N ning bo linuvchilari sonidan 42 ta kam bo ladi. Shu N sonini
toping.

127. Agar 2%*1 —1 soni tub son bo’lsa, u holda  2%(2**! — 1) sonining
mukammal son ekanligini isbotlang (Evklid teoremasi).

128. Agar 2%*1 — 1 tub son bo’lsa, 2%(2%*1 — 1) ning yagona juft mukammal
son ekanligini isbotlang (Eyler teoremasi).

129. Bo'luvchilar yig'indisi 0 zidan 3 marta katta bo’lgan 2% - p; - p,, (p1, p, lar
toq tub sonlar) ko rinishidagi eng kichik sonni toping. (Ferma masalasi).

130. Berilgan natural sonning aniq kvadrat bo"lishi uchun, uning har xil natural
bo luvchilari sonining toq bo lishi zarur va yetarli ekanligini isbotlang.

4-§. Eyler funksiyasi

Eyler funksiyasi — m dan katta bo’Imagan va m bilan o’zaro tub sonlar sonini
bildiradi va ¢(m) orqali belgilanadi. Agar m=p—1 tub son bo’lsa, u holda ta’rifdan

p(@)=p-L ekanligi va agar  m=p  bo'lsa, p(p%) = p* —p=t =p% (1-2);

umuman agar m= p;* p52... Pr"bo’lsa, u holda
1 1 1
m) = p; 0y 2 Py (1——)(1——) (1——)
P =Pipy” b 21 2 Pn
1 1 1
m(1-2)(1-2). (1-2)

b1 b2 Pn

ekanligi kelib chigadi. Eyler funksiyasi multiplikativ funksiyadir, ya’ni u aynan

nolga teng emas hamda (m,n) =1 shartni ganoatlantiruvchi m,n lar uchun
@(mn) = p(m)p(n) bajariladi.
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131.y = ¢(x) funksiya'ning o’zgarishini grafik shaklda tasvirlang. Bu yerda x-
natural son, ¢ (x) — Eyler funksiyasi .
132.Hisoblang: 1) ¢(125),  2) ¢(1000), 3) ¢(180), 4) ¢(360), 5)@(1440),

6) »(1890), 7)p(1T’), 8)p(23°), 8)p(12-19), 10)p(24-28-45).
133. Maxraji m ga teng gisgarmas musbat to’g’ri kasrlarning soni nechta.
134. 1 dan 120 gacha natural sonlar orasida 30 bilan o’zaro tub bo’lmagan
sonlar soni nechta.
135. Quyidagi formulalarning o’rinli ekanligini ko’rsating: a) ¢(2%) = 2%71
, b)) e(@®) =p“to(@); ) e(m*) =m*p(m) (m, a lar natural
sonlar, p esa tub son).
136. @(2m) ning qiymati @(m) yoki 2@(m) bo’lishi mumkinligini
isbotlang. Bu hollarning har biri uchun o’rinli kriteriya ni toping.
137. Quyidagi tengliklarni o’rinli ekanligini isbotlang:
@) (4n +2) = p(2n + 1); b) @(4n) = { 2¢(n),agar(n,2) = 1 bo'lsa;
’ 2¢(2n),agar(n,2) = 2 bo'lsa.
138. Tenglamani  yeching: a) @(5*) = 100; b) (7)) = 294; ¢) (p*) =
p*~1; d) (3*-5%) = 600, bunda x va y natural sonlar.
139. Agar m = 3 bo’lsa ¢ (m)ning giymati juft son ekanligini isbotlang.
140. Agar ¢(x) = a tenglamaning x = m ildizi bo’lsa, u holda x = 2m ham
ildiz bo’lishini isbotlang. Bu yerda (m, 2) = 1.
141. Agar (m,n) > 1 bo’lsa, ¢ (m - n) va ¢(m) - ¢ (n) sonlarini taggoslang.
142.o(m-n) = (m) - (n) -%ekanligini isbotlang. Bu yerda (m,n) = d.

143. Agar S =(m,n)va u=[mmn] bo’lsa, ¢@(m-n)= @) el
ekanligini isbotlang.

144. o(1) + (p) + @(P*)+...+ @(p%) yig’indini toping. Bunda a-natural son.

145. Gauss ayniyatini  isbotlang:  ¢@(d,) + @(dy)+...+ @(dy) = m,
(Zd\m p(d) = m), bunda d; — m ning natural bo’luvchilari.

146. m bilan o’zaro tub va mdan kichik natural sonlar yig’indisi (S =), xsm, 1)

(xm)=1
uchun formula chigaring.

147. p bilan o’zaro tub va p dan katta bo’lmagan natural sonlar yig’indisi p?
bilan o’zaro tub va p?dan katta bo’lmagan natural sonlar sonidan ikki marta kam
bo’lishini isbotlang.

148. Tenglamani yeching:

Do(x)=p-1, 2)p(x)=14, 3)o(x)=8, 4)¢(x)=12.

149.Tenglamani yeching: a) ¢(x) = 2%,  b) (p*) = 6 - p* 2.

150.Tenglamani yeching: ¢ (m) = 3600, bu yerdam = 3%-58 - 77,
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151.Tenglamani yeching: ¢ (x) = 120, bu yerda x = p, - p,vap; — p, = 2.
152.Tenglamani yeching: ¢ (m) = 11424, buyerdam = p? - p2.
153.Tenglamani tekshiring: a) @(x) = @(px); b) @(px) = pe(x);
¢) (p1x) = @(pyx); p1 ,p, turlitub sonlar.
154.Tenglamani yeching:
X X X
D P =3 b) =35 )@ =5
155.Tenglamani tekshiring: @ (p*) = a.
156. Eyler funksiyasi xossalaridan foydalanib, barcha tub sonlar to’plami cheksiz
ekanligini isbotlang.
157. Maxraji 2 dan n gacha bo’lgan barcha musbatto’g’ri, gisqarmas kasrlar
sonini aniglang.
158. 300 dan kichik va u bilan EKUBIi 20 ga teng bo’lgan natural sonlarning
sonini aniglang.
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111-BOB. TAQQOSLAMALAR NAZARIYASI ELEMENTLARI
1-§.Taqqoslamalar va ularning asosiy xossalari

Agar ikkita butun a va b sonni meN ga bo’lganda hosil bo’lgan qoldiglar o’zaro

teng bo’lsa, a va b sonlar m moduli bo’yicha teng qoldiqli yoki tagqoslanuvchi sonlar
deyiladi va a = b(mod m) ko’rinishda belgilanadi. m modul bo’yicha
tagqoslanuvchi sonlarning ayirmasi shu modulga qoldigsiz bo’linadi.

Agar a=b+mt bo’lib, b ni m ga bo’Igandagi qoldiq r bo’lsa, a ni ham mga
bo’lgandagi qoldiq r ga teng bo’ladi. Agar a=mqg+r bo’lsa, a = r(mod m) deb
yozish mumkin. Agar a:m bo’lsa, a = 0(mod m) bo’ladi.

Taqgoslamalar quyidagi asosiy xossalarga ega:

1. Har bir butun son ixtiyoriy modul bo’yicha 0’z-0’z1 bilan tagqoslanadi.

2. Taggoslamaning ikkala tomonini 0’zaro almashtirish mumkin(simmetriklik).

3. Taqggoslamalar tranzitivlik xossasiga ega.

4. Bir xil modulli tagqoslamalarni hadlab qo’shish (ayirish), hadlab ko’paytirish
mumkin.

5. Taqqoslamaning ikkala tomonini modul bilan o’zaro tub bo’lgan ularning
umumiy bo’luvchisiga bo’lish mumkin.

6. Taqgoslamaning ikkala qismi va modulini bir xil songa bo’lish (ko’paytirish)
mumekin.

7. Agar taqgoslama biror m modul bo’yicha o’rinli bo’lsa, u shu modulning
ixtiyoriy bo’luvchisi m; moduli bo’yicha ham o’rinli bo’ladi.

8. Agar tagqoslama bir necha modul bo’yicha o’rinli bo’lsa, u shu modullarning
eng kichik umumiy karralisi bo’yicha ham o’rinli bo’ladi.

159. Qanday modul bo’yicha barcha butun sonlar 0’zi bilan tagqoslanadi.
160. 8 modul bo’yicha taqgoslanuvchi butun sonlarga misollar keltiring.
161. Quyidagi taggoslamalardan gaysilari o’rinli:

a) 1 = —5(mod 6), b) 546 = 0(mod 13), ¢) 23 = 1(mod 4),

d) 3m = —1(mod m).

162.Quyidagi tagqoslamalarning o’rinli ekanligini isbotlang:

a)121 = 13145(mod 2),b) 121347 = 92817 (mod 10),

¢) 31 = —9(mod 10), d) (m — 1)? = 1(mod m),

e)2m + 1 = (m + 1)?(mod m).

163. Quyidagi tagqoslamalarning o’rinli emasligini isbotlang.
a) 5812 = 1964 (mod 25), b) 71°% = 3(mod 87),
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c) 4195 = 25(mod 10), d)30-17 = 81-19(mod 6),
e) 2n+1)(2m + 1) = 2k(mod 6), bu yerda n, m va k —butun sonlar.
164. Har bir butun son berilgan modul bo’yicha o’zining qoldig’i bilan

tagqoslanishini isbotlang.
165. x soni x = 2(mod10) shartni ganoatlantiradi. Bu shartni parametrik tenglama
ko’rinishida yozing va X ning bir nechta giymatini toping.
166. Quyidagi taggoslamalarni ganoatlantiruvchi x ning barcha giymatlarini toping:
a) x = 0(mod 3), b)x = 1(mod 2).
167. a) 20= 8(mod m) Db) 3p + 1 = p + 1(mod m) shartni ganoatlantiruvchi m
ning giymatini toping.
168. Agar x = 13 soni x = 5(modm) tagqoslamani ganoatlantirishi ma'lum
bo’lsa, bu tagqoslamada modulning mumkin bo’lgan qiymatlarini toping.
169. 10 modul bo’yicha taqgoslanuvchi butun sonlarga misollar keltiring.
170. Quyidagi tagqoslamalardan gaysilari o’rinli: @) 1 = —11(mod 6),
b) 3n = n?(mod n), c) 2° = 1(mod 7), d) 3m = 1(mod m).
171. x = 7(mod5) taggoslamani ganoatlantiruvchi x ning barcha giymatlarini
toping.
172. Butun  koeffitsiyentli  F(x,y,z) = ax® + bx?y + cxyz+ dz  ko’phad
argumentlarining giymatlari berilgan modul bo’yicha tagqoslanuvchi bo’lsa, u holda
ko’phad qiymatlari ham shu modul bo’yicha tagqoslanuvchi bo’lishini isbotlang.

173. Agar 3™ = —1(mod 10) bo’lsa, unda 3™** = —1(mod 10) bo’lishini
isbotlang, bu yerda n — natural son.

174. 2°™ — 1 soni 31 ga bo’linishini isbotlang, bu yerda n —natural son.

175. Agarx =3n+1,n =0,1,2,..bo’lsa,1 + 3* + 9* soni 13 ga bo’linishini
isbotlang.
176.(a + b)? = aP + bP(mod p) o’rinli bo’lishini isbotlang.
177. Agar a = b(modp™) bo’lsa, a? = bP(mod p™*?) ekanligini isbotlang.
178. Agar ax = bx(modm) bo’lsa,uholda a =b (mod %) ekanligini isbotlang.
179.a;,; = 0 bo’lganda a, ;a, = a; deb hisoblab, agar a,asa,a; = 0(mod 33)

bo’lsa, u holda a, + aza, + a;a, = 0(mod 33) ekanligini isbotlang.

180.p — i = —i(modp), (buyerdai = 1,2, ...,n ekanligidan foydalanib.
1) Gp—1 = (=D)"(mod p); 2) G5, = (=1)"(n+ 1)(mod p)

o’rinli ekanligini isbotlang.

181.1) 9% 2) 7%° sonlarning oxirgi ikki ragamini toping.
182.pP*2 + (p + 2)P = 0(mod 2p + 2) taqqoslama o’rinli ekanligini isbotlang, bu
yerda p > 2.
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-1 -3 -3 p-1 . , . ,
183.—p7,—p7, . ,—1,0,1, ... ,pT, pT sonlarning p>2 modul bo’yicha o’zaro

tagqoslanmasligini isbotlang.

184.i = i — m(mod m) ekanligidan foydalanib " = 0(mod m)
o’rinli ekanligini isbotlang, bu yerda n va m lar toq sonlar.

185.23" = —1(mod 3™*1) taqqoslama o’rinli ekanligini isbotlang, bu yerda
n=123,...

186. 185-masaladagi  taggoslamadan foydalanib 2™ + 1 = 0(modm) shartni
ganoatlantiruvchi cheksiz ko’p m>1 natural sonlarning mavjudligini isbotlang.

187.m > 1-tog son va n -natural son uchun (m—1)™" = —1(mod m"™*1)
ekanligini isbotlang.

188.187-masaladagi  taggoslama  yordamida  2%*+ 1 = 0(modx)  shartni
ganoatlantiruvchi natural x sonlarning cheksiz to’plami mavjudligini isbotlang.

189.N =32"" +2 va M =23""+3, (bunda n=123,..) ko’rinishdagi
sonlarning murakkab son ekanligini isbotlang.

190.2* 4+ 7Y =197 va 2¥ 4+ 5Y = 19% tenglamalarning natural sonlarda yechimga
ega emasligini isbotlang.

191. Agar =222

ko’rinishdagi sonlarning butun ekanligi ma'lum bo’lsa, (a, b —butun
18a+5b
19
192. Agar n toq son bo’lsa, n> — 1 = 0(mod8) ning o’rinli ekanligini isbotlang.
193.21131 = 2(mod11 - 31) ning o’rinli ekanligini ko rsating.
194.Agar p>2 tub son bo’lsa, 12K*1 4 22k+1 4 32k+1 4 ...y (p —1)2k+1 =
0(modp) ning o’rinli ekanligini ko’rsating.

sonlar) ko’rinishdagi son ham butun son ekanligini isbotlang.

2-§. Berilgan modul bo’yicha chegirmalar sinflari

m modul bo’yicha Z-butun sonlar to’plamini quyidagicha m ta sinfga
ajratamiz. m ga bo’lganda bir xil qoldiq goladigan sonlar to’plamini bitta sinf deb
garaymiz. Ixtiyoriy a € Z sonini a =mq +r,0 <r <m ko’rinishda tasvirlash
mumkin bo’lgani uchun, r = 0,1, 2,...,m — 1 goldiglarga mos ravishda

Co,C1,Cyyevey Coyq (1)

sinflarga ega bo’lamiz. C; sinfning elementlari a = mq + i shaklga ega bo’lib, ¢
ga har xil giymatlar berish natijasida bu sinfning barcha elementlarini hosil gilish
mumkin. (1) ga m moduli bo’yicha chegirmalar sinflari deyiladi. m moduli

bo’yicha chegirmalar sinflari to’plami % = {Cy, Cy,C,,...,Cp_1} da qo’shish
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CoaC = Ci+j, agari+j<mbo'lsa; )
i+l = Ci+j-m» agari+j=mbo'lsa (2)
munosabat bilan, ko’paytirish esa
C;;, agarij < m bo'lsa;
ClC]:{ ,.U 8 ,]. L. / (3)
C,, agarij = mbo’'libij = mq + r bo'lsa

munosabat bilan aniglanadi.

m moduli bo’yicha chegirmalar sinflarining har biridan bittadan element olib
tuzilgan sonlar to’plami m modul bo’yicha chegirmalarning to’la sistemasi deyiladi.

Chegirmalarning m modul bo’yicha to’la sistemasi sifatida odatda qulaylik
uchun {0,1,2, ...,m — 1} — manfiy bo’lmagan eng kichik chegirmalarning to’la
sistemasi; {1,2, ...,m — 1, m} — musbat eng kichik chegirmalarning to’la sistemasi,
m juft bo’lsa {0; +£1; £2; ..., £(m-2)/2; m/2}, m toq bo’lsa, {0; +£1; £2; ..., +(m-1)/2}
— absolyut qgiymati jihatidan eng kichik chegirmalarning to’la sistemasilari olib
garaladi.

Berilgan sonlar to’plami biror m modul bo’yicha chegirmalarning to’la sistemasini
hosil qilishi uchun bu to’plam elementlari quyidagi ikki shartni ganoatlantirishi
kerak:

1) ular m modul bo’yicha har xil sinflarning vakillari bo’lishi;

2) ularning soni m ga teng bo’lishi kerak .

Bu yerda quyidagi teorema keng qo’llaniladi

1-teorema. Agar x o’zgaruvchi m modul bo’yicha chegirmalarning to’la
sistemasini gabul qilsa, u holda (a,m)=1va b esa ixtiyoriy butun son bo’lganda
ax+b chizigli forma ham m modul bo’yicha chegirmalarning to’la sistemasini gabul
giladi.

m moduli bo’yicha chegirmalarning to’la sistemasidan m bilan o’zaro tub
bo’lganlarini ajratib olib sistema tuzsak hosil bo’lgan sistemaga m moduli bo’yicha
chegirmalarning keltirigan sistemasi deyiladi.Ta’rifdan chegirmalarning keltirilgan
sistemasida ¢(m)ta chegirma mavjud ekanligi kelib chiqadi.

2-teorema. Agar (a,m)=1 bo’lib X o’zgaruvchi m modul bo’yicha
chegirmalarning keltirilgan sistemasini qabul qilsa, u holda ax ham m modul
bo’yicha chegirmalarning keltirilgan sistemasini qabul giladi.

p —tub moduli bo’yicha eng kichik musbat chegirmalarning keltirilgan
sistemasi 1,2,3,...p — 1, ularning to’la sistemasi 1,2,3,...p — 1, p dan p ni tushurib
goldirib hosil gilinadi. Shuningdek, p —tub moduli bo’yicha eng katta manfiy
chegirmalarning keltirilgan sistemasi —(p —1),—(p — 2),...,—2,—1; p > 2 —tub
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moduli bo’yicha absolyut qiymati jihatidan eng kichik chegirmalarning keltirilgan
sistemasi +1,+2, ..., + pT_l lardan iborat bo’ladi.

195. 10 moduli bo’yicha barcha sinflarni tagqoslama ko’rinishda yozing.

196. Berilgan modullar bo’yicha chegirmalarning to’la va Kkeltirilgan
sistemalarini uch xil (musbat eng kichik chegirmalar, manfiy va absolyut giymati
jihatidan eng kichik chegirmalar sistemalari) ko’rinishlarida yozing;:

1)m=9,2)m=8,3)p=13,4dm=12, 5 p =7, 6)m = 10.

197. 10 modul bo’yicha barcha sinflarni x = 10q +r,0 <r < 10 formula
yordamida yozing.

198. Chegirmalarning barcha sinflarini ko’rsating: @) 10 modul bilan o’zaro
tub bo’lgan; b)10 modul bilan EKUBIi 2 ga teng, ¢) 10 moduli bilan EKUBI 5ga
teng;

d) 10 modul bilan EKUBI 10ga teng.

199. m modul bo’yicha har bir sinf, md modul bo’yicha d ta sinfdan
tuzilganligini isbotlang.

200. 10 moduli bo’yicha bir nechta chegirmalarning to’la sistemasini toping.

201. m moduli bo’yicha chegirmalar sinflari to’plamining halga bo’lishligini
isbotlang. Bunda sinflar yig’indisi va ko’paytmasi mos ravishda (2) va (3) tengliklar
yordamida aniglanadi.

202. 20,—4,22,18,—1 sonlari ganday modul bo’yicha chegirmalarning to’la
temasini tashkil etadi.

203. 20,31,—-8,-5,25,14,8,—1,13 va 6 sonlar sistemasining 10 moduli
bo’yicha chegirmalarning keltirilgan sistemasini tashkil etmasligini isbotlang.

204. Istalgan m ta ketma-ket kelgan butun sonlar m modul bo’yicha
chegirmalarning to’la sistemasini tashkil qilishini isbotlang.
205. —mT_l,—mT_g, ., =1, 0 1,.., mT_?’ mT_lsonlar m- tog  modul

bo’yicha chegirmalarning to’la sistemasini tashkil gilishini isbotlang.

206. 10 moduli bo’yicha hech bo’lmaganda bitta 3x — 1 ko’rinishdagi
chegirmalarning to’la sistemasini toping.

207. 4 moduli bo’yicha 5x ko’rinishdagi hech bo’lmaganda bitta
chegirmalarning to’la sistemasini toping.

208. Agar ax; +b (i =1,2,3,...,m) ko’rinishdagi son m modul bo’yicha
chegirmalarning to’la sistemasini tashkil etsa, unga mos x; sonlar ham m modul
bo’yicha chegirmalarning to’la sistemasini tashkil qilishini isbotlang.

209. Arap QX+ Ao X+t ax; +ag, (0= 1,2, ..., m)
ko’rinishdagi sonlar m modul bo’yicha chegirmalarning to’la sistemasini hosil qilsa,
u holda unga mos x; sonlar ham m modul bo’yicha chegirmalarning to’la sistemasini
hosil giladi va aksincha ekanligini  isbotlang.
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210. 6 moduli bo’yicha bir nechta chegirmalarning keltirilgan sistemasini

tuzing.

211. Nima uchun -5, 13, 11, -21, 5 sonlar sistemasi 12 moduli bo’yicha
chegirmalarning keltirilgan sistemasini tashkil etmaydi.

212. p modul bo’yicha chegirmalarning keltirilgan sistemasi p —1 ta
chegirmadan tuzilganligini isbotlang.

213. —pT_l, _pT—3’ w,—1,1, ...,pz;g,pT_l sonlar sistemasi p>2 modul bo’yicha
chegirmalarning keltirilgan sistemasini tashkil etishini isbotlang.

214. 5,52,53,54,55, 56  sonlar sistemasining 7 modul bo’yicha
chegirmalarning keltirilgan sistemasi ekanligini isbotlang.

215. Agar  ax;, (i=12,..,9(m)) sonlari m modul bo’yicha

chegirmalarning keltirilgan sistemasini tashkil qilsa, u holda  ularga mos x;
sonlarining ham m modul bo’yicha chegirmalarning keltirilgan sistemasini tashkil
etishini isbotlang (yugoridagi ikkinchi teoremaga teskari teorema).

216. Agar (a,m)=1, b=0(modm) va x o’zgaruvchining giymatlari m modul
bo’yicha chegirmalarning keltirilgan sistemasini tashkil etsa, unda ax+b
funksiya'ning qiymatlari ham m modul bo’yicha chegirmalarning keltirilgan
sitsemasini tashkil qilishini isbotlang.

217. Agar (a,m)=d va X o’zgaruvchining qiymatlari % modul bo’yicha
chegirmalarning to’la sistemasini tashkil etsa, u holda %x + b funksiya ning mos
giymatlari ham % modul bo’yicha chegirmalarning to’la sistemasini tashkil qilishini
isbotlang.

218. Agar (a,m)=d va x o’zgaruvchining giymatlari % modul bo’yicha
chegirmalarning keltirilgan sistemasini tashkil etsa, u holda %x funksiya'ning mos
giymatlari ham % modul bo’yicha chegirmalarning keltirilgan sistemasini tashkil

qgilishini isbotlang.

219. m=9 moduli bo’yicha chegirmalarning to’la va keltirilgan sistemalarini 3
xil (musbat, manfiy bo’lmagan, absolyut qyimati jihatidan eng kichik chegirmalar)
ko’rinishda yozing.

3-§. Eyler va Ferma teoremalari
Eyler teoremasi. Agar m > 1 va (a, m)=1 bo’lsa, a*™ = 1(modm) bo’ladi.

Xususiy holda, agar m=p tub songa teng bo’lsa, Eyler teoremasidan quyidagi Ferma
teoremasi kelib chigadi.
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Ferma teoremasi. Agar p tub son va (a, p)=1 bo’lsa, u holda a"*=1(mod m)
bo’ladi. Ferma teoremasidan ixtiyoriy abutun musbat soni uchun a? —a =
0(modp) ning bajarilishi kelib chigadi.

220. a) agar (a,7) =1 bo’lsa, (a'? —1) i 7; b) agar (a,65) = (b,65) =1
bo’lsa, (at? — b1?) : 65 ekanligini isbotlang.

221. Kanonik yoyilmasiga 2 va 5 kirmaydigan n natural sonining 12 —
darajasining birliklar xonasidagi ragami 1 ga teng ekanligini isbotlang.

222. aP~! + p — 1 ko’rinishdagi son murakkab ekanligini isbotlang, bu yerda
a # 0(modp).

223. 21131 = 2(mod11 - 31)ekanligini isbotlang .

224, 239 sonni 13 ga bo’lgandagi qoldigni toping.

225. 352 sonini 17 ga bo’lgandagi qoldigni toping.

226.a™P~D+1 = g(modp) ekanligini isbotlang.

227.317%>%sonini 15 ga bo’lgandagi qoldigni toping.

228. 380 + 780 sonini 11 ga bo’lgandagi goldigni toping.

229, 3100 + 4100 gonini 7 ga bo’lgandagi qoldigni toping.

230. 197157 sonini 35 ga bo’lgandagi qoldigni toping.

231.n = 7337 uchun 2" = 1(mod n) ekanligini ko’rsating.

232.139 + 230 + . +103%= — 1(mod11)ekanligini ishotlang.

233. Ixtiyoriy x butun soni uchun 1) x” = x(mod42); 2) x13 = x(mod2730)
ekanligini isbotlang.

234.Agar p va g lar har xil tub sonlar bo’lsa, p9~1 + gqP~! = 1(modpq)
ekanligini isbotlang.

235. 2199 sonining oxirgi ikkita ragamini toping.

236. 3199 sonining oxirgi ragamini toping.

237.243%92 sonining oxirgi uchta ragamini toping.

238. Agar (n,6) = 1 bo’lsa, n? = 1(mod24) ekanligini ishotlang.

239. Agar p tub son bo’lsa, 21;:—11 i*®=1 + 1 = 0(modp) tagqqoslamaning o’rinli
ekanligini ko’rsating.

240. Agar p tub son bo’lsa, (X7, a;)? =Y, al (modp) taqqoslamaning o’rinli
ekanligini ko’rsating.

241. Agar (a,m) =1 bo’lsa a* = 1(modm) taqgoslamaning eng kichik natural
yechimi ¢(m) ning bo’luvchisi ekanligini isbotlang.

242. Agar N = ¥ . a; soni 30ga bo’linsa, u holda M = Y™ . a? sonining ham 30
ga bo’linishi isbotlang.

243. Ixtiyoriy butun sonning 100 —darajasi 125 ga bo’linadi yoki 125 ga
bo’lganda 1 qoldiq qgolishini isbotlang.
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244.Agar (a,10) =1 bo’lsa, al®"*l = qg(mod1000) ning bajarilishini
ko’psating. Bunda n natural son.

245.m va n lar natural sonlar bo’lsalar, a®™ + a®™ = 0(mod7) taggoslamaning
fagat a soni 7 ga karrali bo’lgandagina o’rinli ekanligini isbotlang.

246.57" +1 =0 (modp?) taggoslamani ganoatlantiruvchi p tub sonini toping.

247.p > 3 tub son bo’lsa, p va 2p + 1 lar tub sonlar bo’lsalar, u holda 4p + 1
ning murakkab son ekanligini ko’rsating.
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IV BOB. BIR NOMA’LUMLI TAQQOSLAMALAR
1-§. Bir noma’lumli tagqoslamalar (umumiy ma’lumotlar)

Ixtiyoriy darajali taqqoslamalar yechimlari sinflari. Faraz qilaylik f(x) n-darajali
butun koeffitsientli ko’phad bo’lsin, ya'ni

f(x)=a,x"+a,x" " +...+a, ,x+a,_. U holda

f(x) = 0(modm) (1)
taggoslamaga n-darajali bir noma'lumli tagqoslama deyiladi.

(1) da aysonim ga bo’linmaydi, ya’ni a; Z 0(modm). (1) ni yechish bu uni
ganoatlantiruvchi barcha x larni topish yoki uning yechimining yo’q ko’rasatish
demakdir. Lekinda agar x; (1) ning yechimlaridan biri bo’lsa, yami f(x;) =
0(modm) bo’lsa, u holda x=x(modm) tagqoslamani ganoatlantiruvchi barcha
sonlar ham (1) ning yechimi bo’ladi. Haqgigatan ham,x=x(modm) ni
x=x+mt, teZ deb yoza olamiz. Buni (1) ga olib borib qo’ysak:

f(x)=a,(x +mt)" +a,(x, +mt)"" +...+a (X, +mt)+a, =
=a X +a X "t +...+a _x +a +mT(x)=f(x)+mT(x).

Bundan tagqoslamaga o’tsak, f(x; + mt) = 0(modm) ni hosil gilamiz. Shuning
uchun ham (1) ning yechimi, deganda alohida olingan birta x; son emas, balki
x; +mt sinf birta yechim deb tushuniladi. m modul bo’yicha m ta chegirmalar
sinflari mavjud bo’lganligi sababli (1 ) ning barcha yechimlarini m moduli
bo’yicha chegirmalarning to’la sistemasidagi chegirmalarni qo’yib sinab ko’rish
yo’li bilan topish mumkin. Bu usulga tanlash usuli deyiladi.

Agarda bir xil homa’lumli ikkita tagqoslamaning yechimlari to’plami bir xil
bo’lsa, ular teng kuchli tagqoslamalar deyiladi. Quyidagi almashtirishlar natijasida
hosil bo’lgan tagqoslamalar teng kuchlidir:

1) taggoslamaning ikkala tomoniga yoki uning istalgan tomoniga modulga karrali
bo’lgan sonni qo’shish;

2) taqqoslamaning ikkala tomonini modul bilan o’zaro tub songa ko’paytirish
yoki bo’lish;

3) taggoslamaning ikkala tomonini va modulini bir xil songa bo’lish;

Agarda berilgan taqqoslamani ixtiyoriy butun son ganoatlantirsa, u holda bu
tagqoslamaga ayniy taqqoslama deyiladi. Ayniy tagqoslamaga misol sifatida Ferma

teoremasidan kelib chiqadigan x? —x =0(mod p) (p-tub son) taggoslamani olish
mumkin. Shuningdek, agar f(x) ko’phadning barcha koeffitsientlar m ga bo’linsa,
f (x) = 0(mod m) taqqoslama ayniy taqqoslama bo’ladi.
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248. Eng kichik manfiy bo’lmagan chegirmalarning to’la sistemasidagi

chegirmalarni sinash yo’li bilan quyidagi tagqoslamalarning yechimini toping:
a) 5x? — 15x + 22 = 0(mod3), b) x? + 2x + 2 = 0(mod5),

¢) x? — 2x + 2 = 0(mod3), d) x3 — 2 = 0(mod5),

e) 2x3 — 3x% + 2x — 1 = 0(mod7), f) 2x = 7(mod15),

i) 2x3 4+ 3x — 5 = 0(mod7).

249.x3 — x + 1 = 0(mod3) taggoslamani yeching.

250. Avwvalo soddalashtirib, keyin absolyut giymati jihatidan eng kichik
chegirmalarni sinab ko’rish yo’li bilan quyidagi tagqoslamalarni yeching:

a) 90x2° + 46x2% — 52x + 46 = 0(mod15),
b) 25x3 — 36x% — 18x + 13 = 0(mod12),
c) 21x + 4 = 7(mod6),

d ) x®—2x3+13x — 1 = 0(mod4).

251. 7x3 + 12x?% — x + 24 = 0(mod3) taggoslamani noma’lum X ning barcha
butun giymatlarining ganoatlantirishini tekshiring.

252. Quyidagi tagqoslamalarni noma’lum x ning barcha butun giymatlarining
ganoatlantirishini tekshiring:

a)x3 —x+ 6 =0(mod3); b)x(x?—1) = 0(mod6);

) 20x° + x* — 10x3 — 1 = 0(mod5);

d)x13 — 26x1% — x = 0(mod13).

253. Quyidagi taggoslamalarni noma’lum x ning birorta ham butun giymatlarining
ganoatlantirmasligini tekshiring:

a)5x = 4(mod5); b) x? —2x+ 3 = 0(mod4); c¢)20x° +5x*—10x3 -1

= 0(mod5); d)x'3 —26x? —x +5 = 0(mod13).

254. a) (m,n)=1 bo’lsa, n-darajali x™ + a;x" 1 +a,x""?+ --+a, =
0(modm) taqqoslamani yangi o’zgaruvchi y kiritish yo’li bilan (n — 1) — darajali
hadi gatnashmagan y* 4+ b,y"" % + .-+ b, = 0(modm) ko’rinishdagi
taggoslamaga keltirish mumkin ekanligini ko’rsating.

255. 254.a) dan foydalanib, x3 + 5x% + 6x — 8 = 0(mod13) taggoslamani uch
hadli y3* + px + g = 0(mod13) tagqoslama ko’rinishiga keltiring.

256. x?(©%) = 1(mod60) taggoslamani yeching.

2-§. Bir noma’lumli birinchi darajali tagqoslamalar.

Birinchi darajali ayx + a; = 0(modm) tagqoslamani hamm vaqt
ax =b(mod m) (1)
ko’rinishga keltirish mumkin. Shuning uchun ham biz (1) ni tekshiramiz. Avvalo,
faraz etaylik, (a,m)=1 bo’lsin. U holda x o’zgaruvchi m moduli bo’yicha
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chegirmalarning to’la sistemasini qgabul gilsa, ax ham shu sistemasi gabul giladi.
Shuning uchun ham x ning fagat bitta giymatida ax soni b tegishli bo’lgan sinfga
garashli bo’ladi. Shu giymatda ax; = b(modm)ga ega
bo'lamiz. Shunday qilib, agar (a,m)=1 bo’lsa, (1) tagqoslama birta (yagona)
x = x,(modm) (yokix =x; + mt, t =0,%1,%2,... ) yechimga ega bo’lar ekan.

Endi, faraz etaylik, (a,m)=d >1 bo’lsin. Bu holda agar b soni d ga bo’linsa,
a=a, d, b=b;-d, m=my-d debolib (1) dan

a,x =b, (mod m,), (a,,m) =1 (€9)
tagqoslamani hosil gilamiz. Bu (2) taggoslama esa yuqorida garab chigilgan holga
ko’ra yagona Yyechim x = x,(modm,) ga ega bo’ladi. Biz m moduli bo’yicha

(m=m;-d) (1) taggoslamaning yechimlarini topishimiz kerak. Buning uchun (2) ning
yechimlari

vy X =My, X, X 4+m, X +(d =)my, X +dm,, ... )
m,d = m modul bo’yicha nechta har xil sinfga tegishli ekanligini aniglashimiz
kerak. Tushunarliki, (3) dagi sonlar d ta sinfga tegishli bu sinflar sifatida

oo XM, e % (d-Dm, (4)
larni olish mumkin. Demak, (1) ning bu holda d ta yechimiga ega bolamiz.

Agarda (a,m)=d>1 bo’lib, b soni d ga bo’linmasa, u holda (1)-tagqoslama birorta
ham yechimga ega emas. Chunki bu holda (1) dan a,dx = b + m,dt yoki
=b =d(a;x —myt) tenglikga ega bo’lamiz. b soni d ga bo’linmaganligi uchun
bu tenglikning bajarilishi mumkin emas. Shunday qilib biz quyidagilarni isbotladik:

1). Agar (a,m)=1 bo’lsa, (1) tagqoslama yagona yechimga ega;

2) Agarda (a,m)=d>1 va b soni d bo’linsa, (1) tagqoslama d ta yechimga ega;

3) Agarda (a,m)=d>1 va b soni d bo’linmasa, (1) tagqoslama birorta ham
yechimga ega emas. (1)-tagqoslamaning yechimini topish uchun quyidagi usullardan
foydalanish mumekin:

1) tanlash usuli ( bu usulda m moduli bo’yicha chegirmalarning to’la sistemasidagi
chegermalar qo’yib sinab ko’riladi. Bu usul sodda, lekin m modul katta bo’lsa,
chegirmalar sinflari soni ko’p bo’lgan uchun amaliy jihatdan noqulaydir);

2) taqgoslamalarning xossalaridan foydalanib, koeffitsientlarini almashtirish usuli
(bu usulda taggoslamalarning xossalaridan foydalanib, x noma’lumning oldidagi
koeffitsient 1 bilan almashtiriladi. Bu usul ham koeffitsientlar katta bo’lgan holda
aniq yo’llanma (algoritm) bo’lmagani uchun unchalik ham qulay emas. Bunday
hollarda (1) ning yechimining topish uchun aniq formulaga ega bo’lish qulaydir);

3) Eyler teoremasidan  foydalanib  yechish usuli (bu usulda yechim

x =a”™™.b(modm) formula yordamida topiladi) ;
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4) uzluksiz (zanjirli) kasrlardan foydalanib yechish usuli mavjud. (Bu usulda
yechim xE(—l)”_len_l(mod m)formula  yordamida topiladi. Bu yerda
P,,_4 soni % kasrning uzluksiz kasrlarga yoyilmasidagi (n— 1) — munosib
kasrning surati (munosib kasrlar mavzusiga garang)).

Taqgoslamalardan foydalanib, ax + by = c ko’rinishdagi birinchi darajali ikki
noma’lumli, butun koeffitsientli anigmas tenglamalarni butun sonlarda yechish
mumkin. Berilgan tenglamani ax = ¢ + b(—y) ko’rinishda, buni esa ax = c(modb)
ko’rinishda yozish mumkin. Bu tagqoslamaning yechimini yuqorida qarab chiqgilgan

usullardan biri bilan topamiz. x = x; + bt,t € Z bo’lsin. U holda x ning bu
qiymatini berilgan tenglamaga qo’yib, y ni aniglaymiz: a(x; + bt) + by =c >y =

c—axq

%(C —ax, —abt) = —at,ya’ni y =y, —at,t € Z ga ega bo’lamiz.
257.Quyidagi tagqoslamalarning yechimga ega yoki ega emasligini tekshiring,

agar yechimga ega bo’lsa, uni tanlash usuli bilan toping:

a) 5x = 3(mod6), b) 8x = 3(mod10), c¢) 2x = 6(mod8),
d) 3x = —6(mod7), e) 4x = 3(mod12), f) 6x = 5(mod9),
g) 5x = 7(mod8).
258.Quyidagi tagqoslamalarning yechimga ega yoki ega emasligini tekshiring,
agar yechimga ega bo’lsa, uni taggoslamalarning xossalaridan foydalanib,
koeffitsientlarini almashtirish usuli bilan toping:

a) 5x = 3(mod7), b) 8x = 3(mod11), c¢)4x = 6(mod8),
d) 4x = 25(mod13), e) 11x = 3(mod12), f) 7x =5(mod9),
g) 5x = 7(mod8), h) 7x = 6(mod15).

259.Quyidagi taqgoslamalarning yechimga ega yoki ega emasligini tekshiring,
agar yechimga ega bo’lsa, uni Eyler teoremasidan foydalanib toping:
a) 13x = 3(mod19), b)27x = 7(mod58), c¢) 5x = 7(mod10),
d) 3x = 8(mod13), e)25x =15(modl17), f) 29x = 35(mod12),
g) 3x = 7(mod11).
260.Quyidagi taggoslamalarning yechimga ega yoki ega emasligini tekshiring,
agar yechimga ega bo’lsa, uni uzluksiz kasrlardan foydalanib toping:
a) 13x = 1(mod27), b) 37x = 25(mod117),
c) 113x = 89(mod311), d) 221x = 111(mod360),
e) 23x = 667(mod693), f) 143x = 41(mod221),
g9) 20x = 13(mod43).
261.Quyidagi taggoslamalarni yeching:
a) 12x = 9(mod15), b) 12x = 9(mod18),
¢) 20x = 10(mod25), d) 10x = 25(mod35),
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e) 39x = 84(mod93), f)90x + 18 = 0(mod138),

g) 15x = 35(mod55).

262.Quyidagi anigmas tenglamalarni taggoslamalardan foydalanib yeching:

a) 5x+4y=3, b) 17x+13y =1, c)91x— 28y = 35,
d) 2x+3y=4, e)4x—3y=2, f)3x—7y =1,
g) 7x + 6y = 11.

263.a). x =-—100 va x = 150 to’g’r1 chiziqlar orasida joylashgan va 8x —
13y + 6 = 0 to’g’ri chizigda yotuvchi butun koordinatali nuqtalar sonini aniglang.

b). x = 1va x = 200 to’g’ri chiziqlar orasida joylashgan va 5x —7y —8 =10
to’g’ri chiziqda yotuvchi butun koordinatali nugtalar sonini aniglang.

264. x ning ganday butun giymatlarida quyidagi funksiyalar butun giymat gabul

giladi: @) f(x) = =5 b) f(x) = 2=
2x —1
Q) F() ==

265.a). G’allani tashish uchun 60 kg va 80 kg lik qoplar mavjud. 440 kg g’allani
tashish uchun nechta 60 kg va 80 kg lik qoplar kerak bo’ladi.

b). 1490 so’mga 30 so’mlik va 50 so’mlik markalardan necha dona sotib olish
mumkin.

c). 6000 so’mga 200 va 250 so’mlik daftarlardan necha dona sotib olish mumkin.

266.a). 523 sonining o’ng tomoniga shunday uchta ragam yozingki, hosil bo’lgan
olti xonali son 7,8 va 9 ga bo’linsin.

b). 32 sonining 0’ng tomoniga shunday ikkita ragam yozingki, hosil bo’lgan to’rt
xonali son 3 va 7 ga bo’linsin.

3-§. Bir noma'lumli birinchi darajali taggoslamalar
sistemasini yechish.

Ushbu birinchi darajali tagqoslamalar sistemasi

AﬁEAl(mod ml), AZXE Bz(mod mz), ,A<XE Bk(mOd mk) (1)

berilgan bo’lsin. Bu sistema yechimga ega bo’lishligi uchun avvalo (1) dagi har bir
taqqoslama yechimga ega bo’lishi kerak. Bu tagqoslamalarning har birini yechib, (1)
ni quyidagicha yozib olish mumkin.
x=b(modm, x=b,(modm,),---,x=b,(modm,). (2
(2) sistemani yechaylik. (2) ning birinchi taqqoslamasidan
X=Db +mt, teZ. (3)
Bulardan (2) dagi ikkinchi taggoslamani ganoatlantiruvchilarini ajratib olamiz:
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b +mt =b,(modm,). (4)

Bundan m,t, = b, — b;(modm,). Faraz etaylik, (m;,m,)=d bo’lsin. U holda

agarda b,-b; ayirma d ga bo’linmasa, (4) taqqoslama yechimga ega emas. Agarda
d|b,-b; bo’lsa, (4) d ta yechimga ega va

My M(mod ﬂj (ﬂ, ﬂj 1 )
d d d d d

taggoslama yagona t, = ¢t (mod %) yokit, = t' + %tz, t, € Z yechimga
ega. t;ning bu giymatini (3) ga olib borib qo’yib (2) dagi birinchi 2 ta taqqoslamani
ganoatlantiruvchi

X = bl+m1(t' +%t2j =b +mt +%t2 =b +mt +[m,m,,
ni topamiz. Agarda X, = b +mt deb olsak, u holda
X=X, +[m,m,]t, yoki x=x,(mod[m,m,])

ni hosil gilamiz. Shu usulni davom ettirib, x = x, (mod [m,, m,,... ,m;]) ni,

ya'ni (2) ning yechimini hosil gilamiz. (2)- sistemada (m;,m;)=1 i= ],

M
M=m-m,..m,M; = m bo’Isin.U holda (2) -sistemaning yechimi x = x,(mod M)

bo’ladi. Bu yerda

X =M, -Mb+M,-Mpb, +...+ MM, -b, (6)
vaM,, M,, ...,M, lar ushbu taggoslamalar sistemasidan aniglanadi:
M,M; =1 (mod m),M,-M, =1(modm,), ---, M, M, =1(modm,). (7

(2)-sistemani yechish gadimgi xitoy masalasi deb ataluvchi m;ga bo’lganda by, m;
ga bo’lganda b, ...,m ga bo’lganda bcgoldig goluvchi x sonini toping degan
masalaning o’zginasidir.

267. Tagqoslamalar sistemasini yeching:

x = 6(mod 15) X =13(mod14) X =19(mod 56)
1) {x=18(mod 21), 2) {X=6(mod35) 3)x =3(mod 24)
x = 3(mod12) X = 26(mod 45) x = 7(mod 20)
X = 4(mod 5)
4) <x=1(mod12)
X = 7(mod14)
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x =13(mod16) x =9(mod10) x =7(mod 9) X =5(mod12)
5) {x=3(mod10) 6) {x=10(mod15) 7) {x = 2(mod 7) 8) {x = 2(mod 8)
X =9(mod14) x =11(mod12) x = 3(mod12) X = 2(mod11)
X = 7(mod10) X =8(mod 7) x = 2(mod5)
9) ix=2(mod5) 10) 1x=3(mod11) 11)), _ 8(mod11)
X = 8(mod 9) X = 9(mod13) x =12(mod15).

268. Modullari juft-jufti bilan o’zaro tub bo’lgan taqqoslamalar sistemasini
yeching.
X =1(mod 6) 2x = 3(mod 5) 3x =1(mod17) 5x = 2(mod 9)
1) {x=2(mod7) 2) {x=2(mod7)  3) {4x=3(mod5) 4) <3x =—-1(mod13)
{x = 3(mod11), Lx = 4(mod1l), Lx =5(mod 9), {x = 6(mod11),

6x =1(mod 35) 8x =7(mod17) 11x = —4(mod 18) 21x = —2(mod 23)
5) {3x = 4(mod17) ©) {5x =11(mod6) 7) {7x =1(mod1l) 8) {Hx = 3(mod 9)

10x =7(mod13),  [x=-1(mod19),  |3x=5(mod7), x = 6(mod11),
x = 3(mod 29) 6x = 5(mod 31) x =1(mod 7)

9) {x=-5(mod12) 10) {x=-2(mod29) 11) J; _ 31040
2x = 7(mod11), 5x = 3(mod 27), X = 5(mod11).

269. m;, m,, my sonlariga bo’lganda mos ravishda r;, r,, 3 qoldiq qoluvchi
eng kichik natural sonni toping.

Nelmyimy mg| g |, |13 No myim, mg|ry | 1p | T3
11778912 3|7 13|21(23|9 | 1]13
2 (3|4 |5|1(2]|3 8|3 5|82 4|1
3/19110(13/3|5|6|9 35|82 ]4]|1
4 14 |15 |7 |23 |4]10/5]7 94,061
513|782 |4|5 11| 7 (13|17| 6 |12 |16
6 |7 |13(17| 4|9 |1

270. a ning ganday giymatida berilgan taggoslamalar sistemasi yechimga ega?
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X = 5(mod 18) x =a(mod 7) X = 5(mod12) x =11(mod 20)
1) +x=8(mod21) 2) {Xx=2(mod9) 3)<x=a(modll) 4) 1x=1(mod15)

x = a(mod 35), x =7(mod1l), x = 3(mod15), X = a(mod18),
x =19(mod 24) X = 6(mod15) X =19(mod 56) X = 3(mod 5)
5) <x=10(mod21) 6) {x=18(mod21) 7) {x=3(mod24) 8) {x=2(mod7)
x=a(mod9), x = a(mod11), x = a(mod 20), x =a(mod?9),
x =1(mod 3) x =14(mod19) x =5(mod11)
9) yx=5(mod7)  10) !x=5(mod25) 11) {x=4(mod7)
X = a(mod11), x = a(mod10) x =a(mod9).

271. Absissalar o’qining qaysi butun nuqtalarida shu nuqtalardan o’tkazilgan
perpendikulyar berilgan to’g’ri chiziglarning barchasini bir vaqtda butun koordinatali
nugqtalarda kesadi.

Dx=2+5y,x=1+4+8y,x=3+11y;

2)4x -7y =9,2x+9y =15,5x — 13y = 12;
3)3x—-5y=1,2x+3y=3,5x -7y =7;
HNx+7y=2,x—5y=3,2x+7y=6;
5)2x—-3y=1,x-5y=3,x—11y =2;

6) 11x+5y=6,10x+ 11y =9,12x + 13y = —1;
7)3x—7y=5,5x—8y=4,11x + 13y = -2;
8)10x -9y =1,x—7y=3,x+5y =2;
N11x+17y=5,19x—-37y =1,11x -7y = 4;
10)x—19y =2,5x - 13y =1,10x + 13y = —3;
11)x—7y=53x+8y=7,x =11+ 3y.

272. a). Agar o’nlik sanoq sistemasidagi N = 4x87y6 sonining 56 ga bo’linishi
ma’lum bo’lsa, uni toping.

b). Agar o’nlik sanoq sistemasidagi N = xyz138 sonining 7 ga bo’linishi, 138xyz
sonini 13 ga bo’lganda qoldiq 6, x1y3z8 sonini 11 ga bo’lganda 5 qoldiq golishi
ma’lum bo’lsa, N ni toping.

c). Agar o’nlik sanoq sistemasidagi N = 13xy45z sonining 792 ga bo’linishi
ma’lum bo’lsa, x, y,z larni toping.

273.Tagqgoslamalar sistemasini yeching:
){x + 3y = 5(mod?7) b){ 9y = 15(mod12) { x = 2(mod4)
4x = 5(mod7), 7x — 3y = 1(mod12), Dlx - 2y = 1(mod4),

36



J { 9y = 15(mod12) { 3x — 5y = 1(mod12)
N 3x—7y = 1(mod12),® 9y = 15(mod12).

274.Taqgoslamalar sistemasini yeching:

x + 2y = 0(mod5)

a) {x + 2y = 3(mod5) b) {Sx + 2y = 21(mod5),

4x + y = 2(mod5),

{ 3x + 4y = 29(mod143) { x + 2y = 4(mod5)
) 2x — 9y = —84(mod143), ) 3x + y = 2(mod5),

x + 5y = 5(mod6) 5x —y = 3(mod6)
){Sx + 3y = 1(mod6), f) {Zx + 2y = —1(mod6).

){ x —y = 2(mod6) ){ 4x —y = 2(mod6)
4x + 2y = 2(mod6), 2x + 2y = 0(mod6).
275. a)
ax+ by =c
{azx + b,y =, (modm) D

a; by

tagqoslamalar sistemasida D =
a, b,

bilan m o’zaro tub bo’lsa, u yagona

yechimga ega ekanligini isbotlang.

b) (1)-tagqoslamalar sistemasida (D,m) =d > 1 bo’lsa, uning yechimga ega
bo’Imaslik shartini toping.

c) (1)-taggoslamalar sistemasida D = D, = D, = 0(modm) bo’lsa, uning
yechimlari to’plami (1) dagi 1-tagqoslamaning yechimlari to’plami bilan bir xil
bo’lishini isbotlang. Bunda

€1

by
Dy = c; byl

a, G
D2 == | |
a, e

4-§. Tub modul bo’yicha n-darajali tagqoslamalar.

f(x) =apx™ +a;x™ '+ -+ a,, = 0(modp) (1)
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ko’rinishdagi taqqoslamaga tub modul bo’yicha n-darajali taggolama deyiladi.
Bunda p-tub son, a, # 0(modp), n —butun musbat son, a; — koeffitsientlar butun
sonlar.

Eng awvalo ay, a4, ...,a, sonlarini p moduli bo’yicha absolyut giymati jihatidan
eng kichik chegirmalar bilan almashtirsak, (1) tagqoslama biroz soddaroq ko’rinishga
keladi. Masalan:

25x3 + 17x% — 13 = 0(mod11) (19
ni
3x3 — 5x2 — 2 = 0(lmod11) (2"
ko’rinishda yozish mumkin.

Ikkinchidan (1) ni hamma vaqt bosh hadining koeffitsienti 1 ga teng bo’lgan holga
keltirish mumkin, chunki aa, = 0(modp) taqgoslama (a,,p) = 1 bo’lgani uchun
yagona yechimga ega va (1) ning ikkala tomonini a ga ko’paytirsak, x™ ning
koeffitsientini 1 bilan almashtirish mumkin bo’ladi. Masalan: 3a = 1(mod11) -
a = 4(mod11). Shuning uchun ham (2') ning ikkala tomonini 4 ga ko’paytiramiz, u
holda

12x3 — 20x%2 — 8 = 0(mmod11) - x3 + 2x% + 3 = 0(mod11).

Uchinchidan ushbu teorema yordamida berilgan tagqoslamani ancha
soddalashtirish mumkin.

1 — teorema. Agar (1) dan>p bo’lsa, uni darajasi p — 1 dan katta bo’lmagan
taggoslama R(x) = 0(modp) tagqoslama bilan almashtirish mumkin. Bunda R(x)
ko’phaq f(x) ni xP — x ga bo’lishdan chiggan qoldigq.

Amaliyotda f(x) ni xP —x ga bo’lishi shart emas. Buning uchun x™ ni
darajasini p-1 dan katta bo’lmagan had bilan almashtirish uchun m ni p-1 ga
bo’lamiz. m = (p — 1)k + r. U holda x = xP(modp) taqqoslamaning ikki tomonini
mos ravishda x™~1, x®@-D1+r=1

, xP~Dk-1)+r-1 larga ko’paytirsak,
X" = x(p—1)+r’ xP—147r = x2(p—1)+r, ___,x(p—l)(k—1)+r = yk(@-D+r = ,m
hosil bo’ladi. Bulardan x™ = x"(modp). Bu esa yuqoridagi teoremaning yana bir
isbotidir.

Misol. x® + 2x7 + x°> — x* — x + 3 = 0(/mod5) taggoslamani darajasi 4dan katta
bo’lmagan taqqoslama bilan almashtiring.

x 210 4 ox I3 4 x4+ x4l x4+ 3 = 0(mod5)
->1+4+2x3+x—x°—x+3=00@mod5) - 2x3+ 3 = 0(mod5).
2-teorema(yechimlari soni hagida teorema).p-tub moduli bo’yicha n-darajali
(n < p — 1) tagqoslaman-tadan ortig bo’lmagan ildizga ega.

Agarda a, # 0(modp)shartdan voz kechsak bu teoremadan quyidagi natija kelib

chigadi.

38



Natija. Agar p-tub modul bo’yicha n-darajali taggoslama n tadan ortiq ildizga ega
bo’lsa uning barcha koeffitsientlari p ga bo’linadi.

3-teorema (Vilson teoremasi). Agar p tub son bo’lsa, u holda

(p — D!+ 1 = 0(modp) (3)

Bu tagqoslama agar p tub son bo’Imasa, bajarilmaydi. Hagigatdan ham agarda
p=p;-d,1<d<p, bo’lsa(p— 1)! sonid gabo’linadi,uholda (p —1)! + 1
soni d ga bo’linmaydi, shuning uchun ham p ga bo’linmaydi. Demak, ushbu teskari
teorema ham o’rinli ekan.

4-teorema. Agar butun musbat p soni uchun(3) taggoslama o'rinli bo’lsa, p-tub
son bo’ladi.

Shunday qilib Vilson teoremasini tub sonlarni aniglash kriteriyasi deb qabul qilish
mumkin, lekin (p — 1)!+ 1 soni katta p lar uchun juda katta son bo’lgani uchun
amaliyotda qo’llash noqulay.

276. Quyidagi taggoslamalarning avval darajasini pasaytirib keyin yeching.

a). 6x19 — 12x + 1 = 0(mod5),

b). x> —2x3 + x% — 2 = 0(mod3),

c).x> — 7x* 4+ 9x% — x + 13 = 0(mod3),

d). .x7 — x® + 5x%2 — 3 = 0(;nod5),

e). x> + x* + x3 — x%2 — 2 = 0(mod5),

f). x” — 6 = 0(mod5),

0). x® + 2x7 + x°> — x + 3 = 0(mod5),

h). 6x* + 17x? — 16 = 0(mod3),

i). 4x7 — 2x3 + 8 = 0(mod5),

j). 3x7 — 2x® + 2x% + 13 = 0(mod5).

277. Quyidagi taqgqoslamalarni berilgan modul bo’yicha ko’paytuvchilarga
ajrating.

a). x3 + 4x? — 3 = 0(mod5),

b). x* +x3 —x% +x — 2 = 0(mod5),

). x* + x + 4 = 0(mod11),

d). x%2 + 2x + 2 = 0(mod5),

e). 3x3 — 1 = 0(mmod5),

f). 2x* + x3 — 3x% + 2x — 2 = 0(mod11),

9). x* — 7x3 + 13x?% 4+ 21x + 23 = 0(mod7),

h). 2x* + x3 — 3x% + 2x — 2 = 0(mod5),

i). 2x3 + 5x2 — 2x — 3 = 0(mod7),

). x* —2x% + x + 4 = 0(mod?7).
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278. Quyidagi tagqoslamalarning 1-teoremadan foydalanib, darajasini pasaytiring
va yechimlarini toping:

a). 8x20 — 15x1% + 7x18 4+ 28x17 — 4x16 + 30x™> + 10x°® — 4x3 + 23x2% —
21x — 11 = 0(mod13),

b). x1% + x8 + x7 — x* — x? + 4x — 3 = 0(mod?7),

c). x101 + 3x15 + x11 — 3x> + 9x2 4+ 10x — 5 = 0(/mod11),

d). 2x35 — 17x5 + 13x® — 3x° + 12x + 5 = 0(mod11),

e). x12 — 2x7 + x3 + 1 = 0(mod5).

279. Quyidagi teoremani ishotlang: f(x) = x™ + ¥, a;x™" ‘van < p bo’lsin,
f(x) = 0(modp) tagqoslamaning n ta yechimga ega bo’lishi uchun x? — x ni f(x)
ga bolishdan chiggan goldigning barcha koeffitsientlarining p ga bo’linishi zarur va
yetarli.

280. Agar a Z 0(mod7) va b # 0(mod7) bo’lsa, x3+ ax + b = 0(mod7)
tagqoslamaning uchta yechimga ega bo’lmasligini isbotlang.

281. Tub modul bo’yicha taqqoslama x™ = a(modp) ning (a,p) =1van<p
bo’lganda n ta yechimga ega bo’lishining zaruriy va yetarli shartini toping.

282.280-misolda topilgan shartdan foydalanib, quyida berilgan x™ = a(modp)
ko’rinishdagi tagqoslamalarning n ta yechimga ega yoki yechimga ega emas
ekanligini aniqlang va yechimga ega bo’lsa ularni toping.

a). x3 = 1(mod7);

b). x? = 2(mod5);

c). x> = 10(mod11);

d). x* = 1(mod11);

e). x® = 3(mod7);

f). x* = 3(mod13).

283. Agar p — tub son bo’lsa, (p — 2)! = 1(modp) ekanligini ko’rsating.

284.p va p + 2 sonlarining “egizak” tub sonlar bo’lishi uchun 4[(p — 1)! + 1] +
p = 0 (modp(p + 2)) shartning bajarilishi yetarli va zarur ekanligini (Klement
teoremasini) isbotlang.

285. Vilson teoremasidan foydalanib p soni p = 4n + 1 ko’rinishdagi tub son
bo’lganda (2n)! sonining  x? = —1(modp) taqgoslamani ganoatlantirishini
isbotlang.

286. p tub son bo’lganda quyidagi tagqoslamalarning o’rinli ekanligini isbotlang:
a).a? + a(p —1)! = 0(modp); b).aP(p — 1)! + a = 0(modp).

287. Leybnits teoremasi “p > 2 sonining tub son bo’lishi uchun (p —2)! —1 =
O0(modp) shartning bajarilishi zarur va yetarli” ekanini isbotlang.

288. 279-misoldagi teoremani quyidagi taggoslamalarni yechishga qo’llang:

a). x2 + 2x + 2 = 0(mod5), b). 3x3 — 4x? — 2x — 4 = 0(mod7).

40



5-§. Murakkab modul bo’yicha yuqori darajali tagqoslamalar.

Murakkab modulli tagqoslamani yechishni tub modul bo’yicha taggoslamani
yechishga keltirish mumkin. Bunda ushbu teoremadan foydalaniladi:
Teorema. Agar f(x)=0(mod M) @
tagqoslamaning moduli M juft-jufti bilan o’zaro tub bo’lgan ko’paytuvchilarga
ajratilgan M =mym,...m,,  (M;,mM;) =1bo’lsa, u holda:
1). (1) taggoslama ushbu taggoslamalar sistemasi
f (x)=0(modm,), f(x)=0(modm,) ,---, f(X)=0(modm,) 2
ga teng kuchlidir.
2). Agarda (1) tagqoslama N ta yechimga ega bo’lib, (2) ning birinchisi ny,
ikkinchisi n, va h.k. Oxirgisi n, ta yechimga ega bo’lsa, u holda
N=n-n,----- Nk bo’ladi.
Yugqoridagi teoremaga asosan murakkab modul boyicha tagqoslamani hamma
vaqt
f (x)=0(mod p“), p—T1yb coH, a>1 1)
ko’rinishdagi taggoslamani yechishga keltirish mumkin. Bu taggoslamani tanlash
usuli bilan yechish p* katta son bo’lganda ancha noqulay (1) ni yechishni
f (x)=0(mod p) (3)
ni yechishga keltirish mumkin. Ma'lumki (1°) ni ganoatlantiruvchi har bir x, soni
(3) ni ham qanoatlantiradi. Shuning uchun ham (1°) ning yechimlarini (3) ning
yechimlari orasidan gidirish kerak. Buni ketma-ket (3) dan p bo’yicha, keyin p? va
h.k. taggoslamalarga o’tib bajarish mumkin.
Faraz etaylik, (3) ning birorta yechimi topilgan bo’lsin:
x=x,(mod p) ya'ni xX=x + pt, teZ (4)
(4) dan f (x) =0(mod p?) (5)
tagqoslamani ganoatlantiruvchilarini ajratib olamiz.
f (x, + pt;) =0(mod p?).
Bu taggoslamaning chap tomonini hisoblash uchun  f(x + pt) ning Teylor gator
yoyilmasidan foydalanish qulay:

- t,)? .- t, )<
f(x)+pt - f (xl)+%f (x1)+...+%f(k)(xl),
bu yerdagi har bir qo’shiluvchi butun son. Bundan foydalanib, oxirgi taggoslamani

quyidagicha yozish mumkin:

f(x)+pty-f I(Xl) = 0(mod pz) (6)
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Bu yerda p\ f (x;) bo’lgan uchun

1) +t,f'(x) = 0(mod p)

: f
Yok 41 0=~ mod p). ™
Bu yerda quyidagi uchta hol bo’lishi mumkin:
Aptf'(x)) bo’lsa, (7)dan t =t (modp),yani t,=t+pt, t,eZ.

Buni (4) ga qo’ysak, x =x; +p(t' +pt,) =x; +pt’ +p?t, hosil bo’ladi.
t,=0 aa x=x+pt.Bundan (5) ning bitta x, = x; + pt’ yechimi hosil bo’ladi.

Demak X = x, + p°t,.Buni
f (x)=0(mod p°) (8)

tagqoslamaga olib borib qo’yib, yugoridagi singari mulohaza yuritib, t, ni
topamiz.

f(x2 + pZtZ)EO(mod p%) yoki f(x,)+pt,f (%, )=0(mod p*),bu yerda p?| f (x,)

bo’lgani uchun

f(X2)+t2f'(x2)zO(m0d 0). ©)

2

X, = x; (modp) bo’lgani uchun f'(x;) = f'(x,)(modp). Bunda shart bo’yicha
f'(x,) # 0(modp) va demak, f'(x,) £ 0(modp).

Demak, (9) yagona yechimga ega. t, Etlz (mod p), yani t, =t'2 +pt;, tHeZ U
holda X = X, + P*(t; + Pt;) = X, + P°t, + Pty yoki
X = X3 + P°ty, yani x = xz(mod p3).

Shu jarayonni takrorlab x = x, (modp?) ni hosil gilamiz.

Shunday qilib, p t f'(x;) holda (3) ning har bir yechimi (1°) ning birta yechimiga
olib keladi.

B. Agarda P |f{(x) bo’lib, (7) ning 0’ng tomoni esa p ga bo’linmasa (7) va
demak (5) va (1’) ham yechimga ega emas.

B. Agarda p|f{(x)bo’lib, (7) ning o’ng tomoni ham p ga bo’linsa, (7) ayniy
tagqoslamaga aylanadi, uni (4) dagi ixtiyoriy butun son t; ganoatlantiradi. Lekin bu
yechimlar p? moduli bo’yicha p ta sinfga tegishli bo’ladi, ya'ni (5) tagqoslama p ta
yechimga ega bo’ladi. Keyin bu yechimlardan umumiy usul bilan p3 moduli bo’yicha
tagqoslamani ganoatlantiruvchilarini ajratib olamiz va h..k.

289. Quyidagi taggoslamalarni yeching:

1) 3x3 + 4x2% — 7x — 6 = 0(mod15);
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2) 6x3 —3x% — 13x — 10 = 0(mod30);

3) x* — 33x3 + 8x — 26 = 0(mod35);

4) x5 — 3x* + 5x3 + 9x% + 4x — 12 = 0(mod42);
5) x° + x* —3x3 + x2 + 2x — 2 = 0(mod77);

6) 3x°+6x°+x+10=0 (mod15)

7) 37x =17(mod180)

290. Taqgoslamalarni yeching:

1) 4x3 — 8x — 13 = 0(mod27);

2) x* — 3x3 + 2x? — 5x — 10 = 0(;mod343);
3) x* —4x3 + 2x% + x + 6 = 0(mod25);

4) 9x2% 4+ 29x + 62 = 0(mod64);

5) 6x3 — 7x — 11 = 0(mod125);

6) x3 + 3x%2 — 5x + 16 = 0(mod125);

7)) x* +4x3 + 2x% + x + 12 = 0(mod625);
8). 2x” +5x—1=0(mod 27)

291. Taqgoslamalarni yeching:

Dx* + 4x3 + 2x% + x + 12 = 0(mod45);

2) x* — 3x3 — 4x? — 2x — 2 = 0(mod50);

3) x> — 5x* — 5x3 4+ 25x% + 4x — 20 = 0(mod147);
4) x5 + 3x* — 7x3 + 4x% + 4x — 10 = 0(mod175);
5) x* — 4x3 + 2x% + x + 6 = 0(od135);

6) 4x3 + 7x? — 7x — 10 = 0(mod225);

7) 31x* + 57x3 + 96x + 191 = 0(mod225);

8) 2x° — 6x* — 7x? — 4 = 0(mod441);

9) 2x® — 6x* — 7x2 — 4 = 0(mod1225).

6-§. Ikkinchi darajali taggoslamalar va Lejandr simvoli.
1. Ikkinchi darajali taggoslamalar va ularning ikki noma'lumli ikkinchi

darajali anigmas tenglamalar bilan bog’ligligi. Ikkinchi darajali tagqoslamaning
umumiy ko’rinishi

Ax? + Bx +C =0(mod M ) 1)
dan iborat. Bu ushbu ikki noma'lumli anigmas tenglama
AX® +Bx+C = My (2)

ga teng kuchli. (1) ko’rinishdagi tagqoslamani yechishga ikkinchi darajali ikKki
noma'lumli anigmas tenglamaning umumiy holi
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ax’+2bxy+cy’ +2dx+2ey+f =0
ham keltiriladi. Buni yechish esa 0’z navbatida Pell tenglamasi x* —a y*=c ning
yechimi bilan ham bog’liqdir.
2. Ikki hadli taqqoslamaga keltirish. (1) ni hamma vaqt
x? =a(modm) 3
ko’rinishga keltirish mumkin. Buni quyidagicha amalga oshiriladi. (1) ning ikkala
tomonini 4A ga ko’paytiramiz (modulini ham)
4 N°X +4 AB x +4ACEO(mod4AM). (4)
(4) dan
(2Ax+B) = B? —4AC(mod4AM ).

Buyerday = 2Ax + B, D = B? —4AC debolsak, y? = D(mod4AM) hosil
bo’ladi.

Agar (3) taggoslamada (a,m)=1 bo’lib, u yechimga ega bo’lsa, a ga m moduli
bo’yicha kvadratik chegirma, agar yechimga ega bo’lmasa, kvadratik chegirma emas
deyiladi. Shuningdek, agar x" = a(modm), (a,m) =1 taggoslama yechimga ega bo’lsa, a
ga n — darajali chegirma, aks holda esa a ga m moduli bo’yicha n-darajali chegirma
emas deb ataladi.

(3) taggoslamani yechish umumiy holda

) xX*=a(modp), p>2  2) x¥*=a(modp‘), a>L 3 ¥ =a(mod2*), a>L
tagqoslamalarni yechishga keltiriladi.

3. Yechimlari soni.Tanlash yo’li bilan yechimlarini topish. Kvadratik
chegirmalar soni. Ushbu
x> =a(mod p), p>2 (5)
taqqoslama berilgan bo’lsin. Agar p\a bo’lsa, trivial hol bo’ladi, ya'ni x = 0(mod p)
Shuning uchun ham x= Xl(mOd p) deb hisoblaymiz. Tushunarliki, agar
X=X (mod p) (5) ning yechimi bo’lsa, x=—-X (mod p) ham (5) ning yechimi
bo’ladi. x = —x;(modp) dan 2x, =0 (modp)va 8>2=x=0(modp) kelib
chigadi, u holda (a, p)=1 ga ziddir. Shunday qilib (5) yechimga ega bo’lsa, u 2 ta
har xil yechimga ega bo’lar ekan. (5) yechimlarini tanlash usuli bilan topish jarayoni
umumiy holga nisbatan ancha sodda. Bu yerda biz p moduli chegirmalarning

keltirilgan sistemasini absolyut qiymati jihatidan eng kichik sistema ko’rinishda
yozib olib,

1
i1 42, .. ipT (6)
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musbat va manfiy chegirmalarning (5) ni ganoatlantirish yoki ganoatlantirmasligini
bir vagtda tekshirishimiz mumkin. Shuning uchun ham (5) da x ning o’rniga

123 .. P-1
2

larni qo’yib tekshirish yetarli. Bunda chap tomonda:

12,22,...,('0—_1)2 (7)

2

hosil bo’ladi. Bulardan birortasi, masalan k? sonia bilan modp bo’yicha
taqqoslanuvchi bo’lsa, u holda x=+k(mod p) ga ega bo’lamiz. Shu bilan birga faqat
a(mod p)bo’yicha (7) da birorta son bilan tagqoslanuvchi bo’lgan (5) ko’rinishdagi
tagqoslamalargina yechimga ega. Boshqacha so’z bilan aytganda (7) da modp
bo’yicha kvadratik chegirmalar yozilgan. Ularning barchasi har xil sinflarga tegishli.
Hagigatan ham, agar
-1
1<k<l< pT bo’lib, K =1%(modp) bo’lsa, u holda (5) 4 ta
x=tk & x=2l(modp)  yechimga ega bo’ladi. Buning bo’lishi mumkin emas.
Shunday qilib, modp bo’yicha kvadratik chegirmalar soni »-1 ga teng va shuning
2
uchun ham kvadratik chegirma emaslar son soni ham 2-1 ga teng bo’ladi.
2
4. Eyler kriteriyasi. (5) ning yechimga ega yoki ega emasligini aniglash uchun
Eyler tomonidan taklif etilgan ushbu kriteriyadan foydalanish qulay: Agar a oni
p-1
modp bo’yicha kvadratik chegirma bo’lsa, a ? = 1(mod p) bo’ladi. Agar a soni
p-1

modp bo’yicha kvadratik chegirma bo’lmasa, u holda a? = —1(m0d p) bo’ladi.
Hagigatdan ham, agar (a, p)=1va(a, 2)=1 bo’lsa, a"*=1(mod p) bo’ladi (Ferma

Pt Pt
teoremasi). Bundan a”*—1=0(mod p) yoki (a ’ —1) (a ’ +1]E 0(mod p).

Bu yerda bu gavslarning hech bo’lmasa birortasi p ga bo’linishi kerak. Ularning
iIkkalasi bir vaqtda p ga bo’linmaydi, aks holda ularning ayirmasi 2 ga ham p ga
bo’linar edi, lekin p>2

Agar a kvadratik chegirma bo’lsa,
p—1

a 2 =1(mod p) (8)
bajariladi. Bu yerdan agar a(mod p)bo’yicha kvadratik chegirma emas bo’lsa, u
holda

45



E
a2 =-1(modp) bajariladi.
5. Lejandr simvoli va uning xossalari. a sonining pmoduli bo’yicha kvadratik

chegirma yoki chegirma emasligini aniglashda Eyler kriteriyasidan foydalanish p
katta bo’lsa, uncha ham qulay emas. Shuning uchun Lejandr simvoli (%) qo’llaniladi.
U quyidagicha aniglanadi:

(a ) _{ 1, agar a soni mod p boyicha kvadratik chegirma bo'lsa;

p —1,agara soni mod p bo'yicha kvadratik chegirma bo'lmasa.
Lejandr simvoli ta'rifidan va Eyler kriteriyasidan

7 <[ & moap) (9

kelib chigadi. Lejandr simvoli quyidagi xossalarga ega.

1°. Agara=a,(mod p) bo'lsa, [£j=(ﬂj bo'ladi. Bundan (a)_(a+pt) . _,
pP/oAP p) Up )

e e ) e
- (- ()

Lejandr simvolining qiymatini shu xossalardan foydalanib hisoblash mumkin. 6° —
xossaga kvadratik chegirmalarning o’zgalik qonuni deyiladi.

292. Berilgan taqqoslamalarni ikkihadli tagqoslama ko’rinishiga keltirib, keyin
yeching: 1) 2x* +4x-1=0(mod5); 2) 3x*+2x =1(mod 7);
3) 2x* —2x—1=0(mod7); 4) 3x*—x=0(mod5);  5) 3x* +7x+8=0(mod17);

6) 3x* +4x+7=0(mod31); 7) 4x*—11x—3=0(mod13);
8) x* ~5x+6=0(mod 24).

293. x ning ganday natural giymatlarida quyidagi funksiyalar butun giymat gabul
giladi:

X2 4+2X+7 ) X2 4+3x+1 3 X% +3X+5
5 25 15

294.a).Eyler kriteriyasidan foydalanib, 7 moduli bo’yicha eng kichik musbat
chegirmalarning keltirilgan sistemasida qaysi sonlar shu modul bo’yicha kvadratik
chegirma bo’ladi.

b). 17 moduli bo’yicha eng kichik musbat kvadratik chegirmalarni aniglang.

295. Eyler Kkriteriyasidan foydalanib, quyidagi modullar bo’yicha kvadratik
chegirma sinflarini aniglang: 1) 11; 2) 13; 3) 17.
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296. Quyidagi taqqoslamalarni berilgan modul bo’yicha absolyut giymati jihatidan
eng kichik (noldan boshga) chegirmalarni sinab ko’rish yo’li bilan yeching:
1) x*=2(mod7); 2) x* =4(mod7); 3) x =3(mod7); 4) x* =3(mod13); 5) x* =4(mod11).
297. Lejandr simvolining giymatini hisoblang:

D ()2 (5o ()0 () o (s o (5 2 (& o (&)
131 97 73 383 593 571 577 677

298. Lejandr simvolidan foydalanib, quyidagi taggoslamalardan gaysilari
yechimga ega ekanligini aniglang va yechimlarini toping:

1) x* =6(mod7); 2) x* =3(mod11); 3) x* =12(mod13); 4) x* =3(mod13);

5) x* =5(mod11); 6) x’ =13(mod17); 7) x? = 7(mod 19); 8) x* =5(mod 17).
299. Berilgan taggoslamalar yechimga ega bo’ladigan a ning giymatini toping:
1) x* =a(mod5); 2) x* =a(mod7); 3) x* =a(mod11);

4) x* =a(mod13); 5) x* =5(mod3).

300. X +1=0(mod p) tagqoslama modulning p =4n+1,(n=1.23,.. )
giymatida va fagat shundagina yechimga ega ekanligini isbotlang.

301. (a,b)=1 bo’lganda @’ +b’ ko’rinishdagi sonning kanonnik yoyilmasida faqat
p=4n+1,(n=1,23,.. ) ko’rinishdagi tub sonlar qatnashishini isbotlang.

302. Ikki ketma-ket butun sonning ko’paytmasining 13 moduli bo’yicha 1 bilan
tagqoslanuvchi bo’lmasligini isbotlang.

303. a ning x(x+1)=a(mod13) taqqqoslama yechimga ega bo’ladigan barcha
giymatlarini toping.

304. 300-masaladan foydalanib p =4n+1,(n =1,2,3,...) ko’rinishdagi tub
sonlar sonining cheksiz ko’p ekanligini isbotlang.

305. Tenglamalarni butun sonlarda yeching (quyidagi egri chiziglarda yotuvchi
butun koordinatali nugtalami toping): 1) 4X° =5y =6; 2) 11y=5x*—7;
3) x* —10x—11y +5=0; 4) x* —21x+110=13y; 5) 15x* -7y* =0.

306. Berilgan sonlar kvadratik chegirma(chegirma emas) bo’lgan modullarni
toping:1) a=5; 2)a=-3; 3)a=3; 4)a=2; 5) a=—7.

307. Berilgan tagqoslamalar yechimga ega bo’lgan barcha toq tub modullarni
toping:
1). x(x+1) =1(mod p); 2). x(x—1)=2(mod p); 3).x(x—1) =3(mod p).
308. Lejandr simvolidan foydalanib, quyidagi taqgoslamalar modul p>2 ning
giymatiga  bog’liq  bo’lmagan yechimga ega ekanligini isbotlang:
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1) (x* —13)(x* —17)(x* —221) = 0(mod p);
2) (x* —3)(x* —5)(x* —7)(x* —11)(x* —1155) = 0(mod p).
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V-BOB. BOSHLANG’ICH ILDIZLAR VA INDEKSLAR
1-§.Ko’rsatkichga qarashli sonlar va boshlang’ich ildizlar.

1.Ko’rsatkichga garashli sonlar va boshlang’ich ildizlar. Agar (a,m)=1 bo'lib,
>0
a® =1(modm) )
ni ganoatlantiruvchi eng kichik butun son bo’lsa, u holda @ soni m moduli bo’yicha
O ko 'rsatikichga tegishli deyiladi. Shuni ham ta'kidlash kerakki, agar (a,m)=d >1
bo’lsa, (1) taggoslama o’rinli bo’Imaydi, chunki uning o’ng tomoni d ga bo’linmaydi.
Ma'lumki, (a,m)=1 bo’lsa, Eyler teoremasiga ko’ra

a”" =1(mod m) (2)

Demak, 0<d<¢p (m). Agar d=¢(m) bo’lsa, ya'ni a soni m moduli bo’yicha ¢(m)
ko’rsatkichga tegishli bo’lsa, a va m moduli bo’yicha boshlang’ich ildiz deyiladi.
Agar m=p tub son bo’lsa, a soni p modul bo’yicha boshlang’ich ildiz bo’lishi uchun u
p-1 ko’rsatkichiga tegishli bo’lishi kerak. a sonining m moduli bo’yicha tegishli
bo’lgan ko’rsatkichini topish uchun quyidagicha yo’l tutish mumkin: a,a’,a%,... larni
hisoblaymiz, toki birinchi a’=1(modm) shartni ganoatlantiruvchi & ni hosil gilgunga
gadar.

2. Endi ko’rsatkichga qarashli sonlarning ba'zi xossalarini qaraymiz.

1°%a, =a(modm) bo’lsa, u holda @ va a, lar m moduli bo’yicha bir xil
ko’rsatkichga tegishli bo’ladi.

Demak, agar a soni m moduli bo’yicha & ko’rsatkichga tegishli bo’lsa, a bilan
taggoslanuvchi sonlar a+mt ning barchasi shu 6 ko’rsatkichga tegishli bo’lar ekan.

2°. Agar a soni m moduli bo’yicha d ko’rsatkichga tegishli bo’lsa, u holda

a’ a, a? ..., a’t 3)

sonlari m moduli bo’yicha o’zaro taggoslanmaydi. Bu xossadan kelib chigadiki,
agar o =¢@(m)bo’lsa, (3) sistema m moduli bo’yicha chegirmalarning keltirilgan
sistemasini tashkil qiladi.

3°. Agar a soni m moduli bo’yicha & ko’rsatkichga tegishli bo’lsa, u holda

‘75‘71 d
a’ =a" (modm) @

bo’lishi uchun =y, (mod &) bo’lishi zarur va yetarlidir.

Natija.1). Agar a soni m moduli bo’yicha ¢ ko’rsatkichga tegishli bo’lib,
a? = 1(modm)
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bo’lishi uchun y =0(mod &) bo’lishi zarur va yetarlidir.

2). Agar a soni m moduli bo’yicha & ko’rsatkichga tegishli bo’lsa, & \ ¢o(m).

2-natijadan foydalanib, & ni topish jarayonini biroz soddalashtirish mumkin, ya'ni &
bu @ (m) ning bo’luvchilari orasida bo’ladi.

3). Agar a soni m moduli bo’yicha & ko’rsatkichga tegishli bo’lsa, a* soni %

ko’rsatkichga tegishli bo’ladi. Xususiy holda, agar (k,8) =7 bo’lsa, y=§, ya'ni a“soni
ham & ko’rsatkichga tegishli bo’ladi.

3. Ko’rsatkichga qarashli sinflarning mavjudligi va ularning soni. Biz bundan
ilgari har bir (a,m)=1 shartni ganoatlantiruvchida sonining m moduli bo’yicha biror
5 (§\¢(m))ko’rsatkichga tegishli ekanligini ko’rdik. Buning teskarisi, ya'ni ¢(m)

ning har bir bo’luvchisi m moduli bo’yicha biror sinfning ko’rsatkichi bo’ladimi?
Xususan ¢(m) soni ham biror sinfning m moduli bo’yicha ko’rsatkichi bo’ladimi?
Ya'ni ixtiyoriy m moduli bo’yicha boshlang’ich ildiz mavjudmi? Bu savolga faqat
m=p — tub son hamda m maxsus (ba'zi bir ko’rinishdagi butun sonlar uchun) ijobiy
javob bor.

Lemma. p-1 sonining bo’luvchisi 6 soni p moduli bo’yicha yoki birorta ham
sinfning ko’rsatkichi bo’lmaydi yoki ¢ (&) ta sintning ko’rsatkichi bo’ladi.

(Bu lemmani boshgacha qgilib quyidagicha aytish mumkin. Agar p moduli bo’yicha
d ko’rsatkichga tegishli biror sinf mavjud bo’lsa, (bu yerda & | p-1), u holda shunday
sinflar soni¢(5) bo’ladi ).

Agar p moduli bo’yicha & ko’rsatkichga tegishli sinflar soninni (J) bilan
belgilasak, lemmani

0
¥(8) = {¢(6)

ko’rinishda yozish mumkin. Bu agar 6 ko’rsatkichga tegishli sonlar mavjud bo’lsa,
mod p bo’yicha ularning soni p — 1ga tengligini bildiradi. Lekin berilgan § uchun p
modul bo’yicha shu ko’rsatkichga tegishli son mavjud yoki mavjud emasligiga javob
bermaydi. Bunga ushbu teorema javob beradi.

Teorema (Gauss). p tub modul bo’yicha p-1 ning har bir bo’luvchisi § uchun shu
& ko’rsatkichga tegishli bo’lgan ¢(8) ta sinf mavjud. Xususan p moduli
bo’yicha @ (p — 1) ta boshlang’ich ildiz mavjud.

Umuman boshlang’ich ildizlar m=2,4,p” va 2p* modullari bo’yichagina mavjud.
Bu yerda p>2 tub son va a>1. I.M.Vinogradov p tub son bo’lsa, u holda 2% Jpinp

dan katta bo’lmagan boshlang’ich ildiz mavjud ekanligini isbotlagan, bu yerda x soni
p-1 ning har xil bo’luvchilari sonidir. Boshlang’ich ildizni topishning effektiv usuli
esa hozirgacha topilgan emas. Qarab chigilganlardan agar
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Pl p-l Pl
g% #1, g% #1 ..., g% #1

bo’lsa, u holda g ning p moduli bo’yicha boshlang’ich ildiz bo’lishi kelib chigadi.
Boshlang’ich ildizlarni aniglashning ikkinchi bir usuli bu, agar p moduli bo’yicha
boshlang’ich ildizlardan birortasi (yaxshisi eng kichigi) g ma’lum bo’lsa, qolgan
barchasini g*(modp) ning eng kichik musbat chegirmasi sifatida aniglash mumkin.
Bunda (k,p —1)=1val<k<p-1.

309.1) 2 soni 7 moduli bo’yicha tegishli bo’lgan daraja ko’rsatkichini toping.

2) 3 soni m=7 moduli bo’yicha tegishli bo’lgan daraja ko’rsatkichini toping.

3) 5 ning m=7 moduli bo’yicha gqanday ko’rsatkichga tegishli ekenligini aniglang.

310.Tanlash usuli bilan m moduli bo’yicha 2 dan m — 1 gacha sonlar orasidan m
bilan o’zaro tublari tegishli bo’lgan daraja ko’rsatkichlarini toping:

1).m=5; 2)m=7, 3). m=8; 4).m=10; 5)m=11; 6).m=09.

311. m moduli bo’yicha m — 1 soni tegishli bo’lgan daraja ko’rsatkichini aniglang.

312. Quyidagi modullar bo’yicha barcha boshlang’ich ildizlarni toping:

D.p=7 2)p=11;, 3).p=13; 4).p=17.

313. Quyidagi modullar bo’yicha barcha boshlang’ich ildizlarning sonini va eng
kichik boshlang’ich ildizni toping:

D.p=19; 2)p=23; 3).p=31; 4). p=37; 5).p=43; 6).53.

314. Quyidagi modullarning har biri bo’yicha eng kichik boshlang’ich ildizni
bilgan holda barcha boshlang’ich ildizlarni toping:

D.p=19; 2)p=23; 3).p =31

315. 6 moduli bo’yicha boshlang’ich ildizlarning barcha sinflarini toping.

316. 2,2%,23,...,21% sonlarining 11 moduli bo’yicha chegirmalarning keltirilgan
sistemasini tashkil etishini isbotlang.

317. 22" +1,(n = 1,2,...) sonining tub bo’luvchilari k- 2"*! + 1 ko’rinishda
bo’lishini isbotlang.

318. p(a™ — 1) = 0(modm) ekanligini isbotlang. Bunda a > 1.

319. 8 moduli bo’yicha boshlang’ich ildizlarning mavjud emasligini isbotlang.

320. Quyidagi tagqoslamalar yechimga ega bo’ladigan b ning barcha giymatlarini
toping. 1).5* = b(mod9), 2).4* = b(mod9), 3).a* = b(modm) taqgoslama
yechimga ega bo’lmaydigan b ning barcha giymatlarini sonini toping. Bunda
(a,m) = 1.

2-§. Indekslar va ularning tadbiqglar

Boshlang’ich ildizlarning asosiy xossalari sonlar nazariyasiga logarifm
tushunchasiga o’xshash yangi tushuncha, indekslar tushunchasini kiritish
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imkoniyatini beradi. Faraz etaylik g soni p tub moduli bo’yicha boshlag’ich ildiz
bo’lsin. U holda

0’ g, ¢ 07 (®
sonlari p moduli bo’yicha chegirmalarning to’la sistemasini tashkil etadi. Agar a,
(a,p)=1 bo’lsa, u modp bo’yicha (1) sistemadagi birorta §,0<7,<p-1 son bilan

taqqoslanuvchi bo’lishi kerak, ya'ni

a=g"(modp), 0<y<p-1 @)
Agar (a,p)=1bo’lsa,
a=g’(modp) y=0 3)

(3) shartni ganoatlantiruvchi y soniga a sonining pmoduli bo’yicha g asosga ko’ra
indeksi deyiladi va ind a ko’rinishda yoziladi. Demak, (3) dan

a=g"*(mod p) . %

Ta'rifdan a bilan modp bo’yicha tagqoslanuvchi barcha sonlar (4) da birta
indeksga ega:
0,1,2, ..,p—2 (5)
Umuman har bir a soni (5) sistemada bitta indeksga ega. Lekin bir asosdan
ikkinchi asosga o’tilsa, indekslar umuman aytganda o’zgaradi. Ikkinchi tomondan
esa berilgan g asosga ko’ra a soni cheksiz ko’p indekslar y ga ega. (1) va (2) dan
bular manfiy bo’lmagan butun sonlar bo’lib,

g’ =g" (mod p) shartni ganoatlantirishi kerak. Bu yerda g soni p modul bo’yicha
boshlang’ich ildiz bo’lganligi sababli, u p-1 ko’rsatkichga tegishli. U holda
ko’rsatkichga garashli sonlarning xossalariga asosan yuqoridagi tagqoslama o’rinli
bo’lishi uchun 7 = 7/1(m0d p—l) bo’lishi kerak. Demak, r moduli bo’yicha p bilan

o’zaro tub har bir chegirmalar sinfiga p-1 bo’yicha chegirmalarning biror sinfidagi
manfiy bo’lmagan chegirmalardan iborat indekslar to’plami mos keladi va aksincha:

inda=ind b(mod p-1) adadda a=b(modp) bo'lsa (4) ga asosan
y =inda(mod p-1) (5)

Shuningdek indekslar quyidagi xossalarga ega:
1) ko’paytma a - b - -+- I ning indeksi p-1 moduli bo’yicha shu sonlar indekslari
yig’indisi bilan taqqoslanuvchidir, ya'ni

ind(a-b-...-I)=inda+indb+...ind [ (mod p-1). (6)
2) inda" = nind a(mod p—1)
Shuningdek iNd1=0(mod p—1), ind g=21(mod p-1).
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Indekslar jadvali. Indekslar jadvalini tuzish p tub modul bo’yicha berilgan songa
ko’ra uning indeksi va aksincha, berilgan indeksga ko’ra shu sonni topish
imkoniyatini beradi. Bunda asos sifatida p modul bo’yicha boshlang’ich ildizlardan
birortasi olinadi. Umuman indekslar jadvalini tub bo’lmagan boshlang’ich ildizlar
mavjud bo’lgan m modul bo’yicha tuzish ham mumkin.

Indekslarning tagqoslamalarni yechishga tadbiqglari.

a) Ikki hadli tagqoslamalarni yechish. Ikki hadli bir noma'lumli tenglamaning

umumiy ko’rinishi
ax" =b(modm) (7)

Ma'lumki, murakkab m modul bo’yicha tagqoslamani tub modul bo’yicha
tagqoslamani yechishga keltirish mumkin. Shuning uchun ham m =p bo’lgan holni

ax" =b(modp),  pta (8)

garaymiz. p>2 deb olamiz. p=2 bo’lsa, 0 va 1 chegirmalarni sinab ko’rish yo’li

bilan yechish mumkin. (8) dan inda+nindx=indb(modp-1) yoki bundan
nindx=indb- inda (modp-1). 9)

Demak,1) (n, p-1)=1 bo’lsa, u holda (9) va demak (8) ham yagona yechimga ega;

2) (n, p-1)= d>1 bo’lib, d]ind b-inda bo’lsa, (9) va demak (8) ham d ta yechimga
ega;

3) (n,p-1)=d>1 bo’lib, d/And b-inda bo’lsa, (9) va demak (8) ham yechimga ega
emas.

b). X" =a(mod p) (10)
tagqoslamaning yechimga ega bo’lish sharti. Bu tagqoslamani indekslasak,
nind x=ind a(mod p—1). (11)

Buyerda (n, p-1)=d bo’lsa, (11) ning yechimga ega bo’lishi uchun
inda=0(modd)

(12)
shartning bajarilishi zarur va yetarlidir. (12) shartni p va d ga bog’liq holda
ifodalaymiz.
(12) ning ikkala tomonini va modulini 2-1ga ko’paytiramiz, u holda
d
p-1. . A
de a=0(mod p-1) yoKi inda ¢ =0(mod p-1)_ Bundan esa
b1
a =1(mod p) (13)

Shunday qilib (10) ning yechimga ega bo’lishi uchun (13) shartning bajarilishi
zarur va yetarlidir.
B) Ko 'rsatkichli taggoslamalarni yechish.

a* =b(mod p). (14)
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(14) dan  xind a= ind b(mod p —1)_Bu taggoslamani esa osongina yechish

mumekin.
321. Indekslar jadvalini tuzing: 1). 2 asosga ko’ra 29 moduli boyicha; 2). 5 asosga
ko’ra 23 moduli boyicha.
322. 11 moduli bo’yicha indekslar jadvalini tuzing.
323. Quyidagi taggoslamalardan 6 ko’rsatkichni aniglang:
1) 5% = 1(mod7);  2)5% = 1(mod11);  3) 8% = 1(mod13);
4)12% = 1(mod17); 5)24% = 1(mod31); 6) 10% = 1(mod13)
7) 27% = 1(mod17); 8)18% = 1(mod11);  9) 23% = 1(mod41).
324. Indekslashdan foydalanib p tub moduli bo’yicha 2 dan p-1 gacha bo’lgan
sonlar tegishli bo’lgan ko’rsatkichlarni toping:
Dp=5 2)p=7 3)p=11L
325.Indekslashdan foydalanib, quyidagi sonlarning 59 moduli bo’yicha
boshlang’ich ildiz bo’lish bo’Imasligini aniglang:
1)2; 2)3; 3)6; 4)8; 5)12; 6)13; 7)14; 8) 19.
326. Quyidagi modullar bo’yicha boyicha barcha boshlang’ich ildizlarni toping:
Dp=17; 2)p=19; 3)p =23.
327. Birinchi darajali tagqoslamalarni indekslardan foydalanib yeching:
1) 7x = 23(mod17);  2)39x = 84(mod97);
3) 125x = 7(mod79); 4) 37x = 25(mod89);
5)4x = 13(mod37); 6) 37x = 5(mod221);
7) 47x = 13(mod667); 8)228x = 317(mod1517).
328. Ko’rsatkichli tagqoslamalarni indekslardan foydalanib, yeching:
1) 2*¥ = 7(mod67); 2)13* = 12(mod47);
3) 16* = 11(mod53); 4) 52* = 38(mod61);
5)12* = 17(mod31); 6) 20* = 21(mod41).
329.1kki hadli taggoslamalarni indekslardan foydalanib yeching:
1) 37x15 = 62(mod73);  2)5x* = 3(mod11);
3) 2x8 = 5(mod13); 4) 2x3 = 17(mod41);
5)27x5 = 25(mod31); 6) 11x3 = 6(mod79);
7) 23x3 = 15(mod73); 8)8x2%° = 37(mod41);
9) 37x8 = 59(mod61);  10) 18x8 = 6(mod13).
330.1kki hadli taggoslamalarni indekslardan foydalanib yeching:
1) x12 = 37(mod41);  2)x>°> = 17(mod97);
3) x3° = 17(mod67); 4) x3° = 46(mod73);
5)x8 = 23(mod41); 6) x> = 74(mod71);
7) x?7 = 39(mod43); 8)x® = 29(mod13);
9) x2 = 59(mod67); 10) x? = 59(mod83);
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11) xz = 32(mod43); 12) x? = —17(mod53);
13) x2 = —28(mod67); 14)x? = 56(mod41).

331. Eyler kriteriyasi va indekslardan foydalanib quyidagi sonlar 15, 16, 17, 18,
19, 20 dan qaysilari berilgan modul bo’yicha kvadratik chegirma bo’lishini aniglang:
1) 23 moduli bo’yicha; 2) 29 moduli bo’yicha; 3) 41 moduli bo’yicha; 4) 73 moduli
bo’yicha; 5) 97 moduli bo’yicha.

332. Berilgan modul bo’yicha indekslarning bir sistemasidan ikkinchi bir
sistemasiga o’tish formulasini keltirib chigaring.

333. a ning qanday butun qiymatlarida quyidagi munosabatlar o’rinli:

1)3a?2—-5:7; 2)7a®*+13:23; 3) 13a%—11:209.

3-§. Taqqoslamalar nazariyasining ba’zi tadbiqlari

1.Berilgan songa bo’lishdan chiqqan qoldiqni hisoblash. Tagqoslamalar
yordamida bo’linish belgilarini keltirib chiqarish.

A. Birinchi bo’lib fransuz matematigi B. Paskal berilgan N sonini m ga bo’lishdan
chigqgan qoldigni hisoblash qulay bo’ladigan qilib boshga son bilan almashtirishning
umumiy usulini ko’rsatgan. Biz bu usulni o’nlik sanoq sistemasida berilgan sonlar
uchun garab chigamiz. Onlik sistemadagi N soni N = ay, + a; - 10 + a, - 10> + ...+
a, - 10™ ko’rinishda bo’lsin. 10* ning m moduli bo’yicha absolyut giymati
jihatidan eng kichik chegirmasini 7;, bilan belgilaylik, ya’ni 10% = r,,(modm), k =
0,1,...,nvar, = 1Dbo’lsin. U holda

N=agrp+a,'rn+a, rnn+ ..+ a,'n, (1)
yoki
N = R,,(modm)

bajariladi. Bu yerda R, = agrg+a, 1, +a, n, + ..+ a, 1, yugorida aytib
o’tilgan almashtirishni ifodalaydi. (1)-taqqoslama Paskalning bo’linish belgisini
ifodalaydi:

1. R,, va N ni m ga bo’lishdan bir xil qoldiq qoladi;

2. N ning m ga bo’linishi uchun R,,, ning m ga bo’linishi zarur va yetarlidir.

Endi ba’zi bir xususiy hollarni garaymiz:

1). Agar m = 3 bo’lsa, u holda 10 = 1(mod3) va 10* = 1(mod3) bo’lgani
uchun R; =ay+a;+a,+ ..+ a, bo’ladi. Bundan berilgan sonning 3 ga
bo’linishi uchun uni tashkil etuvchi raqamlarining yig’indisining 3 ga bo’linishi zarur
va yetarli degan tasdiq kelib chigadi.

2). Shuningdek, agar m = 9 bo’lsa, u holda 10 = 1(mod9)va 10* = 1(mod9)
bo’lgani uchun Ry = ay + a; + a, + ...+ a, bo’ladi. Bundan berilgan sonning 9
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ga bo’linishi uchun uni tashkil etuvchi ragamlarining yig’indisining 9 ga bo’linishi
zarur va yetarli degan tasdiq kelib chigadi.

3). Agar m = 11 bo’lsa, u holda 10 = —1(mod11) va 10* = (—=1)*(mod11)
bo’lgani uchun Ry; = (ay + a, +:-) — (a; + a3 + :--) bo’ladi. Bundan berilgan
sonning 11 ga bo’linishi uchun uni tashkil etuvchi juft o’rindagi raqamlari
yig’indisidan toq o’rindagi raqamlarini yig indisining ayirmasi 11 ga bo’linishi
zarur va yetarli degan tasdiq kelib chigadi.

4). Agar m = 7 bo’lsa, u holda 10° = 1(mod7),10 = 3(mod7),10? =
2(mod7),10% = —1(mod7),

10* = —3(mod7),10° = —2(mod7), 10° = 1(mod7) bo’lgani uchun R, =
(ag + 3a4 + 2a,) — a; — 3a, — 2as + -+~ bo’ladi. Bu yerda endi ifoda biroz
murakkab.

B. Endi 10 soni m moduli bo’yicha § ko’rsatkichga qarashli bo’lgan holga
to’xtalamiz: bu holda 10% = 1(modm) bo’lgani uchun rs = 1. Shuning uchun ham
rs dan boshlab qoldiglar takrorlanadi va R, = ay+a, 1 +a, rn+ ...+ as_;1"
Ts_1 +as +agy, 11 + - bo’ladi. 3,7,9,11 modullari bo’yicha 10 soni mos ravishda
1, 6. 1, 2 ko’rsatkichlarga tegishli bo’lgani uchun bu modullar bo’yicha qoldiglar
mos ravishda ry, 1,7y, 7, lardan boshlab takrorlanadi. Buni biz yuqoridagi 1)-4)-
misollarda ko’rdik.

2.0ddiy kasrni o’nlik kasrga aylantirishda hosil bo’ladigan kasrning davr
uzunligini aniglash. A. Ma’lumki, maxrajida 2 va 5 dan boshqa sonlar gatnashgan

gisgarmas oddiy kasr % ni o’nlik kasrga aylantirsak, cheksiz davriy kasr hosil bo’ladi.

Davrdagi ragamlar sonini aniglash uchun avvalo gisqarmas oddiy kasr% maxrajida 2

va 5 sonlari gatnashmagan, ya’ni (10,b) =1 bo’lgan holni garaymiz. Bunda
(a < b) bo’lgan holni ( %—to’g’ri kasrni) qarash bilan chegaralanish mumekKin.

Tushunarliki, bunday kasrning surati a soni bdan kichik va b bilan o’zaro tub bo’lgan
@(b) ta quymatdan birini gabul giladi. Oddiy kasrrni o nlik kasrga aylantirishdagi
singari ish tutib, m gadamdan keyin quyidagiga ega bo’lamiz:

10a = bgq + 1,

107"1 = qu + Ty, (1)

107,_1 = bqm + 1,
bu yerdagi barcha r; qoldiglar 0 < r; < b shartni ganoatlantiradi. Shuningdek,
b > a bo’lgani uchun g; < 10; b > r; bo’lgani uchun g, < 10 va xokazo. Shunday

qgilib, barcha g; lar ragamlardir. Misol uchun: %= % bo’lsa, (1) quyidagicha

bo’ladi: 105 =13-3 + 11,
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10-11=13-8+ 6,
10-6=13-4+8, 10-8=13-6+2, 10-2=13-1+7,
10-7=13-5+5 (1)
lardan iborat bo’ladi.

(1) da (10,b) =1 va(a, b) = 1 bo’lgani uchun (10a, b) = 1 bo’ladi bundan esa
(r;,b) =1 ekanligi kelib chigadi. Boshgacha qilib aytganda r; lar b moduli
bo’yicha chegirmalarning keltirilgan sistemasiga tegishli bo’ladi, ya’ni ularning soni
@(b) tadan ko’p bo’la olmaydi. Shuning uchun ham ko’pi bilan ¢(b) gqadamdan
keyin qoldigdagi va ular bilan birga bo’linmadagi ragamlar ham takrorlanadi.
Bundan esa davrda ¢ (b) tadan ko’p ragam bo’lmasligi kelib chigadi.

B. Davrdagi ragamlar va davr haqida aniqroq ma’lumotga ega bo’lish uchun
(1) dagi tengliklarni b moduli bo’yicha qaraymiz:
10a = r;(modb),

10y = ry(modb), 2)

107y,_1 = 1, (modb),
bularni hadlab ko’paytirib va (117, - 13,1, b) = 1 bo’lgani uchun ry 7, -+ 15,,_4 0a
gisqartirib,

10™a = r,,(modb) 3)
ni hosil gilamiz. Endi m qandaydir bir son bo’lmasdan, balki 10 sonining b
moduli bo’yicha tegishli bo’lgan daraja ko’satkichi bo’lsin, ya’ni m soni 10™ =
1(modb) taqqoslama o’rinli bo’lgan eng kichik ko’rsatkich bo’lsin. Bunday m lar
uchun (3) dan a = r,,(modb) kelib chigadi. Bu yerda 0 <a<bva0<rn,<b
bo’lgani uchun a = r,, kelib chigadi. Shunday qilib biz berilgan kasrning suratiga
teng bo’lgan qoldigni hosil qildik. Bu yerdan kelib chigadiki, shu gadamdan boshlab
goldiglar takrorlana boshlaydi: 7,1 = 11, Ty42 = 1y, ... . Tushunarliki, ana shunday
aniglangan m soni kasrning davridagi ragamlari sonini, davrning uzunligini bildiradi.
Demak, bu holda sof davriy kasrga ega bo’lamiz va bunda davrdagi raqamlar soni
fagat berilgan kasrning maxrajiga bog’lig, suratiga bog’liq emas ekan. Bundan esa
maxraji bir xil bo’lgan barcha oddiy kasrlarni o’nlik kasrga aylantirilganda bir xil

davr uzunligiga ega degan xulosa kelib chigadi.
C. Endi maxraji bir xil bo’lgan barcha oddiy kasrlarni o’nlik kasrga
aylantirilganda davrda hosil bo’ladigan ragamlarni aniqlaymiz. (1) —tengliklardan
a To T Tk

s=7 kasrning davri g9, *** @ > kasrning davri  g,qs qmQqi; - "

kasrning davri g1 - q; dan iborat ekanligi kelib chigadi.
Shunday qilib :)—" Tb—l ,T";‘l kasrlarning davrlari biridan ragamlarni doiraviy
almashtirish natijasida hosil bo’lar ekan. Bunda %" kasrning davrini hosil qgilish
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uchun rb—o kasrning davridagi k ta ragamni 0’ng tomonga doiraviy almashtirish kerak
bo’lar ekan.

Misol. % = 15—3 bo’lsin. 10 soni 13 moduli bo’yicha 6 ko’rsatkichiga tegishli
bo’lgani uchun davrda 6 ta ragam bo’lishi kerak. Shuning uchun ham (1’) ga asosan

5 11 6
3= 0,(384615), —=0,(846153), — =0,(461538),

8 2 7
'El 0,(615384), 13- 0,(153846), 3 0,(538461) (4)

larga ega bo’lamiz.

D. Agar 10 soni b moduli bo’yicha boshlang’ich ildiz bo’Imasa, (b # p%, a = 1
bo’lganda bu albatta shunday bo’ladi, chunki bunday b, (b,10)=1 modul bo’yicha
boshlang’ich ildiz mavjud emas) u b moduli bo’yicha biror m < ¢(b)
ko’rsatkichiga tegishli bo’ladi. Ma’lumki, bunda m soni ¢@(b) ning bo’luvchisi
bo’ladi, ya'ni ¢(b) = m-d, u holda mahraji b gat eng bo’lgan gisqarmas ¢(b) ta
kasrlar dta sistemaga bo’linadi. Bular:

T T- Yo — S S Sm — t t t— . .
;0, 31,... ,mTl ;;0, ;1,... ) "Z L. ... ?0, ;1,... ,mTl lardan iborat bo’ladi. Bu

yerda s, soni ry,1q,+,1y,—1 lardan fargli %" kasrning surati.

Misol. 10 soni 13 moduli bo’yicha 6 ko’rsatkichiga tegishli bo’lgani uchun u

boshlang’ich ildiz emas. Shuning uchun ham maxraji 13 ga teng bo’lgan to’g’ri

p(13) 12

kasrlar d = — fa sistemaga ajraladi. Bulardan biri bilan biz yuqoridagi

misolda tanishdik ((4) ga garang). Ikkinchisini aniglash magsadida maxraji 13 ga
teng bo’lgan surati esa (4) dagi kasrlarning suratidan farq qiluvchi biror kasrni

olamiz. Masalan, % u holda (4) ni tuzishdagi singari yo’l tutib

1 10 9
3 0,(076923), 3= 0,(769230), 3 0,(692307),
12 _ 0,(923076 5 _ 0,(230769 *_ 0,(307692

13 3 ), 13 3 ), 13 ,( )

larni hosil gilamiz.

