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0 ‘quv go‘llanma uch gismdan iborat bo‘lib, uning birmchi qgis-
mida sonlar nazariyasida muhim boMgan asosiy mavzular bo‘yicha qis-
gacha nazariy ma'lumotlar hamda ulaming tatbiglariga doir misol va
masalalar berilgan. Ikkinchi gismida misol va masalalarnmg javoblari
keltirilgan. Uchunchi gismida barcha misol va masalalar ishlab
ko‘rsatilgan.

0 ‘quv go‘llanma universitetdagi matematika ta'lim yo‘nalishi
talabalariga mo‘ljallangan bo‘lib, sonlar nazariyasi, algebra va sonlar
nazariyasi fanlaridan darslami o‘tishda foydalanish mumkin.
Shuningdek o‘rta umumta'lim maktablari va akademik litseylar
o‘quvchilarining sinfdan tashqgari mashg‘ulotlarini tashkil gilishda
hamda umuman matematikam mustagil o°‘rganishuvchilar foyda-
lanishlari mumkin. :

Qo‘llanmani yozishda Respublikamizda mavjud bo‘lgan adabi-
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2.1sroilov M.l., Soleyev A.S. Sonlar nazariyasiga kirish. - T,
“Fan”. 2003. 190b.
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1 HecTtepeHko HO.B. Teopua uyucen. -M., MN3gaTenckm LUEHTP
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| .Hardy G.H., Wright E. M. An introduction to the Theory of
Numbers. 6th.ed., Oxford Unrversity Press. -2008, 480p.

2.ManinYu.l., Panchishkin A.A. Introduction to modem number
theory Germany, 2007, English. 372p.

kitoblaridan ham foydalandik.

QoMlanmam go‘lyozma holatida o‘gib chigib, uning mazmunini
yaxshilash yuzasidan o‘z fikrlarim bildirganlari uchun 0 ‘zbekiSton
Fanlar Akademiyasi V.l.Romanovskiy nomli Matematika mstituti di-
rekton, akademik Sh.A.Ayupovga, Temuz davlat universiteti
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matematik analiz kafedrasi professori, fizika-matematika fanlari
doktori M. Mirsaburovga, Samargand davlat universiteti algebra va
geometriya kafedrasi mudiri, fizika-matematika fanlari nomzodi,
dotsent X.X.Ro‘zimurodovga hamda Termiz davlat universiteti algebra
va geometriya kafedrasi a’zolariga 0‘z minnatdorchiligimni bildiraman.
Qollanma to‘g‘risidagi fikr va mulohazalaringizni mamnuniyat

bilan gabul gilamiz.
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| BOB. BUTUN SONLARNING BO‘LINISHI
1.1-8. Qoldigii bo‘lish hagidagi teorema

Natural sonlar 1,2,3,...,n, .. va ularga garama-garshi sonlar
-1,-2, =3 n,... hamda 0 som birgalikda butun sonlar deyiladi.
Butun sonlar nazariyasida qoldigii bo‘lish hagidagi teorema muhim
ahamiyatga ega: ixtiyoriy butun a vam > 0 sonlari uchuna =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 qgoldig.

Agar r=0 bo‘lsa, a soni m ga boMinadi deyiladi va a:b ko‘nmshida
yoziladi.

a=Ta+r,0 <r<m munosabatni
ko‘nmshda yozish mumkin.

Bunday holda, g soni —sonning butun gismi, —esa uning kasr gismi

hisoblanadi.

Shuning bilan birga yig‘indinmg bo‘linish  alomati  muhim
tatbiglarga ega: agar, aimvabim bo‘lsa, u holda, (a + b) : m bo‘ladi.

Quyidagi teskari teorema o‘rinli ekanligini gayd qilib o‘tish muhim:
agar (a+ b)imvaaim bo‘lsa, uholda b\ m bo‘ladi.

Sonlaming bo‘linishi refleksivlik a : a va tranzitivlik xossalariga
ham ega, ya’ni a :bvab :c lardan a I ¢ kelib chigadi.

1.13 ga bo‘lganda, to'ligsiz bo‘nnma 17 teng bo‘ladigan eng katta
butun sonni toping.

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

3.1sbotlang:

a) toq natural sonning kvadratini 8 ga bo‘lganda qoldiq lga teng
bo‘ladi.

b) ketma-ket ikkita natural son kvadratlari yig‘indismi 4 gabo‘lganda
goldig Iga teng.

4.p > 5tub sonni 6 gabo‘lganda goldiq 1yoki 3 bo‘lishini isbotlang.

5.p > 5 tub sonning kvadratini 24 ga bo‘lganda 1 goldig hosil
boiishini ishotlang.

moatm (0T E<l)



6.Agar Ikki butun sondan har binni m natural soniga bo‘lganda
1 qoldiq qolsa, u holda ulaming ko‘paytmasini m ga bo‘lgandagi qgoldiq
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 iduksiya metodidan foydalanib 15 ning ixtiyoriy
natural darajasi 15” ni 7 gabo‘lsak goldiq 1gateng bo‘lishini ko ‘rsating.

9.Barcha 22’ + 1 (n = 2,3,...) ko‘rinishdagi sonlar 7 ragami bilan
24" —5(n = 1,2,...) ko'rinishdagi sonlar 1ragami bilan tugashi -
ni isbotlang.

10.1kkita toq sonning kvadratlari yig‘indisi butun sonning kvadratiga
teng emasligini isbotlang.

11.Pifagor uchburchagining (tomonlan natural sonlarda ifodalanadi-
gan to‘g ‘ri burchakli uchburchakda) hech bo‘lmaganda bitta kateti 3 ga
bo‘linishini isbotlang.

12.Pifagor uchburchagi tomonlaridan hech boMmaganda bittasi 5 ga
bo‘linishini isbotlang.

13-Sn = 1+ 2 + 3 H-—-—Hn yig'indim 5 ga bo‘lgandagi qoldiq
1boMadigan barcha n natural sonlami toping.

14. Agar (ax —by) : m, (a —b) : m hamda b vam lar 1 dan fargli
umumiy natural bo‘luvchiga ega bo‘lmasa, u holda (x —y) mm
ekanligini isbotlang.

15.4" + 15n —1(n = 1,2,...) ko‘rinishdagi sonlar 9 ga Kkarrali
ekanligini isbotlang.

16. Natural argumentli /(n) = 10” + 18n - 1va F(n) = 32n+3 +
40n - 27 funksiyalar giymatlari mos ravishda 27 va 64 ga karrali
ekanligini isbotlang.

1 7 .~ va n2#t+l ko‘rinishdagi kasrlar sof davriy o‘nli kasrlarga

aylanishini isbotlang.

18.Agar ikkita uch xonali sonlaming yig‘indisi 37 ga bo‘linsa, u
holda ulardan birini ikkinchisining davomidan yozish natijasida hosil
bo‘lgan olti xonali sonning 37 ga bo‘linishini ishotlang.

19. Quyidagilami isbotlang:

ND(M5- m) 5, 2)m(m2+5):6 3Im(m+ND2m+1)i6

20.2n + 1 ta ketma-ket natural sonlar yig‘indisi 2n + 1 ga karrali
ekanligini isbotlang.



21.7 <11 w13 = 1001 ekanligini bilgan holda 7, 11 va 13 ga
boMinishning umumiy belgisini keltirib chigaring va uni 368312 soniga
go‘llang.

22.Ragamlari yig‘indisi bir xil bo‘lgan sonlar ayirmasining 9 ga
karrali ekanligini isbotlang.

23.5n = 7+ 77 + 777 H—--h 77 ...7 —yig‘indini hisoblang.

nta

24.48,4488,444888,... sonlami ikkita ketma-ket jufl sonlaming
ko‘paytmasi shaklida ifodalash mumkinligini ko‘rsating.

25.16,1156, 111556,11115556, sonlarning to‘liq kvadrat bo‘lishmi
ko‘rsating.

26.Ixtiyoriy n natural soni uchun (n + 1)(n + 2) ... (n + n) nrng 2"
ga boMinishini isbotlang.

I. 2-8. Eng katta umumiy bo4uvchi (EKUB) va
eng Kichik umumiy karrali (EKUK) :
Berilgan al,a2,...,an sonlaming barchasini bo‘luvchi sonlarga
ulaming umumiy bo‘luvchilari deyiladi. Umumiy boMuvchilanning eng
kattasiga berilgan sonlarning eng katta umumiy bo‘luvchi (EKUB)
deyiladi va uni (al,a2, ...,an) ko‘rinishda belgilaymiz.

Berilgan al(a2, ..., an sonlaming barchasiga bo‘linadigan sonlarga
ulaming umumiy Karralilari (bo‘linuvchllari) deyiladi. Umumiy
karralilarining eng kichigiga berilgan sonlaming eng kichik umumiy
karralisi (EKUK) deyiladi va uni [al,a2, ..., an] ko‘nmshda belgilaymiz.
Ta’rifdan (a”ar, ...,an) > 1 va [al,a2 ...,.an] > 1 ekanligi kelib
chigadi.

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

1. Berilgan sonlar EKUBI ulaming ixtiyoriy umumiy boMuvchisiga
boiinadi.

2. Berilgan sonlaming ixtiyoriy umumiy karralisi ulaming EKUKiga
boMinadi.

Bir nechta sonlaming EKUB va EKUKIini topishda

(al,a2, n) = ((al(a2,....a*xXan); [ax,a2,...,an_1(an]
= [[ai>a2>men_i],an]
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rekurrent formulalardan foydalanib, ikkita sonning EKUB va
EKUKIarini topishga keltiramiz.

Ikkita sonning EKUBIni ulaming kanonik yoyilmasi (tub ko‘pay-
tuvchilar ko‘paytmasiga yoyilmasi) yoki Evklid algoritmidan foydalanib
topish mumkin.

avab lar natural sonlar bo‘lib a> b bo‘lsin. U holda qoldiqgii
bo lish hagidagi teoremaga asoslangan quyidagi jarayonga Evklid
algontmi deyiladi:

a=hg +r, 0fr,<b
b=l +2 O, <,
JEr2 a+), 0Sr3<,

r.-i=r._q,+r,, 0Sr,<v,
r-i=r. 4
Bu yerda, b >rt > r2> e > rn_x > rn bajarilgani uchun jarayon
albatta chekli bo‘ladi. Evklid algoritmidagi noldan fargli oxirgi goldiq m
berilgan avab sonlaming EKUBI bo‘ladi, ya’ni rn = (a, b). Agar
alfa2, sonlan uchun (a™ar,...,an) = 1 bo‘lsa, ular o‘zaro tub,
i2® bo‘lganda (a”.a”) = 1 bo‘lsa, juft-jufli bilan o‘zaro tub sonlar
deb ataladi. Ikkita a va b sonlarining EKUB va EKUK lan (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, ulaming
EKUK:i berilgan sonlaming ko‘paytmasiga teng bo‘ladi.

27.Evklid algoritmidan foydalanib berilgan sonlaming EKUBIni

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

29.a). [6,35,143] = 6-35143; b).[n,n + 1] = n(n + 1) ekanligini
ishotlang.

30.1kkita ketma-ketjuft sonlaming EKUBI 2ga, ikkita ketma-ket toq
sonlaming EKUBI esalga teng ekanligini isbotlang.

31.(ch, be, ca)l(a, b, c)2 ekanligini isbotlang.



32.Agar(a, ft) — 1bo‘lsa, u holda (a + ft,a —ft) 1gayoki 2 gateng
ekanligini isbotlang.

33.Agar " gisqarmaydigan kasrbo‘lsa, kasr gisgarmaydigan kasr
bo‘la oladimi?

34.1kkita toq sonlar ayirmasi 2” ga teng. Bu sonlar o'zaro tub ekan-
ligini isbotlang.

35.Quyidagi sonlarning EKUBIni toping:

a)d = (a,b) va m = [a, fi] b) ab va [a, b]

c)a + bvaab,bunda (a,b) = 1 d)a+ bvam = [a, b].
36.Quyidagilami toping:
a) (n,2n + 1), ft) 1I0n + 9,n + 1), c) (3n+ 1,10n + 3)

37.x = [a, ft] bo‘lganda va fagat shunday bo‘lgandagina ("#|) = 1
bo‘lishini isbotlang.

38.a,b,c toq sonlar uchun (a,b,c) = tenglik o‘nnli
ekanligini isbotlang.

39.1). Agara=cq +r vaft=cql+d bo‘lsa u holda (a, ft,c) =
(c,r,ri) ekanligini isbotlang. Bu yerda a.ft.q.tji.r.rj — manfiy
bo‘lmagan butun sonlar; ¢ —musbat butun son.

2). Birinchi gismda isbotlangan qoida bo‘yicha : a) (299, 391,667),
b) (588, 2058, 2849) lami toping.

40. (a, ft) = (ba + 3ft,13a + 8ft) tenglik o‘rinli ekanligini
isbotlang.

41. Uchta ketma-ket natural sonlarning EKUB va EKUKIari niraaga
teng ekanligini toping.

42. n, a, b - natural sonlar va (a,b)=I bo‘lsa, nab sonni ax + by
ko‘rinishda tasvirlang, bu yerda x,y lar ham natural sonlar.

43. a = 899, ft = 493 uchund = (a, ft) nitopingvaunid = ax +
by ko‘rinishda ifodalab x,y laming giymatlarini aniglang.

44, Evklid teoremasini isbotlang: Agar (a,c) = (ft.c) = 1bo‘lsa, u
holda (aft,c) = Ibo‘ladi.

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

46. Agar (a,c) = 1 bo‘lsa, u holda ft: (ab,c) oainli ekanligini
isbotlang.



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

48. m, n va k natural sonlar uchun mm ek = [m,n,/c]
Crn.TK.nK) munosabat o‘rinli ekanligini isbotlang.

49. Quyidagi tenglamalar sistemasini natural sonlarda yeching:

(a+y =150 ((x,y) = 45 yfxy = 8400
I (*.y) = 30" b)[ x=X 1 I(x,y) = 20"
(- =n ( xy =20

“lfecrt-ir

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

51.a+ b(g + 1) : m boiganda, va fagat shu holdagina N = 10a +
fe(0 b < 9) natural son m = 10q + 9 ga bo‘linishini isbotlang.

52. N = an...ala0 soni 19 ga bo‘linishi uchun, Nj = an..a2" +
2a0 sonning 19 ga bo‘linishi zarur va yetarli ekanligini isbotlang va
misollarda ko‘nb chiging.

53. 52-misoldagi qoida bo‘yicha N = 3086379 sonining 19 ga
bo‘linish bo“'in masligini aniglang.

L3-8.Tub va murakkah sonlar

Agar natural son fagat ikkita boMinuvchi (hir va 0‘zi) ga ega bo‘lsa,
bunday natural sonlar tub sonlar deb ataladi. Agar natural son lkkitadan
ortiq boMuvchilarga ega bo‘lsa, bunday scmlar murakkab sonlar deyiladi.

Tub sonlar (va ulaming natural darajalari) juft-juft o‘zaro tub. Birdan
fargli berilgan a sonining eng kichik bo ‘luvchisip tub son bo‘ladi va p <
Va baiariladi. Har bir murakkab sonni tub sonlar ko ‘paytmasi ko ‘rinishi-
da yagona usulda tasvirlash mumkin (bu tasdigga arifinetikaning asosiy
teoremasi deyiladi), ya’'m a ni a = plp2—pn ko‘rinishda yozish
mumkin.

Agar bu yoyilmada pr soni ax marta, p2 soni a2 marta va hokazo pk
soni ak marta gatnashsa (k <ri), uni a = p“x22 p“k ko‘rinishda
yozish mumkin. Bu yerdan a ning ixtiyoriy bo‘luvchisi d ni

a=pfpf2- PK" (0 < A< «@>i=10n) *)
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ko‘rinishda ifodalash mumkin ekanligi kelib chigadi.

Berilgan (J10,NJ, (NO < Nx) oraligdagi tub sonlami ajratish
uchun Eratosfen g‘alviri deb ataluvchi usuldan foydalaniladi. Unga ko‘ra
berilgan oraligdagi 2 ga bo‘linadigan sonlami o‘chirib chigamiz. Qolgan
sonlar orasidan 3 ga karralilarini o‘chirib chigamiz, keyin esa 5 ga karrali
sonlami o‘chirib chigamiz va hokazo davom etib p ga (p bu J nl dan
katta bo‘lmagan va unga eng yaqin turgan tub son) bo‘linadigan barcha
sonlami o‘chinb chigamiz. Bunda p ga karrali sonlami o‘d  shni p2 dan
boshlash kifoya. 0 ‘chmay golgan sonlar izlanayotgan tub sonlar bo‘ladi.

Berilgan sonning tub yoki murakkab ekanligini aniglashda ham
shunga o‘xshash usuldan foydalanish mumkin. Berilgan a sonining tub
yoki murakkab ekanligini aniglash uchun uni p < Va shartni
ganoatlantiruvchi barcha tub sonlarga bo‘lib ko‘ramiz. Agar ulaming
birortasiga ham bo‘linmasa a tub son, aks holda murakkab son bo‘ladi.

54. 6n+ 1(n = 1,2,...) ko‘rinishldagi toq sonni, tub sonlar
ayirmasi ko‘rinishida ifodalab bo‘Imasligjni isbotlang.

55. Tub sonlar ayirmasi ko‘rinishida tasvirlanadigan barcha toq
sonlami toping.

56. N =3m +2(m = 1,2,...) sonning kvadratini natural son
kvadrati va tub sonning yig‘indisi ko‘rimshida ifodalash mumkin
emasligim isbotlang.

57. a murakkab sonning eng kichik tub bo‘luvchisi n/a dan katta
emasligini isbotlang. Bu teorema a = p tub son o‘rinli boMadimi?

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 sonlami toping.

60. n va 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 sonlaming barchasi tub sonlardan Iborat bo‘lsin.

63. Shunday p tub sonni topingki 2pz + 1 ham tuh son bo'lsin.

64. 4p2+ 1 va 6p2+ 1 sonlaming har ikkalasi ham tub son
bo‘ladigan p tub sonni toping.

n



65. Quyidagi sonlaming bir vagtda tub son bo‘Imasligini isbotlang:

1).P+5vap+10;2)p,p+2vap+ 5 3)2n—1lva2n+ 1,
bunda n > 2.

66.Agar p va8p2+ 1tubsonlarbo‘lsa, uholda 8p2+ 2p + 1 ham
tub son ekanligini isbotlang.

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

68. a > 3 butun son vam, n lar natural sonlar 3 ga bo‘lganda mos
ravishda 1 va 2 qoldigii bo‘lsa uchta a,a + m,a + n sonlarining bir
vaqgtda tub son bo‘Imasligini isbotlang.

69. n > 1 natural son bo‘lsa, n4+ 4 va nd+n2+ 1 laming
murakkab son boMishini isbotlang.

70. 3,5 va 7 sonian 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 sonlaming eng kattasi
mavjud emasligim isbotlang.

72. pn+l < Pi *P2...... pn ekanligini isbotlang, bunda
Pi (i = 1,2,...,n) -bmnchin tatub son vapn+lsom pn dan keyingi tub son.

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

74. Matematik induksiya metodidan foydalanib pn < 22” ekanligini
isbotlang. Bunda pn bilan n —ub son belgilangan va tenglik fagatgina
n = 1 bo‘lgandagina bajaniadi.

75. Agar 2n —1 tub son bo‘lsa, u holda n ning ham tub son
bo‘lishini isbotlang.



M BOB. SONLI FUNKSIYALAR
M.1-8. n(x) —funksiyasi

n(x) funksiyasi x ning musbat giymatlarida aniglangan boiib, x dan
katta bo‘Imagan tub sonlarning sonini ifodalaydi. n(x) ning g roiati tub
sonlar jadvalidan foydalanib bevosita hisoblash yo‘li bilan aniglanadi.
x ning kanuna giymatlarida esa

il’(}() ) Inx va jt(x) « J* Inu

formulalardan foydalanib tagnbly topiladi.

76.Hisoblang: 1) Tr(5); 2) Tr(10); 3) n (25); 4) xr(37); 5) ir(200);
6) t(1000).

Il.n(x) ~ formuladan foydalanib n(x) ning tagribiy giymatini
toping vanisbly xatosini hisoblang. 1)jr(100), 2) 7r(500), 3)7t(1000),
4) 7r(3000).

78.y = n(x) funksiyaning grafigini chizing va undan foydalanib
jt(x) = | tenglamani yeching.

79. Chebishev tengsizligj a < rr(x) Inx (bunda a vablar a < b,
0 <a< 1 b>1 shardami ganoatlantiruvchi o'zgarmas sonlardir) dan

foydalanib x -* coda »0 ning bajarilishini ko'rsating.

80.p-tub sonlar uchun ~ ~ < tengsizlikning, m-murakkab

son uchun tengsizlikning bajarilishini isbotlang.

M. 2-8. Butun gism va kasr gism funksiyalari

Y = [x] - unksiyasi x ning barcha haqgiqiy gqiymatlarida
aniglangan bo‘lib, x dan katta ho‘lmagan va unga eng yagin turgan butun
sonni ifodalaydi. Bu funksiyaga x ning butun gismi deyiladi.

Tushunarliki, [x] < x < [x] + 1 go‘sh tengsizlik o‘rinli. X ni
hamma vagt x = [x] + a, (bunda 0 < a < 1) ko‘rinishda yozish
mumkin. Bundan a = (x) = x —[x].Bu tenglik yordamida aniglanuvchi
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y = {x} - funksiyaga kasr gism funksiyasi yoki x ning kasr gismi
deyiladi.
Agar  va x2 sonlardan hech bo‘lmaganda bittasi butun son bo‘lsa,
u holda
[xi +x2] = [xt] + [x2]
tenglik o‘rinli bo‘ladi.
Sonning butun gismi uchun”J = ayniyat o‘rinli. n! sonning
kanonik yoyilmasida p tub son
m\ 'm1l m
.pJLpT LP*
daraja ko‘rsatgich bilan gatnashadi, bu yerda s, ps <m < ps+l
tengsizlikdan aniglanadi.

81. Sonlarning butun gismini toping: a) -2,7; b) 2+V987.¢c) —

d)”; e)\,(b)+2tg—\i) 3+sin”™; j) 3-2cos”; o 2-1g2512;

1=2-\walll; K) >30+$0.
82. +[e] =[e/r™+[4] tenglikni isbotlang. Bu yerda n-=3,14...-
aylana uzunligining diametriga nisbati va

(. 1a
e= limii 1+—| =27....
»MV nl

83. £ ning Ezl yoki EzIl ga tengligini isbotlang. Bu yerda
4 4 4

p > 2 tub son.
84. = tenglikni isbotlang, bu yerda r soni ani m bo‘lgandagi
goldig.
85.1M sx<12M +1, ,, =i)2)...tengsizlikni isbotlang.
n n n

86. “jning - +* ga yoki [*]+[~]+l Sa teng ekanligini
isbotlang
87. Arap m -toq son bo‘lsa, u holda ekanligini ishotlang.

88. Funksiya grafigini chizing: a)y = [x]; b)y = {x};
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c)y =[--1; dy=y-1; e)y=[sinx]-

89.Tenglamani yeching.

a) B2l =2 b) Jgr2-xj=x+1; c) d) [*2]=m

90. [i2,4m=87 tenglamani ganoatlantiruvchi m natural sonning
mavjud emasligini isbotlang.

91. [-n] va [¥] funksiyalar orasidagi bog'lanishni aniglang.

92. [*,+x,+m +x,] £]* ]+[*i]+—H**] tengsizlikni isbotlang.

93. [ r » [ tengsizlikni isbotlang, bunda n=1,2,3,...

94. iobvaio7sonlarning orasida 786 ga karrali nechta natural son bor.

95. 1000 dan kichik nechta natural son 5 ga ham 7 ga ham
boMinmaydi.

96. 36 soni bilan o‘zaro tub, 100 dan katta bo‘Imagan natural sonlar
sonini toping.

97. 2017! soni nechta nol hilan tugaydi.

98. p"!=1mOmB-mp"ning kanomk yoyilmasida p tub soni ganday
daraja Ko rsatkich bilan ishtirok etadi.

99.100! ko‘paytmada 6 soni ganday daraja ko ‘rsatkich bilan ishtirok
etadi.

100. 11! sonining kanomk yoyilmasini toping.

101. N = T son butun son bo‘ladigan eng katta natural

sonni topmg .
102. (2m)!! sonining kanomk yoyilmasida p tup soni ganday daraja
ko‘rsatkich bilan gatnashishini toping.
tenglama to‘g‘ri tenglikka aylanadigan

giymatlarini toping.
104. [ax2+bx+cr=d (buyerda a & 0,d -butun son) ko‘rinishdagi

tenglama yechimining mayjudlik shartini toping.

105. a va b lar natural sonlar, f(x) berilgan kesmada manfiy
bo‘lmagan uzluksiz fimksiya bo‘lsa, a <x <b, 0 <y < f(x) egri
chizigli trapetsiyada nechta butun koordinatali nugtalar boMadi.

106. x2+ y2 = 6,52 doirada nechta butun koordinatali nugta bor.
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107. 12317 dan katta bo‘lmagan va 1575 bilan o'zaro tub bo‘lgan
butun musbat sonlaming sonini anigiang.

11.3-8. Berilgan sonning bo‘luvchilari soni va boMuvchilari
yig‘indisini ifod&lovchi funksiyalar

T(n) vaET(n) funksiyalari n ning barcha natural giymatlarida
aniglangan boMib, mos ravishda n ning barcha natural boMuvchilari sonini
va barcha natural bo‘luvchilari yig‘indismi ifodalaydi. Ta’rifdan
T(1) =(t(1) = 1 ekanligi kelib chigadi. Agar n ning kanonik yoyilmasi
n="PilP°2 Pk* bo‘lsa, T(n) va or(n) lar mos ravishda quydagi
formulalar yordamidatopiladi:

T(n) = +1)(a2+ 1) .. (ak+ 1), (1)
tr(n)= g“_lil__l gzl | ntkll m
P2-1 Pk~1

Ikkala funksiya ham multlpllkativ funksiyaya’ni (m,n) = 1 lar
uchun
T(mm) = r(m) m(n),a(m m) = <r(m) *cT(m)
tengliklar o‘rinli.

108. Quydagi sonlaming 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 sonlaming 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 boMuvchilari soni 6 ga, boMuvchilarining yigMndisi
28 gateng boMsa, shu sonni toping.

I11. N =pa'pP(p.q lar turli tub sonlar ) boMsrn. Agar N2 soni
IS ta har xil boMuvchilarga ega bo‘lsa, N 3nechta natural boMuvchilarga
ega boMadi.

112. t(x) va o{x) laming grafigni sxematik tasvirlang.

113.  Har bir egi®ak tub sonlar juftngi p* < p2 uchun
<r(Pi) = <p(p2) ekanligini isbotlang. Bunda <p(a) -Eyler funksiyasi.
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114. a(T) —21 —1tenglamaning m natural sonlarda cheksiz ko‘p
yechimga ega ekanligini isbotlang.

115.1). Agar (m,n) =d > 1bo‘lsa, x(mn) va r(m)r(n) larda
gaysi katta?

2). Agar (m,n) =d > 1boMsa <r(mn) va <r(m)<x(n) lardan
gaysi katta?

116. mnatural sonining barcha natural bo‘luvchilarining
ko‘paytmasi <5(m)uchun formula chigaring va 5(10) ni toping.

117. 0 “zining natural boMuvchilarining ko ‘paytmasiga teng bo‘lgan
barcha natural sonlar to‘plami barcha tub sonlar to ‘plami bilan ustma-ust
tushishini isbotlang.

118. n = p*1p*“2... Plc sonining boMuvchilarining k- darajalarining
yigMndisi ak(n) uchun formula chigarmg.

119. afgn)uchun (118-misoldagn formuladan foydalanib hisoblang:

1) a2(12); 2)<«2(18), 3) ff3(36), 4) a2(16), 5) B(8).

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

121. cr(n) < 2n shartni ganoatlantiruvchi n soniga yetarli sondagi
boMuvchilarga ega emas, a(n) > 2n shartni ganoatlantiruvchilarga esa
ortigcha boMuvchilarga ega boMgan son deyiladi. N = pn sonining yetarli
boMuvchilarga ega emasligini isbotlang. Bunda p tup son, n -natural son.

122. N =pa-+gP ko'rinishdagi toq natural sonning yetarli
boMuvchilariga ega emasligini isbotlang. Bunda p, q lar turli tub sonlar,
a, /? lar natural sonlar.

123. 1). Barcha boMuvchilarining ko ‘paytmasi 5832 ga teng boMgan
n natural sonini toping.

2). BarchaboMuvchilariningko‘paytmasi 330 «540ga teng boMgan
n natural sonini toping.

124. N =p”1p“2.. p£k —ko'rinishdagi kanomk yoyilniaga ega
boMgan 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
boMuvchiga ega boMsa, N = 2a « 5" a7y sotini toping.

126. N soni N = 2* m3y «5Z ko‘rinishiga ega. Agar N ni 2 ga
boMsak, hosil boMgan sonning boMuvchilari soni N ning boMuvchilari
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sonidan 30 taga kam. Agar N ni 3 ga boMsak, hosil bo‘lgan sonning
bo‘Inuvchilari soni N ning boMuvchilari sonidan 35 taga kam. Agarda
N sonini 5 ga boMsak, hosil boMgan sonning boMinuvchilari soni N ning
boMinuvchilari sonidan 42 ta kam boMadi. Shu N sonini toping.

127. Agar 2a+l —1 soni tub son boMsa, u holda 2a(2a+l1 —1)
sonining mukammal son ekanligini isbotlang (Evklid teoremasi).

128. Agar 2“+1 - 1 tub son boMsa, 2a (2a+1 - 1) ning yagona juft
mukammal son ekanligini isbotlang (Eyler teoremasi).

129. BoMuvchilar vyig'indisi o‘zidan 3 marta katta boMgan
2a wPi w2, (Pi,P2 lar toq tub sonlar) ko'rinishidagi eng Kichik sonni
toping. (Ferma masalasi).

130. Berilgan natural sonning aniq kvadrat boMishi uchun, uning har
xil natural boMuvchilari sonining toq boMishi zarur va yetarli ekanligini
isbotlang.

M.4-8. Eyier funksiyasi

Eyler funksiyasi - m dan katta boMmagan va m bilan o‘zaro tub
sonlar sonini bildiradi va <p(m) orgali belgilanadi. Agar m=p- tub son
boMsa, u holda ta’rifdan tp(p)=p-l ekanligi va agar m=pa boMsa
g>(pe) = pa—p«-1 —pa(l — umuman agar m=p?'p%.. p™
boMsa, u holda

ekanligi kelib chigadi. Eyler funksiyasi multiplikativ funksiyadir,
ya’ni u aynan nolga teng emas hamda (m,n) = 1 shartni ganoat-
lantiruvchi m,n lar uchun tp(im=<p(M<p(n) bajariladi.

131.y = (p(x) funksiyaning o‘zgarishini grafik shaklda tasvirlang.
Bu yerda x- natural son, <p(x) —Eyler funksiyasi.

132JHisoblang: 1) ¢(125), 2) g>(1000), 3) ((180), 4) <p(360),
5)71440),

6) ~(1890), 7>K113), 8)?)(232), 8)<3(12 19X 10)p(24-28-45>.
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133. Maxraji m ga teng gisgarmas musbat to‘g‘ri kasrlaming soni
nechta.

134. 1 dan 120 gacha natural sonlar orasida 30 bilan o‘zaro tub
boimagan sonlar soni nechta.

135. Quyidagi formulalaming o‘nnli  ekanligini  ko‘rsating:
a) (p(2a) =2“-1 ; b) cp(pa) =p“~V(p); c) <p(ma) = ma"V (™)
(m, a lar natural sonlar, p esa tub son).

136. <p(2m) ning giymati <p(m) yoki 2(p(m) boiishi mumkinligini
isbotlang. Bu hollarning har biri uchun o‘rinli kriteriyani toping.

137. Quyidagi tengliklami o‘rinli ekanligini isbotlang:

a) <p(4n + 2) = <p(2n + 1); b) ip(4n)
_f2 agar(n, 2) = 1bo'lsa;
~ {2<p(2n), agar(n, 2) = 2 bo'lsa.

138. Tenglamam yeching: a) <p(5x) = 100;
b) cp(7x) = 294; c) (p(px) = px_1; d) "p(3* w5X) = 600, bundax va
y natural sonlar.

139. Agar m > 3 bo‘lsa <p(m)ning giymati juft sc«i ekanligini
isbotlang.

140. Agar (p(x) = atenglamanmgx -m ildizi boMsa, u holda
X = 2m ham ildiz boMishini ishotlang. Bu yerda (m, 2) = 1.

141. Agar (m,n) > 1 bo'lsa, <p(m-n) va <p(m) m<p{ri) sonlarini
tagqoslang.

142. <p(mm) = <p(m) m<p(n) ¢ ekanligini isbotlang. Bu yerda
(m,n) = d.

143. AgarS = (m,n) va 4 = [m,n] bo‘lsa, (p(m m) = <p(5) *
ekanligini ishotlang.

144. <p(l) + <P(P) + <p(p2)+--- +<ip(p*) yig‘indini toping. Bunda
a-natural son.

145. Gauss ayniyatini isbodang: + <p(d2)+... + cp(dk) = m,
(Ed\m <p(d) = m), bunda dt — m ning natural boMuvchilari.

146. m bilan o‘zaro tub va wdan kichik natural sonlar yig‘mdisi

IS=Y, xm, 1) uchun formula chigaring.
Y, (xm=1 /

147. p bilan o‘zaro tub va p dan katta boimagan natural sonlar
yig‘mdisi p2 bilan o‘zaro tub va p2dan katta bo‘lmagan natural sonlar
sonidan ikki marta kam boiishini isbotlang.
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148.Tenglamani yeching:
Dm=p-\, 2<p®)=\4, Y)(x) =8, 4)p(x)=12
149.Tenglamani yeching: a) <p(x) = 2“;  b) <p(px) = 6 *px~2.
150.Tenglamam yeching: <p(m) = 3600, buyerdam = 3" m5" o 7r.
151.Tenglamani yeching: <p(x) = 120, bu yerda
X =pim2vaPi- p2=2
152.Tenglamani yeching: p(m) = 11424, buyerdam = of mpf.
153.Tenglamani tekshiring: a) <p(x) = <p(px); b) <p(px) =

P<P();
c) <p(piz) = <P(P2X); Pi > turli tub sonlar.
154.Tenglamani yeching:a) <p(x) - b) <p(x) = c) <p(x) =

155.Te*iglamam tekshiring: cp(px) = a.
156. Eyler funksiyasi xossalaridan foydalanib barcha tub sonlar

to‘plami cheksiz ekanligini isbotlang.
157. Maxraji 2 dan n gacha bo‘lgan barcha musbat to‘g‘ri, gisgarmas

kasrlar sonini aniglang
158. 300 dan kichik va u bilan EKUBI 20 ga teng bo‘lgan natural

sonlaming sonini aniglang.
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Ll BOB. TAQQOSLAMALAR NAZARIYASI ELEMENTLAHI
W . I-8.Tagqoslamalar va ulaming asosiy xossalari

Agar ikkita butun a va b sonni  m”N ga bo‘lganda hosil bo‘lgan
qoldiglar o‘zaro teng bo‘Isa, a va b sonlar m moduli bo‘yicha teng goldiqii
yoki taqgoslanuvchi sonlar deyiladi va a = b(mod m) ko‘rmishda
belgilanadi. m modul bo‘yicha taqgoslanuvchi sonlarning ayirmasi shu
modulga goldigsiz bo‘linadi.

Agar a=b+mt bo‘lib, b ni m ga boigandagi qoldiq r boisa, a ni
ham m ga boigandagi qoldiq r gateng boiadi. Agara=mqg+r boisa,
a = r(mod m) deb yozish mumkin. Agar am boisa, a = 0(mod m)
boiadi.

Taqgoslamalar quyidagi asosiy xossalarga ega:

1.Har bir butun son ixtiyoriy modul bo‘yicha o0‘z-0‘zi bilan
taggoslanadi.

2.Tagqoslamaning  ikkala  tomonini  o‘zaro  almashtirish
mumkin(simmetnklik).

3. Taqgoslamalar tranzitiviik xossasiga ega.

4. Bir xil modulli taggoslamalami hadlab qo‘shish (ayirish), hadlab
ko‘paytinsh uiumkin.

5.Taqgoslamaning ikkala tomonini modul hilan o‘zaro tub bo‘lgan
ulaming umumiy boiuvchisiga bo‘lish mumkin.

6.Taqggoslamaning ikkala gismi va modulini bir xil songa boiish
(ko‘paytirish) mumkin.

7.Agar tagqgoslama biror m modul bo‘yicha o‘rinli boisa, u shu
modulning ixtiyoriy boiuvchisi m\ moduli bo‘yicha ham o‘rinli boiadi.

8. Agar taqgoslama bir necha modul bo‘yicha o‘rinli boisa, u shu
modullaming eng kichik umumiy Kkarralisi bo'yicha ham o‘rinli boiadi.

159. Qanday modul bo‘yicha barcha butun sonlar o‘zi bilan
taggoslanac*'

160. 8 modul ho‘“yicha taggoslanuvchi butun sonlarga misoliar kelti-
ring.

161.Quyidagi tagqoslamalardan gaysilari o‘rinli:a) 1 = -5 (mod 6),

b) 546 = 0(mod 13),c¢) 23 = 1(mod 4), d) 3m = —1(mod m).

162.Quyidagi taggoslamalaming o‘rinli ekanligini isbotlang:
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0)121 = 13145(mod 2), b) 121347 = 92817(mod 10),
c) 31 = —9(mod 10), d)(m —1)2= I(mod m),
e)2m+ 1= (m + 1)2(mod m).

163. Quyidagi taggoslamaiarmng o‘rinli emasligini isbotlang.

a) 51812 = 1964(mod 25), b) 7103 = 3(mod 87),

C) 41965 = 25(mod 10), d)30-17 =81 -19(mod 6),

e) (2n+ )(2m + 1) = 2k(mod 6), bu yerda n, m va &-butun
sonlar.

164. Har bir butun son berilgan modul bo'yicha o‘zining qoidig‘i
bilan tagqoslanishini isbotlang.

165. x soni x = 2(modl0) shartni ganoatlantiradi. Bu shartni
parametrik tenglama ko‘rimshida yozing va x nmg bir nechta giymatini
tgping.

166. Quyidagi taggoslamalami ganoatlantiruvchi x ning barcha
giymatlarini toping: a) x = 0(mod 3), b) x = 1(mod 2).

167. a) 20=8(modm) b) 3p+ 1= p+ I(mod m) shartni
ganoatlantiruvchi m ning giymatini toping.

168. Agar x = 13 soni x = 5(modm) taggoslamani ganoatlan-
tinshi ma'lum bo‘lsa, bu taggoslamada modulning mumkin bo‘lgan
giymatlaruu toping.

169. 10 modul bo yicha tagqoslanuvchi butun sonlarga misollar
keltiring.

170. Quyidagi taggoslamalardan gaysilari o‘rinli:

a) 1= —I(mod 6), b)3n =n2(modn), ¢)26=I(mod 7),
d) 3m = I(mod m).

171. x = 7(mod5) taggoslamani ganoatlantiruvchi x ning barcha
giymatlarini toping.

172. Butun Kkoeffitsiyentli F(x,y,z) = ax3+ bx2y + cxyz + dz
ko'phad argumentlanning giymatlari berilgan modul bo‘yicha tagqos-
lanuvchi bo‘lsa, u holda ko‘phad giymatlari ham shu modul bo‘yicha
taggoslanuvchi bo‘lishini isbotlang.

173. Agar 3" = -I(mod 10) boMsa, unda 3n+4 = -I(mod 10)
bo‘lishini isbotlang, bu yerda n - natural son.

174. 25n —1 semi 31 ga bo‘linishini isbotlang, bu yerda n -natural
son.
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175. Agar x = 3n+ I,n = 0,12, ..bo‘lsa,l + 3* + 9* soni 13 ga
boiinishini isbotlang.

176. (a + b)p = ap + bp(mod p) orinli bo‘lishini isbotlang.

177. Agara = b(modpn) boisa, ap = bp(mod pn+1) ekanligini
isbotlang.

178. Agar ax = bx(modm) boisa, u holda a= b (mod

ekanligini isbotlang.

179. ai+l = 0 boiganda al+la, = at deb hisoblab, agar
a”aTaV = 0(mod 33) boisa, uholda a4 + ap£ + aja® = 0(mod 33)
ekanligini isbotlang.

180. p -t = - i(modp), (buyerdai =1,2,...,n ekanligidan
foydalanib

1) = (<)n(mod p); 2)C” 2= (-1)n(n + I)(mod p)

o‘nnli ekanligini isbotlang.

181. 1)99 2) 79 sonlaming oxirgi Ikki ragammi toping.

182. pp2+ (p+ 2)ps O(mod 2p + 2)  taggoslama  o'rinli
ekanligini isbotlang, bu yerda p > 2.

183. ,—1,0,1,... sonlamingp>2 modul
bo‘yicha o‘zaro taggoslanmasligini isbotlang.

184. i~ i- m(mod m) ekanligidan foydalanib in=
0(mod m) o‘rinli ekanligim isbodang, bu yerda n va m lar toqg sonlar.

185. 23" = -I(mod 3n+l) tagqoslama  o‘rinli  ekanligini
isbotlang, buyerda n = 1,2,3,....

186. 185- masaladagi tagqoslamadan foydalanib

2m + 1 = 0(modm) shartni ganoatlantiruvchi cheksiz ko‘p m> 1natural
sonlarning mavjudligini isbotlang.

187. m > 1-tog sonvan-natural son uchun
(m —I1)"1" = —(mod mn+1) ekanligini isbotlang.

188. 187-masaladagi taqgoslama yordamlda 22+ 1 = O(modx)
shartni ganoatlantiruvchi natural x sonlarning cheksiz to ‘plami mavjud-
ligini isbotlang.

189. N —32ml+ 2 va M= 234"+ + 3, (bunda n = 1,2,3,...)
ko‘rinishdagi sonlarning murakkab son ekanligini isbotlang.
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190. 2x+ 7y = 19z va 2x+ 5¥Y= 19z tenglamalarning natural
sonlarda yechimga ega emasligini isbotlang.
191. Agar ko'rinishdagi sonlaming butun ekanligi ma'lum

bo‘lsa, (a, b -butun sonlar) — ko‘rinishdagi son ham butun son
ekanligini isbotlang.

192. Agar n tog son bo‘lsa, n2- 1= 0(mod8) ning o‘rinii
ekanligini isbotlang.

193. 21131 = 2(modll «31) ning o‘rmli ekanligini ko‘rsating.

194. Agar p>2 tub son bo‘lsa, |2k+l + 22k+1 + 32fcHl + ... +
(P ~ 1) 2fctl = 0(modp) ning o‘rinli ekanligini ko‘rsating.

I1L2-8.Benlgaa modul bo‘yicha chegirmalar sinflari

m modul bo‘yicha Z-butun sonlar to‘plamini quyidagicha m tasinfga
ajratamiz. m ga bo‘lganda bir xil qoldig goladigan sonlar to plamini bitta
sm deb garaymiz. Ixtiyoriy a GZ sonini a=mq+r,0 <r <m
ko‘rinishda tasvirlash mumkm bo'lgam uchun, r = 0,1,2,....m- 1
goldiglarga mos ravishda

~ Q> "2 *e>Ctl-| (1)

sinflarga ega bo‘lamiz. C, sinfiiing elementlari a = mq + i shaklga
ega bo‘lib , g ga har xil giymatlar bensh natijasida bu sinfiiing barcha
elementlarini  hosil gilish mumkin. (1) ga m moduli bo‘yicha
chegurnalar smflan deyiladi. m moduli bo‘yicha chegirmalar sinflari

to‘plami — = {C,,Q,,..., On-i} da qo‘shish
c ¢ = (Ci+' aBari+ j< mbo'lsa;
“J (Q+;-m, agari+ j> mbo'lsa A
munosabat bilan, ko’oaytirish esa
c ¢ _( ci> agarij < m bo'lsa;

1 J tcr, agarij> mbo'libij =mqg+r bo'lsa
munosabat bilan aniglanadi.
m moduli bo‘yicha chegirmalar sinflarining har bindan bittadan
element olib tuzilgan sonlar to‘plami m modul bo‘yicha chegimalaming
to 1a sistemasi deyiladi.
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Chegirmalaming m modul bo‘yicha toia sistemasi sifatida odatda

qulaylik uchun {0,1,2, 1} - manfiy bo‘lmagan eng kichik
chegirmalaming to‘la sistemasi; {1,2, ..., m —1, m) —musbat eng kichik
chegirmalaming to‘la sistemasi; m juft bo‘lsa {0; +1; +2; .... £(m-2)/2;

m/2}, mtoq bo‘lsa{0; £1; £2;..., +{m-\)i2} - absolyut giymati jihatidan
eng kichik chegirmalaming to‘la sistemasi olib garaladi.

Berilgan sonlar to‘plami biror m modul bo‘yicha chegirmalaming
toda sistemasini hosil gilishi uchun bu to‘plam elementlari quyidagi ikki
shartni ganoatlantirishi kerak:

1) ular m modul bo‘yicha har xil sinflaming vakillari bo ‘lishi;

2) ulaming soni m ga teng bo“lishi kerak.

Bu yerda quyidagi teorema keng qo‘llaniladi

1-teorema. Agar x o‘zgaruvchi m modul bo‘yicha chegirmalaming
to‘la sistemasini gabul gilsa, uholda (a,/n)=Iva b esa ixtiyoriy butun son
bo‘lganda ax+b chizigli forma ham m modul bo‘yicha chegirmalaming
to‘la sistemasini gabul giladi. >

m moduli bo‘yicha chegirmalaming to‘la sistemasidan m hilan
0‘zaro tub bo‘lganlarini ajratib olib sistema tuzsak hosil boigan
sistemaga m moduli bo‘yicha chegirmalaming keltirigan sistemasi
deyiladi.Ta’rifdan chegjrmalammg keltirilgan sistemasida <p(m)ta
chegirma mavjud ekanligi kelib chigadi.

2-teorema. Agar (a,m)=I bo‘lib x o‘zgaruvchi m modul bo‘yicha
chegirmalaming keltirilgan sistemasini gabul gilsa, u holda ax ham
m modul bo‘yicha chegirmalaming keltinlgan sistemasini gabul giladi.

p -tub moduli bo‘yicha eng kichik musbat chegirmalaming
keltirilgan  sistemasi  1,2,3,...,p —1, ulaming to‘la sistemasi
1,2,3,...,p —1,p dan p ni tushurib goldinb hosil gilinadi. Shuningdek,
p -tub moduli bo‘yicha eng katta manfiy chegirmalaming keltirilgan
sistemasi —p —1), «p —2),..., —2,—1; p > 2 -tub moduli bo yicha
absolyut giymati jihatidan eng kichik chegirmalaming Kkeltirilgan
sistemasi il, +2,..., + ~~ lardan iborat boMadi.

195. 10 moduli bo‘yicha barcha sinflami tagqoslama ko‘rinishda
yozing.

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

I)m =9 2)m=28, 3)p =13, 4)m = 12, 5)p = 7, 6)m = 10.

197. 10 modul bo‘yicha barcha smflami x = 10g + r,0 < r < 10
formula yordamida yozing.

198. Chegirmalaming barcha sinflarini ko'rsating: a) 10 modul
bilan o‘zaro tub bo‘lgan; b)10 modul bilan EKUBIi 2 ga teng,
d) 10 moduli bilan EKUBI 5ga teng;

e) 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 chegirmalaming to‘la
sistemasini teeing.

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

202. 20,-4,22,18,-1 sonlari  ganday modul bo‘yicha
chegirmalaming to‘la temasini tashkil etadi.

203. 20,31,-8,-5,25,14,8,-1,13 va6 sonlar sistemasu ng
10 moduli bo‘yicha chegirmalaming keltirilgan sistemasini tashkil etmas-
ligini isbotlang.

204. Istalgan mta ketma-ket kelgan butun sonlar m modul bo‘yicha

chegirmalaming to‘la sistemasini tashkil gilishini isbotlang.

295, Mt _m3 494, EJB— ™Lsontar m- toq
modul bo‘yicha chegirmalaming to‘la sistemasini tashkil gilishini
isbotlang.

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

207. 4 moduli bo‘yicha 5x ko‘rinishdagi hech bo‘Imaganda bitta
chegirmalaming to‘la sistemasini toping.

208. Agar axi + b (i = 1,2,3, ...,m) ko‘rinishdagi son m modul
bo‘yicha chegirmalaming to‘la sistemasini tashkil etsa, unga mos wj
sonlar ham m modul bo‘yicha chegirmalaming to‘la sistemasini tashkil
gilishini isbotlang.

209. Arap OnxJ1+ an_rx#i 1+ —+a” +a0,(i =12 ..m)
ko‘nnishdagi sonlar m modul bo‘yicha chegirmalaming to‘la sistemasini
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hosil gilsa, u holda unga mosXj sonlar ham m modul bo'yicha
chegirmalaming to‘la sistemasini hosil giladi va aksincha ekanligini
isbotlang.

210. 6 moduli bo‘yicha bir nechta chegirmalaming keltirilgan
sistemasini tuzing.

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

212. p modul bo‘yicha chegirmalaming Kkeltirilgan sistemasi
p - ltachegirmadan tuzilganligini isbotlang.

213. , T, 1.1. . sonlar sistemasi p>2
modul bo‘yicha chegirmalaming keltirilgan sistemasini tashkil etishini
isbotlang.

214. 5,52,53,54,5s,56 sonlar sistemasining 7 modul bo‘yicha
chegirmalaming celtirilgan sistemasi ekanligini isbotlang.

215. Agar axi, (i = 1,2, ...,.<jp(m)) sonlari m modul bo‘yicha
cheeMmalaming keltirilgan sistemasini tashkil gilsa, u holda ularga mos
X( sonlarrning ham m modul bo‘yicha chegirmalaming keltirilgan
sistemasini tashkil etishini isbotlang (yuqoridagi ikkinchi teoremaga
teskari teorema).

216. Agar (a,m}=1, b=0(modm)vax o‘zgaruvchining giymatlari m
modul bo‘yicha chegirmalaming keltirilgan sistemasini tashkil etsa, unda
ax+b funksiyaning giymatlari ham m modul bo‘yicha chegirmalaming
keltirilgan sitsemasini tashkil gilishini isbotlang.

217. Agar (a,m)=d va x o‘zgaruvchining giymatlari ~ modul
bo‘yicha chegirmalaming to‘la sistemasini tashkil etsa, u holda ~x + b

funksiyaning mos giymatlari ham ~ modul bo‘yicha chegirmalaming
to‘la sistemasini tashkil gilishini isbotlang.
218. Agar (a,m)=d va x o‘zgaruvchining giymatlari — modul

bo‘yicha chegirmalaming keltirilgan sistemasini tashkil etsa, u holda

funksiyaning mos giymatlari ham ~ modul bo‘yicha chegirmalaming

keltirilgan sistemasini tashkil gilishini isbotlang.

219. m=9 moduli bo‘yicha chegirmalaming to‘la va keu*nlgan
sistemalarini 3 xil (musbat, manfiy boimagan, absolyut qyimatijihatidan
eng kichik chegirmalar) ko‘rinishda yozing.
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L. 3-8. Eyler va Ferma teorenaalari

Eyler teoremasi. Agar m > 1va (a, m) - 1boisa, a*n) = 1(modm)
boiadi. Xususiy holda, agar m= p tub songa teng boisa, Eyler
teoremasidan quyidagi Ferma teoremasi kelib chigadi.

Ferma teoremasi. Agar p tub son va (a, p)=1 boisa, u holda
ct*si (mod m) boiadi.

Ferma teoremasidan ixtiyoriy abutun musbat soni uchun
a? —a = 0(modp) ning bajarilishi kelib chigadi.

220. a) agar (a,7) =1  boisa, (al2-1) i7, b) agar
(a,65) = (b, 65) = 1boisa, (al2- b12) !65 ekanligini isbotlang.

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

222. ap_ 1+ p—1 ko'rinishdagi son murakkab ekanligini
isbotlang, bu yerda a LLIO(modp).

223. 211-31 = 2(modll «31)ekanligini isbotlang .

224. 230sonni 13 ga boigandagi qgoldigni toping.

225. 359 sonini 17 ga boigandagi qoldigni toping.

226. an(p-1)+1 = a(modp) ekanligini isbotlang.

227. 317259%onim 15 ga boigandagi goldigni toping.

228. 380 + 780 sonini 11 ga boigandagi qoldigni toping.

229. 3100 + 4100 sonuu 7 ga boigandagi goldigni toping.

230. 197157 sonini 35 ga boigandagi qoldigni toping.

231. n = 7337 uchun 2n_1 = I(mod n) ekanligini ko‘rsatmg.

232. 130 +230 + .. + HO30b —1(mod11)ekanligini isbotlang.

233. Ixtiyony x butun soni uchun 1) x7=*(mod42);
2) x13 = x(mod2730) ekanligini isbotlang.

234. Agarp vaq lar har xil tub sonlar boisa,
p4-1 + gP-1 = I(modpq) ekanligini isbotlang.

235. 2100 sonining oxirgi ikkita ragamini toping.

236. 3100 sonining oxirgi ragamini toping.

237. 243402 sonining oxirgi uchta ragamini toping.

238. Agar (n,6) = 1boisa,n2= I(mod24) ekanligini isbotlang.
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239. Agar p tub son bo‘lsa, Zf=Y lk(p~" + 1= 0(modp)
taggoslamanmg o ‘rinli ekanligini ko ‘rsating.

240. Agar p tub son bo‘lsa, (2=iat)p = EF=iaf(modp)
taggoslamanmg o ‘rinli ekanligini ko‘rsating.

241. Agar (a,m) = 1 bo‘lsa ax = 1(modm) tagqoslamaning eng
kichik natural yechimi ¢ (1) ning boMuvchisi ekanligini isbotlang.

242. Agar N = E"=iai soni 30ga bo‘linsa, u holda M = £=1af
sonining ham 30 ga boMinishini isbotlang.

243. Ixtiyony butun sonning 100 -darajasi 125 ga bo‘linadi yoki
125 ga boMganda 1 qoldiq qgolishini isbotlang.

244. Agar (a,10) = 1 bo‘lsa, a100n+l = a(modl000) ning
bajarilishini ko ‘psating. Bunda n natural son.

245. m va n lar natural sonlar bo'lsalar, aém + a6n = 0(mod7)
taggoslamaning fagat a soni 7 ga karrali bo‘igandagina o ‘rinli ekanligini
isbotlang.

246. 5P +1 = 0 (modp2) taggoslamani ganoatlantiruvchi p tub
sonini toping.

247. p > 3 tub scai 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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IVBOB. BIRNOMA'LUMLI TAQQOSLAMALAR
IV. I-8. Bir noma’lumli tagqoslamalar (umumiy ma’lumotlar)

Ixtiyoriy darajali tagqoslamalar yechimlari sinflari. Faraz gilaylik
f(x) «-darajali  butun koeffitsiyentli ko‘phad bo‘lsin, ya'm
f{x) =a’x" +ax™" +...ma, x+a,. U holda

f(x) = 0(modm) (0
tagqoslamaga «-darajali bir noma'lumli tagqoslama deyiladi.

(@) da aOsonim ga bo‘linmaydi, ya’m a0 LLUO(modm). (1) ni
yechish bu uni ganoatlantiruvchi barcha x lami topish yoki uning
yechimining yo‘q ko‘rasatish demakdir. Lekinda agar xr (1) ning
yechimlar dan bin bo‘lsa, ya'ni f(XI) = 0(modm) bo‘lsa, u holda
X s X,(modm) tagqoslamani ganoatlantiruvchi barcha sonlar ham (1) ning
yechimi bo‘ladi. Hagigatan ham,x =x,(modm) ni x=x, +mt, teZ deb yoza
olamiz. Buni (1) ga olib borib qo‘ysak:

f(x) =a0(xi +mt)n+a,(x, +or)" 1 +mt) +a, -
=axf +...+a X, +a,+mT(xl) =Ab)+mT(xI).

Bundan taqgoslamaga o‘tsak, f(xx+ mt) = O(modm) ni hosil
ailamiz. Shumng uchun ham (1) ning yechimi, deganda alohida olmgan
bitta xr son emas, balki ~ + mt siInf bitta yechim deb tushuniladi m
modul bo‘yicha m ta chegirmalar sinflari mayjud bo‘lganligi sababli (1)
ning barcha yechimlarini m moduli bo‘yicha chegirmalaming to la
sistemasidagi  chegirmalami qo‘yib sinab ko‘rish yo‘li bilan topish
mumkin. Bu usulga tanlash usuli deyiladi. , ,

Agarda bir xil noma’lumli ikkita tagqoslamaning yechunlan
to‘plami bir xil bo‘Isa, ular teng kuchli tagqoslamalar deyiladi. Quyidagi
almashtinshiar natijasida hosil bo‘lgan tagqoslamalar teng kuchhdir.

Dtaggoslamanmg ilckala tomoniga yoki uning istalgan tomoniga
modulga karrali bo‘lgan soni u go‘shish;

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

3) taggoslamaning ikkala tomonini va modulmi bir xil songa bo lish,

j garda benlgan taggoslamani ixtiyoriy butun son ganoatlantirsa, u
holda bu tagqoslamaga ayniy taqqoslama deyiladi. Ayniy tagqoslamaga
misol sifatida Ferma teoremasidan kelib chigadigan xp-x =0(mod/>)
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(p-tub  son) taggoslamani olish mumkin.  Shuningdek, agar
f(x) ko‘phadnmg barcha koeffitsiyentlar m ga bo‘Imsa, /(x) a O(mod»i)
taggoslama ayniy tagqoslama bo'ladi.

248. Eng kichik manfiy bo‘lmagan chegirmalaming to‘la sistema-
sidagi chegirmalami sinash yo‘li bilan quyidagi tagqoslamalaming
yecbimini toping:

a) 5x2- 15x + 22 = 0(mod3), b) x2+ 2x + 2 = 0 (mod5),
c)x2- 2x + 2= 0(mod3), d)x3- 2 =0(mod5),

e) 2x3- 3x2+ 2x - 1= 0(mod7), f) 2x = 7(mod15),

i) 21:3+ 3x - 5= Q(mod?7).

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

250. Awalo soddalashtirib, keyin absolyut giymati jihatidan eng
kichik chegirmalami sinab ko‘rish yo‘li bilan quyidagi taggoslamalami
yeching: '

a) 90x20 + 46n:2- 52x + 46 = 0(modl5),
b) 25x3 - 36x2- 18x + 13 = 0(modl2),
c) 21x + 4 = 7(mod6), d) x5- 2x3+ 13*- 1= 0(mod4).

251, 7x3+ 12x2 —x + 24 = 0(mod3) taggoslamani noma’lum jc
ning barcha butun giymatlarinmg ganoatlantirishini tekshiring.

252.. Quyidagi taggoslamalami noma’lum X ning barcha butun
giymatlarining ganoatlantirishini tekshiring:
a)x3-x + 6 = Q(mod3); b) x(x2- 1) = 0(mod6);
c) 20x5+ x* - 10x3- 1= 0(mod5); d)x13- 26x12- X
= 0(modl3). -

253. Quyidagi taqgoslamalami noma’lum x ning birorta ham butun
giymatlarinmg ganoatlantirmasligmi tekshinng:
a)5x = 4(mod5); b)x2- 2x+ 3
s Q(mod4); c¢)20x5+ 5x4- 10x3- 1
= 0(mod5); d)x13- 26x12- x +55s 0(modl3).
254, a) (m.n) =1 bo'lsa, n-darajali xn+ Ojx"'1+ axn~2+
eee+ On = 0(modm) tagqoslamani yangi o°‘zgaruvchi y kintish yo‘li
bilan (n —1) —darajali hadi gatnashmagan yn + b2yn~2+ + bn =
O(modm) ko'rinishdagi taqgoslamaga keltirish mumkm ekanligini
ko‘rsating.
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255. 2b4.a) dan foydalanib x3+ Sx2+ 6x —8 = 0(modlI3)
tagqoslamani uch hadli y3+px +q =0(mod13) tagqoslama
ko‘rinishiga keltiring.

256. xv(60) = I(mod60) taggoslamani yeching.

IV.2-8. Bir noma’lumli hirmchi darajaii tagqoslamalar.

Birinchi darajaii aOx + = 0(modm) tagqoslamani hamma vaqt
ax =b(modm) 1)
ko‘rinishga keltirish mumkin. Shuning uchun ham biz (1) ni
tekshiramiz. Awalo, faraz etaylik (a,m)=Il bo‘lsin. U holda x o‘zga-
ruvchi m moduli bo‘yicha chegirmalarning to‘la sistemasini gabul gilsa
ax ham shu sistemasini gabul giladi. Shuning uchun ham x ning faqgat bitta
giymatida ax som b tegishli bo‘lgan sinfga garashli bo‘ladi. Shu giymatda
axj = b(modm)gaega bo'lamiz. Shunday qilib, agar (a,m)=I bo‘lsa,
1) taggoslama bitta (yagona) x = x“modm) (yokix s xt +
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=at'd, b= m, m =m1l-d debolib (1) dan
a,Xx = 6,(mod mx), (apw,)=1 (2)
tagqoslamani hosil gilamiz. Bu (2) taggoslama esa yuqorida garab
chigilgan holga ko‘ra yagona yechimx mx,(modm,) ga ega bo‘ladi. Biz m
moduli bo‘yicha (m=myd) (1) tagqoslamaning yechimlarini topishimiz
kerak. Buning uchun (2) ning yechimlari
LXX-mi, X, xj+m,, L x,+(d-Dmy, 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
X, Xiti», x1+(d-1)/n1 4
lami olish mumkin. Demak, (1) ning bu holda d ta yechimiga ega
bo‘lamiz.
Agarda (a,mi=d>l bo‘lib b som d ga boMinmasa, u holda
(D-taggoslama hirorta ham yechimga ega emas. Chunki bu holda (1) dan
axdx = b + mtdt yoki = b = d(OiX —mxt) tenglikka ega bo‘lamiz.
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b soni d ga bo‘lImmaganligi uchun bu tenglikning bajarilishi mumkin
emas. Shunday qilib biz quyidagilarni isbotladik:

1). Agar (a,m)=I boMsa, (1) taggoslama yagona yechimga ega;

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

3) Agarda (a,m)=d>I va b soni dboMinmasa, (1) tagqoslama birorta
ham yechimga ega emas.

()-taggoslamaning yechimini topish uchun quyidagi usullardan
foydalanish mumkin:

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

2) taqgoslamalammg xossalaridan foydalanib koeffitsiyentlarim
almashtirish usuli (bu usulda taggoslamalaming xossalaridan foydalanib
x noma’lumning oldidagi koeffitsiyent 1bilan almashtiriladi. Bu usul ham
koeffitsiyentlar katta boMgan holda aniq yoMlanma (algoritm) bo‘Imagani
uchun unchalik ham qulay emas. Bunday hollarda (1) ning yechimmmg
topish uchun aniq formulaga ega boMish qulaydir);

3) Eyler teoremasidan foydalan*b yechish usuli (bu usulda yechim
x*an"Y“sbfmodm) formula yordamida topiladi);

4) uzluksiz (zanjirli) kasrlardan foydalanib yechish usuli mavjud.
(Bu usulda yechim * . (D)*up. ,(modm)formula yordamida topiladi. Bu

yerda Pn-i soni ~ kasrning uzluksiz kasrlarga yoyilmasidagi

(n —1) — munosib kasming surati (munosib kasrlar mavzusiga
garang)).

Taqgoslamalardan foydalanib ax + by = ¢ ko'nmshdagi birinchi
darajaii ikki noma’lumli, butun koeffitsiyentli anigmas tenglamalami
butun sonlarda yechish mumkin. Berilgan tenglamani ax = c¢ + b(—y)
ko‘rinishda, buni esa ax = c(modb) ko‘rinishda yozish mumkin. Bu
taggoslamaning yechimini yuqorida garab chigilgan usullardan bin bilan
topamiz. x = xr + bt, t € Z boMsm. U holda x ning bu giymatini berilgan

tenglamaga qo'yib y ni aniglaymiz: a(xr + bt) + by = c-»y = ﬂ(c —
axr - abt) =c *XI —at,ya’ni y = yx—at, t GZ ga ega boMamiz.
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257.Quyidagi tagqoslamalaming yechimga ega yoki ega emasligini
tekshiring, agar yechimga ega boMsa, um tanlash usuli hilan toping:
a) 5x = 3(mod6), b) 8x = 3(modl0), c)2x = 6(mod8),
d) 3x = —6(mod7), e) 4x s 3(modl2), f) 6x = 5(mod9),
5) 5x = 7(mod8).
258.Quyidagi taqgoslamalaming yechimga ega yoki ega emasligini
tekshiring, agar yechimga ega boisa, uni tagqoslamalaming xossalari-
dan foydalanib koeffitsiyentlanni almashtirish usuli bilan toping:

a) 5x = 3(mod7), b) 8x = 3(modll), c¢)Ax = 6(mod8),
d) 4x s 25(modlI3), e)llx = 3(modl2), f) 7x = 5(mod9),
g) 5x = 7(mod8), /1) 7x = 6(modl5).

259. Quyidagi tagqoslamalaming yechimga ega yoki ega emasligini
tekshiring, agar yechimga ega boisa uni Eyler teoremasidan foydalanib
toping:

a) 13x = 3(modl9), b) 27x = 7(mod58), c¢) 5x = 7(modl0),
d) 3x = 8(modlI3), <)25x = 15(modl7), f) 29x = 35(modI2),
g) 3x = 7(modll).

260. Quyidagi taggoslamalaming yechimga ega yoki ega emasligmi
tekshiring, agar yechimga ega boisa uni uzluksiz kasrlardan foydalanib
toping:

a) 13x = I(mod27), b) 37x = 25(modll7), «c¢) 113x =
89(mod311), d) 221x = IlI(mod360), e) 23x s 667(mod693),
f) 143x = 41(mod221), g) 20x = 13(mod43).

261. Quyidagi tagqoslamalaming yeching: a) 12x = 9(modI5),

b) 12* = 9(modI8), c¢) 20x s 10(mod25),

d) 10x = 25(mod35),

e) 391 = 84(mod93), /) 90x + 18 s 0(modI38),
£) 15x = 35(mod55).

262. Quyidagi anigmas tenglamalami taqqgoslamalardan foydalanib
yeching:

a) Sx+4y =3, b) 17x+ 13y =1, ¢)91x - 28y = 35,

d) 2x+3y =4, e) 4x- 3y =2, /) 3x- Ty =1,

0) 7x + 6y = 11.

263.a), x = -100 vax = 150 to‘g‘ri chiziglar orasidajoylashgan
va 8x —13y + 6 = 0 to‘g‘ri chizigda yotuvchi butun koordinatali
nugtalar sonini aniglang.
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b). x = Ilva x =200 to‘g‘ri chiziglar orasida joylashgan va
Sx —ly —8 = 0 to‘g‘ri chiziqda yotuvchi butun koordinata* nuqtalar
sonini aniglang.

264. x ning ganday butun giymatlarida quyidagi funksiyalar butun
giymat gabul giladi: a) f(x) = ; b)f(x) = ;

oo 2x - 1
c) fix) = [

265. a). G‘allani tashish uchun 60 kg va 80 kg lik gqoplar 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.

d). 6000 so‘mga 200 va 250 so‘mlik daftarlardan necha dona sotib
olish mumkin.

266.a). 523 sonining o ‘ng tomoniga shunday uchta ragamyozingki,
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‘Imsin.

IV. 3-§. Bir noma'lumli birinchi darajaii tagqoslamalar
sistemasini yechish

Ushbu birinchi darajaii tagqoslamalar sistemasi

Ayds At(mod m), AX b B(modm2), ,Akx =Bk(modmt) (9

berilgan bo‘Isin. Bu sistema yechimga ega bo‘lishligi uchun awalo
(1) dagi har bir taqgqoslama yechimga ega bo'lishi kerak. Bu
taggoslamalaming har birini yechib (1) ni quyidagicha yozib olish
mumkin.

X =b}mod1 x sb2(modrtu),---,x =bk(modmk). 2
(2) sistemani yechaylik. (2) ning birinchi taggoslamasidan

x =bhi +mltl, f,eZ. 3
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Bulardan (2) dagi ikkinchi tagqoslamani ganoatlantiruvchilarini
ajratib olamiz:

bx+ mki s b2(mod m2). (4)

Bundan m1ltl= b2 —bl(modm?2). Faraz etaylik (mtm2=d
boMsin. U holda agarda b”bi ayirma d ga bo‘linmasa, (4) taggqoslama
yechimga ega emas. Agarda d\b2-b\ bo‘lsa, (4) d ta yechimga ega va

||de) I’% 1 1u i )

tagqoslamayagona = t' (mod—) yoki tt = t' + *j-t2,

t2 GZ yechimga ega. titling bu giymatini (3) ga olib borib qo‘yib
(2) dagi birinchi 2 ta tagqoslamani ganoatlantiruvchi

X = j = bf =6, +/w,f +[w,,ffi,]r2

ni topamiz. Agarda xl=tl+mt'deb olsak, u holda
x=x2+[m, mZj2 yoki x

ni hosil gilamiz. Shu usulni davom ettirib x =
xk(mod [m#m2,.... mk]) ni, ya'ni (2) ning yechimini hosil gilamiz.
(2)- sistemada (m, =I, i*j, ™ :H bo‘lsm.U holda

(2) -sistemaning yechimix=jQmodM) boMadi. Bu yerda
=M, +Alj* +...+ MKkM Kk «bk (6)
vaA#,, V], ...Mtlar ushbu tagqoslamalar sistemasidan aniglanadi:
B1(mod w),M28M2s1( m o d e, MkMk=I(mod/wt). )

(2)-sistemani yechish gadimgi xitoy masalasi deb ataluvchi /a/ga
boMganda bi, m2 ga bo‘lganda 62, ...mt ga bo‘lganda goldig
goluvchi x sonini toping degan masalaning o ‘zginasldir.
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267. Taqqoslamalar sistemasini yeching:
ix =6(mod 15) x a 13(mod 14) ea 19(mod56)  (x a 4(mods)
1) J*=ig(niod2i), 2) xa6(mod3d)  3)jx*3(mod24) 4) I*al(modl2)
[ica 3(mod 12) *a 26(mod45) [xa 7(mod20) jx's 7(modl4)

I* m13(mod16) x =9(modl0) (x w7(mod9) (x a 5(modl2)
5) L =3{modlo) 6) x*10(mod15) 7) |xs 2(mod7) 8) ix a2(modd)
[x s 9(modI4) x a 1l(modl 2) [xs 3(modI2) [x a 2(modt )
fx—7(mod0) r s8(mod7) fica 2(mod5)
9) ejxa2(mod5) 10) ix =3(modn) 1)L =8(modl])
|x*8(mod9) [xa9(modl3) [*=12(modIS).

268. Modullari juft-jufti bilan o‘zaro tub boMgan taggqoslamalar
sistemasini yeching.

fxal(mod6) \2x =3(mod5) f3xal(modl7) [5x = 2(mod9)
1) |xa 2(mod7) 2) ixs 2(mod?)  3) f4ce 3(mods) 4) 3x(a -I(modi3)
|xa 3(modl 1), [3e =4(modl 1), \2x a 5(raod9), [xa 6(modl 1),
6x a I(mod35) |8xa7(modl7) |11xa-4<mod18) (2Ix a -2(mod23)
5) 3xa4{modI7) 6) moxall(mod6)  7) \Ix =I(modll) 8) 112xa3{mod9)
I0xa 7(modlI3), X = - l(mod19), Barr 5(mod7), |[xa6(modll),
fjt a 3(mod29) (6x a 5(mod31) r* =1(mod7)
9) jxa-5(modI2) 10) |xa-2(mod29) 11) JX=3(modg")
[2x a 7(mod 1), [sx = 3(mod27), PXH5(modI1).

269. m1,m2,m3sonlanga bo'lganda mos ravishda rlfr2(r3
goldiq goluvchi eng kichik natural sonni toping.

Nem, m2m3 pn 2 3 N mj m2 m3 b =* =3
1 7 8 9 1 2 3 13 21 23 9 1 13
2 3 4 5 1 2 3 3 5 8 2 4 1
3 9 10 13 3 5 6 3 8 2 4 1
4 4 5 7 2 3 4 10 5 7 9 4 6 1
5 3 7 8 2 4 5 11 7 13 17 6 12 16
6 7 13 17 4 9 1
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270. a ning ganday giymatida berilgan tagqoslamalar sistemasi
yechimga ega?

X * S(mod 18) X * a(modT) xs$(modl2) x m | Kmod 20)
1) xm8(mod2l) x»2(mod9)  3) XBotmodll) 4) xsl(modlS)
x = a(mod35),
X a 19(mod24) X = 7(modM), xa3(modlI5), XE»?(modl8),
5) x e« 10(mod21) X e 6(mod 15) x s 19(mod56) X s 3(modS)
xme(mod9), 6) xwl8(mod21) 7) x*3(mod24) 8) x*2(mod7)
|xa l(modl) xso(modtl), X a u(mod20), [x = trfmod9),
9) x*5(niod7) X 3 14(mod 19) xaS(modll)
xsumodll), 1) x«5(mod25) 4)'X"4(mod7)
XBa(modlO) x ma(mod9).

271.Absissalar o‘gining gaysi butun nugtalarida shu nugtalardan
o‘tkazilgan perpendikular berilgan to‘g‘ri chiziglaming barchasini hir
vagtda butun koordinatali nugtalarda kesadi.
Dx=2+5y,x=1+8y,x =3+ 1ly;
2) 4x —7y = 9,2x + 9y = 15 ,5x —13y = 12 ;
3)3x —by = 1,2x + 3y = 3,6x —7y = 7,
AHX+7y=2,x-5y=3,2x+ 7y =6;
5)2x- 3y = 1,x —by = 3, x —1ly = 2;
6) IIx +5y =6,10x + Ily =9,12x + 13y = -1;
7)3x- 7y =5,5x- 8y =4 ,lIx + 13y = -2 ;
8) I0x-9y =1,x-7y = 3,x + 5y = 2;
9 lIx + 17y = 5,19x - 37y =1 ,lIx - 7y = 4;
10)x- 19y = 2,5x- 13y = 1,10x + 13y = -3;
1) x—7y =5,3x+8y=7,x =11 + 3y.

272. a). Agar o‘nlik sanog sistemasidagi N = 4x87y6 sonining
56 ga bo‘luushi ma’lum bo‘Isa uni toping.

b). Agar o‘nlik sanog sistemasidagi N —xyz138 scmu ng
7 gabo‘linishi, 138xyz sonini 13 ga bo‘lganda goldiq 6, xly3z8 sonini
11 ga bo‘lganda 5 goldiqg golishi ma’lum bo‘lsa, N ni toping.

d). Agar o‘nHk sanoq sistemasidagi N = 13xy45z sonining
792 ga bo‘linishi ma’lum boMsa, X,y,z lami topmg.

38



273.Taqqoslamalar sistemasini yeching:

(r+3v =5(modi') 9y H 15(modlI2\ ( x =2(mod4)
a)l 4xi 5(mod7), 4 7*- 3ys llmodl 2 Qlt- 2y = I(mod4).
r 9y = 15(modl2) (3x - 5y = I(modl2)

dr{.3x-7y = I(modl2),e) I 9y = 15(modl2).
274.Taqgoslamalar sistemasini yeching:
(x + 2y = 3(modS) (x+ 2y = 0(modb5)
£)(4x + y = 2(modS), }(3* + 2y = 21(mod5),
MF3x + 4y = 29(modl43)
(2x - 9y = -84(modl43),
I x+ 2y = 4(mod5) (x + 5y = 5(mod6)
d)I 3x+y = 2(mod5), e)I5x + 3y = I[(mod6),
r Sx —y = 3(mod6)
"'(2x + 2y = -I(mod#6).
( X-y =2(mod6) MFax - y = 2(mod6)
N o(d4x + 2y = 2(mod6), J12* + 2y = O(mod®6).
275. a)
(0r+n =n (1)
(a2x + b2y = ¢2

ai

Ny . . <
tagqoslamalar sistemasida D = _, blz|L bilan m o'zaro tub bo‘lsa,

u yagona yechimga ega ekanligini isbotlang.
b) (I)-taggoslamalar sistemasida (D,m) = d > 1 bo‘lsa, uning
yechimga ega bo‘Imaslik shartini toping.
¢) ()-taggoslamalar sistemasida D = £5 = D2 = O(modm) bo‘lsa,
uning yechimlari to‘plami (1) dagi 1-taggoslamaning yechimlari to‘plami
bilan bir xil bo‘lishini isbotlang. Bunda
lci bt\ _ _ iai cu
* =U b2[ °2~1Qz c2

IV. 4-8. Tub modul bo‘yicha n-darajali tagqoslamalar

fix) = aOxn + ajX71-1+ - +an = O(modp) (1)
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ko'rinishdagi tagqoslamaga tub modul bo‘yicha n-darajali
taggolama deyiladi. Bunda p-tub son, a0 LLO(modp), n —butun
musbat son, at - koeffitsiyentlar butun sonJar.

Eng awalo a0,al(...,an sonlarini p moduli bo‘yicha absolyut
giymati jihatidan eng kichik chegirmalar bilan almashtirsak (1)
taggoslama biroz soddaroq ko‘rinishga keladi. Masalan:

25x3+ 17x2- 13 = O(modll) (n
ni
3x3- 5m2- 2 = O(modll) (29
ko‘rinishda yozish mumkin.

Ikkinchidan (1) ni hamma vaqt bosh hadining koeffitsiyenti 1 ga teng
boMgan holga keltmsh mumkin, chunki aa0 = 0(modp) tagqoslama
(a0,p) = 1 bolgani uchun yagona yechimga ega va (1) ning ikkala
tomonini a ga ko'paytirsak xn ning koeffitsiyentini 1 bilan almashtinsh
mumkin bo‘ladi. Masalan: 3a = I(modll) -*a = 4(modll). Shumng
uchun ham (2" ning ikkala tomonini 4 ga ko ‘paytiramiz, u holda

12x3- 20x2—8 = O(modll) ->x3+ 2x2+ 3 = O(modll) .

Uchincbidan ushbu teorema yordamida berilgan taggoslamani ancha
soddalashtirish mumkin. .

1- teorema. Agar (1) dan>p bo‘lsa, uni darajasi p —1 dan katta
bo‘lmagan tagqoslama R(x) = 0(modp) tagqoslama bilan almashtinsh
mumkin. Bunda R(x) ko'phag fix) ni xp- x ga bo‘lishdan chiggan
goldig.

Amaliyotda f(x) ni xp —x ga bo‘lish shart emas. Buning uchun
Xxm ni darajasmi p-1 dan katta bo‘lmagan had bilan almashtinsh uchun
m ni p-1 ga bo'lamiz. m = (p —Dfc + r. U holda x = xp(modp)
tagqoslamaning ikki tomonini mos ravishda xr_1, *(P-1)1+r-1f...

—, X(i»-i)(*-0)+r-i Jarga  ko‘paytirsak,  xr = mp-1/+r,

XP~I+r = x2(p-I)+r x (p-D(fc-)+r —zk(p-)+r =
hosil bo‘ladi. Bulardan xm = xr(modp). Bu esayugoridagi teoremaning
yana bir isbotidir.
Misol. x8+ 2x7+ *5—g4 -ac + 3 = 0(modS) tagqoslamani
darajasi 4dan katta bo‘Imagan tagqoslama bilan almashtiring.
X4-240 + 2x4'1H3 + x4 1+1 - x4i - x + 3= 0(mod5)
1+ 2x3+x —x° —x + 3 = O(modS) -» 2x3+ 3
= 0(mod5).
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2-teorema(yechimlari soni hagida teorema).p-tub moduli bo'yicha
n-darajali (n < p —1) tagqoslama n-tadan ortiq bo imagan ildizga ega.

Agarda a0 EO(modp)shartdan voz kechsak bu teoremadan
quyidagi natija kelib chigadi.

Natija. Agar p-tub modul bo‘yicha n-darajali taggqoslama n tadan
ortiq ildizga ega boMsa, uning barcha koeffitsiyentlari p ga bo'lImadi.

3-teorema(Vilson teoremasi). Agarp tub son bo‘lsa, u holda
(p- D'+ 1=0(modp) @)

Bu taggoslama agar p tub son boMmasa, bajarilmaydi. Hagigatan ham
agarda p = pxed,1<d <p, bo‘lsa (p —1)! soni d ga boMinadi, u
holda (p - 1)! + 1 soni d ga boMmmaydi, shuning uchun ham p ga
bo‘linmaydi. Demak, ushbu skan teorema ham o‘rinli ekan.

4-teorema. Agar butun musbat p soni uchun (3)taggoslama

o'rmli bo'lsa, p-tub son bo‘ladi.

Shunday qilib Vilson teoremasini tub sonlami aniglash kritenyasi
deb gabul gilish mumkin, lekm (p —1)! + 1 soni katta p lar uchun juda
katta scm boMgani uchun amaliyotda qo‘llash noqulay.

276. Quyidagi taqgoslamalarning awal darajasini pasaytirib keyin
yeching.

a). 6x10- 12x + 1 = O(modS),

b).x5- 2x3+x2- 2s 0(mod3),

€).Xs —7x4+ 9x2 —x + 13 = 0(mod3),

d). x7—x6 + 5x2—3 = 0(mod5),

e). x5+ x* + x3—x2—2 = 0(mod5), f).x7—6 = 0(mod5),
g). Xe + 2x7+ x5—x + 3 = 0(modb),

h). 6x4 + 17x2- 16 = 0(mod3),

i). 4x7-2 x 3+ 8 = 0(mod5),

J)- 3x7- 2x6 + 2x2+ 13 = 0(mod5).

277. Quyidagi tagqoslamalami  berilgan modul bo‘yicha
ko‘paytuvchilarga ajrating.

a), X3+ 4x2—3 = 0(mod5),

b). x4+ x3—x2+x —2 = 0(modb5),
€). x4+ x + 4 = 0(modll), d). x2+ 2x + 2 = 0(mod5),
e). 3x3—1 = 0(modS),
). 2x4 + x3—3x2+ 2x —2 s O(modll),
g). x4 - 7x3+ 13x2+ 21x + 23 = 0(mod7),
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h). 2x4 +x3- 3x2+ 2x - 2 = 0(modb5),
i). 2x3 + 5x2—2x —3 = 0(mod7),
. x4—2x2+x +4 = Q(mod7).

278. Quyidagi taqgoslamalaming 1-teoremadan foydalanib darajasini
pasaytiring va yechimlarini toping:

a). 8x20- 15x19+ 7x18+ 28x17- 4x16+ 30x15+ 10x6 -
4x3+ 23x2- 21x-11 = 0(modl3),

b). x10 + x8+ x1—x4—x2+ 4x —3 = Q(mod7),

€). x101 + 3x15+ x11 —3x5+ 9x2 + IOx - 5 = OCmodll),

d). 2x3H - 17x15+ 13x8- 3x5+ 12x + 5= O(modll),

e). x12- 2x7+ x3+ 1 = 0(mod5).

279. Quyidagi teoremani isbotlang: /(x) = x" + 5)"=ia(Xn_tvan <
p bo‘lsin. f(x) = 0(modp) tagqoslamaning n ta yechimga ega boMishi
uchun  xp—x ni f(x) ga bolishdan chiqgan goldigning barcha
koeffitsiyentlanmng p ga boMinishi zarur va yetarli.

280. Agar a¥EO0(mod7) va b3x0(mod7) bo‘lsa,
x3+ ax +b = 0(mod7) taqgoslamaning wuchta yechimga ega
bo‘lmasligini isbotlang.

281. Tub modul bo'yicha taggoslama xn = 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 foydalamb quyida berilgan
xn = a(modp) ko'rinishdagi taggoslamalaming n ta yechimga ega yoki
yechimga ega emas ekanligini aniglang va yechimga ega bo‘lsa, ularni
toping.
a).x3= I(mod7); b). x2= 2(mod5); ). x5= 10 (modll);
d). x4 = I(modll); e). x6 = 3(mod7); f). x4 = 3(modl3).

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

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

285. Vilson teoremasidan foydalanib p soni p = 4n + 1 ko‘rinish-
dagi tub son boMganda (2n)! sonining x2 = -1 (modp) taggoslamani
ganoatlantirishini isbotlang.
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286. p tub son bo‘lganda quyidagi taggoslamalarning o ‘rinli ekan-
ligini isbotlang. a). ap + 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=0(modp) shartning bajarilishi zarur va yetarli” ni
isbotlang.

288. 279-misoldagi teoremani quyidagi tagqoslamalami yechishga
go'llang:

a), X2+ 2x +2 = 0(mod>5), b). 3a:3—4x2 —2x —4 = 0(mod7).

IV.5-8. Murakkab modul bo‘yicha yuqori darajali taggoslamalar

Murakkab modulli taggoslamani yechishni tub modul bo‘yicha
tagqoslamani yechishga keltirish mumkin. Bunda ushbu teoremadan
foydalaniladi:

Teorema. Agar

/ (x) =O(mod M) @)
tagqoslamanmg moduli M juft-jufti bilan o‘zaro tub bo‘lgan
ko‘paytuvchilarga ajratilgan M =npm2..mk, (m,my)=Ibo‘lIsa, u holda:

1. (1) tagqoslama ushbu taggoslamalar sistema?

f(x) = 0(mod/w,), /(x ) =0(mod/w2) ,*--,/(x)sOCmodm*) (2)
ga teng kuchlidir.

2). Agarda (1) taggoslama N ta yechimga ega bo‘lib, (2) ning
birinchisi ni, Ikkmchisi 2 va x.k. oxirgisi nKta yechimga ega bo‘lsa, u
holda N =nt-n2....nk bo‘ladi.

Yuqoridagi teoremaga asosan murakkab modul boyicha
taggoslamani hamma vaqt
/ (X)i O(modpa), p-Ty6 coH, a1 (N

ko‘rinishdagi taggoslamani yechishga keltirish mumkin. Bu
taggoslamani taniash usuli bilan yechish pa katta son bo‘lganda ancha
noqulay (1) ni yechishni

/ (*) - 0(nkx1p) 3)

ni yechishga keltirish mumkin. Ma'lumki (I') ni ganoatlantiruvchi

har bir Xj soni (3) ni ham ganoatlantiradi. Shuning uchun ham (I") ning
yechimlanm (3) ning yechimlari orasidan gldirish kerak. Buni ketma-ket
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(3) dan p bo'yicha, keym p2 va h.k. tagqoslamalarga o‘tib bajarish
mumkin.
Faraz etaylik (3) ning birorta yechimi topilgan bo‘Isin:

jcs.x,(modp) ya'm x=xI+pti, teZ %)
(4) dan
/(*) HO(mod p2) (5)
taggoslamani ganoatlantiruvchilarini ajratib olamiz.
+P Os(Kmodpl) _

Bu tagqoslamaning chap tomonini hisoblash uchun /(x, +pyu) ning
Teylor gator yoyilmasidan foydalanish qulay:

[<*)+*. mmTu)+"N/bl +...+ /bl .
bu yerdagi har bir go‘shiluvchi butun son. Bundan foydalanib oxirgi
taggoslamani quyidagicha yozish mumkin:
/(*i) +P'i I'(*,) =0(modp2) (6)
Bu yerda p \/(x,) bo‘lgan uchun
- ) mO(modp)
yoki
~ b (7)
Bu yerda quyidagi uchta hoi boMishi mumkin:
A.ptf(xi) boMsa (7)dan / »/(modp)yahi /, =i+pt2 tteZ.
Buni (4) gago‘ysak, x = xt + p(t' + pt2) = xt + pt' +p2t2 hosil
boMadi./[j =0 a x=x, +pt.Bundan (5) ning hitta x2 = xx+ pt' yechimi
hosil bo‘ladi. Demak x=x2+p \ .Buni
/(x)*0(mod/?3) 8
tagqoslamaga olib borib qo‘yib, yugoridagi singari mulohaza yuritib
t2 ni topamiz.
/jj'+ A )aO(inodpd) yoki / (@2)+p \f'(x2)=0(modp3),bu yerda p21/(ar2)
boMgani uchun
p “ti @2 0(modp). ©

x2= (modp) bo‘lgani uchun/’(*i) = f(x 2)(modp). Bunda
shart bo‘yicha f ( x X) £ 0(modp) vademak, f(x 2) LLUO(modp).
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Demak, (9) yagona yechimga ega.
h*h(modp), yani 2*;2+M=> ieZ. U holda

x =x2 +P-(t2+pt2) =x2+p%-+p%yoki *=>3 +p33 yani x=Jcmodpd)._

Shu jarayonni takrorlab x = xa(modpa") ni hosil gilamiz.

Shunday qilib, p | holda (3) ning har bir yechimi (1) ning
bitta yechimiga olib keladi.

b. Agarda pl/'(x,) bo‘lib, (7) ning 0‘ng tomoni esa p ga bo‘linmasa
(7) va demak (5) va (I') ham yechimga ega emas.

B.Agarda p!/'(*,)bo‘lib, (7) ning 0‘ng tomoni hamp ga bo‘linsa, (7)
ayniy tagqoslamaga aylanadi, uni (4) dagi ixtiyoriy butun son t*
ganoatlantiradi. Lekm bu yechimlar p2 moduli bo'yicha p ta sinfga
tegishli bo‘ladi, yani (5) tagqoslama p ta yechimga ega bo‘ladi. Keym bu
yechimlardan umumiy usul bilan p3 moduli bo‘yicha taggoslamani
ganoatlantiruvchilarini ajratib olamiz va h.k.

289. Quyidagi taggoslamalami yeching:

1) 3x3 + 4x2—7x —6 = 0(modl5);

2) 6x3—3x2—13x —10 = 0(mod30); 7) 37x"I7(modI80)

3)x4- 33x3+8x-26 = 0(mod3S);

4) x5—3x4 + 5x3+ 9x2 + 4x —12 = 0(mod42);

5) x5+ x4- 3x3+x2+2x - 2=0(mod77);

6) 3x3+6x2+x +10s0 (modI5)

290. Tagqoslamalami yeching:

1) 4x3—8x —13 = 0(mod27);

2) x4 - 3x3+ 2x2- 5x - 10 = 0(mod343);

3) X4 - 4x3+ 2xz+ x + 6 = 0(mod25);

4) 9x2 + 29x + 62 = 0(mod64); 5)6x3- 7x- 11 = 0(modI25);
6) x3+ 3x2—5x + 16 = 0(modl25);

7) x4+ 4x3+ 2x2+ x + 12 = 0(mod625); 8). 2x4+5x-1 ~0(mod27)

291. Tagqoslamalami yeching:

x4 + 4x3+ 2x2 + x + 12 = 0(mod45);

2) X4 - 3x3- 4x2- 2x - 2 = 0(mod50);

3) x5—5x4 —Sx3+ 25x2 + 4x —20 = 0(modl47);
4) x5+ 3x4 —7x3+ 4x2 + 4x —10 = 0(modl75);
5) x4 —4x3+ 2x2+ x + 6 = 0(modlI35);
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6) 4x3 + 7x2 —7x - 10 = 0(mod225);

7) 3b:4 + 57n0:3+ 96* + 191 = 0(mod225);
8) 2x6- 6x4 - 7x2- 4 = 0(mod441);

9) 2x6- 6x4- 7x2- 4 = 0(modl225).

IV.6-8. Ikkinchi darajaii taggoslamalar va Lejandr simvoli
1 Ikkinchi darajaii taggoslamalar va ularning ikld noma’lumli

ikkinchi darajaii anigmas tenglamalar hilan bog'ligligi. Ikkinchi
darajaii taggoslamaning umumiy ko'rimshi

Ax2+Bx +C =0(modW) 0]
dan iborat. Bu ushbu ikki noma'lumli anigmas tenglama
Ax* +Bx+C =My )

ga teng kuchii. (1) ko‘rinishdagi taggoslamani yechishga ikkinchi
darajaii ikki noma'lumli anigmas tenglamaning umumiy holi

ax2+2bxy+cy2+2dx +2ey +f =0

ham keltiriladi. Buni yechish esa 0‘z navbatida Pell tenglamasi
*2-opening yechimi bilan ham bog‘llqdir.

2. Ikki hadli taggoslamaga keltinsk (1) ni hamma vaqt
Xx2a(modm) 3)
ko‘rinishga keltirish mumkin. Buni quyidagicha amalga oshiriladi.
(1) nmg ikkala tomonini 4A ga ko‘paytiramiz (modulini ham)
4AX2+4ABx +4AC =0{moA4AM). )

(4) dan

(2Ax+bJ XB? - 4AC(MOd4AM).

Buyerday = 2Ax + B, D= B2- 4AC deb olsak,

y2 = D(mod4AM") hosil boiadi.

Agar (3) taggoslamada (a,m)=I bo‘lib, u yechimga ega bo‘lsa a gam
moduli bo‘yicha kvadratik chegirma, agar yechimga ega bo‘lmasa,
kvadratik chegirma emas deyiladi. Shunmgdek, agar*”=a(modm),(a,m) =i
taggoslama yechimga ega bo'lsa, agan - darajaii chegirma, aks holda
esa a ga m moduli bo‘yicha n-darajali chegirma emas deb ataladi.

3) taggoslamani yechish umumiy holda
1) x2sa(modp), p>2; 2) x1sa”modp"), a>1 3) xlsar(mod2a), a>1

taggosiamalami yechishga keltiriladi'
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3. Yecbimlari som.Tanlash yo‘li bilan yechimlarini topish.
K\adratik chegirmalar soni. Ushbu
xJaa(modp)t  p>2 (5)
taggoslama berilgan bo'lsm. Agar p\a bo'lsa, trivial hoi bo'ladi,
ya'ni x=0(modp). Shuning uchun ham x=*(modp) deb hisoblaymiz.
Tushunarliki, agar *= (modp) (5) ning yechimi bo'lsa, x=-jt,(modp) ham
(5) ning yechimi bo'ladi. x = —x1(modp") dan2x =o (modp)va d>2=>
x =o(modp) kelib chigadi, u holda (a p)=I ga ziddir. Shunday gilib (5)
yechimga ega bo'lsa, u 2 ta har xil yechimga ega bo'lar ekan. (5)
yechimlanni tanlash usuli bilan topish jarayoni umumiy holga nisbatan
ancha sodda. Bu yerda biz p moduli chegirmalaming Kkeltirilgan
sistemasini absolyut giymati jihatidan eng kichik sistema ko'rinishda
yozib olib
*1 2, ... (6)

musbat va manfiy chegirmalaming (5) ni ganoatlantirish yoki
ganoatlantirmasligi bir vaqtda tekshirishimiz mumkin. Shuning uchun
ham (5) da x ning o'miga

1,2,3,..°
lami go'yib tekshirish yetarli. Bunda chap tomonda:
2,2% ....,[E~] (7)

hosil bo'ladi. Bulardan birortasi, masalan k2 soni a bilan modp
bo'yicha tagqoslanuvchi bo'lsa, u holda x =+t(modp) ga ega bo'lamiz. Shu
bilan birga, fagat a(modp)bo'yicha (7) da birorta son bilan taggoslanuvchi
bo'lgan (5) ko'rinishdagi taggoslamalargina yechimga ega. Boshgacha
s0'z bilan aytganda (7) da modp bo'yicha kvadratik chegirmalar yozilgan.
Ulaming barchasi har xil sinflarga tegishli. Hagigatan ham, agar

\<k<i%E;J_r bo'lib k2silmodp) bo'lsa, u holda (5) 4 ta

x=tk aa x=H (modp) yechimga ega bo'ladi. Buning bo'lishi mumkin
emas. Shunday gilib, modp bo'yicha kvadratik chegirmalar soni £rl. ga
teng va shuning uchun ham kvadratik chegirma emaslar son soni ham £ _J

gateng bo'ladi.
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4. Eyler kriteriyasL (5) ning yechimga ega yoki ega emasligini
aniglash uchun Eyler tonionidan taklif etilgan ushbu kriteriyadan
fo§dalanish qulay Agar a oni modp bo‘yicha kvadratik chegirma bo‘lsa,

P
12, )(modp) bo‘ladi. Agar a soni modp bo'yicha kvadratik chegirma

|
bo‘Imasa, u holda o% =-l(modp) bo‘ladi. Hagigatan ham, agar (a p)=|I
va(@ 2=l bo‘lsa, af 'wl(mdp) boSaoi (Ferma teoremasi). Bundan

a' 11 *0(nmod/7) yoki ( %-1“ﬂ%+lf¥0(modp).

Bu yerda bu gavslammg hech bo‘Imasa birortasi p ga bo‘linishi
kerak Ulaming ikkalasi bir vaqtdap ga bo‘linmaydi, aks holda ularning
ayirmasi 2 ham p gabo‘linar edi, lekin p>2

Agar a kvadratik chegirma bo'lsa,

aLZI 5sl(modp) (8)
bajariladi. Bu yerdan agar a(modp)bo‘yicha kvadratik chegirma

emas bo‘lsa, u holda

tl
a 2 =-I(mod/>)

bajariladi.

5. Lejandr simvoli va uning xossahui. a soniningpmoduli bo'yicha
kvadratik chegirma yoki chegirma emasligini aniglashda Eyler
kriteriyasidan foydalanishp katta bollsa uncha ham qulay emas. Shuning

uchun Lejandr simvoli go'llaniladi. U quyidagicha aniglanadi:

(a™ f 1, agar a soni modp bo'yicha kvadratik chegirmabolsa;
\p) [-1,agara soni modp bo'yicha kvadratik chegirma bolmasa.
Lejandr simvoli ta'rifidan va Eyler kriteriyasidan

a2 ® "j(modP) 9)
kelib chigadi. Lejandr simvoli quyidagi xossalarga ega.
18, Agaraso, (mod/}) bolsa,  [—d=[—] boladi.

leZ.
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Lejandr simvolinmg giymatini shu xossalardan foydalanib hisoblash
mumkin. 6° - xossaga kvadratik chegirmalammg o'zgalik gonuni
deyiladi.

292. Berilgan tagqoslamalami ikkihadli taggoslama ko ‘rinishiga
keltirib, keyitl yeching: 1) 2xr+4x-1 a0(mod5); 2) 3x2+2xs l(mod7);
3)2xr-2n-1 s0(mod7); 4) 3x2-xa0(mod5);  5) 3x2+7x+8«s0(mod17);

6) 3x2+4.r+7 =0{mod3l); 7) 4x2-11x-3 =0(modI3); 8)*2-5x +6=0(mod24).
293. 2 ning ganday natural giymatlarida quyidagi funksiyalar butun
giymatni gabul giladi:
X2+2x+7 . X2+3x+1 X2+3x+5
5 25 15 .
294.a).Eyler kriteriyasidan foydalanib 7 moduli bo‘yicha eng kichik
musbat chegirmalaming keltirilgan sistemasida gaysi sonlar shu modul
bo‘yicha kvadratik chegirma bo‘ladi.

b). 17 moduli bo‘yicha eng kichik mushat kvadratik chegirmalami
aniglang.

295. Eyler kriteriyasidan foydalanib quyidagi modullar bo‘yicha
kvadratik chegirma sinflarini aniglang: 1) 11; 2) 13; 3) 17.

2%. Quyidagi tagqoslamalami berilgan modul bo‘yicha absolyut
giymati jihatidan eng kichik (noldan boshga) chegirmalami smab ko‘rish
yo‘ll bilan yeching:

)a2=2(mod7); 2)x2-4(mod7): 3)x2s3(mod7): 4)x2®3(modI3); 5)x234(nkx111).

297. Lejandr simvolining giymatini hisoblang:

298. Lejandr simvolidan foydalanib quyidagi tagqoslamalardan
qaysilari yechimga ega ekanligini aniglang va yechimlarini toping:
Ox2s6(mod7); 2)x253(modl I); 3)*2=12(modI3); 4)x* =3(modI3);

5)m;2ES(modll); 6)x2=13(modl7); 7) x2s7(mod 19); 8) x* m5(mod 17).

299. Berilgan taqgoslamalar yechimga ega bo‘ladigan a ning
giymatini toping:
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D x2*a(mod5); 2)x2=a(mod7); 3)x2Ea(modll);

4)x2=a(modl3); 5)ac2=5(mod3).

300. x2+l=o(modp) taggoslama modulnmg p=4n+ 1,(n =
1,2,3,... ) giymatida va fagat shundagina yechimga ega ekanligini
isbotlang.

301. (ab)=l bo‘lganda a2+h2 ko'rinishdagi sonning kanonik
yoyilmasida fagat p = 4n + 1, (n = 1,2,3,... ) ko‘rinishdagi tub sonlar
gatnashishini isbotlang.

302. Ikki ketma-ket butun sonning ko‘paytmasining 13 moduli
bo‘yicha 1 bilan taggoslanuvchi boMmasligini isbotlang.

303. a ning *(;r+i) =a(modi3) taqgoslama yechimga ega bo‘ladigan
barcha giymatlarini toping.

304. 300-masaladan foydalanib p = 4n + 1,(n = 1,2,3,... ) ko'ri-
nishdagi tub somar sonining cheksiz ko‘p ekanligini ishotlang.

305. Tenglamalarni butun sonlarda yeching (quyidagi egri chizig-
larda  yotuvchi butun koordinatali nuqtalami toping):
1) 4x2-5y =6; 2) 11y=5ar2-7;

3) x2-10x —113+5=0; 4).x2-21.X+110=\3y, 5) 16x2- 7 / =09.

306. Berilgan sonlar kvadratik chegirma(chegirma emas) boMgan
modullami toping: I)a=5; 2)a=-3; 3)3=3; 4)a=2; 5)a=-7.

307. Benlgan taggoslamalar yechimga ega boMgan harcha toq tub
modullami toping:

).  +1)z I(modp); 2). jec—hmn2(modp); 3).x(x-1)s 3(modp).

308. Lejandr simvolidan foydalanib quyidagi taggoslamalar modul

p>2 ning qiymatiga bogMiq boMmagan yechimga ega ekanligini

isbotlang:
D (x2-13XxJ-17X*2-221) ®0(mod p);
2) (x2-3X*2-5Xi2-TYx2 -1155) sO(modp).
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V BOB. BOSHLANGICH ILDIZLAR VA INDEKSLAR
V.I-8.Ko‘rsatkichga garashli sonlar va boshlang‘ich ildizlar

1.Ko‘rsatkichga garashli sonlar va boshlang‘ich ildizlar.
Agar (a,m)=I bo‘lib 8>0
a”sl(modm) @

ni ganoatlantiruvchi eng kichik butun son bo‘lsa, u holda a soni m
moduli bo‘yicha 8 ko Tsatikichga tegishli deyiladi. Shuni ham ta'kidlash
kerakki, agar (a,m)=d >1bo‘lsa, (1) tagqoslama o‘rinli bo‘Imaydi, chunki
uning o‘ng tomoni d ga bo‘linmaydi. Ma’lumki, (a,m)=I bo‘lsa, Eyler
teoremasiga ko‘ra

asam _ i (mO<} (2)

Demak. 0<5<<p (m). Agar 8=<p(m) bo‘lsa, ya'’ni a soni m moduli
bo‘yicha tp(m) ko‘rsatkichga tegishli bo‘lsa, a va m moduli bo‘yicha
boshlang‘ich ildiz deyiladi. Agar m=p tub son hoMsa, a soni p modul
bo'yicha boshiang‘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,a2a3...
lami hisoblaymiz. toki birinchi as=I(modm) shartni ganoatlantiruvchi 8 ni
hosil gilgunga gadar.

2. Endi ko‘rsatkichga garashli sonlarning ba'zi xossalarini
garaymiz.

i°a *a(modm) bo‘lsa, u holda a va a2 lar m moduli bo‘yicha bir xil
ko‘rsatkichga tegishli bo‘ladi.

Demak, agar a soni m moduli bo‘yicha 8 ko‘rsatkichga tegishli
bo‘lsa a bilan taqgoslanuvchi sonlar a+mt ning barchasi shu 8
ko‘rsatkichga tegishli bo‘lar ekan.

2°. Agar a soni m moduli bo‘yicha 8 ko‘rsatkichga tegishli bo‘lsa, u
holda

J-1

a’ a & ..a

sonlari m moduli bo‘yicha ozaro taggoslanmaydi. Bu xossadan kelib
chigadiki, agar "=">(m)bo‘lsa, (3) sistetma m moduli bo'yicha
chegirmalaming keltirilgan sistemasini tashkil giladi.
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3°. Agar a soni m moduli bo'yicha s ko‘rsatkichga tegishli bo‘lsa,
u holda

ars / 1(modwi) @
boMishi uchun r*r(mod<?) bo‘lishl zarur va yetarlidir.

Natija.l). Agar a soni m moduli bo‘yicha d ko‘rsatkichga tegishli
bo‘lib, a¥Y = I(modm) bo‘lishi uchun r=0(mods) boMishi zarur va
yetarlidir.

2). Agar a soni m moduli bo‘yicha 8 ko‘rsatkichga tegishli bo‘lsa,

2-natijadan foydalanib 5 m topish jarayonini biroz soddalashtirish
mumkin, ya'ni 8 bu sp(m) ning bo‘luvchilari orasida bo‘ladi.
3). Agar a soni m moduli bo‘yicha 8 ko ‘rsatkichga tegishli bo‘lsa, a*

soni \PoK) ko‘rsatkichga tegishli bo‘ladi. Xususiy holda, agar (k,S) =I

bo‘lsa, y=6, ya'ni a*soni ham 5 ko‘rsatkichga tegishli bo‘ladi.

3. Ko‘rsatkichga garashli smflarning mavjudligi va uiarning
soni. Biz bundan ilgari har bir (a,m)=I shartni anoatlantiruvchi soninmg
m moduli bo‘yicha biror s (B«(m)ko‘rsatkichga tegishli ekanligini

ko‘rdik. Buning teskarisi, ya'ni <pfm ning har bir bo‘luvchisi m moduli
bo‘yicha biror sinfiitng ko‘rsatkichi bo‘ladimi? Xususan <p(1) soni ham
biror sinfning m moduli bo‘yicha ko‘rsatkichi bo laduni? Ya'ni ixtiyoriy
m moduli bo‘yicha boshlang‘ich ildiz mavjudmi? Bu savolga fagat m=p
- tub son hamda m maxsus (ba'zi bir ko‘rinishdagi butun sonlar uchun)
ijobiyjavob bor.

Lemma, p-1 soninmg bo‘luvchisi 5 soni p moduli bo‘yicha yoki
birorta ham smfiimg ko‘rsatkichi bo‘lmaydi yoki <p(5) ta sinfiiing
ko‘rsatkichi bo'ladi.

(Bu lemmani boshgacha qilib quyidagicha aytish mumkin. Agar p
moduli bo‘yicha 5 ko‘rsatkichga tegishli biror sinf mavjud bo‘lsa (bu
yerda S \p-1), u holda shunday sinflar soniv{s) bo‘ladi).

Agar p moduli bo‘yicha 8 ko‘rsatkichga tesjshli sinflar sonini \[/(8)
bilan belgilasak lemmani
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ko‘rirashda yozish mumkin. Bu agar 5 ko'rsatkichga tegishli sonlar
mavjud bo‘lsa modp bo'yicha ulaming soni p - Iga tengligini bildiradi.
Lekin berilgan 8 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'yichap-1 ning har bir bo'luvchisi
8 uchun shu 8 ko'rsatkichga tegishli bo'lgan <p(6) ta sinf mavjud.
Xususanp moduli bo'yicha <p(p — 1) ta boshlang'ich ildiz mavjud.

Umuman boshlang'ich ildizlar m=2,4,pa va2P‘modullan bo'yicha-
gma mavjud. Bu yerdap>2 tub son va a>l. |.M.Vinogradov p tub son
bo'lsa, u holda r2Jp Inp dan katta bo'Imagan boshlang'ich ildiz mavjud
ekanligini isbotlagan, bu yerda k soni p-1 ning har xil boMuvchilari
som(**\ Boshlang'ich ildizm topishning effektiv usuli esa hozirgacha
topilgan emas. Qarab chiqu%anIardarg‘lagar

g* @, g* #, .. g~

bo'lsa, u holda g ningp moduli bo' ylcha boshlang'ich ildiz bo' I|sh|
kelib chigadi. Boshlang'ich ildizlami aniglashning ikkinchi bir usuli bu,
agar p moduli bo'yicha boshlang'ich ildizlardan birortasi (yaxshisi eng
kichigi) g ma’lum bo'lsa, golgan barchasini gk(modp) ning eng kichik
musbat cheginnasi sifatida amglash mumkin. Bunda (k,p —1) =
lval<fc<p-lI.

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

2)3 soni m=Il moduli bo'yicha tegishli bo'lgan daraja ko'rsatkichini
toping

3) 5 ning m=7 moduli bo'yicha ganday ko'rsatkichga tegishli
ekanligini 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 = 9.

311. m moduli bo'yicha m —1 soni tegishli bo'lgan daraja

ko'rsatkichini aniglang.
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312. Quyidagi modullar bo'yicha barcha boshlang‘ich ildizlami
toping:

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

313. Quyidagi moduilar bo'yicha barcha boshlang'ich ildizlaming
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 modullaming har biri  bo'yicha eng Kkichik

boshlang'ich ildizni bilgan bolda barcha boshlang'ich ildizlami toping:
D.p=19; 2)p=23; 3).p=3L

315. 6 moduli bo'yicha boshlang'ich ildizlaming barcha sinflarini
topmg.

316. 2,22,23,...,210  sonlanning 11 moduli bo'yicha
chegirmalaming keltirilgan sistemasini tashkil etishini isbotlang.

317. 227 + 1,(n = 1,2,...) sonining tub bo'luvchilari k m2"+1 + 1
ko'nmshda bo'lishini isbotlang.

318. <jp(am —1) = 0(modrn) ekanligini isbotlang. Bunda a > 1

319. 8 moduli bo'yicha boshlang'ich ildizlaming mavjud emasligini
isbotlang.

320. Quyidagi taggoslamalar yechimga ega bo'ladigan b ning barcha
giymatlarini toping. 1).5* = b(mod9), 2).4X= b(mod9'), 3).ax =
bijnodm) taggoslama yechimga ega bo'lmaydigan b ning barcha
giymatlarmi sonini toping. Bunda (a,m) = 1

V.2-8. Indekslar va ularning tatbiglar

Boshlang'ich ildizlaming asosiy xossalari sonlar nazariyasiga
loganfm  tushunchasiga o'xshash yangi tushuncha, indekslar
tushunchasini kiritish imkoniyatini beradi. Faraz etaylik g soni p tub
moduli bo'yicha boshlag'ich ildiz bo Isin. U holda

" 9° gl...g~ 0)
sonlari p moduli bo'yicha chegirmalaming to'la sistemasini tashkil
etadi. Agar a, (a,p)=I bo'lsa, u modp bo'yicha (1) sistemadagi birorta
gRosy, zp-i son bilan taggoslanuvchi bo'lishi kerak, yahi
afg?,(modp), (2)
Agar (a,p)=I bo'lsa,
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a=gr(modp\ y>0 (3)
(3) shartni ganoatlantiruvchi y soniga a soniningp moduli bo‘yicha
g asosga ko‘ra indeksi deyiladi va indga ko'rinishda yoziladi. Demak,
(3)dan
a*g"/a(modp) . A

Ta'rifdan a bilan modp bo‘yicha taggoslanuvchi barcha sonlar (4)
da bitta indeksga ega:

0,12 p—2

Umuman har bir a soni (S) 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 soxi cheksiz ko‘p
indekslar y ga ega. (1) va (2) dan bular manfiy bo‘lmagan butun sonlar
bo‘lib

g' agr(rodp) shartni ganoatlantirishi kerak. Bu yerdag soni p igodul
bo‘yicha boshlang‘ich ildiz bo‘lganligi sababli, u p-1 ko‘rsatkichga
tegishli. U holda ko'rsatkichga garashli sonlammg xossalariga asosan
yugondagi tagqgoslama o‘rinli bo‘lishi uchun y =y,(modb - 1) bo‘lishi kerak.
Demak, r moduli bo‘yichap bilan o‘zaro tub har bir chegirmalar smfiga
p-\ bo‘yicha chegirmalaming biror sinfidagi manfiy bo‘lmagan
chegirmalardan iborat mdekslar to‘plami mos keladi va aksincha:
indasmdo(modp-1) agarda  ati(modp) 6y/1IC3 (4) D 300CH

si>irfa(inodp-1) ®

Shuningdek indekslar quyidagi xossalarga ega:

1) ko‘paytma a -b -—I ning indeksip -1 moduli bo‘yicha shu
sonlar indekslari yig“indisi bilan taggoslanuvchidir, ya'ni

ind(a-b- ...¢/)* inda+indb +...ind I (mod p-1). (6)

2) inda"s ninda(modp-1)

Shuningdek tnd\ =0(modp-I), /nc/g»l(modp-I)

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.
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Indekslarning taggoslamalami yechishga tatbiglari.
a) Ddd hadli taggoslamalami yechish. Ikki hadli bir noma'lumli
tenglamaning umumiy ko‘rmishi
at" sfe(modin) U
Ma'lumki, murakkab m modul bo‘yicha tagqoslamani tub modul
bo‘yicha taggoslamani yechishga keltirish mumkin. Shunmg uchun ham
m =p boMgan holm
ax" 2 fc(mod p), pfa (8)
garaymiz. p>2 deb olamiz. p=2 boMsa, 0 va 1 chegirmalami sinab
ko‘rish yo‘li bilan yechish mumkin. (8) dan inda+mndx=indb(modp-I)
yoki hundan
nindx=indb- inda (modp-1). 9)
Demak, 1) (n, p-1)=1 boMsa, u holda (9) va demak (8) ham yagona
yechimga ega;
2) (n, p-1)= d>1 boMib, d\ind b-inda boMsa, (9) va demak (8) ham d
ta yechimga ega;
3) (n,p-1)=d>1 boMib, dfind b-inda boMsa, (9) va demak (8) ham
yechimga ega emas.
b). x’*a(modp) (10)
tagqoslamaning yechimga ega boMishi sharti. Bu tagqoslamani
indekslasak
nindx=inda(modp-1).

Bu yerda (,,, P-\)=d boMsa, (11) ning yechimga ega boMishi uchun
mitfa£0(mod£/) (12)

shartning hajanlishi zarur va yetarlidir. (12) shartni p va d ga
bogMig holda ifodalaymiz.
(12) ning ikkala tomonini va modulini EJiga ko‘paytiramiz, u holda

Zj-inda *0(mod/>I) yoki RnnHan;tsq

aﬂJ' s I(modp) (13)

Sunday qilib (10) ning yechimga ega boMishi uchun (13) shartning
bajanlishi zarur va yetarlidir.
B) Ko 'rsatkichli taggoslamalamiyechish.

fi*A(modp). 14
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(14) dan xblau indb(modp-\) Bu taggoslamani esa osongtna yechish

mumkin.

321. Indekslarjadvalini tuzing: 1). 2 asosga ko‘ra29 moduli boyicha;
2). 5asosga ko‘ra 23 moduli bo'yicha.

322. 11 moduli bo‘yicha indekslarjadvalini tuzing.

323. Quyidagi taggoslamalardan § ko‘rsatkichni aniglang:

1) 5i = I(mod7); 2)5fi= I(modll); 3)85= I(modlI3);
4) 12s = I(modl7); 5)24* = I(mod31); 6) 10* = I(modI3)
7) 27s = I(modl7); 8)185= I(modll); 9) 235

= I(mod41).

324. Indekslashdan foydalanib p tub moduli bo‘yicha 2 dan p~1
gacha bo‘lgan sonlar tegishli boMgan ko‘rsatkichlami toping:l)p =
5 2)p=7, 3)p =1L

325.1ndekslashdan  foydalanib quyidagi sonlaming 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)109.

326. Quyidagi modullar bo‘yicha barcha boshlang‘ich ildizlami
toping: 1)p = 17; 2)p = 19; 3)p = 23.

327. Birinchl darajali taqgoslamalami indekslardan foydalanib
yeching:

1) 7x = 23(modl7); 2)39* r 84(mod97);
3) 125* = 7(mod79);
4) 37* = 25(mod89); 5)4* = 13(mod37);
6)37* = 5(mod221);
7) 47* = 13(mod667); 8)228* s 317(modl517).

328. Ko‘rsatkichli taggoslamalami indekslardan foydalanib yeching:

1) 2X= 7(mod67); 2)13* = 12(mod47);
3) 16* s lI(mod53);
4) 52* = 38(mod61); 5)12* = 17(mod31);
6) 20* = 21(mod41).
329.1Kkki hadli taggoslamalami indekslardan foydalanib yeching:
1) 37*1S = 62(mod73); 2)5*4s 3(modll);
3) 2xB= 5(modlI3);
4)2*3 = 17(mod41); 5)27*s s 25(mod31);
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6) I1*3= 6(mod79);
7) 23x3 = 15(mod73); 8)8x26 = 37(mod41);
9) 37xas 59(mod61); 10) 18x8 = 6(modI3).
330.1kki hadli taggoslamalami indekslardan foydalanib yeching:
1) x12 = 37(mod41); 2)x5 = 17(mod97);
3) x33= 17(mod67);
4) x30 = 46(mod73); 5)x8 = 23(mod41l);
6) x5= 74(mod71);
7) x27 = 39(mod43); 8)x8 = 29(modl3);
9) x2 = 59(mod67);
10) x2= 59(mod83); 11)x2= 32(mod43);
12) x2 = —17(mod53);
13) x2 = —28(mod67); 14) x2= 56(mod41l).
331. Eyler kritenyasi va indekslardan foydalanib quyidagi sonlar 15,
16, 17, 18, 19, 20 dan qaysilari berilgan modul bo‘yicha kvadratik che-
girmabo'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 indekslaming bir sistemasidan
Ikkmeni bir sistemasiga o‘tish formulasini keltinb chigaring.
333. a ning ganday butun giymatlarida quyidagi munosabatlar
o‘rinli:
1)3a2- 5«7, 2)7a2+ 13i23; 3) 13a2- 11 :29.

V.3-8. Taqgoslamalar nazariyasining ba’zi tatbiqlari

1 Berilgan songa boMishdan chiqgan qoldigni hisoblash.
Taggoslamalar yordamida boMinish belgllarini keltirib chigansh.

A. Birinchi bo'lib fransuz matematigi B. Paskal berilgan N sonini m
ga bo‘lishdan chiggan goldigni hisoblash qulay bo‘ladigan qilib boshga
son bilan almashtinsk!nng umumiy usulini ko'rsatgan. Biz bu usulni
o‘nhk sanoq sistemasida berilgan sonlar uchun garab chigamiz. Onlik
sistemadagi N sami N = a0+ ar m10 + a2+102 + ..+ anml0" ko'ri-
nishda bo‘lsin.  10ft ning m moduli bo‘yicha absolyut giymati jihatidan
eng kichik chegirmasini rk bilan belgilaylik, ya’'ni 10k = rk(rnodm),

K= 0,1,...,nvaro = 1 bo'lsin. U holda

N = a,rO+ atei\ + a2<r2+ ..4 anmrn (1)
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yoki
N = Rm{modm)

bajariladi. Bu yerda Rm = aOrO+ at mrt + a2mr2+ ..+ an-rn
yugorida aytib o‘tilgan almashtinshni ifodalaydi. (l)-taqqoslama
Paskalning bo'linish belgismi ifodalaydi:

1 Rmva N ni m ga boMishdan bir xII goldiq goladi;

2. N ning m ga bo'linishi uchun Rm ning m ga bo'linishi zarur va
yetarlidir.

Endi ba’zi bir xususiy hollami garaymiz:

1). Agar m = 3 bo‘lsa, uholda 10 = I(mod3) va 10k = I(mod3)
bo'lgan<c uchun R3 — a0+ ar + a2+ ..+ an bo'ladi. Bundan berilgan
sonning 3 ga bo'linishi uchun uni tashkil etuvchi ragamlanmng
yig'mdisming 3 ga bo*linishi zarur va yetarli degan tasdiq kelib chigadi

2). Shuningdek, agar m = 9 bo‘lsa, uholda 10 = I(mod9)va 10k =
Ilmod9) boMgani uchun R9= a0+ at + a2+ ..+ an boladi.
Bundan berilgan sonning 9 ga bo'linishi uchun uni tashkil etuvchi
ragamlarining yig‘indismmg 9 ga bo'linishi zarur va yetarli degan tasdiq
kelib chigadi.

3). Agar m = 11 bo'lsa, u holda 10 = —d(modll) va 10k =
(-1)k(modll) bo‘lgani uchun Rn = (a0+ a2H- ) —(a! + a3+

) bo‘ladi. Bundan berilgan sonning 11 ga bo’linishi uchun uni tashkil
etuvchi juft c'nnaagi ragamlari yig‘indisidan toq o‘rindagi ragamlarini
yig‘indisining ayirmasi 11 ga bo'linishi zarur va yetarli degan tasdiq
kelib chigadi. "

4). Agar m = 7 bo'lsa, u holda 10° = I(mod7), 10 =
3(mod7), 102 = 2(mod7), 103 = -I(mod7),

104 = —3(mod7), 10s = —2(mod7), 106 = I(mod7) bo'‘lgaru
uchun R7= (a0+ 3ar + 2a2) —% —3a4 —2a$ + mm bo'ladi. Bu
yerda endi ifoda biroz murakkab.

B. Endi 10 soni m moduli bo'yicha 5 ko'rsatkichga garashli bo‘lgan
holga to‘xtalamiz: bu holda 105 = I(modm) boMgani uchun rs = 1.
Shuning uchun ham rg dan boshiab goldiglar takrorlanadi va Rm = a0 +
al-rt+ a2-rz+ ..+ aSi w5 ! + as+ ae+imn + bo' ladi.
3,79,11 modullari bo'yicha 10 soni mos ravishda 1, 6. 1, 2
ko'rsatkichiarga tegishli bo‘lgani uchun bu modullar bo‘yicha qgoldiglar
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moe ravishda rr rb r1(r2 lardan boshlab takrorlanadi. Buni biz vuqorldagl
1)-4)- misoilarda ko'rdik. Y e

tMni2 °*“Kk kasrga aylantimhda hosil bo‘ladigan
kasrnmg davr uzunlig.ni aniglash. A. Ma’lumki, maxrajida 2 va 5 dan
~',jhga sonlar gatnashgan qgisgarmas oddiy kasr - ni o‘nlik kasrga
aylantirsak cheksiz davriy kasr hosil bo‘ladi. Davrdagi ragamlar sonini
aniglash uchun awalo gisgarmas oddiy kasr | maxrajida 2 va 5 sonlari
gatnashmagan, ya'ni (10.6) = 1 bo‘lganholni qaraymiz. Bunda
(a < b) bo‘lgan holni ( - -to‘g‘ri kasrm) garash bilan chegaralanish

mumkin. Tushunarliki, bunday kasming surati a soni fedan kichik va b
n.° xokk 9 (b) ta quymatdan birim gabul giladi. Oddiy
kasrnl o nhk kasrga aylantmshdagi singan ish tutib m gadamdan keyin
quyidagiga ega bo‘ lamiz: y
10a = bgx+ ru
10r, = bq2+ r2,

* . 10rm-i = bgm + n»

u a N g°ldig,ar 0 <ri < b shartni ganoatlantiradi.
Shumngdek b > a boMgam uchun 4l < 10;b > rt bo Igani uchun a2 <
~va hokazo. Shimday qgilib, barcha gt lar ragamlardir. Misol uchun:

- - —bad'lsa, (1) quyidagicha bo‘ladi: 10 «5 = 13 <3 + Ui,

10-11 = 13 m8 + 6,10 m6 = 13 w4+ 8, 10-8 = 13 m6 + 2
10m2 = 13 ml + 7,

K L]

10«7 = 13m5+ 5 /1'n
lardan iborat bo' ladi. v
(1) da(10,6) = | va(a, b) = 1bo‘lgani uchun (10a, 6) = | bo'ladi

bundan esa (n, 6) = 1 ekanligi kelib chigadi. Boshqgacha qilib aytganda
M lar b moduli bo'yicha chegirmalarning keltirilgan sistemasigat rishli
lad”™ya w ulanur soni <p(b) tadan ko‘p bo‘la olmaydi. S

biroThnT a gadamdan keym goldiqdagi va ular bilan
birga bo Immadagi ragamlar ham takrorlanadi. Bundan esa davrda <p(b)
tadan ko } jagam holmasligi kelib chigadi.

* radamlar va davr hagida anigrog ma’'lumotga ega
bo Iush uchun (1) dagi tengliklarm b moduli bo'yicha garaymiz-
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10a = r“modb),
10r, = r2modb), (2)

Yy
bulami hadlab ko'paytwWb *a (r/1 -rT., « = 1 bo'lgan, uchun
rir2-r m_1 grgisqartirib
10 a = rm(modb) W
mhosil gilamiz. Endi m gandaydir bir son bo'Imasdan, balki 10 som-
ning b moduli bo'yicha tegishli bo'lgan daraja ko satkich 30 Ism, ya m
m §8m 10™ = 1(modb) taggoslama o'rinli bo'lgan engkichik ko rsat-
kichbo'lsin. Bunday m lar uchun (3) dan a = rm{modb) “ chgad -
Buverda0 <a<bvao<rm<b bo'lgani uchuna - m kelib chigadi.
Shunday qilib, biz berilgan kasming suratiga teng bo'lgan ¢o 1 4,0
tan Buycrdan M b M f * |

ragamlari sonini, davmmg

mn2lif)eTa1bu hoida sof davriy kasrga ega bo'lamiz va bunda davrdagi
raaamlar soni fagat berilgan kasming maxrajiga bog‘hq suratiga bog; hq
emas ekan. Bundan esa maxraji bir xil bo'lgan barcha oddiy kasrlami o n-
lik kasrga aylantirilganda bir xil davr uzunligiga ega degan xulosa kelib

Chll Endi maxraj i bir xil bo' Ilgan barcha oddiy kasrlami o'nlik kasrga
aylantin.ganda davrda hosil bo'ladigan ragamlami aniglaymiz. (1) -

tengliklardan kasming davri qlq2- 4m. J
q293 "Qm4i' - e 'j

kasmmg vn
kasming davri dffc+i - 9k dan Iborat ekanhgi
kelib chigggi. .

Shunday qilib, j. j ...... n kasrlamingdavrlan biridanragam-

lami doiraviy almashtirish natijasida hosil bo'lar ekan. Bunda

kasmmg davrini hosil gilish uchun J kasming davridag* K ta ragamrn
0'ng toinonga doiraviy almashtirish kerak bo lar ekan.

Misol - = — bo'lsin. 10 soni 13 moduli bo'yicha 6 ko'rsatkichiga
tegishli bo'lganhichun davrda 6 ta ragam bo'lishi kerak. Shuning uchun
ham (1) ga asosan
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11 A

f3 ~ (r(384615), - = 0,(846153), - = 0,(461538),
— = 0,(615384), ~ = 0,(153846),
—7 = 0,(538461) (4)
larga ega bo'lamiz.
“>X ?2T H'NTON BOYyiCta Ne boYTaaa (b *

“ “ atla’ shund>y bo-ladi. chunki bunday b

(bW ,, mplft
mavjud emas>“ b moduli

£J
bundam soni mfM ko 2~ chiga tegishli bo'ladi Ma’lumH
undam soni <p{b) ning bo luvchisi bo'Jadi, ya'ni<p(b) =m d wnh«Mo
W g - . boMgan ,isga™ afig. »

— — r'»>-1 .S St sm-1 r f

b b ' h ! T > »———- D esem — *m-i

f-S 1r S t -r -:::

bo leanto'g'n kasrlard = ~ 13’\ tasistemar»
~ S|stemagaajralad| Bulardanbin

Mian biz yugondagi nusolda tanishdik ((4) os naran,\

e>>** magsadida . teng

terlammg sura,ida,, «,,q qiluvchi biror tasml o]amjz

holda (4) ni tuzishdagi singan yo'l tutib 13

1 in

j3 0,(076923), — = 0,(769230), = 0, (692307),

5 = 0,(923076), 1 = 0,(2307609). A= 0,(307692)

larni hosil gilamiz.

E. Endi b bilan 10 soni oW tub bo'lmagaada i tad ,.nl

rha ay*3ntinshni qaraymlz Faraz etaylik be 2a- h Kue
N\ 7’2

SL &2"1=" -
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10na _ 2n-am5n~ea _ Q.

b i> bj
—, (b, 10) = 1 kasmi o'nlik kasrga aylantu-iD
bi
|
10na at
— 5 = B« K>(A1492 - 9m)

ni hosil gilamiz. Bundan ” ni topish uchun uni 10" ga bo'lamiz.
U holda vergulni n tabelgj chap tomonga surish kerak boladi. Biming
natijasida ™ = K,Krk2 -kn(uxu2—gm) dan iborat aralash davriy

kasrga ega bo'laraiz.

3. Arifmetik amallar natijasini tekshirish. Farazetaylik  sonini
N2 gaqo‘shib N soni hosil gilingan bo'lsin:
N = + N2 (5)
U holda =rl N2=r2,N = r(modm) deb yozish mumkin. (5)
ga asosan
rt + r2=r(modm) (59
bajanlishi kerak. Shunga o‘xshash
N =Nt-N 2 (6)
bo'lsa,
rx—r2= r(modm); (6"
agarda
N = Nx-N2 (7)
bo‘lsa,
rx-r2= rfjnodm); (7"
agarda
N = Nt-N2+N 3 (8)
bo'lsa, ya'ni N ni Nt ga bo‘lsak N2 tadan tegib N3 qoldiq qolsa,
ri ‘r2+r3 —r(modm) (8"

bajarilishi kerak. Tushunarliki, (5') —(8') shartlar (5) —(8)
lardagi amallaming to‘g’ri bajarilgan ekanligini tekshirishning zaruriy
shartlan boiib ular yetarli shatlar bo‘la olmaydi.

Amallar natijalarini tekshirish imkoni boricha ishonchli va bir
vaqgtning o‘zida sodda bo'lishi uchun modul sifatida 9 soninni tanlash
ma’qul, chunki sonni 9 ga bo'lishdan chiggan goldiq shu sonni tashkil
etuvchi ragamlar yig‘indismi 9 ga boMishdan chiggan qoldiqgga teng. Bu

jarayonda berilgan sonning barcha ragamlari ishtirok etadi, shuning
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uchun ham ishonchililik darajasi yuqori va jarayon sodda bo'ladi. Lekin
m = 10 ni olsak jarayon yanada soddalashadi, lekin bunday tekshirishni
ishonchli deh bo'lImaydi, chunki bu jarayonda berilgan sonning fagat
oxirgi ragamigina istirok etadi. Agar tekshirishni m = 11 moduli
bo'yicha bajarsak, ishonchlilik sezilarli darajada oshadi.

334. a sonini m ga bo'lishdan chiggan goldigni toping:

1). a = 264, m = 360; 2). a=1532s- I,m = 9;

3). a= (12715 + 34)28, m = 111; 4). a=8l,m= 11

335. Agar ax = 2(modlI3) va a*+1 = 6(modI3) bo'lsa, a ni
m = 13 bo'lishdan chiggan goldigni toping.

336. Eyler teoremasini qo'llab a sonini m ga bo'lishdan chiggan
goldigni toping: 1). a = 174249, m = 13; 2). a = 18632s- 5,m = 10;
3). a=r37731~ = 37-73.

337. Quyidagi sonlarning oxirgi ikkita ragamini toping:

1). 203z0; 2). 243402; 3). 1812 m1941 «1965; 4). (116 + 1717) 21

338. Isbotlang: 1).(232 + 1) : 641; 2). (222555 + 555222) i 7,
3). (220119W+ 69220° 9+ 11962X) - 102; 4). (62n+l + 5n+2) : 31.

330. 4qimb i m > 1 tog soniga bo'lishdan chiggan goldigni
tgjing.

340. Indekslardan foydalanib berilgan a sonini m ga bo'lishdan
chiggan qoldigni toping: 1). a= KO10,m = 67;2). a= 17852, m = 11;

3). a= 20172018, m = 11.

341. Paskalning umumiy bo'linish belgisidan foydalanib
1)6 ga; 2) 8 ga;

3) 12 ga; 4) 15; 18; 45 gabo'linish belgjsini keltinb chigaring.

342. 792 ga bo'linadigan 13xy45z ko'rinishidagi barcha scmlami
tgjing.

343. Quyidagi oddiy kasrlami cheksiz o'nli kasrlarga
aylantirmasdan daw uzunligini aniglang:

2) 4) Ti'bunda (a,97) = 1
344. Quyidagi oddiy kasrlami o'nli kasrlarga aylantirganda hosil
bo'ladigan davr uzunligini aniglang:
10 ~ 1 on 1
17 -23" 2) ?3—5/?' 13) 7 w23 «31'

N~11-13-17'13-37°
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345. Quyidagi oddiy kasrlami o‘nli kasrlarga aylantirganda hosil
bo‘ladigan davr uzunligini aniglang:

4 TS 2> 3> 4>
346. Tagqqoslamalardan foydalanib quyidagi tengliklaming xato

ekanligini koTsatmg: 1). 4237 «27925 = 118275855; 2).
42981:8264 = 5201; 3).19652 = 3761225.

347. Tagqoslamalardan foydalanib quyidagi tengliklaming
to'g'riligini tekshinng: 1). 25041 + 91382 = 116423 ; 2). 42932 —
18265 = 24667; 3).13547 - 9862 = 3685; 4). 235463 - 25376 =
210087.
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VI BOB. UZLUKSIZ KASRLAR VA ULARNING TATBIQLARI

V1.l -8. Chekli uzluksiz kasrlar

Agar gisgarmas (to‘g‘ri yoki noto‘g'ri) oddiy kasr berilgan
bo'lsa, uni Evklid algoritmi yordamida ko'rinishida fodalash mumkin
(12- paragrafga garang).

a
o 4\+_<72+
\ (b
+ L
4>
(1) ga b ratsional sonining chekli uzluksiz (zanjtrli) kasrga yo¥ilmasa
deyiladi. Bunda g0 —butun son, qlrg2, ..., gn lar natural sonlar, tfr larga

chala bo‘linmalar ham deyiladi. (1) yozuv o‘miga

\ = (Ao>A1.42.-.4n) (2)

gisgqa yozuv ham ishlatiladi. Agarda biz q,,>1, bo‘lishini talab gilsak
(2) yagonadir. Aks holda yagona bo‘lmaydi, cbunki  4=(9 - )+1.

To*‘g‘ri musbat kasrni uzluksiz kasrgayoysak g0 = 0 bo'ladi. Agarda
manfiy kasrni uzluksiz kasrga yoysak birinchi elementi g0 < 0 bo‘ladi,

chunki manfiy sonning butun gismi manfiy, kasr gismi esa bamma vaqt
musbat sondir.

Shuningdek har ganday butun sonni m=(m) bir elementli uzluksiz
kasr deb, har qanday;n ko‘rinishdagi to‘'g‘ri kasrni esa F:(O’ m)deb garash

mumkin.
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Uzluksiz kasrlaming tatbiglarida munosib kasrlar deb ataluvchi

<=0 > =<1 =o+" 7
ushbu 4 ~ +§

yoki
50 = = Cfio*4i)> N2 = Clo>Us ar)>
. ,Sn = (q0-Qv gr> ees>A)
kasrlar muhim hamiyatga ega.  Tushunarliki.

= 0?0041/ 92> —4n) = p
ga odatda k-tartibli munosib kasr deyiladi. Endi st= " deb olsak

uning surat va maxrajini hisoblash uchun quyidagi rekurent formula
(Pk = Pk-19k +Pk-2 1 - 012
{Qk = Qk-igk + Qk-2" ...

orinli. BundaP_2=0, P_j=1va Q2= 1 Q_i = 0 deb
olinadi. Munosib kasrlami hisoblashda quyidagi javdal ancha qulay

<3 40 4i e Ok2 4kl Sk ..
P, '3_5 P'Il Po=go Pi .. Pk2 Pk, Pk . Pn
< f_|2 S)é Qo=l Qi 2 Qkl Qk - On

Munosib kasrlar va berilgan ~ kasr orasida quyidagi munosabatlar
o rinli:
Po P2 P* A P$ P3 Pi

Qo< (h <QlI* <b<™<QIl<@3< Q4
Bu yerdan ko'rinadiki, | - kasr doimo ikkita go‘shni munosib kasr

orasidajoylashgan bo‘ladi. Bunda munosib kasrlarning tartibi o*sishi
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bilan ular orasidaai interval kichrayib boradi. 0 —kasmi — —munosib

kasr bilan almashtirishdan hosil boMadigan xatoliknk baholash uchun
a Pkl 1

b Qfci QkQk+I

munosabatdan foydalanamiz.

348. Berilgan kasrlami uzluksiz kasrga yoying:
1)~.2)4. 3)1,23, 4) 2,

349. Berilgan chekli uzluksiz kasrlarga mos gisgarmas oddiy kasmi
toping:
1) (14.24,2,1,2), 2) (0,1,2,3,4,5), 3) (54,3,2,1), 4) (a, a & a, a).
5) (a, b, a,b,a), 6)(2,1A4,34,2), 7)(1,1,2,3,4), 8) (2,5,3,2,1,4,2,3).

350. Quyidagi kasrlami uzluksiz kasrlarga yoyishdan foydalanib

gisgartiring:
3587 1043 3653 11281 r 1491
' 2743 ' 3427 3 3107 6583 ’ N 2247
351. Tenglamalami yeching: 1) (x, 2,3,4) = 2)7(xyz + x +

z) = 10(yzg 1).
P
352.Berilgan kasrlami uzluksiz kasrga yoying va uni — - munosib

kasr bilan almashtinb xatoligmi aniglang hamda almashtirishni tagribiy
tenglik yordamida xatoligini ko' rsatgan holda yozing:

X 29 163 648 1882
1) 37’ 159’ 385’ 1651'
353. Berilgan kasrlami uzluksiz kasrga yoying va uni — —munosib

kasr hilan almashtirib xatoliogini aniglang hamda almashtirishni tagribiy
tenglik yordamida xatoligini ko' rsatgan holda yozing:
571 2341
) 3590 Frazan
354. Tishlari sonining nisbati — ga teng boigan ikkita shestema
yordamida tishli uzatma qurish talab etiladi. Tishlari sonining berilgan
nishatinl surat maxraji eng kichik boMgan va xatoligi 0,001 dan
oshmaydigan uzatmani qurish texnik jihatidan mumkinmi?

355. (2,2,2,...,2) uzluksiz kasmi 2 ga boMishdan hosil boMgan
boMinmani toping.
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356. (a,a,a, uzluksiz kasrni 2 ga bo'lishdan hosil bo‘lgan
bo'linmani toping.
357. Tenglikni isbotlang:

358. Agar Pi va Qt lar (ar,qg2, ...,qn) ~ uzluksiz kasming munosib
kasrlarining elementlari bo‘lib, n > 1 bo'lsa
P Q

%lj_l_—l = (An. An-1> ee<?i)va (/II’_I—E_

ekanligmi ko'rsating.

= (UYn-4dn-i, - 4r)

359. A—wa -?n laming gisgarmas kasr ekanligini isbotlang.
Pn-i Qm-1
360. Isbotlang:
\% / r—Vfi*H1 / # 471+l

uw = 2) (1+vVv2)"-(1-v2)"

361. PMON-i —QnPn- 1= (—)n_1 munosabatdan foydalanib ikki
noma’ lumli birinchi darajaii anigmas tenglamalami yechish usulini bayon
giling.

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

363. Agar a natural son bo‘ls'L ° ~*+20' nm8 qisqgarmas kasr

ekanligini isbotlang.
364. Simmetrik uzluksiz kasr (qn= gx, gn- 1= A>—) ™ uchun
Pn~i = Qn munosabatning o‘rinli ekanligini isbotlang.

It—1

365. Agar n £2 bo‘lsa, Qn > 2 2 ekanligini isbotlang.

366. PnQn-1—QnPn-i = (-1)" munosabatdan foydalanib ax =
b(modm) taggoslamanmg (a,m) = 1 bo‘lgandagi yechimini topish
uchun formula keltinb chigaring.

367. 366- misolda bayon gilingan usuldan foydalanib quyidagi
taqgoslamalami  yeching: 1) 95* = 59(mod308), 2)91* =
I((modI32).
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V1.2 -8. Cheksiz uzluksiz kasrlarnmg yaginlashuvchaniligi

Munosib kasrlar quyidagi xossalarga ega:

(0] = yr¥ N - 4b.-a b o-H T
Bu yerdan -"-gisqarmas kasr degan xulosaga kelamiz, chunki <Pk,
QK
QK)=i.
2°. Munosib kasrlaming tartibining o‘sib borishi bilan ulaming juft
tartibiilari o'sadi, toq tartiblilari esa kama>adi. Bunda har bir juft tartibli
munosib kasr ixtiyoriy toq tartibli munosib kasrdan kichik bo*ladi.

- «-< Fe*F | *em*¢«>-2 N3 5 - * -
1,2,... vaak+l = (<fc+i, <fo+2.- )e
4°. a = (gqO,qu ...,gk, - ) ~ irratsional soni uchun

Po P2 P4 Ps P3 Pi
— < — < — < ..<a< e — < — < —

Qo Qi Q4 Qs Q3
va

= I|m

Qk
munosabatlar 0‘rinli. ¥ s —munosib kasr a — hagigiy soni uchun eng
yaxshi ratsional yaqginlashish bo‘ladi, ya'ni maxraji y < Qk shartni

. - X H e o N Pt
ganoatlantiruvchi birorta ham - ratsional kasr a — hagiqiy soniga — -

munosib kasrga garagan yaqin bo‘la olmaydi. * —kasr a — hagiqiy

somea — — anialik bilan yaginlashadi. a — hagigiy soniga berilgan e
T QkOQkH

aniglik bilan yaginlashadigan munosib kasrni aniglash uchun Qk >

bajariladigan qitib olish kerak bo‘ladi. Shuni ham ta’kidlash kerakki,
bunday aniglikni kichikiroq tartibli munosib kasrlar ham ta’mmlashi
mumkin.

368. Quyidagi sonlami 4-tartibli munosib kasrlar bilan almashtiring.
va buning natijasida hosil bo‘ladigan xatolikni baholang:
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587 y-1 + n/5 t 2 - /3
1).— , 2).3.14159. 3).-—- TAy— .4).—
1 + /5 —1 + 2
5 — 6>— j—

369 ob1 sonini imkoni boricha kichik maxra'j.li> munosib kasr

bilan almashtiringki, bunda xatolik 0,0001 dan kattabo'lImasin.

370. Berilgan sonlarga 0,001 gacha aniglikdagi engyaxshi
yaginlashishni toping: 1). v2, 2).V3, 3).n/7, 4).7/TT.

371. Berilgan tenglamalarning ildizlariga 0,0001 gacha aniglikdagi
eng yaxshi yaginlashishni toping: 1).x2—Sx + 2= 0, 2)Ax2+
20x + 23 = 0.
3).x2+ 9x + 6 = 0, 4). 2x2- 3x- 6= 0.

372. Awalo — va Pn+Pnil  laming ikkalasi ham a ning bir

Qn+Qn+i

tomomda yotishiga ishonch hosil giling va \a——#]> -------mmm-
| ynl  C?2n(Vn+Vn+i)

tengsizlikning o‘rinli ekanligini isbotlang.
373. Agar gn —chala boiinma bir necba birlikka ortsa n-tartibli
munosib kasr ortadimi yoki kamayadimi?
374. n> 1 bo‘lsa quyidagi tengsizliklardan hech bo‘lmasa
P 1

a“ mtl < yeKi
vnl -4l

VT.3 -8.Cheksiz uzluksiz kasrlar va kvadrat irratsionalliklar

Butun koeffitsiyentli kvadrat tenglamani ganoatlantiruvchi
irratsionallikga kvadrat irratsionallik deyiladi. Kvadrat irratsionallikning

umumiy ko*rinishi dan iborat. Bunda a,c ® Ova b > 0 — butun

sonlar. Cheksiz davriy uzluksiz kasrlar (sofyoki aralash bo'lishldan gat’i
nazar) kvadrat irratsionalliklar bilan yagindan bog‘langan. Bu
bog’ lanishlami quyidagi teoremalar yordamida ifodalash mumkin:

I.Har bir cheksiz davriy uzluksiz kasrlar (sof yoki aralash
boMishidan gat'i nazar) butun koeffitsiyentli kvadrat tenglamaning
hagiqiy ildizi, ya'ni kvadrat irratsionallik bo’ladi.
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2. Har bir Dutun koeffitsiyentli kvadrat tenglamaning hagiq
irratsional ildizi cheksiz davriy uzluksiz kasr (sofyoki aralash bo lishidan
gat’'i nazar) ga yoyiladi.

375. Quyidagi uzluksiz kasrlar bilan berilgan kvadrat irratsional-
liklami toping: 1). (273), 2).(1,1,2,2), 3).(345), 4).(1,2,3,4),

5). (0,1,1,1,1,27272"), 6). (a, H72H), 7). (2,2,1,1).

376. Bir xilda chala bo‘linmali cheksiz davriy uzluksiz kasrlarga
yoyiladigan kvadrat irratsionalliklaming umumiy ko‘rinishini toping.

37 Rgar ) ™= Pawri=VE Y K= g =15
bo'lsa, a irratsionalliklami toping.
378. Uzluksiz kasrlarga yoying va — ni aniglang: 1) n/x2+ 1,

2) Va4 + 2a.

379. Va2 + a + 1 irratsionallik cheksiz davriy uzluksiz kasrlarga
XOXHSQ\’ 43 ) bo' lishini isbotlamW

380. o va ft lar natural sonlar bo'‘lsa, bx2—abx —a kvadrat uch
hadning musbat ildizining sof cheksiz davriy uzluksiz kasrlarga
yoyilishini isbotlang. Teskari teorema o'rinli bo‘ladimi?

381. Quyidagi teoremam isbotlang: agar butun koeffitsiyentli
kvadrat tenglamaning bitta ildizi x = (a, b) bo‘lsa, uning ikkinchi ildizi

"(Tbl.'a) bo'ladi.

382. Agar musbat kvadrat irratsionallik sof cheksiz davriy uzluksiz
kasrga yoyilsa, unga qo‘shma bo‘lgan irratsionallikning (—i1,0)
intervalga tegishli bo’ lishini isbotlang.

383. Agar butun koeffitsiyentli kvadrat tenglamaning bitta ildizi x =
(a,b,c) boMsa, uning IkLnchi ildizi a — (c,b) bo'lishini isbotlang.

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

_385.a=(a,bc)vaB=(c,b,a) sonlarining x = (a,b,c) vay =
(c, b, a) sonlariga proporsional ekanligini isbotlang.

386. yin - (n natural son) ko'rinishdagi irratsionallikning davri
ikkinchi chala bo*linmadan boshlanuvchi cheksiz davriy uzluksiz kasrga
yoyilishini isbotlang.
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V1.4 -8. Aigebraik va transseadent sonlar

Ushbu
aoxn+ Oi*”-1 + —+ an= 0, (a0* 0) (2)
ratsional koeffitsiyentli n-darajali tengiamaning ildizi a ga aigebraik
son deyladi. Aks holda a ga transsendent son deyladi. Boshgacha qilib
aytganda aigebraik bo'masagan sonlarga transsendent sonlar deyladi.
Ta'rifdan umuman olganda a aigebraik son, bu kompleks son
bo'‘lishi kelib chigadi. Ma’'lumki, ratsional koeffitsiyentli tenglamani
hamma vaqt butun koeffitsiyentli tenglamaga keltinsh mumkin.
Agar a
xn+ ai*”-1 — + an= 0, (2)
ratsional koeffitsiyentli n-darajali bosh hadinmg koeffitsiyenti 1 ga
tengbo'lgan tengiamaning ildizi bo'lIsa, a ga butun aigebraik son deyiladi.
Agar a (1) tengiamaning ildizi bo‘Hbo darajasi undan kichik bo'lgan
aigebraik tengiamaning ildizi boMmasa, a ga n-tartibli aigebraik son
deyiladi.
Agar a va fi lar aigebraik sonlar bo‘lsa, uholdaa + p,a —fi, a -
/? larva agar /27® 0 bo‘lsa ™ ham aigebraik son bo‘ladi. Bundan
tashgari quyidagi teoremalar o‘rinli.
Liuvil teoremasi. Har bir haqgigiy n-tartibli a aigebraik son uchun
shunday c>0 soni mavjudki, a dan fargli barcha ~ - ratsional sonlar

uchun a - 75| > 2 munosabat o'rinli bo*ladi.

Natija. Agar an> ((?,_i)n-1,n = 1,2,... bo‘lsa, a = (g0,
qu g2, ... ) irratsional son transsendent son bo'ladi.

Gelfond teoremasi. Agar a soni O va 1danfarqli aigebraik son, /?

esa tartibi 2 dan kichik boMmagan aigebraik son boMsa, u holda —
transsendent son bo’ ladi.

Lindeman teoremasi. x = Ovay = 1 danboshga hollarda y —
ex tenglamada x vay sonlari bir vagtda aigebraik son bo‘la olmaydi.
387. Quyidagi sonlaming aigebraik sonlar ekanligini ko'rsating:

1 2)n/3; 3). W, 4). 1+V2; 5). 2-V2;, 6). 1+ i

7).V3 + /5,8). J4 - V2; 9).a+ Vb; 10).a+ iVb
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(bunda a va b lar ratsional sonlar); 11). cos—
n

+ isin H; 12). sinlOO.

388. Quyidagi algebraik sonlarning tartibini aniglang:
1).a+ bi(avab @ 0larratsional sonlar); 2). V3,
3). V2-1; 4). V2-V3;5). y3+ a5 6).2+ i

389. Berilgan tenglamalaming ildizlarining algebraik sonlar
ekanligini isbotlang: 1). X3+ 2n/2x2+ 2 = 0; 2).x2+ 2ix + 10 = 0.

390.Quyidagi berilgan tenglamalaming ildizlarining tartibi berilgan
tenglamamng tartibiga teng bo'lgan algebraik sonlar ekanligini isbotlang:

1).x3+ 2x2- 4ic+2=0; 2).2xs+ 6x3- 9x2- 15 = 0,

3).x4- 5x2+ I0x + 20=0, 4).Xs- 3x2+ 12*- 6 = 0.

391. Liuvil metodidan foydalanib birorta transtsendent sonni
quring.

392. Liuvil soni a = + —r,+7~7 + .. ning transtsendent
ekanligini isbotlang.

393. Gelfond teoremasidan foydalanib quyidagi sonlaming
transtsendent ekanligini isbotlang:

1).1g2) 2)log210; 3). InS; 4). 37~; 5). 57°; 6).2iV5;
8). 52-‘A
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Il gism. Javoblar

u-8.
1.233. 2.1)b=7 8var=41. 2)b =8,9var = 2,6.
13.n= 5+ 1van=5q+ 3, gq=0,1,2,....
23.S,=~U O0On+1 +9n-10).

12-8.
27. 1)21.2) 13.3) 37.
28. a)21 va 6300.6) 23 va 2799997. 33.ha. 35.a)d.
b)ym. c)1 d)d.36.a)1.6)l. c)l. 39.2a)23. 2h)7.

41.in,n+I,n+2)=1 [nn+ I,n+2]=n(n+ 1)(n + 2),
agardan togsonbo‘lsava[n,n+ 1,n+ 2] = *n(n + 1)(n + 2), agarda
njuft son bo'lsa.

42 .nab m n —1 tako'rsatilgan ko' rinishda ifodalash mumkin.

43.(899,493) = 29 = 899(-6) + 11 «49vax = -6,y = 11.°

45.yo0'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.

L3-8.

55. N = pa- 2, bunda pi- tog tub son. 58. 1) 127 — tub
son. 2)919 - tub son. 3) 7429 = 17 w437 - 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, 21'+ 3, ..., 21!+ 20, 21!+ 21.62.n,n+ 10,n+ 14
sonlar bir vaqtda tub bo‘ladigan n ning fagat 1 tagiymati n = 3 mavjud.
63. p = 3 giymatida 2p2+ 1 = 19 —tub son bo'ladi.
64. p= 5.67. 218+ 318 = 13-61 -37 -73 -181.

U.I-8.
76. Du(5)=3. 2)t{ 10) = 4. 3) ;r(25) = 9. 4) Tr(37) =
12.5) 7t(200) = 46. 6) Tr(f000) = 168.77. hw(100) * 22,w =

A = 12%. 2)s(500) * 80,w * 16%. 3)n(FOOO) * 145, w *
14%. 4) Tr(3000) * 3,75; w * 12%.
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11.2-8.

81.a)3.b)11. c) 1.d)2. e)3. i)2. ;)2. /)-2.1)- 1 fo) 7.
89.a) —/3< x < —2va W2< x< /3. b)x=1 ¢c)x=Q
~N.d)x = 0,1.

»l.t-*] = r[*] butun son bo'lsa; , n450., 686
v—M —1 ga; agar x kasir son bo Isa.

96. 33. 97. 502. 98. o-i 99. 48.100. 11! = 28 m34 w52 m7 m1l.
nl01.148.102. p = 2bo‘lsa, m + ] gateng; p > 2bo‘lsa,
Ei=i [~r] g&teng- M®. 2rn+ 1< x < 2m+ 2, m = 0,1,2,... .

104. a > 0O bo‘lganda [— < d; a < Obo'lganda [— —d.
105. 2k=a([/(fc)] + 1)- 1< 136.107. 5631.

n.3-§.
108. 1).r(375) = 8,(7(375) = 624.2). T(720) = 30,cT(720) = 2418.3).
t1(9S7) = 8,<r(957) = 1440.4).7(988) = 12, <T1(988) = 1960.
5). T(988) = 24, <T1(990) = 2808.
6).T(1200) = 30, <7(1200) = 3844.7). T(1440) =
36, cT1(1440) = 4914.8). T(1500) = 24, cT1(1500) =
4368.9).r(1890) = 32 ,<1(1890) = 5760.10).7(4320) = 48,
<1(4320) = 15120.109.1).1,2,3,
4,5,6,8,9,10,12,15,18,20,24,30,36,40,45,60,72,90,120,180,360.
Ulaming jami soni
24ta.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. Jami: 24 ta.
110.12.111.28.115. 1). T(T)7T(n) > r(mn). 2). a(m)a(n) > a(mn).
116. S(m) = n/wr(t) va 5(10) = 100.
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nk(@l+l1)_1
118. 9k(n) = nf=i 0 «119.1). 92(12) = 210.2). 42(18) = 455.

, —»

3). a3(36) = 6643. 4). 42(16) = 341.5). d3(8) = 585.
123. 1. n = 18.2). n = 16875.124.

125N = 2352m7 = 1400.126. N = 26 m35+54 = 9720000.129.
N = 23«5m3 = 120.
Mn.4-8.

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.h). 3. c).p > 2bo'lsa
tenglama yechimga ega emas. p = 2 da ixtiyoriy natural son x
tenglamaning yechimi bo‘ladi. d).x = 2; y = 3.141. (m;n) > 1bo'lsa,
<p(m)<jo(n) < <p(mn) bo'ladi. 144. p*. 16. S = 148.1).p= 2
tenglama bittax = p = 2yechimga, p > 2 bo‘lsa tenglama 2 tap va 2p
yechimga ega bo‘ladi. 2). Tenglama yechimga ega emas. 3).x —
15; 16; 20; 24; 30. 4). * = 5;13;21; 26; 28;36;42. 149. 1).* =
2«+i. 2«-i -5; 2Ke3; 15; 2K~2+15.2).p = 3ixtiyony x ganoatlanti-
radi p 3 dayechimi yoq. 150. m = 7875.151. x = 143. 152. 14161.
153. a).p = 2 da berilgan tenglamani x ning barcha toq giymatlarini
ganoatlantiradi; p > 3 bo‘lsa tenglama yechimga ega emas. b). Agar
(x;p) = | bo'lsa, yechim yo‘q. Agar x = p*1mp*2....p~t bo'lsa,
berilgan tenglamani x ning p ga karra natural giymatlari ganoatlantiradi.
154. a).x = 2* tenglamaning yechimi (oc> 1). b). x — 2* m3". c).
yechimga ega emas. 157. <p(2) + d(3) 4----V <p(n). 158. 8 ta.

Mi.1-s.

159. Barcha butun sonlar 1 moduli bo‘yicha o‘zaro taqgoslanuvchi.
160. Masalan 9,17 lar. 16la),b). 165. x = 2+ 10t, t£Z,x =
2,12,22,- 8,-18. 166. a).x = 0(mod3), x = 3t,t GZ. b).x
Ilmod2),x = 1+ 2t, te 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), c). 171. x = 2 + 5t1; tx- ixtiyoriy butun son.

181. 1).8va 9. 2). Ova 7.
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LLI.2-8.

195.>k= 0,1,2, ...,9(modl0). 196.1).1,2,3,4, ... ,9 lar 9 moduli
bo'yicha eng kichik musbat chegirmaiarining tola sistemasi.
-9,-8,-7,... ,-2,-1 lar 9 moduli bo'yicha eng katta manfiy
chegirmalaming to‘la sistemasi; 0 ;+1; +2; +3; =4 lar 9 moduli
bo'yicha absolyut giymati jihatidan eng kichik chegirmaiarining to‘la
sistemasi. Chegirmalaming keltirilgan sistemalar 1,2,4, 5,7,8;
c-8,-7,-5,-4,-2,-1; £1; £2; +4 lardan iborat.
2). Chegirmaiarining to'la sistemalari
1.234.... ,8;-8,-7,-6,-5,... ,-2,-1; +1; £2; +3; 4.
Chegirmalaming keltirilgan sistemalari 1,3,5,7; —1,-3, —5,—7,;

+1; +3 lardan iborat.
3). Chegroialanning to'la sistemalari:

1,2,3,4...... 13;-13,-12,-11...... -2,-1;0,%1, £2, +3, +4, +5, £ 6.
Chegirmalaming keltirilgan sistemalan.
1.2.3.4.... 12; -12,-11,... ,-2,-1;

+1, +2, 13, +4, 5, +6.

4).Chegirmalarming to‘la sistemalari:
1,2,3,4,... ,12; -12,-11,-10...... -2,-1;
+1,+2, 43, +4, 15, + 6.
Chegirmalaming keltirilgan sistemalari:
1,5,7,11; -1,-5,-7,-11; +1; 45.

5). Chegirmaiarining to‘la sistemalari:
1,2,3,4,5,6,7; -7,-6,-5,-4,-3,-2,-1; 0,%1, +2, £3.
Chegirmalaming keltirilgan sistemalari:
1,2,3,45,6; -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, 5,
Chegirmalaming keLnlgan sistemalari:

1,3,7,9; -9,-7,-3,-1;+1, +3.