E. Endi b bilan 10 soni ozaro tub bo’lmaganda % kasrni o’nlik kasrga
aylantirishni gqaraymiz. Faraz etaylik, b = 2% - 5% - b, bo’lsin, bunda (b;,10) = 1. a
va B sonlaridan eng kattasini n bilan belgilab olamiz. U holda

10"a 277%- 5"F.q o

b by T by
Z—i, (b, 10) = 1 kasrni o’nlik kasrga aylantirib,
10"a a4
b b, Ko (@dz dm)
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ni hosil gilamiz. Bundan % ni topish uchun uni 10™ ga bo’lamiz. U holda bergulni

n ta belgi chap tomonga surish kerak bo'ladi. Buning natijasida

% =k, kik, - k,(q19> *** q;,) dan iborat aralash davriy kasrga ega bo’lamiz.
1

3. Arifmetik amallar natijasini tekshirish. Faraz etaylik, N; sonini N, ga
go’shib N soni hosil gilingan bo’lIsin:

N =N, +N, (5)
Uholda N; =r;, N, =1, N =r(modm) deb yozish mumkin. (5) ga asosan
r, + 1, = r(modm) (5")
bajarilisni kerak. Shunga o’xshash
N =N; — N, (6)
bo’lsa,
r, — 1, = r(modm); (6")
agarda
N =N, N, (7)
bo’lsa,
r 1, = r(modm); (7")
agarda
N =N;-N, + N, (8)
bo’lsa, ya'ni N ni N; ga bo’lsak, N, tadan tegib N5 qoldiqg qolsa,
1y Ty+13 = r(modm) (8"

bajarilishi kerak. Tushunarliki, (5" — (8') shartlar (5) — (8) lardagi amallarning
to’g’ri bajarilgan ekanligini tekshirishning zaruriy shartlari bo’lib, ular yetarli shatlar
bo’la olmaydilar.

Amallar natijalarini tekshirish imkoni boricha ishonchli va bir vaqtning o’zida
sodda bo’lishi uchun modul sifatida 9 soninni tanlash ma’qul, chunki sonni 9 ga
bo’lishdan chigqan qoldiq shu sonni tashkil etuvchi raqamlar yig’indisini 9 ga
bo’lishdan chiggan goldigga teng. Bu jarayonda berilgan sonning barcha ragamlari
ishtirok etadi. Shuning uchun ham ishonchlilik darajasi yugori va jarayon sodda
bo’ladi. Lekin m = 10 ni olsak, jarayon yanada soddalashadi, lekin bunday
tekshirishni ishonchli deb bo’lmaydi, chunki bu jarayonda berilgan sonning faqat
oxirgi ragamigina ishtirok etadi. Agar tekshirishni m = 11 moduli bo’yicha bajarsak,
ishonchlilik sezilarli darajada oshadi.

334. a sonini m ga bo’lishdan chigqan qoldigni toping:

1). a = 2%, m = 360; 2). a=1532°—1,m = 9;

3). a =(1271°°+34)2,m =111; 4). a=8!,m =11

335. Agar a* = 2(mod13) va a**! = 6(mod13) bo’lsa,a ni m = 13
bo’lishdan chigqgan qoldigni toping.

59



336. Eyler teoremasini qo’llab a sonini m ga bo’lishdan chigqan qoldigni toping:
1). a =174?* m = 13;
2). a =18632°> —5,m = 10;
3). a=23773"1m=37-73.

337. Quyidagi sonlarning oxirgi ikkita ragamini toping:

1). 20329 2).243%92; 3). 18121941 - 1965;

4). (116 + 1717)%1,

338. Ishotlang:

1).(23%2 + 1)  641;

2). (22255 + 555222) 1 7,

3). (220119% 4+ 69220""° 4 1196

4). (62"*1 4 51*2) : 31,

339. 4#(M~1 sonini m > 1 toq soniga bo’lishdan chiggan qoldigni toping.

340. Indekslardan foydalanib berilgan a sonini mga bo’lishdan chigqan qoldigni
toping: 1). a = 101, m =67; 2). a =178%2,m=11; 3). a = 20172018,
m = 11.

341. Paskalning umumiy bo’linish belgisidan foydalanib,
1)6 ga; 2)8ga; 3)12ga; 4)15; 18; 45 gabo’linish belgisini keltirib chiqaring.

342. 792 ga bo’linadigan 13xy45z ko’rinishidagi barcha sonlarni toping.

343. Quyidagi oddiy kasrlarni cheksiz o’nli kasrlarga aylantirmasdan davr

9220

) 1 102;

. e . . 4 9 1 a
uzunligini aniglang: 1) >t 2) 51 3) = 4) ;,bunda (a,97) =1
344. Quyidagi oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan
davr uzunligini aniglang:
10 _ 1 _ 1 _ 1 _ 1
2 17 -23° 2) 53-59’ 3) 7-23-31’ 2 11-13-17'5) 13-37
345. Quyidagi oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr
uzunligini aniglang: 1) = 2) iy 3) LI ) LI ) L
14 550 5-23-31 4-53:73 10-37
346. Taggoslamalardan foydalanib quyidagi tengliklarning xato ekanligini
ko’rsating: 1). 4237 -27925 = 118275855;
2). 42981:8264 = 5201; 3).1965% = 3761225.
347. Taqgoslamalardan foydalanib, quyidagi tengliklarning to g’riligini
tekshiring:
1). 25041+ 91382 = 116423; 4). 235463 — 25376 = 210087.
2). 42932 — 18265 = 24667;

3). 13547 — 9862 = 3685;
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VI-BOB. UZLUKSIZ KASRLAR VA ULARNING TADBIQLARI

1 -§. Chekli uzluksiz kasrlar.

Agar % —qisqarmas (to’g’ri yoki noto’g’ri) oddiy kasr berilgan bo’lsa, uni Evklid
algoritmi yordamida

ol

=0p + 1

Q1+q2_1L

1
_'_7

On (1)

ko’rinishida ifodalash mumkin (I.2- paragrafga garang). (1) ga %- ratsional
sonining chekli Uzluksiz (zanjirli) kasrga yoyilmasi deyiladi. Bunda q, — butun son,
q1, 92, -, qn lar natural sonlar, g; larga chala bo’linmalar ham deyiladi. (1) yozuv
o’rniga

> = (o, 41, G2 > Gn) (2)

gisga yozuv ham ishlatiladi. Agarda biz g,>1, bo’lishini talab gilsak (2) yagonadir.

Aks holda yagona bo’lmaydi, chunki g, =(q, -1)+ %

To’g’ri musbat kasrni uzluksiz kasrga yoysak, g, = 0 bo’ladi. Agarda manfiy
kasrni uzluksiz kasrga yoysak, birinchi elementi q, < 0 bo’ladi, chunki manfiy
sonning butun gismi manfiy, kasr gismi esa hamma vaqgt musbat sondir.

Shuningdek, har ganday butun sonni m=(m) bir elementli uzluksiz kasr deb, har
qandayi ko’rinishdagi tog’ri kasrni esa 1. (0, m)deb garash mumkin.
m m

Uzluksiz kasrlarning tatbiglarida munosib kasrlar deb ataluvchi ushbu

1 1
50:q0, 5l:q0+_’ 52:q0+—1,..., 5n:qo+

1 q+7
' )

G +

1
+7
d,
yoki
80 =qo0, 61 =(q0,q1) 6, = (qo, 91, q2),

. ;6n = (qOr q1, 92, ""qn)
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kasrlar muhim hamiyatga ega. Tushunarliki.

6n = (90,91, 92>, qn) =

SAESTES

O, ga odatda k-tartibli munosib kasr deyiladi. Endi s, = R deb olsak, uning surat

k

va maxrajini hisoblsh uchun quyidagi rekurent formula
Py = Pr_1q + Pr—
, k=012,..
{Qk = Qk-1qx + Qk—2
o’rinli. BundaP_, =0, P.,=1va Q_, =1, Q_; = 0 deb olinadi. Munosib
kasrlarni hisoblashda quyidagi javdal ancha qulay

of Jo d1 (k-2 (k-1 Ok | ... | On
P_

P; =é Pi=1|Py=qo| P1 Peo | Pex | Px| ... | Py

a| & loa=0]et| Q| | Qe | Qu Q| @

Munosib kasrlar va berilgan % kasr orasida quyidagi munosabatlar o’rinli:

P, P, P, a P, P, P
— < —<—< . << <—<—<—
Q Q2 0@ b Qs Q3 Q1

Bu yerdan ko’rinadiki, % — kasr doimo ikkita qo’shni munosib kasr orasida
joylashgan bo’ladi. Bunda munosib kasrlarning tartibi o’sishi bilan ular orasidagi

interval kichrayib boradi. % — kasrni % — munosib kasr bilan almashtirishdan hosil
k

bo’ladigan xatolikni baholash uchun
a Pk

b Qg

1
QrQk+1

<

munosabatdan foydalanamiz.

348. Berilgan kasrlarni uzluksiz kasrga yoying:

127 24 29
D=, 2=, 3)1.23, 4) 2

349. Berilgan chekli uzluksiz kasrlarga mos gisgarmas oddiy kasrni toping:
1) (1,1,2,1,2,1,2), 2)(0,1,2,3,4,5), 3)(543,21), 4)(aaa a a),
5) (a,b,a,b,a), 6)(2,1,1,3,1,2), 7)(1,1,23,4), 8)(2,53,2,1,4,2,3).

350. Quyidagi kasrlarni uzluksiz kasrlarga yoyishdan foydalanib gisqartiring:

3587 1043 3653 11281 1491
Doz P3nr Vs Pesss Y aur
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351. Tenglamalarni yeching: 1) (x,2,3,4) = —, 2)7(xyz+x+z) =
10(yz + 1).

352.Berilgan kasrlarni uzluksiz kasrga yoying va uni % — munosib kasr bilan
5

almashtirib xatoligini anigqlang hamda almashtirishni tagribiy tenglik yordamida

Xatoligini ko’rsatgan holda yozing:
29 163 648 1882
D

37’ 159’ 3) 385 385’ Y Te51 1651

353. Berilgan kasrlarni uzluksiz kasrga yoying va uni Q— — munosib kasr bilan
5

almashtirib xatoligini aniglang hamda almashtirishni tagribiy tenglik yordamida
xatoligini ko’rsatgan holda yozing'
2) ——

1) 359’ 1721
354. Tishlari sonining nisbati g; ga teng bo’lgan ikkita shesterna yordamida tishli

2) 725

71 2341

uzatma qurish talab etiladi. Tishlari sonining berilgan nisbatini surat maxraji eng
kichik bo’lgan va xatoligi 0,001 dan oshmaydigan uzatmani qurish texnik jihatidan
mumkinmi?
355. (2,2,2, ...,2) uzluksiz kasrni 2 ga bo’lishdan hosil bo’lgan bo’linmani toping.
356. (a, a, a, ..., a) uzluksiz kasrni 2 ga bo’lishdan hosil bo’lgan bo’linmani
toping.
357. Tenglikni isbotlang:
(Pn+2 3 1) _ (1 B Pn—l) _ (Qn+2 B 1) (1 B Qn_l)_
Pn Pn+1 Qn Qn+1
358. Agar P; va Q; lar (q4,9,, -..,qy,) — uzluksiz kasrning munosib kasrlarining
elementlari bo’lib, n = 1 bo’lsa,
Py
Pn—l

ekanligini ko’rsating.
350. QQ" larning gisgqarmas kasr ekanligini isbotlang.
‘rl 1 n-1

360. Ishotlang:

= (qn' dn-1 ---ql)Va = (qn: dn-1, - Clz)

in

(1 n \/E)n+1 _ (1 _ \/E)n+1
2,2,2,..,2 | = - -
z (1++v2) —(1-+2)

361. P,Q,_; — Q,P,_; = (—1)™ ! munosabatdan foydalanib, ikki noma’lumli
birinchi darajali anigmas tenglamalarni yechish usulini bayon qgiling.

362. 361- misolda bayon gilingan usuldan foydalanib quyidagi tenglamalarni
yeching: 1) 38x + 117y = 209, 2) 122x+ 129y =2, 3) 119x — 68y =
34,4) 258x — 175y = 113, 5)41x+ 114y =5, 6)70x+33y =1.

nt
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a*+3a%+1
a3+2a
364. Simmetrik uzluksiz kasr (¢, = 91, 9n—1 = q5, ... ) laruchun P,_; = Q,,
munosabatning o’rinli ekanligini isbotlang.

363. Agar a natural son bo’lsa, ning gisgarmas kasr ekanligini isbotlang.

n—-1

365. Agarn > 2 bo’lsa, Q,, = 2z ekanligini ishotlang.

366. P,Q,,—-1 — Q,P,_; = (—1)™ munosabatdan foydalanib, ax = b(modm)
taggoslamaning (a,m) = 1 bo’lgandagi yechimini topish uchun formula keltirib
chigaring.

367. 366- misolda bayon gilingan usuldan foydalanib quyidagi tagqoslamalarni
yeching: 1) 95x = 59(mod308), 2)91x = 1(mod132).

2 -§. Cheksiz uzliksiz kasrlarning yaqinlashuvchanligi.

Munosib kasrlar quyidagi xossalarga ega:

10 Pe_ Pex _ D

Qk  Qk-1 QrQk-1 yOkI A=BQ,-F.Q = (=D

Bu yerdan g—k qisgarmas kasr degan xulosaga kelamiz, chunki (Px, Qu)=L1.
k

2°. Munosib kasrlarning tartibining 0’sib borishi bilan ularning juft tartiblilari
o’sadi, toq tartiblilari esa kamayadi. Bunda har bir juft tartibli munosib kasr ixtiyoriy
toq tartibli munosib kasrdan kichik bo’ladi.

P +Pj_
. a= (G0, 91> ) Qro> Aper1) = He Tkl = 1,2,

Qrk+1+Qx—1 Va1 =
(Qr+1) Qre+20 -+ )-
4. a=(qy 91 -, qx -.) — irratsional soni uchun
P, P. P P, P. P.
L2 lo <ca<cc2c 2t
Q Q2 Q4 Qs Qs @
va
. Py
a = lim —
k—oo Qy

munosabatlar o’rinli. Q—"— munosib kasr a — hagigiy soni uchun eng yaxshi

k
ratsional yaqinlashish bo’ladi, ya’ni maxraji y < Q, shartni ganoatlantiruvchi birorta
X . - . Py . . .
ham S ratsional kasr « — hagiqiy soniga o munosib kasrga garagan yaqin bo’la
k

olmaydi. 2k _Kasr a — haqigiy soniga
Qk QrQk+1

haqgigiy soniga berilgan & aniglik bilan yaginlashadigan munosib kasrni aniglash

aniglik bilan yaginlashadi. « —
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uchun Q, > \E bajariladigan qilib olish kerak bo’ladi. Shuni ham ta’kidlash kerakki,

bunday aniqlikni kichikiroq tartibli munosib kasrlar ham ta’minlashi mumkin.
368. Quyidagi sonlarni 4-tartibli munosib kasrlar bilan almashtiring va buning
natijasida hosil bo’ladigan xatolikni baholang:

~1++5 2-3
1). 103’ 2).3,14159, 3).7, 4). =
1+x/— —1++2
5). 6) —
369. %— sonini |mkon| boricha kichik maxrajli munosib kasr bilan

almashtiringki, bunda xatolik 0,0001 dan katta bo’lmasin.
370. Berilgan sonlarga 0,001 gacha aniglikdagi eng yaxshi yaginlashishni toping:
1).v2, 2).v3, 3).V7, 4).V11.
371. Berilgan tenglamalarning ildizlariga 0,0001 gacha aniglikdagi eng yaxshi
yaginlashishni toping:
1).x2—-5x+2=0, 2).4x% + 20x + 23 = 0,
3).x2+9%x+6=0, 4).2x*-3x—-6=0.

P Pp+P. L : : : : .
372. Awalo — va Q”:—Q”“ larning ikkalasi ham o ning bir tomonida yotishiga
n n n+1
ishonch hosil qiling va |a——" > —————— tengsizlikning 0’rinli ekanligini
Qn Qn(Qn+Qn+1)

isbotlang.

373. Agar q,, — chala bo’linma bir necha birlikga ortsa n-tartibli munosib kasr
ortadimi yoki kamayadimi?

374. n =1 bo’lsa, quyidagi tengsizliklardan hech bo’lmasa birtasining o’rinli

1
< .
2Q5-1

Pn_1

Qn-1

ekanligini isbotlang: |a - =

yoki |a -

ZQn
3 -§.Cheksiz uzliksiz kasrlar va kvadrat irratsionalliklar.

Butun koeffitsientli kvadrat tenglamani ganoatlantiruvchi irratsionallikga kvadrat

irratsionallik deyiladi. Kvadrat irratsionallikning umumiy ko’rinishi # dan iborat.

Bunda a,c # 0 va b > 0 — butun sonlar. Cheksiz davriy uzluksiz kasrlar (sof yoki
aralash bo’lishidan qat’iy nazar) kvadrat irratsionalliklar bilan yaqindan bog’langan.
Bu bog’lanishlarni quyidagi teoremalar yordamida ifodalash mumkin:

1.Har bir cheksiz davriy uzluksiz kasrlar (sof yoki aralash bo’lishidan qat’iy
nazar) butun koeffitsientli kvadrat tenglamaning haqiqiy ildizi, ya’ni kvadrat
irratsionallik bo’ladi.
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2. Har bir butun koeffitsientli kvadrat tenglamaning hagiqiy irratsional ildizi
cheksiz davriy uzluksiz kasr (sof yoki aralash bo’lishidan qat’iy nazar) ga yoyiladi.
375. Quyidagi uzluksiz kasrlar bilan berilgan kvadrat irratsionalliklarni toping:
D. (2,3), 2).(1,1,22), 3).(345), 9.(1,2,3,4),5).(0,1,1,1,1,2,2,2,),
6).(a, a,2a), 7).(2,2,1,1).
376. Bir xilda chala bo’linmali cheksiz davriy uzluksiz kasrlarga yoyiladigan
kvadrat irratsionalliklarning umumiy ko’rinishini toping.

P 10 P 37 1+/3
377. Agar 1) Q_’;=?'ak+1 =2, 2) Q_”Z:E; Ap+1 = —

bo’lsa, a irratsionalliklarni toping.
378. Uzluksiz kasrlarga yoying va % ni aniglang: 1) vx2 + 1, 2) va* + 2a.
3

379. Va? + a + 1 irratsionallik cheksiz davriy uzluksiz kasrlarga yoyilsa, % =
3

2a+1

bo’lishini isbotlang.

380. avab lar natural sonlar bo’lsa, bx? — abx — a kvadrat uch hadning musbat
ildizining sof cheksiz davriy uzluksiz kasrlarga yoyilishini isbotlang. Teskari teorema
o’rinli bo’ladimi?

381. Quyidagi teoremani isbotlang: agar butun koeffitsientli kvadrat tenglamaning
birta ildizi x = (a, b) bo’lsa, uning ikkinchi ildizi — (fla) bo’ladi.

382. Agar musbat kvadrat irratsionallik sof cheksiz davriy uzluksiz kasrga
yoyilsa, unga qo’shma bo’lgan irratsionallikning (—1, 0) intervalga tegishli bo’lishini
isbotlang.

383. Agar butun koeffitsientli kvadrat tenglamaning birta ildizi x = (a, b, c)
bo’lsa, uning ikkinchi ildizi a — (c, b) bo’lishini isbotlang.

384. (a, b) va (0, b, a) uzluksiz kasrlar ko’paytmasini toping.

385. @ = (a,b,c) va B = (c,b,a) sonlarining x = (a,b,c) va y = (c,b,a)
sonlariga proporsional ekanligini isbotlang.

386. v/n — (n natural son) ko’rinishdagi irratsionallikning davri ikkinchi chala
bo’linmadan boshlanuvchi cheksiz davriy uzluksiz kasrga yoyilishini isbotlang.

4 -§. Algebraik va transtsendent sonlar

Ushbu
apx" + a;x" 1 +--+ a, =0, (ag#0) (1)
ratsional koeffitsientli n-darajali tenglamaning ildizi a ga algebraik son deyladi.
Aks holda o ga transtsendent son deyladi. Boshgacha qilib aytganda algebraik
bo’lmagan sonlarga transtsendent sonlar deyiladi.
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Ta’rifdan umuman olgandaa algebraik son, bu kompleks son bo’lishi kelib
chigadi. Ma’lumki, ratsional koeffitsientli tenglamani hamma vaqt butun
koeffitsientli tenglamaga keltirish mumkin.

Agar a

x"+a;x" 14+ a, =0, (2)
ratsional  koeffitsientli n-darajali bosh hadining koeffitsienti 1 ga teng bo’lgan
tenglamaning ildizi bo’lsa, a ga butun algebraik son deyladi. Agar a (1) tenglamaning
ildizi bo’lib darajasi undan kichik bo’lgan algebraik tenglamaning ildizi bo’lmasa, a
ga n-tartibli algebraik son deyladi.

Agar a va f lar algebraik sonlar bo’lsa, u holda a + f,a—f, a-f lar va

agar S #0 bo’lsa % ham algebraik son bo’ladi.  Bundan tashqgari quyidagi

teoremalar o’rinli.
Liuvil teoremasi. Har bir haqigiy n-tartibli o algebraik son uchun shunday ¢>0

soni mavjudki, o dan farqli barcha % — ratsional sonlar uchun |a — %| > bin
munosabat o’rinli bo’ladi.
Natija. Agar ¢, > (Q,-))" L,n=12,.. bo’lsa, a=1(qy q1,q2 - )
irratsional son transtsendent son bo’ladi.
Gelfond teoremasi. Agar a soni 0 va 1 dan farqli algebraik son, § esa tartibi 2
dan kichik bo’lmagan algebraik son bo’lsa, u holda a® — transtsendent son bo’ladi.
Lindeman teoremasi. x =0 va y=1 dan boshga hollarda y =e*
tenglamada x va y sonlari bir vaqtda algebraik son bo’la olmaydi.
387. Quyidagi sonlarning algebraik sonlar ekanligini ko’rsating:

1)%; 2)V3; 3). V3, 4). 1+V2; 5). 2—v2; 6). 1+;
7)V3 +v5;8). V4—32; 9).a+ ¥Vb; 10).a+ivb

(bunda a va b lar ratsional sonlar); 11). cos%i + sing; 12). sin10°.

388. Quyidagi algebraik sonlarning tartibini aniglang: 1).a + bi (avab #
0 lar ratsional sonlar); 2). V3, 3). ¥2—1; 4). V2—4/3;5). V3 +
V5;  6).2 +i.

389. Berilgan tenglamalarning ildizlarining algebraik sonlar ekanligini isbotlang:
1).x3 +2V/2x% +2=10; 2).x*+2ix+10 = 0.

390. Quyidagi berilgan tenglamalarning ildizlarining tartibi berilgan tenglamaning
tartibiga teng bo’lgan algebraik sonlar ekanligini isbotlang:

D.x3+2x2—4x+2=0; 2).2x°+6x3—9x%>—-15=0,
3).x* —5x2+10x +20 =0, 4).x°>—3x%+12x -6 = 0.
391. Liuvil metodidan foydalanib, birorta transtsendent sonni quring.
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392. Liuvil soni @ = —; + — + — + ... ning transtsendent ekanligini isbotlang.

393. Gelfond teoremasidan foydalanib quyidagi sonlarning transtsendent ekanligini
isbotlang:

1).192; 2)log,10; 3). In5; 4). 3V%; 5). 5V3;
6).20V3; 7).317L; 8).5271V2,
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I1-gism. Javoblar.
1.1-§.

1.233.2.1)b=7, 8var=4,1. 2)b=8,9va r = 2,6.

13. n=5g+1van=5q9q+3, q=01,2,...23.5, = 811- (10™*1 +9n — 10).
1.2-§.

27. 1)21. 2) 13. 3) 37. 28.a)21 va 6300

b) 23 va 2799997. 33.ha. 35.a)db)m. ¢)1. d) d.36.a)1.b)1.
c)1. 39.2a)23. 2b)7.41.(n,n+1,n+2)=1; [n,n+ 1,n+ 2] =

n(n+ 1)(n+ 2), agardan togsonbo’lsava [n,n+ 1,n + 2] = %n(n + 1D(n+2),

agarda n juft son bo’lsa. 42.nab ni n — 1 ta ko’rsatilgan ko’rinishda ifodalash
mumkin.
43.(899,493) =29 =899(—6) +11:-49vax = —6,y =
11.45.y0'q.49.a)(30,120), (60,90), (90,60), (120,30). b)x = 495, y =
315.¢)(20,420), (60,140),(140,60), (420,20).d)(140,252)0.
e)(10,2),(2,10) 53. Berilgan son 19 ga bo’linadi.

.3-§.

55. N = p; — 2, bunda p; — toq tub son. 58. 1) 127 — tub son. 2)919 — tub son.
3) 7429 = 17 - 437 — murakkab son. 59. 1)101,103,107,109 lar tub sonlar.
2)191,193,197,199 lar tub sonlar. 3) 211.4) 2647, 2657, 2659, 2663, 2671,
2677. 61. 21!+ 2, 211+ 3, ..., 2114+ 20, 21!+ 21.62.n,n + 10,n + 14 sonlar
bir vaqtda tub bo’ladigan n ning fagat 1ta giymati n =3 mavjud. 63. p =3
giymatida 2p% + 1 =19 — tub son bo’ladi. 64. p =5.67. 218 +318 =13-61-
37-73-181.

11.1-§.

76.1)1(5)=3. 2)m(10) = 4. 3) 1(25) = 9. 4) 7(37) = 12.5) 7(200) =
46. 6) m(1000) = 168. 77. )m(100) ~ 22,0 = ZX = 120, 2) 7(500) ~

T on(x)
80,w = 16%. 3)m(1000) = 145, w = 14%. 4) n(3000) ~ 3,75; w ~ 12
11.2-§.

81. a)3.h)11. ¢)1.d)2. €)3. 2. )2. f)—2.1)—1. k)7. 89.a)—V3<x<
—/2  va V2 < x <3 byx=1. ¢)x=0, %,g.d)x=0,1.91.[—x]=
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{_[x] ga; agar x butun son bo'lsa; o, o 95. 686. 96. 33. 97. 502.
—[x] — 1 ga; agar x kasir son bo'lsa.
98. 2= 99. 48. 100.11!=28-3%-52-7-11. n101.148. 102. p = 2bo’lsa,

b%-4ac
4a

m=012,... 104. a > 0 bo’lganda |-

[ b%—4ac

] < d; a < 0 bo’lganda

| 2 d.105. 58_,([F ()] + 1). 106. 136. 107. 5631,

11.3-§.

108. 1).7(375) = 8,0(375) = 624.2). 7(720) = 30,0(720) = 2418.3).
7(957) = 8,5(957) = 1440.4).7(988) = 12, 0(988) = 1960. 5).7(988) = 24,
a(990) = 2808. 6).7(1200) = 30,
a(1200) = 3844.7).7(1440) = 36, 0(1440) = 4914.8).7(1500) = 24,
a(1500) = 4368.9).7(1890) = 32,5(1890) = 5760.10).7(4320) = 48,
a(4320) = 15120.
109.1).1,2,34,5,6,8,9,10,12, 15,18, 20, 24, 30, 36,40, 45, 60, 72, 90,
120,180, 360. Ularning jami
soni 24 ta.2).1,2,3,4,5,6,8,9,10,12,15,16,18,20,24,30,36, 40,
45,48,60,72,80,90,120,144,180,240,360,720. Jami: 30ta. 3).1,2,3,6,9,
18,53,106,159,318,477,954. Jami: 12 ta 4).1,2,4,13,19,26,38,52,76,
247,494,988.Jami: 12 ta.5).1,2,3,4,5, 6,8, 10,12, 15, 20, 24,25, 30, 40,
50,60,75,100,120150,200,300,600./ami: 24 ta. 110.12. 111.28.115. 1).
t(m)t(n) > t(mn). 2). a(m)a(n) > a(mn). 116. §(m) = Vm™@™ va §(10) =

pk(ai+1)_1
pf-1 ’

100. 118. 0, (n) = [I_, 119.1). 0,(12) = 210. 2). 0,(18) = 455. 3).
04(36) = 6643. 4). 5, (16) = 3415). 0,(8) = 585.123. 1). n = 18. 2). n = 16875.
124, [1”(”)]. 125. N = 23-52-7 = 1400. 126. N = 26 - 35 - 5% = 9720000. 129.
N =23-5-3 = 120.

11.4-§.

132. 1).100.2). 400.3). 48. 4). 64. 5). 384.6). 432.7). 1331;8). 506.9).64.10).6912.
133. p(m). 134. 88. 138. a). 3.b). 3. ¢).p > 2 bo’lsa tenglama yechimga ega emas.
p = 2 da ixtiyoriy natural son x tenglamaning yechimi bo’ladi. d).x = 2; y = 3.

141. (m;n) > 1 bo’lsa, @(m)@(n) < ¢(mn) bo’ladi. 144. p*. 16. S = %mgo(m).
148.1).p = 2 tenglama bitta x = p = 2 yechimga, p > 2 bo’lsa, tenglama 2 ta p va
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2p  yechimga ega bo’ladi. 2). Tenglama yechimga ega  emas.
3).x = 15;16;20;24;30.4). x = 5;13;21;26; 28;36;42. 149.
1).x = 2+, 2a-1.5, 2%.3, 15; 2%72-.152).p = 3ixtiyoriy x ganoatlantiradi
p # 3 da yechimi yog. 150. m = 7875. 151. x = 143. 152. 14161.153. a).p = 2 da
berilgan tenglamani x ning barcha toq gqiymatlari ganoatlantiradi; p = 3 bo’lsa
tenglama yechimga ega emas. b). Agar (x;p) =1 bo’lsa, yechim yo’q. Agar
x =p;tepy?...p ¥ bo’lsa, berilgan tenglamani x ning p ga karra natural giymatlari
ganoatlantiradi. 154. a).x = 2* tenglamaning yechimi (x> 1). b). x = 2%- 3£, ¢).
yechimga ega emas. 157. ¢(2) + ¢(3) + -« + @(n). 158. 8 ta.
11.1-§.

159.Barcha butun sonlar 1 moduli bo’yicha o’zaro taqqoslanuvchi. 160. Masalan
9,17 lar. 161.a),b).165. x=2+10t, t€ Z,x =2,12,22,—-8,—18. 166.
a).x =0(mod3), x =3t,t € Z. b).x = 1(mod2),x =1+ 2t, t € Z. 167. a).m =
1,2,3,4,6,12. b)m =1,2,p,2p. 168. m = 1,2,4,8. 169. Misol uchun 1,11,101,
1001,.... 170. a), b), ¢). 171. x = 2 4+ 5t;, t; - ixtiyoriy butun son. 181. 1).8 va 9.
2).0vaT.
111.2-§.

195. x =0,1,2,...,9(mod10). 196. 1).1,2,3,4, ... ,91lar 9 moduli bo'yicha eng
kichik musbat chegirmalarining to'la sistemasi. —9,—-8,—7, ... ,—2,—1 lar 9 moduli
bo’yicha eng katta manfiy chegirmalarning to'la sistemasi; 0; +1; +2; +3; +4 lar
9 moduli bo'yicha absolyut giymati jihatidan eng kichik chegirmalarining to'la
sistemasi. Chegirmalarning keltirilgan sistemalar
1,2,4, 5,78, ¢—8,-7,—5,—4,-2,—1; +1; +2; =4 lardan iborat.

2). Chegirmalarining tola sistemalari
1,2,34,..,8;,-8,-7,—6,—-5,...,—2,—1; +1; +2; +3; +4. Chegirmalarning
keltirilgan sistemalari 1,3,5,7; —1,—3,—5,—7; +1; +3 lardan iborat.

3). Chegirmalarining to’la sistemalari:

1,2,3,4,..,13;—-13,—-12,-11, ... ,—-2,—1; 0,+1,+2,+3,+4,+5, t6.
Chegirmalarning keltirilgan sistemalari:
1,2,3,4,..,12; —12,-11, .. ,—-2,—-1; =1, +2, +3, +4, +5, +6.
4).Chegirmalarining to"la sistemalari:

1,2,3,4,..,12; -12,-11,-10,...,—-2,—-1; +1,42,43,+4,15, 6.

Chegirmalarning keltirilgan sistemalari:
1,5,7,11; -1,-5,-7,—11; +1; +5.
5). Chegirmalarining to’la sistemalari:
1,2,3,4,5,6,7;,—-7,—6,—5,—4,—3,—-2,—1; 0,%+1,+2,43.
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Chegirmalarning keltirilgan sistemalari:
1,2,3,4,5,6; -7 —6,-5,—4,-3,-2,—1; +1,+2,+3.
6).Chegirmalarining to"la sistemalari:
1,2,3,4,...,10; -10,-9,-8, ... ,—2,-1; +1, +2, +3, +4, 15,
Chegirmalarning keltirilgan sistemalari:
1,3,7,9, —9,-7,-3,—-1; +1, £3.

197.x =10g+r,0<r <10yoki x =10q, x =10g+ 1, x =10q + 2, x =
10g+3, x=10gq+4, x=10g+5 x=10q+6,x =10q +7,x =10q +
8, x =10q + 9.

198.a).x = 1,3,7,9(mod10).b). x = 2,4, 6,8(mod10).c). x = 5(mod10).d)

x = 0(mod10). 200. Masalan:

1,2,3,4,56,7,8,9, 10;,—-10,—-9,-8,-7,—6,—5,—4,-3,—2,—1; +1, +2, £3,
+4, +5, umumiy holdax =10g+1r,0<r <10vagq € Z.202. m = 5. 206.
9,25,8,14,7,0,3,6. 207. 0,1,2,3. 210.Masalan: 1,5; —5,5; —5,—-1; 7,11;13,17.
211. (3,12) =3.219.1,2,3,4,5,6,7,8,9— lar m=9 moduli boyicha musbat eng
kichik chegirmalarning to’la sistemasi; 0,1, 2, 3,4,5,6,7,8— lar m = 9 moduli
boyicha manfiy bo’lmagan eng kichik chegirmalarning to’la sistemasi;
0,+1, +£2, +£3, £4— lar m=9 moduli boyicha absolyut giymati jihatidan eng kichik
chegirmalarning to’la sistemasi bo’ldi. 1, 2,4, 5, 7,8 — lar m=9 moduli boyicha
musbat eng kichik chegirmalarning keltirilgan sistemasi; 1, 2,4, 5,7,8 — lar m=9
moduli boyicha manfiy bo’lmagan eng kichik chegirmalarning keltirilgan sistemasi;
+1, +2, +4— lar m=9 moduli boyicha absolyut giymati jihatidan eng kichik
chegirmalarning keltirilgan sistemasi bo’ladi.

111.3-§.

224.12. 225.7. 227.8. 228.2. 229.1. 230.22. 235.7 va 6. 236.1. 236.049. 246.p = 3.
IV.1-§.

248.a)x =1+ 3t ,teZvax = 2+ 3t,teZb)x =1+ 5t,teZvax = 2 + 5t,teZ.c)
yechimgaegaemas. d)x = 3+ 5¢t, teZ.e)x =1+ 7t,x =2+ 7t, teZ. )lx =11 +
15t,teZ. 1).x = 1(mod7). 249.Yechimga ega emas. 250. a)x = —4 + 15t,teZ. b)
taqqoslamaning yechimi yo’q. ¢)x = 1 4+ 6t, x = —2 + 6t,x = —1 + 6t, teZ.d)
yechimga egaemas. 256. x = 1, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43,47,
49, 53, 59 (mod60).

1V.2-§.
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257. a)x = 3+ 6t,t € Z. b)tagqoslama yechimga ega emas. ¢)x =3+ 8t va
x=7+4+8tteZ. dx=5+7tt € Z. e)tagqoslama yechimga ega emas. )
taggoslama yechimga ega emas. g)x = 3 + 8t,t € Z.

258. a)x =2+ 7t,t € Zb)x = -1+ 11t,t € Z. c) taggoslama yechimga ega
emas. d)x=3+4+13t,t€Z. e) x=-3+12t,t€eZ fHx=24+9tteZ. Q)
x = 3(mod8). h) x = 3(mod15).

259. a)x =9+ 19t,t € Z.b)x = 11 + 58t,t € Z.c) tagqoslama yechimga ega
emas. dx=74+13t,te€Z. e)x=4+17t,t € Z. )x=7+12t,t €Z. g)x =
6(mod11).

260. a)x =—-24+27t,t€Zb)x =7+ 117t, t € Z. C)x = —46+ 311t,t € Z.
d)x =51+4+360t,t€Z. ex=-5493t,x=264+93t, x=57+93t, t € Z.1)
taggoslama yechimga ega emas.g) x = 20+ 43t, t € Z.

26l.a)x =2+ 15t,x =7+ 15t,x = 12 + 15¢t,t € Z.

b) taqgoslama yechimga ega emas. c)x =34 25t,x =8+ 25t,x =13 +
25t,x =18+ 25t,x =23+ 25tt € Zd)x =—-1+7t,x =6+ 7t, x =13 +
7t, x =204+7t, x=27+7t, t€Z e)x=-5+93t,x=26+93t,x =57+
93t,t € Z. f)x =94 138t, x =32+ +138t, x =55+ 138t,x = 78 4+ 138,
x =101+ 138t,x = 124 + 138t,t € Z. Q)x = 6 + 55t, x =17 + 55¢t, x = 28 +
55t, x =39+ 55¢t, x =50+ 55¢t,t € Z.

262. a)x =3+4t,y=-3-—-5t, t€Z b)x=-3+13t,y=4—-17t,t €.
COx =14+4t,y=24+13t,t€Z. dx=2+3t,y=—-2t,t€Ze)x=2+3t, y =
2+4t,t€Z. ) x=-2+4+7t, y=—-14+3t, t€Z Qgx=5+6t, y=—-4-—
7t, t € Z.

263. a) 19 ta. b) 29 ta.

264.a)x =4+ 7t t €EZ.b)x = -2+ 15t,t €Z.c)x =6+ 11t,t € Z.

265. a) 2 ta 60 kg lik va 4 ta 80 kg lik gop yoki 6 ta 60 kg lik va 1 ta 80 kg lik gop
kerak. b) markalarni 10 xilda turlicha gilib xarid gilish mumkin. x =3 +5¢t, y =
28 — 3t,t € Z.

t 0 1 2 3 4 5 6 7 8 9

X 3 8 13 18 23 28 33 38 43 48

y 28 25 22 19 16 13 10 7 4 1

C)x =5t, y =24 -4t t € Z.
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266. a) 152 yoki 656. b) 13, 34,55, 76,97.
IV.3-§.

267.1). x = 291 + 420¢t3, tzeZ.2). x = 251+ 1260t5, t3eZ.3). x = =93 +
840t; ,t3€Z.4). x = 49 4+ 420t5, t3€Z.5). x =93 + 560t;,t; € Z.6). Yechimga
ega emas. 7). Yechimga ega emas. 8).Yechimga ega emas. 9). x = 17 + 90t4,

t; € Z.10).x = 113 + 1001t3, t3€Z. 11). x; = =3 + 825¢t3, x, = 162 +
825t;, x3 =327 4 825t;, x, =492 + 825t;, x5 = 657 + 825t5,t;€Z.

268.1). x = 289(mod 462).2). x = 93(mod 385). 3).x = 142(mod 765).

4). x = 381(mod1287).5). x = 41(mod 7735). 6). x = 37(mod 1938). 7). x =
844(mod 1386).8). x = 622(mod 2277). 9). x = 2671(mod 3828). 10).x =
1680(mod 24273). 11).x = —6(mod 693).

269. 1). 498. 2).58. 3). 435. 4). 173.5). 53. 6).256. 7).841. 8). 89. 9).79. 10). 244.
11). 1546.

270.1).a =7k + 1,k € Z. 2). VaeZ. 3).a ning birorta ham giymatida yechimga
egaemas.4).a=6k+1,ke€ Z.5).a=3k+1,k€Z.6).VaeZ. 7).a=4k+ 3,k €
Z.8).VaeZ.9).VaeZ.10).a = 5k, k € Z.11). VaeZ.

271.1).—63 + 440t3,t3 € Z. 2).291 + 819t5,t; € Z.3). 42 + 105t5,t5; € Z. 4).
Masalaning shartini ganoatlantiruvchi nugta ham mavjud emas. 5). 68 + 165t5,t; €
Z. 6). =64 + 715t5,t3 € Z. 7). 508 + 728t3, t3 € Z.8).—53 + 315¢t,,t5 € Z.

9). 631 + 4403t3, t; € Z. 10). Masala shartini ganoatlantiruvchi nuqtalar
yo0’q.11). 5 + 168t;, t; € Z.
272.a). 428736, 498776, 468776. b).313138, 495138.c). 1380456.
273.a).x =34+7t;,,y =3+ 7t t; €EZ.
x=10 (x=10 x =10
b).{yE ) {yE p {y = 1] (mod12).

¢).Yechimga ega emas.
x =2 x=6 (x=10
d)'{y =11’ {y — 11’{3/ = 11 (mod 12).

e)-{gc] i g; {z i Z{i;g (mod 12).

274. a). x =3(mod5),y = 0(mod 5). b).x = 1(mod 5),y = 2(mod 5)c).x =
100(mod 143),y = 111(mod 143).d).x = 0(mod 5),y = 2(mod 5).
).{x = 5(mod 6) {x = 2(mod 6)

y = 0(mod 6) ly = 3(mod 6)'f)' Yechimga ega emas. g). Sistemaning
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yechimlari to’plami x —y = 2(mod 6) taqgoslamaning yechimlari bilan bir xil.
h) {x = 1(mod 6) {x = 4(mod 6)

(y = 2(mod 6)’' (y = 2(mod 6)

275. b).Berilgan sistemaning yechimga bo’lmasligi sharti D; yoki D, larning
birortasining (D; m) = d ga bo’linmasligidir.

IV.4-§.

276. a).x =145t t€eZ. b.x=-14+3t,t€Z ¢)x=1+4+3t x=1-
3t, teZ d).x=—-14+5t, x=-2+5t, t€Z. e).x=1+5¢t, teZ fl.x=
1+5t, t€Z. Q).x=2+5t t€Z h).@.i1).x=1+5t t€Z j).x=-1+
5t, te€Z.

277. a).(x —3)(mod5). b).(x + 2)?(x — 1)(x — 2)(mod5). ¢).(x —2)?(x —
3)(x + 7)(mod11).d).(x — 1)(x + 3)(mod5).e).

(x +2)(3x%2 —x + 2)(mod5). f).(x —2)(x — 3)(x? — 2)(mod11). g).(x +
2)%(x — 2)2(mod7). h).(x —1)(2x3 + 3x% + 2)(mod11). i).Ko’paytuvchilarga
ajratib bo’lmaydi. j).(x — 2) (x — 3)(x% + 5x + 3) (mod?7).

278. a). Berilgan taggoslama yechimga ega emas. b). x = 2(mod7). ¢). x;
2(mod11)vax, = 4(mod11).  d).x; = 3(mod11)vax, = 5(mod11). e).x
—2(mod5).

282.a).x; =1, x, = 2, x3 = 3(mod7). b). Tagqoslama yechimga ega emas. c).
x, = —-1,x, =2,x3 = —-3,x, = —4,xs = —5(mod11). d).x; = —2(mod11), x,
2(mod11). e).Tagqoslama yechimga ega emas. f). x;=-2, x, =2, x3
-3, x4 = 3(mod13).

288.a).x; = 1(mod 5) vax, = 2(mod 5).b). x; =1, x, = 2, x3 = 3 (mod7).

IV.5-§.

289.1).x =3,-3,—2,7 (mod15).2). x = —13,-10,—4,2,5,11 (mod30).
3). x = 16(mod35).4). x = 3,24 (mod42). 5).Taggoslama yechimga ega emas.
6).x; =5, x, = 2,x;3 = 11(mod15). 7). x = —19(mo180).

290.1. x = 8(mod 27). 2). x = 143(mod 343).3).x, = 2(mod 25), x, =
3(mod 25). 4). x = 22(mod 64), x = 53(mod 64). 5). x =
—4(mod 125). 6). x = 66(mod 125).7).x = 256 + 625t,,x = -3 +
625t,, t, € Z.8).x =13 4+ 27t, tE€ Z

291.1).x = 6,24,42(mod 45). 2).x = 12,24,37,49 (mod 50). 3).x =
-50,—-47,-2,-1,1,2,47,50 (mod 147).4). x = —10, 11,15, 32, 36.
40,57,61 82, (mod 175). 5). x = 2,3,57,83(mod135).
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6). x = 70; 124; 223(mod225). 7).x = —103,—49,22, 76(mod225). 8). x =
—47, =2, 2, 47 (mod 441).9).x = —586,—198, —2, 2,198, 439,
586,786(mod 1225).

IV.6-8.

292.1). x = —3,1 (mod5). 2). x = —1,—2(mod7).3). Tagqoslama yechimga ega
emas. 4). x =0,2(mod5). 5). x =2,7(mod17). 6). x = —5,14(mod31). 7).
x = 3(mod13). 8). x = 7(mod17). 293.1). x = 6 + 55t, x = 17 + 55¢t, x =36 +
55t, x = 47 + 55¢,t € Z. 2). Berilgan ifoda butun giymat gabul giladigan x ning
natural giymatlari mavjud emas. 3).x =2+ 15t,, x =5+ 15t,, x =7 + 15¢,,
x =10+ 15¢,,t, € Z.

294. 1,2,4 sonlari 7 modul bo'yicha kvadratik chegirma, golganlari, ya’ni 3,5,6
laresa kvadratik chegirma emas.

295.1). 1+ 11k,3 4+ 11k, 4+ 11k, 5+ 11k,9+ 11k, k € Z. 2).
1+ 13k,3+ 13k, 4+ 13k,9+ 13k,10 + 13k,12 + 13k, k € Z. 3). 1+
17k, 2 + 17k, 4+ 17k, 9+ 17k,9+ 17k, 13 + 17k, 15+ 17k, 16 + 17k k € Z.

296. 1). x = +3(mod7).2).x = +£2(mod7). 3). Taggoslama yechimga ega emas.
4). x = +4(mod13).5). x = +2(mod11).297.1). 1. 2). 1. 3).-1.4). -1. 5).-1. 6).
1 7).1.8).1.

298.1).Berilgan taggoslama yechimga ega emas. 2).Berilgan taggoslama yechimga
ega va uning yechimlari x = +5(mod11) dan iborat. 3). Berilgan taggoslama
yechimga egava uning yechimlari x = +5(mod13) dan iborat. 4).Berilgan
tagqoslama yechimga egava uning yechimlari x = +4(mod13) dan iborat.
5).Berilgan taggoslama yechimga egava uning yechimlari x = +4(mod11) dan
iborat. 6). Berilgan taggoslama yechimga egava uning yechimlari x = +8(mod17)
dan iborat. 7). Berilgan taggoslama yechimga ega emas.

299.1).a=+1+5¢ teZ.

2). a=-3+4+5t,a=1+4+5t,a=2+5tteL” 3)a=1+11t,a=3+
11t,a =4+ 11t,a=5+11t,a =9 + 11t,t € Z. 4). a=1+13t,a=3+
13t,a=4+13t,a=9+13t,a=10+13t,a=10+13t,t €Z. 5). a=1+
3t,t € Z.303. a=13t,a =2+ 13t,3+ 13t,4+ 13t,6 + 13t,7 + 13t,12 +
13t,t € Z.305. 1). (+£2 + 5t,2 + 16t + 20t?),t € Z. 2). 9.3).(2 + 11t,11t> — 6t —
1) va (8 + 11t,11t2 + 6t —1),t € Z. 4). ((—2 + 13t,13t? — 25t + 12) va (10 +
13¢,13t%2 —t),t € Z. 5).Berilgan tenglama yechimga ega emas.306. 1). a =
S5sonip =5k + 1 va p =5k + 4 ko’rinishdagi tub modullar bo’yicha kvadratik
chegirma, p=5k+2 va p=5k+ 3 ko’rinishdagi tub modullar bo’yicha
kvadratik chegirma emas bo’ladi. 2). a = —3 sonip = 3k + 1 ko’rinishdagi tub
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modul bo’yicha kvadratik chegirma, p = 3k + 2 ko’rinishdagi tub modul bo’yicha
kvadratik chegirma emas bo’ladi. 3).3 soni p=12q+ 1,p =12q + 11
ko’rinishdagi tub modullar bo’yicha kvadratik chegirma, p = 12q + 5,p = 12q + 7
ko’rinishdagi tub modullar bo’yicha kvadratik chegirma emas bo’ladi.4).2 sonip =
8k + 1,p = 8k + 7 —modullar bo’yicha kvadratik chegirma, p = 8k + 3,p = 8k +
5,modullar bo’yicha kvadratik chegirma emas bo’ladi. 5). a = =7 sonip =1 + 7k,
p=2+7kp=4+7k modullar bo’yicha kvadratik chegirma,p =3+ 7k, p =
5+ 7k,p = 6 + 7k modullari bo’yicha kvadratik chegirma emas bo’ladi.

307. 1). p=1+4+5k, p=4+5k modullar bo’yicha berilgan taggoslama
yechimga ega, p = 2 + 5k,p = 3 4+ 5k modullar bo’yicha taqqoslama yechimga
ega. 2). Ixtiyoriyp > 2 modul bo’yicha berilgan taqqoslama yechimga ega. 3).p =
14+ 13k, p=3+13k, p=4+13k, p=9+13k,p =10+ 13k, p=12 +
13k vap =13 modullar bo’yicha taqqoslama yechimga ega.p =2+ 13k, p =
5413k, p=6+13k, p =7+ 13k,p =8+ 13k,p = 11 + 13k modullar
bo’yicha berilgan tagqoslama yechimga ega emas.

V.1-§.

309.1). P,(2) =3. 2). P,(3) =6.3). P,(5) =6.

310.1). Ps(2) = 4,P<(3) = 4, Ps(4) = 2. 2). P,(2) =3, P,(3) = 6, P,(4) = 3,
P,(5)=6,,P,(6) = 2. 3).Pg(3) = 2,P3(5) = 2,P5(7) = 2.4). P;,(3) =4,
P1y(7) =4, Py(9) = 2. 5).P;1(2) = 10,P;(3) = 5,P1;1(4) =5, P11(5) =5,
P11(6) = 10, P;1(7) = 10,P;1(8) = 10, P11(9) = 5,P11(10) = 2.6). Py(2) =
6,Py(4) = 3,Py(5) = 6, Py(7) = 3, Py(8) = 2.

1, agarm = 2 bo’lsa,
811. Pp(m—1) = {2, aggarm > 2 bo’lsa’
312.1).3,5.2).2,6,7,8. 3). 2,6,7,11.4). 3,5,6,7,10,11,12,14.313. 1). 6 va 2. 2).
10va2. 3).8va3.4).12va2.5).12va3.6). 24va2314.1). 2,3,10,13,14,15. 2).
5,7,10,13,14,15,17,19,20,21.3). 3,11,12,13,17,21,22,24.
315.x = 5(mod6).320. 1). b ning (b,9) = 1 shartni ganoatlantiruvchi barcha
giymatlari. 2). b = 1, 4,7(mod9 ) giymatlari. 3). ¢(m) — B, (a).

V.2-§.

321. 1).
N 0 1 2 3 4 5 6 7 8 9
0 0 1 5 2| 22| 6| 12| 3] 10
1| 23] 25| 7| 18| 13| 27| 4| 21| 11| 9
2| 24| 17| 26| 20| 8| 16| 19| 15| 14
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N 0 1 2 3 4 5 6 7 8 9

0 0 2| 16| 4 1| 18] 19| 6| 10

1 3 9| 20| 14| 21| 17| 8 71 12| 15

2 5 13| 11

322.

N 0 1 2 3 4 5 6 7 8 9
0 0 1 8 2 4 9 7 3 6
1 5

323.1). 5 =6. 2). 5 =5.3). 5 = 4.4). § =16.5). § = 30. 6).

§=6. 7). &6=16. 8). §=10. 9). §=10. 324.1).4,4,2. 2).3,6,3,62.
3).10,5,5,5,10,10,10,5,2. 325.1). Bo’ladi. 2). Bo’lmaydi. 3).Bo’ladi.4).Bo’ladi. 5).

Bo’lmaydi. 6). Bo’ladi. 7). Bo’ladi. 8). Bo’lmaydi. 326. 1).
3,5,6,7,10,11,12,14. 2).2,3,10,13,14,1 3).
5,7,10,11,14,15,17,19,20,21. 327. 1). x = 13(mod17). 2).
x = 32(mod97). 3). x = 74(mod79). 4). x = 56(mod89). 5).
x = 31(mod37). 6).x = 30(mod221). 7). x = 128(mod667). 8).
x = 873(mod1517). 328. 1).x =23 +66t, t € [1.2).x =26+ 46t,t€Z. 3).
Yechimga ega emas. 4). Yechimga ega emas. 5). x =13+ 30t,t €
Z. 6). x =114 40t, x = 31 + 40¢t,t € Z. 329. 1). x=17+73t, x =63 +

73t,x =66+73t, t€Z. 2). x=2+11t, x=9+11¢t, t € Z. 3). x =2 + 13t,
x=3+13t,x =10+ 13t,x =11+ 13t,t € Z. 4). x=22+41t, t€Z. 5H).
Tagqoslama yechimga ega emas. 6). x =6+ 79t, x = 14 + 79t,x = 59 + 79¢,
teZ N)x=13+73t, x=29+73t,x =31+73t,t €Z.8). x =19+ 41t, x =
22+ 41t, teZ. 9). x=25+61t, x =30+ 61t,x =31+ 61t,x = 36 + 61¢t,

t €. 10). x=2+4+13t, x=3+13t,x =10+ 13t,x =11+ 13t, t € Z.
330.1).x =2+ 41t, x =18+ 41t,x = 23 +41t,x =39+ 41t, t € Z. 2).
x=58+97t,t€Z. 3).x=33+67t,t€Z. 4).x=7+73t,x=10+73t, x =
17+ 73t, x =56+ 73t, x =63+ 73t, x =66+ 73t,t € Z. 5).Taggoslama

yechimga ega emas. 6). Taqgoslama yechimga ega emas. 7). x = 20 + 43t,x =
324+43t, x =34+43t,t€Z. 8). x=4+13t,x=6+13t, x =7+ 13t,x =
9+ 13t,t€Z. 9). x = £27(mod67). 10). x = £15(mod83). 11). Tagqoslama
yechimga ega emas. 12). x = +6(mod53). 13). x = +21(mod67). 14). Tagqoslama
yechimga ega emas. 331. 1). 16 va 18. 2). 16 va 20. 3). 16,18 va 20. 4). 16,18 va 19.
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5). 16 va 18. 332.ind, b = (indg,a,)”" " 'ind, b(modp — 1).333.1). a =
+8(mod17).2). a = +10(mod23). 3). Bundaygiymatlar mavjud emas.
V.3-§.

334.1). 16. 2). 4. 3). 70. 4). 5. 335. 3. 336.1). 5. 2).8.3). 1. 337.1). 0 va 1. 2). 4

va 9.3).8 va 0. 4).9 va3.339. Agar m = 4q + 1 ko’rinishida bo’lsa, Z—

agar r m = 4q — 1 ko’rinishida bo’lsa, mT“ ga teng. 340. 1).23. 2).4. 3). 9.

342.1380456. 343. 1).6. 2). 6. 3). 21. 4).96. 344. 1). 176. 2). 734. 3).330. 4).48.
5).6. 345. 1). 6.2). 2. 3).330. 4).104. 5). 32

ga va

VI.1-§.
348. 1).(2,2,3,1,5). 2). (0,1, 2,5,2). 3). (1,4,2,1,7). 4).
71 157 225
(0,1,3,1,1,1,2). 349.1). e 2)'E' 3). TR 4).
15+4a343a a®b?+4a®b+3a 64 73 4163 17 7 281 389
irzazil )- ETE TR 6). Py 7). e 8). To02" 350.1).1—3. 2). e 3). 239" 4). 227"

5)2-.3511).x=2.2.x=1y=22=23.

107

29 4 163 648 32 1882
7 (~0,000103). 353.1).22 ~ 22 (+0,0027). 2). 22~ 22(40,00029).
50 359 17 1721 25

354.Mumkin. 355. Agar n =2k — juft son bo’lsa izlanayotgan bo’linma

(1,4,14, .. ,1,4) dan iborat van=2k+1-— toq son bo’lsa
2k ta

(1,4,1,4, ... ,1,41,5bo’ladi. 356.agar n = 2k — juft son bo’lsa izlanayotgan
2k+1ta

bo’linma (1,a?% 1,a? ..,1,a?) dan iborat van =2k +1— toq son bo’lsa

2k ta
(1,a%,1,a?, .. ,1,a?1,a? + 1)bo’ladi. 362. 1).x = —8360 + 117t, y = 2717 —
2k+1ta

38t,t €Z. 2).=—-74+129t, y=70—-122t,t €Z. 3).x =—-2—4t, y=—4 —

7t,t€Z. 4). x =—-8814+ 175t, y = —12995—-258t,t € Z. 5). x = —-125+

114t, y=45—-41t, t€ Z. 6). x=-8+33t, y=17-70¢t, t € Z. 367. 1).

x = 153(mod308). 2).x = 103(mod132).

VI.2-.

355

368. 1). 2, Aa =——2)22 Aa =0,00001. 3)2, Aa =0,05. 4)2, Aa=
10 1030 113 3 3
73 4

0,05.5).2, Aa = 0,05.6).—, Aa = 0,002. 369. =. 370. 1). 2.2)22.3)2 &
3 24 51 29 41 31 19
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371. 1)y = 2 % 25(-0,0001); 2, = 2 & 22 (+0,0001). 2).x; =

5h2 2L 00001) x, = V2 M9 00001) 3).x, = V%7

2 140 2 140 2
~ 2 (40,0001); x, = =2 & ~ 2% (_0,0001). 4).x; = 2 »
@(+0 0001); x _ 3257 —E( 0,0001).373. Juft tartibli munosib kasrlar

4
ortadi, tog tartlblllarl esa kamayadi.

VI.3-.

375.1). 1 +f 2) S0, 3y VI, ) 1828 5y 102 6) \aZ + 2.

13 11 14
7) 2 376 40 377.0). 0 = 2, 2). 0 = 290 378.0). o =
4x3+43 ————\_ _P;  2a5+3
(x, Zx)vau—S = ;‘xzﬂ". 2).a = (a%a,2a%)va’ = ;‘a3+‘1‘ 384

V1.4-§.

388.1).2. 2).3. 3). 3. 4).4.5). 4. 6).2.
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I11-gism. Misollarning yechimlari.
1.1-§.

1. Qoldigli bo’lish haqidagi teoremaga asosan: m = 13-17+ 1,0 <r <
13 bo’lgani uchun r = 12 da eng katta m soni hosil bo’ladi va bu holdam = 13 -
17+ 12 =170+ 51+ 12 = 233.

2. 1). Qoldigli bo’lish hagidagi teoremadan foydalanamiz:a =b-q +r,0<r <
b bizdaa = 25 q =3 vab,r =? Shuning uchunhamr =25—-3b - 0 < 25—
3b<b—-3b<25<4b - b=7;8var=4,1.

2). Qoldigli bo’lish haqgidagi teoremadan foydalanamiz:a =b-q+1r,0<r <b
bizda a =—-30 g =—4 vab,r =? Shuning uchun ham r =-30+4b -0 <
—30+4b<b->—-4b<-30<-3b »b=89var=26.

3.a) N=2n+1, N°=02n+1)?=4n’+4n+1=4n(n+1) + 1. Bu
yerdan(n + 1) ¢ 2 bo’linganligi uchun N? = 8q + 1.

byx=n?+n+1)?%=2n(n+1)+ 1.Buyerdan(n+1): 2 bo’linganligi
uchun x = 4q + 1.

4. Bizda p = 5 —tub son. Ma’lumki, N natural sonni 6 ga bo’lganda N = 6q +
r, r=0,1234,5 bo’ladi. r=0,2,3,4 bo’lganda N tub son bo’lmaydi yoki 5
dan kichik tub son bo’ladi. Demak, p =5 —tub son p = 6q + 1 yokip = 6q +5
ko’rinishida bo’lishi mumkin.

5. 4-misolgaasosanp = 5tubsonp = 6g + 1 yokip = 6q + 5 ko’rinishida
bo’lishi mumkun. Agar p = 6q + 1 ko’rinishda bo’lsa, u holda p? = 36¢% + 12q +
1=129Bq+1)+1 =12q(q+1+2q) +1=12q(q+ 1) + 24¢* + 1 =
240 + 1.

Agarp = 6q + 5 bo’lsa, u holda p? = 362 + 60q + 25 = 12q(3q + 5) + 25 =
12q(q+1+2q+4)+25=12q(q+ 1) + 24q(q + 2) + 24 + 1 = 24Q + 1.

6. Misolning shartiga asosan

{a =mq, +1
b=mqg,+1

bo’lgani uchun ab = (mq, + 1)(mq, + 1) = m?q.q, + +m(q; + q3) + 1 =
m(mq,q; + 41 +q2) + 1 =mQ + 1.

7. 3m+ 2 =x? tenglamaning natural sonlarda yechimga ega emasligini
isbotlashimiz kerak. Buning uchun x =3q,x=3q+1, x=3q+2 lamni
tenglamaga qo’yib tekshirib ko’ramiz.

x = 3q bo’lsa, 3m + 2 = 9q* bajarilmaydi;

x =3q+1bo’lsa,3m+2=9q2 +6q+1 = 3q + 1 bajarilmaydi;

x =3q+2bo’lsa,3m+ 2 =9q2 + 12q + 4 = 3T + 1 bajarilmaydi.

Demak, tenglama natural sonlarda yechimga ega emas.
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8. 15" =7q, + 1 ekanligini matematik induksiya usuli orqali isbotlaymiz.
n=1 uchun 15=7-2+1 tasdiq to’g’ri. Endi faraz qilaylik nk daisbotlangan
tasdiq o’rinli bo’lsin, ya’ni 15% = 7q, + 1tenglik bajarilsin u holda15%** = 15% -
15=Tq+1)-15=Tq,+1)(7-2+1)=98q,+7-q, +7-2+1=
7(15q, +2) +1 =7Q + 1.Demak, matematik induksiya metodiga ko’ra
isbotlangan tasdiq ixtiyoriy n natural son uchun o’rinli.

9. 22" + 1 = x,ni garaymiz, matematik induksiya usulidan foidalanib, n = 2 da
Xy = 22 41=2%+1=17 tasdiq o’rinli.Endi faraz qilaylikn = k da tasdiq
o'rinli bo’lsin, ya’ni x; = 22 41 = 10g +7 soni 7 ragami bilan tugasin. U
holda

2k+1 2k.2 2k\2 2
X1 = 2 +1=2"7"4+1=02°)*+1=(10g+6)°+1=
= 100g% +120q +36 +1 =10(10g®> + 12q +3) + 7 =
=101+ 7.

Endi  y,=2*"-5 (n=1,23..)ni garaymizn=1day= 11=10+ 1.
Faraz gilaylik, y, = 2%“ —5 = 10g + 1 bo’lsin. U holda

Vg, =28 5 =244 _5 =24y  _5=(10g+6)*—5= 10t +36—5

= 10¢; + 1.

Demak matematik induksiya prinsipiga asosan isbotlanayotgan tasdiq ixtiyoriy n
natural soni uchun o’rinli.

10.1 = 2n+ 1va m = 2s + 1 lar toq sonlar berilgan bo’lsin. [?* + m? yig’indini
garaymiz: P+m?=C2n+1)?*+Q2s+1)?=4n’+4n+1+4s>+4s+1=
4n*+n+s>+s)+2=4M+2=2(2M +1), bunda M =n?+n+s?+s va
(2M + 1)-toq son biror butun sonning kvadrati bo’Isa ham 2 soni esa butun sonning
kvadratiga teng bo’la olmaydi. Shuning uchun ham (2 + m? = 2(2M + 1) soni
butun sonning kvadratiga teng bo’lmaydi.

11. Qaralayotgan uchburchakning katetlari x,y va gipotenuzasini z bilan
belgilaylik. Ikkala katet ham 3 ga bo’linmasa ularning har biri 3q + 1 yoki

3q + 2 ko’rinishda bo’ladi. Bundan agar x =3g+ 1, y=3gq+1 bo’lsin, u
holda x2+y2=Bq+1)?+(Bq+1)?=3Q,+1+30Q,+1=3Q +2.

Agar x=3g+1, y=3g+2 bo’llsa, u holda x?+y?=(Cqg+1)?*+
(Bg+2)?2=30;,+1+30,+4=3(Q,+Q, +1)+2=30Q + 2.

Agarx =3q + 2, y=3q+ 2 bo’lsa, uholda

x*+y2=03Bq+2)>+Bq+2)?=3Q;,+4+3Q,+4=3(Q: +Q,+2)+2

= 3Q + 2.

x? +y% = z? bo’lgani uchun gipotenuzaning kvadrati z? ham va 2 ning o’zi ham
3 ga bo’linmaydi, ya'ni z% = 3Q + 2. Lekin bu holda z% ni 3 ga bo’lsak 2 emas 1
goldiq qgolish, kerak (7- masalaga garang ) shuning uchun ham x : 3 yokiy : 3.
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12. Agar x katet 5 ga bo’linmasa, uni x = 5q +r,1 < r < 4 deb yoza olamiz.
Bundan x2=5Q, +7r% r=1,2734;
(rzl da x2 =50, +1
r=2da x*=5Q,+4
{r=3da x?=5Q,+4
\r=4da x?=5Q;+1
ya'nix? =5Q + 1 yoki x? =5Q + 4 bo’lar ekan. Endi agar y katet ham 5 ga
bo’linmasa, U holda uni ham y? = 5T + 1 yokiy? = 5T + 4 ko’rinishda ifodalash
mumkin bo’ladi va bulardan
x2+y?=5K+7r, r=0,2,3 (*)
ni hosil qilamiz. Agar z gipotenuza 5 ga bo’linmasa, uning kvadrati z°ni 5 ga
bo’lishdan quidagicha qoldiglar hosil bo’ladi:
z=5q+1,z=5q+2,z=5q+3 ,z=5q+4, z2=5l, +1, z2 =5, +
4, z2 =5l +4, z2 =513+ 1yani z° ni 5 ga bo’lishdan 1 yoki 4 qgoldig goladi.
Shuning uchun, (*) da ruchun fagat bizda r = 0 imkoniyat mavjud.U holda
x =5q, ya’ni x Kkatet 5 ga bo’linadi. Birinchi x katet va zgipotenuza 5 ga
bo’linmasligidan ikkinchi Yy Katetning 5 ga bo’linishi ham shunga o’xshash

isbotlanadi.
13. §, =1+2+4+3+-+n= @ ‘n dan foydalanamiz. Agar n = 5q
ko’rinishda bo’lsa, u holda S,= @ = 5Q bo’ladi.

Agardan = 5q + 1 ko’rinishda bo’lsa, u holda

(5g +2)(5q +1) 25¢*+ 15q + 2
Sn = ==
2 2
_5q(5q+3) +2 5q((q + 1)+ (4q + 2)) + 2
B 2 2

5 +1
=$+5q(2q+1)+1= 5(

=50 +1

+1
%+q(2q+1)>+1
bo’ladi.
Agarda n = 5q + 2 ko’rinishda bo’lsa, u holda

(5g+3)(5q+2) 25q®>+25q+6 25q(q+1)
Sn = = =
2 2 2

bo’ladi. Agarn = 5q + 3 bo’lsa, u holda

+3=50Q+3
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¢ (5 +4)(5¢ +3) 25¢* +35q+12 5q(5q+7) e

" 2 2 2
5q((q+1) +4q +6 5¢(¢ +1)  5q(2q +3
_S5a((@+D+4q9+6) _Se¢+D) 5¢2q+3)
2 2 1
+1
=5<%+q(2q+3)+1>+1=5(2+1

bo’ladi. n = 5q + 4 bo’lsa, u holda
_(5¢+5)(5q+4) 5(g+1)(q+4(@+1) 5q(q+1)
Sn = 2 B 2 2

:5<q(qT+1)+2(q+1)2>:5Q

Demak n = 5¢+1va n=5q+3, g =0,1,2,.., korinishidagi n lar uchun S,
yigindini 5 ga bolsak, 1 qoldiq chigar ekan.

14. ax — by ifodaga bx qo shib va ayirib quyidagicha yozib olamiz:

ax — by = ax — by+bx —bx =(a—b)x+ b(x—y). Shartga kora bu
tenglikning chap tomoni m ga bo'linadi, ya’ni ax — by = m - k; shuning uchun
o ng tomoni ham m ga bo'linadi. Yani a—b =m-lva (b,m) =1 bo'lganda
b(x—y)=(ax—=by)+(b—a)x =mk —ml = m(k—1[)va demak (x —y):im
kelib chigadi.

+ 10(q + 1)?

15. Berilgan ifodalarda quyidagicha shakl o"zgartirish gilamiz:
4" +15n—1=(1+3)"+15n—1=1+n-3 + 32.20D e D@2) .

2! 3!
33+ - +3"+15n—-1=18n+9Q =9-(2n+ Q)

Demak, bu tenglikning o'ng tomoni 9 ga bo’linadi, demak chap tomoni ham 9 ga
bolinishi kerak.

16.1) f(n) = 10™ + 18n — 1 ifodaning 27 ga bo’linishini ko'rsatamiz. Buning
uchun matematik induksiya metodidan foydalanamiz. f(1) = 27 : 2.

Endi n=k uchun f(k):27, ya'ni f(k)=27q bo'lsin. f(k+ 1) ni garaymiz:
fk+1)=10""1+18(k+1)—1=10-10%+ 18k + 17 = (10¥ + 18k — 1) +
9-10% +18 =27q +9(10¥ +2), bu yerda 10* +2 ifoda  k ning natural
qiymatlarida 3 ga bo’linadi. Shuning uchun ham oxirgi tenglikning o’ng tomoni 27
ga va demak chap tomoni ham 27 ga bo’linadi. Shunday qilib matematik induksiya
prinsipiga ko’ra istalgan natural n uchun f(x) : 2.

2). Endi F(n) =32"*3 +40n —27 ning 64 ga bo’linishini isbotlaymiz.
f(1) =243 + 40— 27 = 256 : 64. Faraz qilaylik, f(k) : 64, ya'ni f(k) = 64q
bo’lsin. U holda
fle+1) =320+D+3 L 40(k + 1) — 27 = 32K*+3 . 32 + 40k + 13
= (3%%*3 + 40k — 27) + 8- 3%*3 + 40 = 64q + 8(3**3 + 5)
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tenglik o’rinli. Endi g(k) =3%**3+5 ning 8 ga bo’linishini ko’rsatamiz.
g(1) = 3213 4+ 5 = 248 bo’lib, bu son 8 ga bo’linadi, ya'ni g(1) : 8.

g(k) : 8 bo’lsin deb faraz qilaylik, ya'ni g(k) = 81 bo’lsin, u holda g(k + 1) =
32(k+1)+3 +5=32k+3.32 1 5 = (32k+3 + 5) 4+ 8-32k+3 = g] 4 8- 32k+3 =
8(1 + 3%k*3) = 8s, demak ixtiyoriy k € N uchun g(k) = 3%¢*3 + 5 ifoda 8 ga
bo’linadi. Shuning uchun ham  F(k + 1) : 64. Shunday qilib ixtiyoriy k € N
uchun F(k) : 64.

n

17. 1) f() = 2n2+1
1) = 1. Kasr sof davriy kasrga yoyilishi uchun uning maxrajida 2 va 5 sonlarning
ko paytuvchi sifatida gatnashmasligi kerak. Shuni tekshiramiz: 2n? + 1 ifoda 2 ga
bo'linmaydi (2 ga bo’lsa, 1 qoldig qoladi).

Endi maxrajda 5 ko paytuvchi sifatida gatnashmasligini ko rsatamiz. n = 5q + r,
r = 0,1,2,3,4 deb olamiz, u holda g(n) = 2n? + 1 dan

g(Bg+1)=205q+71)>+1=2(125¢*>+10gr +r?)+1=50Q + g(r), (*)

bunda r =0,1,2,3,4. r ning bu giymatlarda g(r) ning 5ga bo linmasligini
ko rsatamiz. Buni bevosita tekshirish orgali amalga oshirish mumkin,

gM=1 g»=3 g@=9 gB@ =19 g4 =33

larnig birortasi ham 5 ga bo’linmaydi. (*) dan g(n) ning 5 ga bo’linmasligi kelib

chigadi.
. n

2). Endi f(n) = T
gm)=n*+n+1=n(n+1)+1=2qg+1, ya'ni maxraj 2 ga bo'linmaydi. Bu
yerda g(5q+71r)=(5q+1r)2+5q+r+1=25¢>+10qr+r*+5q+r+1=
50+7r>+r+1=5Q+g(r). (*)

Bunda g(r)ifoda (r =0,1,2,2,3,4) 5 ga bo'linmaydi. Hagigatan ham, g(0) =
1, g(1) =3, g(2) =7, g(3) =13,9(4) =21 sonlarning  birortasi ham 5ga
karrali emas.(x) dan berilgan kasrning maxrajida 5 soni ko paytuvchi sifatida
gatnashmaydi degan xulosa kelib chigadi. Demak f(n) kasr son davriy kasrga
yoyiladi.

18. N, =a;azaz; , N,=b;b,b; lar uch xonali sonlar bo’lsin, u holda
M=a, a,asb,b,bs=a;azaz -103+b,;b,b;=N;-103+N,=(N; + N,) + 999N, =
(N, + N,)+37 - 27N;va masalaning sharti bo’yicha (N; + N,) : 37, ya’ni N; + N, =
37q. Shuning uchun ham M = 37q + 37 - 27N; = 37(q + 27N;) vademak M : 37,

19. a).Birinchi  usul. m°—m=m(m*—-1)=m(m?+1)(m?-1) =
mm?+1)(m-1D(m+1)=m-1Dm(m+1)(mM?*—-4+5)=m—-2)(m-—

Dm(m+1)(m+2)+5(m—-1)m(m+1) =5!- (m—2)(m—1)7;(m+1)(m+2) +

kasrni gqaraymiz. Bu kasr gisqarmas kasr, chunki (n; 2n? +

ni garaymiz. Bu yerda ham (n; n? +n+1)=1 va

5(m — Dm(m+1) = 5 (4! Cyy + (m — Dm(m + 1)),
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Bu yerda C2 ., butun son bo’lgani uchun (m°® —m) : 5.

Ikkinchi usul. m =5x+7y,0 <y <4 deb olsak, m®>—m = (5x+y)° —
5x —y =5Q + (y° — y) ga ega bo’lamiz. Bu tenglikning 0’ng tomonidagi birinchi
qo’shiluvchi 5 ga bo’linadi. Ikkinchi qo’shiluvchi g(y) = (y®> —y) ning 5 ga
bo’linishini esa y = 0,1,2,3,4 qiymatlarda bevosita tekshirib ko’rish mumkin:
g(0) =0, g(1) =0, g(2) =30, g(3) =240, g(4) = 1020 bularning barchasi 5
ga bo’linadi. Demak, (m®> —m) : 5.

b)m=6x+7y,0<y<5 deb olsak, m(m? +5) = (6x + y)((6x + y)? +
5) = (6x +y)(36x%2 + 12xy + y> +5) = 6Q + (y> + 5y) ga ega bo’lamiz. Bu
tenglikning o’ng tomonidagi birinchi qo’shiluvchi 6 ga bo’linadi. Ikkinchi
go’shiluvchi g(y) = (y®*+5y) ning 5 ga bo’linishini esa y=0,1,2,3,4,5
qiymatlarda bevosita tekshirib ko’rish mumkin: g(0) =0, g(1) =6, g(2) =18,
g(3) = 42, g(4) = 84 bularning barchasi 6 ga bo’linadi. Demak, m(m? + 5) } 6.

C). fm)=m(m+1)C2m+1)=m(m+1)(m+2)+m—-1=
mm+1D(m+2)+m(m—-—1D(m+1) =6(C3.,+C3.)).

Bu yerda ikkala had ham 3 ta ketma—ket natural sonlar ko paytmasidan iborat.
C2 ., C> .y lar mos ravishda m + 2 elementdan 3 tadan, m + 1 elementdan 3
tadan tuzilgan gruppalashlar sonini bildirgani uchun ular natural sonlar.
Demak f(m) : 6.
20.S=1l+({+ 1)+ -+ +2n) yigindini garaymiz. Arifmetik progressiya
hadlari yig indisi topish formulasiga asosan
U+ 1l+2n

S—T(2n+1) ={l+n)(2n+1)

Bundan S : (2n + 1) ekanligi kelib chigadi.

21. a) N =1000q + r sonini garaymiz. Bundan N =100q+r—q=7-11"
13q + (r — q). Demak, berilgan N sonning 7,11 yoki 13 ga bo linishi uchun uning
mingliklar soni g va N ni 1000 ga bo lishidan chiggan qoldig r ning ayirmasi r — g
ning 7,11 13 ga bo linishi zarur va yetarlidir.

b) N =368312 =368-1000+ 312; 368 —312 = 56.56 soni 7 ga bolinadi.
Demak, berilgan 368312 soni ham 7 ga bo’linadi. 56 soni 11 ga ham 13 ga ham
bo linmaydi shuning uhun ham N = 368312 soni 11ga ham13 ga ham bo’linmaydi.

22. N;—a,a,_1 ...a,ay, N, = b,b,,_1 ...byby sonlarni garaymiz. Shart

bo’yicha
m
a;, = Z b]

n
i=0 j=0
Bundan
Ny=a, - 10"+a,_, 10"+ 4+qa,-10' +a,=a,-(9+ D"+
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+a, 1 O+ + - +a, 100 +ay=9Q +a, +a,_, + -

n
wta+ag= 9Q+Zai.
i=0

Shuningdek,

m
j=0

Uholda N, — N, =9Q —9T = 9(Q —T), ya’ni (N; — N,) : 9.
23.7+77+777++777..77=7-(1+ 11+ 111+ -+ 111..11) =7 -

S
nta nta

_ 2_ 3_ n_
R L = =) =1.(10+10%+103 +

+ + ot
9 9 9

7 (10(1 —10M) 7
Fe 410" —n) = =- —n|=—"-(10""1 +9n - 10).

9 1-10 - 81
Bu yerda biz geometrik progressiya hadlari yig’indisini topish formulasi
b;(1—-q"
S, = 1( q")
I—-q

dan foydalandik.
24. N = 444 ...44 - 888 ...88 sonini garaymiz.

nta nta
N =444..44-10"+888..88=(4-10"1+4-10"2+--+4-10+4) -
nta nta

n

9

10" +(8-10"1+8-10"2+--+8-10+8) =4 -10™ +

+8 107 -1 _4107 -1 wor+2 =2 aom—n]- [¢ om—1+3
9 9 9 ( )_[3( )] [3( )]
Bu yerda

10" —1=9-(10" 1+ 10" 2 + .-+ 10+ 1)

bo’lgani uchun

g. (10" — 1) = 666...66 va 3(10” —1+43) = 666...68

nta nta
Demak, N = 666 ...66 - 666 ... 68.

nta nta

n+1 n
~1 10" -1
25.N = 111..155..56 = ———-10""+5.10- +6 =
— 9
n ta n ta

n+1y2 . n__ n+1 2 n+1_ 2
(10™1) +go 10"-50 . _ (o 32+2) _ [(10 1)+1J _
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2
[333...3+1} .
H_/
n ta
26.S, = (n+ 1)(n+ 2)...(n + n) ifodani n! ga kopaytirib bo’lamiz:
¢ 1-2-3-n(n+Dn+2)2n (2-4---2n)-(1-3:5---(2n—1))
n = 1-2-3.n - 1-2-3-m
=2"-(2n— 1.
Demak, S, i 2™.

l. 2-§.

27. Berilgan a va b sonlaridan foydalanib Evklid algoritmini tuzib olamiz:
1) a=>546vab = 231 2)a =6253vab =1001
546 = 231-2+ 84 6253 = 1001 -6 + 247
231=84-2+63 1001 = 247-4+ 13
84 =63-1+21 247 =13-19
63 =213
(546;231) =21; J:21. (6253;1001) =13; j:13.
2) 2257 =1517-1+ 740,1517 = 740-2 + 37,740 = 37 - 20. J:37.

28. Berilgan sonlarni tub ko’paytuvchilarga ajratib yozib olamiz:

a) 420|2 126 P 525 3
210| 2 63| 3 175(5
105 |3 21| 3 359 5
35|5 7|7 7
[ 1 11
1

bo’lganiuchun 420=2-2-5-3-7; 126=2-3-3-7; 525=3-5-5-7
va bulardan (420;126;525) =3-7 = 21;

[420;126;525] =2-2-3-3-5-5-7 = 6300.J: 21 va 6300.

b) 52923 1541 |23 1817 23
23|23 67|67 79179
1 1 1
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bo’lgani uchun 529 = 23-23; 1541 =123-67; 1817 =23-79
va (529;1541;1817) = 23; [529;1541;1817] = 23236779 =529-
67-79 = 2799997. j: 23va 2799997

29. a). Bunda(6; 35) = (6; 143) = (35,143) = 1, ya’ni bu sonlar 6,35,143 juft-
juft bilan o’zaro tub. Shuning uchun ham ularning EKUKi berilgan sonlarning
ko’paytmasiga teng, ya’'ni [6; 35; 143] = 6 - 35 - 14.

b) nvan+1 sonlari 0’zaro tub (n;n + 1) = 1 shuning uchun ham [n,n + 1] =
nn+1).

30. 2nva 2n + 2 lar ikkita ketma-ket keluvchi juft sonlar bo’Isin. U holda

Cn;2n+2)=2(m;n+1) =2.

Endi 2n + 1va 2n + 3 lar ikkita ketma-ket keluvchi toq sonlar bo’lsin. U holda

2n+3=02n+1)-1+ 2, 2n+1=2n+1

lardan Evklid algoritmiga asosan (2n + 1, 2n + 3) = 1 ekanligi kelib chigadi.

31.(ch; bc; ca) = c(b; b; a) = c(a; b) tenglik o’rinli. Ikkinchi tomondan
esa(a; b;c) = ((a; b); c) =d =>(a;b) = dxvac = dy.Shuning uchun ham
(ch; bc; ca) = d?xy => (cb; bc;ca) i (a; b;c)?.

32. (a+b;a—b)=dbo’lsin. U holdaa+b=dx a—b=dy deb yoza
olamiz. Bundan 2a =d(x +y),2b=d(x—y),yani d soni 2a va 2b larning
umumiy bo’luvchisi. Shartga asosan (a; b)=1 bo’lgani uchun (2a; 2b) = 2. Shuning
uchunham 2: d d = 1yokid = 2.

33. Aytaylik (a,a + b) = d bo’lsin,u holda a = dxa+ b = dy yokidx + b =
dy bundanesa b:d bo’lishiniva d = UB (a,b), (UB-umumiy bo’luvchi)
ekanligini topamiz % qisqarmas kasr bo’lganidan d=1. Demak ﬁ kasr gisgqarmas
kasr.

34. ava b lar toq sonlar va a — b = 2™ bo’lsin. U holda (a; b) = d —toq son
bo’ladi. a =dx, b=dy, (x;y)=1 deb olsak, a—b=d(x—-y)=2" =>
2":d >d=1

35.a)(d,m) = (d; [dx: dy]) = d(1; [x; y]) = d.
b)(ab,m) = (dm,m) = m(d; 1) = m.Bundad = (a,b) m = |[a,b].
c) (a+b;ab) =x (a;b)=1. Faraz etaylik, p soni a+ b va ab ning
umumiy bo’luvchisi bo’lsin. U holda a:p yoki b:ip. U holda (a+b):ip
bajarilgani uchun psoni a va b sonining umumiy bo luvchisi bo’ladi. (a,b) =
1 bo’lgani uchun p = 1 vademak (a + b; ab) = x = 1.

d) (a+b;m) =?. m = [a;b]va(a,b) = d bo’lsin, u holda a = dx,

b =dy va(x;y) = 1. Bulardan (a + b;m) = (d(x + y); [dx; dy]) =
(d(x +y);dlx; yD) = d(x + y; xy).

b) misolga asosan (x + y; xy) = 1 vademak (a + b;m) = d, ya'ni

(a + b;[a; b]) = (a; b).
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36. a) (n;2n+1)=(n;n+(n+1)), d=n;2n+1), n=dx
d=m;2n+1)=(>dx;2dx+1) = d=1.
b) (10n+9;n+1)=d, 10n+9=dx, n+1=dy, (x;y)=1.
10(dy—1)+9=dx=> 10dy—1=dx = 10dy—dx=1= d(10y—x) =1
= d=1.
c) (3n+ 1;10n + 3) = d bo’lsin, u holda

3n+1=dx
{10n+3=dy:>10dx_3dy—1=>d(10x—3y)—1=>d—1.

Eslatma: a) va c) misollarni Evklid algoritmidan foydalanib ham ishlash mumkin.

b
(a, b) (a,b)

X X

37. Agar x = [a;b] —% bo’lsa, u holda (— Z) = (

(a;b) = dvab = db, a = da;vademak, (5 5) 1. Aksincha, agar [X ;‘}1
a

a'b

) bunda

bo’lsa x = [a; b]y deb olib
X X [a; bly [a;b]y [a; b] [a;b] b a
=) - (S (B (L
ab a b a b (a,b) (a,b)
ya’ni y = 1. Bundan x = [a, b]ni hosil gilamiz.
38. a, b, c - toq sonlar bo’lib (a; b;c) = D bo’lsin.U holda a = Dx, b =

a+b x+ a+c
Xty =D -

Dy,c =Dzva x,y,z lartoq sonlar bo’ladi. U holda — = =D- e

I

x+z b+c _ y+z x+y x+z y+

—; — = bo’lib ; lar butun sonlar bo’ladilar.
2 2 2 2 2

Bu yerdan D ning a:b,azc,b; sonlarining umumiy bo’luvchisi ekanligi kelib

a+b a+c b+c

chigadi. Endi agar ( ST ) = d desak d : D. Ikkinchi tomondan esa d soni

a, b, ¢ larning umumiy bo’luvchisi, ya'ni D : d. Bulardan D = d. Hagigatan ham
a+b

- = dx = a+ b = 2dx. Shuningdek a+c=2dyva b+c=2dz Oxirgi
tenglikdan ¢ = 2dz — b ga egamiz. Buni a + ¢ = 2dy tenglikga olib borib qo’ysak,
a+2dz—b=2dy=>a—b=2dy—2dz hosil bo’ladi. Y holda bundan va
birinchi tenglikdan
{ a+b=2dx
a—b=2dy—2dz
vab=d(x—y+z)=>b:id. Bulardan ¢c =2dz—b;d =d(2z—b;)=>cid. d
soni a, b, ¢ larning umumiy bo’luvchisi.
39.1) agar

>a=dx+y—z)>aid

a=cq+r; b=cq+n (1)
bo’lsa (a,b,c) = (c;r;ry) ekanligini isbotlashimiz kerak.(a; b;c) =d deb
olaylik. U holda (1) dan r : d va r; i d ekanligi kelib chigadi. Biz d = (c;r; ;)
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ekanligini ko rsatamiz. (c;r;r;) =D bo’lsin. U holda (1) dana : D va b : D kelib
chigadi. Shuningdek, c : D. Demak, D = (a; b;c) vaD =d.

2)a) 667 =299-2+4+69va391 = 2991+ 92 bo’lgani uchun 1)-misolga
asosan (299,391, 667) = (299,69,92) = (23-13; 23-3; 23-4) = 23 -

(13;3;4) = 23.

b). (588; 2058; 2849) = (588;497;294) = (22-3-7%, 7-71; 2-3-7%) =
7, bunda 2889= 5884 + 497 va 2058 = 5883 + 294; 497 =71-7
ekanligidan foydalandik.

40. Faraz qilaylik (a,b) =d bo’lsin, unda a = dx, b = dy bo’lib, bu yerda
(x,y) =1bo’ladi. U holda 5a+ 3b =d(5x+ 3y) va 13a+ 8b = d(13x + 8y)
bo’lib, bundan esa UB(5a + 3b,13a + 8b) = d ekanligini topamiz. Endi (5x +
3y, 13x 4+ 8y) = 1 ekanligini isbotlash kerak. Aytaylik

(5x + 3y,13x+ 8y) = § va5x + 3y = du,13x+ 8y = év bo’lsin, u holda

x = 6(8u — 3v) vay = 6(5v — 13u) bo’ladi, ammo (x,y) = 1 edi, shuning
uchun & = 1. Shunday qilib (5a + 3b,13a + 8b) = d.

41.(n,n+ 1,n+ 2)va [n,n + 1,n + 2] larni topish kerak.

nn+1,n+2)= ((n,n +1),n+ 2) =(1,n+2)=1
mn+1n+2]=[nn+1ln+2]=[nnr+1,n+2]=
nn+1)(n+2) nn+1)(n+2)
(nn+1);n+2) (m®n+2) °
chunki (n+ 1;n+ 2) = 1. Bu yerda
1, agar n toq son bo'lsa;
(min+2) = {2, agar n ju?t son bo'lsa.

Hagigatan ham, n = 2k — juft son bo’lsin. U holda (n; n + 2) = (2k; 2k + 2) =

2(k; k+ 1) = 2; Endiagar n = 2k + 1 — toq son bo’lsa, u holda (n;n + 2) =
(2k + 1; 2k + 3) = 1, chunki Evklid algoritmiga asosan 2k + 3 = (2k+1) -1+
2, 2k+1=2-k+[1], 2=1-2+0.

Shunday qilib,

n(n+ 1)(n+ 2), agarntoqsonbo’lsa;

nn+1l,n+ 2] =11
[ | {En(n + 1)(n+ 2), agar njuft son bo'lsa.

42. nab =ax + by, (a,b) =1 (%)

bo'lsa, x = bk (k = 1,2,3,4....) deb yoza olamiz. U holda (*) dan nab = abk +
by. Bundan y = na — ak = a(n — k). Bu yerda a, b, x, y lar natural sonlar bo'lgani
uchun k =1,2,3,4,..... n—1(n > 1), shunday qilib x =bk,y =a(n—k), k =
1,2,3,4,..... n—1. Demak, nab ni n—1 ta ko’rsatilgan ko’rinishda ifodalash
mumkin ekan.

43.Evklid algoritmidan foydalanamiz. Y holda quyidagilarga ega bo’lamiz:
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899 =493-1+4 406, 493 =406-1+87, 406 =87-4+58, 87 =58-1+
[29], 58 = 29 - 2, bundan (899,493) = 29. Shuning uchun ham
29=87—-58-1=87—-(406—-87-4)-1=5-87—406 =
=5(493-406-1)—406=5-493 -6 -406
=5:493 -6(899 —493) = 11-493 — 6 - 899.

Shunday qilib,29 = 899(—6) + 11 - 493 x=-6y=11.

44. a = cq + r bo’lsin. U holda (a,c) = (¢,r) = 1 bo’ladi. Shuningdek b = c -
q, + 11, bo’lsa, (b,c) = (c,rp) bo’ladi. Bulardan ab = cQ + rr; ga ega bo’lamiz.
Oxirgi tenglikdan (ab; c) = (¢c;rry) = 1.

45m > nvad = (m,n) bo’lsin. U holda m = dm;,n =dn, vam; —n; >0
bo’ladi. Agard > m —n = d(m; —n,) yoki 0 < m; —n,; < 1bo’lishi kerak
m,; — n, —butun son bo’lgani uchun ham bunday bo’lisih mumkin emas. Demak,
(mn) <m-—n (m>n).

46.Tushunarliki, ab : (ab,c) va bc i (ab, c) bajariladi. Shuning uchun ham
(ab, bc) i (ab, c).Lekinda shartga ko’ra (a, ¢) = 1 bo’lgani uchun (ab; bc) =
b(a,c) = bvabundan b : (ab;c).

47. 20-masaladan ¢ : (ac; b) va (a; b) = 1 dan(c, b) : i(ac; b). Ikkinchi tomondan
(ac; b) i (c; b). Shunday qilib (ac; b) = (c; b) bo’ladi.

48. Faraz gilaylik, (mn, mk,nk) = d bo’lsin. U holda

mnk = dx. (D)

Bundan

mnk nk mk mn

X=—gmEme s =k

Demak, x soni m, n, k larning umumiy karralisi va x = [m,n, k] -q,q = 1 deb
yoza olamiz.(*)dan

x nk [m,n, klq 3 nk [m;n; klq 3 mk [m; n; k]q _mn
m d’ m  d’ n d’ kK d’
Bulardan g soni 1;—]( ,m?k ,% sonlarning umumiy bo’luvchisi. Farazimizga ko’ra

(ﬂ mk mn
d’a’d
isbotlanish talab etilgan tenglik kelib chigadi.
49. a) berilgan sistemadagi ikkinchi tenglama

x =30u

y =30v sistemaga teng kuchli, shu sababli sistemaning birinchi tenglamasi

(u,v) =1
u + v =5 ko’rinishda bo’ladi, bundan esa u = 1,2,3,4 (yoki v = 1,2,3,4) bo’lishi
mumkinligini  ko’ramiz. u (v)ning topilgan bu qiymatlari bo’yicha x =
30,60,90,120 (yoki y = 30,60,90,120) bo’lishini topamiz. y ning X ra mos
giymatlarini y = 150 — x tenglikdan topamiz.
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Shunday qilib, sistemaning yechimlari (30,120), (60,90), (90,60), (120,30)
juftliklardan iborat ekan.

(x,y) = 45
b) berilgan sistema x_1 dagi birinchi tenglama
y 7

x =45u
{y = 45v sistemaga teng kuchli, shu sababli sistemaning ikkinchi
(u,v)=1

tenglamasidan wu = 11 vav = 7 bo’lishini topamiz. Demak, x = 495, y = 315
bo’lar ekan.

x = 20x,
xy = 8400 y =20y, {xl "y, =21
c = =
) {(x,y) =20 (x,y1) =1 (x1,¥1) = 1.

400x,y, = 8400
Bundan x; = 1,3,7,21 vax = 20,60,140,420 y, = 217,3,1; y=
420,140, 60, 20.

X_5 | x=28x% X _5 x1:§y1
d)i y 9 |y=28y,|=>1y 9 = 9
(xy)=28|(x.;y,) = (x;y;) =1 (x;y1)=1
y1=9 y=29-9=252vax; =5 x=28-5=140.
€)
xy = 20 ‘ xy‘ 20
=[x Y|=——=210=—==(Xy)=2
A B e
X=2X%
XYy =95 X =5;1 x=10;2
y=2y, |—> N —
(o y)ll (x,%1)=1 "|y; =15/ "|y=2;10
1,0 Y1)~

50.m = 10q + 1 dan (m, q) = 1 kelib chigadi. N = 10a + b ning ikkala

tomonini g ga ko’paytiramiz. U holda
Ng =10aqg+bg=(m—1)a+ bg =am — (a— bq)

hosil bo’ladi. Agar (a — bq) i im bo’lsa, (m,q) = 1 bo’gani uchun N sonining
m bo’linishi kelib chiqgadi.

51. N = 10a + b ning ikkala tomonini g + 1 ga ko’paytiramiz vam = 10q + 9
ekanligidan foydalanamiz. U holda (¢ + 1)N = 10a(q + 1) + b(qg + 1) =
(10g)a+10a+bg+b=(m—-9a+10a+bqg+b=ma+a+b(q+1).
10.b)-misolga asosan (q + 1;m) = (¢ + 1,10q + 9) = 1 bo’lgani uchun a + b(q +
1) soni m ga bo’linsa N soni m ga bo’linadi.
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52. 10N, sonini garaymiz. 10N; = a,a,_1 - a,a, - 10 + 20a, = N + 19q,,
(19,10) = 1. Endi agar N; : 19 bo’lsa,N : 19 va aksincha N : 19 bo’lsa, N; : 19
bo’ladi.

53.26-misoldagi goidani N=3086379 soniga tadbiq etamiz.

N; = 308637 + 18 = 308655, N, = 30865 + 10 = 30875
N; = 3087 4+ 10 = 3097,N, = 309 + 14 = 323,
Ns =32+6=38va38:19 = 2.
Demak, 3086379 soni ham 19 ga bo’linadi.

1.3-§.

54.6n+ 1 =p; —p, bo’lsin, u holda: a)agar p, =2 bo’lsa p; =6n+3 =
3(2n + 1) bo’lishi kerak. p;tub son bo’lIgani uchun bunday bo’lishi mumkin emas.

b) p, toq tub son bo’lsin, ya'ni p, = 2k + 1, bu holda p;, =6n+2k+2 =
2(3n+ k + 1)bo’ladi. Bunday bo’lishi ham mumkin emas.6n+ 1 ni 2 ta tub
sonning ayirmasi ko’rinishida ifodalab bo’lmaydi.

55. N = 2k + 1 = p; — p,dan tub sonlarning bitta juft son bo’lishi kerak ekanligi
kelib chigadi, p, = 2 desak N = p; — 2, bunda p; tub son.

56. Faraz gilaylik, N? =n? + pbo’lsin, u holda N? — n? = p bo’lib, bundan
hagli ravishda (N —n)(N + n) = p tenglikni yoza olamiz va bundan esa N —n =
1, N + n = p kelib chigadi. Demak 2N =p+ 1yokip=2N—-1=6m+ 3 bo’lib
bu esa ptub son deb qilingan farazimizga ziddir, demak farazimiz noto’g'ri va
N =3m+ 2 (m =1,2,..) sonning kvadratini natural son kvadrati va tub sonning
yig’indisi ko’rinishida ifodalash mumkin emas ekan.

57.1-usul. a =p-a,va p < a, bo’lsin. Agar p > +/abo’lsa, a; > +/a bo’ladi va
bu tengsizliklarni hadlari ko’paytirsakp - a; > a bo’lar edi. Demak, p < /a.

2-usul.a = p-a,;va p < a, bo’lsin. U holda p? < p - a, yoki p? < a. Bundan
p <+a.

Agar a tub son bo’lsa, bu teorema o’rinli emas, chunki bu holda a ning eng kichik
tub bo’luvchisi ham a = p bo’ladi.

58.1)11 < /127 < 12bo’lgani uchun 127 ni ketma-ket 2,3,5,7,11 tub sonlariga
bo’lib ko’ramiz. Agar shularning birortasi ham bo’linmasa, 127 soni tub son bo’ladi,
aks holda tub son bo’lmaydi. 127 soni 2,3,5,7,11 larning birortasiga ham
bo’linmaydi. Demak 127 tub son.

3) 30 <+/919 < 31bo’lgani uchun 919 ni ketma-ket 2,3,5,7,11,13,

17,19,23,29 tub sonlariga bo’lib ko’ramiz. Agar shularning birortasi ham
bo’linmasa, 919soni tub son bo’ladi, aks holda tub son bo’lmaydi. 919 soni bu
sonlarning birortasiga ham bo’linmaydi. Demak, 919 tub son.
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3) 86 <7429 < 87 va 7429 soni 2,3,5,7,11,13 larga bo’linmaydi, lekin 17 ga
bo’linadi, ya'ni 7429 = 17 - 437. Shuning uchun ham u murakkab son.

59.1) 100 va 110, bu yerda 10 < v/110 < 11. Shuning uchun ham berilgan sonlar
orasidagi 2,3,5,7 ga Kkarralilarni o’chirib chigamiz. 2 ga Xkarralilarini tushirib
goldirsak: 101,103,105,107,109 lar goladi.Bular orasidan 3 ga bo’linadiganlarini
o’chirsak:101,103,107,109 lar qoladi. Bular orasida 5 ga va 7ga karralisi yo’q.
Shuning uchun ham 101,103,107,109 lar garalayotgan oraligdagi tub sonlar.

2) 190 va 200, bu yerda 14 < /200 < 15 bo’lgani uchun 1)- misoldagi singari
ish tutib berilgan sonlar orasidagi 2,3,5,7,11,13 ga karralilarni o’chirib chigamiz. 2
ga karrali sonlarni tushirib goldirsak, 191,193,195,197,199 lar qoladi. Bular
orasidan 3, 5 ga bo’linadiganlarini tushirib qoldirsak, 191,193,197,199 lar goladi.
Bu sonlar orasida 7 ga, 11 ga yoki 13 ga bo’linadiganlari yo’q. Shuning uchun ham
bu sonlar tub sonlardir.

3)200 va 220, 14 <+/220 < 15 bo’lgani uchun 2- misoldagi singari ish tutib
berilgan sonlar orasidagi 2,3,5,7,11,13 ga karralilarni o’chirib chiqamiz. 2 ga karrali
sonlarni tushirib qoldirsak, 201,203,205,207,209,211,213,215,217,219 lar
goladi. Bular orasidan 3,5 ga bo’linadiganlarini tushirib qoldirsak, 203,
209,211,217 lar qoladi. Bu sonlar orasida 7 ga bo’linadiganlarini tushirib
goldirsak 209,211 lar goladi. Bulardan 209 soni 11 ga Kkarrali. 211 esa 11 ga ham
13 ga ham bo’linmaydi. Shuning uchun ham 211 qgaralayotgan oraligdagi yagona tub
sondir.

4)2640 va 2680. Buyerda 51 <2680 < 52. Bo’lgani uchun berilgan
oraligdagi sonlar orasidan 2 dan 47 gacha bo’lgan tub sonlarga bo linadiganlarini
tushirib goldiramiz. U holda 2647,2657,2659,2663,2671,2677 sonlarining
berilgan oraligdagi tub sonlar ekanligiga ishonch hosil gilamiz.

60. Faraz gilaylik, p soni n! — 1 sonining tub bo’luvchisi bo’lsin. U holda p <
n! — 1 bajariladi. Bundan p < n!. Ikkinchi tomondan n! soni p ga bo’linmaydi,
shuning uchun ham p > n. Bulardan n < p <n! Isbotdan tub sonlar sonining
cheksiz ko’p ekanligi kelib chigadi.

61. 21!+ 2,21!'+ 3,...,21! + 20, 21! + 21 larning barchasi murakkab sonlar.

62.n = 1dal,11,15 bo’lib fagat 11 tub son. n = 2 da 2,12,16 bo’lib, bularning
birortasi ham tub son emas. n > 3 bo’lsa, uni n = 3k + r,r = 0,1,2 deb yozish
mumkin. r = 0 bo’lsa, 3k, 3k + 10,3k + 14. Bularning uchalasi tub bo’ladigan
fagat 1 ta k=1 giymati mavjud. Bu holda n = 3 va 3,13,17 tub sonlari hosil bo’ladi.
r=1 bo’lsa, 3k +11, 3k+15va3k+ 15 tub emas. r=2 da 3k+2,3k+
12,3k + 16 va3k + 12 soni tub son emas. Demak, n,n + 10,n + 14 sonlar bir
vaqtda tub bo’ladigan n ning fagat 1 ta giymati n = 3 mavjud ekan.
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63. Tub sonlarni 3 ta sinfga p = 3q,p = 3q + 1,p = 3q + 2 bo’lamiz. 1-sinfda
fagat 1 ta p = 3 tub soni(q = 1)mavjud. Bu holda 2p? +1=2-9 + 1 = 19-tub
son bo’ladi.

Agar p = 3q + 1 ko’rinishda tub son bo’lsa, (2 va 3- sinflar cheksiz ko’p tub
sonlar mavjud), 2p2+1=2(9¢*+6q+1)+1=18¢*+12q+3 =
3(6g% + 4q + 1) — murakkab son bo’ladi.

Endi, agar p =3q + 2 ko'rinishdagi tub son bo’lsa, u holda 2p%+1 =
2(9g% + 12q +4) + 1 = 18 + 249 +9 = 3(6q* + 8q + 3), ya'ni bu holda ham
murakkab son bo’ldi. Shunday qilib p ning fagat bitta p = 3 giymatida 2p? + 1 =
19 tub son bo’lar ekan.

64. Barcha natural sonlarni 5 ga bo’lib qoldiglari bo’yicha N =5n+r,0<r <4
deb yoza olamiz. Agar r =0 bo’lsa N = 5n bo’lib fagat n =1 datub sonp =5
bo’ladi va bu holda 4p?+1=4-25+1=101, 6p>+1=6-25+1=
151 lar ham tub son bo’ladi. Qolgan hollarda p = 5n + r n=1,2,3,4 tub son bo’lsa,
u holda 4p?2+1=4025n*+10nr+7r2)+1=520n?>+8nr)+4r>+1 va
6p?+1=6025n*+10nr+r?) +1=53B0n? + 12nr + 612 + 1), bu yerda
4r2 +1 ifodar =1da5 r=4da 65 r=2da6r’+1=25 r=3da550a
teng giymat gabul giladi, ya'ni p = 5n+ 1 ko’rinishda bo’lsa 4p? + 1 ifoda 5 ga
bo’linadi, agarda p = 5n + 2 ko’rinishidagi tub son bo’lsa, u holda 6p? + 1 ifoda 5
ga bo’linadi. Demak izlanayotgan giymat bitta p = 5.

65. 1) p+5 va p+ 10 lar uchun p =2 da p+ 10 = 12 murakkab son. Agar
p = 2k + 1 toq tub son bo’lsa, p + 5 = 2k + 6 = 2(k + 3) murakkab son bo’ladi.

2) p,p+2,p+5 uchun p =2 da p+ 2 =4 murakkab son. p = 2k + 1 bo’lsa,
p+5=2k+ 6 =2(k+ 1) murakkab son.

3) 2" —=1; 2"+ 1,(n > 2) uchun sonlarning 3q +r; r = 0,1,2 ko’rinishidagi
yozuvidan foydalanamiz. Bunda quyidagi uchta holni garaymiz:

1)2" = 3q 2)2"=3g+1 3)2"=3q+2.

Birinchi holda 2™ = 3q bo’lishi mumkin emas. Ikkinchi hol 2™ =3q +1
bo’lsa, 2" —1 =3qgbo’ladi. g =1 da 2" —1 =3 tub son bo’ladi va n =2 da
2n+ 1 = 5ham tub son, lekin misolning shartida n > 2. Uchinchi holda 2" =
3q + 2bo’lsa, 2" + 1 = 3(q + 1)bo’ladi. Shunday qilib 2" -1 va 2"+1, n>
2 bo’lganda bir vaqtda tub son bo’lmas ekan.

66. Agar p = 3 bo’lsa, p va 8p? + 1 = 73 lar tub sonlar hamda 8p? + 2p + 1 =
8:9+6+1=79 tub son bo’ladi, p =3k +1 bo’lsa, 8p? + 1 =8(9k? + 6k +
1)+ 1 =72k? + 48k + 9 = 3(24k? + 16k + 3) murakkab son  bo’ladi.
Shuningdek, agarda p = 3k + 2 bo’lsa, 8p? + 1 =8(9k? + 12k + 4) + 1 = 72k? +
96k + 33 = 3(24k? + 32k + 11) murakkab son bo’ladi.
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67. 218 4 318 = (26)3 4 (36)3 = (26 + 36)(212 — 26 - 36 + 312) =
(22+3%)(2* —22-32+3%)(212 - 26-364+312) = 13-61-488881 = 1361
37-73-181.

68.a >3;,m=3qg; +1; n=3q,+ 2 bo’lsin.

a)a = 3q; q > 1 bo’lsin, u holda a murakkab son ekanligi ma’lum.

b) a=3q+1bo’lsin,uholdaa+m=3g+1+3g;,+1=3(q+q,)+2va
a+n=3q+3q,+2+1=3(q+ q, +1) bo’ladi. Bunda a + n murakkab son;

C) a = 3q + 2 ko’rinishda bo’lsin, u holda a+ m =3(q + q; +1) murakkab
son. Demak, berilgan shartlarda a > 3,a + m; a + n lar bir vaqtda tub sonlar bo’la
olmas ekan.

69. D) n*+4=n*—4n?+4n?+4=mn*+2)??—-4n =n?+2+2n) n*+
2-2n)=((n+1?+1)((n—1)2+1) bo’lib, bu esa n > 1 da murakkab son
bo’lishligini anglatadi.

2) nt+nf+1=n*+1D)2 -n* =mn*-n+1)-n®*+n+1),n>1 da
murakkab son bo’ladi.

70. p,p +2,p+4,(p > 3) sonlarni garaymiz. p > 3 tub sonlar 3q + 1;3q + 2
ko’rinishlarida bo’ladi. p =3q + 1 (q = 2,4,..) deb olsak, u holda p + 2 = 3(q +
1) murakkab son bo’ladi, agarda p =3q+2,(q =1,3,5..) bo’lsa, u holda
p+4=3(q+2) murakkab son bo’ladi. p = 3q bo’lsa, ¢ =1 da tub son p =
3; p+2=5; p+4 =7, yagona egizak tub sonlar uchligini hosil bo’ladi.

71. p =3n+ 2 ko’rinishidagi tub son bo’lsin.U holda N=3:-5-7---p+
2 sonini garaymiz.N soni ham 3n + 2 ko’rinishidagi son, chunki N = 3(5-7-...
p) + 2 deb yoza olamiz. N sonining kanonik yoyilmasida p dan katta murakkab son
gatnashadi va ularning orasida albatta 3n + 2 ko’rinishidagi tub son mavjud, agar N
ning barcha bo’luvchilari 3n + 1 ko’rininishida bo’lsa, N ham shunday ko’rinishda
bo’lishi kerak bo’lar edi. Demak, p ganday bo’lishidan qat’iy nazar p dan Katta
3n + 2 ko’rinishidagi tub son mavjud ekan.

72. ITLipi — 1 =pr-qk>n,g=1) bo’lib, bundan p, < [[L;p; —1va
pr < [Ii=1 p;- Shunday ekan p,4; < [[iL pi.

73. Ma'lumki ps = 11, ya'ni beshinchi tub son 11 ga teng va 2-5=10 bo’lib, 11>10
bo’ladi. Agar p, > 2n, (n=5,6,7...) bo’lsa, u holda p, ., —p, = 2 ekanligidan
Pns1 — 20> 2 YoKi p,y1 > 2(n+1) kelib chigadi, bu esa isbotlanishi talab
qilinayotgan tengsizlikni beradi.

74. p, <2%"'dan n=1 da p, < 2.(p, = 2 bajariladi). n=2 da 7,=3<
4:n=3 da p; =5<16 bajariladi. Endi faraz qilaylik, n=k da (k=

2,3,.1) pg < 22" tengsizlik o’rinli bo’Isin. U holda
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n
Prg < Hpk +1<2-22.22%..22" 1 =22 27 4 ] < 227,
k=1

Demak, berilgan munosabat ixtiyoriy n natural soni uchun o’rinli.

75. Faraz qgilaylik 2™ — 1 tub son bo’lib n murakkab son bo’lsin, u holdan = n, -
n, (n; > 1,n, > 1) deb yoza olamiz. Bundan 2™ —1 =2™M" — 1 = (2™)"2 — 1
murakkab son bo’ladi. 2 — 1 tub son degan teskari tasdig hamma vaqt ham o’rinli
emas. Masalan: 211 — 1 = 2048 — 1 = 2047 = 23 - 89.

1.1-§.

76. 1) 7(5) = 3; 2)m(10) =4; 3)w(25)=9; 4) n(37) =
12; 5)7(200) = 46; 6) mw(1000) = 168.

77 1) 7_[(100) — 100 100 100 _ 50 29

100 _ n4+in25 _ 2n10 _ 23026
Nisbiy xatolikni hisoblaymiz:

_Am(x) 25-22 3

W=y = TgE =g =012=12%
2)
500 5100 500 500
m(500) = 77500 = In5 + 100 - 16094 + 46052 _ 62146 = o0
w=2"80_15_3 016 =16%
95 95 16 '
3)
1000 1000 1000 1000
m(1000) = 779500 ~ 3in10 ~ 323026 69078 ~ 1>
L _le8-145_23
168 168 '
4)
3000 3000 3000
m(3000) = 773500 = In3 + 1n1000 _ 8,0064 ~ >
L _M7-375_ 52 o
427 427 > " '
78.
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79. Chebishyev tengsizligidan

a 1w(x) 6
< <
Inx X Inx

Bu tengsizlikning ikkala tomonidan x — 4+oco limitga o'tsak:

1

a
lim—=a-lim-—=a-0=0
x—oo [nx x—o [nx
va
b
lim—=20
x—co [nx
larga ega bo'lamiz. Bulardan
m(x
lim Q =0
X—00 X

ekanligi kelib chigadi .
Isbotlanganidan xulosa gilish mumkinmi, (x)f unksiya x gagaragandasekin

o’sadi. @ nisbatni L.Eyler [1,x] kesmadagi tub sonlarning o'rtacha zichligi deb

atagan.
80.  Tushunarliki  m(p) < p. Bunda —p < —m(p) oxirgi tengsizlikning

ikkala tomoniga pm(p) ni qo’shamiz. U holda

pr(p) —p < (p — Dnr(p)
hosil bo’ladi. Buni
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ﬂ(p)—1<n(p)
p—1 p

ko’rinishida yozish mumkin. (p) — 1=m(p — 1) bo'lgani uchun

r(p—1) < n(p)
p—1 p

ni hosil gilamiz. m murakkab son bo’lsa, m(m — 1) = m(m) bo’lgani uchun
t(m—1) n(m)

m m
bo’ladi. Bundan

n(m) < n(m—1)
m m—1

kelib chigadi.
11.2-§.

81.a) [-27] = —2,7 — {27} = —2,7 — 0,3 = —3.
b) [2 + 3/987] hisoblang. Bu yerda 9 < 1/987 < 10 bo'lgani uchun [/987] =
9 vademak, [2 +3/987] =2+ [Y987] =2+ 9 = 11.
) V21=4+a,0<x< 1bolgani uchun [7_;/H] = [7_(?“)] = [3_7“1 =1
bo’ladi.

) 10 _ [10(3—/3)] _ 30-10V3 _ 30-(17+x) _ 13-«
3+v3 9-3 - 6 6 6

e)[1, (3) + 2tg§] =[1,3)+2]=[1,3)]+2=1+2=3.
i)[3 + sin137n] = [3 + sin (2n—§)] = [3 — sin%] =3+ [—sing] =3—-1=2.

= 2.

=[3—a] =2,chunki 0 < cos ==
181

f). Bu yerda 1g2512 =x=2512=10* 3<x<4yanix=3+¢a0<a<
1 bo’lgani uchun [2 —log,(2512]=[2-@B+a)]=[-1—a] =-2.

).log o abcd = x = abcd = 10* = 3 < x < 4 bo’lgani uchun agar abcd >
1000 bo'lsa, [2 —logioabcd] =2 —[(3+x)]=2—4=-2 va agar abcd =
1000 bolsa, u holda [2 —log;oabcd] =[2— 3] = —1;

k) V30 + V10 = (5+x) + (2 +); 0<x<0,50<f <0,2. [V30+ V10| =
[74+« +B] = 7; chunki 0<x +f < 1.

90n]

) 1
j)[3 - 2COSE < >
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82. Berilgan tenglikning chap tomoni[r]l¢! + [e] =3% +2 =11 o’ng tomoni
[e]™ +[r] =23 +3=8+3=11. Bu tengliklarning o’ng tomonlari teng,
Shuning uchun ham chap tomonlari ham teng bo’lishi kerak.

83. p = 4k + 1 yoki p = 4k + 3 ko’rinishida deb olishimiz mumkin. p = 4k + 1

ko’rinishda  bo’lsa, [B] = [4k+1] = [k + l] = kvap_1 = 4k+41_1 = k; ya'ni % =

3

agar p = 4k + 3 ko’rinishida bo’lsa, [ ] = [k + ] =k =

4—
84. a=mq+ r 0< r< rdeb yozib olsak, [;] =q+—;0<-—<1 bo’ladi.

T r
m m

a a-—r

Bundan [Z] =q= o
85. Berilgan munosabat [nx] < nx < [nx]+ 1,n = 1,2,... munosabatga teng
kuchli. Buning to’g’ri ekanligi esa butun gism funksiyasi ta’rifidan bevosita kelib

chigadi.

86. x;—y=§+%= [§]+0<+[%]+,3; 0 <x< 1va 0 <p <1 byanan [HTy] =
5] + [2] + [ +1; 6ynma 0 <ec +5 < 2. Shuning uchun ham [ec +5] = 0 yoki 1.
Birinchi holda [2] = [2] + [£] bo'ladi. Ikkinchi holda esa [Z2] = [2] + [2] + 1.

87.1-usul . m toq son bo’lsa, m = 2q + 1 deb yoza olamiz va

2= - o+ =022

m-1 m- m+1

2-usul. [m]zmTl tenglik —— <5 <—+1ga ya ni —< > <— 0a

m+1 m

teng kuchli. Bundan——;<0<——— yoki ——<0<— ya ni 1SOSL

doimo bajariladigan munosabat kelib chigadi.

88. a) y = [x] ning grafigini (2-shakl) chizamiz (0<x<1; y=0); (1<
x<2;y=1);2<x< 3;y=2) va hokazo (m<x <n+1;y =n). Bularni
Dekart koordinatalar sistemasida tasvirlaymiz:

2-shakl
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b) y = {x} ning grafigini chizmiz.

(O$x<1>.<1£x<2).<2Sx<3> (n—le<n)
0<y<t1/'\0<sy<1/’'\0<sy<1/)’ '\ 0<sy<1

Bularni Dekart koordinatalar sistemasida tasvirlab berilgan funksiyaning
grafigiga

3-shakl

ega bo’lamiz (3-shakl).
Oy = [— %] ning grafigini chizamiz.

(0<xS2>_(—2<xSO>_(—4<xS—2>. _(—2n<xS—2(n—1)
y=0 y=1 T y=n-—1 )

) )

y=-1

Bularni Dekart koordinatalar sistemasida tasvirlab berilgan funksiya 'ning
grafigiga ega bo’lamiz (4-shakl).

: — 1T ~
4 3 2 _1 l I} 1 Fe 2 '1 L
+-3
14
4-shakl
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2 2
d)y= [x? — 1] ning grafigini chizmiz. Bu yerda x? —1=0>x%?=2>
xl == _\/E, xZ == +\/§
—\2<x<\2\ . (V2sx<2) . (22x<6).
Bundan( 2= ) ( s )( - )
Xi=-V2, X=+V2.

S-shakl

e) y = [sinx]. Bu yerda
y = [sinx]
yis
( 1, agarx = 5 + 2wk, k € Z bo'lsa;

yis
0,agar 2k < x < m + 2nk, k EZvax¢§+2nk,k € Z bo'lsa;

[
k—l, agar m+ 2nk < x < 2nk,k € Zvax # -+ 2nk,k € Z bo'lsa
ekanligini e’tiborga olsak quyidagi grafikni hosil qilamiz (6-shakl).

y = [sin (x)]

6-shakl
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89. a) [x!]=2=22<x%2<3=+2 <|x|<+V3. Awalo V2 < |x| dan
X< —V2,x =2 va|x| < V3 dan —v/3 < x < /3 ga ega bo’lamiz. Bulardan
—V3<x<—V/2va V2 <x <3
b) [3x? —x] = x + 1danx + 1 butun son bo’lishi kerak. Buning uchun x
butun bo’lishi kerak. x butun son bo’lsa, 3x? — x ham butun son bo’ladi. U holda

3x2—x=x+1 tenglamaga ega bo’lamiz. Bundan

1+V1+3 142 ., .
P, niyanix; =1,

3x? — 2x — 1 = 0.Bu tenglamani yechib x; , =

Xy = —% larga ega bo’lamiz. Bu yerda x, = — % kasr son bo’lgani uchun tenglamani

ganoatlantirmaydi. Javob x = 1.
c) [x] = %x = Zx <x< Zx +1va %x butun son bo'lishi kerak. Bulardan

3x<4x<3x+4 > 0<x<4 x=0,%, 2 Bundan x = 0, 3, = ekanligi Kelib

chigadi. Demak 3ta yechimi bor.

d) [x?] =x = x < x? <x+1 va x butun son bo’lishi kerak ekanligi kelib
chigadi. Bulardan0 < x? — x < 1. Bu qo’sh tengsizlikni yechamiz.

A. x2—x—1<0 tengsizlikni yechamiz. Uning o’ng tomoni shoxlari
yuqoriga qaragan parabola bo’lgani uchun ham tengsizlikning yechimlari x? — x —
1 = 0 tenglamaning ikkala yechimlari orasidagi sonlardan iborat bo’ladi. x? — x —
1 = 0 tenglamaning yechimlari

1+V1+4 145
2 2
dan iborat. Shuning uchun ham x? —x—1<0 tengsizlikning yechimi

(1_2—‘/g ; 1+2\/§) oraligdan iborat.

X1,2 =

B. Endi x? —x >0 tengsizlikni yechamiz. Uning o’ng tomoni shoxlari
yuqoriga garagan parabola bo’lgani uchun ham tengsizlikning yechimlari |—oo,x;] U
[x,, +0o[ dan iborat bo’ladi. x* — x = 0 tenglamaning yechimlarix; = 0 va x, = 1
lardan iborat. Shuning uchun ham x2? — x > 0 tengsizlikning yechimi ]—oco0,0] U
[1, +oo[ dan iborat.

Endi garab chigilygan A va B hollarni birlashtirib, 0 < x?> —x <1 qo’sh

145
2
bo’lishi kerak. Demak, qaralayotgan tengsizlikning butun son klardagi yechimlari

x = 0,1 dan iborat.
90. [124m]=87=87<124m<88 > <m<-=5=<m< =

tengsizlikning yechimini topamiz. U holda x € ]1_7\/30] U [1, [va x butun son

124 62 62
1 3

7T—<m<7—>=>m¢&N.
62 31
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91. Agar x butun son bo’lsa, u holda [—x] = —[x].Agar x kasr son bo’lsa,[—x] =

y deb olsak, y<—-x<y+1 Dbajarilishi kerak. Bundan -y—-—1<x<
—yyoki [x]=—y—1=—[-x] -1
Shunday qilib
(—x] = { —[x]ga; agar x butun son bo'lsa;
—[x] — 1 ga; agar x kasir son bo'lsa.
92. x; = [x;] +; 0 <;< 1 deb olsak,

n n n
Exi =Z[xi] +z X;
i=1 i=1 i=1
bo’ladi. Bundan
n n n
[z ] YT ]
i=1 i=1 i=0

Bu yerda

bo’lgani uchun
n n
[2 xi] > ) [x] )
bajariladi.

93. 12-masalada x; = x, = :-- = x,, = x deb olamiz. U holda (*) munosabat
[nx] = n[x] ko’rinishni oladi.
94. [1, N] kesimda m soniga karrali sonlarning soni [%] ga teng. Shuning uchun
ham 10° va 107sonlari orasidagi 786 ga karrali natural sonlarning soni
107 106 10000000 1000000
!786] B [786] B [ 786 ] ~ 786
95. 1000 dan kichik natural sonlarning soni 999 ta ularning orasida 5 ga karralilari

] = 12722 — 1272 = 11450.

soni [%] ga, 7 ga karralilari soni [?] ga teng. Bu sonlar orasida 5 va7ga karralilari
ham bor. Shuning uchun ham 1000 dan kichik 5ga ham 7 ga ham bo’linmaydigan

999

natural sonlar soni 999 — [ -

&
]_[2;9]4[%]]=999—199—142+28=686 ga

teng.
96. 36 = 22+ 32 bo’lgani uchun n soni 36 bilan o’zaro tub bo’lishi uchun (n,2) =
(n,3) = 1 bo’lishi kerak. Shuning uchun ham 36 soni bilan o’zaro tub 100 dan katta
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bo’lmagan natural sonlarning soni 100 — [100] [100] [ﬂ =100—-50—-33 +

16 =116 — 83 = 33.

97. Agar ko’paytmada 2 va5 birgalikda ko’paytuvchi sifatida necha marta
gatnashsa, ko’paytma shuncha nol bilan tugaydi. Albatta 2017! da 2 soni 5 ga
qaraganda ko’proq ko’paytuvchi sifatida gatnashadi. Shuning uchun ham masalani

yechish uchun 5 ning 2017! da nechanchi daraja bilan gatnashishini aniglash kifoya.

oy = 2017] 2017] [2017] [2017]

=403+80+ 16 + 3 = 502.

Demak, 2017! ko’paytma 502 ta nol bilan tugaydi.
98. N! ning tub ko’paytuvchilarga yoyilmasida p tub soni
R R AR
a=|— R ces —1, <
pl  lp? pl” P
daraja bilan gatnashadi p™ = N deb olsak,

oc—[—] [p—]+ +[p] ptl4+ptTi 4+ p+1=
hosil boladi.

99. 6 =3-2 Dbo’lgani uchun 100! ko’paytmada 6 ning qaysi daraja bilan
gatnashishini aniglash uchun 3 ning gaysi daraja bilan gatnashishini aniglash kifoya.

100 100 100 100
o= [29) [0) 199)4 [0) _3 41341 = 40

Demak,100! ko’paytmada 6 soni 48-daraja bilan gatnashadi.

100. Ma’lumki, n! sonining kanonik yoyilmasi n! = p;* - p,? - p.*

ko’rinishida bo’lib, bu yerda p; lar tub sonlar, «; lar esa p; tub sonining n!
sonida ganday daraja gatnashishini bildiradi va

o= ]+ [+

ko’rinishda topiladi. Demak ,

11 11 11
®1=|é? +[§E]+[§§]==54-2+'1::&

aA-p" _p*-1
1-p p—1

11 11
a, = 7§1'+ §E]==3'+],=‘%
11 11 11
w=lg]=2 w=l7]=1 wslg]-

bo’lgani uchun 11! =28.3%.5%2.7.11,

101. Avvalo berilgan Nsonining ko’rinishini N = 12(;?.(;!0[ shaklda yozib olamiz va

bu yerda N  soni butun son bo’lishligi uchun 1000! ning kanonik yoyilmasi
tarkibida 7 tub soni ganday daraja k bilan gatnashishini aniglashimiz kerak:
(N ning suratida)
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I = [1000] [1000] 1000
L7 72 73
(N ning maxrajida)

100 100
l—[ ] [ ] +a=14+2+a =16+ a.

7164-
Bularga asosan N = ——

]=142+20+2=164;

—ere = 71 1°7% - Q. Buyerda @ natural sonva (Q,7) = 1.

Bundan 148 —a = 0 = 0 < a < 148. Demak, a ning eng katta giymati 148 ga
teng.
102. Ma'lumki,(2m)!'=m!-2™. Bundan, agar p=2 bo’lsa, u holda

2" < m< 2" bo’lgani uchun, izlangan daraja ko’rsatkich m+z [ > } ga teng bo’ladi.

Agar p>2bo’lsa , u holda izlangan daraja ko’rsatkich Z{ }bu yerda
=l

ps <m< ps+1
103. Berilgan tenglama avvalo ko’rinishida [x]=1+ 2{ }yOZIb olamiz , agar bu

tenglamaning chap tomomnini y belgilasak, u holda quyidagiga ega bo’lamiz:
y = Ix]
y=1+2F}
2

y=[x]

y=1_ 140 [5}
2 2

y

sistemani hosil gilamiz. T_l ning butun giymatlarini m belgilab

Bundan esa

2m+1=(x] _{2m+13x<2m+2 _ _
yoki ni topamiz.

m:[ﬂ 2M< X <2m+2

Bu yerdan 2m+1<x<2m+2, m=0,%+1, +2,... ni hosil gilamiz.
104.y = ax® +bx+c funksiya va demak y=[ax2+bx+c] funksiya a>0

bo’lganda quyidan va a<0da yugorida chegaralangan . Ikkala holda ham

2 2 o~
y:[ax2+bx+c]:{ [(x+£) _b _Az'anﬂfunksiya‘ning giymatlarining  aniq

2a 4a
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2 _4ac

chegarasi {— b }sondan iborat bo’ladi. Shuning yayna >0 bo’lganda berilgan

2 p—
tenglama{—b 4a4ac}£dbo’lganda va fagat shu holda yechimga ega, agarda a<0

b —4ac

1 } <d bo’lsa yechim mavjud bo’ladi.

bo’lsa, u holda {—

105. Har bir x = k (a < k < b) butun absissaga egri chizigli trapetsiya ichidagi va
chegarasidagi  [f(x)] +1 ta butun ordinata mos keladi. Shuning uchun ham
izlanayotgan nugtalar soni

Yhea([f ()] + 1) gateng.

106. Buning uchun avvalo 1-chorakdagi shu aylana ichidagi butun nugtalar sonini
aniglaymiz. Aylana tenglamasini y ga nisbatan yechib, 1-chorakga mos qismi
y = /6,52 — k2 ni olib 25-misolni tadbiq etamiz. U holda »%_,([/ 6,52 — k2] +
HN=74+7+74+6+6+54+3 =41 hosil boladi. Demak, izlnayotgan nuqtalar
soniN =4-41—-4-7 =164 — 28 =136 ta.

107. n dan katta bo’lmagan va p;, p,,..., P, tub sonlarning har biri bilan

o’zaro tub bo’lgan sonlarning soni B(n;pi;p,; ..;pk) = [n] — [pl — [pi] — =
1

[:_k] + [pz;z] o [pl:pk] B [P1:2P3] T [Pk—zljlk—ﬂ’k] ot (_1)k L’ﬂ’:---pk]
formula bilan topiladi. Shunga asosan 1575 = 32 - 5% - 7 bo’lgani uchun 12317 —

[12217] _ [12317] [12317] [12317] [12317] [12317] [1?(3);7] = 12317 —

4105 — 2463 — 1759 + 821 + 586 + 351 — 117 = 5631.

11.3-§.

108.1). Bu yerda 375 = 3 - 5 bo’lgani uchun (1) va (2)- formulalardan
7(375) =1(3-53) = (1+ 1)(3+ 1) = 8;
32—-1 5%*—1 624

larga ega bo’lamiz.
2).720 = 2* - 3% - 5 bo’lgani uchun(1) va (2)- formulalardan
7(720) =5-3-2 = 30;
2°—1 33—-1 52—

1
0(720) = 5— 35— 57 =31-13-6=31-78 = 2418

lar kelib chigadi.
3). Buyerda 957 = 3-11-29 bo’lgani uchun (1) va (2)- formulalardan
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7(957) = (1+ (1 + 1)1 + 1) = 8;
32-1 112—-1 29%2—1
3—1 11—-1 29-1

0(957) = =4-12-30=48-30 = 1440

lar kelib chigadi.
4).988 = 22 - 13- 19 bo’lgani uchun(1) va (2)- formulalardan
7(988) =3-2-2 = 12;

3_ 3_ 2_
o(988) =2 . 1321 171 _ 7. 14.20 = 1960.
2—1 13—-1 19-1
5).990 =2-3%2-5-11; 7(990)=2-3-2-2 = 24,
(990)—22_1 11 513612 = 2808
° ~2-1 3-1 5-1_ - '
6).1200 = 24 -3 - 5% 7(1200) =5-2-3 = 30,
(1200)—25_1 o1 53_1—31 4-31 = 3844
7 ~2-1 3-1 5-1_ - oo
7). 1440 = 25-32-5; 1(1440) = 6-3-2 = 36,
(1440)—26_1 -1 52_1—63 13-6 = 4914
d ~2-1 3-1 5-1 - '
8). 1500 = 22-3-53; 7(1500) = 3-2-4 = 24,
231 32-1 5%—1
2-1 3-1 5-1

a(1500) = =7-4-156 = 4368,

9).1890=2-33-5-7;7(1890) = 2-4-2-2 = 32,
22—-1 3*—1 52—-1 72-1
o890 =57 37 51 71
10). 4320 = 2°-33-5; 1(4320) = 6-4-2 = 48,
26—-1 3*—1 52—-1
0(4320) = 51 3-1 ©_1 =63-40-6 = 15120.
109.1). 360 =23-3%2-5 d=2%-3F.57, 0<a<3,0<B<20<y<
1. Shuning uchun ham
(1+2+4+8)(1+3+9)(1+5=01+2+4+8)(1+3+9+5+
154+45)=1+3+9+5+154+45+2+6+184+10+30+90+4+ 12+
36 +20+ 60+ 180+ 8+ 24+ 72+ 40+ 120 + 360;
Bo’luvchilar:
1,2,3,4,5,6,8,9,10,12,15,18, 20, 24,30, 36,40, 45, 60,72,90, 120,
180,360 . Ularning jami soni 24 ta.

=3-40-6-8 = 5760.
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2).720 = 2*-32 .5, (1+2+4+8+16)(1+3+9)(1+5)
=(1+2+4+8+16)(1+3+9+5+ 15+ 45)
=14+2+4+8+16+3+6+12+24+48+9+18+36+72
+144+5+10+20+ 40+ 80+ 15+ 30 + 60 + 120 + 240 + 360
+ 720.

Bo’luchilar 1, 2,3,4,5,6,8,9,10,12, 15,16, 18, 20, 24, 30,
36,40,45,48,60,72,80,90,120,144,180,240,360,720. Jami: 30ta.
3).954=2-32-53, (1+2)1+3+9)(1+53)
=(1+2)(1+3+9+53+ 159+ 447)
=14+34+9+53+159+447+2+6+ 18+ 106 + 318 + 954.
Bo’luchilar: 1,2,3,6,9,18,53,106,159,318,477,954. Jami: 12 ta.
4).988=12%2-13-19, (1+2+4)(1+13)(1+19)
=(1+2+4)(1+ 13+ 19+ 247)
=1+4+134+19+4+247+2+26+38+494+4+52+ 76+ 988
Bo’luvchilar: 1,2,4,13,19, 26,38,52,76,247,494,988. Jami: 12 ta.
5).600=2%3-3-5%2, (1+2+4+8)(1+3)1+5+25)=(1+3+5+
154+254+75)(1+2+4+8)=14+3+5+15+25+75+2+6+10+30+

50+ 150+4+12+20+ 60+ 100+ 300+ 8+ 24 + 40 + 120 + 200 + 600

Bo’luvchilar: 1,2,3,4,5,6,8,10,12,15, 20, 24, 25, 30, 40, 50, 60, 75, 100,
120,150,200,300,600. Jami: 24 ta.

110. 1(x)=6, 0(x) =28, x=p,*p,f a=1 p=1 bo’lgani
uchun 7(x) = (e + 1)(f+1) = 6,bundana =1, = 2vax = p; - p,°.
Bu  holda 000 = (py + DEZ2 = (py + D@ +p, + 1) = (o +
-

D(pa(p, +1)+1) =28, buyerda p,(p, +1) juft son bo’lgani uchun p,(p, +
1)+ 1 tog son, shuning uchun ham p; +1=4, p,(p,+ 1) +1=7, p; =3,
po(p, +1) =6, p, =2 demak, x = p;p,°> =34 =12,

111.N = p%-qf, N? =p?*.q%#, N3 =p3%-¢3F Bulardan
T(N) =Qa+1)28+1)=15=3-5bundana =1, B =2 (yokia =2; B =
1).7(N3) =@Ba+1)@BB+1)=4-7 =28ta.
112. t(x) va o (x) larning grafigni sxematik tasvirlang. Buning uchun berilgan

funksiyalarning giymatlari jadvalini tuzib olamiz:

X 1123 (4|56 |78 |9 |10 |11 |12 |13 |14 |15 |16

tx) |12 1213204 |24 [3 |4 [2 |6 [3 [4 [4 |5

o(x) |13 (4 |7]6 12 |8 |15 |13 |18 |12 |28 |14 |24 |24 |31
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Bu giymatlarni Dekart koordinatalar sistemasida belgilab quyidagi grafiklarga
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7-shakl
ega bo’lamiz (7-shakl).
118.p,=p1 =2, pr=p2—2, a(p1) =I;112__11 =p1t1=1+(,=2)=p,—
1= o).
114. m = 2% bo’lsin. U holda o(m) = 20;+_11_1 bo’lgani uchun tenglama 2%*1 —
1=2-2% -1 =291 — 1, ya’nim = 2¢ (e = 0,1,2,3,...) ko’rinishdagi

sonlar berilgan tenglamaning yechimi,

a = 0,1,2,3,... giymatlar bersak, m ning cheksiz ko’p natural qiymatlari hosil
bo’ladi.

115. 1). Agar p tub soni m yoki n ning kanonik yoyilmasiga biror a daraja
ko’rsatkichi bilan kirsa, u holda t(mn) da ham, shuningdek, t(m)t(n) da ham
(a + 1) ko’paytuvchi qatnashadi. Agarda m va n larning kanonik yoyilmasida mos
ravishda p*va p# lar gatnashsa, u holda mn ning kanonik yoyilmasida p®*Fishtirok
etadi. Bu holda t(mn)da a +  + 1 ko’paytuvchi qatnashadi. a+p+
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1< (a+1)(B+1)bo’lgani uchun t(m)r(n) > t(mn) bo’ladi, ya’ni agar
(m,n) > 1bo’lsa, t(m)r(n) > t(mn) bo’lar ekan.

2). Agar p tub soni m yoki n ning kanonik yoyilmasiga biror a daraja ko’rsatkichi
pa+1_1

bilan kirsa, u holda o(mn) da ham, shuningdek, o(m)a(n) da ham

ko’paytuvchi qatnashadi.
Agar m va n larning kanonik yoyilmasiga mos ravishda p* va p? lar tegishli
boIsa, u holda mn ning kanonik yoyilmasida p**# gatnashadi. Bu holda o(mn)

a+f+1_

ning tarkibida gatnashuvchi ;: ! ko paytuvchiga, o(m) - ¢(n) ning tarkibidagi
pa+1 -1 pﬂ+1 -1 pa+[3+2 _ pa+1 _ pB+1 +1

p—1 p-1 (p —1)?
ko paytma mos keladi. Bu yerda
a+f+2 _ a+1l _ [+1
p p pr 1 (pe+h+1 — 1)
(r—-1)
pa+ﬁ+2 _ pa+1 _ pﬁ+1 +1— pa+ﬁ+2 + pa+ﬁ+1 -1
- (r—1) -
pA—pM) -pP+p™ _p@*-DE - _
p—1 p—1

ya ni
pa+1 -1 pB+1 -1 pa+B+1 -1
p—1 p-1 g p—1
Demak, agar (m,n) > 1bo'lsa, u holda a(m)a(n) > o(mn) bo'ladi.
116. m ning barcha natural bo"luvchilari d,, d,, ..., d;yn) boIsin, u holda biz

(m)
6m) = | | a
i=1
uchun formula chigarishimiz kerak. Bunda dﬂ,ﬂ, ... —— lar ham m ning barcha
1 2 T(m)

bo luvchilari bo’Igani uchun
T(m) T(m)

m m) 1 m) 1 m*m
6(m)=ﬂ—=m”"ﬂ—=mtm- = :
i i p i Hfg) d; o0m)

Bunda 62(m) = m*™), yoki &(m) = Vm®@, Xususiy holda §(10) =

V10710 = 4/10* = 102 = 100.

117. Masalaning shartiga asosan m = vm*™) | bundan t(m) = 2, yani
m natural soni fagat 2ta bo'luvchiga ega bo’lishi kerak, demak, u tub son bo’lishi
kerak. Shunday qilib o°zining barcha natural bo'luvchilari ko paytmasiga teng
bo’lgan sonlar natural sonlar to plami tub sonlar to plami bilan ustma-ust tushadi.
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118. n ning kanonik yoyilmasi n = p;* - py 2 ... p,.© bo’lsin. U holda gy (n) =
A +pf 4+ + o+ p A+ pE+pd* + -+ pé"z") (L +pE+pd 4+

k(aq+1) -1 p;c(a2+1) k(as+1) _

1B ani
pllc—l p§—1 T k -1 ,y

0(n) = 1_[”

Tushunarliki, oy(n) = t(n), o,(n) = a(n)

agk p
SS) 1

k(a;j+1) _

2 2%3-1 3%2-1 63 80 _
119.1).0,(12) = 0,(22 - 3) = S 55— =~ — = 210.
-1 3%3-1 _ 15728
2).0,(18) = 0,(2-3%) = & == =591 =455,
233 3%3-1 _ 511
3).05(36) = 04(22 - 32) = = 5 =--91=73-91=6643.
5.1 1023
4).0,(16) = 0,(2%) = 22 — = —— =341
34 _
5).05(8) = 04(23) = 2 11 0% — 58s.
2
120. 1).0(28) = (22 - 7) — 11-47—1_7 ¥-7.8=56=2-28.

Ya'ni n = 28dao(n) = 2ntenglik o'rinli. Shumng uchin hamn = 28 —
mukammal son.

2).0(469) = 0(2*-31) = == 11 211 = =31-32=992=2-496.
3).5(8128) = a(z6 127) - 2—11 1122772_‘11 —127-128 = 16256 = 2 - 8128.

1_
121.0(N) = o(p") == =Pt (VT AP 4 p+ ) ="+

%=P"+%<2p"=2w ya'nio(n) < 2N.
pa+i_ B+1_ o+1  ,B+1
= b L it R A LS VIR . O
122. 6(N) = a(p® - qP) = <Py
Shart bo'yichap = 3,q = 5. Shunmg uchun ham o (N) < =- ZN - %51\/ < 2N.

Demak o(N) < 2N.
123. 1). Shartga ko'ra §(n) = 5832, 9-masalada istalgan formulaga asosan

S(n) = ynt™ = 5832 = 23- 3% Demak, n = 2%-3# ko'rinishda bolishi kerak.
Bulardan

(a+1)(B+1)
\/(za .38)7(2%3F) = (22 .38y 2 =23.36 ya'ni
a(a+1)(f+1) B(a+1)(B+1)
2 = 3 2 =

ga ega bo'lamiz. Bularga asosan a(a + 1)(B+ 1) =6, B(a+ 1)(L+1) =12
bundan
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{05(05 +DB+1)=1-3-3 = a =1, B = 2 ekanligi kelib chigadi van = 2 -

(@+DBB+1)=2-2-3
32 = 18 hosil bo’ladi.
2). Shartga ko'ra vnt = 330.5%40 ' nnj n = 3%-5 ko'rinishda izlaymiz. U

(a+1)( )
holda (3%-58) 2 = 330.5%0

gaegabo’lamiz. Bundan a(a+ 1B +1)=60; (a+1)B(L + 1) = 80.
Buni quyidagicha yozib olish mumkin:
ala+1D)(B+1)=3-4"-5 _ _
{ﬁ(a+1)(ﬁ+1)=4-4-5:>“_3' p=4.
Demak n = 33 5% = 27625 = 16875.
124. N sonining barcha bo luvchilarini o'sib borish tartibida joylashtirib chigamiz:

1,d4,d5, ... %%% Bularning soni (a; + 1)(a, + 1) ...(ap + 1) ta. Bularni 2

tadan olib, 1-%,d1-dﬁ,d2-dﬁ,... N ning barcha 2 ta ko paytuvchi ko'rinishida
1 2

(a1+1)(az+1) ..(ap+1)
2

ga teng, agar N to'lig kvadrat

ifodalanishlariga ega bo lamiz. Ularning son ga teng, agar N

(a1+1)(az+1) ..(ap+1)+1
2
bo’lsa. Bularni birlashtirsak, N ni 2 ta ko'paytuvchi ko’rinishda ifodalashlar soni
[1+(a1+1)(a;+1)...(ak+1)
125. Bizda N = 2% -3F - 7Y, Bundan 7(N) = (e + 1)(B + 1)(y + 1);
TGN)=(ae+1D)PB+2)y+D)=(@+1DH)PBE+DFy+1)+8;
T(7N)=(a+1DPB+Dy+2)=(+1D)B+D{y+1)+12
TBN)=(a+4H)B+Dy+D)=(C@+1DP+1D{y+1)+18.
Bulardan (e + Dy + (B +2—-pL—1) =8,yani
(a+1Dy+1)=8
(a+1D(B+1)=12 ga ega bo’lamiz.
B+Dy+1)=6
(a+1DPB+DF+1)=vV8-12-6=V16-36=4-6=4-3-2.
Bulardan (¢ + 1) =4, a=3;(f+1)=3, B=2;y+1) =2, y=1
va N =23:52-7 = 1400.
126. Masalaning sharti bo’yicha N = 2*-3% - Szvag =2%1.37.52
N N

3= 2%.3y-1.52 = 2% - 3Y . 5%7Y Bulardan

to'liq kvadrat bo'Imasa va

] ga teng degan xulosaga kelamiz.
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(T <E> =1(N)—30
]% X+ D+ D=+ Dy +1D(E+1)-30
T<§> — (M) =352 yx+Dz+1) =@+ D+ D(z+1) - 35
N zZx+1DH@+D) =+ +1)(z+1) —42.
T (E) =1(N) — 42
Oxirgi sistemani quyidagicha yozib olish mumkin.
(y+1(=z+1) =30
(x+1)(z+1)=35
x+1D(y+1) =42
Buni tanlash usuli bilan yechamiz:(x + 1)?(y + 1)?(z+ 1)? = 22-3%-52.72 =
x+1Dy+1D(E+1)=2-3-5-7buyerda (x + 1)(y + 1) = 42 bo lishi kerak,
shuninguchunx+1=7 y+1=6, uholda (x+1)(z+ 1) =35 dan (z+
1) =5 Kkelib chigadi va bu yechimlar (y + 1)(z + 1) = 30 tenglamani
ganoatlantiradi. Shunday qilibx =6, y =5, z = 4vaN = 2°-35:5% = 64 - 243 -
625 =9720000.
127. 2**1 — 1 tub son bo’lsin, u holda N = 2#(2%*1 — 1) ning mukammal son

ekanligini ko'rsatamiz. N = 2¢*1 — 1 = p deb olsak,

— @,y 21 PPl gt — (oa+1 _ a+1y —
o(N) =o(2%-p) (2 Dp+1)=(2 D)
2N, ya'ni N —mukammal son.

2—-1 p—-1
128. Buni isbotlash uchun har ganday juft mukammal sonning 2%(2%*1 —1)
ko rinishida ifodalanishini ko rsatish yetarli. Bunda 2¢*1 — 1 tub son. Faraz gilaylik,

N = 2%-q,(q; 2) = 1 juft son mukammal son bo’lsin, ya'ni u uchun

a(N) = 2N tenglik bajarilsin. Bundan a(2%q) = 2%*1q yoki
20£+1 -1
— oa+1
-1 °@=2""q

q va q soni 2%*t1 — 1 ga bo’linishi kerak. U holda

-

20£+1

Bu yerdan 0(q) = o
q = (2% — 1k vao(q) = 2%tk bo’ladi. Bu yerdan k va (2¢*1 — 1)k lar g ning
bo’luvchilari bo’lib, ularning yig’indisi uchun 2%tk = ¢(q) bajariladi. U holda q
ning boshga bo’luvchilari yo’q bo’lishi kerak. Demak, q = (2%*1 — 1)k soni tub
son ekan, ya'ni k = 1 va 2¢*1 — 1 tub son.

129. N =2%-p,p, deb olsak, masalaning shartiga ko’ra

2a+1_1 p12_1 p22_1
_ a — . . —
o(N) = a(2%,p,) = 2-1 pi-1  p,—1

Q¥ =1 (p, + D(p, +1) = 3N =3-2%p,, (D
bu yerda p; > p, tog sonlar.
Agar a =0 bo’lsa, (p; +1)(p, +1) =3p,p, yoki p;+p, +1 = 2p,p,. Bu
oxirgi tenglik o’rinli emas, chunki chap toq son o’ng tomoni esa juft son. Demak,
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a # 0 bo’lsa. @ = 1 bo’lsin. U holda 3(p; + 1)(p, + 1) = 6p,p, YOKi p1+p, +1 =
p1iP2, ya'ni p;+1 = p,(p; — 1). Bunda p; — 1 juft son, ya’ni p; — 1 = 2n, u holda
2n+2 =2np, bundan n+1=np, > n(p,—1) =1-n=1, p, = 2. Bunday
bo’lishi uchun ham mumkin emas chunki masalaning shartida p, — toq tub son.
Demak, a # 1. a = 2

a = 2 bo’lsin. Bu holda (1) dan 7(p; + D (p, + 1) = 12p1p, > 7p1 + Tp, + 7 =

5pip, = 7(p1 +p2 +1) = 5pyp,. Bundan p, =7 (yokip, =7) va 8+p, =
5p, = p, = 2 yoki (p; = 2). Bunday bo’lishi ham mumkin emas.
Demak, a # 2,a = 3 bo’lsin. Bu holda (1) dan 15(p; + 1) (p, + 1) = 24p,p, —
5(p1 + D(p, + 1) = 8pyp,. Bundan 5(p; + p; +1) = 3pyp,vap; =5 (yokip, =
5) hamda 6 + p, =3p, = p, =3 (p; = 3). Shunday qilib berilgan masalaning
shartini ganoatlantiruvchi eng kichik natural son N = 23 -5-3 = 120 ekan.

130. Faraz qilaylik , N = p;*1p,%2 --- p;, %k bo’lsin. U holda

T(N)=(a; + D(a, + 1)...(ap + 1)

a). Agar T(N) toq son bo’lsa, (1 + a;) (i = 1,2, ..., k) ko’paytuvchilarning har biri
toq son bo’lishi kerak, ya'ni a; (i = 1,2, ..., k) lar juft bo’lishi kerak. Bu esa N butun
sonning to’la kvadratiga teng degani.

b). Aksincha, agar N biror sonning kvadratiga teng bo’lsa, «; (i = 1,2, ..., k) lar
juft sonlar a; +1 lar esa toq natural sonlar bo’lishi kerak. U holda t(N) =

¥ (1 + a;) ham toq son bo’ladi.

11.4-§.

131. Eyler funksiyasiy = ¢(x) ning giymatlari jadvalini tuzamiz.

x |1 |2 [3 [4 [5 [6 |7 [8 |9 [10 [11
o) |1 |1 |2 |2 [4 |2 J6 |4 |6 |4 |10

Bu qiymatlarni (nuqtalarni) Dekart koordinatalar sistemasida belgilab chiqgib
uzlukli chizig bilan belgilab chigsak, y = ¢@(x) funksiya'ning o’zgarishini
xarakterlovchi chizigqa ega bo’lamiz.

132.1). 9(125) = ¢(53) = 53 — 52 = 100;

2). 1000 ni tub ko’paytuvchilarga ajratib ¢ (x) ning multiplikativligidan
foydalanamiz. (1000) = (23 -53) = 0(2%) - ¢(53) = (23 - 23)(53-5%) =4 -
100 = 400;
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3). ¢(180) = ¢(18-10) = p(2%-3%-5) = p(2%) - 9(3*) - 9(5) = (2% -
2)(32-3)(5—-1)=2-6-4 =48;

4). (360) = @(23:32:5)=(23-23)(32-3)(5—-1) =464 = 64;

5). ¢(1440) = @(12%-10) = 4(25-3%-5)=(25 - 29)(32 —=3)(5—1) = 166"
4 = 384;

6). (1890) = @(2)(3*)e(5)p(7) = (2-1)(3°-3%)-4-6=18-24 =
432;

7). p(113) =113 —11%2 = 121+ 11 = 1331;

8). ¢(232) = 232 — 23 = 506;

9). p(12-17) = p(12) - ¢(17) = @(2%2-3) 16 =16- (22 —=2)-2=32-2 =
64;

10). p(24-28-45) = p(23-3:22-7-32-5) = (2°-3%3-5-7)=(2° —
2%)(33—-3%)-4-6=24-16-18 = 6912.

133. %; a <m; (a;m) = 1, tarifiga ko’ra bunday kasrlar soni ¢ (m) ta.

134. Berilgan oraligda jami 120 ta natural son bor. Shulardan 120 bilan o’zaro
tublari @(120) == @(23-3:5) = (23 —2%)-2-4 = 32 ta. Shuning uchun ham
izlanayotgan natural sonlarning soni 120 - 32 = 88 ta.

135.a). p(2%) = 2% — 291 = pa-1(3 — 1) = 2a- 1,

b). p(p%) =p* —p*t =p*tp -1 =p* o).

c). e(m%) = m* 1p(m)ni ishotlash uchun m ning kanonik yoyilmasi

m = p!'p)? ...p/* ni qaraymiz. Bundan m* = p; 'p; *? ..p, ¥ va

S R N IS
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=m*t.p(m).

136. Agar (m, 2) = 1 bo’lsa, Eyler funksiyasi multiplikativ bo’lgani uchun
p(2m) = p(2)p(m) = p(m).

Agar (m,2) > 1bo’lsa,(m,2) = 2 bo’ladi. Buholdam = 2%-m,, (m;2) =
1deb yozib olamiz va ¢ (2m) = (2%t - m,) = (2%t (m,) = 2%p(m,) =
202%) - p(my) = 20(2% - my) = 29 (m).

137.8). p(4n+2) = ¢(22n+1)) = p(Dp2n+1) = p(2n+ 1).

b). Agar (n,2) = 1 bo’lsa, u holda (n,4) = 1 bo’ladi. Shuning uchun ham
p(4n) = p(4)p(n) = 2¢(n).

Agardan = 2% -k, (k;2) = 1bo’lsa, uholda @(4n) = (242 - k) = @(2%*2) -
@(k) =2%%1 - (k) = 20(2%) - (k) = 20 (2% - k) = 2¢(2n).

138.a).¢(5%) = 100 » 5% —=5*1 =100 > 5* 1.4 =100 - 5* 1 =52 >
x = 3.

0).p(7%) =294=>7*1.6=204=7"1=49=7"1=7235x-1=2>
x = 3.

). p(p*) =p* 1 = p*1(p—1) = p* 1. Butenglama p > 2 bo’lsa yechimga
egaemas. p = 2 da ixtiyoriy natural son x tenglamaning yechimi bo’ladi.

d). (3% - 5¥) = 600= 9 (3%) - (5Y) =600 = 3*1.2.5Y"1.4 =600 =
3*71.5Yy"1 =75 53*1.5y"1=3.525x-1=1,y—-1=2=>x=2; y=
3.

139.m = p;*p,? ...p,© bo’lsin u holda

o(m) =pf " (pr — Py (2 = 1) 00 (0 — 1)

bo’ladi. Bu yerda har bir toq p; ko’paytuvchiga juft p; — 1 ko’paytuvchi mos
keladi va ¢ (m) juft son bo’ladi. Agarda m = 2% > 3 ko’rinishida bo’lsa, ¢(m) =
@ (2%) = 2% 1juft son bo’ladi.

140. x = m soni ¢(x) = a ning ildizi bo’lsa, u holda ¢(m) = a bajariladi. Bu
holda @(2m) = @(m) = a; chunki shartga ko’ra (2;m) = 1. Bu yerdan x = 2m
soni ham berilgan tenglamaning ildizi ekanligi kelib chigadi.

141. m ning ham n ning ham bo’luvchisi bo’lgan p tub soniga ¢ (mn) da bitta

(1—%)<1 ko’paytuvchi mos keladi.  ¢@(m) ¢(n)da esa ikkita shunday

: 1\ . 1\2 1 :
ko’paytuvchi (1 —;) mos keladi. (1 —;) <1 —5 bo’lgani uchun (m;n) > 1

bo’lsa, @(m)p(n) < @(mn) bo’ladi. Xususiy holda ¢?(m) < ¢(m?), bu yerda
tenglik fagat m = 1 da bajariladi.

142. q4,9, ... .......q; lar fagat m ning kanonik yoyilmasiga Kiruvchi tub
sonlar, p,,p,, ..., P larm va n larning ikkalasining ham kanonik yoyilmasiga
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Kiruvchi tub sonlar,ly, 1,, ..., I lar fagat n ning kanonik yoyilmasiga kiruvchi tub

sonlar bo’lsinlar. U holda
t

co(m'n)=mnﬂ(1—%>ﬂ<1—%)ﬁ(1—%)=

i=1 i=1 i=1

{mﬁ@-%)ﬁ(l-%)}-{nﬁ@-%)lj(l-%)}m =

&

i=1 i=1
= @(m) () ’

Izoh: Agar % >1 ekanllglnl inobatga olsak, isbotlangan tenglikdan 11-

misoldagi munosabat to’gridan to’g’r1 kelib chiqadi.
143.[m;n] =

(mn) — p -6 = mnbo’lgani uchun @ (mn) = @(ud) =

P(WP©) == p() " 9(8). 4= i) - (Z3mns) =1

144. Yig’indini bevosita ¢(p*) = p* — p*~! formuladan foydalanib
hisoblaymiz: ¢(1) + @ (p) + @ (p?) + @ (p%) =
=1+p—1+p*—p+-+p*—p* 1 =p~
145. Agar a natural sonning kanonik yoyilmasi a = p; *p,? ...p, * va 0
multiplikativ funksiya bo’lsa, u holda
Yo = (1+6()+00D) +-+0(")) x

d\a
x (1+6(2) + 03 + - +6(py?)) X

(1 +0(pi) +0(pR) + -+ 6(p* )) (1)

ayniyat o'rinli. Haqiqgatan ham (1) ning o’ng tomonidagi qavs ichidagi ifodalarni
ko’paytirib, gavslarni ochsak va 8(a) ning multiplikativligidan foydalanib
quyidagiga ega bo’lamiz:

k

1_[ (1+06() +6(p?) + -+ 0(p))

_ = 14 000) +0() 4+ 03 + - 4+ 0(py)0(p5?) . 6(p)

X1 X3
> Zeml P of =) 6
B1 B2 Bx d/a
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Bu yerda biz a=p;'p,?..p,© sonining ixtiyoriy bo’luvchisi d ni d =
Py ipg? ppk, 0< B; <, i=1,2,..,k ko’rinishidagi ifodalash mumkinligidan

foydalandik. Endi (1) da 8(d) = ¢(d) deb olamiz. U holda (1) dan
k

z o(d) = 1_[ (1+ 0@ +o(@?) + -+ 0("))

d/a i=1

k
i i—1 -
=H(1+pz—1+p?—pz+~-+p§‘ -p; )=1_[p°‘l=a-

i=1 i=1

146. Awvalo, agar (a;m)=1 bo’lsa, u holda (a;m—a) =1 ekanligini
ko’rsatamiz . (a;m —a) = d > 1 bo’lsin deb faraz etaylik. U holda a = da,;,m —
a = d -t deb yoza olamiz. Bu yerdan m = a +dt = d(a; +t) ga, yani (a;m) =
d > 1ga ega bo’lamiz. Bu esa (a;m) = 1 ga qarama-qarshidir.

Endi m dan kichik va m bilan o’zaro tub sonlarni o’sib borish tartibida yozib
chigamiz:

1, a, a,, ., M —a,, m—ay, m— 1. (2)

Bularning soni ¢(m) ta. Bu yerda har bir a; ga birta m — a; soni mos keladi.

Ularning yig’indisi a; + (m — a;) = m ga teng. Bunday juftliklar soni %go(m) ta.

Shunday qilib (2) dagi sonlar yig’indisini S deb belgilasak, S = %m(p(m) ga ega

bo’lamiz.
147. 16 — masalada isbotlangan formuladan foydalanib,
S = %pq)(p) = %p(p =1 S =e@H=p*-p=p-1)
S _plp—-1 _,
St -p(p—1)
topamiz.

148.1). @ox)=p—1, x=p*-y, (p;y) =1 debolamiz. ¢(x) =
(@™ y) =p*(p—Del) =p—1 yokip " ¢(y) = 1 hosil bo’ladi.
Bundana =1, ¢(y)=1yokiy=1vay=2. a=1vay=1dax=p-=
2 tenglama bitta yechimi, p > 2 bo’lsa, tenglama 2 ta p va 2p yechimga ega bo’ladi.

2). p(x) =14 = @(x) = 2-7dang(x) : 7 ya ni x ning yoyilmasida 7
gatnashishi kerak, u holda ¢(x) : 6, lekin ¢(x) ifoda 6 bo’linmaydi. Demak
tenglama yechimga ega emas.

3. p(x) =8=23> )2, o) 4, p():8.

a) x = 2%-3F-5¥ bo'lsinu holda ¢@(x) = (2% —2%71)(3F — 3F-1) (5" —
5771)=8=2%1.3f"1.5v"1.2.4=8=2%1.3f1.5r"1 =15 ¢ =
1, =1, y=1va x=30, ¢(30) =4-2=8;
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b) x=2%-38 = (x)=2%1:31.2=8 =22%1.301=45¢g=
3, f=1= x=8-3=24

C). x=25"=3¢(x)=2%1.5v"1.4=8=2%1.5v"1=2 5 y=1; x=
2=x=4-5=20.

d). x=3F-5%= @(x)=3F1.5r"1.8=8=361.5v"1=1=5 g=1,

y=1=x=15.

e). x =2% @ex)=2*1=8=23> x=4 = x = 16.

Demak, javob x = 15; 16; 20; 24; 30.

4). ¢(x) =12 = 22 - 3. Mumkin bo’lgan hollarni qarab chiqamiz.

Q) x=22:38-7 3 p(x)=2%1-2:-3871.6.7r"1 =12 = 2%°1.36-1.
" l=1ax=1,=1y=1 = x = 42.

b) x=2%3=2p(x)=2%1-2-3F1=12 = 2%-381=22.3 5 x=
2; =2 = x=36.

Ox=2%7"= @(x)=21-6-7V"1=12=22%1.7"V"1=2: y=1; x=
2= x = 28.

d x=3F-7" 2p(x)=3F1-2-6-71=1223F1.7""1=1= p=
LLy=1>=>x=21.

e) x =213 =2 p(x) =2%71-13%71.12=12=22%1-13"1=1=§ =1,
x=1 = x = 26.

Ox=13% = o(x)=139"1-12=12>13%"1=1=3§=1=x = 13.

Javob: x = 5;13;21;26;28;36;42.

149.1). p(x) = 2%; x =2k.3t.5™

Ax=2Fp(x)=21=2% 25k—-1=x> k=0+1=x=2%",

b) x=2F-5M = p(x)=2k1.5M1.4=2s m—-1=0m=1, k+1=
«, k= —-1=x=2%1.5

) x=2F-3= p(x)=2F1-3"1.2=2%= k=, [=1= x =2%-3.
dx =315 = ¢p(x)=3"1-2-5"1.4=235«=3;l=1; m=1>

x =15.

e) x =2%-3L.5M = p(x) =2k1.371.2.5m"1. 4 = 2% >

2k+2.3-1.om-1 X 5k =x-2; [=1; m=1> x=2%72-15,
Javob: x = 2%*1; 29-1.5. 2%.3. 15; 2%72.15,
2. o) =6-p"* > p ' p-D=6p*?* > pp-1)=6=>p=3

ixtiyoriy x ganoatlantiradi p + 3 da yechimi yoq.

150. ¢@(m) = 3600, bunda m = 3*-58 - 7Y, 3600 = 2*-32-52 = ¢(m) =
3%71.2.5F"1.4.7v"1.6=12%.32.52 5 3% 1.5"1.7r"1 =3.52 5« -1 =
1; x=2;8-1=2; B=3; y=1= m=232%-5%-7 =7875.
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151. o(x) =120, x =py'pyvap; —p,=2=29¢x) =@, - D, -1 =
120;p,=p,+2 = (p,+ D, —1) =120 = p,=11; p, = 13; x = 143.

152. Masalaning shartiga ko’ra: @(m) = 11424 ; m = p? - p2. Bulardan va
11421=2°-3-7-17 ekanligidan o(fp3) = 07 —p) @3 —p2) =
pi(p; — Dpy(p, —1) =25-3-7-17=16-17-7-6 hosil bo’ladi. Bundan esa
p,=17;p, =7; m= (p, p;)? = 1192 = 14161 ni hosil gilamiz.

153. a).p(x) = @(px)da agar p = 2 bo'lsap(x) = @(2)p(x) = @(x), x ning
barcha tog giymatlari ganoatlantiradi, chunki bu holda
(2;x)=1;p =3 bo'lsa x = pfl -p;xz ....p,f"desak, p(x) = (p;><1 —

P 5 = ) (0 ),
Agar (p, x) =1 bo’ lsa, <p(pX) =p@)(—1) # p(x). Agarda (p;x) =
p; (P =py) bolsa, px =p;tpy.pi e pptva @(px) = (prt -
P D)3 =03 ) (o =) (Rt = 2 ) = b o (x) # ()
Demak, p=2 da berilgan tenglamani x ning barcha toq giymatlari ganoatlantiradi;
p = 3 bo’lsa tenglama yechimga ega emas.
b). @(px) =pe(x). 1). Agar (x;p) =1 bo’lsa, ¢(px) =e(Plex) =
p—Dex)=epx)(p—1) =pep(x) = @(x)=0. Demak yechimi yo’q.
2). x =p; P2 ..Dpbollsa, ;X)) =p; (P=p); e(x) =p;- o) =
pe (x). Demak bu holda berilgan tenglamani x ning p ga karra natural giymatlari
ganoatlantiradi.
oDy %) = QP2 X); PL# P2 X=0q; "y Q"
1) p1 # q;;yani(x; p) = 1 bo'lsa @(p; x) = (p; — 1) ¢(x), agarda (x; p;) =
p1bo’lsa, @(p1x) = p1¢(x).
2) pz # qiyani (x;p2) =1 = @(p2x) = (p2 — D (x); agarda (x; p,)
= p2; @(P2x) = P29 (x).
Bulardan quyidagi tenglamalarni hosil gilamiz:
1) (0 — Do(x) = (p; — Do(x); 3) (P2 — Do(x) = pyp(x);
2) (11— Do(x) = prp(x); 4) pop(x) = p1p(x).
1) dan(p; —1—p,+ De(x) =0= (p1 —p2)ex) =0 = p; —p, # 0.
Demak, ¢(x) = 0 bo’lishi kerak bu holda tenglama yechimga ega emas.
2)dan (p; —p, —De(x)=0; py=p,+1; p, =3; p, = 2 datenglamani x
ning berilgan shartilarini ganoatlantiruvchi, ya'ni (x; 3) = 1 va (x; 2) = 2 (x ning 2
ga bo’linib, 3 ga bo’linmaydigan giymatlari) tenglamani qanoatlantiradi.
3) dan ((p; —p, — 1)@(x) = 0. Bundan yuqgoridagi singarip, = 2; p, = 3 da
bajariladi. Ya ni x ning 3 gabo’linib 2 bilano’zaro tub qiymatlarining berilgan
tenglamani ganoatlantirishi kelib chiqgadi.
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4) dan (p, —p1)e(x) =0; p; # p, bo’lgani uchun bu holda tenglama
yechimga ega emas.

154. a).p(x) = ;—C = g— butun son bo’lishi kerak. Shuning uchun ham x = 2% - g,
(;2) =1 deb yozish mumkin. Bu holda ¢(x) =2%"1-¢@(q) =2%1-q =

¢(q) = q = q = 1.Bundan x = 2% tenglamaning yechimi («x= 1) bo’ladi.
b)p(x) =3 =x=30-q = () =312 <p(q)=337'q = o) =1=
q=2%= x=2%3P
c).p(x) = z Sx=2%q;x=2; 2%q)=12 @) =21-9(q) = 2°;-q
2%72. . Bundan ¢(q) = % ni hosil gilamiz. Bundan esa a) ga asosan q = 2* kelib

chigadi, lekin bizda (2%;q) = 1 bo’lishi kerak edi, bu qarama qarshilikdan berilgan
tenglama ni yechimga ega emas degan xulosa kelib chigadi.
155.p(p*) =a->p*'(p-1=a>

a
In—
p—1

Inp

a
—1Dinp=1 = x=1 )
(x—1Inp np_1 X +

bundan a birga teng yoki juft son .
156. p; (i = 1,2 ..., k) barcha tub sonlaar bo’lsin. U holda a = p,p, ...px soni
uchun

p@ =@ —DP:— 1 ...(px — 1. (*)

Ikkinchi tomondan esa har bir < a natural son py,p,,...,p, tub sonlarning
birortasiga bo’linadi va a bilan o’zaro tub emas.Shuning uchun ham ¢(a) = 1.
Shunday qilib (*) ga asosan (p; —1)(p, —1)..(px —1) =1  hosil bo’ladi.
Bunday bo’lishi mumkin emas. Bu garama-garshilik tub sonlar soni chekli k ta
bo’lsin deganimizdan kelib chigdi. Demak, tup sonlar soni cheksiz ko’p.

157. % ;(a;b) =1; 0 < a< b musbat, to’g’ri, gisqarmas kasr berilgan bo’lsin.

Maxraji b ga teng musbat, to’g’ri, qisqarmas kasrlar soni ¢(b) ta. Shuning uchun
ham izlanayotgan son ¢(2) + ¢(3) + -+ + ¢(n) ga teng bo’ladi.

158. x < 300 va (x; 300) = 20 bajarilishi kerak. Bundan (Zx—o 15) = 1.

y = zx_o deb olsak, (y;15)=1 vay <15 bo’lishi kerak, bunday y lar soni

@(15) =8 ta. Bular y=1,2,4,7,8,11,13,14 va bunga mos x lar x =
20,40, 80,140,160,220,260,280 lardan iborat.

1. 1-§.

159. Barcha butun sonlarni 1 ga bo’lsak 0 qoldiq qoladi, ya’ni barcha butun
sonlar 1 moduli bo’yicha o’zaro taqqoslanuvchi.
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160. 8 moduli bo’yicha taqqoslanuvchi sonlar 8q + r, 0 < r < 8; masalan
r =1 da 9,17 lar 8 moduli bo’yicha o’zaro taqqoslanadi, chunki 9 =8-1+1 va
17=8-2+1.

161. a) 1 = —5(mod6),1 = 6 — 5(mod6),1 = 1(mod6);

b) 546 = 0(mod13),546 = 13-42 + 0,0 = 0(mod13);

¢) 23 = 1(mod4), 8 = 1(mod4), 0 = 1(mod4) ?

d) 3m = —1(modm),0 = m — 1(modm)?

Demak, a), b) taggoslamalar o’rinli, ¢), d) lar o’rinli emas.

162. a = b(modm) tagqoslamaning o’rinli ekanligini ko’rsatish uchun a va b
larni m ga bo’lganda bir xil goldiq golishini yoki (a — b) : m ni ko’rsatish yetarli.

a) 121 = 13145(mod2),chunki 121 =2-60+1va13145=2-6572+1

Berilgan sonlarni 2 ga bo’lsak, bir xil goldig goladi. Shuning uchun ham ular 2
moduli bo’yicha taggoslanuvchi.

b) 121347 = 92817(mod10),bu yerda 121347 = 12134-10+ 7, 92817 =
9281 - 10 + 7. Demak ta’rifga ko’ra tagqoslama o’rinli.

¢) 31 =-9(mod10),31 — (—9) = 40 : 10. Demak, tagqoslama o’rinli.

d) (m—1)2 =1(modm),buyerda(m—1)2—1=m?-2m=m(m—2):
m. Demak, tagqoslama o’rinli.

e) 2m+1=(m+ 1)2(modm), chunki 2m+1—-(m+1)?=2m+1—

m? —2m — 1 = —m? : m. Demak, berilgan tagqoslama o’rinli.

163. a)51812 = (52)906 = (25-1 + 0)°¢ = 0(mod25). Shuningdek,

1964 = 1950 + 14 = 78 - 25 + 14 = 14(mod25), demak, bu sonlar 25 moduli
bo’yicha teng qoldigli emas, ya'ni5*81? £ 1964 (mod25).

b) agar a = b(modm)bo'lsa, (a,m) = (b, m) bo'lishi kerak. Bizning
misolimizda (71°3;87) = 1; (3;87) = 3. Demak, 71°3 # 3(mod87).

c) 41965 = 25(mod10) da(41°%°;10) = 2va(25,10) =5, 5 # 2 bo’lgani
uchun 41965 £ 25(mod 10).

d) 30-17=81-19(mod6)da 30-17 = 0(mod6),81 19 % (mod6) demak,
tagqoslama o’rinli emas.

e) 2n+ 1)(2m + 1) = 2k(mod6). Bu yerdan tenglikga o’tsak,

2n+1)(2m+1) = 2k + 6t = 2(k + 3t). Bu tenglikning o’ng tomoni 2 Qa
bo’linadi, chap tomoni esa 2 ga bo’linmaydi. Shuning uchun ham tagqoslama o’rinli
emas.

164. a butun soni va m > 0 butun soni berilgan bo’lsin. U holda qoldigli
bo’lish haqida teoremaga asosan a=m-q+r, 0 <r <m deb yoza olamiz.
Bundan a — r = mq, ya'ni(a — r) : m. U holda ta’rifga asosan a = r(modm).

165. x = 2(mod10) ni tenglik ko’rinishida yozsak x = 2 4+ 10t, t € Z,x =
2,12,22,—-8,—18.
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166. a)x = 0(mod3),x =3t, t € Z; b) x=1(mod2),x =1+ 2t, t € Z.
20=mq +r

167. a) 20 = 8(modm) = 8 = mg, +r

}=>12=m(q—q1)=>m=

1,2,3,4,6,12.

b)3p+1=p+1(modm)=3p+1—p—1=0(modm) = 2p =
O(modm) = 2p i m. 2p ning bo’luvchilari m = 1, 2, p, 2p.

168. 13 = 5(modm) —» 13 — 5 = 0(modm) —» 8 = 0(modm) > m =
1,2,4,8.

169. Ta’rifga ko’ra 10 modul bo’yicha tagqoslanuvchi butun sonlarni 10 ga
bo’lganda bir xil qoldiq qolishi kerak, ya’ni ular a = 10-q + r,0 < r < 10 shartni
ganoatlantirishi kerak. Misol uchun r = 1deb olsak, barcha 10 ga bo’lganda
1,11,101, 1001,... larga ega bo’lamiz.

170. Berilgan tagqoslamalardan gaysilari o’rinli ekanligini aniglash uchun
m modul bo’yicha tagqoslanuvchi sonlarning ayirmasi shu modulga qoldigsiz
bo’linishini tekshirib ko’rish kifoya.

a) da1—(—11)=14+11=12 va 12soni 6 ga qoldigsiz bo’linadi. Demak,
berilgan tagqoslama o’rinli.

b) da 3n—n? =n(3—n)van(3 —n) soni nga qoldigsiz bo’linadi. Demak,
berilgan tagqoslama o’rinli.

c) da2°—1=63=7-9 va 7-9 soni 7 ga qoldigsiz bo’linadi. Demak,
berilgan tagqoslama o’rinli.

d da3m—-1=2m+(m—-—1) va 2m+(m—1) soni m > 1ga goldigsiz
bo’linmaydi. Demak, berilgan tagqoslama o’rinli emas.

Shunday qilib berilgan tagqoslamalardan a), b), ¢) lar o’rinli, d) esao’rinli emas.

171. Berilgan tagqoslamani parametrik tenglik qilib yozsak, x = 7 + 5¢,
bunda t ixtiyoriy butun son. Bundan x =2 +54+5t =2+ 5(t+1) =2+ 5¢t;, t; -
ixtiyoriy butun son. Demak x 5ga bo’lganda 2 qoldiq qoluvchi sonlardan
- ,—13,-8,-3,2,7,12,17,--- 1iborat bo’lar ekan.

X=a
172. Faraz etaylik y = B} (modm) bo’lsin. U  holda
Z=y
ax® = aa®
bx?y = ba?f
cxyze = cafy (modm)
dz = dy

bajariladi. Bundan F(x,y,z) = F(a,B,y)(modm) kelib chigadi.
173. 3" = —1(modm) ni 3*=81= 1(mod10) tagqoslamaga hadlab
ko’paytirsak, 3"** = —1(mod10) hosil bo’ladi.
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174. 25 —1=2"-1=GB1+1)"—-1=(1"—-1)(mod31) =
0(mod31)demak(2°" — 1): 31.

175. x=3n+1bo’lsa 1+4+3*+9¥=1+33"+1 493+l =143.33" 4
9:93m=1+4+3-3)"+9-(9)"=1+3R26+1)"+9(128+ 1" =1+
3(13-2+1)"+9(13-56+1)"=1+3-1"+9-1"(mod13) = 13(mod13) =
0(mod13). Demak, 1+ 3* +9* soni x =3n+1(n=0,1,2,...) bo’lganda 13 ga
bo’linadi.

176. (a+ b)? ni Nyuton binomi formulasidan foydalanib yoyib, keyin p
moduli bo’yicha tagqoslamaga o’tamiz.
(a+b)? = a? +pa?~ b+ %al"_zb2 + -+ abP™1 + bP = aP + bP(modp),
ya’ni (a + b)P = aP + bP (modp).

177. Masalaning sharti bo’yicha a = b(modp™). Buni tenglik gilib yozsak,
a=b+p"-t, (t=0,%£1,+2..). Bu tenglikni ikkala tomonini p-darajaga
ko’taramiz, u holda a? = (b + p"t)? = b? + p"*1lq, (¢ =0,+1,+2,...). Oxirgi
tenglik esa a? = b(modp™*?) taggoslamaga teng kuchli.

178. Agar (x;m) =1 bo’lsa, ax = bx(modm) tagqoslamaning ikkala
tomonini X ga qisqartirish mumkin, ya’'ni

a = b(modm), bundana = b (mod %) tagqoslama o’rinli ekanligi  kelib

chigadi. Agar (x,m) =d > 1 bo’lsa, x = dx; va m = dm,, (my;x;) = 1 deb yoza
olamiz. Bulardan foydalanib, ax = bx(modm) tagqoslamani
adx, = bdx;(modm,d) deb yoza olamiz. Berilgan tagqoslamaning ikkala tomonini
va modulini ularning umumiy bo’luvchisiga gisgartirish mumkin. Shuning uchun
ham oxirgi taggoslamani ax; = bx; (modm,) ko’rinishda yozish mumkin. Bundan,

(x;;my) =1 bo’lgan uchun, a = b(modm,) ga, ya’ni a = b(mod %) ga ega
bo’lamiz. Bunda d = (m, x) bo’lgani uchun a = b (mod (xlm)) ni hosil gilamiz.

179. Bunda a,aza,a;a, = 0(mod33) tagqoslamani a,10* + aza, - 102 +
a,a, = 0(mod33) ko’rinishda yozib olamiz va undan 9999q, + 99aza, =
0(mod33) ayniy tagqoslamani hadlab ayiramiz. U holda isbotlanishi talab etilgan
taggoslama a,10* + aza; + a;a, = 0(mod33) hosil bo’ladi.

180. 1). Berilgan taggoslamalarni p—1=—1(modp), p—2 =
—2(modp), ..., p — n = —n(modp) ko’rinishida yozib olib, hadlab ko’paytiramiz. U
holda (p — 1)(p — 2) ...(p —n) = (—1)™n! (modp) hosil bo’ladi. Bunda (n!,p) =
1 bo’lgani uchun oxirgi taqqoslamaning ikkala tomonini n! ga bo’lib

(r-D{@-2)..(p—n) _
n! o

teng. Shuning uchun ham C_; = (—1)"(modp) bajariladi.

(—1D)"™(modp) ni hosil gilamiz. Buning chap tomoni C;_; ga
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2) 22.1-misoldagi singari p —2 = —2(modp),...,p —n = —n(modp), p —

n+1)=-Mm+1(modp) lardan (p—-2)(p—3)..(p— n)(p —(n+ 1)) =

(—D™(n + 1)! (modp) ni, bundan esa (p_z)(p_3)"'(Z'_n)(p_(nﬂ)) = (-D"(n +

1) (modp) ni hosil gilamiz. Shuning uchun ham C{}le = (—1D)"(n + 1)(modp).
181. 1). 919 =(10-1) =100t +1 = 1(mod100) bo’lgani uchun
9104+7 = 9T(mod100) bo’ladi. 9% = (92)*-9 = 81%-9 = 9(mod10) dan
99 = 9 + 10t,; u holda 9°° = 99+1%1(1m0d100) = 9°(mod100) = (93)3 =
7293(mod100) = 293(mod100) = 24389(mod100) = 89(mod100).  Demak,

izlanayotgan oxirgi ikkita ragam 8 va 9.
2) 7% = 2401 = 1(mod100)dan 71°0 = (7%)25 = 1(mod100). Bu yerdan

7999 = 71004%89(1m0d100) ( 1) — misolga garang) 71004+89 = (7100)q..
789 (mod100) = 78%(mod100) = 788 - 7(mod100) = (7*)?27(mod100) =
7(mod100). Demak, izlanayotgan oxirgi 2ta ragam 0 va 7.

182. p > 2 — toq tub son bo’lgani uchun p + 2 ham toq son bo’ladi, ya’ni
p=p+2=1(mod2) (1) bajariladi. Bundan pP*2? + (p + 2)? = (2k + 1)P*2 +
(2q + 1)? = 2(mod2) = 0(mod2). Shuningdek tushunarliki, p = —1(mod p + 1)
vap + 2 = 1(mod p + 1) bajariladi. Oxirgi 2 ta taggoslamadan pP*2? + (p + 2)? =
(—D)P*2+1P(modp+1) = -1+ 1(modp + 1) = 0(mod p + 1) (2). (1) va (2)
danpP*? + (p + 2)? = 0(mod 2p + 2) taggoslama kelib chigadi.

183. Qaralayotgan sonlarni juft-jufti bilan birlashtirib (noldan tashgarilarini)
+ %, (x =1,2,...p — 2) ko’rinishda yozish mumkin. Endi agarda bu sonlar ichida

p > 2 moduli bo’yicha o’zaro tagqoslanuvchilari bor desak, i% = 0(modp) yoki

p_lezip_zxz (modp) larning birortasi bajarilishi kerak. Bulardan x =

p(modp)vax; = +x,(modp) larga ega bo’lamiz. Birinchi holda x = 0 (chunki
x < p), ikkinchi holda esa x; = x, yoki x; = —x,ga ega bo’lamiz. Bu esa
qaralayotgan sonlar orasida o’zaro tagqoslanuvchilari yo’q ekanligini bildiradi.

184. Berilgan i = i — m(modm) taqqoslamadani = 1,2, ..., m da
1=1-m2=2-m,..m—2=(m—-2)—-m=2m—-—-1=m—-—1—-m=
—1, m = —m(modm) larga ega bo’lamiz. Bularning barchasini n-darajaga ko’tarib

keyin hadlab qo’shsak:
1"+ 2"+ 4+ m" = (1) + (=2)"+ -+ (—m)"*(modm) (D)
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hosil bo’ladi. Bundan agar n = 2k + 1toq son bo’lsa (shart bo’yicha m va n lar
tog sonlar), 1™ + 2™ + .-+ m™ = —(1™ + 2" + --- + m™) (modm), yoki

m

m
ZZ "= O(modm),ya’niz i" = 0(modm)
i=1 '

=1
kelib chigadi.

185. Taqgoslamaning o’rinli ekanligini matematik induksiya metodidan
foydalanib isbotlaymiz. n =1 da berilgan 23" = —1(mod3™*') tagqoslama
23 = —1(mod9) ko’rnishni oladi. Bu taqqoslama 23 = 8(mod9) ayniy
tagqoslamaga teng kuchli. Demak, n = 1 da taqqoslama o’rinli. Endi faraz etaylik
berilgan taggoslama n =k uchun23 = —1(mod3**') o’rinli bo’lsin va biz
n=k+1 uchun uning, yani 23" = —1(mod3**?) ning o’rinli ekanligini
ko’rsatamiz.

23 41 = (23")3 +13 = (2 +1) (232 - 2% +1)

bu yerda induktivlik farazimizga ko’ra 23" +1= 0(mod3%*1) va 2=
(=1)(mod3) bo’lgani uchun 223" — 23“ + 1 = 0(mod3)bo’ladi. Bulardan 23 +
1 = 0(mod3**1) ning bajarilishi kelib chigadi. Demak, matematik induksiya
metodiga ko’ra berilgan tagqoslama ixtiyoriy natural n soni uchun o’rinli.

186. Masalaning shartiga ko’ra 23" 4+ 1 = 0(mod3™*') bajariladi. U holda
23" + 1 = 0(mod3™) taqqoslama, albatta, bajariladi. Agar bundan m = 3", (n =
1,2,3,...) deb olsak, 2™ + 1 = 0(modm) taqqoslama kelib chigadi. Bu yerda
m= 3" (n=1,23,..) bo’lgani uchun 2™ + 1 = 0(modm) taqqoslama, natural
sonlarda cheksiz ko’p yechimga ega bo’ladi.

187. Taggoslamaning o’rinli ekanligini n bo’yicha matematik induksiya
metodini qo’llab isbotlaymiz. n =1 da berilgan(m — 1)™" = —1(modm™*')
taggoslama (m — 1)™ = —1(modm?) ko’rinishni oladi. Bundan (m — 1)™ + 1 =
0(modm?), yoki (m>1-—toqson)(m—1+1D(m—-1)™1—-(m—-1)"?2+

-+ + 1) = 0(modm?). Bu taggoslamaning ikkala tomoni va
moduli m ga bo’lib,
m—1D"™1—(m—-1)""2+...+ 1= 0(modm)ga ega bo’lamiz.
Bundan(—1)™ ! — (—=1)™ 2 + .-+ 1=0(modm).Yoki1+1+1+1+--+1=
mta

0(modm) - m = 0(modm). Shunday qilib berilgan tagqoslama n =1 da o’rinli

ekan. Endi faraz etaylik, n = k uchun berilgan taqqoslama, ya’ni (m — 1)mk =
—1(modm**1) o’rinli bo’lsin. Biz berilgan taqqoslamaning n = k + 1 bo’lganda,
ya'ni (m — 1)""(+1 = —1(modm**?) taqqoslamaning o’rinli ekanligini isbotlaymiz.

Bu yerdam —toq son va
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(m — 1)’"’“r1 +1= [(m — 1)mk]m +1= [(m _ 1)m"" + 1] ((m _ 1)(m—1)mk _

(m—1)m=-2m* 4 .4 1) = 0(modm**?),

Oxirgi tagqoslamaning o’ng tomonidagi birinchi ko’paytuvchi uchun induktivlik
farazimizga  asosan  (m — 1)mk + 1 = 0(modm**1)  bajariladi.  Ikkinchi
ko’paytuvchi uchun esa (m — 1)(m‘1)mk —(m-— 1)(m_2)mk +.4+1=
1+1+--4+1=m(modm) = 0(modm) bajariladi. Keyingi 2 ta tagqoslamadan

mta
(m — D)™ = —1(modm*+2) kelib chigadi. Shunday gilib matematik induksiya
prinspiga asosan berilgan taggoslama ixtiyoriy n natural soni uchun o’rinli.

188. Masalaning shartiga ko’ra (m — 1)™" = —1(modm™*!) taqqgoslama
o’rinli. Bundan m = 5 da 45" = —1(mod5™*1), ya’ni 45" + 1 = 0(mod5™*1). Bu
holda 4°" + 1 = 0(mod5™) taqqoslama albatta bajarilishi kerak. Endi agar biz
5" =x (n=1,23,..) deb olsak, 22* + 1 = 0(modx) taqqoslamaga ega bo’lamiz.
Bu yerda x = 5" (n = 1,2,3,...) bo’lgani uchun oxirgi tagqoslama natural sonlarda
cheksiz ko’p yechimga ega.

189. 1). Bu yerda 2*"*t1=2-(02""(mod5), yani 2*"*1=24+5tt€eN
bo’lgani uchun N =32""" +2=32%5t 42 =9.(35)f4+2=9(243)t +2 =
9(11-22+ 1)t 4+ 2 =9 + 2(mod11) = 0(mod11), yani N >11 va N:11.
Demak, u murakkab son.

2).Bu yerda 341 =3.(81)" =3-(8-10 + 1)" = 3(mod10), ya’ni 3*"*! =
3410k, k € N. Shuning uchun ham M =23""" 43 =23+10k 4 3 — »3.
(25)%% + 3 = 8(32)%F + 3 = 8(—1)%* + 3(mod11) = 0(mod11). Bu  yerdan
M > 11 bo’lgani uchun M: 11 va u murakkab son degan xulosa kelib chigadi.

190. 1).2¥ 4+ 7Y =19% tenglamani qaraymiz. 19 = 1(mod3) bo’lganidan
197 = 1(mod3). Lekin 2* = (—1)*(mod3) va 7Y = 1(mod3) bo’lgani uchun
2* + 7Y = (—1)* + 1(mod3). Bu yerdan, agar xjuft son bo’lsa, 2* + 7Y =
2(mod3); agarda x —toq son bo’lsa, 2* + 7Y = 0(mod3) larga ega bo’lamiz.
Shunday qilib 2* + 7Y # 19%(mod3). Bundan 2* + 7Y = 197 tenglama x, y, z
natural sonlarda yechimga ega emas degan xulosaga kelamiz.

2). Endi 2* +5Y =19% tenglamani garaymiz. Bu holda 1-misolga asosan
2* +5Y = (=1)* + (—1)Y(mod3). Agar bu yerda x va y larning ikkalasi ham toq
son bo’lsa, 2*¥ + 5Y = —2 = 1(mod3) bo’ladi hamda 2* + 5Y = 19%(mod3) kelib
chigadi. Lekinda, agar 2* +5Y =19% tenglama x,y,z larning biror natural
qiymatlarida o’rinli bo’lsa, 2* +5¥ va 197 lar ixtiyoriy modul bo’yicha ham
taqqoslanuvchi  bo’lishi kerak x=2n+1,y=2n+1 bo’lsin. 2*+5Y =
192(mod5)  tagqoslamani  garaymiz. 22n+1 4 g2ntl — 9. 4n 4 52ntl =
2(—1)"(mod5), garalayotgan tenglamaning ikkinchi tomoni 19% = (—1)*(mod5)
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bo’lgani uchun 22"*1 4 527+1 = 197(mod5). Demak, 2* +5Y = 197 tenglama
X, y, z- natural sonlarda yechimga ega emas.

Izoh: Bu tenglamalarning yechimga ega emasligini taggoslamalardan
foydalanmasdan turib ham isbotlash mumkin. Masalan birinchi tenglamadan
2%¥ =192 — 7Y = (192 - 1) — (7Y — 1) = 18(19771 + 19772 4 ... 4 1) —
6(77"1+7Y24+..+1)=3[6(19%2"14+19772+...4+1)—-2(7V" 1+ 72+ ... +
1)]. Bu yerdan ko’rinadiki (19* — 77%): 3. Lekinda 2* soni 3 ga bo’linmaydi. Demak,
2% +19% — 7Y, ya'ni2* — 7Y + 19~

191. Masala shartiga ko’ra 11a+ 2b = 0(mod 19) bo’lib, bu yerda
taqqoslamalarning xossasiga ko’ra  30a + 2b = 0(mod 19) => 15a+b =
0(mod 19) => b = 4a(mod 19) ekanligini hosil gilamiz. Bunday holda 18a +
5b = 18a+ 20a = 38a = 0(mod 19) bo’lib, bundan esa

18a + 5b = 0(mod 19) ekanligi kelib chigadi. Bu esa
son ekanligini isbotlaydi.
192. Berilgan taggoslamada n? — 1 = (n — 1)(n + 1) bo’lib, n toq son bo’lgani

uchun (n — 1) va (n+ 1) lar ketma-ket keluvchi juft sonlar bo’ladi. Shuning uchun
ham n — 1 soni 2ga bo’linsa, n + 1 soni 4ga bo’linadi. U holda ularning ko’paytmasi

18a+5b
19

ning ham butun

8 ga bo’linadi. Shu tasdigni tagqoslamalar tilida n? — 1 = 0(mod8) ko’rinishda
yoziladi.

193. Bu yerda 11:31—1 =340 =568 va 2° = —1(mod11) bo’lgani uchun
2113171 = (25)68 = (—1)%8 = 1(;mod11). Shuningdek 2° = 1(mod31) bo’lgani
uchun 21131-1 = (25)68 = 168 = 1(mod31).

Agar taqqoslama bir necha modul bo’yicha o’rinli bo’lsa, u shu modullarning eng
kichik umumiy karralisi bo’yicha ham o’rinli bo’ladi (8-x0ssa). Shuning uchun ham
211311 = 1(mod11-31). Bu oxirgi taggoslamaning ikkala tomonini ayniy
taggoslama 2 = 2(mod11 - 31)ga ko’paytirsak, isbotlanishi talab etilgan taggoslama
kelib chigadi.

194. Buyerda1,2,3, ... ,pT_l,pTﬂ ,... p—2,p— 1sonlarini garab ulardan

quyidagi pT_l ta taggoslamalarni tuzamiz:

= —(p — 1)(modp), 2 =—(p — 2)(modp), ...,pT_l —pTH (modp).

Bu taggoslamalarning har birini 2k + 1 darajaga ko’tarib qo’shamiz. U holda

o1\ 2+
12k+1 4 92k+1 | 32k+1 4 .. 4 (T)

1)2k+1 2)2k+1 —

=—(p— —(p -

(p — 3)2k+1 — o (p_“

2k+1
-)

(modp) hosil bo’ladi. Bundan
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2k+1
-1

12k+1 + 22k+1 + 32k+1 4+ -4 (pT> + (pzi) + ..

+ (=3 +(p -2 + (p - D! = 0(modp).

2k+1

11.2-§.

195. m = 10 moduli bo’yicha barcha sinflarni x = 10-q + r, 0<r <
10 ko’rinishda yozish mumkin. Bu tenglamani tagqoslama ko rinishida yozsak
x = r(mod10), bundar =0,1,2,... ,9. Bunix = 0,1,2, ...,9(mod10) ko rinishida
yozsak bo’ladi.

196. 1). m = 9 bo’lsa, mmoduli bo'yicha chegirmalarning to'la sistemalari:
1,2,3,4, ..,9 9 moduli bo'yicha eng kichik musbat chegirmalarining to'la
sistemasi. —9,-8,-7,...,—2,—1 9 moduli boyicha eng katta manfiy
chegirmalarining to'la sistemasi; 0;+1; +2; +3; +4 — 9 moduli bo’yicha

absolyut giymati jihatidan eng kichik chegirmalarining to"la sistemasi.

Endi m =9 modul bo’yicha chegirmalarning keltirilgan sistemalarini yozamiz.
Ular mos ravishda quydagicha bo'ladi (buning uchun yuqorida yozilgan to'la
sistemadagi chegirmalardan 9 bilan o zaro tublarini ajratib olish kifoya):

1,2,4,5,7,8; -1,-2,-4,-5,-7,-8; +1; £2; 4.
2). m = 8 — moduli bo’yicha chegirmalarning izlanayotgan tolasi sistemalari:
1,2,3,4,...,8; -8,—-7,—6,—5,...,—2,—1; +1; +2; +3; +4.

m = 8 — moduli bo"yicha chegirmalarning izlanayotgan keltirilgan sistemalari:
1; 3; 5; 7; _1; _31_5;_7; i]-; i3
3). p = 13 —moduli bo yicha chegirmalarning izlanayotgan to"la sistemalari:

1,2,3,4,..,13; -13,-12,-11,..,-2,-1; 0, +1, +2, +3, +4, +5, t6.
p = 13 - moduli bo yicha chegirmalarning izlanayotgan keltirilgan sistemalari:
1,2,3,4,.. ,12; —12,—-11, ... ,—2,—1; +1, +2, +3, +4, £5, +6. 4).

m = 12 — moduli bo’yicha chegirmalarning izlanayotgan to"la sistemalari:
1,2,3,4,..,12; -12,-11,-10,...,—2,-1; +1, +2, +3, +4, 15, t6.
m = 12 — moduli bo"yicha chegirmalarning izlanayotgan keltirilgan sistemalar
1,5,7,11; —-1,-5,-7,—-11; +1; +5.
5). p =7-moduli bo'yicha chegirmalarning izlanayotgan to'la sistemalari:
1,2,3,4,5,6,7;, —-7,—6,—5,—4,-3,-2,—1; 0,%1,+2,+3.
p = 7 —moduli bo’yicha chegirmalarning izlanayotgan keltirilgan sistemalari:
1,2,3,4,5,6; -7 —6,-5,—4,-3,-2,-1; +1,+2,+3.
6). m = 10 — moduli bo"yicha chegirmalarning izlanayotgan to’la sistemalari:
1,2,3,4,..,10;-10,-9,-8, ... ,—2,—1; +1, +2, +3, 14, 15,
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m = 10 — moduli do"yicha chegirmalarning izlanayotgan keltirilgan sistemalari:
1,3,7,9; -9,-7,—-3,—-1;, =+1, £3.

197. x=10g+r,0<r<10dan x =10q, x=10g+ 1, x =10q9 + 2,
x =10q + 3, x=10g+4, x=10gq+5 x=10g+6,x =10+ 7,x =
10g + 8, x = 10q + 9.

198. a) (10,x) =1va x < 10 bo'lishi kerak. Ularning soni ¢(10) = 4
tavaularx =10g+ 1,x = 10qg + 3,x = 10q + 7, x = 10q + 9, bularni
tagqoslama ko rinishida yozsak. x = 1(mod10),x = 3(mod10),x =
7(mod10), x = 9(mod10), yoki gisgacha yozsak x = 1,3,7,9(mod10).

b) (10,x) = 2 vax < 10 bo'lishi kerak, 3 —misoldan x = 10q + 2, x = 10q +
4, x =10q + 6, x = 10q + 8, yoki bulardan x = 2,4, 6,8(mod10).

¢) (10,x) =5 vax < 10 bo'lishi kerak, ya'na 3-misoldan x = 10g + 5, ya ni
x = 5(mod10).

d) (10,x) = 10va x < 10 bo'lishi kerak, 3-misoldan x = 10q, ya ni x =
0(mod10).

199. Buni isbotlash uchun quyidagi 2 ta holatni e’tiborga olish kifoya.
Birinchidan md modul bo’yicha sinflar soni, m modul bo’yicha sinflar sonidan d
marta ko’p. Ikkinchidan m modul bo’yicha taqqoslanmaydigan sonlar md modul
bo’yicha ham taqgoslanmaydi.

200. Masalan:
1,2,3,4,56,7,8,9,10; -10,—-9,—-8,—-7,—6,—5,—4,—3,—-2,—1;

+1, +2, +3, +4, +5,umumiy holdax = 10g+r,0 <r < 10vaq € Z.
201. wiz = {Cy, C1.Cy, ..., Co} to’plamlarni garasak va bu to’plamda go shish

hamda ko paytirish amallarini (2) va (3) tengliklar yordamida aniglash bu toplam
shu amallarga nisbatan yopiq ekanligini jadvallardan ko rish giyin emas.




(15—2; +; -) ning halga bo"lishi uchun additiv Abel gruppasi, multipikativ yarim
gruppa va distributuvlik sharti (C; + C;)C; = C;C; + CC; bajarilishi kerak.

Endi shu shartlarning bajarilishini tekshiramiz.

I. Additiv Abel gruppasi: a) VC;,C, Cs € wiz elementlar uchun (C; + C,) + C, =
C;+ (C, +Cy) - assotsiativlik sharti bajarilishi kerak. Bu yerda C; = (10q +
i),C, = (10qg +e), C; = (10g + s) bo’lgani uchun (C;+C,) + C; = Ciyo + Cs =
Civers (YOKI Ciye—mis—m = Civers—m)- Shuningdek, C; + (Ce + C5) = C; +
Cotrs = Cirers (YOKI Citors—2m ). Bu tengliklarning o'ng tomonlari teng, demak

chap tamonlari ham teng bo’lishi kerak. Bundan assotsiativlik shartining bajarilishi
kelib chigadi.

b) VC; € —uchun3 Cy € —bo'lib, C; + Co = Co + C; = C; bajariladi, ya'ni
garalayotgan to plamda nol element mavjud.

C) VC; € —uchun 3 Cyo—; € — bo'lib, C; + Cig—; = Cro—; = C10 = Co
bajariladi, ya'ni garalayotgan to plamda V C; ga garama-garshi element C;,_;
mavjud.

d) VC; € —uchun C; + C; = C; + C; = Ciuj (YOKi Cryjry) bajariladi

Shunday qilib garalayotgan to plam go shishga nisbatan additiv Abel gruppasi
bolar ekan.

. < é; -> ning multiplikativ yarim gruppa bo"lishini tekshiramiz:

v(,C,C, € % uchun  C;(C;-C.) = (C;- C;)C, ning bajarilishini ko'rsatish
yetarli tenglikning chap tomoni Ci(Cj . Ce) = C; - Cje = Cije = Cr, bunda ije =
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10g + r. O’ng tomoni (C; - G;)C, = C;; - C, = Cyje = Cy. Bulardan isbotlanishi
kerak bo"lgan tenglik kelib chigadi.
Il Distributivlik sharti VC;,Cj,C, € — lar uchun (C; + G)C, = CiC, + GC,

tenglikning bajarilishini tekshiramiz. Bu tengllk chap tomoni (soddalik uchun
i+j+1<m deb garaymiz;i+j + [ >m holi ham shunga o0 xshash garaladi).
(Ci+G)Co =Cisj Co =Clivjpe. Ong tomoni C;-C,+CiC, = Cip + Cjp =
Cij+je = C(i+j)e demak, bu tenglikning chap tomonlari teng, 0'ng tamonlari ham teng
bo'lishi kerak. Bundan ega isbotlanish talab etilgan tenglik kelib chigadi. Shunday
qgilib (ﬁ; +; =) sistema halga bo’lar ekan.

202. m moduli bo'yicha chegirmalarning to'la sistemasida mta chegirma
bo'lib, ular shu modul bo’yicha o zaro taggoslanmaydigan bo’lishi kerak. Bizga 5 ta
son 20,—4,22,18,—1, berilgan. Demak, m =5 deb olib, berilgan sonlarning 5
moduli bo'yicha o'zaro taggoslanuvchi emas ekanligini ko rsatamiz. Buning uchun
berilgan sonlarni manfiy bo’'lmagan eng kichik chermalar ko'rinishiga keltirib
olamiz. U holda 0, 1, 2, 3, 4 larga ega bo lamiz. Bular m = 5 moduli bo'yicha o zaro
taggoslanmaydi. J:m = 5.

203. Berilgan 20,31, —8,-5,25,14,8,—1,13 va 6 sonlarning soni 10
bo'lib, ularni  eng kichik musbat chegirmalar ko'rinishida  yozsak:
0,1,2,5,5,4,8,9,3,6 hosil bo’ladi. Bunda —5va 25 lar m = 10 moduli boyicha
0 zaro tagqoslanuvchi, ya ni ular bitta sinifga tegishli. Shuning uchun ham berilgan
sonlar m = 10 moduli bo yicha chegirmalarning to"la sistemasini tashkil etmaydi.

204. Istalgan m ta ketma-ket kelgan x + b, x=0,1,2,... ,m — 1 sonlarni
garaymiz. Bu yerda (m,1) =1 va 1l-teoremani (a =1 deb) go'llasak x + b, x =
0,1,2,...,m— 1 sonlarni m moduli bo yicha chegirmalarning to"la sistemasini hosil
giladi degan xulosaga kelamiz.

205. Berilgan sonlarning soni m ta bo'lib, ular m moduli bo'yicha o'zaro
tagqoslanmaydi. Agar — % = —(modm) desak (1<i,j<m

- mz L % = 0(modm) = —amJH 0(modm) yoki ]7 = 0(modm) = j =
—i(mod) = j = —i + mt. U holda ‘";” = ’"*"2‘"“ (mod) = i' = é(modm) ya'ni
- % va T] chegirmalar bitta sinfdan olingan. Demak, — — L) (modm) va

berilgan sonlar m moduli bo yicha chegirmalarining to'la S|stemasm| tashkll etadi.

206. (10,3) =1 bo'lgani uchun 1- teoremaga ko'ra agar x 0 zgaruvchi
m = 10 moduli bo’yicha chegirmalarning to la sistemasini gabul gilsa, 3x — 1 ham
shu sistemani gabul giladi, ya'ni
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x |0 (1|2 (3 |4 |5 |6 (7 |8 |9
3x-1 |9 |2 |5 |8 |1 |4 7 |0 |3 |6

Bu yerda 3x — 1ning giymatlarini 10 moduli bo"yicha manfiy bo Imagan eng
kichik chegirma ko rinishida yozdik.

207. 4 modul chegirmalarning to’la sistemasida 4 ta 4 moduli bo’yicha o’zaro
tagqoslanmaydigan chegirma bo’lishi kerak. Bizga ma’lumki, agar (a,m)=1 bo’lib x
o’zgaruvchi m moduli bo’yicha chegirmalarning keltirilgan sistemasini qabul qilsa,
ax+b ham shu sistemami gabul giladi. Bizning misolimizda a=5, b=0, m=4 va
(5,4)=1. Shuning uchun ham x ga x=0, 1, 2, 3 giymatlar bersak 5x= 0, 5, 10,15 lar
hosil bo’ladi. Bularni manfiy bo’lmagan eng kichik chegirmalar ko’rinishida yozib
olsak, 0, 1, 2, 3 izlanayotgan sistema hosil bo’ladi.

208. ax; +b (i=1,2,..,m) ko'rinishidagi sonlar m moduli bo'yicha
chegirmalarning to'la sistemasini tashkil gilsa, ularning soni m ta bo'lib m moduli
boyicha o°zaro taggoslanmasligi kerak.

U holda x;(i = 1,2,... ,m) lar giymatlari ham m ta bo'lib, ular ham m moduli
boyicha o zaro taggoslanmaydigan boladilar. Hagigatan ham, agar x; = x,.(modm)
desak, (a,m) =1 sonini tanlab olib tagqoslamaning ikkala tamonini a ga
ko paytiramiz, u holda ax; = ax,.(imodm) bo’ladi. Bu tagqoslamaga b = b(modm)
ayniy tagqoslamani hadlab qo'shsak, ax; + b = ax, + b(modm) hosil bo’ladi.
Masalaning shartiga ko'ra bunday bo’lishi mumkin emas. Bu garama-garshilik
x; = x,(modm) deganimizdan kelib chiqdi va demak, x; # x,.(modm). Shuning
uchun ham qaralayotgan sonlar x;(i =1,2,..,m)m moduli bo'yicha
chegirmalarning to"la sistemasini tashkil etadi.

209. fx) = anx! + an_ x4+ 4 ax; +ag, (i =1,2,...,m),

(a;;m) =1 Kko'rinishidagi sonlar m moduli bo'yicha chegirmalarning to'la
sistemasini tashkil qgilsa, demak ularning soni m ta va f(x;) % f(xj)(modm)
bajariladi. Bu holda x;(i =1,2,...,m) larning soni ham m ta bo'ladi va ular
mmoduli bo'yicha o zaro tagqoslanmaydigan bo’ladi. Hagigatan ham, agar x, =
x(modm)  desak, x2 = xf(modm), ... ,x? ! = x} "t (modm),x =
x;;(modm), ay = ay(modm) lar bajariladi. Bu taggoslamalarning ikkala tomonini
mos ravishda a4, a,,..,a,_1,a, larga ko'paytirib keyin qoshsak, f(xg) =
f(x)(modm) ga ega bo'lamiz. Lekin masalaning shartiga ko'ra f(xg) %
f(xx)(modm). Bu qarama-garshilik x;(i =1,2,..,m) lar ichida o'zaro
taggoslanuvchilar yo'q ekanligini bildiradi va demak, ularm moduli bo'yicha
chegirmalarning to'la sistemasini tashkil giladi. Aksincha, tasdig ham shunga
o’xshash isbotlanadi.
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210. m moduli bo’yicha chegirmalar keltirilgan sistemasida ¢ (m)ta chegirma
bo’lib, ularning har biri m moduli bilano zaro tub bo’lishi kerak. Masalada m = 6,
p6)=0p2)-p3)=2-1)B3—-1)=2. x<6 va (x;6)=1 shartlarni

ganoatlantiruvchi sonlarni yozib olish kifoya: 1,5 -5,5 =5-1;, 7,
11; 13,17.
211. Qulaylik uchun berilgan chegirmalarni eng kichik musbat chegirmalar

ko'rinishida yozib olamiz. U holda7,1,11,3,5 va ¢@(12) = ¢(2%2-3) = ¢(22)-
©(3) = (22 —-2)(3—1) =4 bo’lgani uchun 12 modulli bo’yicha chegirmalarning
keltirilgan sistemasida 4ta chegirma bo lish kerak va ularning har biri 12 bilan o'zaro
tub bo’lishi kerak. Bizda 5 ta chegirma bor, lekin(3,12) = 3. Shuning uchun ham
berilgan sonlar sistemasi 12 moduli bo’yicha chegirmalarning keltirilgan sistemasini
tashkil etmaydi.

212. p modul bo’yicha chegirmalarning to'la sistemasi sifatida 1,2,3,... ,
p — 1, p larni olish mumkun. Bularning ichidan p bilan 0" zaro tublarini ajratib olsak:
1,2,3,...,p — 1 chegirmalarning keltirilgan sistemasi hosil bo'ladi. Bu sistemadagi
chegirmalar soni p — 1 ta.

213. Berilgan chegirmalar soni ¢ (p) = p — 1 ta va ularning ham biri p bilan

0 zaro tub, ya ni (pT_i; p) =1, bundap > 2tub son, i = 2k +1 toq son pT_i <pva

demak ? soni p tub soniga bo’linmaydi. Qaralayotgan chegirmalarning p moduli
bo'yicha har xil sinflarga tegishli ekanligi 212-masalada isbotlangan edi. Demak
garalayotgan sonlar sistemasi p > 2 moduli bo'yicha chegirmalarning keltirilgan
sistemasini tashkil etadi.

214, Qaralayotgan sistemada @(7) = 7 — 1 = 6 ta son bor. Ularning har biri
7 bilan o'zaro tub, chunki (5; 7) = 1. Ular turli sinflarga tegishli, chunki 5! =
5/(mod7) (0<j<i<6) dan 5/ = 1(mod7), bundani = j kelib chigadi.
Demak, chegirmalarning keltirilgan sistemasining ta'rifiga asosan berilgan sonlar
sistemasi 7 modul bo"yicha chegirmalarning keltirilgan sistemasini tashkil etadi.

215. ax;, (i =1,2,...0(m)) sonlarni m moduli bo’yicha chegirmalarning
keltirilgan sistemasini tashkil etsa, ularning soni ¢(m) ta bo’lib (ax;m) =
1vaax; # axg (modm) bo’lishi kerak. Bundan (a;m) = 1va(x;m) =1 Kkelib
chigadi. Bizda x; (i = 1,2, ...¢o(m)) larning soni ¢(m) ta va (x;;m) =1 x, #
X, (modm) ekanligini ko’rsatamiz. Faraz etaylik, x, = x;, (modm) bo’lsin, u holda
bu taggoslamaning ikkala tomoni a, (a, m) = 1 soni ko’paytiramiz. U holda ax; =
ax, (modm) taqqoslamaga ega bo’lamiz. Masalaning sharti bo’yicha ax; #
ax,(modm). Bu garama—qarshilik x; = x;, (modm) bo’lsin degan farazimizdan
kelib chigdi. Demak, x; # x, (modm) ekan. Shunday qilib, agar ax; (i =
1,2,...¢0(m)) sonlari m modul bo’yicha chegirmalarning keltirilgan sistemasini
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tashkil qilsa, x; (i = 1,2, ...¢(m)) sonlari ham m moduli bo’yicha chegirmalarning
keltirilgan sistemasini tashkil gilar ekan.

216. x o’zgaruvchining qiymatlari  xq,x;, ..., Xpmy (bunda  (x;,m) =
lva x; # xj(modm)) lar m modul bo’yicha chegirmalar-ning keltirilgan
sistemasini tashkil etgani uchun bu giymatlarni ax + b ga qo’yib ¢(m) ta ax; + b,
ax, +b, .. ,axy,un) + b songa ega bo’lamiz.

Endi ularning har xil sinflarga tegishli ekanligini va m modul bilan o’zaro tub
ekanligini  ko’rsatamiz. ~ Agar  ax; +b = ax; + b(modm)  desak,  bu
tagqoslamalarning xossalariga ko’ra ax; = ax;j(modm) ga teng kuchli. Buning
ikkala tomonini a, (a,m) =1 soniga qisqartirsak, x; = x;(modm) ga ega
bo’lamiz. Bu esa x; # xj(modm)shartga ziddir. Demak, garalayotgan sonlar m
moduli bo’yicha har xil sinflarga tegishli ekan. (ax; + b, m) =d > 1 desak,
ax; + b = 0(modd) va m = 0(modd) ga ega bo’lamiz. b=m-b;, va m=d-m,
bo’lgani uchun b=d-(m;-b;) bo’ladi, ya’ni b sonid ga bo’linadi. U holda
ax; + b = 0(modd) dan ax; = 0(modd) ni hosil gilamiz. (a,m) = 1 dan (a,d) =
1 ekanligi kelib chigadi. Shuning uchun ax; = 0(modd) dan x; = 0(modd)
bajarilishi kerak degan xulosa kelib chiqadi. Bunday bo’lishi mumkin emas, chunki
(x;,m)=1 va demak, (x;,;d)= 1. Bu yerdan ¢(m)ta ax;+b, ax, + b,

. ,aXym) + b larning har xil sinflarga tegishli ekanligi kelib chigadi.
217.  (a;m) = d shart (

a.m
a’d
o’rniga % va m ning o’rniga % ni olib 1- teoremani qo’llaymiz. U holda 1-teoremadan

) = 1 ga teng kuchli. Shuning uchun ham a ning

— agar x o'zgaruvchi % moduli bo’yicha chegirmalarning to’la sistemasini gabul
qilsa, %x + b ham % moduli bo’yicha chegirmalarning to’la sistemasini qabul qiladi
degan tasdiq kelib chigadi.

218. (a; m) = d shartdan (g;%) = 1 shart kelib chigadi. Shuning uchun ham

a ni % bilan, mni% bilan almashtirib, 2 — teoremani qo’llaymiz. U holda 2-
teoremadan — “agar x o’zgaruvchi % moduli bo’yicha chegirmalarning keltirilgan

sistemasini gabul qilsa, u holda ax ham% moduli  bo’yicha chegirmalarning

keltirlgan sistemasini qabul giladi” — degan tasdiqqa ega bo’lamiz.

2109. m=9 moduli bo’yicha chegirmalarning to’la sistemasida 9 ta son bo’lib
ular o’zaro tagqoslanmaydigan bo’lishi kerak. Shuning uchun ham:

1,2,3,4,5,6,7,8,9-lar m=9 moduli boyicha musbat eng kichik chegirmalarning
to’la sistemasi;

0,1,2,3,4,5,6,7,8— lar m=9 moduli boyicha manfiy bo’lmagan eng kichik
chegirmalarning to’la sistemasi,
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0,+1, £2,43, +£4— lar m=9 moduli bo"yicha absolyut giymati jihatidan eng kichik
chegirmalarning to’la sistemasi bo’ldi.