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

198. aj.x = 1,3,7,9(modlO)i>J.x = 2,4,6,8(modl0).c).x =
5(modl0).d).x = 0(modl0). 200. Masalan:
1,2,3,4,5,6,7,8,9,10; -10,-9, - 8,-7,-6,-5,-4,-3, -2, -1; +1,
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+2, +3, 4, +5, umumiy holdax = 10q 4r,0 <r < 10vaq e Z.
202. m = 5.206. 9,2,5,8,1,4,7,0,3,6. 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 chegirmalaming to‘la sistemasi;
0,1,2,3,4,5,6,7,8-lar m = 9 moduli bo'yicha manfiy boimagan eng
kichik chegirmalaming to‘la sistemasi; O, +1, +2,+3,+4- lar m=9
moduli boyicha absolyut giymati jihatidan eng kichik chegirmaiammg
to‘la sistemasi bo‘ldi. 1,2,4,5,7,8 - lar m=9 moduli bo'yicha musbat
eng kichik chegirmalaming keltirilgan sistemasi; 1,2,4,5,7,8 - larm=9
moduli bo'yicha manfiy bo'Imagan eng kichik chegirmaiammg
keltirilgan sistemasi; +1, +2,+4- lar m-9 moduli bo'yicha absolyut
giymati jihatidan eng kichik chegiimalammg keltirilgan sistemasi bo’ladi.

111.3-8.

224.12. 225.7. 227.8. 228.2. 229.1. 230.22. 235.7 va 6. 236.1. '
236.049. 246.p = 3.

IV.I-8.

248.a)x = 1+ 3t,teZvax = 2+ 3t,teZ.b)x = 1+ 5t,teZvax =
2 + St, teZ.c) yechimga egaemas. d)x = 3+ 5t,teZ. e)x = 1+ 71, x —
2+ 7t,tez. fix = 11 + 15t,teZ. i).x = I(mod7). 249.Yechimga ega
emas. 250. a)x = —4 + 15t, teZ. b) tagqoslamaning yechimi yo'q. c)x =
1+ 6t, x=—2+6tx =—1+ 6t,teZ.d) yechimga ega emas.
256. x = 1, 7, 11, 13, 17, 19, 2?, 29, 31, 37, 41, 43,47, 49, 53,
59 (mod60Q).

1V.2-8.

257. a)x = 3 + 6t,t e Z. bjtagqoslama yechimga ega emas. c)x =
3+8t va x=7+8ttGZ d)x=5+T7t,teZ e)taggoslama
yechimga ega emas. f) taggoslamayechimgaegaemas. g)x = 3+ 8t,t e
Z. 258, a)x =2+ 7Tt,t EZ.b)x = —1+ llt,t 6 Z. c) taggoslama
yechimga ega emas. d)x = 3+ 13t,t€Z. e) x= -3 + 12t, t € Z.
flx = 2+ 9t,te Z. g) x = 3(mod8). h)x = 3(modI5). 259. =
9+ 19t,t 6 Z.b)x = 11 + 58t,t 6 Z.c)taggoslamayechimga ega emas.
dx =7+ 13tt€Z.e)x =4+ 17ttt € Z. f)x = 7+ 12t,t 6 Z. g)x =
6(modll). 260. a)x = -2 + 27t,t 6 Z.b)x = 7+ 117t, te Z c)X
-46 + 311t,teZz. d)x = 51 + 360t,t€Z. e)x = -5 + 93t,x
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26 + 93t, x = 57 + 93t, teZ.f) taggoslama yechimga ega
emas.g)x = 20+ 431, t GZ.261. <g>x= 2+ 15t ,x = 7+ 15t ,x =
12 + 15t, t G Z. b) taqqoslama yechimga ega emas. c)x = 3 + 25t ,x =
8 + 25t,x = 13+ 25t,x = 18 + 25t,x = 23+ 25tt GZ.d)x = -1 +
7Tt x =6+ 7t, x =13+ 7t, x=20+ 7t, x = 27+ 7t, t GZ

e)x = -5 +93t,x = 26+ 93t,x = 57+ 93t,t GZ f)* = 9+ 138t,
x = 32+ +138t. x = 55+ 138t,x = 78 + 138t, x = 101 +

138t,x = 124 + 138t,t eZ. g)x = 6 + 55t, x = 17 + 55t, x =
28 + 55t, x — 39 + 55t, x = 50 + 55t, t G>K262. = 3+
4t,y = -3 - 51, tGZ b)x=-3 + 13t,y=4- 17t , t GZ c)X =
1+4t,y =2+ 13t,t GZ d)x= 2+ 3t,y = -21,tGZ.e)x = 2+ 3,
y=2+4,tGZ f)x=-2 +7t, y = -1 +3t, tG1 g)x = 5+ 6],
y=-4- 7t tGZ 263. a; 19 ta. b) 29 ta. 264. a)x = 4+ 7, t G
Z.b)x=-2+ 15t,tGZ c)x =6+ lit,t GZ 265. a) 2ta 60 kg lik
va 4 ta 80 kg lik qop yoki 6 ta 60 kg lik va 1ta 80 kg lik gop kerak. b)
markalami 10 xilda turlicha gilib xarid gilish mumkin. x = 3+ St, y =
28 —3t.tGZ.

t 0 1 2 3 4 5 6 7 8 9

X 3 8 13 18 23 28 33 38 43 48
v 28 25 22 19 16 13 10 7 4 1

CJx = St, y = 24 —it, ttZ.
t 0 1 2 3 4 5 6
X 0 5 10 15 20 25 30
y 24 20 16 12 8 4 0

266. a) 152 yoki 656. b) 13,34,55, 76,97.

1IV3-§8.

267. I).x = 291 + 420t3, t3ezZ.2).x = 251 + 1260t3, t3eZ.
3).x = —93 + 840t3,tXZ. 4)jt = 49 + 420t3, tXZ. 5). x = 93 +
560t3,t3eZ. 6). Yechimga ega emas. 7). Yechimga ega emas.
8).Yechimga ega emas.9).x = 17+ 90t3, t3GZ. 10).x = 113 +
1001t3,t3eZ. II).Xi = -3 + 825t3 x2= 162 + 825t3, x3 = 327 +
825t3, x4 = 492 + 825t3, x5= 657 + 825t3,t3ez. 268. 1). x =
289(mod 462). 2).x = 93(mod 385). 3).x = 142(mod 765). 4).x =
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381(modl287). 5).x = 41(mod 7735). 6).x = 37(mod 1938).
7).x = 844(mod 1386). 8).x s 622(mod 2277). 9).x =
2671(mod 3828). 10).x = 1680(mod 24273). 1).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 = 7fc + l,fc G Z.
2). VaeZ. 3).a ning birorta ham giymatida yechimga ega emas. 4).a =
6k + 1,/ GZ. 5).a=3k+ I,k GZ. 6).VaeZ. 7).a = 4fe + 3,fc GZ.
8). VaeZ. 9).VaeZ. 10)a= 5%k GZ. 11). VaeZ. 271. 1).—63 +
440t3,t3 GZ. 2).291 + 819t3t3 G Z 3). 42 + 105t3,t3 GZ. 4).
Masalaning shartini ganoatlantiruvchi nugta ham mavjud emas. 5). 68 +

165t3,t3GZ. 6). -64 + 715t3,t3 G Z. 7). 508 + 728t3,t3 G Z.
8).—53 + 315t3,t3G Z. 9). 631 + 4403t3,t3 GZ. 10).Masala shartmi
ganoatlantiruvchi nugtalar yo'q. 11). 5+ 168t3,t3 G

Z.272m). 428736, 498776, 468776.
b).313138, 495138.C). 1380456. 273.a).x = 3+ Ttity = 3+

_ szlo far= 10 (x = 10 ..
7tifh GZ. b).Jy=3; }y =7: = 11 (mod 12)-c).Yechimga
ega emas.

274. a)

). x = 3(mod 5),y = O(mod 5). b).x= I(mod 5),y =
2(mod 5)c).x = 100(mod 143),y = IlI(m od 143).d).x =

O(mod S),y = 2(mod S).

Yechimga ega emas. g). Sistemaning yechimlari to‘plami x —y =

2(mod 6) taqgoslamaning yechimlari bilan hir xil.
. (x = 1(mod 6) (x = 4(mod 6) .
iy = 2(mod 6)'ly = 2(mod 6)" b, Benl8a”

yechimga bo‘lmasligi sharti  yoki D2 laming birortasming (D; m) = d
ga bo'linmasligidir.

IV.4-8.
216m). X = 1+ St, tGZ. b).x= -1 + 3t, tGZ. ¢).x = 1+ 3t,
x=1—-3t tGZ d).x=-1 +5 x=-2 +5t tGZ e x=
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1+ 5t tcZ f)l.x=1+5t tcZ g).x=2+5 tEZ h).O.
D.x=1+5t tGZ j).x=-1 +5t tGZ

2717. a).(x —3)(modb). b).(x + 2)2(x - I)(x - 2)(mod5).
c).(x - 2)2(x - 3)(x + 7)(mod 11). d).(x - I)(x + 3)(mod5).e).

(x + 2)(3x2- x + 2)(mod5). t).(x - 2)(x - 3)(x2-
2)(mod11). g).(x + 2)2(x —2)2(mod7). h).(x- I)(2x3+ 3x2+
2)(modll). i). Ko'paytuvchilarga ajratib bo‘lmaydi. j).(x —2)(x —
3)(x2+ 5x + 3)(mod7).

278. a). Benlgan tagqoslama yechimga ega emas. b). x = 2(mod7).
c). X!'s 2(modll)vax2=4(modll). d).Xj = 3(modll)vax2=
5(modll). e). x = —2(mod5).

282.aj.Xi = 1, x2= 2, x3= 3(mod7). bV Taggoslama yechimga
ega emas. ¢). x* = —,x2=2,x3= —3,x4= —4,x5= —5(modll).
d).Xi = —2(modll), x2= 2(modll). e).Taggoslama yechimga ega
emas. f). xt= -2, x2= 2, x3= -3, x4 = 3(mod13).

288. a).xt = I(mod 5) vax2 = 2(mod 5). b). xx= 1, x2= 2,
X3 = 3{modi').

1V.5-8.
289. 1).x = 3,-3, -2,7 (modl5). 2).x = -13,-10, -4,2,5,11
(mod30).

3). x = 16(Tnod35).4). X = 3,24 (mod42). 5).Taqgoslama
yechimga ega emas.e"Xj = 5 x2= 2,x3= lI(modl5). 7).x =
—19(mol80).290.1. x = 8(mod 27). 2). x = 143(mod 343). 3).Xi =
2(mod 25), x2 = 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 + 625t4,x = -3 + 625t4, t4 G Z 8).x = 13+ 27t, tGZ

291.1).x = 6,24,42(mod 45). 2). x s 12,24,37,49 (mod 50). 3). x =
-50,-47,-2,-1,1,2,47,50 (mod 147). 4). xs -10,11,15,32,36.
40,57,61 82, (mod 175). 5).x = 2,3,57,83(modI35). 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). Taggoslama
yechimga ega emas. 4). x = 0,2(mod5). 5). x = 2,7(modl7). 6). X =
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-5,14(mod31). 7). x = 3(modI3). 8). x = 7(mod17).293.1). X = 6 +
55t, x = 17+ 55t, x = 36+ 55t, x = 47 + 55t,t GZ. 2). Berilgan
ifoda butun giymat g&bul giiadigan x ning natural giymatlari mavjud emas.
3).x =2+ 15t2 x = 5+ 15t2 x = 7+ 15t2, x = 10 + 15t2t26
Z.294.1,2,4 sonlari 7 modul bo’yicha kvadratik chegir-ma, golganlan, ya' ni
3,5,6 lar esa kvadratik chegirma emas. 295. 1). 1+ life, 3+ Ilk,4 +
Ik,5 + 11k,9 + 11k, kGZ. 2). 14 13k, 3 + 13fc, 4 + 13k, 9 +
13k, 10 + 13k, 12 + 13Kk, kK GZ. 3). 1+ 17k, 2+ 17k, 4+ 17k, 9 +
17k, 9+ 17k, 13+ 17k, 15+ 17k, 16 + 17Tk K 6 Z.

296.1). x = £3(mod7). 2).x = +2(mod7). 3). Tagqoslamayechimga ega
emas. 4). x = £+4(modl3). 5. x = £2(modll).

297. 1. 1.2). 1 3). -1.4). -1. 5).-1. 6). 1 7).I. 8).l.

208.1 ).Benlgan tagqoslama yechimga ega emas. 2).Berilgan

taqgoslama yechimga ega va uning yechimlari x = +5(mod| 1) dan iborat.
3). Berilgan taggoslama yechimga ega va uning yechimlari x =
+5(modI3) dan iborat. 4).Berilgan taggoslama yechimga ega va uning
yechimlari x = £4(modI3) dan iborat. 5).Berilgan taggoslama yechimga
ega va uning yechimlari x = +4(modll) dan iborat. 6). Benlgan
tagqoslama yechimga ega va uning yechimlari x = +8(mod|7) dan iborat.
7). Berilgan taggoslama yechimga ega emas.

299. 1).a= %1 + 5t, t GZ

2. a=-—3+5f,a=1+Sta=2+5tt6Z 3)a=1+IIt,a
3+llt,a=4+1lt,a=5+1lt.a=9+1It,tGZ. 4). a=1I
13t,a= 3+ 13t,a= 4+ 13t,a= 9+ 13t,a= 10+ 13t,a= 10+
13t,tGZ. 5.a= 1+ 3t,tGZ.303.a= 13t,a= 2+ 131,3+ 13,4 +
13t,6 + 13t,7 + 13t,12 + 13t,tGZ. 305. 1). (x2 + 5t,2+ 16t +
20t2),t GZ. 2). 0.3).(2 + lit, lit2- 6t- 1) va (8 + lit, lit2+ 6t -
1),tGZ. 4). ((-2 + 13t, 13t2- 25t + 12) va (10 + 13t, 13t2- t),t G
Z. 5).Berilgan tenglama yechimga ega emas.

306. 1. a=5sonip=5k+ 1 va p= 5k+ 4 Kko‘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=—3somp = 3k + 1 ko'rinishdagi tub modul bo'yicha kvadratik
chegirma, p = 3k + 2 ko'rinishdagi tub modul bo‘yicha kvadratik
chegirma emas bo‘ladi. 3.3 soni p= 129+ |,p = 129 + 11
ko'rinishdagi tub modullar bo‘yichakvadratik chegirma, p = 12q + 5,p =
12q + 7 ko'rinishdagi tub modullar bo'yicha kvadratik chegirma emas

+ 1
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bo'ladi.4).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. 5. 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'ladi.

307. 1. p=1+ 5k, p=4+ 5k modullar bo'yicha berilgan
tagqoslama yechimga ega, p = 2 + 5k,p = 3+ 5k modullar bo'yicha
taqgoslama yechimga ega. 2). Ixtiyoriy p > 2 modul bo'yicha berilgan
taqgoslama yechimga ega. 3).p = 1+ 13k, p= 3+ 13k, p = 4 + 13K,

p=9+ 13k,p= 104 13k, p = 12+ 13k vap = 13 modullar
bo'yicha taqgoslama yechimga ega. p = 2+ 13k, p= 5+ 13k, p= 6 +
13k, p= 7+ 13k,p = 8 + 13Kk,p = 11 + 13k modullar bo'yicha

berilgan taggoslama yechimga ega emas.

309.1). P7(2) = 3. 2). P7(3) = 6. 5)
=2 2.P7(2) = 3, P7(3) - 6, P7(4) = 3, P7(

4,PS3) = 4, P5(4) = 2 =
6,, P7(6) = 2 3).Pe(3) = 2,P8(5) = 2,P8(7) = 2. 4). P10(3) = 4,
Pio(7) = 4, P10(9) = 2. 5.Pn (2) = 10,Pn (3) = 5,P1r(4) = 5,
Pu(5) = 5, Pn(6) = 10, P1X7) = 10,PU (8) = 10, Py(9) =

BPL(KO) = 2. 6). P9(2) = 6,P9(4) = 3,P9(5) = 6, P9(7) = 3, P9(8) =
2.

311. Pm(m - 1) = {I 3 arm “ h°|Sa’-312.1)7. 3,5.2)7. 2,6,7,8.
mv 2, arm>2bols

3). 2,6,7,11.4). 3,5,6,7,10,11,12,14.313. 1).6va2 2). 10va2

3). sva 3.4). 12va2. 5). 12va3. 6). 24va2.314.1). 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.

315jc = 5(mod6)320. 1). b ning (b,9) = 1 shartni ganoatlantiruvchi
barcha qiymatlari. 2). 6 = 1,4,7(mod9 ) giymatlari.

3). (p(rri) - Pm(a).

V.2-8.
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 22 1 9
2 24 17 26 20 8 16 19 15 14
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N o 1 2 3 4 5 6 7 8 9
0 o 2 1 4 1 18 19 6 10
1 3 9 20 14 21 17 8 7 12 15
2 5 13 11

322,

N 0 1 2 3 4 5 6 7 8 9
0 o 1 8 2 4 9 7 3 6
1 5

323.1).&6=6.2).5=5.3).5=4.4). 5= 16.5). 5= 30.6). 5 =
6. 7. 5= 16. 8. 5= 10. 9). 5= 10. 324.1).4,4,2. 2).3,6,3,6,2.
3).10, 5,5,5,10,10,10,5,2. 325.1). Bo'ladi. 2). Bo'Imaydi. 3).Bo'ladi.
4).Boiadi. 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(modl7).

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(modl517). 328. 1).x = 23 + 66t,t GZ.2).x = 26 + 46t,t G Z.
3). Yechimga ega emas. 4). Yechimga ega emas. 5). x = 13 + 30t,t G
Z. 6).x = 11+ 40t, x = 31 + 40t, t GZ.329. 1). x = 17 + 73t, x =
63+ 73t,x =66+ 731, tEZ 2). x =2+ lit, x=9+ lit, tGZ.
3). x=2+ 13t, x = 3+ 13t,x = 10+ 13t,x = Il + 13t,tGZ. 4).
X = 22 + 41t, t EZ. 5). Taqgoslama yechimga egaemas. 6). x = 6 +
79t, Xx = 14+ 79t,x = 59+ 79, tGZ. 7)x =13+ 731, x = 29 +
73t,x = 31+ 73t,t GZ. 8). x = 19+ 41t, x = 22 + 41t, t GZ. 9).
x = 25+ 61t, x = 30 + 61t,x = 31 + 61t,x = 36 + 61t, t GZ.
10). X=2+13t, x = 3+ 13t,x = 10+ 13t,x = 11+ 13t, t GZ.
330.1).x = 2+ 41t, x = 18+ 41lt,x = 23+ 41lt,x = 39+ 41t, t G
Z. 2). x=58+97t,tGZ 3). x=33+67t,tGZ 4. x=7+
73t,x = 10+ 731, x = 17+ 73t, Xx = 56+ 73t, x = 63+ 73t, x =
66 + 731t EZ. 5).Taggoslama yechimga ega emas. 6). Tagqoslama
yechimga ega emas. 7). x =20+ 43t,x = 32+ 43t, x = 34 +
43t,tGZ. 8). X=4+ 13tx =6+ 13t, x = 7+ 13t,x = 9 +
13t,tGZ. 9). X & +x27(mod67). 10). x = x15(mod83). 11).
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Taqgoslama yechimga ega emas. 12). x = +6(mod53). 13). x =
+21(mod67). 14). Taqgoslama yechimga ega emas. 331. 1). 16 va 18.
2). 16va20. 3). 16,18 va 20. 4). 16,18 va 19. 5). 16va 18 332.mda2b =

(indaia2y (P N lindarb(mod.p — 1). 333.1). a = +8(modl7).
2). a = +10(mod23). 3). Bunday giymatlar mavjud emas.

V.3-8.
334.1). 16. 2). 4. 3). 70. 4). 5.335. 3. 336.1). 5. 2).8.3). 1
337.1).0va 1 2).4va9. 3).8va0. 4).9va 3.

339. Agar m = Aq 4-1 ko'rinishida bo'lsa, -—-1gava agarr m =

4q - 1Kko'rinishida bo'lsa, 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

VI.1 -8.
348. 1).(2,2,3,1,5). 2). (0,1,2,5,2). 3). (1,4,2,1,7).

4). (0,1,3,1,1,1,2). 349. 1).  2).ig. 3). ~

g5+4g3+3a j-n a3b2+4azb+3a , 64 73 , 4163
a4+3a2+l ' ' a2b2+3ab+l ' "25’ 43" 1902'
1),-. 2. =.3).— .4).—_. 5).—_.

350 3)13 ) 23 3) 239 ) 227 5) 107

351.1).x=2 2.x=1y=2,z=3.
352. 1). g *i(_0,02).2).ig(x0). 3). * ~(-0.0013). 4).
(-0,000103).  353.1).gi* £(+0,0027). 2). gll x
~(+0,00029). 354.Mumkm. 355. Agar n = 2k — juft son bo‘lsa

izlanayotgan bo'linma (1,4,1,4, .. ,1,4) dan iborat van = 2k + 1 —
2k ta
toq son bo‘lsa (1,4,1,4, .. ,1,4,1,5)bodadi. 356.agar n = 2k — juft
2k+l ta

son bo‘lsa izlanayotgan bo‘linma (1,a2,1,a2, .. ,1,a2) dan iborat
2k ta

van = 2k + 1 —toqsonbo‘lsa (1,a2,1,a2 .. ,1,a2l, a2+ IJ3bo‘ladi.
2k+l ta

362. 1.x = -8360 + 117t, y = 2717 - 38t,t GZ 2). = -74 +

120C, y = 70 —122t,t GZ. 3). x= -2 - 4t, y = -4 - T, t GZ
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4). x = -8814 + 1751, y = -12995 - 258¢t,t 6 Z. 5). x = -125 +

1141, y - 45 - 41t, te?Z . 6). x = -8 + 331,y = 17 - 701, t G
Z. 367. 1). x = 153(m 0d308). 2).x = 103(m odl32).
V1.2-8.
3» 1). £. /ln = 0.00001. 3).;. Nla = 0,05.

4)], Ns = 0,05.5).j, /m = 0,05.6).~, /n = 0,002. 369.-.
3370. g.2)~.3)H.4).9. 371. U * - * 2 -
g(-0,0001);r2= ~ * £(+0,0001).2 ).*,-" «

- A (-0,0001); 12 - £ 5 .- C-0,0001). 3).x, =
-H 1 (+0,0001); *2 = ~» 2 -~ (-0 .0001). 4).x, = 7
291 n
S]2(4-0,0001); *2 = -gi(-0.0001).
373 Juft tartibli m unosib kasrlar ortadi, toq tartiblilari esa kam ayadi.
vr.3-8.

375.1).1+J- 2 ).~ . 3).221f".4). 1~ . 5).1~,

6)1N12+2. 7).=2£fl.37«.1ifH.3,7.,).« =5b«. 2).a=

liin5. 378.1).a = (I,25)vab = 2).a = (a2.a,2<l2)vab =
384.2.
2a3+| b
V1.4-8.

388.1).2.2).3.3).3.4).4.5).4.6).2.
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LW gism. Misollarning yechimlari
LI-8.

1. Qoldigii bo'lish hagidagi teoremaga asosan: m = 1317 + r,0 <
r< 13 bo'lgani uchun r = 12 da eng katta m soni hosil bo‘ladi va
bu holda

m= 13 ml7+ 12 = 170 + 51 + 12 = 233.

2.1). Qoldigii bo'lish haqgidagi teoremadan foydalanamiza = b«
g+ r,0zr < bbizdaa =25 q = 3 vab, r =? Shuninguchunhamr =
25- 3b -»0< 25- 3b<b>3b<25<4b -»b=7;8var-=
41

2). Qoldigii bo'lish hagidagi teoremadan foydalanamiz a = b mq +
r,O”r < bbhizdaa = —30 q = —4 vab,r =? Shuninguchunhamr =
-30+4b >0< -30 +4b <b-> -4b < -30< -3b >b=
89var = 2,6.

3.a> N=2n+1 A2=(2n+ 1)2=4n2+4n+ 1= 4n(n +
1) + L Buyerdan(n + 1) 2 bo‘linganligi uchunN2= 8q + 1

b)x =n2+ (n+ 1)2= 2n(n+ 1)+ 1L Bu yerdan(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=012345 boladi. r = 0,2,3,4 bolganda N tub
son bo'lmaydi yoki 5 dan kichik tub son bo'ladi. Demak, p > 5 -tub son
p = 6g + 1yokip = 6g + 5 ko'rinishida bo'lishi mumkin.

5.4-misolga asosan p > 5tubson p=6g+ 1 yoki p=6g+ 5
ko'rinishida bo'lishi mumkun. Agar p = 6g + 1ko'nmshda bo'lsa, u
boldap2= 36g2+ 12q+ 1= 12q(3q+ 1)+ 1 = 12q(q + 1+
2q) + 1= 12q(jqg + 1) + 2492+ 1= 24Q + 1L

Agarp=6g+ 5 boMsa, u holdap2—36g2+ 60q + 25 =
12q(3g + 5)+ 25 = 129(q + 1+ 2q+ 4) + 25 = 12q(q + 1) +
24q(q + 2) + 24+ 1= 24<? + 1

6. Misolnmg shartiga asosan

fa=mqgt+ 1
Ib=mqg2+ 1

bo'lganiuchun ab = (mql+ i)(mqg2+ 1) = + +m(qt +

g2 + 1=TnCmg™z + <A+ g2 + 1=mQ + 1
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7. 3T + 2= x2 tenglamaning natural sonlarda yechimga ega
emasligini isbotlashimiz kerak. Buning uchun x = 3q, x = 3q + 1,
x = 3q + 2 lami tenglamaga qo'yib tekshirib ko' ranuz.

x = 3qg bo‘lsa, 3m + 2 = 9q2 bajarilmaydi;

x = 3g+ 1 bo'lsa, 3m+ 2=99g2 + 6g+ 1 = 3qg + 1 bajaril-
maydi;

X = 3g+ 2 boMsa, 3m+ 2 =992 + 12q + 4 = 3T + 1 bajaril-
maydi.

Demak, tenglama natural sonlarda yechimga ega emas.

8.15n = 7gn + 1 ekanligini matematik induksiya usuli orgali
isbotlaymiz. n- 1 uchun 15= 7-2 + 1 tasdiq to‘glri. Endi faraz
gilaylik n = k da isbotlangan tasdiq o‘rinli bo‘lsm. ya’'ni 15t = 7gk +
Itenglik bajarilsm u holdal5k+1 = 15k <15 = (7gk+ 1) «15 = (7qgk +
1)(7 w2+ 1) = 98gk + 7-qgk+ 7-2+ 1= 7(16<7k+ 2) + 1= 7Q +
l.Demak, matematik mduksiya metodiga ko‘ra isbotlangan tasdiq
ixtiyoriy n natural son uchun o‘rinli.

9.22' + 1 = x,,ni garaymiz matematik induksiya usulidan foidalamb

n=2dax2= 22+ 1= 24+ 1= 17 tasdiq o‘rinli.Endi faraz gilaylik
n = kdatasdiq o‘rinli boMsin, ya'ni xk = 221+ 1= 10q+ 7 soni 7
ragami bilan tugasin. U holda
= 22kl + 1= 22k2+ 1= (22k2+ 1= (10g + 6)2+ 1=
= 100g2 + 120g + 36+ 1= 10(10(2+ 129 + 3) + 7
= 10i + 7.
Endi yn=24"-5 (n=1,,2,3..... n) ni garaymiz.n = lday =
11 = 10 + 1. Farazqgilaylik, yk = 24* —5 = 10qg + 1 bo'lsm. U holda
yk+l= 24k#l - 5= 24k4- 5= (24K4- 5= (10g + 6)4- 5
= |Ot+ 36- 5=10tj] + 1L
Demak, matematik mduksiya prinsipiga asosan isbotlanayotgan
tasdiq ixtiyoriy n natural soni uchun o' rinli.
10J = 2n + lvam = 2s + 1lartoq sonlarberilganbo‘lsm. 12+ m2
yig‘indini  garaymiz: 12+ m2=2n + )2+ (2s + |)2 = 4n2+ 4n +
1+4s2+4s+ 1=4(n2+n+s2+s)+2=4M+ 2 = 2(2M + 1),
bundaM = n2+ n+ s2+ sva (2M + I)-toq son biror butun sonning
kvadrati bo‘lsa ham 2 soni esa butun sonning kvadratiga teng bo‘la
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olmaydi. Shuning uchunham 12+ m2= 2(2M + 1) soni butun sonmng
kvadratiga teng bo'lmaydi.

11. Qaralayotgan uchburchakning katetlari x,y va gipotenuzasini z
bilan belgilaylik. Ikkala katet ham 3 ga bo'linmasa ulaming har biri 3q +
1 yoki

3g + 2 ko'rinishdabo’ladi. Bundan agar x = 3g+ 1, y —3g + 1
bo'lsin, u holda x2+y2= (3g+ )2+ (3g+ 1)2=30Qx+ 1+
32+ 1=3Q + 2

Agar x =3g+ 1 y=3g+ 2 bo'lsa, u holda x2+y 2= (3q+
)2+ (3g+ 2)2=3<?+ 1+ 3Q2+ 4 = 3(<3L+ Q2+ 1)+ 2= 3Q +
2.

Agarx = 3g+ 2, y = 3g + 2 bo‘lsa, uholda

X2+y2=(3g+ 22+ (3g+ 2)2= 3(?X+ 4+ 3Q2+ 4
= 30?1+ (2+2)+ 2= 3+ 2.

X2+ y2=z2 bo'lgani uchun gipotenuzaning kvadrati z 2 ham va 2
ning o‘zi ham 3 ga bo'linmaydi, ya'ni z2 = 3Q + 2. Lekin bu holda z2
ni 3 ga boMsak 2 emas J qoldiq golish kerak (7- masalaga garang )
shuning uchunham x i 3 yokiy i 3.

12. Agar x katet 5 ga bo‘linmasaunix = 5g+ r,l<r<4 deb
yoza olamiz. Bundan x2= +r2 r=1234;

r=1da x2=5?+1
r=2da x2—5#!'+14
r=3da x2=50Q2+ 4
/ =4da x2=5Q3+ 1

ya'nix2= 5Q + 1 yoki x2= 5Q + 4 bo'lar ekan.Endi agar
y katet ham 5 ga bo‘linmasa u holda uni ham y2= 5T + 1yokiy2=
5T + 4 ko'r ishda ifodalash mumkin hoMadi va bulardan

x2+y2=5K+r, r=0,23 *)

ni hosil gilamiz. Agar z gipotenuza 5 ga bo'nnmasa, uning kvadrati
z2i 5 ga bo'lishdan quyidagicha qoldiglar hosil bo’ladi:

z=59q+1,z=Sq+2,z2=5q+3,2=5q+4, z2=5"+
» z2= 52+ 4, z2=523+4, z2= 5f3+ lya'ni zZ2 ni 5 ga
boMishdan 1yoki 4 goldiq goladi shuning uchun, (*) da r uchun fagat
bizda r = 0 imkoniyat mavjud.U holda x = 5q ,ya'ni x katet 5 ga
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bo'linadi. Birinchi x katet va z gipotenuza 5 ga boMinmasligidan ikkinchi
y katetning 5 ga boMinishi ham shunga o‘xshash isbotlanadi.

13.sn=1+2+ 3+ — kn= (I*nmn dan foydalanamiz.
Agar n = Sq ko'rinishda bo'lsa, uholda s,,= = sq bo'ladi.
Agarda n = 5q + 1 ko'rinishda bo'lsa, u holda

»  (5g+ 2)(5q + 1) 25¢92+ Isq + 2
Sn ~ N - 2
5q(59 + 3) + 25q((q + 1) + (4g+ 2))+ 2
2 2

= + Sqg{2g+ 1)+ 1

=5 +9(2g+ 1) +1=5Q+ 1

bo'ladi.
Agarda n = Sq + 2 ko‘rinishda bo'lsa, u holda

(59 + 3)(5q + 2) 252+ 25+ 6 25¢q(q +1) o
Sn - - 2 - 2 +3

=5Q+ 3

bo‘ladi. Agar n = 5q + 3 bo'lsa, u holda

59 +4)(59g+ 3) 251+ 35q+ 12 5q(.5q + 7)
s, = 2- -—-= 2 — 2 +6

59(<7 + 1)+ 49 +6) _ "
2

' +
5q(q + 1) 5q9(2q + 3) _ .
- + I +b+i




Demak, n= 5q+ 1lva n=5q+ 3, q = 0,1,2,.... ko‘rinishidagi n
lar uchun sn yig‘indini 5 ga bo‘lsak 1 goldiq 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
ko'ra bu tenglikning chap tomoni m ga bo‘linadi, ya'ni ax — by = m
k; shuning uchun o‘ng tomoni ham m ga bo‘lmadi Ya'nia—b = mn
Na (b,77) = 1 bo‘lganda b(x —y) = (ax —by) + (b —a)x = mk —
ml = m(k —I)\ademak (x —y) »m kelib chigadi.

15. Berilgan ifodalarda quyidagicha shakl o‘zgartirish qgilamiz:

4n+ 15n- 1= (1 + 3)n+1l5n- | =1 + n- 3+ 32- +

win~yn--) «33+ - + 3n+ 15n- 1= 18n+ 9Q = 9 +(2n + Q)

Demak, bu tenglikning o‘ng tomoni 9 ga bo'linadi, demak, chap
tomoni ham 9 ga bo'linishi kerak.

16.1)/(n) = 10n+ 18n - lifodaning 27 ga bo' linishini
ko‘rsatamiz.  Buning uchun matematik induksiya metodidan
foydalanamiz. /(1) = 27 : 2

Endi n=k uchun /(k) : 27, ya'ni f(k) = 27q bo‘lsin. fJk + 1) ni
garaymiz: f(k + 1) = 10fc+1 + 18(k + 1) - 1 = 10 m10k+ 18k +
17 = (10k+ 18k - 1) + 9mlOk + 18 = 27qg + 9(10k+ 2), bu
yerda 10k + 2 ifoda K ning natural giymatlarida 3 ga bo'linadi. Shuning
uchun ham oxirgi tenglikning o‘ng tomoni 27 ga va demak chap tomoni,
ham 27 ga bo'linadi. Shunday gilib matematik induksiya prinsipiga ko‘ra
istalgan natural n uchun fix) \2.

2). Endi Fin) = 32n+3 + 40n —27 ning 64 ga bo'linishim
isbotlaymiz. /(1) = 243 + 40 - 27 = 256 : 64. Faraz qilaylik f(k) :
64, ya'nifik) = 64q bo'lsin. U holda

fik + 1) = 32(k+1)+3 + 40(Kk + 1) - 27 = 32«+3 m32 + 40k + 13
= (32k+3 + 40k - 27) + 8 m32k+3 + 40
= 64q + 8(32k+3 + 5)

tenglik o'rinli. Endi g(k) = 32k+3 + 5 ning 8 ga bo'linishini
ko'rsatamiz. g(l) = 321+3 + 5= 248 bo'lib bu son 8 ga bo‘linadi,
ya'nig(1l) i8.

g (k) m8 bo'lsin deb faraz gilaylik, ya'ni g (k) = 81 bo'lsin, u holda
gik + 1) = 32AKFIH3+ 5= 32k+3+32+ 5= (32«k+3+ 5) + 8 «
32«+3 = 81 + 8 m32k+3 = 8(/ + 32«+3) = 8s, demak, ixtiyoriy kK GN
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uchun g(k) = 32k+3 + 5 ifoda 8 ga bo‘linadi. Shuning uchun ham
F(k + 1) i 64. Shunday qilib ixtiyoriy k € N uchun F(k) «64.

17. 1) /(n) = 2j~- kasmi gqaraymiz. Bu kasr gisgannas kasr,
chunki (n; 2n2+ 1) = 1 Kasr sof davriy kasrga yoyilishi uchun uning
maxrajida 2 va 5 sonlaming ko'paytuvchi sifatida gatnashmasligi kerak.
Shuni tekshiramiz: 2n2 + 1 ifoda 2 gabo'iinmaydi (2 ga bo‘lsa 1 qoldiq
goladi).

Endi maxrajda 5 Kko‘paytuvchi sifatida gatnashmasligini
kop'rsatamiz. n = Sq + r, r = 0,1,2,3,4 deb olamiz,u holdag(n) =
2n2+ 1 dan

g(59g +r) = 2(5qg+r)2+ 1= 2(25q2+ 10gr+r2) + 1=
52 +g(r), (*)

bunda r = 0,1,2,3,4. r ning bu giymatlarda g(r) ning 5ga
bo‘linmasligini ko‘rsatamiz. Buni bevosita tekshirish orqgali amalga
jsmrish mumkin.

0(0) = 1, 5(1) = 3, 0(2) =9, g(3) = 19,
g(4) = 33

laming birortasi ham 5 ga bo‘linmaydi. (*) dan g(n) ning 5 ga
bo‘linmasligi kelib chigadi.

2). Endi f(n) — n2#m+1 ni garaymiz. Bu yerda ham (n; n2 + n +
1) = 1lvag(n) =n2+n+1=n(n+ 1) + 1= 29+ 1, ya'ni maxrgj
2 ga bo'linmaydi. Bu yerda g(5q +r) = (Sq+r)2+ Sq+r+ 1=
2592+ 10qr+ r2+ 5g+r+ 1 =52+r2+r + 1= 5Q+
g(r)- (*)

Bunda g(r) ifoda (r = 0,1,2,2,3,4) 5ga bo'linmaydi. Hagigatan
ham, ~(0) = 1, 0(1) = 3, 0(2) = 7, 0(3) = 13,0(4) = 21 sonlar-
ning birortasi ham 5ga karrali emas.(*) dan berilgan kasming maxrauda
5 soni ko'paytuvchi sifatida gatnashmaydi degan xulosa kelib chigadi.
Demak f(n) kasr son davriy kasrga yoyiladi.

18.Nt =ala2a3, N2=b1b2b3 lar uch xonali sonlar bo‘ls |, u holda
M=axa2a3bxb2b3=ala2a3 -m103+b1b2b3=NI1-103+N2=(N1+N 2 +
999Nx= (Nx + N-~+37 « 27Nx\a masalaning sharti bo'yicha (Nx + J}2)
37, ya'ni Nx+ N2 — 37qg. Shuning uchun ham M = 37q + 37 m27Nx =
37(q + 2711™) vademak M : 37.
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19.a,).Birinchi usul. mM5- m=m(m4- 1) =m(m2+ I)(m2-

1)=m(mz+ L(m - H(m +1)=(mM- I)m(m + )(m2- 4+
5 =(m- 2)(m —I)m(m + I)(m + 2) + 5(m - I)m(m + 1) = 5l e«
(Mm-2)(m-hm (M +1)(m+2) + 2 o 1)ym(m + 1} = s(4,.c5+] + (m _

I)m(m + 1)),

Bu yerda C~ +1 butun son bo‘igani uchun (m5—m) 15.

Ikkinchi usul. m = 5x+y,0<y<4 deb olsak, m5—m =
(bx +y)5- 5x - y = 5Q + (y5—Yy) ga ega boiamiz. Bu tenglikning
o‘'ng tomonidagi birinchi qo‘shiluvchi 5 ga bo'linadi. Ikkinchi
go'shiluvchu g(y) = (y5—y) ning 5 ga bo'linishini esay = 0,1,2,3,4
giymatlarda bevosita tekshirib ko‘rish mumkin: 4(0) = 0, <(1) = O,
g(2) = 30, 5(3) = 240, ~(4) = 1020 bulaming barchasi 5 ga
bo'linadi. Demak, (m5—m) : 5.

b)m=6x+y,0<y<5 deb olsak, m(m2+ 5)= (6x +
y)((6x + y)2+ 5) = (6Xx + y)(36Xx2+ 12xy + y2+ 5) = 6Q +
(y3+ 5y) ga ega boMamiz. Bu tenglikning o‘ng tomonidagi birinchi
go‘shiluvchi 6 ga bo‘imadi. Ikkinchi go‘shiluvchu g(y) = (y3 + 5y)
ning 5 ga boiinishini esay = 0,1,2,3,4,5 giymatlarda bevosita tekshirib
ko'rish mumkin: ~NO) =0, g(1) =686, g(2) = 18, ~(3) = 42,
g (4) = 84 bulaming barchasi 6 ga bo'linadi. Demak, m(m2+ 5) i 6.

c.f(m)=mm+ I)(2m+ 1) = m(m + I)((m + 2) + m—1) =
=m(m+ 1)(m + 2)+ m(m- I)(m + 1) = 6(cl+2+ C,+1).

Bu yerda ikkala had ham 3 ta ketma-ket natural sonlar
ko‘paytmasidan iborat.

Cjh+2>Cm+i *ar mos ravishda m + 2 elementdan 3 tadan, m + 1
elementdan 3 tadan tuzilgan guruhlashiar sonini bildirgani uchun ular
natural sonlar.

Demak f(m) : 6.

20S=/+ (1+ 1) H— + (i + 2n) yig'indini garaymiz. Arifmetik
progressiya hadlari yig'indisi topish formulasiga asosan

I+ 1+ 2n
S = o - 2n+ 1)=(/+n)2n + 1)

Bundan 5 : (2n + 1) ekanligi kelib chigadi.

21. a) N = 1000q + r sonini garaymiz. Bundan W = 100q + r —
g= 7-11- 13g + (r —q). Demak berilgan N sonning 7,11 yoki 13 ga
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bo'linishi uchun uning ramgliklar soni g va N ni 1000 ga bo’lishidan
chiggan qoldig r ning ayirmasi r —q ning 7,11 13 ga bo'linishi zarur
va yetarlidir.

b) N = 368312 = 368-1000 + 312; 368-312 = 56.56 soni
7 ga bo'linadi. Demak, berilgan 368312 soni ham 7 gabo'linadi. 56 soni
11 ga ham 13 ga ham bo'linmaydi shuning uehun ham N = 368312
soni llga ham13 ga ham bo'linmaydi.

224Y1=anan_1...axa0, N2 = bmbm_i...bib0 sonlami garaymiz.
Shart bo‘yicha

E‘<=n
i=0 ;=0

Bundan
Nt = an*10” + an_! m10n_1 + - + aa<101+ a0 = anm(9 + 1)" +
+an_!m9 + l)n_1+ I_I--+ di m101+ a0= 9Q + an+ an_x+ —

...+ ar+ a0= 9Q + a,.

Shuningdek
m
A2=97+ £ .
j=o
Uholda Ni-N 2= 9Q-9T =9((?-I),yani - ¥2)io
237+ 77+ 777+ —+ 777 .77 = 7m(1 + 11+ 111 + - +

n ta

102 + 103 +
7 /710(1-1

. . 0")  \
+- +10"-n) =--~ V¥ io-<-nj= — (10"+* + 9n-10).

Bu yerda biz geometnk progressiya hadlari yig‘indisini topish
formulasi
bj(l —an)

1—4
dan foydalandik.
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24. N = 444 ..44 «888 ...88 sonini garaymiz.

nta nta
N = 444 .44 «10" + 888 ...88
nta nta

= (410" 1+ 4m10"~2+ - + 4+10+ 4)
10" + (8 +10"_1+ 8 W10N-2 + - + 810 + 8)
10” - 1
N 10" +

10 -1 4 10n- 1
+ 8 ————- — = - (O »+ 2)

r2
=[- (10" - I)]—[é(lo" -1 + 3
Bu yerda
10" - 1= 9(10n_ 1+ 10n-2+ —+10 + 1)
ho'lgani uchun
\+(10” - 1) = 666 ..66 va |CHOMN- 1+ 3) = 666 ...68

nta nta
Demak, N = 666...66 *666...68.
n ta n ta
25.N = 111..155.,56 = ———- -10"+,+5-10.iM-N +6 =
nta n ta 9 9
10m1) 2 +40-10" -50 W + 10"+ -1
(10n+2) ‘6 = (104 +2)2 _(_|9__J;r_,__|_)_+1\/>:
32
f \2
333-3+1
V nto J

26.Sn — (n + 1)(n + 2) ...(n + n) ifodani n ga ko‘paytirib
bo‘lamiz:

p _ I—2—3—n_(n + (n +2)-2n
n Taoesn
_ (2w ... 2n) m(l <3 m5— (2n —1))
1-2-3-n
= 2" «(2n - 1!l
Demak, Sni 2”.
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. 2-8.
27. Berilgan a va b sonlaridan foydalanib Evklid algoritimini tuzib
olamiz:

la = 546vab = 231 2) a = 6253 va b = 1001
546 = 231 =2 f 84 6253 = 1001 m6 + 247
231 = 84 m2+ 63 1001 = 247-4 + 13
84 =63ml+ 21 247 =13 19
63 =21-3

(546; 231) =21 7:21. (6253 1001) = 13; >:13.
3)2257 = 1517- 1 + 740,1517 = 740- 2+ 37,740 = 37 «20. 7:37.
28. Berilgan sonlami tub ko'paytuvchilarga ajratib yozib olamiz:

a) 420 2 126 2 525 3
210 2 63 3 175 5
105 3 21 3 35 5
3% 5 77 77
77 1 1 %
1

bo'lganiuchun 420 = 2m2 «5m3+7; 126 = 2m3 w3~
7, 525 = 3m5e5+7va bulardan (420; 126; 525) = 3 m7 = 21;
[420; 126; 525] = 2- 2- 3- 3- 5- 5- 7 = 6300.7: 21 va 6300.

b) 529 23 1541 23 1817 23
23 23 67 67 79 79
1 1 1

bo'lgani uchun 529 = 23 «23; 1541 = 23 «67; 1817 =
23-79
va (529; 1541; 1817) = 23; [529; 1541; 1817] = 23 m23 w67
79 = 529 w67 W79 = 2799997. j:  23va 2799997
29. a). Bunda(6;35) = (6;143) = (35443) = 1, ya'ni bu
sonlar 6,35,143 juft-juft bilan o‘zaro tub. Shuning uchun ham ulaming
EKUK:Ii berilgan sonlammg ko'paytmasiga teng, ya'ni [6; 35; 143] = 6 «
35 « 14.
b) n va n+1 sonlari o‘zaro tub (n;n + 1) = 1 shuning uchun ham
[n,n+ 1] = n(n + 1).
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30. 2n va 2n + 2 lar ikkita ketma-ket keluvchi juft sonlar bo'ls
U holda
(2n;2n + 2) = 2(n;n+ 1) = 2.
Endi 2n + lva 2n + 3 lar ikkita ketma-ket keluvchi toq sonlar
bo‘lIsin. U holda
2n+ 3= (2n + 1) ml + 2, 2n+1=2n+1
lardan Evklid algoritmiga asosan (2n + 1,2n+ 3) = 1 ekanligi
kelib chigadi.
3l.(cb;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 (cb; be;ca) = d2xy => (cb; be;ca) i
(a; b;c)2
32. (a + b-,a—b) = dbo'lsin. U holdaa+ b=dx a—b = dy
debyoza olamiz.Bundan 2a = d(x + y), 2b = d(x —y), ya'ni d soni 2a
va 2b laming umumiy boMuvchisi. Sbartga asosan (a;b)=1 bo'lgani
uchun (2a; 2b) = 2. Shuninguchunham 2« d d = 1lyokid —2
33. Aytaylik (a, a + b) = d bo‘lsin, u holda a = dxa + b = dy
yoki dx + b = dy bundanesa bid boMishiniva d = UB (a,V),
(UB-umumiy bo'luvchi) ekanligini topamiz | gisgarmas kasr
bo'lganidan d-1. Demak kasr gisgarmas kasr.

34. ava b lar toq sonlar va a —b = 2n boMsin. U holda (a; b) =
d -toq son bo'ladi. a= dx, b= dy, (*;y) =1 debolsaka—b —
dix —y) =2" =>2nld =>d=1
35.a)(d,m) = (d; @x-dy]) = d(I; [*;y]) = d.
b)(ab, m) = (dm, m) = m(d; 1) = m. Bundad = (a,b) m = [a, b].
c) (a+ bjab) = x (a;b) = 1 Faraz etaylik p soni a+ b
ab ning umumiy bo'luvchisi bo‘lsin. U holda a i p yoki b i p. U holda
(a + b) : p bajarilgani uchun p soni a va b sonining umumiy bo'livchisi
boMadi. (a, b) = 1 bo‘lgam uchunp = 1vademak (a + b;ab) = x = 1.
d)(a+ b;m) =72 m= [a; b]va(a, b) = d bo‘lsinuholdaa = dx,
b = dy va (x;y) = 1. Bulardan (@a+ bym) = (d(x +
y); [dx; dy]) = (d(x +y); d[x;y]) = d(x + y; xy).
b)misolga asosan (x + y; xy) = 1vademak (a + b;m) = d, ya'ni
(a + b; [a; b]) = (a;b).
3. a) Mm2n+1)=N;n+(n+ 1)), d=(MN;2n+ 1), n=dx
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d=(n;2n+ 1) = (dx; Zdx+1) => d= 1
b) (1On+ 9;n+ 1) =d. ION49=dx, n+ 1=dy, (Xx;y) =1
10(dy —1) + 9= dx = 10dy —1 = dx => |0dy —dx =1
= d(10y —x) = 1= d = 1.
c) (3n + 1; 10n + 3) = d bo'lsin, uholda

{flon~-~ dy ™ 10d* - 3dy = 1==d(10x - 3y) = 1=d = 1

Esiatma: a) va c) misollami Evklid algontmidan foydalanib ham
ishlash mumkin.

37. Agar x = [a;fr] = bo'lsin u holda ,

(a; ft) m I/ \ofc) (0.6)/
bunda (a; b) = dva b = dbx a = dc”va demak j=i. Aksincha
agar |- =i bo'lsax = [a;b]ly debolib
1= = ra'blynablyY\= /[a;b] [a;b]\_ /7 b a \

b \ a ‘" b ) ~\Na ' b/ V@ab)'(ab)/

=Y.
ya'niy = 1. Bundan x = [a, b]ni hosil gilamiz.
38. a,b,c - toq sonlar bo‘lib (a; b; c) = D boMsin.U holda a =
Dx, b = Dy,c = Dz va X,y,z lartog sonlar bo‘ladi. U holda ~ =
X+y a+c_ . X+Z b+C_ y+z ., . i+y _)ii-_z _y+z, , N
D ) = — — = DI——2— Bolib ) g ; —Tlarbutun
sonlar bo'ladilar.

Bu yerdan D ning sonlarining umumiy bo‘luvchisi

ekanligi kelib chigadi. Endi agar = d desak d !D.
Ikkinchi tomondan esa d soni a, b, ¢ laming umumiy bo'luvchisi, ya’'ni
D :d. Bulardan D = d. Hagigatan ham —dx =a+ b= 2dx.
Shuningdek a+ c= 2dyva b+ c= 2dz. Oxirgi tenglikdan c =
2dz - b gaegamiz. Buni a + ¢ = 2dy tenglikka olib borih go‘ysak a +
2dz —b = 2dy a —b = 2dy —2dz hosil boMadi. U holda bundan va
birinchi tenglikdan

( a+ b = 2dx
(a- b=2dy- 2dz** a-= +y- z)=>dtd
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vab=d(x —y +z) =b:d Bulardan ¢ = 2dz —bxd = d(2z —
bx) = c id. d soni a, b,c laming umumiy bo‘luvchisi.

39.1) agar

a=cq+r;, b—cqg+rt ()
bo'lsa (a, b, c) = (c;r; ra ekanligini isbotlashimiz kerak.
(a; b;c) = d deb olaylik. U holda (1) dan r : d va rx «d ekanligi kelib
chigadi. Biz d = (c; r; rX) ekanligini ko‘rsatamiz. (c; r; rr) = 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 + 69 va 391 = 299-1 + 92 bo'lgani uchun
I)-misolga asosan (299,391,667) = (299,69,92) = (23 ml13; 23 =
3; 23-4) = 23 -(13; 3;4) = 23.

b). (588; 2058; 2849) = (588; 497; 294) = (22m372; 7 =
71; 2-3m72) = 7, bunda 2889= 588 m4 + 497 va 2058 = 588 3 +
294; 497 = 71-7 ekanligidan foydalandik.

40. Faraz qilaylik (a,b) = d bo‘lsin, unda a= dx, b = dy
bo'lib, buyerda (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 iopanm Endi (5x + 3y, 13x + 8y) = 1 ekanligini
isbotlash kerak. Aytaylik

(bx + 3y, 13x + 8y) = Svabx+ 3y = Su, 13x + 8y = fiv
bo' Isin mholda
X = S(8u —3v) vay = 5(56y —13u) bo'ladi, ammo (x,y) = 1
edi, shuninguchun 5 = 1. Shunday gilib (5a + 3b, 13a + 8b) = d.
41.(n,n+ 1,n+ 2)va [n,n + 1,n + 2] larm topish kerak.
nn+1n+2)={n,n+1),n+2)=(1,n+2) =1
[Nnn+1In+2]=[nn+I,n+2]=[nn+1),n+21=
nn+H(n+2) _nn+I)(n+2)
(n(n + 1); (n + 2)) (n;(n+2) *

chunki (n + 1,n+ 2) = 1. Buyerda

_ 5\1, agar n toq son bo'lsa;
(n,n+ )- agar n ju” son b0'isa

Hagigatan ham, n — 2k —juft son bo‘lsin. U holda (n; n + 2) =
(2k; 2k + 2) =
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2(k;k+ 1) = 2; Endi agar n = 2k + 1 - toq sonbo'lsa, uholda
(n;n+ 2) = (2k + 1; 2k + 3) = 1, chunki Evklid algoritmiga asosan
21+3= (2k+1)ml+ 2, 2k+ 1= 2+k+ U, 2= 1-2+0.
Shunday qilib,
n(n + I)(n + 2), agarntoqg son bo'lsa;

1
-n(n + I)(n + 2), agar n juft son bo'lsa.

42. nab = ax + by, (a,b) = 1 0)
bo'lsa, x —bk (k = 1,2,3,4.....) deb yoza olamiz. U hoida (*) 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—I(n >
1), shunday qilib x = bk,y = a(n —fc), k= 1,2,3,4,..... ,n—1.
Demak, nab ni n —1 ta ko'rsatilgan ko' rinishda ifodalash mumkin ekan.
43.Evklid algoritmidan foydalanamiz. U holda quyidagilarga ega
bo‘lamiz:
899 = 493 <1+ 406, 493 = 406 <1+ 87, 406 = 87 m4 + 58,
87 = 58«1+ [29], 58 = 29 w2, bundan (899,493) = 29. Shumng
uchun ham
29=87- 58ml=87- (406 - 87 m4) 1= 587 - 406 =
= 5(493 - 406 1) - 406 = 5493 - 6 *406
= 5493 - 6(899 - 493) = 11 =493 - 6 m899.
Shunday qilib,29 = 899(-6) + 11-493 x = -6,y = 11.
44. a = cq + r bo'lsin. U holda (a, ¢) = (c,r) = 1 boiadi.
Shuningdek b = ¢ m(ft + r boMsa (b,c) = (c, rr) bo'ladi.Bulardan
ab = cQ + rrt gaega bo'lamiz.Oxirgi tenglikdan (ab-, c) = (c;rr{) =
1.
45.m > nvad = (m,n) bo'lsin. U holda m = dm1,n = dnt va
mt - ni > Oho'la<li. Agard > m- n=d(mt- nt) yokiO<m 1-
w, < 1bo'lishi kerak m1 —u; -butun son bo'lgani uchun ham bunday
bo'lisi mumkin emas. Demak (m,n) < m —n (m > n).
46.Tushunarliki, ab i (ab, c) va be : (ab, c) bajariladi. Shuning
uchun ham (ab, be) : (ab, c). Lekin shartgako‘ra (a, c) = 1 bo'lgani
uchun (ab; be) = b(a, ¢c) = bvabundanb : (ab; c).
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47. 20-masaladan c ! (ac; b) va (a; b) = 1 dan(c,b) mI(ac; b).
Ikkinchi tomondan (ac; 6) : (c; b). Shunday qilib (ac; b) = (c; b)
bo'ladi.

48. Faraz gilaylik (mn, mk,nk) = d bo‘lsin. U holda

mnk = dx. (1)
Bundan
nn/c nk mk mn
X=~r=m'-s -n~T = k\-d-

Demak, x soni m, n, k laming umumiy karralisi va x = [m, n, fc] =
d,q > 1 deb yoza olamiz.(*)dan

X nk [m,n,Kk]q nk [m;n;K]q mk
m d ' m d’ n d
[m; n; K]q mn
K d'

Bulardan a soni — sonlamme umumiy bo'’ luvchisi.

a'd d
Faramizga ko‘ra
(3 a d g/ = 1, shuninguchunham q = 1vax = [m,n, K]. Endi

(1) dan isbotlanish talab etilgan tenglik kelib chigadi.
49. a) berrigan sistemadagi ikkmchi tenglama

fx =30u

ly = 30v sistemaga teng kuchli, shu sababli sistemaning birinchi

lu,v)=1
tenglamasi u + v = 5ko‘rinishdabo’ ladi, bundanesan = 1,2,3,4 (yoki
v = 1,2,3,4) bo'lishi mumkmligim ko‘ramiz. u (v)ning topilgan bu
giymatlari bo‘yicha x =30,60,90,120 (yoki y = 30,60,90,120)
bo‘lishim topamiz. y ning x ra mos giymatlarini y = 150 - x tenglikdan
topamiz.

Shunday qilib, sistemaning yechimlari
(30,120), (60,90), (90,60), (120,30) juftliklardan iborat ekan.

(x,y) = 45
b) berilgan sistema X_ n dagi birinchi tenglama
7
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fx« 48U
Jy=45v sistemaga teng kuchli, shu sababli sistemanmg ikkinchi
((»,») =!
tenglamasidan wn = 11 vav = 7 bo'lishini topamiz. Demak x = 495,
y = 315 boYar ekan.

f X = 20Xj
(xy = 8400 | y = 20y! (x1-yl1= 21
t(*,y) = 20 A j (*1,¥r) = 1 K X 1>Y1) = 1.

Uooxj™ = 8400

Bundan
Xj = 1,3,7,21 vax = 20,60,140,420 yx= 21,7,3,1;
y = 420,140,60,20.

\ X-5 X7 X5 1, .,

d){ ¥-9 = o * y 9 =1 9271
[(F>=2B*;>)=1  (**>=1 j(*i;yi)=i
Y1=9 y=299=252va*! =5 x=28e5= 140.

e)
| *y =20 liy1=J2L =10= 20 S M =2
M=tw- 1.yl W («.Y/
jr = 2x,
XY, =5 =51 x=W;2
Yy =2y,

(Fle*)*1 jk =i;5 y = 2;10

50.m = 10g + 1 dan (m, q) = 1kelib chigadi. A/= 10a + b ning

ikkala tomonini g ga ko‘paytiramiz. U holda
Ng = 10aq + bg = (m —Il)a + bg = am —(a —bq)

hosil bo‘ladi. Agar (a —bg) ¢ !'m bo‘lsa, (m,q) = 1 bo‘gani
uchun N sonining m bo‘linishi kelib chigadi.

51. N = 10a + b ning ikkala tomonini g + 1 ga ko'paytiramiz va
m = 10qg + 9 ekanligidan foydalanamiz. U holda (g + )N = 10a(q +
1) + b(g + 1) = (10g)a+ 10a+ bg+ b= (m - 9)a + 10a + bqg +
b=7Ta+ a+ b(q+ 1). 10.h)-misolgaasosan (g + 1;m) = (q +
1,10q + 9) = 1bo'lgani uchun a + b(q + 1) soni m gabo‘linsaN soni
m gaboMmadi.
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52. IOWi sonini garaymiz. 10" = anan_! «ma2ai mfO + 20a0 =
N + 19a0, (19,10) = 1. Endi agar A/, = 19 boMsa,N < 19 va aksincha
N i 19 bo'lsa, A/ i 19 bo'ladi.

53.26-misoldagi qoidani N=3086379 soniga tatbiq etamiz.

Nx = 308637 + 18 = 308655, N2 = 30865 + 10 = 30875

N3 = 3087 + 10 = 3097,W4 = 309 + 14 = 323,
Ns= 32+ 6 = 38va 38:19 = 2.
Demak 3086379 soni ham 19 ga bo'linadi.

13-8.

54.6n + 1 = px —p2 boMsin, u holda: o)agar p2 = 2 boMsa px =
6n + 3 = 3(2n + 1) bo'lishi kerak. Pitub son bo‘lgani uchun bunday
boMishi mumkin emas.

b) p2 tog tub son boMsin, ya’'ni p2 = 2k + 1, buholda pr
2k+ 2= 2(3n + fc+ l)boMadi. Bunday boMishi ham mumkin
emas.6n +1 ni 2 ta tub sonning ayirmasi ko'rinishida ifodalab
boMmaydi.

55.N = 2k + 1 = Pi - p2dan tub sonlaming bittajuft son bo'lishi
kerak ekanligi kelib chigadi, p2 = 2 desak N = px— 2, bunda pt tub
son.

56. Faraz kilaylik N 2= n2+ p boMsin, uholdaN 2 —n2= p boMib
bundan haqli ravishda (N -n )(N + n) = p tenglikni yoza olamiz va
bundan esa N —n = I,W + n = p kelib chigadi. Demak 2N = p +
l1yoki p=2N —1= 6m + 3 boMib, bu esa ptub son deb gilingan
farazimizga ziddir, demak, iarazmnz noto'g'ri va N = 3m+ 2 (m =
1,2,...) sonning kvadratini natural son kvadrati va tub sonning yig"ndisi
ko'rinishida ifodalash mumkin emas ekan.

57. 1-usul. a = pmc™va p < ar bo'lsin.Agar p > Vabo'lsa, ax >
/¥a bo'ladi va bu tengsizliklami hadlami ko'paytirsak p mar > a bo'lar
edi. Demak p < Va.

2-usul. a = pmaxva p < at bo'lsin. U holda p2 < p ear yoki
p2 < a. Bundan p < Va.

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 < V127 < 12 bo'lgani uchun 127 ni ketma-ket 2,3,5,7,11
tub sonlariga boMib ko'ramiz. Agar shulaming birortasi ham bo'lininasa
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127 soni tub son bo‘ladi, aks holda tub son bo'lmaydi. 127 soni
2,3,5,7,11 laming birortasiga ham bo'linmaydi. Demak 127 tub son.

2)30 < V919 < 31 bo‘lgani  uchun 919 ni  ketma-ket
2,3,5,7,11,13,

17,19,23,29 tub sonlarigabo’lib ko‘ramiz.Agar shulamingbirortasi
ham bo‘Immasa 919 soni tub son bo‘ladi, aks holda tub son bo‘lmaydi.
919 som bu sonlammg birortasiga ham bo’ linmaydi. Demak, 919 tub
son.

3)86 < V7429 < 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.

50. 1) 100 va 110, buyerda 10 < V110 < 11. Shuning uchun ham
berilgan sonlar orasidagi 2,3,5,7 ga karralilami o‘chirib chigamiz. 2 ga
karralilarini tushinb goldirsak: 101,103,105,107,109 lar goladi.Bular
orasidan 3 ga bo'lina diganlarini o‘chirsak:101,103,107,109 , lar
goladi.Bular orasida 5 ga va 7ga karralisi yo'q. Shuning uchun ham
101,103,107,109 lar garalayotgan omligdagi tub sonlar.

2) 190 va 200, buyerda 14 < V200 < 15 bo'lgani uchun
1)- misoldagi singari ish tutib berilgan sonlar orasidagi 2,3,5,7,11,13 ga
karralilami o‘chirib chigamiz. 2 ga karrali sonlami tushirib qoldirsak
191,193,195,197,199 lar qoladi. Bular orasidan 3, 5 ga
bo'‘linadiganlarini tushinb qoldirsak 191,193,197,199 lar goladi. Bu
sonlar orasida 7 ga, 11 ga yoki 13 ga bo'linadiganlari yo‘qg. Shuning
uchun ham bu sonlar tuh sonlardir. *

3)200 va 220, 14 < V220 < 15 bo‘lgani uchun 2)- misoldagi
singari ish tutib berilgan sonlar orasidagi 2,3,5,7,11,13 ga karralilami
o‘chirib chigamiz. 2 ga karrali sonlami tushinb qoldirsak
201,203,205,207,209,211,213,215,217,219 lar qgoladi. Bular
orasidan 3,5 gabo'linadiganlarini tushinb goldirsak 203, 209,211,217
lar goladi. Bu sonlar orasida 7 ga bo'linadiganlarini tushirib qoldirsak
209,211 lar goladi. Bulardan 209 soni 11 ga karrali. 211 esa 11 gaham
13 gahambo' limnaydi. Shuning uchunham 211 garalayotgan oraligdagi
yagona tub sondir.

4)2640 va 2680. Buyerda 51 < n/2680 < 52. BoMgani uchun
berilgan oraligdagi sonlar orasidan 2 dan 47 gacha bo‘lgan tub sonlarga
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bolinadiganlanm 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
holdap < n! —1 bajariladi. Bundan p < n!. Ikkinchi tomondan n! soni
p ga bo‘linmaydi, shuning uchun ham p > n. Bulardan n < p < nl.
Isbotdan tub sonlar soninmg cheksiz ko‘p ekanligi kelib chigadi.

61. 21!+ 2,21! + 3,...,21! + 20,21! + 21 laming barchasi
murakkab sonlar.

62.n = Idal,11,15 bo‘lib fagat 11 tub»on. n = 2da 2,12,16 bo'lib
bulaming birortasi ham tub sonemas. n > 3 bo‘lsa,unin = 3k + r,r =
0,1,2 deb yozish mumkin. r = 0 bo'lsa, 3k, 3k+ 10,3k + 14.
Bulaming uchalasi tub bo‘ladigan fagat 1 ta k=1 giymati mavjud. Bu
holdan = 3 va 3,13,17 tub sonlari hosil bo‘ladi. r = 1bo‘lsa 3k + 11,
3k+ 15va3k+ 15 tub emas. r=2 da 3k+ 2,3k+ 12,3k +
16 va 3k + 12 soni tub sc® emas. Demak, n,n + 10, n + 14 sonlar bir
vagtda tub boMadigan n ning fagat 1 ta giymati n = 3 mavjud ekan.

63.Tub sonlami 3 ta sinfga p=3gq,p=3q+ Il,p=3q+ 2
bo‘lamiz. 1-sinfda fagat 1 ta p = 3 tub soni(q = I)mavjud. Bu holda
2p2+ 1 = 2-9+ | = 19-tub son bo'ladi.

Agar p = 3qg + 1 ko'rii shdatub son bo'‘lsa, (2 va 3- sinflar cheksiz
ko'p tub sonlar mavjud), 2p2+ 1= 2(992+ 69+ 1) + 1 = 1892+
12q + 3 = 3(6g2+ 4qg + 1) —murakkab son bo‘ladi.

Endi, agar p = 3g + 2 ko'rinishdagi tub son bo‘lsa u holda 2p2 +
1=29qg2+ 12q + 4)+ 1= 182+ 24q + 9 = 3(6g2+ 8qg + 3),
ya’ni bu holda ham murakkab son bo'ldi. Shunday qilib, p ning fagat bitta
p = 3 giymatida 2p2+ 1 = 19 tub son bo'lar ekan.

64. Barcha natural sonlami 5ga bo‘lib goldiglari bo'yichaN = 5n +
r,0<r < 4 debyozaolamiz. Agar r = 0 bo‘lsaN = 5n bo'hb faqgat
n = ldatubsonp = 5bo’ladivabuholdad4p2+ 1= 4-25 + 1= 101,
6p2+ 1= 6-25 + 1 = 151 lar hamtub son bo'ladi. Qolgan hollarda
p=5n+r n=,2,3,4 tub son bo‘lsa u holda 4p2+ 1= 4(25n2+
IOnr +r2) + 1= 5(20Nn2+ 8nr) + 4r2+ 1 va 6p2+ 1= 6(25n2+
IOnr + r2) + 1= 5@30n2+ 12nr + 6r2+ 1), buyerda4r2 + 1 ifoda
r=1da5 r =4daé65 r = 2da6r2+ 1= 25 r = 3 da 55 gateng
giyinat gabul giladi, ya'nip = 5n + 1 ko*nmshdabo‘lsa 4p2 + 1 ifoda
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5 ga bo'linadi, agarda p = 5n £ 2 ko'rinishidagi tub son bo‘lsa, u holda
6p2+ 1 ifoda 5gabo‘linadi. Demak, izlanayotgan giymat bitta p = 5.

65. Np + 5vap + 10 laruchunp = 2dap + 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+ 2p+ 5uchunp = 2 dap + 2 = 4 murakkab son. p =
2k + 1bo'lsa,p+ 5= 2k + 6 = 2(k + 1) murakkab son.

3)2n- 1; 2"+ 1,(n > 2) uchun sonlarning 3q + r; r = 0,1,2
ko'nmshidagi yozuvidan foydalanamiz. Bunda quyidagi uchta holni
garaymiz:

N2n= 3q 2)2n=3q+ 1 3)2n=3q + 2

Birinchi holda 2" = 3qg boMishi mumkin emas. Ddanchi hoi 2n =
3qg+ 1 bolsa, 2" —1= 3qgbo'ladi. g= 1 da 2n—1= 3 tub son
bo'ladi va n = 2da 2n + | = 5ham tub son, lekin misolning shartida
n > 2. Uchmchi holda 2n = 3q + 2bo'‘lsa, 2" + 1= 3(q + |I)bo‘ladi.
Shunday qilib 2 —1 va 2” + 1, n > 2 bo'lganda bir vagtda tub son
bo'lmas ekan.

66. Agar p = 3bo'lsa, p va 8p2+ 1= 73 lar tub sonlar hamda
8p2+ 2p+ 1 =8-9+6+1 =79 tu son boladi, p=3k+ 1
bo'lsa, 8p2+ 1=8(9k2+ 6k + 1) + 1 = 72k2+ 48k + 9 =
3(24k2+ 16k + 3) murakkab son bo'ladi. Shuningdek, agarda p =
3k + 2 bo'lsa, 8p2+ 1 =8(9k2+ 12k + 4) + 1= 72k2 + 96K +
33 = 3(24k2+ 32k + 11) murakkab son bo'ladi.

67.218+ 318 = (26)3+ (36)3 = (26 + 36)(212- 26m36 +
312) = (2Z+ 32)(24- 22m32+ 34)(212- 2636+ 312) = 13 w6l m
488881 = 13 m61 m37 «73 m181.

68.a> 3;m= 3gqx+ 1; n= 392+ 2bo'lsin.

a>a = 3q;q > 1bo'lsin, u holda a murakkab son ekanligi ma’ lum.

b) a= 3q+ 1bolsmuholdaa+ m=3q+ | + 3qt+ 1= 3(q +
gx) + 2vaa +n=3g+ 392+ 2+ 1= 3(q + q2+ 1) bo'ladi. Bunda
a + n murakkab son;

c) a = 3q + 2 ko'rinishda bo'lsm, uholdaa+ m = 3(q + qj + 1)
murakkab son. Demak, berilgan shartlarda a > 3,a + m; a + n lar bir
vaqtda tub sonlar bo'la olmas ekan.
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69. 1) nd+4=n4- 4n2+ 4n2+ 4= (n2+ 2)2- 4n2= (n2+
2+2n) (N2+2-2n)=((n+ H2+ 1)((n - 1)2+ 1) bo'lib, bu esa
n > 1 da murakkab son bo'lishiigini anglatadi.

2) N4+ n2+ 1= (nN2+1)2—2= (N2- n+ 1) A(n2+ n +
),n > 1 da murakkab son bo'ladi.

70. p,p+ 2,p + 4,(p > 3) soniami garaymiz. p > 3 tub sonlar
3q + 1;3q + 2 ko'rinishlarida bo‘ladi. p= 3+ 1 (q = 2,4,..) deb
olsak, uholdap + 2 = 3(g + 1) murakkab son bo'‘ladi, agardap = 3q +
2,(q=1,3,5...) boMsa, u holda p+ 4= 3(q +2) murakkab son
bo'ladi. p = 3q bo‘lsa, g = 1datubson p= 3;p +2=5;p +4=17,
yagona egizak tub sonlar uchligini hosil bo'ladi.

71. p = 3n + 2 ko'nnishidagi tub son boMsin.U holda N = 3m5m
7—p + 2sonini garaymiz.N soni ham 3n + 2 Kko'rinishidagi son,
chunki N = 3(5 w7 =.. mp) + 2 deb yoza olamiz. N sonining kanonik
yoyilmasida p dan katta murakkab son gatnashadi va ulammg orasida
albatta 3n + 2ko‘rinishidagi tub son mavjud, agar N ning barcha
bo‘luvchilari 3n+ 1 ko'rinishida bo‘lsa, N ham shunday ko‘rinishda
bo'lishi kerak bo‘lar edi. Demak, p ganday bo'lishidan gat’'i nazar p dan
katta 3n + 2 ko rimshidagi tub son mavjud ekan.

72. MMr=1Pi —1 = Pk1lg”~n, g>1) bo'lib, bundan pk <
Mr=1Pi ~ 1 va pfc < M~=1Pi- Shunday ekan pn+1 < M"=1 Pi-

73. Ma'lumki ps = 11, ya'ni beshinchi tub son 11 ga teng va 2-5=10
bo'lib, 11>10 boMadi. Agar pn > 2n, («=5,6,7...) bo‘lsa, uholda pn+i -
pn > 2 ekanligidan pn+1 - 2n > 2 yoki pn+1 > 2(n + 1) kelib chigadi,
bu esa isbotlanishi talab gilinayotgan tengsizlikni beradi.

74. pn< 22" ‘dann = 1 dapr < 2 (pr = 2 bajariladi). n = 2 da
P2= 3< 4; n= 3dap3= 5 < 16 bajariladi. Endi faraz gilaylik n =
da(k = ZI§I n) pk < 22 1tengsizlik o‘rinli bo‘lsin. U holda
Pn-1 < \] [pfc + 1 < 2-22-222 -22M 1+ 1=22"-2_1+ 1< 22"

fe=i

Demak, berilgan munosabat ixtiyoriy n natural soni uchun o‘rinli.

75. Faraz gilaylik 2n —1 tub son bo'‘lib n murakkab son boMsin u
holdan = w, mn2 (nx> 1,n2 > 1) deb yoza oiamiz. Bundan 2n- 1=
2ni"2 —i = (2ni)n2—i murakkab son bo‘ladi. 2” —1 tub son degan
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teskari tasdiq hamma vaqt ham o‘rinli emas. Masalan: 211 1 —2048

1= 2047 = 23 m89.
M.1-8.
76. 1) Tr(5) = 3; 2)w(10) = 4; 3)1r(25) = 9; 4) 1r(37) =
12; 5) Tr(200) = 46; 6) Tr(KOOO) = 168.
y,nN 100 100 100 50

77.1)  7r(100) — mI00 — In4+In25 — 2rdo ~ 2,3026 ~
Nisbiy xatolikni hisoblaymiz:

A N =25-22 3 2%.
w  Tr(X) 25 25 *

2) 500 5 100 500 = 500 gQ

n('500" ~ fa500 “ /n5+ inlOO  1,6094 + 4,6052  6,2146

(n _95-80_ 15_3 0,16 = 16%.

95 95 16
3)
1000 1000 1000 _ 1000  1AC.
*(1000) = /nlo0Q= " 3m2,3026“ 6,0078 *  *
_168- 145 28, 0 e
168 168
3000 3000 3000

7r3000) - in3000 - Jn3+ jn1000 8,0064 * '

427 - 375 52
= — ——= — - « 0,12 = 12%.
427 427

y-A(X)

78, 1-shakl.
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79. Chebishyev tengsizligidan

a 7r(x) 6
Inx X Inx
Bu tengsizlikning ikkala tomonidan x -* +00 limitga otsak:
a . 1
im-— = amlim— = am0 =0
X->C0 Inx X->C0 INx
va
. b
lim._- - 0
X-H00 1NX

larga ega bo‘iamiz. Bulardan

ekanligi kelib chigadi.
Isbotlanganidan xulosa gilish mumkinmi, 7 (x)f unksiya x

garaganda sekin o‘sadi. nisbatni L.Eyler [1,jc] kesmadagi tu»
sonlarning o‘rtacha zichligi deb atagan.
80. Tushunarliki n(p) < p. Bunda -p < -n (p). Oxirgi

tengsizlikning ikkala tomomga pn(p) ni qo‘shamiz. U holda

pTr(P) - P < (p - 1)Tr(p)
hosil bo'ladi. Buni
A(P)- 1 n(p)
p-1 p
ko'rinishida yozish mumkin. n(p) - 1=7i(p —1) ho'lgani uchun
rep - 1) A(p)
p-1 K p
ni hosil gilamiz. m murakkab son bo‘lsa, n(m - 1) = n(m)
boMgani uchun
nim —1) 7(m)

m m
bo'ladi. Bundan
nim) n(m —1)
m m—1
kelib chigadi.
M.2-8.

8l.a) [-2,7] = -2,7 - {-2,7} = -2,7 - 0,3 = -3.
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b) [2 + V987J hisoblang. Buyerda 9 < V987 <10 bo'lgani uchun
[VO987] = 9vademak [2 + YLI | = 2+ [1/987] = 2+ 9 = 11

c) 21 = 4+ a,0«x < 1bo'lgani uchun = [7 =
=1

boMadi.

H -12- - [1q3_n/3) 30-10v3 _ 30—17+oc) _ 13-ct _

a} 3+>/3 [ 9-3 J_

1.C3) + 2tgf] = [1,(3) + 2] = [I.(3)] + 2= 1+ 2= 3
3+ sin = j3+ sin(2T — =[3-sin =3+
[sin =3-1 =2

P§"3 - 2cos 912? = [3- a] = 2,chunki O < cos /1\81 )

f). Bu yerda 02512 =x=> 2512 = 10x 3< x< 4 yani x =
3+ a,0<ac<| bo*ganiuchun [2 —l0og102512] = [2 —(3 + a)]
[-1 -a]1 = -2~

l).logl0abed = x =* abed = 10* =3 < x < 4 bo'lgani uchun
agar abed > 1000 bo‘lsa, [2 —logl0abed] = 2 —[(3+<x)] = 2 —
4 = -2 va agar abed = 1000 bo'lsa, uholda [2 —logl0abed] =
[2-3=-1;

K) V30 + VIO = (5+oc) + (2 + /?); 0<oc< 0,50< p < 0,2
[V30 + VTO] = [7+oc +p] = 7; chunki 0 <« +/? < 1

82. Berilgan tenglikning chap tomoni[a]” + [e] = 32+ 2= 11
o‘ng tomoni [e][s] + [A] = 23+ 3 =8+ 3 = 11. Bu tengliklaming
o‘ng tomonlari teng, Shuning uchun ham chap tomonlari ham teng
bolishi kerak.

83 p=4k+ 1 yokip = 4k + 3ko‘rinishida deb olishimiz

mumkin. p = 4k + 1 ko rtmshda bo'lsa, =] 4]=[k+~]=

kvanl = * = k; ya'ni © agar p = 4k + 3 ko'rinishida

bo'lsa, [|] = [k+ = k=
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84. a=mqg+r\ Q<,r <m debyozib olsak, L?le a+ F;O << 1

ho'ladi. Bundan [E]l: q=—.
85. Berilgagn  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. - = - +-= -;+«+ L—1+ O<oc< lva O<p < 1
n n n In nJ r
Bundan [-~-J = [+ A0+ [« +/7]; bunda O <oc +{} < 2. Shuning
uchunham [« +/7] = Oyoki 1 Birinchi holda [~-j = Y + |-J bo'ladi.
Ikkinchi holdaesa [ ] =[]+ [+ 1
fSH.l-usul. m toq son bo‘lsa, m — 2gq + 1 deb yoza olamiz va

2-usul’ fl]]: m-1 tenglik mi_mmi, lga, ya'm m1,
.';_< T;—l ga teng kucnn. %undanmz'-l--z-m< 0< '-T-Zir-l-?-—@yoki’ — % -

0< —ya'ni—1 < 0 < 1, doimo bajariladigan munosabat kelib chigadi.