Endi m=9 moduli bo’yicha chegirmalarning keltirilgan sistemalarini 3 xil
(musbat, manfiy bo’lmagan, absolyut qyimati jihatidan eng kichik chegirmalar)
ko’rinishda yozish uchun to’la sistemalardagi chegirmalarning m bilan o’zaro
tublarini ajratib olish kifoya, ya’ni ularning har birida ¢(9)=6 ta chegirma bo’ladi.
Shuning uchun ham;

1,2,4,5,7,8 — lar m=9 moduli boyicha musbat eng kichik chegirmalarning
keltirilgan sistemasi;

1,2,4,5,7,8—lar m=9 moduli boyicha manfiy bo’lmagan eng Kkichik
chegirmalarning keltirilgan sistemasi;

+1,+2,+4— lar m=9 moduli boyicha absolyut giymati jihatidan eng Kkichik
chegirmalarning keltirilgan sistemasi bo’ladi.

Shuni ham ta’kidlash kerakki, bu misolda m=9 moduli boyicha musbat eng kichik
chegirmalarning va manfiy bo’lmagan eng kichik chegirmalarning keltirilgan
sistemalari bir xil bo’lar ekan.

111.3-§.

220. a) (a,7) = 1 bo’lganligi uchun Ferma teoremasiga ko’ra a® = 1(mod7)
bajariladi. Bundan a'? = 1(mod7) ,yani (a'?—1):7.

b) (a,65)=1 dan (a;5-13) =(a;5) = (a;13) =1 kelib chigadi. Demak,
Ferma teoremasiga asosan al? = 1(mod13) va  a* = 1(mod5). Oxirgi
taggoslamaning ikkala tomonini kubga ko’tarsak a'? = 1(mod5) hosil bo’ladi.
a'? = 1(mod5) va a'? = 1(mod13), hamda (5;13) =1 dan a'? = 1(mod65)
kelib chigadi. (b;65) =1 bo’lganligi uchun yuqoridagidek mulohaza yuritib,
b'? = 1(mod65) ni hosil gilamiz. a'? = 1(mod65) va b'? = 1(mod65)
tagqoslamalardan a'? — b2 = 0(mod65) ga ega bo’lamiz. Bu esa a'? — bh1?:
65 ga teng kuchli,

221. Kanonik yoyilmasiga 2 va 5sonlari kirmaydigan natural sonni xdesak
(x,10) =1 va ¢@(10) =4 bo’lgani uchun Eyler teoremasiga ko’ra x* =
1(mod10). Shuning uchun ham x? = (x*)3 = 1(mod10). Demak, kanonik
yoyilmasiga 2 va 5 sonlari kirmaydigan natural sonning 12 —darajasining birlik
ragami 1ga teng ekan.

222. a # 0(modp) bo’lgani uchun (a;p) =1 deb yozish mumkin. U holda,
Ferma teoremasiga ko’ra aP~! = 1(modp) bajariladi. Bundan aP1—-1=
O0(modp). Bu taggoslamaning chap tomoniga p ni qo’shsak, (taggoslamaning
istalgan tomoniga yoki ikkala tomoniga modulga karrali bo’lgan sonni qo’shish va
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ayirish mumkin) a?~1 + p — 1 = 0(modp) hosil bo’ladi. Bundan (a?" 1 +p —1):
p, ya’ni aP~1 + p — 1 soni murakkab son.

223. Ferma teoremasiga asosan 21171 = 1(mod11), 23° = 1(mod31)
yoki 211 = 2(mod11), 23! = 2(mod31). Birinchi taggoslamadan (211)31 =
231 (mod11) = 2 - (29)°(mod11) = 2 - (—2)>(mod11) = 2 - (—32)(mod11) =
2(mod11). Shunga o’xshash (231! = 211(mod31) = 2 - (2%)?(mod31) =
2(mod11). Shunday qilib, 21131 = 2(mod11) va 231! = 2(mod31) hamda
(11;31) = 1 bo’lgani uchun 21131 = 2(mod11 - 31).

224. Ferma teoremasiga ko’ra 212 = 1(mod 13). Shuning uchun

22* = 1(mod 13). Bundan tashgari 2% = 64 = —1(mod 13) ekanligidan
230 = —1 = 12(mod 13) bo’ladi. Demak, izlangan qoldiq 12 ga teng.

225. 3% = 1(mod17) bo’lganligi uchun 3°° = 311 . (316)3 = 311(mod17) =
(3%)3-32(mod17) = 10%-9(mod17) = 1000 - 9(mod17) = 14 - 9(mod17) =
126(mod17) = 7(mod17). Demak 3>° ni 17 ga bo’lsak, 7 qoldiq qoladi.

226. Ferma teoremasiga asosan aP~! = 1(modp), (a;p)=1. Bu
taggoslamaning ikkala tomonini n-darajaga ko’taramiz. U holda a™®~Y = 1(modp)
hosil bo’ladi. Bundan va a = a(modp) dan a™®~V+! = g(modp) kelib chigadi.
Keyingi tagqoslama a : p bo’lsa ham o’rinli. Shunday qilib ixtiyoriy a butun, n-
natural va p tub sonlar uchun a™®~D*1 = g(modp) tagqoslama o’rinli.

227.317 ni 15 ga bo’lgandagi qoldiq 2 ga teng bo’lgani uchun, ya'ni 317 =
2(mod15) ekanligidan 3172%%° = 2%259(mod 15) bo’lishini topamiz. Eyler
teoremasiga ko’ra 2915 = 1(mod15)va @(15) = @(3:5) = @(3) - p(5) = 2"
4 =8 bo’lgani uchun 28 = 1(mod15). 259 =32-8+ 3 ekanligidan 22>° =
(28)32. 23 = 8(mod15)=8(mod15) bo’ladi. Demak 3172%°°  sonini 15 ga
bo’lgandagi qoldiq 8 ga teng ekan.

228. Buyerda(3,11) = 1. Shuning uchun ham Eyler teoremasiga ko’ra 3%(1) =
1(mod11).¢(11) = 11 — 1 = 10 bo’lganligi sababli 31° = 1(mod11) bo’ladi.
Bundan

380 = (319)8 = 18 = 1(mod11). (1)
Shunga o’xshash (7,11) = 1 va Eyler teoremasiga ko’ra 79V = 1(mod11)
bo’lganligi sababli 71° = 1(mod11) bo’ladi. Bundan
780 = (7198 =18 = 1(mod11). 2)
(1) va (2) tagqoslamalarni hadlab qo’shib
380 4+ 780 = 2(mod11)

ni hosil gilamiz. Demak, 38 + 78%onini 11 ga bo’lgandagi qoldig 2 ga teng
ekan.

229. Awvalo 3190 ni 7 ga bo’lgandagi qoldigni topamiz. (3;7) = 1 bo’lganligi
uchun Ferma teoremasidan 3¢ = 1(mod 7) kelib chigadi. Shuning uchun ham
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3100 = (3%)16. 3%(mod 7) = 3*(mod 7) = 4(mod 7). (1)

Endi 41°° ni 7 ga bo’lgandagi qoldigni aniglaymiz. Bu yerda (4;7) = 1va
4% = 1(mod 7). Shuning uchun

4100 = (46)16 . 4% (mod7) = 4% - 42(mod7) = 9 - 9(mod7) = 4(mod7) (2)

(1) va (2) taggoslamalardan 41°° + 3190 = 1(mod7) hosil bo’ladi.

Demak, 4100 4 3100 nj 7 ga bo’lsak 1 qoldiq goladi.

Izoh. 4100 4 3100 = 3100 4 (_3)100(41mpd7) = 2-3199(mod7) dan
foydalanib ham shu natijani olish mumkin.

230. 197 = 355 + 22 bo’lganligi uchun 197157 = (355 + 22)1%7 =
22157 (mod35). Bu yerda (22; 35) = 1 va Eyler teoremasiga asosan 22935 =
1(mod35) yoki 222* = 1(mod35). Bundan 22157 = (2224)¢- 2213 (mod35)

= 2213(mod35) = (22%)¢ - 221 (mod35) = (—6)° - 22(mod35) = ((—6)?)3 -
22(mod35) = 22(mod35). Shunday gilib 197157 ni 35 ga bo’lgandagi qoldiq 22
chigar ekan.

231. 272 = 1(mod73) va 23° = 1(mod37). Bulardan

273 = 2(mod73) va23” = 2(mod37). Bu yerdagi birinchi taggoslamaga asosan
(273)37 = 237(mod73) = (2%)° - 2(mod73) = (—9)° - 2(mod73) = ((—9)?)3 -
2(mod73) = 83 - 2(mod73) = 1024(mod73) = 2(mod73), ya’ni

(273)37 = 2(mod73). (3)

Endi 273 = 2(mod37) taqggoslamadan (237)73 = 273(mod37) = (23%)2 -

2(mod37)) = 2(mod37), ya’ni
(237)73 = 2(mod73). (4)

(3) va (4) tagqoslamalardan (237)73 = 2(mod37 - 73) yoki bundan 271 =
1(modn), buyerdan =37-73.

232. 139 = 1(mod11),23° = (219)3 = 1(mod11), ... , 103° = 1(mod11). Bu
yerda i=1,2,3,...10 bo’lsa, i1® = 1(mod11) ekanllgldan foydalandik. Bundan
130 + 239 4+ ...+ 103% = 10(mod11) = —1(mod11) kelib chigadi.

233. a) x” = x(mod42) dan x” = x(mod2-3-7). Demak, biz x” = x(mod7),
x” = x(mod3) va x” = x(mod2) taqgoslamalarning ixtiyoriy x butun soni uchun
o’rinli ekanligini ko’rsatishimiz kerak. Birinchi tagqoslama Ferma teoremasidan
bevosita kelib chigadi. 2- va 3- larni bevosita chegirmalarning to’la sistemasini
tekshirib ko’rish bilan ishonch hosil gilamiz. 2 moduli bo’yicha chegirmalarning to’la
sistemasi 0 va 1 dan iborat va bularing ikkalasi ham x”7 = x(mod2) taggoslamani
ganoatlantiradi. 3 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2 dan iborat
va bularning uchalasi ham x7 = x(mod3) taggoslamani ganoatlantiradi.

b) x13 = x(mod2730) dan x'3 =x(mod2-3-5-7-13). Bu yerdan x'3 =
x(mod13), (Ferma teoremasiga ko’ra); x13 = x(mod2) (0,1 ni qo’yib tekshirsak);
x3 = x(mod3)  dan x13 = (x3)* x = x° = x3 - x2(mod3) = x3(mod3) =
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x(mod3). x13 =x(mod5) va x!3=x(mod7) lar ham shunga o’xshash
isbotlanadi. Endi hosil bo’lgan x13 = x(mod2), x'3 = x(mod3), x1® = x(mod5),
x13 = x(mod7) va x13 = x(mod13) taggoslamalarning ixtiyoriy x butun son
uchun o’rinli ekanligidan x3 = x(mod 2+3-5-7-13) ning, yoki bundan x13 =
x(mod2730) ning o’rinli ekanligi kelib chiqadi.

234. p va q lar (p;q) =1 shartni qanoatlantiruvchi tub sonlar bo’lgani uchun
p?~1 = 1(modq) va qP~! = 1(modp). Bu taggoslamalarni tenglik gilib yozsak,
pil—1=gqt, g1 —1=pltle Z. Bulardan

(T =D = 1) =pqtl yoki p?t-qP7t —piTt —qP7t +1 =pqtl.
Endi tagqoslama qilib yozsak, g? =t + p?~t — p2~1. qP~1 — 1 = 0(modpq).

Bundan gP*! + p?*1 = 1(modpq) kelib chigadi.

235. 2199 sonining oxirgi ikkita ragamini topish uchun uni 100 ga bo’lishdan
chiggan goldigni topish kifoya. Bu yerda
100 = 25 - 4 va Eyler teoremasiga ko'ra 29?5 = 1(mod25), ya’ni 220 =
1(mod25) hamda 2190 =298 .22 bo’lgani uchun 2% = 280.218(mod25) =
218(mod25) = (2°)2(mod25) = 144(mod25) = 19(mod25). Buni tenglik qilib
yozsak, 298 = 19 + 25t. Bu tenglikni ikkala tomonini 4 ga ko paytirib, taggoslama
ko’rinishida yozamiz. U holda 21°° =76+ 100t yoki 2190 = 76(mod 100).
Demak, 2199 ning oxirgi ragami ikkita ragam 7 va 6.

236. Berilgan sonning oxirgi ragamini topish uchun uni 10 ga bo’lishdan chigqan
goldigni topish kifoya. (3,10) = 1va Eyler teoremasiga ko’ra 39019 = 1(mod11).
Bunda ¢(10) = @(2-5) = @(2) - 9(5) =(2 —1)-(5—1) = 4 bo’lganligi sababli
3% = 1(mod10) bo’ladi. Shuning uchun ham 3190 = (3%)2> = 125 = 1(mod10).
Demak, 31°° sonining oxirgi raqami 1 ga teng bo’lar ekan.

237. 243%%2  sonining oxirgi uchta ragamini topish uchun uni 1000 ga bo’lishdan
chiggan qoldigni topish kerak bo’ladi. 243 = 3°, 1000 = 103 = 53 - 23 bo’lgani
uchun (243;1000) = 1 va Eyler teoremasiga asosan 243%(1000) =1 (mod1000)
bajariladi. Bu vyerda ¢(1000) = ¢@(23-53) = @(23)-@(53) = (23 —2%)(53 -
52) =4-:100 = 400 bo’lgani uchun 243*°°% = 1(mod1000) . Shuning uchun ham
243402 = 243400 2432 = 2432 (mod1000)

= 59049(mod1000) = 49(mod1000). Demak, uchta ragami 0,4,9.

238. Shartga asosan (n;6) = 1. Bundan (n;2) =1va (n;3)=1 bo’lgani
uchun utog son n=2k+1,uholda n2—1=mn-1Dn+1)=Qk+1-
1)(2k+1+1) =4k(k +1) ifoda 8 ga bo’linadi , ya’ni n? — 1 = 0(mnod8) yoki
bundan

n? = 1(mod8). (5)
Ikkinchi tomondan (n;3) = 1 bo’lgani uchun Ferma teoremasiga asosan
n? = 1(mod3). (6)
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Hamda (8;3) = 1 bo’lgani uchun (5) va (6) dann? = 1(mod24) kelib
chigadi.

239. Ferma teoremasiga ko’ra : 17~1 = 1(modp), 2P~ = 1(modp), ..., (p —
1)P~1 = 1(modp). Bunda p- tub son . Bu taggqoslamaning har birini  keN
darajaga ko’tarib keyin hadlab qo’shamiz . U holda

1%@=1D 4 2k@-D 4 ... 4 (p — k-1 = p — 1(modp)
hosil bo’ladi. Bundan
1k@-1 4 2k@-D 4 ... 4 (p — D*@-V 4+ 1 = 0(modp).
Buni gisgacha
p—1
z i*@=1 + 1 = 0(modp)
i=1

ko’rinishda yozishimiz mumkin.

240. Ma’lumki, a? — a = 0(modp). Shunga asosan (a; + a, + -+ a,)? =
a, + a, + -+ + a,(modp). Bu yerda a, = a? (modp), a, = al) (modp) ,... a, =
al (modp) ekanligini e’tiborga olsak : (a; + a, + -+ + a,)? = af + ag + -+
al (modp) ga, ya’ni isbotlanishi kerak bo’lgan taqqoslama (¥™, a;)? = ¥*, a;?
(modp) ga ega bo’lamiz.

241. Eyler teoremasiga asosan (a;m) = 1 bo’lsa , a?™ = 1(modm) bo’ladi.
Endi faraz etaylik x soni a* = 1(modm) taqqoslamaning eng kichik yechimi bo’lib,
po(m)=x-q+r, 0<r<x bo’lsin, u holda a?™ = (a*)4-a" =1-
a” (modm) = 1(modm), ya’ni a” = 1(modm). Bu esa x soni

a* = 1(modm) tagqoslamaning eng kichik yechimi deganimizga zid. Demak,
r=0vap(m) = x-q, ya’ni x soni ¢(m) ning bo’luvchisi.

242. Ferma teoremasiga asosan

a’ = a;(mod5) va a} = a;(mod2) , a} = a;(mod3). (7)
Keyingi ikkita tagqoslamaning o’rinli ekanligini bevosita chegirmalarning to’la
sistemasini qo’yib, tekshirib ko’rish mumkin. Bulardan
a? = a;(mod30), i=12,....n
Bu tagqoslamalarni hadlab qo’shsak,
i=1af = X, a;(mod30),

ya’ni M = N(mod30). Bundan, agar N soni 30 bo'linsa, M ning ham 30 ga
bo’linishi kelib chigadi.

Izoh.(7) taggoslamalar a? = a;(mod6) ga teng kuchli bu taggoslamani

a; —a; = ai(af — 1) = a;(a; — 1)(a; + 1(a? + 1)(mod6)
= (a; — Da;(a; + 1(a? + 1)(mods6).

Bunda (a; — 1)a;(a; + 1) = 0(mod6) bo’lganligi uchun a? — a; = 0(mod6)
bajariladi.
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243. Agar a soni 5 ga karrali bo’lsa, a = 5k va a'%? = (5k)190 = 5100. ;100 =
0(mod125). Agarda (a;5) = 1 bo’lsa, u holda Eyler teoremasiga asosan a®(12%) =
1(mod125). Bundan a?(2% = q¢5°) = ¢5°-5° = ¢190 = 1(mod 125). Demak,
agar a butun soni 5 ga karrali bo’Isa, a'®® ni 125 ga bo’lishdan chigqan qoldiq 0 ga
teng, aks holda qoldiq 1 ga teng bo’lar ekan.

244. Masalaning shartiga ko’ra (a; 10) = 1. Buesa (a; 2) = 1va (a;5) = 1 larga
teng kuchli. Agar (a;5) = 1 bo’lsa, 24-masalaga asosan

a'® = 1(mod 125). (8)

Ikkinchi tomondan esa Eyler teoremasiga asosan a?® = 1(mod8). Bundan
a* = 1(mod8). Bu taggoslamaning ikkala tomonini 25 —darajaga ko’taramiz, u
holda

a'® = 1(mod 8) 9)
taggoslama hosil bo’ladi. (8) va (9) dan (8;125) =1 bo’lgani uchun al® =
1(mod 1000) ni hosil gilamiz. Bu oxirgi taggoslamaning ikkala tomonini
n —darajaga ko’taramiz va keyin ikkala tomonini a ga ko’paytirsak,
al%m+1 = g(mod 1000)

ga ega bo’lamiz .

245. a soni 7 ga bo’linmasa, u holda (a;7) =1 bo’ladi va a® = 1(mod 7)
bo’ladi. Bu taqqoslamani avval m —darajaga keyin eas n —darajaga ko’taramiz. U
holda a®™ = 1(mod 7) va a®" = 1(mod 7) larga ega bo’lamiz. Bularni hadlab
qo’shsak, a®™ + a®" = 2(mod 7) ni hosil qilamiz. Ya’ni agar a soni 7 ga
bo’linmasa a®™ + a®® ni 7 ga bo’lsak, 2 gldiq golar ekan. Endi a : 7 bo’lsin. U
holda a®™ : 7 va a®" : 7 bajariladi. Bundan (a®™ + a®") i7, yani a®™ + a%" =
0(mod?7).

246. Bu yerda p # 5 chunki, agarda p =5 bo’lsa, 52° + 1 = 0(mod25)
bo’lishi kerak.Lekin bu yerda ikkinchi qo’shiluvchi 25 ga bo’linmaydi. Berilgan
taggoslamani quyidagicha yozib olamiz:

57 +1= (5" —5)+6=5(5"""1-1)+6 =5[(5?")P*1 - 1] + 6

= 0(modp?).

Ferma teoremasiga asosan 5P~! — 1 = 0(modp). Bu yerda (57-1)P*1 —1
soni 5771 — 1 ga karrali bo’lganligi uchun [(5P~1)P*1 — 1] soni p ga bo’linadi.
Demak, 6 ham p ga bo’linishi kerak. Bundan p = 2 yoki p = 3. Agar p = 2 bo’lsa,
u holda 52°+1=5*%+1=626% 0(mod2?), agarda p =3 bo’lsa, u holda
532 4+ 1 = 5%+ 1 = 1953126 = 0(nod32). Shunday qilib izlanayotgan son p =
3 ekan .

247. Masalaning sharti bo’yicha p va 2p + 1 lar tub sonlar. Shuning uchun ham
Ferma teoremasiga ko’ra (2p +1)? = 1(mod3) va p? = 1(mod3). Ikkinchi
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taggoslamani 4 ga ko’paytirib 4p? = 4(mod3) birinchisidan ayiramiz, u holda
4p® +4p + 1 — 4p? = 1 — 4(mod3) yoki 4p + 1 = —3(mod3). Bundan 4p +
1 = 0(mod3). Demak, 4p + 1 soni 3 dan katta va 3 ga bo’linadi. Shuning uchun
ham u murakkab son.

IV.1-§.

248. a). Bu holda 3 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2
dan iborat. Bu sonlarni berilgan taqqoslama qo’yib sinab ko’ramiz va x; = 1,x, = 2
larning uni ganoatlantirishiga ishonch hosil gilamiz. Demak, berilgan tagqoslamaning
yechimlari x = 1(mod3) va x = 2(mod3) yoki buni x =1+ 3t,teZ vax =2+
3t, teZ ko’rinishda yozishimiz mumkin.

b). 5 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2,3,4. Bu sonlarni
berilgan tagqoslamaga qo’ysak, ulardan x; = 1 vax, = 2 lar uni ganoatlantirishini
ko’ramiz. Shuning uchun ham yechimlar x = 1(mod5) va x = 2(mod5) lardan
iborat. Javob x = 1 + 5t ,teZ vax = 2 + 5t, teZ.

€). 3 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2 lardan iborat.
Bularning birortasi ham berilgan taggoslamani ganoatlantirmaydi. Demak,
tagqoslama yechimga ega emas.

d). 5 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2,3,4 lardan iborat.
Bularni berilgan taqqoslamaga qo’yib sinab ko’rsak, x; = 3 uni ganoatlantiradi.
Demak, javob x = 3(mod5), ya’ni x = 3 + 5t, teZ.

e). 7 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2,3,4,5,6 lardan iborat.
Bularni taggoslamaga bevosita olib borib qo’ysak, x; = 1vax, =2 lar uni
ganoatlantiradi. Javob: x = 1+ 7t,x = 2 + 7t, teZ.

f).15 moduli bo’yicha manfiy bo’lmagan eng kichik chegirmalarning to’la
sistemasi 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14 lardan iborat. Bularni berilgan
tagqoslamaga qo’yib sinab ko’rib, x; = 11 ning uni ganoatlantirishini topamiz.
Demak, x = 11(mod15), ya’ni x = 11 + 15¢, teZ berilgan taggoslamaning yechimi.

Izoh. Bu holda x = 1,2,...14 larning barchasi emas, balki 2x > 15 shartni
ganoatlantiruvchilari x = 8,9,10,11,12,13,14ni ham tekshirish kifoya bo’ladi.

249. 7 moduli boyicha chegirmalarning to’la sistemasini, tekshirish qulay bo’lishi
uchun uni absolyut giymati jihatidan eng kichik chegirmalar sistemasi ko’rinishida
0,+1,+2,+£3 yozib olamiz. Berilgan tagqoslamaga bu sonlarni qo’yib tekshirsak,
fagat 1 uni ganoatlantiradi, demak, x = 1(mod7) berilgan taqqoslamaning yagona
yechimi.

250. Bu yerda 3 moduli bo’yicha absolyut qiymati jihatidan eng kichik
chegirmalarning to’la sistemasi 0,+1 dan iborat, lekin bularning birortasi ham
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berilgan taqqoslamani qanoatlantirmaydi, ya'ni berilgan tagqoslama yechimga ega
emas.

251.a). Avvalo koeffitsiyentlarini berilgan 15 moduli bo’yicha bo’yicha absolyut
giymati jihatidan eng kichik chegirmalar bilan almashtiramiz. Bunda90 = 15-6 +
0, 46 =15-3+1, 52=15-3+7 bo’lgani uchun berilgan tagqqoslama x? —
7x +1 = 0(mod15) taqgoslamaga teng kuchli. Endi 15 moduli bo’yicha
chegirmalarning to’la sistemasi 0, +1,+2,+3,+4,+5,+6,+7 larni qo’yib, tekshirib
ko’ramiz. U holda x; = —4 ning berilgan taggoslamani ganoatlantiradi. Demak,
berilgan taggoslamaning yechimi x = —4 + 15¢, teZ.

b). Bunda 25=12-2+136=12-3+0,18=12-1+6,13=12-1+
1bo’lgani uchun berilgan tagqoslama 3x3 — 6x + 1 = 0(mod12) tagqoslamaga teng
kuchli.Endi 12  moduli  bo’yicha  chegirmalarning to’la  sistemasi
+1,4+2,43,4+4,45,+6 larni qo’yib tekshirib ko’ramiz. Bularning birortasi ham
berilgan taggoslamani ganoatlantirmaydi. Taqqoslamaning yechimi yo’q.

Izoh. Buni quyidagicha izohlash ham mumkin. 3x3 — 6x + 1 = 0(mod12)
tagqoslama

3x3 — 6x + 1 = 0(mod3)
{3x3 — 6x + 1 = 0(mod4)

ga teng kuchli. Bu yerda birinchi taggoslama 1= 0(mod3) ziddiyatli taggoslama
bo’lgani uchun sistema va demak, berilgan taggoslama ham yechimga ega emas.

). 21x + 4 = 7(mod6) — 3x — 2 = 1(mod6) — 3x = 3(mod6) - x =
1(mod2),x =1+ 2t,teZ, x = 1,3,5(mod6). Yechimlar x = 1(mod6),x =
—2(mod6),x = —1(mod6),ya'nix =1+ 6t,x = -2 + 6t,x = —1 + 6t,teZ

d). x5 —2x3+13x — 1 = 0(mod4) - x°> — 2x3 + x — 1 = 0(mod4). x =
+1,£2 larni qo’yib tekshiramiz. U holda bularning birortasi ham bu taqqoslamani
ganoatlantirmaydi va berilgan tagqoslama yechimga ega emas.

252. Bunda 12=3-4+4+0, 24=3-8+0va 7=3-2+1 bo’lganligi uchun
koeffitsiyentlarini absolyut qiymati jihatidan eng kichik chegirmalar bilan
almashtirib, x3 — x = 0(mod3) ni hosil gilamiz. Ferma teoremasiga ko’ra p tub son
bo’lganda xP — x = 0(modp) bajariladi. Bizda p=3, ya’ni oxirgi taqqoslama va
demak, berilgan taggoslama ham ayni taggoslama. Shuning uchun ham noma’lum x
ning barcha butun giymatlari berilgan taggoslamani ganoatlantiradi.

253. a).x3 —x+ 6 = 0(mod3). Bunda Ferma teoremasiga ko’ra x3 —x =
0(mod3) va 6 : 3. Shuning uchun berilgan tagqoslama x ning ixtiyoriy butun
giymatida o’rinli.

b). x(x? — 1) = 0(mod6). Bu taggoslamani (x — Dx(x + 1) = 0(mod6)
ko’rinishda yozib olish mumkun . Bu yerda chap tomondagi ifoda uchta ketma-ket
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sonlarning ko’paytmasi sifatida 6 ga bo’linadi, ya’ni berilgan tagqoslama x ning
Ixtiyoriy butun giymatida o’rinli.

). 20x® + x5 —10x3 — x + 15 = 0(mod5). Bunda koeffitsiyentlarni absolyut
giymat jihatdan eng kichik chegirmalar bilan almashtirib soddalashtiramiz.U holda
x°> — x = 0(mod5) ayniy tagqoslamaga ega bo’lamiz.

d). x13 — 26x1% — x = 0(mod13) -» x13 — x = 0(mod13). Bu taggoslama
x ning ixtiyoriy butun giymatlarida bajariladigan ayniy taggoslama.

254. a). Berilgan 5x = 4(mod5)taggoslama 0 = 4(mod5)  ziddiyatli
tagqoslamaga teng kuchli. Shuning uchun taggoslama yechimga ega emas.

b). x2 — 2x + 3 = 0(mod4). Bu yerda 4 moduli bo’yicha chegirmalarning to’la
sistemasi 0,1, 2,3 larni qo’yib, tekshirib ko’ramiz. U holda ularning birortasi ham
berilgan taggoslamani ganoatlantirmaydi. Demak, taggoslama yechimga ega emas.

c). 20x> + 5x* — 10x3 — 6 = 0(mod5) taggoslama —1 = 0(mod5) ziddiyatli
tagqoslamaga teng kuchli. Shuning uchun ham berilgan taggoslama yechimga ega
emas.

d). x13—26x2 —x+5=0(0(mod13) taggoslama x!3 —x + 5 = 0(mod13)
taggoslamaga teng kuchli. Bu yerda x'3 —x = 0(mod13) ayniy taggoslama
bo’lganligi uchun berilgan tagqoslama 5 = 0(mod13) ziddiyatli taggoslamaga teng
kuchli bo’ladi. Shuning uchun ham berilgan taqqoslama yechimga ega emas.

255. a).Bu yerda y = x + a almashtirish olib berilgan tagqoslamaga qo’yamiz, u
holda (y+a)"+a,(y+a)" 1 +a,(y+a)*?+ -+ a, = 0(@modm) ni hosil
gilamiz. Oxirgi taggoslamada y ning bir xil darajalari oldidagi koeffitsiyentlarni
yig’sak y™ + (a; + na)y™ 1+ -+ (@ +a,-a™ ! + -+ a,) = 0(modm) hosil
bo’ladi. a ixtiyoriy bo’lgani uchun uni a; + na = 0(modm) shart bajariladigan qilib
tanlaymiz. U holda y™ + b,y" %+ .-+ b, = 0(modm) taqgoslamaga ega
bo’lamiz.

b). x3+5x%2+6x—8=0(modl13). a, =5m=13,n=3a) qismdagiga
asosan a, +na = 0(modm) dan 5+ 3a = 0(mod13) ga ega bo’lamiz . Bundan
3a = —5(mod13) » —10a = —5(mod13) —» 2a = 1(mod13) - 2a =
14(mod13) - a = 7(mod13). Demak, a=7 va biz x =y + 7 almashtirish
bajaramiz u holda (y+7)3+5(y+7)>+6(y+7)—8=(y+7)(y*+ 14y +
49 +5y+354+6)—8=(y+7)(y*+19y+90) — 8 = y3 + 19y% + 90y +
7y% + 133y + 630 — 8 = y3 + 26y2 + 223y + 622 = y3 + 2y — 2 = 0(mod13).
Demak, izlanayotgan taggoslama y3 + 2y — 2 = 0(mod13) dan iborat.

256. Eyler teoremasiga ko’ra berilgan taqqoslamani  (x,60) =1 shartni
ganoatlantiruvchi barcha x lar qanoatlantiradi, ya’ni ¢(60) = ¢(22-3:5) = ¢(2?) -
p3)p()=2%2-2)-3-1)-(5—-1)=2-2-4=16 ta yechimga ega. Bu
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yechimlar x ning x < 60, (x, 60) = 1 shartlarni ganoatlatiruvchi giymatlari x = 1, 7,
11, 13, 17, 19, 23, 29, 31, 37, 41, 43,47, 49, 53, 59 (mod60) dan iborat.
1V.2-§.

257. a). Bunda (5,6) = 1. Shuning uchun ham taggoslama yagona yechimga ega.
Bu yechimni tanlash usuli bilan topish uchun 6 moduli bo’yicha chegirmalarning
to’la sistemasini biror ko’rinishda (masalan: 0,1,2,3,4,5) yozib olib bu sonlarni
berilgan taqqoslamaga qo’yib tekshiramiz. x;=3 berilgan taggoslamani
ganoatlantiradi. Shuning uchun berilgan taggoslamaning yechimi x = 3(mod 6),
yanix=3+6tteZ.

b).8x = 3(mod 8) tagqoslamada (8,10) = 2, lekin 3 soni 2ga bo’linmaydi.
Shuning uchun ham taggoslama yechimga ega emas.

C). 2x = 6(mod 8) tagqoslamada (2,8) = 2 va 6 soni 2 ga bo’linadi. Shuning
uchun ham berilgan taggoslama 2 ta yechimga ega. Bu holda berilgan
taggoslama x = 3(mod 4)ga teng kuchli. Demak, berilgan taggoslamaning
yechimlari x = 3,7(mod 8), ya’ni x =3+ 8t va x =7+ 8t,t € Z lardan iborat
bo’ladi.

d). 3x = —6(mod 7)ning o’ng tomoniga 7 ni (modulni) qo’shsak, 3x =
1(mod 7) taggoslama hosil bo’ladi. Bunda (3,7) =1 bo’lgani uchun u yagona
yechimga ega. 7 moduli bo’yicha chegirmalarning to’la sistemasi 0,1,2,3,4,5,6 larni
taggoslamaga qo’yib, tekshirib ko’rib x = 5(mod 7),ya’ni x =5+ 7t,t € Z ning
berilgan taggoslamaning yechimi ekanligini topamiz.

e). 4x = 3(mod12)da (4,12) = 4,lekin 3 soni 4 ga bo’linmagani uchun ham
tagqoslama yechimga ega emas.

f). 6x = 5(mod 9) da (6,9) = 3 va 5 soni 3 ga bo’linmaydi, shuning uchun ham
berilgan taggoslama yechimga ega emas.

g). Bu yerda (5,8) =1 va 8 —moduli bo’yicha chegirmalarning to’la sistemasi
0,+1,+2,+3, 4 dan iborat. Bularni qo’yib tekshirib, x = 3(mod8) berilgan
taggoslamani yechimi ekanligini aniglaymiz.

258. a).5x = 3(mod 7) taqgoslamada (5,7) =1 bo’lgani uchun taggoslama
yagona yechimga ega. Bu yechimni tagqoslamalarning xossalaridan foydalanib topish
uchun taggoslamaning o’ng tomoniga modulni qo’shamiz. U holda 5x =
10(mod 7) ni hosil gilamiz. Bu taggoslamaning ikkala tomonini 5 ga gisgartiramiz.(
(5; 7) = 1 bo’lgani uchun bu ishni amalga oshirish mumkin). U holda x = 2(mod 7)
ya'ni x = 2 4+ 7t, t € Z berilgan taggoslamaning yechimiga ega bo’lamiz.

b). 8x = 3(mod11) taqqoslamada (8;11) = 1. Demak, taqgoslama yagona
yechimga ega. Bu taggoslamaning o’ng tomonidan 11 ni ayirsak 8x = —8(mod 11)
taggoslama hosil bo’ladi. Oxirgi tagqoslamaning ikkala tomonini 8 ga (chunki
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(8;11)=1) gisqartirsak x = —1(mod11) taqgoslamaga ega bo’lamiz. Demak, berilgan
taggoslamaning yechimi x = -1+ 11t,t € Z .

). 4x = 6(mod8) taqgoslamada (4,8) = 4 va 6 soni 4 ga bo’linmaydi, shuning
uchun ham berilgan taggoslama yechimga ega emas.

d). 4x = 25(mod13) da (4; 13) = 1 bo’lgani uchun tagqoslama yagona yechimga
ega. Bu taggoslamaning o’ng tomonidan 13 ni ayirib, hosil bo’lgan tagqoslamani
ikkala tomonini 4 ga bo’lsak x = 3(mod13) taqqoslama hosil bo’ladi. Demak,
berilgan taggoslamaning yechimi x = 3 + 13t,t € Z.

e). 11x = 3(mod12) taqgoslamada (11,12) =1 bo’lgani uchun taggoslama
yagona yechimga ega. Berilgan taggoslama yagona yechimga ega. Berilgan
tagqoslamaning chap tomonidan uning modulini ayirsak, —x = 3(mod 12) yoki
x = —3(mod 12) taqqoslama hosil bo’ladi. Bundan x = —3 + 12t, t € Z berilgan
tagqoslamaning yechimi ekanligi kelib chigadi.

f).7x = 5(mod 9) taggoslamada (9,7) = 1. Demak, berilgan taggoslama yagona
yechimga ega. Bu taggoslamaning ikkala tomonidan modul 9 niayiramiz. U holda
—2x = —4(mod 9) hosil bo’ladi. Bundan x = 2(mod 9), ya’ni x =2+ 9t,t € Z
ekanligi kelib chigadi.

g). Bunda (58) =1 bo’lganli uchun tagqoslama yagona yechimga ega.
Taqqoslamaning istalgan tomoniga modulga karrali sonni qo’shish yoki ayirish
mumkin. Shuning uchun ham5x =7 +8(mod8) — 5x =15(mod8).

Taqqoslamaning ikkala tomonini modul bilan o’zaro tub songa qisqartirish
mumkin bo’lgani uchun (5;15) =5 va (5,8) = 1 ekanligini e’tiborga olib oxirgi
taggoslamaning ikkala tomonini 5 ga gisgartiramiz. U holda x = 3(mod8) yechimni
hosil gilamiz.

h). (7, 15) =1 bo’lganli uchun bu taqqoslama yagona yechimga ega.

7x=6+15(mod 15), 7x=21(mod15), (7, 2)=7 wva (7,15)=1
ekanligini e’tiborga olib, oxirgi taggoslamaning ikkala tomonini 7ga gisqgartiramiz.
U holda x = 3(mod15) yechimni hosil gilamiz.

259. a). 13x = 3(mod19) tagqoslamada (13,19) = 1 bo’lgani uchun yagona
yechimga ega. Ma’lumki, agar (a,m) = 1bo’lsa, ax = b(mod m) tagqoslamaning
yechimini x = a®™~1. b(modm) taqgoslamadan foydalanib topish mumkin.
Bizning misolimizda a = 13,b = 3,m = 19 bo’lgani uchun

x = 13919-1.3(mod 19) bo’ladi.  Bunda ¢(19)=18 va 137=(132)°-13==
1698-13 =(19 - 9 — 2)8-13 bo’lgani uchun x = (—2)8-3-13(mod 19) =

256 -133(mod 19) = (19-134+9) - 3-13(mod19) == 3 -9 - 13(mod 19)

=3-117(mod 19) = (19-6 + 3) - 3(mod 19) = 9(mod 19).

Demak, berilgan taggoslamaning yechimi x = 9 + 19¢,t € Z.
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b).27x = 7(mod 58) taqqoslamada (27,58) = 1 va ¢(58) = ¢(2-29) = ¢(2) -
¢ (29) = 28 bo’lgani uchun x = 2727 - 7(mod 58) = 38! - 7(mod 58) = (3%)2° -
21(mod 58) = 23%° - 21(mod 58) = (58 -7 + 7)?° - 21(mod 58) = 71° -
21(mod 58) = (72)3 - 147(mod 58 = 3433 - (2- 58 + 31)(mod 58) =
(5-58 + 53)3-31(mod 58) = 533 - 31(mod 58) = 53% - 53 - 31(mod 58) =
(=5)3 - 31(mod 58) = —9 - 31(mod 58) = —279(mod 58) = 11(mod 58) .

Demak, berilgan taqgoslamaning yechimi x = 11(mod 58), ya’ni x = 11 +
58t,t € Z.

c). 5x = 7(mod 10) taqgoslamada (5,10) =5, lekin 7 soni 5 ga bo’linmaydi.
Shuning uchun ham taggoslama yechimga ega emas.

d). 3x =8(mod 13), bunda(3,13) = 1 bo'lgani uchun taggoslama yagona
yechimga ega. Bizda a = 3,b = 8,m = 13 va ¢(13)=12 bo’lgani uchun x = 311 -
8(mod 13) = (33)3- 32 8(mod 13) = 72(mmod 13) = 7(mod 13). Demak
berilgan toggoslamaning yechimi x = 7 4+ 13¢,t € Z.

e). 25x = 15(mod 17) da (25,17) = 1 bo’Igani uchun u yagona yechimga ega va
(5,17) = 1 bo’lganidan tagqoslamaning ikkala tomonini 5 ga gisqgartirish mumkin. U
holda 5x = 3(mod 17) taqqoslama hosil bo’ladi. Shuning uchun ham x = 5¢(7)-1.
3(mod 17) = 5% - 3(mod 17) = (5%)° - 3(mod 17) = (17 -7 + 6)° -
3(mod 17) = 6° - 3(mod 17) =

= (62)? - 18(mod 17) = 2?°mod(17) = 4(mod 17).

Demak, izlanayotgan yechim x = 4 4+ 17t,t € Z.

f). 29x = 35(mod 12), bunda (29,12) = 1 bo’lgani uchun berilgan tagqoslama
yagona yechimga ega. Bu taggoslamaning koeffisiyentlari moduldan katta bo’lgani
uchun ularni 12 moduli bo’yicha eng kichik manfiy bo’lmagan chegirmalar bilan
almashtiramiz. Bunda 29 = 12-2+ 5,35 =12-2 4+ 11 bo’lgani uchun, berilgan
taggoslamani 5x = 11(mod 12) ko’rinishida yozib olish mumkin. ¢(12)=¢(22-3)=
=(22 — 2)-2=4 va x =5%02-1.11 (mod 12) =53 - 11(mod 12) = 125 -
(=1)(mod12) = —5(mod12) = 7(mod 12). Demak, izlanayotgan yechim
x=7+12t,t € Z.

g). Bu yerdax=a”""-b(modm) formuladan foydalanamiz. Bizda a=3, b=7,
m=11 bo’lgani uchun x = 3?V-1.7(mod11) ni hosil gilamiz. Bunda ¢(11) =
11 -1 =10 bo’lganidan x = 3°-7(mod11). Endi oxirgi taqqoslamaning o’ng
tomonidagi ifodani eng kichik musbat chegirma ko’rinishiga keltiramiz. 3° -
7(mod11) = (3%)3 - 7(mod11) = 273 - 7(mod11) = 53 - 7(mod11) = 4-7 =
6(mod11). Shunday qilib berilgan tagqoslamaning yechimi: x = 6(mod11).

260. a). Berilgan 13x = 1(mod 27) taqqoslamada (13;27) = 1 bo’lgani uchun
u yagona yechimga ega. Bu yechimni munosib kasrlardan foydalanib, ya’ni x =
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(=)™ 1. bP,_,(modm) (x) formuladan foydalanib topish uchun,avvalo P,_; ni

(oxirgidan oldingi munosib kasrning suratini) aniglashimiz kerak. Buning uchun esa
m

—= i—; kasrni uzluksiz kasrga yoyamiz. Bunda 27 =13-2+4+1, 13=1-13+4+0
lardan % =2+ % = (2;13). Endi P,,_; ni aniglaymiz:

qi 2
Pl P0=1 P1=2

13
27

Jadvaldan P,_; = 2 van = 2. Bularni (*) ga olib borib qo’ysak, x = (—1)?"1.
2-1(mod 27) = —2(mod 27),yani x = -2+ 27t, t € Z.

Tekshirish: 13 - (=2) = 1(mod 27) —» 1 = 1(mod 27) doimo bajariladi.

b). Berilgan 37x = 25(mod 117) taqgoslamada (37; 117) = 1 bo’lgani uchun u
yagona yechimga ega. P,_; ni aniglaymiz. Buning uchun % kasrnii uzluksiz

kasrlarga yoyamiz. 117 =37-34+6,37=6-6+1, 6 =1-6+0 lardan ¢,=3,

q, = 6, q3 = 6 ekanligigini topamiz. U holda % = (3,6,6) va

a 3 6 6
P, | Py=1 3 19 117
bo’lganidan n=3,P,_; =P, =19 hamda x = (—1)?-19-250(mod 117) =

475(mod 117) = 7(mod 117). Demak, izlanayotgan yechim x =7 + 117¢,t € Z.
Tekshirish: 37 -7 =259 = (117 -2 + 25) (mod 117) = 25(mod 117), ya’ni
yechim to’g’ri topilgan.

c) 113x =89(mod 311)
yagona yechimga ega. Endi % kasrni uzluksiz kasrlarga yoyamiz: 311 = 113 -2 +

85,113 =85-1+28, 85=28-3+1, 28=1-28+ 0. Demak,

91=2 ¢ =1, q3 =3, g4 = 28va=— = (2;1;3;28) hamda

taggoslamada (113,311) = 1 bo’lgani uchun u

P, | Ppp=1 | 2 3 11 311
bo’lganligi uchun P,_;=11, n=4 va x=(-1)3-11-89(mod 311) =

—979(mod 311) = —46(mod 311), ya’ni x = —46 + 311t,t € Z.

Tekshirish: 113 - (—46) (mod 311) = —5198 (mod 311) = (31116 +
222) (mod 311) = —222(mod 311) =89 (mod 311). Demak, taggoslamaning
yechimi to’g’ri topilgan.

d) 221x = 111(mod 360). Bunda 221 = 13-17va360 = 36- 10 = 22 - 3% -
2-5=23.32.5, ya’ni (221;360) = 1. Shuning uchun ham berilgan taggoslama

150



yagona yechimga ega. Shu yechimni topish uchun % kasrni uzluksiz kasrga

yoyamiz. 360 =221-1+139,221=139-1+82,139=82-1+57,82=57-
1+4+2557=25-2+7,25=7-3+47=4-1+3,4=1-3+1,3=1-3+0.
Bulardan g, =1,q, =1,q3=1,q9, =1, qs=2, g6 =3, q; =1, qgg =1, g9 =

3 va% =(1,1,1,1,2,3,1,1, 3) larni topamiz. Endi P,_; ni aniglaymiz.

q; 1 1 1 1 2 3 1 1 3
P, P | 1 2 3 5 | 13 | 44 | 57 | 101 | 360

Bundan P, =101, n=9, va x=(—1)%-101-111(mod 360) = 11100 +
+111(mod 360) = (30-360 4+ 300+ 111)(mod 360) = 411(mod 360) =
51(mod 360). Demak, berilgan taggoslamaning yechimi x = 51 + 360t,t € Z.

Tekshirish: 221-51=11271 = (360-31+ 111) = 111(mod 360).

Bu yerdan ko’rinadiki, berilgan misolning yechimi to’g ri topilgan.

e) 39x =84(mod93)da39 =3-13, 93 =3-31,ya’ni (39;93) = 3 bo’lgani
va 84 soni 3 ga bo’lingani uchun berilgan tagqoslama 3 ta yechimga ega bo’ladi.
Berilgan tagqoslamani 3 ga qisqartirib, yagona yechimga ega bo’lgan 13x =
28(mod 31) taggoslamani hosil gilamiz. Endi i—; kasrni uzluksiz kasrlarga
yoyamiz. Bunda 31 =13-2+5, 13=5-2+3,5=1:-34+2,3=1-2+1, 2=
2 =(2,2,1,1,2). Endi

13

1-2 bo’lgani uchun q,=2, q,=2, q3=1, q,=1, qs=2 va
P,,_,ni aniglaymiz.

a0 2 2 1 1 2
P, 1 2 5 7 2 31

Bundan n =35, P,_;=12 va x = (—1)*-12-28(mod 31)=12-(-3) (mod 31)=
—5(mod 31). Demak, berilgan taggoslamaning yechimlari
x = -5, 26,57(mod 93) ya’ni x =—-5+93t,x =26+93t, x =57+93¢t, t €
Z.

Tekshirish: x; = —5bo’lsa, 39 - (—5) = —195 (mod 93) 84(mod93); x, = 26
bo’lsa, 3926 = 1014 = 93 - 23 + 84 = 84(mod93);

X3 =57 bo’lsa, 39-57 =2223 =93-23 + 84 = 84(mod93). Bulardan
ko’rinadiki, uchala yechim ham to’g’ri topilgan.

f). 143x = 41(mod221) tagqoslamada 143 = 11-13, 221 =13-17 bo’lgani
uchun (143,221) = 13, lekin 41 soni 13ga bo’linmaydi. Shuning uchun ham
berilgan taggoslama yechimga ega emas.
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g). Bu yerdaXE(_l)”‘lb P,_1(mod m)(l) formuladan foydalanamiz. Avvalo P,_; ni

. . . 43 . i i .
aniglab olamiz. Buning uchun 2=2—0 kasrni uzluksiz kasrga yoyamiz va munosib
kasrlarini topamiz, u holda 43=20-2+4+3, 20=3-6+4+2, 3=2-1+
1, 2=1-2. Demak, g, =2, g, =6, g3 =1, qy = 2.%:;‘_32(2, 6,1,2. Endi

munosib kasrlarning suratlarini hisoblab P,_,ni topamiz.

Qi q, =2 q, =6 q; =1 qs = 2
Pi P0=1 P1=2 P2=13 P3=15 P4=4‘3

Demak, n = 4,P; = 15. Topilgan qiymatlarni (1) ga olib borib qo’ysak x =
(=1)3-15-13(mod43) = —195(mod43) = —195 + 43 - 5(mod43) =
20(mod43) hosil bo’ladi. Javob: x = 20 + 43¢, t € Z.

261. a). 12x = 9(mod 15) taqgoslamada (12,15) =3va 9 soni 3 ga Karrali
bo’lgani uchun u 3 ta yechimga ega. Berilgan tagqoslamaning ikkala tomoni va
modulini 3ga gisqartirsak 4x = 3(mod 5) taqgoslama hosil bo’ladi. Bunda (4,5) =
1bo’lgan uchun u yagona yechimga ega. Uning yechimini aniglaymiz. 4x =
(3 + 5)(mod 5) yoki 4x = 8(mod 5). Keyingi taggoslamaning ikkala tomonini 4
ga bo’lsak, x = 2(mod 5) hosil bo’ladi. Demak, berilgan tagqoslamaning yechimlari
x =2,7,12(mod 15), ya’ni
x=2+4+15t,x =7+ 15t,x = 12 + 15¢,t € Z.

b). 12x = 9(mod 18)tagqoslamada (12,18) = 6, lekin 9 soni 6 ga bo’linmaydi.
Shuning uchun berilgan taggoslama yechimga ega emas.

c). 20x = 10(mod 25) taqqoslamada (10,35) =5 va 25 soni 5 gabo’linadi.
Demak, tagqgoslama 5 ta yechimga ega berilgan taggoslamaning ikkala tomonini va
modulini 5ga bo’lib, 4x = 2(mod 5) taggoslamani hosil gilamiz. Bundan 4x =
(24+5-2)(mod 5) » 12(mod 5) - x = 3(mod 5). Demak, taggoslamaning
yechimlari x = 3,3,13,18,23(mod 15), ya’nix =3+ 25t,x =8+ 25t, x =
13 4+ 25¢t,x = 18 + 25¢t,x = 23 + 25tt € Z lardan iborat bo’ladi.

d). 10x = 25(mod 35) tagqoslamada (10,35) =5 va 25 soni 5 ga bo’linadi.
Shuning uchun ham berilgan taggoslama 5 ta yechimga ega. Berilgan taggoslamaning
ikkala tomoni va modulini 5 ga qisqartib yagona yechimga ega bo’lgan 2x =
5(mod 7) taqqoslamaga ega bo’lamiz. Bundan 2x = (5—7)(mod 7) — 2x =
—2(mod 7) - x = —1(mod 7). Demak, berilgan taqgoslamaning yechimlari
x=-1,6,13,20,27(mod 7), yanix=-14+7t,x=6+7t, x=13+7t, x =
204+ 7t, x =27 + 7t,t € Zdan iborat.
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e). 39x = 84(mod 93) va (39,93) = 3 hamda 84 soni 3ga bo’linadi. Shuning
uchun ham berilgan taggoslama 3 ta yechimga ega. Berilgan taggoslamani 3 ga
bo’lib, yagona yechimga ega bo’lgan 13x = 28(mod 31) taqgoslamaga ega
bo’lamiz. Bundan  13x = (28 — 31)(mod 31) - 13x = —3(mod 31),13x =
(-3 —2-31(mod 31), 13x = —65(mod 31) » x = —5(mod 31). Demak,
topilgan yechimlar x = -5, 26,57 (mod 93), ya’ni

x=-54+93t,x=264+93t,x =57+93t,tE€Z.

f). 90x+ 18 = 0(mod 138) dan90x = —18(mod 138) bo’lgani uchun
(90,138)=6 va -18 soni 6 ga bo’linadi. Demak, berilgan tagqoslama 6 ta yechimga
ega. Berilgan tagqoslamani 6ga bo’lib yagona yechimga ega bo’lgan 15x =
—3(mod 23) taqqoslamaga kelamiz. Bundan 15x = (=3 + +23)(mod 23) -
15x = 20(mod 23). Bu yerda (15,20) = 5va (23,5) =1 bo’lgani uchun 3x =
4(mod23) —» 3x = (4 + 23)(mod 23) - x = 9(mod 23)ni hosil gilamiz. Demak,
berilgan taggoslamaning yechimlari

x =9, 32, 55, 78,101,124(mod 138),ya’nix = 9 + 138t, x = 32 + +138¢t,

x =554 138t,x =78+ 138t, x =101 + 138t,x = 124 4+ 138t,t € Z dan
iborat.

g). Bu yerda (15,35) = 5 va 55 soni 5 ga bo’linadi. Demak, berilgan tagqoslama
5ta yechimga ega. Berilgan tagqoslamaning ikkala tomoni va modulini 5 ga
gisqartirib, 3x = 7(mod11) ni hosil gilamiz. Buni taggoslamalarning xossalaridan
foydalanib, koeffitsientlarini almashtirish usuli bilan yechamiz. U holda

3x=7+11(mod 11), x =6(mod 11). Bundan berilgan

taggoslamaning yechimlari x = 6,17, 28,39,50 (mod55) ekanligi kelib chigadi.

262. a). Ma’lumki, ax = b(modm) taqgoslama ax = b+ my, y € Z, ga teng
kuchli. Bundan ax —my = b, x,y € Z tenglamani hosil gilamiz. Shunday qilib
ax + m(—y) = b, y € Z, tenglama ax = b(modm) tagqoslamaga teng kuchli ekan.
Shunga asosan 5x+4y =3 e 5x=3(mod4) & (5—-4)x=3(mod 4) » x =
3(mod 4), ya’ni x =3+ 4t, bu holda 4y =3 —5x bo’lgani uchun4y = 3 —
5(3+4t)=3—-15—-20t =—-12—-20t, bundan y = -3 —5t,t €Z berilgan
tenglama yechimi.

Tekshirish: 5(3 + 4t) + 4(—3 — 5t) = 15 + 20t — 12 — 20t = 3, ya’ni topilgan
yechimlar tenglamani ganoatlantiradi.

b). 17x+13y=1 dan 17x = 1(mod 13) — 4x = 1(mod 13) - 4x =
—12(mod 13) -» x = —3(mod 13) » x = —3(mod 13) » x =
= —-3413t,t € Z.

Endi y ni aniglaymiz. Berilgan tenglamadan13y =1—-17x=1—-17(-3+
13t) =52 —221t. Bundan y=4-17t,t€Z. Shunday qilib berilgan
tenglamaning yechimi x = =3+ 13t,y =4 — 17t ,t € Z.
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Tekshirish: 17(=3+ 13t) + 13(4 — 17t) = =51+ 52 = 1. Demak, topilgan
yechimlar berilgan tenglamani ganoatlantiradi.

c). 91x — 28y = 35tenglamada 91 = 7 - 13; 28 = 22 -7, ya’ni (91,28) = 7va 35
soni 7ga bo’linadi. Demak, tagqoslamaning ikkala tomonini 7ga bo’lsak, 13x — 4y =
5 tenglama hosil bo’ladi. Bundan 13x = 5(mod4). Shunday qilib yechimlar
x=1+4t,y =2+ 13t, t € Z.

Tekshirish: 13(1 + 4t) — 4(2 + 13t) = 13 — 8 = 5. Demak, topilgan

yechim berilgan tenglamani ganoatlantiradi.

d).2x+3y =4 - 2x =4(mod 3) - (2,3) = 1vax = 2(mod 3), ya’nix = 2 +
3t,t € Z. Endi y ni aniglaymiz. 2(2+ 3t) + 3y =4, 3y = —6t,bundany =
—2t,t € Z. Shunday qilib berilgan tenglamaning yechimix = 2 4+ 3t,y = —2t,t €
4.

Tekshirish:  2(2 + 3t) + 3(—2t) = 4. Demak topilgan yechim berilgan
tenglamani ganoatlantiradi.

e).4x —3y =2 - 4x = 2(mod 3) - (4 — 3)x = 2(mod 3) - x = 2(mod 3),
ya’'ni x = 2 4+ 3t,t € Z.Endi x ning giymatini tenglamaga qo’yib y ni aniglaymiz.
y = 2+ 4t,t € Z. Shunday qilib berilgan tenglamaning yechimi x =2 + 3¢, y =
2+ 4t,t € Z.

Tekshirish:  4(2+3t) —3(2+4t) =2, ya’ni topilgan yechim berilgan
tenglamani ganoatlantiradi.

f).3x—7y=1-3x=1(mod 7) > 3—-7)x = (1 + 7)(mod 3) —

— —4x = 8(mod 3) » x = —2(mod7) , ya'ni x =-2+7t,t €Z. U holda
7y =3x—1=3(-2+4+7t)—1=-7+21t, yoki bundan y=-1+4+3tt€eZ.
Shunday qilib berilgan tenglamaning yechimi x = -2+4+7t, y=—-1+4+3t, t € Z.

Tekshirish: 3(=2+7t) —7(—1+ 3t),t € Z, ya’ni topilgan yechim Dberilgan
tenglamani ganoatlantiradi.

9). 7x = 11(mod6) » (7 — 6)x = (11 — 6)(mod6) — x = 5(mod6). Bundan
x=5+6t, t€Z. Buni berilgan tenglamaga qo’ysak, 7(5+ 6t) + 6y =11 —
6y =11—-35—-42t - y=—-4—-7t, t € Z. Demak Dberilgan tenglamaning
yechimix =54+ 6t, y = —4 — 7¢,
teZz.

263. a) Awvalo 6-misoldagi singari berilgan 8x — 13y = —6 anigmas
tenglamaning butun sonlardagi umumiy yechimini aniglaymiz. 8x = —6(mod 3) —
4x == —3(mod 13) - 4x = 10(mod 13) - 2x = 5(mod 13) - 2x =
18(mod 13) —» x = 9(mod 13)ya’nix =9 + 13t,t € Z.x ning topilgan giymatini
berilgan tenglamaga qo’yib y ni topamiz. 13y =8(9+ 13t)+ 6, y =6+ 8t,t €
Z.Shunday qilib berilgan to’g’ri chizigda yotuvchi butun koordinatali nugtalar
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x =94 13t, y =6+ 8t,t € Z ekan. Endi bular orasidan —100 < x < 150 shartni

ganoatlantiruvchilarni ajratib olamiz. —100 <9+ 13t <150 - =109 <13t <

141 - —% <t< % - —8,38 <t <1085t €Z Bu oraligdagi butun sonlar

soni 10 + 8+ 1 = 19 ta.

b). 5x — 7y = 8tenglamaning umumiy yechimini topamiz 5x = 8(mod 7) —
(5—-7)x =8(mod 7) » —2x = 8(mod 13) » x = —4(mod 7), ya’ni x = —4 +
+7t,t € Z. Endi y ni aniglaymiz. 7y = 5(—4 + 7t) — 8 bundany = —4 + 5¢t,t € Z.
Demak, berilgan to’g’ri chiziqda yotuvchi butun koordinatali nuqtalar x = —4 +
+7t,y =—4+5t,t €Z. Endi Dbular orasidan 1<x <200 shartni

ganoatlantiruvchilarini ajratib olamiz. 1 <-4+ 7t <200->5<7t <204 - g <

t< # - 0,7<t<291,teZ Bu oraligdasi t ning butun giymatlari 29 ta.

Shunday qilib, x = 1va x = 100 to’g’ri chiziqlar orasida joylashgan 5x — 7y = 8
to’g’ri chiziqdagi butun koordinatali nugtalar soni 29 ta ekan.
264. @) f(x) == funksiya'ning butun bo’lishi uchun 9x —1 ifoda 7 ga

bo’linishi kerak, ya’ni 9x —1 = 0(mod 7) bajarilishi kerak. Bundan 9x =
1(mod 7). Demak, x =4 + 7t giymatlarida f(x) funksiya butun giymat gabul

giladi. Hagigatdan ham f (4 + 7t) = 27O _ 33463 _ 54 9¢,t €L

9x—-1

b). f(x) = e dan7x = 1(mod 15) —» 7x =(1-15)(mod 15) - 7x =
—14(mod 15) - x = —2(mod 15), ya’ni x = —2 4+ 15t,t € Z. Hagigatan ham
F(=2 +15¢6) = 7(—2+1155t)—1 _ —15:-51051.‘ - _1+7t,

t €.

). 2x = 1(mod 11) —» 2x =12(mod 11) - x = 6(mod 11), ya’ni
x=6+11t,t €Z. Bu qiymatda f(6+ 11¢) = 20" Z1+22t

11
2t ,t € Z.

265. a). 60 kg lik goplar sonini x, 80 kg lik goplar sonini esa y bilan belgilab
masalani 60x + 80y = 440 tenglamaning natural sonlardagi yechimlarini topishga
keltiramiz. Hosil bo’lgan tenglamani 20 ga qisqgartib, 3x + 4y = 22 tenglamaga
keltiramiz va bu tenglamani 6-misoldagi usul bilan yechamiz. 3x = 22(mod 4) -
3x = 2(mod 4) - 3x = 6(mod 4) » x = 2(mod 4),ya’nix =2+ 4t,t € Z ni
hosil qilamiz. Endi y ni aniglaymiz. 4y =22 —3x =22 —-3(2+4t) =16 —
12tyoki bundan y =4 —3t, t € Z. Endi x =2+ 4t,y =4 —3t,t € Z umumiy
yechimdan masalaning shartini ganoatlantiruvchi natural yechimlarni ajratib
olamizt=0dax=2,y=4,t=1dax=6,y=1 lardan boshga x va y larning
natural qiymatlari yo’q. Demak, 2 ta 60 kg lik va 4 ta 80 kg lik qopyoki 6 ta 60 kg lik
va 1 ta 80 kg lik gop kerak bo’lar ekan.

~1+
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b) agar 30 so’mlik markalar sonini x bilan, 50 so’mlik markalar sonini y bilan
belgilasak. Bu masalani yechishni 30x 4+ 50y = 1490 tenglamani natural sonlarda
yechishga keltiriladi. Bundan3x + 5y = 149 — 3x = 149(mod 5) —» 3x =
4(mod 5) - 3x = 9(mod 4) - x = 3(mod 5),ya’nix = 3 + 5t,t € Zni hosil
qilamiz. Topilgan giymatni tenglamaga qo’yib, y ni topamiz. 5y = 149 — 3x =
149 — 3(3 + 5t) = 140 + 15tdany = 28 — 3t ,t € Z.

Endi topilgan x =3 4+ 5ty = 28 — 3t,t € Z umumiy yechimlardan masalaning
shartini ganoatlantiruvchi natural yechimlarini ajratib olamiz.

t=0dax=3,y=28 t=1dax=8,y=25, t=2dax=13,y =22t =
3dax=18, y=19, t=4dax=23,y=16, t=5dax =28,y =13,

t=6dax=33,y=10, t=7dax=38,y=7,t =8dax =43,y =4,
t=9dax=48,y=1.

Demak, markalarni 9 xilda turlicha gilib xarid gilish mumkin ekan.

¢). 200 so’mlik daftarlar sonini X bilan, 250 so’mlik daftarlar soniniy bilan
belgilasak, 200x + 250y = 6000 anigmas tenglama hosil bo’ladi. Bundan 20x +
25y =600 - 4x+5y =120 — 4x = 120(mod5) —» 4x = 0(mod5) —» x =
0(mod5) » x =5t; 4-5t+5y =120 —» y =24 — 4t, t € Z. Masalaning
javobini jadval ko’rinishida yozamiz.

0 112 ] 3 4 |5 | 6
X 0 5 |10| 15 | 20 |25 | 30
24 (201612 | 8 |4 | O

266. a) 523 sonining o’ng tomoniga yozilgan 3 ta ragamdan hosil bo’lgan sonni x
bilan belgilasak, u holda523-103 + x = 0(mod 7-8-9) bajarilishi kerak.
Bundan x = —523000 (mod 504) = —(1038-504 — 152)(mod 504) =
152(mod 504), yoki x = 152 + 504¢, t € Z. x uch xonali son bo’lgani uchun t =0
dax = 152, t=1 da x = 656 bo’lishi mumkin.

Tekshirish: 523152 soni 7, 8, 9, larga bo’linadi, shuningdek, 523656 soni ham
7,8, 9 larga bo’linadi.

b). 32 sonining o’ng tomoniga yozilgan 2 ta ragamli sonni x bilan belgilasak, u
holda 32-10% + x = 0(mod 7 - 3) » x = —3200(mod 21) = —3200 + 21 -

+153(mod 21) = —32(mod 21) = 13(mod 21) yoki x = 13 + 21¢, t € Z.

Bu yerda x ikkita ragamdan tuzilgan son bo’lgani uchunt =0dax =13, t =1
da x=34,t=2 da x =55, t=3 dax = 76,t=4 da x = 97. Demak, izlanayotgan sonlar
3213, 3234, 3255, 3276, 3297 lardan iborat. Bularning hammasi 3 va7 ga bo’linadi.

IV.3-§.
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267. 1). Birinchi taqgoslamani x = 6 + 15t,, t;€Z tenglik ko rinishida yozib
olib, 2-taggoslamadagi x ning joyiga olib borib go'yamiz va t; ga nisbatan
yechamiz:6 + 15t; = 18(mod 21) — 15t; = 12(mod 21). Bunda (15,21) = 3 va
12 : 3 bo’lgani uchun tagqoslamani 3 ga gisqartirib, 5t; = 4(mod 7) ni hosil
gilamiz. Bundan 5¢t; =4+ 3-7)(mod 7) = 5t; = 25(mod 7) - t;5(mod 7),
yanit, =54+ 7t, ty,eZ. t;ningbuifodasinix =6+ 15t; gaqoysak, x =6 +
15(5 + 7t,) = 81 + 105t,, t,€Z hosil bo’ladi. Endi x ning ifodasini 3-taggoslamaga
qgo'yib t, ni aniglaymiz: 81 + 105t, = 3(mod 12) - 105t, = —78(mod 12) —
(105,12) =3va 78: 3 bo'lgani uchun tagqoslamani 3 ga gisqartirib 35t, =
—26(mod 4) ni,bundan esa 3t, = 2(mod 4) — 3t, = 6(mod 4) - t, = 2(mod 4),
yanit, =2+ 4t;,t;eZ ni hosil gilamiz. Shunday qilib x = 81 + 105(2 + 4t3) =
291 4+ 420t;, yani x = 291+ 420t5, t;eZ berilgan sistemaning yechimiga ega
bo lamiz.

2).x = 13(mod 14) - x = —1(mod 14) - x = —1 + 4t;, t;€Z . Buni ikkinchi
tagqoslamaga qo'yib, tyNi aniglaymiz:—1 + 4t, = 6(mod 35) - 4t; =
7(mod 35) - 4t, = 7 — 35(mod 35) — 4t; = —28(mod 35) - t, =
—7(mod 35) , ya'ni t; = =7 + 35t,,t,eZ. t;ning bu giymatini x = —1 + 4t; ga
qo'yamiz, u holda x = —1+ 4(-7 + 35¢t,) = =29+ 140t,. Endi x ning bu
giymatini 3-tagqoslamaga qo'yib, t, ni topamiz: —29 + 140t, = 26(mod 45) —
140t, = 55(mod 45). Bunda (140,45) =5 va 55:5. Shuning uchun ham bu
tagqoslamani 5 ga qisgartirib, 28t, = 11(mod 9)ni yoki bundan t, = 2(mod 9) ni
hosil gilamiz. Demak, t, = 2 4 9t3, tzeZ. Shunday qilib x = —29 4+ 140(2 +
9t;) = 251+ 1260t , ti;eZ.

x = 19(mod 56)

3)d x =3(mod 24) - x =19+ 56t,,t,€Z, 19+ 56t, = 3(mod 24) -

x = 7(mod 20)

56t, = —16(mod 24). Bunda (56,24) = 8 va 16 : 8, shuning uchun ham oxirgi
taggoslamaning ikkita tomoni va modulini 8 ga qgisqgartirilib, 7t; = —2(mod 3) —
t; = 1(mod 3),ya'ni t; =1+ 3t,, t, €Z ni hosil gilamiz . Buni x = 19 + 56t,, ga
go'ysak x = 19 + 56(1 + 3t,) = 75 + 168t, kelib chigadi. x ning bu giymatini 3-
taggoslamaga qo'yib, t, ni aniglaymiz. 75+ 168t, = 7(mod 20) - 168t, =
—68(mod 20) —» 8t, = —8(mod 20) - (8,20) =4 va 8:4 bo’lgani uchun
2t, = —2(mod 5) - t, = —1(mod 5),yani t, = —1 + 5t5, tseZ. Shunday qilib
x = —93 + 840t , tz€Z ni hosil gilamiz .
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x = 4(mod 5)
4)sx =1(mod 12) » x =4+ 5t,,t1€Z, 4+ 5t; = 1(mod 12) - 5t; =
x = 7(mod 14)
—3(mod 12) - 5t; = (=3 + 12-4)(mod 12) - 5t; = 45(mod 12) - t; =
9(mod 12) ya'nit; =9 + 12t,,t, €Z.Bundan x = 4 + 5(9 + 12t,) = 49 +
60t,. x ning bu giymatini 3-taggoslamaga qo’yib t, ni aniglaymiz:49 + 60t, =
7(mod 14) — 60t, = 7 — 49(mod 14) - 60t, = —42(mod 14). Bunda
(60;14) =2 va 42 : 2 bo'lgani uchun 30t, = —21(mod 7), yoki bundan
2t, = 0(mod 7) - t, = 0(mod 7), yanit, = 7t ,t;eZ. Buni x = 49 + 60t, ga
qo'yib, x =49 + 60 - 7t; = 49 + 420t3ni, ya ni x = 49 + 420t5, tz€Z ni hosil
gilamiz .

5). x = 13(mod 16) - x = 3 + 16t; ,t;€Z. x ning bu giymatini 2 —
tagqoslamaga qo’yib t;ni aniqlaymiz. — 3 + 16t; = 3(mod 10) - 16t; =
6(mod 10 ).Bunda (16,10) = 2va 6 : 2 bo’lgani uchun 8t; = 3(mod 5) -
8t; =8(mod 5) » t; = 1(mod 5),ya'ni t; = 1+ 5t,, t,eZ.x ning bu giymatini 3-
tagqoslamaga qo'yib t, ni aniglaymiz: x = —3 + 16(1 + 5t,) = 13 + 80¢t, . Buni 3-
tagqoslamaga olib borib qo’yib, t, ni topamiz. 13 + 80t, = 9(mod 14) — 80t, =
—4(mod 14). Bunda (80, 14) =24:2 bo'lgani uchun bo’lgani uchun
tagqoslamaning ikkala tomoni va modulini 2 ga qisqartirib, 40t, = —2(mod 7) ni,
yoki bundan —2t, = —2(mod 7) » t, = 1(mod 7),yanit, =1+ 7t;,t; € Z ga
ega bo'lamiz. Demak, x =134 80t, = 13 +80(1 + 7t3) = 93 + 560¢t5, ya ni
x = 93 + 560t5, t3 € Z ni hosil gilamiz.

6). x =9+ 10t;,9 + 10t; = 10(mod 15) —» 10t; = 1(mod 15). Bundan
(10,15) =5, lekin 1 soni 5 ga bo'linmaydi. Demak tagqoslamalar sistemasi
yechimga ega emas .

7). x =7 +9t,,t; € Z. x ning bu giymatini 2 — tagqoslamaga

qo'yib tyni aniglaymiz. 7 + 9t; = 2(mod 7) - 2t; = 2(mod 2) > t; =
1(mod7) - t; =1+ 7t,,t, € ZDemakx =7 +9(1 + 7t,) =16 +
63t,, t,Z.Buni 3 tagqoslamaga olib borib qo’yib, t, ni topamiz.

16 + 63t, = 3(mod 12) - 63t, = —13(mod 12) - 3t, = —1(mod 12).
Bunda (3,12) =3 va lekin 1 soni 3 ga bo'linmaydi. tagqoslamalar sistemasi
yechimga ega emas.

8).x =5+ 12t;, 5+ 12t; = 2(mod 8) — 12t; = —3(mod 8) — 4t, =
5(mod 8) bunda (4, 8) =4 , lekin 5 soni 8 ga bo'linmaydi shuning uchun ham
tagqoslamalar sistemasi yechimga ega emas.

9).x =7 + 10t;, t; € Z. x ning bu giymatini 2 — tagqoslamaga

qo'yib, t;ni aniglaymiz. 7 + 10t; = 2(mod 5),10t; = —5(mod 5). Bunda
(10,5) =5va 5:5bo’lgani uchun oxirgi taqggoslamani 5 ga gisqartirib 2t, =
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—1(mod 1)doimo bajariladigan taqgoslamaga ega bo’lamiz. Demak, t, =t, deb
olish mumkin, u holda x = 7 + 10t, ni hosil gilamiz, buni 3-tagqoslamaga goysak,
7 + 10t, = 8(mod 9) — 10t, = 1(mod 9) — t, = 1(mod 9), ya ni t, =1+
9t;,t; € Z. Bundan x = 74 10t, =7+ 10(1 + 9¢t3) = 17 + 90t5,t5 € Z ni hosil
gilamiz.

10).x =8(mod7) > x =1(mod7) > x =1+ 7t t, €
Z. x ning bu qiymatini 2 — taqqoslamaga qo'yib, t;ni aniglaymiz. 1+ 7t; =
3(mod 11) » 7t; = 2(mod 11) » 7t; = (2+11-3)(mod 11) - t; =
5(mod 11),ya'ni t; =5+ 11t,,t,eZ. Buni x =1+ 7t; ga olib borib go'ysak,
x=1+7(5+11t,) =36 + 77t,. x ning bu giymtini 3-tagqoslamaga qoysak,
36 + 77t, = 9(mod 13) » 77t, = —27(mod 13) - (77 — 6 - 13)t, =
(-27+2-13)(mod 13) > t, = —1(mod 13) > t, =1(mod 13) - t, =1 +
13t5, tzeZ. Shunday qilib x =364+ 77(1 + 13t3) = 113 4+ 1001¢t5,t3€Z. Yani
x = 113 + 1001t5, t3€Z berilgan sistemaning yechimi .

11). Bu sistemadagi har bir tagqoslama alohida-alohida x ga nisbatan yechilgan
holda  Dberilgan. Shuning uchun ham 1-tagqoslamaning yechimlari x =2 +
5t;,t1eZlarning orasidan 2- taggoslamani ganoatlantiruvchilarini ajratib olamiz.
Buning uchun  X=2+5t; ni 2-taqqoslamaga qo’yib, t; ni aniglaymiz:
2 +5t; =8(mod11) = 5t; = 6(mod11) = 5t, = -5(mod11),

t, =—1(mod11),t, =—1+11t,,t, € Z. t, ning topilgan ifodasini x ga olib borib
qo’yamiz. U holda x=2+5(-1+11t,)=-3+55t,,ya’nix = —3+55t,,t, e Z Qgaega
bo’lamiz. xning bu ifodasini 3-taqqosslamaga olib borib qo’yib,t, ni aniglaymiz.
—3+55t, =12(mod15) = 55t, =15(mod15) = 10t, = 0(mod15)

bunda (10,15)=5  bo’lganidan 2t, =0(mod3) yoki t, =0(mod3),
bundan t, =15t;,t, =3+15t5,t, =6+15t;,t, =9+15t5,t, =12 +15t5,t; € Z
larni hosil gilamiz . U holda berilgan sistemaning yechimlari: x, = -3+ 825t;,

Xo =162+ 82515, X5 =327 +825t3, X, =492 +825t;, X; =657 +825t5,1; € Z

ga ega bo’lamiz.
268.1). Bizning misolimizda m; = 6,m, =7,m; =11, M, =77,M, = 66,

M, = 42 (MF%), by=1,b,=2,b;=3, M/ lami M;M] = 1(modm;) (i =

1,2,3,..) taggoslamadan aniglaymiz. 77M; = 1(mod6) - 5M; = 1(mol] 6) -
5M; =(1+4-6)(mod6) - M; = 5(mod 6). Demak, M; =5; 66M; =
1(mod 7) » 3M; = 1(mod 7) -» 3M, = —6(mod 7) - M, = —2(mod 7);

M; = =2;

42M5 = 1(mod 11) » —2Mj = 12(mod 11) - Mj = 6(mod 11),[15 = —6  deb
olishimiz mumkin. Endi x, = M;M{b; + M,M;b, + M3M3b5(1) formuladan x, ni
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aniglaymiz. x, =77-5-14+66-(=2)-2+42-(—=6) -3 = 385 — 264 + 756 ==
—635. Demak, sistemaning yechimi x = —635(mod 462) = 289(mod 462).

2). Awvvalo berilgan 2x = 1(mod 5),x = 2(mod 7),3x = 4(mod 11)
taggoslamalarni x ga nisbatan yechib olamiz. U holda

x = 3(mod 5)
x = 2(mod 7) sistemaga ega bo’lamiz va bu sistemani
x = 5(mod 11)

1-misoldagi singari mulohaza yuritib yechamiz. Bunda M = 385, M; =77, M, =
55, M3 = 35,b; = 3,b, = 2,b; = 5. M larni aniglaymiz. 77M; = 1(mod 5) -
2M; = 1(mod 5) » M; = 3; 55M; = 1(mod 7) » —M;, = 1(mod 7) - M; = —1;
35M; = 1(mod 11) —» 2M; = 1(mod 11) — M3 = 6; Endi x ni aniglaymiz.
Xo=77+3-3+55-(-1)-24+35-6-5=693—-110+ 41050 = 1633 va
x = 1633(mod 385) = 93(mod 385). Demak, berilgan sistemaning yechimi
x = 93(mod 385).

4) 2-misoldagi singari mulohaza yuritib, berilgan sistemaning
x = 6(mod 17),x = 2(mod 5),x = —2(mod 9) ko'rinishga keltirib olamiz. Bunda
my; =17,m, = 5,m; =9va M = 765,M; =45,M, = 153,M; = 85, b; = 6,
b, =12, by = —2. M;, M;, M5 larni aniglaymiz. 45M; = 1(mod 17) - 11M; =
1(mod 17) » 11M; = (1 — 17 - 2)(mod 17) » M; = —3(mod 17) -» M; = —3;
153M; = 1(mod 5) —» 3M; = 6(mod 5) » M, = 2.

85M3; = 1(mod 9) » 4M; = 10(mod 9) —» 2M3; = —2.

Bularga asosan

Xg=45(—3)-6+153-2-24+85-(—2) - (—2) = —-810 + 612 + 340 = 142.
Demak, berilgan sistemaning yechimi x = 142(mod 765).
5) Yugoridagi misollar singari mulohaza yuritib, berilgan sistemani x = 4(mod 9),

x = 4(mod 13),x = 6(mod 11) ko rinishiga keltirib olamiz. Bundam; =

9,m, =13,mg =11vaM = 1287, M, = 143, M, =99, M; =117, b; =4,

b, =4, b; = 6. M;, M;, M5 larni aniglaymiz.143M; = 1(mod 9) » —M; =

1(mod 9) » M = —1(mod 9) » M; = —3;99M, = 1(mod 13) - 8M, =

14(mod 13) - 4M, = 7(mod 13) » M, = 5(mod 13) » M, =5.117M3 =

1(mod 11) » —5M3 = 1(mod 11) -» 6M3; = 12(mod 11) » M35 = 2. Bularga

asosan

Xo=143-(—-3)*4+99-4-5+117-2-6 = —-1716 + 1980 + 1404 = 1668.
Demak, berilgan sistemaning yechimi x = 1668(mod 1287) = 381(mod1287).

6x = 1(mod 35) x = 6(mod 35)
5).4 3x = 4(mod 17) < <x = 7(mod 17).
10x = 7(mod 13) x = 2(mod 13)
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Bundan m; = 35m, =17,m3; =13va M = 7735,M, = 221,M, = 455,M; =
595, by =6, b, =7, by = 2. M{,M;, M3 larni aniglaymiz.
221M; = 1(mod 35) - (221 — 6 -35)M; = 1(mod 35) -» 11M; = 1(mod 35) -
24M; = 3(mod 35) - —2M; = 3(mod 35) - M; = 16;455M; = 1(mod 17)

- —4M; = —16(mod 17) - M, = 4;595M5 = 1(mod 13) - (595 - 13-
46)M; = 1(mod 13) » —3M; = —12(mod 13) - M3 = 4. Endi x, ni aiglaymiz.

Xo=221-16-6+455-4-74+595-(—1) -2 =21216+ 12740 + 4760 =
38716 va demak x = 38716(mod 7735) = (38716 — 5+ 7735)(mod 7735) =
(mod 7735). Shunday qilib, x = 41(mod 7735) berilgan sistemaing yechimi.

8x = 7(mod 17) x = 3(mod 17)

6).{ 5x = 11(mod 6) & <{ x =1(mod 6) .

x = —1(mod 19) x = —1(mod 19)

Bundan m; =17,m, = 6,m3 =19va M = 1938,M; = 114,M, = 323, M; =
102,b; =3,b, = 1,b; = —=1. M, M3, M; larni
aniglaymiz.114M; = 1(mod 17) —» (114 —7-17)M; = 1(mod ) » —5M; =
35(mod 17) » M; = —7;323M; = 1(mod 6) » (323 —54-6)M, =
1(mod 17) » M; = —1;102M5 = 1(mod 19) - (102 — 19-5)M; =
1(mod 19) - 7M5 = 1(mod 19) - 7M5 = (1 — 3-19)(mod 19) - M35 =
—8(mod 19) - M; = —8. Endi x, ni aiglaymiz.

Xo =114+ (=7)-3+323-(-1)-11+102-(—8) - (—1) = —2394 — 323 +
816 = —1901.

Demak, x = —1901(mod 1938) = 37(mod 1938), yani x = 37(mod 1938)
berilgan taggoslamalar sistemasi yechimi.

11x = —4(mod 18) —7x = 14(mod 18) = —2(mod 18)
7).4 7x =1(mod 11) =>{—4x =12(mod 11) => x = —3(mod 11).
3x = 5(mod 7) 3x = 12(mod 7) X = 4(mod 7)
Bundan m; =18,m, =11,my;=7va M = 1386, M; =77, M, = 126, M5 =
198,b, = —2,b, = —=3,b; =4 M;,M;, M} larni

aniglaymiz.77M; = 1(mod 18) —» 5M; = 1(mod 18) > 5M; = (1 — 2~

18)(mod 18) » M} = —7;126M} = 1(mod 11) - (126 — 11 - 11)M}, =

1(mod 11) -» 5M; = 1(mod 11) » —6M,; = 12(mod 11) » M, =

—2(mod 11) » M, = —2;198M; = 1(mod 7) - (198 — 28-7)M3 =

1(mod 7) - 2M35 = 1(mod 7) - M5 = 4. Endi x, ni aniglaymiz.x, = 77 - (=7) -
(—2) +126-(=2)-(=3) +198-4-4 = 1078 + 756 + +3168 = 5002. Demak,
x = 5002(mod 1386) = 844(mod 1386) berilgan tagqoslamalar sistemasining
yechimi.
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21x = —2(mod 23) x = 1(mod 23)

8).{ 12x =3(mod9) &< x=1(mod9).

x = 6(mod 11) x = 6(mod 11)

Bundan m; =23,m, =9,my=11va M = 2277,M; =99,M, = 253, M; =
207,b; = 1,b, = 1,b; = 6.M;,M;, M5 larni aniglaymiz.99M; = 1(mod 23) —
(99 —4-23)M; = 1(mod 23) » 7M; = 1(mod 23) > 7M; = (1 + 3 -
23)(mod 23) » 7M; = 70(mod 23) - M; = 10; 253M; = 1(mo19) » (—28-
9+ 253)M; = 1(mod 9) » M, = 1; 207M; = 1(mod 11) —» (207 — 19 -
11)M3; = 1(mod 11) - M; = —6. Bulardan foydalanib, x, ni topamiz.

Xo=99-10-1+4+253-1-14+207(—6) -6 =990 + 255 — 7452 = —6209.
Demak x = —6209(mod 2277) berilgan sistemaning yechimi.

x = 3(mod 29) x = 3(mod 29)
9).¢{x = —=5(mod 12) & < x = —5(mod 12). Bundan m, = 29,m, = 12,m3 =
2x = 7(mod 11) x = 9(mod 11)
11 va M = 3828,M; = 132,M, = 319,M; = 318,b; = 3,b, = =5, b3 =
9. Mj, M5, M5 larni aniglaymiz.

132M; = 1(mod 29) - —13M; = 30(mod 29) - 16M; = 30(mod 29) —
8M; = 15(mod 29) - 8M; = 44(mod 29) —» 2M; = 11(mod 29) » M, =
2(mod 29) » M; = —9(mod 29) » M; = 9;319M, = 1(mod 12) -

(319 —27-12)M; = 1(mod 12) » —5M;, = (1 + 2-12)(mod 12) » M, =
—5;348M; = 1(mod 11) - (348 — 11 -32)M; = 1(mod 11) » —4M; =
12(mod 11) -» M5 = —3. Endi x, ni aiglaymiz.x, = 132-(=9)-3+ 319 (-5)-
(=5)+348-(—3):9 = —-3564 4+ 7975 — 9396 = —4985 .

Demak, x = —4985(mod 3828) = 2671(mod 3828) berilgan tagqoslamalar

sistemasining yechimi bo’ladi.
6x = 5(mod 35) x = 6(mod 35)
10).4x = —2(mod 17) & {x = —2(mod 17).
5x = 3(mod 13) x = 6(mod 13)

Bundan m; = 31,m, = 29,m3 = 27va M = 24273,M, = 783,M, = 837,M; =
899,b, = 6,b, = —2,b; = 6. My, M;, M5 larni aniglaymiz. 783M; = 1(mod 31) —
(783 —31-25)M; = 1(mod 31) » 8M; = 32(mod 31) » M; = 4(mod 31) -
M; = 4,

837M, = 1(mod 29) — (837 — 29-29)M, = 1(mod 29) - —4M, =
1(mod 29) » —2M; = 15(mod 29) - M, = 22(mod 29) - M, = 7,

899M; = 1(mod 27) — (899 — 27 -33)M3 = 1(mod 27) » 8M; =
1(mod 27) -» 8M3 = 28(mod 27) —» 2M5 = 7(mod 27) » M = 17(mod 27) —
Mj; = 10. Endi x, ni aniglaymiz. x, = 783-46 +837-7-(—2) + 899 - (—10) -
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6 = 18792 — 11718 — 53940 = 46866. Bundan x = —46866(mod 24273) =
1680(mod 24273) berilgan sistemaning yechimi ekanligi kelib chigadi.

11). Bu yerda m; =7,m,=9,m3;=11va M =693, M; =99, M, =77,
M; = 63, by = 1,b, = 3,b; = 5.Endi M{, M5, M5 larni aniglaymiz.

99M; = 1(mod7) - (99 —-7-14)M; = 1(mod 7) - M; = 1(mod 7) » M; =
1;77M; = 1(mod 9) — (77 — 9-8)M; = 1(mod 9) - 5M; = 1(mod 9) —
5M;, = 10(mod 9) - M; = 2(mod 9) » M, = 2;63M3; = 1(mod 11) -

(63 —11-6)M; = 1(mod 11) » —3M3 = 1(mod 11) » —3M; = 12(mod 11) -
M3; = —4(mod 11) - M5 = 7(mod 11) - M35 = 7. Endi x, ni aniglaymiz.x, =
99-1-14+77-2-3+63-7-5=99+4+462+ 2205 = 2766.Bundan x =
2766(mod 693) = —6(mod 693) berilgan sistemaning yechimi ekanligi kelib
chigadi.

269.1). Bu masala tagqoslamaning ta'rifiga ko’ra shunday x ni topishimiz kerakki,

x = 1(mod 7)
u <x = 2(mod 8) taqgoslamalar sistemasini ganoatlantiruvchi eng kichik natural
x = 3(mod 9)
son bo’lishi kerak. Berilgan sistemani yechamiz. Buning uchun bizga berilgan
sistemada modullar o’zaro tub bo’lganligi sababli 2-misoldagi (1) formuladan
foydalansak bo’ladi. Bizda my =7,m, =8,m; =9va M =7-8-9 =504, M; =
72,M, = 63, M5 = 56,b; = 1,b, = 2,b; = 3.M;,M;, M3 larni
aniglaymiz.72M; = 1(mod 7) - 2M; = 8([lod 7) = M; = 4;63M, =
1(mod 8) » —M; = 1(mod 8) - M, = 1(mod 8) —» M, = —1;,56M; =
1(mod 8) —» 2M35 = 10(mod 9) - M5 = 5(mod 9) - M5 = 5.

Bulardan foydalanib, x, ning giymatini aniglaymiz:

Xo=72"414+63-(—1)-2+456-5-3=288—126+ 840 = 1002.

Demak, x = 1002(mod 504) = —6(mod 504), yani x =—6+504t, teZ
berilgan berilgan sistemaning umumiy yechimi. Endi shular orasidan x ning eng
kichik natural son bo’ladigan giymatini aniglab olamiz. Agar t <0 bo'lsa, [1 <0
bo’ladi; t = 1 da x = 498 izlanyotgan giymatga ega bo lamiz.

x = 1(mod 3)
2).{x = 2(mod 4) - bundan
x = 3(mod 5)

by=1b,=2,b;=3,m =3 my=4 my=5 M=60, M, =20, M, =
15, M; = 12 . My, M, M3larni aniglaymiz.
20M; = 1(mod 3) - 2M; = 1(mod 3) » M; = 2(mod 3) » M; = 2;
15M; = 1(mod 4) » —M; = 1(mod 4) - M, = —1(mod 4) » M, = —1;

12M; = 1(mod 5) —» 2M; = 6(mod 5) » M3 = 3(mod 5) - M3 = 5. Endi x,
ni  topamiz. x,=20-2-1+15-(—-1)-2+12-3-3=40—-30+108 = 118.
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Demak, sistemaning umumiy yechimi x = 118(mod 60), yoki buni x =
—2(mod 60), yani x =—-2+460t, teZ ko'rinishida yozish mumkin. Bundan
izlanayotgan eng kichik natural giymat 58 ga teng ekanligi kelib chigadi.

x = 3(mod 9)
3).¢x =5(mod 10) » dan b; =3, b, =5, b3=6, m; =9, m, =10,m3 =
x = 6(mod 13)

13, M = 1170, M, = 130, M, = 117, M3 = 90. M, M,, M5 larni aniglaymiz.
130M; = 1(mod 9) - (130 — 14-9)M; = 1(mod 9) -» 4M; = 10(mod 9) —
2M; = 5(mod 9) » M; = 7(mod 9) - M; = 7;117M; = 1(mod 10) —
(117 — 10 - 12)M}, = —9(mod 10) > M}, = 3(mod 10) » M} = 3;90M}, =
1(mod 13) - (90 — 7 - 13)M3 = 1(mod 13) » M5 = —1(mod 5) » M5 = —1.
Endi x, ni topamiz. x, =130-7-34+117-3:-54+90-(—1)-6 = 2730+ 1755 —
540 = 3945. Bu holda umumiy yechim x = 3945(mod 1170)
= 435(mod 1170), yani x = 435+ 1170t, teZ. Bundan eng kichik natural
yechim x = 435.

x = 2(mod 9)
4).{x = 3(mod 10) - bu sistema 3-misoldagi sistemadan b,, b,, b; ning
x = 4(mod 13)

giymatlari bilan farq giladi. Shuning uchun ham x, = 910- b; + 351 - b, — 90bs,
yani x,=910-2+4+351-34+90-4 =1820+ 1053 -360 =2513 va «x=
2513(mod 1170) = 173(mod 1170), yani sistemaning umumiy yechimi x =
173 + 1170¢, teZ. Eng kichik natural yechim x = 173.

x = 2(mod 3)

5). xE4‘(m0d7)_) dan b1=4, b2 =4, b3=5, m1=3, m2=7, ms =8,
x = 5(mod 8)

M =168, M; =56, M, = 24, M5 = 21 .M;, M;, M3larni aniglaymiz. 56 M; =

1(mod 3) - 2M; = 1(mod 3) » M; = 2(mod 3) » M] = 2;24M, =

1(mod 7) -» 3M,; = 1(mod 7) -» 3M; = 15(mod 7) » M, = 5(mod 7) » M, =
5;21M3; = 1(mod 8) - —3Mj; = 9(mod 8) » M3 = —3(mod 8) » M5 = —3.
Shuning uchun ham x,=56-2-2+24-5-44+21-(-3):5=224+480—
315 = 389 va x = 389(mod 168) = 53(mod 168) sistemaning umumiy yechimi.
Endi x = 53 + 166t, [1eZ dan eng kichik natural sonni aniglaymiz. t = 0 dax = 53
izlanayotgan son.

X = 4(mod 7)
6).{x =9(mod 13) >dan b, = 4,b, =9,b; = 1,m, = 7,m, = 13, my = 17,
x = 1(mod 17)
M=7-13-17 = 1547, M, = 221, M, = 119, My = 91. M}, M}, M} larni
aniglaymiz. 221M; = 1(mod 7) - (221 —31-7)M; = 1(mod 7) - 4M; =
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8(mod 7) » M; = 2(mod 7) » M, = 2;119M, = 1(mod 13) » — (119 -9 -
13)M; = 1(mod 13) —» 2M, = 14(mod 13) - M, = 7(imod 13) - M, =
7;91M; = 1(mod 17) - (91 —5-17)M; = 1(mod 17) - 6M; =
—18(mod 17) - M5 = 3(mod 17) - M5 = 3. Bulardan foydalanib, Xo Ni
topamiz. x, =221-2-44119-7-9491-3-1=1786+ 7497 + 273 = 9538.
Demak,
x = 9538(mod 1547) = (9538 — 6 - 1547)(mod 1547) = 256(mod 1547), ya ni
x = 256 + 1547t , teZ taqqoslamalar sistemasining umumiy yechimi. Bu holda eng
kichik natural yechim 256 dan iborat.
x =9 (mod 13)
7).4 x =1 (mod 21) bo’lgani uchun b, = 9,b, = 1,b; = —10, my = 13, m, =
x = 13 (mod23)

21, my = 23 uholda M = 6279, M; = 483, M, = 299, M; = 273. Endi bulardan
foydalanib, M;, M;, M3larni aniglaymiz.

483M; = 1(mod 13) — (483 — 37 - 13) Mi = 1(mod 13) - 2M; =
14(mod 13) » M; = 7(mod 13) » M; = 7; 299M, = 1(mod 21) = (299 — 14 -
21)M; = 1(mod 21) » 5M, = —20(mod 21) - M, = —4(mod 21) » M, =
—4; 273M3 = 1(mod 23) —» (273 — 23-12)M; = 1(mod 23) » —3M; =
1(mod 23) » M3 = —8(mod 23) - M5 = —8.

Bulardan foydalanib, x, ni topamiz. x, = 483-7-9+299-(—4)-1+ 273"
(—8) - (—10) = 30429 — 1196 + 21840 = 51073 = 8- 6279 + 841.

Demak, x, = 841(mod6279), yani x = 841 + 6279¢, teZ taqqoslamalar
sistemasining umumiy yechimi. Eng kichik natural yechim 841 ga teng.

x = 2(mod3)
8). X = 4(m0d5) dan bl = _1, b2 = 1, b3 = 1, my = 3,m2 == 5, ms = 8 dEb
x = 1(mod8)

olishimiz mumkin. Bu holda M = 120,M, = 40, M, = 24, M5 = 15. Endi

Mj, M;, My larni aniglaymiz: 40M; = 1(mod 3) » M; = 1(mod 3) » M, =

1; 24M; = 1(mod 5) » —M, = 1(mod 5) » M, = —1(mod 5) » M, =

—1;15M; = 1(mod8) —» —M3 = 1(mod8) - M5 = —1(mod8) - M; = —1.
topilganlardan foydalanib x, ni hisoblaymiz.
Xo=40-1-(-1)+24-(-1)-(-1)+15-(-1)-1=-40+ 24— 15 = —-31.
Demak, x = —31(mod120) =89(mod120), vyani x =289+ 120t,t€Z

tagqoslamalar  sistemasining umumiy yechimi. Bundan masala shartini

ganoatlantiradigan eng kichik natural son 89 ekanligi kelib chigadi.
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x = 1(mod3)
9). {x = 4(mod5), bundan ko’rinadiki, bu sistema 8-misoldagi sistemadan
x = 7(mod8)
faqat by, b,, bslarning giymatlari bilan farq giladi. Shuning uchun ham 8-misolda
garab chigilganiga asosan x, = 40b; — 24b, — 15b3 =40-1—-24-4—-15-7 =
40 —-96 — 105 = —167 va x = —161(mod120) = —41(mod120) =
79(mod120) garalayotgan taggoslamalar sistemasining yechimi x = 79 4+ 120t,t €
Z bo’lganligi uchun masala shartini ganoatlantiruvchi eng kichik natural son 79
bo’ladi.

x = 4(mod 5)
10). {x = 6(mod 7), bo’lgani uchun b, = —1,b, = —1,b; = 1 deb olishimiz
x = 1(mod 9)

mumkin. Bizdam, = 5,m, =7,m3 =9,M = 315, M; = 63, M, = 45, M;=35.
Endi M;, M;, M3 larni aniglaymiz.

63M; = 1(mod5) - 3M; = 6(mod5) - M; = 2(mod5) » M| = 2;

45M; = 1(mod7) — 3M, = 15(mod7) - M, = 5(mod7) - M, = —2;

35M3 = 1(mod9) - —M3; = 1(mod9) » M3 = 1(mod9) - M5 = —1.

Bularga asosan x, = 63-2-(—1)+45-(-2)-(-1)+35-(—-1)-1=-126 +
90 — 35 =—-71vax = —71(mod15) = 244(mod315).

Shunday qilib izlanayotgan natural son 244 dan iborat.

11). Bu masala tagqoslamaning ta'rifiga ko’ra shunday x ni topishi-miz kerakki, u

x = 6(mod 7)

x = 12(mod 13) tagqoslamalar sistemasini ganoatlantiruvchi eng kichik natural
x = 16(mod17)
son bo’lishi kerak. Berilgan sistemani yechamiz. Buning uchun bizga berilgan
sistemada modullar o’zaro tub bo’lganligi sababli 2 — misolda (1) formuladan
foydalansak bo’ladi. Bizdam; = 7,m, = 13,m3 =17,M = 1517, M; = 63,M, =
45, M3=35. 6-misolga asosan

Xog =442 -b; +833-b, +273-b; =442-(—1) +833-(—1)+273-(—1) =
—1548.

Demak, x = —1548(mod 1547) = —1(mod 1547), yani x = 1546+
1547t ,teZ taqgoslamalar sistemasining umumiy yechimi. Bu holda eng kichik
natural yechim 1546 dan iborat.

270.1). a ning izlanayotgan giymatini aniglash uchun sistemani yechishga harakat
gilamiz. Bunda 1 — misolda tanlangan usuldan foydalanishimiz mumkin.
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X = 5(mod18)

x=8mod2l) _, » _ 541801, ¢, €25+ 18t; = 8(mod21) - 18t, =

x = a(mod 35),
3(mod21) - 6t; = 1(mod7) — —t; = 1(mod7) - t; = 1,8,15 (mod21).
Bundanx =5 + 18(—1 + 21t,) = —13 + 378t,,t € Z bo’ladi. Buni 3-tenglamaga
qo'ysak, —13 + 378t, = a(mod35) - 378t, = a + 13(mod35) - (378 — 10 -
35)t, = a + 13(mod35) — 28t, = a + 13(mod35)

Bunda (28,35) = 7 va demak, tagqoslama yechimga ega bo’lishi uchun

a + 13 = 0(mod?7) bajarilishi kerak. Bundan a = —13(mod7) —» a =
1(mod 7),ya'ni a = 7k + 1,k € Z ko’rinishda bo’lishi kerak ekanligi kelib
chigadi.

Izoh. Masalaning shartida a ning ganday Qiymatida berilgan taqgoslamalar
sistemasi yechimga ega, deb so’ralgan,(ya’ni sistemaning barcha yechimlarini topish
so’ralmagan) shuning uchun ham a ning so’ralgan qiymatini topdik.

2) a ning izlanayotgan giymatini aniglash uchun sistemani yechishga harakat
gilamiz. Bunda 1 — misolda tanlangan usuldan foydalanishimiz mumekin.

x = a(mod 7)
x=2(mod9) - x=7+11¢t;, t, € Z.
x = 7(mod 11)
Bundan 7+ 11t; = 2(mod 9) - 2t; = —5(mod 9) - 2t; =  4(mod9) —

ty = 2(mod9) yoki t; =2+9t,, t, € Z. Uholda x =7+ 11(2+9t,) = 29+
99t,, t,eZ. 29 +99t, = a(mod7) - 99t, =a—29(mod 7) > t, = a —
1(mod 7),
bundan t, = (a — 1) + 7t5. Buni x ning ifodasiga olib borib qo’ysak, x =29 +
99((a—1) + 7t3) =29 + +99(a — 1) + 693¢5, tzeZ. Demak, berilgan sistema
a — ning ixtiyoriy a € Z giymatlarida yechimga ega.
3).x =5(mod 12) » x =5+ 12t; » 5+ 12t; = 3(mod 15) —» 12¢t, =
—2(mod 15) - 12t; = 13(mod 15). Bunda(12,15) = 3,
lekin 13 soni 3 ga bo’linmaydi. Shuning uchun ham berilgan sistema aning birorta
ham giymatida yechimga ega emas.
4).x =11+ 20t,,t € Zdan 11 + 20t; = 1(mod 15) - 20t, =
—10(mod 15) - 20t; = 5(mod 15) - 4t; = 1(mod3),ya’nit; = 1+ 3t,,t, €
Z va x =114+ 20(1+ 3t,) =314+ 60t,,t, € Z.
3-taggoslamadan 31 + 60t, = a(mod18) — 60t, = a — 31(mod18) — 6t,
a — 31(mod18), bunda(6,18) = 6 bo'lgani uchun berilgan taqqoslamalar
sistemasi yechimga ega bo'lishi uchun (a — 31) { 6 bo’lishi, ya’ni a—31=
0 (mod 6), yoki bundan a =1 (mod 6) ning bajarilishi kerak ekanligi kelib
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chigadi. Shunday qilib a =6k + 1,k € Z ko’rinishda bo’lsa, berilgan sistema
yechimga ega bo’lar ekan.

5). x =19(mod 24) - x = 19 + 24t,,t; € Z. x ning bu giymatini ikkinchi
taggoslamaga qo’yib, t;ni  aniglaymiz: 19 + 24t; = 10(mod 21) 3t; =
—9(mod 21) » t; = —3(mod 7), ya'ni t; = —3 + 7t,,t, € [1. Bu holda x = 19 +
24(—-3+ 7t, = =53 + 168t,, t, € Z. Buni 3-tagqoslamaga qo’yib, t, ni aniglashga

harakat gilamiz. —53 + 168t, = a(mod 9) - 168t, = a + 53(mod 9) —
(168—-18-9)t, =a+ 53 (mod9) —» 6t, =a—1(mod9). Bunda (6.9) =
3, demak, u yechimga ega bo'lishi uchun(a — 1) : 3,ya’ni a = 1(mod 3)

bajarilishi kerak ekan. Demak, agar a = 3k + 1,k € Z ko’rinishda bo’lsa, berilgan
taggoslamalar sistemasi yechimga ega bo’ladi.

6). x = 6 + 15t,, t; € Z. Buni ikkinchi tagqoslamaga qo'yib, t; ni

aniqlaymiz: 6 + 15t, = 18(mod 21) — 15t; = 12(mod 21) - 5t; =
4(mod 7) — 5t; = 25(mod 7) —» t; = 5(mod 7),ya’nit; =5 + 7t,, t, € Z. Bu
holdax = 6 + 15(5 + 7t,) = 81 4+ 105¢,,t, € Z. x ning bu giymatini 3-taqgos-
lamaga qo’yib t, ni aniglaymiz. 81+ 105t, = a(mod11) - 6t, = a —
4(mod 11). Bunda (6,11) = 1 bo’lgani uchun a ning ixtiyoriy butun giymatida
berilgan taggoslama yagona yechimga ega va demak, berilgan tagqoslamalar
sistemasi ham a ixtiyoriy butun giymatida yechimga ega.

7). x =19 + 56t,,19 + 56t, = 3(mod24) — 8t; = —16(mod 24)t, =
—2(mod 3) = t; = 1(mod 3),t; € ZYanit; =1+ 3t,, t, € Z. Buni inobatga
olsak
x =19+ 56(1 + 3t,) =
75 + 168t,. x ning bu giymatini 3 taqqoslamaga qo’yib t,ni aniqlaymiz: 75 +
168t, = a (mod 20) = 8t, = a + 5(mod 20). Bunda (8;20) = 4 va tagqoslama,
yechimga ega bo’lishi uchun(a + 5) i 4, k € Z,ya'ni a = =5 (mod 4). Yoki bundan
a = 3(mod 4) shartni qanoatlantirishi kerak. Demak, agar a =4k+3,k€Z
ko’rinishidagi butun son bo’lsa, berilgan taqqoslamaa yechimga ega bo’ladi.

8). x = 3 + 5t;, t; € Z.Buni ikkinchi tagqoslamaga qo'yibt; ni

aniglaymiz: 3 + 5t; = 2(mod 7) —» 5t; = —1(mod 7) - 5t; =
—15(mod 7) - t; = —3(mod 7),ya'nit; = —3 + 7t,, t, € Z. Buni x ning
ifodasiga olib borib qo’ysak ,x = 3 + 5(—=3 + 7t,) = =12 + 35¢,,t, € Z.12 +
35t, = a(mod 9) -t, = a+ 3(mod 9) —» t, = —(a + 3)(mod 9).x ning bu
giymatini 3-tagqoslamaga qo’yib, t, ni aniglaymiz: —12 + 35t, = a(mod 9) —

-t, =a+3(mod9) »t, =—(a+ 3)(mod9). Demak, t, = —(a + 3) + 9t5,

t; €Z. Bundanx = —12 4+ 35[—(a + 3) + 9t3] = —12—-35(a + 3) +
315t,,t5 Z.
Shunday qilib, berilgan tagqoslamalar sistemasi [] ning ixtiyoriy
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butun giymatida yechimga ega.
9). a ning izlanayotgan giymatini aniglash uchun sistemani yechishga harakat
gilamiz. Bunda 1-misolda tanlangan usuldan foydalanishimiz mumkin. 1-
taggoslamadan x = 1 + 3t,,t; € Z.x ning bu giymatini 2-taggoslamaga olib borib
qo’yib t; ni aniglaymiz:
1+ 3t; =5(mod 7) - 3t; =4(mod 7) - t; — 1(mod 7),ya’nit; = -1+
7t,,t, € Z.
Buni x ning ifodasiga olib borib qo'yib, x = 1+ 3(—1 + 7t,) = =2 + 21t,, t, €
Z ga ega bo’lamiz. xning bu giymatini 3-tagqoslamaga qo’yib t,ni aniglaymiz:
-2+ 21t, = a(mod 11) -» 10t, = (a + 2)(mod 11) » —t, = (a +
2)(mod 11) » t, = —(a + 2)(mod 11). Demak, a ning ixtiyoriy butun giymatida
berilgan taggoslamalar sistemasi yechimga ega.
10). 1-taqgoslamadan x = 14 + 19t,,t; € Z.x ning bu giymatini 2-
taqqoslamaga olib borib qo’yib, t; ni aniglaymiz:14 + 19¢t; = 5(mod 25) - 19t; =
—9(mod 25) » —6t; = 16(mod25) - —3t, = 8(mod 25) - —3t; =
33(mod 25) » t; = —11(mod 25) - t; = —11 + 25¢t,,t, € Z.Buni x  ning
ifodasiga olib borib qo’yib, x = 14 + 19(—11 + 25t,) = =195+ 475¢,,t, € Z ga
ega bo’lamiz. xning bu giymatini 3-taqqoslamaga qo’yib t,ni aniglaymiz:
—195 + 475t, = a(mod10) - 5t, = [ + 5(mod10). Bunda (5;10) = 5.
Demak, taggoslama yechimga ega bo’lishi uchun (a +5) : 5,ya’ni a = —5(mod5)
bo’lishi kerak. Bundan a = 0(mod 5), yania = 5k, k € Z.Demak, agar a =
5k, k € Z korinishda bo’lsa, berilgan sistema yechimga ega bo’ladi .
11). a ning izlanayotgan giymatini aniglash uchun sistemani yechishga harakat
gilamiz. Bunda 1 - misolda tanlangan usuldan foydalanishimiz mumkin.1-
taggoslamadan x = 5 4+ 11¢,,t; € Z.x ning bu giymatini 2-taggoslamaga olib borib
qo’yib, t; ni aniglaymiz:5 + 11t; = 4(mod 7) — 4t; = —1(mod 7) » —3t, =
6(mod7) » t; = —2(mod7) » t; = =2+ 7t,,t, € Z.Buni x ning ifodasiga olib
borib qo'yib x =5+ 11(-2 + 7t,) = =17 + 77t,,t, € Z ga ega bo’lamiz. xning
bu giymatini 3-tagqoslamaga qo’yib, t,ni aniglaymiz:—17 + 77t, = a(mod9) —
5t, = a + 17(mod9) —» 5t, = a — 1(mod9). Bunda (5;9) = 1. Demak a ning
ixtiyoriy butun giymatida berilgan tagqoslamalar sistemasi yechimga ega. 2 - 5t, =
2-(a—1)(mod9) »t, =2+ (a—1)(mod9).
271.1). Buning uchun berilgan to’g’ri chizigning kesishish nugtasini topish kerak.
Bu tenglamalarni tagqoslama ko’rinishda yozib olib, uning yechimini topamiz.
x = 2(mod 5)
x = 1(mod 8) = x =2+ 5t;,t; € Z. Buni 2-taqqoslamaga olib borib qo’yib,
x = 3(mod 11)

t, ni aniglaymiz: 2 + 5t; = 1(mod 8) — 5t; = —1(mod 8) - 5t; = (—1 —
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3-8)(mod 8) - 5t; = —25 (mod 8) » t; = —5(mod 8), ya'nit; =3+ 8t,, t, €
Z.tyning bu ifodasini x ning ifodasiga olib borib qo’ysak x = 2 + 5(3 + 8t,)=17 +
40t,, t, € Z hosil bo’ladi. xning bu giymatini 3-tagqoslamaga qo’yib, t, ni
aniglaymiz:

17 + 40t, = 3(mod 11) » —4t, = 8(mod 11) » t, = —2(mod 11) - t, =

—2 4+ 11t3,t; € Z.Buni x ning ifodasidagi t, ning o’rniga olib borib qo’ysak,
x =174 40(—2 + 11t3) = —63 + 440t5, t; € Z hosil bo’ladi. Demak, absitssasi
x = —63 + 440t5, t; € Z nugtadan OX o’qiga chiqgarilgan perpendikulyar berilgan
chiziglarni butun koordinatali nugtalarda kesadi. Bu nuqtalarni ordinatalarini to’g’ri
chiziq tenglamasidan topamiz. Birinchit tenglamadan

—63 +440t; = 2+ 5y - 5y = —65 + 440t, - y = —13 + 88¢;. Ikkinchi
tenglamadan
—63 + 440t; = 1 + 8y——64 + 440t; = 8y - y = —8 + 55¢5. Uchinchi

tenglamadan

—63+ 44003 =3+ 11y » —66 + 440t; = 11y » y = —6 + 40t5.  Shunday
qilib  bu nugtalarning  koordinatalari  (—63 + 440t5; —13 + 88t3), (—63 +
440t3; —8 + 55t3), (—63 4+ 440t; — 6 + 40t3), t; € Z.

2).Buning uchun berilgan to’g’ri chizigning kesisish nugtasini topish kerak. Bu
tenglamalarni tagqoslama ko’rinishda yozib olib uning yechimini topamiz.

4x = 9(mod 7) x = 4(mod 7)
2x =15(mod9) - < x =3(mod9). Endi bu sistemani yechamiz.
5x = 12(mod 13) x = 5(mod 13)

Sistemaning 1-taqgoslamasidan x = 4 + 7t,,t; € Z. Buni  2-tagqoslamaga olib
borib qo’yib t; ni aniglaymiz: 4 + 7t;, = 3(mod 9) —» 7t; = —1(mod 9) - 16t; =
8(mod 9) - 2t; = 1(mod 9) » t; =5(mod 9) - t;, =5+ 9t,,t, € Z.t; ning
topilgan giymatini x ning ifodasiga olib borib qo'ysak, x =4+ 7(5+ 9t,)=39 +
63t,,t, € Z hosil bo’ladi. xning bu giymatini 3-tagqoslamaga
qo’yib, t,ni aniglaymiz: 39 + 63t, = 5(mod13) - —2t, = 5(mod 13) - t, =
—9(mod 13) = t, = 4(mod 13), ya'nit, =4+ 13t;,t; €Z. Buni x ning
ifodasidagi t, ning o’rniga olib borib go'ysak, x =39 + 63(4 + 13t;) =39 +
252 + 819t; = 291 + 819¢t3, t; € Z ni hosil gilamiz. Bundan x = 291 + 819¢,.
Demak, absitssasi x = 291 4+ 819t;, t; € Z nuqtadan O0X  o’qiga chiqarilgan
perpendikulyar berilgan chiziglarni butun koordinatali nugtalarda kesadi.

3) Buning uchun berilgan to’g’ri chizigning kesishish nugtasini topish kerak. Bu
tenglamalarni tagqoslama ko’rinishda yozib olib, uning yechimini topamiz.
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3x = 1(mod 5) x = 2(mod 5)
2x = 3(mod 3) — { x = 0(mod 3). Endi bu sistemani yechamiz. Sistemaning 1-
5x = 7(mod 7) x = 0(mod 7)
taggoslamasidan x = 2 + 5t;,t; € Z. Buni 2-taqqoslamaga olib borib qo’yib ¢t; ni
aniglaymiz: 2 + 5t; = 0(mod 3) — 5t; = —2(mod 3) - 2t; = 1(mod 3) —»
2t; = 4(mod 3) - t; = 2(mod 3) = t; = 2 + 3t,, t, € Z.t, ning topilgan
giymatini x ning ifodasiga olib borib go'ysak, x =2 + 5(2 + 3t,) = 12 +
15t,,t, € Z hosil bo’ladi. xning bu giymatini 3-taqqoslamaga qo’yib t,ni
aniglaymiz:

12 + 15t, = 0(mod7) — 15t, » —12(mod 7) > t, =2(mod 7) - t, =2 +
7ts,t3 € Z. Buni x ning ifodasidagi t, ning o’rniga olib borib go'ysak x = 12 +
15(2 4+ 7t3) = 42 4+ 105¢; ni hosil gilamiz. Bundan

x =42+ 105t;, t; € Z. Demak abtsitsalari o0’qining x = 42 + 105t5,t5 €
Z nugtadan OX o’qiga chiqarilgan perpendikulyar berilgan chiziglarni butun
koordinatali nugtalarda kesadi.

x = 2(mod 7) x = 2(mod 7)
4)1 x = 3(mod 5) — {x = 3(mod 5). Endi bu sistemani yechamiz. Sistemaning
2x = 6(mod 7) x = 3(mod 7)
1-taqgoslamasidan x = 2 + 7t,,t; € Z. Buni 2-taqqoslamaga olib borib qo’yib t; ni
aniglaymiz: 2 + 7t; = 3(mod 5) = 2t; = 1(LJod 5) — t; = 3(mod 5), ya’ni

t; =3+ 5t,,t, € Z.t; ning topilgan giymatini x ning ifodasiga olib borib
goysak,x =2+ 7(3 + 5t,) = 23 + 35t,,t, € Z hosil bo’ladi. x ning bu giymatini
3-tagqoslamaga qo’yib, t,ni aniglaymiz: 23+ 35t, =3(mod7) - 0-t, =
1(mod 7). Bu taggoslamani ganoatlantiruvchi t, giymatlari mavjud emas va demak,
masalaning shartini ganoatlantiruvchi nugtalar ham mavjud emas.

Izoh: Bunday nugtalarning mavjud emasligini x = 2(mod 7)va x = 3(mod 7)
tagqoslamaning bir vaqtda bajarilmasligi bilan ham asoslash mumkin.

2x = 1(mod 3) x = 2(mod 3)
54 x=3(mod5) -4 x=3(mod5). Endi bu sistemani yechamiz.
x = 2(mod 11) x = 2(mod 11)
Sistemaning 1-taqgoslamasidan x = 2 + 3t;,t; € Z. Buni  2-tagqoslamaga olib
borib qo’yib t; ni aniglaymiz: 2 4+ 3t; = 3(mod 5) - 3t; = 1(mod 5) = t; =
2(mod 5) - t; = 2 + 5t,,t, € Z.t; ning topilgan giymatinix ning ifodasiga olib
borib qoysak x =24 3(2 + 5t,) =8+ 15¢,,t, € Z hosil bo’ladi. x ning bu
giymatini 3-taqqoslamaga qo’yib, t,ni aniglaymiz: 8 + 15t, = 2(mod 11) — 4t, =
—6(mod 11) — 2t, = —3(mod 11) - t, = 4(mod 11) » t, = 4 + 11t5,t5 €
Z ni hosil gilamiz. Bundan x = 8 + 15(4 + 11t3) = 68 + 165t3,t; € Z. Demak,
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abtsitsalari o’qining x = 68 + 165t5, t; € Z nuqtasidan OX o’qiga chiqarilgan
perpendikulyar berilgan chiziglarni butun koordinatali nuqtalarda kesadi.
11x = 6(mod 5) x = 1(mod 5)
6). 10x =9(mod 11) — {x = 2(mod 11). Endi bu sistemani yechamiz.
12x = —1(mod 13) x = 1(mod 13)
Sistemaning 1-tagqoslamasidanx = 1 + 5t,, t; € Z. Buni 2-tagqgoslamaga olib borib
qo’yib t; ni aniglaymiz:

1+ 5t; = 2(mod 11) - 5t; = 1(mod 11) » —6t; = 12(mod 11) - t; =
—2(mod 11) = t; = =2 + 11¢t,,t, € Z.t; ning topilgan giymatini x ning ifodasiga
olib borib go ysak,
x=1+4+5(-2+11t,) = —9 4+ 55¢,,t, € Z hosil bo’ladi. xning bu giymatini 3-
taqqoslamaga qo’yib t,ni anigqlaymiz:—9 + 55t, = 1(mod 13) - 3t, =
—3(mod 13) » t, = —1(mod 13) - t, = —1 + 13t3,t3 € Z. Buni x ning
ifodasiga qo’yib, x = =9 + 55(—1 + 13t3) = —64 + 715t3,t; € Z gaega
bo’lamiz. Demak, abtsitsalari o’qining x = —64 + 715t3,t; € Z nuqtasidan OX
0’qiga chiqgarilgan perpendikulyar berilgan chiziglarni butun koordinatali nuqtalarda
kesadi.

3x = 5(mod 7) x = 4(mod 7)
7N 5x=4(mod8) -1 x=4(mod8).
11x = —2(mod 13) x = 1(mod 13)

Endi bu sistemani yechamiz. Sistemaning 1-tagqoslamasidanx = 4 + 7t,,t; € Z.
Buni 2-tagqoslamaga olib borib qo’yib t; ni aniglaymiz:

4 + 7t; = 4(mod 8) —» 7t; = 0(mod 8) —» t; = 0(mod 8) —» t; = 8t,,t, €
Z.t, ning topilgan giymatini x ning ifodasiga olib borib qo'ysak, x = 4 4+ 56¢t,,t, €
Z hosil bo’ladi. x ning bu giymatini 3-taqqoslamaga qo’yib t,ni
aniglaymiz: 4+ 56t, = 1(mod 13) —» 4t, = —3(mod 13) » t, =9+ 135 ,t3 €
Z. Buni x ning ifodasiga qo’yib, x = 4 + 56(9 + 13t;) = 508 + 728t5,t; € Z ga
ega bo’lamiz. Demak, abtsitsalari o’qining x = 508 + 728t5,t; € Z nuqtasidan 0X
o’qiga chiqarilgan perpendikulyar berilgan chiziglarni butun koordinatali nuqtalarda
kesadi.

10x = 1(mod 9) x = 1(mod 9)
8){ x=3(mod7) - <{x =3(mod 7). Endi bu sistemani
x = 2(mod 5) x = 2(mod 5)

yechamiz. Sistemaning 1-tagqoslamasidanx = 1+ 9¢t,,t; € Z. Buni 2-
taqqoslamaga olib borib qo’yib, t; ni aniglaymiz: 1 4+ 9t, = 3(mod 7) - 9t; =
2(mod7) - t; =1(mod 7) > t; =1+ 7t,, t, € Z.t; ning topilgan giymatinix
ning ifodasiga olib borib go’ysak,
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x=1+4+901+7t,) =10+ 63t,, t, € Zhosil bo’ladi. x ning bu giymatini 3-
tagqoslamaga  qo’yib, t,ni  aniglaymiz:10 + 63t, = 2(mod 5) - 3t, =
—3(mod 5) »t, = —1(mod 5) » t, = —1 + 5t5,t; € Z. Buni x ning ifodasiga
qo’yib x = 10 + 63(—1 + 5t3) = =53 + 315¢3,t; € Zga ega bo’lamiz. Demak,
abtsitsalari o’qining x = —53 + 315¢3,t; € Z nuqtasidan OX o’qiga chiqarilgan
perpendikulyar berilgan chiziglarni butun koordinatali nuqtalarda kesadi.

11x = 5(mod 17) x = 2(mod 17)
9).X 19 = 1(mod 37 ) — < x = 2(mod 37).Endi bu sistemani
11x = 4(mod 7) x = 1(mod 7)

yechamiz. Sistemaning 1-tagqoslamasidanx =2 + 17t,,t; € Z. Buni 2-
taqqoslamaga olib borib qo’yib, t; ni aniglaymiz:2 + 17t; = 2(mod37)

— 17t; = 0(mod 37) —» t; = 0(mod 37) » t, = 37t,, t, € Z.t; ning topilgan
giymatinix ning ifodasiga olib borib qo'ysak, x = 2 + 629¢t,, t, € Z hosil bo’ladi. x
ning bu qgiymatini 3-taqqoslamaga qo’yib t,ni aniglaymiz: 2+ 629t, =
1(mod 7) - (629 —7-90)t, = —1(mod 7) » —t, = —1(mod 7) - t, =
1(mod 7) - t, =1+ 7t3,t; € Z.Buni x ning ifodasiga qo’yib,x =2+ 629 -
(14 7t;) = 631 + 4403t5,t; € Z ga ega bo’lamiz. Demak, abtsitsalari 0’qining
x = 631+ 4403t;,t; € Z nugtasidan O0X  o’qiga chigarilgan perpendikulyar
berilgan chiziglarni butun koordinatali nugtalarda kesadi.

x = 2(mod 10) x = 2(mod 19)
10).4 5x = 2(mod 13) — {x = 3(mod 13). Bu sistema ziddiyatli sistema.
10x = —3(mod 13) x = 1(mod 13)
Shuning uchun ham bu holda masala shartini ganoatlantiruvchi nugtalar yo’q (4-
masaladan keying izohni garang).

(x -7y =5
33X+8y =7
(Xx=11+3y

X =5(mod 7) X =5(mod7)

Bu sistema ushbu <3x=7(mod8) — < x=5(mod8) taqgoslamalar sistemasiga
X =11(mod 3) x =11(mod3)

teng kuchli. Endi shu taggoslamalar sistemasini  yechamiz. Sistemaning 1-
tagqoslamasidan x = 5 + 7t,,t; € Z. Buni 2-taggoslamaga olib borib qo’yib, t; ni
aniglaymiz: 5+ 7t; = 5(mod8) - 7t; = 0(mod 8) » t; = 0(mod 8) - t,; =
8t,, t, € Z.t; ning topilgan giymatinix ning ifodasiga olib borib qo'ysak, x = 5 +
56t,, t, € Z hosil bo’ladi. xning bu giymatini 3-tagqoslamaga qo’yib  t,ni
aniglaymiz: 5+ 56t, = 11(mod3) — 2t, = 0(mod 3) — t, = 3t5,t; € Z.Buni x
ning ifodasiga qo’yib, x =5+ 168t;3,t; € Z ga ega bo’lamiz. Demak, abtsitsalari
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o’qining x = 5 + 168t3,t; € Z nugtasidan O0X o’qiga chiqarilgan perpendikulyar
berilgan chiziglarni butun koordinatali nugtalarda kesadi.

272.3).56 = 8-7va(8,7) = 1 bo’lgani uchun masala shartiga ko’ra

4x87y6 = 0(mod 8),4x87y6 = 0(mod 7) tagqoslamalar o’rinli bo’lishi kerak. 8
ga bo’linish belgisiga asosan birinchi taggoslamadan 7y6 = (mod 8) —» 7 - 10% +
10y + 6 = 0(mod 8) » (—1)- 22+ 2y — 2 = 0(mod 8) - 2y = 6(mod 8) -
y = 3(mod4) >y =3+4k, k€ ZBu yerda y ragam bo’lganligi uchun y =
3vay=7. y ning bu topilgan qiymatlarni yuqoridagi  2-taggoslamaga
qo’yib 4x8736 = 0(mod 7) va 4x8776 = 0(mod 7) larni hosil gilamiz. Bularning
birinchisidan: 4-10°>+x-10*+8-103+7-10°+3-10+6 = 0(mod 7) - 4 -
35+x-3*+8-33+7-324+3-3-1=0(mod7)—>4-(-1)-32+x-3(-1) +
8(—1)+1=0(mod)—>-1-3x—1+1=0(mod7) »3x=-1(mod7) -
x = 2(mod 7). Bundan x, = 2,x, = 9. Endi ikkinchi taggoslamani yechamiz:

4-10°+x-10*+8-103+7-102+7-10+6=0(mod 7) > 4-3%> + x -
3*+1-33-1=0(mod7)>4-(-1)-32-3x—1-1=0(Uod 7) » 3x =
—3(mod 7 ) — x = 6(mod 7). Bundan x; = 6. Endi x ning topilgan giymatlarini
olib borib oqiga qo’ysak, 428736, 498776, 468776 sonlarini hosil bo’ladi.

c¢) Shartga ko’ra

xyz138 = 0(mod 7)
138xyz = 6(mod 13) bajariladi.
x1y3z8 = (mod11)

1-taggoslamadan xyz - 103 + 138 = 0(mod 7) - xyz - 33 + 5 = 0(mod 7) -
xyz = 5(mod 7). (D).
2-taggoslamadan
138103 + xyz = 6(mod 13) - 8- (—3)3 + xyz = 6(mod 13) - xyz
= 1(mod 13). (2).
(1) va (2) tagqoslamalarni birgalikda yechib xyz ni aniglaymiz. (1) dan xyz =
54+ 7t;, t; €Z. Buni (2)gaolib borib goyamiz. U holda
54+ 7t; = 1(mod 13) » 7t; = —4(mod 13) - —6t; = —4(mod 13) - 3t, =
2(mod 13) » t; = 5(mod 13) » t; =5+ 13t,,t, € Z. Demak, xyz =5+ 35+
91t, = 40 + 91t,,t, € Z.Bundan t = 1,2,3, ... 10 larda uch xonali sonlar
x = 131,222,313, ...,950 (3)
sonlarini hosil gilamiz. Endi 3-taggoslamaga garaymiz .
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x-10°+10*+vy-103+3-102+z-10 + 8 = 5(mod 11)
- —x+1—-y+3—-z+8=5(mod11)>x+y+z=7(mod11)
>x+y+z=7+11t, ¢4
€ Z, (4)
bu yerda x,y,z lar ragamlar bo’lganligi uchun 0 < x + y + z < 27 bo’lganligi
uchun (4) dan t=0va t=1da x+y+z=7vax+y+z=18 larni hosil
gilamiz. Endi (3) sonlar ketma-ketligidan shu shartlarni ganoatlantiruvchilarini ajratib
olamiz. Ular 313,495. Demak, izlanayotgan sonlar 313138, 495138.
C). 792 = 8-9 - 11 va shart bo’yicha 13xy45z = 0(mod 792). Bu oxirgi
tagqoslama
13xy45z = 0(mod 8)
13xy45zz = 0(mod 9) tagqoslamalar sistemasiga teng kuchli.
13xy45z = 0(mod 11)
1-taggoslamadan 8 ga bo’linish belgisiga asosan 45z = 0(mod 8) - 450 + z =
0(mod 8) - z = 6(mod 8).Demak z = 6 va uni 2 va 3- tagqoslamalarga qo’ysak:
13xy456 = 0(mod 9)
{13xy456 = 0(mod 11)
1-tagqoslamadan 19 + x + y = 0(mod 9) » x + y + 1 = 0(mod 9).
2- taggoslamadan 13 - 105 + x - 10* + y- 103 +4- 102 +5-10+ 6 =
O(mod11)-» 2 (1) +x—-y+4—-5+6 =0(mod 11) - 0(mod 11) -» x —

=8
y + 3 = 0(mod 11). Bulardan x va y lar ragam bo’lganligi uchun {); t z _g”

hosil bo’ladi. 9 ga bo’linish belgisiga asosan bu yerdagi

x = 8,y = 0. Shunday qilib izlanayotgan son 1380456.

273. a). 2-taggoslamadan x = 3 + 7t,, u holada buni 1-tagqoslamaga qo’ysak
3+ 3y=5(mod7)—> 3y =9(mod7)—>y=3(mod?7).

Javob:x =3+ 7t;,y =3+ 7t;,t; € Z.
b) { 9y = 15(mod 12)
(7x — 3y = 1(mod 12)

1-taggoslamadan 3y = 5(mod 4) - y = 3(mod 4) -» y = 3,7,11 (mod 12).
Bundan va berilgan sistemadan quyidagi 3 ta sistemani hosil gilamiz:

y =3(mod12) ( y=7(mod12) (y =11(mod12)

{7x = 10(mod 12)’ {7x = 10(mod 12)’ {7x = —2(mod 12)
ravishda quyidagi sistemalarga teng kuchli:

y =3(mod 12) (y=7(mod12) (y = 11(mod 12)
{x = —2(mod 12)’{x = —2(mod 12)’{x = —2(mod 12)
-{’;;130(mod 12); {’;;170(mod 12); {; _ }(1) (mod 12).

) { x = 2(mod 4) _){xE 2(mod 4)

"(—2y = —-1(mod 4) (2y =3(mod 4)’

Bular mos

Shunday qilib yechimlar
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bu yerdagi ikkinchi tagqoslamada (2: 4) = 2, lekim 3 soni 2 ga bo’linmaydi,
taggoslama yechimga ega emas. Shuning uchun sistema ham yechimga ega emas.
9y = 15(mod 12) 3y = 5(mod 4)
3 -1 -
3x —7y = 1(mod 12) (3x — 7y = 1(mod 12)

{ 3y = 1(mod 4) R { 3y = 9(mod 4)
3x — 7y = 1(mod 12) 3x — 7y = 1(mod 12)

. { y=3(mod4) { y =3,7,11(mod 12)
3x — 7y = 1(mod 12) 3x — 7y = 1(mod 12)

y = 3(mod 12) N { 1 = 3(mod 12)
x—21=1(mod 12) 3x = 10(mod 12)
Bu yerda 2-taggoslama yechimga ega emas.
y=7
{Bx = 50 (mod 12)
{y = 11(mod 12) R {y = 11(mod 12) _){y = 11(mod 12)
3x = 78(mod 12) 3x = 6(mod 12) x = 2(mod 4)

Bundan {3

Bu yerda ham 2-taggoslama yechimga ega emas.

{ y = 11(mod 12)
x = 2,6,10(mod 12)

: x = 2(mod 12) (x =6(mod 12)
Demak, yechimlar {y = 11(mod 12)’ {y = 11(mod 12)’
{x = 10(mod 12)

y = 11(mod 12)

) {Sx — 5y = 1(mod 12) _){3x — 5y = 1(mod 12)
9y = 15(mod 12) 3y = 5(mod 4)
3x — 5y = 1(mod 12) (3x — 5y = 1(mod 12)
{ y = 3(mod 4) _){ y =3,7,11(mod 4) ° Bundan
3x = 16(mod 12) _ : . - .
{ y = 3(mod 4) — Bu yerda (3,12) = 3, lekin 16 soni 3 ga bo’linmaydi,
ya’ni sistema yechimga ega emas.
{ y = 7(mod 12) IR {y = 7(mod 12) . {y = 7(mod 12) N
3x = 36(mod 12) 3x = 0(mod 12) x =0 (mod 4)
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{ y =7(mod 12) Bundan yechimlar

x = 0,4,8 (mod 12)

y=7(mod12) (y=7(mod12) (y=7(mod12), |,
{x = 0(mod 12); {x = 4(mod 12); {x = 8 (mod 12) bo’lar ekan.
x + 2y = 3(mod 5)
4x +y = 2(mod 5)
(2,5)=1 ko’paytiramiz, ularni hadlab ayiramiz. U holda —7x = —1(mod 5) - 3x =
4(mod 5) —» x = 3(mod 5)ni hosil gilamiz. Buni berilgan sistemaga
qo’ysak, y=2-—4x(mod5)—-y=—-10(mod5) =y = 0(mod 5) kelib
chigadi. Demak yechim
x = 3(mod 5)
{y = 0(mod 5)
x + 2y = 0(mod 5)

)'{Sx + 2y = 2(mod 5)
holda—2x = —2(mod 5) —» x = 1(mod 5). Buni berilgan sistemaga qo’ysak, 2y =
—x(mod 5) » 2y = —1(mod 5) - 2y = 4(mod 5) —» y = 2(mod 5) kelib
x = 1(mod 5)
y = 2(mod 5)
) { 3x + 4y = 29(mod 143) . { 6x + 8y = 58(mod 143)

(2x — 9y = —84(mod 143) 6x — 27y = —252(mod 143)

— 35y = 310(mod 143) —» 35y = 24(mod 143).Bu  yerda (35;143) =1

bo’lgani uchun taggoslama yagona yechimga ega.Bu yechimni topish uchun % ni

274. a).{ dagi ikkinchi taggoslamaning ikkala tomonini 2 ga

sistemadagi tagqoslamalarni hadlab ayiramiz. U

chigadi. Demak, yechim {

uzluksiz kasrga yoysak, % = (4,11,1,2) hosil bo’ladi. Bundan munosib kasrlarning
suratini aniglasak,

q; 4 11 1 2
P, | P =1 4 45 49 143

Bundan P,_;, =49, n=4 bo’lladi va y=(-1)3-49:-24(mod 143) =
—1176(mod 143) = (—1176 + 1144)(mod 143) = —32(mod 143) =
111(mod 143).
Demak, 3x + 4 - 111 = 29(mod 143) —» 3x = —415(mod 143) - 3x =
14(mod 143) - 3x = (14 — 143)(mod 143) -
3x = —129(mod 143) - x = —43(mod 143) = x = 100(mod 143).

Javob: {x =100

y = 111(mod 143) .
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3x + y = 2(mod 5)

Bu yerdagi ikkinchi taggoslamaning ikkala tomonini 2 ga (2,5) = 1 ko’paytiramiz
ularni hadlab ayiramiz. U holda—5x = 0(mod 5) —» x = 0(mod 5). Buni berilgan
sistemaga qo’ysak y = 2(mod 5) hosil bo’ladi. Demak, sistemaning yechimi

x = 0(mod 5)
{y = 2(mod 5)
x + 5y = 5(mod 6)
)'{Sx + 3y = 1(mod 6)
ga (6,5) = 1 ko’paytiramiz va ularni hadlab ayiramiz. U holda
22y = 24(mod 6) — 4y = 0(mod 6) - 2y = 0(mod 3) »= 0(mod 3) -
y = 0,3(mod 6).y ning bu giymatlarini berilgan sistemaga qo’yib x ni aniglaymiz:
x = 5(mod 6) (x = 2(mod 6)
y = 0(mod 6)’ {y = 3(mod 6)

{x + 2y = 4(mod 5)

Bu yerdagi birinchi taggoslamaning ikkala tomonini 5

x = 2,5(mod 6). Demak, yechim {

f).{ >x —y = 3(mod 6) Sistemaning birinchi taggoslamasidan 5x —y =

2x + 2y = —1(mod 6)
3(mod 6) - y = 5x — 3(mmod 6). Buni ikkinchi tagqoslamaga qo’ysak, 2x + 2y =
—1(mod 6) - 2x + 2(5x — 3) = —1(mod 6) » 12x = 5(mod6) hosil bo’ladi. Bu
yerda (12,6) =6, lekinda 5 soni 6ga bo’linmaydi. Shuning uchun ham bu
tagqoslama va demak, berilgan sistema ham yechimga ega emas.

x —y = 2(mod 6)
)'{4x + 2y = 2(mod 6)
2(mod 6) » x = y + 2(mod 6). Buni ikkinchi tagqoslamaga qo’ysak,
4x + 2y = 2(mod 6) - 4(y + 2) + 2y = 2(mod 6) - 6y = —6(mod6) hosil
bo’ladi. Bu tagqoslama ayniy tagqoslama bo’lgani uchun uni y ning ixtiyoriy giymati
ganoatlantiradi. Shuning uchun ham x =y + 2(mod 6), ya’ni sistemaning
yechimlari to’plami x — y = 2(mod 6) taqgoslamaning yechimlari bilan bir xil.
4x —y = 2(mod 6)
)'{Zx + 2y = 0(Uod 6)
Bu yerdagi birinchi taggoslamadan
4x —y = 2(mod 6) » y = 4x — 2(mod 6).
Buni ikkinchi tagqoslamaga qo’ysak,
2x + 2y =0(mod 6) > x+y=0(mod3) > x+4x —2 = 0(mod 3) »
5x = 2(mod 3) - x = 1(mod 3) - x = 1,4(mod 6). Demak, sistemaning

Bu vyerdagi birinchi taggoslamadan X—y=

echimlari: {x = 1(mod 6) {x = 4(mod 6)
’ y = 2(mod 6)’' ly = 2(mod 6)
275. a). Ma’lumki, (1) dan

Dx = D,(mod m)va Dy = D,(mod m). (%)
Agar (m, D) = 1 bu ikkala taggoslama ham yagona yechimga ega.
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x = D?™M-1 D, (modm)vax = D?™~1D, (modm).

b). (*) dan(D; m) = d > 1 bo’lib D, va D, larning ikkalasi ham

dga bo’linsa, ularning har biri d ta yechimga ega bo’ladi. Agar D,va D,larning
birortasi d ga bo’linmasa sistema yechimga ega emas. Shunday qilib, berilgan
sistemaning yechimga bo’lmasligi sharti (*) dagi D, yoki D,larning birortasining
(D; m) = d ga bo’linmasligidir.

c). D = D, = D, = 0(mod m) bajarilsa, (1) dagi 2-taggoslama birinchisining
natijasi bo’ladi. Haqigatdan ham 1-tagqoslamaning ikkala tomonini a, ko’paytirsak,

a,a,x + bya,y = cia,(mod m) (2)

hosil bo’ladi. D = 0 vaD, = 0(mod m) lardan dzb, ? albz} (mod m).
azbl = a6,

U holda (2) dan aya,x+ a;b,y = a,c,(modm). Bu yerda (a;,m)=
1 bo’lganligi uchun oxirgi taggoslamaning ikkala tomonini a; ga gisgartirib, a,x +
by = c,(mod m)ni, ya’'ni (1) dagi 2-taqgoslamani hosil gilamiz.

V. 4-§.

276. a). Avvalo berilgan taggoslamaning koeffitsiyentlaridan modulga karrali
sonlarni chigarib soddalashtiramiz. U holda quyidagiga ega bo’lamiz: x1° — 2x +
1=0(mod5). Bu taggoslamada Ferma teoremasiga ko’ra, x> = x(mod 5)
ekanligidan foydalanib darajasini pasaytiramiz: (x°)? —2x + 1 = 0(mod 5) -
x? —2x+ 1= 0(mod5). Demak, berilgan taggoslama oxirgi taggoslamaga teng
kuchli ekanligidan oxirgi tagqoslamani yechamiz: (x — 1)2 = 0(mod 5) » x — 1 =
0(mod 5) » x = 1(mod 5). Shunday qilib berilgan taggoslamaning yechimi
x = 1(mod 5) dan iborat.

Izoh:x? — 2x + 1 = 0(mod 5) taqqoslamani 5 moduli bo’yicha chegirmalarning
to’la sistemasidagi chegirmalarni qo’yib, sinab ko’rish yo’li bilan ham yechish
mumkin .

Tekshirish: 62 —2-6 + 1 = 25(mod 5) = 0(mod 5). Demak, topilgan yechim
berilgan taggoslamani ganoatlantiradi .

Javob:x = 1(mod 5).

b). Bu taggoslamada Ferma teoremasiga ko’ra, x> = x(mod 5) ekanligidan
foydalanib, darajasini pasaytiramiz: U holda quyidagiga ega bo’lamiz: x> — 2x3 +
x2—2=0(mod3) > x3x2+x34+x2+1=0(mod3) > x3+x+x2+1=
X+x+x>+1=x*>+2x+1=0(mod3) > (x+1)>2=0(mod3)>x+1=
0(mod 3). Bundan x = —1(mod 3).

Tekshirish:  (=1)°> —2(—=1)3 + (—1)? — 2 = 0(mod 3). Demak, topilgan
yechim berilgan taggoslamani ganoatlantiradi. Javob: x = —1(mod 3).
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a) Awvalo berilgan taggoslamani x3-x?2 —x3-x—x+1=x3—-x?—-x+1=
0(mod 3) ko’rinishda yozib olamiz va bundax?(x — 1) — (x — 1) = (x — 1)(x? —
1) = (x — 1)?(x + 1) bo’lgani uchun berilgan tagqoslama

(x — 1)?(x + 1) = 0(mod 3) gat eng kuchli. Bundan x; = 1(mod 3) va
x, = —1(mod 3) lar berilgan taggoslamaning yechimlari ekanligi kelib chigadi.

Tekshirish: 1) 1° — 1* — 1 + 1 = 0(mod 3);

2)(—1)° = (-1D*+1—1=0(mod 3). Demak, topilgan yechim berilgan
taggoslamani ganoatlantiradi. Javob:x; = 1(mod 3)vax, = —1(mod 3).

d). Avvalo berilgan taggoslamani x°-x2 — x5-x + 2 = 0(mod 5) - x3 — x? +
2 = 0(mod 5) ko’rinishda yozib olamiz. Bu tagqoslamani 5 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0,+1,+2 ni qo’yib tanlash usuli bilan
yechamiz. U holdax; = —1(mod 5)vax, = —2(mod 5) lar berilgan tagqoslamani
ganoatlantirishini topamiz.

Tekshirish:

1)(-1)7 - (-1)¢+5-(-1)2—=3=-1—-1+5—-3=0 = 0(mod 5);

2) (=2)7 = (-2)+5-(-2)2-3=64(-3)+20—3 =65(-3)+ 20 =
0(mod 5). Demak, topilgan yechim berilgan taggoslamani ganoatlantiradi.

Javob: x; = —1(mod 5)vax, = —2(mod 5).

e). Avvalo berilgan taggoslamani x> + x* + x3 —x?2 — 2 = 0(mod 5) - x +
x*+x3—x2—-2=00mod5) » x*+x3 —x?+ x — 2 = 0(mod 5) ko’rinishda
yozib olamiz. Bu taqqoslamani 5 moduli bo’yicha chegirmalarning to’la
sistemasidagi sonlar 0, 1, +2 ni qo’yib, tanlash usuli bilan yechamiz. U holda
x; = 2(mod 5)vax, = —2(mod 5) lar berilgan taggoslamani ganoatlantirishini
topamiz.

Tekshirish:

1)2542%4+23-22-2=32+1648—4—2 =50 = 0(mod 5);

2) (-2)°+ (-2)*+ (-2)3 - (-2)?-2=-32+16—-8—-4—-2=-30=
0(mod 5). Demak, topilgan yechim berilgan taggoslamani ganoatlantiradi.

Javob: x; = 2(mod 5) vax, = —2(mod 5).
b) Berilgan  tagqoslamani x” —6 =0(mod5) > x° - x2—-6=x3—-6
0(mod 5) ko’rinishda yozib olamiz.

Bu tagqoslamani 5 moduli bo’yicha chegirmalarning to’la sistemasidagi sonlar 0,
41,42 ni qo’yib tanlash usuli bilan yechamiz. U holda x = 1(mod 5) berilgan
tagqoslamani ganoatlantirishini topamiz.

Tekshirish:1 — 6 = —5 = 0(mod 5). Demak, topilgan yechim berilgan
tagqoslamani ganoatlantiradi. Javob: x = 1(mod 5).

g).Berilgan taggoslamani x® + 2x7 + x> —x + 3 = 0(/mod 5) — x° - x3 + 2x> -
x2+x>—x+3=0(mod5) > x*+2x>*+x—x+3 =0(mod5) > 2x3+
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4 = 0(mod 5) - x3 + 2 = 0(mod 5) ko’rinishda yozib olamiz. Bu tagqgoslamani 5
moduli bo’yicha chegirmalarning to’la sistemasidagi sonlar 0, +1,+2 ni qo’yib
tanlash usuli bilan yechamiz. U holda  x = 2(mod 5) berilgan tagqoslamani
ganoatlantirishini topamiz.

Tekshirish:28 + 28 + 25 =2+ 3 =512+ 32 + 1 = 545 = 0(mod 5).

Demak , topilgan yechim berilgan taggoslamani ganoatlantiradi.

Javob: x = 2(mod 5).

h). Berilgan  taggoslamani  6x* + 17x% — 16 = 0(mod 3) - 2x%> —1 =
O(mod 3) ko’rinishda yozib olamiz. Bu taqqoslamani 3 moduli bo’yicha
chegirmalarning to’la sistemasidagi 0, +1 ni qo’yib, tanlash usuli bilan yechamiz.
Bu sonlarning birortasi ham berilgan taggoslamani ganoatlantirmaydi. Shuning uchun
ham berilgan taggoslama yechimga ega emas. Javob: taqgoslama yechimga ega
emas.

i). Berilgan tagqgoslamani 4x” — 2x3+ 8 = 0(mod 5) » —x>-x? —2x3 -2 =
(mod 5) » —x3—2x3—-2=0(mod5) - 3x3+2=0(mod5) > x3—-1=
O(mod 5) ko’rinishda yozib olamiz. Bu taqqoslamani 5 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0, +1,+2 ni qo’yib tanlash usuli bilan
yechamiz. U holda x = 1(mod 5) berilgan taggoslamani ganoatlantirishini
topamiz.

Tekshirish:4-17 —2-13+ 8 = 10 = 0(/mod 5) = 0(mmod 5).

Demak , topilgan yechim berilgan taggoslamani ganoatlantiradi.

Javob: x = 1(mod 5).

j). Berilgan taggoslamani 3x7 — 2x6 + 2x2 + 13 = 0(mod 5) » —2x° - x? —
2x°x +2x%2—2=(mod5) » —2x3 —2x?>+2x>—-2=0(mod5) > x3+ 1=
O(mod 5) ko’rinishda yozib olamiz. Bu tagqoslamani 5 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0, +1,+2 ni qo’yib, tanlash usuli bilan
yechamiz. U holda x = —1(mod 5) berilgan tagqoslamani ganoatlantirishini
topamiz.

Tekshirish: 3-(-1)"—=2-(-1)%+2-(-1)?+13=-3-2+4+2+13=10=
O(mod 5) = 0(mod 5). Demak , topilgan yechim berilgan taggoslamani
ganoatlantiradi. Javob: x = —1(mod 5).

277. a). Berilgan taggoslamani f(x) = x3 + 4x?> — 3 = 0(mod 5) » x3 — x? +
2 = 0(mod 5) ko’rinishda yozib olamiz. Bu tagqoslamani 5 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0, +1,+2 ni qo’yib, tanlash usuli bilan
yechamiz. U holda x; =—1(mod 5)vax, = —2(mod5) lar berilgan
taggoslamaning yechimlari bo’lgani uchun x3 + 4x% —3 = (x + 2)(x + 1)h(x) =
0(mod 5) bo’lishi kerak. h(x) ni aniglash uchunx3 +4x% -3 ni (x+2)(x +
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1) =x?+3x+2 ga bo’lamiz va biz quyidagiga ega bo’lamiz:f(x) =
(x+2)(x+1)(x+ 1)+ (—5x +5), ya’ni

f(x) = (x+2)(x + 1)?(mod 5).

Javob: f(x) = (x + 2)(x + 1)%(mod 5).

b). Berilgan taggoslamani soddalashtirib f(x) = x*+x3 —x2+x—-2=
0(mod 5) - x3 — x? + x — 1 = 0(mod 5) ko’rinishda yozib olamiz. f(x) = x3 —
x?+x—1=0(mod5) ni quyidagicha yozish mumkin: f(x) =x?(x—1) +
(x—1)=(x—1)(x?+1) = 0(mod 5). Endi x*> + 1 = 0(mod 5) taggoslamaning
yechimini izlaymiz. Bu taqqoslamani 5 moduli bo’yicha chegirmalarning to’la
sistemasidagi sonlar 0, +1,+2 ni qo’yib, tanlash usuli bilan yechamiz. U holda
x; = 2(mod 5) vax, = —2(mod 5)lar  berilgan  tagqoslamaning  yechimlari.
Shuning uchun ham f(x) = (x + 2)(x — 1)(x — 2)(mod 5). Javob: f(x) = (x +
2)(x —1)(x — 2)(mod 5).

c). Berilgan x*+ x +4 = (mod 11) taqqoslamani 11 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar

0,+1,+2,+3,+4,45 (1)

larni qo’yib tanlash usuli bilan yechamiz. U holda x = 2(mod 11) berilgan
taggoslamaning bitta yechimi ekanligini topamiz. U holda x*+x+4=
(x —2)(x3 + 2x%2 + 4x — 2) + 22(mod 11) = (x — 2)(x3 + 2x? + 4x —
2)(mod 11) ni hosil gilamiz. Endi x3 + 2x2 + 4x — 2 = 0(mod 11) taggqoslamanig
yechimini izlaymiz. (1) dagi chegirmalarni tekshirib ko’ramiz. U holda x, =
2(mod 11), x3 = 3(mod 11),x, = 4(mod 11) lar uning yechimi ekanligini
topamiz. Demak, x* + x + 4 = (x — 2)?(x — 3)(x — 4)(mod 11) bo’lar ekan.

Javob: f(x) = (x — 2)?(x — 3)(x — 4)(mod 11).

d). Berilgan x? + 2x + 2 = 0(mod5) taqgoslamani 5 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0, +1,+2 ni qo’yib tanlash usuli bilan
yechamiz. U holda x; = 1(mod 5), x, = 2(mod 5) lar taqgoslamaning yechimlari
boladi. Shuning uchun ham x? + 2x + 2 = (x — 1) (x — 2)(mod5).

Javob: f(x) = (x — 1)(x — 2)(mod5).

e). Berilgan 3x3>—1=0(mod5) taqqoslamani 5 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0, +1,+2 ni qo’yib, tanlash usuli bilan
yechamiz. U holda x; = —2(mod 5) tagqoslamani ganoatlantirishini topamiz.
Shuning uchun ham 3x3 — 1 = (x + 2)(3x% — 6x + 2)(mod 5). Endi 3x? — x +
2 = 0(mod5) tagqoslamaning yechiminiizlaymiz. Bu tagqoslama yechimga emas.
Shuning uchun ham 3x% —1 = (x + 2)(3x%2 — x + 2)(mod 5).

Javob:f(x) = (x + 2)(3x? — x + 2)(mod5).

f).f(x) = 2x* + x3 — 3x%2 + 2x — 2 = 0(mod11) ni garaymiz. Bu taggoslamani
11 moduli  bo’yicha  chegirmalarning  to’la  sistemasidagi sonlar

182



0, £1,4+2,43,44,4+5ni qo’yib tanlash usuli bilan yechamiz. U holda x; =
1(mod 11) ning berilgan taqqoslamani ganoatlantirishini ko’ramiz. f(x) ni (x — 1)
gabo’lamiz. U holda f(x) = (x —1)(2x3 + 3x? + 2) = 0(mod11) ga ega
bo’lamiz. Endi  2x3 + 3x2% + 2 = 0(mod11) taggoslamaning yechimini izlaymiz.
Bu taqgoslamani tanlash usuli bilan yechib uning yechimi yo’q ekanligiga ishonch
hosil gilamiz. Shunday qilib, f(x) = (x —1)(2x3 + 3x2 + 2) = 0(mod11).
Javob:f(x) = (x — 1)(2x3 + 3x% + 2) = 0(mmod11).

9).f(x) = x* — 7x3 + 13x? + 21x + 23 = 0(mod7) ni garaymiz. Buni
soddalashtirib f(x) = x* — x% + 2 = 0(mnod7) ni hosil gilamiz. Bu taggoslamani 7
moduli bo’yicha chegirmalarning to’la sistemasidagi sonlar 0, +1,+2,4+3 larni
qo’yib, tanlash usuli bilan yechamiz. U holda x; = 2(mod 7), x, = —2(mod 7)
larning berilgan tagqoslamani ganoatlantirishini ko’ramiz. Bundan foydalanib f(x)
ni(x+2)(x—2)=x2—-4 ga bolib, f(x) =x*—x?2+2=(x+2)(x—2)(x* +
3)+14 = (x +2)(x — 2)(x? + 3)(mod7) ni hosil gilamiz. Endi x*+3=
0(mod7) ning yechimini izlaymiz. Bu yerda x? = —3(mod7) — x? = 4(mod7)
bo’lgani uchun x5 = 2(mod 7), x, = —2(mod 7) lar oxirgi tagqoslamaning
yechimi bo’ladi. Demak, f(x) = (x + 2)?(x — 2)?(mod?7).

Javob: f(x) = (x + 2)%(x — 2)?(mod7).

h). f(x) = 2x* + x3 —3x2+ 2x —2 =0(mod5) ni  garaymiz.  Bu
tagqoslamani 5 moduli bo’yicha chegirmalarning to’la sistemasidagi sonlar 0,
+1, £2 larni qo’yib, tanlash usuli bilan yechamiz. U holda x; = 1(mod 5),

X, = 2(mod 5) larning berilgan taggoslamani ganoatlantirishini ko’ramiz. Bundan
foydalanib f(x) ni (x — 1)(x — 2) = x* —3x + 2 gabo’lib

fx)=(x—1D(x—-2)2x%+ 7x + 14) + 30(x — 1)(mod5) = (x — 1) (x —
2)(2x?% + 2x — 1)(mod5) ni hosil gilamiz. Endi 2x? + 2x — 1 = 0(mod5) ning
yechimlarini izlaymiz. Bu taggoslama yechimga ega emas. Shuning uchun ham
f(x) = (x—1D(x—2)(2x% + 2x — 1)(mod5) deb yoza olamiz.

Javob: f(x) = (x — 1)(x — 2)(2x? + 2x — 1)(mod5).

i).f(x) = 2x3 + 5x? — 2x — 3 = 0(mod7) ni qaraymiz. Buni soddalashtirib,
f(x) =2x3—2x? —2x—3 = 0(mod7) ni hosil gilamiz. Bu taggoslamani 7
moduli bo’yicha chegirmalarning to’la sistemasidagi sonlar 0, +1,+2,+3 larni
qo’yib, tanlash usuli bilan yechamiz. U holda bu sonlarning birortasi ham berilgan
taggoslamani ganoatlantirmasligini ko’ramiz, ya’ni taqgoslama yechimga ega emas.
Shuning uchun ham f(x) ko’paytuvchilarga ajralmaydi.

Javob: f(x) ko’paytuvchilarga ajralmaydi.

j).f(x) = x* — 2x% + x + 4 = 0(mod7) ni garaymiz. Bu taggoslamani 7 moduli
bo’yicha chegirmalarning to’la sistemasidagi sonlar 0, +1,+2,4+3 larni qo’yib,
tanlash usuli bilan yechamiz. U holda x = 2(mod 7) ning berilgan taggoslamani

183



qanoatlantirishini ko’ramiz. Bundan foydalanib, f(x) ni x —2 ga bo’lib f(x) =
(x—2)(x3+2x2+2x+5) + 14 = (x — 2)(x3 + 2x% + 2x — 2)(mod7) ni hosil
gilamiz. Endi x3 + 2x% + 2x — 2 = 0(mod7) ning yechimlarini izlaymiz. x =
3(mod 7) uning yechimi bo’lgani uchun oxirgu tagqoslama x — 3 ga bo’linadi, ya’ni
x3+2x2+2x—2=(x—3)(x>+5x +17) + 49 (mod7) = (x — 3)(x? — 2x +
3)(mod7).x%? — 2x + 3 = 0(mod7) ni garaymiz. Bu taggoslama yechimga ega
emas, ya’ni ko’paytuvchilarga ajralmaydi. Shunday qilib, f(x) = (x —2)(x —
3)(x? — 2x + 3)(mod7).

Javob: f(x) = (x — 2)(x — 3)(x? — 2x + 3)(mod?7).

2717. a). Avvalo, berilgan taggoslamani soddalashtiramiz. U holda quyidagiga
ega bo’lamiz: f(x) =8x13 - x7 — (13 +2)x®3 - x® + 7x13- x>+ (13-2+2) x13-
x*—4x13 - x3+ (213 +4)x13 - x%2 +10x° — 4x3 + (13 + 10)x? — (13 + 8)x —
11 = 8x% — 2x7 + 7x° + 2x° — 4x* + 4x3 — 3x® — 4x3 — 3x% + 5x +
2(mod13) = —5x8 — 2x7 + 4x° + 2x° — 4x* — 3x? + 5x + 2(mod13).

Demak, biz—5x8 — 2x7 + 4x® + 2x> — 4x* — 3x? + 5x + 2 = 0(mod13)
taggoslamani yechishimiz kerak. m = 13 moduli bo yicha chegirmalarning to’la
sistemasidagi sonlar 0, +1, +2, +3, +4, +5, +6 larni sinab ko rsak ularning birortasi
ham berilgan taggoslamani qonoatlantirmaydi. Demak, taggoslama yechimga ega
emas. Javob: taggoslama yechimga ega emas.

b). Avvalo, berilgan tagqoslamani soddalashtiramiz. U holda quyidagiga ega
bo’lamiz: f(x) =x" - x3+x7 - x+x" —x*—x*+4x—-3=x*+x*+x—x*—
x? + 4x — 3 = 5x — 3(mod7). Demak, biz 5x — 3 = 0(mod7) taggoslamaning
yechimlarini izlashimiz kerak: 5x = 3(mod7) - 5x = 10(mod7). Bu yerda
(5,7) = 1 bo’lgani uchun x = 2(mod7). Javob: x = 2(mod7).

¢). Awvvalo, berilgan tagqoslamani soddalashtiramiz. U holda quyidagiga ega
bo’lamiz: flx) = x100 4+ 3x15 + x11 —3x>+ 9x2 + 10x — 5 = (x11)? - x%2 +
3x1t x4+ x11 —3x° —2x2 —x—-5=x+3x>+x—-3x>—-2x?—x—-5=
—2x%+x —5=0(mod11). Demak, berilgan taggoslama 2x2—5x+5=
0(mod11) ga teng kuchli ekan. 11 modul bo’yicha chegirmalarning to’la
sistemasidagi sonlar 0,+,+2,+3,+4, %5 larni sinab ko'rish yo'li bilan yechsak,
x; = 2(mod11)vax, = 4(mod11) yechimlarga ega bo lamiz.

Javob: x; = 2(mod11)vax, = 4(mod11).

e) Berilgan tagqoslamani soddalashtiramiz. U holda quyidagiga ega bo’lamiz:

f) f(x)=2x3 —17x% +13x% — 3x> 4+ 12x + 5 = 0(mod11) - 2(x19)3-
x5 +5x10 x5 +2x8 —3x>+x +5=2x>+5x> + 2x% —3x° +x + 5 = 2x% +
4x° 4+ x + 5 = 0(mod11). Demak, berilgan  tagqgoslama 2x® + 4x°> + x + 5 =
0(mod11) ga teng kuchli. 11 modul bo'yicha 0,+1,+2,+3,+4,+5 larni sinab
ko rish yo'li bilan yechsak, x; = 3(mod11) va x, = 5(mod11) lar taggoslamaning
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yechimlari ekanligiga ishonsh hosil gilamiz.  Javob:x; = 3(mod11) vax, =
5(mod11).

e).Berilgan x? — 2x” + x3 + 1 = 0(mmod5) soddalashtirib,

(x>)? - x2 = 2x°x2+x3+1=00(mod5) » x* — 2x3 + x3 + 1 = 0(/mod5)
—x* —x3+ 1 = 0(mod5). Demak, berilgan taggoslama x* — x3 + 1 = 0(mod5)
ga teng kuchli. 5 modul bo'yicha chegirmalarning to’la sistemasidagi
sonlar 0, +1, +2 larni sinab ko'rish yo'li bilan yechsak, x = —2(mod5) yechimga
ega bo’lamiz. Javob: x = —2(mod5).

279. Bizga ma'lumki, p-tub modulbo'yichax? —x ni f(x) ga bo’lishdan
chiggan qoldiq R(x) ning barcha koeffitsiyentlari p ga bo'linishi kerak. R(x) ni
aniglaymiz: x” —x=((x3+ax+ b)(x* — ax? — bx + a®) + 2abx? +
(b? — a® — 1)x — a®b. Demak,

2ab = 0(mod7)
b? —a® —1 = (mod7)
a’b = (mod7)

bajaralishi kerak, shartga ko'ra a # 0(mod7) va b # 0(imod7) bo lgani uchun
ab % (mod7) ya ni birinchi shart bajarilmaydi. Shunday qgilib berilgan tagqoslama 3
ta yechimga ega bo"la olmaydi.

280. xP —x ni x"—a ga bo’lib, x? —x=(x"—a) - (xP7" —axP"?") +
axP~™ — x ni hosil gilamiz. Birinchi goldiq axP~™™ — x ga teng. Bo’lish jarayonidagi
ikkinchi qoldig a?xP~2" — x va hokazo k-qo’ldiq a*x?~*" — x larni hosil gilamiz.
Faraz etaylik k- goldiq oxirgisi bo’Isin. U holda R(x) = a*x?~*" — x bo’ladi. 279-
misolga asosan x™ = a(modp) ning n ta yechimga ega bo lishi uchun R(x) ning
barcha koeffisentlarip ga bo’linishi kerak. Agar p —nk >1 bo'lsa, a* va 1
koeffitsiyentlar p ga bo linmaydi va demak bu holda x™ = a(modp) tagqoslama n
ta yechimga ega bo Imaydi.

Agarda p—nk=1 bo’llsa R(x)=(a*¥-1)x bo'libx™ = a(modp)
taggoslamaning n ta yechimga ega bo'lishi uchun a* — 1 = 0(modp) yoki
a® = 1(modp) - an = 1(modp) (1)

bajarilishi kerak ekan. Shunday qilib, x™ = a(modp), n<p va (a,p) =1
tagqoslamaning n ta yechimga ega bo'lishi uchun pT_l butun son bolib (1) shartning
bajarilishi zarur va yetarli ekan.

281. a).x3 = 1(mod7) ni garaymiz. 280-misoldagi an = 1(modp) shartni

tekshiramiz 13 = 1(mod7) bajariladi. Demak, berilgan taggoslama 3 ta yechimga
ega. Endi shu yechimlarni topamiz. Buning uchun 7 modul bo"yicha chegirmalarning
to’la sistemasidagi sonlar 0, +1,+2,+3 larni sinab ko'rish yo'li bilan yechsak, u
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holda X1 =1, x, =2, x3 =3(mod7) larning berilgan tagqoslamani
ganoatlantirishini ko ramiz.
Javob: x; =1, x, =2, x3 = 3(mod7).

b). x2 = 2(mod5) ni gqaraymiz. (1) dan 2% = 22 = 4(mod5). Demak,
berilgan taggoslama yechimga ega emas.
Javob: taggoslama yechimga ega emas.

¢). x> = 10(mod11) ni garaymiz. (1) dan a5 =102 = 1(mod11), Demak,
berilgan taggoslama 5 ta yechimga ega. Endi shu yechimlarni topamiz. Buning uchun
11 modul bo yicha chegirmalarning to’la sistemasidagi
sonlar 0, +1, +2, +3, +4, +5 larni sinab ko rish yo'li bilan yechsak, u holda
X1 =-1,%, =+4+2,x3 = -3,x, = —4,xs = —5(mod11) larning berilgan
tagqoslamani ganoatlantirishini ko ramiz.

Javob: x; = -1,x, = 2,x3 = —3,x, = —4,x5 = —5(mod11).

11-1

5
d). x* = 1(mod11) ni garaymiz. (1) dan 1"+ = 1z = 1 bo’lishi kerak. Lekin bu
yerda pT_l butun son emas shuning uchun ham berilgan taqgoslama 4 ta yechimga ega

deya olamiz. Tagqoslamaning yechimlarini topamiz. Buning uchun
0,+1,+2,+3,+4,+5 larni qoyib tekshiramiz. U holda berilgan tagqoslama 2 ta
x; = —2(mod11), x, = 2(mod11) yechimlarga ega ekanligiga ishonch hosil
gilamiz.
Javob: x; = —2(mod11), x, = 2(mod11).

7-1

c) x% = 3(mod7) ni garaymiz. (1) dan3"¢ = 3(mod7). Demak berilgan
tagqoslama yechimga ega emas.
Javob: taggoslama yechimga ega emas.

f). x* = 3(mod13) ni qaraymiz. (1) dan 37+ =33 = 1(mod13). Demak,
berilgan taggoslama 4 ta yechimga ega. Taqgoslamaning yechimlarini topamiz.
Buning uchun 0,+1, +2, +3, +4,+5, +6 larni goyib tekshiramiz. U holda x; = -2,
Xy = 2, x3 = =3, x, = 3(mod13) larning  berilgan  tagqoslamaning  yechimi
ekanligiga ishonch hosil gilamiz.

282.Vilson teoremasiga asosan p tub soni uchun

(p—1D!'+1=0(modp) » (p—2)!(p—1) =—-1(modp) -
(p—2)!=1(mldp)

13-1

bajariladi.

283. Faraz etaylik, pva p + 2 lar tub sonlar bo’lIsinlar. Vilson teoremasiga ko'ra
(p — 1!+ 1 = 0(modp). Buning ikkala tomonini 4 ga ko paytirib hosil bo’lgan
taggoslamani p = 0(modp) ayniy taggoslama go shamiz. U holda

4-[(p— 1!+ 1]+ p = 0(modp) (2)
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taggoslamaga ega bolamiz. Endi p + 2 = 0(modp + 2) tagqoslamaniga
garaymiz. Bundan p = —2(modp + 2). Buning ikkala tomonini (p + 1) ga
ko'paytirsak, p(p+1) = -2(p+1)=-2((p+2)—1)=-2(p+2)+2=
2(modp + 2)
hosil bo'ladi, ya’ni p(p + 1) = 2(modp + 2). Oxirgi tagqoslamaning ikkala
tomonini (p — 1)!-2 ga ko paytirib, hosil bo’lgan taggoslamaning ikkala tomoniga
4 + p ni gqo shamiz. U holda
2-(p+D!'+4+p=@-1D'-4+4+p(modp+ 2)
S2[(p+ D'+ 1]+ (p +2)
=4[(p— D!+ 1]
+ p(modp + 2). (3)
Agar p tub son bo’lsa, Vilson teoremasiga kora (p + 1)! + 1 = 0(modp + 2)
bo’lishi kerak. Shuning uchun ham (3) dan 4[(p — 1)! + 1] + p = 0(modp + 2)
(4)
kelib chigadi. (2)va (4) dan
A[(p— D!+ 1]+ p = 0(modp(p + 2)) (5)
ni hosil gilamiz.

Aksincha, agar (5) shart bajarilsa, (4) ning bajarilishi kelib chigadi. Bundan (3)
ga asosan (p + 1)!+ 1 = 0(modp + 2) hosil bo'ladi. Bu esa Vilson teoremasiga
asosan p + 2 soni tub p son degani.

284. p = 4n + 1 tub son bo'lsin. U holda Vilson teoremasiga asosan:

(p — D!'= —1(modp) - (4n)! = —1(modp). Bu yerda

1:2:3-2n-2n+1)2n+2) - (4n—1)-4n=(2n)! (p — 2n)(p —
2n+1)..(p—2)(p—1) = 2! [(-1)(—2) ...(—2n) + pt](modp) =
(=12 ((2n)H? (modp) = ((2n)H)? (modp) bo’lgani uchun ((Zn)!)2 =
—1(modp) ga bo lamiz.

285. a). Vilson teoremasiga asosan

(p — 1! = —1(modp). (6)
Bundan a(p — 1)! = —a(modp). Ferma teoremasiga asosan
a? = a(modp). (7)

Bu ikki taggoslamani hadlab qo’shsak, a? + a(p — 1)! = 0(modp)hosil bo’ladi.
b). (6) va (7) ni hadlab ko’paytirsak,
aP(p —1)! = —a(modp) — aP(p — 1)! + a = 0(modp)
hosil bo’ladi.
286.p > 2tub sonbo’lsin. U holda (6) dan(p — D!+ 1=(p-2)!(p—-1D +1=
(p—2)!'p—(p—2)+1=0(modp) yoki (p —2)! —1 = 0(modp).
287. xP —x = f(x)Q(x) + R(x) (8)
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ayniyatni garaymiz. Bu yerda Q(x) va R(x) lar butun koeffitsiyentli ko phadlar
bo’lib, deg Q(x) = p —n, degR(x) <n—1.Agar f(x) = 0(modp) taggoslama n
ta yechimga ega bo’lsa, u yechimlar R(x) = 0(modp)ni ham ganoatlantirishi kerak.
deg.R(x) < n — 1bo'lgani uchun 2- teoremaning natijasiga asosan R(x) ning barcha
koeffitsiyientlari p ga bolinishi kerak.

Aksincha, R(x)ning barcha koeffitsiyientlari p ga bo'linsa, (8) dan f(x)Q(x) =
0(modp) hosil bo’ladi. Demak, f(x) = 0(modp) taggoslama n ta yechimga ega.

288. a). x>-x ning berilgan x2 + 2x + 2 ko’phadga bo’lib qoldigni topamiz:

x°—x=((x%?+2x+2) - (x3 - 2x?% + 2x) + (—5%).

Bundan R(x) = —5x bo’lib, —5 soni 5 ga bo’linadi. Berilgan tagqoslama 2 ta
yechimga ega. Hagigatdan ham, 5 moduli bo’yicha chegirmalarning to’la
sistemasidagi sonlar 0,+1,+2 ni qo’yib tanlash usuli bilan yechamiz. U holda
x; = 1(mod 5) vax, =2(mod 5) lar  berilgan  x2? + 2x + 2 = 0(mod 5)
taggoslamani ganoatlantirishini topamiz. Javob:x; = 1(mod5), x, = 2 (mod5).

b). Awvalo, berilgan 3x3 —4x? — 2x — 4 = 0(mod7) taqggoslamani bosh
hadining koeffitsiyenti 1 ga teng bo’lgan tagqoslama bilan almashtiramiz.

3a = 1(mod7)—a = 5(mod7) - a = —2(mod7) bo’lgani uchun berilgan
taggoslamaning ikkala tomonini (—2) ga ko’paytiramiz:

—6x3 +8x%2 + 4x + 8 = x3 + x? — 3x + 1(mod7)

bo’lgani uchun berilgan taqqoslama x> + x* — 3x + 1 = 0(mod7)ga teng kuchli.
Endi R(x) ni aniglaymiz: x” —x=(3+x?—-3x+1)-(x*—x3+4x? —8x +
21) + (—49x% + 70x — 21) bo’lgani uchun R(x) = —49x2 + 70x — 21. R(x)
ning barcha koeffitsiyentlari 7 ga karrali, shuning uchun ham berilgan x3 + x? —
3x + 1 = 0(mod7) taqgoslama 3 ta yechimga ega. Bu yerda 7 moduli bo’yicha
chegirmalarning to’la sistemasidagi sonlar 0,4+1,+2,+3 ni qo’yib tanlash usuli
bilan yechamiz. U holda x; =1, x, = 2, x3 = 3 (mod7) lar uni ganotlantiradi.
Javob:x; =1, x, =2, x3 = 3 (mod7).

IV.5-§.

289. 1). Berilgan tagqoslama ushbu
3x3 4+ 4x% — 7x — 6 = 0(mod3)
{ 3x3 + 4x% — 7x — 6 = 0(mod5)
sistemaga teng kuchli. Bu sistemani soddalashtiramiz:
x? — x = 0(mod3)
{2x3 +x2 4+ 2x + 1 = 0(mod5).
Bu sistemadagi 1-tagqoslamaning yechimlari x = 0,1 (mod3); ikkinchisiniki esa
x = —2,2(mod5) lardan iborat, natijada quydagi 4ta sistemaga ega bo’lamiz:
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){ x = 0(mod3) b) {x = 0(mod3)

x = —2(mod5) x = 2(mod5)
C){ x = 1(mod3) d) {x = 1(mol13)
x = —2(mod5) x = 2(mod5)’
x =3t t; = 1(mod 5) _ ~
dan {3t1 = —2(mods) {tl =145, ez XT3 HOL) =34
15t2’ tZ € Z,
x =3t x =3t B ~
)dan {3t1 = 2(mod5) {tl _ Llmods) DX =3¢ 1+456) =3+
15t,,t, € Z
d { ¥ =1+34 _>{ x =143t _){x=1+31:1
c) dam , 3t; = —2(mod5)  |3t; = —3(mod5) ~ |t; = —1 + 5¢,

—-»x=1+3(—-1+5t,) = -2+ 15t,,t, € Z.
x=1+3t x=1+3t x=1+3t
d) dan {1 + 3t; = 2(m2d5) - {Stl = 1(moc;5) - {tl =2+ 5t12
—»x=1+4+3(2+5t,) =7+ 15t,,t, € Z.
Shunday qilib berilgan taggoslama 4 ta yechimga;
x = 3,—-3,—2,7 (mod15) ega ekan.
Javob: x = 3,-3,—2,7 (mod15).
2). Berilgan taggoslama 6x3 — 3x? — 13x — 10 = 0(mod30) ushbu
tagqoslamalar
6x3 — 3x% — 13x — 10 = 0(mod2)
6x3 — 3x% — 13x — 10 = 0(mod3)
6x3 — 3x% — 13x — 10 = 0(mod5)
sistemasiga teng kuchli. Bu sistema
x? — x = 0(mod2)
2x — 1 = 0(mod3)
x3 + 2x% + 2x = 0(mod5)
ga teng kuchli. Bu yerdagi birinchi taggoslamaning yechimi x = 0,1(mod?2),
ikkinchisiniki x = 2(mod3), uchunchisiniki esa x = 0, 1, 2(mod5) dan iborat.
Bulardan

x = 0(mod2) x = 1(mod2)
a)s x = 2(mod3) b)< x = 2(mod3)
x = 0(mod5) x = 0(mod5)
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x = 0(mod2) x = 0(mod2)

c)X x = 2(mod3) d){x = 2(mod3)
x = 1(mod5) x = 2(mod5)
x = 1(mod?2) x = 1(mod2)
e)X x = 2(mod3) )< x = 2(mod3)
x = 1(mod5) x = 2(mod5)

chiziqgli tagqoslamalar sistemalariga ega bo’lamiz.

X = 2t1 X = 2t1 _
a) dan {Zt1 = 2(mod3) —>{ t,=1+3t;, - {xx=—02(7;1k06;§) ~
x =0(mod5)  (x = 0(mod5) -

2 + 6t, = 0(mod5) —» 3t, = —1(mod5) - 3t, = 9(mod5)t, =3 + 5t3, t; €Z
- x=24+6(3+5t;) =20+ 30t;

b) dan{ 1+ 2t; = 2(mod3) —»{t; = 2 + 3t, = {5 + 6t, = 0(Mod5)
x = 0(mod5) x = 0(mod5) t, = 5t3

x =1+ 2t {x=1+2t1 {x=1+4+6t2

X=2t1 x:2t1 X=2+6t2
c) dan {Ztl = 2(mod3) - { t; =1+3t, - {2 + 6t, = 1(mod5)
x = 1(mod5) x = 1(mod5) t, = —1(mod5)

x = 2(mod5)
- t, = 0(mod5) = t, = 5t;3 - x = 2 + 30t5.

d) dan { — 2 + 6t, = 2(mod5) - 6t, = 0(mod5)

x =5+ 6t, t, = —4(mod5)
€) dan {5 + 6t, = 1(mod5) _’{ t, =1+ 5t
x =5+ 6t, x =5+ 6t, _
f) dan {5 + 6t, = 2(mod5) {tz =245, X 17+30t;t5 €2,

Shunday qilib, berilgan taggoslamaning yechimlari

x =-13,-10,—4,2,5,11 (mod30) lardan iborat ekan.

Javob:x = —13,-10,—4, 2,5, 11 (mod30).

3).Berilgan taggoslamax* — 33x2 + 8x — 26 = 0(mmod35) ushbu taggoslamalar
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x* —33x%+8x — 26 = 0(mod5) (x*+ 2x? + 3x — 1 = 0(mod5)
{x —33x2 + 8x — 26 = 0(mod7) { x*+ 2x% 4+ x + 2 = 0(mod7)
sistemasiga teng kuchli. Bu yerda birinchi tagqoslamaning yechimi x = 1(mod5);
ikkinchisining yechimi esax = 2(mod7) dan iborat. Bulardan {i ; ;Exgg%
sistemaga kelamiz.Buni yechib
{ x =145t {x—1+5t1 { x =145t
1+5t = 2(m0d7) 5t;, = 1(mod7) 5t; = 15(mod?7)

x =145t
{tl = 3(m0d7)
Demak,berilgan sistemaning yechimi x = 16(mod35) dan iborat.
Javob: x = 16(mod35).
4) Berilgan taqgoslama x® — 3x* + 5x3 + 9x2 + 4x — 12 = 0(;mod42) ushbu
taggoslamalar
x°> —3x* + 5x3 4+ 9x2 + 4x — 12 = 0(mod?2)
x> —3x* + 5x3 4+ 9x2 + 4x — 12 = 0(mod3)
x°> — 3x* 4+ 5x3 4+ 9x? + 4x — 12 = 0(mod7)
sistemasiga teng kuchli. Bu sistemadagi taggoslamalarni soddalashtirib quyidagi
sistemaga ega bo’lamiz:

(x?)?-x — (x?)% + x? - x + x* = 0(mod2)
(x3) - x% — x3 + x = 0(mod3) -
x® — 3x* — 2x3 + 2x? — 3x + 2 = 0(mod7)

x3 + x? = 0(mod2)
x = 0(mod3)
x> — 3x* — 2x3 + 2x2 —3x+2_0(m0d7)
Birinchi taggoslamani ixtiyoriy x € Z soni ganoatlantiradi. Ikkinchisining yechmi
x = 0(mod3) dan iborat. Uchinchi tagqoslamani yechamiz. 0, +1,+2, 43 lardan
fagat 2 uni ganoatlantiradi. Demak, bu tagqoslama yagona x = 2(mod7)
yechimga ega. Shunday qilib, ushbu

{x = 0(mod3)

x = 2(mod7)

sistemani hosil qgildik. Buni yechib
{BtE2(m0d7)_){t=3+7t—>x—3+21t

x = 3,24 (mod42) ga ega bolamiz. Javob:x = 3,24 (mod42).
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5).Berilgan taggoslama x> + x* — 3x3 + 2x — 2 = 0(mod77) ushbu
tagqoslamalar
x° + x* — 3x3 + 2x — 2 = 0(mod?7)

{xS + x* — 3x3 + 2x — 2 = 0(mod11)
tagqoslamalarni yechib quyidagilarga ega bo’lamiz: 0, +1, +2, +3 lardan birortasi
ham ganotlantirmaydi. Berilgan taggoslama yechimga ega emas.

Javob: taggoslama yechimga ega emas.

6). Berilgan tagqoslama 3x3 + 6x? + x + 10 = 0(mod15) ushbu taggoslamalar
3x3 + 6x% + x + 10 = 0(mod3)
{3953 + 6x2% + x + 10 = 0(mod5)
taggoslamani tanlash usuli bilan yechamiz. Buning uchun 0, +1 larni unga qo’yib
tekshirib ko’rish kifoya. Holda x = —1(mod3) ning birinchi taggoslamani
ganoatlantirishini ko’ramiz. Sistemadagi ikkinchi tagqoslamaning yechimlari esa
x = 0,1,2(mod5) lardan iborat. Natijada quydagi 3 ta sistemaga ega bo’lamiz:

a){x = —1(mod3) ){x = —1(mod3) ){x = —1(mod3)
x = 0(mod5) x = 1(mod5) x = 2(mod5) °

Shuning uchun ham berilgan taggoslamaning yechimini x = x, = M;M;b; +
M,M;b,(mod15) ko’rinishda izlash mumkin. Bizda M; =5, M, =3 bo’lgani
uchun  5M; =1(mod3) > M; =2 va 3M, =1(mod5) > M, =2 ga ega
bo’lamiz. Bulardan foydalanib x =x, =5-2b, +3-2b,(mod15) = —5b, +
6b,(mod15). Endi bunda b, = —1, b, = 0,1,2 deb olib berilgan taggoslamaning
yechimlari x; = 5(mod15), x, = 11(mod15), x; = 2(mod15) ni hosil gilamiz.

Javob: x = 2,5,11(mod15).

7). Berilgan tagqoslama 37x = 17(mod180) da 180 = 365 bo’lgani uchun
37x = 17(mod5) L, X= 1(mod5)
37x = 17(mod36) x = 17(mod36)
kuchli. Shuning uchun ham berilgan tagqoslamaning yechimini x = x, = M;M;b, +
M,M;b,(mod15) ko’rinishda izlash mumkin. Bizda M; =36, M, =5 bo’lgani
uchun 36M; = 1(mod5) » M; =1 va 5M; = 1(mod36) - M, = —7 ga ega
bo’lamiz.

Bulardan foydalanib xX=xy=36"b; +5-(—=7)b,(mod15) = 36b; —
35b,(mod180). Endi bunda b; =1, b, =17 deb olib berilgan taggoslamaning
yechimlari x = —19(mod180), ni hosil gilamiz. Javob: x = —19(mod180).

290. 1). 4x3 —8x — 13 = 0(mod 27) taggoslamani yechishimiz kerak. Bu
yerda 27 = 3% bo’lgani uchun avvalo, 4x3 — 8x — 13 = 0(mod3) taggoslamani
garaymiz. Bundan x3 + x —1=0(mod 3). Bu taggoslamaning yechimlarini topish
uchun 3 moduli bo’yicha chegirmalarning to’la sistemadagi sonlar 0,41 ni qo’yib
tekshirib ko’ramiz. U holda x = —1(mod 3) uning yechimi ekanligini ko’ramiz.

sistemasiga teng kuchli. Bu sistemadagi

sistemasiga teng kuchli. Bu sistemadagi birinchi

ushbu tagqoslamalar { sistemasiga  teng
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Endi bu x = —1 + 3¢t; yechimni nazariy qismdagi
P04ty f(x2) =0(modp) (7)

ga olib borib qo’yamiz: U holda, bizda p =3, x; = -1,f(-1) = -9, f'(x) =
12x%2 — 8vaf’(—1) =4 bo’lgani uchun _?9+4t150(m0d 3) = t;=3(mod 3) -
t; =3+3t, >x=-14+9+4+9t, =8+9t,. Endi yana (7) dan foydalanib,
(nazariy qismdagi (9) ga garang)
F22+t,f"(x) = 0(mod p) 9)

ni tuzib olamiz. Bizda p = 3,x, = 8.f(8) = 1971, f'(8) = 760 bo’lgani uchun
= +760t, = 0(mod 3) - t, = —219(mod 3) > t, = 0(mod 3), ya'ni t, =
3t;. Bu giymatni x ning ifodasiga olib borib qo’ysak, x = 8 + 9(3t;)=8 +
27t;,t;€Z, ya’ni x = 8(mod 27) berilgan taggoslamaning yechimiga ega
bo’lamiz.

Javob: x = 8(mod 27).

2). f(x) = x* —3x3 + 2x? — 5x — 10 = 0(mod 343)
taggoslamani yechishimiz kerak. Bu yerda 343 = 73 bo’lgani uchun avvalo,
f(x) = 0(mod7) tagqoslamani garaymiz. Bu x*—3x3=2x?2+2x—-3=
0(mod 7) ga teng kuchli. Bu taggoslamaning yechimlarini topish uchun 7 moduli
bo’yicha chegirmalarning to’la sistemadagi sonlar 0,41, 42,43 ni qo’yib tekshirib
ko’ramiz. U holda x = 3(mod 7) uning yechimi ekanligini ko’ramiz. Demak,
x = 3(mod 7) berilgan taggoslamaning yechimi. Endi bu x =3 4+ 7¢t; yechimni
nazariy gismdagi

L5811, £(y) =0(modp) ")

ga olib borib qo’yamiz: U holda, bizda f(3) =3*-3-27 +18—-15—-10 =
—7;f"(x) =4x3—9x*>+4x—5 va f'(3)=108—81+12—-5=34  bo’lgani
uchun  (7) dan E2 + 34t, = 0(mod 7)—34t, = 1(mod 7)—t, = —1(mod 7),
ya'ni t; = —1 + 7t,. Buni x ning ifodasiga qo’ysak, x =3+ 7(-1+7t,) = -4 +
49t, hosil bo’ladi. Endi bundan foydalanib, (9) ni tuzamiz. Bunda f(—4) =
(—4)* -3 (-4)3+2-.16+20-10=256+192+32+20—-10 =
490.f'(—4) = —256—-9-16 — 16 — 5 = —421 bo’lgani  uchun ==+
t,(—421) = 0(mod 7) » —421t, = —10(mod 7)— -
t, = —3(mod 7)—t, 3(mod 7)—t, = 3 + 7t3, t3 € Z. Hosil bo’lgan giymatni x
ning ifodasiga olib borib qo’ysak, x = —4 +49(3 + 7t3) = —4 + 147 4+ 343t; =
143 + 343t;, t;eZ ga ega bo’lamiz, ya’ni x = 143(mod 343) berilgan
tagqoslamaning yechimiga ega bo’lamiz.

Javob: x = 143(mod 343).
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3). f(x) =x*—4x3+ 2x? 4+ x + 6 = 0(mod 25) taggoslamani  yechishimiz
kerak. Bu yerda 25 = 52 bo’lgani uchun avvalo, f(x) = 0(mod5) taggoslamani,
yani f(x) =x*—4x3+2x?>+x+ 6 =0(mod5) ni garaymiz. Bu x*+x3+
2x%+x+ 1 = 0(mod 5) ga teng kuchli. Bu taggoslamaning yechimlarini topish
uchun 5 moduli bo’yicha chegirmalarning to’la sistemadagi sonlar 0,+1,+2 ni
qo’yib, tekshirib ko’ramiz. U holda x = 2(mod 5) va x = —2(mod 5) lar uning
yechimlari ekanligini ko’ramiz.

Endi avvalo, x = 2 4+ 5t; yechimni nazariy gismdagi (7)-formulaga olib borib
qo’yamiz. U holda, bizdap = 5,x; = 2,f(2) =0, f'(x) = 4x3 + 12x? + 4x +
1va f'(2) = =7 bo’lgani uchun (7) dan 3 + 4t; = 0(mod 3) > t,;=0(mod 5) —

t, = 5t, > x =2+5-5t, =2 + 25¢, ,t,€Z yoki x; = 2(mod 25). Ikkinchi

yechimi x = —2(mod 5) uchun @ +t,f'(=2) = 0(mod 5). Bunda f(—2) =
164+32+8—-24+6=60, f'(—2) = —32— 48 — 8 + 1 = —87 bo’lgani uchun
£ +,(~87) = 0(mod 5) > 12 + 3t; = 0(mod 5)—3t, = 3(mod 5)—t; =
1(mod 5), ya’ni t; =1+ 5t,—x = —2 + 5(1 + 5t,) = 3 + 25t,. Demak,
berilgan taggoslamaning ikkinchi yechimi x, = 3(mod 25). Javob: x; =

2(mod 25), x, = 3(mod 25).

4). 9x2 + 29x + 62 = 0(mod 64) taggoslamani yechishimiz kerak. Bu yerda
64 = 2° bo’lgani uchun avvalo, f(x) = 0(mod2) taqqoslamani, ya'ni f(x) =
9x2% + 29x + 62 = 0(mod 2) ni qaraymiz. Bu x? + x = 0(mod 2) ga teng kuchli.
Bu tagqoslamaning yechimlarini topish uchun 2 moduli bo’yicha chegirmalarning
to’la sistemadagi sonlar 0, 1 ni qo’yib tekshirib ko’ramiz. U holda x = 0(mod 2) va
x = 1(mod 2) lar uning yechimlari ekanligini ko’ramiz.

a). x = 0(mod 2) » x = 2t, yechim uchun 22+ £'(0)t; = 0(mod 2) dan
f(0)=62;f'(x) =18x+29, f'(0)=29 Dbo’lgani uchun 31+ 29¢, =
O(mod2) - t; = —-1(mod 2)—t; = =1+ 2t,, t, €Z.x =2(—-1+2t,) =-2+
4t,, t, € Z. x = —2 + 4t, dan foydalanib (9) ga asoslanib quyidagilarga ega

bo'lamiz:  LZ2 4 t,f'(~2) = 0(mod 2),  bunda f(—2) =36—58+ 62 =

40,f'(—=2) = =7 bo’lgani uchun 10 — 7t, = 0(mod 2)—t, = 0(mod2)—t, =
Endi x = —2 + 8t5, t; € Zdan foydalanib navbatdagi gadamni amalga oshiramiz.

U holda  £C2 4 ¢,f'(~2) = 0(mod 2)ni hosil gilamiz. Bunda f(-2) = 40,

f'(=2) = =7 bo’lgani uchun 5 — 7t; = 0(mod 2) — 7t; = 5(mod 2) - t; =
1(mod 2),t3 =1+2t, > x=-2+8(1+2t,) =6+ 16t,,t,eZEndi x =6+

1let,, t, € Zdan foydalanib navbatdagi gadamni amalga oshiramiz. U holda % +
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tof '(6) = 0(mod 2) ga ega bo’lamiz. Bu yerda f(6) =9-36+29-6+62 =
324+ 174+ 62 =560,f'(6) =18-6+29 =108+ 29 =137 bo’lgani uchun
35+t,-137=0(mod 2) » t,=1(mod2)->t, =1+2ts >x=6+16(1+
2ts) = 22 4+ 32t5 ,tseZ.

Endi x = 22 + 32ts, tg € Zdan foydalanib oxirgi gadamni amalga oshiramiz. U

holda % + t;f'(22) = 0(mod 2) ga ega bo’lamiz. Bu yerda f(22) =9-
222 42922 + 62 = 4356 + 638 + 62 = 5056, f/(22) = 18- 22 + 29 = 425
bollgani  uchun 2%+ 425t5 = 0(mod 2)—158 + t5 = 0(mod 2) - t5 =

0(mod 2)—ts = 2ty —x = 22 + 32(2t,) = 22 + 64t ,tseZ . Demak, berilgan
tagqoslamaning bitta yechimi x = 22(mod 64) ekan.

b). Endi x = 1(mod 2) ga mos yechimini izlaymiz: x = 1 + 2t,yechim uchun
KD+ f/()t, = 0(mod 2)ni tuzib olamiz. Bu yerda f(1) =9 +29+62 =
100, f'(1) =18+ 29 =47 bo’lgani uchun 50 + 47t; = 0(mod 2)

t; =0(mod2) , t;=2t,>x=14+2t; =1+4t, .xning bu giymatidan
foydalanib quyidagilarga ega bo’lamiz: % + f'(Dt, = 0(mod 2)— 25+ 47t, =

O(mod2) > t, = —1(mod 2—t, = =1+ 2t; > x =1+ 4(—1+2t3) = -3+
£(=3)

8t;. xning bu topilgan giymatidan foydalanib quyidagiga ega bo’lamiz: +
f'(=3)t; = 0(mod 2). Bundaf(—3) =9:9+4+29(-3)+62=81—-87+62=
56 vaf'(—3) =18(—3)+ 29 = —-54 429 = —-25 ckanligini e’tiborga olib
7—-25t;=0(mod2) > 1+t;=00mod2) >t;=1+2t, > x=-3+8(1+

2t,) =5+ 16t,.x =5+ 16t, dan foydalanib navbatdagi gadamni amalga
oshiramiz. U holda £2 + f/(5)t, = 0(mod 2). Bunda f(5) =9-25+29-5 +

16
62 =225+145+62=432 va f'(5) =18:-5+29 =119 bo’lgani uchun
27 +119t, = 0(mod 2) » t, = —-1(mod2) » t, =—1+4+2ts >x =5+
16(—1 + 2tg) = —11 4 32ts.x ning bu giymatidan foydalanib t; ni topish uchun
quyidagi taggoslamani hosil gilamiz:

I 4 f1(—11)t5 = 0(mod 2). Bu yerda f(—11) = 9-121—29- 11 + 62 =
1089 —319+62 =832 va f'(—11) =18-(—11) + 29 = —-169 ekanligini
¢’tiborga olib 26 — 169ts = 0(mod 2) — ts = 0(mod 2)—>ts = 2ty > x = —11 +
32(2ty) = —11 + 64t,, teeZ .

Demak, berilgan taggoslamaning ikkinchi yechimi x = —11(mod 64) dan iborat
ekan.

Javob: x = 22(mod 64), x = 53(mod 64).

5).6x3 — 7x — 11 = 0(mod 125) taggoslamani garaymiz. Bu yerda 125 = 53
bo’lgani uchun 5 moduli bo’yicha tagqoslamani garaymiz.
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6x3 —7x — 11 = 0(mod 5)—x3 — 2x — 1 = 0(mod 5).

Bu taggoslamani 5 moduli bo’ycha chegirmalarning to’la sistemasi 0, +1, +2 dagi
sonlarni qo’yib, sinab ko’rish usuli bilan yechamiz. U holda x; = —1(mod 5),x, =
—2(mod 5) larning garalayotgan tagqoslamaning yechimi ekanligini topamiz.

a). Avvalo x = —1(mod 5) ya’ni x = —1 + 5t; yechimni garaymiz. (7) ga

asosan f( )+ f'(=1)t; = 0(mod 5) taggoslamani hosil gilamiz. Bu yerda

f(— 1)——6+7—11——10,f( 1) =18-(-1)?-7=11 bo’lgani
uchun—2 + 11t;, = 0(mod 5) » t; = 2(mod5) » t; =2+5t, > x=—-1+
5(2 + 5t;) =9+ 25t, ni hosil gilamiz. Endi 25 moduli bo’yicha tagqoslamadan
125 moduli bo’yicha taqqoslamaga o’tish uchun —= f( ) 4 f'(9)t, = 0(mod 5) ni tuzib

olamiz. Bunda f(9) =6:93-7-9—-11=6" 729 63 — 11 = 4300 vaf'(9)
18:92—-7=18-81—7 = 1451 ekanligini e’tiborga olsak, 172 + 1451¢t, =
0(mod 5) ga ega bo’lamiz. Bundan t, = —2(mod 5)—t, = =2 + 5t;—>x =9 +
25(—2 + 5t3) = —41 + 125t;. Demak, berilgan tagqoslamaning bitta yechimi
x = —41(mod 125).

b). Endi x = —2(mod 5) yechimni garaymiz. Bundan x = —2 + 5¢t; va (7) ga
asosan f( +f( 2)t; = 0(mod5). Bunda f(—=2) =6-(—-8)—7-(-2)—11 =
—48 + 14 —11=-45 va f'(-2)=18-4—-7 =65 ekanligini inobatga olsak,
—9 4+ 65t; = 0(mod 5) — 65t; = 9(mod 5). Bu yerda (65,5) = 5, lekin 9 soni 5
ga bo’linmaydi, shuning uchun bu tagqoslama yechimga ega emas.

Javob: x = —4(mod 125).

6).x3 + 3x% — 5x + 16 = 0(mod 125) taggoslamani garaymiz. Bu yerda
125 = 53 bo’lgani uchun 5 moduli bo’yicha tagqoslamani qaraymiz.

x3 4+ 3x% — 5x + 16 = 0(mod 5)—x3 + 3x% + 1 = 0(mod 5). Bu taggoslamani
5 moduli bo’ycha chegirmalarning to’la sistemasi 0,+1,+2 dagi sonlarni qo’yib
sinab ko’rish usuli bilan yechamiz. U holda x; = 1(mod 5),x, = —2(mod 5)
larning garalayotgan taggoslamaning yechimi ekanligini topamiz.

a).x = 1(mod 5) ni,ya’ni x = —1 + 5t; yechimni qaraymiz. (7) ga asosan ya’ni
I 4 f'()t, = 0(mod 5). Bu yerda f(1) =15, f'(1)=3-12+6-1-5=4
bo’lgani uchun 3+ 4t; = 0(mod 5)—4t, = 2(mod 5)—2t; = 1(mod 5)—t; =
3(mod5) - t; =3+ 5t,—»x =14 5(3 + 5t,) = 16 + 25t,.x ning bu giymatidan
foydalanib, t, ni topish uchun quyidagi taqgoslamani hosil gilamiz: %156) +
f'(16)t, = 0(mod 5). Bu yerda f(16) = 163 +3-162 —5-16 + 16 = 16(256 +
48 —4) =4800 va f'(16) = 3-256+ 96 — 5 = 859 ekanligini e’tiborga olsak,
192 + 859t, = 0(mod 5)hosil  bo’ladi.  Bundan ¢, = 2(mod 5)—t, =2 +
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5t;—x =16 + 25(2 + 5t3) = 66 + 125t; —» x = 66(mod 125). Demak, berilgan
tagqoslamaning bitta yechimi x = 66(mod 125) dan iborat.

b). Endi x = —2(mod 5) yechimni gqaraymiz: x = —2 + 5t; dan (7) ga asosan
@ + f'(=2)t; = 0(mod 5). Bunda f(=2) = -8 + 12+ 10 + 16 = 30 va
f'(=2)=3-4+6-(—2) — 5 = —5 ekanligini e’tiborga olib 6 — 5t; = 0(mod 5)
ni hosil gilamiz. Bundan 5t; = 1(mod 5), bunda (5,5) = 5 bo’lib, 1 soni 5 ga
bo’linmagani uchun tagqoslama yechimga ega emas.

Javob: x = 66(mod 125).

7). x* 4+ 4x3 + 2x% + x + 12 = 0(mod 625) taggoslamani garaymiz. Bu yerda
625 = 5* bo’lgani uchun 5 moduli bo’yicha taggoslamani garaymiz.

x* 4+ 4x3 +2x% + x + 12 = 0(mod5) —» x* —x3 + 2x2 + x + 2 = 0(mod 5).
Bu taggoslamani 5 moduli bo’ycha chegirmalarning to’la sistemasi 0, +1,+2 dagi
sonlarni qo’yib sinab ko’rish usuli bilan yechamiz. U holda x; = 1(mod 5), x, =
—1(mod 5) va x3 = 2(mod 5) larning garalayotgan taggoslamaning yechimi
ekanligini topamiz.

a). x = 1(mod 5)yechimni qaraymiz. x =1+ 5t; dan (7) ga asosan, ya’ni
KD 4 f'()t; = 0(mod 5). Bu yerda f(1) =20, f'(1) = 21bo’lgani uchun
4 4+ 21t; = 0(mod 5)—t; = 1(mod 5)—t; =1+ 5t,»>x =14+ 51+ 5¢t,) =
6 + 25t,.xning bu giymatidan foydalanib, t, ni topish uchun quyidagi tagqoslamani
hosil gilamiz: L2 + '(6)t, = 0(mod 5). Bunda £(6) = 90 va

f(6)=4-63+12-6>+4-6+1 =824+ 432 + 25 = 1281 bo’lgani uchun
90 + 1281t, = 0(mod 5)—t, = 0(mod 5) = t, = 5t; =» x = 6 + 125t5. Endi
xning bu giymatidan foydalanib, t; ni topish uchun quyidagi taggoslamani hosil
qilamiz: 2 + £/(6)t; = 0(mod 5). Bundan 18 + 1281t; = 0(mod 5) - t; =
2(mod 5) » t; =2 + 5t,—x = 6 + 125(2 + 5t,) = 256 + 625t,. Demak,
berilgan taggoslamaning bitta yechimi x = 256 + 625t,.

b) Endi x = —1(mod 5),ya'ni x = —1 + 5t; yechimni garaymiz. Bu holda (7) ga

asosan % + f'(—1)t; = 0(mod 5)ni hosil gilamiz. Bu yerda f(—1) =1—-4 +

2—1+12=10vaf'(-1) = -4+ 12 -4+ 1 = 5 bo’lgani uchun

2 + 5t; = 0(mod 5) — 5t; = 3(mod 5) ga ega bo’lamiz. Bu yerda (5,5) =5 va
3 soni 5 ga bo’linmaydi, shuning uchun tagqoslama yechimga ega emas.

C) x = 2(mod5), ya’ni x = 2 + 5t; yechimni garaymiz. Bu holda (7) ga asosan
K2 1 f'@)t, = 0(mod S)ni hosil gilamiz. Bu yerda f(2) =16 +32+8+2+
12=70 va f'(x) =4x3+12x*+4x+1 - f'(2)=32+48+9 =89 bo’lgani
uchun 14 + 89t; = 0(mod5)—4t; = 1(mod5) » t; = —1(mod 5) » t; = -1 +
5t,—x =2+ 5(1 4+ 5t,) = =3+ 25t, ni hosil gilamiz. xning bu giymatidan
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foydalanib, t, ni topish uchun quyidagi taggoslamani hosil gilamiz: +
f'(=3)t, = 0(mod 5). Bu vyerdaf(—3)=81-1084+18—-3+12=0 va
f'(=3)=4-(-27)+12-9-12+4+1=-108+ 108 — 11 = —11 bo’lgani uchun
—11t, = 0(mod 5)—t, = 0(mod 5) = t, = 5t3—»x = -3+ 25-5t; = -3+
125t; . Bundan foydalanib, t; ni topish uchun %53) + f'(—3)t; = 0(mod 5)
taggoslamani tuzib olamiz. Bu yerdan —11t; = 0(mod 5) —»t; = 5t, > x = -3 +
625t, kelib chigadi.

8). f(x) = 2x* +5x-1, f(x)=0(mod 27) taqqoslamani yeching.
27 =3, f(x) =0(mod3), (0, +1) tagqoslama birta x =1(mod3) yechimga

f(=3)
25

ega. Bu yerda f (X) =8x3+5 va f '(Xl) =13 va 13 soni 3 ga bo’linmaydi. Demak A

holga to’g’r1 keladi.

x=1+3t, f(1)+3t-f (1)=0(mod9), 6+3t,-13=0(mod9),13t, =—2(mod3), t, =-2(mod3),

t, =-2+3t,. Demak,x=1+3(-2+3t,)=-5+9t,, f(-5)+9t, f (-5)=0(mod27)

1224+9t,(-995)=0(mod 27), —995t,=-136(mod3), t,=-1(mod3), t,=-1+3t,, t,eZ

x=-5+9(-1+3t,)=-14+27t,, Demak,  x=13(mod27)
berilgan tagqoslamaning yechimi.

291. 1). x* + 4x3 + 2x? + x + 12 = 0(mod 45) ni garaymiz.

Bu tagqoslama

x* +4x3 + 2x% + x + 12 = 0(mod 5)
{x4 + 4x3 4+ 2x% + x + 12 = 0(mod 9)

ga teng kuchli.Buning birinchisining yechimlari: x = +1(mod 5) vax =
2(mod 5). (290.1) misolning ishlanishiga garang). Endi sistemadagi ikkinchi
tagqoslamani  yechamiz.Buning uchun avvalo, x*+4x3+2x?2+x+12=
0(mod 3) taggoslamani yechamiz. Bu taggoslama x* + x3 — x2 + x = 0(mod 3) ga
teng kuchli. Buni 3 moduli bo’yicha chegirmalarning to’la sistemasi 0,+1 dagi
chegirmalarni sinab ko’rish usuli bilan yechsak x = 0(mod 3),ya’ni x = 3t;uning
yechimi ekanligini topamiz. Bu holda (7) ga asosan @ + f'(0)t; = 0(mod 3) ni
hosil qilamiz. Bu vyerda f(0)=12vaf’'(0)=1 bo’lgani uchun4+t; =
O(mod 3) » t; = —1(mod 3)—>t; = -1+ 3t, - x = -3+ 9t, ni hosil gilamiz.
Natijada biz berilgan tagqoslama quyidagi taggoslamalar sistemasiga ekvivalent deya
olamiz:

x = 1(mod5) x = —1(mod 5) x = 2(mod 5)
){x = —3(mod9)’ b){x = —-3(mod9)’ C){x = —3(mod9) ’
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Bu sistemalarni yechamiz.U holda :

{ x=1+54 _){ x =145t {x=1+5t1 .
D 1 +5¢, = —3(mod 9) ~ |5, = —4(mod 9) ¢, = 1(mod 9)

x=14+5(1+9t,) =6+ 45t,, ya’nix = —21(mod 45).

b){ x=-1+5¢ { x=-1+5¢t {x:—1+5t1
—145¢ = —3(mod 9) |5t; = —4(mod 9) t; = —4 + 9¢,

x=-1+4+5(—4+09t,) = 6+45t, » x = —21(mod 45).

x =2+ 5t, x =245t B B
C){z 4+ 5¢, = —3(mod 9)—> {tl 14 9t2—>x =2+5(-1+9t,) =-3+
43t, — x = —3(mod 45).

Javob: x = 6, 24,42 (mod 45).

2). f(x) = x* — 3x3 — 4x% — 2x — 2 = 0(mod 50) taggoslamani garaymiz. Bu

yerda 50 = 2 - 5% bo’lgani uchun bu tagqoslama
f(x) = 0(mod 2)
{f(x) = 0(mod 25)

ga teng kuchli. Bunda birinchisining yechimlari: x = 0(mod 2)va x = 1(mmod 5).
Endi f(x) = 0(mod 25) taqqoslamani yechamiz. Buning uchun esa f(x) = x* +
2x3+2x>+3x—2=0(mod5)ni garaymiz. Buni 5 moduli bo’yicha
chegirmalarning to’la sistemasi 0, 1, +2 dagi chegirmalarni sinab ko’rish usuli bilan
yechsak, x = —1, 1, 2(mod 5) lar uning yechimi ekanligini topamiz.

a). Awalo, x = 1(mod 5), ya’ni x = 1 + 5t; yechimni garaylik. Bu holda (7) ga
asosan @ + f'(1)t, = 0(mLId 5) ni hosil gilamiz. Bu yerda f(1) =10 va
fl1)=4-13-9-12-8-1—2=—15 bo’lgani uchun 2 — 15t; = 0(mod 5),
15t; = 2(mod 5) —» (15,5) =5, lekin 2 soni 5ga bo’linmaydi, shuning uchun
tagqoslama yechimga ega emas.

b). x = —1(mod 5) ni, ya'nix = —1+ 5t, ni garaymiz. (7) ga asosan
IED 4 £/(-1)t, = 0(mod 5).
Bunda f'(-1) =1+3—-4+2-2=0 va
f'(-1)=4-(-1)3-9-(-1)2-8-(—1) — 2 = —7 bo’lgani uchun
—7t; = 0(mod 5) » t; =0(mod 5) » t; = 5t, > x = —1 + 5(5¢,)
= —1+ 25t, - x = —1(mod 25).
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¢) Endi x = 2(mod 5), ya’ni x = 2 4 5t yechimni garaylik. Bu holda (7) ga
asosan @ + f'(2)t; = 0(mod 5) ni hosil gilamiz. Bu
yerda f(2) = —30va f'(2) = =22 bo’lgani uchun —6 —22t; = 0(mod5) —
3t; =1(mod5) » t; =2(mod5) > t; =2+5t, > x=2+52+5t,) =
12 + 25¢, .

Demak, berilgan tagqoslamani yechishni

{ x = 0(mod 2)
x = —1(mod 25)’

{ x = 0(mod 2) { x = 1(mod 2) { x = 2(mod 2)

x = 12(mod 25)’ (x = —1(mod 25)’ (x = 12(mod 25)

taggoslamalar sistemalarini yechishga keltirdik. Buning birinchisidan
X = 2t1 X = Ztl _

{Ztl = _1(mod 25)_’{t1 = 12(mod 25) ~ ¥ = 24+ 50t

Ikkinchisidan
{ x =2t {tl = 6(mod 25)
2t, = 12(mod 25) | x = 12+ 50¢, °

Uchinchisidan
X = 1 + Ztl X = Ztl _
{1 + Ztl = —1(m0d 25)_>{t1 = —1(mod 25)_)-7( =-1+4+ 50t2.

To’rtinchisidan

1+ 2t, = 12(mod 25) ¢, = 18 + 25¢,
50t,.

>x=1+2(18+25¢t,) =37 +

Javob: x = 12,24,37,49 (mod 50).

3).f(x) = x> — 5x* — 5x3 + 25x2 + 4x — 20 = 0(mod 147) taggoslamani
garaymiz. Bu yerda 147 = 7% - 3 bo’lgani uchun bu tagqoslama

f(x) = 0(mod 3)
{f(x) = 0(mod 7%)
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ga teng kuchli. Buning birinchisidan f(x) = x> — 5x* — 5x3 + 25x2 + 4x —
20=0(mod 3) » x°>+x* +x3+x2+x+1=0(mod3) > x+x?+x +x% +
x+1=2x2+3x+1=2x%+1= 0(mod 3). Uning yechimlari: X
—1(mod 3) vax = 1(mod 3).

Endi f(x) = 0(mod 49) taggoslamani yechamiz. Buning uchun esa f(x) =
0(mod 7) ning yechimini topishimiz kerak. Bundan x5 + 2x* + 2x3 + 4x2 + 4x +
1 = 0(mod 7). Buni 7moduli bo’yicha chegirmalarning to’la sistemasi 0, +1,+2, +3
dagi chegirmalarni sinab ko’rish usuli bilan yechsak x = —1,1,—-2,2(mod 7) lar
uning yechimi ekanligini topamiz. Bu 7 moduli bo’yicha topilgan yechimlardan 49
moduli bo’yicha yechimga o’tish uchun ularning har birini alohida-alohida garab
chigamiz.

a). x = 1(mod 7) yechim uchun (7) dan @ + f'(1)t; = 0(mod 7) ni hosil
gilamiz. Buyerda f(1) =0vaf'(1)=5-1*—-20-13—-15-124+50-1+ 4 = 24
bo’lgani uchun 24t; =0(mod 7) = t; =0(mod 7)—>t; =7t, > x =1+
49t,—x = 1(mod 49).

b). Endi ikkinchi yechimni x = —1(mod 7)—x = —1 + 7t; gqaraymiz.

(7) dan f(;l) + f'(—=1)t; = 0(mod 7) ni hosil gilamiz. Bu yerda f(—1) =0 va
f'(=1) = =36 bo’lgani uchun 36t; = 0(mod 7) - t; =7t > x = -1 +49t, -

x = —1(mod 49).

c). Uchinchi  yechim x = 2(mod 7)—x = 2 + 7t;uchun  (7) dan 2+
f'(2)t; = 0(mod 7). Bundaf(2) =0 vaf'(2) = —36 bo’lgani uchun—36t, =
O(mod7) -t =7t, > x =2+ 49t, - x = 2(mod 49).

e). To’rtinchi yechim x = —2(mod 7) - x = —2 + 7t;uchun

I8 4 f1(-2)t, = 0(mod 7), bunda f(—2) = Ova f"(—2) = 84 bo’lgani uchun
84t, = 0(mod 7) ,t;€Z — x = —2 + 49t, ga ega bo’lamiz.

Bulardan

{x = —1(mod 3) {x = —1(mod 3) {x = —1(mod 3)

x =1(mod 49)’ (x = —1(mod 49)° (x = 2(mod 49)’

x=-1(mod 3) (x = 1(mod 3) x = 1(mod 3)
{x = —2(mod 49)’ {x = 1(mod 49) ’{x = —1(mod 49)’

x = 1(mod 3) x = 1(mod 3)
{x = 2(mod 49)’ {x = —2(mod 49)

chiziqgli tagqoslamalar sistemalariga ega bo’lamiz. Bularni yechib:
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1

1) =1 4 3t, = 1(mod 49) " 13t; = 2(mod 49) ~ lx = 50 + 147¢,’
{ x=-—1 + 3t1 { tl = 49t2
a2) —1+ 3t; = —1(mod 49)_) x=-—14+147t,
x=-1+3¢ t; = 1(mod 49)
o | -
37 |—1+ 3t; = 2(mod 49) x =2+ 147t, "
{ x=-1+3t {3t1 = —1(mod 49)
ay) — -
—1+ 3t; = —2(mod 49) x=-1+3¢t

t, = 16 + 49¢, ~
{x = 1+48+ 147¢, X T 47T 147
a){ x =1+ 3t _){tlzo(mod49)

) 11+3t; = 1(mod 49) " lx = 1 +147t, °

x =1+ 3¢t
) {1 +3t, = —1(mod 49)
. {St1 = —2(mod 49) N {tl = —17 4+ 49¢,
x =1+ 3¢t x = =504 147t,
x =1+ 3¢t
{1 + 3t; = 2(mod 49)
{3t1 = 1(mod 49)
5
x =1+ 3t
_){t15—16+49t2a){ x=1+3t,
x = —47 + 147t," % |1 + 3¢, = —2(mod 49)
. {Btl = —3(mod 49) _){tl = —1+49¢t,
x=1+3t x = =2+ 147t,
Javob: x = —-50,—-47,-2,—1,1,2,47,50 (mod 147) .

az)

4). f(x) = x>+ 3x* — 7x3 + 4x? + 4x — 10 = 0(mod 175) taggoslamani
garaymiz. Bu yerda 175 =752 bo’lgani uchun bu taqqoslama
{f(x) = 0(mod 7) )
f(x) = 0(mod 25)
ga teng kuchli. Buning birinchisidan x° + 3x* — 3x? — 3x — 3 = 0(mod 7). Buni
7 moduli bo’yicha chegirmalarning to’la sistemasi 0,41, +2,4+3 dagi chegirmalarni
sinab ko’rish usuli bilan yechsak, x = 1, —2, —3(mod 7) laruning yechimi ekanligini
topamiz.
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Endi (1) dagi ikkinchi taggoslamani yechamiz. Buning uchun avvalo, f(x) =
0(mod 25) ni, ya’ni x> + 3x* — 7x3 + 4x? + 4x — 10 = 0(mod 5) ni garaymiz.
Bu taggoslama 3x* — 2x3 — x2 = 0(mo[] 5)—x? (3x?> — 2x — 1) = 0(mod 5) ga
teng kuchli. Buni 5 moduli bo’yicha chegirmalarning to’la sistemasi 0, +1, +2 dagi
chegirmalarni sinab ko’rish usuli bilan yechsak, x = 0,1, —2(mod 5) lar uning
yechimi ekanligini topamiz.