88. a)y = [x] ning grafigmi (2-shakl) chizamiz (0 <, x < 1,y =
0; <x<2;y=1);(2<x< 3 y=2)vaxokazo(n<x<n +
I;y = n). Bularni Dekart koordinatalar sistemasida tasvirlaymiz:

2-shakl.
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b). y = {*} ning grafigini chizmiz.
/0< X< I\ /1< x<2\ /2<x<3\ /mn X< m\

U<y<1l/'io<y<1l'lo<y<IV' 'Vo<y<1/

Bularni Dekart koordinatalar sistemasida tasvirlab berilgan
funksiyaning grafigiga

y M
W w r S
lr*i-!ll.:9>4*yrrvy'y'y — e
3-shakl.
ega bo’ lamiz (3-shakl).
c)y = [— ninggrafigmi chizmiz.
/O<X<2A 1-2< X< /-4 <XxX< -2\
ly=-1 )"V y=0 j'Vv y=1 /' ’
t—2n< x< -2(n—1)\
\% y=n-1 /

Bularm Dekart koordinatalar sistemasida tasvirlab berilgan
funksiyaning grafigiga ega bo' lamiz (4-shakl).

4-thakt
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»X 2

d ¥Y=|[—- Ilj ning grafigini chizmiz. Buyerdayz—— 1=0>
= 2= xr = —y/2, x2= +V2. Bundan
(~y[2<x <yj2\ N/2<*<2\ (2<x<yf6\
\_y=-1 )’{ y=0 J:( y=1 )
x\=-yf2, X2=+V2.

e)y = [sinx]. Buyerday = [sinx] =
1, agarx = | + 2nk, k £Z bo'lsa;

O,agar 2nk < x < n + 2nk,k GZvox +"+2nk,k GZ bo'lsag;

1, agar T+ 2nk <x < 2nk,k €Zvax*”~ + 2nk, k£ 2Z bo'lsa
ekanligini e’tiborga olsak quyidagi grafikni hosil gilamiz (6-shakl).

Y- h*n(*)]

6-shakL



89. a) [x2 = 2=>2<x2<3=>\[2 < Ix] < >/3 Awalo n2 <
IXI dan x< —y[2,x > y/2 va [|x] < V3 dan -y/3 < x < //3 ga ega
bo‘lamiz. Bulardan
—/3< X< —2va 2< x < /3
b) [3x2—Xx] = x + 1dan x + 1 butun son bo'lishi kerak. Buning
uchun x butun bo' lishi kerak. x butun son bo‘lsa, 3xz - x ham butun son
bo'ladi. U holda 3x2—x = x + 1 tenglamaga ega bo‘lamiz. Bundan

3x2- 2x - 1= 0.Butenglamani yechib x12 — =

AniyaniXj =1 x2=—" larga ega bo‘lamiz. Bu yerda x2= —"
kasr son b0|gan| uchun tenglamanl qanoatlantlrmayd Javob x = 1

c) [x] = ;x —* X < x< 4x + 1va ;x butun son bo* I|sh| kerak.

Butardan 3x < 4x < 3x + 4 =*O<x<4 X =0, ™, -. Bundan x =

0, ~, * ekanligi kelib chigadi. Demak 3ta yechimi bor.

d) [Xx2 = x =>x < x2< x+ 1 va x butun son boMishi kerak
ekanligi kelib chigadi. BulardanO < x2—x < 1. Bu qo‘sh tengsizlikni
yechamiz.

A. x2—x —1 < 0 tengsizlikni yechamiz. Uning o’ng tomoni
shoxlari yuqoriga garagan parabola bo‘lgani uchun ham tengsizlikning
yechimlari x2—x —1 = 0 tenglamaning ikkala yechimlari orasidagi
sonlardan iborat bo'ladi. x2—x —1 = 0 tenglamaning yechimlari

1+tVT+4 1+V5
*12 - 2 “ 2
dan iborat. Shuning uchun ham x2-—x —1< 0 tengsizlikning

yechimi (— +—y-) oraligdan iborat.

B. Endi x2—x > 0 tengsizlikni yechamiz. Uning o‘ng tomoni
shoxlari yuqoriga garagan parabola ho‘lgani uchun ham tengsizlikning
yechimlan ]-o00,*i] U[x2,+“> dan iborat bo‘ladi. x2- x= 0
tenglamaning yechimlarixj = 0 va x2 = 1 lardan iborat. Shuning uchun
ham x2—x > 0 tengsizlikning yechimi ]—o0, 0] U [1, +00[ dan iborat.

Endi garab chigilgan A va B hollami birlashtirib 0 < x2—x < 1

go‘sh tengsizlikning yechimmi topamiz. U holda xe]”™-j”~,0]u
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[1."25] va x butun son bo‘lishi kerak. Demak, qaralayotgan
tengsizlikning butun sonlardagi yechimlari X = 0,1 dan iborat.

0. [12,4m] = 87 =87 < 12,4m <88
124 124
*35 . 440 . 1, «3 o~

91. Agar n butun son bo‘lsa, u holda [] = —X]. Agar x kasr son
bo‘lsa,[—] = y deb olsak, y < —x <y + 1 bajarilishi kerak. Bundan
-y —1< x < —yyoki [X] =~ —1= ——X] —1. Shunday qilib
r i ( —X]ga;agarx butun son bo Isa;

1 J |I-M-Ilga;agarxkasr son bo Isa.
92. xr= [xj +=xr 0 <«,< 1deb olsak

i=1 (=1 1=1
bo‘ladi. Bundan
=1 J 1A I(=0
Bu yerda
boigani uchun
*)
bajariladi.
93. 12-masalada Xt = x2= = Xx,, = x deb olamiz. U holda (*)
munosabat [nX] > n[x] ko‘rinishni oladi.
94. [1,N] kesimda m soniga karrali sonlaming soni ga teng.

Shuning uchun ham 106 va 107sonlari orasidagj 786 ga karrali natural
sonlarning soni

107 106 100000001 10000001

786 786 I 786 J | 786
= 1450.
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95. 1000 dan kichik natural sonlaming soni 999 ta ularning orasida
5 ga karralilari soni r1§9)]1ga, 7 ga karralilari soni Y ga teng. Bu somar
orasida 5va7ga karralilari ham bor. Shuning uchun ham 1000 dan %{ﬂk

f_ 1+ = _ _ =
r +Lu7 999 - 199 - 142 + 28 = 686 gateng.

96. 36 = 22 m82 bo‘lgam uchun n soni 36 bilan o‘zaro tub bo'lishi
uchun (n, 2) = (n,3) = 1 bo‘lishi kerak. Shuning uchun ham 36 semi
bilan o‘zaro tub 100 dan katta boMmagan natural sonlaming soni 100 —
[~-1-[~] +[i*] = 100-50- 33 +16 = 116 - 83 = 33.

97. Agar ko‘paytmada 2 va 5 birgalikda ko‘paytuvchi sifatidd necha
marta gatnashsa ko‘paytma shuncha nol bilan tugaydi. Albatta 2017! da
2 soni 5 ga garaganda ko ‘proq ko*paytuvchi sifatida gatnashadi. Shuning
uchun ham masalani yechish uchun 5 ning 2017! da nechanchi daraja

bilan gatnashishini aniglash kifoya.

r20171 120171 T120171 [2017]
a=

— 43
-1+bl + bl + [ J= 403 +80+16
= 502.

Demak, 2017! ko*‘paytma 502 ta nol bilan tugaydi.
98. N\ning tub ko‘paytuvchilarga yoyilmasida p tub soni

daraja hilan gatnashadi pn = N deb olsak,

rpni ’ 1-p"
+—+ E =pn 1+pn 2+ee+p+1= (i—g )
pn - i
p-i
hosil boladi.

99. 6 = 3-2 bo‘lgani uchun 100! ko‘paytmada 6 ning qaysi daraja
bilan gatnashishini aniglash uchun 3 ning gaysi daraja bilan gau.ashishim
aniglash kifoya.

abl bl B+ 550w

Demak,100! ko‘paytmada 6 soni 48-daraja bilan gatnashadi.
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100. Ma’lumki, n! sonining kanonik yoyilmasi n! = p?1m
Pr2" Pkk ko‘nm'shida boMib, bu yerda prlar tub sonlar, at lar esa p*
tub sonining n! sonida qanday daraja gatnashishini bildiradi va

Kby -l

ko‘rinishda topiladi. Demak,

m  rll —341=a
32 -

“s=[f] =2, ““4T1] =1 “5=[h] =1
bo‘lganiuchun 11! = 28«34 mb2+7 mi 1.

101. Awalo berilgan /V/sonining ko‘rinishini N = shaklda
yozib olamiz va bu yerda N soni butun son bo‘lishligj uchun 1000!

ning kanonik yoyilmasi tarkibida 7 tub soni ganday daraja K bilan
gatnashishini aniglashimiz kerak: (N ning suratida)

., rlo00i  rl000I  1000]
k= J+[-p-j+[ J=1*2+20+2- 164;

(N ning maxrajida)

[1001, [(lOfI
17 1+ {7ZJ+a—14+2+a: 16 +a.
y164.n

Bularga asosan N = ?16>a = 7148-a mf). Bu yerda Q natural son va

(Q7) = 1. Bundan 148 —a>0=>0<a< 148. Demak, a ning eng
katta giymati 148 ga teng.
102. Ma'liunki,(2w)!! =/nl ©2m Bundan, agar p =2bo‘lsa, u holda

L3 Ld * '
2*< m< 2** boMgani uchun, izlangan daraja ko‘rsatkich «+ £ g?rJ gateng
bl

bo'ladi. Agar p >2bo‘lsa, u holda izlangan daraja ko‘rsatkich 4r H_
1-1 LP

bu yerdaps< m<ps'1
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103 Berilgan tenglamaawalo ko‘rimshida [*]=i+2 ~ yozibolamiz,

, agar bu tenglamaning chap tomonini y belgilasak u holda quyidagiga
ega bo‘lamiz:

Y=M
,Y=1+21].
Bundan esa
Y- l: 1+ 2
sistemani hosil gilamiz. Y- 1ning butun giymatlarini mbelgilab
Zm_flzif(!] Ki fom+12x<dh+2 : .
m= YOKI omex<Im +3 ni topamiz.

Bu yerdan 2m-+\cx <2m+2, m=0,+1, =+2.. ni hosil
gilamiz.
i04.y =ax2+bx+c funksiya va demak >= fax2-t-hr+cj funksiya

a> 0 bo‘lganda quyidan va a<0da yugorida chegaralangan . Ikkala

- - b b2-487  fnksiyaning iy~
holda hamy=}faRk+Z«+c]= a X+2aj 420 yaning qly
matlarining aniq chegarasi hl;:ac sondan iborat bo‘ladi. Shuning

yayH<A>0 bo'lganda berilgan tenglama b ;éac £</bo‘lganda va fagat

b2—4ac
shu holda yechimga ega, agardaa<obo‘lsa u holda <d

4a
bo‘lsa yechim mavjud bo‘ladi.
105. Har bir x = K(a » K< b) butun abssissaga egri chizigli
trapetsiya ichidagi va chegarasidagi [f(x)] + 1 ta butun ordinata mos
keladi. Shuning uchun ham izlanayotgan nugtalar soni



jam )] +1)
K-a
gateng.

106. Buning uchun awalo 1-chorakdagi shu aylana ichidagi butun
nugtalar sonini aniglaymiz. Aylana tenglamasini y ga nisbatan yechib 1-
chorakga mos gismi y = ¥6.52 - K2ni olib 25-misolni tatbiq etamiz. U

holda Efe=0([V6,52 - K2]+I1) = 7+7+7+6+6+5+3=41
hosil bo‘ladi. Demak, izlnayotgan nuqtalar soni N = 4-41- 4 7=
164 -28 = 136 ta.

107. n dan katta bo'Imagan va pi,pi,...,pk tub sonlaming har biri

bilan o‘zaro tub bo‘lgan sonlaming soni B(n; pi;p2; - :Pk) = [1] -
a-a---W-+y *» -*u - W - -

ipt-iP*-Ip J+'" + (" 1),eb ~ ] formua blan toPiiadi- shunga
asosan 1575 = 32+52+7 bo‘igam uchun 12317 - p~iZ] _ | L71_

m +m +m +m - ™ -

2463 - 1759 +82 +586 +351- 117 = 5631.

Mn.3-s.
108.1). Bu yerda 375 = 3 mb3 boMgani uchun (1) va (2)-
formulalardan
TE75) =r(3m3) = (1 +1)3+1) =8
32-1 54—1 624
*(375)= — - =4-— =624
larga ega bo‘lamiz.
2).720 = 24 w82 mb bo‘lgani uchun(l) va (2)- formulalardan
r(720) = 5m8+2 = 30;
# 4 2s-1 33-1 52-1
CT(720)=jz j'y ~e"U~TI=31 13'6= 3178 = 2418
lar kelib chigadi.
3). Buyerda 957 = 3 i1 «29 bo‘lgam uchun (1) va (2)-
formulalardan
t(957) = (1 +1)Q1 +1)(1 +1) =8

120



n2_ 1 112 _ 1 292 — 1

O957) = ~g— —r——~~pgf = 4-12-30 = 48-30 = 1440

lar kelib chigadi.
4) 988 = 22 w3 w9 bo‘lgani uchun(l) va (2)- formulalardan
t(988) = 3-2-2 = 12;
<x(988 =— * = 7+14 w0 = 1960.

2-1 13-1 19-1
5).990 = 262 5¢11; ¢(990) =2mBmR «2 = 24,
?2-1 33-152-1
ayHPN) = 2-x--3--kr-5-4-— 3 13-6 12 = 2808.
6).1200 = 24+3+52; ¢(1200) = 5w =8 = 30,
05 _ | 02 _ 1 c¢3 _ 1
cT(1200) =~ I' -33T-53T =31-4"31= 3844’
7). 1440 = 2582 wb; r(1440) = 6 w82 = 36,
) 96 1 -j3_ 1 52—1
#@m}:? 1A e = 63-13-6 = 4914.

8). 1500 = 22m8 +53; £(1500) = 3 W@ 4 = 24,
23—1 32—1 54—]|
cr(1500) =y -y oy — y — f = 7 mi «156 = 4368

9). 1890 = 2 w83 mb W¥;T(1890) = 2 mi M@ + 2 = 32,
22-1 34-1 52- 172 1

rrfl8900 = S——J -~ --Z == T~ 3 w0 -6 Mg=5760
10). 4320 = 2533 +5; {(4320) = 64 m@ = 48,
96 _ 1 >+ 1 g2 _ 1
CT(4320) = - ———- lmmmmmmmmmmm = = 63 ml0O 6 = 15120.

109.1). 360 = 23m82mb, d = 29mBP WbY. 0<a < 3, 0<

B < 2,0 <y < 1. Shuning uchun ham
Q@+2+4+8)(1 +3+9)1 +5) =1 +2+4+8)(1 +3+

30 +90+4+12+36 +20 +60 + 180 +8 + 24 +72 + 40 +
120 + 360;

BoMuvchilar:
1,2,3,4,5,6,8,9,10,12,15,18,20,24,30,36,40,45,60,72,90,
120,180,360.

Ulamingjami soni 24 ta.
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2).720 = 24 m82mb, (1 +2+4+8+16)(1 +3+9)(1 +5)
=(1+2+4+8+16)(1 +3+9+5+15 +45)
=1+2+4+8+16+3+6+12+24+48 +9 + 18
+36+72+ 144 +5+ 10+ 20 +40 +80 + 15 + 30
+ b0 + 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./ami: 30ta.

3).954 = 2.32m3, (1 +2)(1+3+9)(1 +53)
= (1 +2)(1 +3+9+53+ 159 +447)
=1+3+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: 12ta.

4).988 = 2213 w9, (1+2+4)(1 +13)(1 +19)
= (1+2+4)(1 +13+19+247)
=1+13+19 +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 = 23 m8 *52, QA@+2+4+8)(1+3)(1 +5+25) =
Q@+3+5+15+25+75)(1 +2+4+8)=1+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. T(X) = 6, a(X) = 28, X = pra -p2p a>1 P>1
bo‘lgani uchun T(X) = (a +1)(/? +1) = 6,bundana = 1,/? =
2vax = prm22.

Bu holda

<r(x) = (pt + 1) porq = (pt+D(p22+p2+1) = (Pi +
D(p2(p2+ 1) +1) = 28, huyerda p2(p2+ 1) juft son bo‘lgani uchun
p2(p2+ 1) + 1 tog son, shuning uchun ham pr+ 1= 4, p2(p2+ 1) +
1=7, Pi=3 p2(p2+1) =6, p2=2 demak, X = prp22= 34 =
12.
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111.N —pa-+g& N2=p2a+qP. N3= p3Ra+q3F. Bulardan

T(N2 = (2a +1)(2/? +1) = 15 = 3mp,bundana =1, p =
2(yokia=2;p=1).2(N3) =Ba+1)3p +1)=4w = 28ta

112. t(x) va €(x) laming grafigini sxematik tasvirlang. Buning
uchun berilgan funksiyalaming giymatlari jadvalini tuzib olamiz:

x 12 345 6 7 8 9 10 11 12 13 14 15 16
T* 12 2 3 2 4 2 4 3 4 2 6 3 4 4 5
<7x) 13 4 7 6 128 15 13 18 12 28 14 24 24 31

Bu giymatlami Dekart koordinatalar sistemasida belgilab quyidagi
grafiklarga

I N T
il ] ®

-v-V-Ir-V-k « L la-B---
7-shakl.
ega bo‘lamiz (7-shakl).
113. p2~Pi =2, pt=p2- 2, a(pi) = =Pi+1=1+
(p2-2) = p2- 1= <p((p2). 1
114. m = 2* bo‘lsin. U holda tr(m) = -2'== bo‘lgani uchun
tenglama 2a+l- 1=2<2a—1=2a+tl—1, vyani m=2a (a-=
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0A4,2,3,...) ko‘rinishdagi sonlar berilgan tenglamaning yechimi, a =
0,1,2,3,... giymatlar bersak m ning cheksiz ko‘p natural giymatlari hosil
bo‘ladi.

115. 1). Agar p tub soni m yoki n ning kanonik yoyilmasiga bi
a daraja ko'rsatkichi bilan kirsa, u holda T(mn) da ham, shuningdek
T(T)T(N) da ham (a + 1) ko‘paytuvchi gatnashadi. Agarda m va n
laming kanonik yoyilmasida mos ravishda p“va  lar gatnashsa, u holda
mn ning kanonik yoyilmasida patPishtirok etadi. Bu holda r(mn)da
a + P + 1 ko‘paytuvchi gatnashadi. a+P+I<(_a +
1)(/? + Dho‘lgam uchun T(T)T(N) > T(Mn) bo‘ladi, ya'ni agar
(m,n) > 1bo‘lsa, T(T)T(N) > i(mn) bo‘lar ekan.

2). Agar p tub soni m yoki n nmg kanonik yoyilmasiga biror a daraja
ko‘rsatkichi bilan kirsa, u holda cr(mn) da ham, shuningdek <x(m)<r(n)

Pa+1-1

da ham — ko‘paytuvchi gatnashadi.

Agar m va n laming kanonik yoyilmasiga mos ravishda p* va p”

lar tegishli bo‘Isa, u holda mn ning kanonik yoyilmasida paHé:AH .
gatnashadi. Bu holda <r(mn) ning tarkibida gatnashuvchi —— —

ko‘paytuvchiga, o(m) mir(n) ning tarkibidagi
pa+l_ j pP+i _ j pCt+Hp+2 _ pa+i _ pr+i + 1

p-1 p-1 (P-1)2
ko‘paytma mos keladi. Bu yerda
_a+H/?42 _ na+l _ nO+l 4. i

2— Z ,—»7 ... —
pa+0+2 _pa+l_ pO+l +i _ pat0+2 + pa+/?H _ x
= (/\1) =
p(I'-pg) - p* +pg+ = p(pg - (PP - 1) _ o
p-1 p-1
Ya’ni
pa+l_ | pP+l _ | pa+0+l _ 2
p—1 p-1 p-1

Demak, agar (m,n) > Ibo‘lsa, uholda <x(m)<r(n) > <r(mn)
boiadi
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116. m ning barcha natural bo'luvchilari dv d2, .... dT{m) boisin,
u holda biz
z(m)
S(m)=1J 1
1=1

uchun formula chiaarishimiz kerak. Bunda EEEI r( )Iar ham
m ning harcha bo*luvchilan bo*lgani uchun

5(m) = h%f T(m) *

m.(m, [1
Bunda 52(m) = mTrN\yoki 5(m) = VmTm). Xususiy holda

f.mw . =
W o AT~ 5m)
5(10) = >/10T@O) = \Ho* = 102 = 100.

117. Masalaning shartigaasosanm =w W ,bundan T(T) = 2,
ya'ni m natural soni fagat 2ta bo‘luvchiga ega bo‘lishi kerak, demak, u
tub son bo‘lishi kerak. Shunday qilib, o‘zming barcha natural
boMuvchilari ko*paytmasiga teng bo‘lgan sonlar natural sonlar to‘plami
tub sonlar to‘plami bilan ustma-ust tushadi.

118. n ning kanomk yoyilmasi n = pflep“2... p£k bo‘lsin. U
holda ffign) = (1 +Pi +plk+—+pft) (I +Pz+P2k + "' +

p“2)... (1 +p*+pjk + - +Pssk) = Pl .
k( 2+1)-i

rT P f(1+1)- i
ffk(n) = Ii:fL pfT i--
Tushunarliki, tO(n) = T(n), <Ti(n) = <r(n).

119, 1).02(12) = 2(22m) = V6"m =S .f = 210.

2.02(18) = ®((2 +32) = A A = 5wl = 455.

3).a3(36) = a3(22mB2) =~ A =511m9l = 73 m0l=
6643.

22 5—1 1023

4)(T2(16) = <P(24) = = = 341.
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5.<3(8) = a3(23) = A = 585

120. 1).<1(28) = ff(2z+7) = 7 "' Trf=7~ = 7+8=56= 2 m8.
Ya’m n = 28 daa(n) = 2n tenglik o‘rinli. Shuning uchin ham

n = 28 - mukammal son.
2).ct(469) = a(24m81) = ~ = 31 W82 = 992 = 2 «496.

3).cr(8128) = {26 w 27) = = 127 w28 =
16256 = 2-8128.

121. <r(W) = ff(pn) = 2_P:I -=pn+(p""1+pn'2+- +p +
1) = pn + - _% *= p” +Fi1< 2p" = 2mN, ya'ni x(n) < ZN.

122 a(/v) = a(p“V ) =* ~ - f'\q_1< “ =

p-I p-1 g-1 p-1 g-1
Shartbo‘yichap > 3,q > 5. Shuning uchin ham o(N) <°_2N =

< 2N.

Demak a(/10 < 2N.
123. 1). Shartga ko‘ra S(n) = 5832, 9-masalada istaigan formuiaga

asosan S(n) = VnT(n) = 5832 = 23 mB6.
Demak n = 29 8" ko‘rinishda bo‘lishi kerak. Bulardan

<ty

, . &
(259+3%)T2 **) = (2 B¥F) 2 = 23m86,yani
' a(a+1)(P+1) flja+iXfi-+i)
2 2 =23 3 2 =

ga ega bo‘lamiz. Bularga asosan a(a + 1)(/? + 1) = 6,
P(a + 1)(/? +1) = 12 bundan

@fa+ny? +1) =1- 3-3 r —-brk

I(a +1)*0? +1) = 2-2-3 0 = 2 ekanligi kelib
chigadi van = 2 w82 = 18 hosil bo‘ladi.

2). Shartga ko‘raVVnT(") = 33040, nni n = 3* «5" ko‘rinishda
izlaymiz. U holda

EEm = 330 w640
gaegabo‘lamiz. Bundan a(a + 1)(/J +1) = 60; (a +
Dp(fi +1) = 80.
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B quyidagicha yozib olish mumkin:
(a(a +1)0? +1) = 3-4-5
k « +D)tf +D=4-4-52 a -3
Demak n = 33+54 = 27 w625 = 16875.
124. N sonining barcha boMuvchilarini o'sib borish tartibida

joylashtirib chigamiz: 1.dj,d2, .. 11’<7<I ,7.. Bulaming soni (ax+

1(a2+1)..(afc +1) ta Bulami 2 tadan olib 1m.d, -j,,jv a2
o N ning barcha 2 ta ko‘paytuvchi ko‘rinishida ifodalanishlariga ega
bo‘lamiz. Ulammg son  + ga teng5agar /v to‘ligkvadrat
boMmasa va —(@@a+H)+H N teng, agar N to‘lig kvadrat ho‘lsa.
Bulami birlashtirsak N ni 2 ta ko‘paytuvchi ko‘rinishda ifodalashlar soni
p 4+ j gateng degan xulosaga kelamiz.

125. Bizda N = 2* =8 m¥”. Bundan

t(/V) = (a +1)0? + I)(y +1);
TBM0 = (a +1)0? +2)(y +1) = (a +1)0? +I)(y +1) +8;
t(7N) = (a +1)0? +D(y +2) = (a +1)0? +1)(y +1) +12;

T(BN) = (a +4)0? +I)(y +1) = (a +1)0? +I)(y +1) +18.

Bulardan (a +I)(y + 1)0? +2—/?—1) = 8, ya'ni
((@+Nhy +1)=28
<(a+1)0?7+1) =12 gaegabo‘lamiz.
I(fi +i)(r +i) = 6

(@a+1)0?+)(y +1)=V8-12-6 =VIcwB6=4m6 =43 m.

Bulardan (a +1) =4. a=3,0?7+D =3, P=2;(y+1)=

2, ¥Y=1
va N = 23-Sz -7 = 1400.
126. Masalaning sharti bo‘yicha N = 2X sy mbzvaj = 2x-1

3y -5z, i 2X+3Y-1mbZ, 5= 2* «3y «5Z NBulardan
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r N\
T(-) = T(10-3°

(y) = tGV) ~ 35

T(") = W) - 42
fxly+D)(z+1)=x+Dy +)(z +1)-30
=jyx+D)(z+1)=@+)(y +D(z+1)-35
Zx+D(y +)=x+D(y +D)(z +1) - 42
Oxirgi sistemani quyidagicha yozib olish mumkin:
fly +1)(z+1) =30
x+D(z+1)=35
x+D(y +1) = 42.
Bum tanlash usuli bilan yechamiz:(x + 1) 2(y + D)2(z +1)2=22m
A2m2w2=>x +1(y +1)(z +1) = 28 +5 W buyerda (X +
N(y + 1) = 42 bo'lishi kerak, shuninguchunx +1=7 y +1= 6,
uholda @ +1)(z +1) =35 dan (z+1) =5 Kkelibchigadi vabu
yechimlar (y +1)(z + 1) = 30 tenglamani ganoatlantiradi. Shunday
gilibx = 6, y =05, z=4vaW = 26+3s b4 = 64 @43 w25 =
9720000.
127. 2a+1 —1 tub son bo'lsin, u holda N = 2a(2a+l —1) ning

mukammal son ekanligini ko‘rsatamiz. N = 2a+1 —1 = p deb olsak
oM

a(N) = tr(2« mp) = nNo= (2" H- +1) = (@2“#*"
I)(2a+1) = 2N, ya'ni N —mukammal son.

128. Buni isbotlash uchun har ganday juft mukammal sonning
2“(2*“+L—1) ko‘rimshida ifodalanishini ko‘rsatish yetarli. Bunda
2atl —1 tub sH. Faraz qilaylik N = 2“ mg,(q;2) = 1 juft son
mukammal son bo‘lsin, ya'ni u uchun

ct(W) = 2N tenglik bajarilsin. Bundan a(2aq) = 2a+lq yoki

2a+i- 1
~2~ f~ = 2a+lq.
2H
Bu yerdan a(q) = -—-——- g va q soni 2a+1 —1 ga bo‘linishi kerak.

U holda q = (2e+1 —1)k va er(q) = 2a+1lk bo‘ladi. Bu yerdan K va
(2a+1 —1)k lar g ning bo‘luvchilari bo‘lib, ularning yig‘indisi uchun
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2a+lk = a(q) bajariladi. U holda g ning boshga boMuvchilari yo‘q
boMishi kerak. Demak, q = (2a+l —I)k soni tub son ekan, ya’'ni K =
1va 2a+1 —1 tub son.

129. N = 2a +PiP2 deb olsak, masalaning shartiga ko‘ra

a(N) - o(2 PIP2} _ 2at)-i PI2-i p22-1 _

@“+#- 1)(Pl +1)(p2+1) = 3N = 3maPIp2 Q)
bu yerda Pl > p2 toq sonlar.

Agar a = OboMsa (pr+ 1)(p2+ 1) = 3pmp2yoki Pi+Pr +1 =
2P1p2. Bu oxirgi tenglik o‘rinli emas, chunki chap toq son o‘ng tomoni
esa juft son. Demak, a ® O boMsa. a —1 boMsin. U holda 3(px +
1)(P2 + 1) = 6plP2yoki PI+P2+ 1 = plp2 ya'ni PI+1 = p2(pi - 1).
Bunda Pi —1 juft son, ya’'ni Pi —1= 2n, u holda 2n +2 = 2np2
hundan n+1=np2-*n(p2—1)=1-»>n=1, p2=2. Bunday
boMishi uchun ham mumkin emas, chunki masalaning shartida p2 - toq
tub son. Demak, a ® 1. a = 2 .

a = 2 boMsin. Bu holda (1) dan 7(pt +1)(p2+ 1) = 12pip2 =
7pi +7p2+7 = 5pip2*7(pi +p2+ 1) = 5pip2. Bundan px=
7 (yokip2=7) va 8+pt=5p2-»p2= 2yoki (pr= 2). Bunday
boMishi ham rnurakin emas.

Demak, a~2,a =3 boMsin. Bu holda (1) dan 15(pi +
1)(P2 + 1) = 24pip2 » 5(p! + )(p2+ 1) = 8pip2. Bundan 5(pr +
p2+ 1) = 3pip2vapi = 5 (yoki p2= 5)hamda 6 +p2 = 3p2 -*p2 -
3 (pr - 3). Shunday qilib, berilgan masalaning shartini ganoatlantiruv-
chi eng kichik natural son N = 23«5 =8 = 120 ekan.

130. Faraz gilaylik N = pUTp2“2 Pk*“ftboMsin. U holda

T(N) = (ar+1)(a2+1)... (ak+1)

a). Agar T(TV) toq son boMsa, (1 +at) (i = 1,2,...,K)
ko*paytuvchilaming har biri toq son boMishi kerak, ya'maf(i =
1.2...., K) larjuft boMishi kerak. Bu esa N butun sonning toMa
kvadratiga teng degam.

b). Aksincha, agar N biror sonning kvadratiga teng boMsa, a* (i =
1.2...., ft) larjuft sonlar at + 1 lar esatoq natural sonlar boMishi kerak.
U holda T(W) = 11?=i(l + ham toq son boMadi.



n4-8.
131. Eyler funksiyasiy = <p(X) ning giymatlari jadvalini tuzamiz.

X 1 2 3 4 5 6 7 8 9 101
§W112242646410

Bu quymatlarm (nhuqtalami) Dekart koordinatalar sistemasida belgi-
lab chigib uzlukli chiziq bilan belgilab chigsak, y = <p(X) funksiyaning
0‘zgarishini xarakterlovchi chizigga ega bolamiz.

132. 1).<p(125) = <p(53) = 53 - 52 = 100;

2). 1000 ni tub ko'paytuvchilarga ajratib <p(X) ning
multiplikativligidan foydalanamiz.co(1000) = <p(23+53) = (p(23) =
P(S3) = (23- 22)(53- S2) = 4 w00 = 400;

3).<p(180) = <jp(18 mi0) = P22 mB2+5) = (22 *(p(32) m
<pB) = (22- 2)(32- 3)(S - 1) = 2mb +4 = 48;

4).(p(360) = <p(23mB2mb) = (23- 22)(32-3)(5-1)=4mb-
4 = 64;

5).2(1440) = <p(122+10) = 4(25m82 mb)=(25 - 24)(32 -
3)(5-1)= 16 w6 +4 = 384;

6).gp(1890) = <p(2)M33)>(B)<p(7) = (2 - 1)(33- 32) w w6 =
18 mR4 = 432;
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7). (P(113) = 13- 112= 121 +11 = 1331;

8). 1(23 ) = 232 - 23 = 506;

9).<p(12 m7) = <p(12) ‘ <(17) = <p(22 w8) w6 = 16 m22— 2) m
2=132.2= 64

10).(p(24 @8 «45) = <p(23 w8 P2 +7 W82 W) = 25mB3+5¢
7)=(25- 24)(33- 32) +4 w6 = 24 wi6 w8 = 6912.

133. moas<m (a; m) = 1, ta’rifiga ko‘ra, bunday kasrlar soni
<p(m) ta.

134. Berilgan oraligda jami 120 ta natural son bor. Shulardan 120
bilan o‘zaro tublari gp(120) == <PR3+3mWb) = (23—22) M ‘4 =
32ta. Shuning uchun ham izlanayotgan natural sonlaming soni
120 - 32 = 88 ta.

135.8;<K2a) = 29 - 2i41= 2a~X(2 - 1) = 2*-1.

b). p(pa) = pa —p*“-1 = pa-1(P —1) = pa_1<p(p).

©). <p(m“) = m*_1<p(m)ni isbotlash uchun m ning kanonik *
yoyilmasi m = pj*pp —p£k n>garaymiz. Bundan ma =
plrmp“Tr2-P*“\WKva

- 1 = 1 (1—]-fl—)=
Il an ftJ 1 al i alJl aj i ft)

=ma ] <pfm.

136. Agar (m, 2) = 1bo‘lsa, Eyler ftinksiyasi multiplikativ bo‘lgani
uchun <p(2m) = <p(2)g>(m) = <p(m).

Agar (m, 2) > 1bo‘lsa,(m, 2) = 2bo‘ladi. Buholdam = 2o m
(Tx2) = ldeb yozib olamiz va <p(2m) = gp(2a+1l emt) =
<p@*+D<p(m) = 2a(p(mD) = 2<p(2a) mp(Tr) = 2" (2" W 1) =
2qtx(m).

137.8M1 <p@n + 2) = <p(2(2n + 1)) = (p(R)<p(2n + 1) =
cp(2n + 1).

b).Agar (n, 2) = 1bo‘lsa, u holda (n, 4) = 1 bo‘ladi. Shuning
uchun ham

<p(4n) = <p@<p(n) = 2(p(n).
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Agardan = 2“ m, (K;2) = 1bo‘lsa, u holda qo(4n) =
Pat2 k) = <p2“+2) mpk) = 2a+] mp((K) = 2<p(2“+1) wp{k) =
2(p(2at+l «/c) = 2<p(2n).

138. a1”(5x) = 100 “5x — 5x-1 = 100 -=>5x-1 mi = 100 -
bx-1 =52 *x = 3.

b).<p(7xX) = 294 = 7x~—Twb = 294 => 7x"1= 49 =>7* 1 =
72=>x—1=2=>x = 3.

C).g>(PX) = px 1 =*px-1(p —1) = px_1.Butenglamap > 2
bo‘lsa yechimga ega emas. p = 2 da ixtiyoriy natural son X
tengiamaning yechimi bo‘ladi.

d). <p(3x *5Y) = 600=><p(3x) *<Pp(BY) = 600 =>3x"1+2m5 "1
4 =600 =>3x-1+5y 1 =75 =>3X1+5*-1=3-52=>x-1 =
Ly-1=2=>x=2,y =3

139.m = p~p"2—p£k bo‘lsin u holda

<Pim) = pf 1_1(pi - 1)pp—~ 1(p2 ~ 1) ...Pfc*-1(Pfc - 1)

bo‘ladi. Bu yerda har bir toq pkko‘paytuvchiga juft p, —1
ko‘paytuvchi mos keladi va <p(m) juft son bo‘ladi. Agardam = 2 > 3
ko'nnishida ho‘lsa, <p(m) = <p2“) = 2a_1)uft son bo‘ladi

140. X = m soni ¢(X) = a ning ildizi bo‘lsa u holda <p(m) = a
bajariladi. Bu holda = <p{m) = a; chunki shartga ko‘ra (2; m) =
1. Buyerdanx = 2m soni ham berilgan tenplamamng ildizi ekanligi kelib
chigadi.

141. m ning ham n ning ham bo‘luvchisi bo‘lgan p tub soniga <p(mn)
da bitta (1 - ) < 1 ko‘paytuvchi mos keladi. <p(m) <p(n)da esa ikkita

shunday ko‘paytuvchi (I —* mos keladi. (1 ~ < 1~ ~bo‘lgani
uchun (m;n) > 1 bo‘lsa, g>(M)g>(") < <p(mri) bo‘ladi. Xususiy holda
q2(m) < <p(m2), bu yerda tenglik fagat m = 1 da bajariladi.

142. qi.q2 ......... .qt lar tagat m ning kanonik yoyilmasiga
kiruvchi tub sonlar,pl(pr,...,pklarm va n laming ikkalasming ham
kanonik yoyilmasiga kiruvchi tub sonlar/I12,...,Is » n ning
kanomk yoyilmasiga kiruvchi tub sonlar bo‘lsin. U holda

(:1 i=1 i=1 1



"M NI
-I1H0 110

= <p(T)(p(M) by

Izoh: Agar %)> 1 ekanligini inobatga olsak, isbotlangan

tenglikdan 11-misoldagi munosabat to*g'ridan to‘g‘ri kelib chigadi.
143. [m;n] = (i), U- S = mn bo‘lgani uchun <p(mn) =

. d

= pJi)p(6) m " = <pQO mp(5). d = (/x;5) =

(<S;mnS) =1

144. Yig'indim bevosita <p(p*) —pX —pK 1 fonnuladan
foydalanib hisohlaymiz: <jp(l) + <p(p) + <({2) m— —m-<p(pa) =
=] +p- l+p2-p +—+p°c- p*-1 = p*.
145. Agar a natural sonning kanomk yoyilmasi a = p“Ip“! gn¢
va 0 multiplikativ funksiya bo‘lsa, u holda

£ 0() = (I +0(pa) +0(Pi) +- +7Cpl]) x
d\a

X (I +0(p2) +0(pf) +- +0(p“3) X -
X (I +B(pK) +0(p£) +- +0(p**)) 0)
ayniyat o‘rinli. Hagigatan ham (1) ning o‘ng tomonidagi gavs ichi-

dagi ifodalami ko‘paytinb gavslami ochsak va 0(a) ning multipli-
kativligidan foydalanib quyidagiga ega bo‘lamiz:
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K

"1 + Q) +o(pn) +#+(p2))
- = 1+0(pi) +O0(Pr) +— bO(Pk) +*“e

+«\ ? @ 2)"0PfcKK)
=Z Z -2Z O(pfip22-pfk =2 0(d)-
Pimpr((pp p)d/a()
Bu yerda biz a = p~p”2...p"k sonining ixtiyoriy bo‘luvchisi d ni
d=p*2*2—P**» 05ft <0G , i=1,2,..,k ko‘rinishidagi ifoda-

lash mumkinligidan foydalandik. Endi (1) da 6(d) = <p(d) deb olamiz.
U holda (1) dan
K

Z v&0 =T1 (* +>Cpi) +6(p) + - + <Kpl'9)

d/a i=1
K K
=]~[(i+R- 1+pi -Pit-+pfi-pr 1 =n K
i= i=I
= a.
146. Awalo, agar (a;m) = 1 bo‘lsa, u holda (a;m -a) =1

ekanligini ko‘rsatamiz.(a; m —a) = d > 1 bo‘lsm deb faraz etaylik. U
holda a = daltm —a —d ¢t deb yoza olamiz. Bu yerdan m = a +
dt = d(ax+1) ga, yani (a;m)=d > Iga ega bo‘lamiz. Bu esa
(a; m) = 1gagarama-garshidir.
Endi m dan kichik va m bilan o‘zaro tub sonlami o‘sib borish
tartihida yozib chigamiz:
1, av az . ,m-a2 m - alt m-1. )
Bulaming soni <p(m) ta. Bu yerda har bir w, ga bittam —a, soni mos
keladi. Ulaming yig‘indisi W, + (m —a*) = m gateng. Bunday juftliklar
soni 1¢(T) ta. Shunday qilib (2) dagi sonlar yig‘indisini S debbelgilasak
5 = i m<p(m) ga ega bo‘lamiz.

147.16 - masalada isbotlangan formuladan foydalanib
1 1
Si = 2P<P(P) = 2P"P " S2=0(P2 =p2-p=p(p-12)
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£2_ p(p~1 _2
5  ip(p - 1)

topamiz.

148.1). () =p-1, x=p*w, (p;y) = 1 debolamiz.
D) = (P(PKmy) = p<-i(p ~ 1)<P(y) = P - 1 yokip*-1-cp(y) =
1 hosil bo‘ladi. Bundana = 1, <p(y) —1 yokiy=1 vay =
2. a=Ilvay = ldax = p = 2tenglama hitta yechimi, p > 2
bo‘lsa tenglama 2 tap va 2p yechimga ega bo‘ladi.

2). <p(X) = 14 = <p(X) = 2 Wwdan<p(X) : 7 ya’'ni X ning
yoyilmasida 7 gatnashishi kerak u holda (p(x) i 6, lekin <p(X) ifoda 6
bo‘linmaydi. Demak, tenglama yechimga ega emas.

3). <pX) =8=23= <pX)i2 <pX)id, >X)is.

a) X = 2“ w80 mby boMsinu holda <p(*) = (2« - 2K=D) (3" -
3N-1)(5y - 5Y-1) =8 =r*-1 mB0-1 m W m=8=>2%-1¢
3/?-i.by-i =1=*a =1, p=1. y=1vax=30 <p@B0)=4-
2=8;

b) x = 2“ 8" = <pX) = r*"1mB0"1-2=8 =2x-1m*-1=4
=a=3 N=1=> x=8m8=24.
C), X=2%eby=><p(X) = 2*-1 mb -1ml = 8 5 2%-15""1=
2 >y=10=2=>»>X=4mb=20.
d).x = 3" K= <p(x) = 3"-1mby-1 m8 = 8§ =3 -1mbY-1=1
= =1, y=1=x=15.
e).x = 2a; <p(X) = 2a~1= 8= 23=>0c=4 =X = 16.

Demak, javob x = 15; 16; 20; 24; 30.

4). <p(X) = 12 = 22m8. Mumkin bo‘lgan hollarni garab
chigamiz.

a) X = 2230 WY =><p(X) = r*"1m@ +30"1l-6WY1= 12 =
2«=i.3"=1. 7¥-1 =i =0c=1/0= 1y = 1 = x =42

b) x=2K+30 =><p(X) = 2*-1m@ «30-1= 12 = 2@-30"1 =
223 =>0c=2; =2 == X= 36.

OX=2"“my = <p(X)=2*-16WY1= 12 =>2a"17""1=
2; y=1; x=2=x= 28

d) X=30WY =<p(X)= 30"1¢26mWK-1=12=>30"1m
7»"1=1=* jg=1y =1 =>x=21.
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€e) X =2“m35=><Pp(X) = 2x' 1+135"1mi2 = 12 =>rQ"1e
13«-i= 1=>5=1 0c=1 =>x = 26.
gx=13s = <?(*) = 135112 =12 1351 =1=S=
1=>x=13.
Javob: x = 5; 13; 21; 26; 28; 36; 42.
149.1). <p(X) = 2K; X = 2k *3l +5m
a) X = 2fe=><p(X) = 2k~1—2K =>K —1 =oc=* K =0Cc +1 => =
2% +1.

b) X = 2kmbm =><p(*) = 2*-1md”"I'1ml = 2* => m - 1=
Oom =1,
K + 1 =0c, K=0Cc -1 =>X = 2a 1 mb.

c) XxX=2k-3l= <p(X) = 2k-1mBi 1+2=2a=kK=0c, | = 1=>
X = 2K®8.

d x=3rmbm =><PpX) =3i_l-2mm1-4=2“=0c=3;i=
1; m=1= x = 15.

€) x=2kmBrmbm =><p(X) = 2k 1 w8l 1 «2 mbm 1 m} = 2* =

2ki2¢3'-1e5m-1 = 2K=>K=0c—2; Z=1; m=1= X
= r*-2-15.
Javob: x = 2*+L; r®"1-5; 2 m8; 15; 2K-2e15.
2)0>(px) = 6 @*-2 = p*_1(p —1) = 6px2 = p(p - 1) =
6 = p = 3 ixtiyoriy X ganoatlantiradi p =£ 3 da yechimi yoq.

150. <p(m) = 3600, bunda m = 3Ke5? «7* 3600 = 24+32¢
52=> <p(m) = 30-1+2 mb0" 14 m/*~xXmb = 24 mB252 =>3*"1e
50-i.7y-i=3.52=>«_l =j;«=2;"-1=2;0=3;y=
1 = m= 32537 = 7875.

151. 7>(X) = 120, x = Piep2vaPi —P2 = 2 =>#>(X) =
Pi“ Pr“1)=12° Pi=P2+2 = (p2+1)FP2-1) = 120 =
p2= 11; Pi= 13; x = 143.

152. Masaianing shartiga ko‘ra: <p(m) = 11424; m = p2-p2.
Bulardan va 11421 = 2s w8 w¥ <17 ekanligidan <p(p2epf) = (p2—
Pi)(P2- P2 = Pi(Pi " 1)P2(P2" 1) = 2smB my mi7 = 16 mi7 7 mb
hosil bo‘ladi. Bundan esapr= 17 ; p2=7; m = (prm2)2= 1192=
14161 ni hosil gilamiz.

153. a).tp(X) = <p(px)da agar p = 2 bo'lsa <p(X) = <p2)(P(X) =
<p(X), X ning barcha toq giymatlari ganoatlantiradi, chunki bu holda
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(2;x) = 1;p > 3 bo'lsa x —p*1—p*2 desak, <p(X) =
(pri- pr XK 2 p221- (p*k- pI

Agar (p;X) = 1 bo‘lsa, <p(px) = <o(X)(p - 1) *=<p(x). Agarda

(p;x) =p; (p =Pi) bo'lsa, pX = p®lepfl...p*F1—p”Kva
9>Cpx) = (pl>- P**1)(P?2- plr ) -(plF,M - PI) -(P«* -
p*k 1) = Pi e<p(X) ® <p(X) Demak, p = 2 da berilgan tenglamani x
ning barcha toq giymatlari ganoatlantiradi; p > 3 bo‘lsa tenglama
yechimga ega emas.

b). <p(px) = p<p(x). 1). Agar (x;p) = 1 bo'lsa, (p(px) =
<pE)<P) = (p - 1K *) =<p(*)(p - 1) = p<p(*) = =0
Demak yechimi yo‘q.

2. x=p“ m“2..pEholsa, (p;X) =p; (p =
Pi) ; <p(Ex) = p, *<P(X) = p<p(X). Demak, bu holda berilgan
tenglamani x ning p ga karra natural giymatlari ganoatlantiradi.

©).<p(pi =) = <P(p2+X); pr* p2; x = q*le 2- :

1) Pi * 4 iyani(x;p) = 1bo'lsa <p(p! x) = (p* - 1) Jp(X),
agarda (x; p{) = prbo'lsa, <p(piX) = pi<p(x).
2) P2* diyani (x;p2) = 1 = <p(p2x)
= (P2 - D<p(x); agarda (x; p2) = p2; <Pp(p2x) = p2jo(X).
Bulardan quyidagi tenglamalami hosil gilamiz:
1P ~ 1M *) = (P2~ Dp(r);  3) (p2- N<p(x) = pi<p(X);

2)(Pi - D<p(x) = p2<p(x); 4) p: <p(x) = Ab()m
Ddan  (pi - 1- p2+1)«p(x) = 0=>(px - pA<p(X) = 0 =>Pi -
p2=£0.

Demak ¢p(x) = O bo'lishi kerak bu holda tenglama yechimga ega
emas.

2) dan (px- p2- D<p(X) = 0; pj =p2+1; pt=3;p2=2da
tenglamani x ning berilgan shartilarini ganoatlantiruvchi, yani (x; 3) =
1va (Xx; 2) = 2(x ning 2 ga bo‘limb 3 ga bo‘linmaydigan giymatlari)
tenglamani ganoatlantiradi.

3) dan ((px- p2—I)<p(x) = 0. Bundan yuqoridagi singari pr =
2; p2= 3da bajanladi. Yani x ning 3 gabo‘linib 2 hilano‘zaro tub
giymatlarinmg benlgan tenglamani ganoatlantirishi kelib chigadi.

4) dan (p2 - pi)<p(x) = 0; px® p2 bo‘lgani uchun bu holda
tenglama yechimga ega emas.
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154. a).<p(X) = | = | - butun son boMishi kerak. Shuning uchun

ham X = 2a mg, (Q;2) = 1 deb yozish mumkin. Bu holda <p(x) =
2ale<p@=r*-1m = <p(@ =q =>qg=1 Bundan X = 2a
tenglamaning yechimi (oc> 1) boMadi.

b).<p(¥) = |=*x = 3"-qr=> <P(x) = 3"_1 = * <p(q) =

il == V(@) =] » g= 2« = X = 2« *3*
O<px)=" x=2"m;0c>2; a;q)=1=>PK=1*"1m

h(q) = = 2a-z m. Bundan <p(q) = | ni hosil gilamiz. Bundan esa

a) ga asosan q = 2k kelib chigadi, lekin bizda (2K;q) = 1 boMishi kerak
edi, bu garama-qgarshilikdan berilgan tenglamani yechimga ega emas
degan xulosa kelib chigadi.

155. p(px) = a »p*-1(p —1) = a =

a Inf i
(x-DInp =th— ~ +

bundan a birga teng yoki juft son .

156. pj(i = 1,2 ..., k) barcha tub sonlar bo‘lsin. U holda a =
P1 P2 —Pk soni uchun

<P@ = (Pi - )(Pz~1) (Pc" hm *)

Ikkinchi tomondan esa har bir < a natural son pl,p2,—Pk tub
sonlaming birortasiga hoMinadi va a bilan o‘zaro tub emas. Shuning
uchun ham <p(a) = 1. Shunday qilib (*) ga asosan (pj - 1)(p2-
1) (Pk-1)=1 hosil boMadi. Bunday boMishi mumkin emas. Bu
garama-—garshilik tub sonlar soni chekli K ta boMsin deganimizdan kelib
chiqdi. Demak, tup sonlar soni cheksiz ko‘p.

157. B ;(@;b) = 1; 0<a<b musbat, to‘g‘ri, gisgarmas kasr
berilgan boMsm. Maxraji b ga teng musbat, to‘g‘ri, gisgarmas kasrlar soni
<) ta. Shiming uchun ham izlanayotgan son <p2) + <p((3) H— + <p(n)
ga teng boMadi.

158. x < 300va (x;300) = 20 bajarilishi kerak. Bundan

(i:15)=1-
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y =" debolsak (y; 15) = 1 vay < 15 bo'‘lishi kerak, bunday y

lar soni <p(15) = 8ta. Bulary = 1,2,4,7,8,11,13,14 va bunga mos x
larx = 20,40,80,140,160,220,260,280 lardan iborat.

UL I-8.

159. Barcha butun sonlami 1 ga bo'lsak O goldiq goladi, ya'ni
barcha butun sonlar 1 moduli bo‘yicha o‘zaro taggoslanuvchi.

160. 8 moduli bo yicha tagqoslanuvchi sonlar 8q +r, 0 < r < 8;
masalanr = 1da9,17 lar 8 moduli bo'yicha o*zaro taggoslanadi, chunki
9=8-1+Iva 17=8-2 + 1.

161. a)lr -5(mod6), 1= 6- 5(mod6), 1 = I(mod6);

b) 546 = 0(modlI3), 546 = 13 w2 + 0,0 = 0(modI3);

c)23=1(mod4),8 = I(mod4), 0= I(mod4) ?

d)3m = -I(modm),0 = m —I(modm)?

Demak, a), b) taggoslamalar o'rinli, c), d) lar o'rinli emas.

162. a = b(modm) taqgoslamaning o‘rinli ekanligini ko'rsatish
uchun a va b lami m ga bo'lganda bir xil goldiq golishini, yoki (a —b) :
m ni ko'rsatish yetarli.

a)121 = 13145(mod2), chunk) 121 = 2 w60 + 1va 13145 = 2+
6572 + 1.

Berilgan sonlami 2 ga bo‘lsak bir xil goldiq goladi. Shuning uchun
ham ular 2 moduli bo'yicha taggoslanuvchi.

b)121347 = 92817(modI0), bu yerda 121347 = 12134-10 + 7,
92817 = 9281 -10 + 7. Demak ta’rifga ko'ra tagqoslama o'rinli.

)31 = —9(modl0), 31 —(—9) = 40 « 10. Demak, tagqgoslama
o'rinli.

d)((m —1)2= I(modm), buyerda(m —1)2—1 = m2—2m =
m(m —2) : m. Demak, taggoslama o'nnli.

e)2m + 1= (m +1)2(modm), chunki 2m +1—(m +1)2=
2m +1—m2—2m —1 = —m2 «m. Demak, berilgan tagqoslama
o'rinli.

163. aj51812 = (52)906 =(25*1 +0)906 = 0(mod25).
Shuningdek

1964 = 1950 + 14 = 78 w5 + 14 = 14(mod25), demak, bu
sonlar 25 moduli bo'yicha teng qoldigli emas, ya’ni 51812 LU
1964(mod25).
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b) agar a= b(modm)bo'lsa, (a,m) = (b,m) bo lishi kerak.
Bizning misolimizda  (7103;87) = 1; (3;87) = 3. Demak, 7103 £
3(mod87).

c) 44965 25(modl0) da(41965;10) = 2va(25,10) = 5 5* 2
bo‘Igani uchun 4196 ~ 25(mod 10).

d) 30 +17 = 81 «19(mod6)da 30 » 17 = 0(mod6),81 +19 £
(mod6) demak, taggoslama o‘rinli emas.

e) (2n + 1)(2m + 1) = 2k(modb). Bu yerdan tenglikka o‘tsak,

@n +1)(2m + 1) = 2k +6t = 2(k + 31). Bu tenglikning o‘ng
tomoni 2 gaboimadi, chap tomoni esa 2 ga bo'lmmaydi. Shuning uchun
ham taqgoslama o‘rinli emas.

164. a butun soni va m > 0 butun soni berilgan boMsin. U holda
goldiqii bo‘lish haqgida teoremagaasosana = m -q +r, O <r <m deb
yoza olamiz. Bundan a - r = mg,ya'ni(a - r) mm. U holda ta’rifga
asosan a = r(modm).

165. x = 2(modl0) nitenglik ko'rinishida yozsak X = 2 + 10t,
t€z,*=2,12,22.-8,-18.

166. a)x = O(mod3),x = 3t,t GZ; b)x = I(mod2),x = 1+
2t, tez.

167. aj20 = 8(modm) =8 _I ~ =>12=m(q - ?,) >

m = 1,2,3,4,6,12.

b)3p +1=p + I(modm) =>3p +| —p —1 = O(modm) =>
2p = 0(modm) 2p : m. 2p ning boMuvchilari m = 1,2, p, 2p.

168. 13 s 5(modm) 13 —5 = O(modm) *8 =
O(modm) =>m = 1,248.

169. Ta'rifga ko‘ra 10 modul bo‘yicha tagqoslanuvchi butun
sonlami 10 ga boMganda bir xil goldiq golishi kerak, ya’ni ular a = 10 m
q +r,0 < r < 10 shartni ganoatlantirishi kerak. Misol uchun r = 1 deb
olsak barcha 10 gaboMganda 1,11,101, 1001,... larga ega boiamiz.

170. Berilgan taggoslamalardan gaysilari o‘rinli ekanligini anig-
lash uchun m modul ho‘yicha taggoslanuvchi sonlaming ayirmasi shu
modulga qoldigsiz bo‘linishini tekshinb ko'nsh kifoya.

a)da1l—(—11) = 1+ 11 = 12 va 12 soni 6 ga goldigsiz bo‘Imadi.
Demak, berilgan taggoslama o‘rinli.
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b)da 3n - n 2 = n(3 - n)van(3 —n) soni n gaqoldigsiz bo‘liadi.
Demak, berilgan taggoslama o‘rinli.

c)da26—1=63=7-9 va 7-9 soni 7 gaqoldigsiz bo‘linadi.
Demak, berilgan taggoslama o‘rinli.

dda3m—1=2m+(m-1)va 2m+ (m - 1) soni m > Iga
goldigsiz bo‘linmaydi. Demak, berilgan tagqoslama o‘rinli emas.

Shunday qilib berilgan taggoslamalardan a), b), c) lar o‘rinli, d) esa
o‘rinli emas.

171 Benlgan taggoslamani parametrik tenglik qgilib yozsak X =

7 + St, bunda t ixtiyoriy butun son. Bundan x =2 +5+5t= 2+
5(t +1) = 2+ Stx, tj —ixtiyoriy butun son. Demak X 5ga bo‘lganda 2

goldiq goluvchi sonlardans  -13,-8,-3,2,7,12,17,- iborat bo*lar
ekan.
172. Faraz etaylik (modm) bo‘lsin. U holda
ax3= aa3
bx2y = bai (modm) bajariladi. Bundan F(X,y,z) =
cxyzc = caffy
dz = dy

F(a,p,y)(modm) kelib chigadi.

173. 3" = -1(modm) ni 34 =81 = 1(mod10) taggoslamaga
hadlab ko‘paytirsak 3”+4 = —I(modIlO) hosil boMadi.

174. 251-1=(2s)n-1= 31 +1)" - 1= (1" -

)(mod31) = 0(mod31)demak(2Sn - 1): 31.

175. x=3n+Ibo‘lsa 1+3X+9X=1+33# +93+l = 1+
383N +993'=1+33BJIn+9+(93dn=1+3(26 + 1)" +
9(128 +1)n=1+3(13+2+1)n +9(13 56 +1)n= 1+ 3In+
9e«l"(modI3) = 13(modI3) = 0(modI3). Demak, 1 + 3* +9X soni
X=3n+1(n=0,1,2,..) bo‘lganda 13 gabo’‘l Iladi

176. (a +b)p ni Nyuton binomi formulasidan foydalanib yoyib,
keyin p moduli bo‘yicha tagqoslamaga o‘tamiz. (a +b)p= ap +
pap-1b +p(gl"') aP~2b2 /3 +abp 1+bp = a? +bp(modp), yani
(a +b)p = ap +bp(modp).

M1. Masalaning sharti bo‘yicha a = b(modpn). Buni tenglik gilib
yozsak a = b +pn-t, (t = 0,1, +2 ...). Bu tenglikni ikkala tomonini
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p-darajaga ko‘taramiz, u holdaap = (b +pnt)v = bp +pn+lg, (g =
0,%1,£2,...). Oxirgi tenglik esa ap = b(modpn+l) taggoslamaga teng
kuchli.

178. Agar (x;m) = 1 bo‘lsa ax = bx(modm) taggoslamaning
ikkala tomonini X ga gisqgartirish mumkin, ya’ni a = b(modm),
bundan a = b (mod tagqoslama o‘rinli ekanligi kelib chigadi.

Agar (x,m) =d > 1 bo‘lsa x = dxxvam = dmt, (m" xa) = 1 deb
yoza olamiz. Bulardan foydalanib ax = bx(modm) taqgoslamani
adx2 = bdx1(modm1d) deb yoza olamiz. Berilgan taggoslamaning
ikkala tomonini va modulini ulaming umumiy bo‘luvchisiga gisgartirish
mumkin. Shuning uchun ham oxirgi taggoslamani ax* = bx1(modm1)
ko‘rinishda yozish mumkin. Bundan, (xr;mt) = 1 boMgan uchun, a =

b(modm{) ga, ya'nia = b(mod gaegabo‘lamiz. Bunda d = (m, x)
bo‘lgani uchun a = b (mod ni hosil gilamiz.

179. Bunda ada3a2aia0= O0(mod33) taggoslamani a4104 +
al3a2m02 +ara0= 0(mod33) ko‘rinishda yozib olamiz va undan
9999a4 + 99a3a2 = 0(mod33) ayniy taggoslamani hadlab ayiramiz. U
holda isbotlanishi talab etilgan taggoslama a4104 +a3a2+0jOq =
0(mod33) hosil bo‘ladi.

180. 1). Berilgan tagqoslamalami p —1 = —(modp), p- 2=
—2(modp), ...,p —n = —(modp) ko‘rinishida yozib olib hadlab
ko‘paytiramiz. U holda (p - D(p —2) ... (p —n) = () ’n! (modp)
hosil boMadi. Bunda (n!,p) = 1 boMgani uchun oxirgi taggoslamaning
ikkala tomonini n! ga bo‘lib » = ()7 (modp) ni hosil
gilamiz. Buning chap tomoni Cp_j ga teng. Shuning uchun ham C£ r =
(—Dn(modp) bajariladi.

2) 22.1-misoldagi  singari p—2= -2(modp),....p —n =
—(modp), p—(n +1) = —«n +1)(modp) lardan (p - 2)(p —
3).(e-n)p - (n+1)=(-D)"(n+ 1) (modp) ni, bundan esa
® 2@ 3).-(p-NE (-n) _ ( )n(n +i)(modp) ni hosil gilamiz.

Shuning uchun ham C,ix2 — () ”(n + 1)(modp).
181. 1). 910= (10 -1)10= 100t +1 = I(modIOO) bo‘gani
uchun 910+ s 9r(modl00) bo‘ladi. 99= (9240 = 8149 =
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9(modl0) dan 99= 9 +10%; u holda 99? = 99+lotl(?nodIO0) =
99(modi00) = (93 3= 7293(modI00) = 293(modI00) =
24389(modl00) = 89(modl00). Demak, izlanayotgan oxirgi ikkita
ragam 8 va 9.

2) 74 = 2401 = 1(modlO0)dan71™0 = (74)25 = I(modlO0). Bu

yerdan 79? = 7100+8(modlO0) (1) -

misolga garang) 71002+89 = (7100)4 « 789(modl00) =
789(modl00) s 788w (modl00) = (74)227(modl00) =
7(modl00). Demak, izlanayotgan oxirgi 2ta ragam O va 7.

182. p > 2 -toqtub son bo‘lgani uchun p + 2 ham toq son bo'ladi,
ya'ni p=p+2=I(mod2) (1) bajariladi. Bundan pp+2 + (p +2)p =
2k +1)p2+ (2 +1)p = 2(mod2) s 0(mod2). Shuningdek tushu-
narlikii, p=—d(modp+1) va p+2=I(modp +1) bajariladi.
Oxirgi 2 ta tagqoslamadan pp+2 + (p +2)p = () p+2+Ip(mod p +
1) = -1 +I(modp +1)=0(mod p +1) (2). (1) va(2) danpp+2 +
(p + 2)p = 0(mod 2p + 2) tagqoslama kelib chigadi.

183. Qaralayotgan sonlami juft-jufti bilan birlashtirib (noldan
tashqarilarini) ="-, (x = 1,2, ...p —2) ko‘rinishda yozish mumkin.
Endi agarda bu sonlar ichida p >2 moduli bo'yicha o‘zaro
taqgoslanuvchilari bor desak =+ = 0(modp) yoki =

+ (modp) laming birortasi bajarilishi kerak. Bulardan Xx =

p(modp)vaxl= *+x2(modp) larga ega bo'lamiz. Birinchi holda X = 0
(chunki x < p), Ikkinchi holda esa Xj = x2 yoki Xt = —x2ga ega
bo‘lamiz. Bu esa garalayotgan sonlar orasida o‘zaro taggoslanuvchilari
yo‘q ekanligini bildiradi.
184. Berilgan i = t —m(modm) taggoslamadan i = 1,2, ...,mda
lil-m,2 =2-m,.m-2=(mM-2)-m =2, m - 1li
m—1-m= —1, m= —m(modm) larga ega bo‘lamiz. Bulaming
barchasini n—-darajaga ko‘tanb keyin hadlab qo‘shsak:
1" +2n+ee+mn= (-1)" +(-2)"+- + (—m)n(modm) (D)
hosil bo‘ladi. Bundan agar n = 2k + Itoq son bo‘lsa (shart
bo'yicha mva n lar toq sonlar), In +2n H--Xmn = —In +2n +
— hmn)(modm), yoki
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27 in= O(modm),ya'ni™ in = 0(modm)
i=1 1=1
kelib chigadi.

185. Taqgoslamaning o‘rinli ekanligini matematik mduk?/\ya
metodidan  foydalanib isbotlaymiz. n =1 da berilgan 28" =
—(mod3n+l) taqgoslama 23 = —(mod9) ko‘mishni oladi. Bu
taqgoslama 23 = 8(mod9) ayniy taqgoslamaga teng kuchli. Demak, n =
1 da taqgoslama o‘rinli. Endi faraz etaylik berilgan tagqoslama n = K
uchun23 = —(mod3k+l) o‘rinli bo‘ismvabizn = K + 1uchun uning,
ya’'ni 23* = —(mod3k+2) ning o‘rinli ekanligini ko‘rsatamiz.

23k+l + 1= (r3*)3+ 13= (r3k + 1) (r3*2- 23k+1)

bu yerda induktivlik farazimizga ko‘ra 23* + 1 = O(mod3k+l) va
2 = ()(mod3) bo‘lgani uchun 2231—23k + 1 = 0(mod3)bo‘ladi.
Bulardan 23c + 1 = 0(mod3k+1) ning bajarilishi kelib chigadi. Demak,
matematik induksiya metodiga ko‘ra berilgan taggoslama ixtiyoriy
natural n soni uchun o‘rinli.

186. Masalaning shartiga ko‘ra23” + 1 = 0(mod3n+l) bajariladi.
Uholda 23' + 1 = 0(mod3n) tagqoslama albatta bajariladi.Agar bundan
m = 3", (n = 1,2,3,...)deb olsak, 2m + 1= 0(modm) taqgoslama
kelib chigadi. Bu yerda m = 3", (n = 1,2,3,...) bo‘lgani uchun 2m +
1 = 0(modm) taqgoslama natural sonlarda cheksiz ko‘p yechimga ega
bo*ladi.

187. Taqgoslamaning o‘rinli ekanligini n bo‘yicha matematik
mduksiya metodini go‘llab isbotlaymiz. n = 1 daberilgan(m - I)m =
—I(modmn+l) taggoslama (M —I)m = —1(modm2) ko‘rinishni
oladii. Bundan (m - I)m+1=0(modm2, vyoki (m>1-
tog son)(m —1+ D((m —I)m1—(mM—I)m2H--1-1) =
0(modm2). Bu tagqgoslamaning ikkala tomoni va moduli m ga bo‘lib

(m—I)m1—(m—Il)m2+—h1l= 0(modm)ga ega boMamiz.

Bundan(H)m 1 —(H)m2+—H i O(modm). Yoki
1+1+1+1H---hi = 0(modm) *m = 0(modm). Shunday qilib
mta

berilgan taggoslama n = 1 da o‘rinli ekan. Endi faraz etaylik n = K
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uchun berilgan tagqoslama, ya’ni (m - )"®* = —(modmk+1) o'rinli
boMsin. Biz berilgan taggoslamaning n = K + 1 bo‘lganda, ya’ni
(m —)mkl = -1(modmk+2) taggqoslamaning o‘rinli  ekanligini
isbotlaymiz. Bu yerdam —toq son va
m-DmHl+1=[(m-1)mkIm+21= [(m-1)m* +1] ((m -
_(m_ Y(m-2)mkc+ ... + 1 = g(modmk+2).
Oxirgi taggoslamaning o‘ng tomonidagi birinchi ko‘paytuvchi
uchun induktivlik farazimizga asosan (m —I)m + 1= 0(modmk+1)

bajariladi. Ikkinchi ko‘paytuvchi uchun esa (m — - (m—
I)(T-N)TKj— +i =1-F1+em1=m(modm) = O(modm)
mta

bajariladi. Keymgi 2 ta taqgoslamadan (m - I)m * = —(modmk+2)
kelib chigadi. Shunday qilib matematik induksiya prinspiga asosan
berilgan tagqoslama ixtiyoriy n natural soni uchun o‘rinli.

188. Masalaning shartiga ko‘ra (m - I) m" = —d(modmn+l)
tagqoslama o‘rinli. Bundan m =5 da 4s = —(mod5n+l), ya'ni
4sn +1 = O(mod5n+1). Bu holda 45" +1 = O(mod5n) taqgoslama
albatta bajan shi kerak. Endi agar biz 5” = X (n = 1,2,3,...) deb olsak
22* + 1 = 0(modx) tagqoslamaga ega boMamiz. Bu yerdax = 5" (n =
1,2,3,...) bo‘lgani uchun oxirgi taggoslama natural sonlarda cheksiz ko‘p
yechimga ega.

189.1). Bu yerda 24+l = 2 ¢(24)n(mod5), ya'ni 24+l = 2 +
5t,t6 N bo‘lgani uchun N = 32l +2 = 32+5t+2 = 9- (35J +
2=9243)f+2s9(11 2 +1)f+2s 9+ 2(modll) =
O(modll), ya’ni N> 11 vaN: 11. Demak u murakkab son.

2).Bu yerda 34n+1 = 3m81)" = 3 m{8 +10 +1)n = 3(modl0),
ya’'ni 34+l = 3 + 10k, K e N. Shuning uchun ham M = 2: I+l + 3 =
23+HoK +3 _ 23.(25)zk +3=8(32)&k +3=8(-1)2k +
3(modll) = O(modll). Buyerdan M > 11 boMgani uchun M: 11 va u
murakkab son degan xulosa kelib chigadi.

190.1).2* + 7y = 19z tenglamani qaraymiz. 19 = I(mod3)
hoMganidan 19z = I(mod3). Lekin Ix= (d)x(mod3) va ly=
I(mod3) boMgani uchun 2X+ 7y = (-1)* +I(mod3). Bu yerdan,
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agar xjuft son bo‘lsa, 2X+ 7y = 2(mod3); agarda X —toq son bo'lsa,
2X+ 7y = 0(mod3) larga ega bo‘lamiz. Shunday qilib 2X+ 7y S
19z(mod3). Bundan 2* + 7y = 19z tenglama X,Yy,z natural sonlarda
yechimga ega emas degan xulosaga kelamiz.

2).Endi 2X+ 5y = 19z tenglamani garaymiz. Bu holda [)-misolga
asosan 2X + 5y = (—1)* + () y(mod3). Agar bu yerda X va 'y laming
ikkalasi ham toq son bo‘lsa, 2X+ 5y = —2 = I(mod3) bo‘ladi hamda
2X+ 5y = 19z(mod3) kelib chigadi. Agar 2X+ 5y = 19z tenglama
X, Y, Z laming hiror natural giymatlarida o‘rinli bo‘lsa, 2X+ Syva 19z lar
ixtiyoriy modul bo‘yicha ham taqqoslanuvchi boMishi kerak x = 2n +
I,y = 2n +1 boMsin. 2X+ 5y = 19z(mod5) tagqoslamani garaymiz.
220+l + 520+l = 2 min + 521 = 2 (- 1)n(mod5)J gqaralayotgan teng-
lamaning ikkinchi tomoni 19z a (- I)z(mod5) boMgani uchun 22n+1 +
52n+i ~ 19 z(mod5). Demak, 2X+ 5y = 19z tenglama X,y,z— natural
sonlarda yechimga ega emas.

Izoh: Bu tenglamalaming yechimga ega emasligini taggoslamalar-
dan foydalanmasdan turib ham isbotlash mumkin. Masalan birinchi teng-
lamadan 2X=19z2- 7y = (192 - 1) - (7y - 1) = 18C192-1 +
19z-2 + ... +i) _ 6(7y 1 +7y2+ - + 1) = b[bA9r-r + 192-2 +
wo4i1) _ 27y 1 +7y2+—+1)]. Bu yerdan ko‘rinadiki (19* -
7y): 3. Lekin 2X soni 3 ga boMinmaydi. Demak, 2x® 19z -
7y,ya'm2x —7Y ® 19z.

191. Masala shartiga ko‘ra 11a + 2b = 0(mod 19) boMib, bu yerda
taqgoslamalaming xossasiga ko‘ra  30a +2b = O(mod 19) =>
15a +b = 0(mod 19) => b = 4a(mod 19) ekanligini hosil gilamiz.
Bunday holda 18a + 5b = 18a 4-20a = 38a = O(mod 19) boMib,
bundan esa 18a + 5b = O(mod 19) ekanligi kelib chigadi. Bu esa
18~*%- nmg ham butun son ekanligini isbotlaydi.

192. Berilgan taggoslamadan2—1 = (n —I)(n + 1) boMib n toq
son boMgani uchun (n - l)va (n + 1) lar ketma-ket keluvchijuft sonlar
boMadi. Shuning uchun ham n —1 soni 2ga boMinsa, n + 1 soni 4ga
boMinadi. U holda ulaming ko‘paytmasi 8 ga boMinadi. Shu tasdigni
taggoslamalar tilida n2 —1 = 0(mod8) ko‘rinishda yoziladi.
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193. Bu yerda 11+31 - 1= 340 =5+68 va 25= -I(modll)
boMgani uchun 21131" 1 = (2568 = (-1)63 = I(m odIl). Shuningdek
25 = I(mod31)bo‘lganiuchun 211'31-1 = (25638 = 163 = I(mod31).

Agar taqgoslama bir necha modul bo‘yicha o‘rinli bo‘lsa, u shu
modullaming eng kichik umumiy karralisi bo‘yicha ham o‘rinli bo‘ladi
(8-x0ssa). Shuning uchun ham 211'31-1 = I(m od |l m81). Bu oxirgi
taggoslamaning ikkala tomonini ayniy taggoslama 2 = 2(modIl s81)ga
ko‘paytirsak isbotlanishi talab etilgan tagqoslama kelib chigadi.

194. Buyerda 1,2,3,... <”r »ee p —2 p —1 sonlarini qarah

ulardan quyidagi ta tagqoslamalami tuzamiz:
1= -(p - D(modp), 2= -(p - 2)(modp),..., i =
~"j—(modp).

Bu taggoslamalaming har birini 2k + 1 darajaga ko*‘tarib
go‘shamiz. U holda

K2k+
| 2+ + 24+ + 32Xl + + (M%) s -(p - I)\%k*I

(p - 2)2&H —(p - 3)2k+1-——- 01O (modp) hosil boiadi.
Bundan

12H + 2kH + 3kt + ...+ {Z 1] +(I'M) R
+ (p - 3)AcH + (p - 2)2&H + (p - |) &+l = O(modp).

1U.2-8.

195. m = 10 moduli bo'yicha barcha sinflami x = 10eq + r,
0 < r < 10 ko‘rinishda yozish mumkin. Bu tenglamani taggoslama
ko‘rinishida yozsak X = r(modl0Q), bundar = 0,1,2,... ,9. Buni x =
0,1,2,...,9(modl0) konnishida yozsak bo‘ladi.

196. 1). m = 9 bo‘lsa, m moduli bo‘yicha chegirmalaming 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
bo‘yicha 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.
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Endi m =9 modul bo'yicha chegirmalaming keltirilgan
sistemalarini yozamiz. Ular mos ravishda quyidagicha bo’ladi (buning
uchun yuqgorida yozilgan to‘la sistemadagi chegirmalardan 9 bilan o‘zaro

tublarini ajratib olish kifoya):

1,2,457.8; -1,-2,-4,-5,-7,-8; +1; £2; +4.
2). m = 8 - moduli bo'yicha chegirmalaming izlanayotgan to‘la
sistemalari:
1234,.,8 -8,-7,-6,-5,... ,-2,-1; x1; £2; £3; 4

m = 8 - moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalari:
1,35,7; —1,—3,—5,—7;*+1; +3.
3). p = 13 - moduli bo‘yicha chegirmalaming izlanayotgan
to‘la sistemalari: 1,2,34,. ,13; —413,—412,—1 1,2, —;
0, #1, 2, +3, +4, +5 6.

p = 13 -moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalari: 1,2,3,4,... ,12; —42,—1 1,2, —1; 1, 2, *3,
4, 5 +6. 4).m = 12 - moduli bo‘yicha chegirmalaming
izlanayotgan to‘la sistemalari:
1,2,34,..,12; -12,-11,-10,... ,-2,-1; #£1, 2, +3, 4
+5, +6.

m = 12 - moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalar 1,5,7,11; -1,-5,—7,—11; +1; 5
5). p = 7-moduli bo'yicha chegirmaiammg izlanayotgan to‘la
sistemalari: 1,2,3,4,5,6,7; —/,—6,—5,-4,-3,-2,-1;
0,%£1,+2, +3. .
p = 7 - moduli bo'yicha chegirmalaming izlanayotgan keltirilgan
sistemalari: 1,2,3,4,5,6; —« —6,—5,-4,-3,-2,-1; £1,%2 3
6). m = 10 - moduli bo'yicha chegirmalaming izlanayotgan to'la
sistemalari: 1,2,3,4,... ,10; —10,—9,—-8,... ,—2,—1; #1, +2, +3,
+4> 45, L
m = 10 - moduli bo'yicha chegirmalaming izlanayotgan kelonlgan
sistemalari: 1,3,7,9,—9,-7,-3,—1;%1, £3.
197. X=10q +r,0<r < 10dan x —10g, Xx=10q + 1,
X =10g +2, X=10q + 3, X=10g +4, x=10q+5 x=
I0g +6,x = 10q +7,x = l10q +8, x = 10q + 9.
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198. a) (10,9) —1va X < 10 bo‘lishi kerak. Ulaming soni
<p(10) = 4tavaular x = 10q +I,x = 10q +3,x = 10q + 7,

X = 10g +9, bulami tagqoslama ko‘nmshida yozsak.
X = I(modl0),x = 3(modl0),x = 7(modl0),
X = 9(modl0), yoki gisgachayozsak x = 1,3,7,9(modl0).

b) (10,x) = 2 vax < 10 bo'lishi kerak, 3 - misoldan x = 10q +
2, Xx —I0q +4, x = 10qt +6, x = 10q + 8, yoki bulardan x =
2,4,6,8(modl0).

c) (10,xX) = 5 va x < 10 bo‘lishi kerak, ya’ni 3-misoldan
X = 10q + 5, ya'ni x = 5(modl0).

d) (10,1) = 10 va X < 10 bo‘lishi kerak, 3-misoldan X = 10q,

ya'ni X = 0(modl0).

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
taggoslanmaydigan sonlar md modul bo'yicha ham taggoslanmaydi.—

200. Masalan:
1,2,3,45,6,7,89,10; -10,-9,-8,-7,-6, -5, -4, -3, -2, -1;

+» +2, £3, +4, 5 umumiy holdax = 10g +r,0 < r < IOva
gq6Z

201. — = {00, ¢y, ..., Q9] to'piamlami garasak va bu

to'plamda go'shish hamda ko'paytirish amallarini (2) va (3) tengliklar
yordamida aniglash bu to'plam shu amallarga nisbatan yopiqg ekanligini
jadvallardan ko'rish giyin emas.