Shuning uchun ham birinchi yechim x = 0(mod 5) uchun (7) ga asosan @+

f'(0)t; = 0(mod 5). Buyerda f(0) =—10va f'(0) = 4 bo’lganidan
—2+4t; =0(mod 5) » 4t; = 2(mod 5) —» 2t; = 1(mod 5) —» t; = 3(mod 5)
- t; =3+5t, - x=15+ 25¢t,.

Ikkinchi yechim x = 1(mod 5) uchun L2+ £'(1)t, = 0(mod 5). Bu yerda
f()=-5 wva f'(1)=8 bo’lganidan —1+48t; =0(mod 5) » 8t; =
1(mod 5) » —2t; = 6(mod5) » t; = -3(mod5) »t; =—-3+5t, - x=
1+4+5t; =1-15+ 25t, = —14 + 25t, - x = 11(mod?25).

Uchinchi yechim x = —2(mod 5) uchun =2+ f/(=2)t, = 0(mod 5). Bu
yerda f(—2) =70 va f'(—2) = —112 bo’lganidan 14 — 112t; = 0(mod 5) —
—1+ 3t; = 0(mod5) » 3t; = 1(mod5) — 3t; = 6(mod5) - t; = 2(mod5) —
x=-2+5t; =-2+5(2+5t,) =7+ 25¢t,.

Shunday qilib, berilgan taggoslamani yechishni quyidagi 1-darajali bir noma’lumli
tagqoslamalar sistemalarni yechishga keltirdik:

x = 1(mod 7) x = —-2(mlld 7) x = —3(mod 7)
@) {x = 15(mod 25) % {x = 15(mod 25) % {x = 15(mod 25)

x = 1(mod 7) x = —2(mod 7) x = —3(mod 7)
@) {x = 11(mod 25) %) {x = 11(mod 25) % {x = 11(mod 25)

x = 1(mod 7) x = —2(mod 7) x = —3(mod 7)
a7) {x = 7(mod 25) %) {x = 7(mod 25)’ a9){x = 7(mod 25)°

x=1+7t N {7t1 = 14(mod 25) .
{tl = 2(mod 25) _){tl =2+ 25t,

Bularni yechib: al){

x=1+7t, x=1+7t,
ya'ni x = 15(mod 175) .
. ){ x=-2+7t N {7t1 = 17(mod 25) .
27 |—2 + 7t; = 15(mod 25) x=-2+7t
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t; = 6(mod 25)

{x = —2 4+ 7(6 + 25t,) = 40 + 175¢, Y2 1l X = 40(mod 175).

x=-=3+7t 7t, = 18(mod 25)
a ){ —){
3/1-3 + 7t; = 15(mod 25) x=-3+7t,
t; = —1(mod 25) _
{x = —3+7(~1+25t;) = —10 + 175¢, ~ ¥ = ~10(mod 175).

x = 1(mod 7) . xE_1+7t1 x=1+7t
@) {x = 11(mod 25) _ |1t 7t = il(mod 25) {7t1 = 10(mod 25)

{ x=1+7t
_)

¢, = 5(mod 25) ~ X = 1+7(5+256,) =36 + 175¢,.

{xE—Z(mod7)_){ xX=-2+4+7t _){ xX=-2+7t .
) i = 11(mod 25) =2+ 7t; = 11(mod 25) ~ |7t; = 13(mod 25)
{tl = 9(mod 25) ~ ¥ = —2 4 7(9 + 25t,) = 61 + 175¢,.
4 ){x = —3(mod 7)
8/ \x = 11(mod 25)
_){ x=-3+7t . x=-3+7t; .
—3 4+ 7t; = 11(mod 25) |7t = 14(mod 25)

{tl  Jimod 28) = ¥ = "3 +7(2+256) = 11+175¢,.
{xEl(mod7) _){ x=1+7t _){ x=1+7t I
G\ = 7(mod 25) ~ |1+ 7t; = 7(mod 25) ~ |7t; = 6(mod 25)

x=1+7t _ _
{t1 = 8(mod 25) - x =14+ 7(8+ 25t,) =57 + 175¢,.
4 ){x = —2(mod 7)
87 x = 7(mod 25)
_){ x=-2+7t _){ XxX=E-2+7t .
-2+ 7t; = 7(mod 25) 7t; = 9(mod 25)

204



=—-2+4+7t
{ * T b x = =2+ 7(12 + 25t,) = 82 + 175¢,.

t; = 12(mod 25) ~

4 ){x = —3(mod 7)
97 x = 7(mod 25)
_){ x=-3+7t _){ x=-3+7t .
—3 4+ 7t; = 7(mod 25) 7t; = 10(mod 25)

{;;5_(73”:;2“5) > x = =3+ 7(5 + 25t,) = 32 + 175t,.

Javob: x = —10,11,15, 32,36,40,57,61 82(mod 175).

5). f(x) = x* —4x3 + 2x? + x + 6 = 0("od135) taggoslamani garaymiz. Bu
yerda 135 = 33 -5 bo’lgani uchun bu tagqoslama

{f(x) = 0(mod 5) )
f(x) = 0(mod 27)

ga teng kuchli. Buning birinchisidan x* — 4x3 + 2x2 + x + 6 = x* + x3 + 2x? +
x+1=0(mod5). Buni 5 moduli bo’yicha chegirmalarning to’la sistemasi
0,+1,+2 dagi chegirmalarni sinab ko’rish usuli bilan yechsak, x = 2, —2(mod 5)
laruning yechimi ekanligini topamiz.

Endi (1) dagi ikkinchi taggoslamani yechamiz. Buning uchun avvalo, f(x) =
O(mod3) mni, yanix*—4x3+2x>+x+6=0(mod3) ni garaymiz. Bu
taggoslama x*—4x3+2x>+x+6=0(mod3) > x*—x3—x?+x=
0(mod3) - x(x3 —x? —x + 1) = 0(mod3) - x(—x?% + 1) = 0(mod3). Bundan
x = 0,+1(mod3) lar berilgan taggoslamaning yechimi ekanligini topamiz.

a;).x = 0(mod3) - ni gqaraymiz. x = 3t; bo’lgani uchun 290-misoldagi (7) —
@ + f'(0)t; = 0(mod3) taggoslamaga ega
bo’lamiz. Bunda f(0) =6 va f'(x) = 4x3 —12x*+4x+ 1, f'(0) =1 bo’lgani
uchun2 + t; = 0(mod3) » t; = 1(mod3) » t; =1+ 3t, > x =3+ 9t,. x ning
bu giymatidan foydalanib, navbatdagi gadamni amalga oshiramiz. U holda t, ga
nisbatan %+f’(3)t2 = 0(mod3) taqqoslamaga ega bo’lamiz. Bunda f (3) =
0, f'(3) = 13 bo’lgani uchun 13t, = 0(mod3) ga ega bo’lamiz. Bundan t, = 3t; —
x =3+ 27t; €L

a,). Endi ikkinchi yechimx = 1(mod3) ni qaraymiz. Bundan x =1+ 3¢;

formulaga asosan t; ga nisbatan

bo’lgani uchun 290-misoldagi (7) —formulaga asosan t; ga nisbatan % + f'(Dt, =

0(mod3) taqqoslamaga ega bo’lamiz. Bunda f(1) =6 va f'(x)=f'(1) =
—3bo’lgani uchun2 — 3t; = 0(mod3) — 3t; = 2(mod3) ni hosil gilamiz. Bu
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yerda (3,3) = 3, lekin 2 soni 3ga bo’linmaydi.Shuning uchun ham oxirgi tagqoslama
yechimga ega emas.

as). Uchinchi yechim x = —1(mod3) ni garaymiz. Bu holda f(—1) =12,
f'(=1) = =19 bo’lgani uchun f( ) 4 f'(=1Dt;, =0(mod3) dan 4 —19t; =

0(mod3) - 19t; = 4(mod3) - t, = 1(mod3) —t; =14 3t, ni hosil gilamiz.
Buni x ning ifodasiga olib borib qo’ysak, x = —1+ 3t; =2+ 9t, ifoda hosil
bo’ladi. x ning bu ifodasidan foydalanib, keyingi gadamni amalga oshiramiz. U
holda t, ga nisbhatan f@ )+ f’(2)t, = 0(mod3) tagqgoslama kelib chigadi. Bunda
f2)=0, f(2) =-7 bo lgani uchun —7t, = 0(mod3) - t, = 0(mod3) —»
t, = 3t; > x = 2 + 27t5 ga ega bo’lamiz.

Shunday qilib berilgan  taggoslamani yechishni quyidagi birinchi darajali
tagqoslamalar sistemasini yechishga keltirdik:

x = —2(mod5) x = —2(mod5)
bl){ x = 3(mod27) bZ){X = 2(mod27)
= 2(mod5) = 2(mod>5)

b3){x = 3(mod27) b4){x = 2(mod27)

Endi bularning har birining yechimini izlaymiz.

1 -2+ 5t1 = 3(mod27) _ 5t, = 5(mod27) ~ \t, = 1(m0d27)
{t1§1+27t2_)x—3+135t2, tzEZ.
b,) dan
-2+ 5t1 = 2(m0d27) 5t; = 4(m0d27) 5t; = 85(m0d27)
{t1§17+27t2_)x—83+135t2, tZEZ.
b3) dan
2+ 5t1 = 3(m0d27) 5t; = 1(m0d27) 5t; = 55(m0d27)
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{ X=2H50 574135t t, € 2.

t, =11+ 27¢,
b,) dan

2+ 5t; =2(mod27) (5t; = 0(mod27) (t; = 0(mod27)
{ tl = 27t2 —->x=2+ 135t2,t2 € Z.

Javob: x = 2,3,57,83(mod135).

6). f(x) = 4x3 + 7x? — 7x — 10 = 0(mod225) taggoslamani garaymiz. Bu
yerda 225 = 32 - 52 bo’lgani uchun bu tagqoslama

{f(x) = 0(mod 3?%) o
f(x) = 0(mod 52)

ga teng kuchli.

a). f(x) = 4x3+ 7x% — 7x — 10 = 0(mod3?) taqqgoslamani yechamiz. Buning
uchun 4x3 + 7x% — 7x — 10 = 0(mod3) - x3 + x> —x — 1 = 0(mod3) - x? —
1=0(mod3) » (x+1)(x—1) = 0(mod3) tagqoslamani yechishimiz kerak.
Buning yechimlari x = —1, 1(mod3) dan iborat.

a;) x =1+ 3¢t; yechimni garaymiz. Bundan foydalanib, t; ga nisbatan % +

f'(Dt; = 0(mod3) taggoslamani tuzib olamiz. Bunda f(1) = —6, f'(x) = 12x% +
14x — 7, f'(1) = 19 bo’lgani uchun—2 + 19t; = 0(mod3) - t; = —1(mod3) —
t, =—1+4+3t, > x =—-2+9t,.

a,) x = —1+ 3t; yechimni garaymiz. Bundan foydalanib, t; ga nisbatan % +
f'(—1)t; = 0(mod3) taqgoslamani tuzib olamiz. Bunda f(—1) =0, f'(-1) =-9
bo’lgani  uchun—9t; = 0(mod3) —» 0-t; = 0(mod3).Bu  taqgoslama  ayniy
taqqoslama bo’lib, t; ning ixtiyoriy giymati gqanoatlantiradi.

Endi (1) dagi ikkinchi taggoslamani 4x3 + 7x? — 7x — 10 = 0(mod5) —» —x3 +
2x2 — 2x = 0(mod5) ni garaymiz. Bundan x(—x? + 2x — 2) = 0(mod5) - x =
0,—1,—2(mod5).

b,) x = 0(mod5) - x = 5t; ni garaymiz. Bundan foydalanib, t; ga nisbatan

@ + f'(0)t, = 0(mod5) taggoslamani tuzib olamiz. Bunda f(0) = —10, f'(0) =
—7 bo’lgani uchun—2 — 7t; = 0(mod5) — 3t; = —3(mod5) = t; = —1 4+ 5¢t, -
X = _5 + 25t2.
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b,) x = —1(mod5) - x = —1 + 5t; yechimni garaymiz. Bundan foydalanib t;
ga nisbatan % + f'(—1)t; = 0(mod5) taggoslamani tuzib olamiz. Bunda
f(=1) =0, f'(-1) =-9 bo’lgani uchun—9¢t; = 0(mod5) - t; = 0(mod5) -
tl = 5t2 > X = _1 + 25t2

bs) x = —2(mod5) - x = —2 + 5t; yechimni garaymiz. Bundan foydalanib, ¢,
ga nisbatan @ + f'(—2)t; = 0(mod5) taggoslamani tuzib olamiz. Bunda
f(=2)=0, f'(=2) =13 Dbo’lgani uchunl3t; = 0(mod5) — t; = 0(mod5) —
tl = 5t2 > X = -2 + 25t2

Bulardan quyidagi chizigli tenglamalar sistemasiga kelamiz.
{ x =7(mod9) { x = 7(mod9) { x = 7(mod9)
Dy = —5(mod25)’  x = —1(mod25)’ ) lx = —2(mod25)
Bularni yechamiz:
c;) dan
{ x=7+9 _){ x=7+9 _){ x=7+94 .
7 + 9t; = —5(mod25) 9t, = —12(mod25) 3t; = —4(mod25)

x=7+9

{tl = 7(mod25) —»x =7+49(7 + 25t,) = 70 + 225¢,.
c,) dan

7 +9t; = —1(mod25) 9t, = —8(mod25) 9t, = 117(mod25)

x=7+9 _ _

{tl = 13(mod25) —x =7+ 9(13 + 25t,) = 124 + 225t,.
c3) dan

{ x =749 _){ x=7+94 _){ x =749 R

7 + 9t; = —2(mod25) 9t, = —9(mod25) t; = —1(mod25)

> x =7+9(—1+ 25¢t,) = —2 + 225¢,.

Javob: x = 70; 124; 223(mod225).
7). 31x* + 57x3 + 96x + 191 = 0(mod225) taggoslamani garaymiz. Bu yerda
225 = 3252 bo’lgani uchun bu tagqoslama
{f(x) = 0(mod 3?) 1

f(x) = 0(mod 5?)

ga, ya’ni
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31x* + 57x3 + 96x + 191 = 0(mod3?)
{31x4 + 57x3 4+ 96x + 191 = 0(mo[15?)
ga teng kuchli. Birinchi taggoslamani garaymiz:
31x* + 57x3 + 96x + 191 = 0(mod3) » x* — 1 = 0(mod3) - (x? — 1)(x? +
1) = 0(mod3) » (x — 1)(x + 1)(x? + 1) = 0(mod3) bo’lgani uchun bu
taggoslamaning yechimlari x = —1, 1(mod3) dan iborat.

a;) x = —1+ 3t; yechimni garaymiz. Bundan foydalanib, t; ga nisbatan —= f( Dy

f'(—1Dt; = 0(mod3) taggoslamani tuzib olamiz. Bunda f(—1) =69, f (x) =
124x% + 171x + 96, f'(—1) = 143  bo’lgani uchun23 + 143t; = 0(mod3) -
2t; = 1(mod3) » t; = 2(mod3) - t; = -1+ 3t, - x = —4 4+ 9¢,.

a,) x =1+ 3t; yechimni garaymiz. Bundan foydalanib t; ga nisbatan — +

f'(Dt, = 0(mod3) tagqoslamani tuzib olamiz. Bunda f(1) =375, f (x) =
124x2 +171x+ 96, f'(1) =391 bo’lgani uchun 125 + 391t; = 0(mod3) -

= —2(mod3) - t; =1(mod3) - t; =1+ 3t, > x =44+9¢t,. Endi (1) dagi
|kk|nch| taggoslamani yechamiz. Buning uchun avvalo, f(x) = 0(mod 5) ni, ya’'ni
31x* + 57x3 + 96x + 191 = 0(mod 5) ni garaymiz. Bu tagqoslama x* + 2x3 +
x+1=0(mod5) ga teng kuchlii Bundan x =1,2(mod5) lar berilgan
taggoslamaning yechimi ekanligini topamiz.

b,) x = 1(mod5) - x = 1 + 5t; ni garaymiz. Bundan foydalanib, t; ga nisbatan

% + f'(1)t, = 0(ml1d5) tagqoslamani tuzib olamiz. Bunda f(1) = 375, f'(1) =
391 bo’lgani uchun 75 + 391t; = 0(mod5) - t; = 0(mod5) » t; = 5t, > x =
1 + 25¢,.

b,)x = 2(mod5) - x = 2 + 5t; ni garaymiz. Bundan foydalanib t; ga nisbatan
f(z) + f'(2)[1; = 0(mod5) tagqgoslamani tuzib olamiz. Bunda f(2) = 1335,
f (1) = 1772 bo’lgani uchun 267 + 1772t; = 0(mod5) — 2t; = —2(mod5) —»
tl =_1+5t2 _)x=_3+25t2.

Bulardan quyidagi chizigli tenglamalar sistemasiga kelamiz:

f()

x = 5(ml1d9) x = 5(mod9)
1) {x = 1(mod25) * ) {x = —3(mod25)’

{ x = 4(mod9) { x = 4(mod9)
¢3) \x = 1(mod25)’ Y lx = —3(m0d25)"
Bularni yechamiz:

c;) dan
{ x=5+9t { x=5+9t { x=54+9t
5+ 9t; = 1(mod25) 9t, = —4(ml1d25) 9t, = 21(m0d25)
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{ x=54+9t _){ x=5+9t _){ x=5+9t N
3t; = 7(mod25) (3t; = —18(mod25) (t; = —6(mod25)
x = —49 + 225t,,t, € Z.
c,) dan
{5 + 9t; = —3(mod25) . {9t1 = —8(mod25) N {9t1 = —33(mod?25)
x=5+94 x=5+94 x=5+9t

{3t1 = —11(mod25) N {3131 = —36(mod25) N {tl = —12(mod25)
x=5+9 x =549t x =549t
x = —103 4+ 225¢t,,t, € Z.
c3) dan

{4 + 9t; = 1(mod25) . {9t1 = —3(mod25) . {31:1 = —1(mod25)

{ t; = 8(mod25)
x=4+9(5 + 25t,) =76 + 225¢,

c,) dan
{4 + 9t; = —3(mod25) . {9t1 = —7(mod25) . {tl = 2(mod25)
x =22+ 225t,,t, € Z. Javob: x = —103,—49,22,76(mod225).

8). f(x)=2x®—6x*—7x%—4=0(mod 441) taqgqgoslamani garaymiz. Bu

yerda 441 = 32 - 72 bo’lgani uchun bu taqqoslama
{f(x) = 0(mod 9) 1
f(x) = 0(mod 49) D

ga teng kuchli. Buning birinchisidan 2x® — 6x* — 7x? — 4 = 0(mod 3?) ni
yechish uchun —x® — x2 — 1 = 0(mod 3) » —x% + 1 = 0(mod 3). Buni 3 moduli
bo’yicha chegirmalarning to’la sistemasi 0,+1, dagi chegirmalarni sinab ko’rish
usuli bilan yechsak, x = 1, —1(mod 3) lar uning yechimi ekanligini topamiz.

a;) x = 1(mod 3) » x =1+ 3t; yechimni qgaraymiz. 290-misoldagi (7) -
formulaga asosan t; ga nishatan % + f'(1)t, = 0(mod3) taggoslamaga ega
bo’lamiz. Bunda f(1) =-15 va f'(x) = 12x°>—24x3—14x, f'(1) = -26
bo’lgani  uchun—5 — 26t; = 0(mod3) » t; = 2(mod3) - t; = -1+ 3t, > x =
_2 + 9t2, tz E Z
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a,) x = —1(mod 3) - x = —1 + 3t; yechimni garaymiz. 290-misoldagi (7) —
formulaga asosan ¢; ga nisbatan %+}”(—1)t1 = 0(mod3) taggoslamaga ega
bo’lamiz. Bunda f(—1) =-15 va f'(x) = 12x> —24x3 —14x, f'(-1) =
26 bo’lgani uchun—5 + 26t; = 0(mod3) - 2t; = 2(mod3) » t; =1+ 3t, —
X = 2+9t2,t2 EZ.

Endi (1) dagi ikkinchi taggoslamani yechamiz. Buning uchun avvalo, f(x) =
0(mod 7) ni, ya'ni 2x® — 6x* — 7x% — 4 = 0(mod 7) ni garaymiz. Bu tagqoslama
2x% + x* + 3 = 0(mod 7) ga teng kuchli. Buni 7 moduli bo’yicha chegirmalarning
to’la sistemasi 0, +1, +2, +3 larni qo’yib tanlash usuli bilan yechsak x = +2(mod7)
lar berilgan tagqoslamaning yechimi ekanligini topamiz.

1)) x=2(mod7) »x=2+7t; yechimni garaymiz. 290-misoldagi (7-
formulaga asosan t; ga nisbatan % + f'(2)t; = 0(mod7) tagqoslamaga ega
bo’lamiz. Bunda f(2) =0 va f'(12) = 164 bo’lgani uchun164t, = 0(mod7) —
tl = 0(m0d7) - tl = 7t2 -»x=2+ 49t2, tz €”Z.

b,) x = —-2(mod 7) » x = —2 + 7t; yechimni garaymiz. 290-misoldagi (7) —

formulaga asosan t; ga nisbatan @ + f'(—2)t; = 0(mod?7) taqgoslamaga ega

bo’lamiz. Bunda f(—1)=0 va f'(—1)=—164 bo’lgani uchun —164t, =
0(mod7) = t; = 0(mod7) = t; = 7t, » x = =2 + 49t,,t, € Z.
Shunday qilib, quyidagi chizigli taggoslamalar sistemasini yechishga keldik:
x = —2 (mod?9) x = —2 (mod?9)
€1) {x =2 (mod 49) 2 {x = —2 (mod 49)

c3){x52 (mod 9) . {xJ;EZ (mod 9)

x =2 (mod 49) —2 (mod 49)
c,) dan
{ x=-2+9 {91&1 = 4 (mod 49)
H
—2+4+9t; = 2 (mod 49) x=-2+9t,

{9t1 = —45 (mod 49)_){t1 = —5 (mod 49)_){ t; = -5+ 49¢t, R

c,) dan
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X =

—2+9t; = =2 (mod 49) | t, = 0 (mod 49) _|x = —2 + 441t,

c3) dan
{ x=2+9t _){9t1 = 0 (mod 49)_){t1 = 0 (mod 49)
2+ 9t; = 2 (mod 49) x=2+9t x=2+9

t, = 49t
{ ! 2 x =2+ 441t,,t, € Z.

T lx=2+9¢
c,) dan

{ x=2+9 _){9t1 = —4 (mod 49)
2+ 9t; = —2 (mod 49) x =249t

9t, = 45 (mod 49) {tl = 5 (mod 49) {tl =5+ 49¢,

{ x=2+9 | x=2+9t lx=2+9 *
A7 + 441¢,,t, € Z.

Javob: x = —47, =2, 2, 47 (mod 441).

9). 2x% — 6x* — 7x? — 4 = 0 (mod 1225)taqqgoslamani garaymiz. Bu yerda
1225 = 52 - 7% bo’lgani uchun bu taqqoslama
{f(x) = 0(mod 25) 1)
f(x) = 0(mod 49)
ga teng kuchli. (1) dagi 2-taggoslamani 291.8) misolda yechgan edik. Uning
yechimlari x = —2 (mod 49)va x = 2 (mod 49) iborat edi. Shuning uchun ham
(1) dagi 1-taggoslama 2x® — 6x* — 7x% — 4 = 0(mod 52) ni yechamiz. Buning
uchun  2x® —6x* — 7x? —4 = 0(mod 5) - 2x% —x* — 2x?> + 1 = 0(mod 5) -
2x% —1—2x%+ 1 = 0(mod 5)ni qaraymiz. Bu taggoslama 2x® —x* — 2x2 + 1 =
0(mod 5) -» 2x?> —1—2x?+ 1 = 0(mod 5) ayniy tagqoslamaga teng kuchli
bo’lgani uchun uning yechimlari x = —1,1,2,—2 (mod 5) dan iborat. Endi bu
yechimlardan foydalanib, 2x® — 6x* — 7x? — 4 = 0(mod 5%) ning yechimini
topishga harakat gilamiz.
a;) x=—-1(mod5), x = —1+ 5tyni garaymiz. 290-misoldagi (7) —formulaga

asosan t; ga nisbatan @

Bunda f(—1) = —15 va f’(x) = 12x5 — 24x3 — 14x, f'(—1) =26 bo’lgani
uchun —3 4 26t; = 0(mod5) » t; = 3(mod5) > t; =3+ 5t, > x =14+
25t,,t, € Z.

+ f'(—=1)t; = 0(mod5) taqqoslamaga ega bo’lamiz.
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a,) x =1(mod5) » x =1+ 5t; yechimni qaraymiz. 290-misoldagi (7) —
formulaga asosan t; ga nishatan % + f'(1)t, = 0(mod5) tagqoslamaga ega
bo’lamiz. Bunda f(1) = —-15 va f'(—=1) = —26 bo’lgani uchun—3 — 26t, =
0(mod5) -» t; = —3(mod5) » t; = -3+ 5t, » x = —14 + 25t,,t, € Z.

as) x = 2(mod 5) - x = 2 + 5t; yechimni garaymiz. 290-misoldagi (7) —
formulaga asosan t; ga nisbatan @ + f'(2)t; = 0(mod5) taggoslamaga ega
bo’lamiz. Bunda f(2) =0 va f'(2) = 164 bo’lgani uchun 164t; = 0(mod5) —
t; = 0(mod5) —» t; = 5t, » x = 2 + 25¢t,,t, € Z.

a,) x = —2(mod 5) - x = —2 + 5t; yechimni garaymiz. 290-misoldagi (7)

—formulaga asosan t; ga nishatan @ + f'(—2)t; = 0(mod5) taggoslamaga ega

bo’lamiz. Bunda f(-2)=0 va f'(—2)=—164 bo’lgani uchun 164t, =
0(mod5) — t; = 0(mod5) —» t; = 5t, » x = —2 + 25¢t,,t, € Z. Shunday qilib,
quyidagi chizigli taqgoslamalar sistemasini yechishga keldik:

x = —2(mod 49) x = —2(mod 49)
€1) {x =14 (mod 25)° €72 {x = —14 (mod 25)’

{x = —2(mod 49) {x = —2(mod 49)
¢\ x = 2 (mod 25) ’ )\ x = —2 (mod 25)’
{ x = 2(mod 49) { x = 2(mod 49)
%) x = 14 (mod 25) ° ) \x = —14 (mod 25)’
{x = 2(mod 49) { x = 2(mod 49)
) lx = 2 (mod 25)° ) lx = -2 (mod 25)
dan { x =—2+49¢, {49t1 = 16 (mod 25)
c1) —2 +49t; = 14 (mod 25)_) x =—-2+49

t1 =9 (mod 25) _ B
€2) 9N \_5 4 49¢, = —14 (mod 25) 1 49t, = —12 (mod 25)"
t1 = 12 (mod 25) _ . B
—>{ = 2 +407, —F="2+49- (124256, = 586 + 12256, 1, € .
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x=-2+449 {tl = —4 (mod 25)—>x _ oy

¢3) dan {—2 +49t, =2 (mod 25) | x = —2 + 49¢,

49(—4 +25¢,) = —198 + 1225¢,, t, € Z.

x =—-2+49¢, t; = 0 (mod 25) _

€s)  dan {—2 +49t, = —2 (mod 25) { t, =25¢c, X- 2%
1225t ,t, € Z.
x =2+49t, t; = —12 (mod 25) .

Cs) dan {2 +49¢, = 14 (mod 25) { x=2+49; ~—X=o86F

1225t, ,t, € Z.
x =2+49t t; = 16 (mod 25)

) da”{z +49¢t, = —14 (mod 25) { x =2+ 49t
1225t, ,t, € Z.

—x = 786 +

x =2+49t, t; = 0 (mod 25) .
¢7) dan {2 +49¢, = 2 (mod 25)_’{ x=2+49;, TR
X =2 + 1225t2,t2 € Z.
x =2+49t, t; =4 (mod 25) (t; =4+ 25¢,
Cg)  dan {2 +49¢, = —2 (mod 25)_’{ x =2+ 49t _’{x =2+49¢t,

Shunday qilib, berilgan taggoslamaning yechimlari: x = —586, —198, -2, 2,
198, 439, 586, 786(mod 1225).

IV.6-§.

292.1). Awvalo, berilgan 2x% + 4x — 1 = 0(mod5) taggoslamani bosh hadining
koeffitsiyenti 1 ga teng bo’lgan holga keltiramiz. 2a = 1(mod5) = a = 3(mod5)
bo’lgani uchun berilgan tagqoslamaning ikkala tomonini 3 ga ko paytiramiz. U holda
6x% + 12x —3 = 0(mod5) tenglama hosil bo'ladi. Bundan x2+2x+2 =
0(mod5) - (x + 1) + 1 = 0(mod5) - (x + 1)2 = —1(mod5) - (x + 1)? =
4(mod5)—x + 1 = 2(mod5)vax + 1 = —2(mod5)—x = 1(mod5)vax =
—3(mod5) hosil bo’ladi.

Javob: x = —3,1 (mod5).
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2). Awvalo, berilgan 3x2 + 2x = 1(mod7) taqggoslamani  bosh hadining
koeffisiyenti 1 ga teng bo’lgan holga keltiramiz. 3a = 1(mod7) — a = 5(mod7)
bo'lgani uchun 3x2? + 2x = 1(mod7) taqgoslamaning ikkala tomonini 5 ga
ko'paytiramiz. U holda  15x?+ 10x —5 = 0(mod7) —» x*> + 10x + 9 =
0(mod7) — (x +5)? — 16 = 0(mod7) = (x + 5)? = 16(mod7)—x + 5 =
4(mod7) va x+5=—-4(mod7) - x = —1(mod7)vax = —2(mod7) hosil
bo’ladi. Javob: x = —1, —2(mod7).

3). Awvalo, berilgan 2x? — 2x — 1 = 0(mod7) taqgoslamani  bosh hadining
koeffisenti 1 ga teng bo’lgan holga keltiramiz. 2a = 1(mod7) - a = 4(mod?7)
bo’lgani uchun 2x? — 2x — 1 = 0(mod7) taggoslamaning ikkala tomonini 4 ga
ko'paytiramiz. U holda 8x* — 8x — 4 = 0(mod7), x* — x + 3 = 0(mod7) - x* +
6x + 10 = 0(mod7) = (x + 3)? + 1 = 0(mod7) - (x + 3)? = —1(mod7) -

(x + 3)? = 6(mod7). Bu taqqoslamaga 7 moduli bo'yicha chegirmalarning to’la
sistemasidagi chegirmalarning to’la sistemasi 0,+1,+2,+3 qo’yib tekshirsak,
taggoslama yechimga ega emas.

Javob: taggoslama yechimga ega emas.

4). Berilgan 3x? — x = 0(mod5) tagqgoslamani bosh hadining koeffisiyenti 1 ga
teng bo’lgan holga keltiramiz. 3a = 1(mod5) —» a = 2(mod5) bo lgani uchun
3x% — x = 0(mod5) taqgoslamaning ikkala tomonini 2 ga ko paytiramiz. U holda
6x% — 2x = 0(mod5) - x? — 2x = 0(mod5) - (x — 1)? — 1 = 0(mod5) -

(x —1)? = 1(mod5)—x — 1 = 1(mod5) va x—1=—-1(mod5) - x =
2(mod5)va x = 0(mod5) hosil bo’ladi. Javob: x = 0, 2(mod5).

5) Berilgan 3x%+ 7x + 8 = 0(mod17) taggoslamani bosh  hadining
koeffisiyenti 1 ga teng bo’lgan holga keltiramiz. 3a = 1(mod17) = a = 6(mod17)
bo’lgani uchun 3x2 + 7x + 8 = 0(mod17) taqqoslamaning ikkala tomonini 6 ga
ko'paytiramiz. U  holda 18x% + 42x + 48 = 0(mod17) — x> + 8x + 48 =
0(mod17)—(x + 4)? + 32 = 0(mod17) - (x + 4)? = 2(mod17)—(x + 4)? =
36(mod17) » x + 4 = 6(modl17)vax + 4 = —6(modl7) - x =
2(mod17)va x = 7(mod17) hosil bo’ladi.  Javob: x = 2,7(mod17).

6). Berilgan 3x% + 4x + 7 = 0(mod31) taggoslamani
9x% + 12x + 21 = 0(mod31) » (3x + 2)? + 17 = 0(mod31) » (3x + 2)? =
14 + 31-5(mod31) » (3x + 2)? = 169(mod31) > 3x + 2 =
113(mod31)va3x + 2 = —13(mod31) - 3x = 11(mod31)va 3x =
—15(mod31) - x = 14(mod31) va x = —5(mod31). Javob: x — 5,14(mod31).

7). 4x*—11x—3=0(mod13)taqqoslamani ikkihadli taqqoslama ko’rinishiga

keltirib, keyin yeching.
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4x* —24x-16 = 0(mod13) — x* —6x—4 = 0(mod13) —>(x—3)2 =0(mod13) — x =3(mod 13).
8). 3x*+7x+8 EO(mod 17) tagqoslamani ikkihadli tagqoslama ko’rinishiga keltirib,
keyin yeching.

3x% + 24x~9=0(mod17) — X +8x—3=0(mod17) — (x+4)” =19(mod17) -

(x+4)2 =36(mod17) — x+4=6(mod17) va x+4=-6(mod17)— x=6-4(mod17)

va x=-10(mod17) — x=2(mod17) va x=7(mod17).
293.1). Berilgan kasr butun giymat gabul gilishi uchun uning surati maxrajiga
bo'limishi kerak, ya'ni x? + 2x + 7 = 0(mod55) bajarilishi kerak. Bundan (x +
(x + 1)? = —6(mod5) I
(x + 1)? = —6(mod11)

{ (x + 1)? = 4(mod5) IR { x + 1= +2(mod5)

(x + 1)? = 16(mod11) (x +1 = +4(mod11)
sistemadagi birinchi taggoslamaning yechimlari x = 1,2(mod5), ikkinchi
tagqoslamaning yechimlari x = —5,3(mod11) dan iborat ekanligi kelib chigadi.
Bulardan quyidagi taggoslamalar sistemalarini hosil gilamiz:

x = 1(mod5) x = 1(mod5) x = 2(mod5)
1 {x = 6(mod11)’ a4z ) {x = 3(mod11)’ a3) {x = 6(mod11)’
x = 2(mod5)
) {x = 3(mod11)’
Bu sistemalarni yechmiz. U holda
x=1+45t 5t; = 5(mod11 t; = 1(mod11
) da”{1 5t = 6(modi11) ~ { = 1(+ 5t - { = g + 5t )
X =6+ 5t,, t, € Z.
x=1+45t 5t, = 2(mod11 t; = 7(mod11
az) dan {1 +5¢, = 3(m01d11){ Y= 1(+ 5t ) _’{ = g 45, -
x =36+ 55t,, t, € Z.

1)? = —6(mod55) - {

larga ega bo’lamiz. Keyingi

X =2+ 5t 5t; = 4(mod11) t; = 3(mod11)
a3) dan {2+5t1 zé(modn)"{ x =2 + 5t _’{ x=2+5t
x =17+ 55¢,, t, € Z.
x=2+5t 5t; = 1(mod11 t; = —2(modl11
@) da”{z +5¢t, = 3(m01d11){ o 2(+ 5¢, ) _’{ = 2(+ 5¢, -
x = —8+ 55¢,, t; € Z.
Javob: x = 6 + 55¢t, x =17 + 55t, x = 36 + 55t, x = 47 + 55¢,t € Z.
4) Berilgan kasr butun giymat gabul gilishi uchun uning surati maxrajiga
bolimishi kerak, ya'nix? + 3x + 1 = 0(mod25) bajarilishi kerak. x? + 3x + 1 =
0(mod5) ni garaymiz. Bu taggoslamani 5 moduli bo’yicha chegirmalarning to’la

sistemasi 0,+1,+2 dagi sonlarni sinab ko’rish usuli bilan yechsak, x = 1(mod5)
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uning yechimi ekanligini topamiz. Endi 5 moduldan 25 modulga o’tamiz. Buning
uchun 290-misoldagi singari ish tutamiz. U holda (7)-formulaga asosan % +
f'(Dt; = 0(mod25) ga ega bo’lamiz. Bu yerda

f(1A)=5f'(1)=2x+3 va f'(1) =5 bo’lgani uchun 1 + 5t; = 0(mod5) -
5t; = 4(mod5) ga ega bo’lamiz. Bunda(5,25) = 5, lekin 4 soni 5 ga bo'linmagani
uchun bu taggoslama yechimga ega emas, ya ni berilgan ifoda butun giymat gabul
giladigan x ning natural giymatlari mavjud emas.

Javob: berilgan ifoda butun giymat gabul giladigan x ning natural giymatlari
mavjud emas.

5) Berilgan kasr butun giymat gabul qilishi uchun uning surati maxrajiga
bo'limishi kerak, ya'ni x? + 3x + +5 = 0(mod15) bajarilishi kerak. Bu taggoslama
ushbu

x%2 4+ 3x + 5 = 0(mod3)
{xz + 3x + 5 = 0(mod5)

tagqoslamalar sistemasiga teng kuchli. Bu sistemaning 1-taggoslamasini yechamiz.
U holda x?2+3x+5=0(mod3) » x> —1=00mod3) > x = -1 vax =
1(mod3) larni hosil gilamiz.

Endi 2- tagqoslamasini yechamiz:

x? + 3x + 5 = 0(mod5 - x? — 2x = 0(mod5) — x = 0,2(mod5).

Bularga asoslanib quyidagi sistemalarni tuzib olamiz:

a)) {x = —1(mod3) @) {x = —1(mod3) a,) {x = 1(mod3)

x = 0(mod5) "’ x = 2(mod5) "’ x = 0(mod5)
) {x = 1(mod3)
%) \x = 2(mod5)
Bu sistemalarni yechib, yechimlarini topamiz:
x=-1+4+3¢t 3t; = 1(mod5 t; = 2(mod5)
a;) dan {—1 +3t, = 0(mod5) { x=—-1+3t {x =—1+3t

X = 5+15t2,t2 € Z.

) dan { x=-1+3t . {31&1 = 3(mod5 . {tl = 1(mod5)
e —1+43t; =2(mod5) _ lx=-1+4+3t;  lx=-1+3t
x:2+15t2,t2€Z

x =1+ 3t 3t; = —1(mod5) t; = —2(mod5)
az) dan {1+3t150(m0d5){ x=1+3t, _’{ x=1+3t
X = _5+15t2,t2 € Z.

x=1+3t; 3t; = 1(mod5) t; = 2(mod5)
a,) dan {1+3t1 zz(modS)_’{x=1+3t1 "{ x=1+3t
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x=7+15t2, tzEZ.

294. x? = a(modp) taggoslama yechimga ega bo’lishi uchun Eyler kriteriyasiga
-1
asosan apT = 1(modp) bajarilishi kerak. Budan p = 7 da a3 = 1(mod7) ga ega

bo'lamiz 7 moduli bo'yicha 1,2,3,4,5,6 dan iborat . Bularni Eyler kriteriyasiga
qo'yib, tekshirib ko'ramiz; 13 =1,23=1,33=-1,43=1, 53=-1,63=-1.
Demak, 1,2,4 sonlari 7 modul bo'yicha kvadratik chegirma, qolganlari, ya’ni 3,5,6
lar esa kvadratik chegirma emas.

295. 1). p = 11 moduli bo’yicha kvadratik chegirmalar sinflarini aniglash uchun

Eyler  kriteriyasi apTl = 1(modp) = a® = 1(mod11) ning  bajarilishini
chegirmalarning keltirilgan sistemasi 1,2,3,4,5,6,7,8,9,10 dagi chegirmalar uchun
tekshirib ko’ramiz. U holda quyidagilarga ega bo’lamiz:
15 = 1(mod11),
2° = —1(mod11),3°> =81-3 = 1(mod11),4°> = 16 - 16 - 4
=5-5-4=3-4=1(mod11),5°=25-25-5=3-3-5
= 1(mod11),
6°=36-36-6=3-3-6=—1(mod11), 7°=49-49-7=5-5-7 =
—1(mod11), 8° = 64-64-8=(—2) - (-=2) -8 = —1(mmod11),
95=81:81-9=4-4-(-2) = 1(mod11). Bizga ma’lumki, p >2 moduli
bo’yicha chegirmalarning keltirilgan sistemasidagi chegirmalar yarmi kvadratik
chegirma qolganlari esa kvadratik chegirma emas bo’ladi. Biz yuqorida
1,3,4,5,9larning p = 11 moduli bo’yicha kvadratik chegirmalar bo’lishini ko’rdik.
Demak, 1+ 11k,3 + 11k, 4 + 11k,5+ 11k,9 + 11k lar p = 11 moduli bo’yicha
kvadratik chegirmalar sinflari bo’ladi.
Javob: 1+ 11k,3+ 11k, 4+ 11k, 5+ 11k,9+ 11k, k € Z.

2). p = 13 moduli bo’yicha kvadratik chegirmalar sinflarini aniglash uchun Eyler
p—1
kiriteryasi a = = 1(modp) - a® = 1(mod13) ning bajarilishini chegirmalarning

keltirilgan sistemasi 1,2,3,4,5,6,7,8,9,10,11,12 dagi chegirmalar uchun tekshirib
ko’ramiz. U holda quyidagilarga ega bo’lamiz:
16 = 1(mod13),
26 = —1(mod13),3° = 2727 = 1(mod13),4° = 16 - 16 - 16
= 27 = 1(mod13),5% = 252525 = —1(mod13),
6°=36-36-36=—-3-(=3)(-3) = —1(mod13), 76 =49-49-49 = -3 -
(=3)-(=3) = —1(mod13), 86 = 64-64-64 = (1) - (-1) - (-1) =
—1(mod13),96 =81-81-81=3-3-3 = 1(mod13), 10° = 100100100 =
—3:(=3):(-3) = —1(mod13), 11 =121-121-121=4-4-4 =
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—1(mod13), 12° = 144 - 144 - 144 = 1(mod13). Bizga ma’lumki, p > 2 moduli
bo’yicha chegirmalarning keltirilgan sistemasidagi chegirmalar yarmi kvadratik
chegirma qolganlari esa kvadratik chegirma emas bo’ladi. Biz yuqorida 1,3,4,9,10,12
larning p = 13 moduli bo’yicha kvadratik chegirmalar bo’lishini ko’rdik. Demak,
1+13k,3+13k,4+ 13k,9+ 13k, 10+ 13k,12+ 13k lar p =13 moduli
bo’yicha kvadratik chegirmalar sinflari bo’ladi.
Javob: 1+ 13k,3 + 13k, 4 + 13k, 9 + 13k, 10 + 13k, 12 + 13k, k € Z.

3). p = 17 moduli bo’yicha kvadratik chegirmalar sinflarini aniglash uchun Eyler

-1

kiriteryasi a z = 1(modp) - a® = 1(mod17) ning bajarilishini chegirmalarning
keltirilgan sistemasi 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 dagi chegirmalar
uchun tekshirib ko’ramiz. U holda quyidagilarga ega bo’lamiz:

18 = 1(mod17), 28 = 2*-2* = 1(mod17),38 =81-81 = —4(—4) =
1(mod17),48 =16-16-16-16 = 1(mod17),58 = 25-25-25-25=82-82 =
1(mod17),68 = 36* = 2* = —1(mod17), 78 = 49* = (-2)* =
—1(mod17), 8% = 64* = (—4)* = 1(mod17),98 = 81* = (—4)* =
1(mod17), 108 =100* = (-2)? = —1(mod17), 118 = 121* = 2* =
—1(mod17), 128 =144* =8* =64-64 = —1(mod17), 138 =169* =
(—1)* = 1(mod17), 148 = (-3)® =812 = (—4)? = —1(mod17), 158 =
(—=2)8 = 2*- 2% = 1(mod17), 168 = (—1)® = 1(mod17). Bizga ma’lumki,
p > 2 moduli bo’yicha chegirmalarning keltirilgan sistemasidagi chegirmalar yarmi
kvadratik chegirma qolganlari esa kvadratik chegirma emas bo’ladi. Biz yuqorida
1,2,4,8,9,13,15,16 larning p = 17 moduli bo’yicha kvadratik chegirmalar bo’lishini
ko’rdik. Demak, 1+ 17k,2+ 17k, 4+ 17k,9+17k,9+ 17k,13 + 17k, 15+
17k,16 + 17k lar p = 17 moduli bo’yicha kvadratik chegirmalar sinflari bo’ladi.

Javob: 1+ 17k,2 + 17k, 4+ 17k,94+ 17k,9+ 17k, 13 + 17k, 15+ 17k, 16 +
17k k € Z.

296. 1).7 moduli bo’yicha chegirmalarning keltirilgan sistemasini absolyut qiymati
jihatidan eng kichik qilib olsak, +1,+2,43 lardan iborat. Bularni berilgan
taggoslama x2 = 2(mod7) ga qo’yib tekshirsak, x = +3(mod7) ning uni
qanoatlantirishini ko’ramiz. Javob: x = +3(mod7).

2). 7 moduli bo’yicha chegirmalarning keltirilgan sistemasini absolyut giymati
jihatidan eng kichik qilib olsak,+1,4+2,+3 lardan iborat. Bularni berilgan
taggoslama x? = 4(mod7)ga qo’yib tekshirsak, x = +2(mod7) ning uni
qanoatlantirishini ko’ramiz. Javob: x = +2(mod7).

3). 7 moduli bo’yicha chegirmalarning keltirilgan sistemasini absolyut giymati
jihatidan eng kichik qilib olsak, +1,+2,4+3 lardan iborat. Bularni berilgan
taggoslama x?2 = 3(mod7)ga qo’yib tekshirsak, ularning birortasi ham uni
qanoatlantirmasligini ko’ramiz. Javob: taggoslama yechimga ega emas.
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4). 13 moduli bo’yicha chegirmalarning keltirilgan sistemasini absolyut qiymati
jihatidan eng kichik qilib olsak, +1,+2,+3,+4,+5,+6 lardan iborat. Bularni
berilgan taggoslama x? = 3(mod13)ga qo’yib tekshirsak, x = +4(mod7) ning uni
qanoatlantirishini ko’ramiz. Javob: x = +4(mod13).

5). 11 moduli bo’yicha chegirmalarning keltirilgan sistemasini absolyut giymati
jihatidan eng kichik qilib olsak, +1,+2,+3,+4, 45 lardan iborat. Bularni berilgan
taggoslama x? = 4(mod11)ga qo’yib tekshirsak, x = +2(mod11) ning uni
qanoatlantirishini ko’ramiz. Javob: x = +2(mod11).

297. Lejandr simvolining qiymatini hisoblash uchun uning xossalaridan
foydalanamiz.

1).(16331) = (il) dan 4° —xossaga asosan (3;7) = (%21) - (1;) ni hosil gilamiz.

Ta’rifga ko’ra (i) = (i)z =1, shuning uchun ham (3—7) = (L) Oxirgi

131 131 131 131
tenglikning o’ng tomoniga kvadratik chegirmalarning 0’zgalik qonuni 6° —xossani

qo’llaymiz. U holda (=)= (~1) 7 7 () = = (222) hosil bo’ladi. Bu

yerda 1° —xossadan foydalansak, (L)=—(§) ekanligi kelib chigadi. Bu

131

tenglikning o’ng tomonida yana bir marta 6° —xossadan foydalanamiz: (é) =

() =077 =-()=-0)
Bunga 50 — xossani qo’llaymiz. U holda — (2) = —(—1)$=1. Demak,
(ﬁ) = 1. Javob:1.

131
2).(%) = (%) dan 4° —xossaga asosan (%) = (9%)(%) ni hosil gilamiz.
Oxirgi tenglikning o’ng tomonida  har bir ko’paytuvchi uchun kvadratik

chegirmalarning 0’zgalik qonuni 6° —xossani qo’llaymiz. U holda (9—57) : (é) =

o F) e () =) ()= () () s
bo’ladi. Bu yerda 1° —xossadan foydalansak, (g) : (g) ekanligi kelib chigadi. Bu
tenglikning o’ng tomonidagi birinchi ko’paytuvchiga 5° — xossani qo’llaymiz,
ikkinchisini esa (9) = (3) (g) deb yozish mumkin. Shuning uchun ham (é) : (9) =

7 7

72-1

52
(_1) 8 ( 1) s - (—) =-1-1- (g) = — (%) ga ega bo’lamiz. Bu tenglikning
o’ng  tomonida yana  bir marta 6% —xossadan  foydalanamiz:

—( ) = —(— 1)32_17_1(1) = (3'23“) = (%) = 1. Demak, (3—:) = 1. Javob: 1.
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47

Bu yerda 1° —xossadan foydalansak, (47'”26) = (é) = (i) (E) ekanligi kelib

47 47 47/ \a7
chigadi. Bu tenglikning o’ng tomonidagi birinchi ko’paytuvchiga 5° — xossani,

47-173-1 .
3).(32) dan 6° —xossaga asosan (—1) z 2 - (=) = (*5=2) ni hosil gilamiz.

4721 13-147-1
ikkinchisiga esa 6° —xossani qo’llaymiz. (42—7)( ) (1) & -(—-1)z 2 (ﬂ) =

13

(ﬂ) = (13'3+8) deb yozish mumkin. Bu yerda 1° —xossadan foydalansak, (%) =

13 13
(212—32) = (g) - (12—3) = (123) Shuning uchun ham (%) = (—1)$ =—1 ga ega
bo’lamiz. Demak, (%) = —1. Javob: -1.

383-129-1 .
4). (383) dan 6° —xossaga asosan (—1) z 2 (%) = (13 jz%) ni hosil
gilamiz. bo’ladi. Bu yerda 1° —xossadan foydalansak, (13-§z+6) — (2_69) = (22—9) .

(23—9) ekanligi kelib chiqadi. Bu tenglikning 0’ng tomonidagi birinchi ko’paytuvchiga

292—1

59 — xossani, ikkinchisiga esa 6° —xossani qo llaymlz(z) ( ) (—1) s

(—1)%‘292_1 (23—9) = (23—9) = (9'3;2) deb yozish mumkin. Bu yerda 1° —xossadan

9:3+2

foydalansak, ( ; ) = (—) = (— 1)32_1 = —1. Demak, (%) = —1. Javob: -1.

241 59371241-1 /593 593 241-2+111
5). ( ) dan 6° —xossaga asosan (—1) z 2 (—) = (—) = (—) =
593 241 241 241

(%) = (%) = (%) (24311) ni hosil gilamiz. bo’ladi. Bu tenglikning o’ng

tomonidagi ikkala ko’paytuvchiga ham 6° —xossani qo’llaymiz. U holda ( 3471)

s = () enT () =(3)- () - ()
> 80+1). Bu yerda 1° —xossadan foydalansak (37'6“9) : (3'80“) = (2) : (1) =

37 3 37 3
37-119-1

) Endi bunga yana 6° —xossani qo’llaymiz. U holda (5) = (—1)z
) = (ﬂ) = (19'1“8). Bunga 1° —xossani tadbiq etsak, (19';’18) = (E) =

19 19 19

3
3

|3

w\.o

N/ NN NN
\1|$

1
21—9) = (1%) - (g) = (129) Endi oxirgi tenglikning 0’ng tomoniga 5° — xossani

19%2-1
qo’llab (%)z(—l) s = —1.Demak, (2:;) —1. Javob: -1.
6). Lejandr simvolining qiymatini hisoblash uchun uning Xxossalaridan
foydalanamiz. Yugoridagi misollarning ishlanishiga garang.
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2es © o
(iii) 0 () =68 =Fm265) = GG
(2)= 05 (Zi) o (F)=5) G =57

(E5)26) (20 ()= () ()2 -0
19 3 ) 19 19

) = (2) = (29)2(9) = (2) - 1.3avomn

7). Lejandr simvolining qiymatini hisoblash uchun uning xossalaridan

foydalanamiz. Yuqoridagi misollarning ishlanishiga garang.
6° 0

1
(251) = ( 1)572‘1.25;‘1 (577) _ (577) _ (251-2+75) o ( 75) _ (52-3)
577) 251)  \251/) 251 “\251/  \251

(£)-(2)2 7 ()=-()-
(3-83+2 L 50

2 -(3)=—(- 1) = = 1. Javob:L.

8).Lejandr simvolining qiymatini  hisoblash uchun uning xossalaridan

foydalanamiz. Yuqoridagi misollarning ishlanishiga garang.
0 50

113"

()-CEE) () ()= ) e
) == () - ()2 () - - (5)=- ()

B)--3)F - 0T (D= (&) - () 2() - 1w,
298. 1).Lejandr simvolidan foydalanib, berilgan x? = 6(mod7) taggoslamaning

yechimga ega yoki ega emasligini aniqlashimiz kerak va yechimlari bo’lsa uni
topishimiz kerak. Avvalo, berilgan x? = 6(mod7) taggoslamaning yechimga ega

yoki ega emasligini aniglaymiz. Buning uchun ( ) ning giymatini aniglaymiz.

(=06 =T Q)= =T ()=-(2)-

— G) = —1. Demak, berilgan tagqoslama yechimga ega emas.

Javob: berilgan tagqoslama yechimga ega emas.

2). Lejandr simvolidan foydalanib, berilgan x? = 3(mod11) taggoslamaning
yechimga ega yoki ega emasligini aniqlashimiz kerak va yechimlari bo’lsa, uni
topishimiz kerak. Avvalo, berilgan x2 = 3(mod11) taggoslamaning yechimga ega

yoki ega emasligini aniglaymiz. Buning uchun ( ) ning giymatini aniglaymiz.

()= 5 ()=~ (1) -
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Demak, berilgan tagqoslama 2 ta yechimga ega.

Berilgan tagqoslamaning yechimlarini topish uchun 11 moduli bo’yicha
chegirmalarning keltirilgan sistemasidagi chegirmalar +1,+2,+3,4+4,+5 larni
taggoslamaga qo'yib, sinab ko’rishimiz yoki taqqoslamalarning xossalaridan
foydalanishimiz mumkin. Biz bu yerda birinchi yo’ldan boramiz va berilgan
taggoslamaning yechimlari x = +5(mod11) ekanligini topamiz.

Javob: berilgan taggoslama yechimga ega va uning yechimlari x = +5(mod11)
dan iborat.

3).Lejandr simvolidan foydalanib, berilgan x? = 12(mod13) taggoslamaning
yechimga ega yoki ega emasligini aniqlashimiz kerak va yechimlari bo’lsa, uni

topishimiz kerak. Avvalo, berilgan x? = 12(mod13) taggoslamaning yechimga ega

yoki ega emasligini aniglaymiz. Buning uchun (1—2) ning giymatini aniglaymiz.

2, 2 3—-113-1 .
E)=-E)-G) @-G)=cvG)=(5)=6-1
Demak, berilgan taggoslama 2 ta yechimga ega.Berilgan taggoslamaning
yechimlarini topish uchun tagqoslamalarning xossalaridan foydalanamiz. U holda

x? = 12(mod13) - x? = 25(mod13) — x = +5(mod13) ekanligini topamiz.
Javob: berilgan taggoslama yechimga ega va uning yechimlari x = +5(mod13)
dan iborat.
6) Lejandr simvolidan foydalanib berilgan x2 = 3(mod13) taggoslamaning
yechimga ega yoki ega emasligini aniqlashimiz kerak va yechimlari bo’lsa uni

topishimiz kerak. Avvalo, berilgan x? = 3(mod13) taggoslamaning yechimga ega

yoki ega emasligini aniglaymiz. Buning uchun (g) ning giymatini aniglaymiz.

(i) (-7 7 (E) = (3'4“) = G) = 1. Demak, berilgan taggoslama 2 ta

13 3 3
yechimga ega.Berilgan taggoslamaning yechimlarini topish uchun taggoslamalarning
xossalaridan foydalanamiz. U holda x? = 3(mod13) - x? = 16(mod13) - x =
+4(mod13) ekanligini topamiz. Javob: berilgan taggoslama yechimga ega va uning
yechimlari x = +4(mod13) dan iborat.
7)  Lejandr simvolidan foydalanib, berilgan x* = 5(mod11) taggoslamaning
yechimga ega yoki ega emasligini aniqlashimiz kerak va yechimlari bo’lsa, uni
topishimiz kerak. Avvalo, berilgan x? = 5(mod11) taggoslamaning yechimga ega
yoki ega emasligini aniglaymiz. Buning uchun (%) ning giymatini aniglaymiz.
5 5711171 rqq 52+1 1 .
(1—) =(—-1)z (?) =( - ) = (g) = 1. Demak, berilgan taggoslama 2 ta
yechimga ega. Berilgan  tagqoslamaning yechimlarini  topish  uchun

taggoslamalarning xossalaridan foydalanamiz. U holda x? = 5(mod11) — x2 =
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16(mod11) - x = +4(mod11) ekanligini topamiz. Javob: berilgan taggoslama
yechimga ega va uning yechimlari x = +4(mod11) dan iborat.

6). Lejandr simvolidan foydalanib, berilgan x? = 13(mod17) taggoslamaning
yechimga ega yoki ega emasligini aniqlashimiz kerak va yechimlari bo’lsa, uni
topishimiz kerak. Avvalo, berilgan x? = 13(mod17) taggoslamaning yechimga ega

yoki ega emasligini aniglaymiz. Buning uchun (g) ning giymatini aniglaymiz.

13 13711771 rq7 13-1+4 4 22 .
(G == 7 (5)=(57)=(5)=(5)=1  Demak berilgan
taggoslama 2 ta yechimga ega. Berilgan taggoslamaning yechimlarini topish uchun
taggoslamalarning xossalaridan foydalanamiz. U holda x? = 13(mod17) - x? =
13 + 17 - 3(mod17) - x? = 64(mod17) - x = +8(mod17) ekanligini topamiz.

Javob: berilgan taggoslama yechimga ega va uning yechimlari x = +8(mod17)
dan iborat.

8) Lejandr simvolidan foydalanib berilgan x2? = 5(mod17) taggoslamaning
yechimga ega yoki ega emasligini aniglashimiz kerak va yechimlari bo’lsa uni
topishimiz kerak. Avvalo, berilgan x2? = 5(mod17) taggoslamaning yechimga ega

yoki ega emasligini aniglaymiz. Buning uchun (%) ning giymatini aniglaymiz.

(i) (-1 7 (E) = (5'3+2) = (3) = (—1)52T_1 =—1 Demak, berilgan

17 5 5 5
tagqoslama yechimga ega emas. Javob: berilgan taggoslama yechimga ega emas.

299. 1). Berilgan taggoslama x? = a(mod5) taggoslama yechimga a ning
qiymatini topishimiz kerak. Bizga ma’lumki, x? = a(mollp) taggoslama yechimga

p—-1

bo’lishi uchun a soni a z =1 (modp) shartni ganoatlantirishi kerak. Bundan
a’ =1 (mod5) » a? —1= (mod5) » (a—1)(a+ 1) =0(mod5) »a—1=
0(mod5) yoki a + 1 = 0(mod5) — a = +1(mod5). Javob: a = +1 + 5¢t,t € Z.
2). Berilgan taggoslama x? = a(mod7) taggoslama yechimgaa ning
giymatini topishimiz kerak. Bizga ma’lumki, x? = a(modp) tagqoslama yechimga

-1

bo’lishi uchun a soni a z =1 (modp) shartni ganoatlantirishi kerak. Bundan
a® =1 (mod7). Bu taggoslamani 7 moduli bo’yicha chegirmalarning keltirgan
sistemasi +1, 2, +3 larni tagqoslamaga goyib sinab ko’ramiz. U holda
a = —3,1,2(mod7) larning berilgan taqqoslamani ganoatlantirishini ko’ramiz.
Javob:a = -3 +5t,a=1+4+5t,a=2+5tteZ.
3). Berilgan taggoslama x? = a(mod11) taqgoslama yechimgaa ning
qiymatini topishimiz kerak. Bizga ma’lumki, x? = a(modp) tagqoslama yechimga

1

bo’lishi uchun a soni a z = 1 (modp) shartni ganoatlantirishi kerak. Bundan
a® = 1 (mod11). Bu taggoslamani 11 moduli bo’yicha chegirmalarning keltirgan
sistemasi +1,+2,+3,+4,+5 larni tagqoslamaga qo'yib sinab ko’ramiz. U holda
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a = 1,3,4,5,9(mod11) larning berilgan taqqoslamani ganoatlantirishini ko’ramiz.

Javob: x =1+ 11t,a =3+ 11t,a =4+ 11t,a=5+11t,a=9 + 11t,t € Z.
4). Berilgan taggoslamax? = a(mod13) tagqoslama yechimga a ning giymatini

topishimiz kerak. Bizga ma’lumki, x? = a(modp) taggoslama yechimga, bo’lishi

p—1

uchun a soni a z =1 (molp) shartni ganoatlantirishi kerak. Bundan a® =
1 (mod13). Bu taqgoslamani 13 moduli bo’yicha chegirmalarning keltilgan
sistemasi +1,+2, +3, +4, 15, +6 larni taggoslamaga qoyib sinab ko’ramiz. U holda
a = +1,+3,+4 (mod13) larning berilgan taqqoslamani qanoatlantirishini ko’ramiz.
Javob: a=1+13t,a=3+13t,a=4+13t,a=9+ 13t,a =10+ 13t,a =
10+ 13¢,t € Z.

5). Berilgan taggoslamax? = a(mod3) tagqgoslama yechimga a ning giymatini

topishimiz kerak. Bizga ma’lumki, x? = a(modp) taqqoslama yechimga ega bo’lishi
-1

uchun a soni az =1 (modp) shartni ganoatlantirishi kerak. Bundan a =
1 (mod3).Javob: a =1+ 3t,t € Z.

p—1

300. x2 + 1 = 0(modp) taqqoslama yechimga ega bo’lishi uchun (—1)z =
1 (modp) shart bajarilishi kerak. Agar p = 4n + 1 ko’rinishidagi tub son bo’lsa, u
holda (—1)2™ = 1 (modp) bajariladi va taggoslama ikkita yechimga ega.

Endi agar berilgan taggoslama x2+ 1 = 0(modp) yechimga ega bo’lsa,
p = 4n + 1 ko’rinishidagi tub son bo’lishini ko’rsatamiz. Butun sonlarni 4ga
bo’lgandagi qoldiglar bo’yicha yozsak: 4n,4n + 1,4n + 2,4n + 3 ko’rinishlarda
bo’ladi. p — tub son bo’lsa, p =4n+1 yoki p = 4n + 3 ko’rinishda bo’lishi

-1

p—1
2 =

mumkin. Agar p = 4n + 3 ko’rinishda bo’lsa, Eyler kriteriyasiga ko’ra (—1)
1 (modp) —» (—1)?"*! = 1 (modp) bo’lishi kerak, lekin bu tagqoslama o’rinli
emas. Shuning uchun ham p = 4n + 1.

301. a? + b? = 0(modp) bo’lsa, (a,b) =1 bo’lgani uchun a # 0(modp) va
b # 0(modp) bo’lishi kerak. Faraz etaylik, x soni bx = 1(modp) tagqoslamaning
yechimi bo’lsin. U holda (bx)? = 1(modp) va (ax)?+ (bx)? = (ax)? +1 =
0(modp) bo’lishi kerak. 300-misolga asosan (ax)? + 1 = 0(modp) taqgoslama
fagat va fagat p = 4n + 1 ko’rinishidagi tub son bo’lsagina o’rinli.

2
302. x(x+ 1) = 1(mod13) desak, x*+ x —1 = 0(mod13) - (x + %) —Z =
0(mod13) » (2x + 1)? = 5(mod13). Bu taggoslama yechimga ega emas. Chunki,
13-15-1 .
Lejandr  simvolining  giymati (3) =(-1)z =z - (5) = (5 2+3) = (3) =

13 5 5 5

(-7 7 G) - (3'13”) - (g) — (-1)5 = —1gateng.

303. 302-misolga asosan berilgan x(x + 1) = a(imod13) taqgoslamani (2x +
1)?2 = 4a + 1(mod13) ko’rinishida yozish mumkin. Ma’lumki, p > 2 — moduli
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bo'yicha chegirmalarning to’la sistemasi 0,+1, +2, ...,ipT_l dagi chegirmalarning
yarmi kvadratik chegirma, qolgan yarmi esa kvadratik chegirma emas bo’ladi.
Kvadratk chegirmalar sifatida 0,1, 2,...,p7_1 larning kvadratlarini olish mumkin.

Shuning uchun ham
4a+1=0,1,4,9,3,12,10(mod13) —» 4a = —1,0,3,8,2,11,9(mod13) » a =
3,0,4,2,7,6,12(mod13). Shunday qilib, a=13t, a=2+13t,3+13t,4+
13t,6 +13t,7 + 13t,12 + 13t,t € Z.

Javob: a=13t,a=2+13t,3+13t,4+ 13t,6 + 13¢t,7 + 13t,12 + 13t,t €
Z.

304. Faraz qilaylik, bunday tub sonlarning soni chekli bo’lib, ular pq,py, ..., Pk
lardan iborat bo’lsin. N = (p;p, - pr)? + 1 sonini garaymiz. Bu son 300-misolga
asosan fagat 4n + 1 ko’rinishidagi tub sonlarga bo’linadi. Lekin N soni py, p,, ..., Pk
ning birortasiga ham bo’linmaydi. Shuning uchun ham N ning o’zi tub son yoki u
biror py ., tub bo’luvchiga ega. Demak, 4n + 1 ko’rinishidagi tub sonlar soni cheksiz
ko’p.

305. 1).4x% — 5y = 6 - 4x%? = 6 + 5y - 4x? = 6(mod5) - 2x? =
3(mod5) — 2x? = 8(mod5) —» x? = 4(mod5) » x = +2(mod5) > x =42+
5t,t € Z.x ning topilgan qiymatini berilgan tenglamaga qo’yib, y ning giymatini
aniglaymiz: 4(+2+5t)> =5y =6 - 4(4 + 20t + 25t*) -5y =6 > 5y =10 +
80t + 100t? » y = 2 + 16t + 20t%. Shunday qilib, izlanayotgan yechim (+2 +
5t,2 + 16t + 20t?),t € Z.

Javob:(+2 + 5t,2 + 16t + 20t?),t € Z.

2).5x% = 11y + 7 - 5x? = 7(mod11) - x? = 8(mod11). Oxirgi taggoslamada

(%) = (%) = (11) = (—1)121#_1 = —1 bo’lgani uchun u yechimga ega emas.

Demak, berilgan egri chiziq butun koordinatali nuqtadan o’tmaydi. Javob: @.

3).x2—10x+5=11y - (x —5)2 =20 = 11y - (x — 5)%? = 20(mod11) -
(x —5)? =9(mod11) » x — 5 = +3(mod11) - x =5 + 3(mod11) - x =
2(mod11) va x =8(mod11) > x =2+ 11tvax =8+ 11t,t € Z.x ning bu
topilgan giymatlariga mos y ning giymatlarini aniglaymiz. Avvalo, x = 2 + 11t ga
mos y ning giymatini aniglaymiz Buning uchun x ning topilgan giymatini berilgan
tenglamaga olib borib qo’yamiz:

(2+11t)2 =102+ 11t) + 5 =11y » 11y = 121t — 66t — 11 -
y =11t? — 6t — 1.
Endi x = 8 + 11t ga mos y ning giymatini aniglaymiz:
(8+11t)2 —10(8 + 11t) + 5 =11y » 11y = 121t?> + 176t + 64 — 80 —
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—110t +5 - 11y = 121t + 66t — 11 » y = 11t? + 6t — 1. Demak,
yechimlar (2 + 11t,11t2 -6t —1) va (8+ 11t,11t*+ 6t —1),t € Z. Javob:
(2 + 11¢, 11t — 6t — 1) va (8 + 11t,11t> + 6t — 1),t € Z.

4).x? —21x + 110 = 13y » x2 — 21x + 110 = 0(mod13) - x? — 8x +
6 = 0(mod13) - (x —4)? = 10(mod13) - (x — 4)?> = 36(mod13) > x — 4 =
+6(mod13) » x = 4 + 6(mod13) » x = —2(mod13)vax = 10(mod13) —» x =
—2+13tvax =10+ 13t,t € Z. x ning bu topilgan giymatlariga mos y ning
giymatlarini aniglaymiz. Avvalo, x = —2 + 13t ga mos y ning giymatini aniglaymiz
Buning uchun x ning topilgan giymatini berilgan tenglamaga olib borib qo’yamiz:
(-2 +13t)2 —21(-2+13t) + 110 = 13y > 4 — 52t + 169t2 + 42 — 273t +
110 = 13y -» 169t? — 325t + 156 = 13y » y = 13t — 25t + 12,t € Z.  Endi
x = 10 + 13t ga mos y ning giymatini aniglaymiz: (10 + 13¢t)? — 21(10 + 13t) +
110 = 13y - 13y = 169¢t? + 260t + 100 — 210 — 273t + 110 - 13y =
169t% — 13t » y = 13t? — t,t € Z.Demak, yechimlar (—2 + 13t,13t% — 25t +
12) va (10 + 13t,13t%2 — t),t € Z.

Javob: ((—2 + 13t,13t2 — 25t + 12) va (10 + 13t,13t? — t),t € Z.

5).15x2 — 7y? = 9 - 15x2 = 9(mod7) - x? = 9(mod7) > x = £3 + 7t. x
ning bu topilgan giymatlariga mos y ning giymatlarini aniglaymiz. Avvalo, x =
—3 4+ 7t ga mos y ning giymatini aniglaymiz. Buning uchun x ning topilgan
giymatini berilgan tenglamaga olib borib qo’yamiz: 15(—3 + 7t)? —7y? =9 >
15(9 — 42t + 49t?) — 7y? =9 - 135 — 630t + 735t> — 7y?* =9 > 126 —
630t + 735t% = 7y? - y%? = 105t%> — 90t + 18. Bunda oxirgi ifodaning o’ng
tomonidagi uchhadning diskriminanti 540 ga teng va shuning uchun ham u to’liq
kvadratni bermaydi, ya’ni y ning butun qiymatlari mavjud emas. Endi x = 3 + 7t ga
mos y ning giymatini aniglaymiz: : 153+ 7t)? — 7y? =9 - 15(9 + 42t +
49t%) — 7y? =9 - 135 + 630t + 735t — 7y? =9 - 126 + 630t + 735t% =
7y? - y? =105t* + 90t + 18. Bunda ham oxirgi ifodaning o’ng tomonidagi
uchhadning diskriminanti 540 ga teng va shuning uchun ham u to’liq kvadratni
bermaydi, ya’ni y ning butun qiymatlari mavjud. Demak, berilgan tenglama butun
sonlarda yechimga ega emas. Javob: berilgan tenglama yechimga ega emas.

306.1). Lejandr simvolining ta’rifiga asosan(g) = (—1)%1'% . (g) = (g)

bo’lganidan, a =5 soni p-tub moduli bo’yicha kvadratik chegirma bo’lishi uchun
5—-1

Eyler kriteriyasiga asosan pz = 1(mod5) - p? = 1(mod5) ning bajarilishi zarur
va yetarlidir. Bundan p? = 16(mod5) - p = +4(mod5) - p = +1(mod5) ni
hosil gilamiz. Buni p = +1 + 5k ko’rinishida yozish mumkin.

Umuman, butun sonlarni 5 moduli bo’yicha 5 ta: 5k,5k + 1,5k + 2,5k +
3,5k + 4 sinfga ajratish mumkin bo’lgani uchun, agar p = 5k + 1 yoki p = 5k + 4
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ko’rinishdagi tub son bo’lsa, a = 5 soni p-tub moduli bo’yicha kvadratik chegirma,
agar p = 5k + 2 yoki p = 5k + 3 ko’rinishdagi tub son bo’lsa, a = 5 soni p-tub
moduli bo’yicha kvadratik chegirma emas bo’lar ekan.

Javob:a =5sonip =5k+1 va p =5k+4 ko’rinishdagi tub  modullar
bo’yicha kvadratik chegirma, p =5k +2 va p =5k + 3 ko’rinishdagi tub
modullar bo’yicha kvadratik chegirma emas bo’ladi.

2) Lejandr simvolining ta’rifiga asosan(_—3) = (ﬁ) = (_—1) (3) =

pra ) | P | P .p p.
(— 1) 2 ( 1)z 2 (5) = (5) bo’lganidan, a = —3 soni p-tub moduli bo’yicha
3-1

kvadratik chegirma bo’lishi uchun Eyler kriteriyasiga asosan p z = 1(mod3) —
p = 1(mod3) ning bajarilishi zarur va yetarlidir. Buni p = 1 + 3k ko’rinishida
yozish mumekin.

Umuman, butun sonlarni 3 moduli bo’yicha 3 ta: 3k,3k+ 1,3k+ 2 sinfga
ajratish mumkin bo’lgani uchun, agar p = 3k + 1 ko’rinishdagi tub son bo’lsa,
a = —3 soni p-tub moduli bo’yicha kvadratik chegirma, agar p = 3k 4+ 2 yoki
ko’rinishdagi tub son bo’lsa, a = —3 soni p-tub moduli bo’yicha kvadratik chegirma
emas bo’lar ekan.

Javob: a = —3 sonip = 3k + 1 ko’rinishdagi tub modul bo’yicha kvadratik
chegirma, p = 3k + 2 ko’rinishdagi tub modul bo’yicha kvadratik chegirma emas
bo’ladi.

2371 P p
3).Lejandr simvolining ta’rifiga asosan( ) = (— 1) 2 (E) =(—-1) 2 (E)
bo’lganidan,agarp = 3k + 1 ko’rinishida bo’lsa,
sk 3k +1 sk /1 3k
B)-cof -t (-cn? o

bo’ladi. Agar bunda k = 4q bo’lsa, (*) dan (g) = 1 hosil bo’ladi, ya’ni 3 soni

p =12q + 1 ko’rinishdagi tub moduli bo’yicha kvadratik chegirma bo’ladi. 12
moduli bo’yicha barcha butun sonlarni 12 ta sinfga ajratish mumkin. Bulardan
12q +1,12q + 5,120+ 7,12q + 11 sinflardagina tub sonlar bo’ladi. Agar
p = 12q + 5 bo’lsa, u holda

(_) (- 1)12q+4 (1ZZ+5) _ (@) — G) — (_1)% = —1; agarda
p =12q + 7 bo’lsa,

(;) _ (_1)$ . (12q3+ 7) _ <3 - (4q 43— 2) + 1> _ G) __1.

agarda p = 12g + 11 bo’lsa,
( ) (-1 )12q+1o (12q + 11) . (3-(4g+3)+2\ (2) _
a 3 B 3 - \3/
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larni  hosil gilamiz. Shunday qilib, 3 soni p=12q+1,p =12q + 11
ko’rinishdagi tub modullar bo’yicha kvadratik chegirma, p = 12q + 5,p = 12q + 7
ko’rinishdagi tub modullar bo’yicha kvadratik chegirma emas bo’lar ekan.

Javob: 3 sonip =12q+ 1,p = 12q + 11 ko’rinishdagi tub modullar bo’yicha
kvadratik chegirma, p = 12q + 5,p = 12q + 7 ko’rinishdagi tub modullar bo’yicha
kvadratik chegirma emas bo’ladi.

4). a =2 ning p moduli bo’yicha kvadratik chegirma bo’lishi uchun Lejandr

p?-1
simvolining ta’rifiga asosan (%) = (—1) s =1 bajarilishi kerak. Buning uchun esa

2_
P . L= 2q > p?> =1+ 16q - p? = 1(mod16) ko’rinishida bo’lishi kerak. Oxirgi

taggoslamani p =16k +1,p =16k +3,p =16k +5,p =16k +7, p = 16k +
9,p =16k + 11,p = 16k + 13,p = 16k + 15 lardan foydalanib tekshirsak, p =
16k + 1,p =16k + 7, p = 16k +9, p = 16k + 15 uni ganoatlantiradi. Qolganlari
ganoatlantirmaydi. Shuning uchun ham 2 sonip=16k+1,p=16k+7, p =
16k +9, p = 16k + 15 modullar bo’yicha kvadratik chegirma, p = 16k + 3,p =
16k +5, p = 16k + 11,p = 16k + 13 modullar bo’yicha kvadratik chegirma emas
bo’ladi. Bularni 8 moduli birlashtirib, yozib olishimiz mumkin. U holda 2 sonip =
8k + 1,p = 8k + 7modullar bo’yicha kvadratik chegirma, p =8k + 3,p = 8k +
5,modullar bo’yicha kvadratik chegirma emas bo’ladi.

Javob: 2 sonip = 8k + 1,p = 8k + 7 modullar bo’yicha kvadratik chegirma,
p = 8k + 3,p = 8k + 5, modullar bo’yicha kvadratik chegirma emas bo’ladi.

5). Lejandr simvolining  ta’rifiga asosan(%) = (%) = (_?1) (%) =

p—1 Pl p p - : . .
(-2 (1) z = (;) = (;) bo’lganidan, a = —7 soni p-tub moduli bo’yicha
7-1

kvadratik chegirma bo’lishi uchun Eyler kriteriyasiga asosan p z = 1(mod7) —
p3 = 1(mod7) ning bajarilishi zarur va vyetarlidir. Buni p=1+7k, p =2+
Tk,p=3+7k,p=4+7k,p=5+7k,p=6+7k larni qo’yib tekshirsak,
p=1+4+7k, p=2+7k,p=4+7k lar uni qanoatlantiradi, qolganlari esa
ganoatlantirmaydi. Demak, a=-7 soni p=1+7k, p=2+7k,p=4+"7k
modullar bo’yicha kvadratik chegirma,p =3+ 7k, p=5+7k,p=6+"7k
modullari bo’yicha kvadratik chegirma emas bo’lar ekan.

Javob:a=-7 soni p=1+7k, p=2+7k,p =4+ 7k modullar bo’yicha
kvadratik chegirma,p =3+ 7k, p=5+4+7k,p =6+ 7k modullari bo’yicha
kvadratik chegirma emas bo’ladi.

307.1). Berilgan taggoslamadan x(x + 1) = 1(modp) » x> + x — 1 =
2
0(modp) — (x + %) - i — 1 = 0(modp) -» (2x + 1)? = 5(modp). Bu
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p-15-1 o
tagqoslama yechimga ega bo’lishi uchun (g) =(-1)z =z - (g) = (g) = 1 bo’lishi

kerak. p =145k, p=2+4+5k,p=3+5k,p =445k lamni qo’yib tekshirsak,
p =1+ 5k, p =4+ 5k lar uni ganoatlantiradi, gqolganlari esa ganoatlantirmaydi.
Javob:p =145k, p=4+5k modullar bo’yicha berilgan tagqoslama
yechimga ega, p = 2 + 5k,p = 3 + 5k modullar bo’yicha tagqoslama yechimga
ega.
2). Berilgan taggoslamadan x(x — 1) = 2(modp) - x? — x — 2 = 0(modp) -
9

2
(x — l) - % — 2 = 0(modp) » (2x — 1)? = 9(modp). Bu vyerda (;) =1

2
bo’lgani uchun. Ixtiyoriy p > 2 tub modul uchun berilgan taggoslama yechimga ega
bo’ladi.
Javob: Ixtiyoriy p > 2 modul bo’yicha berilgan taqqoslama yechimga ega.
3).Berilgan taggoslamadanx(x — 1) = 3(modp) > x? —x — 3 =

2
0(modp) — (x — %) - % — 3 = 0(modp) -» (2x — 1)? = 13(modp). Bu

taqqoslama yechimga ega bo’lishi uchun (1?3) = (—1)177_1'132_1 - (%) = (1%) =1

bo’lishi kerak. p =1+ 13k, p=3+ 13k, p=4+ 13k, p =9+ 13k,p =10+
13k, p =12+ 13k vap =13 lar uni ganoatlantiradi, golganlari esa
ganoatlantirmaydi.
Javob:p =1+ 13k, p=3+13k, p=4+ 13k, p =9+ 13k,p = 10 + 13k,

p =12+ 13k vap =13 modullar bo’yicha tagqoslama yechimga ega.p = 2 +
13k, p=5+13k, p=6+13k, p=7+ 13k,p =8+ 13k, p =11+
13k modullar bo’yicha berilgan taqqoslama yechimga ega emas.

308.1). Agar x2 = 13(modp) yoki x? = 17(modp) lardan birortasi o’rinli

bo’lsa, berilgan taqqoslama (x? — 13)(x? — 17)(x? — 221) = 0(modp) yechimga

ega bo’ladi. Agar ularning ikkalasi ham yechimga ega bo’lmasa, (%) = (ﬂ) =-1

P
L 13\ (17 221 : -

bajarilishi kerak. Bundan (?) - (?) = (7) =1 kelib chigadi. Bu esa x? =

221(modp) bajariladi degani. Demak, berilgan tagqoslama ixtiyoriy [ > 2 tub
modul bo’yicha o’rinli.

2). Agar x? = 3(modp), yoki x? = 5(modp),yokix? = 7(modp),yoki

x? = 11(modp) lardan birortasi o’rinli bo’lsa, berilgan taqqoslama (x? — 3)(x? —

5)(x% = 7)(x? — 11)(x? — 1155) = 0(modp) yechimga ega bo’ladi. Agar

5 7

ularning to’rtalasi ham yechimga ega bo’lmasa, (%) = (E) = (E) = (%) =-1

bajarilishi kerak. Bundan (%)(%)(%)(%) =1 kelib chigadi. Bu esa x2 =
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1155(modp) bajariladi degani. Demak, berilgan tagqoslama ixtiyoriy p > 2 tub

modul bo’yicha o’rinli.
V.1-§

309. 1). Buning uchun a soniningm moduli bo’yicha tegishli bo’lgan daraja
ko’rsatkichi ¢(m) ning bo’luvchilari orasida bo’lishidan (2-natijadan) foydalanamiz.
Bu misolda a = 2,m = 7 va ¢(7) = 6, bo’lib 6 ning bo’luvchilari: 1, 2, 3, 6 lardan
iborat. Shuning uchun ham 2 ning ana shu darajalarini tekshiramiz. U holda 2! =
2, 22=4, 23 =1(mod7)lardan 2 sonining 7 moduli bo’yicha tegishli bo’lgan
daraja ko’rsatkichi § = P,(2) = 3 ga teng degan xulosaga kelamiz.

Javob: P,(2) = 3.

2).1-misoldagi singari mulohaza yuritamiz. Bu misolda a =3,m =7 va ¢(7) =
6, bo’lib 6 ning bo’luvchilari: 1, 2, 3, 6 lardan iborat. Shuning uchun ham 3 ning ana
shu darajalarini tekshiramiz. U holda 31=3, 32=2, 33=6, 3°=(3%)2=
1(mod7)lardan 3 sonining 7 moduli bo’yicha tegishli bo’lgan daraja ko’rsatkichi
& = P,(3) = 6 gateng degan xulosaga kelamiz. Javob:P,(3) = 6.

3). 1va 2-misollardagi singari mulohaza yuritamiz. Bu misolda a = 5,m =7 va
@(7) = 6, bo’lib 6 ning bo’luvchilari: 1, 2, 3, 6 lardan iborat. Shuning uchun ham 3
ning ana shu darajalarini tekshiramiz. U holda 51 =5, 52=4, 53=6, 5°=
(53)2 = 1(mod7)lardan 5 sonining 7 moduli bo’yicha tegishli bo’lgan daraja
ko’rsatkichi § = P,(5) = 6 ga teng degan xulosaga kelamiz.

Javob: P,(5) = 6.

Shunday qilib birta m moduli bo’yicha bir nechta boshlang’ich ildizlar bo’lishi
mumkin ekan.

310. 1).Tanlash usuli bilan m moduli bo’yicha 2 dan m — 1 gacha sonlar orasidan
m bilan o’zaro tublari tegishli bo’lgan daraja ko’rsatkichlarini topishimiz kerak. Bu
misolda m = 5 bo’lgani uchun 2 dan 4 gacha sonlar orasidan 5 bilan o’zaro tublari:
2, 3, 4 lardan iborat. Bu sonlarning m = 5 moduli bo’yicha tegishli bo’lgan daraja
ko’rsatkichlarini aniqlaymiz. Buning uchun 309-misollardagi singari mulohaza
yuritamiz.  @(5) =4, bo’lib 4 ning bo’luvchilari: 1,2,4 lardan iborat.U holda
21 =2, 22=4, 2* =1(mod5); 3' =3, 32=4, 3* = 1(mod5); 4! =
4, 4% = 1(mod>5)lardan 2 va 3 sonlari 5 moduli bo’yicha 4 daraja ko’rsatkichiga, 4
soni esa 2 daraja ko’rsatkichiga tegishli ekan degan xulosaga kelamiz.

Javob: P;(2) = Ps(3) =4, Ps(4) =2.

2). Bu misolda m = 7 bo’lgani uchun 2 dan 6 gacha sonlar orasidan 7 bilan
o’zaro tublari: 2, 3, 4, 5, 6 lardan iborat. Bu sonlarning m = 7 moduli bo’yicha
tegishli bo’lgan daraja ko’rsatkichlarini aniglaymiz. Buning uchun 1-misoldagi
singari  mulohaza  yuritamiz.  309-misolda P,(2) =3,P,(3) =P,(5) =6
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ekanliklarini aniglagan edik. Shuning uchun 4, 6 sonlarining m = 7 moduli bo’yicha
tegishli  bo’lgan daraja ko’rsatkichlarini aniqlaymiz. ¢(7) = 6 bo’lib, 6 ning
bo’luvchilari: 1,2,3,6 lardan iborat. U holda 4 = 22 bo’lib (2,3) = 1 bo’lgani uchun
P,(4)=3. 6'=-1, 6% =1(mod7)dan 6 soni 7 moduli bo’yicha 2 daraja
ko’rsatkichiga tegishli ekan degan xulosaga kelamiz.

Javob: P,(2) = P,(4) =3, P,(3) = P,(5) = 6,P,(6) = 2.

3). Bu misolda m = 8 bo’lgani uchun 2 dan 7 gacha sonlar orasidan 8 bilan
o’zaro tublari: 3, 5, 7 lardan iborat. Bu sonlarning m = 8moduli bo’yicha tegishli
bo’lgan daraja ko’rsatkichlarini anigqlaymiz. Buning uchun 1, 2-misollardagi singari
mulohaza yuritamiz. ¢(8) = 4 bo’lib, 4 ning bo’luvchilari: 1,2,4 lardan iborat.U
holda 31=3, 32=1(mod8); 5' =5, 5%=1(mod5); 7' =-1, 7%=
1(mod8)lardan qaralayotgan sonlarning barchasi 8 moduli bo’yicha 2 daraja
ko’rsatkichiga tegishli ekan degan xulosaga kelamiz.

Javob: Pg(3) = Pg(5) = Pg(7) = 2.

4). Bu misolda m = 10 bo’lgani uchun 2 dan 9 gacha sonlar orasidan 10 bilan
o’zaro tublari: 3, 7, 9 lardan iborat. Bu sonlarning m = 10 moduli bo’yicha tegishli
bo’lgan daraja ko’rsatkichlarini aniqlaymiz. Buning uchun 1, 2, 3-misollardagi
singari mulohaza yuritamiz. ¢(10) =4 bo’lib, 4 ning bo’luvchilari: 1, 2,4 lardan
iborat. U holda 3! =3, 3% =-1,3*% = 1(mod10);

7'=7, 7?2 =-1,7* = 1(mod10); 91 = —1, 92 = 1(;mod10)lardan
garalayotgan 3 va 7 sonlari 10 moduli bo’yicha 4 daraja ko’rsatkichiga, 9 soni esa 2
daraja ko’rsatkichiga tegishli ekan degan xulosaga kelamiz.

Javob: P,y (3) = Po(7) = 4,P,,(9) = 2.

5). Bumisoldam = 11 bo’lgani uchun 2 dan 10 gacha sonlar orasidan 11 bilan
o’zaro tublari: 2, 3, 4,5, 6, 7, 8,9, 10 lardan iborat. Bu sonlarning m = 11 moduli
bo’yicha tegishli bo’lgan daraja ko’rsatkichlarini aniglaymiz. Buning uchun 1, 2, 3-
misollardagi singari mulohaza yuritamiz. ¢(11) = 10, bo’lib 10
ningbo’luvchilari:1, 2,5, 10 lardan iborat. U holda 2! = 2, 22 =4,2°=-1,210 =
1(mod11); 31 =3, 32=-2,3°=1(mod11);4' = 4, 4?>=5,4°>=
1(mod11); 51 =5, 52 =3,5°> =1(modl11); 6'=6,6%>=3,6>=-1,6 =
1(mod11); 7'=7, 72 =5, 7° = -1, 71° = 1(mod11); 8' =8, 82 = -2,
8> = —1, 819 = 1(mod11); 9' = -2, 92 = 4, 9° = 1(mod11);

10! = —1,10%? = 1(mod11) lardan qaralayotgan 2, 6, 7 va 8 sonlari 11 moduli
bo’yicha 10 daraja ko’rsatkichiga, 3, 4, 5, 9 sonlari 5 daraja ko’rsatkichiga, 10 soni
esa 2 daraja ko’rsatkichiga tegishli ekan degan xulosaga kelamiz.

Javob: Py1(2) = P;1(6) = Py1(7) = P11(8) =10, P;1(3) = P11 (4) = P1;(5) =
P;1(9) =5,P;1(10) = 2.
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6). Bu misolda m = 9 bo’lgani uchun 2 dan 8 gacha sonlar orasidan 9 bilan

o’zaro tublari: 2, 4, 5, 7, 8 lardan iborat. Bu sonlarning m = 9 moduli bo’yicha
tegishli bo’lgan daraja ko’rsatkichlarini aniglaymiz. Buning uchun Yyuqoridagi
misollardagi singari mulohaza yuritamiz. ¢(9) = 6 bo’lib, 6 ning bo’luvchilari:
1,2,3,6 lardan iborat. U holda 2! =2, 22 = 4,23 = —1,2° = 1(mod9); 4! = 4,
42 = —2,43 =1,(mod9);5' =5, 52 = —2,5% = —1,5° = 1(mod9); 7* = -2,
72 = 4,73 = 1(mod9); 8! = —1, 82 = 1(mod9) lardan  qaralayotgan 2va 5
sonlari 9 moduli bo’yicha 6 daraja ko’rsatkichiga, 4, 7 sonlari 3 daraja
ko’rsatkichiga, 8 soni esa 2 daraja ko’rsatkichiga tegishli ekan degan xulosaga
kelamiz.

Javob:Py(2) = Py(5) = 6, Py(4) = Py(7) = 3,Py(8) = 2.

311. Tarifga ko’ra (m — 1)® = 1(modm) shartni ganoatlantiruvchi eng kichik
& > 0 natural sonni topish kerak. Bu taggoslama (—1)% = 1(modm ga teng kuchli.
Bundan, agar m = 2 bo’lsa, § = 1 vaagar m = 3 bo’lsa, § = 2 kelib chigadi.
1,agar m = 2 bo'lsa,
2,agar m = 3 bo’lsa.

312. 1). 7 moduli bo’yicha barcha boshlang’ich ildizlarni topish uchun shu modul
bo’yicha chegirmalarning keltirilgan sistemasi 2,3,4,5,6 lar orasidan ¢(7) =

Javob: P, (m—1) = {

6daraja ko’rsatkichiga tegishlilarini ajratib olamiz. ¢(7) = 6 ning bo’luvchilari 2, 3
bo’lgani uchun g2 # 1(mod7), g3 % 1(mod7) shartlarning ganoatlantiruvchilarini
ajratib olishimiz kerak. 2,3,4,5,6 larni g ning o’rniga qo’yib tekshirib ko’ramiz:
22 £ 1(mod7), 23 = 1(mod7); 3% # 1(mod7), 33 % 1(mod7); 4* %
1(mod7), 43 = 1(mod7); 5% # 1(mod7), 53 % 1(mod7);

62 = 1(mod7). Demak, 7 moduli bo’yicha barcha boshlang’ich ildizlar 3,5 lardan
iborat bo’lar ekan. Ularning soni ¢(¢(p)) = ¢(p — 1) = ¢(6) = 2 ta. Javob: 3,5.

2). 11 moduli bo’yicha barcha boshlang’ich ildizlarni topish uchun shu modul
bo’yicha chegirmalarning keltirilgan sistemasi 2,3,4,5,6,7,8,9,10 lar orasidan
@(11) = 10daraja ko’rsatkichiga tegishlilarini ajratib olamiz. ¢(11) = 10 ning
bo’luvchilari 2,5 bo’lgani uchun g2 £ 1(mod7), g° % 1(mod 11) shartlarni
ganoatlantiruv-chilari ajratib olishimiz kerak. 2,3,4,5,6,7, 8, 9, 10 larni g ning
o’rniga qo’yib tekshirib ko’ramiz: 22 # 1(mod11), 25 % 1(mod11); 32 %
1(mod11), 3° = 1(mod11); 4% # 1(mod11), 4° = 1(mod11); 52 =
1(mod11), 5° = 1(mod11); 6% % 1(mod11), 6° # 1(mod11);7? #
1(mod11), 7° % 1(mod11);8% £ 1(mo111), 8° # 1(mod11);9? %
1(mod11), 9° = 1(mod11); 10? = 1(mod11). Demak, 11 moduli bo’yicha
barcha boshlang’ich ildizlar 2,6,7,8 lardan iborat bo’lar ekan. Ularning soni

o(p(®) = p(@ — 1) = ¢(10) = 4 ta. Javob: 2,6,7,8.
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3). 13 moduli bo’yicha barcha boshlang’ich ildizlarni topish uchun shu modul
bo’yicha chegirmalarning Kkeltirilgan sistemasi 2,3,4,5,6,7, 8, 9, 10,11,12 lar
orasidan ¢(13) = 12daraja ko’rsatkichiga tegishlilarini ajratib olamiz. ¢(13) =
12 = 22 -3 ning tub bo’luvchilari 2,3 bo’lgani uchun g* # 1(mod13), g° %
1(mod13) shartlarni ganoatlantiruvchilari ajratib olishimiz kerak. 2,3,4,5,6,7, 8,
9, 10,11,12 larni g ning o’rniga qo’yib  tekshirib  ko’ramiz:
2% # 1(mod13), 2° % 1(mod13). Demak, 13 moduli bo’yicha eng kichik
boshlang’ich ildiz 2 ekan. Boshlang’ich ildizlarni aniqlashning ikkinchi bir usuli bu
agar p moduli bo’yicha boshlang’ich ildizlardan birortasi (yaxshisi eng kichigi) g
ma’lum bo’lsa, golgan barchasini g* (modp) ning eng kichik musbat chegirmasi
sifatida aniglash mumkin. Bunda (k,p—1)=1val<k<p-—1. Qolgan
boshlang’ich ildizlarni topish uchun ana shu tasdigdan foydalanamiz. Bizda g = 2 va
2% (mod13) ni qaraymiz. Bunda (k,12) = 1val < k < 12 bajarilishi kerak.
Bundan k =5,7,11 ekanligini topamiz. U holda g* (mod13) larni eng kichik
musbat chegirma ko’rinishida yozib, 2° = 6 (mod13); 27 = 11(mod13); 21 =
7 (mod13) larni hosil gilamiz. Shunday qilib, 13 moduli bo’yicha barcha
boshlang’ich ildizlar 2,6,7,11 lardan iborat bo’lar ekan. Ularning soni (p((p(p)) =
p(p—1) =p(12) = 4ta. Javob: 2,6,7,11.

4). 17 moduli bo’yicha barcha boshlang’ich ildizlarni topish uchun shu modul
bo’yichachegirmalarning keltirilgan sistemasi
2,3,4,5,6,7, 8, 9, 10, 11,12,13,14,15,16 lar orasidan ¢(17) = 16daraja
ko’rsatkichiga tegishlilarini ajratib olamiz. @(17) = 16 = 2% ning tub bo’luvchilari
2 bo’lgani uchun g8 # 1(mod17) shartlarni ganoatlantiruvchilari ajratib olishimiz
kerak. 2,3,4,...,16 larni g ning o’rniga qo’yib tekshirib ko’ramiz: 28 =
1(mod17); 38 # 1(mod17),48 = 1(mod17); 58 = (52)* = 8* = 642 =
(—4)? = -1 # 1(mod17); 68 =2* = —1 £ 1(mod17); 78 = (-2)*= -1 %
1(mod17); 8% = (—4)* = 1(mod17); 98 = (—4)* = 1(mod17); 108 = (-2)* =
—1 # 1(mod17); 1183 = 2* = —1 £ 1(mod17); 128 = (-5)8 = -1 %
1(mod17); 138 = (—4)® = 1(mod17); 148 = (—3)8 £ 1(mod17); 158 =
(—2)8 = 1(mod17); 168 = (—1)8 = 1(mod17) lari hosil gilamiz. Shunday gilib,
17 moduli bo’yicha barcha boshlang’ich ildizlar 3,5,6,7,10,11,12, 14, lardan iborat
bo’lar ekan. Ularning soni ¢(¢(p)) = ¢(p — 1) = ¢(16) = 8 ta.

Javob: 3,5,6,7,10,11,12, 14.

313. 1).p — tub moduli bo’yicha barcha boshlang’ich ildizlarsoni (p((p(p)) =
@(p —1) ga teng. Bizning misolimizda p =19 bo’lgani uchun ¢(19 —1) =
@(18) = 6,ya’'ni19 moduli bo’yicha barcha boshlang’ich ildizlarsoni 6 ga teng.
Endi 19 moduli bo’yicha eng kichik boshlang’ich ildizni topamiz. Buning uchun 19
moduli bo’yicha chegirmalarning keltirilgan sistemasi 2,3,4,...,18 lar orasidan
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©(19) = 18daraja ko’rsatkichiga tegishli eng kichik sonni topishimiz kerak.
©(19) =18 = 2 3%ning tub bo’luvchilari 2va3 bo’lgani uchun gt #
1(m[1d19), g° # 1(mod19)shartlarni ganoatlantiruvchi eng kichik son g
topishimiz kerak.

26 = —4 # 1(mod17), 29 = -32 =6 % 1(mod19).

Bulardan 2 sonining 19 moduli bo’yicha eng kichik boshlang’ich ildiz ekanligi
kelib chigadi. Javob: 6 va 2.

2).Bizda p =23 bo’lgani uchun @(23 —1) = ¢(22) = 10,ya’'ni 23 moduli
bo’yicha barcha boshlang’ich ildizlarsoni 10 ga teng. Endi 23 moduli bo’yicha eng
kichik boshlang’ich ildizni topamiz. Buning wuchun 23 moduli bo’yicha
chegirmalarning keltirilgan sistemasi 2,3,4,....22 lar orasidan ¢(23) = 22daraja
ko’rsatkichiga tegishli eng kichik sonni topishimiz kerak. ¢@(23) =22 = 2-11ning
tub bo’luvchilari 2va3 bo’lgani uchun g% # 1(mod23), g'* # 1(mod23)
shartlarni ganoatlantiruvchi eng kichik son g topishimiz kerak.

22 =4 #£1(mod23), 21 =(2%2-2=81-2=-22= 1(mod23);
32 =9 £ 1(mod23), 311 =(3%2-3=13%2-3 = 8= 1(mod23);
4?2 = -7 £ 1(mod23), 41 = (43)3-42=(-5)%-16 = —-125-16
= —10-16 = 1(mod23);
52 =2 % 1(mod23), 51 =(5%)5%:5=2%-5=45=-1% 1(mod23);

Bulardan 5 sonining 23 moduli bo’yicha eng kichik boshlang’ich ildiz ekanligi
kelib chigadi. Javob: 10 va 2.

3). Bizda p =31 bo’lgani uchun ¢(31—1) = ¢(30) =8, ya’'ni 31 moduli
bo’yicha barcha boshlang’ich ildizlar soni 8 ga teng. Endi 31 moduli bo’yicha eng
kichik boshlang’ich ildizni topamiz. Buning uchun 31 moduli bo’yicha
chegirmalarning keltirilgan sistemasi 2,3,4,....30 lar orasidan ¢(31) = 30 daraja
ko’rsatkichiga tegishli eng kichik sonni topishimiz kerak. ¢(31)=30=2-3"-
5ning tub bo’luvchilari 2,3va5 bo’lgani uchun g% # 1(mod31),g'° =
1(mod31), g*°> £ 1(mod31) shartlarni ganoatlantiruvchi eng kichik son g
topishimiz kerak.

26 = 2 # 1(mod31),2'° = (25)? = 1(mod31);3° = (3%)% = (—4)% #
1(mod31), 3% = (35)?% = (-5)?2 = 25 =1 # 1(mod31);, 315 = (3°)°> =
(—=5)3 = —125 = —1 % 1(mod31). Bulardan 3 sonining 31 moduli bo’yicha eng
kichik boilang’ich ildiz ekanligi kelib chigadi. Javob: 8 va 3.

4). Bizda p =37 bo’lgani uchun @(37 — 1) = ¢(36) = 12,ya’'ni37 moduli
bo’yicha barcha boshlang’ich ildizlar soni 12 ga teng. Endi 37 moduli bo’yicha eng
kichik boshlang’ich ildizni topamiz. Buning uchun 37 moduli bo’yicha
chegirmalarning keltirilgan sistemasi 2,3,4,....36 lar orasidan ¢(37) = 36 daraja
ko’rsatkichiga tegishli eng kichik sonni topishimiz kerak. ¢(37) =36 =22-
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3%ning tub bo’luvchilari 2 va3 bo’lgani uchun g'? # 1(mod37), g8 =
1(mod37) shartlarni ganoatlantiruvchi eng kichik son g topishimiz kerak.

212 = (29)2 = (—-10)2 = —11 £ 1(mod37),2'8 = (2%)3 = (—10)3
(37:-27+ 1) = —1 # 1(mod37). Bulardan 2 sonining 37 moduli bo’yicha eng
kichik boshlang’ich ildiz ekanligi kelib chigadi. Javob: 12 va 2.

5). Bizda p =43 bo’lgani uchun @(43 — 1) = ¢(42) = 12,ya'ni43 moduli
bo’yicha barcha boshlang’ich ildizlar soni 12 ga teng. Endi 43 moduli bo’yicha eng
kichik boshlang’ich ildizni topamiz. Buning wuchun 43 moduli bo’yicha
chegirmalarning keltirilgan sistemasi 2,3,4,....42 lar orasidan ¢(43) = 42 daraja
ko’rsatkichiga tegishli eng kichik sonni topishimiz kerak. @(43)=42=2-3"
7ning tub bo’luvchilari 2,3va7 bo’lgani uchun g% # 1(mod43), g** =
1(mod43), g** £ 1(mod43) shartlarni ganoatlantiruvchi eng kichik son g
topishimiz kerak.26 = 64 = 21 £ 1(mod43),2* = (27)2 = (-1)? =
1(mod43); 3¢ =3%-32=—-5-9 = -2 £ 1(mod43),3'* = (3%)?-3%2 = (-2)?-
9 =36 # 1(mod43), 32! =(3")3 = (-6)3 =-216 = —1 £ 1(mod43).
Bulardan 3 sonining 43 moduli bo’yicha eng kichik boshlang’ich ildiz ekanligi kelib
chigadi. Javob: 12 va 3.

6). Bizda p = 53 bo’lgani uchun ¢ (53 — 1) = @(52) = 24,ya’'ni53 moduli
bo’yicha barcha boshlang’ich ildizlar soni 24 ga teng. Endi 53 moduli bo’yicha eng

Kichik boshlang’ich ildizni topamiz. Buning uchun 53 moduli bo’yicha
chegirmalarning keltirilgan sistemasi 2,3,4,....52 lar orasidan ¢(53) = 52daraja
ko’rsatkichiga tegishli eng kichik sonni topishimiz kerak. ¢(53) =52 = 22%-
13 ning tub bo’luvchilari 2 va 13 bo’lgani uchun g* # 1(mod53), g?® #
1(mod53) shartlarni ganoatlantiruvchi eng kichik son g topishimiz kerak.

2% # 1(mod53),2%6 = (27)3-2° = (22)% - (-21) = -11%3-8-21 = —-121-
11-168=—-15-11-8=—-6-8 =5 % 1(mod53); Bulardan 2 sonining 53 moduli
bo’yicha eng kichik boshlang’ich ildiz ekanligi kelib chigadi. Javob: 24 va 2.

314.1). p = 19 moduli bo’yicha eng kichik boslang’ich ildiz 313.1)-misolga
asosan g = 2 ga teng. Boshlang’ich ildizlarni aniglashning usuli bu agar p moduli
bo’yicha, boshlang’ich ildizlardan birortasi (yaxshisi eng kichigi) g ma’lum bo’lsa
golgan barchasini g* (modp) ning eng kichik musbat chegirmasi sifatida aniglash
mumkin. Bunda (k,p—1)=1val<k<p—1. Bizning misolimizda p =
19,g = 2 bo’lgani uchun 2% (mod19) ning (k,18) = 1val < k < 18 shartlarda
eng kichik musbat chegirmasini aniglaymiz. Bundan k =5,7,11,13,17 va 2° =
13(mod19); 27 = 13-4 = 14(mod19); 2'' =14-16 = -5 (-3) =
15(mod19); 213 =154 =4-(—4) = 3(mod19); 217 =316 =
10(mod19). Demak, 2,3,10,13,14,15 sonlari 19 moduli bo’yicha boshlang’ich
ildiz bo’ladi. Javob:2,3,10,13,14,15.
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2). p = 23 moduli bo’yicha eng kichik boshlang’ich ildiz 313.2)-misolga asosan
g =5 ga teng. Bizning misolimizda p = 23,9 =5 bo’lgani uchun 5%(mod23)
ning (k,22)=1val <k <22 shartlarda eng kichik musbat chegirmasini
aniglaymiz. Bundan k=23,57913,15,17,19,21 va
53 =125 =10(mod23); 5°=10-25=10-2 = 20 (mod23); 5" =-3-2 =
17(mod23); 5° = =62 = 11(mod23); 513 =5°-5* = 11-4 =
21(mod23);5' = —2-2 = 19(mod23); 517 = —4 -2 = 15(mod23);

519 = —8:2 = 7(mod23); 5?1 =7-2 = 14(mod23).

Demak, 5,7,10,13,14,15,17,19,20,21 sonlari 23 moduli bo’yicha
boshlang’ich ildiz bo’ladi. Javob:5,7,10,13,14,15,17,19, 20, 21.

3). p = 31 moduli bo’yicha eng kichik boshlang’ich ildiz 313.3-misolga asosan
g = 3 ga teng. Bizning misolimizdap = 31, g =3 bo’lgani uchun 3*(mod31)
ning (k,30) =1val <k <30 shartlarda eng kichik musbat chegirmasini
aniglaymiz. Bundan k = 7,11,13,17,19,23,29 va

37=3%3-3%-3=(-4)2-3=17(mod31); 311 =37-3*=17-19=323 =
13(mod31); 313 =13-9 = 24(mod31); 317 = —-7-19=—-133 =
22(mod31); 31 =22:-9=-81=12(mod31);3%2=12-81=12-19 =
228 = 11(mod31); 329 =323.32.34=11-9:19=6-19= 114 =
21(mod31). Demak, 3,11,12,13,17,21,22,24 sonlari 31 moduli bo’yicha
boshlang’ich ildiz bo’ladi. Javob: 3,11,12,13,17,21,22,24.

315. 6 moduli bo’yicha <p((p(6)) = @(2) =1 ta boshlang’ich ildizlar sinfi
mavjud. U 1<x<6, (x,6) =1 shartni ganoatlantirishi kerak. Bu shartni
ganoatlantiruvchi birta 5 soni mavjud va 5! = 5(mod6); 5% = 25 = 1(mod6)
bo’lgani uchun 6 moduli bo’yicha 1 ta boshlang’ich ildizlar sinfi mavjud va u
x = 5(mod6) dan iborat. Javob: x = 5(mod6).

316. 312.2)-misolga asosang = 2 soni p =11 moduli bo’yicha boshlang’ich
ildiz. 2° — xossaga asosan 2,22%,..,21° sonlari p =11 moduli bo’yicha
chegermalarning keltirilgan sistemasini tashkil etadi.

317. p>2— tub soni 22" +1,(n =1,2,...)sonining tub bo’luvchisi bo’lsa,
22" + 1 = 0(modp) bajarilishi kerak, bundan 22" = —1(modp). Buning ikkala
tomonini kvadratga ko’tarsak, 22" = 1(modp) hosil bo’ladi. Bundan esa 2 soni p
moduli bo’yicha 2™*! ko’rsatkichiga tegishli ekanligi kelib chiqadi. U holda
2"+ 1soni po(p)=p—-1 ning  bo’luvchisi  bo’lishi  kerak,  ya’ni
p —1=0(mod2™*?t) - p =1(mod2™?!) »p =k 21 + 1.

318. Ma’lumki agara, (a,m) = 1 soni m moduli bo’yicha § > 0 ko’rsatkichga
tegishli bo’lsa, § soni a® = 1(modm) shartni ganoatlantiruvchi eng kichik musbat
son bo’lib ¢ (m) ning bo’luvchisi bo’lishi kerak. Endi a > 1 sonining a™ — 1 moduli
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bo’yicha ganday ko’rsatkichga tegishli ekanligini aniglaylik. Tushunarliki, a™ =
1(m0d(am — 1)) bajariladi. @ > 1 bo’lgani uchun 1<k <m bo’lsa, a* %
1(m0d(am — 1)) bo’ladi. Shuning uchun ham P, m_;(a) = m va m soni ¢(a™ — 1)
ning bo’luvchisi bo’lishi kerak. Demak, ¢ (a™ — 1) = 0(modm) bajariladi.

319. m = 8 moduli bo’yicha chegirmalarning keltirilgan sistemasi 1,3,5,7 sonlari
orasida 1 boshqalarining ¢(8) = 4 ko’rsatkichiga tegishlilari yo’q ekanligini
ko’rsatish yetarli. 31 = 3(mod8), 32 = 1(mod8); 5! = 5(mod8), 5% =
1(mod8); 7 = 7(mod8),7% = 1(mod8). Bundan ko’rinadiki, bu sonlarning
barchasi 2 ko’rsatkichiga tegishli.

320. 1). Bu yerda(5,9) =1 va ¢@(9) = 6 bo’lgani uchun ham 5% = 7(mod9),
53 = 8(mod9) lardan 5° = 1(mod9) ekanligi kelib chiqadi, yani 5 soni 9 moduli
bo’yicha boshlang’ich ildiz bo’ladi. Shuning uchun ham 5°=1,5! =5,5% =
7,53 =8,54 =4,5°=2 sonlari 9 moduli bo’yicha chegirmalarning keltirilgan
sistemasini tashkil giladi. Demak, berilgan taggoslama b ning (b,9) =1 shartni
ganoatlantiruvchi barcha giymatlarida yechimga ega.

Javob: b ning (b,9) = 1 shartni ganoatlantiruvchi barcha giymatlari.

2). Bu yerda (4,9) = 1 va ¢(9) = 6 bo’lgani uchun ham 42 = —2(mod9), 43 =
1(mod9), ya’ni 4 soni 9 moduli bo’yicha 3 ko’rsatkichiga tegishli. Shuning uchun
ham 4% =1,41=4,42 =7 sonlari 9 moduli bo’yicha har xil sinflarga tegishli
bo’ladi. Demak, berilgan tagqoslama b ning (b,9) =1 shartni ganoatlantiruvchi
b =1,47(mod9) qiymatlarida yechimga ega. Javob:b =1,4,7(mod9)
giymatlari.

3).Bu yerda b ning (b,m) =1 va b < m shartni ganoatlantiruvchi giymatlari
soni @(m)ta bo’lib, ulardan a* = b(modm) tagqoslama yechimga ega bo’ladigan
b larning soni B,(a)ga teng. b ningjami qiymatlari soni ¢@(m)dan berilgan
tagqoslama yechimga ega bo’ladigan b larning soni P, (a)ni ayirsak, berilgan
tagqoslama yechimga ega bo’lmayadigan b larning soni ¢(m) — P, (a) ga ega
bo’lamiz. Javob: ¢(m) — B, (a).

V.2-§.

321. 1).2 asosga ko’ra 29 moduli bo’yicha indekslar jadvalini tuzish talab
etilmogda. g = 2 soni 29 moduli bo’yicha boshlang’ich ildiz bo’ladi (tekshirib
ko’ring). Shuning uchun ham 29 moduli bo’yicha chegirmalarning keltirilgan
sismasidagi sonlar 2°,21,22,... ,2%7 ni eng kichik manfiy bo’lmagan chegirmalar
ko’rinishida yozib olamiz.2° =1,2' =2,22=4,23=8,2*=16,2°=3, 2° =
6,27 =12, 28 =24, 2°=19, 219 =9,211 = 18,212 =7, 213 = 14, 214 =28,
215 =27, 216 = 25 217 =21, 218 = 13,219 = 26, 220 = 23,221 = 17,2%2 =5,
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223 = 10,22 = 20, 22° =11, 226 =22, 227 = 15(mod29). Bu aniglangan
giymatlarni quyidagi jadval ko’rinishida yozish mumkin:

0 1 2 3 4 5 6 7 8 9

1 5 2 22 6 12 3 10

23 25 7 18 13 27 4 21 11 9

Nl RO Z

24 17 26 20 8 16 19 15 14

2).5 asosga ko’ra 23 moduli boyicha indekslar jadvalini tuzish talab
etilmogda. g =5 soni 23 moduli bo’yicha boshlang’ich ildiz bo’ladi (tekshirib
ko’ring). Shuning uchun ham 23 moduli bo’yicha chegirmalarning keltirilgan
sismasidagi sonlar 5°,5%,52,... ,5%1 ni eng kichik manfiy bo’lmagan chegirmalar
ko’rinishida  yozib olamiz. 5° =1,5' =5,5%=2,53=10,5* =4, 5° = 20,
56 =857 =17, 58 =16, 5° =11, 519=9 511 =22 512 =18, 513 =21,

514 =13, 515 =19, 516 =3 517 =15 518 =519 =7 520 =12 521 =
14(mod23). Bu aniqlangan qiymatlarni quyidagi jadval ko’rinishida yozish
mumkin:

N 0 1 2 3 4 3) 6 7 8 9
0 0 2 16 4 1 18 19 6 10
1 3 9 20 14 21 17 8 7 12 15
2 5 13 11

322. 11 moduli boyicha indekslar jadvalini tuzish talab etilmogda. Buning uchun
avvalo shu modul bo’yicha birorta boshlang’ich ildizni aniglab olishimiz kerak.
312.2)-misolda g =2 soni1ll moduli bo’yicha boshlang’ich ildiz bo’lishi
ko’rsatilgan edi. Shuning uchun ham 11 moduli bo’yicha chegirmalarning keltirilgan
sistemasidagi sonlar 2°,21,22, ... ,2° ni eng kichik manfiy bo’lmagan chegirmalar
ko’rinishida yozib olamiz.2° = 1,21 =2,22=4,23=8,2*=5,2°=10, 26 =
9,27 =7, 28 =3, 2°=6(mod11). Bu aniglangan giymatlarni quyidagi jadval
ko’rinishida yozish mumkin:

N 0 1 2 3 4 3) 6 7 8 9
0 0 1 8 2 4 9 7 3 6
1 5

323. 1).5% = 1(mod7)taggoslamaning ikkala tomonini indekslaymiz. U
holda 6ind5 = ind1(mod6) ga ega bo’lamiz. Bu yerda ind1 =0 va ind5 ni 7
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moduli bo’yicha indekslar jadvalidan topamiz: ind5 =5. Bulardan 56 =
0(mod6) —» 6 = 0(mod6) — & = 6t.Bundan § ning eng kichik musbat giymati
d = 6.Javob: § = 6.

2). 59 = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U holda
dind5 = ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind5 ni 11 moduli
bo’yicha indekslar jadvalidan topamiz: ind5 = 4. Bulardan 44§ = 0(mod10) —
26 = 0(mod5) » § = 0(mod5) » § =0,5(mod10) -6 =10t va o6=5+
10t,t € Z. Bundan § ning eng kichik musbat giymati 6 = 5.

Javob: § = 5.

3). 8% = 1(mod13) taqggoslamaning ikkala tomonini indekslaymiz. U holda
6ind8 = ind1(mod12) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind8 ni 13 moduli
bo’yicha indekslar jadvalidan topamiz: ind8 = 3. Bulardan 36 = 0(mod12) - § =
0(mod4) —» 6 = 0,4,8(mod12)

-8 =12t, § =4+ 12t va § =8+ 12t,t € Z. Bundan 6§ ning eng kichik
musbat giymati § = 4. Javob: § = 4.

4).12% = 1(mod17)taqqoslamaning  ikkala tomonini  indekslaymiz. U
holdadind12 = ind1(mod16) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind12 ni
17 moduli bo’yicha indekslar jadvalidan topamiz: ind12 = 13. Bulardan 136 =
0(mod16) - § = 0(mod16) —» § = 16t,t € Z. Bundan § ning eng kichik musbat
giymati § = 16. Javob: § = 16.

5). 24% = 1(mod31) taqgoslamaning ikkala tomonini indekslaymiz. U holda
dind24 = ind1(mod30) ga ega bo’lamiz. Bu yerda indl =0 va ind24 ni
31 moduli bo’yicha indekslar jadvalidan topamiz: ind24 = 13. Bulardan 136 =
0(mod30) - § = 0(mod30) —» 6 = 30t,t € Z. Bundan § ning eng kichik musbat
giymati § = 30. Javob: § = 30.

6). 10° = 1(mod13) tagqoslamaning ikkala tomonini indekslaymiz. U holda
6ind10 = ind1(mod12) ga ega bo’lamiz. Bu yerda indl1 =0 va ind10 ni
13 moduli bo’yicha indekslar jadvalidan topamiz: ind10 = 10. Bulardan 106 =
0(mod12) -» 56 = 0(mod6) - § = 0(mod6) » § = 0,6(Mmod12) - 6 =
12t,6 =6+ 12t,t € Z. Bundan & ning eng Kkichik musbat giymati & = 6.
Javob: § = 6.

7).27% = 1(mod17) ni  10% = 1(mod17) ko’rinishda yozib olib, ikkala
tomonini indekslaymiz. U holda §ind10 = ind1(mod16) ga ega bo’lamiz. Bu yerda
ind1 = 0 vaind10 ni 17 moduli bo’yicha indekslar jadvalidan topamiz: ind10 = 3.
Bulardan 3§ = 0(mod16) —» § = 0(mod16) - § = 16t, t € Z. Bundan & ning eng
kichik musbat giymati 6 = 16. Javob: § = 16.

8). 18% = 1(mod11) ni 7% = 1(mod11) ko’rinishda yozib olib, ikkala tomonini
indekslaymiz. U holda §ind7 = ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0
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va ind7 ni 11 moduli bo’yicha indekslar jadvalidan topamiz: ind7 = 7. Bulardan
76 = 0(mod10) - § = 0(mod10) » 6§ = 10t, t € Z. Bundan & ning eng Kichik
musbat giymati § = 10. Javob: § = 10.

9).23% = 1(mod41) taqgoslamaning ikkala tomonini indekslaymiz. U holda
dind23 = ind1(mod40) ga ega bo’lamiz. Bu yerda indl =0 va ind23 ni
41 moduli bo’yicha indekslar jadvalidan topamiz: ind23 = 36. Bulardan 366 =
0(mod40) -» 96 = 0(mod10) » § = 0(mod10) - 6 = 0,10,20,30(mod40) —

6 =40t,6 =10+ 40t,6 = 20+ 40t,6 = 30+ 40¢t,t € Z. Bundan & ning eng
kichik musbat giymati 6 = 10. Javob: § = 10.

324.1).p = 5 bo’lgani uchun 2 dan 4 gacha bo’lgan 2, 3, 4 sonlarning tegishli
bo’lgan daraja ko’rsatkichini aniqlashimiz kerak. Buning uchun 2% = 1(mod5),

3% = 1(mod5), 4% = 1(mod5) taqgoslamalarning har birini yechib ularni
ganoatlantiruvchi eng kichik & > 0 ni aniglashimiz kerak. 2% = 1(mod5)
tagqoslamaning ikkala tomonini indekslaymiz. U holda §ind2 = ind1(mod4) ga
ega bo’lamiz. Bu yerda ind1 = 0 va ind?2 ni 5 moduli bo’yicha indekslar jadvalidan
topamiz: ind2 = 1.Shuning uchun ham § = 0(mod4) —» 6 = 4t,t € Z. Bundan 6
ning eng kichik musbat giymati § = 4.

3% = 1(mod5) taggoslamaning ikkala tomonini indekslaymiz. U holda §ind3 =
ind1(mod4) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind3 ni 5 moduli bo’yicha
indekslar jadvalidan topamiz: ind3 = 3. Shuning uchun ham 36 = 0(mod4) —» § =
4t,t € Z. Bundan 6 ning eng kichik musbat giymati § = 4.

4% = 1(mod5) tagqoslamaning ikkala tomonini indekslaymiz. U holda §ind4 =
ind1(mod4) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind4 ni 5 moduli bo’yicha
indekslar jadvalidan topamiz: ind4 = 2.Shuning uchun ham2é = 0(mod4) —» § =
0(mod2) - 6 = 0,2 (mod4) —» 6 = 4t, 2+ 4t,t € Z. Bundan § ning eng Kichik
musbat giymati § = 2. Javob: 4,4, 2.

2).p = 7 bo’lgani uchun 2 dan 6 gacha bo’lgan 2, 3, 4, 5, 6 sonlarning tegishli
bo’lgan daraja ko’rsatkichini aniqlashimiz kerak. Buning uchun 2° = 1(mod7),
3% = 1(mod?7), 4% = 1(mod7), 59 = 1(mod7), 6° = 1(mod7)
taggoslamalarning har birini yechib, ularni ganoatlantiruvchi eng kichik & > 0 ni
aniglashimiz kerak. 2% = 1(mod7) tagqoslamaning ikkala tomonini indekslaymiz.
U holda éind2 = ind1(mod6) ga ega bo’lamiz. Bu yerda ind1l = Ova ind2 ni
7 moduli bo’yicha indekslar jadvalidan topamiz: ind2 = 2. Shuning uchun
ham 26 = 0(mod6) - § = 0(mod3) » § = 0,3(mod6) - 6§ = 6t,6 =3 + 6t,t €
Z. Bundan & ning eng kichik musbat giymati § = 3.

3% = 1(mod7) taggoslamaning ikkala tomonini indekslaymiz. U holda Sind3 =
ind1(mod6) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind3 ni 7 moduli bo’yicha
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indekslar jadvalidan topamiz: ind3 = 1. Shuning uchun ham § = 0(mod6) —» § =
6t,t € Z. Bundan § ning eng kichik musbat giymati § = 6.

4% = 1(mod7) taggoslamaning ikkala tomonini indekslaymiz. U holdadind4 =
ind1(mod6) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind4 ni 7 moduli bo’yicha
indekslar jadvalidan topamiz: ind4 = 4.Shuning uchun ham4¢§ = 0(mod6) — 28 =
0(mod3) - 6 = 0(mod3) —» 6 = 0,3 (mod6) - § = 6t, 3+ 6t,t € Z. Bundan &
ning eng kichik musbat giymati § = 3.

59 = 1(mod7) taggoslamaning ikkala tomonini indekslaymiz. U holda Sind5 =
ind1(mod6) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind5 ni 7 moduli bo’yicha
indekslar jadvalidan topamiz: ind5 = 5. Shuning uchun ham 56 = 0(mod6) —» § =
0(mod6) —» 6 = 6t, t € Z. Bundan & ning eng kichik musbat gqiymati § = 6.

69 = 1(mod7) taggoslamaning ikkala tomonini indekslaymiz. U holda Sind6 =
ind1(mod6) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind6éni 7 moduli bo’yicha
indekslar jadvalidan topamiz: ind6 = 3. Shuning uchun ham 3§ = 0(mod6) — 6 =
0(mod2) -» 6 = 0,2,4 (mod6) » 6§ = 6t, 2+ 6t,4 + 6t,t € Z. Bundan § ning eng
kichik musbat giymati § = 2. Javob: 3,6, 3,6,2.

3).p =11 bo’lgani uchun 2 dan 10 gacha bo’lgan 2,3,4,5,6,7,8,9,10
sonlarning tegishli bo’lgan daraja ko’rsatkichini aniglashimiz kerak. Buning uchun
2% = 1(mod11), 3% = 1(mod11), 4% = 1(mod11), 59 = 1(mod11), 6% =
1(mod11),7% = 1(mod11),8% = 1(mod11),9% = 1(mod11),10% = 1(mod11)
taggoslamalarning har birini yechib, ularni ganoatlantiruvchi eng kichik 6 > 0 larni
aniglashimiz kerak. 29 = 1(mod11) taggoslamaning ikkala tomonini indekslaymiz.
U holda éind2 = ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind2 ni
11 moduli bo’yicha indekslar jadvalidan topamiz: ind2 = 1 .Shuning uchun hamé =
0(mod10) - § = 10t,t € Z. Bundan & ning eng kichik musbat giymati § = 10.

39 = 1(mod11)taggoslamaning ikkala tomonini indekslaymiz. U holda §ind3 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind3 ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind3 = 8.Shuning uchun ham 8§ = 0(imod10) —
46 = 0(mod5) » 6 = 0(mod5) » 6 = 0,5(mod10) » § = 10t,5+ 10¢t, t € Z.
Bundan § ning eng kichik musbat giymati § = 5.

4% = 1(mod11) taggoslamaning ikkala tomonini indekslaymiz. U holda §ind4 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind4 ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind4 = 2.Shuning uchun ham2é = 0(mod10) - § =
0(mod5) - 6 = 0,5 (mod10) - 6 = 10t, 5+ 10t,t € Z. Bundan § ning eng
kichik musbat giymati § = 5.

59 = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U holda §ind5 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind5 ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind5 = 4. Shuning uchun ham4é = 0(mod10) —
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26 = 0(mod5) - 6 = 0(mod5) —» 6 = 0,5(mod10) - 6§ = 10t,5 + 10¢,t € Z.
Bundan & ning eng kichik musbat giymati § = 5.

69 = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U holda §ind6 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind6ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind6 = 9. Shuning uchun ham 96 = 0(mod10) —
6 = 0(mod10) - 6§ = 10t,t € Z. Bundan & ning eng kichik musbat qiymati
d = 10.

79 = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U holda Sind7 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind7ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind7 = 7. Shuning uchun ham76 = 0(mod10) —» § =
0(mod10) - § = 10t, t € Z. Bundan & ning eng kichik musbat giymati § = 10.

89 = 1(mod11) taggoslamaning ikkala tomonini indekslaymiz. U holda §ind8 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind8 ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind8 = 3. Shuning uchun ham 36 = 0(mod10) —
d = 0(mod10) - 6§ = 10t,t € Z. Bundan & ning eng kichik musbat gqiymati
6 = 10.

9% = 1(mod11) taggoslamaning ikkala tomonini indekslaymiz. U holda §ind9 =
ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind9 ni 11 moduli bo’yicha
indekslar jadvalidan topamiz: ind9 = 6. Shuning uchun ham 66 = 0(mod10) —
36 = 0(mod5) - 6 = 0(mod5) - 6 = 0,5(mod10) - 6§ = 10t,5 + 10¢,t € Z.
Bundan & ning eng kichik musbat giymati § = 5.

10% = 1(mod11) taggoslamaning ikkala ~ tomonini indekslaymiz. U
holda §ind10 = ind1(mod10) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind10ni
11 moduli bo’yicha indekslar jadvalidan topamiz: ind10 = 5.Shuning uchun ham
56 = 0(mod10) - 6 = 0(mod2) —» 6 = 0,2,4,6,8(mod10) - 6§ = 10¢t,2 +
10t,4 4+ 10t,6 + 10t,8 + 10t,t € Z. Bundan § ning eng kichik musbat giymati
5= 2.

Javob: 10, 5, 5,5,10,10, 10,5, 2.

325. p moduli bo’yicha a sonining boshlang’ich ildiz bo’lishi uchun u § = @(p) =
p —1 ko’satkichiga tegishli bo’lishi kerak. Indekslashdan foydalanibé > 0 ni
aniglash uchun 324- misoldagi sngari mulohaza yuritamiz. Misolda p =59 va
¢(59) = 58.

1). 2% = 1(mod59) taqggoslamaning ikkala tomonini indekslaymiz. U holda
dind2 = ind1(mod58) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind2 ni 59 moduli
bo’yicha indekslar jadvalidan topamiz: ind2 = 1. Shuning uchun ham § =
0(mod58) » § = 58t,t € Z. Bundan & ning eng kichik musbat giymati § = 58 va
demak, 2 soni 59 moduli bo’yicha boshlang’ich ildiz bo’ladi. Javob: bo’ladi.
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2). 3% = 1(mod59) taqqoslamaning ikkala tomonini indekslaymiz. U holda
dind3 = ind1(mod58) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind3 ni 59 moduli
bo’yicha indekslar jadvalidan topamiz: ind3 = 50. Shuning uchun ham 508 =
0(mod58) —» 258 = 0(mod29) — 6 = 0(mod29) - 6 = 0,29(mod58), § =
58t,29 + 58t,t € Z. Bundan é ning eng kichik musbat giymati § = 29 va demak, 3
soni 59 moduli bo’yicha boshlang’ich ildiz bo’lmaydi. Javob: bo’lmaydi.

3). 6% = 1(mod59) taggoslamaning ikkala tomonini indekslaymiz. U holda
dind6 = ind1(mod58) ga ega bo’lamiz. Bu yerda ind1 = 0 va indéni 59 moduli
bo’yicha indekslar jadvalidan topamiz: ind6 = 51. Shuning uchun ham 516 =
0(mod58) —» § = 0(mod58) —» 6§ = 58t,t € Z. Bundan § ning eng kichik musbat
giymati § = 58 va demak, 6 soni 59 moduli bo’yicha boshlang’ich ildiz bo’ladi.

Javob: bo’ladi.

4). 8% = 1(mod59) taqqgoslamaning ikkala tomonini indekslaymiz. U holda
dind8 = ind1(mod58) ga ega bo’lamiz. Bu yerda ind1 = 0 va ind8ni 59 moduli
bo’yicha indekslar jadvalidan topamiz: ind8 = 3. Shuning uchun ham 34 =
0(mod58) - § = 0(mod58) —» 6§ = 58t,t € Z. Bundan § ning eng kichik musbat
giymati § = 58 va demak, 8 soni 59 moduli bo’yicha boshlang’ich ildiz bo’ladi.

Javob: bo’ladi.

5). 12% = 1(mod59) taqgoslamaning ikkala tomonini indekslaymiz. U holda
dind12 = ind1(mod58) ga ega bo’lamiz. Bu yerda indl =0 va ind12 ni
59 moduli bo’yicha indekslar jadvalidan topamiz: ind12 = 52. Shuning uchun ham
526 = 0(mod58) — 266 = 0(mod29) —» § = 0(mod29) — 6§ = 0,29(mod58),

d = 58t,29 + 58t,t € Z. Bundan § ning eng kichik musbat giymati § = 29 va
demak, 12 soni 59 moduli bo’yicha boshlang’ich ildiz bo’lmaydi.

Javob: bo’lmaydi.

6). 13% = 1(mod59) taqqoslamaning ikkala tomonini indekslaymiz. U holda
6ind13 = ind1(mod58) ga ega bo’lamiz. Bu yerda indl =0 va ind13ni
59 moduli bo’yicha indekslar jadvalidan topamiz: ind13 = 45.Shuning uchun
ham458 = 0(mod58) —» § = 0(mod58) - § =58t,t € Z. Bundan § ning eng
kichik musbat giymati § = 58 va demak, 13 soni 59 moduli bo’yicha boshlang’ich
ildiz bo’ladi.

Javob: bo’ladi.

7). 14% = 1(mod59) taqgoslamaning ikkala tomonini indekslaymiz. U holda
dind14 = ind1(mod58) ga ega bo’lamiz. Bu yerda indl =0 va ind14ni
59 moduli bo’yicha indekslar jadvalidan topamiz: ind14 = 19.Shuning uchun ham
19 6§ = 0(mod58) — § = 0(mod58) —» § = 58t,t € Z. Bundan § ning eng kichik
musbat giymati § = 58 va demak, 14 soni 59 moduli bo’yicha boshlang’ich ildiz
bo’ladi. Javob: bo’ladi.
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8).19% = 1(mod59) taqgoslamaning ikkala tomonini indekslaymiz. U
holdadind19 = ind1(mod58) ga ega bo’lamiz. Bu yerda ind1 =0 va ind19ni
59 moduli bo’yicha indekslar jadvalidan topamiz: ind19 = 38. Shuning uchun
ham385 = 0(mod58) —» 196 = 0(mod29) - 6§ = 0(mod29) —» 6 =
0,29(mod58) —» § = 58t,29 + 58t,t € Z. Bundan & ning eng Kkichik musbat
giymati 6 = 29 va demak, 19 soni 59 moduli bo’yicha boshlang’ich ildiz bo’Imaydi.
Javob: bo’lmaydi.

326. p moduli bo’yicha berilgan a sonining boshlang’ich ildiz bo’lishi uchun u
d = ¢(p) = p — 1 ko’satkichiga tegishli bo’lishi kerak. Buning bajarilishi uchun
a® = 1(modp) - Sinda = 0(modp — 1) bajarilishi kerak. Agar bu yerda
(inda,p —1) =1 (*)bo’lsa, u holda & = p — 1 bo’lishi kelib chiqgadi. Demak, biz
p moduli bo’yicha indekslar jadvalidan (*) shartni ganoatlantiruvchi a larni ajratib
olsak, ular p moduli bo’yicha boshlang’ich ildiz bo’ladi. Chegirmalarning keltirilgan
sistemasidagi golgan a lar p moduli bo’yicha boshlang’ich ildiz bo’Imaydi.

1). Bu misoldap =17 va ¢(17) =16 bo’lgani uchun 17 moduli bo’yicha
chegirmalarning keltirilgan sistemasidagi 2,3,4,...,16 sonlarning indekslarini
ilovadan garab (*) shartni, ya’ni (inda,16) =1 ni ganoatlantiruvchilarini ajratib
olamiz. Qaralayotgan sonlarning indekslari mos ravishda 14, 1, 12, 5, 15, 11, 3, 7, 13,
4,9, 6, 8 lardan iborat. Bular orasida 16 bilan o’zaro tublari 1, 5, 15, 11, 3,7, 13, 9 lar
va bu indekslarga mos sonlar 3,5,6,7,10,11,12,14 bo’lib ular 17 moduli
bo’yichaboshlang’ich ildiz bo’ladi. Chegirmalarning keltirilgan sistemasidagi qolgan
2, 4, 8,9,13,15,16 lar p moduli bo’yicha boshlang’ich ildiz bo’lmaydi.

Javob: 3, 5, 6, 7, 10, 11, 12,14.

2). Bu misolda p =19 va ¢(19) =18 bo’lgani uchun 19 moduli bo’yicha
chegirmalarning keltirilgan sistemasidagi 2,3,4,...,16,17,18 sonlarning indekslarini
ilovadan garab (*) shartni, ya’ni (inda,18) =1 ni ganoatlantiruvchilarini ajratib
olamiz. Qaralayotgan sonlarning indekslari mos ravishda 1, 13, 2, 16, 14, 6, 3, 8,
17,12, 15, 5,7, 11, 4, 10, 9 lardan iborat. Bular orasida 18 bilan o’zaro tublari 1, 13,
17,5, 7, 11 lar va bu indekslarga mos sonlar 2,3,10,13,14,15 bo’lib ular 19 moduli
bo’yichaboshlang’ich ildiz bo’ladi. Chegirmalarning keltirilgan sistemasidagi
golgan4,5,6,7,8,9,11,12,16,17,18 lar 19 moduli bo’yicha boshlang’ich ildiz
bo’lmaydi. Javob: 2,3,10,13,14, 15.

3). Bu misoldap = 23 va ¢(23) = 22 bo’lgani uchun 23 moduli bo’yicha
chegirmalarning keltirilgan sistemasidagi 2,3,4,...,22  sonlarning indekslarini
ilovadan garab (*) shartni, ya’ni (inda,22) =1 ni ganoatlantiruvchilarini ajratib
olamiz. Qaralayotgan sonlarning indekslari mos ravishda 2, 16, 4, 1, 18, 19, 6, 10, 3,
9, 20, 14, 21, 17, 8, 7, 12, 15, 5, 13,11 lardan iborat. Bular orasida 22 bilan o’zaro
tublari 1, 19, 3, 9, 21, 17, 7, 15, 5, 13lar va bu indekslarga mos sonlar
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5,7,10,11,14,15,17,19, 20,21 bo’lib, ular 23 moduli bo’yicha boshlang’ich ildiz
bo’ladi. Chegirmalarning keltirilgan sistemasidagi golgan
2,3,4,6,8,9,12,13,16,18, 22 lar 23 moduli bo’yicha boshlang’ich ildiz bo’Imaydi.
Javob: 5,7,10,11,14,15,17,19, 20, 21.

327.1). 7x = 23(mod17) ni 7x = 6(mod17) ko’rinishda yozib olib, uning
ikkala tomonini indekslab quyidagi taqgoslamani hosil gilamiz: ind7 + indx =
ind6(mod16). Bu yerdagi ind7,ind6 larning giymatlarini 17 moduli bo’yicha
indekslar jadvalidan ind7 = 11, ind6 = 15 larni topib yuqoridagi taggoslamaga
qo’yamiz, u holda: 11+ indx = 15(mod16) — indx = 4(mod16) ga ega
bo’lamiz. Endi 17 moduli bo’yicha anti indekslar jadvalidan indeksi 4 ga teng
bo’lgan sonni topamiz va berilgan tagqoslamaning yechimi x = 13(mod17) ni hosil
gilamiz. Javob: x = 13(mod17).

2).39x = 84(mod97) ning ikkala tomonini indekslab quyidagi taggoslamani
hosil gilamiz: ind39 + indx = ind84(mod96). Bu yerdagi ind39,ind84 larning
giymatlarini 97 moduli bo’yicha indekslar jadvalidan ind39 = 95, ind84 = 73 larni
topib yuqoridagi tagqoslamaga qo’yamiz, u holda: 95 + indx = 73(mod96) —
indx = —22(mod96) — indx = 74(mod97) ga ega bo’lamiz. Endi 97 moduli
bo’yicha anti indekslar jadvalidan indeksi 74 ga teng bo’lgan sonni topamiz va
berilgan taggoslamaning yechimi x = 32(mod97) ni hosil gilamiz.  Javob:
x = 32(mod97).

3).125x = 7(mod79) ni 46x = 7(mod79) ko’rinishda yozib olib, uning
ikkala tomonini indekslab quyidagi taggoslamani hosil gilamiz: ind46 + indx =
ind7(mod78). Bu yerdagi ind46,ind7 larning giymatlarini 79 moduli bo’yicha
indekslar jadvalidan ind46 = 30,ind7 = 53 larni topib yuqoridagi taggoslamaga
qo’yamiz, u holda: 30+ indx = 53(mod78) — indx = 23(mod78) ga ega
bo’lamiz. Endi 79 moduli bo’yicha anti indekslar jadvalidan indeksi 23 ga teng
bo’lgan sonni topamiz va berilgan tagqoslamaning yechimi x = 74(mod79) ni hosil
gilamiz.

Javob: x = 74(mod79).

4).37x = 25(mod89) ning ikkala tomonini indekslab quyidagi taggoslamani
hosil gilamiz: ind37 + indx = ind25(mod88). Bu yerdagi ind37,ind25 larning
giymatlarini 89 moduli bo’yicha indekslar jadvalidan ind37 = 11, ind25 = 52 larni
topib yuqoridagi tagqoslamaga qo’yamiz, u holda: 11 + indx = 52(mod88) —
indx = 41(mod88) ga ega bo’lamiz. Endi 89 moduli bo’yicha anti indekslar
jadvalidan indeksi 41 ga teng bo’lgan sonni topamiz va berilgan taqqoslamaning
yechimi x = 56(mod89) ni hosil gilamiz.

Javob: x = 56(mod89).
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5). 4x = 13(mod37)ning ikkala tomonini indekslab quyidagi taggoslamani
hosil gilamiz: ind4 + indx = ind13(mod36). Bu yerdagi ind4,ind13 larning
giymatlarini 37 moduli bo’yicha indekslar jadvalidan ind4 = 2,ind13 = 11 larni
topib yuqoridagi taqqoslamaga qo’yamiz, u holda: 2+ indx = 11(mod36) -
indx = 9(mod36) ga ega bo’lamiz. Endi 37 moduli bo’yicha anti indekslar
jadvalidan indeksi 9 ga teng bo’lgan sonni topamiz va berilgan tagqoslamaning
yechimi x = 31(mod37) ni hosil gilamiz.

Javob: x = 31(mod37).
6). 37x = 5(mod221) ni garaymiz. Bu yerda 221 = 1317 bo’lgani uchun
berilgan taggoslama quyidagi taggoslamalar sistemasi

{37x = 5(mod13) . {11x = 5(mod13)
37x = 5(mod17) 3x = 5(mod17)

ga teng kuchli. Bu sistemadagi har bir tagqoslamani indekslab va indekslar
jadvalidan foydalanib quyidagini hosil gilamiz:
{indll + indx = ind5(mod13) . {7 + indx = 9(mod13) N

ind3 + indx = ind5(mod17) 1 + indx = 5(mod17)

{indx = 2(mod13)
indx = 4(mod17)

Endi anti indekslar jadvallaridan foydalanib,
{x54(m0d13) _){x=4+13t,t€Z_){ x=4+13t,te€Z R
x = 13(mod17) x = 13(mod17) 4 + 13t = 13(mod17)

{x=4+13t,tEZ_){x=4+13t,t€Z _){x=4+13t,tEZ
13t = 9(mod17) 13t = 26(mod17) t = 2(mod17)

x=4+13t, t € Z . _
{ t=2+17¢, —»x=4+13(2+ 17t;) =30 + 221¢,,t, € Z.

Javob: x = 30(mod221).

7). 47x = 13(mod667) ni qaraymiz. Bu yerda 667 = 23 - 29 bo’lgani uchun
berilgan taggoslama quyidagi tagqoslamalar sistemasi
{47x = 13(mod23) . { x = 13(mod23)
47x = 13(mod29) 18x = 13(mod29)
ga teng kuchli. Bu sistemadagi ikkinchi taggoslamani indekslab va indekslar
jadvalidan foydalanib quyidagini hosil gilamiz:
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{ x = 13(mod23) _){ x = 13(mod23) .
ind18 + indx = ind13(mod28) (11 + indx = 18(mod28)
x = 13(mod23)
{indx = 7(mod28)

Endi anti indekslar jadvallaridan foydalanib sistema yechsak,

{x = 13(mod23) _){ x=13+23t,t€Z _){x = 13+23t,tEZ_>
x = 12(mod29) (13 + 23t = 12(mod29) 23t = —1(mod29)

x=13+23t,t€eZ (x=13+23t,teZ x =13+ 23t,t € Z
{—6t = 28(mod29) _’{—3t = 14(mod29) _){—3t = —15(mod29)
x =13+ 23t,t € Z x=13+23t,teZ
{ t = 5(mod29) { t=5+29, X7 128+667L, 1 EZ
ega ega bo’lamiz. Javob: x = 128(mod667).
8). 228x = 317(mod1517)ni garaymiz. Bu yerda 1517 = 37 - 41 bo’lgani
uchun berilgan tagqoslama quyidagi taggoslamalar sistemasi
{228x = 317(mod37) N { 6x = 21(mod37)
228x = 317(mod41) 23x = 30(mod41)

ga teng kuchli. Bu sistemadagi har ikkala taggoslamani indekslab va indekslar
jadvalidan foydalanib quyidagini hosil gilamiz:

{ ind6 + indx = ind21(mod36) _){27 + indx = 22(mod36)
ind23 + indx = ind30(mod40) (36 + indx = 23(mod40)
{indx = 31(mod36)
- :
indx = 27(mod40)
Endi anti indekslar jadvallaridan foydalanib
{x 22(mod37) _){ x=22+37t,te’Z _){x =22+37t,t€Z R
x = 12(mod41) (22 + 37t = 12(mod41) (37t = —10(mod41)
x=22+37t,t €’z x=22+4+37t,te”Z x=22+4+37t,t€”Z
{—41: = —10(mod41) "{—Zt = —5(mod41) "{—Zt = —46(mod41) ~
x=22+37t,te€Z x=22+37t,te”Z
{ t = 23(mod41) { t=23+41t, - o8/3+117h, tE€Z
Javob: x = 873(mod1517).

328.1). Berilgan 2* = 7(mod67) taqgoslamaning ikkala tomonini indekslaymiz.
U holda x:ind2 = ind7 (mod66) hosil bo’ladi. Bu yerdagi ind2,ind7 larning
giymatlarini 67 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
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ind2 = 1,ind7 = 23 bo’lgani uchun x = 23 (mod66) taqqoslama ga kelamiz.
Javob: x = 23 + 66t,t € Z.

2). Berilgan 13* = 12(mod47) taqgoslamaning ikkala tomonini indekslaymiz. U
holda x -ind13 = ind12 (mod46) hosil bo’ladi. Bu yerdagi ind13,ind12 larning
qiymatlarini 46 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind13 = 11,ind12 = 10 bo’lgani uchun 11x = 10 (mod46) tagqoslamaga
kelamiz. Bu yechsak, —35x = 10 (mod46) —» —7x = 2(mod46) » —7x =2+ 3 -
46(mod46) - —7x = 140(mod46) —

x = —20(mod46) - x = 26(mod46).

Javob: x = 26 + 46t,t € [

3). Berilgan 16* = 11(mod53) taggoslamaning ikkala tomonini indekslaymiz. U
holda x-ind16 = ind11 (mod52) hosil bo’ladi. Bu yerdagi ind16,ind11 larning
qiymatlarini 52 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind16 = 4,ind11 =6 bo’lgani uchun 4x = 6 (mod52) - 2x =
3 (mod26)tagqoslamaga kelamiz. Bu tagqoslamada (2,26) = 2, lekin 3 soni ikkiga
bo’linmaydi. Shuning uchun ham bu tagqoslama va demak, berilgan tagqoslama ham
yechimga ega emas. Javob: yechimga ega emas.

4). Berilgan 52* = 38(mod61) taqgoslamaning ikkala tomonini indekslaymiz. U
holda x -ind52 = ind38 (mod60) hosil bo’ladi. Bu yerdagi ind52,ind58 larning
qiymatlarini 61 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind52 = 42,ind38 = 27 bo’lgani uchun 42x = 27 (mod60) — 14x = 9 (mod10)
taggoslamaga kelamiz. Bu tagqoslamada (14,10) = 2, lekin 9 soni ikkiga
bo’linmaydi. Shuning uchun ham bu tagqoslama va demak, berilgan taqqoslama ham
yechimga ega emas.

Javob: yechimga ega emas.

5). Berilgan 12* = 17(mod31) tagqoslamaning ikkala tomonini indekslaymiz. U
holda x-ind12 = ind17(mod30) hosil bo’ladi. Bu yerdagi ind12,ind17 larning
qiymatlarini 31 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind12 =19,ind17 =7 bo’lgani uchun 19x = 7 (mod30) > 19x =7 + 8-
30 (mod30) —» x = 13 (mod30). Javob: x = 13 + 30t,t € Z.

6). Berilgan 20* = 21(mod41) taggoslamaning ikkala tomonini indekslaymiz. U
holda x-ind20 = ind21(mod40) hosil bo’ladi. Bu yerdagi ind20,ind21 larning
qiymatlarini 41 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind20 = 34,ind21 = 14 bo’lgani uchun 34x = 14 (mod40) —» 17x =
7(mod20) » —3x = 27(mod20) - x — 9 (mod20) — ] = 11,31(mod40).

Javob: x = 11 + 40t, x = 31 + 40t,t € Z.

329. 1). Berilgan 37x'®> = 62(mod73) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind37 + 15indx = ind62(mod72) hosil bo’ladi. Bu yerdagi
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ind37,ind62 larning giymatlarini 73 moduli bo’yicha indekslar jadvalidan topib,
olib kelib qo’yamiz. ind37 = 64,ind62 = 19 bo’lgani uchun 64 + 15indx =
19 (mod72) — 15indx = —45 (mod72) - 5indx = —15 (mod24) - indx =
21(mod24) — indx = 21,45,69(mod72).

Endi anti indekslar jadvallaridan foydalanib, x ni topamiz. U holda x = 17, 63,
66 (mod73) larni hosil bo’ladi.

Javob: x =17+ 73t, x =63+ 73t,x =66+ 73t, t € Z.

2). Berilgan 5x* = 3(mod11) taggoslamaning ikkala tomonini indekslaymiz. U
holda ind5 + 4indx = ind3(mod10) hosil bo’ladi. Bu yerdagi ind5,ind3 larning
giymatlarini 11 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind5 =4,ind3 =8 bo’lgani uchun 4 + 4indx = 8 (mod10) - 4indx =
4 (mod10) - 2indx = 2 (mod5) — indx = 1(mod5) - indx = 1,6(mod10).
Endi anti indekslar jadvallaridan foydalanib, x ni topamiz. U holda x =
2,9 (mod11) larni hosil bo’ladi.

Javob: x =24+ 11t, x =94+ 11¢, t € Z.

3). Berilgan 2x8 = 5(mod13) taggoslamaning ikkala tomonini indekslaymiz. U
holdaind2 + 8indx = ind5(mod12) hosil bo’ladi. Bu yerdagi ind2,ind5 larning
giymatlarini 13 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind2 =1,ind5 =9 bo’lgani uchun 1+ 8indx = 9(ml1d12) - 8indx =
8 (mod12) - 2indx = 2 (mod3) — indx = 1(mod3) - indx =
1,4,7,10(mod12). Endi anti indekslar jadvallaridan foydalanib, x ni topamiz. U
holda x = 2,3,11, 10 (mod13) larni hosil bo’ladi.

Javob: x =24+ 13t, x =3+ 13t,x =10+ 13t,x = 11 + 13¢,t € Z.

4). Berilgan 2x3 = 17(mod41) taggoslamaning ikkala tomonini indekslaymiz.
U holdaind2 + 3indx = ind17(mod40) hosil bo’ladi. Bu yerdagi ind2, ind17
larning qiymatlarini 41 moduli bo’yicha indekslar jadvalidan topib, olib kelib
qo’yamiz. ind2 = 26,ind17 = 33 bo’lgani uchun 26 + 3indx = 33(mod40) —
3indx = 7 (mod40) - 3indx = —33 (mod40) — indx = —11(mod40) —
indx = 29(mod40). Endi anti indekslar jadvallaridan foydalanib, x ni topamiz. U
holda x = 22 (mod41) larni hosil bo’ladi.

Javob: x = 22 + 41t, t € Z.

5). Berilgan27x5 = 25(mod31) taggoslamaning ikkala tomonini indekslaymiz.
U holda ind27 + 5indx = ind25(mod30) hosil bo’ladi. Bu yerdagi ind27,ind25
larning qiymatlarini 31 moduli bo’yicha indekslar jadvalidan topib olib kelib
qo’yamiz. ind27 = 3,ind25 = 10 bo’lgani uchun 3 + 5indx = 10(mod30) —
5indx = 7 (mod30). Bu yerda (5,30) = 5, lekin 7 soni 5 ga bo’linmaydi. Shuning
uchun ham oxirgi taggoslama va demak, berilgan taggoslama ham yechimga ega
emas. Javob: taggoslama yechimga ega emas.
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6). Berilgan 11x3 = 6(mod79) taggoslamaning ikkala tomonini indekslaymiz.
U holda ind11 + 3indx = ind6(mod78) hosil bo’ladi. Bu yerdagi ind11,ind6
larning qiymatlarini 79 moduli bo’yicha indekslar jadvalidan topib, olib kelib
qo’yamiz. ind11 = 68, ind6 =5 bo’lgani uchun 68 + 3indx = 5(mod78) —
3indx = —63 (mod78) — 3indx = 15 (mod78) — indx = 5(mod26) — indx =
5,31,57(mod78). Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U
holda x = 6,59, 14 (mod79) larni hosil bo’ladi.

Javob: x = 6+ 79t, x = 14+ 79t,x =59+ 79¢, t € Z.

7). Berilgan 23x3 = 15(mod73) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind23 + 3indx = ind15(mod73) hosil bo’ladi. Bu yerdagi
ind23, ind15 larning giymatlarini 73 moduli bo’yicha indekslar jadvalidan topib,
olib kelib qo’yamiz.

ind23 = 46, ind15 = 7 bo’lgani uchun 46 + 3indx = 7(mod72) — 3indx =
—39 (mod72) — indx = —13 (mod24) - indx = 11(mod24) - indx =
11,35,59(mod72). Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U
holdax = 31,29,13 (mod73) larni hosil bo’ladi.

Javob: x =13+ 73t, x =29+ 73t,x =31+ 73t, t € Z.

8).Berilgan  8x2° = 37(mod41)  taqqgoslamaning  ikkala  tomonini

indekslaymiz. U holda ind8 + 26indx = ind37(mod40) hosil bo’ladi. Bu yerdagi
ind8, ind37 larning qiymatlarini 40 moduli bo’yicha indekslar jadvalidan topib olib
kelib qo’yamiz.\ ind8 = 38, ind37 =32 bo’lgani uchun 38+ 26indx =
32(mod40) — 26indx = —6 (mod40) — 13indx = —3 (mod20) » —7indx =
—63(mod20) - indx = 9(mod20) — indx = 9,29(mod40). Endi anti indekslar
jadvallaridan foydalanib, x ni topamiz. U holdax = 19,22(mod41) larni hosil
bo’ladi. Javob: x = 19 + 41t, x = 22 + 41¢, t € Z.

9).Berilgan 37x8 = 59(mod61) tagqoslamaning ikkala tomonini indekslaymiz. U
holda ind37 + 8indx = ind59(mod60) hosil bo’ladi. Bu yerdagi ind37, ind59
larning qiymatlarini 61 moduli bo’yicha indekslar jadvalidan topib olib kelib
qo’yamiz.

ind37 = 39, ind59 = 31 bo’lgani uchun 39 + 8indx = 31(mod60) — 8indx =
—8 (mod60) - 2indx = —2 (mod15) - indx = 14(mod15) - indx =
14,29,44,59(mod60). Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U

holdax = 36,30, 25,31 (mod61) larni hosil bo’ladi.

Javob: x =25+ 61t, x =30+ 61t,x =31+ 61t,x =36+ 61t, t € Z.

10). Berilgan 18x8 = 6(mod13)ni 5x8 = 6(mod13) ko’rinishda yozib olamiz
va uning ikkala tomonini indekslaymiz. U holda ind5 + 8indx = ind6(mod12)
hosil bo’ladi. Bu yerdagi ind5, ind6 larning qiymatlarini 13 moduli bo’yicha
indekslar jadvalidan topib, olib kelib qo’yamiz. ind5 =9, ind6 = 5 bo’lgani uchun

251



9 + 8indx = 5(mod12) - 8indx = —4 (mod12) - 2indx = —1 (mod3) -
2indx = 2(mod3) - indx = 1(mod3) - indx = 1,4,7,10(mod12). Endi anti
indekslar jadvallaridan foydalanib, x ni topamiz. U holda x = 2,3,10,11 (mod13)
larni hosil bo’ladi.

Javob: x =24+ 13t, x =3+ 13t,x =10+ 13t,x =11+ 13¢, t € Z.

330. 1). Berilgan x'2 =37(mod41) taqgoslamaning ikkala tomonini
indekslaymiz. U holda 12indx = ind37(mod40) hosil bo’ladi. Bu yerdagi ind37
ning qiymatlarini 41 moduli bo’yicha indekslar jadvalidan topib, olib kelib
qo’yamiz. ind37 =32 bo’lgani uchun 12indx = 32(mod40) - 3indx =
8(mod10) — indx = 6 (mod10) — indx = 6,16, 26,36(mod40). Endi anti
indekslar jadvallaridan foydalanib, x ni topamiz. U holdax = 39, 18, 2,23 (mod40)
larni hosil bo’ladi.

Javob: x = 24+ 41t, x =18+ 41t,x = 23 + 41t,x =39+ 41¢, t € Z.

2). Berilgan x°5 = 17(mod97) taggoslamaning ikkala tomonini indekslaymiz.
U holda 55indx = ind17(m(1d96) hosil bo’ladi. Bu yerdagi ind17 ning
gqiymatlarini 97 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind17 = 89 bo’lgani uchun 55indx = 89(mod96) — 55indx = 185(mod96) —
11lindx = 37 (mod96) — 1lindx =37 + 5-96 (mod96) — 1lindx =
517 (mod96) — indx = 47(mod96). Endi anti indekslar jadvallaridan foydalanib,
x ni topamiz. U holda x = 58(mod97) ni hosil bo’ladi.

Javob: x = 58 + 97¢,t € Z.

3). Berilgan x3° = 17(mod67) taggoslamaning ikkala tomonini indekslaymiz.
U holda 35indx = ind17(mod66) hosil bo’ladi. Bu yerdagi ind17 ning
qiymatlarini 67 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz.
ind17 = 64 bo’lgani uchun 35indx = 64(mod66) — 35indx = 64 + 66 -
16(mod66) — 35indx = 1120(mod66) — indx = 32(mod66). Endi anti
indekslar jadvallaridan foydalanib, x ni topamiz. U holda x = 33(mod67) ni hosil
bo’ladi.

Javob: x = 33 4+ 67t,t € Z.

4).Berilgan x3° = 46(mod73) taqqoslamaning ikkala tomonini indekslaymiz. U
holda 30indx = ind46(mod72) hosil bo’ladi. Bu yerdagi ind46 ning giymatlarini
73 moduli bo’yicha indekslar jadvalidan topib, olib kelib qo’yamiz. ind46 = 54
bo’lgani uchun 30indx = 54(mod72) — 5indx = 9(mod12) - 5indx =9 + 12 -
3(od12) — indx = 9(mod12) - indx = 9,21,33,45,57,69(mod72). Endi anti
indekslar jadvallaridan foydalanib, X ni topamiz. U
holdax = 10,17,7,63,56,66(mod73) ni hosil bo’ladi.

Javob: x=7+73t,x=10+73t, x =17+ 73t, x =56+ 73t, x = 63 +
73t, x =66+ 73t, t € Z.
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5). Berilgan x8 = 23(mod41) taggoslamaning ikkala tomonini indekslaymiz. U
holda 8indx = ind23(mod40) hosil bo’ladi. Bu yerdagi ind23 ning giymatlarini
41 moduli bo’yicha indekslar jadvalidan topib olib kelib qo’yamiz. ind23 = 36
bo’lgani uchun 8indx = 36(mod40) — 2indx = 9(mod10). Bu yerda (2,10) = 2,
lekin 9 soni 2 ga bo’linmaydi. Shuning uchun ham oxirgi tagqoslama va demak,
berilgan taggoslama ham yechimga ega emas.

Javob: taggoslama yechimga ega emas.

6). Berilgan x> = 74(mod71) ni x> = 3(mod71) ko’rinishida yozib olamiz va
uning ikkala tomonini indekslaymiz. U holda 5indx = ind3(mod70) hosil bo’ladi.
Bu yerdagi ind3 ning qiymatlarini 71 moduli bo’yicha indekslar jadvalidan topib
olib kelib qo’yamiz. ind3 = 39 bo’lgani uchun 5indx = 39(mod70). Bu yerda
(5,70) = 5, lekin 39 soni 5 ga bo’linmaydi. Shuning uchun ham oxirgi tagqoslama
va demak, berilgan taggoslama ham yechimga ega emas.

Javob: taggoslama yechimga ega emas.

7). Berilgan x%7 = 39(mod43) taggoslamaning ikkala tomonini indekslaymiz.
U holda 27indx = ind39(mod42) hosil bo’ladi. Bu yerdagi ind39 ning
qiymatlarini 43 moduli bo’yicha indekslar jadvalidan topib olib kelib qo’yamiz.
ind39 = 33 bo’lgani uchun 27indx = 33(mod42) — 9indx = 11(mod14) —
9indx = 11 + 14 - 5(mod14) — indx = 9(mod14) - indx = 9,23,37(mod42).
Endi anti indekslar jadvallaridan  foydalanib x ni topamiz. U holda x =
32,34,20(mod43) ni hosil bo’ladi.

Javob: x =20+ 43t,x =32+ 43t, x =34+ 43t,t € Z.

8). Berilgan x® = 29(mod13) ni x® = 3(mod13) ko’rinishida yozib olamiz va
uning ikkala tomonini indekslaymiz. U holda 8indx = ind3(mod12) hosil bo’ladi.
Bu yerdagi ind3 ning giymatlarini 13 moduli bo’yicha indekslar jadvalidan topib
olib kelib qo’yamiz. ind3 = 4 bo’lgani uchun 8indx = 4(mod12) — 2indx =
1(mod3) — 2indx = 4(mod3) — indx = 2(mod3) — indx = 2,5,8,11(mod12).
Endi anti indekslar jadvallaridan foydalanib x ni  topamiz. U
holdax = 4,6,9,7(mod13) ni hosil bo’ladi.

Javob: x =4+ 13t,x =6+ 13t, x =7+ 13t,x =9+ 13¢t,t € Z.

9). Berilgan x? = 59(mod67) taggoslamaning ikkala tomonini indekslaymiz. U
holda 2indx = ind59(mod66) hosil bo’ladi. Bu yerdagi ind59 ning qiymatlarini
67 moduli bo’yicha indekslar jadvalidan topib olib kelib qo’yamiz. ind59 = 36
bo’lgani uchun 2indx = 36(mod66) — indx = 18(mod33) — indx =
18,51(mod66). Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U
holda x = 40,27 (mod67) ni hosil bo’ladi.

Javob: x = +27(mod67).
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10). Berilgan x? = 59(mod83) taggoslamaning ikkala tomonini indekslaymiz.
U holda 2indx = ind59(mod82) hosil bo’ladi. Bu yerdagi ind59 ning giymatlarini
83 moduli bo’yicha indekslar jadvalidan topib olib kelib qo’yamiz. ind59 = 34
bo’lgani uchun 2indx = 34(mod82) — indx = 17(mod41) - indx =
17,58(mod82). Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U
holdax = 15,68(mod83) ni hosil bo’ladi. Javob: x = +15(mod83).

11). Berilgan x% = 32(mod43) ning ikkala tomonini indekslaymiz. U holda
2indx = ind32(mod42) hosil bo’ladi. Bu yerdagi ind32 ning giymatlarini 43
moduli bo’yicha indekslar jadvalidan topib olib kelib qo’yamiz. ind32 = 9 bo’lgani
uchun 2indx = 9(mod42).Bu yerda (2,42) = 2, lekin 9 soni 2 ga bo’linmaydi.
Shuning uchun ham oxirgi taqgoslama va demak, berilgan taggoslama ham yechimga
ega emas. Javob: taggoslama yechimga ega emas.

12).Berilgan taggoslama x2 = —17(mod53)ni x? = 36(mod53) ko’rinishda
yozib olib, uning ikkala tomonini indekslaymiz. U holda 2indx = ind36(mod52)
hosil bo’ladi. Bu yerdagi ind36 ning qiymatlarini 53 moduli bo’yicha indekslar
jadvalidan topib olib kelib go’yamiz. ind36 = 36 bo’lgani uchun2indx =
36(mod52) — indx = 18(mod26) — indx = 18,44(mod52). Endi anti indekslar
jadvallaridan foydalanib x ni topamiz. U holdax = 6,47 (mod53) ni hosil bo’ladi.
Javob: x = +6(mod53).

13). Berilgan taggoslama x? = —28(mod67) ni x? = 39(mod67) ko’rinishda
yozib olib, uning ikkala tomonini indekslaymiz. U holda 2indx = ind39(mod66)
hosil bo’ladi. Bu yerdagi ind39 ning qiymatlarini 67 moduli bo’yicha indekslar
jadvalidan topib olib kelib qo’yamiz. ind39 = 58 bo’lgani uchun 2indx =
58(mod66) — indx = 29(mod33) — indx = 29,62(mod66). Endi anti indekslar
jadvallaridan foydalanib x ni topamiz. U holdax = 46,21 (mod67) ni hosil bo’ladi.
Javob: x = +21(mod67).

14). Berilgan tagqoslama x? = 56(mod41) ni x? = 15(mod41) ko’rinishda
yozib olib, uning ikkala tomonini indekslaymiz. U holda 2indx = ind15(mod40)
hosil bo’ladi. Bu yerdagi ind15 ning qiymatlarini 41 moduli bo’yicha indekslar
jadvalidan topib olib kelib qo’yamiz. ind15 = 37 bo’lgani uchun 2indx =
37(mod40). Bu yerda (2,40) = 2, lekin 37 soni 2 ga bo’linmaydi. Shuning uchun
ham oxirgi taqgoslama va demak, berilgan taggoslama ham yechimga ega emas.
Javob: taggoslama yechimga ega emas.

331. Eyler kriteriyasiga asosan a sonining p — tub modul bo’yicha kvadratik
-1
chegirma bo’lishi uchun @ z_ = 1(modp) (+) shart bajarilishi kerak.

1).p=23 da (*) dan a'! =1(mod23) kelib chigadi. Berilgan sonlar
15,16,17,18,19, 20 orasidan shu shartni ajratib olish uchun oxirgi taggoslamani
indekslardan foydalanib yechamiz. U holda quyidagiga ega bo’lamiz: 1linda =
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0(mod22) = inda = 0(mod2). Bu yerdan inda ning juft son bo’lishi kerak
ekanligi kelib chigadi.

p = 23 moduli bo’yicha indekslar jadvalidan berilgan sonlar
15,16,17,18,19,200rasidan indekslari juft son bo’lganlarini ajratib olamiz.
ind15 = 17,ind16 = 8,ind17 = 7,ind18 = 12,ind19 = 15,ind20 =5 bo’lgani
uchun garalayotgan shartni ganoatlantiruv-chilari 16 va 18 bo’ladi. Shuning uchun
ham 16 va 18 sonlari 23 moduli bo’yicha kvadratik chegirma bo’ladi. Javob: 16 va
18.

2.p=29 da (*) dan a'*=1(mod29) kelib chigadi. Berilgan sonlar
15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun oxirgi taggoslamani
indekslardan foydalanib yechamiz. U holda quyidagiga ega bo’lamiz: 14inda =
0(mod28) — inda = 0(mod2). Bu yerdan inda ning juft son bo’lishi kerak
ekanligi kelib chigadi. p = 29 moduli bo’yicha indekslar jadvalidan berilgan sonlar
15,16,17,18,19,20 orasidan indekslari juft son bo’lganlarini ajratib olamiz.
ind15 = 27,ind16 = 4,ind17 = 21,ind18 = 11,ind19 = 9, ind20 = 24 bo’lgani
uchun garalayotgan shartni qganoatlantiruvchilari 16 va 20 bo’ladi. Shuning uchun
ham 16 va 20 sonlari 29 moduli bo’yicha kvadratik chegirma bo’ladi. Javob: 16 va
20.

3.p=41 da (*) dan a?° =1(mod41) Kkelib chigadi. Berilgan sonlar
15,16,17,18,19, 200rasidan shu shartni ajratib olish uchun oxirgi taggoslamani
indekslardan foydalanib yechamiz. U holda quyidagiga ega bo’lamiz: 20inda =
0(mod40) — inda = 0(mod2). Bu yerdan inda ning juft son bo’lishi kerak
ekanligi kelib chigadi. p = 41 moduli bo’yicha indekslar jadvalidan berilgan sonlar
15,16,17,18,19,20 orasidan indekslari juft son bo’lganlarini ajratib olamiz.
ind15 = 37,ind16 = 24,ind17 = 33,ind18 = 16,ind19 = 9, ind20 = 34
bo’lgani uchun qaralayotgan shartni ganoatlantiruvchilari 16,18va 20 bo’ladi.
Shuning uchun ham 16,18 va 20 sonlari 41moduli bo’yicha kvadratik chegirma
bo’ladi. Javob: 16,18 va 20.

4).p=73 da (*) dan a3® =1(mod73) kelib chigadi. Berilgan sonlar
15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun oxirgi taggoslamani
indekslardan foydalanib yechamiz. U holda quyidagiga ega bo’lamiz: 36inda =
0(mod72) = inda = 0(mod2). Bu yerdan inda ning juft son bo’lishi kerak
ekanligi kelib chigadi. p = 73 moduli bo’yicha indekslar jadvalidan berilgan sonlar
15,16,17,18,19,20 orasidan indekslari juft son bo’lganlarini ajratib olamiz.
ind15 = 7,ind16 = 32,ind17 = 21,ind18 = 20,ind19 = 62,ind20 = 17
bo’lgani uchun qaralayotgan shartni qanoatlantiruvchilari 16,18va 19 bo’ladi.
Shuning uchun ham 16, 18 va 19 sonlari 73 moduli bo’yicha kvadratik chegirma
bo’ladi. Javob: 16, 18 va 19.
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5.p=97 da (*) dan a*® =1(mod97) kelib chigadi. Berilgan sonlar
15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun oxirgi taggoslamani
indekslardan foydalanib yechamiz. U holda quyidagiga ega bo’lamiz: 48ind[] =
0(mod96) — inda = 0(mod2). Bu yerdan inda ning juft son bo’lishi kerak
ekanligi kelib chigadi. p = 97moduli bo’yicha indekslar jadvalidan berilgan sonlar
15,16,17,18,19,20 orasidan indekslari juft son bo’lganlarini ajratib olamiz.
ind15 =71, indl6 = 40, ind17 = 89, ind18 = 78, ind19 = 81, ind20 = 69
bo’lgani uchun qaralayotgan shartni qanoatlantiruvchilari 16 va 18 bo’ladi. Shuning
uchun ham 16 val8 sonlari 97 moduli bo’yicha kvadratik chegirma bo’ladi.

Javob: 16 va 18.

332. Berilgan modul bo’yicha indekslarninga, asosga ko’ra sistemasidan ikkinchi
bir a, ko’ra sistemasiga o’tish formulasini keltirib chiqarish talab etilsin. Ma’lumki,
a, 2P = p(modp). Buning ikkala tomonini a, asosga ko’ra indekslaymiz. U holda
indg,b - ind, a, = ind, b(modp — 1).

Bundan b = (ind,, a,)*® Y tind, b(modp — 1). Misol uchun ind,7 =
7(mod11) dan indg7 = 7 - (ind,8)?19~1(mod10) = 7 - (ind,8)*(mod10) = 7 -
33(mod10) = 9(mod10).

Demak, indg7 = 9 (mod11).

Javob: ind, b = (ind,, a,)?® Y ~tind, b(modp — 1).

333. 1). a ning ganday butun giymatlarida 3a? —5: 17 munosabat o’rinli
ekanligini aniglashimiz kerak. Bu munosabat 3a? = 5(mod17) taggoslamaga teng
kuchli. Bundan ind3 + 2inda = ind5(mod16). Bu yerda ind3 =1,ind5 =5
bo’lgani uchun 1+ 2inda = 5(mod16) — 2inda = 4(mod16) — inda =
2(mod8) — inda = 2,10(mod16) —» a = 9,8(mod17). Javob: a = +8(mod17).

2). a ning ganday butun giymatlarida 7a? + 13 : 23 munosabat o’rinli ekanligini
aniglashimiz kerak. Bu munosabat 7a? = —13(mod23) - 7a? = 10(mod23)
taggoslamaga teng kuchli. Bundan ind7 + 2inda = ind10(mod22). Bu yerda
ind7 =19,ind10 =3 bo’lgani uchun 19 + 2inda = 3(mod22) - 2inda =
—16(mod22) - 2inda = 6(mod22) — inda = 3(mod11) - inda =
3,14(mod22) - a = 10,13(mod23). Javob: a = +10(mod23).

3).a ning ganday butun giymatlarida 13a? — 11 : 29 munosabat o’rinli ekanligini
aniglashimiz kerak. Bu munosabat 13a? = 11(mod29) tagqoslamaga teng kuchli.
Bundan ind13 + 2inda = ind11(mod28). Bu yerda indl13 = 18,ind11 =
25bo’lgani uchun 18 + 2inda = 25(mod28) — 2inda = 7(mod28). Bu yerda
(2,28) = 2, 1ekin25 soni 2 ga bo’linmaydi. Shuning uchun ham oxirgi taqqoslama
yechimga ega emas. Demak, a ning 13a? — 11 : 29 ifoda o’rinli bo’lgan butun
giymatlari mavjud emas.

Javob: bunday giymatlar mavjud emas.
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V.3-§.

334. 1).a =2% sonini m =360ga bo’lishdan chiqqan qoldigni topish
uchun 2% = r(mod360) tagqoslamadan r ni manfiy bo’lmagan eng kichik chegirma
sifatida aniqlash kerak bo’ladi. 2% = (21%)*-2* = 32768*-16 = (36091 + 8)*-
16 =8%-16 = 409616 = (36011 + 136) - 16=136-16 = (3606 + 16) =
16(mod360). Shuning uchun ham izlanayotgan qoldiq 16 ga teng. Javob: 16.

2).a=1532>—1 sonini m=9ga bo’lishdan chiqqan qoldigni topish
uchun15325 — 1 = r(mod9) taggoslamadan r ni manfiy bo’lmagan eng kichik
chegirma sifatida aniglash kerak bo’ladi. 1532° —1=(9-170+2)°—-1= 25—
1 = 31 = 4(mod9). Shuning uchun ham izlanayotgan goldiq 4 ga teng. Javob: 4.

3).a = (12371°¢ + 34)28sonini m = 111 ga bo’lishdan chiggan qoldigni topish
uchun (1237156 + 34)28 = r(mod111) taggoslamadan r ni manfiy bo’lmagan eng
kichik chegirma sifatida aniqlash kerak bo’ladi. (1237156 + 34)28 = (50°° +
34)28 = (5011 + 34)?8 = (341* + 34)28 = ((34%)7 + 34)*8 = (467 + 34)?8 =
((462)3 - 46 + 34)%8 = (73 - 46 + 34)?8 = (16 + 34)?8 = 5028 = (50%)7 =
347 = (34%)3-34=46%3-34=7-46-34 = 70(mod111). Shuning uchun ham
izlanayotgan qoldiq 70 ga teng.

Javob: 70.

4). a = 8! sonini m = 11 ga bo’lishdan chiggan qoldigni topish uchun 8! =
r(mod11) tagqoslamadan r ni manfiy bo’lmagan eng kichik chegirma sifatida
aniqlash kerak bo’ladi. 8!=4!-5-6-7-8=2-5-6-1=5(mod11). Shuning
uchun ham izlanayotgan goldiq 5 ga teng. Javob: 5.

335. Agara* = 2(mod13)va a**! = 6(mod13) bo’lsa, asonini m = 13 ga
bo’lishdan chiggan qoldigni topish uchun ikkinchi taqqoslamani birinchi
tagqoslamaga hadlab bo’lamiz. U holda a = 3(mod13) hosil bo’ladi. Shuning uchun
ham izlanayotgan qgoldiq 3 ga teng. Javob: 3.

336. 1). (13,174) = 1 bo’lgani uchun Eyler teoremasiga asosan 1749(13) =
1(mod13) - (13-13 + 5)*2 = 1(mod13) - 52 = 1(mod13) bajarilishi kerak.
Bundan 1742%4° = (5'2)20 .59 = (53)3 = (-5)3 = 5(mod13). Shuning uchun ham
izlanayotgan qoldiqg 5 ga teng.

Javob: 5.

2).1863° — 5 = r(mod10) taqqoslamadan r ni manfiy bo’lmagan eng kichik
chegirma sifatida aniqlash kerak bo’ladi. Bu yerda 1863°> — 5 = 3°> — 5(mod10) va
(3,10) = 1 bo’lgani uchun Eyler teoremasiga asosan 3?(1®) = 1(mod10) - 3* =
1(mod10)  bajarilishi kerak. Bundan 3°-5=3%*-3-5=3-5=
8(mod10). Shuning uchun ham izlanayotgan goldiq 8 ga teng. Javob: 8.
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3). 2377371 = r(mod37 - 73) taggoslamadan r ni manfiy bo’lmagan eng kichik
chegirma sifatida aniglash kerak bo’ladi. Eyler teoremasiga asosan 2¢G7) =
1(mod37) — 23° = 1(mod37) = 27? = 1(mod37) — 273 = 2(mod37) (1)
bajarilishi kerak. Ikkinchi tomondan 2903 = 1(mod73) - 27? = 1(mod73) -
273 = 2(mod73)(2) bajariladi. (1) va (2) lardan 273 = 2(mod37-73) (3) Kkelib
chigadi. Shuningdek, 2° = 1(mod73) — 23° = 1(mod73) - 237 = 2(mod73) va
237 = 2(mod37) bo’lgani uchun 237 = 2(mod37-73) (4). (3)va (4) larga ko’ra
(237)73 =273 = 2(mod37-73). Bundan 2377371 =1(mod37-73) ga ega
bo’lamiz. Shuning uchun ham izlanayotgan qoldiq 1 ga teng. Javob:1.

337. Berilgan sonning oxirgi ikkita ragamini topish uchun uni 100 bo’lishdan
chigqan qoldig’ini topish yetarli bo’ladi.

1).2032° = r(mod100) dan r =0 ni aniglaymiz. Bu vyerda 2032° =
(100 - 2 + 3)2° = (35)* = 243* = 43* = (432)? = 1849%(mod100) = 49% =
2401(mod100). Bu yerdan berilgan sonning oxirgi ikki ragami 0 va 1 ekanligi
kelib chigadi. Javob: O va 1.

2).243%9% = 43%%2(mod100) dan r =0 ni aniglaymiz. Bu yerda 4302 =
(432)201 = 49201 = (492)100. 49 = 49(mod100)). Bundan berilgan sonning
oxirgi ikki ragami 4 va 9 ekanligi kelib chigadi. Javob: 4 va 9.

3). Bu yerdal812-1941-1965=12-41-65=492-65=—-8-65=8-35=
280 (mod100) Bundan berilgan sonning oxirgi ikki ragami 8 va 0 ekanligi kelib
chigadi. Javob: 8 va 0.

4).(116 + 1717)21 = (16 + 17'7)?1 dan r = 0 ni aniglaymiz. Buyerda 177 =
(17%)8-17=2898-17 = (—11)8-17 =121%-17 = 21*-17 = (21%)2-17 =
41217 =1681-17 = (-19) - 17 = =323 = —23(mod100)  bo’lgani  uchun
(16 — 23)2 = (=7)?t = (=N)*"H> - (=7) = 2401°>- (=7) = =7 = 93(mod100).
Bundan berilgan sonning oxirgi ikki ragami 9 va 3 ekanligi kelib chigadi. Javob: 9
va 3.

338.1).23%2 + 1 ning 641 ga bo’linishini isbotlash uchun 23% + 1 = 0(mod641)
tagqoslamaning bajarilishini ko’rsatamiz. Bu tagqoslamadan 232 = —1(mod641) -
232 = 640(mod641) — 225 = 5 > 225 = (212)2.2 = 4096 - 2 = (6416 +
250)% -2 = 250%-2 = 125000 = 641-195 + 5 = 5 (mod641). Demak, berilgan
232 + 1 soni 641 ga bo’linadi.

2). A = 22255 + 555222 ping 7 ga bo’linishini isbotlash uchun 222555 +
555222 = 0(mod7) taqqoslamaning bajarilishini ko’rsatamiz. Bu taqqoslamadan
A=(7-31+5)%5+ (779 + 2)%22 = 5555 4 2222 = (—2)555 4 2222 = 2555 4
2222 = 2222(_2333 4 1) Buy yerda 2222 = (23)74 = 1(mod7) va2333 = (23)111 =
1(mod7) bo’lgani uchun A =1-(—1+ 1) = 0 (mod7). Demak, berilgan A soni 7
ga bo’linadi.
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3). A = 220119 + 69220 4+ 11969**° ning 102 ga bo’linishini isbotlash
uchun 220119 + 69220™" 4 11969** = 0(mod102) tagqoslamaning bajarilishini
ko’rsatamiz. Bu yerda 102 =2-3-17 bo’lgani uchun 220119 4 69220"" 4
119%9°*° = 0(mod2),22011°” + 69220°"° 4 11959**° = 0(mod3),

220119 4 69220™" 4 11969"*° = 0(mod17)larning bajarilishini ko’rsatamiz.
Bundan esa A = 0(mod102) kelib chigadi. Bu yerda 220'1°” = 0(mod2),
69220 = 1(mod2)val19%°* = 1(mod2) bo’lgani  uchunA=(0+1+1) =
0 (mod2) bo’ladi. 2201 = 1(mod3), 6922°"° = 0(mod3)va(—1)62"" =
—1(mod3) bo’lgani uchund = (14 0 — 1) = 0 (mod3) bo’ladi. 2201197 =
—1(mod17), 69220 = 1(mod17)val119°** = 0(mod17)bo’lgani uchun
A=(—-1+1+0)=0(modl7) bo’ladi. Demak, berilgan A soni 102 ga bo’linadi.

4). A = 62"*1 4+ 5"*2 ning 31 ga bo’linishini isbotlash uchun 62"*1 4 57+2 =
0(mod31) taqqoslamaning bajarilishini ko’rsatamiz. Bu yerda 6%"*1 = (6%)"-6 =
36" -6 =5"(—25) = —5""2 bo’lgani uchun A = 62"+l 4 5n+2 = _5n+2 4
5"*2 = 0(mod31) bo’ladi. Demak, berilgan A soni 31 ga bo’linadi.

339.4¢M~1 = r(modm) dan m > 1 — toq son bo’lganida 0 < r < m shartni
ganoatlantiruvchi r ni aniglaymiz. 4°™-1 = r(modm) - 49™ = 4r(modm) va
bundan (4,m) = 1 bo’lgani uchun Eyler teoremasiga asosan 4r = 1(modm). Bu
yerdam > 1 — toq son bo’lgani uchun uni 4 moduli bo’yicha

m = 4q * 1 ko’rinishlarida yozish mumkin. Agar m = 4q + 1 ko’rinishida bo’lsa,
4r = 1(modm) - 4r = 1 + 3m(modm) = 12q + 4(modm) - r = 3q +

1(modm) - 3 -mT_l +1= 3";“ sl

bo’lganda izlanayotgan qoldigni beradi. Agar m = 4q — 1 ko’rinishida bo’lsa,

4r = 1(modm) — 4r = 1 + m(modm) = 4q(modm) - r = q(modm) - r =

m+1

4
Javob:Agar m = 4q + 1 ko’rinishida bo’lsa,

(modm). Bu yerda <m va m>1

(modm). Demak, bu holda 2 < m, (m > 1) izlanayotgan qoldiq bo’ladi.
4

3m+1
4

ga va agar r m=4q —1
ko’rinishida bo’lsa, mTH ga teng.

340.1).Indekslardan foydalanib berilgan a = 101° sonini m = 67ga bo’lishdan
chiggan qoldigni topish talab gilnayapti. Buning uchun 10'° = r(mod67) dan
0 <r < 67 shartni ganoatlantiruvchi r ni aniglaymiz. Tagqoslamaning ikkala
tomonini indekslaymiz. U holda 10ind10 = indr(mod66)ga ega bo’lamiz. Bu
yerda 67 moduli bo’yicha indekslar jadvalidan ind10 = 16 ekanligini aniglaymiz. U
holda 1016 = indr(mod66) — indr = 28(mod66). Anti indekslar jadvalidan
foydalanib bu yerdan r = 23(mod67) ekanligini topamiz. Demak, izlanayotgan
goldig 23 ga teng ekan. Javob: 23.

259



2).Indekslardan foydalanib, berilgana = 1782 sonini m = 11ga bo’lishdan
chiggan qoldigni topish talab gilnayapti. Buning uchun 178%2 = r(mod11) dan
0 <r < 11 shartni ganoatlantiruvchi = ni aniglaymiz. Taqggoslamani 178%2 =
r(mod11) - (11-16 + 2)°2 = r(mod11) - 252 = r(mod11) ko’rinishda yozib
olamiz va uning ikkala tomonini indekslaymiz. U holda 52ind2 = indr(mod10)ga
ega bo’lamiz. Bu yerda 67 moduli bo’yicha indekslar jadvalidan ind2 = 1 ekanligini
aniglaymiz. U holda 52 = indr(mod10) — indr = 2(mod10). Anti indekslar
jadvalidan foydalanib bu yerdan r = 4(mod11) ekanligini topamiz. Demak,
izlanayotgan qoldiq 4 ga teng ekan. Javob: 4.

3). Indekslardan foydalanib berilgan a = 20172°18 sonini m = 11ga bo’lishdan
chiggan goldigni topish talab gilnayapti. Buning uchun 2017218 = r(mod11) dan
0 < r < 11 shartni ganoatlantiruvchi r ni aniglaymiz. Taqqgoslamani 20172018 =
r(mod11) - (11-183 + 4)2%18 = r(mod11) - 42°18 = r(mod11) ko’rinishda
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda 2018ind4 =
indr(mod10) — (10- 201 + 8)ind4 = indr(mod10) — 8ind4 =
indr(mod10)ga ega bo’lamiz. Bu yerda 11 moduli bo’yicha indekslar jadvalidan
ind4 = 2 ekanligini aniglaymiz. U holda 16 = indr(mod10) — indr =
6(mod10). Anti indekslar jadvalidan foydalanib, bu yerdan r = 9(mod11)
ekanligini topamiz. Demak, izlanayotgan qoldig 9 ga teng ekan. Javob: 9.

341. Paskalning umumiy bo’linish belgisini ifodalovchi nazariy gismdagi (1)-
formuladan foydalanamiz. Unga kora N =ay+a; 10+ a, 10>+ ..+ a, -
10"=ay+a,'rp+a, rn,+ ...+ a, 1, (modm)(1l) bajariladi. Bu vyerda
10* = r,(modm), k=1,2,...,n.

1).6 ga bo’linish belgisini keltirib chigarish uchun yuqoridagi formulada m = 6
deb olamiz. U holda 10 = 4(mod6), 10? = 4(mod6),103 = 4(modm), ... bo’lgani
uchun 10* = 4(mod6),k = 1,2,3,...,n bo’ladi. Shuning uchun (1) dan N = a, +
4(a; +a, + ...+ a,) (mod6) ni hosil gilamiz. Bu yerdan quyidagi Xxulosaga
kelamiz. Berilgan N sonining 6 ga bo’linishi uchun ay + 4(a; + a, + ...+ a,)
ifodaning 6 ga bo’linishi zarur va yetarlidir. Misol uchun 26676 sonining 6 ga
bo’linish yoki bo’linmasligini tekshiraylik. Bu yerda 6 +4(7+6+6+2) =6+
84 =90 bo’lib, 90 soni 6 ga bo’linadi. Shuning uchun berilgan son ham 6 ga
bo’linadi. Endi 22593 sonining 6 ga bo’linish yoki bo’linmasligini tekshiraylik. Bu
yerda 34+4(9+5+2+2)=3+72=75 bo’lib, 75 soni 6 ga bo’linmaydi.
Shuning uchun berilgan son ham 6 ga bo’linmaydi.

2).8 ga bo’linish belgisini keltirib chiqarish uchun yuqoridagi formulada m = 8
deb olamiz. U holda 10 = 2(mod8), 10? = 4(mod8)val = 3 bo’lsa, 10" =
0(mod8) bo’lgani uchun (1) dan N = (ay + 2a, + 4a, ) (mod8) ni hosil gilamiz.
Bu yerdan quyidagi xulosaga kelamiz. Berilgan N sonining 8 ga bo’linishi uchun
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ag + 2a, + 4a, ifodaning 8 ga bo’linishi zarur va yetarlidir. Misol uchun 38624
sonining 8ga bo’linish yoki bo’linmasligini tekshiraylik. Bu yerda 4 +2-2 + 4 -
6 = 32 bo’lib, 32 soni 8 ga bo’linadi. Shuning uchun berilgan son ham 8§ ga
bo’linadi. Endi 24674 sonining 8 ga bo’linish yoki bo’linmasligini tekshiraylik. Bu
yerda 4+2-7+4-6 =42 bo’lib, 42 soni 8 ga bo’linmaydi. Shuning uchun
berilgan son ham 8 ga bo’linmaydi.

3).12 ga bo’linish belgisini keltirib chigarish uchun yuqoridagi formulada m = 8
deb olamiz. U holda 10 = 10(mod12), 10? = 4(mod12) val = 2 bo'lsa, 10! =
4(mod12) bo’lgani uchun (1) dan N = 4(a,, + a,,_; + -+ + a,) + a;a, (mod12) ni
hosil gilamiz. Bu yerdan quyidagi xulosaga kelamiz. Berilgan N sonining 12 ga
bo’linishi uchun 4(a,, + a,_; + - + a,) + a;a, ifodaning 12 ga bo’linishi zarur va
yetarlidir. Misol uchun 264816 sonining 12 ga bo’linish yoki bo’linmasligini
tekshiraylik. Buyerda 4(2+ 6+ 4+ 8) + 16 = 96 bo’lib, 96 soni 12 ga bo’linadi.
Shuning uchun berilgan son ham 12 ga bo’linadi. Endi 24674 sonining 8 ga bo’linish
yoki bo’linmasligini tekshiraylik. Bu yerda 4 +2-7 + 4 -6 = 42 bo’lib, 42 soni 8
ga bo’linmaydi. Shuning uchun berilgan son ham 8 ga bo’linmaydi.

4). a).15 ga bo’linish belgisini keltirib chigarish uchun yuqoridagi formulada
m =15 deb olamiz. U holda 10 = 10(mod15), 10% = 10(mod15)val >
2 bo'lsa, 10! = 10(mod15) bo’lgani uchun (1) dan N = 10(a,, + a,_; + -+ a, +
a;) + ay (mod15) ni hosil gilamiz.

b).18 ga bo’linish belgisini keltirib chigarish uchun yuqoridagi formulada
m =18 deb olamiz. U holda 10 = 10(mod18), 10? = 10(mod18)val >
2 bo'lsa, 10' = 10(mod15) bo’lgani uchun (1) dan N = 10(a,, + a,_; + -+ a, +
a,) + a, (mod18) ni hosil gilamiz.

c).45 ga bo’linish belgisini keltirib chiqarish uchun yuqoridagi formulada
m =45 deb olamiz. U holda 10 = 10(mod45), 10? = 10(mod45)val >
2 bo'lsa, 10" = 10(mod45) bo’lgani uchun (1) dan N = 10(a,, + a,_; + -+ a, +
a;) + a, (mod45) ni hosil gilamiz.

Bu yerdan quyidagi xulosaga kelamiz. Berilgan N sonining 15, 18 va 45 ga
bo’linish belgisi bir xil ekan, ya’ni berilgan N sonining 15, 18 va 45 ga bo’linishi
uchun 10(a, + a,—1 + -+ a, + a;) + a, ifodaning mos ravishda shu sonlarga
bo’linishi zarur va yetarlidir.

342. 792 ga bo’linadigan 13xy45z ko’rinishidagi barcha sonlarni topish
uchun 13xy45z = 0 (mod 792) shartni ganoatlantiruvchi barcha x,y,z ragamlarni
aniglashimiz kerak. Bu yerda 792 =8-9-11 bo’lgani uchun yuqoridagi
tagqoslama ushbu taggoslamalar sistemasi
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13xy45z = 0(mod 8)
13xy45z = 0 (mod 9)
13xy45z = 0 (mod 11)
ga teng kuchli. Bu sistemaning 1-taqqoslamasidan 8 ga bo’linish belgisiga ko’ra
452 =0(mod8) - 4-102+5-10+2z=0 (mod 8) » 450 + z =
0(mod8)—z = 6(mod8) ga ega bo’lamiz. Bu yerdan z ragam bo’lgani uchun
z =6 ekanligi kelib chigadi. Shuningdek, yugoridagi sistemaning 2 va 3
taqqoslamalaridan 9 ga va 11 ga bo’linish belgilariga asosan
{1+3+x+y+4+5+650(mod9) _){x+yz8(mod9) I
1-3+x—y+4—-5+6=0(nod11) x—y =8(mod11)
x =8,y =0 ekanligi kelib chigadi. Demak, izlanayotgan son yagona va u
1380456 gateng. Javob: 1380456.

343. Agar %— qisqarmas kasr berilgan bo’lib, (10,b)=1 bo’lsin va m soni b

moduli bo’yicha 10 soni tegishli bo’lgan daraja ko’rsatkichi, 10™ = 1(modb)
tagqoslama o’rinli bo’lgan eng kichik ko’rsatkich bo’lsin. U holdaberilgan kasrni
cheksiz o’nli kasrlarga aylantirganda davr uzunligi m ga teng bo’ladi. Davr uzunligi
kasrning suratiga bog’liq emas.

1).Bunda b =21 va 10 =1(mol121) dan m ni aniglaymiz:
10 = 10(mod21); 10? = —5(mod21); 103 = —8(mod21); 10* =
4(mod21); 10> = —2(mod21); 10° = 1(mod21). Demak, m = 6. Javob: 6.

2). Bunda b=91 va 10™=1(mod91) dan m ni aniglaymiz:
10 = 10(mod91); 102 = 9(mod91); 103 = —1(mod91); 10* =
—10(mod91);10° = —9(mod91); 10° = 1(mod91). Demak, m = 6.

Javob: 6.

3). Bunda b =43 va 10™ = 1(mod43) dan m ni aniglaymiz. Buning uchun
indekslardan foydalanish qulay: m ind10 = 0(imod42). Bu yerda ind,;10 = 10
bo’lgani  uchun 10m = 0(mod42) - 5m = 0(mod21) » m = 0(mod21).
Demak, m = 6. Javob: 21.

3) Bunda b =97 va 10™ = 1(mod97) dan m ni aniglaymiz. Buning uchun
indekslardan foydalanish qulay: m ind10 = 0(mod96). Bu yerda indy,;10 = 35
bo’lgani uchun 35m = 0(mod96) » m = 0(mod96). Demak, m = 96. Javob:
96.

344. 1). % oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan

davr uzunligini aniglaymiz. Bunda b = 17 - 23 va 10™ = 1(mod17 - 23) dan m ni

. . : . (10™ = 1(mod17)
aniglaymiz. Bu taggoslama ushbu taggoslamalar sistemasi {10’” = 1(mod23)
m ind,;10 = 0(mod16)

m ind,3;10 = 0(mod22)
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3m = 0(mod16)
ﬁ
7m = 0(mod22)

- m = 0(mod[16;22]) > m = 0(mod176).

Bu yerda ind;;10 = 3 vaind,310 = 7 bo’lgani uchun {

{m = 0(mod16)
m = 0(mod22)
Demak, m = 176. Javob: 176.

2). ?; oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr

uzunligini aniglaymiz. Bunda b =53-59 va 10™ = 1(mod 53-59) dan m ni
aniglaymiz. Bu taggoslama ushbu taggoslamalar sistemasi {18: 2 ﬁzzggzg ga
teng kuchli. Bundan {Z izzzig i ggzgggg

48m = 0(mod52)

7m = 0(mod58) -
- m = 0(mod[13;58]) > m =

Bu yerda inds310 = 48 vaindgq10 = 7 bo’lgani uchun {

{12m = 0(mod13) N {m = 0(mod13)
m = 0(mod58) m = 0(mod58)
0(mod734). Demak, m = 734. Javob: 734.

1
3)- 7-23-31
uzunligini aniglaymiz. Bunda b = 7 - 23 -31 va 10™ = 1(mod 7 - 23 - 31)dan m ni
10™ = 1(mod?7)
aniglaymiz. Bu taqgoslama ushbu taqgoslamalar sistemasi < 10™ = 1(mod23) ga
10™ = 1(mod31)

oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr

m ind,3 = 0(mod6)
teng kuchli. Bundan < m ind,3;10 = 0(mod22).
m ind;,10 = 0(mod30)
Bu yerda ind,3 =1, ind,310 = 3 vaind3;10 = 14 bo’lgani  uchun
m = 0(mod6) m = 0(mod6) m = 0(mod6)
3m = 0(mod22) »< m = 0(mod22) -»{m = 0(mod22) »>m
14m = 0(mod30) 7m = 0(mod15) m = 0(mod15)
0(mod|[6;22;15]) » m = 0(mod330). Demak, m = 330.
Javob: 330.

). 'TELEL oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr

uzunligini aniglaymiz. Bunda b = 11-13-17va 10™ = 1(mod 11-13-17) danm
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10™ = 1(mod11)
ni aniglaymiz. Bu taggoslama ushbu tagqoslamalar sistemasi < 10™ = 1(mod13) ga
10™ = 1(mod17)
m ind,;10 = 0(mod10)
teng kuchli. Bundan { m ind;310 = 0(mod12).
m ind,;10 = 0(mod16)
Bu vyerda ind;;10 =5, ind;310 = 10 vaind,;10 = 3bo’lgani uchun
5m = 0(mod10) m = 0(mod2) m = 0(mod2)
10m = 0(mod12) »<5m = 0(mod6) >{ m =0(moll6) >m =
3m = 0(mod16) m = 0(mod16) m = 0(mod16)
0(mod|[2;6;16]) » m = 0(mod48). Demak, m = 48. Javob: 48.
5). le oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr

uzunligini aniglaymiz. Bunda b =13-37va 10™ = 1(mod 13-37) dan m ni
. . . . (10™ = 1(mod 13)
aniglaymiz. Bu tagqoslama ushbu taggoslamalar sistemasi {10’" = 1(mod 37)
mind,;310 = 0(mod12)
m ind;;10 = 0(mod36)
10, vaind;,;10 = 24 bo’lgani uchun
{10D = 0(mod12) N {Sm = 0(mod6)
24m = 0(mod36) 2m = 0(mod3)
Demak, m = 6. Javob: 6.

345. Agar %— qisqarmas kasr berilgan bo’lib, (10,b) =1 bo’lmasa, b ni

ga teng kuchli. Bundan { Bu yerda ind;310 =

- m = 0(mod6).

b = 2%-58 . b, ko’rinishda yozib olamiz, bunda (b;,10) = 1 va m soni b;moduli
bo’yicha 10 soni tegishli bo’lgan daraja ko’rsatkichi, 10™ = 1(modb,) taggoslama
o’rinli bo’lgan eng kichik ko’rsatkich bo’lsin. U holdaberilgan kasrni cheksiz o’nli
kasrlarga aylantirganda davr uzunligi m ga teng bo’ladi. Davr uzunligi kasrning
suratiga bog’liq emas.

1). 2= i Bunda b = 14 = 2-7 va b, = 7 bo’lgani uchun 10™ = 1(mod?7)
dan m ni aniglaymiz: 10 = 3(mod7); 10% = 2(mod7); 103 = 6(mod7); 10* =
4(mod7);10° = 5(mod7); 10° = 1(mod7). Demak, m = 6. Javob: 6.

2). 2= Bunda b = 550 = 25211 va b; = 11 bo’lgani uchun 10™ =
1(mod11) dan m ni aniglaymiz:

10 = —1(mod11); 10% = 1(mod11);

Demak, m = 2. Javob: 2.

1
3). 5-23-31
uzunligini aniglaymiz. Bunda b; = 23-31va 10™ = 1(mod 23-31) dan m ni

oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr
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m —
aniglaymiz. Bu tagqoslama ushbu tagqoslamalar sistemasi {18,,1 _ ﬁrmngill éi%
m ind,310 = 0(mod22)
m ind;,10 = 0(mod30)’
3m = 0(mod22) . { m = 0(mod22)
14m = 0(mod30) 7m = 0(mod15)

- m = 0(mol[1330). Demak, m = 330. Javob: 330.

teng kuchli.  Bundan { Bu yerda ind,310 =

3 vaind;;10 = 14 bo’lgani uchun {

{m = 0(mod22)
m = 0(mod15)

). P oddiy kasrlarni o’nli kasrlarga aylantirganda hosil bo’ladigan davr
uzunligini aniglaymiz. Bunda b; = 53-73va 10™ = 1(mod 53-73) dan m ni
. . : . (10™ = 1(mod 53)
aniglaymiz. Bu taqgoslama ushbu tagqoslamalar sistemasi {10’" = 1(mod 73) ga
m inds3;10 = 0(mod52)
m ind,310 = 0(mod72)

48 vaind,310 = 9 bo’lgani uchun
{48m = 0(mod52) . {12m = 0(mol113) . {m = 0(mod13) o =
9m = 0(mod72) m = 0(mod8) m = 0(mod8)
0(mod104). Demak, m = 104. Javob: 104.

5). 2= — Bunda b = 10-37 va b, = 37 bo’lgani uchun 10™ = 1(mod37)

10-37
dan m ni aniglaymiz: m ind;,10 = 0(mod36). Bu yerda i[1d;,10 = 24 bo’lgani
uchun 24m = 0(mod36) — 2m = 0(mod3) » m = 0(mod3). Demak, m = 3.
Javob: 32.

346. Berilgan tengliklarning to’g’ri yoki noto’g’ri ekanligini 11 moduli
bo’yicha taqqoslamaga o’tish yo’li bilan tekshiramiz.

1). 4237 - 27925 = 118275855 dan 4237 -27925 = 118275855(mod11).

Bu yerda 4237 = 11-385+ 2; 27925 = 112538+ 7; 118275855 = 11 -
10743259 + 6 ekanligini e’tiborga olsak, 2 - 7 = 6(mod11) —» 3 = 6(mod11) —

1 = 2(mod11). Oxirgi taqqoslama o’rinli emas. Shuning uchun ham berilgan tenglik
noto’g’ri.

2).42981:8264 = 5201 dan 42981 = 5201-8264. Bundan 5201-8264 =
42981(mod11). Bu yerda 5201 = 11-472+9; 8264 =11-751+ 3;42981 =
11-3907 + 4 ekanligini ¢’tiborga olsak, 9-3 = 4(modl11) — 5 = 4(mod11).
Oxirgi tagqoslama o’rinli emas. Shuning uchun ham berilgan tenglik noto’g’ri.

3). 19652 = 3761225 dan 19652 = 3761225(mod11). Bu yerda 1965 = 11 -
178 + 7; 3761225 = 11-341929 + 6 ekanligini e’tiborga olsak, 7%=
6(mod11) - 5 = 6(mod11). Oxirgi tagqoslama o’rinli emas. Shuning uchun ham

teng kuchli.  Bundan { Bu yerda inds310 =

berilgan tenglik noto’g’ri.
347. 1).25041 491382 = 116423 .Bu tenglikdan qulaylik uchun 9 moduli

bo’yicha taqqoslamaga o’tamiz. U holda 25041 + 91382 = 116423(mod9). Bu
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yerdagi sonlarni 9 moduli bo’yicha eng kichik manfiy bo’lmagan chegirmalar bilan
almashtirsak, 3 + 5 = 8(mod9) — 8 = 8(mod9) ayniy tagqoslama hosil bo’ladi.
Demak, berilgan tenglik to’g’ri.

2). 42932 — 18265 = 24667. Bu tenglikdan qulaylik uchun 9 moduli bo’yicha
tagqoslamaga o’tamiz. U holda 42932 — 18265 = 24667(mod9). Bu yerdagi
sonlarni 9 moduli bo’yicha eng kichik manfiy bo’lmagan chegirmalar bilan
almashtirsak, 2 — 4 = 7(mod9) —» 7 = 7(mod9) ayniy tagqoslama hosil bo’ladi.
Demak, berilgan tenglik to’g’ri.

3).13547 — 9862 = 3685. Bu tenglikdan qulaylik uchun 9 moduli bo’yicha
tagqoslamaga o’tamiz. U holda 13547 — 9862 = 3685(mod9). Bu yerdagi sonlarni
9 moduli bo’yicha eng kichik manfiy bo’lmagan chegirmalar bilan almashtirsak
2 —7 = 4(mod9) —» 4 = 4(mod9) ayniy taqqoslama hosil bo’ladi. Demak, berilgan
tenglik to’g’ri.

4).235463 — 25376 = 210087. Bu tenglikdan qulaylik uchun 9
moduli bo’yicha tagqoslamaga o’tamiz. U holda
235463 — 25376 = 210087 (mod9). Bu yerdagi sonlarni 9 moduli bo’yicha eng
kichik manfiy bo’lmagan chegirmalarbilan almashtirsak 5 —5 = 0(mod9) - 0 =
0(mod9) ayniy tagqoslama hosil bo’ladi. Demak, berilgan tenglik to’g’ri.

VI.1-§.

348. 1).Berilgan kasr % ni uzluksiz kasrga yoyish uchun Evklid algoritmidan
foydalanamiz. Unga ko’ra: 127 = 52-[2]+ 23; 52 =23-[2]+6; 23 =6 -[3]+

127

5,6 =5 -[1]+1; 5=1-[5] Bundan — = (2,2,3,1,5). Javob:(2,2,3,1,5).

2). Berilgan kasr % ni uzluksiz kasrga yoyish uchun Evklid algoritmidan
foydalanamiz. Unga ko’ra: 24 = 35-[0] + 35; 35 = 24 -[1]+ 11; 24 =11 -[2]+
2; 11 =2 - +1; 2=1 -. Bundan % = (0,1, 2,5,2). Javob: (0,1, 2,5,2).

3). Berilgan kasr 1,23 = % ni uzluksiz kasrga yoyish uchun Evklid algoritmidan
foydalanamiz. Unga ko’ra: 123 = 100-[1]+ 23; 100 = 23-[4]+8; 23 =8 -
+7,8=7-[1]+1; 7=1-[7] Bundan 1,23 = (1,4,2,1,7).
Javob:(1,4,2,1,7).

4).Berilgan kasr % ni uzluksiz kasrga yoyish uchun Evklid algoritmidan
foydalanamiz. Unga ko’ra: 29 = 37-[0]+29; 37 =29-[1]+8; 29=8 -[3]+
558=5-[1+3 5=3-[1]+2 3=2-[A+1,2=1-2] Bundan ==
(0,1,3,1,1,1,2). Javob:(0, 1,3,1,1,1,2).
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349. Berilgan chekli uzluksiz kasrlarga mos gisgarmas oddiy kasr % ni topish

uchun munosib kasrlar % dan foydalanamiz. Bunda (P, Q) = 1 va g—" = %.
k n

1).(1,1,2,1,2,1,2) =g—"=% ni aniglashimiz kerak. %
n k

quyidagi jadvalni tuzib olamiz:

larni topish uchun

qi 1 1 2 1 2 1 2
P; Py=1 1 2 5 7 19 26 71
Q; Q=00 =1 1 3 4 11 15 41

Demak,(1,1,2,1,2,1,2) = %. Javob: %.

2).(0,1,2,3,4,5) = 2—” = % ni aniglashimiz kerak. % larni topish uchun quyidagi
n k
jadvalni tuzib olamiz:
q; 0 1 2 3 4 5
p; P,=1 0 1 2 7 30 157
Qi |0,=0]0,=1 1 3 10 43 225
Demak,(0,1,2,3,4,5) = 27 Javob: =2
225 225
3).(54,3,2,1) = (54,3,3) = g—” =% ni aniglashimiz kerak. Pk Jarni topish

uchun quyidagi jadvalni tuzib olamiz:

P, |Py=1]|5 21 68 | 225
225 225

Demak,(5,4,3,2,1) = e Javob:z.

Pn

4).(a,a,a,a,a) = = :
Qn

% ni aniglashimiz kerak. o larni topish uchun quyidagi
k

jadvalni tuzib olamiz:

qi a a a a a
P; P,=1| a a’+1|a>+2ala*+3a*°+1| a®>+4a3+ 3a
Q; (0,=0(0,=1 a a’+1 a® + 2a a*+3a?+1
5 3 5 3
Demak,(a,a,a,a,a) = w. Javob: w.
a*+3a“+1 a*+3a“+1
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5).(a,b,a,b,a) =2 aniglashimiz kerak. %k Jarni topish uchun
Qn b Qk

quyidagi jadvalni tuzib olamiz:

qi a b a b a
P, | Ppb=1]| a ab +1|a?b + 2a| a’b? + 3ab + 1 |a®b? + 4a®b + 3a
Q; |Qu=01(0Q,=1| b ab + 1 ab? + 2b a’b? + 3ab + 1
a3b?+4a’b+3a . a3b?+4a’b+3a
Demak,(a,a,a,a,a) = T YT Javob: a2b2+3ab+1 )
6).(2,1,1,3,1,2) = =2 g aniqlashimiz kerak. =% larni topish uchun quyidagi
Q b Qk
n k
jadvalni tuzib olamiz:
q; 2 1 1 3 1 2
P, |Pp=1 2 3 5 18 23 64
Qi |0,=0|0,=1 1 2 7 9 25

Demak,(2,1,1,3,1,2) = & Javob: &,
25 25
7).(1,1,2,3,4) = g—” =% ni aniqlashimiz kerak. Pe Jarni topish uchun quyidagi

Qk
jadvalni tuzib olamiz:

q; 1 1 2 3 4
P, P =1 1 2 5 17 73
Q; Q=00 =1 1 3 10 43

Demak,(1,1,2,3,4) = Z Javob: Z,
43 43
8).(2,53,2,1,4,2,3) = 2—” =% ni aniglashimiz kerak. % larni topish uchun
k

n

quyidagi jadvalni tuzib olamiz:

qi 2 S) 3 2 1 4 2 3
P, |Pp=1 2 11 35 81 116 | 545 | 1206 | 4163
Qi |Qp=0{Q;=1| 5 16 37 53 249 | 551 | 1902

4163 4163

Demak,(2,5,3,2,1,4,2,3) = To03" Javob: —

1902
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350. Berilgan % kasrni uzluksiz kasrlarga yoyishdan foydalanib gisgartirish uchun
uni chekli uzluksiz kasrlarga yoyib, munosib kasrlari g—’; ni hisoblaymiz hamda
bunda (P, Q) = 1 va g—: = % ekanliklaridan foydalanamiz.

1). %ﬂ ni uzluksiz kasrlarga yoyamiz. U holda3587 = 2743 - [1] + 844;

2743 = 844 -[3]+ 211; 844 = 211-[4] dan 22 = (1,3,4). Munosib Kasrlari

—~ ni hisoblaymiz:
Qk

P, |Ppb=1 1 4 17
Q; Q=00 =1 3 13

Demak, %ﬂ = (1,3,4) = ;. Tekshirish > 3587 _ 17211 _ 17
43 13211 13
Javob: &,
13
2) 2 ni o uzluksiz kasrlarga yoyamiz. U holda1043 = 3427 -[0] +

T 3427

1043; 3427 = 1043 -[3]+298; 1043 = 298-[3]+ 149; 298 = 149 dan

0% (0, 3,3, 2). Munosib kasrlari P i hisoblaymiz:
3427 Qk

q; 0 3 3 2
P, |Pp=1 0 1 3 7
Q; |Q,=0/0;=1 3 10 23

1043 _ 7-149 7

Demak, % =(0,1,3,3) =— Tekshlrlsh = —.
7 23:149 23

Javob: —3.
3). @ ni uzluksiz kasrlarga yoyamiz. U holda 3653 = 3107 - |1|+ 546;
3107 = 546-[5]+377; 546 =377 -[1]+ 169; 377 = 169 -[2]+ 39; 169 =

Py

39 -[4]+13; 39 =13:[3] dan ijﬁ (15,1,2,4,3). Munosib kasrlari % ni

k

hisoblaymiz:

q; 1 5 [ 1 [ 2 [ 4 |3
P, |P,=1| 1 6 | 7 | 20 | 87 |281
0; 10,=0/0,=1| 5 | 6 | 17 | 74 | 239

Demak, @ (1,5,1,2,4,3) = 222, Tekshirish: 2222 = 28113 _ 281 j5y0p: 282,
3107 23913 239 239°
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4).22% ni uzluksiz kasrlarga yoyamiz. U holda11281 = 6583 -[1]+

" 6583

4698; 6583 = 4698-[1]+ 1885; 4698 = 1885 -[2]+ 928; 1885 = 928-[2]+
29; 928 = 29-[32] dan 1615281 (1,1,2,2,32). Munosib Kkasrlari % ni
k
hisoblaymiz:
q; 1 1 2 2 32
P, |Ppb=1] 1 2 5 12 | 389
Qi |Qp=0/Q;=1| 1 3 7 | 227
Demak, ——= = (1,1,2,2,32) = —=. Tekshirish: 0 = 22222 = 3% j3vob: 22
583 22729 227 227"
5) 149 ni uzluksiz kasrlarga yoyamiz. U holda1491 = 2247 -[0] +

2247

1491; 2247 = 1491-[1]+ 756; 1491 = 756 -[1]+ 735; 756 = 735-[1] +
21; 735 = 21-[35]dan —— = (0,1,1, 1, 35). Munosib kasrlari Q—nl hisoblaymiz:

q; 0 1 [ 1 [1 [35
P, |P,=1] 0 1 [ 1 [ 2 |71
Q; |Qo=0[0,=1] 1 | 2 | 3 |107

Demak 1 = = (0,1,1,1,35) = —. Tekshirish: L =720 = 7L Javob: =
2247 10721 107 107

351. 1).(x,234) =5 tenglamalarnl yechish uchun uning chap tomoni orgali

ifodalanuvchi gisqarmas kasrni topib olamiz. Buning uchun Q—"—mun03|b kasrni
n

hisoblaymiz:
q; 2 3 4
P, |Pp=1 X 2x+1 | 7x+3 | 30x +13
Bundan 215 — == >30x+13 =73 >30x =60 - x = 2. Javob: x = 2.