* @ o €2 C3 cs4 C i c7 cn CA
A o € cs ca cs i C7 ce © cn
ci € & s cs i C cn co oo i
Cl Q i~ ¢s c6 Cf ca C4 o« e C7
C4 ca cs c6 C7 c8 C9 co Ci C2 C3
G5 & c6 C7 cs8 co co CI c2 3 ca
B @ C/ & cs co O c2 c3 ca cs
/' Ci s € co o C ¢z ca c. co

ce C co a c2 €3 ca cs5 s C7
€9 o co ci c2 c3 4
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G G 2 3 ca B ¢ c7 ca O
M co M co co co €O Cco CO Co CO
Ci co G c2 c3 &4 ¢c5 6 c7 B ¢
c2 co C2 €4 €6 c8 Cco C C4 (G cs
c3 co €3 c6 € c2 ¢5 €8 ca & c7
ca 04 B @2 3 0O 4 B C2 &
cs O s M & W G o & o ¢
G O 662 ;a4 @ ce @ 8 &4
C7 co C7 ¢4 cr CB ¢c5 €2 ©C c¢c6 C3
B W 8 6 ¢4 C2 O c8 C6 4 2
O M @ B8 €7 & 5 4 a3 @ G

(j~; +; = ning halgaboiishi uchun additiv Abel gruppasi, multipi-
kativ yarim guruh va distnbutuvlik sharti (Q + G5)Cj = C(Gy+ CC,
bajarilishi kerak.

Endi shu shartlarning bajariiishini tekshlramlz

I. AdditivAbel gruppasi: a) VCE CeGs G— elementlar uchun
(Cj+C) +Cs= Ci +(Ce+Cs) -assotsiativlik sharti bajarilishi kerak.
Bu yerda Ct = (10q +1i),Ce= (10qg +e), G = (10g+s) bo‘lgani
uchun (Q +Ce) + G —C[He+C = Q+et+s  (yoki Cj+e mHs m—
Q+et+s-m)-  Shuningdek CE+ (Ce + Cs) = ( + CetS = Cj+ets (yoki
Cj+ets 2m). Bu tengliklaming o‘ng tomonlari teng, demak, chap
tamonlari ham teng bo‘lishi kerak. Bundan assotsiativlik sharuuing
bajarilishi kelib chigadi.

b) vcj Gle uchun 3CqG bo'lib Ct+Q=@+cf=—ct
bajariladi, ya'ni qaralayotgan to* plamda nol element mavjud.

c) VQ G— uchun 3Cio-i G bo lib Cj + Cio-i = Cro-i =
Cl0 = CO bajariladi,ya'ni garalayotganto‘plamda VCj gagarama-garshi
element Ci0O_£ mavjud.

d) vcj G uchun ¢j +c; = c; +C, = Ci+; (yoki G+_m)
bajariladi.

Shunday qilib garalayotgan to‘plam qo‘shishga nisbatan additiv Abel

gruppasi bo‘lar ekan.
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Mn < = : +> ning multiplikativ yanw gurppa boiishim tekshiramiz:

VQ,(,C £ ~ uchun Cj(C(me) = (C* +Cj)Ce nmg bajarilishini
ko‘rsatish yetarli tenglikning chap tomoni C,(G *Ce) = Cj «Ce = Cye =
Cr, bunda ije = 10g +r. 0 ‘ng tomoni (Q mCj)Ce= Cy *Ce= Cug =
Cr, Bulardan isbotlanishi kerak bo'lgan tenglik kelib chigadi.

L. Distnbutivlik sharti VCE Cj,Ce G A lar uchun (Q + Cj)Ce —
CiCe +C,Ce tenglikning bajarilishini tekshiramiz. Bu tenglik chap
tomoni (soddalik uchun i +j +1 <m deb garaymiz; i +j +1 > m holi
ham shunga o‘xshash garaladi). (Q + Cj)Ce = Q-+yme = CyH)e. O'ng
tomoni (I me+ CCe = Ce +Cje= demak, bu teng-
likning chap tomonlari teng, o‘ng tomonlari ham teng ho'lishi kerak.
Bundan ega isbotlanish talab etilgan tenglik kelib chigadi. Shunday qilib
<— ; +;*) sistemahalga bo‘lar ekan. .

202. m moduli bo‘yicha chegirmalaming to‘la sistemasida m ta
chegirma boiib 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 sonlaming 5 moduli bo‘yicha o‘zaro tagqoslanuvchi
emas ekanligini ko‘rsatamiz. Buning uchun berilgan sonlami manfiy
boimagan eng kichik chermalar ko‘rinishiga keltinb olamiz. U bolda
0,1,2,3,4 larga ega boiamiz. Bular m = 5 moduli bo‘yicha o'zaro
tagqoslanmaydi. J: m = 5.

203. Berilgan 20,31, -8,-5,25,14,8,-1,13 va 6 sonlaming
soni 10 boiib ulami eng kichik musbat chegirmalar ko‘rinishida yozsak:
0,1,2,5,5,4,8,9,3,6 hosil boiadi. Bunda —5va 25 lar m = 10 moduli
boyicha o‘zaro tagqoslanuvchi, ya'ni ular bitta sinifga tegishli. Shuning
uchun ham berilgan sonlar m = 10 moduli bo'yicha chegirmalaming
toia sistemasini tashkil etmaydi.

204. lIstalgan m ta ketma-ket kelgan x +b, x=0,1,2,.. ,m —1
sonlami garaymiz. Bu yerda (m,1) = 1 va 1-teoremani (a = 1 deb)
goilasak x +b,x = 0,1,2,... ,m —1 sonlami m moduli bo'yicha
chegirmalaming toia sistemasini hosil giladi degan xulosaga kelamiz.

205. Berilgan sonlaming soni m ta boiib ular m moduli bo'yicha

o'zaro tagqoslanmaydi. Agar — —% (modm) desak (1 i,j <m
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_—— = 0(modm) = = g(modm) yoki ~ =
0(modm) =>J = —-i(mod) =y = -i +mt. U holda =

e mt (mod) > —= :\(modm), ya'ni — _“va chegirmalar bitta

2
sinfdan olingan. Demak, - ~ m (modm) va berilgan sonlar m
moduli bo‘yicha chegirmaiarining to‘la sistemasini tashkil etadi.

206. (10,3) = 1 bo‘lgani uchun 1- teoremaga ko‘ra agar X
o‘zgaruvchi m = 10 moduli bo‘yicha chegirmalaming to‘la sistemasini
gabul qgilsa,3x —1 ham shu sistemani gabul giladi, ya'ni

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 - Ining giymatlarini 10 moduli bo‘yicha manfiy
bo‘lmagan eng kichik chegirma ko‘rinishida yozdik.

207. 4 modul chegirmalaming to‘la sistemasida 4 ta4 moduli bo'yi-
cha o‘zaro taqgoslanmaydigan chegirma bo‘lishi kerak.Bizga ma’lumki,
agar (a,m)=l bo‘lib x 0‘zgaruvchi m moduli bo‘yicha chegirmalaming
keltirilgan sistemasini gabul gilsa ax-+b ham shu sistemami gabul giladi.
Bizning misolimizda a-5, b—©, m=4 va (5,4)=1. Shuning uchun harax ga
x=0, 1, 2, 3 giymatlar bersak Sx= 0, 5, 10,15 lar hosil bo‘ladi. Bulami
manfiy boMmagan eng kichik chegirmalar ko‘rinishida yozib olsak 0, 1,
2, 3 izlanayotgan sistema hosil bo‘ladi.

208. axi +b (i = 1,2,.. ,m) ko‘rinishidagi sonlar m moduli bo‘-
yicha chegirmalaming to‘la sistemasini tashkil gilsa, ulaming soni m ta
bo‘lib m moduli bo‘yicha o‘zaro tagqoslanmasligi kerak.

U holda Xj(i = 1,2,... ,m) lar giymatlari ham m ta bo‘lib ular ham
m moduli bo‘yicha o‘zaro taggoslanmaydigan boMadilar. Hagigatan ham,
agar Xi = xr(modm) desak, (a,m) =1 sonini tanlab olib
taqgoslamaning ikkala tomonini a ga ko‘paytiramiz, u holda axL~
axr(modm) bo‘ladi. Bu taqgoslamaga b = b(modm) ayniy
taqgoslamani hadlab qo‘shsak axt +b = axr + b(modm) hosil bo‘ladi.
Masalaning shartiga ko‘ra bunday bo‘lishi mumkin emas. Bu garama-

garshilik xI = xr(modm) deganimizdan kelib chiqdi va demak, X, &
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xr(modm). Shuning uchun ham garalayotgan sonlar Xj(i = 1,2,..., m)m
moduli bo‘yicha chegirmalaming to‘la sistemasini tashkil etadi.

209. f(Xi) = onX" + On-ijc"-1 +— Fa~xi +a0 (i = 1,2,... ,m),

(ai(m) = 1 ko‘rimshidagi sonlar m moduli bo‘yicha chegirmalar-
ning to‘la sistemasini tashkil gilsa, demak, ulammg soni m tava /(*,-) £
/(x;)(modm) bajariladi. Bu holda x*(i = 1,2,... ,m) laming soni ham
m ta bo‘ladi va ular m moduli bo‘yicha o‘zaro taqgoslanmaydigan
bo‘ladi. Hagigatan ham, agar xs = xk(modm) desak, X2 = xk(modm),
., X -1 =xk~l(modm),xt£ = xk(modm), aQ= aQmodm)\ar
bajariladi. Bu tagqoslamalaming ikkala tomonini mos ravishda
al,az larga ko‘paytirib keyin qo‘shsak f(xs) =
f(xK)(modm) gaegaboMamiz. Lekin masalaning shartiga ko‘raf(xs) »
f(xK)(modm). Bu garama-qgarshilik xt(i = 1,2,... ,m) lar ichida o‘zaro
taggoslanuvchilar yo‘q ekanligini bildiradi va demak ularm moduli
bo‘yicha chegirmalaming to‘la sistemasini tashkil giladi. Aksincha tasdiq
ham shunga o*xshash isbotlanadi.

210. m moduli bo‘yicha chegirmalar keltirilgan sistemasida
<p(m)ta chegirma bo‘lib ulammg har biri m moduli bilan o‘zaro tub
bo‘lishi kerak. Masalada m = 6, <p(6) = <(2) w>3) = 2 —1)(3 —
1)=2 X<6 va (Xx; 6)= 1 shartlami ganoatlantiruvchi sonlami
yozib olish kifoya: 1,5; —5,5; -5,-1; 7, 11; 13,17.

211. Qulaylik uchun berilgan chegirmalami eng kichik musbat che-
girmalar ko‘rinishida yo‘zib olamiz. U holda 7,1,11,3,5 va »(12) =
(p(22m8) = PR22) *<p(3d) = (22—2)(3 —1) =4  bo‘lgani  uchun
12 modulli bo‘yicha chegirmalaming keltirilgan sistemasida 4ta
chegirma bo‘lish kerak va ulaming 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 chegirmalaming keltirilgan
sistemasini tashkil etmaydi.

212. p modul bo‘yicha chegirmalaming to‘la sistemasi sifatida
1,2,3,... ,p —1, p lami olish mumkun. Bulaming ichidan p bilan o‘zaro
tublarini ajratib olsak: 1,2,3,... ,p —1 chegirmalaming keltirilgan
sistemasi hosil bo‘ladi. Bu sistemadagi chegirmalar soni p —1 ta.

213. Berilgan chegirmalar sem <p(p) = p —1 ta va ulaming ham

biri p bilan o‘zaro tub, ya'ni p) =1, bundap > 2tub son, i =
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2Kk +1 tog son < p va demak soni p tub soniga bo‘linmaydi.

Qaralayotgan chegirmalaming p moduli bo‘yicha har xil siniflarga
tegishli ekanligi 212-masalada isbotlangan edi. Demak gqaralayotgan
sonlar sistemasi p > 2moduli bo‘yicha chegirmalaming Kkeltirilgan
sistemasini tashkil etadi.

214. Qaralayotgan sistemada <p(7) = 7 —1 = 6 ta son bor. Ular-
ning har biri 7 bilan o‘zaro tub, chunki (S; 7) = 1. Ular turli sinflarga
tegishli, chunki 51 = 57(mod7) (0 <j <ti < 6) dan 51* = I(mod7),
bundani =j kelib chigadi. Demak, chegirmalaming keltirilgan
sistemasining ta'rifiga asosan berilgan sonlar sistemasi 7 modul bo‘yicha
chegirmaiammg keltirilgan sistemasini tashkil etadi.

215. axi, (i = 1,2,..<p(m)) sonlami m moduli bo‘yicha
chegirmaiammg keltirilgan sistemasini tashkil etsa, ulaming soni <p(m)
ta bo‘lib (@Gjim) = 1vaaxrS axs{modm) bo‘lishi kerak. Bundan
(a;m) = 1va(xj;m) = 1 kelib chigadi. Bizda X (i = 1,2,... <p(m))
laming soni <p(m) ta va O*m) = 1 xs * xk (modm) ekanligini
ko‘rsatamiz. Faraz etaylik xs = xk (modm) bo‘lsin, u holda bu
taqgoslamaning ikkala tomoni a, (a,m) = 1 soni ko'paytiramiz. U holda
axs = axk (modm) taqgoslamaga ega boiamiz. Masalaning sharti
bo‘yicha axs Laxk(modm). Bu garama-garshilik xs = xk (modm)
bo‘Isin degan farazimizdan kelih chigdi. Demak xs 5 xk (modm) ekan.
Shunday qilib, agar axt (i = 1,2,... <p(m)) sonlari m modul bo‘yicha
chegirmalaming keltirilgan  sistemasini  tashkil qilsa, x-(i =
1,2,... <p(m)) sonlari ham m moduli bo‘yicha chegirmalaming keltirilgan
sistemasini tashkil gilar ekan.

216. X o‘zgaruvchining qgiymatlari XxItx2, ...,xv(m) (bunda
(Xj,m)= lva Xi S Xj(modm))lar/n modul bo‘yicha chegirmalaming
keltirilgan sistemasini tashkil etgani uchun bu giymatlami ax +b ga
go‘yib <p(m) ta axx+b, ax2+b, .. ,axv(m) + b songaega bo'lamiz.

Endi ulaming har xil sinflarga tegishli ekanligini va m modul bilan
o‘zaro tub ekanligini ko‘rsatamiz. Agar ax* +b = axj +b(modm)
desak,bu tagqoslamalaming xossalariga ko‘raaxr= axj(modm) gateng
kuchli. Buning ikkala tomonini a,(a,m) = 1soniga gisgartirsak xt =
Xj(modm) ga ega bo‘lamiz. Bu esaxt r x (modm)shartga ziddir. De-
mak, garalayotgan sonlar m moduli bo‘yicha har xil sinflarga tegishli
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ekan. (axi +b, m) =d > 1 desak, axt+b = 0(modd)va m =
O(modd) ga ega bo‘lamiz. b=m mbr va m = d sm1 boMgani uchun
b=d «Gnlebr) boMadi, ya'ni b sonid ga boMinadi. U holda axt+b =
0(modd) dan axt = 0(modd) ni hosil gilamiz. (a,m) = 1dan(a,d) =
1 ekanligi kelib chigadi. Shuning uchun ax, = O(modd) dan =
0(modd) bajarilishi kerak degan xulosa kelib chigadi. Bunday boMishi
mumkin emas, chunki (xt,m) = 1 va demak, (xitd) = 1. Bu yerdan
<p(mta ax!+b, ax2+bh, .. , + b laming har xil sinflarga
tegishli ekanligi kelib chigadi.

217. (a-,m) = d shart (] ;) = 1 ga teng kuchli. Shurnng uchun
ham a ning o‘miga% am ning o‘migaj niolib 1-teoremani goMlaymiz.
U holda 1-teoremadan - agar X o'zgaruvchi A moduli bo'yicha chegir-
malaming toMa sistemasmi gabul gilsa, *X +b ham ~ moduli bo‘yicha
chegirmalaming toMa sistemasini gabul giladi degan tasdiq kelib chigadi.

218. (a; m) = d shartdan = 1 shart kelib chigadi. Shuning
uchun ham a ni /C\i bilan, m m e bilan almashtinb 2 - teoremani

goMlaymiz. U holda 2- teoremadan - “agar X o‘zgaruvchi —moduli
bo‘yicha chegirmalaming keltirilgan sistemasmi gabul gilsa, u holda
ax ham”j moduli bo‘yicha chegirmalaming keltirilgan sistemasini

gabul giladi” - degan tasdigga ega boMamiz.

219. m=9 moduli bo‘yicha cnegirmalaming toMa sistemasida 9 ta
son boMib ular o‘zaro taggoslanmaydigan boMishi kerak. Shuning uchun
ham:

1,2,3,4,5,6,7,8,9-lar m=9 moduli bo‘yicha musbat eng kichik
chegirmalaming toMa sistemasi;

0,1,2,3,4,5,6,7,8- lar m=9 moduli bo'yicha manfiy bo‘Imagan
eng kichik chegirmalaming toMa sistemasi;

0,1, £2,+3,+4- lar m=9 moduli bo‘ylcha absolyut giymati
jihatidan eng kichik chegirmalaming toMa sistemasi boMdi.

Endi m=9 moduli bo‘yicha chegirmalaming keltirilgan sistemalarini
3 xil (musbat, manfiy bo'lmagan, absolyut qyimati jihatidan eng kichik
chegirmalar) ko‘rinishda yozish uchun toMa sistemalardagi
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chegirmalaming m bilan o‘zaro tublanni ajratib olish kifoya, ya’'ni
ulaming har birida tp(9)=6 ta chegirma bo'ladi. Shuning uchun ham:

1.2.45.7.8 - lar m=9 moduli bo‘yicha musbat eng kichik
chegirmalaming keltirilgan sistemasi;

1.2.4.5.7.8 —lar m=9 moduli bo'yicha manfiy bo‘lmagan eng
kichik chegirmalaming keltirilgan sistemasi;

+1» +2, +4- lar m=9 moduli boyicha absolyut giymatijihatidan eng
kichik chegirmalaming keltirilgan sistemasi bo‘ladi.

Shuni ham ta’kidlash kerakki, bu misolda m=9 moduli bo‘yicha
musbat eng kichik chegirmalaming va manfiy bo‘lmagan eng kichik
chegirmalaming keltirilgan sistemalari bir xil bo‘lar ekan.

IIL3-8.
220. a) (a, 7) = 1bo‘lganligi uchun Ferma teoremasiga ko‘ra a6 =
I(mod7) bajariladi. Bundan al?2 = I(mod7) ,ya'ni (al2—1) : 7.

b) (a,65) =1 dan (a;5m3)=(a;5) =(a;13)=1
chigadi. Demak, Ferma teoremasiga asosan al2 = I(modlI3) va a4=
I(mod5). Oxir taggoslamaning ikkala tomonini kubga ko*‘tarsak a12 =
I(mod5) hosil bo‘ladi. a12= I(mod5) va al2= I(modI3) hamda
(5; 13) = 1dan al2= I(mod65) kelib chigadi. (b; 65) = 1 bo‘lganligi
uchun yugoridagidekmulohazayuritibb12 = I(mod65)nihosilgilamiz.
al2 = I(mod65) va b12 = I(mod65) taqqoslamalardan al2 —b12 =
0O(mod65) gaegabo‘lamiz. Bu esaal2—b12 : 65 gateng kuchli.

221. Kanonik yoyilmasiga 2 va 5 sonlari kirmaydigan natural sonni
X desak (x,10) = 1 va <p(10) = 4 bo‘lgani uchun Eyler teoremasiga
ko‘ra x* = I(modlO). Shuning uchunham x12 = (x4)3= I(modIl0).
Demak. kanonik yoyilmasiga 2 va 5 sonlari kirmaydigan natural sonning
12-darajasimng birlik ragami lga teng ekan.

222. a 3 0[modp) bo‘lgani uchun (a; p) = 1 deb yozish mumkin.
U holda, Ferma teoremasiga ko‘ra ap~1= 1(modp) bajariladi. Bundan
ap_1 —1 = 0(modp). Bu taggoslamaning chap tomoniga p ni qo‘shsak
(taggoslamaning istalgan tomoniga yoki ikkala tomoniga modulga karalli
bo‘lgan sonni qo‘shish va ayirish mumkin) ap~1L+p —1 = 0(modp)
hosil boMadi. Bundan (ap-1+p —1) *p, ya'ni ap 1 +p —1 soni
murakkab son.

156

kel



223. Fermateoremasiga asosan 211 1= I(modll), 230=
I(mod31) yokiz1l = 2(modll), 23l = 2(mod31). Birinchi
taqgoslamadan (211) 31 = 231(modll) = 2 m26)s(m odll) = 2«
(-2)5(modll) = 2m{(-32)(modll) = 2(modll). Shunga o‘xshash
(23D 11 = 211(mod31) = 2 m25)2(mod31) = 2(modll). Shunday
gilib, 21131 = 2(modll) va 23I'11 = 2(mod31) hamda (11; 31) =
1 boMgani uchun 211'31 = 2(modll =81).

224. Fermateoremasigako‘ra 212 = I(mod 13). Shuning uchun

224 = |(mod 13). Bundan tashqari 26 = 64 = —1(mod 13) ekan-
ligidan 230 = -1 = 12(mod 13) bo'ladi. Demak, izlangan goldiq 12
ga teng.

225. 316 = I(modl17) bo‘lganligi uchun 3 = 311 ®{316) 3 =
311(modl7) = (33)3+32(modl7) s 103m®(modl7) = 1000 m
9(modl7) s 14 @ (modl7) = 126(modl7) = 7(modl7). Demak,
3% ni 17 gaho'lsak 7 goldiq goladi.

226. Ferma teoremasiga asosan ap 1 = 1(modp), (a;p) = 1. Bu
tagqoslamaning ikkala tomonini n-darajaga ko‘taramiz. U holda
an(p-1) = j(modp) hosil bo‘ladi. Bundan va a = a(modp) dan
an(p-i)+i = a(modp) kelib chigadi. Keyingi tagqoslama a *p boMsa
ham o‘rinli. Shunday qilib ixtiyoriy a butun, n-natural va p tub sonlar
uchun an(® 1} = a(modp) taggoslama o‘rinli.

227. 317 ni 15 ga boMgandagi qoldig 2 ga ter™ boMgani uchun,
yani 317 = 2(modI5) ekanligidan 317259 = 22S9mod 15)
boMishini topamiz. Eyler teoremasiga ko‘ra2v/5'= 1(mod15)va
<p(15) = (3 +5) = P@B) *~(5) = 2-4 =8 boMgani uchun 2° =
I(modl5). 259 = 328 +3 ekanligidan 2250= (28)3+23 =
8(modl5)=8(modl5) boMadi. Demak, 317259 sonini 15 ga boMgandagi
goldig 8 gateng ekan.

228. Buyerda(3,11) = 1. Shuning uchun ham Eyler teoremasiga
ko‘ra 3',(11) = I(modll).<p(ll) = 11 - 1 = 10 boMganligi sababli
310 = 1(mod11) boMadi. Bundan

380 = (310)8 = 18 = 1(mod11). @)

Shunga o‘xshash (7,11) = 1 vaEyler teoremasiga ko'ra 711 =

I(m odIl) boMganligi sababli 710 = I(m odIl) boMadi. Bundan
7e0 = (7i0)8 = is = I(modll). @)
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(1) va (2) taggoslamalami hadlab qo*shib
380 + 780 = 2(modn)

ni hosil gilamiz. Demak, 380 + 780sonini 11 ga bo‘lgandagi goldiq
2 gateng ekan.

229. Awalo 3100 ni 7 ga boMgandagi goldigni topamiz. (3;7) = 1
boMganligi uchun Ferma teoremasidan 36 = I(mod 7) kelib chigadi.
Shuning uchun ham

310 = (36)16 m4(mod 7) = 34(mod 7) s 4(mod 7). @

Endi 4100 ni 7 ga bo‘lgandagi goldigni aniglaymiz. Bu yerda
(4,7) = 1va 46= I(mod 7). Shuning uchun

4100s (46)16+44(mod7) = 42mz(mod7) = 9+9(mod7) =
4(mod7) (2)

(Dva (2) tagqoslamalardan 4100 + 3100 = I(mod7) hosil boMadi.

Demak, 4100 + 3100 ni 7 gaboMsak 1 goldiq goladi.

Izoh. 4100 + 3100 s 3100 + (—3)100(mod7) = 23100(mod7)
dan foydalanib ham shu natijani olish mumkin.

230. 197 = 35 wb + 22 boMganligi uchun 197157 = (35 mb +
22)157 = 22157(mod35). Bu yerda (22; 35) = 1 va Eyler teoremasiga
asosan 22\&3* —I(mod35) yoki 2224 = I(mod35). Bundan
22157 = (2224)6 w2213(mod35)

= 2213(mod35) = (222)6+221(mod35) = (-6)6°
22(mod35) = ((—6)2)3m2(mod35) = 22(mod35). Shunday qilib,
197157 ni 35 ga boMgandagi goldiq 22 chigar ekan.

231. 2722=1I(mod73) va 236= I(mod37). Bulardan 273 =
2(mod73) va237 = 2(mod37). Bu yerdagi birinchi taqgoslamaga
asosan (273 37 = 237(mod73) = (26)6 @ (Mmod73) = (—9)6°
2(mod73) = ((—9)23+2(mod73) = 83+2(mod73) =
1024(mod73) s 2(mod73), ya’ni

(273)37 = 2(mod73). 3

Endi 273 = 2(mod37) taqgoslamadan (237)73 =

273(mod37) s (236)2m(mod37)) = 2(mod37), ya’ni
(237) 73 = 2(mod73). ()]

(3) va (4) taqgoslamalardan (237) 73 = 2(mod37 «73), yoki
bundan 2n 1 s Kjnodti), buyerdan = 37 «73.

232. 10 =I1(modll),230s (2R103E I(modll), .. , 1030s

I(lmodll). Bu yerda i= 123, ..,10 boMsa, £10= I(modll)
158



ekanligidan foydalandik. Bundan 10D +2VH- +H0D=
IO (modlIl) = -1(m odll) kelib chigadi.

233. @) Xx7= x(mod42) dan x7= x(mod2 -3-7). Demak, biz
X7 = x(mod7). x7= x(mod3) va x7= x(mod2) taqgoslamalaming
ixtiyoriy X butun soni uchun o‘rinli ekanligini korsatishimiz kerak.
Birinchi taqgoslama Ferma teoremasidan bevosita kelib chigadi. 2-va 3-
lami bevosita chegirmalaming to‘la sistemasini tekshirib ko'rish bilan
ishonch hosil gilamiz. 2 moduli bo‘yicha chegirmalaming to*la sistemasi
0va 1dan iborat va bulaming ikkalasi ham x7 = x(modZ2) taggoslamani
ganoatlantiradi. 3 moduli bo‘yicha chegirmalaming to‘la sistemasi
0,1,2 dan iborat va bulaming uchalasi ham x7 = x(mod3) tagqos-
lamani ganoatlantiradi.

b) X13 = x(mod2730) dan x13= x(mod 2 =8 mb m¥ =i 3).
yerdan x13 = x(modl3), (Ferma teoremasiga ko‘ra); x13 = x(mod?2)
(0,1 ni go'yib tekshirsak); x3= x(mod3) dan x13= (x34m =
X5 = x3+*x2(mod3) = x3(mod3) = x(mod3). x13 = x(modS) va
x13 = x(mod7) lar ham shunga o‘xshash ishbotlanad Endi hosilboigan
x13 = x(mod2), x13 = x(mod3), x13 = x(mod5), x13 = x(mod7) va
Xx13 = x(mod 13) taggoslamalaming ixtiyoriy X butun son uchun o‘rinli
ekanligidan x13 = x(mod 2 w8 5 wv mi3) ning, Yyoki bundan x13 =
Xx(mod2730) ning o‘rinli ekanligi kelib chigadi.

234.p vaq lar (p; q) = 1 shartni ganoatlantiruvchi tub sonlar bo‘l-
gani uchun p4-1 = I(modtjf)va gp_1 = I(modp).Butaggoslamalami
tenglik gilib yozsak p4-1 —1 = gt, qv—=x—1 —pl,t,le Z. Bulardan

(p4-1 _ i)(gP_1 - 1) = pqtl yoki p4-legpl-p<Fl—
gP-1+1 = pqtl. Endi tagqoslama qgilib yozsakgp_ 1 +p, 1 - p4-1-«
gp_1 —1 = 0(modpq). Bundan qp+l + p4+l = 1(modpq) kelib
chigadi.

235. 2100 sonining oxirgi ikkita ragamini topish uchun uni 100 ga
bo‘lishdan chiggan goldigni topish kifoya. Bu yerda 100 = 25 m
4 va Eyler teoremasiga ko'ra 2 * 25) = I(mod25), ya’'ni 220 =
I(lmod25) hamda 2100= 298 w@Z bo Igani uchun 298 = 280
218(mod25) H 218(mod25) = (29 z(mod25) = 144(mod25) =
19(mod25). Buni tenglik gilib yozsak 298 = 19 + 25t. Bu tenglikni
ikkala tomonini 4 ga ko‘paytirib taggoslama ko‘rinishida yozamiz. U
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holda 2100 = 76 + 100£ yoki 2100 = 76(mod 100). Demak, 2100 ning
oxirgi ragami ikkita ragam 7 va 6.

236. Berilgan sonning oxirgi ragamini topish uchun uni 10 ga
bo'lishdan chiggan gqoldigni topish kifoya. (3,10) = lva Eyler
teoremasiga ko‘ra  39(10) = I(m odll). Bunda <p(10) = p(2+5) =
PR2) *<p®®) = (2 —1) W5 —1) = 4  bo'lganligi sababli 34 =
Ilmodl0) bo'ladi.  Shuning uchun ham 310 = (345 =15=
1(mod 10). Demak,3100 sonining oxirgi ragami 1 ga teng bo'lar ekan.

237. 24342 sonining oxirgi uchta ragamini topish uchun uni 1000
ga bo'lishdan chiggan qoldigni topish kerak bo'ladi. 243 = 3s, 1000 =
103 = 53 3 bo'lgani uchun (243; 1000) = 1 va Eyler teoremasiga
asosan 243,)"000"= 1 (mod1000) bajariladi. Bu yerda <p(1000) =
P23 wb3) = P23) mpP(53) = (23- 22)(53- 52 = 4 w00 = 400
bo'lgani uchun 243400 = I(modlOO0O) . Shuning uchun ham 243402 =
243400 » 2432 = 2432(modl000)

= 59049(modI000) =49(modI000).Demak,uchtaragamio,4,9.

238. Shartgaasosan (n; 6) = 1. Bundan (n;2) = 1va (n;3) =1
bo'lgani uchun u tog son n=2k+1, u holda n2-1-=
(n—ND(n +1) = @k +1- D2k +1+1) = 4k(k +1) ifoda 8 ga
bo'linadi ya’ni n2—1 = 0(mod8) yoki bundan

n2= I(mod8). ®)

Ikkinchi tomondan (n; 3) = 1 bo'lgani uchun Ferma teoremasiga

asosan
n2s I(mod3). ®)

Hamda (8; 3) = 1 bo'lgani uchun (5) va (6) dann2=
I(mod24) kelib chigadi.

239. Ferma teoremasiga ko'ra : Ip 1 = 1(modp), 2P-1=
1(modp), .. , (p —1)p1l = 1(modp). Bunda p- tub son . Bu
tagqoslamaning har birini keN darajaga ko'tarib keyin hadlab
go'shamiz. U holda

jk(p-1) + 2*(p-i) +--H(p —I) >-i) = p —1(modp)
hosil bo'ladi. Bundan
*(P-i) +2*»-D) + ... +(p - D*(p-D + 1 5 0(modp).
Buni gisgacha
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p-1
jk(p-i) +i = ofmodp)
i=1

ko‘rinishda yozishimiz mumkin.

240. Ma’lumki, a? - a = 0(modp). Shunga asosan (ax+a2 -+
—+0n)p = at +a2H— +0On(modp). Bu yerda ar = a”Onodp),
a2 = a2(modp) an = a®(modp) ekanligini e’tiborga olsak :
(ax+a2H— +an)p = a* +&0+ +af(modp) ga. ya'ni isbotlam-
shi kerak bo‘lgan taqgoslama (E"=iai)p = Z"=iaip (modp) ga ega
bo‘lamiz.

241. Eyler teoremasiga asosan (a;m) = 1 bo‘lsa , =
1(modm) boMadi. Endi faraz etaylik X soni ax= I(modm)
tagqoslamaning eng kichik yechimi bo‘lib  <p(m) = xeq+r, 0<r<
X bo‘lsin u holda a*>(m = (axX)qmar = 1 mar(modm) = I(modm),
ya’niar = I[(modm). Bu esa X soni

ax = 1(modm) tagqoslamaning eng kichik yechimi deganimizga
zld. Demak, r = 0 va <p(m) = X «q, ya’'ni X soni <p(m) ning bo‘luvchisi.

242. Ferma teoremasiga asosan

af = a.i(modb) va af = at(mod2) , af = a;(mod3). @

Keyingi ikkita taggqoslamaning o‘rinli ekanligini bevosita
chegirmalaming to‘la sistemasini qo‘yib tekshirib ko‘rish mumkin.
Bulardan

af = a.i(mod30), i=1,2,..n
Bu taggoslamalami hadlab qo‘shsak
Z?=iaf = S™=iat(mod30),

ya’ni M = N(mod30). Bundan, agar N soni 30 bo‘linsa, M ning
ham 30 ga bo‘linishi kelib ehigadi.

Izoh.(7) tagqoslamalar af = at(mod6) ga teng kuchli bu
taggoslamani

af - ai = a*(a* - 1) = a4a*—I)(a, + ) (af +)(modb6)
= (a, - Dai(aj +)(af +1)(mod6).

Bunda (- —aj(aj +1) = 0(mod6) boMganligi uchun af —
aj = 0(mod6) bajariladi

243. Agar a soni 5 ga karrali bo'lsa, a = 5k va al00 = (5k)100 =
5K0 k100 = 0(modI25). Agarda (a;5) = 1 bo‘lsa, u holda Eyler
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teoremasiga asosan aVilX%) —I(modl25). Bundan a1y _
agB3d = 05382 = a1l = 1(mod 125). Demak, agar a butun soni 5 ga
karrali bo‘lsa, a100 ni 125 ga boiishdan chiggan qoldiq O ga teng, aks
holda qoldiq 1 gateng bo‘lar ekan.

244, Masalaning shartigako‘ra (a; 10) = 1. Buesa(a; 2) = 1va
(a; 5) = 1largateng kuchli. Agar (a; 5) = 1bo‘lsa, 24-masalaga
asosan

al® = I(mod 125) . B

Ikkinchi tomondan esa Eyler teoremasiga asosan = I(mod8).
Bundan a4= I(mod8). Bu taqgqoslamaning ikkala tomonini
25-darajaga ko‘taramiz, u holda

all0s I(mod 8) 9
taggoslama hosil boiadi. (8) va (9) dan (8; 125) = 1 boigani
uchun a100 = I(mod 1000) ni hosil gilamiz. Bu oxirgi taggoslamaning
ikkala tomonini n —darajaga ko'taramiz va keyin ikkala tomonini a ga
ko'paytirsak
aioon+i —a(mod 1000)

gaegaboiamiz.

245, a soni 7 ga boimmasa, u holda (a; 7) = 1 boiadi va a6=
I(lmod 7) boiadi. Bu tagqoslamani awal m —darajaga keyin esa
n —darajaga ko‘taramiz. U holda aém = I(mod 7) vaa6én = 1(mod 7)
larga ega boiamiz. Bulami hadlab qo‘shsak aém +a6n = 2(mod 7) ni
hosil gilamiz. Ya’'ni agar a soni 7 ga boiinmasa aém+a6én ni 7 ga
boisak 2 gldig golar ekan. Endi a i 7 boisin. U holda aémi 7 va a6n
7 bajariladi. Bundan (a6m +a6n) :7, ya’'ni aém+ abn = 0(mod7).

246. Buyerdap ® 5chunki, agarda p = 5 boisa, 55+ 1 =
0(mod25) boiishi kerak.Lekm bu yerda ikkinchi go‘shiluvchi 25 ga
bolmmaydi. Berilgan taggoslamani quyidagicha yozib olamiz:

52 +1= (52 - 5)+6 =6CBP2'1-1) +6 = -1]+6
= 0(modp?2).

Ferma teoremasiga asosan 5P 1 —1 = O(modp). Bu yerda
(BP-D)P+HL - 1 soni 5P-1 - 1 ga karrali boiganligi uchun
[(BP-1)P+1 —1] s(mi p ga boiinadi. Demak, 6 ham p ga boiinishi
kerak. Bundanp = 2yoki p = 3. Agarp = 2boisa, uholda 522 + 1 =
54+1s 626 3 0(mod22), agarda p = 3 boisa, u holda 532 +1 =
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59+ 1 = 1953126 = 0(mod32). 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)2= I(mod3) vap2=
I((mod3). Ikkinchi tagqoslamani 4ga ko‘paytirib 4p2 = 4(mod3)
birinchisidan ayiramiz. u holda 4p2+4p +1 - 4p2= 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.I-8.

248. a). Bu holda 3 moduli bo‘yicha chegirmalammg toia
sistemasi 0,1,2 dan iborat. Bu sonlami berilgan tagqoslama qo‘yib sinab
ko‘ramiz va xt = |,x2= 2 laming uni ganoatlantirishiga ishonch hosil
gilamiz.  Demak, berilgan tagqoslamaning yechimlari X =
I(mod3) vax = 2(mod3) yoki buni x = 1+3t,teZ vax=2+
31, teZ ko nnishda yozishimiz mumkin.

b). 5 moduli bo‘yicha chegirmalammg to‘la sistemasi 0,1,2,3,4. Bu
sonlami berilgan taqgoslamaga qo‘ysak ulardan xt = 1vax2 = 2 lar uni
ganoatlantinshini  ko‘ramiz. Shuning uchun ham yechimlarx =
I(mod5)va x = 2(mod5) lardan iborat. Javob X = 1 + St,teZ vax —
2 + St, teZ.

¢). 3 moduli bo‘yicha chegirmalaming to‘la sistemasi 0,1,2 lardan
iborat. Bulaming birortasi ham benlgan tagqoslamani ganoatlantirmaydi.
Demak, taggoslama yechimga ega emas.

d). 5 moduli bo‘yicha chegirmalaming to‘la sistemasi 0,1,2,3,4
lardan iborat. Bulami berilgan taggoslamaga qo‘yib sinab ko'rsak, xt =
3 uni ganoatlantiradi. Demak, javob X = 3(mod5), ya'ni x = 3 +
St, teZ.

€). 7 moduli bo‘yicha chegirmalaming to‘la sistemasi 0,1,2,3,4,5,6
lardan iborat. Bulami tagqgoslamaga bevosita olib bo b go‘ysak, xx =
1vax2 = 2 lar uni qanoatlantiradi. Javob: x = | +7t,x = 2 + 7t, teZ.

).15 moduli bo‘yicha manfiy bo‘lmagan eng kichik chegirmalaming
to‘la sistemasi 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14 lardan iborat.
Bulami berilgan tagqoslamaga qo‘yib sinab ko‘rib xx—11 ning uni
ganoatlantirishini topamiz. Demak, X = lI(modl5), ya'ni x = 11 +
15t, teZ berilgan taggoslamaning yechimi.
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Izoh. Buholdax = 1,2,...,14 laming barchasi emas, balki 2x > 15
shartni ganoatlantiruvchilari x = 8,9,10,11,12,13,14ni ham tekshinsh
kifoya bo‘ladi.

249. 7 moduli bo‘yicha chegirmalaming to‘la sistemasini,
tekshirish qulay bo'lsin uchun uni absolyut giymati jihatidan eng kichik
chegirmalar sistemasi ko'rinishda 0, £1,+2,+3 yozib olamiz. Berilgan
tagqoslamaga bu sonlami go‘yib tekshirsak fagat 1 uni ganoatlantiradi,
demax X = I(mod7) benlgan taggoslamaning yagona yechimi.

250. Bu yerda 3 moduli bo‘yicha absolyut giymati jihatidan eng
kichik chegirmalaming to‘la sistemasi O, =1 dan iborat, lekin bulaming
birortasi ham berilgan taggoslamani ganoatlantirmaydi, ya'ni berilgan
taggoslama yechimga ega emas.

251.a). Awalo koeffitsiyentlarini berilgan 15 moduli bo'yicha
bo'yicha absolyut giymati jihatidan eng kichik chegirmalar bilan
almashtiramiz. Bunda90 = 156 +0, 46 = 158 +1 52 = 15m
3 +7 boMgani uchun berilgan taggoslama x2—7x + 1 = 0(modI5)
tagqoslamaga teng kuchli. Endi 15 moduli bo'yicha chegirmalming to'la
sistemasi 0, 1, +2, +3, +4, +5,46, =7 lami go'yib tekshirib ko'ramiz.
U holda x1= -4 ning berilgan tagqgoslamani ganoatlantiradi. Demak,
benlgan taggoslamaning yechimi x = —4 + 15t, teZ.

b). Bunda 25 = 122 +136= 12m8 +0,18 = 12 m + 6,13 =
12 i + IboMgani uchun  berilgan taggoslama 3x3- 6X + 1 =
O(modI2) taggoslamaga teng kuchli. Endi 12 moduli bo'yicha
chegirmalming to'la sistemasi +1,+2, +3, +4, +5 46 larnigo'yih
tekshirib ko'ramiz. Bulaming birortasi ham berilgan taggoslamani
ganoatlantirmaydi. Taggoslamaning yechimi yo'q.

Izoh. Buni quyidagicha izohlash ham mumkin.3x3- 6x + 1=
0(modl2) taggoslama

f3x3 - 6x + 1= 0(mod3)
L3x3—6x + 1 = 0(mod4)

gateng kuchli. Bu yerda birinchi taggoslama 1= 0(mod3) ziddiyatli
taggoslama boMgani uchun sistema va demak, berilgan taggoslama ham
yechimga ega emas.

€).21x +4 = 7(mod6) » 3x—2 = I(mod6) -» 3x; =
3(mod6) »x = I(mod2),x = 1+2t,teZ, x = 1,3,5(mod6).
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Yechimlar x = I(mod6),x = -2(mod6),x = -I(mod6),ya’ni x =
1+6tx=-2+6tx=-1+6tteZ

d).x5- 2x3+ 13x - 1 = 0(mod4) ->xs — 2x3+Xx - 1=
O(mod4). x = £1,+2 lami qo‘yib tekshiramiz. U holda bulaming
birorxasi ham bu taggoslamani ganoatlantirmaydi va berilgan taqqoslama
yechimga ega emas.

252. Bunda 12 = 3-4+0, 24 =3-8+0va7 =3-2+]1
bo‘lganligi uchun koeffitsiyentlarini absolyut giymati jihatidan eng kichik
chegirmalar bilan almashtirib x3—x = 0(mod3) ni hosil gilamiz.
Ferma teoremasiga ko‘ra p tuh son bo‘lganda xp—x = O(modp")
bajariladi. Bizda p=3, ya’'ni oxirgi taggoslama va demak berilgan
tagqoslama ham ayni taqgoslama. Shuning uchun ham noma’lum x ning
barcha butun giymatlari berilgan tagqoslamani ganoatlantiradi.

253. a).x3- X +6 = 0(mod3). Bunda Ferma teoremasiga ko‘ra
X3 - X = 0(mod3) va 6 « 3. Shuning uchun berilgan taggoslama x ning
ixtiyoriy butun giymatlda o‘rinli.

b). x(x2 - 1) = Q(mod6). Bu taqgoslamani (x - )x(x + 1) =
0(mod6) ko‘rinishda yozib olish mumkun. Bu yerda chap tomondagi
ifoda uchta ketma-ket sonlarning ko'paytmasi sifatida 6 ga bo‘linadi,
ya’ni berilgan tagqoslama x ning ixtiyoriy butun giymatida o‘nnli.

C). 20x6 +xs - 10x3 - x + 15 = 0(mod5). Bunda koeffitsiyent-
lami absolyut giymat jihatdan eng kichik chegirmalar hilan almashtirib
soddalashtiramiz.U holda Xs - x = 0(mod5) ayniy tagqoslamaga ega
bo’lamiz. )

d).x13 —26x12 —x = 0(modI3) -»x13—x = 0(modI3).

Bu taggoslama xning ixtiyoriy butun giymatlarida bajariladigan
ayniy taqgoslama.

254. a).Berilgan 5x = 4(mod5)taqgqoslama 0 = 4(mod>5) ziddiyatli
taggoslamaga teng kuchli.Shuning uchun tagqoslama yechimga egaemas.

b), x2-2x+3 = 0(mod4). Bu yerda 4 moduli bo'yicha
chegirmalaming to‘la sistemasi 0,1,2,3 lami qgo‘yib tekshinb
ko‘ramiz.U holda ulammg birortasi ham berilgan taggoslamani
ganoatlantirmaydi. Demak, tagqgoslama yechimga ega emas.

€).20x5 + 5x4 - 10x3- 6 5 0(mod5) tagqoslama
—1 = 0(mod5) ziddiyatli taggoslamaga teng kuchli. Shuning uchun
ham berilgan tagqoslama yechimga ega emas.
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d). xI3—26x12—x +5 = 0(modI3) tagqoslama »x13—x +5 =
0(modl3) taggoslamaga teng kuchli. Bu yerda x13 -x = 0(mod 13)
ayniy taggoslama bo‘lganligi uchun berilgan taggoslama 5 = 0(modI3)
ziddiyatli taggoslamaga teng kuchli boMadi. Shuning uchun ham berilgan
tagqoslama yechimga ega emas.

255.a/Bu yerday = X + a almashtirish olib berilgan taggoslamaga
go‘yamiz, u holda (y +a)n+ax(y +a)n 1l +a2(y +a)n-2 + ee+
On = 0(modm) ni hosil gilamiz. Oxirgi taggoslamada y ning bir xil
darajalari oldidagi koeffitsiyentlarni yig‘sak yn + (ar +na)y"-1 +
e + (an +axm”’-1 +— han) = 0(modm) hosil boMadi. a ixtiyoriy
boMgani uchun uni ar+na = 0(modm) shart bajoriladigan qilib
tanlaymiz. U holda yn +b2yn~2+ —+ bn = 0(modm) tagqoslamaga
ega boMamiz.

b), x3+Sx2+6x—8=0(modI3). at=5m = 13,n = 3a)
gismdagiga asosan at +na = O(modm) dan 5+ 3a = 0(modI3) ga
ega boMamiz . Bundan 3a = -5(mod13) ->-10a = -5(mod 13) >
2a = 1(mod13) »2a = 14(modI3) »a = 7(mod13). Demak, a =
7 va biz x=y +7 almashtirish bajaramiz u holda (y +7)3+
5(y +7)2+6(y +7)-8= (y +7)(y2+ 14y + 49 + 5y + 35 +
6)-8=(y+7)(y2+19y +90) - 8 =y3+19y2+90y + 7y2 +
133y +630 - 8 = y3+26y2+ 223y +622 = y3+2y - 2 =
0(modl3). Demak, izlanayotgan taqqoslamay 3+ 2y - 2 = 0(modI3)
dan ibwat.

256. Eyler teoremasiga ko‘ra berilgan taggoslamani (X, 60) = 1
shartni ganoatlantiruvchi barcha x lar ganoatlantiradi, ya'ni <p(60) =
P(2mB-5) = Jo22) mpEBY<P®©) = (22-2) M3 - 1) w5 - 1) =2m
2 ml = 16 ta yechimga ega. Bu yechimlar X ning x < 60, (X, 60) = 1
shartlami ganoatlantiruvchi giymatlari x r 1, 7, 11, 13, 17, 19, 23,
29, 31, 37, 41, 43,47, 49, 53, 59 (mod60) dan iborat.

IV.2-8.

257. a). Bunda(5,6) = 1. Shuning uchun ham taggoslama yagona
yechimga ega. Bu yechimni tanlash usuli bilan topish uchun 6 moduli
bo'yicha chegirmalaming toMa sistemasini hiror ko‘rinishda (masalan:
0,1,2,3,4,5) yozib olib bu sonlami berilgan tagqoslamaga qo‘yib
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tekshiramiz. Xj,=3 berilgan taggoslamani ganoatlantiradi. Shuning uchun

berilgan taggoslamaning yechimi x = 3(mod 6),ya’nix = 3 +6t,t e Z.
b).8x = 3(mod 8)taggoslamada(8,10) = 2, lekin 3 soni 2ga

bo‘linmaydi. Shuning uchun ham tagqoslama yechimga ega emas.

c). 2x = 6(mod 8) taqgoslamada (2,8) = 2 va 6 soni 2 ga
boMinadi. Shuning uchun ham berilgan taggoslama 2 ta yechimga ega. Bu
holda benlgan taggoslama* = 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 G Z lardan iborat bo ladi.

d).3x = -6(mod 7)ning o‘ng tomoniga 7 ni (modulni) go‘shsak
3x = 1(mod 7) tagqoslama hosil bo‘ladi. Bunda (3,7) = 1 bo‘lgam
uchun u yagona yechimga ega. 7 moduli bo‘yicha chegirmalaming to'la
sistemasi 0,1,2,3,4,5,6 lami tagqoslamaga qo‘yib tekshirib ko‘rib x =
5(mod 7),ya'’ni x=5+7t,tcZ ning berilgan taggoslamaning
yechimi ekanligini topamiz.

e). 4x = 3(modl2)da (4,12) = 4, lekin 3 soni 4 ga bo‘linmagani
uchun ham taggoslama 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 chegirmalaming
to‘la sistemasi 0, =1, £2, 3, 4 daniborat. Bulami qo‘yib tekshinb x =
3(mod8) berilgan tagqoslamani yechimi ekanligini aniglaymiz.

258. a).5x = 3(mod 7) tagqoslamada (5,7) = 1 bo‘lgani
tagqoslama yagona yechimga ega. Bu yechimni taggqoslamalaming
xossalaridan foydalanib topish uchun taggoslamaning o‘ng tomoniga
modulni go'shamiz.U holda 5x = 10(mod 7) ni hosil gilamiz. Bu
tagqoslamaning ikkala tomonini 5 ga gisgartiram :.( (5; 7) = 1 bo‘lgani
uchun bu ishni amalga oshirish mumkin). U holda x = 2(mod 7) ya’ni
X = 2 + It, t G Z berilgan tagqgoslamaning yechimiga ega bo*lamiz.

b).8x s 3(modll) taggoslamada (8; 11) = 1. Demak, taqgos-
lama yagona yechimga ega. Bu taqgoslamaning o‘ng tomonidan 11 ni
ayirsak 8x = -8(mod 11) taggoslama hosil bo‘ladi. Oxirgi tagqosla-
maning ikkala tomonini 8 ga (chunki (8;11)=1) gisgartirsak x =
—I(m odll) taggoslamaga ega boiamiz. Demak, berilgan taggosla-
maning yechimi x = —1 + lit,t G Z.
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C). 4o = 6(mod8) taggoslamada (4,8) =4 va 6 soni 4 ga
bo‘linmaydi, shuning uchun ham berilgan tagqoslama yechimga ega
emas.

d).4x = 25(modI3) da (4; 13) = 1bo‘lgani uchun taggoslama
yagona yechimga ega. Bu taqgoslamaning o‘ng tomonidan 13 ni ayirib,
hosil boigan taggoslamani ikkala tomonim 4 ga bo‘lsak x = 3(modI3)
taqgoslama hosil boiadi. Demak, berilgan taggoslamaning yechimi x —
3+13ttGZ

e). lIx = 3(modI2) taggoslamada (11,12) = 1 boigani uchun
tagqoslama yagona yechimga ega. Berilgan taqqoslamaning chap
tomonidan uning modulini ayirsak, —x = 3(mod 12) yoki X =
—3(mod 12) tagqoslama hosil boiadi. Bundan x = —3 +12t, t GZ
berilgan taggoslamaning yechimi ekanligi kelib chigadi.

f).7x = 5(mod 9) tagqoslamada (9,7) = 1. Demak, berilgan
tagqgoslama yagona yechimga ega. Bu taqgoslamaning ikkala tomonidan
modul 9 ni ayiramiz. U holda —2x = —4(mod 9) hosil boiadi. Bundan
X = 2(mod 9), ya'ni X = 2 +9t,t GZ ekanligi kelib chigadi.

g). Bunda (5,8) = 1 boiganllgi uchun taggoslama yagona
yechimga ega. Taggoslamaning istalgan tomoniga modulga karrali sonni
go‘shish yoki ayirish mumkin. Shuning uchun ham
5x=7+8(mod8) —»5x = 15(mod8).

Taggoslamaning ikkala tomonini modul bilan o‘zaro tub songa
gisgartirish mumkin boigani uchun (5; 15) = 5va (5,8) = 1 ekanligini
e’'tiborga olib oxirgi tagqgoslamaning ikkala tomonini 5 ga gisaartiramiz.
U holda x = 3(mod8) yechimni hosil gilamiz.

h). (7, 15 =1bo*lganligi uchun bu tagqoslama yagona yechimga ega.

7xs6+15(mod 15), 7x=21(mod 15), (7, 2)=7 va (7,15=1
ekanligini e’tiborga olib oxirgi tagqoslamaning ikkala tomonini 7ga
gisgartiramiz. U holda X = 3(modI5) yechimni hosil gilamiz.

259. a).13* = 3(modl9) taqgoslamada (13,19) = 1 boiga
uchun yagona yechimga ega. Maiumki, agar (a, m) = lboisa, ax =
b(mod m) taggoslamaning yechimini X = a<* ~ | mb(modm) taggos-
lamadan foydalanih topish mumkin. Bizning misolimizda a = 13,6 =
3,m —19 boigani uchun
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X = 13719 1+3(mod 19) boMadi. Bunda (p(19)=18 va
1317=(132)8 13== 1698 13 =(19 m® —2)8-13 bo‘lgani uchun x =
(—2)8-3i3(mod 19) =

256 *133(mod 19) = (19 w3 +9) «3+13(modl9) =
= 3w - 13(mod 19)

= 3mll7(mod 19) = (19 =6 + 3) +3(mod 19) = 9(mod 19).

Demak, berilgan taggoslamaning yechimi X = 9 + 19t,t G Z

b).27x = 7(mod 58) taggoslamada (27,58) = 1 va ~(58) =
cp(2 m29) = <P2) *<Pp(R9) = 28 bo‘Igani uchun X = 2727«
7(mod 58) = 381 «7(mod 58) = (34)20+21(mod 58) = 2320 m
21(mod 58) = (58 W + 7)20m@1(mod 58) s 710+21(mod 58) s
(73)3 . 147(mod 58 = 3433 . (258 +31)(mod 58) = (5 w68 +
53)3«31(mod 58) = 533 mB1(mod 58) = 532 «53 «31(mod 58) =
(—5)3+31(mod 58) = -9 «31(mod 58) = -279(mod 58) =
11(mod 58). )

Demak, berilgan taggoslamaning yechimi X = 11(mod 58), ya’'ni
X =11 +58t, t EZ

c). 5x = 7(mod 10) taggqoslamada (5,10) = 5, lekin 7 semi 5 ga
bo‘linmaydi. Shuning uchun ham taggoslama yechimga ega emas.

d). 3xs 8(mod 13), bunda(3,13) = 1 bo‘lgani uchun tagqgos-
lama yagona yechimga ega. Bizda a = 3,b = 8,m = 13 va <p(13)=12
bo‘lgani  uchun x = 311<8(mod 13) = (33)3+32+8(mod 13) =
72(mod 13) = 7(mod 13). Demak berilgan togqoslamanmg yechimi
X=7+I13t,tez.

e).25x = 15(mod 17) da (25,17) = 1 bo‘lgani uchun u yagona
yechimga ega va (5,17) = 1 bo‘lganidan taggqoslamaning ikkala
tomonini 5 ga gisqartirish mumkin.Uholda5x = 3(mod 17) tagqoslama
hosil bo‘ladi. Shuning uchun ham x = 5\/(17)-1 *3(mod 17) = 51S-
3(mod 17) = (53)5m8(mod 17) = (17 <7 +6)sm(mod 17) = 65m
3(mod 17) = (62)2ml8(mod 17) = 2zmod(17) = 4(mod 17).

Demak, izlanayotgan yechim x = 4+17t.tGZ.

f). 29x = 35(mod 12), bunda (29,12) = 1boMgani uchun
berilgan taggoslama yagona yechimga ega. Bu tagqoslamaning
koeffitsiyentlari moduldan katta bo'lgani uchun ulami 12 moduli
bo'yicha eng kichik manfiy bo‘lmagan chegirmalar bilan almashtiramiz.
Bunda 29 = 12*2 +5,35 = 12-2 +11 boMgani uchun, berilgan
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tagqoslamani Sx = 11(mod 12) ko‘rinishida yozib olish mumkin.
<PA2)=<p(22 3)= =(22- 2) 2=4 vax = 5<12)-i 11 (mod 12) = 53«
11 (mod 12) = 125 m{-1)(modI2) = -5(modI2) = 7(mod 12).
Demak, izlanayotgan yechim x = 7 + 121, t EZ.

g). Bu yerdax=a*"H “~niod«)formuladan foydalanamiz. Bizda
a=3, b=7, m=I11 bo‘lgani uchun x = 321" -1 W (modll) ni hosil
gilamiz. Bunda ~>(11) = 11 - 1 = 10 ho‘lganidan x = 39w (modll).
Endi oxirgi taggoslamaning o‘ng tomonidagi ifodani eng kichik musbat
chegirma ko‘rinishiga keltiramiz. 39,7(modll)= (33)3 -
7(mod11) = 273«7(modll) = 53«7(modll) = 4w = 6(modll).
Shunday qilib berilgan taggoslamaning yechimi: x* 6(modl 1).

260. a). Berilgan 13x = 1(mod 27) tagqoslamada (13; 27) =
boMgani uchun u yagona yechimga ega.Bu yechimni munosib kasrlardan
foydalanib, ya'nix = (- 1)n_1 «bPn-1(modm) (*) formuladan
foydalanib topish uchun, awalo Pn_1 ni (oxirgidan oldingi munosib
kasming suratini) aniglashimiz kerak. Buning uchun esa ~ = “3 “~asmi
uzluksiz kasrga yoyamiz. Bunda 27 = 132+ 1, 13= 113 +0
lardang=2+"=(2;13).

Endi Pn—\ni aniglaymiz:
4 2 B
Pi - Pi =2 27
Jadvalaan Pn-\= 2van = 2. Bulami (*) gaolib bonb qo‘ysakx =
(H)21-2m(mod 27) s —2(mod 27),yani X = 2+271tGZ
Tekshirisk: 13 ¢(—2) = I(mod 27) =1 = 1(mod 27) doimo
bajariladi.

b). Benlgan 37x = 25(mod 117) taqgoslamada (37; 117) = 1
boMgani uchun u yagona yechimga ega. Pn—1 ni aniglaymiz. Buning
uchun kasmi uzluksiz kasrlarga yoyamiz. 117 = 37«3+ 6,37 = 6 ¢
6+1 6= 16+ 0lardanqi=3,g2= 6, q3 = 6 ekanliginitopamiz.U
holda ~ = (3,6,3) va

3 6 6
pi - 3 © 1w
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bo‘lganidann = 3Pn_i = P2= 19 hamdax = (—) 219
25(mod 117) = 475(mod 117) = 7(mod 117). Demak, izlanayot-
ganyechim x = 7+ 117t,t GZ.

Tekshirish: 37-7 = 259 = (117 -2 + 25) (mod 117) =
25(mod 117), ya’m yechim to‘g‘ri topilgan.

C) 113x = 89(mod 311) taqgoslamada (113,311) = 1bo‘lga-
ni uchun u yagona yechimga ega. Endi 3 kasmi uzluksiz kasrlarga
yoyamiz: 311 = 113m2 +85,113 = 851+ 28, 85 =283+ 1,
28 = 1+28 + 0. Demak,

4 —2, ar~1 sB=3, g4=28va” = (2;1;3;28) hamda

4 2 1 3 28
Pi PR 2 3 n 311
bo‘lganligy uchun Pn x=Il, n=4 wva x=(-1)3mil-

89(mod 311) s —979(mod 311) = —46(mod 311), vyani X=
-46 + 311t,t GZ.

Tekshirish: 113 «(—46) (mod 311) = —5198 (mod 311) =
(311 16 +222) (mod 311) = -222(mod 311) = 89 (mod 311).
Demak, taggoslamaning yechimi to‘g‘ri tooilgan.

d) 221x = llI(m od 360). Bunda 221 = 13-17 va 360 = 36 ¢
10 = 22322 b = 23325, ya'ni (221; 360) = 1.Shuning uchun
ham berilgan taggoslama yagona yechimga ega. Shu yechimni topish
uchun kasmi uzluksiz  kasrga yoyamiz. 360 = 2211 +
139,221 = 1391 +82,139 = 82+1+57,82 = 57«1+ 2557 =
25-2 +725=7-3 +4,7 =4-1+34=1-3+1,3 =1-3 +0.
Bulardan qnge%, g2=1,B=1d=»4s=2 096=3, 7= 1,

g8=199=3va— =(1,1,1,1,2,3,1,1,3) lami topamiz. Endi Pn_x
ni aniglaymiz.
a 1 1 1 1 2 3 1 1 3

pP 1 2 3 5 13 4 5 1001 360

Bundan Pn_1=101, n = 9, vax = (—)8+101 «lll(m od 360) =
11100 + + lli(m od 360) = (30 *360 + 300 + IlII)(m od 360) =
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411 (mod 360) = 51(mod 360). Demak, berilgan taggoslamaning
yechimi X = 51 + 360t,t G Z.

Tekshinsu: 221 «51 = 11271 = (360 w81 + 111) =
[I(m od 360).

Bu yerdan ko‘rinadiki berilgan misolning yechimi to‘g'ri topilgan.

e)39x = 84(mod 93) da 39 =3-13,93 =3-31, vyani
(39;93) = 3 boMgani va 84 soni 3 ga boMingam uchun berilgan
tagqoslama 3 ta yechimga ega boMadi. Berilgan tagqoslamani 3 ga
gisqartirib yagona yechimga ega boMgan 13x = 28(mod 31)
taggoslamani hosil gilamiz. Endi 3! kasmi uzluksiz kasrlarga yoyamiz.
Bunda 31=13-2+5, 13=5-2+35=1-3+2,3 = 1-2+1,
2 = 1-2 boMgani uchun gj=2, g2=2, q3=I, g4=1 g5=2 va S
(2,2,1,1,2). Endi P,,_1Ini aniglaymiz.

i 2 2 1 1 2
Pi 1 2 5 7 2 31

Bundan n =5, Pn_!=12 va x = (-1)4 12-28(mod 31)=12 (-3)
(mod 31)= —5(mod 31). Demak, berilgan taggoslamaning yechimlari
X = -5 26,57(mod 93) vya'ni x= -5 +93t,x = 26 +93t, X =
57 +93t, teZ.

Ttkshirish: xx= -5boMsa,39 ¢« (-5) = -195 (mod 93) =
84(mod93); x2= 26 boMsa, 39 6 = 1014 = 93«23 +84 =
84(mod93);

x3= 57 boMsa, 3957 = 2223 = 93 3 + 84 = 84(mod93).
Bulardan ko‘rinadiki, uchala yechim ham to*g‘ri topilgan.

f). 143x = 41(mod221) tagqoslamada 143 = 11 w3, 221 =
13 w7 boMgani uchun (143,221) = 13, lekin 41 soni 13ga
boMinmaydi. Shuning uchun ham berilgan tagqoslama yechimga ega
emas.

g). Bu yerdax8y_i)"'Iftpn J(modm)(l)fbrmuladan foydalanamiz.
Awalo Pn-i ni aniglab olamiz. Buning uchun a—:gkasmi uzluksiz

kasrga yoyamiz va munosib kasrlarini topamiz, u holda 43 = 20 w +
3 20=3m+2, 3=21+1 2=1-2. Demak g, =2
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02=6,03=1 4= 2,—"|=(2 6 1,2. Endi munosib kasrlaming

suratlarini hisoblab Fh_ini topamiz.

4i N=2 02=6 31 g4=2
Pi P=1 =1 P,=13 Pu=15 =%

Demak, n = 4,P3= 15. Topilgan giymatlarni (1) ga olib borib
go'ysak X = (-1)3*15 mi3(mod43) = —195(mod43) = —195 +43 m
5(mod43) = 20(mod43) hosil bo‘ladi. Javob: X = 20 +43t,t GZ.

261. a). 12x = 9(mod 15) taqqoslamada (12,15) = 3va9 soni 3ga
karrali bo‘lgani uchun u 3 ta yechimga ega. Berilgan taggoslamaning
tkkala tomoni va modulini 3ga gisgartirsak 4x = 3(mod 5) taqgoslama
hosil boiadi. Bunda (4,5) = 1boigan uchun u yagona yechimga ega.
Uning  yechimini aniglaymiz.  4x — (3 +5)(mod 5)yoki 4x =
8(mod 5). Keymgi taggoslamaning ikkala tomonini 4 ga boisak x =
2(mod 5) hosil boiadi. Demak, berilgan taggoslamaning yechimlari X =
2,7,12(mod 15), ya’ni

X=2+15t,x = 7+ 15t,* = 12 +15t,t GZ

b).12x = 9(mod 18)taqgqoslamada (12/48) = 6, lekin 9 soni 6 ga
boiinmaydi. Shuning uchun berilgan taggoslama yechimga ega emas.

c). 20 = 10(mod 25) taqgoslamada (10,35) = 5 va 25 soni 5
ga boiinadi. Demak, taggoslama 5 ta yechimga ega berilgan taggos-
lamaning ikkala tomonini va modulini 5ga boiib 4x = 2(mod 5)
taggoslamani  hosil  gilamiz. Bundan4x = (2 + 5 s)(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 +25tx = 18 +25t,x = 23 +25tt G'L lardan iborat
boiadi.

d). KQoc = 25(mod 35) tagqoslamada (10,35) = 5va 25 soni 5
gaboiinadi. Shuning uchun ham berilgan taggoslama 5 ta yechimga ega.
Berilgan taggoslamaning ikkala tomoni va modulini S ga gisgartib
yagona yechimga ega boigan 2x = 5(mod 7) taqgoslamaga ega
boiamiz. Bundan 2x = (5 —7)(mod 7) -» 2x = —2(mod 7) *Xx =
—I1(mod 7). Demak, berilgan taqgos-lamaning yechimlari X =
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-1,6,13,20,27(mod 7), vyanix=-1+7tx=6+It, x= 13 +
It, x=20+I1t, x—27 +7t,t GZdan iborat.

€e). 39x = 84(mod 93) va (39,93) = 3 hamda 84 soni 3ga bo‘linadi.
Shuning uchun ham berilgan tagqoslama 3 ta yechimga ega. Berilgan
tagqoslamani 3 ga bo‘lib yagona yechimga ega bo‘lgan 13x =
28(mod 31) taggoslamaga ega bo‘lamiz. Bundan 13x = (28 -
31)(mod 31) = 13x = -3(mod 31),13x = (-3 - 2
31(mod 31), 13* = —65(mod 31) »x = -5(mod 31). Demak,
topilgan yechimlar x = —5,26,57(mod 93), ya’ni

= —5+93t,x = 26 +93t,x = 57 +93t,t GZ.

f). 90x + 18 = 0(mod 138) dan90x = —18(mod 138) bo‘lgani
uchun (90,138)=6 va -18 soni 6 ga boMinadi. Demak, benlgan taggoslama
6 ta yechimga ega. Berilgan taqgoslamani 6ga bo‘lib yagona yechimga
ega bo‘lgan 15x = —3(mod 23) tagqoslamaga kelammiz. 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 ++138t, x = 55 +138t,x = 78 +138t, x = 101 +138t,x =
124 + 138t,t G Z dan iborat.

g). Bu yerda (15,35) = 5 va 55 soni 5 ga bo‘linadi. Demak.
berilgan taqgoslama 5ta yechimga ega. Berilgan taggoslamaning ikkala
tomoni va modulim 5 ga gisgartirib 3x = 7(modIl) ni hosil gilamiz.
Buni taggoslamalaming xossalaridan foydalanib koeffitsiyentlarini
almashtinsh usulini yechamiz. U holda 3x®7-+ii(n*xi ii), xa6(modii).
Bundan berilgan tagqoslamaning yechimlari x = 6,17,28,39,50

(mod55) ekanligi kelib chigadi.

262. a). Ma’lumki, ax = fe(modm) taggoslama ax = b+my, y 6
Z, ga teng kuchli. Bundan ax —my = b, X,y € Z tenglamani hosil
gilamiz. Shunday qilib ax+m(—y) = b, y GZ, tenglama ax =
b(modm) taqgoslamaga teng kuchli ekan. Shunga asosan 5x + 4y =
3 «*5x = 3(mod 4) «» (5 - 4)x = 3(mod 4) »x = 3(mod 4), ya'ni
X = 3+4t, bu holda 4y = 3—5x bo‘lgani uchun 4y = 3- 53 +
4t) = 3—15 - 20t = —12 - 20t, bundany = -3 - St, t G Z berilgan
tenglama yechimi.
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Tekshirish: 53 +4t) +4(-3 - 5t) = 15 +201- 12 - 20t =
3, ya’ni topilgan yechimlar tenglamam ganoatlantiradi.

b). 17x +13y = 1 dan 17X = 1(mod 13) =~ 4x = 1(mod 13) —*
AX ——12(mod 13) *x = —3(mod 13) = —3(mod 13) *x =

= -3+13ttGTL

Endi y ni aniglaymiz. Berilgan tenglamadanI3y = 1 —17x = 1 —
17(—3 + 13t) = 52 - 221t.Bundany = 4 —17t,t e Z. Shunday qilib
berilgan tenglamanmgyechimi x —3 + 13t,y = 4 —lit,t GZ

Tekshirish: 17(-3 +13t) +13(4 - 17t) = -51 +52 = 1.
Demak, topilgan yechimlar berilgan tenglamani ganoatlantiradi.

€). 91x - 28y ~ 35tenglamada 91 = 7-13; 28 = 22w, ya'ni
(91,28) = 7va 35 som 7ga boMinadi. Demak, taggoslamaning ikkala
tomonini 7ga boMsak 13* —4y = 5 tenglama hosil boMadi. Bundan
13x = 5(mod4). Shunday qilib yechimlar x = | +4t,y = 2 +
13ttt GZ

Tekshirish: 13(1 +41) —4(2 + 13t) = 13 —8 = 5 . Demak,
topilgan yechim berilgan tenglamani ganoatlantiradi.

d). 2X+3y = 4 *2x —A(mod 3) +(2,3) = 1va X =
2(mod 3), ya'nix = 2 +3t.tG Z. Endi y ni aniglaymiz. 2(2 +31) +
3y = 4, 3y = —61, bundan y = —21,t G>X Shunday qilib berilgan
tenglamaning yechimi x = 2 + 3i,y = —21tG |

Tekshirish: 2(2 + 3t) +3(-2t) = 4. Demak, topilgan yechim
ben'gan tenglamani ganoatlantiradi.

e)4x - 3y = 2 =>4x = 2(mod 3) -» (4 —3)x = 2(mod 3) =
X =2(mod 3), yani x=2+3ttGZEndi x ning qgiymatini
tenglamaga qo‘yib y ni aniglaymiz. y = 2 +4t,t G Z. Shunday qilib
berilgan tenglamaning yechimix = 2 +3t, y = 2 +4t,t GZ

Tekshirish: 4(2 +31) - 3(2 +4t) = 2, ya'ni topilgan yechim
berilgan tenglamani ganoatlantiradi.

f).3x-7y=1-»3x=Imod 7) »(3-7)x= (1 +
7)(mod 3) =>-Ax = 8(mod 3) »x = -2(modl) ,yanix = -2 +
It, t GZ U holda

7y = 3x-1=3(=2+7t) —1=—7+2It, yoki bundan y =
-1 +31,tGZ. Shunday gilib berilgan tenglamaning yechimi x = -2 +
It, y=-1+3t, tGZ.
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Tekshirish:  3(—2+7t) —7(—1+ 3t),t GZ, vyani topilgan
yechim berilgan tenglamani ganoatlantiradi.
0).7x = ll(mod6) » (7 - 6)x = (11 - 6)(mod6) X =
B(mod6). Bundan x = 5+6t, t GZ. Buni berilgan tenglamaga
goysak 7(5 +61) +6y =11 *6y=11-35- 421 »y = -4 —
It, t GZ. Demak, berilgan tenglamaning yechimi x = 5+6t, y =
-4 -1t, tGZ

263. a) Awalo 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) —e2x = 5(mod 13) » 2x = 18(mod 13) * X =
9(mod 13) ya’'ni x = 9 + 13t,t G Z. x ning topilgan giymatini berilgan
tenglamaga qo‘yib y ni topamiz. 13y = 8(9 +13t) +6, y = 6 +
8t,t GZ. Shunday qilib berilgan to‘g‘ri chizigda yotuvchi butun
koordinatali nugtalar x = 9 + 13t, y = 6 +8t,t GZ ekan. Endi bular
orasidan —100 < x < 150 shartni ganoatlantiruvchilami ajratib olamiz.
-100 < 9+ 13t < 150 » -109 < 13t < 141 '4_E <t<— >
—8,38 < t < 10,85,t GZ. Bu oraliqdagi butun sonlar soni 10 +8 +
1= 19ta

b). 5x —7y = 8 tenglamaning umumiy yechimini topamiz 5x =
8(mod 7) (5 —7)x = 8(mod 7) *—2x = 8(mod 13) Xx=
—4(mod 7), ya'ni x = —4 ++7t,t GZ. Endi y ni aniglaymiz. 7y =
5(—4 +7t) —8 bundan y = —4 + 5t,t GZ. Demak, berilgan to‘g‘ri
chizigda yotuvchi butun koordinatali nugtalar x = —4 + +7ty = —4 +
5t,t G Z Endi bular orasidan 1< x< 200 shartni
ganoatlantiruvchilarini ajratib olamiz. 1< —4 +7t< 200 *5< 7t <
204 *Fnr< t< » 0,7 < t<29,1,t GZ Buoraligdagi t ning butun
giymatlari 29ta. Shunday qilib, x = 1va x = 100 to‘g‘ri chiziglar
orasidajoylashgan 5x —7y = 8 to‘g'"ri chizigdagi butun koordinatali
nugtalar soni 29 ta ekan.

264. a) f(x) = — funksiyaning butun bo‘lishi uchun 9x -
ifoda 7 ga bo‘linishi kerak, ya’ni 9x - 1 = 0(mod 7) bajarilishi kerak.
Bundan 9x = 1(mod 7). Demak, x = 4 + 7t giymatlaridaf(x) funksiya
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9(4+71)-1

butun giymat gabul qgiladi. Hagigatan ham /(4 +7t) = .

b). /(x) ="~6m7x = 1(mod 15) +» 7x =(I-15)(mod 15) -
7xX = —14(mod 15) »Xx = —2(mod 15), ya'ni x=—2+15t,t€ |

Hagigatan ham/(—2 + 15t) = 7(_2_125(3_1 —15:—5105t =1+7t,tGZ

€). 2x = I(mod 11) » 2x =X{mod 11) -ex = 6(mod 11),
ya’ni
x=6+I1t,t EZ. Bu qiyraatda /(6 +1lit) = - -=

265. a). 60 kg lik goplar sonini x, 80 kg lik goplar sonini esay bilan
belgilab masalani 60x + 80y = 440 tengiamaning natural sonlardagi
yechimlarini topishga keltiramiz. Hosil bo‘lgan tenglamani 20 ga
gisgartib 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),yanix = 2+4t,tGZ ni hosil
gilamiz. Endi y ni aniglaymiz. 4y = 22 —3x = 22 - 3(2 +4t) = 16 —
12t yoki bundany = 4 —3t,t GXX Endi x = 2+4t,y = 4 —3t,tE
% umumiy Yyechimdan masalaning shartini ganoatlantiruvchi natural
yechimlami ajratib olamiz.t = Odax = 2,y = 4,t=ldax = 6,y = |
lardan boshga x va y laming natural giymatlari yo‘g. Demak, 2 ta 60 kg
lik va 4 ta 80 kg lik gop yoki 6 ta 60 kg lik va 1ta 80 kg lik qop kerak
bo*lar ekan.

b) agar 30 so‘mlik markalar stxiini x bilan, 50 so‘mlik markalar
sonini y bilan belgilasak. Bu masalani yechishni 30x + 50y = 1490
tenglamani natural sonlarda yechishga keltiriladi. Bundan 3x + 5y =
149 -e3x = 149(mod 5) -» 3x = 4(mod 5) &» 3x = 9(mod 4) —*

X = 3(mod 5),ya’nix = 3+5t,t GZni hosil qilamiz. Topilgan
giymatni tenglamaga qo'yib y ni topamiz. 5y = 149 —3x = 149 —
3(3 +5t) = 140 + 15tdany = 28 - 3t,t G XK

Endi tg>ilgan Xx=3+5ty = 28—-3t,tGZ umumiy
yechimlardan masalaning shartini qanoatlantiruvchi natural yechimlarini
ajratib olamiz.
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t=0dax=3,y=28 t=1dax=8y =25 t=2dax -
13y = 22,t=3dax=18 y=19, t=4dax =23y =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, markalami 9 xilda turlicha qilib xarid qgilish mumkin ekan.
€). 200 so‘mlik daftarlar sonini X bilan, 250 so‘mlik daflarlar sonini
y bilan belgilasak 200x + 250y = 6000 anigmas tenglama hosil
bo‘ladi. Bundan 20x +25y = 600 —* 4x +5y = 120 —»4x =
120(mod5) m4x = 0(mod5) —*x = 0(modS) -*x = 5t; 4 wbt +
Sy = 120 »y = 24 —A4t, t € Z Masalaning javobim jadval
ko'nmshda yozamiz.

t 0] 1 2 3 4 5 6
X 0 5 10 15 20 25 30
Y 24 20 16 12 8 4 0

266. a) 523 sonining o‘ng tomoir*;a yozilgan 3 ta ragamdan hosil
bo’lgan sonni x bilan belgilasak, u holda 523 03 +x = O(mod 7 +8 m
9) bajanlishi kerak. Bundan x = —523000(mod 504) = —(1038 m
504 - 152)(mod 504) =

= 152(mod 504), yoki X- 152 +504t,t E Ix uchxonali son
boMgani uchun t = O0dax = 152, t=| dax = 656 boMishi mumkin.

Tekshirish: 523152 soni 7, 8, 9, larga boMinadi. shuningdek
523656 sem ham 7,8,9 larga boMinadi.

b). 32 sonining 0‘ng tomoniga yozilgan 2 ta ragamli sonni x bilan
belgilasak. u holda 32 ml02+x = 0(mod 7+3) *x =
—3200(mod 21) s -3200 + 21 «153(mod 21) = -32(mod 21) =
13(mod 21) yoki x = 13 +21t,t 6 Z

Bu yerda x ikkita ragamdan tuzilgan sonboMgani uchunt = Odax =
13, t = 1 da x=34, t=2 da x = 55. t=3 da x = 76,t=4 da x = 97.
Demak, izlanayotgan sonlar 3213, 3234, 3255, 3276, 3297 lardan iborat.
Bulaming hammasi 3 va7 ga boMinadi.
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iv.3-8.

267. 1). Birinchi taggoslamani x = 6 + 157", t"eZ tenglik
ko‘rinishida yozib olib 2-tagqoslamadagi x ning joyiga olib borib
go‘yamiz va ga nisbatan yechamiz:6 +15” = 18(mod 21)

15~ = 12(mod 21). Bunda (15,21) = 3 va 12:3bo‘lgani uchun
taggoslamani 3 ga gisgartinb 5~ = 4(mod 7) ni hosil gilamiz. Bundan

Stt = 4 +3 w)(mod 7) » 5tj = 25(mod 7) & = 5(mod 7),
ya'ni tx= 5+7t2 t2eZ tx ning bu ifodasinix = 6 +15£x  ga
go‘ysak X = 6 + 15(5 + 7t2) = 81 + 105t2 t2eZ hosil bo‘ladi. Endi x
ning ifodasini 3-taggoslamaga qo‘yib t2 ni amglaymiz:81 + 105t2 =
3(mod 12) -» 105t2= -78(mod 12) -» (105,12) = 3va 78 «3
bo‘lgani uchun tagqoslamani 3 ga gisgartirib 35t2= -26(mod 4) ni,
bundan esa 3t2= 2(mod 4) -» 3t2= 6(mod 4) *t2 = 2(mod 4),
ya'ni t2= 2 +4t3,t3eZ ni hosil gilamiz. Shunday qilib x = 81 +
105(2 +4t3) = 291 +420t3, ya'ni X = 291 +420t3, t3eZ berilgan
sistemaning yechimiga ega bo‘lamiz.

2).x = 13(mod 14) »x = —(mod 14) *x= —1 +4tLtleZ
Buni ikkinchi taqqoslamaga gqo‘yib ti aniglaymiz:i—1 + 4t =
6(mod 35) =*4tt = 7(mod 35) —* 4t* = 7 —35(mod 35) -e4tx =
—28(mod 35) * s —7(mod 35),ya'ni = -7 +35t2t2eZ.

tuning bu giymatini X = —1 +4txga go‘yamiz u holda x = —1 +
4(— + 35t2) = —29 + 140t2. Endi X ning bu gqiymatini 3-
tagqoslamaga qo‘yib t2 ni topamiz: —29 + 140t2 = 26(mod 45) —=*
14012 = 55(mod 45). Bunda (146,45) = 5 va 55 : 5. Shuning uchun
ham bu taggoslamani 5 ga gisqartirib 28t2 = II(m od 9)ni yoki bundan
t2 = 2(mod 9) ni hosil gilamiz. Demak, t2 = 2 +9t3, t3eZ. Shunday
gilib x = -29 + 140(2 +9t3) = 251 + 1260t3, t3eZ

X = 19(mod 56)

3. x=3(mod 24) m x= 19+56" ,t\eZ 19 + 56ti =

Ax = 7(mod 20)
3(mod 24) *56t! = —16(mod 24).Bunda (56,24) = 8 va 16 : 8,
shuning uchun ham oxirgi tagqoslamaning ikkita tomoni va modulini 8
ga gisqartirilib  7tx= —2(mod 3) - » = I(mod 3), ya'ni =1+
3t2, t2eZ ni hosil gilamiz . Buni x = 19 + 56tlsga qo‘ysak x = 19 +
56(1 + 3t2) = 75 + 168t2 kelib chigadi. xning hu giymatini 3-
tagqoslamaga qo'yib t2 ni aniglaymiz. 75 + 168t2 = 7(mod 20) -»
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bo'lgani uchun 2t°"L2- 2 ~S SI J” m°d " 820>=* va 814
5Xya “ = -1+

53. t3eZ. aw ,4YUYlllelF - fO93 N0nr
nx = 4(mod 5) 40'3’heZ ni hosil gi'ami”.

N *_V(Hﬂfdllﬁ X_4+ «Mfc4+«

Bundan x = 4 +5(9 + 1212) = 49 oot (B9 runfer

taggoslamaga go*yib t ni 1 e *nmS bu giymatini 3-
+ « * ™ 14) —_

m 2s 73 A P
2 va 42 :2 boigani uchun 30U = ~ Bunda (60; 14> =
O(mod 7) >t = O(morf 71 . 2~ me°d 7j. yoki bundan 2tz =

420t3f t3Z ni hosil gilamiz . 420t3m, yani x = 49 +

xblnd 13m°d 16) "™ * = 3 + 16t,,tleZ

3S 5 e“”ia8(mod5)I.2” Gi2bo''fni“Nnn8t, =

lin in g buqgiymatini =1+52
-3+16(1 +512) = 13 +80» n ~ 4 N *2 waniglaymiz: x =
h nitopamiz. 13 +80I1'm S w J ??>3-I<4go9amaga olib borib qo-yib

(80, 14) =24: 2 S ~4(m0d 14)-
tomom va modulini 2 ga gisqartirib 4 o f~ '""J1” Mb4°slam™ 1"g 'ttala
“r 2(morf 7>* bundan

-2(r H -2(mcri 7)

Damafc X - ,41In /8 ~ =1+7'3.t36Z ga

=ga bo'lamiz.

— N 13 N —
560g%a né I09t3 96—|Q|r3r; 4 m -811q| amSO(l + 93 +
Bundan (10,15) =5 lenn i m 15 10ci = I(mod 15).

tagqoslamalar sistemasi yechimga ei1 gmagd 83 b° ‘,inmaydi- Demak
7)-f=7+9tbtjez. xninfil

91 +7h) = 16 +63t2,h e z\Xun. +]b -he*. Demak,, = 7 +

ggoslamaga olib borib qo'yib t2 ni topamiz.
18

16 +63t, =



3(mod 12) »6312= -13(mod 12) =>3i2= -I(mod 12). Bunda
(3,12) = 3 va lekin 1 soni 3 ga bo'linmaydi. tagqoslamalar sistemasi
yechimga ega emas.

8)x = 5+ 12tj, 5+ 12tx= 2(mod 8) = 12tx ~
—3(mod 8) —-» 4tj = 5(mod 8) bunda (4, 8) = 4, lekin 5 soni 8 ga
bo‘linmaydi shuning uchun ham taqgoslamalar sistemasi yechimga ega
emas.

9).x = 7+10ti, 6 Z. X ning bu giymatini 2 -
taqqoslamaga

go'yib 11ni aniglaymiz. 7 + 10£r = 2(mod 5), I0ti =
—b5(mod 5). Bunda

(10,5) = 5va 5 : 5bo'lgani uchun oxirgi taggoslamani 5 ga
gisqartirib 2tx= —1(mod l)doimo bajariladigan tagqoslamaga ega
bo‘lamiz. Demak, tt = t2 deb olish mumkin, u holda X —7 + 10t2ni
hosil gilamiz, buni 3-taggoslamaga qo‘ysak 7 + 10t2 = 8(mod 9) —»
10t2 = I(mod 9) =>t2 = I(mod 9),yanit2= 1+ 9t3,£3G Z.
Bundan x= 7+ 10t2= 7 +10(1 +9t3) = 17 +90t3,t3 G Z ni hosil
gilamiz.

10). x = 8(mod 7) *x = I(mod 7) *x = 1+ 7tt,txGZ

X ning bu giymatini 2 - taggoslamaga qo'yib tjni aniglaymiz.

1+7tj = 3(mod 11) =>7ti s 2(mod 11) »7t* = (2 + 11+«
3)(mod 11) - » = 5(mod Il),yani tj = 5+11t2t2eZ Buni x =
1+ 7ti gaolibbonbqgo'ysakx = 1+ 7(5 +11t2) = 36 + 7712 x ning
bu giymatini 3-tagqoslamaga ge‘ysak 36 +77t2= 9(mod 13) -
77t2= -27(mod 13) = (77 - 6 M.3)t2= (-27 +2 m
13) (mod 13) et2 = -1(mod 13) -»t2 = 1(mod 13) -»t2= 1+
13t3,t3eZ. Shunday qgilib X=36+77(1 +13t3) = 113 +
1001t3t3eZ. Yani x = 113 + 1001t3,t3eZberilgan sistemanmg
yechimi.

11). Bu sistemadagi har bir tagqoslama aJohida-alohida x ga
nisbatan yechilgan holda berilgan. Shuning uchun bam 1-tagqoslama-
ning yechimlar x = 2 +5 ez laming orasidan 2- taggoslamani
ganoatlantimvchilarini ajratib olamiz. Buning uchun x = 2 + 5tt ni 2-
taggoslamaga go‘yib, tt ni aniglaymiz:
2+5r, * 8(mod 11) =>5f, = 6(mod 11) =>5r, * -5(mod 11),
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t, = I(modll),/,— [1HI1/2,/2eZ./] ning topilgan fodasini x ga olib
borib go‘yamiz. U holda x=2+5(-1+I 1f2)=-3+55f2,ya’nix = -3+55f2,
t2eZ gaegabo'lamiz. nning bu ifodasini 3-taggoslamaga olib borib
go‘yib,/2 ni aniglaymiz.

-3 +55r2 = 12(mod 15) &55/2 s 15(mod 15) =>10/2 s 0(mod 15)

buda (10,15=5 bo‘lganidan 2/2=e0(m13)yoki  /2=0(mod3)
bundan t©2=153r2=3+15/3 h =6+15/3/a=9+15r3/2=12+15r3,f3eZ
lami hosil gilamiz . U holda benlgan sistemanine yechimlari:

X2 =162+825/3 x3 =327 +825/3 x4=492+825/3x5=657+825/3,
t3e Z gaegabo'lamiz.
268.1). Bizning misolimizda m1= 6 m2=7m3= 11, M, = 77,
M2 = 66, M3=42 (m, = . bi=1,b2=2,b3= 3, M lami
= I(mod mf (i = 1,2,3,...) taggoslamadan aniglaymiz. 77M[ =

Ilmod6) *SM[ = I(mod 6) =>MX = (1 +4-6)(mod 6) —» =
5(mod 6). Demak M[ = 5; 66M2s I(mod 7) »3/1/2= I(mod 7) -
3M2 = -6(mod 7) **M2 = -2(mod 7);M2 = -2;

42M3 = I(mod 11) -» -2A" = 12(mod 11) *M3=
6(mod 11), M3 = -6 deb olishimiz mumkin. Endi x0= MrM[b! +
M2M2b2 + M3M3b3(l) formuladan X0 ni aniglaymiz. X0 = 77 mb 1 +
66 ¢(-2) *2 + 42 M- 6) *3 = 385 - 264 + 756 == -635. Den
sistemanmg yechimi X = -635(mod 462) = 289(mod 462).

2). Awalo berilgan 2x= 1(mod 5),x = 2(mod 7),3x =
4(mod 11) taqgoslamalami x ga nisbatan yechib olamiz. U holda
J x = 3(mod 5)

X = 2(mod 7) sistemaga ega bo‘lamiz va bu sistemani |-misoldaci

x = 5(mod 11)
singari mulohaza yumtib yechamiz. Bunda M = 385, Mr=77, M =
55, M3= 35,br=3,b2=2,b3=5 M{ lami aniglavmiz.77M? =
Ilmod 5) »2M = I(mod 5) » M[ = 3; 55MJ ="I(mod 7) »
-M2 = I(mod 7) » = -1; 35M3 = I(mod 11) **2M3 =
Ilmod 11) -» M3 = 6; Endi X0 ni aniglaymiz. X0 = 77 *3 m8 + 55«
(-1) 2+35-6-5=693-110 + +1050 = 1633 va X =
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1633(mod 385) = 93(mod 385). Demak, berilgan sistemaning
yechimi x = 93(mod 385).

3). 2-misoldagi smgari mulohaza yurutib berilgan sistemaning X =
6(mod 17),x = 2(mod 5),x = -2(mod 9) ko‘rinishga keltirib olamiz.
Bunda mi =17,m2=5m3= 9va M = 765, = 45 M2 —
153,M3= 85, bj = 6, b2= 12, b3 = -2. Mi, MEME
aniglaymiz. 45Mj = 1(mod 17)

1AM{ = I(mod 17) » 11M[ = (1 - 17 m@)(mod 17) -» Mr =
—3(mod 17) =+ = -3; 153M" = I(mod 5) *3 =
6(mod 5) -» M2= 2,

85M3 = I(mod 9) »4M3= 10(mod 9) -» 2M3= -2. Bularga
asosan

X0 = 45 +(-3) w6 + 153 m@ @ +85 m(~-2) m-2) = -810 +
612 +340 = 142. Demak, berilgan sistemaning yechimi X =
142(mod 765). _

4).Yugoridagi misollar smgari mulohaza yuritib berilgan
sistemani X = 4(mod 9), x = 4(mod 13),x —6(mod 11)
ko‘nnishiga keltirib olamiz.Bundami = 9,m2= 13 m3= 11lvaM =
1287, = 143, M2= 99, M3= 117, br= 4, b2= 4, b3=
6. MJ, M2M3larni aniglaymiz.1 4 3 = I(mod 9) -~ -M[ =
Ilmod 9) » M( = -I(mod 9) -*M( = -3;99M" = I(mod 13) —»
8M2 = 14(mod 13) -* 4M2 = 7(mod 13) -» M2 = 5(mod 13)-»
M2= 5.117M3= I(mod 11) =>-5M3= I(mod 11) » 6M3 =
12(mod 11) -» M3 = 2. Bularga asosan

X0= 143 «(-3) ml +99 ¢4 «5+117 wP w6 = -1716 + 1980
1404 = 1668. Demak, Dberilgan sistemaning yechimi X =
1668(mod 1287) = 381(modl287).

( 6x = I(mod 35) I'x= 6(mod 35)

5).] 3x = 4(mod 17) «»j st= 7(mod 17).

(Iox = 7(mod 13) U = 2(mod 13)

Bundan m® = 35,m2= 17,m3= 13vaM = 7735, _
221,M2= 455M3 = 595, ba= 6, b2= 7, b3 = 2.M[,M'2Mblarni
aniglaymiz. 221M{ = I(mod 35) (221 —6 m85)Mj =
I(mod 35) «UMi s I(mod 35) -»24M('s 3(mod 35) -2Mj =
3(mod 35) = = 16;455M2 = I(mod 17)

lann
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+*-4Mir -16(mod 17) = Mi = 4;595M3 = I(mod 13) >
(595 - 13 mi6)/1/3 = I(mod 13) -» -bMr= -12(mod 13) » M3 =
4. Endi x0 ni aiglaymiz.

X0= 221 w6 w6 + 455 «4 wy +595 m{-1) «2 = 21216 +
12740 + 4760 = 38716 vademak x = 38716(mod 7735) =
(38716 - 5 w735)(mod 7735) = (mod 7735). Shunday qilib, x =
41(mod 7735) berilgan sistemaning yechimi.

(Bx = 7(mod 17) ( x = 3(mod 17)
6).<bx = ll(mod 6) «»< x = I(mod 6) .
(x = -I(mod 19) (x = -I(mod 19)

Bundan mj = 17,m2=6,m3= 19va M = 1938, Mx= 114, M2 =
323,M3= 102,* = 3,b2=1,b3=-1. Mi, MA,Mi lami
aniglaymiz. 114MJ = I(mod 17) —» (114 —7 md7)Mi = I(mod ) >
-5Mi = 35(mod 17) Mi = -7\b2Kr = I(mod 6) = (323 - 54 m
6)Mi = I(mod 17) -*Mi = -1;202Mi = I(mod 19) » (102 - 19 m
5)Mi = I(mod 19) =>7Mi = 1(mod 19) 7Mi=(1-3m
19)(mod 19) *Mi = —8(mod 19) =>Mi = —8. Endi xQni aniglaymiz.

Xq= 114 w-7) +3+323 m{-1) w1 + 102 m{(-8) m{-1) =
-2394-323+ 816 = -1901. Demak, x = -1901(mod 1938) =
37(mod 1938), ya'ni x = 37(mod 1938) berilgan taggoslamalar
sistemasi yechimi.

IIx = -4(mod 18) -7x = 14(mod 18)
7{ 7x=I(mod 11) => -4x = 12(mod 11) =>
3x = 5(mod 7) 3x = 12(mod 7)

X = ~2(mod 18)
X = -3(mod 11). Bundan mx= 18,m2=1Il,m 3=7va M=

X = 4(mod 7)
1386, Mt = 77, M2= 126, M3 = 198,bt = -2,b2= -3,b3=
4 Mi,Mi, Mi lami aniglaymiz.77Mi = 1(mod 18) ->5Mi =

I(mod 18) 5Mi = (1 - 2mi8)(mod 18) =>M[ = -7;126Mi =
I((lmod 11) -» (126 - 11 wWl)M i = I(mod 11) »5Mi =

I(mod 11) -6Mi = 12(mod 11) =>Mi = -2(mod 11) -» Mi
-2;198Mi = I(mod 7) = (198 - 28 W )Mi = I(mod 7) » 2Mi =
1(mod 7) -» Mi = 4. Endi x0 ni aniglaymizx0= 77 m{(-7) m{-2) +
126 m{-2) m(-3) + 198 mi ml = 1078 + 756 + +3168 = 5002.
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Demak, x = 5002(mod 1386) —844(mod 1386) berilgan taggosla-
malar sistemasining yechimi.

1x = -2(mod 23) (x = 1(mod 23)

12x = 3(mod 9) **Jx = 1(mod 9). Bundan mt =

X = 6(mod 11) (x = 6(mod 11)
23,m2=9,m3= 11lva M = 2277, Mr = 99, M2 = 253, M3 =
207,bj = I,b2=1,b3=6.M{M2,M3 lami aniglaymiz.99Mi =
I(mod 23) - (99 - 4 «23)M( = I(mod 23) -* 7M[ = 1(mod 23) —+
™{ = (1 + 3+23)(mod 23) -» 7M{ = 70(mod 23) = M[ = 10;
253M2s I(mod 9) -~ (-28 m® + 253)M2s 1(mod 9) -» M2 = 1;
207M3 = I(mod 11) (207 - 19 M 1)A* s 1(mod 11) >M3 =
——6. Bulardan foydalanib x0 ni topamiz.

X0= 99 miOmi + 253 ml *1 + 207 m(-6) m6 = 990 + 255 -
7452 = -6209. Demak x = -6209(mod 2277) berilgan sisiemaning
yechimi.

( x = 3(mod 29) rx = 3(mod 29)

9).dx = —5(mod 12) <>+*x = —5(mod 12). Bundan mx= 29, m2 =

(2x = 7(mod 11) x = 9(mod 11)
12,m3= 11va M = 3828,MX= 132,M2 = 319,M3 =318, =
3,b2=—5, b3 = 9. M(, M2 Af3 lami aniglaymiz.

132MJ = 1(mod 29) —» -13M[ = 30(mod 29) - 16M{ =
30(mod 29) =8 = 15(mod 29) »8M{ r 44(mod 29) e2M[ =
11(mod 29) =< M( = 2(mod 29) » = -9(mod 29) =>M] =
9;319M2 = I(mod 12) = (319 - 27 m2)M2 s I(mod 12)
—b5M2= (1 +2+12)(mod 12) » M2 = -5;348M3 = I(mod 11) —»
(348 - 11 «32)M3 = I(mod 11) -» -4M3 = 12(mod 11) -» M3 =
—3. Endi x0 ni aiglaymiz.Xo = 132 «(—9) =8 + 319 m(—5) m{—5) +
348 +(-3) *9 = -3564 + 7975 - 9396 = -4985 .

Demak, x = —4985(mod 3828) = 2671 (mod 3828) berilgan
taggoslamalar sistemasining yechimi bo‘ladi.

x = 5(mod 35) I x = 6(mod 35)
X = —2(mod 17) <»dx = -2(mod 17). Bundan Tr =

5x = 3(mod 13) I xr 6(mod 13)
31,m2=29,m3= 27 va M = 24273, M, = 783,M2 = 837,M3 =
899, bi = 6,b2= -2,b3=6.M{,M2M3 lami aniglaymiz.783M" =
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1(mod 31) =~ (783 - 31 «25)M[ = I(mod 31) »8M[ =
32(mod 31) » M[ = 4(mod 31) = M{ = 4;

837M2 = I(mod 29) —» (837 - 29 «29)MT = I(mod 29) =*
-W 2= I(mod 29) = -2M2 = 15(mod 29) -» Mr =
22(mod 29) »M2 = 7,

899M3 = I(mod 27) -» (899 - 27 M83)ME = I(mod 27) =
8M3 = I(mod 27) »8M3 = 28(mod 27) =2Mj = 7(mod 27) —»
M3 = 17(mod 27) = M3 = 10. Endi x0 ni aniglaymiz.x0 = 783 46 +
837 «7 m{-2) +899 m{-10) 6 = 18792 - 11718 - 53940 =
46866. Bundan = -46866(mod 24273) = 1680(mod 24273)
berilgan sistemaning yechimi ekanligi kelib chigadi.

11). Buyerdamx= 7,m2=9 m3 = 11vaM = 693, Mx= 99,

M2 = 77, M3 = 63, -1,b2=3b3=5 Endi M[M2M3 larni
aniglaymiz.

99M{ = I(mod7) » (99 - 7 m4)M{ = I(mod 7) =>Mj
I((mod 7) »MJ = 1;77M2 = I(mod 9) =* (77 - 9«8)M2 =
I((mod 9) -» 5M2 = I(mod 9) -» 5M2 = 10(mod 9) M2 =
2(mod 9) » M2 = 2;63M3 = I(mod 11) -» (63 - 11 ®)ME =
I(mod 11) » -3M' - I(mod 11) -1 3= 12(mod 11) >M3 =
-4(mod 11) *M3a 7(mod 11) M3s 7.Endi x0 ni
anigiaymiz.jco = 99-1-1 +77- 2- 3 +63- 7-5 = 99 +462 +
2205 = 2766.Bundan x s 2766(mod 693) = —6(mod 693) berilgan
sistemanmg yechimi ekanligi kelib chigadi.

269.1). Bu masala taggoslamaning tarifiga ki/ra shunday x ni

topishimiz kerakki, u taqgoslamalar sistemasini ga-

noatlantiruvchi eng kichik natural son boMishi kerak. Berilgan sistemani
yechamiz. Buning uchun bizga berilgan sistemada modullar o‘zaro tub
boMganligi sababli 2-misoldagi (1) formuladan foydalansak boMadi.
Bizdaml=7m2=8,m3=9vaM = 7m8 m® = 504, Mx= 72, M2 =
63, M3 = 56,br= 1& = 2,b3=3 larni
aniglaymiz.72M{ = I(mod 7) -» 2M{ = 8(mod 7) » M{ =
4; 63M2 = I(mod 8) -» -M2 = I(mod 8) -» M2 = I(mod 8) -+
M2 = —1;56M3 = I(mod 8) -» 2M* = 10(mod 9) » Mb=
5(mod 9) »M3a 5.
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Bulardan foydalanib x0 ning giymatini aniglaymiz:

X, = 72 w1 +63 m{-1) mp +56 w6 m8 = 283 - 126 + 840 =
1002.

Demak, x = 1002(mod 504) = -6(mod 504), ya'ni x = -6 +
504t, teZ berilgan sistemaning umumiy yechimi. Endi shular orasidan
X ning eng kichik natural son bo‘ladigan giymatini aniglab olamiz. Agar
t < Obo‘lsa, X < O bo'ladi; t = 1dax = 498 izlanyotgan giymatga ega
bo‘lamiz.

(x = 1(mod 3)
2). | X = 2(mod 4) » bundan bx=1, b2=2 b3=3 1Tr=
= 3(mod 5)

3 m2=4 m3=5 M= 60, Mj =20 M2= 15 M3 =
12 .M[, M2, M3lami aniglaymiz.

20M[ = I(mod 3) e2Mx= I(mod 3) -» M[ = 2(mod 3) =

= 2;

15M2 = 1(mod 4) -»—M2 = I(mod 4) » M2 = —1(mod 4) —»
M2 = -1;

I2M3 = 1(mod 5) 2M3 = 6(mod 5) -» M3 = 3(mod 5) -»
M3 = 5. Endi x0ni topamiz. X0 =20 @ mfl + 15 m{—1) 2 + 12 mB
3 =40 - 30 +108 = 118. Demak, sistemaning umumiy yechimi X =
118(mod 60), yoki buni x = —2(mod 60), ya'ni Xx = —2 +601, teZ
ko‘rinishida yozish mumkin. Bundan izlanayotgan eng kichik natural
giymat 58 ga teng ekanligi kelib chigadi.

= 3(mod 9) .
[<: 5(mod 10) =* dan bt =3 b2=5, b3-b,mx—
= 6(mod 13)

9, m2="10,m3= 13 M= 1170, Mx= 130, M2 = 117, M3 =
90.M{,M2,M3 lami aniglaymiz.130M{ = I(mod 9) (130 —14 *
9YM{ = 1(mod 9) »4M( = 10(mod 9) 2M{=5(mod9) M[ =
7(mod 9) »M[ = 7;117M2 = I(mod 10) (117 - 10 m2)M" s
—9(mod 10) ->M2 = 3(mod 10) -» M2 = 3;90M3 = I(mod 13) -»
(90 - 7 mL3)M3 = I(mod 13) =>M3 = -I(mod 5)

M3 = —1. Endi X0 ni topamiz. X0 = 130 W¥ 3 + 117 w8 *5 +
90 m{-1) m6 = 2730 + 1755 - 540 = 3945. Bu holda umumiy yechim
X s 3945(mod 1170)



= 435(mod 1170), ya'ni x = 435+ 1170t, teZ. Bundan eng
kichik natural yechim x = 435.
rx = 2(mod 9)
4).- x= 3(mod 10) = bu sistema 3-misoldagi sisteraadan
X = 4(mod 13)
b1b2.1fr3 ning giymatlari bilan farg qgiladi. Shuning uchun ham X0 =
910 wbi + 351 «b2 - 90b3, yani X0= 910 =@ + 351 w8 + 90 mi =
1820 + 1053-360 = 2513 va X = 2513(mod 1170) =
173(mod 1170), ya'ni sistemaning umumiy yechimi x = 173 + 1170t,
teZ . Eng kichik natural yechim x = 173.

(x = 2(mod 3)
5).4dx = 4(mod 7) - dan br=4, b2=4,b3=5 m1=
Ix = 5(mod 8)
3 m2-7,m3=8 M= 168, Mr= 56, M2= 24, M3 =
21 .Mj,M 2,M 3lami aniglaymiz.56M* = I(mod 3) 2 2M[ =
I((lmod 3) —» = 2(mod 3) =>M[ = 2;24M" = [(mod 7) »3M2 =

I(lmod 7) =>3M2= 15(mod 7) =>M2s 5(mod 7) M2 =

5;21M3 = I(mod 8) -» -3M3 = 9(mod 8) ->M3 = -3(mod 8) -

M3 = —3. Shuning uchun ham x0 = 56 w2 2 + 24 mb ml + 21 m(—3) =
5 = 224 +480 - 315 = 389 vax = 389(mod 168) H 53(mod 168)
sistemaning umumiy yechimi. Endi X = 53 + 166t, teZ dan eng kichik
natural sonni aniglaymiz. t = 0 da x = 53 izlanayotgan son.

"X = 4(mod 7)
6).— X = 9(mod 13) —>danbx = 4,b2= 9,b3=1,Tr=7m2=
X = I(mod 17)
13, m3= 17, M= 713 ml7 = 1547, = 221, M2= 119, M3=

91. MjM2M3 lami aniglaymiz. 221M{ H I(mod 7) -~ (221 —31«
7IMj =1I(mod 7) 4M{=8(mod 7) »M(s 2(mod 7) =*MJ =
2;119Mr = I(mod 13) = -(119 - 9 M 3)ME = I(mod 13)

2M2's 14(mod 13) >M2= 7(mod 13) -» M2 = 7;91M3 =

I(mod 17) » (91 - 5-17)M3 = I(mod 17) -» 6M3 =

-18(mod 17) -*M3 = 3(mod 17) M3 = 3. Bulardan foydalanib
X0 ni  topamiz. x0= 221 wP ml + 119 w¥ m® +91 -3 mi = 1786 +
7497 +273 = 9538. Demak, x = 9538(mod 1547) r (9538 - 6 m
1547)(mod 1547) = 256(mod 1547), ya'ni X = 256 + 1547t ,teZ
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tagqoslamalar sistemasining umumiy yechimi. Bu holda eng kichik
natural yechim 256 dan iborat.
fx =9 (mod 13)
1).\Xx = \(mod 21) boigani uchun br = 9,b2= 1,b3 =
(x = 13 (mod23)

—10, mt = 13, m2= 21, m3 = 23 u hoidaM = 6279, Mr -
483, M2 = 299, M3 = 273. Endi buiardan foydalanib
M(, M2 Mglarni aniglaymiz.

483 = I(mod 13) -» (483 - 37 mi.3) Mx= I(mod 13) =
2M[ = 14(mod 13) = Mx= 7(mod 13) ~+M[ = 7;
299M2 = I(mod 21) = (299 - 14 ®1)M£ = I(mod 21) -» 5M2 =
—20(mod 21) >M2 = -4(mod 21) ->M2 = -4; 273M" =
I(mod 23) = (273 - 23 M2)Mg = I(mod 23) = -3M3 =
1([rmod 23) -» M3 = -8(mod 23) M3 = -8.

Buiardan foydalanib x0 ni topamiz. X0 = 483 w m® + 299 m{—4) m
1+ 273 m{-38) m{-10) = 30429 - 1196 +21840 = 51073 =8 m
6279 +841.

Demak, X0 = 841(mod6279), ya'ni X = 841 +
6279t, teZ taqgoslamalar sistemasining umumiy yechimi. Eng kichik
natural yechim 841 ga teng.

(x = 2(mod3)
8)- X = 4(modS) danbx= —1, b2=1, b3= 1, mx= 3 m2=
X = I(mod8)

5, m3 = 8 deb olishmuz mumkin. Bu holda M = 120,Mi = 40, M2 =
24, M3 = 15. Endi M{, M2,M3 lami aniglaymiz: 40M( = I(mod 3) -»
Mi = I(mod 3)-»«{ = 1;24M2 = I(mod 5) » -M2=
I(mod 5) >M2= -I(mod 5) » M2 = -1;\5M3 = I(mod8) —+
-M3s I(mod8) >M3 = -I(mod8) »M3 = - 1.
topilganlardan foydalanib x0 ni hisoblaymiz.
X0=401m{-1) +24 «(-1) m-1) + 15 m-1) «1
= -40+ 24-15 = -31.

Demak, X = -31(modIl20) = 89(modI20), yani x= 89+
120t,teZ tagqoslamalar sistemasining umumiy yechimi. Bundan
masala shartini ganoatlantiradigan eng kichik natural son 89 ekanligi
kelib chigadi.
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fx = I(mod3)
9). {x = 4(mod>5), bundan ko‘rinadiki, bu sistema 8-misoldagi
[x = 7(mod8)

sistemadan fagat b1,b2, b3laming giymatlari bilan farg giladi. Shuning
uchun ham 8)-misolda garab chigilganiga asosan X0 = 40by—24b2 -
15b3=40¢1- 244 - 15 = 40 - 96 - 105 = -167 va X =
—161(modI20) = —41(modl20) = 79(modl20) garalayotgan tag-
goslamalar sistemasimng yechimi X —79 +120t,t 6 Z boMganligi
uchun masala shartini ganoatlantiruvchi eng kichik natural son 79
boMadi.

(x = 4(mod 5)
10). <x = 6(mod 7), boMgani uchun bt = -1,b2 —-1,b3= 1
(x = I(mod 9)

deb olishimiz mumkm BizdaTr= 5m2=7,m3= 9 M =
315, Mi = 63,M2= 45, M3=35. Endi M[,M2,M3 lami aniglaymiz.

63MJ = I(modS) -*3M{ = 6(mod5) M[ = 2(mod5) -*M[ =
2,

45M2 = I(mod7) —+3M* = 15(mod7) » M2 = 5(mod7)

= .2

35M3 = I(mod9) ->-M3= I(mod9) —+M3 = I(mod9) =
AR = -1.

Bularga asosan X0 = 63 2 ¢(—1) +45 ¢(-2) m{—1) +35¢(—1) *
1=-126+90- 35 = -71lvax s -71(modl5) = 244(mod315).

Shunday qilib, izlanayotgan natural son 244 dan Iboiat.

11). Bu masala taqgoslamaning ta'rifiga ko‘ra shunday X ni
j Xx= 6(mod 7)
topishimiz kerakki u, IXx = 12(mod 13) taqgoslamalar sistemasini
[X = 16(modl7)

ganoatlantiruvchi eng kichik natural son boMishi kerak. Berilgan
sistemani yechamiz. Buning uchun bizga beuigan sistemada modullar
0‘zaro tub boMganligi sababli 2 - misolda (1) formuladan foydalansak
boMadi. Bizda ml = 7m2= 13,m3= 17,M = 1517, Mr= 63, M2 =
45, M3=35. 6-misolga asosan

Xg = 442 «bt +833 w02 +273 W3 = 442 m{-1) +833 +(-1) +
273 m-1) = -1548. Demak, X = -1548(mod 1547) s
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-1(mod 1547),ya'ni X = 1546 + 1547t, teZ tagqoslamalar sistemasi-
ning umum:y yechimi. Bu holda eng kichik natural yechim 1546 dan
iborat.

270.1). a ning izlanayotgan giymatini aniglash uchun sistemani
yechishga harakat gilamiz. Bunda | - misolda tanlangan usuldan
foydalanishimiz mumkin.

N=5(modi8)

j*s8mod2) *x = 5+18", GZ5+ 18ti = 8(mod21) =+

[Exmo(mod3),
18tj = 3(mod21) »6 = I(mod7) -tx= I(mod7) =>tj =
1,8,15 (mod2l).Bundanx = 5 + 18(—1 + 21t2) = —13 + 378t2t E
Z bo'ladi. Buni 3-tenglamaga qo‘ysak —13 + 378t2 = a(mod35) -*
378t2= a + 13(mod35) (378 - 10+35)t2=a +13(mod35) »
28t2= a + 13(mod35)

Bunda (28,35) = 7 va demak, tagqoslama yechimga ega bo‘lishi
uchun

a + 13 = 0(mod7) bajarilishi kerak. Bundan a = -13(mod7) —»
a = 1(mod 7),yam a = 7k + 1, K 6 Z ko'nnishda bo‘lishi kerak
ekanligi kelib chigadi.

Izoh. Masalaning shartida a ning ganday giymatida berilgan
tagqoslamalar sistemasi yechimga ega, deb so‘ralgan,(ya’ni sistemaning
harcha yechimlarini topish so‘ralmagan) shuning uchun ham a ning
so‘ralgan giymatini topdik.

2) aning izlanayotgan giymatini aniglash uchun sistemani yechishga
harakat gilamiz. Bunda 1 - misolda tanlangan usuldan foydalanishimiz
mumbkin.

I = a(mod 7)
=2(mod9) =>x=7+IItlt 6Z Bundan 7+11" =
!(: 7(mod 11)
2(mod 9) —» 2tj = -5(mod 9) —» 2tx= 4(mod9) -»tj =
2(mod9)yoki = 2+9t2 t26 Z. Uholdax = 7+ 11(2 +9t2) =

29 +99t2 t2eZ. 29 +9912= a(mod7) » 9912 = a - 29(mod 7) —»
t2=a- 1(mod 7), bundant2= (a - 1) +

7t3.Buni x ning ifodasiga olib borib qo'ysak x = 29 +99((a —1) +
7t3) = 29 + +99(a - 1) +693t3, t3eZ Demak, berilgan sistema a -
ning ixtiyoriy ae Z giymatlarida yelg{wimga ega.



3).x = 5(mod 12) *x = 5 +12t1 » 5+ 12tt =
3(mod 15) —+12cr - —2(mod 15) * 12" =
13(mod 15). Bunda(12,15) = 3, lekin 13 soni 3ga bo'linmaydi.
Shuning uchun ham berilgan sistema a ning birorta ham giymatida
yechimga ega emas.

4)x = 11 +20txte Zdan 11 +20” = I(mod 15) 20" =
—10(mod 15) -» 20tj = 5(mod 15) » 4t2= I(mod3),ya'nitl =
1+3t2t26 Zva x = 11 +20(1 +3t2) = 31 +60t2,t2GZ.
3-taggoslamadan31 + 60t2= a(modI8) —-» 60t2= a -
31(modI8) »6t2= a - 31(modI8), bunda(6,18) =
6 bo Igani uchun berilgan taggqoslamalar 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 chigadi.
Shunday gilib a = 6k + 1,k G Z ko‘rinishda boMsa, berilgan sistema
yechimga ega bo‘lar ekan.

5).x = 19(mod 24) -»x = 19 + 24C1(ti 6 Z. X ning bu giymatini
ikkmchi tagqoslamaga qo‘yib tx ni aniglaymiz: 19 + 24tx=
10(mod 21) 3t, = —9(mod 21) - » = —3(mod 7), yani =
—3 + 7212 GZ. Bu holda x=19+24(-3 +7t2=-53 +
168t2,t2GZ. Buni 3-taggoslamaga qo‘yib t2 ni aniglashga harakat
gilamiz. -53 + 168tz = a(mod 9) —» 168t2= a + 53(mod 9) —»
(168 - 18 @)t2=a +53 (mod 9) » 612 = a - 1(mod 9). Bunda
(6.9) = 3,demak, u yechimga ega bo'lishi uchun(a - 1) i
3.ya'ws a = 1(mod 3) bajarilisni kerak ekan. Demak, agar a = 3k +
1,1 G Z ko rimshda bo'lsa, berilgan tagqoslamalar sistemasi yechimea
ega boMadi.

6). Xx = 6 + 15t#ti G Z. Buni ikkinchi tagqoslamaga qo'yib tjni
aniglaymiz: 6 + 15cr s 18(mod 21) -» 15” = 12(mod 21) -

5 = 4(mod 7) »5” = 25(mod 7) » fx= 5(mod 7)"3'"" =
5+7t2t2GZ. Bu holdax = 6 +15(5 + 7t2) = 81 +105t2t2e
Z. X ning bu giymatini 3-taggoslamaga qo‘yib t2 ni aniglaymiz. 81 +
105t2= a(modll)-»6«2=a-4(modll). Bunda (6,11)=1
boMgani uchun a ning ixtiyoriy butun giymatida berilgan taggoslama
yagona yechimga ega va demak, berilgan taqgoslamalar sistemasi ham a
ixtiyoriy butun giymatida yechimga ega.
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7). X —19 +56tIf 19 + 56tx = 3(mod24) 8" =
—16(mod 24)tj = —2(mod 3) *txs I(mod 3), tx6 Z.Ya'nitj =
1+ 3t2 £26 ~ Bun>inobatga olsak x = 19 4-56(1 +3t2) = 75+
168t2. * nmg bu giymatini 3-taggoslamaga go'yib t2ni aniglaymiz:

75 + 168t2= a (mod 20) » 8t2 = a + 5(mod 20). Bunda
(8; 20) = 4 va taqgoslama yechimga ega boiishf uchun (a + 5) i 4,
K G Z,yania = -5 (mod 4). Yoki bundan a = 3(mod 4) shartni
ganoatlantinshi kerak. Demak, agar a = 4fc + 3, K GZ ko‘nmshidagi
butun son bo‘lsa, berilgan taggoslama yechimga ega bo*ladi.

8). x = 3+ 57, tx G Z. Buni ikkinchi tagqoslamaga qo yib tt ni

aniglaymiz: 3+5 = 2(mod 7) =*5tx= —1(mod 7) =~ 5tt =
—15(mod 7 = -3(mod 7),ya'nitj = -3 +7t2,t2G Z. Buni x
ning ifodasiga olib borib go’ysak x= 3 +5(—3 +7t2) = 12 4
35tz,12GZ. 12 +35t2 = a(mod 9) -12= a + 3(mod 9) -»t2=
—(a +3)(mod 9).xning bu gi>matim 3-taggoslamaga qo‘yib
t2 ni aniglaymiz: —2 + 35t2= a(mod 9) —-»
-t2=a + 3(mod 9) -»t2= -(a +3)(mod 9). Demak, t2=
—(a +3) +9t3 t3G Z Bundan x = —12 +35[-(a +3) + 9t3] =
—12 - 35(a +3) +315t3,t3G
Z. Shunday qilib berilgan taggoslamalar sistemasi a nmg ixtiyoriy
butun giymatida yechimga ega.

9).a nmg izlanayotgan giymatini aniglash uchun sistemani
yechishga harakat gilannz. Bunda 1 - misolda tanlangan usuldan
foydalanishimiz mumkin. 1-taggoslamadan x = 1 +3ti,£i G Z.X ning
bu giymatini 2-taggoslamaga olib borib qo'yib tx ni amglaymiz: 1 +
3ti = 5(mod 7) *3ti = 4(mod 7) etx= -I(mod 7),ya'wCr =
— +7t2t2GZ. Buni X ning ifodasiga olib bonb goyibx =1 +
3(—l+712) = -2 +21t2,t2G Z ga egaboiamiz. X ning bu giymatini
3-taggoslamaga go‘yib  t2ni aniglaymiz:—2 + 21t2= a(mod 11) -»
10t2= (a +2)(mod 11) »-t2= (a +2)(mod 11) -»t2= -(a +
2)(mod 11). Demak, a ning ixtiyoriy butun giymatida berilgan
tagqoslamalar sistemasi yechimga ega.

10). 1-taqgoslamadan X = 14 + 197, G Z.x ning bu giymatini
2-tagqoslamaga olib borib qo'yib tj ni amglaymiz: 14 +19tj =
5(mod 25) -»19tt = -9(mod 25) > -6tx= 16(mod25) -» -3" =
8(mod 25) -» -3” = 33(mod 25) - » = -ll(mod 25) -*tx=
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—11 + 25t2,t2 G Z. Buni x ning ifodasiga olib borib go‘yib x = 14 +
19(—11 +25t2) = —195 +475t2t2G Z ga ega bo‘lamiz. x ning bu
giymatini 3-taggoslamaga qo‘yib t2ni aniglaymiz:
-195 +475t2 = a(modlO) *5t2 = a +5(modl0).

Bunda (5; 10) = 5. Demak, taggoslama yechimga ega bo‘lishi uchun
(a +5) mb,ya'nia = -5(mod5) bo‘lishi kerak. Bundan a=
0(mod 5), yani a = Sk,k G Z. Demak, agar a = Sk,k G Z ko’rinishda
bo‘lsa, benlgan sistema yechimga ega bo‘ladi.

11). a ning izlanayotgan giymatini aniglash uchun sistemani
yechishga harakat gilamiz. Bunda 1-misolda tanlangan usuldan foydalani-
shimiz mumkin. 1-taggoslamadan X = 5 + 1ltx tXE Z. x ning bu giyma-
tini 2-taqgoslamaga olib borib qo‘yib ni aniglaymiz:5+ I1tj =
4(mod 7) =>4 = -1(mod 7) -» -3~ = 6(mod7) tt=
—2(mod7) -»tj = —2 + 7t2,tz G Z. Buni x ning ifodasiga olib borib
go'yibx = 5+11(—=2 +7t2) = 7 + 77t2,t2 GZ gaegabo‘lamiz. x
ning bu giymatini 3-taqgoslamaga qo'yib t2ni aniglaymiz:—17 + 7712 =
a(mod9) »5t2= a +17(mod9) ->St2 = a- I(mod9).

Bunda (5;9) = 1. Demak, a ning ixtiyoriy butun giymatida berilgan
tagqoslamalar sistemasi yechimga ega. 2 wbt2= 2 +(a - I)(mod9) =+
t2 = 2 ma —I)(mod9).

271.1).Buning uchun berilgan to‘g‘ri chizigning kesisish nuqgtasini
topish kerak. Bu tenglamalarni taggoslama ko‘rimshda yozib olib uning
yechiniini topamiz.
—~ 2(mod 5)
= I(mod 8 *x=2+5", GZ. Buni 2-taggoslamaga olib
= 3(mod 11)

b go‘yib ni  aniglaymiz: 2 +5 = I(mod 8) —» 5ti =
-1(mod 8) ~ 5ti s (-1 - 3-8)(mod 8) =5~ = -25 (mod 8) =
ti = —5(mod 8), ya'ni = 3+8t2 t2G Z.tjning bu ifodasini x

ning ifodasiga olib bonb qo‘ysakx = 2 + 5(3 + 8t2)=17 +40t2,t2G Z
hosil bo‘ladi. xning bu giymatini 3-tagqoslamaga go‘yib  t2 ni
aniglaymiz: 17 +40t2= 3(mod 11) -» -4t2= 8(mod 11) =>t2=
—2(mod 11) -»t2 = —2 + |1t 3,t3 G Z. Buni X ning ifodasidagi t2 nmg
o‘miga olib bonb go‘ysak x = 17 +40(-2 +11t3) = -63 + 440t3>
t3G Z hosil bo‘ladi. Demak, abssissasi X = —63 +440t3t3G Z
nugtadan OX o‘giga chiganlgan perpendikular berilgan chiziglami butun
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koordinatali nugtalarda kesadi. Bu nugtalami ordinatalarini to‘g‘ri chiziq
tenglamasidan topamiz.Birinchi tenglamadan—63 +440t3 = 2 +5y —
5y - -65 +440t2 *y = -13 + 88t3. Ikkinchi tenglamadan -63 +
440t3= 1+ 8y->-64 +440t3= 8y *y = -8 +55t3
Uchinchi tenglamadan—63 + 440t3= 3 + lly —»—66 +440t3 =
11y =y = -6 +4013. Shunday qilib, bu nugtalaming koordinatalari
(-63 +440t3; -13 + 88t3), (-63 +440t3; -8 + 55t3),
(-63 +440t3- 6+ 40t3), t36 Z.
2).Buning uchun berilgan to‘g‘ri chizigning kesisish nugtarini
topish kerak. Bu tenglamalami taggoslama ko‘rinishda yozib olib uning
yechimini topamiz.
r 4x = 9(mod 7) (X =4(mod 7)
Zx=15(mod 9) *<x=3(mod9). Endi bu sistemani
a 12(mod 13) (x = 5(mod 13)
yechamiz. Sistemaning 1-taggoslamasidan X = 4 + € Z Bum 2-
taggoslamaga olib bonb qo‘yib  ni aniglaymiz: 4 +7tj = 3(mod 9) —=*
7tx= -l(mod 9) = 16ta= 8(mod 9) 2tx= I(mod 9) tj=
5(mod 9) *tx=5+912t2e Z.tj ning topilgan giymatini X ning
ifodasiga olib borib qoysak x = 4 + 7(5 +9t2)=39 +63t2,t2 G Z hosil
boMadi. x ning bu giymatini 3-taggqoslamaga qo‘yib t2ni aniglaymiz:
39 +63t2= 5(mod13) = -2tz = 5(mod 13) ->t2=
—9(mod 13) * t2= 4(mod 13), ya'nit2= 4 + 13t3t3G Z. Buni x
ning ifodasidagjl t2 ning o‘miga olib borib qo‘ysak x = 39 +63(4 +
13t3) = 39 + 252 +819t3= 291 + 819t3, t3 G
Z ni hosil gilamiz. Bundan x = 291 + 819t3. Demak, abssissasi X =
291 +819t3,t3GZ nugtadan OX o‘giga chigarilgan perpendikular
berilgan chiziglami butun koordinatali nugtalarda kesadi.
3).Buning uchun berilgan to‘g ‘ri chizigning kesisish nugtasini topish
kerak. Bu tenglamalami taggoslama ko‘rinishda yozib olib unmg
yechimini topamiz.
X = I(mod 5) (X = 2(mod 5)
Ex = 3(mod 3) -»<x = 0(mod 3). Endi bu sistemani yechamiz.
x = 7(mod 7)  (x = O(mod 7)
Sistemaning 1-tagqoslamasidan x = 2 +5tif GZ.
Buni 2-tagqoslamaga olib borib go'yib tj ni aniglaymiz:2 + 5tx =
O(mod 3) -» Stl = —2(mod 3) —* 2tx= I(mod 3) = 2tx =
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4(mod 3) -»tj = 2(mod 3) » tx= 2+ 312,126 Z. ning topilgan
giymatini* ning ifodasiga olib borib qo‘ysak x = 2+ 5(2 + 3t2) =
12 + 15t2,t2” Z hosil bo‘ladi. X ning bu giymatini 3-taggoslamaga
go‘yib t2ni aniglaymiz: 12 + 15t2 = O(mod7) —» 15t2 =
—12(mod 7) *t2= 2(mod 7) -»t2= 2 +7t3t36 Z. Bum X ning
ifodasidagi t2 ning o‘miga olib borib go‘ysak x = 12 + 15(2 + 7t3) =
42 + 105£3ni hosil gilamiz. Bundan x = 42 + 105t3,t3 £ Z. Demak,
abtssisalan o‘gining X = 42 + 105t3 t3 G Z nugtadan OX  o‘giga
chigarilgan perpendikular  berilgan chiziglami butun koordinatali
nugtalarda kesadi.
X = 2(mod 7) X = 2(mod 7)
4). x = 3(mod 5) X =3(mod5). Endi bu sistemani
2x = 6(mod 7) x = 3(mod 7)
yechamiz.  Sistemaning 1-taqgoslamasidan x=2+7"," G Z
Buni 2-tagqoslamaga olib borib go‘yib ni aniglaymiz: 2 + 7tt =
3(mod 5) » 2tj = I(mod 5) =tj = 3(mod 5), yani tx= 3+
5t2.t2 EZ.tX ning topilgan giymatim X nmg irodasiga olib borib
goysak X = 2 + 7(3 +5t2) = 23 + 35t2,t2 G Z hosil bo‘ladi. X ningbu
giymatini 3-taggoslamaga qo‘yib  t2ni aniglaymiz: 23 + 35t2=
3(mod 7) = 0<t2= I(mod 7). Bu taggoslamani ganoatlantiruvchi t2
giymatlari mavjud emas va demak, masalaning shartini ganoatlantiruvchi
nugtalar ham mavjud emas.
Izoh: Bunday nugtalaming mavjud emasligini X =
2(mod 7)va x = 3(mod 7) tagqoslamanmg bir vaqgtda bajarilmasligi
bilan ham asoslash mumkin.
t2x = 1(mod 3) X = 2(mod 3)
5)j x=3(mod5) <+ x=3(mod5). Endi bu sistemani
[x = 2(mod 11) X = 2(mod 11)
yechamiz.  Sistemaning  1-taggoslamasidan X = 2+ 3tXt\G Z
Buni 2-taggoslamaga olib borib qo‘yib tx ni aniglaymiz: 2 + 3tx=
3(mod 5) 3tx= 1(mod 5) =tj = 2(mod 5) * = 2+5t2t2G
Z. tj ning topilgan giymatinia ning ifodasiga olib borib qo‘ysak x = 2 +
3(2 +512) = 8+ 15t2t2G Z hosil bo‘ladi. jc ning bu giymatini 3-
taggoslamaga qo‘yib t2ni aniglaymiz: 8 + 15t2= 2(mod 11) 412=
—6(mod 11) »2t2= —3(mod 11) *t2= 4(mod 11) -»t2= 4 +
I1t3,t3G Z ni hosil gilamiz. Bundanx = 8 +15(4 +11t3) = 68 +
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165t3t3€Z. Demak, abtssisalan o‘gmmg x = 68 + 165t3t3 G
Z nugtasidan OX o‘giga chigarilgan perpendikular berilgan chiziglami
butun koordinatali nugtalarda kesadi.
( lIx = 6(mod 5) ( x=1(mod 5)
6).j 10x = 9(mod 11) —*d4x = 2(mod 11). Endi bu sistemani
N\12x = -1(mod 13) (x = I(mod 13)
yechamiz. Sistemaning 1-taggoslamasidan x = 1 +5”,tx S Z Buni 2-
taggoslamaga olib bonb qo‘yib txni aniglaymiz:1 + 5tj =
2(mod 11) - 5tx=
= 1(mod 11) = —6tT= 12(mod 11) =mtx= -2(mod 11) -
ti = -2 + 11t 2<h 6 Z-ti ning topilgan giymatini x ning ifodasiga olib
bonb qoysakx = 1+ 5(-2 +11t2) = -9 + 5512 t2 e Z hosil bo'ladi.
xningbu giymatini 3-tagqoslamaga qo‘yib t2ni aniglaymiz:—9 + 55t2 =
I(mod 13) -» 3t2= —3(mod 13 ) -»t2= -I(mod 13) *t2= -1 +
13t3 13 G Z. Buni x ning ifodasiga gqo‘yib x = —9 + 55(—1 + 13t3) =
—64 + 715t3 t3G Z gaegabo‘lamiz. Demak, abssissalari o*gining X =
—64 + 715t3,t3 G Z nugtasidan OX oqiga chigarilgan perpendikular
berilgan chiziglami butun koordinatali nugtalarda kesadi.
3x = 5(mod 7) rx = 4(mod 7)
7). 5x=4(mod 8) X = 4(mod 8) . Endi bu sistemani
lIx = -2(mod 13) X = I(mod 13)
yechamiz. Sistemaning 1-taggoslamasidan x = 4 +7t1(tt S Z Bum 2-
taggoslamaga obb borib qo‘yib  ni aniglaymiz: 4 +7tx= 4(mod 8) -»
7tx=0(mod 8) - » = O(mod 8) -*tx= 8tz,t2GZ. ning topilgan
g matimx ning ifodasiga olib borib qoysak x = 4 + 56t2,t12 GZ hosil
bo‘ladi. x ning bu giymatini 3-taggoslamaga qo‘yib t2m aniglaymiz: 4 +
56t2a I(mod 13) »4t2= -3(mod 13) *t2= 9 + 133,13 GZ.
Buni x ning ifodasiga qo‘yib x =4+ 56(9 +13t3 = 508 +
728t3t3 G Z ga ega bo‘lam?-. Demak, abtsitsalari o gmingx = 508 +
728t3,t3 G Z nugtasidan OX o*qgiga chigarilgan perpendikulyar berilgan
chiziglami butun koordinatali nugtalarda kesadi.
Ox = I(mod 9) X = I(mod 9)
x = 3(mod 7) X = 3(mod 7). Endi bu sistemani
" x = 2(mod 5) x = 2(mod 5)

197



yechamiz. Sistemaning 1-taqgoslamasidan X = 1 +911( £ Z. Buni

2-taqgoslamaga olib borib go‘yib ni aniglaymiz: 1+ 9tx =
3(mod 7) » 9ti = 2(mod 7) » fr = 1(mod 7) *£t = 1 +7t2, t2£
Z. tt ning topilgan giymatini X ning iiodasiga olib borib go‘ysak x = 1 +
9(1 +7t2) = 10 +6312, t2£ Z hosil boMadi. xning bu giymatini 3-
tagqoslamaga go'yib t2ni aniglaymiz: 10 +63t2= 2(mod 5) -~ 312 =
-3(mod 5) =>t2= -I(mod 5) *t2= -1 + 5t3 t3 E Z. Buni X ning
ifodasiga go‘yibx = 10 +63 (-1 + 513) = —53 +315t3 t3£ Zga ega
bo‘lamiz. Demak, abssissalari o‘gining X = —53 + 3I5t3t3£ Z
nugtasidan OX o‘giga chiganlgan perpendikular berilgan chiziglami
butun koordinatali nugtalarda kesadi.

IIXx =5(mod 17) fx = 2(mod 17)

9. 19= Ilmod 37) —*j x = 2(mod 37).Endi bu sistemani
IIx a 4(mod 7) (x=1I(mod 7)
yechamiz. Sistemaning 1-taqqoslamasidanx =2+ 17" £ Z.

Buni 2-taqgoslamaga olib borib qo‘yib ni aniglaymiz:2 + 17" =
2(mod37) - 11tx= O(mod 37) *tt = O(mod 37) =>tt =
3112, t2£ Z.tt ning topilgan giymatini x ning ifodasiga olib borib
go‘ysak x = 2 +629t2, t2£ Z hosil boMadi. X ning bu giymatini 3-
taggoslamaga qo‘yib t2ni aniglaymiz: 2 +629t2= 1(mod 7) —»
(629 - 7w@0)t2= —d(mod 7) -t2= -I(mod 7) »t2=
Ilmod 7) »t2= 1+ 7t3,t3£ Z. Buni x ning ifodasigaqo‘yib x = 2 +
629 w1 + 7t3) = 631 +4403t3,t3£Z ga ega boMamiz. Demak,
abssissalari o‘gmmg x = 631 + 4403t3,t3 £ Z nugtasidan OX o0‘giga
chiganlgan perpendikular  berilgan chiziglami butun koordinatali
nugtalarda kesadi.

I x = 2(mod 10) X = 2(mod 19)

10.-! 5x = 2(mod 13) x = 3(mod 13). Bu sistema

(I0x a —3(mod 13) X = I(mod 13)
ziddiyatli sistema. Shuning uchun ham bu holda masala shartini
ganoatlantiruvchi nugtalar yo‘q (4-masaladan keying izohni garang).

11). Bunmg uchun |3j+Sy=7 sistemaning yechimini topish kifoya.
*=11+3,
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*s5(mod7) x 3 5(mod7)
Bu sistema  ushbu  3+7(mod8)- x=5(mods)  taggoslamalar
jc=limod3)  x = 1i(mod3)
sistemasiga teng kuchli. Endi shu tagqoslamalar sistemasmi yechamiz.
Sistemaning 1-taqqoslamasidan x = 5+ 7ti,t1£ Z. Bum 2 taqgosla-
maga olib borib qo‘yib  ni aniglaymiz: 5 + 7tx= 5(mod8) -*7tx =
O(mod 8) -» tj = O(mod 8) tx= 812 t2£ Z. ning topilgan giy-
matini X ning ifodasiga olib bonb go‘ysak X = 5+ 5612, t2EZ hosil
bo‘ladi. X ning bu giymatini 3-taggoslamaga qo‘yib t2ni aniglaymiz: 5 +
56t2= lI(mod3) m2t2= 0(mod 3) =>t2 = 3t3t3£ Z. Buni X ning
ifodasiga go'yibx = 5+ 168t3 t3£ Z ga ega bo‘lamiz. Demak,
abtsitsalari o'gming X = 5+ 168t3t3£ Z nugtasidan OX 0 giga
chigarilgan perpendikular  berilgan chiziglami butun koordinatali
nugtalarda kesadi.

272. a).56 = 8-7 va (8,7) = 1 boigam uchun masala shartiga
ko‘ra 4x87y6 = O(mod 8),4x87y6 = 0(mod 7) taqgoslamalar o‘rinli
boiishi kerak. 8 ga boMinish belgisiga asosan birinchi taggoslamadan
7y6 = (mod 8) -» 7 +102+ 10y + 6 = O(mod 8) - (—1) @2+
2y-2 = 0(mod 8) » 2y = 6(mod 8) -» y = 3(mod 4) *y = 3 +
4k, K £ Z.Bu yerda 'y ragam bo‘lganligi uchuny = 3vay = 7. y ning
bu topilgan giymatlarni yuqoridagi 2-taggoslamaga qo‘yih 4x8736 =
O(mod 7) va 4x8776 = O(mod 7) lami hosil gilamiz. Bulaming
birinchisidan:4 ml05 +x 104 + 8 « 103+ 7 «102+3+10 + 6 =
O(mod 7)-»4-35+x%x-34+8*33+7-32+3-3—1=
O(mod 7) ~4 m{-1) «32+x m8(—1) +8(—1) +1 = 0(mod ) -~
—1—-3x—1+1=0(mod 7) *3x =-1 (mod 7) *x = 2(mod 7).
Bundan xt = 2,x2 = 9. Endi Ikkmchi taggoslamani yechamiz:

4 wl0Os +xm04+8103+ 7102+ 7+10+6s O(mod 7) —»
4¢3s+xmB4+133—1s O(mod 7) »4+(-1) B2- 3x - 1-
1=0(mod 7) »3x s —3(mod 7) -ex = 6(mod 7). Bundan x3 = 6.
Endi x ning topilgan giymatlarini olib bonb o*rgiga go‘ysak
428736,498776,468776 sonlarini hosil bo*ladi.

©) Shartga ko'ra
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Xyz138 = 0(mod 7)
I138xyz = 6(mod 13) bajariladi. 1-tagqoslamadan xyz w03 +
xly3z8 = (modll)
-
138 = O(mod 7) »xyz «33+ 5= 0(mod 7) -» xyz =
5(mod 7). @)
2-taqgoslamadan 138 « 103 +xyz = 6(mod 13) » 8 «(—3)3 +
Xyz = 6(mod 13) » xyz =
I(mod 13). 2
(Dva (2) taggoslamalami birgalikda yechib xyz ni aniglaymiz. (1)
dan
Xyz = 5+ 71( tj GZ. Buni (2)ga olib borib go‘yamiz. U holda
5+7tt = 1(mod 13) -» 7tj = —4(mod 13) *—6" =
—4(mod 13) = 3tj = 2(mod 13) * = 5(mod 13) » =5+
13t2,t2 G Z. Demak, Xyz = 5+ 35 +91t2 = 40 +91t2t2G
Z.Bundant = 1,2,3,..10 larda uch xonali sonlar
x = 131,222,313...... 950 3
sonlanni hosil gilamiz. Endi 3-tagqgoslamaga qaraymiz .
X*10s+ 104 +y 103+ 3 w02 +z «10 +8 = 5(mod 11)
->-X+I|- y+3-2z+8=5(mod 11) *x +y +2
= 7(mod 11) -»x +y +z = 7 +|Itlf

Gz, (4)
bu yerda x,y,z lar ragamlar boMganligi uchun. 0<x +y +z<
27 boMganligi uchun (4) dant = Ovat =1 dax +y +z = 7vax +

y +z = 18 lami hosil gilamiz. Endi (3) sonlar ketma-ketligidan shu
shartlami ganoatlantiruvchilarini ajratib olamiz. Ular 313,495. Demak,
izlanayotgan sonlar 313138, 495138.
€).792 = 8 «9 w1 va shart bo‘'yichal3xy45z s O(mod 792).

Bu oxirgi tagqoslama

F 13*y45z = 0(mod 8)

» 13xy45zz = 0(mod 9) taqgoslamalar sistemasiga teng kuchli.

|13xy45z s O(mod 11)
1-taqgoslamadan 8 ga boMinish belgisiga asosan 45z = 0(mod 8) —*
450 +z = O(mod 8)-»z = 6(mod 8). Demakz = 6 vauni 2va 3-

taggoslamalarga qo ysak: E1133xx)>2145566:: (9@(?3 B)() bosil bo ladi. 9 ga

boMinish belgisiga asosan bu yerdagi 1-taggoslamadan 19 + X +y =
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O(mod 9) »x +y +1 = 0(mod 9). 2-taqqoslamadan 13 ml05+ X =
104 +y «103+4 102 +5+10 +6 = O(mod 11) »2¢(-1) +x -
y +4- 5+6=0(mod 11) » 0(mod 11) *x —y +3 =
- (x +y —8
O(mod 11). Bulardan x vay lar ragam boMganligi uchun _g->
X = 8,y = 0. Shunday qilib izlanayotgan son 1380456.

273. a).2-tagqoslamadan x = 3 + 711( u holda bum 1-tagqoslamaga
go‘ysak 3 +3y = 5(mod 7) =3y = 9(mod 7) -»y = 3(mod 7).
Javob: x = 3+ 7tlify = 3+7",~ GZ

f 9y = 15(mod 12)
(7x - 3y = I(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=3mod12) [y = 7(mod12) . fY - 11(mod 12)

(;7x = 10(mod 12)' (7x s 10(mod 12): (7x = -2(mod 12)'
Bular mos ravishda quyidagi sistemalarga teng kuchli:

{y =3(mod 12) fy = 7(mod 12) fy = li(mod 12)

(x = —2(mod 12)"' Ix = —2(mod 12)’ (x = —2(mod 12)'

Shunday qilib yechimlar

(r = 10, , (xH 10, . (x=10 , ,

Yy = 3 (mod 12): {y =7 (mod 12): (y = 11 “mod 12)-
r x=2(mod 4) fx = 2(mod 4)
(—2y = —d(mod 4) 12y = 3(mod 4)’

bu yerdagi lkkmchi tagqoslamada (2:4) = 2, lekim 3 soni 2ga
bo’'Immaydi taggoslama yechimga ega emas. Shuning uchun sistema
ham yechimga ega emas.

(ilf 9y = 15(mod 12) { 3y = 5(mod 4)
43x - 7y = I(mod 12) I3x -7y = I(mod 12)
f 3y =I(mod 4) 1 3y =9(mod 4)
(Bx—7y = I(mod 12) I3x —7y = 1(mod 12)
f y=3(mod4)
(3x—7y = I(mod 12)
fy 3,711 (mod 12)
(Bx -7y = 1(mod 12)"

201



Bundan (3 2203449 12) 5% = 3044
Bu yerda 2-taggoslama yechimga ega emas.
’( _ 936 (T7OC[yi)' Yerc'a baT 2-taggoslama yechimga ega
emas.
fY=Il(mod 12) (Y~ 11(mod 12) (y = ll(mod 12)
(3x = 78(mod 12) (3x = 6(mod 12) “*[ x = 2(mod 4)
( y=Ill(lmod 12)
(x = 2,6,10(mod 12)'
A . (x=2(mod 12) = 6(mod 12) .
Demak, yechimlar (v = liihod 12)- = li(mod 1251)
{x = 10(mod 12)
= 11(mod 12)°
o ?_3* -5y = I(mod 12) f31—5y = I(mod 12)
' 9y =15(mod 12) 4 3y = 5(mod 4)
(83* —5y =I(mod 12) (3x-5y = I(mod 12)

I y = 3(mod 4) “*( y=3,7,ll(mod4)
Bundan

(3x = 16(mod 12)
t y=3(mod4) “*Buyerda”312" = 3’ lekin 16 soni 3 §a
bo‘Immaydi, ya’ni sistema yechimga ega emas.
[y = 7(mod 12) Ny = 7(mod 12) jy = 7(mod 12)
(3x = 36(mod 12) (3x = O(mod 12) (x = 0(mod 4)
f yH 7(mod 12)
Ix = 0,4,8 (mod 12)'

Bundan yecmmiarg = 7(mod 12) ; P/ B 7(m0(3 12) ;
= O(mod 12)’ tx = 4(mod 12)
y = 7(mod 12)

= % (mod 18}x> larekan.

» (X+2y =3(mod5) , ... " , .
Z74-a) (4x +y = 2(mod 5) * lkkuich' taggoslamaning ikkala

tomonini 2 ga (2,5)= 1 ko‘paytiramiz ulami hadlab ayiramiz. U holda
—x = —(mod 5) -* 3x = 4(mod 5) -» X = 3(mod 5)ni hosil
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gilamiz. Buni benlgan sistemaga qo‘ysak y = 2 - 4x(mod 5) =
= —10(mod 5) =y = 0(mod 5) kelib chigadi. Demak, yechim
(x = 3(mod 5)
(y = 0(mod 5)'

b){3ar+" - (T ®5) s'stemac’a8’ taggoslamalami hadlab

ayiramiz. U holda—2x ——2(mod 5) »x = 1(mod 5). Bum berilgan
sistemaga qo‘ysak 2y = -x(mod 5) » 2y = —(mod 5) » 2y =
4(mod 5) -* y = 2(mod 5) kelib chigadi. Demak, yechim
fx = I(mod S)
(y = 2(mod 5)°
f 3x + 4y = 29(mod 143) f 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 boMgani uchun taggoslama yagona yechimga ega. Bu
yechimni topish uchun ni uzluksiz kasrga qo‘ysak* = (4,11,12)
hosil boiadi. Bundan munosib kasrlammg suratini aniglasak

4i 4 1 1 2
B b== 4 45 49 143
Bundan P,-i —49, n=4 bo'ladi va y=(-1)3m9m
24(mod 143) s -1176(mod 143) s (-1176 + 1144)(mod 143) =
-32(mod 143) = lli(m od 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: | j*(mod 143) .

d)£ #+7 = 2(mod 5)’ B“ yenbgi “ " Cbl" Noslamaning
ikkala tomonini 2 ga (2,5) = 1 ko‘paytiramiz ulami hadlab ayiramiz. U
holda—5x = 0(mod 5) -ex = 0(mod 5). Buni berilgan sistemaga
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S’ltd i 3m“rf5) hOS' b0 ladi-Demak. sistemaningyechimi

O' = 2(mod 5)°
e) ( X +5Y = 5(mod 6)
45* + 3y = | (mod 6)mBu yerdag* birinchi taggoslamamne

<65)“ 1kO' A '~ hadlab

29424 3 ) ¥ 0OMmOd6)" o - >

, (mod 6).y ning bu giymatlarini berilgan sistemaga ao‘yib

Yy
X ni aniglaymiz: X s 2,S(mod 6). Demak, yechim f* = 5<mod'6)
= 2(mod 6) O' = o(mod 6)’
&y = 3(mod 6)’

f) ( 5x—y = 3(mod 6)
(2x +2y = -1 (mod 6)' Sistemaning birinchi
tagqoslamasidan Sx - y = 3(mnH —cC -W

Nh i &

YKIKrtaré?

o)l X~Y =2(mod6)
+ 2y = 2(mod 6) yerdag* birinchi taggoslamadan x -

+ B™ Nenchi ~qosta»*,

» N 3 3

Amod 6) tagqosiamanmg yechimlari bilan bir dl
h) Y = 2(mod 6)

(2x +2y = 0(mod 6)'

lamaga qo'ysak"™** g) “*¥y = 4x - 2(mod 6). Buni Ikkmchi taggos-

3

u yerdaS' birinchi taggoslamadan
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5x —2(mod 3) * x = 1(mod 3) »x = I, 4(mod 6). Demak,
. . e . = 1(mod & =4 6
sistemaning yechmian: £X " %Emo 63,9( 2%8 63.

275. @). Ma’lumki, (1) dan

Dx = D*mod m)va Dy = D2(mod m). *)
Agar (m, D) = 1 bu ikkala taggoslama ham yagona yechimga ega.
X = dx(modm)\&x = D$* ~ 1D2(modm).

b). (*) dan(D; m) = d> 1bo‘lib Dxva D2 laming ikkalasi ham

dga bo‘lmsa, ulaming har biri d ta yechimga ega bo‘ladi. Agar
Djva Z2laming birortasi d ga bo‘linmasa sistema yechimga ega
emas.Shunday qilib, berilgan sistemaning yechimga bo‘Imasiigi sharti (*)
dagi Dj yoki D2laming birortasining (D; m) = d gabo‘linmasligidir.

c). D = Dx= D2 = 0(mod m) bajarilsa, (1) dagi 2-taggoslama
birinchisining natijasi bo*ladi. Hagigatan ham 1-tagqoslamaning ikkala
tomonini a2ko‘paytirsak

axa2x + bta2y = cta2(mod m) 2)
hosil bo‘ladi. D = 0 vaD2 = 0(mod m) lardan
azbi  *ib2]
a2bj = atczj 4

U holda (2) dan axa2x +axb2y = a&imod m). Bu yerda
(alfm) = 1 bo‘lganligi uchun oxirgi tagqgoslamaning ikkala tomonini ax
ga qgisgartirib a2x + by —c2(mod m)ni, ya'ni (1) dagi 2-tagqoslamani
hosil gilamiz.

V. 4-8.

276. a). Awalo benlgan taggqoslamaning koeffitsiyentlaridan
modulga karrali sonlami chigarib soddalashtiramiz. U holda quyidagiga
ega bo‘lamiz: x10—2x + 1= 0(mod 5).Bu tagqoslamada Ferma
teoremasiga ko‘ra, x5 = x(mod 5) ekanligidan foydalanib darajasini pa-
saytiramiz: (x52—2x + 1= 0(mod 5) *x2 - 2x + 1 = 0(mod 5).
Demak, berilgan taqgoslama oxirgi tagqoslamaga teng kuchli ekanligidan
oxirgi tagqoslamani yechamiz: (x—I)2= 0(mod 5) »x—1 =
O(mod 5) -» X = I(mod 5). Shunday gilib berilgan taggoslamaning
yechimi X = 1(mod 5) dan iborat.

Izoh:x2 —2x + 1 = 0(mod 5) tagqoslamani 5 moduli bo‘yicha
chegirmalaming to‘la sistemasidagi chegirmalami qo‘yib sinab ko‘rish
yo'‘li bilan ham yechish mumkin .
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eKEE'T S -

taggoslamada Ferma teoremasiga ko‘ra *5 = jn
*J AN

ekanligidan foydalanib darajasini pasavtiramiz-1Jhold
bo‘lamiz: X5- 2x3+x2- 2 = i quyidagiga ega
=m3+0 * A J?T fH4 2+ - tf>* *>*+1»

O(mod 3
O(mod 3) *(x +1V = n, X+X +1=* +2X+1a
—I(mod 3). ' ! X+ 1~°(mo(i 3). Bundan x =

J °BwTKk '8. ter8 kuchli- Bundan =

1(mod 3)1}v?
' " 830 ~goslamaning yechim-

lan ekanligi kelib chigadi
" 14- 1+ 1= 0(mod 3);

X !
benlgan taggoslamani qtnoatlitTra®”~ 3)' tOpi,gan yechim
Javob:*! = I(mod 3)vax2= -1(mod3).
o(tab
taqgoslamani 5 moduli bo'yicha cheemnal © riairtaM >ozlb olamiz. Bu
0.£1.42 ni « r S CheeT "as*»10°' » «onto

- «modSW"ZJJS?3«*eh . n holdar,-
shini topamiz. benlgan taggoslamani ganoatlantiri—

Tekshirisb:

Ofm oJif - +5' -3= -1+5-3=03

gL IT rflf DCmak’ tOpi,gan)yeC* m 4 50& 1 765(3) +

Javoh: x, = -I(mod 5)vax2 = -2 (mod 5).
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e). Avvalo berilgan taggoslamani x5 +x4 +x3—x2—2 =
0(mod 5) =X +Xx4 +Xx3- x2—2 = 0(mod 5) -» x4 +X3—X2+X —
2 = 0(mod 5) ko'rinishda yozib olamiz. Bu taggoslamani 5 moduli
bo'yicha chegirmalaming to‘la sistemasidagi sonlar O, &1, 2 ni qo'yib
tanlash usuli bilan yechamiz. U holda xx—2(mod 5)vax2 = —2(mod 5)
lar berilgan tagqoslamani ganoatlantirishini topamiz.
Tekshirish:
D25+24+23—22—2=32+16+8—4-2 =50 =
0(mod 5);
2) (—2)5+(2)4+(—2)3- (—)2-2 =-32+16-8-4-
2 = -30 = 0(mod 5). Demak, topilgan yechim berilgan taggoslamani
ganoatlantiradi.
Javob: xt = 2(mod 5)vax2 = —2(mod 5).
f).Benlgan taggoslamani x7—6 = O(mod 5) »x5mz - 6 =
Xx3—6 = 0(mod 5) ko‘rinishda yozib olamiz.
Bu taqggoslamani 5 moduli bo‘yicha chegirmalammg to‘la
sistemasidagi sonlar O, 1, 2 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, topi>gan yechim
berilgan tagqoslamani ganoatlantiradi. Javob: x = I(mod 5).
g).Berilgan taggoslamani x8 + 2x7 +x5—x +3 = O(mod 5) -~
X5ex3+ 2xX5m2 +x5- x +3 = O(mod 5) *x4+2x3 +X—X +
3 =0(mod 5) * 2x3+4 = 0(mod 5) »x3+2=
O(mod 5) ko‘rinishda yozib olamiz.Bu taggoslamani 5 moduli bo‘yicha
chegirmalammg 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+2s- 2 +3 =512 +32 +1= 545 =
O(mod 5).
Demak , topilgan yechim berilgan taggoslamani ganoatlantiradi.
Javob: x = 2(mod 5).
h).Benlgan taggoslamani 6x4 + 17x2—16 = 0(mod 3) =~ 2x2 —
1 = 0(mod 3) ko‘rinishda yozib olamiz. Bu taggoslamani 3 moduli
bo‘yicha chegirmalaming to‘la sistemasidagi 0, *1 ni go'yib tanlash
usuli bilan yechamiz. Bu sonlaming birortasi ham berilgan taggoslamani
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ganoatlantirmaydi. Shuning uchun ham berilgan taggoslama yechimga
ega emas. Javob: tagqoslama yechimga ega emas.

i). Berilgan taqgoslamani Ax1- 2x3+8 = 0(mod 5) -» —x5e
X2 - 2x3- 2 = (mod 5) “m-x3 - 2x3- 2 = 0(mod 5) = 3x3 +
2 = 0(mod 5) = x3—1= 0(mod 5) ko‘nnishda yozib olamiz. Bu
tagqoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar O, =1, =2 ni qo‘yib tanlash usuli bilan yechamiz. U holda x =
1(mod 5) berilgan tagaoslamani ganoatlantirishini topamiz.

Tekshirish :4 -17 - 2-13+ 8 = 10 = 0(mod 5) = 0(mod 5).

Demak, topilgan yechim berilgan taggoslamani ganoatlantiradi.

Javob: x = 1(mod 5).

j). Berilgan tagqoslamani 3x7 - 2x6 + 2x2 + 13 = 0(mod 5) —»
-2X5ex2- 2x5m +2x2- 2 = (mod 5) » -2x3 - 2x2+2x2 -

2 = 0(mod 5) *x3+ 1 = 0(mod 5) ko‘rinishda yozib olamiz. Bu
tagqoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar 0, =1, 2 ni qo‘yib tanlash usuli bilan yechamiz. U hoida x =
-1 (mod 5) berilgan taggoslamani ganoatlantirishini topamiz.

Tekshirish: 3¢(-1)7- 2+(-1)6+2+(-1)2+13 = -3 -
2+2+13 = 10 = 0(mod 5) = 0(mod 5). Demak , topilgan yechim
berilgan taggoslamani ganoatlantiradi. Javob: X = -1 (mod 5).

277. a). Berilgan taggoslamani f(X) = x3+4x2—3 =
0(mod 5) **x3—x2 +2 = 0(mod 5) ko‘rinishda yozib olamiz. Bu
tagqoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar O, £1, +2 ni qo‘yib tanlash usuli hilan yechamiz. U holda xx =
-1 (mod 5)vax2 = —2(mod 5) lar berilgan tagqoslamaning yechimlari
boMgani uchun X3+ 4x2 - 3= (X + 2)(X + I)h(x) = 0(mod 5) boMi-
shi kerak. h(x) ni aniglash uchunx3+4x2- 3 ni (X +2)(x +1) =
X2+ 3x+2 ga boMamiz va biz quyidagiga ega boMamiz:/(x) =
X+ 2)(X+ D(X +1) + (—Sx +5), ya'ni
f(x) = X +2)(X +1)2(mod 5).

Javob: f(x) s (X +2)(X +1)2(mod 5).

b). Berilgan taggoslamani soddalashtinb f(x) = x4 +x3—x2 +
X —2 —0(mod 5) -» X3 —x2 +X —1 = 0(mod 5) ko‘rinishda yozib
olamiz. f(x) = x3—x2 +x—1 = 0(mod 5) ni quyidagicha yozish
mumkin: f(x) =x2Xx - 1) +(x - 1) = (X - )(x2+1) =
0(mod 5). Endi x2+ 1 = 0(mod 5) taggoslamaning yechimini izlay-
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miz. Bu taggoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistema-
sidagi sonlar 0, =1, £2 ni go'yib tanlash usuli bilan yechamiz. U holda
Xl = 2(mod 5)vax2 = —2(mod 5)lar berilgan taggoslamaning
yechimlari. Shuning uchun ham f (x) = (x +2)(x - (x —

2)(mod 5). Javob: f(x) = (X +2)(x - )(x - 2)(mod 5).

c). Berilgan x4 +Xx +4 = (mod 11) taqgoslamani 11 moduli
bo‘yicha chegirmalaming to‘la sistemasidagi sonlar

0, 1, 2,43, +4, +5 @

lami go‘yib tanlash usuli bilan yechamiz. U holda x = 2(mod 11)
berilgan tagqoslamaning bitta yechimi ekanligini topamiz. U holda x4 +
X+4=(X- 2)(X3+2Xx2+4x - 2) +22(mod 11) = (X - 2)(X3 +
2X2 +Ax - 2)(mod 11) ni hosil gilamiz. Endi x3+2x2+4x - 2 =
0(mod 11) taqgoslamanig yechimini izlaymiz. (1) dagi chegirmalami
tekshirib ko‘ramiz. U holda x2 = 2(mod 11), x3= 3(mod 11),x4 =
4(mod 11) lar uning yechimi ekanligini topamiz. Demak, x4 +X +4 =
(X = 2)2(x - 3)(x - A)(mod 11) bo‘lar ekan.