30
2).7(xyz + x + z) = 10(yz + 1) tenglamalarni yechish uchun uni

xyz+x+z 10
yz+1 7
ko’rinishida yozib olib, uning chap va o’ng tomonlarini uzluksiz kasrlarga
yoyamiz. xyz + x +z = (yz+ 1) *[x]+ 2z yz+1=z"[y]+1; z=1"-[z]bundan
EIXTE — (x,y,z). Shuningdek 10 =7-[1]+3; 7=3-[2]+1; 3=1-[3] dan

yz+1
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% = (1,2,3). Hosil bo’lgan yoyilmalarni yuqoridagi tenglamaga olib borib qo’ysak,
(x,y,z) = (1,2,3) bundanesa x = 1,y = 2,z = 3 kelib chigadi.
Javob: x =1,y =2,z = 3.

P,

352. Berilgan kasrlarni uzluksiz kasrga yoyib uni 0 munosib kasr bilan
4

almashtirib, xatoligini aniglash hamda almashtirishni taqribiy tenglik yordamida
xatoligini ko’rsatgan holda yozish uchun berilgan kasrlarni uzluksiz kasrga yoymiz

va % — munosib kasrni aniglaymiz. Bundagi xatolik dan oshmaydi.

4 4%5

1).2 — kasrni uzluksiz kasrlarga yoyamiz. U holda 29 = 37 - @ +29; 37=29-
[1]+8; 29=8-[3]+5,8=5[1]+3; 5=3-[1]+2;3=2[1]+1;, 2=1"
. Bundan z—j = (0,1,3,1,1,1,2). Endi munosib kasrlarini aniglaymiz.

a0 0 1 [ 311172
P, |[Pp=1| O 1 | 3 | 4| 7 [11] 29
Q0 |0o=0[Q,=1] 1 | 4 | 5 | 9 | 14 | 37

Bu yerdan Bof-08. Bundagi xatolik L =1%002 ga teng.
Q4— 5 Q4.Q5 59 45

Bulardan foydalanib, berilgan kasrni quyidagicha yozishimoz mumkin:

2s -( 0,02) = 0,78. Javob: 22 ~ 2 (—0,02).

2). — — kasrni uzluksiz kasrlarga yoyamiz. U holda 163 = 159 -[1] +

4; 159 = 4-[39]+3; 4=3-[1]+1; 3 =1-[3] Bundan— = (1,39,1,3). Endi
munosib kasrlarini aniglaymiz.

63

q; 1 [39] 1 3
P, | Py=1 1 | 40 | 41 | 163
Q| Qo=0 | Q. =1|39]| 40 | 79

Bu yerdan % = %. Bundan ko’rinaduki, % — munosib kasr berilgan kasrning
4 4
o’ziga teng. Shuning uchun ham bu yerda xatolik no’lga teng bo’ladi.
163 _ 163
Javob: — = —(+0).
159 159

3).ﬁ — kasrni uzluksiz kasrlarga yoyamiz. U holda 648 = 385 - [1] +
263; 385 =263-[1]+122; 263 =122-[2]+19; 122=19:[6]+8; 19=8-
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[2]+3;8=3"[2]+2; 3=2-[1]+1; 2=1-[2] Bundan

o8 = (1,1,2,6,2,2,1,2). Endi munosib kasrlarini aniglaymiz.

385
q; 1 1 [ 26227172
P, |Pp=1| 1 2 | 5 [ 32 | 69 | 170 | 239 | 648
0; |0,=0(Q,=1| 1 | 3 | 19 | 41 | 101 | 142 | 385
Bu yerdan - = 32 = 0,6842. Bundagi xatolik —— = —— = — ~ 0,0013 ga
Qs 19 Q405 1941 779

teng. Bulardan foydalanib berilgan kasrni quyidagicha yozishimoz mumkin:

o8 ~322(-0,0013) = 1,6831.
385 19

Javob: 222 ~ 32(—-0,0013).
385 19

1882

4)'E — kasrni uzluksiz kasrlarga yoyamiz. U holda 1882 = 1651 -|1|+

231; 1651 =231-[7]+34; 231 =34-[6]+27;34=27-[1]+7, 27=7"
[38]+6;,7=6-[1]+1; 6 =1-[6] Bundan == = (1,7,6,1,3,1,6). Endi munosib

1651
kasrlarini aniglaymiz.
q; 1 7 6 1 3 1 6
P | Pp=1 1 8 49 | 57 | 220 | 277 | 1882
Qi | Q=0]0Q,=1]| 7 43 | 50 | 193 | 207 | 1651

Bu yerdan ﬂ=5—7=1,14.Bundagixato|ik L — ~ 0,000103 ga
Qs 50 Q4Qs 50193 9650

teng. Bulardan foydalanib, berilgan kasrni quyidagicha yozishimiz mumkin:

1882 >7 0,000103) = 1,139897
1651 50( ’ )=1 '
1882

Javob: 2222 ~ 27 (~0,000103).
1651 50

353. Berilgan kasrlarni uzluksiz kasrga yoying va uni %— munosib kasr bilan
5

almashtirib, xatoliogini aniglang hamda almashtirishni tagribiy tenglik yordamida
xatoligini ko’rsatgan holda yozing. Bu misolda ham 352-misoldagi singari mulohaza
yuritamiz.
1).% — kasrni uzluksiz kasrlarga yoyamiz. U holda 571 = 359 -|1|+
212; 359 = 212-[1]+ 147; 212 = 147 -[1]+ 65; 147 = 65-[2]+ 17; 65 =
17-[3]+14; 17 =14-[1]+3; 14=3-[4]+2, 3=2-[1]+1, 2=1-[2].
571

Bundan e (1,1,1,2,3,1,4,1,2). Endi munosib kasrlarini aniglaymiz.
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a0 1 1123 [1] 4172
P, [P,=1] 1 2| 3 | 8 | 27| 35 | 167 |202] 571
Q; | Q=00 =1]1] 2 [ 5 |17 | 22 | 105 127 | 359

Bu yerdan =2 =114 Bundagi xatolik L= =1 200027 ga teng.
Qs 17 QsQ¢ 1722 374
Bulardan foydalanib berilgan kasrni quyidagicha yozishimiz mumekin:
371~ 27(40,0027). Javob:22: ~ 22 (+0,0027).
359 17 359 17

2).% —kasrni uzluksiz kasrlarga yoyamiz. U holda 2341 = 1721 -|1|+

620; 1721 = 620-[2]+ 481; 620 = 481 -[1]+ 139; 481 = 139 [3]+
64; 139 = 64-[2]+11; 64=11-[5]+9; 11=9-[1]+2, 9=2-[4]+1, 2=

1 -. Bundan % =(1,2,1,3,2,5,1,4,2). Endi munosib kasrlarini aniglaymiz.

a4 1 2 [ 1 3] 25 17]4] 2
P, [Pp=1]| 1 3 | 4 | 15 | 34 | 185 | 219 |1061] 2341
Q; | Qu=0|0,=1| 2 | 3 | 11 | 25 | 136 | 161 |780] 1721

Bu yerdan =32 =114 Bundagi xatolik L= =-_1 ~000029 ga
Qs 25 QsQs 25136 3400
teng. Bulardan foydalanib, berilgan kasrni quyidagicha yozishimiz mumkin:
24 . 22(4+0,00029).
1721 25

Javob: 2222 ~ 2%(40,00029).
1721 25

354. Qo’yilgan masala berilgan kasrni shunday munosib kasr bilan almashtirish
kerakki, bunda xatolik 0,001 dan kichik bo’lsin degan masalani yechishga

keltiriladi. %— kasrni uzluksiz kasrga 353.1)- misolda yoygan edik. Unga ko’ra
1 P, _2 P3_3 P

S (1,1,1,2,3,1,4,1,2) va munosib kasrlar =2 22
359 Qr 17 Q2 1

8 Ps 27 Ps 35 P, 167 Pg 202 Py _ 571

Q3 - E, Q4
dan iborat. O’sha misolda biz

)

5" Qs 17’ Q¢ 22’ Q, 105’ Qg 127’ Q9 359
berilgan kasrni LR % kasr bilan almashtirib, xatoligini hisoblagan edik. Bunda
5
xatolik ~ 0,0027 ga teng chiggan edi. Bu bizdan talab etilayotgan aniglikdan katta.
6 1

Shuning uchun ham 2& = 22 nj olib, xatoligini hisoblab ko’ramiz. Bunda =
Qe 22 Q6Q7

< 0,00044 < 0,001 bo’lgani uchun bu aniqlik bizni ganoatlantiradi.

11
22:105 2310
Shunday qilib tishlari soni nisbatan kam bo’lgan uzatmani texnik jihatidan qurish
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mumkin. Bu uzatmada tishlari soni kam bo’lgani uchun qulay va tishlari katta

bo’lgani uchun mustahkam bo’ladi. Javob: mumkin.
355. Berilgan uzluksiz kasmi a,, = (2, 2,2,... ,2) deb belgilab olamiz.

nta
Agar n = 2k — juft son bo’lsa, u holda
(2,2) TN (1,4)
= = —_ D — = —_= .
%2 =14 2 72 g
_ _ 1 ﬁ _ 1 _ 1 _ ) .
a,=(2,2,a,) =2+ e SR R il S b (1,4,1,4) bo’ladi.
@ 1+7

Endi faraz gilaylik % =(1,4,1,4, ... ,1,4) o’ronli bo’Isin. U holda
2k ta
Bty o @200 g4 1 (1,414, .. ,1,4)bajariladi. Demak,
2 2 4+ (ayx:2)
2(k+1) ta

matematik induksiya metodiga asosan agar n = 2k — juft son bo’lsa izlanayotgan
bo’linma (1,4, 1,4, ... ,1,4) dan iborat bo’lar ekan.
2(k+1) ta
Endin = 2k + 1 — toq son bo’lsin. U holda

1 as 1
a, = (2), a; =(2,2,2) =2+ ;o= =1+ 7 = (1,5).
2+ 2 2 4 + 1
Bundan umumiy holda "‘% =(1,4,1,4, .. ,1,4,1,5)bo’ladi.
2k+1 ta
Javob: agar n = 2k — juft son bo’lsa izlanayotgan bo’linma (1,4, 1,4, ... ,1,4)
2k ta

dan iborat van = 2k + 1 — toq son bo’lsa (1,4,1,4, ... ,1,4,1,5)bo’ladi.
2k+1ta

356. Berilgan uzluksiz kasmi a,, = (a,a,a,a, ... ,a,a),a > 1 deb belgilab
nta
olamiz. Agar n = 2k — juft son bo’lsa, u holda
1 a 5
a;=(@a)=a+-->—=1+—==(1,a%);
a a a
_ _ 1 ﬁ _ 1 _ 1 _ 2 2
a=(@aa) =a+ a+o 2 a?+(az2) L+ a?+- = (1,a%1,a%)
22
bo’ladi. Endi faraz qilaylik % = (1,a%,1,a?%, ... ,1,a?) o’ronli bo’lsin. U holda
2k ta
a aa,a 1
2(12c+1) _ ( . 2k) — 14+ - ~ _ (1’ az) 1, az) o1, az)
a® + (@zx: 2) 2(k+1) ta
bajariladi. Demak, matematik induksiya metodiga asosan agar n = 2k — juft son
bo’lsa izlanayotgan bo’linma (1,a?,1,a?, ... ,1,a?) dan iborat bo’lar ekan.
2k ta

Endin = 2k + 1 — toq son bo’lsin. U holda
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1 as 1 5
a, = (a), a; = (a,a,a) =a+ T >—=1+ = (1,a° +1).
a+ 2 a a? + 1
Bundan umumiy holda =2t = (1,a? 1,d% ... ,1,a%1,a* + 1)bo’ladi.
2k+1 ta
Javob: agar n = 2k — juft son bo’lsa izlanayotgan bo’linma
(1,a%,1,a?, .. ,1,a?) daniboratvan = 2k + 1 — toq son bo’lsa
2k ta
(1,a%,1,a?, ... ,1,a?1,a? + 1)bo’ladi.
2k+1ta
Prniz _ 1), (1 — Pn1) = (@ni2 _ _ 91 ikni i
357. ( P 1) (1 Pn+1) ( o 1) (1 Qn+1) tenglikni isbotlash uchun

rekurent formulalar
Pp = Px_1qy + Pz Va Qp = Qr-1qx + Qk— *)
lardan foydalanamiz. Avvalo (*) da k = n + 2 deb olamiz. U holda
Poi2 = Pi1Gniz + Py VA Qnyo = Qni1qn+2 + @, larga ega bo’lamiz. Bulardan

Ppyz—P - L
An+z = T Va Qniy = % bo’lgani uchun
n+1 n+1
Pri2=Pn _ Oni2=CQn _, (Pn+2 _ 1) Pn (Qn+2 _ 1) Qn (%,)
Pnis Qn+1 Pn Pniy1 Qn Qn+1 1

Endi (*)da k =n+ 1 deb olamiz. U holda P,,; = P,qn41 + Pnoq1 VA Quyq =
Qnqn+1 + Qn-1 larga ega bo’lamiz. Bundan Byqn+1 = Ppyy — Ppoq V& QnQnir =
Qn+1 — Q-1 hosil bo’ladi. (*,) tenglikning ikkala tomonini g,,,,ko’paytirib oxirgi
ikki tenglikdan foydalansak

(Pn+2 _ 1) Pnn+1 _ (Qn+2 _ 1) Onln+1 _ (Pn+2 _ 1) Pny1—Pnq _ (Qn+2 _

Pp Pnt1 Qn Qn+1 Pn Pnyq Qn

1) Ont170n=1 yalihy chigadi. Bundan esa isbotlanishi talab etilgan tenglik

(Pn+2 3 1) _ (1 B Pn—l) _ (Qn+2 B 1) (1 B Qn_l)

Pn Pn+1 Qn Qn+1

kelib chigadi.

358. 357-misoldagi(*) formulaning birinchisiga asosan P, = P,,_1q,, + P,,_, —

Py Pp_» Pp_q Pp3 Ppo Pp_y P,
=q, + . Bu yerda =q, 4+ , =q,_,+ .., ==
Pp_q n Pp_q y ) In-1 Pp_> Pp_3 An-2 Pp_3 Py
P 1, , ) P 1
g, + = = q, + — bo’lgani uchun — = q,, + . = (G G—1r - G1)-
P; q1 Pp_1 An-1t—q, 5+ —
1
*a1
357-misoldagi(*) formulaning birinchisiga asosan Q,, = Q,,—1qn + Qn-2 =
Qn =q, + Qn—z. Bu yerda Qn-1 =q, .+ Qn—3’ Qn-2 =g, 5+ Qn—4’ L
Qn-1 n—1 n—2 Qn-2 Qn-3 Qn-3
Q2

2 =gq,+ D q, bo’lgani uchun
Q1 Q1
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Q 1
Q - - qn T 1 = (qn; qn_l, qZ)
" -1+ —gugF —

1
qz
359. (B,, P,—1) = d bo’Isin. U holda B, = P,_1q, + P,_, dan (P,_4,P,_,) = d.
Shu mulohazani takrorlab, n=3 da d = (P,,P;) = (q,9,; + 1,q,) = 1. Demak,
d= (P, Pn1) = (Py1,Prz) = . . . = (P, P) =1.(Qpn,Qn—1) =1 ham aynan
yugoridagi singari mulohazalar yordamida isbotlanadi.
360. Tenglikni matematik induksiya meatodidan foydalanib isbotlaymiz.

n = 1 bo’lsa, berilgan tenglik to’g’ri
,_ (1+v2) - (1-v2)°
(1++v2)-(1-v2)
tenglikga aylanadi. Endi faraz gilaylik isbotlanayotgan tenglik n uchun o’rinli
bo’lsin, ya’'ni

=(1+v2)+(1-v2)=2

a, = (2,2,2,..,2) = (1++2) _ (1- ﬁ)n
nta (1++2) - (1-+2)

u holda

aAne1 = R,a,) =2+—=2+ (1 +\/?rj_ (1_\5):“ =
In (1+v2)  —(1-v2)
21+V2)" +(14+v2) - 2(1-v2)" - (1-V2)"
(1+vD)" - (1-v2)"" )
(1+v2)"@+2v2+ 1) - (1-V2)"2-2vZ+1) _
(1+vD)" - (1-v2)"" )
1+v)"" - -v))""
(1 L ﬁ)n+1 B (1 B \/E)n+1

bajariladi, ya’'ni isbotlanayotgan tenglik n + 1 uchun o’rinli. Shuning uchun ham
matematik induksiya prinsipiga asosan isbotlanayotgan tenglik ixtiyoriy n natural
soni uchun o’rinli.

361. ax+by=c,a>0,b>0,(ab) =1 tenglamani garaymiz. % kasrni
uzluksiz kasrga yoyib munosib kasrlarini topamiz. U holda P, = a, Q,, = b bo’lgani
uchun berilgan munosabat P,Q,_; — Q,P,-1 = (—1)"dan

aQpn—1 —bPr_y = (=" > a((=1)"cQu-1) + b(=1)"'cPr_y) =c ga ega
bo’lamiz. Bundan x, = (—1)"cQ,,_; va y, = (—1)"*"1cP,_,. Demak, biz munosib
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kasrlardan foydalanib, ikki noma’lumli birinchidarajalianigmas tenglamaning birta
yechimini topishimiz mumkin bo’lar ekan. U holda umumiy yechim x = x, +
bt,y =y, — at, t € Z bo’ladi.

362.1).38x + 117y = 209 tenglamani garaymiz. % kasrni uzluksiz kasrga yoyib,
munosib kasrlarini topamiz. U holda 38 = 117 -[0]+ 38; 117 =38[3]+3; 38 =
3-[12]+2;3=2-[1]+1; 2=1-[2] Bundan -==(0,3,12,1,2). Endi

117
munosib kasrlarini aniglaymiz.

q 0 3 [12] 1 | 2
P, | Ppp=1 0 1 |12 38

Qi Q=0]0 =1 3 37 117

Buyerdan n=5,P,_; =P, =13, Q,—1 = Q4 = 40 bo’lgani uchun x, =
—209-40 = —8360vay, = 209-13 = 2717 . Bundan berilgan tenglamaning
umumiy yechimi x = —8360 + 117t, y = 2717 — 38¢t, t € Z ni hosil gilamiz.

Javob:x = —8360 + 117¢t, y = 2717 — 38t,t € Z.

2). 122x 4+ 129y = 2 tenglamani garaymiz. % kasrni uzluksiz kasrga yoyib
munosib kasrlarini topamiz. U holda 122=129-|§|+ 122; 129=122-+

7; 122=7-[17]+3; 7=3-[2]+1; 3=1-[3] Bundan —===1(0,1,17,2,3).
Endi munosib kasrlarini aniglaymiz.

q; 0 1 | 17 2 3

p; Py=1 0 1 | 17 122

Q | Q=0 | Q=11 |18 129

Buyerdan n=5,P,_; =P, =35, Q,-1 = Q, = 37 bo’lgani uchun x, = —2-
37 = =74 vay, = 2-35 = 70.Bundan berilgan tenglamaning umumiy yechimi
x =-=744+129t, y =70 — 122¢t,t € Z ni hosil gilamiz.
Javob: x = =74+ 129t, y =70 — 122t,t € Z.
3). 119x — 68y = 34 — 119x + 68(—y) = 34 tenglamani garaymiz. % kasrni
uzluksiz kasrga yoyib munosib kasrlarini topamiz. U holda 119 = 68-|1|+
119

51; 68 = 51-[1]+ 17; 51 =17-[3]+ 0. Bundan — =(1,1,3). Endi munosib
kasrlarini aniglaymiz.

P; Pp=1 1 7
Q | Q=0 [Q =1 4
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Bu yerdan berilgan tenglama 7x — 4y = 2 tenglamaga teng kuchli ekanligi kelib
chigadi vademak, n = 3,P,,_, = P, = 2, Q,,—-1 = Q, = 1 bo’lgani uchun x, =
—2+-1=-2vay, =—2-2—4.Bundan berilgan tenglamaning umumiy yechimi
X =—2—4t, y=—4—"7t,t € Znihosil gilamiz.

Javob: x = -2 —4t, y=—-4-7t,t € Z.

4). 258x — 175y = 113 — 258x + 175(—y) = 113 tenglamani garaymiz. %

kasrni uzluksiz kasrga yoyib munosib kasrlarini topamiz. U holda 258 = 175 - +
83; 175 =83-[2]+9; 83=9-[9]+2; 9=2"[4]+1;

2 =1-[2]+ 0. Bundan % = (1,2,9,4, 2). Endi munosib kasrlarini aniglaymiz.
q; 1 2 9 4 2
P, | Pb=1 1 3 28 | (115 258

;| Q=00 =1 2| 19 175

Bu yerdan n=5, P,y =P, =115, Q,—1 = Q, = 78 bo’lgani uchun x, =
—78-113=-8814 va y,=-115-113=-12995 . Bundan Dberilgan
tenglamaning umumiy yechimi x = —8814 + 175t, y = —12995 — 258¢t,t € Z ni
hosil gilamiz.

Javob: x = —8814 + 175t, y = —12995 — 258t,t € Z.

5).41x + 114y = 5 tenglamani garaymiz. % kasrni uzluksiz kasrga yoyib

munosib  kasrlarini topamiz. U holda 41 = 114-[0]+ 41; 114 = 41-[2]+
32; 41=32-[1]+9;32=9[3]+5 9=5-[1]+4 5=4-[1]+ ;4=1"
+ 0. Bundan % = (0,2,1,3,1,1,4). Endi munosib kasrlarini aniglaymiz.

q; 0 21 1 3 1 1 4
P | Ph=1 0 1] 1 4 5 | [9] 41
Q; |Q=0|0Q,=1| 2| 3| 11| 14 114
Buyerdan n =7, P,_; = Ps =9, Q,,—-1 = Qs = 25 bo’lgani uchun x, = —25-
5=-125vay, = 9-5 = 45. Bundan berilgan tenglamaning umumiy yechimi
x = =125+ 114¢t, y = 45 — 41¢, t € Z ni hosil gilamiz.
Javob: x = —125+ 114t, y =45 —41t, t € Z.
6). 70x + 33y = 1 tenglamani garaymiz. g kasrni uzluksiz kasrga yoyib munosib

kasrlarini topamiz. U holda 70 =33-[2]+4; 33 =4-[8]+1; 4=1-[4]+0.

Bundan g = (2,8, 4,). Endi munosib kasrlarini aniglaymiz.
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P, | Pp=1| 2 70
Q | Q=00 =1 333

Buyerdan n=3, P,_, =P, =17, Q,,-; = Q, = 8 bo’lgani uchun x, = —8-
1=-8vay, =171 = 17. Bundan berilgan tenglamaning umumiy yechimi
x=—-8+33t, y=17 —70¢, t € Z ni hosil gilamiz.

Javob: x = —-8+33t, y=17—-70t, t € Z.
a*+3a%+1

a3+2a

363. Buning uchun berilgan % = kasrni uzluksiz kasrlarga yoyib,

munosib kasrlarini aniglaymiz. Agar bunda S—" = %tenglik o’rinli bo’lsa, berilgan

kasr qisqarmas kasr bo’ladi.

4+3a%+1 . . . . - .
% kasrni uzluksiz kasrga yoyib munosib kasrlarini topamiz. U holda

a*+3a>+1=(a®>+2a)-[a]+ (a*+1); a>+2a=(a*+1)-[a]+
a; (a*+1)=a-[a]+1;a=1-[a]+0.

a*+3a%+1

Bundan e = (a, a, a, a). Endi munosib kasrlarini aniglaymiz.
q; a a a a
P, | Ppb=1 a a’+1 | a®+2a | a*+3a*+1
Qi | 0b=0 | Q; =1 a a’+1 a® + 2a

P, a*+3a’+1 _. o . . .
Bu yerdan 0. = arza M hosil gilamiz. Demak, berilgan kasr gisqarmas kasr
n

ekan.
364. 358-misolga asosan fn (94, 9n-1, ---,»q1). Bundan masalaning shartini

Pnq

Pn Pn

= (Qn» Q‘n—ll ---:‘h) = (‘h; Q2; ---;qn) = — ekanllglnl hOS”

n—1 Qn

kasr (359-misol) gisgarmas kasr, shuningdek, g—” ham gisgarmas kasr

e’tiborga olib,
ilamiz. ==
q -

n—-1

bo’lgani uchun oxirgi tenglikdan P,_; = Q,, ga ega bo’lamiz.

365. Tengsizlikni Q,, = Q,—1qn + Q-2 = 2Q,,_, munosabatdan foydalanib,
matematik induksiya metodi yordamida isbotlaymiz. n=2 da  yuqoridagi
munosabatdan  Q, = Q;q, + Qo = 20Q, kelib chigadi. Bunda Q; =1, Q, =0
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ekanligini e'tiborga olsak, doimo bajariladigan Q, = g, = 0 munosabatga ega
bo’lamiz. n =3 da yuqoridagi munosabatdan Qs = Q,q; + Q; = 2Q; Kkelib
chigadi. Bunda Q, =q,,0, =1, Q, =0 ekanligini e'tiborga olsak doimo
bajariladigan Q; = g,qs + 1 = 2 munosabatga ega bo’lamiz.

Endi faraz gilaylik, isbotlanishi talab etilayotgan tengsizlik n=k uchun o’rinli
k-1 k
bo’lsin, ya’'ni Q =22  bajarilsin. U holda n=k+1 da Q,; = 2z ning

bajarilishini ko’rsatamiz. Haqiqatan ham, induktivlik farazimizga asosan Qp_; =
k-2 k-2 k
2

2 2 bo’lgani uchun Qi1 = Qxqrs1 + Qx-1 = 2Qr_1 =222 =22 bajariladi.
Demak, isbotlanayotgan munosabat barcha n>2 natural sonlar uchun o’rinli.

366. P,0,-1— P,-1Q, = (—1)™ tenglikdan foydalanib, ax = b(modm),
(a,m) = 1 taqgoslamani yechich uchun S—” =% ekanligidan foydalanamiz. Bunda

n

(P, Q,) =1 bo’lganidan P, =m, Q,, = a kelib chigadi. Bundan foydalanib,
yugoridagi tenglikni quyidagicha yozish mumkin:
MQp_1 —aPp_y = (D" > aPy_y = (D" + mQp_1 = a(Py_1b)
= (D" b + m(Qu-1b) = a((=1)""P,_1b)
= b+ m((—1)"Qn_1b).

Oxirgi tenglikdan tagqoslamaga o’tsak, a((—1)""1P,_;b) = b(modm) hosil
bo’ladi. Bundan va berilgan tagqoslamadan x = (—1)"1P,_;b(modm)
kelib chigadi. Javob: x = (—=1)* 'P,_;b(modm).

367. 1). % kasrni uzluksiz kasrlarga yoyib (n — 1) — munosib kasrning surati
P,_, ni topamiz. U holda 308 = 95-[3]+ 23; 95 = 23-[4]+3; 23=3'[7]+
2, 3=2[1]+1, 2=1-[2]+0.

Bundan % = (3,4,7,1, 2).Endi munosib kasrlarini aniglaymiz.

a 3[4 7] 1 ]2
P,| Py=1 | 3|13 | 94 |[107]| 308

Bu yerdan n=5, P,_, =P, =107 bo’lgani 366-misoldagi
x = (—1)"1P,_;b(modm) formuladan x = 107 - 59(mod308) - x =
6313(mod308) — [1 = 308- 20 + 153(mod308) —» x = 153(mod308)

ni hosil gilamiz.

Javob: x = 153(mod308).

2). 193—12 kasrni uzluksiz kasrlarga yoyib (n — 1) — munosib kasrning surati P,,_; ni
topamiz. U holda 132 =91-[1]+41; 91 = 41-[2]+93; 41=9-[4]+5, 9=
5-[1]+4, 5=4-[1]+1, 4=1-[4]+0.
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Bundan % = (1,2,4,1,1,4). Endi munosib kasrlarini aniglaymiz.

q; 1241174
P,| Pp=1] 1| 3 |13] 16 |[29]]132

Buyerdan n =6, P,_; = Ps = 29 bo’lgani 366-misoldagi
x = (—1)"1P,_;b(modm) formuladan x = —29 - 1(mod132) - x =
—29(mod132) — x = 103(mod132)ni hosil gilamiz.

Javob: x = 103(mod132).

VI.2 -§.

368.1). a = i% sonini % munosib kasr bilan almashtirib, uning natijasida hosil

4

bo’ladigan xatolikni baholashimiz talab etilayapti. Buning uchun, avvalo % ni

uzluksiz kasrlarga yoyib munosib kasrlarini topamiz: 587 = 103 - +72; 103 =

72-[1]+31; 72=31-[2]+10; 31=10-[3]+1;10=1" -+0 Demak
587

T (5,1,2,3,10) ekan. Endi —4 munosib kasrni amqlaymlz 7 £ larni topish uchun
Q4 k

quyidagi jadvalni tuzib olamiz:

q; 5 1 2 3 | 10

P, Py =1 5 6 | 17 587

Qi 0,=0 | Q=11 1 3 103
Demak, P—‘i = ? va xatolik Aa = |a — a| = |% — —| = |5871003i)871| = 10130 ~
0,00097 < 0,001 va shuning uchun ham > ~ =% (—0,001) = 5,699. Bu yerda

xatolikni ishora bilan olamiz, chunkl —= > a. Taqqoslash uchun SLZ =

1

5,69902912621 ekanligini ta’kidlab o’tamiz. Javob —, Aa = To30°

1

Eslatma: Xatolikni Aa < L (= = ) ko’ r1n1shda baholash ham
0405 10103 1030

mumekin.
2). a = 3,14159 sonini %+ munosib kasr bilan almashtirib, uning natijasida

4

hosil bo’ladigan xatolikni baholashimiz talab etilayapti. Buning uchun avvalo
3,14159 ni uzluksiz kasrlarga yoyib munosiob kasrlarini topamiz: 3,14159 = 3 +

> bunda 14159 = 100000 -[0]+ 14159; 100000 = 14159 -[7] +

887, 14159 = 887 -[15]+ 854; 887 = 854 -[1]+ 33; 854 = 33 -[25] + 29,
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33=129-[1]+4, 29=4-[7]+1, 4=1-[4]+ 0. Demak, 3,14159 =
(3,7,15,1, 25,7, 4) ekan. Endi g—“ munosib kasrni aniglaymiz:

4

Q—" larni topish uchun quyidagi jadvalni tuzib olamiz:
k

q; 3 7 | 15 1 25 7 4
P, | Pp=1 3 22 | 333 | [355] | 9208
Q; | Q,=01] Q=1 | 7 | 106 |[113]| 2931

Demak, 2 = 352 va xatolik Aa = |a — a| = |3 14159 — 2| = |3,14159 —
Q, 113 13

3,14159292| < 0,000003 < 0,00001 va shuning uchun ham 3,14159 =

E( 0,00001) = 3,1415829. Bu yerda xatolikni "-" ishora bilan olamiz, chunki

—>CZ.
Q4

Javob: % Aa = 0.00001.

1 __ 1 <0,00001)ko’rinishda

Eslatma: Xatolikni Aa < (=
Q405 113-2931 331203

baholash ham mumkin.

3). a = el sonini =% munosib kasr bilan almashtirib, uning natijasida hosil

4
-1+/5

bo’ladigan xatolikni baholashimiz talab etilayapti. Buning uchun, avvalo ni

uzluksiz kasrlarga yoyib munosib kasrlarini topamiz:

Al =0+ =0+ i, bunda a, = 2_ _20a+5) _ 1475

2 _1+f a, —1+V5 4 2
(”f N=1+5"2 =142

=1+

_ 1 _ —1+/5 _
N 1+1+\r—1+a1.Demak, Q=——=

2

(0,1,1,1,1,1, ...) ekan. Endi % munosib kasrni aniglaymiz:

4

Q—" larni topish uchun quyidagi jadvalni tuzib olamiz:
k

q; 0 1 1 1 1 1
P, | Pp=1 0 1 1 3 5
Qi | Q=0] Q=1 1 2 |!I 5 8

Demak, 2t = 2 va xatolik Aa = |a —a| = |22 “1Hs % = 10,61803399 -
4
0,66666667| < 0,049 < 0,05 va shuning uchun ham 1+‘/_ —( 0,05) =
0,61666667. Bu yerda xatolikni "-" ishora bilan olamlz, chunki 2 > q.

4

282



Javob: § Aa = 0,05.

Eslatma: Xatolikni Ax < —— (= == = = < 0,067 < 0,1) ko’rinishda baholash
4Qs 35 15
ham mumekin.
4). a = ¥ sonini =% munosib kasr bilan almashtirib, uning natijasida hosil
4

bo’ladigan xatolikni baholashimiz talab etilayapti. Buning uchun avvalo _T\/— ni

uzluksiz kasrlarga yoylb munosib kasrlarini topamiz: (v/3 = 1,73050807 )

ZT‘F s—=0+—,bunda a1=%=5(2+\/§)=10+5\/§=
2\/— 1 a
18+ (5V3-8) = 18+ =2 = 18+ ——— =18+ = = 18 +
2
11
_8+5\/§_1Jr 8+ 5v3 ) _1+5\/§—3_1+1_
2= T 11 - 11
_ _11(5v3+3) 5V3+3 L\ _ 5V3-3 _ 1,
a3_5\/_3 66 _1+( 6 1) _1+a4'
__ 6 _6(6v3+3) _53+3_ _ (5V3+3 |\ _  5/3-8
= m_ 3T 66 11 11 - 11
1 1 11
=1+——=1+—;a5=————=5V3+8,.....
as 5vV3 —8
5V3-8

Demak, a=¥=(0,18,1,1,1,16,...) ekan. Endi =  munosib kasrni

4

aniglaymiz. Uni topish uchun quyidagi jadvalni tuzib olamiz:

q 0 18| 1 1] 16

P | Pp=1 0 1] 1 l 3 50

Q | Q=0| Q=1 | 18 19| [37] 56 | 933
\/_

Demak, -+ = — va xatolik Aa = |a — a| = |— - 31| 10,06737299 —
4
0,05405405| < 0,014 < 0,02 va shuning uchun ham 222 ‘F —(+0 014) =
0,06805405. Bu yerda xatolikni "-" ishora bilan olamlz, chunki=: > a.

4

Javob: % Aa = 0,05.

Eslatma: Xatolikni Aa < = -1 ~00005< 0,001) ko’rinishda

Q405 ( 37:56 2072
baholash ham mumkin.
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5). a = “T“g sonini Z— munosib Kasr bilan almashtirib, uning natijasida hosil

4
bo’ladigan xatolikni baholashimiz talab etilayapti. Buning uchun avvalo 1+T\/§ ni

uzluksiz kasrlarga yoyib munosib kasrlarini topamiz: (v/5 = 2,236067975 )
_ 145 1+V5 1) V5-1 2 _2(V5+1) _

—1+(2 —1+——1+a— bunda a; = N
1

= ((1)) ekan. Endi g—“ munosib kasrni aniqlaymiz.%
4 k

V5+1
2

larni topish uchun quyidagl jadvalni tuzib olamiz:

= a. Demak, «a 1+‘/_

q; 1 1 1 1 1 1
P, | P,=1 8 13
Qi |Qu=0|0,=1 1 2 5 8
Demak, 2* = % va xatolik Ax = |a - a = |“f % = 11,618033989 -
4
1,66666666| < 0,04864 < 0,05 va shuning uchun ham 1+\/_ —( 0,04864) =
1,61802666. Bu yerda xatolikni "-" ishora bilan olamiz, chunk| = > a.

4
Javob: 5, Aa = 0,05.

12 3 5 8 13 21 34

Eslatma: Bu yerdagi P_(I'I'E'E'E'? 351 )sonlarlga Fibonachchi ketma-

ketligi deyiladi.

6). a = _1:‘5 sonini =% munosib kasr bilan almashtirib, uning natijasida hosil

4
-1+v2

bo’ladigan xatolikni baholashimiz talab etilayapti. Buning uchun avvalo ni

uzluksiz kasrlarga yoyib munosib kasrlarini topamiz: (v2 = 2,236067975 )

=20+ Moy =141 bunda o = - =2(VZ+1) =
2 _1+\/_ aq V2-1
_ _ (2v2-2)(2v2+2) 2 1,
44+ (2V2-2)=4+ T S AitEa T At
V2 +1 Ly V2 -1 Lol 2
A, = = = —;a = = A-.
2 2 2 a3 ; V2 -1 '
1+\/_ P, . . . Py
Demak, a = = (0,(4,1)) ekan. Endi o munosib kasrni aniglaymiz. o
4 k

larni topish uchun quyldagl jadvalni tuzib olamiz:
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qi 0 4 1 4
P, | Ph=1 0 1 [5] 6 29
Q| Q=0 |Q=1| 4| 5 29 | 140

-1+v2

Demak, g—‘* = = va xatolik Ax = |a — a| = | - —| 10,2071067812 —
4
0,2083333333| < 0,001227 < 0,002 va shunlng uchun

1?_ —( 0 001227) = 0,20710633333. Bu yerda xatolikni "-" ishora

ham

bilan olamiz, chunkl 2> .

4

Javob: =, Aa = 0,002.
24

369. Buning uchunuchun berilgan % kasrni uzluksiz kasrga yoyamiz. Berilgan

aniglikni ta’minlash uchun k ni Q; > \E= /00201 = 100 bajariladigan tanlash

kifoya.  Awvvalo % kasrni uzluksiz kasrga yoyamiz: 1261 = 881-[1]+

380; 881 =380-[2]+121; 380 =121-[3]+17; 121 =17-[7]+2; 17 =2"

[8]+1, 2=1-[2]+ 0. Demak, % = (1,2,3,7,8,2) ekan. Endi munosib kasrni

anlqlaymlz.Q— larni topish uchun quyldagl jadvalni tuzib olamiz:
k

q; 1 2 3 7 8 2
P, | Py=1 1 3 10 | 73 | 594 | 1261

Qi | Q=0 |0 =1 2 7 51 881

Jadvaldan Q, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 5va Qg =
1261 594 1261

415. Shuning uchun ham pronles E( 0.0001) deb yoza olamiz. Lekinda |— —

—"| < 0,0001shartni ganoatlantiruvchi eng kichik maxrajli munosib kasr bllan

almashtirish talab etilgani uchun 2—4 tekshirib ko’ramiz. Bu holda

= |5 — 2| = 11,43132803632 — 1,43137254901| =

1261 P,

881

0, 00004451269 < 0,00005 < 0,0001 bajariladi va shu uchun ﬂ —( 0.0001)

= [£2&L 19— |1,43132803632 —
881 7

1261 P3

deb yozish mumkin. Lekinda w5. o,
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1,42857142857| = 0,00275660775 > 0,0001. Berilgan shartlarni
S munosib kasrni

ganoatlantiruvchi 1;—611 kasrga eng yaxshi yaginlashish sifatida g—“

4

olsak bo’ladi.
370.1)vV2 =1+ (V2 -

Javob: Z.
51
1 1 1
V=lt+gn=1tnmn =1t (ﬁ;ﬂ)—”

1 , 1 ) :
> \/; = Jooo1 > 31, ya’ni 31 < Qy, shartni

qanoaﬂantiruvchi Qy ning eng kichik giymatini aniglaymiz.Buning uchun munosib
kasrni aniglaymiz:

a4 1 2 2 2 2
P, | Pp=1 1 71 17 41 99
Q; Q=0 Q=1 S 12 29

Jadvaldan Q, > 31 shartni ganoatlantiruvchi eng kichik k bu k = 6 va Q, = 70.

Shuning uchun ham g—“ = % yani V2 = % (—0,001) deb yoza olamiz. Lekin
4

|\/§ — %| < 0,001 shartni ganoatlantiruvchi eng kichik maxrajli munosib kasr bilan
k

almashtirish talab etilgani uchun % tekshirib ko’ramiz. Bu holda |\/§ — =

5

|\/— ——| =1,4142135624 — 1,41379310344 | = 0,000421 < 0,001 bajarlladl

va shu uchun V2 =~ = (+0 001) deb yozish mumkin. Lek|n|\/— |\/_ —=|=

|1,4142135624 — 1,4166666667| = 0,00245310426 > 0,001. Berllgan

shartlarni ganoatlantiruvchi +/2 ga eng yaxshi yaginlashish sifatida 5 = ;—; munosib
5

kasrni olsak bo’ladi.
Javob: 2%,
29

2)V3=1+(V3-

1 1 1
=l+py=1+ =1+—s =
V3+1 1+(v3-1) et

= (1,(1,2)) bo’lgani uchun Q, > \/’ /0001 > 31,ya’ni 31 < Qg

shartni qanoatlantiruvchi Q. ning eng kichik giymatini aniglaymiz. Buning uchun
munosib kasrni aniglaymiz:

)=1+——

1+
\/_+1
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q; 1 1] 2 1 2 1 2

P, | Py=1 1 2 5] 7 19| 26| 71

Qi | Qp=0 | Q=1 1 3 4 11 15 41

Jadvaldan Q, > 31 shartni ganoatlantiruvchi eng kichik k bu k = 7 va Q, = 41.

Shuning uchun ham % = %, yani V3 = % (+0,001) deb yoza olamiz. Lekinda
7

|\/§ — %| < 0,001 shartni ganoatlantiruvchi eng kichik maxrajli munosib kasr bilan
k

almashtirish talab etilgani uchun % tekshirib ko’ramiz. Bu holda
6

-
bajariladi va shu uchun berilgan shartlarni ganoatlantiruvchi v/3ga eng yaxshi
yaginlashish sifatida 5= % munosib kasrni olsak bo’ladi. Javob: %.

7

NV =2+(V7-2)=2+ =245 =2+,

%ol = [V3 — 28| =11,73050807 — 1,73333333| = 0,031 > 0,001

y/ra aq
3
buyerdaa1=ﬁ3+2—1+(\/_3+2 1)—1+%—1+a—
2
3 3(\/_+1) V7 +1 V7 -1 1 1
aZ =1+ = > =1-|——’
Vi—1 6 2 2 < as
V7-1
2 2(\/_+1) V7 +1 V7 =2 1 1
a3 =1+ = 3 =1-|——’
Vi—1 6 3 3 - Qy
\7-2
3 3 1
a4—ﬁ—\/_— \/_+2 4+(\/— 2)_4+ﬁ_4+‘/_+2 4‘+a_4

oy =% = a;. Demak, V7 = (2, (1,1,1,4))

bo’lgani uchun Q;, > \é = /Flm > 31, ya’ni 31 < Qy, shartni

ganoatlantiruvchi @, ning eng kichik giymatini aniglaymiz. Buning uchun
munosib kasrni aniglaymiz:

a; 2 (111411174
P, | Py=1 2 | 3|5 8|37 458212759
Q| Q=00 =1[1|2|3]14]17]31 223
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Jadvaldan Q, > 31 shartni ganoatlantiruvchi eng kichik k bu k = 8 va Qg = 48.

Shuning uchun ham 2—8 = 1%87, yani V7 = 14%7 (+0,001) deb yoza olamiz. Lekin
8

|\/7 — %| < 0,001shartni ganoatlantiruvchi eng kichik maxrajli munosib
k
kasr bilan almashtirish talab etilgani uchun % tekshirib ko’ramiz. Bu holda

0,001 bajarlladl va shu uchun berilgan shartlarni ganoatlantiruvchi v7ga eng yaxshi
yaginlashish sifatida g— = = munosib kasmni olsak bo’ladi. Javob: .
7

|\/_—— =12,645751311 — 2,64583333333| = 0,00008 <

1
HN11 =3+ (V11-3) = ﬂ_ —3+r+3—3+a—1,
2
bu yerda 1_J_+3_3+(\/H+3_3)_ m_3=3+i;
az
- =V11+3=6+(11-3)=6+—— - =6+ -
A, = = = _— =
2 J11-3 V11 + 3 V1143
2
1
=6+—;
a3

a; = \/1_?3 = a;. Demak, V11 = (3, (3,6)) bo’lgani uchun Q; > \/% B \/E g

31, ya’ni 31 < Q,, shartni ganoatlantiruvchi Q; ning eng kichik giymatini
aniglaymiz. Buning uchun munosib kasrni aniglaymiz:

q; 3 3| 6| 3 6
12

P, | Pp=1 3 10| 63199 | | °

Q | Q=0 Q=1 3| 19 379

Jadvaldan Q,, > 31 shartni ganoatlantiruvchi eng kichik k bu k = 4 va Q, = 60.
199 199

Shuning uchun ham 2 Q — =3,31(6), ya'ni V11~ -——(-0,001) deb yoza
olamiz. Lekinda |\/1_ — Q—k| < 0,001shartni ganoatlantiruvchi eng kichik maxrajli
munosib kasr bilan almashtirish talab etilgani uchun 2—3 tekshirib ko’ramiz. Bu holda
VT -2
0,001 bajarlladl va shu uchun berilgan shartlarni ganoatlantiruvchi v11 ga eng
yaxshi yaginlashish sifatida L % munosib kasrni olsak bo’ladi.

3

——| =13,3166247903 — 3,31578947368 | < 0,00084 <
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63
Javob: —.
19

371.1).x* — 5x + 2 = 0 tenglamaning ildizlarini topamiz. x, , =

SR Sy =2y, = 520 Avvalo birinchi ildiz x; = 22 ni
. _5+V17 V17-3 _ 1 2 _2(V17+3) _
qaraymiz. x; = —— = 4 + =4+ o bu yerda a; = Ny AR
“_:+3_1+V_1_1+ —=1+—;
ViT-1 %2
4 \/ 7+1 14 V17 =3 1+ 1 14 1
aZ = —_—_— = —,
Vi7 — 4 4 4 a
17 -1 Ny 3
4 V1743 V17-3 1 1 _ SHV17 _
a3 === =3+ . =3+ — = 3 +—. Demak, x ”

a
Vi7-3 1

(4,(1,1,3)) bo’lgani uchun Q;, > \E = /00201 = 100 shartni ganoatlantiruvchi Q,

ning eng kichik giymatini aniglaymiz. Buning uchun munosib kasrni aniglaymiz:

q; 4 |1/1{3 1|13 |1]1]3
P, |P,=1 4 |5| 9 |32] 41 | 73 |260|333/593|2112
Q; 10,=00,=1[1|2| 7 | 9 |16 | 57 | 73[130] 463

Jadvaldan Q, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 8 va Qg =

130. Shuning uchun ham 2—8 — % — 456153846153, ya'ni ST

SE( 0,0001) deb yoza olamiz. Bunda xatolik < CEN S
QsQy 130463

<0,000017<0,0001 bo’ladi.

60190
Endi ikkinchi x, = SV17 ildizni garaymiz. x, = 517 _ 0+ 1 =0 +—, bu
2 2 - a;
5—V17
2 2(J17+45) _ V1745 _ \/_3 1 1,
yerdaa, = —==———="—"—=2+ =2+t —=Z—=2+;
V17-3
4 V1743 3_I_\/17—3 3+ 1 3+
aZ —_— = —;
V17 2 2 2 a
-3 Ny A 3
2 V1743 1_I_\/17—1 1+ 1 1+
a3 _— = = —;
V17 4 4 4 a
-3 NEy A 4
4 V17+1 V17-3 1 1
U ===, =1+ " =1+— —1+a2.
V17-3
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Demak, x, = 517

= (0,2, (3,1,1)) bo’lgani uchun Q, > \E =

100 shartni ganoatlantiruvchi Q, ning eng kichik giymatini aniglaymiz. Buning
uchun munosib kasrni aniglaymiz:

0,0001

a0 0 [2[3[1 1 ][3[1[1]3]1]1
P, [P,=1| 0 |1| 3] 4| 7 [25]32][57|203] 260 | 463

Qi |Qp=0Q;=1]2| 7 | 9 | 16 | 57 | 73 |130/463| 593 | 1056

Jadvaldan @, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 8va Qg =

130. Shuning uchun ham Q— = =~ = 0,43846153846 , ya'ni 5VI7
8
—(+0,0001) deb yoza olamiz. Bunda xatolik < LR — 0,000017<
130 QsQ9 130-463 60190
0,0001 bo’ladi.
Javob: x; = 227 38 (_00001); x, = 7 ~ 57 (40,0001).
2 130 2 130
4x? + 20x + 23 = 0 tenglamaning ildizlarini topamiz.
_ —104V100-92 _ —-10+2V2 _ -5+v2,  _ —-5+V2 _ —-5-V2
Lz = 4 T T T T T
Avvalo birinchi ildiz x; = _5+‘E ni garaymiz.
x =‘5:ﬁ_—2+u+2_—2+g=—2+ai,
1
bu yerda
1
a =\F——2(\/—+1)—4+2\/_ 2 _4+\/___4+\/_+1 =4+ =
2
EALSRERS (SR =14k
2 2 <
Demak, x 5+\/_ = ( 2, (4, 1))bo lgani uchun Q
1= g k= 0,0001

100 shartni qanoatlantlruvchl Qi ning eng kichik giymatini anlqlaymlz. Buning
uchun munosib kasrni aniglaymiz:

i 2 [4[1] 4 [ 1 4 [1].
P, |P,=1| -2 |-7| 9| —-43]|-52| -251 |-303] ...
0; |0,=0] 0, =1 |45/ 24 | 29 [[140] | 169

Jadvaldan Q, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 6 va Q4 =

140. Shuning uchun ham % = — 22 = —1,79285714285, bunda 5+f
6
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52 ~ —==(~0,0001) deb yoza olamiz. Bunda xatolik

—1,792893238, ya’'ni
1 11
050y 140169 23660

<0,000043<0,0001 bo’ladi.

Endi ikkinchi x, = %—ﬁ ildizni garaymiz. x, = —Sf =4+ 3—Tﬁ — 44
i =4+ bu yerda
3—v2 a1
2 2(V2 +3 2V2 -1 1 1
a, = — ( ):1+—=1-|- > =1+—;
3_\/§ 7 7 a,
2v2-1
’ =2V24+1=34+02V2-2)=3+ L 5t
2T 2 -1 V2+1 as
2
\/—+1
as = = ((1,4)).
Demak, x, = =2 = (—=4,1,3, (1,4)) bo’lgani uchun Q) > |+ = _
'xz_ - 4Ly ;( ) ) 0 ganlllC uan g_ 0,0001_

100 shartni ganoatlantiruvchi @, ning eng kichik giymatini aniglaymiz. Buning
uchun munosib kasrni aniglaymiz:

q; -4 1 (3|1 4|1 4 1
P, P=1 -4 -3 |-13|—16]| -77 |-93| -449 |-547
Q; | Qu=0|0Q0,=1| 1| 4| 5 |24 {29] [140] | 169

Jadvaldan Q,, > 100 shartni ganoatlantiruvchi eng kichik k buk =7 va Q, =
140. Shuning uchun ham

b= 5V2 _ 3207106812, ya'ni — ¥ (~0,0001)
Q7 140 140
deb yoza olamiz. Bunda xatolik < ! L =1 < 0,0001 bo’ladi.
Q8Q9 140- 169 23660
Javob: x; = =252~ _25L (0 0001); x, = Y2 ~ —#2(_0,0001).
2 140 2 140
3).x2% + 9x + 6 = 0 tenglamaning ildizlarini topamiz.
—9+4++/81—-24 —9++/57 —9 ++/57 —5 —+/57
M2 = 2 -T2 T T
Awvalo birinchi ildiz x; = —9+V57 ni qaraymiz.
R R R T~
1

bu yerda
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2 _V57+7_, VR7T-5_ 1
V57 -7 4 4
4  V57+5 V57 -3 1

a =

ay = =1+
V57 8 8 8 o
-5 V57-3 3
8  V57+3 14 V57 +3 ) _1+\/57—3_1+
BEE o3 6 6 - 6 a,
6  V57+3 14 V57 +3 ) _1+\/57—5_1+1
“=sr-3 8 8 - 8§ ag
8 V5745 3y V57 -7 S S
as = = 7 = —
V57 4 4 o
-5 V57-7 6
4 V5747 . V57 =7 - 1 - 1
dg = — — —.
57 2 2 2 .
-7 V57-7 7
’ il =3+ - 3+ !
a7 = T —, Gg=
V5 4 a
7 V57-5 8
9+\/_ 1
Demak, x; = = ( 1,3,(1,1,1,3,7 3)) bo’lgani uchun Q, > \E =
00201 = 100 shartni ganoatlantiruvchi @, ning eng kichik giymatini aniglaymiz.

Buning uchun munosib kasrni aniglaymiz:

ai 1 (31117 3 7 3
P, | Py=1 1 [-2]-3|-5| 8] -29 | -211 |-662
0; | Qu=0] Q. =11[3|4] 7 [ 11] 40 | [201] | 913

Jadvaldan Q, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 7va Q, =

291. Shuning uchun ham 22 = — 21 = —0,72508591065, bunda 2" ~

Q, 291

—0,725082783,ya'ni x, = ‘92“_ —E(+0 0001) deb yoza olamiz. Bunda
1 1

xatolik <—— = = <0,000086<0,0001 bo’ladi.

Q,Qg 40291 11640

Endi ikkinchix, = =" ildizni garaymiz.

T 94+ 2T gy L =—9+ai, bu yerda
1

2 2 s
9—/57

x2=
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2 \/_+91\/§—3_+1 1

1 =14+—;
“Ey Ve 12 AT 2z i
12 V/57+3 V57-5 1 1
W ===y =2+ . —2+J_5 2+a ;bunda x;ni
hisoblaganmizdagi singari a3 = \/_4_5 = ((1,1,1,3,7,3)).

-9—/57

Demak, x, = =(-9,1,2,(1,1,1,3,7,3)) bo’lgani uchun Q; > \/Z =

1
0,0001

aniglaymiz.Buning uchun munosib kasrni aniglaymiz:

= 100 shartni ganoatlantiruvchi Q; ning eng kichik giymatini

q; 9 112111 1 1 3 7 3
P | Pp=1 9 |-8|-25|—33| -58 | -91 |-331|-2408 | -7555
;1 0p=0|0,=1|1|3 | 4| 7 | 11 |40 |[291]| 913

Jadvaldan Q, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 8va Qg =

291. Shuning uchun ham 2—8 = % —8,27491408934 , —9-V57 _
8
—9-V57 _ _ 2408

—8,2749172175, ya’'ni x, =

Bunda xatolik
1 1 1

> ( 0,0001) deb yoza olamiz.

< = < 0,000004 < 0,0001 bo’ladi.
Q5Q9 ~ 291913 265683
Javob: x; = 2 —21(10,0001); x, = =2 & — 22 (—0,0001),
4). 2x* — 3x — 6 = 0 tenglamaning ildizlarini topamiz. x, , = 3+“:+4
@; X, = 3+Z_, X, = 2= ;/_ Avvalo birinchi ildiz x; = 3457 ni garaymiz.
x1=3+‘/_ ‘/_ =2+ =2+—,buyerda
4 NG AT aq
4 V57 +5 1_l_\/57—3 14 1 1_|_1
“1 = = = —_— = —;
JE7 — 8 8 8 a
57-5 NG 2
8  V57+3 14 V57 -3 1+ 1 14 1
Ay = — = = —;
V57 6 6 6 a
-3 NG 3
6  V57+3 1_I_\/57—5_1_|_1_
%3 = V57—-3 8 8 a,’
8  V57+5 a3y V57 -7 s, L.
TS 5T 4 VA
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4 V57 +7 V57 =7 1
= =7 4+—— =7+

a5= - 7 =7+_,
JVE7 — 2 2 2 a
57 -7 NG 6
2 V57 4+ 7 3_I_\/57—5 3+ 1 3+
A = = = _— = = —_;
° V57_7 4 4 ﬁ a7
4

a, = =a
T VET-5 !
Demak, x; = 3+;/5_7 = (2, (1,1,1,3,7,3)) bo’lgani uchun Q, > \/% = /00201 =

100 shartni ganoatlantiruvchi @, ning eng kichik giymatini aniglaymiz.Buning
uchun munosib kasrni aniglaymiz:

a0 2 111377 3] 1

P,|Pp=1| 2 3| 5|8 29 211 662 | 873

Qi1 Q=0|0Q,=1]1 ]2 |3 |11 | 80 ||251 331

Jadvaldan @, > 100 shartni ganoatlantiruvchi eng kichik k buk =7 va Q, =

P _ 62 _ 5 6374501992, bunda x; = 227 ~
Q, 251

2,63745860875, ya'ni x, = 3*;@ ~ 222 (+0,0001) deb yoza olamiz. Bunda

251. Shuning uchun ham

xatolik <—— = —— = —— <0,000013<0,0001 bo’ladi.
Q,Q3 251331 83081
Endi ikkinchi x, = 7 ildizni qaraymiz. x, = > = —2 4 17 =
-2+ 1 = -2 +i, bu yerda
11—/57 %1
4 —\/57+11—1+ﬁ_5—1+ L _ .1
M5 16 16 6~ Ty
V57-5
16 V57 45 6+\/57—7 fo Lo 1
aZ = = = —_— > = —_—;
N 2 2 a
57 -5 = 3
2 V57 + 7 3+\/57—5 N S
ag = = = —_— 2 = —;
\57 — 4 4 — a
57 -7 NG 4
4
a =
Y V5T -5

bunda x; ni hisoblaganmizdagi singari «, = ((1,1,1,3,7,3)).
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Demak, x, = 3=V87 _ (-2,1,6,3,(1,1,1,3,7,3)) bo’lgani uchun Q,, > \/I =

4 &

1
0,0001

Buning uchun munosib kasrni aniglaymiz:

= 100 shartni ganoatlantiruvchi Q; ning eng kichik giymatini aniglaymiz.

q; 2 J1l6] 31113 7] 3

P, P, =1| -2 [-1] -8 |—25| -33|-58-91 |-331|-2408| -7555
51 | 80 2117 6642

ofo=q @ 1] 7| 2| | 0

Jadvaldan Q, > 100 shartni ganoatlantiruvchi eng kichik k bu k = 8va Qg =
291.
331

Shuning uchun ham 22 = — 2% = 113745704467 , x, = 22 =

Qs 291 4

—1,13745860875, ya'ni x, = 3‘? ~ —%(—0,0001) deb yoza olamiz. Bunda

xatolik <——=———=——<0,000002 < 0,00001 bo’ladi.
Q35Qq9 291-2117 616047
.. _ 3+/57 _ 662 .. _3=V57 331,
Javob: x; = e §(+0,0001), X, = ~ 291( 0,0001).
— . PatPnyq . : : _ Pn+1GniatPn 4 .
372.A=«a Gt Ours ayirmani garaymiz. Bu yerda a Orr1dmatOn bo’lgani
uchun

A= Pn+1Qn+2+Pn Pn+Pn+1

 Qne1Gnsz +Qn  Qn + Qnis
_ Pri1QnQniz + BQn + Pri1Qni1Qniz + BuQnir — PuQniaGniz — POy

B (Qn+1qn+2 + Qn) (Qn + Qn+1)
Pn+1Qn+1qn+2 + Pn+1Qn

- (Qn+19n+2 + Q) (Qn + Qni1) B
(Pn+1QnCIn+2 - PnQn+1CIn+2) + PnQn+1 - Pn+1Qn _

(Qn+19n+2 + Qn) (Qn + Qni1)
(Pn+1Qn - PnQn+1)qn+2 B (Pn+1Qn - PnQn+1) _ (Pn+1Qn - PnQn+1)(Qn+2 - 1)
(Qn+1CIn+2 + Qn) (Qn + Qn+1) B (Qn+1Qn+2 + Qn) (Qn + Qn+1)
_ (=D"(gn+2 —
- (Qn+19n+2 + Qn) (Qn + Qni1)
ayirmaning ishorasi n ning juft toqligiga bog’liq bo’lib, agar n = 2k — juft son
bo’lsa, @ > 2L - agarn = 2k 4+ 1 — toq son bo’lsa, @ < 1L pajariladi.

Qn+0Qn+1 ntQn+1
... Pp+P P, - . . .
Tushunarliki, "+—Q"“ kasr Q—” va a sonlari orasida yotadi. Shuning uchun ham
n n+1 n
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1
 Qn(Qn + Qnir)

Pt P B

~ Qn+Qn+1_Q_n

a__

=2
Qn

bajariladi.
Eslatma. Isbotlangan tengsizlik |a — g—”

uchub quyi chegarani beradi va shuning

1
<

tengsizlikni to’ldiradi.

uchun ham u bizga ma’lum bo’lgan |a — g—"

n QnQn+1

Pn _ Pn_1Qn+Pn_ :
373. Buyerda - = —n=tdn™Pn=2 p 0 1oani uchun
Qn Qn-19ntQn-2

Pooi(gn+m)+Pry  Poign+Pry
Qn—l(qn + m) + Qn—Z Qn—lqn + Qn—z
_ (Pn—lQn—Z - Pn—Z Qn—l)m _
(Qn1(qn + m) + Qn_2) (Qn—19n + Qn-2)

juft tartibli munosib kasrlar ortadi, toq tartiblilari

H™%m
(Qn-1(@ntm)+Qn—2) (Qn-19n+Qn-2)
esa kamayadi.

374. Bu yerda

P P,_ P, P,_ 1 1 1
‘a——n+|a—n1=—n—n1= <503 ts40
Qn Qn—l Qn Qn—l Qn—lQn 2Qn 2Qn—1
munosabat o’rinli bo’lgani uchun |0c — Pr-1] ifoda aynan 2Q1 dan kichik bo’lishi
n-1 n-1

1
Qn-1(Qn-1+Qn)

mumkin. Chunki 372- masalaga ko’ra |a ML PN bo’lgani uchun,

Qn-1

albatta |a _

n-1

1 .. .
> —— bajariladi.
204

V1.3-§.

375. 1).(2,3) uzluksiz kasr yordamida berilgan kvadrat irratsionallikni topish
uchun berilgan ifodani x = (2,3, x) ko’rinishda yozib olib, uning munosib kasrlarini
topamiz:

q; 2 3 X
P, Py =1 2 7 7x + 2
Q; 0=0 Q=1 3 3x+1

7in =x - 3x?—6x—2=0 kvadrat tenglamaga kelamiz. Uning

Bundan
ildizlarini aniglaymiz. U holda
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3+vV9+6 3++15 V15 5
= =1+—=14 |[==1+./1,(6)

12 =73 3 3 * 13

hosil bo’ladi. Berilgan ifoda musbat bo’lgani uchun izlanayotgan kvadrat

. . . . 1 . 5
irratsionallik 1 + /1, (6) dan iborat bo’ladi. Javob:1 + \E

2).(1,1,2,2) uzluksiz kasr yordamida berilgan kvadrat irratsionallikni topish
uchun berilgan ifodani x = (1,1,2,2,x) ko’rinishda yozib olib, uning munosib
kasrlarini topamiz:

q; 1 1] 2] 2 x
P, P, =1 1 2] 5] 12 | 12x+5

Qi Qo=0 Q1 7x + 3

Il
—_
—_
w
~

35 = x - 7x? — 9x — 5 = 0 kvadrat tenglamaga kelamiz. Uning

ildizlarini aniglaymiz. U holda x, , = 258285 — 94V201 i1 bo’ladi. Berilgan

14 14
9+v201

ifoda musbat bo’lgani uchun izlanayotgan kvadrat irratsionallik dan iborat

bo’ladi. Javob: 9+T.

3). (5,4,3) uzluksiz kasr yordamida berilgan kvadrat irratsionallikni topish uchun
berilgan ifodani x = (5,4,3,x) ko’rinishda yozib olib uning munosib kasrlarini
topamiz:

5 4 3 X
P,| Pyb=1 5 21 68 | 68x + 21
Qi| Q=0 Q. =1 4 13 13x + 4

68x+21
13x+4
Uning ildizlarini aniglaymiz. U holda

32++/1024 +13-21 32 ++/1297

13 13
hosil bo’ladi. Berilgan ifoda musbat bo’lgani uchun izlanayotgan kvadrat

32441297 i . 32+/1297
+1 dan iborat bo’ladi. Javob: +13 .

= x - q;13x? — 64x — 21 = 0 kvadrat tenglamaga kelamiz.

Bundan

X1,2 =

irratsionallik

4). a = (1,2,3,4) uzluksiz kasr yordamida berilgan kvadrat irratsionallikni topish

uchun berilgan ifodani « = (1,2,3, w) ko’rinishda yozib olamiz. Bunda w = (4) =
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4 + % Avvalo w ni aniglaymiz. w = 4 + % dan w? — 4w — 1 = 0. Bu tenglamaning

yechimi w,, =2 + V5 dan iborat bo’lib, w > 0 bo’lgani uchun w = 2 ++/5.
Endi a = (1,2,3, w) dan foydalanib a ni topamiz. Buning uchun a ning munosib
kasrlarini aniglaymiz.

q; 1 2 3 W
P | Pp=1 1 3| 10| 10w+3
Q| Q=0|0Q=1] 2| 7 Tw + 2
Bundan
10w + 3 23+10V5 (23 +10V5)(16—-7V5) 18—+5
—_— a/ e a{ = = =
7w + 2 16+7V5 (16 + 7V5)(16 — 7V/5) 11
18—5

hosil bo’ladi. Shunday qilib izlanayotgan kvadrat irratsionallik dan iborat

bo’ladi. Javob: 181‘1“5.

5).a=(0,1,1,1,1, 2,2,2) uzluksiz kasr yordamida berilgan kvadrat irratsionallikni
topish uchun berilgan ifodani a« = (0,1,1,1,1, w) ko’rinishda yozib olamiz. Bunda
w = (2,2,2). Avalo w ni aniglaymiz. w = (2,2,2, w)

q; 2 2 2 W
Pl Py =1 2 5| 12| 120+5
0l 0,=0 ] 0, =1 2 5 5w + 2
dan 1525:25 =w->5w?—10w—5=0- w? - 2w —1 = 0 kvadrat tenglamaga
kelamiz. Uning ildizlarini aniglaymiz. U holda @, = "= =1+ 2 hosil

bo’ladi. Berilgan ifodada w musbat bo’lgani uchunw =1++2. Endi «a =
(0,1,1,1,1, w) dan foydalanib « ni topamiz. Buning uchun a ning munosib kasrlarini
aniglaymiz.

qi 0 1 1 1 1 W
P, | Pp=1 0 1 1 2 3 3w + 2
Qi | Q=0 | Q=1 | 1 2 3 5 5w+ 3

Bundan
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3w+2 _543v2  (5+43v2)(8-5v2) 10-+2

Sw+3 0 8+5y2 (8+5v2)(8—5v2) 14
10—2

dan iborat

hosil bo’ladi. Shunday qilib izlanayotgan kvadrat irratsionallik

bo’ladi. Javob: 2222,

14

6). a =(a,a,2a,)=(aq,w)=a +% uzluksiz kasr yordamida berilgan kvadrat

irratsionallikni topish uchun berilgan ifodani a = (a,a,2a,) = (a,w) = a +%

ko’rinishda yozib olamiz. Bunda w = (a, 2a) = (a, 2a, w). Avvalo w ni aniglaymiz.

qi a 2a w
P, | Pp=1 a 202+1 | 2a’+Dw+a
Qi | Q=01 Q=1 2a 2aw + 1

dan(2a2+1yu+a

— =W 2w? — 2aw — 1 = 0, (a # 0) kvadrat tenglamaga kelamiz.

atva?+2

Uning ildizlarini aniglaymiz. U holda  w,, =
a+vaz+2

hosil bo’ladi. Berilgan

ifodada w musbat bo’lgani uchun w = . Endi a = (a, w) dan foydalanib «a

ni topamiz. Buning uchun a ning munosib kasrlarini aniglaymiz. a = a + —=a+

2 _ (a+Va?+2)Va?+2 > . "1 1 T
PR A =+va?+ 2 hosil bo’ladi. Shunday qilib izlanayotgan

kvadrat irratsionallik va? + 2 dan iborat bo’ladi. Javob: va? + 2.

7). a=(2211) =(2,21,1,w)uzluksiz kasr yordamida berilgan kvadrat
irratsionallikni topish uchun berilgan ifodani a = (2,2,1,1, w) ko’rinishda yozib
olamiz. Bunda w = (2,2,1,1,w). w ni aniglaymiz. Buning uchun esa munosib
kasrlardan foydalanamiz.

P | Pp=1 2 5 7 12 120+ 7
Qi 10,=0]|0Q, =1 2 3 5 5w+ 3
12w+7 2 . .
dan s W™ S5w* — 9w — 7 = 0 kvadrat tenglamaga kelamiz. Uning
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—-94+/221

ildizlarini aniglaymiz. U holda w,;, = hosil bo’ladi. Berilgan ifodada w

—9+v221

Shunday qilib izlanayotgan kvadrat
-9++/221

musbat bo’lgani uchun w =
—9+y221

dan iborat bo’ladi.  Javob:

irratsionallik

376. Bir xil chala bo’linmali cheksiz davriy uzluksiz kasmi a = (a,a,a,...) =
(a,a) =a +§ ko’rinishida yozib olish mumkin. Bundan a? — ae — 1 = 0 kvadrat
tenglamaga kelamiz. Uning ildizlarini aniglaymiz.

U holda @ =V posil bo'ladi, Shunday qilib, izlanayotgan kvadrat
irratsionallik £ ;1 i dan iborat bo’ladi. Misol uchun: a =2 bo’lsa, a =
22.)=@=222=11VZ a=3 bolsa, a=(33.)=3 =Ly

hokazo. Javob: &Y+t

377.1). g—i = 13—0, a1 = V2 bo’lsa, o ni topish kerak. Z—IIZ = 1—30 da (P, Qy) =1

bo’lgani uchun P, = 10,Q, = 3 ni hosil gilamiz. Ikkinchi tomondan % =2 =3+
k

Pragy1+Pr—1
QrAr+1+0Qk-1

bo’lgani uchun P,_; = 3, Qx_; = 1 kelib chigadi. Bu giymatlarni a =

__10vV2+3 _ 57— \/_
da foydalansak a = o ekanligi kelib higadi.
Javob: a = =2
17
P 37 1+V3 R . . P 37
2). Q—}"; =50 ke = —— bo’lsa, a ni topish kerak. Q—i =3 da (P, Q) =1
bo’lgani uchun P, = 37, Q; = 13 ni hosil gilamiz. Ikkinchi tomondan
E= =24 =24m =245 =2+ —T=2+—=(2152)
Qr 13 13 ' 1+ 1+E 5+1
2 2
bo’lgani uchun
P, | Pp=1 2 3 17 37
Qi | Q=0 ] 0,=1 1 6 13

Prag41+Pr—1 da
QrAk+1+Qxk-1

dan P,_; = 17, Qx_1 = 6 kelib chigadi. Bu giymatlarni a =
V3

37<1+ )+17 71437V3 _ (71+37V3)(25-13V3) _ 16643

13<1+W) T 25+13v3 (25+13V3)(25-13v3) 59

166+\/_
59

foydalansak a =

ekanligi kelib higadi. Javob: a
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— /52 — N ) — ) = L L
378.1).a = Vx +1—x+( x?% + x) x+m+x x+a1,bunda
=Vx2+1+x=2x+ (Vx2 + —x)=2x+\/2_1 = 2x +—. Demak,
x“+1+x

aq

a = (x,2x). Misol uchun x =1 da v2=(1,2); x=2daVv5=(2,4);x =3 da
V10 = (3,6) va hakozo. Endi % aniglaymiz.
3

q; X 2x 2x
P, | Pp=1 X 2x2+1 | 4x3+3x
Q; | 0o=0]0,=1 2x 4x2 +1
3 . 3
Bundan E _ 4x 2+3x. Javob: a = (X, ZX) va é — 4x 2+3x.
Q3  4x%+1 Q3  4x°+1

= 4 = q? 4 —a?) = g2 —Za = a?
2).a =Va*+ 2a a+(\/a + 2a a) a’tm—=—=a"+
1 _ 2, 1 __Ya*+2a+a? Va*+2a+a® | _
o a T = bunda Q=————=a+t (—Za al=a+
2a
a*+2a-a* _ 1 . 1 . 2a . 7
—Y. = a+—=a —a+a2. Bu yerda az——m_az—\/a + 2a +
va*+2a-a?
— 7 — a2 _2a 52,1 —
a’? = 2a* +(Va* + 2a — a?)=2a® + W = 2a° + - Demak, a
(a? a,2a?). Endi Q—3aniqlaymiz.
3
q; a’ a 2a?
P, |[Ph=1| a? a®+1 | 2a°+ 3a?
Q; 0=0]0,=1 a 2a3 +1

P; _ 2a5+3a? Py _ 2a°+3a®
Qs 2a3+1 Qs  2a3+1
379. @« =+Va? + a+ 1 ni uzliksiz kasrga yoyamiz. U holda quyidagiga ega

bo’lamiz:

a=a+(Va*+ta+l—-a)=a+———

Bundan =

Javob: a = (a a, 2a2) va —

=a+ L, bunda
51

\/m+a
_ VaZ+a+1i+a _ (a+D)+(VaZ+a+1-1) 1+ (Va?+a+1-1)-(Va?+a+1+1) 1+
ay = a+1 o a+1 a (a+1)-(VaZ+a+1+1) -

a’?+a+1-1 a 1

1 .
T - Y Ve - VT e - LT, bolib

2

a
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0. = VaZ+a+1+1 _ a+(Va?+a+1+1-a) 14 VaZ+a+i+i-a _ 14 1 .
2 — — — — I —_—— —

a
a a a _—
va2+a+1-(a-1)

1+ ai bo’ladi. Bulardan foydalanib % ni aniglaymiz.
3 3

q; a 1 1
P, |Pp=1 a a+1 2a+1
Q [Qp=0{0Q;=1 1 2
Bundan g— = 22 ekanligi kelib chigadi.
3

380. Avvalo berilgan kvadrat uchhadning musbat ildizini aniglaymiz,
ab+va?b?2+4ab ab+Vva?b2+4ab
~ =a+ = —al=a+

bx?—abx—a=0-x=

va2b?+4ab—ab _ a+ 1 _ a+i bunda a. = 2b
2b - m - a,’ 1™ JaZbZ+aab-ab
2b va?b? + 4ab + ab va?b? + 4ab — ab
a, = = =b+
va2b? + 4ab — ab 2a 2a
1 1 ) 2a
=b+ = =b+a_ bo'liba, = TR .
Va?b? ¥ 4ab —
va2b2+4ab—-ab 2 a t4a a
B vaz2b? + 4ab + ab B
- 2b - x
Demak, x = ab+ a2222+4ab = (m), ya’ni berilgan tenglamaning musbat ildizi

davr uzunligi 2 ga teng bo’lgan sof davriy uzluksiz kasrga yoyilar ekan.
381. 380-misolda x; = (a,b) ning bx? — abx — a = 0 tenglamaning musbat
ildizi ekanligini ko’rsatgan edik. Berilgan tenglamani x? — ax — % = 0 ko’rinishda

yozish mumkin. Bundan, Viyet teoremasiga asosan x; + x, = a =

1 1 1
1

x2=a—x1=a—(a,b)=a— a+

b+
a+ﬁ a+—..’

1
()’

bo’lishi kerak ekanligi kelib chigadi. Shunday qilib x, = —

. Py_1x+Py,_ .
382. Bu holda @ = (@i, a3 -, a@,) soni x = =2""=2 tenglamani
Qn-1X+Qn—2

ganoatlantiradi, ya’ni f(x) = Q,,_yx% + (Q,,—, — P,_1)x — P,._, ko’phadning
musbat ildizi bo’lishi kerak. Bu ko’phadning ikkinchi ildizi @ ga qo’shma a bo’lib,
f(0) ==P,, <0Vvaf(—1) = (Qn-1 — Qn-2) + (Phny — Pp_3) > 0 bo’ladi,
chunki n ning o’sishi bilan cheksiz uzluksiz kasrning maxraji o’sadi. Shuningdek,
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cheksiz uzluksiz kasrning surati P, monoton o’suvchi bo’ladi. Buholda a > 1
bo’lgani uchun @ € (—1; 0) bo’lishi kerak.

— 1 , . _ 1 —
383. Bu yerda x—(a,b,c)—a+(b’:6)bolgamchun xX—a T )—)(b c)

ﬁ bo’ladi. Bunda (b, ¢ ) soni (380-misol) soni cx? — bcx — b = 0 tenglamaning

1

ildizi. U holda bu tenglamaning ikkinchi ildizi 381-misolga asosan —ﬁ —

tenglikdan topish mumkin. Bundan (c,b) = —x +a » x = a — (¢, b ) kelib
chigadi.

384. 381-misolga asosan x; = (a,b) soni bx? — abx — a = 0 tenglamaning
1

Ga
— (O, (m)) dan iborat bo’ladi. Berilgan tenglamani x% —ax — % = 0 ko’rinishda

musbat ildizi ekanligini ko’rgan edik. Uning ikkinchi ildizi x, = —

yozish mumkin. Bundan, Viyet teoremasiga asosan x; - x, = —% — XX, =
— — a Nounn a
(@b)-(0,(b,a)) = £ Javob:(a,b) - (0, (b,a)) = .
385. Buyerdaa = a + — = a + — = 259¥C 4
b+E bc+1 bc+1
p=c+ # =c+ aba+1 = ab:;f:‘: bo’lgani uchun% = b+l ekanllgl kelib

chigadi. x = (a,b,c) va y = (c, b,a) lar mos ravishda quyidagi tenglamalarni
ganoatlantiradi:
1 1 cx+1  abex+(a+c)x+ab+1

X=a+ =a-+ =
b+ — al Thex+btx bex +b +x
c+=

cx+1

(bc + 1)x? + bx — [abcx + (a + ¢)x + [1b + 1]
_)

bcx +b + x
(bc+ 1)x?—(abc+a+c—b)x—(ab+1) =0.
Shunga o’xshash (ab + 1)y? — (abc+ a+c—b)y — (bc + 1) = 0.
Bu tenglamalarni yechib

(abc+a+c—b)+\/(abc+a+c—b)2+4(bc+1)(ab+1)

=0-

X =

2(bc+1)
(abc +a+c—b)++/(abc+a+c—b)2+4(bc+1)(ab +1)
Y= 2(ab + 1)
larga ega bo’lamiz. Bulardan
x ab+1 «a
; “hc+1l E

kelib chigadi.
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386. Agar n natural soni uchun vn = (q4, q,, ...) bo’lsa, uholda Vn + q; =
(294, qy, ...) > 1va—1 < g; —+/n < 0 bajariladi. Shuning uchun ham vn + g,
ifoda sof uzluksiz kasrga yoyiladi, ya'ni vn + q¢; = (2q4, 92, ..., q,). Bundan
vn =(q4, 93, -, G 2q,). Bu esa isbotlanishi talab etilgan tasdig. Misol uchun
V2=(1,2); v8=(1,2 4).

V1.4 -§.

387. Malumki, agar o (haqigiy yoki kompleks soni ) biror ratsional
koeffisitsiyentli darajasi n > 1 bo’lgan f(x) ko’phadning ildizi bo’lsa, o ga
algebraik son deyiladi. Shu ta’rifning bajarilishini tekshiramiz.

1). a= % soni algebraik son, chunki u x —% = (0 tenglamaning, ya’ni 5x —

3 = 0 tenglamaning ildizi. Oxirgi tenglamaning chap tomoni esa birinchi darajali
butun koeffitsiyentli ko’phad.

2). @ =+/3 soni algebraik son, chunki u x?—3 =0 tenglamaning ildizi.
Oxirgi tenglamaning chap tomoni esa ikkinchi darajali  butun koeffitsiyentli
ko’phad.

3). a = /3 soni algebraik son, chunki u x =33 -x3=3-5x3-3=0
tenglamaning ildizi. Oxirgi tenglamaning chap tomoni esa uchinchi darajali butun
koeffitsiyentli ko’phad.

4). @ =1++/2 soni algebraik son, chunki u x =14+V2 5 x—1=
V2 - (x —1)2 =2 =0 - x* —2x — 1 = 0 tenglamaning ildizi. Oxirgi
tenglamaning chap tomoni esa ikkinchi darajali butun koeffitsiyentli ko’phad.

5). @ = 2 —+/2 soni algebraik son, chunki u x =2 —-vV2 52 —x=+2 - (2 —
x)2—2 =0 - x?—4x + 2 = 0tenglamaning ildizi. Oxirgi tenglamaning chap
tomoni esa ikkkinchi darajali butun koeffitsiyentli ko’phad.

6). « = 1 + i soni algebraik son, chunkiux=1+i->x—-1=i- (x —1)% =
i? > x? — 2x + 2 = 0 tenglamaning ildizi. Oxirgi tenglamaning chap tomoni esa
ikkinchi darajali butun koeffitsiyentli ko’phad.

7). @ = /3 + /5 soni algebraik son, chunki u x = V3 4+ /5 - x2 = 8 + 24/15 -
(x? —8)? = 60 » x* — 16x2 + 4 = Otenglamaning ildizi. Oxirgi tenglamaning
chap tomoni esa to’rtinchi darajali butun koeffitsiyentli ko’phad.

8). @ = V4 — ¥/2 soni algebraik son, chunki u x = V4—3Y2 > x*=4—-32 >
(x* —4)3 = =2 - x12 — 12x8 + 48x* — 62 = Otenglamaning  ildizi.  Oxirgi
tenglamaning chap tomoni esa 12- darajali butun koeffitsiyentli ko’phad.
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9). @« = a+ Vb (ab lar ratsional sonlar) soni algebraik son, chunki u x = a +
Vb - (x—a)*=b— (x—a)" — b = 0 tenglamaning ildizi. Oxirgi tenglamaning
chap tomoni esa n — darajali ratsional koeffitsiyentli ko’phad.

10). @ = a + i+v/b (a,b lar ratsional sonlar) soni algebraik son, chunki u x = a +
ivb - (x —a)®> = —b - x2 — 2ax + a® + b = O tenglama-ning ildizi.  Oxirgi
tenglamaning chap tomoni esa ikkinchi darajali ratsional koeffitsiyentli ko’phad.

11). a = cos% + isin% soni algebraik son, chunki u z = cos% + isin% > " =
cosm + isint — z™ + 1 = Otenglamaning ildizi. Oxirgi tenglamaning chap tomoni
esa n- darajali butun koeffitsiyentli ko’phad.

12). a = sin10° soni algebraik son, chunki (cosg + ising)3 = cos3¢ + isin3¢.
Ikkinchi tomondan esa
(cosg + ising)® = cos3¢ + 3icos?¢ sing + 3i%cose sin¢@ + i3si 3@
dan sin3¢ = 3cos?@ sing — sin3¢p = 3(1 — sin?@) sing — sin®¢ = 3sing —
4sin3¢ kelib chigadi. Oxirgi tenglikda ¢ = 10° deb olsak sin30° = 3 = 3sin10° —
4sin310° - i = 3sin10° — 4s5in310° - 65in10° — 8sin310° — 1 = Otenglikka
kelamiz. Demak a = sin10° soni 8x3 — 6x? + 1 = 0 tenglamaning ildizi. Oxirgi
tenglamaning chap tomoni esa 3- darajali butun koeffitsiyentli ko’phad.

388. Algebraik sonning tartibi deb u ildizi bo’lgan ratsional koeffitsientli eng
kichik darajali ko’phadning daraja ko’rsatkichiga aytiladi.

1).a =a+bi,(a,b€Z,b+0)> (x—a)=bi-> (x—a)>?=-b?>
(x—a)>+b?=0->x?—2ax+ (a®* +b?) = 0. Bu yerdan a = a + bi ning 2-
darajali  butun koeffitsiyentli ko’phadning ildizi ekanligi kelib chigadi. Lekin
a = a + bi soni darajasi 2 dan kichik bo’lgan ratsional koeffitsiyentli ko’phadning
ildizi bo’la olmaydi. Agar x + ¢ = 0 tenglamaning ildizi desak, a + bi+c =0 -
{a +c=0

b=0
son ikkinchi tartibli algebrai sondir.

2). = /3 sonining x3 — 3 = 0 tenglamaning ildizi ekanligini 387. 3-misolda
ko’rgan edik. Oxirgi tenglamaning chap tomoni esa uchinchi darajali  butun
koeftitsiyentli ko’phad.

Lekin a = 3/3 soni darajasi 2 dan kichik bo’lgan ratsional koeffitsiyentli
ko’phadning ildizi bo’la olmaydi. Agar /3 ni x? + px + g = 0 tenglamaning ildizi
desak, Y9 +p¥3+q=0->39+p¥3=—q- 9 +p¥3)? = ¢®>>

3V3 + 6p + p2¥9 = g2 ni hosil gilamiz. Bu yerda Y9 = —p¥3 — ¢ bo’lgani
uchun 333+ 6p + p?(—q —pV3) = q® kelib chigadi. Bundan (3 —p*)V3 =

- 2 2
(—6p +p?q +q?) > V3 = mj;f—pgﬁq — ratsional son bo’lishi kerak. 3 —p? # 0

ni hosil gilamiz. Shart bo’yicha b # 0. Shuning uchun ham garalayotgan
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bo’lgani uchun bunday bo’lishi mumkin emas. Shuning uchun ham garalayotgan son
uchinchi tartibli algebraik sondir.

3.a=32—-1 sonining (x+1)3-2=0-x3+3x2+3x—1=0 teng-
lamaning ildizi. Oxirgi tenglamaning chap tomoni esa uchinchi darajali butun
koeffitsiyentli ko’phad.

Lekin @ = 3/2 — 1 soni darajasi 3 dan kichik bo’lgan ratsional koeffitsiyentli
ko’phadning ildizi bo’la olmaydi. Agar a¢=3V2-1 ni x2+px+q=0
tenglamaning ildizi desak, (¥2—1)" +p(¥2—=1)+q=0-Vi+(p—-2)V2 =
p—q-1->{F+@-D¥2) =(p—q-1)? > 2V2+4(p-2) +
-2 Va=(p-q-1)*>2V2++@-2)*Vd=(p-q-1)*-4(p~-2) ni
hosil gilamiz. Bu yerda ¥4=p—q—1—(p —2)V¥2 bo’lgani uchun 232 +
+p—-22(p—q-1-@P-2)¥2)=(@P-q-1%—-4(p-2) kelib chigadi.
Bundan [(p—-2)°-2]V2=(-2)’(0—q-D-(p-q-1*—4(p-2)>

N2 (p—g—1)—=(n—qg—1)2— -
32 = Pz (P=q (;)_2()193_612 1)°-4(p-2)
0 bo’lgani uchun bunday bo’lishi mumkin emas. Shuning uchun ham garalayotgan
son uchinchi tartibli algebraik sondir.

4).a=v2—-+/3 soni x2=5-2v6->(5-x%)2=24—>x*-10x>+1=
0 tenglamaning ildizi. Oxirgi tenglamaning chap tomoni esa to’rtinchi darajali butun
koeffitsiyentli ko’phad.

Lekin @ = v/2 — /3 soni darajasi 4 dan kichik bo’lgan ratsional koeffitsiyentli
ko’phadning ildizi bo’la olmaydi. Agar &« = v2 —/3ni x® +ax? +bx+c =0
tenglamaning ildizi desak (VZ — v3)’ + a(vZ = v3)' + b(VZ—V3) +c =0 -
2V2 —6V/3+9vV2-3vV3+2a—2V6a+3a+V2b—+V3b+c=0-

(b + 11)V2 — (b + 9)V3 — 2v/6a = —(5a + ¢) ni hosil gilamiz. Bu yerda a, b, ¢
ratsional sonlar bo’lgani uchun
oxirgi tenglikning o'ng tomoni ratsional son chap tomoni esa irratsional Shuning

uchun ham bu tenglik o’rinli emas. Demak, qaralayotgan son to’rtinchi tartibli
algebraik sondir.

5.a=vV3++V5  sonix?=8+2V15- (x> —-8)2 =60 - x* —16x% + 4 =
Otenglamaning ildizi. Oxirgi tenglamaning chap tomoni esa to’rtinchi darajali butun
koeffitsiyentli ko’phad.

Lekin a@ =+/3 ++/5 soni darajasi 4 dan kichik bo’lgan ratsional koeffitsiyentli
ko’phadning ildizi bo’la olmaydi. Agar @ =3 ++5ni x> +ax?+bx+c=0
tenglamaning ildizi desak (V3 +v5) +a(v3+v5) +b(V3+5)+c=0-

3v3+9vV5+15vV3 +5V5 +3a+2V15a+5a +V3b+V5hb+c =0 -
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(b + 18)V3 + (b + 14)V5 + 2v/15a = —(8a + ¢) ni hosil gilamiz. Bu yerda a, b, ¢
ratsional sonlar bo’lgani uchun
oxirgi tenglikning o'ng tomoni ratsional son chap tomoni esa irratsional. Shuning
uchun ham bu tenglik o’rinli emas. Demak, qaralayotgan son to’rtinchi tartibli
algebraik sondir.

6).« =2+ i soni(x —2)? = —1 - x? — 4x + 5 = Otenglamaning ildizi. Oxirgi
tenglamaning chap tomoni esa ikkinchi darajali butun koeffitsiyentli ko’phad.
Lekin a =2+ isoni darajasi 2 dan kichik bo’lgan ratsional koeffitsiyentli
ko’phadning ildizi bo’la olmaydi.

Agar a =2 +ini x4+ a = 0 tenglamaning ildizidesak 2 +i+a=0—-2+a =
0 va 1 = 0 mumkin bo’lmagan tenglikka ega bo’lamiz. Demak, qaralayotgan son 2-
tartibli algebraik sondir.

389. 1). Chunki berilgan x3 + 2v/2x2 + 2 = 0 tenglamaning ildizlari

(x3+2V2x2 +2)(x3 —2V2x2 +2) = (k3 + 2)? —8x* =x° + 4x3 + 4 —
8x* = x® — 8x* + 4x3 + 4 = 0 tenglamaning ildizi bo’ladi. Oxirgi tenglama esa
butun koeffitsientli tenglamadir.

2). Chunki berilgan x? + 2ix + 10 = 0 tenglamaning ildizlari

(x2 + 2ix + 10)(x? — 2ix + 10) = (x? + 10)? + 4x2 = x* + 20x% + 100 +
4x? =0 - x* + 24x% + 100 = 0 tenglamaning ildizi bo’ladi. Oxirgi tenglama esa
butun koeffitsiyentli tenglamadir.

390. Buning uchun berilgan tenglamaning chap tomonidagi ko’phadning
ratsional sonlar maydonida keltirilmaydigan ko’phad ekanligini ko’rsatish yetarli.
Buni ko’rsatish uchun Eyzenshteyin alomatidan foydalanamiz. Unga ko’ra butun
koeffitsiyentli  f(x) = a,x™ + a,_;x" 1+ -+ a;x + a, ko’phadning ratsional
sonlar maydonida keltirilmaydigan bo’lishi uchun ko’phadning bosh hadining
koeffitsiyentidan boshga barcha hadlarning koeffitsiyentlari biror p tub soniga
bo’linib, 0zod hadi a, esa p ga bo’lingani holda p?ga bo’linmasligi kerak.

1). x3+ 2x% — 4x + 2 = 0 tenglamaning chap tomonidagi f(x) = x3 + 2x2 —
4x + 2 ko’phad ratsional sonlar maydonida keltirilmaydigan ko’phad, chunki bu
ko’phadning bosh hadining koeffitsiyentidan boshqa barcha hadlarning
koeffitsiyentlari 2,—4,2 lar 2 tub soniga bo’linib, 0zod hadi 2 esa 2 ga bo’lingani
holda 2% = 4 ga bo’linmaydi.

2). 2x°>+ 6x3—9x? — 15 = 0 tenglamaning chap tomonidagi f(x) = 2x> +
6x3 —9x2? — 15 ko’phad ratsional sonlar maydonida Kkeltirilmaydigan ko’phad,
chunki bu ko’phadning bosh hadining koeffitsiyentidan boshqa barcha hadlarning
koeffitsiyentlari 0,6, —9,0,—15 lar 3 tub soniga bo’linib, ozod hadi —15 esa 3 ga
bo’lingani holda 32 = 9 ga bo’linmaydi.
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3). x* — 5x2 + 10x + 20 = 0 tenglamaning chap tomonidagi f(x) = x* — 5x2 +
10x + 20 ko’phad ratsional sonlar maydonida keltirilmaydigan ko’phad, chunki bu
ko’phadning bosh hadining koeffitsiyentidan boshga barcha hadlarning
koeffitsiyentlari 0,—5,10,20, lar 5tub soniga bo’linib, ozod hadi 20 esa 5ga
bo’lingani holda 52 = 25 ga bo’linmaydi.

4). x> —3x?+ 12x — 6 = 0 tenglamaning chap tomonidagi f(x) = x> —
3x2 + 12x — 6 ko’phad ratsional sonlar maydonida keltirilmaydigan ko’phad, chunki
bu ko’phadning bosh hadining koeffitsiyentidan boshqa barcha hadlarning
koeffitsiyentlari 0,0,3,12,—6, lar 3 tub soniga bo’linib, ozod hadi —6 esa 3 ga
bo’lingani holda 32 = 9 ga bo’linmaydi.

391. Nazariy gismda keltilgan Liuvill teoremasining natijasidan foydalanamiz.
Unga ko’ra quyidagi shartlarni qanoatlantiruvchi har bir cheksiz uzluksiz kasr
a = (41,92, 3, ... ) transendent son bo’ladi. Bu shartlar q; > (Q;_{)"™ %, i =k + 1,
k+2,. vagq; lar (i =1,2,3,..k) ixtiyoriy sonlar bo’lishi kerak. Agar biz k = 2 va
q; =1, g, =2 deb olsak g5 > (Q,)? = (Q1q, + Q,)> =4 dan g3 =5 ni hosil
gilamiz. g, > (Q3)® = (Q,q5 + Q;)3 =213 =9261 dan g, =9262 ni hosil
gilamiz. Shunday mulohazani davom ettirib

a=(1,2,59262 ... ) sonni hosil gilamiz. Bu son Liuvill teoremasining
natijasiga asosan trantsendent son bo’ladi.

392. Berilgan a Liuvil sonining trantsendent ekanligini ko’rsatish uchun
Liuvill teoremasining natijasining shartlarining bajarilishini ko’rsatamiz. Liuvill
teoremasining natijasiga ko’ra agar o haqiqiy son bo’lib, ixtiyoriy, natural sonn > 1

va ixtiyoriy haqigiy son ¢ > 0 uchun hech bo’lmasa birorta ratsional kasr %, (% % a)
mavjud bo’lib |a — %| < bin shart bajarilsa, «a trantsendent son bo’ladi.

Ushbu 7 = — + — + -+ — = ratsional sonini garaymiz. U holda

101! 102! 10k! 10k!
_ 1 1 1 1 1 _ 2 ) .
a—1=Gm T oyt < e (1 tot5+ ) = o0 bo’ladi va

ar 2 & , &
k - o da a—r — 0. Shunday qilib, G < RTEE bo’lganda a —r < ToFyn

bajariladi.

393. A.O.Gelfond teoremasiga asosanagar «a soni O va 1ga teng bo’lmagan
algebraik son, B esa darajasi 2 dan kichik bo’lmagan algebraik (irratsional) son
bo’lsa, af —soni trantsendent son bo’ladi.

1). Agar lg2 — algebraik irratsional son  bo’lsa, Gelfond teoremasiga
asosan 10%92 = 2 soni trantsendent son bo’lishi kerak edi. Lekin bu son algebraik
son. Demak, [g2 — trantsendent son.
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2). Agar log,10 — algebraik irratsional son bo’lsa, Gelfond teoremasiga
asosan 2199210 = 10 soni trantsendent son bo’lishi kerak edi. Lekin bu son algebraik
son. Demak, log, 10 — trantsendent son.

3). Agar In5 — algebraik irratsional son bo’lsa, Lindeman teoremasiga ko’ra
teoremasiga asosan y = e* tenglamada x = 0, y =1 dan boshga hollarda x va y
In5 _

sonlari bir vaqtda algebraic son bo’la olmaydi. Bizning misolimizda e
y = 5 algebraik son. Demak, x = [n5 —trantsendent son.

5, ya’ni

4). Agar 3V2 sonining trantsendent son ekanligini ko’rsatish uchun Gelfond
teoremasida a = 3 va 8 = /2 deb olish olish kifoya.
5). Agar 5V3 sonining trantsendent son ekanligini ko’rsatish uchun Gelfond

teoremasida a = 5 va 8 = /3 deb olish olish kifoya.

6). Agar 203 sonining trantsendent son ekanligini ko’rsatish uchun Gelfond

teoremasida a = 2 va 8 = iv/3 deb olish olish kifoya. Chunki % = -3 - B2 +
3 = 0, ya’ni S ikkinchi darajali algebraik irratsionalikdan iborat.

7). Agar 317 sonining trantsendent son ekanligini ko’rsatish uchun Gelfond
teoremasida a = 3va B = 1 — i deb olish olish kifoya. Chunki (1 —p)?=-1-
1-28+ B =-1- p2—-2F+2=0, ya’ni B ikkinchi darajali x> —2x + 2 =
0 tenglamning ildizi .

8). Agar 52-iV2 sonining trantsendent son ekanligini ko’rsatish uchun Gelfond
teoremasida a = 5va 8 = 2 — iv/2 deb olish olish kifoya. Chunki « = 5 algebraik
son, B=2—iv2esa Q=B =-2-4—-4B8+ B2 =-2- B2—4B+6=0
tenglamaning, ya’ni 8 ikkinchi darajali x? — 4x + 6 = 0 tenglamning ildizi.
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1-ilova
(1, 4000) oraliqdagi tub sonlar
2 233 547 877 1229 1597 1993 2371 2749 3187 3581
3 239 557 881 1231 1601 1997 2377 2753 3191 3583
5 241 563 883 1237 1607 1999 2381 2767 3203 3593
7 251 569 887 1249 1609 2003 2383 2777 3209 3607
11 257 571 907 1259 1613 2011 2389 2789 3217 3613
13 263 577 911 1277 1619 2017 2393 2791 3221 3617
17 269 587 919 1279 1621 2027 2399 2797 3229 3623
19 271 593 929 1283 1627 2029 2411 2801 3251 3631
23 277 599 937 1289 1637 2039 2417 2803 3253 3637
29 281 601 941 1291 1657 2053 2423 2819 3257 3643
31 283 607 947 1297 1663 2063 2437 2833 3259 3659
37 293 613 953 1301 1667 2069 2441 2837 3271 3671
41 307 617 967 1303 1669 2081 2447 2843 3299 3673
43 311 619 971 1307 1693 2083 2459 2851 3301 3677
47 313 631 977 1319 1697 2087 2467 2857 3307 3691
53 317 641 983 1321 1699 2089 2473 2861 3313 3697
59 331 643 991 1327 1709 2099 2477 2879 3319 3701
61 337 647 997 1361 1721 2111 2503 2887 3323 3709
67 347 653 1009 1367 1723 2113 2521 2897 3329 3719
71 349 659 1013 1373 1733 2129 2531 2903 3331 3727
73 353 661 1019 1381 1741 2131 2539 2909 3343 3733
79 359 673 1021 1399 1747 2137 2543 2917 3347 3739
83 367 677 1031 1409 1753 2141 2549 2927 3359 3761
89 373 683 1033 1423 1759 2143 2551 2939 3361 3767
97 379 691 1039 1427 1777 2153 2557 2953 3371 3769
101 383 701 1049 1429 1783 2161 2579 2957 3373 3779
103 389 709 1051 1433 1787 2179 2591 2963 3389 3793
107 397 719 1061 1439 1789 2203 2593 2969 3391 3797
109 401 727 1063 1447 1801 2207 2609 2971 3407 3803
113 409 733 1069 1451 1811 2213 2617 2999 3413 3821
127 419 739 1087 1453 1829 2221 2621 3001 3433 3823
131 421 743 1091 1459 1831 2237 2633 3011 3449 3833
137 431 751 1093 1471 1847 2239 2647 3019 3457 3847
139 433 757 1097 1481 1861 2243 2657 3023 3461 3851
149 439 761 1103 1483 1867 2251 2659 3037 3463 3853
151 443 769 1109 1487 1877 2267 2663 3041 3467 3863
157 449 773 1117 1489 1873 2269 2671 3049 3469 3877
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163 457 787 1123 1493 1877 2273 2677 3061 3491 3881
167 461 797 1129 1499 1879 2281 2683 3067 3499 3889
173 461 809 1151 1511 1889 2287 2687 3079 3511 3907
179 467 811 1153 1523 1901 2293 2689 3083 3517 3911
181 479 821 1163 1531 1907 2297 2693 3089 3527 3917
191 487 823 1171 1543 1913 2309 2699 3109 3529 3919
193 491 827 1181 1549 1931 2311 2707 3119 3533 3923
197 499 829 1187 1553 1933 2333 2711 3121 3539 3929
199 503 839 1193 1559 1949 2339 2713 3137 3541 3931
211 509 853 1201 1567 1951 2341 2719 3163 3547 3943
223 521 857 1213 1571 1973 2347 2729 3167 3557 3947
227 523 859 1217 1579 1979 2351 2731 3169 3559 3967
229 541 863 1223 1583 1987 2357 2741 3181 3571 3989
2-ilova
100 dan Kkichik, tub modullar bo’yicha indekslar va anti

indekslar jadvallari

3 moduli bo’yicha
N 112)/3/4]/5|/6/7]8|9 1{o[1]2]3[4]5]6][7]8]9
0, |01 012

5 moduli bo’yicha
NIO|1(2|3|4|5/6|7|8|9 110]1(2|3|4|5/6[7[8|9
0 01132 0(1(2/4]|3

7 moduli bo’yicha
NIO|1({2|3|4[5/6|7|8|9 | 101(2(3|/4|5[|6|7 9
0 0/2]1(4]|5]|3 0[1(3|2]6|4|5

11 moduli bo’yicha
0 ol1lsl 242197136 (; 112{4|8|5[10|9|7|3]|6
1|5
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13 moduli bo’yicha

Nl O |1[2|3|4|5/6|7|8|9 {0 |1/2(3|4|5|/6 |7 8|9
0 0/1(4]2]9]5]11|3|8 0/ 1/2|4|8|3|6[12[11|9]|5
1/10|71|6 11107
17 moduli bo’yicha
NIO[1|2 (34|56 |7|8]|09
0 0/14]1|12|5|15|11|10 ] 2
1/3(7[13(4]9 (6| 8
l/0(1/2|3 |4 /5/6|7]8]|9
0/1/3(9/10(13|5|15|11|16|14
118|714/12| 2 |6
19 moduli bo’yicha
NIO|1 (2 |3|4/,5]6|7(8|9
0 0|113/2|16|14|6 (3| 8
1117112155 |7|11| 4 |10|9
1{0| 12 3|4 |5|6|7 (89
0,12 |4|8|16/13|7 (141918
1117151113 |6 |12|5 |10
23 moduli bo’yicha
N{O|1|2(3|4|5|6|7|8]|9
0 021614 |1 |18|19| 6 |10
113,91(20(14 21178 | 7 |12 |15
2513 |11
lf0y 12|34 |5|6|7|8]|9
01|52 10| 4 |20|8|17|16|11
11912211821 113|19|3 15| 6
2
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29 moduli bo’yicha

N O|1,2|3|4|5|6]7|8]|9

0 0O|1,5|2 |22 6|12 3 |10

1123|25| 7 1813|274 |21 11| 9

212417 (26|20| 8 [16|19|15|14
110|123 |4|5,6|7]8]09
0O/ 1,2|4]8|16|3 |6 [12|24|19
119 (18| 7 (14|28 |27 25|21 |13|26
2123|175 |10(20|11|22|15

31 moduli bo’yicha

N O|1|2|3|4]|5]6|7|8|9

0 0 24| 1 /18202528122

11141231911 (2221| 6 |7 |26|4

218291727113 |10| 5| 3 |16 9

3115
110|123 |4 |56 |7|8]|9
0|13 |9 (2719|126 |16|17|20 29
1/25(113| 8 |24|10({30|28 22| 4 |12
21511514112 | 6 (18|23 7 |21

37 moduli bo’yicha

N 0|12 3|4 |5|6|7|8]|9

0 0| 1262 |23|27|32| 3 |16

1124130281133 |13|4 | 7 |17|35

2125122(31|15(29|10|12| 6 |34 |21

3/14, 9| 5|20| 8 |19]18
/0123|456 7|89
0|12 |4|8|16/32(27|17|34 |31
1125(13|126(15|30|23| 9 |18|36|35
2133129215 (10120 3 |6 |12|24
3111227 | 14|28 |19
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41moduli bo’yicha

314

NIO|1]|]2]|3]|4 6789
0 0 126(15)12 22| 1 |39|38|30
1183 [27|31(25|37]2433|16| 9
213414129 36|13 171 5 |11| 7
3123(28(10/18|19 21| 2 |32|35| 6
4120
1Mo} 1|2 34|56 ]7|8]|9
0|16 (36|11,2527|39|29 10|19
1(32|28| 4 (24|21 3 182633 |34
21401355 (301614 | 2 |12 31|22
43moduli bo’yicha 3|19 1337|1720 (38|23|15| 8 | 7
N O|1 2|3 |4 67|89
0 0271 (12125/28|35|39]| 2
111030133220 (26|24 38|29 |19
2137136 |15|16 |40 171 3 | 5 |41
31111349 |31|23|18|14| 7 | 4 |33
4122 6 |21
lf0|1]2|3|4|5]6]7]8]9
0| 1|3 ]9 (2738|2841 37|25|32
111030 4 (12 |36|22|23|26|35|19
211414214034 (16| 5 |15 2 | 6 |18
3111133133931 |7 |21|20|17| 8
4124129
47moduli bo’yicha
N 0|12 3|4 |5(6|7|8|9
0 0 18/20(36| 1 38|32| 8 |40
1119 7 |10|11| 4 | 21|26 |16 |12 |45
23716 |25 5|28| 2 |29|14|22|35
3139|344 |27|34|33|30(42|1/7|31
419 1152413 |43 41|23




315

/o012 3|4 ,5|6|7|8]9
0l 1|5|25|31|14|23|21|11| 8 |40
1112|1318 43|27 411738 | 2 |10
2| 3115|2846 (42|22|16|33|24 |26
3136397 (3534129 4 20| 6 |30
419 (45|37 (44|32 |19
53 moduli bo’yicha
N O|21]|2|3|4|5|6|7|8]|29
0 0|1 17| 2 4711814 | 3 | 34
1148 6 [19(24 (15|12 | 4 |10 |35 37
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