Javob: f(X) = (x - 2)2(x - 3)(x - 4)(mod 11).

d). Berilgan x2+ 2x +2 = 0(mod5) taqgqoslamani 5 moduli
bo‘yicha chegirmalaming to‘la sistemasidagi sonlar 0, =1, =2 ni go‘yib
tanlash usuli bilan yechamiz. U holda x* = I(thod 5), x2 = 2(mod 5)
lar tagqoslamaning yechimlari bo‘ladi. Shuning uchun ham x2+2x +
2=(X-D(x - 2)(mod5).

Javob: /(x) = (x —1)(x - 2)(mod>5).

e). Berilgan 3x3 - 1 = 0(mod 5) taggoslamani 5 moduli bo'yicha
chegirmalaming to‘la sistemasidagi sonlar O, =*=1,=2ni qo‘yib tanlash
usuli bilan yechamiz. U holda xr = -2(mod 5) tagqoslamani ganoatlan-
tirishini topamiz. Shuning uchun ham 3x3—1 = (X +2)(3x2- 6x +
2)(mod 5). Endi 3x2 - x +2 s 0(mod5) tagqoslamaning yechiminiz-
laymiz. Bu tagqoslama yechimga emas. Shuning uchun ham 3xz—1 =
(x +2)(3x2—x + 2)(mod 5).

Javob:/(x) = (X + 2)(3x2—x + 2)(mod>5).

0.f(X) = 2x4 +x3 - 3x2+2x - 2's 0(mod11) ni garaymiz. Bu
taggoslamani 11 moduli bo‘yicha chegirmalammg to‘la sistemasidagi
sonlar 0, 1, 2, +3, +4, +5 ni qo'yib tanlash usuli bilan yechamiz. U
holda Xi s I(mod 11) ning berilgan tagqoslamani ganoatlantirishini
ko‘ramiz. /(x) ni (x —1) gabo‘lamiz. Uholda /(x) = (X —I)(2x3 +
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3x2+2) = O(modll) ga ega bo‘lamiz. Endi 2x3+3x2+ 2=
O(mod 11) taqqoslamaning yechimini izlaymiz. Bu taggoslamani tanlash
usuli bilan yechib uning yechimi yo‘q ekanligiga ishonch hosil gilamiz.
Shunday qilib, /(*) = X - D(2x3+3x2+ 2) = 0(modll).
Javob:/(xX) = (X - D(2x3+3x2+2) = O(modll).

0)./(X) = x4 - 7x3 +13x2 + 21x + 23 = 0O(mod7) ni garaymiz.
Buni soddalashtinb /(x) = x4—x2+2 = 0(mod7) ni hosil gilamiz.
Bu taggoslamani 7 moduli bo'yicha chegirmalaming to‘la sistemasidagi
sonlar O, +1, 2, +3 lami qo‘yib tanlash usuli bilan yechamiz. U holda
xr = 2(mod 7), xX2= —2(mod 7) laming berilgan taggoslamani
ganoatlantirishini ko‘ramiz. Bundan foydalanib f(x) ni(x +2)(x - 2) =
Xx2-4 ga bolib, f(X)=x4—x2+2= (X +2)(X —2)(X243) +
14 = (X +2)(X - 2)(X2 +3)(mod7) ni hosil gilamiz. Endi x2+ 3 =
0(mod7) ning yechimini izlaymiz. Bu yerda x2 = —3(mod7) -*x2=
4(mod7) bo‘lgani uchun x3 = 2(mod 7), x4= —2(mod 7) lar oxirgi
taggoslamaning yechimi bo‘ladi. Demak, /(x) = (X +2)2(x -
2)2(mod?7).

Javob: /(x) s (X + 2)2(x —2)2(mod7).

h)-f(xX) = 2x4 +x3 - 3x2+ 2x - 2 = O(mod5) ni garaymiz.
Bu taggoslamani 5 moduli bo‘yicha chegirmalaming to‘la sisiemasidagi
sonlar O, +£1, =2 lami qo‘yib, tanlash usuli bilan yechamiz. U holda xt =
I(mod 5), x2= 2(mod 5) laming berilgan  taggoslamani
ganoatlantirishini ko‘ramiz. Bundan foydalanib /(x) ni (x —I)(x -
2) = x2—3x+2 ga bolib f(x)=(x-)(x —2)(2x24-7x +
14) +30(x - D(mod5) = (x - N(x - 2)(2x2+2x - )(mod5) m
hosil qgilamiz. Endi 2x2+2x —1 = 0(mod5) nmg yechimlarini
izlaymiz. Bu taggoslama yechimga ega emas. Shuning uchunham/(x) =
x —D(x —2)(2x2 +2x - )(mod5) deb yoza olamiz.

Javob: f(x) = (x —I)(x - 2)(2x2+ 2x - I)(mod5).

i).f(X) = 2x3+5x2- 2x - 3= 0(mod7) ni garaymiz. Buni
soddalashtirib  f(x) = 2x3- 2x2- 2x - 3= 0(mod7) ni hosil
gilamiz. Bu taqqoslamani 7 moduli bo‘yicha chegirmalaming to‘la
sistemasidagi sonlar 0, +1,+2, +£3 lami qo'yib tanlash usuli bilan
yechamiz. U holda bu sonlaming birortasi ham berilgan tagqoslamani
ganoatlantirmasligini ko‘ramiz, ya’ni
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tagqoslama yechimga ega emas. Shuning uchun ham /(x) ko'pay-

tuvchilarga ajralmaydi. Javob: /(x) ko’paytuvchilarga ajralmaydi.

PDJ(*) =x4-2x2+x+4 = 0(mod7) ni qaraymiz. Bu
tagqoslamani 7 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar O, 1, +2, 3 lami qo'yib tanlash usuli bilan yechamiz. U holda
x s 2(mod 7) ning berilgan taggoslamani ganoatlantirishini ko'ramiz.
Bundan foydalanib f(x) nix —2 ga boiib /(x) = (x —2)(x3 +2x2 +
2X +5) +14 = (X - 2)(x3+2x2+ 2x - 2)(mod7) ni hosil gilamiz.
Endi X3+ 2x2+2x - 2 = 0(mod7) ning yechimlarini izlaymiz. x =
3(mod 7) uning yechimi boigani uchun oxirgu taggoslama x - 3 ga
bo‘linadi, ya'ni X3+2x2+2x - 2= (X - 3)(x2+ 5x +17) +
49 (mod7) = (X - 3)(Xx2- 2x + 3)(mod7).x2 - 2x + 3 = 0(mod7)
ni garaymiz. Bu taggoslama yechimga ega emas, ya’ni ko‘paytuvchilarga
ajralmaydi. Shunday  qilib, /(x) = (x —2)(x —3)(x2—2x 4
3)(mod7).

Javob: f(Xx) = (x —2)(x —3)(x2- 2x + 3)(mod?7).

277. a). Awalo, berilgan taggoslamani soddalashtiramiz. U holda
guyidagiga egaboiamiz: /(x) = 8x13m7—(13 +2)x13+x6+7x13 m
XS+ (13 ¢2 +2) X13 x4 - 4x13ex3+ (2 13 +4)x13 m 2 + 10x6 -
4x3+ (13 + 10)x2 - (13 +8)x - 11 = 8x8 - 2X7+ 7x6 + 2x5-
4AX4 +4x3 - 3X6- 4x3 - 3x2+ 5x +2(modI3) = -5x8 - 2x7 +
4x6 + 2X5 - 4x4 - 3x2+5x +2(modl3).

Demak, biz-5x8 — 2X7 +4Xx6 +2Xs - 4x4 - 3x2+5x +2 =
0(mod13) tagqoslamani yechishimiz kerak. m = 13 moduli bo'yicha
chegirmalaming to‘la sistemasidagi sonlar O, 1, #2, +3, +4, +5,+6

larni sinab ko‘rsak ulaming birortasi ham berilgan tagqoslamani
gonoatlantirmaydi. Demak, taggoslama yechimga ega emas.

Javob: taggoslama yechimga ega emas.

b).Awalo, berilgan tagqoslamani sjddalashtiramiz. U holda
guyidagiga ega boiamiz: f(X) = X7*X3+ X7 m +X7 —x4—X2 +
AX - 3= X4+X2+X - X4 - x2+4x - 3 = 5x - 3(mod7). Demak,
biz 5x - 3 = 0(mod7) taqgoslamaning yechimlarini izlashimiz kerak:
5x = 3(m0d7) -

5x = 10(mod7). Buyerda (5,7) = 1boiganiuchunx = 2(mod7).

Javob: x = 2(mod7).
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c). Awalo, berilgan tagqoslamani soddalashtiramiz. U holda
guyidagiga ega bo‘lainiz: f(Xx) = x101 4-3x15 +x11 - 3xs + 9x2+
10a - 5= (X1)9ex2 +3x1L* X4 +x11 —3x5- 2Xx2—x - 5= X +
3X5+ X —3x5- 2x2—x —5= —2x2+X - 5= O(modll). Demak.
berilgan taggoslama 2xz - 5x +5 = O(modIl) gateng kuchli ekan. 11
modul  bo‘'yicha chegirmalaming to‘la sistemasidagi  sonlar
0,%, £2, £3, #4, +5 lami sinab ko‘rish yo‘li bilan yechsak, xa=
2(modll)vax2= 4(modll) yechimlarga ega bo lamiz.

Javob: Xj = 2(modll)vax2 = 4(modll).

d).Berilgan taggoslamani soddalashtiramiz. U holda quyidagiga
ega  bo‘lamiz: /(X) = 2x3B —17x15 + 13x8—3x5+12x + 5=
O(Tnodll) =2(x10) 3m5 + 5x10 x5+ 2x8 - 3x5+x +5= 2x5+
5xs +2x8 - 3x56+ X +5 = 2x8 +4xs +x + 5= O(modll). Demak,
berilgan tagqoslama2x8 + 4x5+ x +5 = O(modll) ga teng kuchli. 11
modul bo‘yicha 0,#*1, +2, +3, +4, 45 lami sinab ko‘rish yo‘li bilan
yechsak xx= 3(modll) vax2= 5(modll) lar taggoslamaning
yechimlari ekanligiga ishonsch hosil gilamiz.

Javob: xx= 3(modll) vax2 = 5(modll).

e). Benlgan x12 —2x7 + x3 + 1 = 0(mod>5) soddalashtinb

(X5)2ex2 - 2x5 2 +x3+ 1 = O(mod5) x4 —2x3+x3+ 1
= 0(mod>5)

—»4 —x3+ 1 = 0(mod5). Demak, berilgan tagqoslama x4 —x3 +
1 = O(mod>5) ga teng kuchli. 5 modul bo‘yicha chegirmalaming to'la
sistemasidagi sonlar O, =1, +2 lami sinab ko‘rish yo‘li bilan yechsak, x =
—2(mod5) yechimga ega bo‘lamiz. Javob: x = —2(mod5).

279. Bizga ma’lumki, p-tub modul bo‘yicha xp —x ni /(x) ga
bo‘lishdan chiggan qoldiq R(X) ning barcha koeffitsiyentlan p ga
bo‘linishi kerak. R(X) ni aniglaymiz: x7—x = (x3 + ax +b)(x* —
ax2—bx +a2) +2abx2 + (b2—a3- I)x - a2b. Demak,

2ab = 0(mod7)
b2—a3—1= (modi)
k a2b= (mod7)

bajaralishi kerak, shartga ko‘raa r O(mod7) vab £ Q(mod7)
bo‘lgani uchun ab LLI(mod7), ya'ni birinchi shart bajarilmaydi. Shuday
gilib berilgan taqgoslama 3 ta yechimga ega bo‘la olmaydi.
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280. Xxp—X ni xn-a ga bo‘lib xp—x = (xn-a) mXxp~N—
axp~2) +axp~- x ni hosil gilamiz. Birinchi goldiq axp—n - X ga
teng. BoMish jarayonidagi ikkinchi qoldig a2xp~2n - X va hokazo k-
goMdiq a kxp~1—xX lami hosil gilamiz. Faraz etaylik k-qgoldiq oxirg
boMsin. U holda

R(x) = akxp~kn—x boiadi. 279-misolga asosan xn = a(modp)
ning n ta yechimga ega bo'lishi uchun R(X) ning barcha
koeffitsiyentlari p ga bo‘linishi kerak. Agar p —nk > 1 bo‘lsa, akva 1
koeffitsiyentlar p ga bo‘linmaydi va demak, bu holda xn = a(modp)
tagqoslama n ta yechimga ega bo*Imaydi.

Agarda p-nk =1 bo‘lsa R(X) = (ak- I)x bo‘lib ag” =
a(modp) taggoslamaning n ta yechimga ega bo‘lishi uchun ak - 1 =
O(modp) yoki

. p-i
ak = limodp) =>a n = 1(modp) (D)
bajarilishi kerak ekan. Shunday qilib, xn = a(modp), n <p va
(a,p) = 1 tagqoslamaning nta yechimga ega bo‘lishi uchun ~  butun
son bo‘lib (1) sharthmg bajarilishi zarur va yetarli ekan. _
p-i
281. a).x3= I(mod7) ni garaymiz. 280-misoldagi a n —
7-1
1(modp) shartni tekshiramiz 1 3 = I(mod7) bajariladi. Demak,
berilgan taggoslama 3 ta yechimga ega. Endi shu yechimlami topamiz.
Buning uchun 7 modul bo'yicha chegirmalaming to‘la sistemasidagi
sonlar O, =1, =2, =3 lami sinab ko‘rish yo‘li bilan yechsak, u holda xt =
1, x2= 2, x3= 3(mod7) laming berilgan taggoslamani ganoatlantiri-
shini ko'ramiz.
Javob: =1, x2= 2, x3= 3(mod?7).

b). x2 = 2(mod5) nigaraymiz. (1) dan 2 z = 22 = 4(mod5).
Demak, berilgan taggoslama yechimga ega emas.

Javob: taggoslama yechimga ega emas. o

¢).x5= 10 (modll) ni garaymiz. (1) dan a“sI =10z =
1(mod11), Demak, berilgan taggoslama 5 ta yechimga ega. Endi shu
yechimlami topamiz. Buning uchun 11 modul bo'yicha chegirmalaming
to‘la sistemasidagi sonlar 0, 1, +2, £3, +4, +5 lami sinab ko‘rish yo'li
bilan yechsak, u holdaxx= —,x2 = +2,x3 = —3,x4 = —4,Xs=
—5(modll) laming berilgan taggoslamani ganoatlantirishini ko‘ramiz.
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Javob: xr= —,x2 = 2,x3= —3,x4 = -4,x5= -5(modll).
d).x4 = 1(mod11) m qaraymiz. (1) dan 1°*" = 12 = 1 boiishi
kerak. Lekin bu yerda butun son emas, shuning uchun ham bemgan

tagqoslama 4 tayechimga ega deya olamiz. Taggoslamaning yechimlarini
topamiz. Buning uchun

0, %1, 2, +3,+4, 5 lami qo‘yib tekshiramiz. U holda berilgan
tagqoslama 2 ta xx= —2(modll), x2 = 2(modll) yechimlarga ega
ekanligiga ishonch hosil gilamiz.

Javob: = -2(modll), x2= 2(modll).

7-1
e)xb= 3(modi") ni garaymiz. (1) dan3 e = 3(mod7). Demak
berilgan taggoslama yechimga ega emas.
f) Javob: taggoslama yechimga ega emas.

f).x = 3(mod13) ni qaraymiz. (I)dan 313+1 = 33 = 1(mod13).
Demak, berilgan taqgoslama 4 ta yechimga ega. Taqggoslamaning
yechimlarini topamiz. Buning uchun O, %1, 2, +3,+4 +5 +6 larni
go‘yib tekshiramiz. U holda Xxt= -2, x2=2, x3= -3, x4 =
3(modl3) laming berilgan taggoslamaning yechimi ekanligiga ishonch
hosil gilamiz.

282.Vilson teoremasiga asosan p tub soni uchun

(p - D! +1=0(modp) —» (p - 2)! (p - 1) = -1(modp) -

(p —2)! = 1(modp)

bajariladi.

283. Faraz etaylik pva p +2 lar tub sonlar boMsin. Vilson
teoremasiga ko‘ra (p —1)! +1 = 0(modp). Buning ikkala tomonini 4
ga ko‘paytinb hosil boMgan tagqoslamani p = O(modp) ayniy
tagqoslama qo‘shamiz. U holda

4 wf(p - 1)! + 1] +p = 0(modp) )

tagqoslamaga ega boMamiz. Endi p +2 = 0O(modp + 2)
tagqoslamani garaymiz. Bundan p = —2(modp + 2).Buning ikkala
tomonini (p + 1) ga ko'paytirsak

pp+) =2+ =-2(p+2)-1)=2pP+2) +2

= 2(modp + 2)
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hosil boMadi, ya’ni p(p + 1) = 2(modp +2). Oxirgi taggos-
lamantng ikkala tomonini (p - I)!-2 ga ko‘paytirib, hosil bo‘lgan
taggoslamaning ikkala tomoniga 4 + p ni qo‘shamiz. U holda
2¢(p+1)!+4+p=(p- 1) m+4+p(mod p +2)
> 2[(p+ D! +1] +(p +2)

—A4[(p—1)! + 1]
+ p(modp
+ 2). (3)

Agar p tub son bo‘lsa, Vilson teoremasigako‘ra (p + 1)! +1 =
0(modp + 2) bo‘lishi kerak. Shuning uchun ham (3) dan

4[(p - 1)! + 1] +p = O(modp + 2) 4)
kelib chigadi. (2)va (4) dan
4[(p - 1)! + 1] +p = O(modp(p +2)) ()

ni hosil gilamiz.

Aksincha, agar (5) shart bajarilsa, (4) ning bajarilishi kelib chigadi.
Bundan (3) gaasosan (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 holdaVilson teoremasiga
asosan:

(p —1)! = -1(modp) (4n)! = -1 (modp). Bu yerda

1-2-3...... 2nm2n +1)(2n +2)....... (4n - 1) «4n =
@n)fpe-2npP-2n+1)..p-2(pP-1) =
@n)! [G1)(—2)... (—2n) +pt](modp) = (- 1)2n((2n)H)2 (modp) =

((2n)Hz (modp) bo‘lgani uchun ((2n)l) = —1(modp) ga bo‘lamiz.
285.3). Vilson teoremasiga asosan
(p - 1)! = —1(modp). (6)
Bundan a(p - 1)! = —a(modp). Ferma teoremasiga asosan
a? = a(modp). @)

Bu ikki taggoslamani hadlab qo'shsak ap + a(p —1)! =
O(modp)hosil bo‘ladi.
b). (6) va (7) ni hadlab kolpaytirsak
ap(p —1)! = —a(modp) = ap(p - 1)! +a = 0(modp)
hosil bo‘ladi.

286. p > 2tub son bo‘lsin. U holda (6) dan(p —1)! + 1 =
P-P-D+1=(P-2)'p-(P-2)+1=
O(modp)yoki(p - 2)! —1 = 0(modp).
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287. Xv—x = f(X)Q(x) +R(x) (8) ayniyantni garaymiz.
Bu yerda Q(X) va R(x) lar butun koeffitsiyentli ko‘phadlar boMib
degQ(X) = p - n, degR(X) < n- 1. Agar/(x) = 0(modp)
tagqoslama n ta yecliimga ega bo‘lsa, u yechimlar R(x) = Q(modp)ni
ham ganoatlantirishi kerak. deg.R(X) < n —21boMgani uchun 2-
teoremaning natijasiga asosan R(X) ning barcha koeffitsiyentlari p ga
boMinishi kerak.

Aksincha, /?(x)ning barcha koeffitsiyentlari p gaboMmsa, (8) dan
f(X)Q(x) = 0(modp) hosil boMadi. Demak, f(x) = 0(modp)
tagqoslama n ta yechimga ega.

288. a).xs-xning berilgan x2 + 2x + 2 ko*‘phadga boMib goldigni
topamiz:

X5—X = (X2 +2X + 2) m{x3—2x2 + 2X) + (-5x).

Bundan R(x) = —bx boMib —b5 soni 5 ga boMinadi. Berilgan
taggoslama 2 ta yechimga ega. Hagigatan ham, 5 moduli bo'yicha
chegirmalaming toMa sistemasidagi sonlar 0, 1, +2 ni go'yib tanlash
usuli bilan yechamiz. U holda xt = 1(mod 5) vax2 = 2(mod 5) lar
benlgan X2+ 2x +2 = 0(mod 5) taqgoslamani ganoatlantirishini
tchamiz. JavobiXj = I(mod5), x2 = 2 (mod5).

b). Awalo, berilgan 3x3 - 4x2 - 2x - 4 = O(mod7) tagqos-
lamani bosh hadming koeffitsiyenti 1 ga teng boMgan taggoslama bilan
almashtiramiz.

3a = I(mod7)—a = 5(mod7) *a = —2(mod7)boMgani uchun
berilgan tagqoslamaning ikkala tomonini (-2) ga ko‘partiamiz:

-6X3 +8XZ+4X +8 = x3+X2- 3x + I(mod7)

boMgani uchun berilgan taggoslama x3+x2 - 3x +1 =
O(mod7)ga teng kuchli. Endi R(X) ni aniglaymiz: X7—x=
(X3 +x2- 3x + 1) m{x4 - x3+4x2- 8x +21) + (-49x2 + 70x -
21) boMgani uchun R(X) = -49x2+70x - 21. R(X) ning barcha
koeffitsiyentlari 7 ga karrali, shuning uchun ham berilgan x3 +x2 —
3x + 1= 0(mod7) taggoslama 3 ta yechimga ega. Bu yerda 7 moduli
bo‘yicha chegirmalaming toMa sistemasidagi sonlar 0,+1,+2, +3 ni
go'yib tanlash usuli bilan yechamiz. U holda xx= 1, x2= 2, x3=
3 (mod7) lar uni ganotlantiradi.

JavobiX! = 1, x2= 2, x3= 3 (mod7).
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IV.5-8.
289. 1). Berilgan taqgoslama ushbu
f 3x3+4x2 —7x —6 = 0(mod3)
I 3x3 +4x2—7x —6 = 0(mod5)
sistemaga teng kuchli. Bu sistemani soddalashtiramiz:
r X2 —x = 0(mod3)
(2x3 +x2 + 2x + 1 = 0(mod5).
Bu sistemadagi 1-taggoslamaning yechimlari X =
0,1 (mod3); ikkinchisiniki esa X = -2,2(mod5) lardan iborat, natijada
quyidagi 4ta sistemaga ega bo‘lamiz:

f x = 0(mod3) . (X = 0(mod3)
a'lx = —2(modb) be = 2(mod>5)
jx = 1I(mod3) (X = I(mod3)
C (X = —2(mod5) tx = 2(mod5)’
f X = 3tj ( ©N\= 1(mod 5) _
DdanU = -2(mod5) - It, = 1 +St2, t2e Z +,

5t2) = 3+ 15t2,t2e Z

bydanU ~ 2(mod5) " kV -I(mod5) -*X=3(_1 +5tz) =
-3 +15t2t2e Z
f X = 1+ 3tx f x=1+3tt
c)dan(l +3t, = -2(mod5) 13t, = -3(mod5)
f X=1+3tx
(ti = -1 +5t2
ex=1+3(-1 +512) =-2 + 15t2t2e Z.
( x=1+3 x =1 + 3tt fx = 1+ 3tx
d)dan (1 +3tx= 2(mod5) 13t! = I(mod5) K =2+5t2
»X=1+3(2 +512) = 7+ 15t2t2e Z
Shunday qilib berilgan taggoslama 4 ta yechimga;
X = 3,-3,-2,7 (modlI5)ega ekan.
Javob: x = 3,—3,—2,7 (modl5).
2). Berilgan taggoslama 6x3 —3x2 —13x —10 = 0(mod30)
ushbu taggoslamalar
6x3 - 3x2- 13x - 10 = 0(mod2)
6x3—3xz —13x —10 = 0(mod3)
6x3 - 3x2- 13x -10 = 0(modS)
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sistemasiga teng kuchli. Bu sistema
X2 —x = 0(mod2)
2X - 1= 0(mod3)
X3 + 2x2 + 2x = 0(mod>5)
ga teng kuchli. Bu yerdagi birinchi taggoslamaning yechimi x =
0,I(mod2), ikkinchisiniki x = 2(mod3), uchunchisiniki esa x =
0,1,2 (mod5) dan iborat.

Buiardan
= 0(mod2) = I(mod2)
i: 2(mod3) [<<= 2(mod3)
= 0(mod5) " = 0(mod5)
™ = 0(mod2) fx = 0(mod2)
c) X = 2(mod3)d) <x = 2(mod3)
X = I(mod5) (x = 2(mod5)
X = I(mod2) [x = I(mod2)
e) x = 2(mod3) fjx = 2(mod3)
X = I(mod5) 2(modb5)
chizigli taggoslamalar sistemalariga ega bo*‘lamiz.
X = 2tX ( x=2tx _
a)dan 2t = 2(mod3) . =1+3t2 % _Oz(r:o%tSZ)
X = 0(mod5) Ix = 0(mod5)

2 +6t2= 0(mod5) - 3t2= —(mod5) » 3t2= 9(mod5)t2
= 3+513 t3EZ -*x = 2+6(3 +5t3) = 20 +30t3

b) dan
X = 1+2tt X = 1+ 2tx X=1+4+6t2
1+2tj = 2(mod3) » = 2+3t2— 5+ 6t2= 0(mod5)
X = 0(mod5) .X = 0(mod5) t2 = 5t3
x =5+6(5t3 = 5+ 30t3.
f  x=2tj r x=2 X = 2 +6t2
c)dan<2tj = 2(mod3) | = 1+3t2 -» 2+6t2= I(modb)
| x = I(mod5) Ix = I(mod5) t2s —(mod5)
X=2+6(-1+513 = -4 +30t3
d) dan 2("0r5) AN+ 6t2= 2(mod5) » 6t2= 0(mod5)

-»t2= 0(mod5) »t2 = 5t3-»x = 2 + 30t3.
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X ~ 5+ 612 (t2= —4(mod5)
e)danjs + s ifaodS) “*( t2= 1+ 5t3
X = 5+6(1 +5t3) = 11 +30t3,t3 e Z.

X = 5+6t2 (x- + 612 -_ . nn*

f)dan[5+6t2 2(modg§' +gt3 »X= 17 +3|8t3,
t3ez.

Shunday qilib, benlgan taggoslamaning yechimlari

X = —13,-10, -4,2,5,11 (mod30) lardan iborat ekan.

Javob:x = —13,—10,—4,2,5,11 (mod30).

3).Berilgan tagqoslama x4 —33x2 + 8x —26 = 0(mod35) ushbu
tagqoslamalar

(x4 - 33x2+8x —26 = 0(mod>5)
IX4 - 33x2+8x - 26 = O(mod7)
(X4 +2x2 + 3x—1 = 0(mod>5)
I X4+ 2x2+Xx+2 = 0(mod7)
sistemasiga teng kuchli. Bu yerda birinchi taggqoslamaning
yechimi X = I(mod5); ikkinchisining yechimi esax = 2(mod7) dan

iborat. Bulardan j* ~ 2(mod7) sistema8a kelamiz. Buni yechib

f XxX=1+Sti f x=1+5tj J Xx=1+5fr
(1 + 5tx= 2(mod7) “* (5" = I(mod7) “* (5" = 15(mod7)

- {~"=3("7)-* =1+5@B+7'r)**=16+35CI" 6
z.

Demak,berilgan sistemaning yechimi x = 16(mod35) dan
iborat.

Javob: x = 16(mod35).
4).Berilgan taqgoslama x5 —3x4 + 5x3 + 9x2 +4x —12 =
0(mod42) ushbu taggoslamalar

'XSs—3x4 + 5x3+ 9x2 +4x —12 = 0(mod2)
—3x4 + 53 + 9x2 +4x —12 = 0(mod3)

IKs —3x4 + 5x3 + 9x2 +4x —12 = 0(mod7)
sistemasiga teng kuchli. Bu sistemadagi taqgoslamalami
soddalashtinb quyidagi sistemaga ega bo‘lamiz:
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(x2)2mK - (x2)2+x2-X +x2 = 0(mod2)
(X3 X2-x3+X=0(mod3) -
X5 —3X4 —2%x3 + 2x2—3X + 2 = 0(mod7)
X3 +X2= 0(mod2)
X = 0(mod3)
[X5- 3x4 - 2xXb+ 2Xx2 - 3X +2 = O(mod7)

Birinchi taggoslamani ixtiyoriy X £ Z soni ganoatlantiradi.
Ikkinchisining yechmi X = 0(mod3) dan iborat. Uchinchi tagqoslamani
yechamiz. 0, =1, +2, +3 lardan fagat 2 uni ganoatlantiradi. Demak, bu
tagqoslama yagona x = 2(modl) yechimga ega. Shunday qilib, ushbu

(x = 0(mod3)
x = 2(mod7)
sistemani hosil qgildik. Buni yechib
f  *=3t no*=3t

+
(B£=2(mod7) ~ It=3+7t *-3+2¢
X = 3,24 (mod42) gaegabo‘lamiz. Javobix = 3,24 (mod42).
5). Berilgan tagqgoslama x s + x4 —3x3+ 2x —2 = 0(mod77)
ushbu tagqoslamalar
fxs+xAA\, 3x3+2x - 2 = 0(mod7)
(X5+x4-3x3+2x-2 = 0(modll)
sistemadagi tagqgoslamalami yechib quyidagilarga ega boMamiz: O,
+1, *+2, #3 lardan birortasi ham ganotlantirmaydi. Berilgan tagqoslama
yechimga ega emas.
Javob: tagqoslama yechimga ega emas.
6).Berilgan taggoslama 3x3 + 6x2 + X + 10 = 0(modl5) ushbu

. (8x3+6x2+x + 10 = O(mod3) .
tagqoslamalar (313 +6*2+, +10s 0(mod5) ««8

sstemasiga teng‘kuchu. Bu

kuchli. Bu sistemadagi birinchi taggoslamani  tanlash usuli bilan
yechamiz. Buning uchun 0,1 lami unga qo‘yibtekshiribko‘rishkitoya.
holda x = —4(mod3) ning birinchi taggoslamani ganoatlantirishini
ko‘ramiz. Sistemadagi ikkinchi taggoslamaning yechimlari esa x =
0,1,2(modS) lardan iborat. Natijada quyidagi 3 ta sistemaga ega
boMamiz:
.I:p\: —(mod3) pc= —-d(mod3) fx=—d(mod3)
0(mod>5) I x = I(mod5) ¢ x = 2(mod5) ’
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Shuning uchun ham berilgan tagqoslamaning yechim ni x = x0 =
MrM[br 4 M2M2b2(n"~15) ko'rinishda izlash mumkin. Bizda Afx =
5, M2= 3 bo‘lgani uchun 5M[ = I(mod3) *M[ = 2 va 3ARR =
I((lmod5) -» M2 = 2 gaegabo‘lamiz. Buiardan foydalanib X = x0= 5m
2bx + 3 «2b2(modl5) = -5ba+6b2(modl5). Endi bunda fij = -1,
b2=10,1,2 deb olib berilgan taggqoslamaning yechimlari =
5(modl5), x2= ll(modl5),x3= 2(modI5) ni hosil gilamiz.

Javob: x = 2,5,11(mod 15).
7). Berilgan taqgoslama 37x = 17(modI80) da 180 = 36-5

bo'lgani  uchun ushbu taggoslamalar (37x = 17(mod5)

7(mod36)®***®@*\®* ten8 kuchli. Shuning uchun ham berilgan
taqgoslamaning  yechimini x = x0= + AR2AR2b2(modI5)
ko‘rinishda izlash mumkin. Bizda = 36, M2=5 boigani uchun
36MJ = I(mod5) -» MJ = 1va 5Af2= I(mod36) >M2= -7 gaega
boMamiz. Buiardan foydalanib X=xX0=36¢ +5m
(—7)b2(7nodlI5) = 36" —35b2(modI80). Endi bunda bt = 1, & =
17 deb olib benlgan taggoslamaning yechimlari x = -19(modI80), ni
hosil gilamiz. Javob: x = —19(modI80).

290.1). 4x3—8x —13 = 0(mod 27) tagqgoslamani yechishimiz
kerak. Bu yerda27 = 33 boMgani uchun awalo. 4x3—8x —13 =
0(mod3) taggoslamani garaymiz. Bundan x3 +x —=0(mod 3). Bu
tagqoslamaning yechimlarini topish uchun 3 moduli bo‘yicha
chegirmalaming to‘la sistemadagi sonlar 0,%1 ni qo‘yib tekshirib
ko‘ramiz. U holda x = —(mod 3) uning yechimi ekanlinl ko‘ramiz.

Endi bux = -1 + 3tj yechimni nazariy gismdagi

N~ Hi/47i) sO(modp) (7)

ga olib bonb go‘yamiz: U holda, bizda p = 3, xt = —1,/(—1) =
-9,f'(x) = 12x2- 8va/'(-1) = 4 boMganiuchun "+ 47*

O(mod 3) —-»t1=3(mod 3) *" =3+ 3t2 *x=—1+9+
9t2 = 8 + 912 Endi yana (7) dan foydalanib (nazariy gismdagi (9) ga
garang)

AT+ hf'(x2) = 0(mod p) @)
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ni tuzib olamiz. Bizda p = 3,x2 = 8./(8) = 1971, /'(8) = 760
bo‘lgani uchun ~ + 76012 = 0(mod 3)-+t2= -219(mod 3) *
t2 = 0(mod 3), ya’'ni t2 = 3t3. Bu giymatni x ning ifodasiga olib bonb
go‘ysak X = 8 +9(313)= 8 + 27t3t3eZ, ya'ni x = 8(mod 27) beril-
gan taggoslamaning yechimiga ega bo‘lamiz. Javob: x = 8(mod 27).

2). f(X) = x4 - 3x3+ 2x2- 5x - 10 = 0(mod 343) taqqosla—
mam Yyechishimiz kerak. Bu yerda 343 = 73 boMgani uchun awalo,
f(x) = 0(mod7) taggoslamani garaymiz. Bu x4 - 3x3 = 2x2 + 2x -
3 = 0(mod 7) ga teng kuchli. Bu taggoslamaning yechimlarini topish
uchun 7 moduli bo‘yicha chegirmalaming to‘la sistemadagi sonlar
0, %1, +2, 3 ni go'yib tekshinb ko‘ramiz. U holda x = 3(mod 7)
uning yechimi ekanllni ko‘ramiz. Demak, x = 3(mod 7) berilgan tag—~
goslamanmg yechimi. Endi bu x = 3 + 7tj yechimni nazariy gismdagi

N~ +hf'(x1)=0(modp) (7) gaolib bonb go‘yamiz:

U holda, bizda/(3) = 34-3-27 + 18 - 15- 10 = -7; f'(x) =4x3 -
9x2+4x —5va/ ,(3)= 108 —81 + 12 —5 = 34 boMgani uchun
(7) dan +34 = 0(mod 7)

-»34" = I(mod 7)— = —(mod 7),ya'nitj = -1 + 7fz. Buni
X ning ifodasiga go'ysak X = 3+ 7 (-1 +712) = -4 +49t2 hosil
boMadi. Endi bundan foydalanib (9) ni tuzamiz. Bunda /(-4) =
(—4)4-3-(—4)3+2-16+20- 10= 256 +192 + 32 +20 - 10 =
:195030./ (—4) = 256 —9m6—16—5=—421 boMeani  uchun
— +1t2(—421) = O(mod 7) » -421tz = -10(mod 7)— s
-3(mod 7)—#2 = 3(mod 7)-*t2= 3 +7t3, t3e Z. Hosil boMgan
giymatni x ning ifodasiga olib bonb qo‘ysak x = -4 +49(3 + 7t3) =
—4 + 147 + 343t3 = 143 + 343t3,t32Z ga ega boMamiz, ya’'ni x =
143(mod 343) berilgan taggoslamaning yechimiga ega boMamiz.
Javob: x = 143(mod 343).

3-/(x) = x4—A4x3 +2xz +x +6 =0(mod 25) taqgoslamani
yechishimiz kerak. Bu yerda 25 = 52 boMgani uchun awalo, f(x) =
O(mod5) taqgoslamani, ya'ni /(X) = x4- 4x3+2x2+X +6 =
0(mod 5) nigaraymiz. Bu x4 +x3 +2x2 +x + 1 = 0(mod 5) gateng
kuchli. Bu taggoslamaning yechimlanm topish uchun 5 moduli bo‘yicha
chegirmalaming toMa sistemadagi sonlar 0,41,%£2 ni go‘yih tekshinb
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ko‘ramiz. U holda x = 2(mod 5) va i = -2(mod 5) lar uning
yechimlan ekanligini ko'ramiz.

Endi awalo x = 2 + Stt yechimni nazariy gisradagi (7)-formulaga
olib borib go‘yamiz. U holda, bizdap = S,x1 = 2,f(2) - 0,/'(*) =
A3+ 12x24-4x + 1va/'(2) = -7 bo‘lgani uchun (7) dan - +4tt =

O(mod 3) » ttsOCmod 5) *h = 512 »X= 2 +5+5t2= 2 +
25t2,t2eZ yoki xr = 2(mod 25). Ikkinchi yechimi x = -2 (mod 5)
uchun +tf'(-2) = O(mod 5). Bunda/(-2) = 16 +32 +
8-2 +6=60, /'(-2) = -32 - 48 - 8+ 1 = -87 boMgani uchun
— +1i(—87) = 0(mod 5) -~ 12 + 3" = 0(mod 5)-»3" =
3(mod 5)->t1= I(mod 5), ya'ni = 1+5t2->x= -2 +
5@ +5t2) = 3 +25t2. Demak, berilgan taggoslamaning Ikkmchi
yechimi x2 = 3(mod 25).
Javob: Xi = 2(mod 25), x2 = 3(mod 25).

4). 9x2 + 29x + 62 = O(mod 64) taggoslamani yechishimiz kerak
Bu yerda 64 =26 boMgani uchun awalo, f(x) = 0(mod2)
taggoslamani, ya’'ni f(x) = 9x2 + 29x +62 = 0(mod 2) ni garaymiz.
Bu x2+x = 0(mod 2) gateng kuchli. Bu tagqoslamaning yechimlarini
topish uchun 2 moduli bo‘yicha chegirmalaming toMa sistemadagi sonlar
0,1 ni go‘yib tekshirib ko‘ramiz. U holda x = 0(mod 2) va x =
I(mod 2) lar uning yechimlari ekanligini ko‘ranuz.

a), X = 0(mod 2) -*x = 2tx yechim uchun +/'(0)ti =
O(mod 2) dan /(0) = 62;/'(*) = 18x + 29, /'(0) = 29 boMgani
uchun 31 +29t,. = O(mod 2) - » = -I(mod 2)->tx= -1 + 212,

t2eZ.x = 2(-1+2t2) = -2 +4t2, t2eZ x=-2 +412 _2dan
foydalanib (9) ga asoslanib quyidagilarga ega boManuz:
tzf'(-2) = 0(mod 2), bunda/(-2) = 36 - 58 +62 = 40 ,f'(“2) =
—7 boMgani uchun 10 —7t2 = 0(mod 2)—*t2= 0(mod2)—*L =
2t3-»x = -2 +4(213) = -2 +8t3 t3e Z

Endi x = -2 +8t3 t3e Zdan foydalanib navbatdagi gadamni
amalga oshiramiz. U holda ~+1t3 '(—2) = 0(mod 2)ni hosil
gilamiz. Bunda /(-2) = 40, /'(-2) = -7 boMgani uchun 5 - 7t3 =
O(mod 2) »» 7t3= 5(mod 2) —*t3= 1(mod 2),t3= 1+ 2t4—*
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X =—=2+8(1 +2t4) = 6+ 16t4,t4fZ.Endi x = 6 + 16t4, t4 € Zdan
foydalanib navbatdagi gadamni amalga oshiramiz. U holda — +
f4/'(6) = O(mod 2) ga ega bo‘lamiz. Bu yerda /(6) = 9m86 +29 m
6+62 =324+ 174 +62 = 560,/'(6) = 18 w6+ 29 = 108 + 29 =
137 bo‘lgani uchun 35 +t4 w37 = O(mod 2) & t4= I(mod 2) =
t4= 1+ 2ts—+x = 6 +16(1 + 215 = 22 +32ts ,t5eZ

Endi x = 22 + 3215 t56 Zdan foydalanib oxirgi gadamni amalga
oshiramiz.U holda +tsf'Q22) = O(mod 2) gaegaboiamiz.
Buyerda/(22) = 9m22* +29m22 +62 = 4356 + 638 + 62 =
5056,/'(22) = 18 w2 +29 = 425 boigani uchun +425ts =
O(mod 2)—*158 +t5 = 0(mod 2) -»t5= 0(mod 2)—t5=
26 = 22 +32(216) = 22 + 64t6,t6e Z.Demak, berilgan
taggoslamaning hitta yechimi x = 22(mod 64) ekan.

b). Endi x = 1(mod 2) ga mos yechimini izlaymiz: x = 1+
2~yechim uchun ~  +/'(1)ti = 0(mod 2)ni tuzib oliuniz. Bu yerda
/(1) =9+29+62 =100, /'(1) =18 + 29 = 47 boigani uchun
50 + 47tt = 0(7nod 2)

~ = 0(mod 2) = 2t2>x= 1+ 2tx= 1+412 X ning bu
giymatidan foydalanib quyidagilarga ega boiamiz: +f'(V)t2=
O(mod 2+ 25 +47t2= 0(mod 2) mt2= -I(mod 2—=2= -1 +
2t3»x = 1 +4(—1 + 2t3) = —3 +8t3.X ning bu topilgan giymati-
dan foydalamb quyidagiga egaboiamiz: +/'(—3)t3= 0(mod 2).
Bunda/(—3) = 99 +29(-3) +62 =81 - 87 +62 = 56
va/'(—3) = 18(—3) +29 = —b4 +29 = —25 ekanligini e’tiborga
olib 7 - 25t3=0(mod 2) »1+t3= 0(mod 2) =>t3= 1+ 2t4 >
* —3+8(1 +2t4) =5+16t4.x=5+16t4 dan foydalanib
navbatdagi gadamni amalga oshiramiz. U holda ~ +/'(5)t4=
O(mod 2). Bunda /(5) =925 +29 mb + 62 = 225 + 145 + 62 =
432 va /'(5) = 18w +29 = 119 boigani uchun 27 +119t4 =
O(mod 2) -»t4= -I(mod 2) -» t4= -1 +2ts»x =5+
16(—1 + 2ts) = —11 + 32ts.x ning bu giymatidan foydalanib t5 ni
topish uchun quyidagi taggoslamani hosil gilamiz: +/'(-11)t5=
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O(mod 2). Bu yerda /(-11) =9121 - 29+11 + 62 = 1089 -
319 +62 = 832 va/'(-H) = 18 m-11) + 29 = -169 ekanligini
e’'tiborga olib 26 - 169ts = O(mod 2) -»t5= 0(mod 2)—ts = 2t6 =
X = -11 + 32(2t6) = -11 +6416, téeZ . Demak, berilgan tagqgos-
lamaning ikkinchi yechimi x = —I(mod 64) dan iborat ekan.

Javob: x = 22(mod 64), x = 53(mod 64).

5).6x3 - IX - 11 = O(mod 125) taggoslamani garaymiz. Bu
yerda 125 = 53 ho‘lgani uchun 5 moduli bo‘yicha taggoslamani
garaymiz.

6x3 - 7x - 11 = O(mod 5)—>3—2x —1 = O(mod 5).

Bu taggoslamani 5 moduli bo‘ycha chegirmalaming to‘la
sistemasi 0,+ 1,2 dagi sonlami qgo'yib sinab ko‘rish usuli bilan
yechamiz. U holda xr= —l(mod 5),x2= -2(mod 5) laming
garalayotgan taqgoslamaning yechimi ekanligmi topamiz.

a). Awalo, X = -lI(mod 5) yp'ni x = —1+5tx yechimni
garaymiz. (7) ga asosan "-1-+/'(-1 = 0(mod 5) taqgoslamani
hosil gilamiz. Bu yerda

/(-1) =-6+7-11=-10, /'(-1) = 18 m-1)2-7=11
bo‘lgani uchun—=2 +Il1tx=0(mod 5) * = 2(mod5) & =2+
bt2 *x = —1+5(2 +5t2) = 9 +25tz ni hosil gilamiz. Endi 25
moduli bo‘yicha taggoslamadan 125 moduli bo‘yicha taggqoslamaga
o‘tishuchun” +f'(9)t2= 0(mod 5) ni tuzib olamiz. Bunda/(9) =
63— 7m0 - 11 =6+729 - 63 - 11 = 4300 va/'(9) = 18 w2 -
7=18-81-7 = 1451 ekanligini e’tibOTga olsak 172 + 1451t2 =
O(mod 5) ga ega bo‘lamiz. Bundan t2= —2(mod 5)—t2= —2 +
5t3-»x = 9 +25(-2 +5t3) = -41 + 125c3. Demak, berilgan
tagqoslamaning bitta yechimi x s —41(mod 125).

b). Endi X = -2(mod 5) yechimni garaymiz. Bundanx = —2 + 5
va (7) ga asosan +/'(—2)tx= 0(mod5). Bunda /(-2) = 6-
(-8)-7(-2)-11=-48+14- 11= -45 va/'(-2) = 18w} -
7 = 65 ekanligini inobatga olsak, —9 + 65" = 0(mod 5) » 65tj =
9(mod 5). Buyerda (65,5) = 5, lekin 9 soni 5 ga bo‘linmaydi shuning
uchun bu taggoslama yechimga ega emas.

Javob: x = —4(mod 125).
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6).X3 + 3x2—5x + 16 = 0(mod 125) tagqoslamani garaymiz. Bu
yerda 125 = 53 bo‘lgani uchun 5 moduli bo‘yicha taggoslamani
garaymiz.

X3+ 3x2—5x + 16 = 0(mod 5)—=x3+ 3x2+ 1 = 0(mod 5).

Bu tagqoslamani 5 moduli bo‘ycha chegirmalaming to‘la
sistemasi 0, £1, #2 dagi sonlami qo‘yib sinab ko‘nsh usuli bilan
yechamiz. U holda xr= 1(mod 5),x2= —2(mod 5) laming
garalayotgan taqggoslamaning yechimi ekanligini topamiz.

a).x = 1(mod 5) ni, ya’ni x = —1 + 5tx yechimni garaymiz. (7)
ga asosan, ya'ni *p +/'(1)ti = O(mod 5). Bu yerda /(1) = 15,
/'(1) = 3-12+6'l —5=4 bo‘lgani uchun 34-4tx =
0(mod 5)—»4ti = 2(mod 5)—»2tx= 1(mod B)-*" = 3(mod 5) -»
tj = 3+5t2*x = 1+ 5(3 +5t2) = 16 + 25t2.x ning bu giymatidan
foydalanib t2 ni topish uchun quyidagi tagqoslamani hosil gilamiz:
N +/'(16)t2= 0(mod 5). Bu yerda /(16) = 163+ 3162~ 5+
16 + 16 = 16(256 +48-4) = 4800 va /'(16) = 3 m@56 + 96 -
5 = 859 ekanligini e'tiborga olsak 192 + 859t2 = 0(mod 5) hosil
bo‘ladi. Bundan t2= 2(mod 5)—*t2= 2 +5t3—*x —16 + 25(2 +
5C3) = 66 + 125t3 -*x = 66(mod 125). Demak, berilgan taggoslama-
ning bitta yechimi x = 66(mod 125) dan iborat.

b). Endi X = —2(mod 5) yechimni garaymiz: X = —2 + 5~ dan (7)
ga asosan

+/'(—2)ti = 0(mod 5). Bunda /(-2) = -8 +12 + 10 +
16 =30 va /'(—2) = 3w +6 M—2) —5 = —5 ekanligini e’tiborga
olib 6 —5ti = O(mod 5) ni hosil gilamiz. Bundan 5tx= 1(mod 5),
bunda (5,5) = 5 boiib, 1 som S ga boimmagani uchun tagqoslama
yechimga ega emas.

Javob: X = 66(mod 125).

7). X4 + 4X3 +2x2 + X + 12 = 0(mod 625) taggoslamani
garaymiz. Bu yerda 625 = 54 boigani uchun 5 moduli bo‘yicha
taggoslamani garaymiz.

X4 +4x3+ 2x2+ X + 12 = 0(mod5) -» X4 - X3+ 2x2+X +
2 = 0(mod 5). Bu tagqoslamani 5 moduli bo‘ycha chegirmalaming toia
sistemasi 0, £1, =2 dagi sonlami qo‘yib sinab ko‘rish usuli bilan
yechamiz. U holda xr= 1(mod 5), x2= —1(mod5) va XxX3=
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2(mod 5) laming qaralayotgan taggoslamaning yechimi ekanligini
topamiz.

a), X = I(mod 5) yechimni garaymiz.x = 1+ 5ta dan (7) ga
asosan,ya’'ni— m/'(1)tx= O(mod 5). Buyerda/(1) = 20, /'(1) =
21 bo‘lgani uchun 4 +21tx= 0(mod 5)— = 1(mod 5)— =1+
5t2—oc = 1 +5(1 + 5t2) = 6 + 25t2.x ning bu giymatidan foydalanib
t2ni topish uchun quyidagi taggoslamani hosil gilamiz: +/'(6)t2 =
O(mod 5). Bunda/(6) = 90 va

/'(6) = 4mb63+ 12 w2 +4 wb + 1= 824 +432 +25 = 1281
boMgani uchun 90 + 1281t2 = O(mod 5)—*t2 = O(mod 5) -mt2 =
5t3 =>x = 6 + 125t3. Endi x ning bu giymatidan foydalanib t3ni
topish uchun quyidagi taggoslamani hosil gilamiz: +/'(6)t3=
O(mod 5). Bundan 18 + 1281t3 = O(mod 5) -»t3= 2(mod 5) —»
t3= 2 +514—>x= 6 + 125(2 + 5t4) = 256 + 62514. Demak, *
benlgan taggoslamaning bitta yechimi x = 256 + 62514.

b) Endi x = —1(mod 5),ya'ni x = —1 + 5" yechimni garaymiz.
Bu holda (7) gaasosan ~ " +/'(—)tx= 0(mod 5)ni hosil gilamiz.
Buyerda/(-1) =1-4+2-1 +12=10va/'(-1) = -4+12 -
4 + 1 = 5 boMgani uchun

2 + 5tj = O(mod 5) » 5cr= 3(mod 5) ga ega boMamiz.
yerda (5,5) = 5va 3 sam 5 ga boMinmaydi shuning uchun tagqoslama
yechimga ega emas.

C) X = 2(mcf)d5), ya’'ni X = 2 +5tt yechimni garaymiz. Bu holda
(7) ga asosan -~ +/'(2)*1 = O(mod 5)ni hosil gilamiz. Bu yerda
/(2) = 16+32+8+2+12=70 va /'(*) = 4x3+ 12x2+4x +
1-e/'(2)=32+48+9= 89 boMgani uchun 14 +89tj =
O(mod5)-+4tl = I(mod 5) -etj = —d(mod 5) t, = -1+
5t2—>x = 2 +5(1 + 5t2) = —3 + 25t2 ni hosil gilamiz. xning bu
giymatidan foydalanib t2 ni topish uchun quyidagi taggoslamani hosil

gilamiz: +/'(—3)t2 = 0(mod 5). Buyerda/(-3) = 81 - 108 +
18-3+12=0va/'(-3) = 4 m{-27) +12+9- 12+1= -108 +
108 - 11 = -11 boMgani uchun —1t2= 0(mod 5)—*t2 =

O(mod 5) —» t2= 5t3"x = —3 +25wbt3= -3 +125t3 . Bundan
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foydalanib t3 ni topish uchun +/4 -3)t3= 0(mod 5)
taggoslamani tuzib olamiz. Bu yerdan — 1t 3 = O(mod 5) —»t3 = 5t4
X = —3 + 625t4 kelib chigadi.
Javob: x = 256 + 625t4x = —3 +625t4, t4e Z
8)./(*) =2x*+5x-1, f(x) =0(mod 27) taggoslamani yeching. 27 =33.
f(x) =0(mod3), (0, 1) taqgoslama hitta jtsi(mod3) yechimga ega.
Bu yerda /(jc)=8jc3+5 va/’(x,)=13 va 13 soni 3 ga bo‘linmaydi.
Demak, A holga to‘g‘ri keladi.
x=1+3f,, /()+3/1/'(1)s0O(mod9), 6+3/,-13s0(mod9),13/13-2(mod3), *,s-2(mod3),
/,=-2+3/j. Demek,ar =1+3(-2+3fj) = -5+9/;,, /(-5)+9f2/'(-5)=0(nKxI27)
1224+9f2(-995)=0(mod27X -995/2*-136(mod3), f2= -1(nkKl3), ©2=-1+33t, eZ
1= -5+9(-1+3/3) = -14+27r3  Demak,  x=13(mod27)
benlgan taggoslamaning yechimi.
291. 1). X4+ 4x3+ 2x2+ X + 12 = 0(mod 45) m garaymiz.
Bu taggoslama
(X4 + 4x3 +2x2+x + 12 = 0(mod 5)
iX* + AX3 +2x2 + X + 12 = 0(mod 9)
ga teng kuchli. Bunmg birtnchisining yechimlari:
X = #1(mod 5) vax = 2(mod 5). (290.1) misolning ishianishiga
garang). Endi sistemadagi ikkinchi taggoslamani yechamiz. Buning
uchun awalo, X4+ Ax3+2x2+x + 12 = 0(mod 3) tagqoslamani
yechamiz. Bu taggoslama x* +x3—x2 + x = 0(mod 3) ga teng kuchli.
Buni 3 moduli bo‘yicha chegirmalammg to‘la sistemasi 0,1 dagi
chegirmalami  sinab  ko‘rish  usuli bilan  yechsak x =
0(mod 3),ya'ni x = 3tiuning yechimi ekanligini topamiz. Bu holda (7)
ga asosan +/'(0)tt = 0(mod 3) ni hosil gilamiz. Bu yerda/(0) =
12va/'(0) = 1 bo‘lgani uchun4 +ti = O(mod 3) =*t" =
-I(mod 3)-+ti = -1 +3t2 * Xx= -3 +9tz ni hosil gilamiz.
Natijada biz benlgan tagqoslama quyidagi taggoslamalar sistemasiga
ekvivalent deya olamiz:
(x = 1(mod 5) AX
a¥(x = -3(mod 9) * f1*
£ x = 2(mod 5)
C(x=-3(mod9) '
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Bu sistemalarni yechamiz.U holda :
f X = 1+ 5tj
il +5ti = -3(mod 9)
( X=1+5ti f x=1+5ti
(5ti = —4(mod 9) "Ui = 1(mod 9)
X =1+51 +9t2) = 6 +45tz, ya'nix = -21(mod 45).
f x=-1+5tl ( x=-1+st1
4—1 +5tj = -3(mod 9) (5~ = -4(mod 9)~*
(x=-1+5

Iti 5 -4 +9t2
X=-1+5(-4 +9t2) = 6 +45t2 » x = -21(mod 45).
( X =2+512 (x =2+511

42 +5ti = —3(mod 9) ta =-1 +9t2 n
5(—1 +9t2) = -3 +43tz *x = -3(mod 45).
Javoh: x = 6,24,42(mod 45).

2)-/00 = x4 —3x3—4x2—2x —2 = 0(mod 50)
taggoslamani qaraymiz. Bu yerda 50 = 2 mb2 bo‘lgani uchun bu
tagqoslama

/(x) = 0(mod 2)
(/(x) = 0(mod 25)
ga teng kuchli. Buning birinchisining yechimlari: x = 0(mod 2) va
X = I(mod 5). Endi /(x) = 0(mod 25) taqggqoslamani yechamiz.
Buning uchun esa /(x) = x4 + 2x3 + 2x2+ 3x —2 = 0(mod 5) ni
garaymiz. Buni 5 moduli bo'yicha chegirmalaming to‘la sistemasi
0,#+1, 2 dagi chegirmalami 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 + 5tt yechimni qaraylik.
Bu holda (7) gaasosan ~ +/'(1)ti = O(mod 5) ni hosil gilamiz. Bu
yerda/(1) = 10va/'(1) = 4-13—9 -12—8-1 —2 = —15bo’lgani
uchun 2 —15tt = O(mod 5), 15(r = 2(mod 5) = (15,5) = 5, lekin
2 som Sga bo'linmaydi shuning uchun tagqoslama yechimga ega emas.
b). x = -I(mod 5) ni, ya'nix = -1 +5t2 ni garaymiz. (7) ga
asosan
n +/'(-1)ti = O(mod 5). Bunda/'(-1) =1+3-4+2-
2=0va
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/'(-1) =4wm{-1)3-9m{-1)2-8+(-1) - 2= -7 boMgani
uchun —-7tx= 0(mod 5) = tx= O(mod 5) ->tx= 5t2>x= -1 +
5(5t2) = —1 +25t2 -mx = —(mod 25).

c) Endi x = 2(mod 5), ya’ni X = 2 + 5t yechimni garaylik. Bu
holda (7) ga asosan +f'(2)tx= 0(mod 5) ni hosil gilamiz. Bu
yerda/(2) = —30va/'(2) = —22 boMgani uchun -6 —22tx=
O(mod 5) —» 3tj = I(mod 5) -*tj = 2(mod 5) -» £, = 2+ 5t2 &
X =2+5(2 +5t2 = 12 +25t2 .

Demak, berilgan taqggoslamani yechishni

| x = 0(mod 2)
(x = -I(mod 25)
fx=0(mod2) [ x=Imod2) I x= 2(mod2)
tx = 12(mod 25): (x s -1(mod 25):(x = 12(mod 25)
tagqoslamalar sistemalarini yechishga keltirdik. Buning birinchisidan
X = 2tr ( X = 2t1 _
[2ta= -1(mod 25)~"(t1 = 12(mod 25) ~ 4 +50t2'

Ikkinchisidan j(2t! = 12(mod 25) E X H 12 + 50t2
Uchinchisidan

[ X = 1+ 2ti ( X = 2] _

(1 +2tar —(mod 25) 4t, = —I(mod 25)"*x _ _1 +50t2"
* (b X =1+ 2tx f x=1+2t,

To'rtmclisitian |, |, 7 12(mod 25) (t, = 18 + 2512

x = 1+2(18 + 25t2 = 37 +50t3.

Javob: x = 12,24,37,49 (mod 50).

3)./(X) = X5- 5x4 - 5x3+ 25x2 +4x - 20 = O(mod 147)
taggoslamani garaymiz. Bu yerda 147 = 72+3 boMgani uchun bu
taggoslama

r/(x) = 0(mod 3)
f/(x) = 0(mod 72)

ga teng kuchli. Buning birinchisidan f(x) = Xs - 5x4 —5x3+
25%x2+4x —20 = 0(mod 3) = X5+x4 +X3+X2+ X +1|s
O(mod 3) » X +X2+X +X2+X+1=2x2+3x +1=2x2+ 1=
0(mod 3). Uningyechimlari: x = -I(mod 3)vax = I(mod 3).

Endi f (x) = O(mod 49) taggoslamani yechamiz. Buning uchun esa
f(x) = 0(mod 7) ning yechimini topishimiz kerak. Bundan x5 + 2x4 +
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2x3+4x2+4x +1= 0(mod 7). Buni 7moduli bo‘yicha chegirma-
laming to‘la sistemasi O, +£1,+2, +3 dagi chegirmalami sinab ko‘rish
usuli bilan yechsak x = —,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 ulaming har birini alohida-
alohida garab chigamiz.

a), X = I(mod 7) yechim uchun (7) dan “p-+f'(I)tt=
O(mod 7) ni hosil gilamiz. Buyerda /(1) = 0va/'(1) = 5¢14—20
13- 15m2+50+1+4 =24 bo‘lgani uchun 24tt = O(mod 7) =
tj = O(mod 7)—»ti = 7t2 =*

st= 1+ 49t2—=x = I(mod 49).

b). Endi ikkinchi yechimni x=—(mod 7)—x= -1 +7tt
garaymiz.

(7) dan +/'()fi = 0(mod 7) ni hosil gilamiz. Bu yerda
/(-1) =0 va/'(—) = -36 boigani uchun 36t[ = O(mod 7) —=*
tX= 712 »Xx = -1 +4912 » X s -lI(mod 49).

). Uchinchi yechim x = 2(mod 7)—x= 2 + 7 ~uchun (7) dan
££> +/'(2)t! = O(mod 7). Bunda/(2) = Ovaf'(2) = -36 boigani
uchun —36ti = 0(mod 7) » = 7t2-»x= 2 +49t2 -»x =
2(mod 49).

e). To'rtinchi yechim x = —2(mod 7) =>x = —2 + 7txuchun

+/'(—2)tj = O(mod 7), hunda/(—2) = Ova /'(-2) = 84
boigani uchun 84tj = O(mod 7) ,tjfZ »x = —2+49t2 ga ega
boiamiz.

Buiardan

(X = —-d(mod 3) [x=—d(mod 3) (x=-—(mod 3)
(x = I(mod 49) '(x = -1(mod 49) ’ [x = 2(mod 49)’
rx = —(mod 3)
Ix = —2(mod 49)°
fx=1(mod 3) f x=I(mod 3)
(x = I(mod 49) ' (x= —(mod 49)°
(x =I(mod3) ( x=I(mod 3)
IXx = 2(mod 49) ' (x = -2(mod 49)
chizigli taqgoslamalar sistemalariga ega boiamiz.
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Bularni yechib:

X = -1 + 3tx
{-1 + 3ti = 1(mod 49)
( x=-1+ 3tx {N = 17 + 497
I3tx = 2(mod 49) (x = 50 + 147t2'
f x=-1 + 3tt ( tt=491t2
°2)(-1 + 3ti = —I(mod 49)“ *(x = -1 + 147tz
( X = -1 + 3tx ftj = I(mod 49)
ar) I-1 + 3h s 2(mod 49)"" U = 2+ 147t2"
r X =-1 + 3tl (3ta= -1 (mod 49)
a*} (-1 + 3tj = —2(mod 49) ( x=-1+ 3"
( tx= 16 + 49t2
Ix = -1 + 48 + 147t2 X ~ 47 + 2-
, J x = 1+ 3tj |tx = O(mod 49)
°57 [I + 3tx= I(mod 49) 4 x= 1+ 147t21
( x = 1+ 3tj
°6j (I + 3tj = -I(mod 49)
A r3ti= -2(mod 49) _ f = -17 + 49t2
" x = 1+ 3tj (x = -50 + 147t2

4 ( x = 1+ 3ti
a7 ( + 3tx= 2(mod 49)
~ f3tj = I(mod 49)
( x=1+ 3ta
fti = -16 + 49t2 r X = 1H 3t!
Ix = -47 + 147t2'“8/ (1 + 3tj = -2 (mod 49)
(3ti = -3 (mod 49) ftx= -1 + 49t2
| X = 1+ 3tj jXx = —2+ 147t2
Javob: x = -50, -47,-2,-1,1,2,47,50 (mod 147).

4). /(X) = x5+ 3x4- 7x3+ 4x2+ 4x - 10 = 0O(mod 175)
tagqoslamani garaymiz. Bu yerda 175 = 7 m52 boMgani uchun bu
tagqoslama

\f(x) = O(mod 7)
(/(x) = O(mod 25) W
ga teng kuchli. Buning birinchisidan x5+ 3x4 —3x2- 3x —3 =
O(mod 7). Buni 7 moduli bo'yicha chegirmalaming to‘la sistemasi
0,+1, £2, +3 dagi chegirmalami 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
awalo, f{pc) s O(mod 25) ni, ya'ni x5+ 3x4- 7x3+ 4x2+ 4x —
10 = O(mod 5) ni garaymiz. Bu taqgoslama 3x4 —2x3—x2=
O(mod 5)—*x2(3x2—2x —1) = O(mod 5) ga teng kuchli. Bum 5
moduli bo'yicha chegirmalarnmg 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 + /'(0)14 = O0(mod 5). Buyerda /(0) = —10va /'(0) =

4 bo'lganidan

—2+ 4tx = 0(mod 5) -» 4tx= 2(mod 5) -+ 2tx= I(mod 5) -* tx
= 3(mod 5) - » = 3+ Bz -» x = 15+ 25tz.

Ikkinchi yechim x = 1(mod 5) uchun + f'(I)tx= O(mod 5).
Bu yerda /(1) = -5 va /'(1)=8 bo'lgamdan —1+ 8" =

O(mod 5) -» 8tj = 1(mod 5) -» —2tx= 6(mod 5) -* tx =
—3(mod 5) >tt= -3 + 5tz -» x =1+ 5tj = 1—15+ 25t2=
—14 + 25tz -*x = ll(mod2S) .

Uchunchi yechim x = —2(mod 5) uchun U + f'(-2)tx=

O(mod 5). Bu yerda /(—2) = 70 va f'(—2) = —112 bo'lganidan
14 - 112ti = O(mod 5) -» -1 + 3tx= 0(modS) -* 3tx =
Ilmod5) -» 3tt = 6(mod5) -* = 2(mod5) -» x = —2 + 5tx =
-2 +5(2 + 5tz) = 7 + 25t2.

Shunday qilib, berilgan tagqgoslamani yechishni quyidagi 1-darajali
bir noma’ lumli taqgqoslamalar sistemalarni yechishga keltirdik:

f x = 1(mod 7) (x = —2(mod 7) (x = —3(mod 7)
tx s 15(mod 25)'a2jtx 5 15(mod 25)" °3) (x s 15(mod 25)
N x=I(mod 7) fx = —2(mod 7) fx = —3(mod 7)
tx = 11(mod 25) [x = 11(mod 25) (x = ll(mod 25)
fx = I(mod 7) njx = —2(mod 7) fx = —3(mod 7)
a7)tx = 7(mod 2 5 )'(x = 7(mod 25)’ tx = 7(mod 25)'
Bulami yechib: a,) ~ + ,* “ [ 5" 25) -
(7tx = 14(mod 25) ftj = 2(mod 25) ftt = 2+ 25tz n
| x =1+ 7tl "l x=1+7tl wm"Ix =1 +7t1 - *= 1+

7(2 + 25tz) = 15+ 175tz.
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ya'nix s 15(mod 175).

( X ——2+ 7tt [7f! = 17(mod 25)
ar)]_2 + 7tt = 15(mod 25) | Xx = —2+ T7tX
( = 6(mod 25> , ya'nix ss40(mod 175).
IXx = -2 + 7(6 + 25t2) = 40 + 175t2
( Xx=-3 + 7t f7£i = 18(mod 25) ~
a |3+ 7tj =15(mod 25) *[ x=-3 + 7tx
r ti = -1 (mod 25) —>x = —10(mod 175).
[x =-3 + 7(—1+ 25t2 = -10 + 175t2
( x=1I(mod 7) ( X = 1+ 7tt
“4) (x = 11(mod 25) "™ 11+ 7ti = II(mod 25)
( x= 1+ 7ti n
(7 = 10(mod 25)

n X~} +1* - x=1+7(5+ 25t2) = 36+ 175t2.
t, = 5(mod 25)
fx = -2 (mod 7)
a |x= 11(mod 25)
( X = -2 + Tti ( x=-2 + 7ti
(L2 + 7tx= 11(mod 25) 17tj = 13(mod 25)

EEX = ~2+7* *x=-2+7(9+ 25t2 = 61 + 175t2.

fx = —3(mod 7)
°6 (X = 11(mod 25)
( x = -3 + 7tt f x=-3 + 7ti
(-3 + 7tt = 11(mod 25) 17 = 14(mod 25)

X= -3 +7(2 + 25tz) = u + 175t2.

fx="3
(fc, = 2(mod 25)
[x = I(mod 7)
a7'(x = 7(mod25)
( X = 1+ 7tx ( x=1+ 7ti
N(1 + 7£i = 7(mod 25) (7€r = 6(mod 25)

- x= 1+ 7(8 + 25tz) = 57 + 175tz.

fx s —2(mod 7)
°8H x = 7(mod 25)
r Xs -2 + Tti ( xh-2+7t81 ~»
> (_2 + 7tx= 7(mod 25) (7€r s 9(mod 25)
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{til= 12(1~25) -*1s -2+ 7C12+ 25t'>= 82 + 175'-
. (x = —3(mod 7)
do (x = 7(mod 25)
r X = -3 + 7tx r x=-3 + 7ti
“* (-3 + 7ti = 7(mod 25) (7~ = 10(mod 25) “*

= -3 + 7(5 + 25t2) = 32 + 175t,

Javob: x = -10,11,15,32,36,40,57,61 82(mod 175).
5)- fix') = x4- 4x3+ 2x2+ x + 6 = 0(modI35) taggoslamani
garaymiz. Bu yerda 135 = 33m5 bo'lgani uchun bu taggoslama
(f(x) = O(mod 5)
[f(x) = O(mod 27)
ga teng kuchli. Buning birmchisidan x4 —4x3+ 2x2+ X + 6 =
X4+ x3+ 2x24x + 1= 0(mod 5). Buni 5 moduli bo‘yicha chegirma-
laming to‘la sistemasi O, +1,+2 dagi chegirmalami sinab ko'rish usuli
bilan yechsak x = 2,—2(mod 5) Jlarming yechimi ekanligini topamiz.
Endi (1) dagi ikkinchi taqgoslamani yechamiz. Buning uchun awalo,
f(x) = O(mod 3) ni, ya'nix4—4x3+ 2x2+ x + 6= 0(mod 3) ni
garaymiz. Bu taqgoslama x4 —4x3+ 2x2+ x+ 6 = 0(mod 3) -»
Xx4- x3- x2+ x = 0(mod3) -» x(x3- x2- x + 1) = O(mod3) -*
X(—x2+ 1) = O(mod3). Bundan Xx = 0,xl(mod3) lar berilgan
taggoslamaning yechimi ekanligini topamiz.
ax).x = Q(mod3) - ni garaymiz. x = 3tx ho‘lgani uchun 290-
misoldagi (7) -formulaga asosan tj ga nisbatan ~ - + f(0)tl=

Q(mod3) tagqoslamaga ega bo‘lamiz. Bunda/(0) = 6 va f(x) =
4x3- 12x2+ 4x + 1, /'(0) = 1 bo‘lgani uchun2 + tx = 0(mod3) -+
tj = I(mod3) -»tx= 1+ 3t2-* x = 3+ 9f2. x ning bu giymatidan
foydalanib navbatdagi gadamni amalga oshiramiz. U holda t2 ga nisbatan

N

«+ f(3)t2= 0(mod3) tagqoslamaga ega bo‘lamiz. Bunda f (3) =
0./43) = 13 b’olgani uchun 13t2 = 0(mod3) ga egaboiamiz. Bundan
tz =3t3 4x =3+27t3€ Z

a2). Endi ikkinchi yechim* s I(mod3) ni qaraymiz. Bundan x =
1+ 3tt boigani uchun 290-misoldagi (7) -formulaga asosan tt ga
nisbatan ~” + /'(l)t1= O0(mod3) taggqoslamaga ega boiamiz.
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Bunda/(1) =6 va f'(x)=/'(D = -3boMgani uchunZ- 3tx=
0(mod3) -» 3tx = 2(mod3) nihosil gilamiz. Buyerda (3,3) = 3, lekin
2 soni 3ga boMinmaydi.Shuning uchun ham oxirgi tagqoslama yechimga
ega emas.

a3d.Uchunchi yechim x = -I(mod3) ni qaraymiz. Bu holda
/(-1) =12, /'(—1) = -19 boMgani uchun +f\-V)tx=
Q(mod3) dan 4 - 19tt & O(mod3) -* 19tx = 4(mod3) -* =
Ilmod3) ->tj = 1+ 3t2 ni hosil gilamiz. Buni x ning ifodasiga olib
bonh go‘ysak x = -1 + 3tj = 2 + 9t2 ifoda hosil boMadi. X ning bu
ifodasidan foydalanib keyingi gadamni amalga oshiramiz. U holda t2ga

msbatan ~ + f'(2)t2= 0(mod3) tagqoslama kelib chigadi. Bunda

/(2) = 0, /'(2) = *“7 boMgan uchun -7t2= 0(mod3) ->t2=
olmodS) -»t2= 3t3-» x = 2+ 2713 ga ega boMamiz.

Shunday qilib bemgan taggoslamani yechishni quyidagi birinchi
darajali taggoslamalar sistemasini yechishga keltirdik:

(x = —2(mod5) . (x = -2(modS)
M = 3(mod27) M x = 2(mod27)
fx s 2(modb) J x = 2(modb5)
b3)[X = 3(mod27) ~4'(X 552(mod27)
Endi bulaming har binning yechimini izlaymiz.
bi) dan
r X = —2 + 5ta r x =-2 + 5t! (x=-2 + 5ti

1-2 + 5ti s 3(mod27) (5~ = 5(mod27) Uj = I(mod27)

N f +26tr N 3+i35t- t2ez-

b2)dan
( X = —2+ 5ti _( x=-2 + 5tx f x=-2+5t ~
[-2 + 5tt = 2(mod27) 15rr = 4(mod27) (57 = 85(mod27)

m *r »+ N~ * - p+13ab”™61-
b3) dan

r X = 2+ 5tt [ x=2+5t _f X = 2+ 5ti
(2 + 5tx = 3(mod27) (5™ = I(mod27) 15 = 55(mod27)

K =W +27(I' X=57+135'2-‘r“ -
ft4) dan
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( X = 2+ 5ti X=2 + 5t! f x=2+ 5h
(2 + 5tx = 2{mod27) (5~ = 0(mod27) [fj = O(mod27)

{"r=2+ ~ 1=2+135- " er'
Javob: x = 2,3,57,83(modI35).

6)./(X) = 4x3+ 7x2- 7x - 10 = 0(mod225) tagqoslamani
garaymiz. Bu yerda 225 = 32m52 boMgani uchun bu taggoslama

(fix) = O0(mod. 32
If(x) = 0(modS2

ga teng kuchli.

a). f(x) =4x3+ Ix2- Ix - 10= 0(mod32 taqgoslamani
yechamiz. Buning uchun 4x3+ IX2—Ix —10 = O(mod3) -* x3+
x2- x —1= 0(mod3) -* x2—1 = O(mod3) -» (x + I)(x —1) =
0(mod3) taggoslamani yechishimiz kerak. Buning yechimlari x =
—1, I(mod3) dan iborat.

at) x = 1+ 3 yechimni garaymiz. Bundan foydalanib ga

nisbatan LLp + 7 '(I)tx = O(mod3) taggoslamani tuzib olamiz. Bunda

f(l) = -6, f'(x) = 12x2+ 14x - 7, /'(1) = 19 boigani uchun-2 +

19tx= O(mod3) - » = -I(lmod3) -* = —1+ 3t2-*x = -2 +
9t2.

a2) x = —1+ 3£i yechimni garaymiz. Bundan foydalamh ga
nisbatan + /'(—1)Cr = O(mod3) taggoslamani tuzib olamiz.

Bunda /(—1) = 0, /7 '(-1) = “ 9 bo‘lgani uchun-9tx = 0(mod3) -»
O mtx = O(mod3).Bu taqqoslama ayniy tagqoslama boiib tt ning
ixtiyoriy giymatini ganoatlantiradi.

Endi (1) dagi ikkinchi taqqoslamani 4x3+ 7x2—7x - 10 =
O(modS) -* -x 3+ 2x2- 2x = 0(mod5)ni garaymiz. Bundan
X(-Xx24 2x —2) = 0(mod5) -» x = 0,—1, —2(mod>5).

bx) x = 0(modS) -* x = 5tj ni garaymiz. Bundan foydalanib tj ga
nisbatan + f'(0)tx = O(mod5) taggoslamani tuzib olamiz. Bunda
/(0) = —10, /'(0) = —7 boigani uchun—2 —7tx = 0(mod5) -*
3tj = —3(mod5) -* ti = -1 + 5t2-» x = —5 + 25t2.

b2 x = -I(lmod5) -» x = —1 + 5ti yechimni garaymiz. Bundan
foydalanib t, ga nisbatan = 0O(modS) tagqoslamani
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tuzib olamiz. Bunda /(-1) = 0, /'(-1) = -9 boMgani uchun—9tx =
O(modS) >tj = Q(mod5) -* =512 x = -1 + 25tz.
b3) x = —2(mod5) ->x = —2 + 5ta yechimni garaymiz. Bundan

foydalanib tx ga nisbatan — = 0(mod5) taggoslamani

tuzib olamiz. Bunda /(-2) = 0, /'(-2) = 13 boMgani uchun 13" =

O(mod5) -* tx= Q(modS) -» =512 x = -2 + 25t2
Bulardan quyidagi chiziqli tenglamalar sistemasiga kelamiz.
f x = 7(mod9) f x=7(mod9)

Cl>U = -5(mod25):Cr) [x = -I(mod2S):
( x = 7(mod9)
IXx = —2(mod25)’
Bularni yechamiz:
Cj) dan
r X = 7+ 9tj ( X = 7+ 9tx
(7 + 9tx = —5(mod25) 49" = -12(mod25)
f x=7+9tx

~A{3tl = —4(mod25) "*

[tx = 7(mod25) “** = 7+ 9(7 + 25t2) = 70 + 225tz.

c2) dan
f X =7+ 9tx r x=7+ 9tx
(7+ 9tx = -I(mod25) ~(9cx= -8(mod25)

f X 7 + 9tx
49" = 117(mod25)

K i Wb To%) ™~ =7+ 9<13+ 25t >= 124 + 225t -

c3) dan
f X =7+ 9tx ( X = 7+ 9tx I x=7+ 9tx
17+ 9ta= -2 (mod25) “*'(9tt = -9(mod25) “*Ui = -I(mod25)
*

>Xx =7+ 9(—1+ 25tz) = -2 + 225tz.
Javob: x = 70; 124; 223(mod225).
7). 31x4+ 57x3+ 96x + 191 = 0(mod225) tagqoslamani
garaymiz. Buyerda 225 = 32«52 boMgani uchun bu taggoslama
(fix) = O(mod 32)
1/(x) s O(mod 52) 11}
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ga, ya'ni
31x4 + 57x3+ 96x + 191 = O(mod32)
(31x4+ 57x3+ 96x + 191 = 0(mod52)
ga teng kuchli. Birinchi taqqoslamani garaymiz:
31x4+ 57x3+ 96x + 191 = O(mod3) -* x4- 1= 0(mod3) -»
(x2- 1)(x2+ 1) s O(mod3) -*{x - I)(x + I)(x2+1) = O(mod3)

boMgani uchun bu tagqoslamaning yechimlari x = —1, [(mod3)

dan iborat.

at) x = —1+ 3tj yechimni garaymiz. Bundan foydalanib tj ga
nisbatan + /'(—I1)E£i = 0O(mod3) tagqoslamani tuzib olamiz.
Bunda / (-1) = 69. f(x) = 124x2+ 171x + 96, /'(-1) = 143
boMgani uchun23 + 143"~ = O(mod3) -* 2 = I(mod3) -» =
2(mod3) -» = —1+ 3t2-*x = —4 + 9t2.

a2) x = 1+ 3tx yechimni qaraymiz. Bundan foydalanib tx ga
nisbatan — + /'(I)ti = 0(mod3) taggoslamani tuzib olamiz. Bunda
/(1) = 375, f\x) = 124x2+ 171x + 96, /'(1) = 391 boMgani
uchunl25 + 391 = 0(mod3) -* = —2(mod3) -* =

Ilmod3) ->ti = 1+ 3t2->x = 4 + 9t2.Endi (1) dagi ikkinchi
tagqoslamani yechamiz. Bumng uchun awalo, /(x) = 0(mod5) ni,
ya'ni 31x4+ 57x3+ 96x + 191 = O(mod 5) ni qaraymiz. Bu
taqgoslama x4+ 2x3+ x + 1 = O(mod 5) ga teng kuchli. Bundan x =
1,2(mod5) lar benlgan taggoslamaning yechimi ekanligini topamiz.
ftj)x = I(lmod5) -» x = 1+ 5ti nigaraymiz. Bundan toydalanib tx
ga nisbatan + /'(1)™ = 0(mod5) taqgoslamani tuzib olamiz. Bunda
/(1) = 375, /'(1)
tj = O(mod5) ->ti
b2x = 2(mod5

391 boMgani uchun75 + 391"~ = 0(mod5) -*
= 5t2-*x = 1+ 25t2.

) -» X = 2+ 5tj ni garaymiz. Bundan foydalanib tt
ganisbatan”~ + f'(2)ti = 0(mod5) taggoslamani tuzib olamiz. Bunda
/(2) = 1335, /'(1) = 1772 boMgani uchun 267 + 1772" =
O(mod5) -* 2 = —2(mod5) -* tj = —1+ 5t2-» x = —3 + 25tz.

Bulardan quyidagi chizigli tenglamalar sistemasiga kelamiz:
fx = 5(mod9) .f x = 5(mod9)
Cl)(x = I(mod25) :Cr)Ix = -3(mod25)
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(x = 4(mod9) f x = 4(mod9)
C3) [x = I(mod25)',C*> [x s -3(mod25)’
Bulami yechamiz:

Ci) dan
( X = 5+ Oti f x=5+ 9ti ( x= 5+ 9ti
(5 + 9tx = I(mod25) (9™ = -4(mod25) (9™ = 21(mod25)
—»
( x= 5+ 9fx ( X =5+ 9n f X=5+ 9t
(3~ = 7(mod25) (3™ = —18(mod25) (tt= —6(mod25)
X = -49 + 225t2,t2e Z.
c2) dan
(5 + 9ti = —3(mod25) (9tj = —8(mod25)
( X = 5+ 9ti I X =5+ 9tx
N (9t = —33(mod25)
| X = 5+ Oti
f3ti = -ll(mod25)
( X = 5+ 9tj
f3t! = -36(Mod25) = -12(mod25)
| x =5+ 9fr I x =5+ 9ti
X =-103 + 225t2,t2 G Z.
c3) dan
f4 + 9tj s I(mod25) fotx = —3(mod25) f3ta—-1 (mod25)
| X = 4 + 9ti X = 4 + 9ti ( x=4+ 9tx
f t, = 8(mod25) _
(x =4+ 95 + 2512 = 76+ 225tz X~ '° N ““bt2'f2fcz-
c4) dan
i[4+ 9tt s —3(mod25) "g9tj = —7(mod25)
X = 4 + 9ti .Fx:4+9t!

' NTAC * *=2+229VIEZ
Javob: x s -103,-49,22,76(mod225).
8). /(X) = 2x6—6x4 —7x2—4 = O(mod 441)
garaymiz. Bu yerda 441 = 32<72 bo‘lgani uchun

(/(x) = 0O(mod 9)

1/(x) s O(mod 49) n
ga teng kuchli. Buning birinchisidan 2x6—6x4—7x2- 4 =
O(mod 32 ni yechish uchun —x6—x2—1 = 0(mod 3)
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O(mod 3). Buni 3 moduli bo'yicha chegirmalaming to‘la sistemasi
0, +1, dagi chegirmalami sinab ko‘rish usuli bilan yechsak x —
1,-1 (mod 3) larining yechimi ekanligini topamiz.

ax) X = 1(mod 3) -* x = 1+ 3tx yechimni qaraymiz. 290-
misoldagi (7) -formulaga asosan ga nisbatan —p + /'(I)ti =
0(mod3) taggoslamaga ega boMamiz. Bunda /(1) = —IS va /'(x) =
12x5—24x3- 14x, /'(1) = —26 boMgani uchun—5 - 26tt =
O(mod3) - » = 2(mod3) -* = —1+ 3t2-» x = —2+ 9t2t2e Z.

a2 x = -I(lmod 3) -* x ——1 + 3tayechimni qaraymiz. 290-
misoldagi (7) -formulaga asosan  ga nisbatan + () fi —

0(mod3) tagqoslamaga ega boMamiz. Bunda/(—1) = —15 vaf'(x) =
12x5—24x3—14x, / '(—1) = 26 boMgani uchun-5 + 26tt =
O(mod3) -» 2tj = 2(mod3) -» tj = 1+ 3t2-* X = 2+ 912,126 Z

Endi (1) dagi ikkinchi taggoslamani yechamiz. Buning uchun awalo,
f(x) = O(mod 7) ni, ya'ni 2x6—6x4- 7x2- 4= 0(mod 7)" ni
garaymiz. Bu tagqoslama 2x6+ x4+ 3 = O(mod 7) ga teng kuchli.
Buni 7 moduli bo'yicha chegirmaiammg toMa sistemasi 0, +1, +2, +3
lami go'yib tanlash usuli hilan yechsak x = +2(mod7) lar berilgan
taggoslamaning yechimi ekanligini topamiz.

bx) x = 2(mod 7) -* x = 2+ 7ta yechimni qaraymiz. 290-

f(2
misoldagi (7) -formulaga asosan ga mshatan -S/) + f'(2)tl=
0(mod7) tagqoslamaga ega boMamiz. Bunda/ (2) = Ova/'(12) = 164
boMgani uchunl 6 4 = O0(mod7) = 0(mod7) -* = 7t2-»x =

2+ 49t2,t2ez.

b2 x = —2(mod 7) -¢ x = —2 + 7tj yechimni garaymiz. 290-
/(=2

misoldagi (7) -formulaga asosan ga nisbatan —— |-/ '(—2)tx =
O(mod7) taggoslamaga ega boMamiz. Bunda /7 (—1) = Ova /'(—1) =
—164 boMgani uchun—1 6 4 = O(mod7) -> £&x= O(mod7) - » =
7t2 >x = -2 + 49tz,t2 G Z.

Shunday qilih, quyidagi chizigli taggoslamalar sistemasini yechishga
keldik:

(x
ClI' [x

—2 (mod 9) ~( x= -2 (mod 9)
2 (mod 49)Czy Il x = —2 (mod 49)
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(X =2 (mod 9) f x =2 (mod 9)
C3-U* = 2 (mod 49)C(x = -2 (mod 49)

cr) dan
( X =-2+9" (9tx= 4 (mod 49)
(-2 +9tx=2(mMod 49 )~x = -2 + 9tj
(9ti = -45 (mod 49)_ = -5 (mod 49) { = -5+ 4912
I x = -2 409t ( x=-2+09ta ~(x = -47 + 441t2
= .47 + 44112127 Z-
c2) dan
( = -2 + 9tt (9tj = 0 (mod 49)

(-2 +9tj = -2 (mod 49) > ~ = 0(mod 49)
{ tx= 49t2
(X = -2 + 441t2
X = —2+ 44112, £2 £7Z.
c3) dan
( X = 2+ 9ti M£r = 0 (mod 49) ff, = 0 (mod 49)
(2 + 9tt = 2(mod 49)~4 x = 2+ 9ta 4 x =2+ 9tj

c4) dan

f X = 2+ 9tx foti = —4 (mod 49)

(2 + 9ti = -2 (mod 49) 4 X = 2+ 9tx

fot! = 45 (mod 49)_Jti = 5(mod 49)_Jti = 5+ 49t2 _

( X = 2+ 9ti 4 x =2+ 9ttt ~* x =2+ 9tt X~
47 +

441t2,t2 GZ. Javob: x = —47, —2, 2, 47 (mod 441).

9).2x6 —6x4 —7x2—4 = 0 (mod 1225)tagqoslamani garaymiz.
Bu yerda 1225 = 52«72 boigani uchun bu taggoslama

f/(x) = O(mod 25)

I/ (x) = O(mod 49) n
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-tagqoslama 2x6 —6x4- 7x2- 4 =
O(mod 520 ni yechamiz. Buning uchun 2x6—6x4—7x2- 4 =
O(mod 5) -* 2x6 —x4—2x2+ 1= 0(mod 5) -» 2x2—1—2x2+
1 = O(mod 5)ni qaraymiz. Bu taqgoslama 2x6-—x4- 2x2+ 1=

O(mod 5) -* 2x2—1—2x2+ 1= 0(mod 5) ayniy tagqoslamaga teng
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kuchli bo‘lgani uchun uning yechimlari x = —1,1,2, —2 (mod 5) dan
iborat. Endi  hu yechimlardan foydalanib 2x6 —6x4 —7x2- 4 =
0(mod 52) ning yechimini topishga harakat gilamiz.

ax) x = -1 (mod 5), x = —1+ 5ttni garaymiz. 290-misoldagi
(7) -formulaga asosan ga nisbatan ~r-~ + f'(~1)ti = 0(mod5)
tagqoslamaga ega bo‘lamiz. Bunda/(-1) = -15 va f'(x) = 12xs—
24x3—14x, /'(—1) = 26 boMgani uchun —3 + 2 6 = 0(mod5) -*
ti = 3(mod5) » = 3+ 5t2-* x = 14 + 25t2,t2 GZ.

a2 x = 1(mod 5) x = 14 5tx yechimni qaraymiz. 290-

misoldagi (7) -formulaga asosan tt ga nisbatan ~ + /'(1)& —
0(mod5) taqqoslamaga ega boMamiz. Bunda/(1) = -15 va /'(—1) =
—26 boMgani uchun—3 —26tj = 0(mod5) -* = —3(mod5) > =

—3+ 512-»x = -14 + 25t2,t2 GZ.

a3) x = 2(mod 5) -» x = 2 + 5tx yechimni garaymiz. 290-
misoldagi (7) -formulaga asosan ga nisbatan + /'(2)ti =
0(modb5) taqqoslamaga ega boMamiz. Bunda /(2) = Ova /'(2) = 164
boMgani uchun 164tt = 0(mod5) -* tx= 0O(modS) -* tt = 512 -+ x =
2+ 25t2,t2e Z.

ad4) x = -2(mod 5) -» x = —2 + 5tx yechimni garaymiz. 290-
/(=2
misoldagi (7) -formulaga asosan ga nisbatan —(_|~) +f'(-2)tl=

O(mod5) tagqoslamaga ega boMamiz. Bunda/(—2) = 0 va f'(—2) =
—164  boMgani uchunl 6 4 = O(modS) tx= O(mod5) > =
5t2-» x = -2 + 25t2,t2 GZ. Shunday  qilib, quyidagi chiziqli
taggoslamalar sistemasini yechishga keldik:

fx = -2 (mod 49) J x = —2(mod 49)
Cl)(x s 14 (mod 25):°2}[x = -14 (mod 25) ;
(x = -2 (mod 49) nj(x = -2(mod 49)
N (xs 2(mod 25) : CJ[[x s -2 (mod 25):
,fx = 2(mod 49) f X H 2(mod 49)
Cs' Ix s 14 (mod 25) : Ch)(x = -14 (mod 25);
(x = 2(mod 49) f x = 2(mod 49)

C?Ix = 2(mod 25):c®" (x = -2 (mod 25)
cr) dan
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( X = 2+ 49tx r49ti = 16 (mod 25)
(-2 + 49tx = 14 (mod 25)™ ( = -2 + 49tx
(tx = 9 (mod 25) _ _n
X = -2 + 49tt X = ~2+ 49(9+ 25t2 = 439 +
1225t2,t2 6 Z.

c2) dan
r X =-2+ 49 ( X = —2+ 49t
1-2 + 49tt s -14 (mod 25)“ X49tl= -12 (mod 25)~*
ftx = 12 (mod 25) , 4
—( X =_2+49f — * = -2 + 49 (12 + 25t2) = 586 +

1225t2,t2g z.
c3 dan
nx = -4 (mod 25)

( X = -2 + 491
(-2 + 49tx = 2 (mod 25)"* ( x=-2 + 49tj ¥R~ 2+
49(—4 + 2512 = -198 + 122512, t2GZ.
c4) dan
( X = -2 + 49tx (tx = 0 (mod 25)
1-2 + 49tx = -2 (mod 25)“"( tl = 2512
X = -2 + 1225t2,t2GZ.
chH dan
ftx= -12 (mod 25)

r X = 2+ 49tx

(2 + 49tx = 14 (mod 25)™ (
-586 + 1225t2,t2G Z.

c6) dan

X = 2+ 49tx

X =
ftx = 16 (mod 25)

f X = 2+ 49tj
X = 2 + 49tj

(2 + 49tx = -14 (mod 25)“* (
X = 786 + 1225t2,t2 GZ.

c7) dan
( X = 2+ 491tx = 0 (mod 25)
(2 + 49tx = 2 (mod 25)“"1 x = 2+ 49tx ~ 2bh
X = 2+ 1225t2,t2G Z.
c8) dan
[ X = 2+ 49tx _ ftx = 4 (mod 25)

12+ 49taa -2 (mod 25)~*( X = 2+ 49tx
fti = 4 + 2512

IXx = 2+ 49tx
X = 198 4- 1225t2,t2 G Z.
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Shunday qilib, berilgan taggoslamaning yechimlari: X = -586,
-198, -2, 2, 198, 439, 586, 786(mod 1225).

1V.6-8.

292.1). Awalo, benlgan 2x2+ 4x - 1 = 0(mod5) tagqoslamani
bosh hadining koeffitsiyenti 1 ga teng bo‘lgan holga keltiramiz. 2a =
I(mod5) -» a = 3(mod5) boMgani uchun berilgan taggoslamaning
ikkala tomonini 3 ga ko‘paytiramiz. U holda 6x2 + 12x —3 = 0(mod5)
tenglama hosil bo‘ladi. Bundan x2 + 2x + 2 = 0(mod5) -* (X + 1)2+
1= 0(mod5) > (x + 1)2= —(mod5) -* (x + 1)2=
4(mod5)—»x + 1= 2(mod5)vax + 1= -2(mod5)—x =
Ilmod5)vax = -3(mod5) hosil bo'ladi.

Javob: X = -3,1 (modb5).

2). Awalo, berilgan 3x2+ 2x = I(mod7) tagqoslamani bosh
hadining koeffitsiyenti 1 ga teng bo‘lgan holga keltiramiz. 3a =
I(mod?7) a= 5(mod7) boMgani uchun 3x2+ 2X = I(mod7)
taggoslamaning ikkala tomonini 5 ga ko‘paytiramiz. U holda 15*2 +
I0OXx - 5= 0(mod7) -* x2+ IOXx + 9 = O(mod7) -» (X + 5)2- 16 =
O(mod7) -» (x + 5)2= 16(mod7)*x + 5= 4(mod7) va Xx+ 5=
-4(mod7) -* X = -I(mod7)va X = -2(mod7) hosil boMadi.

Javob: x = —1,—2(mod7).

3). Awalo, berilgan 2x2- 2x- 1= 0(mod7) tagqoslamani
bosh hadinmg koeffitsiyenti 1 ga teng boMgan holga keltiramiz. 2a =
Ilmod7) -* a= 4(mod7) boMgani uchun 2x2—2x —| = Q(mod7)
tagqoslamaning ikkala tomonini 4 ga ko‘paytiramiz. U holda 8x2—8x —
4 = 0(mod7), x2—x + 3 = 0(mod7) -» x2+ 6x + 10 = O(mod7) -»
(x + 3)2+ 1= 0(mod7) -» (x + 3)2= -I(mod7) -»(x + 3)2=
6(mod7). Bu tagqoslamaga 7 moduli bo'yicha chegirmalaming toMa
sistemasidagi chegirmalaming toMa sistemasi 0,+1,+2,+3 go'yib
tekshirsak taggoslama yechimga ega emas.

Javoh: taggoslamayechimga ega emas.

4). Benlgan 3x2- x = 0(mod5) taqgoslamani bosh hadining
koeffitsiyenti 1ga teng boMgan holga keltiramiz. 3a = I(mod5) -» a =
2(mod5) boMgani uchun 3x2- x = 0(mod5) taggoslamaning ikkala
tomonini 2 ga ko'‘paytiramiz. U holda 6x2 —2x = O(mod5) -» x2 —
2x = 0(mod5) -» (x —1)2- 1= 0(mod5) -* (x - 1)2=
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IlmodS)—=2x —1= I(modS) va X —1= —l(mod5) -* x =
2(modS)vax = 0(modS) hosil bo‘ladi. Javoh: x = 0,2(mod5).

5). Berilgan 3x2+ Ix + 8 = O(modl7) taqgqoslamani  bosh
hadining koeffitsiyenti 1 ga teng boMgan holga keltiramiz. 3a =
Ilmodl7) a= 6(modl7) bo'lgani uchun 3x2+ 7x + 8 =
O0(modl7) taggoslamaning ikkala tomonini 6 ga ko'paytiramiz. U holda
18x2+ 42x + 48 = O(modl7) -+ x2+ 8x + 48 = O(modI7)-+(x +
4)2+ 32 = 0(modl7) -» (x + A)2= 2(modI7)™(x + 4)2=
36(modl7) -*x + 4 = 6(modl7)va x + 4 = —6(modl7) -* x =
2(modl7)va x = 7(modl7) hosil boMadi. Javob: x = 2,7(modl7).

6). Berilgan 3x2+ 4x + 7= 0(mod31) taqgoslamani
9x2+ 12x + 21 = O(mod31) -* (3x + 2)2+ 17 = 0(mod31) -»

(3x + 2)2= 14 + 31 «5(mod31) -> (3x + 2)2= 169(mod31)
3x+ 2= 113(mod31)va 3x + 2 = -13(mod31) -» 3x =
IIlmod31)va 3x = —15(mod31) -* X = 14(mod31) vax =
—5(mod31). Javob: X —5,14(mod31).

7). 4jic2-1ljc-3s0(modl3)tagqoslamani ikkihadli  taggoslama
ko'rinishiga keltirib, keyin yeching.
4x2-24jc-16a0(modI3)->x2-6jc-4e0(modI3)->(x-3)2=0(modI3)->x = 3(mod 13).

8).3x2+7*+8 sO(modl?) taggoslamani  ikkihadli  taqqoslama
ko'rinishiga keltinb, keyin yeching.
3x2+24%x-9 a0(modl7)-> X2+ 8jc-3= 0(raodl7)-> (jc+4)2=19(mod 17)

(i +4)2s36(modl7)-> jc+4=6(modl7) va jc+4«-6(modl7)-> x=6-4(modl7)
va is-10(modl7)->xs2(modl7) vajcs7(modl7).

293.1).Benlgan kasr butun giymat gabul gilishi uchun uning surati
maxrajiga boMimishi kerak, ya'ni x2+ 2x + 7 = 0(modSS) bajanlishi

kerak Bundan (x + 1)2= —6(mod55) -* + 7~ - 6(m°dS)
((*+ 1) = -6(modli)
f (x+1)2s 4(mod5) (x+ 1s +2(mod5) ,
I(x +1)2s 16(modll) " {x+ 1| = x4(modll) ,arga  ega

boMamiz. Keyingi sistemadagi birinchi taggoslamaning yechimlari x =
1,2(modS), ikkinchi taggoslamaning yechimlari x = —5,3(modll)
dan iborat ekanligi kelib chigadi. Bulardan quyidagi taqgoslamalar
sistemalarini hosil gilamiz:
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X = I(mod5)

y » 6(modll)
(x = I(mod5) (x = 2(mod5)
az' (x = 3(modll)’ (x=6(modll)’
*1 2(mod?5)
l"I a 3(modll)y’
Bu sistemalami yechmiz. U holda
( X = 1+ 5ti (5~ = 5(modll)
ai) (1 + stj = 6(modll) X = 1+ 5ti
(tx = I(modll)
I x =1+ 5ti
X = 6+ 5t2 t2GZ.
a2) dan
r x = 1+ 5ti J5tl's 2(modll) = 7(modll)
(L +5ti=3(modll)1 x =1+ 5ti t x= 1+ 5tt
x = 36 + 55t2, t2GZ.
f X = 2+ Stx (5t = 4(modll)
ajd) dan (2+ 5fi _ 6(modll) ~*[ X =2+ Stx
mr= 3(modll) _
( x=2+ 5ti

X = 17 + 5512, t2GZ.
( X = 2+ 5tx
a4) dan + 5fi s 3(modll)
f5t! = 1(mod11) -2(modll)
I x =2+ 5tx *( x =2+ bta
X = -8 + 55t2, t3GZ.
Javob: X = 6+ 55t, x = 17+ 55t, x = 36 + 55t, x = 47 +
55t,t G Z.
2).Benlgan kasr butun giymat qabul qgilishi uchun uning surati
maxrajiga bo‘linishi kerak, ya'ni x2+ 3x + 1 = 0(mod25) bajarilishi
kerak. x2+ 3x + 1 = 0(mod5) ni garaymiz. Bu taqqoslamani 5 moduli
bo'yicha chegirmalaming to‘la sistemasi 0,t+1, +2 dagi sonlami sinab
ko‘nsh wusuli bilan yechsak, x = I(mod5) uning yechimi ekanligini
topamiz. Endi 5 moduldan 25 modulga o‘tamiz. Buning uchun 290-

- f(l
misoldagi singari ish tutamiz. U holda (7)-formulaga asosan ~(y) +
f'(X)tx = 0(mod25) gaegabo‘lamiz. Bu yerda
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/(1) =5,/'(1) = 2x+ 3va /'(1) = 5bo‘lgani uchun 1+ 5n =
O(mod5) -»
5tj = 4(mod5) ga ega bo‘lamiz. Bunda(5,25) = 5, lekm 4 soni 5
ga bo linmagani uchun bu taqgoslama yechimga ega emas, ya'ni berilgan
ifoda butun giymat gabul giladigan x ning natural giymatlari mavjud
emas.
Javob: berilgan ifoda butun giymat gabul gilad*<2an x ning natural
giymatlari mavjud emas.
3).Berilgan kasr butun giymat gabul gilishi uchun uning surati
maxrajiga bo‘limishi kerak,ya'nix2+ 3x + +5 = 0(modl5) bajarilishi
kerak. Bu taggoslama ushbu
(x2+ 3x+ 5= 0(mod3)
Ix2+ 3x + 5= 0(mod5)

taqgoslamalar  sistemasiga teng kuchli. Bu  sistemaning
1-taqqoslamasini yechamiz. U holda x2+ 3x + 5= O(mod3) -*x2-
1= 0(mod3) -»x = -1 vax = I(mod3) lami hosil gilamiz.

Endi 2- taggoslamasini yechamiz:
x2+ 3x + 5= 0(mod5 -* x2- 2x = O(modS) ->x = 0,2(mod5).
Bularga asoslamb quyidagi sistemalami tuzib olamiz:

(x = —I(mod3) (x = —d(mod3) [x = I(mod3)
( x=0(mod5) ,az* 1l x = 2(mod5) ’ (x = 0(mod5)
Ix= I(mod3)
(x = 2(mod5)’
Bu sistemalami yechib yechimlarini topamiz:
.. x = -1+ 3tj 31, = I(mod5
a,)dan‘_j + 3ti _ Q(mods) - g’\: .j o+ 3t -

(tj = 2(modb)
Ix = -1 + 3tj
x = 5+ 15t2,t2GZ.
X = —1+ 3ti (3tx = 3(modS
a2)dan ~ + 3ti _ 2(modS) (x = -1 + 3tx
Jt = I(mod5)
(x = -1 + 3ti
X = 2+ 15t2,t2GZ.
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" * s 1+ 3ti f3ti s -I(modS)
a3>dan (I + SttHOCmodS)} x = 1+ 3t, -
ftx ——2(modb5)
( x= 1+ 3tj
X = -5+ 15t2, t2 G Z.

47780 {1y 3 2 ofhdam) - (BT 71 2(By;dS) -
(tx= 2(mod5)
(x =1+ 3tx
X = 7+ 15t2, t2G Z
Javob: X =2+ 15tz, x = 5+ 15t2, x = 7+ 15t2, x = 10 +
15t2,t2 GZ.
294. x2 = a(modp) taggoslama yechimga ega bo'lishi uchun Eyler

knteryasiga asosan aEZZI = 1(modp) bajarilishi kerak. Bunda p = 7 da
a3= I(mod7) gaegabo‘lamiz 7 moduli bo'yicha 1,2,3,4,5,6 dan iborat.
Bulami Eyler kriteryasiga 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 kriteryasi a 2 = 1(modp) #a5= 1(mod11)
ning bajaniishu chegirmalaming keltirilgan sistemasi
1,2,3,4,5,6,7,8,9,10 dagi chegirmalar uchun tekshirib ko tamiz. U holda
gquyidagilarga ega boMamiz:
5= 1(mod 11),
25=-1(mod11),3s = 81 m3 = 1(mod11), 4s
s 16-16-4 = 5-5*4 = 3-4 = I(modll), 5s
= 25-25-5 = 3- 3- 5= 1(mod11),
6s= 36m36 6= 33m6 = -1 (mod1l), 7s= 49«49 m7 = 5m5«
7= —1(mod11l), 8s = 64648 = (-2) m(-2) 8= -1 (mod11),
95= 81 w81 w9 = 44 m(—2) = 1(mod11). Bizga ma’lumki,
p > 2 moduli bo'yicha chegirmalaming keltirilgan sistemasidagi
chegirmalar yarmi kvadratik chegirma qolganlari esa kvadratik chegirma
emas boMadi. Biz yuqorida 1,3,4,5,9 laming p = 11 moduli bo‘yicha
kvadratik chegirmalar bo'lishini ko‘rdik. Demak, 1 + llfc, 3+ Ilk, 4 +
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Ik, 5+ Ilk,9+ Ik lar p =11 moduli bo'yicha kvadratik
chegirmalar sinflari bo'ladi.

Javob: 1+ Ilk,3 + Ilk,4+ Ilk, 5+ Ilk,9+ Ilk, K6 Z.

2). p = 13 moduli bo'yicha kvadratik chegirmalar sinflarini aniglash

p-1
uchun Eyler kriteryasi a 2 = I(modp) -* a6= I(modI3) ning
bajarilishini chegirmalaming keltirilgan sistemasi 1,2,3,4,5,6,7,8,9,10,

11,12 dagi chegirmalar uchun tekshirib ko‘ramiz. U hold
quyidagilarga ega bo‘lamiz:
6= I(modlI3),

26s -I(modl3),36= 27 w27 = I(modl3),46
= 161616 = 27 = 1(mod 13), 56 = 25 =25 w25

= —1(mod13),
66= 36 m36m36 = -3 m(-3) m(-3) = -I(modI3), 76= 49 m
49 .49= 3 .(_3) .(-3) = —A(modlI3), 86 =6464m64 = (-1) =
(-1) m(-1) = —1(mod13),96= 81-81-81 = 3-3-3 =

IlmodlI3), 106s 100 m100 m100 = -3 m(-3) m(-3) =
—A(modlI3), 116= 121-121-121 = 4-4-4 =
-IlmodlI3), 126= 144 <144 m144 = I(modI3). Bizga ma’lumki,
p > 2 moduli bo'yicha chegirmalaming Kkeltirilgan sistemasidagi
chegirmalar yarmi kvadratik chegirma golganlari esa kvadratik chegirma
emas boMadi. Biz yuqorida 1,3,4,9,10,12 laming p = 13 moduli
bo'yicha kvadratik chegirmalar boMishini ko‘rdik. Demak 1+ 13k, 3 +
13k, 4 + 13k,9 + 13k, 10 + 13k, 12 + 13k larp = 13 moduli bo'yicha
kvadratik chegirmalar sinflari boMadi.
Javob: 1+ 13k,3 + 13k,4 + 13k, 9 + 13k, 10 + 13k, 12 +

13k, kK 6 Z.

3. p = 17 moduli bo'yicha kvadratik chegirmalar sinflarini

. . . P11 o
aniglash uchun Eyler kriteryasi a 2 = 1(modp) -*a = I(modl7)
nmg bajarilishini chegirmalaming keltirilgan sistemasi
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 dagi chegirmalar uchun
tekshinb ko‘ramiz. U holda quyidagilarga ega boMamiz:

18 = I(modl7), 28= 24-24= I(modl7), 38=81 81 a
—4(—4) e I(modl7),48s 16 ml6 m16+16 = I(modl7),58= 25 m
25 m25 w25 = 82m82 = I(modl7), 68s 364 = 24 =
-I(Tnodl7), 78 = 494s (-2)4= -1 (mod17), 88= 644 s
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(—)4=1(modl7),98=814= (-4)4= 1(mod17), 108=

1004 = (—2)2= -1 (mod17), 118= 1214 = 24 =

—I(modl7), 128= 1444 = 84 = 64 <64 = -1 (mod17), 138=
1694 = (-1)4= I(modl7), 148= (-3)8= 812= (-4)2=

-1 (mod17), 158= (—2)8= 24<24= 1(modi7), 168= (-1)8=
Ilmodl17). Bizga ma'lumki, p > 2 moduli bo'yicha chegirmalaming
keltirilgan sistemasidagi chegirmalar yarmi kvadratik chegirma
golganlari esa kvadratik chegirma emas bo‘ladi. Biz yuqorida
1,2,4,8,9,13,15,16 laming p = 17 moduli bo'yicha kvadratik
chegirmalar boiishini 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, 9 + 17k,9 + 17k, 13 +
17k, 15 + 17k, 16 + 17k K e Z.

296.1).7 moduli bo‘yicha chegirmalaming keltirilgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak, +1,+2, +3 laftian
iborat. Bulami berilgan taqgoslama x2 = 2(mod7) ga qo'yib tekshirsak,
X = +3(mod7) ning uni ganoatlantirishini ko'‘ramiz.

Javob: X = +3(mod7).

2).7 moduli bo'yicha chegirmalaming kehinlgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak,t1, +2,+3 lardan
iborat. Bulami berilgan taqgoslama x2 = 4(mod7)ga qo'yib tekshirsak,
X = x2(mod7) ning uni ganoatlantirishini ko'‘ramiz.

Javob: X = £2(mod7).

3).7 moduli bo'yicha chegirmalaming Kkeltirilgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak,+1, +2, +3 laidan
iborat. Bulami berilgan taqgoslama x2 = 3(mod7)ga go'yib tekshirsak,
ulaming hirortasi ham uni ganoatlantirmasligini ko'ramiz.

Javob: taggoslama yechimga ega emas.

4).13 moduli bo‘yicha chegirmalaming keltirilgan sistemasini
absolyut giymati jihatidan eng kichik gilib olsak,l, +2, +3, +4,+5, +6
lardan iborat. Bulami berilgan tagqoslama x2 = 3(modl3)ga qgo‘yib
tekshirsak, X = +4(mod7) ning uni ganoatlantirishini ko‘ramiz.

Javob: X = +4(modl3).

5).11 moduli bo‘yicha chegirmalaming keltirilgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak,+1, +2, +3,+4, 5
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lardan iborat. Bulami berilgan taggoslama x2= 4(modll)ga qo'yib
tekshirsak, X = +2(mod11) ning uni ganoatlantirishini ko‘ramiz.
Javob: X = £2(modll).

297. Lejandr simvolining giymatini hisoblash uchun unin
xossalaridan foydalanamiz.

1}- (k1) = (> ) dan 4° -xossaga asjsan (g ) = (~ ) m(”~ ) ni
hosil gilamiz. Ta'nfga ko‘ra = 1, shuning uchun ham
(13D “ (rar)’ ° x'r&  tenglikning o‘ng tomoniga kvadratik
cheginnalaming o'zgalik gonuni 6° -xoesani qoMlaymiz. U holda
L = (-1)»™> (™~ ) =-(7n) hosil boladi. Bu yerda

1° —xossadan foydalansak (”~ ) = - 0 ekanligi kelib chigadi. Bu

tenglikning o0‘ng tomomda yana bir marta 6° -xossadan foydalanamiz:

(rit)y =~ =-(-2)2 2(l) =~(4p) =~0)- Bunga 5°-
xossam qo'llaymiz. Uholda - g) = -(-1)”~=1. Demak, = 1.
Javob: 1 ,3,Y

2)W ) = G?) 40 -xossaga asosan () = (™) «(”~) ni hosil

gilamiz. Oxirgi tenglikning o‘ng tomonida har bir ko‘paytuvchi uchun
kvadratik chegirmalaming o‘zgalik gonum 6° —xossani qoMlaymiz. U

hoch LW LW «?)m «t)=(t) =

(~) _ (ii2+x2) -pi2+*) hosil boMadi. Bu yerda 1° -xossadan

foydalansak g ) mg ) ekanligi kelib chigadi. Bu tenglikning o‘ng

tomonidagi birinchi ko'‘paytuvchiga 5° - xossam qo'llaymiz,
ikkinchisini esa g ) deb yozish mumkin. Shuning uchun ham
© m© - g)=-1.1.9g) =-49g) ga ega

boMamiz. Bu tenglikning o‘ng tomomda yana bir marta 6° -xossadan
foydalanamiz: - g) = -(-1)¥T1Tr g) =gz+tl) = g) = L Demak,

gf) = 1- Javob: 1
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n , 47-1 731 p 3\ r47.1+26\
3).("J dan 6° -xossaga asosan (-1) 2 2 m J- N --—j N

hosil gilamiz. Bu yerda 1° -xossadan foydalansak (*? **~) - ("7) -
(i-) (H) ekanligi kelib chigadi. Bu tenglikning o‘ng tomonidagi birinchi

ko'paytuvchiga 5° —xossani, Ikkmchisiga esa 6 —xossani
/IO\/1\ 13147174 /A7 /13-3+8/1
go'llaymiz. (-)(-)=(*1!) 8 *(**) 2 2 (13" (13 * ( 13)

deb yozish mumkin. Bu yerda 1° —xossadan foydalansak —

(Tr)y=(S sl =©m sh™ n* uchun ham («)=c_ir7~ =
—1 gaega bo‘lamiz. Demak, —1. Javob:-1.

,,04 _ , *2=122=1 {383\ _ /132964
4).(— Jdan 6° -xossaga asosan (-1) 2 2 * ~V 20 )

ni hosil qilamiz. bo‘ladi. Bu yerda 1° —xossadan foydalansak
r r )-g.)=(i-)mJL) ekanligi kelib chigadi. Bu tenglikning

0'ng tomonidagi birinchi ko‘paytuvchiga 5° - xossani, ikkinchisiga esa

ny f34 2| 3-129-1 /29\

6° -xossam go'llaymiz. m(—]=(-1) 8 1(-1) 2 2 \T/
/2 deb yozish mumkin. Bu yerda 1° -xossadan foydalansak

P t2 (;) = = _I-Demak- (ss) * _5195_\1,2\/49;%: * /5034
5)'(593) dan 6° -Xxossa8a asosan (-1) 2 2 =

bo'ladi. tenel nme\o’ Eg tomonldagl ikkala kb’ i

paytuvchiga ham
37\ / 3\ 37—-1241-1 /241\
6° -xossani go'llaymiz. U holda Jm J=(-1) 2 2 '('57J"

» w s , /37-6+194 /3-80+1\ _ fI9\ _A\ _
1° -xossadan foydalansak ~ — )*~ 5—) ~ V3717\3 {37)"

Endi bunga yana 6° -xossani qo‘llaymiz. U holda (-J = (-1)
(§8) = (12 = (~ir 2)-Bunga 10" xossani tetbiq etsak (“ » >
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‘

(19) “ (19 - W '(18) - (~)- Endi oxirgi tenglikning o‘ng

tomoniga 5° - xossani go‘llab = (-i)2-1= - 1. Demak.

(Si) =-1-~vob: -1.
6). Lejandr simvolining qiymatini hisoblash uchun uning
xossalaridan foydalanamiz. Yugoridagi misollammg ishlanishiga garang.

c f*(-u- m -m =(" )if(s)-
(E93uw «G5)1 (=) M-« w of)=
(x ) m( f)-m . s © <(H)s e =

7
- © - © e
(574)30 =~ _ j Javob;l

7). Lejandr simvolining giymatini hisoblash ucnun uning
xossalaridan foydalanamiz. Yugoridag nisollaming ishlanishiga garang.

(%)'S (-«w . g ). (ii).(~ ) %

©

4° fto
/52\ /3 \1 , .?-« 281-*

CW-
) \7)‘“ ( 7438 1 tvobl

8). Lejandr simvolining gqiymatini hisoblash uchun uning
xossalaridan foydalanamiz. Yuqoridagi misollaming ishlanishiga garang.

®-C33*10 '£10 -1L
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«© 40 a0

-(”~ ) m-e3 - ® a-a w — © s .

(T mrnm~)y)yw = "=«

298. 1). Lejandr simvolidan foydalanib berilgan x2= 6(mod7)
taggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo'lsa uni topishimiz kerak. Awalo, berilgan x2 = 6(mod7)
taggoslamaning yechimga ega yoki ega emasligini aniglaymiz. Buning

uchun g ) ning giymatini aniglaymiz.

- = - (i) = -1. Demak, berilgan taggoslama yechimga ega

emas.
Javob: berilgan taggoslama yechimga ega emas.

2). Lejandr simvolidan foydalanib berilgan x2 = 3(modll)
taggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
3(mod11) taqgoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ning giymatini aniglaymiz.
/3\ 3Ww-1 77U\ /3-3 + 2\ /2\
(N)=(1)! 1-(e)— (-r-)— i — <-y* =1-

Demak, berilgan tagqoslama 2 ta yechimga ega.

Berilgan taqqoslamaning yechimlarini topish uchun 11 moduli
bo'yicha chegirmalaming Kkeltirilgan sistemasidagi chegirmalar
+1,+2, +£3,+4, +£5 lami taqqoslamaga qo'yib sinab ko‘rishimiz yoki
taggoslamalaming xossalandan 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(m odll) dan iborat.

3). Lejandr simvolidan foydalanib berilgan x2= 12(modI3)
taqgoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, benlgan x2=
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12(modI3) tagqgoslamaning yechimga ega yoki ega emasligini
aniglaymiz. Buning uchun ning giymatini aniglaymiz.

(4 P) =(3) = 1- Demak, berilgan tagqoslama 2 ta yechimga ega.
Berilgan taggoslamaning yechimlarmi topish uchun taqqoslamalaming
xossalaridan foydalanamiz. U holda X2- 12(mod13) ->x2=
25(modi3) -» Xx = £5(mod 13) ekanligini topamiz.
Javob: berilgan taggoslama yechimga ega va uning yechimlari x =
+5(modI3) dan iborat.
4).Lejandr simvolidan foydalanib berilgan x2= 3(modl3)
taggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo'lsa uni topishuniz kerak. Awalo, berilgan x2=
3(modl3) taggoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ning giymatini aniglaymiz.

(i) =(-1) 2 2 '(-7) =(~p) = (5 = 1- Demak, berilgan
tagqoslama 2 ta yechimga ega.Berilgan taqgoslamaning yechimlarini
topish uchun taqgoslamalaming xossalaridan foydalanamiz. U holda
X —3(modI3) »x2= 16(mod13) -* X = i4(modI3) ekanligini
topamiz.

Javob: berilgan taqgoslama yechimga ega va uning yechimlari x =
+4(modl3) dan iborat.

5).Lejandr simvolidan foydalanib berilgan x2 = 5(m odll) tag-
goslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
5(modll) taqgoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ning giymatini aniglaymiz.

(n) =(-1)2 2 () =(Mr)=W)=1- Demak, berilgan
taqggoslama 2 ta yechimga ega. Berilgan taggoslamaning yechimlarini
topish uchun taggoslamalaming xossalaridan foydalanamiz. U holda
X = 5(modll —-»x2—16(modll) X = +4(modll) ekanligini
topamiz.
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Javob: berilgan taggoslama yechimga ega va uning yechimlari X —
+4 (mod 11) dan iborat.

6). Lejandr simvolidan foydalanib berilgan x2 = 13(modl7)
taggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
13(modl7) taqqoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun nmg qgiymatini aniqglaymiz. (—) =

H )~ '"(3 =(T1v ) =WMW)=(n)=1" D'raak
tagqoslama 2 ta yechimga ega.Berilgan tagqoslamaning yechimlarini
topish uchun taqqoslamalaming xossalaridan foydalanamiz. U holda
X2= 13(mod17) -* x2= 13 + 17- 3(modl7) ->x2=
64(modl7) -¢ x = £8(modl7) ekanligini topamiz.

Javob: berilgan taggoslama yechimga ega va uning yechiinlan x =
+8 (mod 17) dan iborat.

7). Lejandr simvolidan foydalamb berilgan x2= 5(modl7)
taggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2 =
5(modi7) taggoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun nmg giymatini aniglaymiz.
w = . (fM ~ ) - 0© - - -1
Demak, berilgan taggoslama yechimga ega emas.

Javob: berilgan taggoslama yechimga ega emas.
299.1). Berilgan taqgoslama x2 = a(mod5) tagqoslamayechimga a
ning giymatini topishimiz kerak. Bizga ma’lumki, x2 = a(modp)

taqgoslama yechimga bo‘lishi uchun a som a 2 =1 (modp) shartni
ganoatlantirishi kerak. Bundan a2 = 1 (mod5) -* a2—1 = (mod5) -»
(a- I(a + 1) = 0O(modS) -» a- 1= 0(mod5)yoki a+ 1=
O(mod5) ->a = tl(modb5).
Javob: a = £1 + 5t,t 6 Z.
2). Berilgan taggoslama x2 = a(mod7) tagqoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’'lumki, x2= a(modp)

taqgoslama yechimga bo'‘lishi uchun a soni a 2 =1 (modp) shartni
ganoatlantirishi kerak Bundan a3 = 1(mod.7). Bu taagoslamani
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7 moduli bo'yicha chegirmalaming keltilgan sistemasi +1, +2, £+3 lami
taqgoslamaga qo'yib sinab ko‘ramiz. U holda
= —3,1,2(mod7) laming berilgan taqgoslamani ganoatlan-
tirishini ko'ramiz.
Javob: a= —3+ St,a= 1+ St,ta=2+ St,t EZ
3). Berilgan taggoslama x2 = a(mod 11) taqgoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’lumki, x2 = a(modp) tag-

goslama yechim bo'lishi uchun a soni aE§I= 1 (modp) shartni ganoat-
lantirishi kerak. Bundan a5= 1 (modlIl). Bu tagoslamani 11 moduli
bo'yicha chegirmalaming keltilgan sistemasi +1, £+2,+3,+4 ,+5 lami
taggoslamaga qo‘yib sinab ko‘ramiz. U holda a = 1,3,4,5,9(modll)
laming berilgan taqggoslamani ganoatlantirishini ko‘ramiz.

Javob: x = 1+ lit,a= 3+ lit,a=4+lit,a=5+ lit,a=
9+ Ilt,t GZ.

4).Berilgan taqgoslamax2 = a(modlI3) tagqoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’'lumki, x2= a(modp)

taqgoslama yechim bo‘lishi uchun a semi aprI = 1 (modp) shartni
ganoatlantirishi kerak. Bundan a6 = 1 (modl3). Bu tagoslamani
13 moduli bo‘yicha chegirmalaming keltilgan sistemasi
+1.+2,+3, +4, +5, +6 lami taqgqoslamaga qo'yib sinab ko'ramiz. U
holda a= #1,+3,+4 (modlI3) laming berilgan taggoslamani
ganoatlantirishini ko'ramiz. Javob: a= 1+ 13t,a = 3+ 13t,a =4+
13t,a= 9+ 13t,a= 10+ 13t,a= 10+ 13t,t GZ.

5).Benlgan taqgoslamax2 = a(mod3) taqgoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’'lumki. x2= a(modp)

Ezi .
taqgoslama yechimga ega bo'lishi uchunasonia z = | (modp) shartni
ganoatlantirishi kerak. Bundana = 1 (mod3).Javob:a = 1+ 3t,t GZ

300. x2+ 1= O(modp) taggoslama yechimga ega boiishi uchun

(—1)E§I =1 (modp) shart bajarilishi kerak. Agar p=4n+ 1
ko‘rinishidagi tub son bo‘lsa, u holda (—)2n = 1 (modp) bajariladi va
tagqoslama ikkita yechimga ega.

Endi agar berilgan taqgoslama x2+ 1= 0(modp) yechimga ega
bo‘lsa, p = 4n + 1 ko'rinishidagi tub son boMishini ko‘rsatamiz. Butun
sonlami 4ga bo‘lgandagi qoldiglar bo'yicha yozsak: 4n,4n + |,4n +
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2,4n + 3 ko'rinishlarda bo‘ladi. p —tub son boisa p = 4n 4-1 yoki
p = 4n 4 3 ko'rinishda bo‘lishi mumkin. Agar p = 4n + 3 ko'rinishda

bo'lsa, Eyler kriteriyasiga ko‘ra (—1)F’21 = 1(modp) -» ()2l =
1(modp) bo‘lishi kerak, lekin bu taggoslama bu taqgqoslama o‘rinH
emas. Shuning uchunhamp = 4n + 1

301. a24- b2 —0(modp) bo'lsa, (a,b) = 1 bo‘lgani uchun a 3=
O(modp) va b r 0O(modp) bo‘lishi kerak. Faraz etaylik, X soni bx =
1(modp) tagqoslamaning yechimi bo‘lsin. U holda (bx)2= I(modp)
va (ax)24- (bx)2= (ax)24 1= 0(modp) bo'lishi kerak. 300-misolga
asosan(ax)2+ 1 —O(modp)tagqoslama fagat va fagat p= 4n+ 1
ko‘rinishidagi tub son bo‘lsagina o‘rinli.

302. x(x + 1) = I(modlI3) desak, x2+ x—1= 0(modI3) -*

(*+5 “j—0(modI3) ->(2x + 1)2= 5(modI3). Bu taqgoslama
yechimga ega emas. Chunki, Lejandr simvolining qiymati =

i-ry ~rom(f). (~2). (). (-1 )~ <f). (2n) =

(@): (-1 8 = -lgateng.

303. 302-misolga asosan  berilgan Xx(x + 1) = a(modl3)
taqgoslamani  (2x 4 1)2= 4a + I(modI3) ko‘nmshida yoztsh
mumkin. Ma’lumki, p > 2 — moduli ho'yicha chegirmalaming to‘la

sistemasi 0,+ 1,+ 2, dagi chegirmalaming yarmi kvadratik
chegirma, qolgan yarmi esa kvadratik chegirma emas bo‘ladi. Kvadratk
chegirmalar sifatida 0,1,2,...,”~ laming kvadratlanm olish mumkm.

Shuning uchun ham 4a4-1 = 0,1,4,9,3,12,10(modI3) w4a =
-1,0,3,8,2,11,9(modlI3) -» a = 3,0,4,2,7,6,12(modI3). Shunday
gilib, a= 13t, a= 24 13t,3+ 13t,4+ 13t,6 + 13t, 7+ 13t, 12 4-
13t,t GZ.

Javob: a=13la= 2+ 13t,3 + 13t, 4+ 13t,6 + 13t,7 4
13t, 12 + 13t,t GZ.
304. Faraz etaylik, bunday tub sonlaming soni chekli bo‘lib, ular

pXPit...,Pic lardan iborat bo‘lsin. N = (pxp2‘“ P*)2+ 1 sonini
garaymiz. Bu son 300-misolga asosan fagat 4n 4-1 ko'‘rinishidagi tub
sonlarga boMinadi. Lekin N soni P\,P2>—>Pk Dmng birorta: ga ham
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bo‘linmaydi. Shuning uchun ham N ning o‘zi tub son yoki u biror pk+1
tub bo‘luvchiga ega. Demak, 4n + 1 ko'‘rinishidagi tub sonlar soni
cheksiz ko‘p.

305. 1).4x2- 5y = 6 -» 4x2= 6+ 5y ->4x2= 6(mod5)
2x2 = 3(mod5) -* 2x2 = 8(mod5) -» X2 = 4(mod5) -» X =
+2(mod5) -* x = +2 + 5t,t GZ.x ning topilgan giymatini berilgan
tenglamaga go'yib y ning giymatmi aniglaymiz: 4(x2 + St)2—5y =
6 -» 4(4 £ 20t + 25t2 - by = 6 ->5y = 10+ 80t + 100t2-*y =
2+ 16t + 20t2. Shunday qilib. izlanayotgan yechim (x2 + 5t, 2+
16t + 20t2),t GZ.

Javob:(x2 + 5t,2+ 16t + 20t2),t G Z.

2).5x2=1lly + 7 -» 5x2=7(modll) -» x2a 8(modll).
Oxirgi taqgoslamada =(-1) 8 = -1 boMgani
uchun u yechimga ega emas. Demak, berilgan egri chiziq butun
koordinatali nugtadan o‘tmaydi. Javob: O.

3).x2- IOx+5=1ly -» (x - 5)2- 20=1lly -*(x - 5)2s
20(mod11) -* (x —5)2= 9(modll) ->x - 5= £3(mod11) -* X =
5+ 3(mod11) -» x = 2(modll)va x = 8(modll) -»x = 2+
lit vax =8+ Ilt,t GZ.x nmg bu topilgan giymatlariga mos y ning
giymatlarini aniglaymiz. Awalo, x = 2+ lit ga mos y ning giymatini
aniglaymiz Buning uchun x ning topilgan giymatini berilgan tenglamaga
olib borib go‘yamiz: (2 + lit)2—10(2 + lit) + 5= 1lly-»lly =
121t2- 66t- 11 -*y = |lit2- 6t- 1

Endi x = 8 + lltga mos y ning giymatini aniglaymiz:

B8+ lit)2- 108+ lit) + 5=11ly >1ly
= 121t2+ 176t + 64 - 80 -

-HOt+ 5-»1ly = 121t2+ 66t- 11 -»y = lit2+ 6t -
|.Demak, yechimlar (2 + lit, lit2- 6t —1)va (8 + lit, lit2+ 6t —
1),t GZ
Javob: (2 + lit, lit2- 6t- 1)va(8 + lit, lit2+ 6t- 1),t GZ

4).x2- 21x + 110 = 13y -» x2- 21x + 110 s O(modlI3) -+
X2—8x + 6 = O(modI3) -» (X —4)2= 10(modI3) -> (x —4)2=
36(ModI3) -» x - 4= £6(modI3) -» x = 4+ 6(mod13) -¢ x =
-2(modI3)va x = 10(modI3) -*x = —2+ 13tvax = 10+
13t,t GZ. x ning bu topilgan giymatlariga mos y ning giymatlarini

260



aniglaymiz. Awalo, x = —2 + 13t ga mos y ning giymatini aniglaymiz
Buning uchun x ning topilgan giymatini berilgan tenglamaga olib borib
go‘yamiz: (—2 4 13t)2—21(—=2+ 13t) + 110 = 13y -» 4 —521 +
169t2+ 42 - 2731+ 110 = 13y -+ 169t2- 325t + 156 = 13y -»
y = 13t2- 25t+ 12,te Z. Endi X = 10+ 13t ga mos Yy ning
giymatini aniglaymiz: (10 + 13t)2- 21(10 + 13t) + 110 = 13y-»
13y = 169t2+ 260t + 100 - 210 - 273t + 110 »» 13y = 169t2-
13t -*y = 13t2—t,t E Z. Demak, yechimlar (-2 + 13t,13t2—
25t + 12)va(10 + 13t, 13t2-t),te Z
Javob: ((-2 + 13t, 13t2- 25t + 12)va (10 + 13t, 13t2- t),t e Z.
5).15x2—7y2 = 9 -* 15x2= 9(mod7) -* x2= 9(mod7) -*
X = 3 + 71 X ning bu topilgan giymatlariga mos y ning giymatlarmi
aniglaymiz. Awalo, x = -3 + 7t ga mos y nmg giymatini aniglaymiz.
Buning uchun X ning topilgan giymatini berilgan tenglamaga olib borib
go'yamiz: 15(—3+ 71)2—7y2= 9 -> 15(9 —42t + 49t2) - 7y2=
9 -» 135- 630t + 735t2- 7y2= 9 -> 126 - 630t + 73512=
7Y2 y2 = 105t2—90t + 18. Bunda oxirgi ifodaning o‘ng tomoni-
dagi uchhadning diskriminanti 540 ga teng va shuning uchun ham uto‘liq
kvadratni bermaydi, ya’ni y ning butun giymatlari mavjud emas. Endi X =
3 + 7tgamosy ninggiymatini aniglaymiz*: 15(3 + 7t)2—7y2= 9 -+
15(9 + 42t + 49t2) - 7y2= 9 w 135 + 630t + 735t2- 7y2= 9 ->
126 + 630t + 735t2= 7y 2 y2= 105t2+ 90t + 18. Bunda ham
oxirgi ifodaning o‘ng tomonidagi uchhadning diskriminanti 540 ga teng
va shuning uchun ham u to'lig kvadratni bermaydi, ya’'ni y ning butun
giymatlari mavjud. Demak, berilgan tenglama butun sonlarda yechimga

egaemas. Javob: berilgan tenglama yechimga ega emas.
/5\ p-15-1
306. l).Lejandr simvolining ta'ritiga asosan= (-1) * 2 e

(1) = (1) bo‘lganidan, a = 5 soni p-tub moduli bo'yicha kvadratik
S-i

chegirma bo‘lishi uchun Eyler kriteriyasiga asosan p 2 = I(mod5) -+
p2= I(mod5) ning bajarilishi zarur va yetarlidir. Bundan p2 =
16(mod5) -» p = £4(mod5) -» p = xtI(mod5) ni hosil gilamiz. Buni
p = £1 + 5k ko‘rinishida yozish mumkin.

Umuman, butun sonlami 5 moduli bo'yicha 5 ta: 5k, 5k + 1,5k +
2,5k + 3,5k + 4 sinfga ajratish mumkin bo‘lgani uchun, agar p = 5k +
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1yoki p = 5k + 4 ko‘rinishdagi tub son bo‘lsa, a = 5 son. 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 nnishdagi tub
modullar bo'yicha kvadratik chegirma, p = 5k+ 2 va p = 5k+ 3
ko‘rinishdagi tub modullar bo‘yicha kvadra' ¢ chegirma emas boiadi.

2).Lejandr simvolining ta'rifiga asosan|—) = (—j =

(ir) (p) = 2 '(f) = (f) boiganidan, = -3 soni

p-tub moduli bo'‘yicha kvadratik chegirma boiishi uchun Eyler
3-1

kntenyasiga asosan p 2 = I(mod3) -» p = I(mod3) ning bajarilishi

zarur va yetarlidir. Buni p = 1 + 3k ko‘rinishida yozish mumkin.

Umuman, butun sonlami 3 moduli bo‘yicha3ta: 3k, 3k + 1,3k + 2
sinfga ajratish mumkin boMgani uchun, agar p = 3k + 1 ko‘rinishdagi
tub son bo'lsa, a = -3 soni p-tub moduli bo'yicha kvadratik chegirma,
agar p = 3k + 2 yoki ko‘rimshdagi tub son bo‘lsa, a = —3 soni p-tub
moduli bo'yicha kvadratik chegirma emas bo'lar ekan.

Javob: a = —3 soni p = 3k + 1 ko‘rinishdagi tub modul bo'yicha
kvadratik chegirma, p = 3k + 2 ko‘rinishdagi tub modul bo‘yicha

kvadratik chegirma emas boiadi.
73\ P~13—1 /p\
3).Lejandr simvolining ta'rifiga asosan =(-1) z 2m =

(—1)" e~ boiganidan, agar p = 3k + 1 ko‘rinishida boisa,
3e Bk + 1\ if? /1\ 2
GC—1)*m 3 )=(-1H2'(3) =(-D" w
ladi. Agar bunda K = 4q boisa, (*) dan Q) = 1 hosil boiadi,

ya'ni 3soni p = 129 + 1 ko‘rinishdagi tub moduli bo‘yicha kvadratik
chegirma boiadi. 12 moduli bo'yicha barcha butun sonlami 12 ta sinfga
gjratish mumkin. Buiardan 129 + 1,12q + 5,12q + 7,12q + 11
sinflardagina tub SO(Iar Bmoiadi. Agar p = 12g + 5 boisa, u holda

Pli). (Lestrt*j _gj. .1

agarda p = 12q + 7 boisa,
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S\ /12p + 0 /3m(4q + 2) 4 1\ /10
(<) = (-«> e e j=-(3)=-

agarda p = 129 + 11 bo'lsa,

larni hosil gilamiz. Shunday gilib, 3 sonip = 12q + I,p 12q +
11 ko‘rinishdagi tub modullar bo'yicha kvadratik chegirma, p = 12q +
5p = 129 4 7 ko'‘rinishdagi tub modullar bo‘yicha kvadratik chegirma
emas bo'lar ekan.

Javob: 3 soni p = 12?4-1,p = 12q + 11 Ko rinishdagi tub
modullar bo'yicha kvadratik chegirma, p = 129+ 5,p = 129+ 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

/24 p2—1

Lejandr simvolining ta'rifiga asosan I-1 = (-1) e =1 bajarilishi
kerak. Buning uchun esa 2 __\ip 29 -* p2= 14-16q -» p2 =
I(modl16) ko rinishida bo'lishi kerak. Oxirgi taqqoslamani p = 16fc +
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 + I,p = 16k 47, p= 16k + 9, p = 16k + 15 uni ganoatlan-
tiradi. Qolganlari ganoatlantirmaydi. Shuning uchun ham 2 somp =
16k + I,p = 16k + 7, p = 16k + 9, p = 16k + 15 modullar ho'yicha
kvadratik chegirma, p = 16k + 3,p = 16k + 5 p = 16k + 11,p =
16k 4- 13modullar bo'yicha kvadratik chegirma emas bo'ladi. Bulami 8
moduli birlashtinb yozib olishimiz mumkin. U holda 2 soni p = 8k 4-
I,p = 8k + 7modullar bo'yicha kvadratik chegirma, p = 8k 4 3,p =
8k + 5, modullar bo'yicha kvadraJk chegirma emas bo'ladi.

Javob: 2 sonip = 8fc 4-1,p = 8fc 4- 7modullar bo'yicha kvadratik
chegirma, p=8k+ 3,p= 8k45 modullar boyicha kvadratik
chegirma emas bo'ladi.

5).Lejandr simvolining ta'rifipgaasosan=(~~) = (~) (~) —
p-1 p-1 7—1  /p\ /p\
(1) 2 (—1)z 2m J= bo'lganidan, a = —7 soni p-tub moduli

bo'yicha kvadratik chegirma bo'lishi uchun Eyler kriteriyasiga asosan
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7-1

p 2 = 1(mod.7) -* p3 = I(mod7) ning bajarilishi zarur va yetarlidir.
Buni p=1+7k, p=2+7k,p=3+ 7k,p=4+ 7k,p=5+
7k, p = 6 + 7k lami go'yib tekshirsak, p=1+7k, p=2+7Kk,p =
4 + 7K lar uni ganoatlantiradi, qolganlari esa ganoatlantirmaydi. Demak,
a=—7 sonip=1+ 7k, p=2+ 7k p = 4+ 7k modullar bo'yicha
kvadratik chegirma,p = 3+ 7/, 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+ Tfc
modullar bo'yicha kvadratik chegirma,p = 3+ 7k, p= 5+ 7k,p =
6 + 7k modullari bo'yicha kvadratik chegirma emas bo'ladi.

307.1). Berilgan taqgoslamadan x(x + 1) = 1(modp) -* X2+ X -

1= 0(modp) “*(* +j) -i- 1= 0(modp)-*(2x+1)2=

5(modp). Bu tagqoslama yechimga ega bo‘lishi uchun Q) =

(—1)P2 2 m(H) = (O =i bo'lishi kerak. p=1+5k p=2+
5k,p = 3+ 5k,p = 4+ 5k lami qo'yib tekshirsak, p=1+
5k, p= 4+ 5k lar uni ganoatlantiradi, golganlari esa

ganoatlantirmaydi.
Javob:p = 1+ 5k, p= 4+ 5k modullar bo'yicha berilgan

tagqoslama yechimga ega, p = 2 + 5k, p = 3 + 5k modullar bo'yicha
taggoslama yechimga ega.

2). Berilgan taggqoslamadan x(x - 1) = 2(modp) -* X2- X —
2 = 0(modp) -* (x - N—2=0(modp) -» 2x —I1)2=
9(modp). Buyerda = 1 boMgani uchun. Ixtiyoriy p > 2 tub modul

uchun berilgan tagqoslama yechimga ega bo'ladi.

Javob: Ixtiyoriy p > 2 modul bo'yicha berilgan taggoslama
yechimga ega.

3). Berilgan taqgoslamadan x(x —1) = 3(modp) Xx2—x —3 =

O(modp) “* (* —j) —" 3= 0(modp) > (2x —I1)2= 13(modp).
713\ p-i13-1
Bu taggoslama yechimga ega bo'lishi uchun j=(—1)2 2 =

= 1 bo'lishi kerak. p= 1+ 13k, p= 3+ 13k, p= 4 +
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13K, p= 9+ 13K,p = 10+ 13K,p = 12+ 13Kk vap = 13 lar uni
ganoatlantiradi. golganlari esa ganoatlantirmaydi.

Javob:p = 1+ 13fc, p= 3+ 13k, p= 4+ 13fc, p= 9+
13k,p = 10+ 13fc, p = 12+ 13K vap = 13 modullar  bo'yicha
taqgoslama yechimga ega.p = 2+ 13k, p = 5+ 13fc, p = 6 + 13k,
p=7+13k,p= 8+ 13fc, p = 11 + 13k modullar bo‘yicha berilgan
taggoslama yechimga ega emas.

308.1). Agar x2= 13(modp) yoki x2= 17(modp) lardan
birortasi o‘rinli boMsa, berilgan taqgoslama (x2- 13)(x2—17)(x2—
221) = 0(modp) yechimga ega boMadi. Agar ilarmng ikkalasi ham

yechimga ega bo‘lmasa, = (y) = —1 bajarilishi kerak. Bundan

(=)' (™r)=(“ ) =1 kelib chigadi. Bu esa x2= 221(modp)
bajariladi degani. Demak, berilgan tagqoslama ixtiyoriy p > 2 tub modul
bo'yicha o'rinli.

2). Agar x2 = 3(modp), yoki x2= 5(modp),yoki x2= 7(modp),
yoki Xx2= 11(modp) lardan birortasi o‘rinli bo‘lsa, berilgan
taqqoslama(x2 —3)(x2- 5)(x2- 7)(x2—11)(x2—1155) =
O(modp) yechimga ega boMadi. Agar ulaming to‘rtalasi ham yechimga

ega bo‘'lmasa, Q) = Q) = = (y) = -1 bajarilishi kerak. Bundan

(p) (p) (P)*(~) = * ~elib chigadi. Bu esa x2= 1155(modp)
bajariladi degani. Demak, berilgan taggoslama ixtiyoriy p > 2 tub modul
bo‘yicha o‘rinli.

V.I-§.

309.1). Buning uchun a sonining m moduli bo‘yicha tegishli boMgan
daraja ko isatkichi <p(m) ning boMuvchilari orasida boMishidan (2-
natijadan) foydalanamiz. Bu misolda a = 2,m = 7 va <p(7) = 6, boMib
6 ning boMuvchilari: 1,2,3,6 lardan iborat. Shuning uchunham 2 ning ana
shu darajalanm tekshiramiz. U holda 21= 2, 22= 4, 2? =
1(mod 7)lardan 2 sonining 7 moduli bo‘yicha tegishli boMgan daraja
ko'rsatkichi 5 = P7(2) = 3 ga teng degan xulosaga kelamiz.

Javob: P7(2) = 3.

2). 1-misoldagi singari mulohaza yuritamiz. Bu misolda a = 3,m =
7 va<p(7) = 6, boMib 6 ning boMuvchilari: 1,2,3,6 lardan iborat. Shuning

uchun ham 3 nmg ana shu darajalanm tekshiramiz. U holda 31 =
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3, 32=2, 33=6, 36= (33)2= 1(mod7)lardan 3 sonining 7 moduli
bo'yicha tegishli bo'lgan daraja ko'rsatkichi S = P7(3) = 6 ga teng
degan xulosaga kelamiz. Javob:P7(3) = 6.

3). lva 2-misollardagi singan mulohaza yuritamiz. Bu misolda a =
5m = 7va<p(7) = 6, bo'lib 6 ningbo'luvchilari: 1,2,3,6 lardan iborat.
Shuning uchun ham 3 ning ana shu darajalarini tekshiramiz. U holda 51 =
5 52=4,53=6, 56= (53 2= I(mod7)lardan 5 sonining 7 moduli
bo'yicha tegishli bo'lgan daraja ko'rsatkichi S = P7(5) = 6 ga teng
degan xulosaga kelamiz.

Javob: P7(5) = 6.

Shunday qilib bitta m moduli bo'yicha bir nechta boshlang'ich
ildizlar bo'lishi mumkin ekan.

310. l).Tanlash usuli bilan m moduli bo'yicha 2 dan m —1 gacha
sonlar orasidan m bilan o'zaro tublari tegishli bo'lgan daraia
ko'rsatlachlanni topishuniz 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 sonlaming m = 5 moduli bo'yicha tegishli bo'lgan daraja
ko'rsatkichlanm aniglaymiz. Buning uchun 309-misollardagi smgari
mulohaza yuritamiz. <p(5) = 4, bo'lib 4 ning bo'luvchilari: 1,2,4 lardan
iboraLU holda 21=2, 22= 4, 24= I(mod5); 31= 3, 32= 4,
34 = I(modS); 41=4, 42= I(mod5)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: Ps(2) = P5(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, S, 6 lardan iborat. Bu sonlammg
m = 7 moduli bo'yicha tegishli bo'lgan daraja ko'rsatkichlarini
aniglaymiz. Buning uchun 1-misoldagi singari mulohaza yuritamiz. 309-
misolda P7(2) = 3,P7(3) = P7(5) = 6 ekanliklarim aniglagan edik.
Shuning uchun 4, 6 sonlarining m = 7 moduli bo'yicha tegishli bo'lgan
daraja ko'rsatkichiarini  aniglaymiz. <p(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 P7(4) = 3. 61= —1, 62= I(mod7)dan 6 soni 7
moduli bo'yicha 2 daraja ko'rsatkichiga tegishli ekan degan xulosaga
kelamiz.

Javob: P7(2) = P7(4) = 3, P7(3) = P7(5) = 6,P7(6) = 2.
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3). Bu misolda m = 8 boMgani uchun 2 dan 7 gacha sonlar orasidan
8 bilan o'zaro tublari: 3, 5, 7 lardan iborat. Bu sonlammg m = 8moduli
bo'yicha tegishli bo'lgan daraja ko‘rsatkichlanm aniglaymiz. Bunmg
uchun 1,2-misollardagi singari mulohaza yuritamiz. qp(8) = 4, bo'lib 4
ning bo'luvnhilan: 1,24 lardan iboratU holda 31= 3, 32=
Ilmod8); 51=5, 52= I(mod5); 71= —1, 72 = I(mod8)lardan
garalayotgan sonlaming barchasi 8 moduli bo'yicha 2 daraja
ko'rsatkichiga tegishli ekan degan xulosaga kelamiz.

Javob: P8(3) = P8(5) = P8(7) = 2.

4). Bumisoldam = 10 boMgani uchun 2 dan 9 gacha sonlar orasidan
10 bilan o‘zaro tublari: 3, 7, 9 lardan iborat. Bu sonlaming m = 10
moduli bo'yicha tegishli bo'lgan daraja ko'rsatkichlarini aniglaymiz.
Buning uchun 1,2, 3-misollardagi singari mulohaza yuntamiz. <p(10) =
4, boMib 4 ning bo'luvchllan 1,2,4 lardan iborat. U holda31= 3, 32=
-1,34= 1(mod10); 71=7, 72= -1,74= I(modlO); 91 =
—1, 92= 1(modiO)lardan garalayotgan 3 va 7 sonlari 10 moduli
bo'yicha 4 daraja ko'rsatkichiga, 9 som esa 2 daraja ko'rsatkichiga
tegishli ekan degan xulosaga kelamiz.

Javob: P10(3) = P10(7) = 4,P10(9) = 2.

5). Bu misolda m = 11 bo'lgam uchun 2 dan 10 gacha sonlar
orasidan 11 bilan o'zaro tublari: 2,3,4, 5,6, 7, 8, 9,10 lardan iborat. Bu
sonlaming m = 11 moduli bo'yicha tegishli bo'lgan daraja
ko'rsatkichlarini aniglaymiz. Buning uchun 1,2, 3-misollardagi singan
mulohaza yuritamiz. <p(ll) = 10, hoMib 10 rung bo'luvchilan: 1,2,5,10
lardan iborat. U holda 21= 2, 22=4,2s= —1,210=
1(mod11); 31= 3, 3Z= -2,3s= IQ/nadll);*1=4, 42=5,4s=
1(mod11); 51=5 52= 3,5s= I(modll); 61=6,62= 3,6s=
-1,610= 1(mod11); 71=7, 72=5, 7s= -1, 710=
Ilmodll); 81= 8, 82= -2, 8ss -1, 810= I(modll); 91= -2,
92= 4, 9ss 1(mod11);

101= -1,102= I(m odIl) lardan garalayotgan 2,6,7 va 8 sonlari
11 moduli bo'yicha 10 daraja ko'rsatkichiga, 3,4, 5, 9 sonlari S daraja
ko'rsatkichiga, 10 soni esa 2 daraja ko'rsatkichiga tegishli ekan degan
xulosaga kelamiz. Javob: Pyp(2) = Pu(6) = Pn (7)= Pu(8) =
10, P,(3) = Pu(4) = Pu (5) = Pia(9) = 5,P,(10) = 2.
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6). Bu misoldam = 9 bo‘lgani uchun 2 dan 8 gacha sonlar orasidan
9 bilan o'zaro tublari: 2, 4, 5, 7, 8 lardan iborat. Bu sonlammg m = 9
moduli bo'yicha tegishli boMgan daraja ko'rsatkichlanni aniglaymiz.
Buning uchun yugoridagi misollardagi singan mulohaza yuritamiz.
<p(9) = 6, bo‘lib 6 ning boMuvchilari: 1,2,3,6 lardan iborat. U holda
21= 2, 22= 4,23= -1,26= I(mod9); 41= 4, 4Z= -2 ,43=
1, (mod9); 51=5, 52= -2,53= -1,56= AT0#3);?1= -2, 72"
4,73= I(mod9); 81= —1, 82= I(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:Pg(2) = P9(S) = 6, P9(4) = P9(7) = 3,P9(8) = 2.

311.Ta'rifgako‘'ra (m —1)*5= I(m odm) shartni ganoatlantiruvchi
eng kichik 5 > 0 natural sonni topish kerak. Bu taqqoslama (—I)*5=
1(modm ga teng kuchli. Bundan, agar m = 2 bo‘lsa, S = 1 va agar
m > 3 bo‘lsa, 8 = 2 kelib chigadi.

. 1,agar m = 2 bo'lsa,
Javob: Pm(m - 1) =
tz,agar m > 3 bo Isa.

312. 1). 7 moduli bo'yicha barcha boshlang‘ich ildizlami topish
uchun shu modul bo‘yicha chegirmalaming keltirilgan sistemasi
2,3,4,5,6 lar orasidan )(7) = 6daraja ko'rsatkichiga tegishlilanni ajratib
olamiz. <p(7) = 6 ning boMuvchilari 2,3 boMgani uchun g2£
Ilmod7), g3;SI(mod7) shartlami qanoatlantiruvchilari ajratib
olishimiz kerak. 2,3,4,5,6 lami g ning o‘miga qo'yib tekshinb ko'ramiz:
225 I(mod7), 23= I(mod7); 32WI(mod7), 33%

Ilmod7); 4238 I(mod7), 43= I(mod7); 52£ I(mod7),
53 £ I(mod7);

62= I(lmod7). Demak, 7 moduli bo'yicha barcha boshlang'ich
ildizlar 3,5 lardan iborat bo'lar ekan. Ulaming soni <p(<p(p)) =
cp(p —1) = <p(6) = 2 ta

Javob: 3,5.
2). 11 moduli bo'yicha barcha boshlang'ich ildizlami topish uchun
shu  modul bo'yicha  chegirmalaming keltirilgan sistemasi

2,3,4,5,6,7,8,9,10 lar orasidan <p(ll) = IOdaraja ko'rsatkichiga
tegishlilarini ajratib olamiz. (p(11) = 10 ning boMuvchilari 2,5 boMgani
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uchun g2¥ I(mod7), g55 I(m odll) shartlarni ganoatlantiruvchi-
larini ajratib olishimLz kerak. 2,3,4,5,6,7,8,9,10 lami g ning o‘miga
go'yib tekshirib ko‘ramiz: 22 £ I(modll), 2s£ I(modll); 32%
1(mod11), 3s= I(modll); 42£ I(modll), 4s=

Ilmodll); 52?2 I(modll), 55=I(modll); 62£

1(mod11), 65S I(modll); 72r I(modll), 75l

Ilmodll); 82r I(modll), 85mliI(modll); 92

Ilmodll), 95= I(modll); 102= I(modll). Demak, 11 moduli
bo'yicha barcha boshlane'ich ildizlar 2,6,7,8 lardan iborat bo'lar ekan.
Ulaming soni da(<p(p)) = <p(p —1) = <p(10) = 4 ta.

Javob: 2,6,7,8.

3). 13 moduli bo'yicha barcha boshlang'ich ildizlami topish uchun
shu  modul bo'yicha chegirmalaming keltirilgan sistemasi
2,3,4,5,6,7,8,9,10,11,12 larorasidan qo(13) = 12daraja ko'rsatkichiga
tegishlilanni ajratib olamiz. <p(13) = 12 = 22 =3 ning tub boMuvchilari
2,3 boMgani uchun g4r I(lmodI3), g6£ I(modlI3) shartlarni
ganoatlantiruvchilarim ajratib olishimiz kerak. 2,3,4,5,6,7,8,9,10,11,12
lami g ning o‘miga qo'yib tekshirib ko‘ramiz: 24 S I(modlI3), 26 %
I(modl3). Demak, 13 moduli bo'yicha eng kichik boshiangMcb ildiz
2 ekan. BoshlangMch ildizlami aniglashning ikkinchi bir usuli bu agar p
moduli bo'yicha boshlang'ich ildizlardan birortasi (yaxshisi eng kichigi)
g maMum bo'lsa, golgan barchasini gk (modp') ning eng kichik musbat
chegirmasi sifa- ia aniglash mumkin. Bunda (k,p —1) = 1val< K <
p-1. Qolgan boshlang'ich ildizlami topish uchun ana shu tasdigdan
foydalanamiz. Bizda g = 2 va 2k(mod13) ni garaymiz. Bunda
(k, 12) = 1val < k< 12 bajarilishi kerak. Bundan k= 5,7,11
ekanligini topamiz. U holda gk(modI3) lami eng kichik musbat
chegirma ko'rinishida yozib 25= 6 (modlI3); 27£
IIlmodI3); 211 = 7 (modI3) lami hosil gilamiz. Shunday qilib, 13
moduli bo'yicha barcha boshlang'ich ildizlar 2,6,7,11 lardan iborat
bo'lar ekan. Ulaming soni  <p{<p(p)) = <plp—1) = <p(12) —4 ta.
Javob: 2,6,7,11.

4). 17 moduli bo'yicha barcha boshlang'ich ildizlami topish uchun
shu  modul bo'yicha chegirmalaming keltirilgan  sistemasi
2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 lar orasidan <p(YJ) = l1l6daraja
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ko'rsatkichiga tegishlilanni ajratib olamiz. <p(17) = 16 = 24 ning tub
bo'luvchilari 2  bo'lgani uchun gs EIl(modl7) shartlami
ganoatlantiruvchilarini ajratib olishimiz kerak. 2,3,4,... ,16 lami g ning
o‘miga go'yib tekshirib ko'ramiz: 2s = I(modl7); 38%
Ilmodl7),48= I(modl7); 58= (524=84= 642= (-4)2=

-1 r 1(mod17); 68=24=-U I(modl7); 78= (-2)4=-1 W

Ilmodl7); 88= (-4)4=I(modl7); 98= (-4)4-

Ilmodl7); 108= (-2)4= -1 £ I(modl7); 118=24= -1 £
I(modl7); 128= (-5)8= -1 W 1(mod17); 138= (-4)8=
I(modl7); 148= (-3)8S I(modl7); 158= (-2)8=

Ilmodl7); 168= (—)8= I(modl7) lami hosil gilamiz. Shunday
qgilib, 17 moduli bo'yicha barcha  boshlang‘ich ildizlar
3,5,6,7,10,11,12,14, lardan iborat bo‘lar ekan. Ularning soni
<p{d(p)) = <P(P~ r) = <K16) = 8 ta.

Javob: 3,5,6,7,10,11,12,14.

313. I).p —tub moduli bo'yicha barcha boshlang'‘ich ildizlar soni
<jp(<p(p)) = <p(p —1) ga teng. Bizning misolimizda p = 19 bo‘lgani
uchun <p(19 —1) = <p(18) = 6,ya'ni 19 moduli bo'yicha barcha
boshlang'ich il lizlar soni 6 ga teng. Endi 19 moduli bo'yicha eng kichik
boshlang'ich ildizni topamiz. Buning uchun 19 moduli bo'yicha
chegirmalaming keltirilgan sistemasi 2,3,4,... ,18 lar orasidan <p(19) =
18daraja ko'rsatkichiga tegishli eng kichik sonni topishimiz kerak.
(p(19) = 18 = 2 «32ning tub bo'luvchilari 2 va 3 bo'lgani uchun gér
I(modl9), g9r I(modl9)shartlami ganoatlantiruvchi eng kichik son
g topishimiz kerak.

26=-4 1 1(mod17), 29= -32 =61 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 <p(23 —1) = <p(22) =
10,ya'ni 23 moduli bo'yicha barcha boshiang'ich ildizlar soni 10 ga teng.
Endi 23 moduli bo'yicha eng kichik boshlang'ich ildizni topamiz. Buning
uchun 23 moduli bo'yicha chegirmalaming Kkeltirilgan sistemasi
2,34, ....,22 lar orasidan ~>(23) = 22darajako'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. N(23) = 22 = 2<lining tub
bo'luvchilari 2va3 bo'lgani uchun g2® I(mod23),g11 LW
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I(mod23) shartlami ganoatlantiruvchi eng kichik son g topishimiz

kerak.

22 = 4% 1(mod23), 211 = (25 22=81+2=-22 = I(mod23);

32= 9 £I(mod23), 311 = (352m3 = 1323 = 83 = I(Mod23);

42= -7 FEl(mod23), 411 = (43)3m42= (-5)3ml6 = -125 m16

= -10-16 = I(mod23);

52= 2 lWI(mod23),511 = (b2)5m5 = 2s*5=45= -1 ml(mod23);
Buiardan 5 soninmg 23 moduli bo‘yicha eng kichik boshlang‘ich

ildiz ekanligi kelib chigadi. Javob: 10 va 2.

3). Bizda p =31 boMgani uchun (31 —1) = <p(30) =
8,ya'ni 31 moduli bo'yicha barcha boshlangMch ildizlar soni 8 ga teng.
Endi 31 moduli bo'yicha eng kichik boshlangMch lldizni topamiz. Buning
uchun 31 moduli bo‘yicha chegirmalaming keltirilgan sistemasi
234, ..... 30 larorasidan 9(31) = 30 daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. <p(31) = 30 = 2 =3 m5ning tub boMuv-
chilari 2,3vab boMgani uchun g6 & I(mod31),g10 £
Ilmod31), g5 WI(mod31) shartlami ganoatlantiruvchi eng Kichik
son g topishimiz kerak.

26 =2S 1(mod31),210 = (252= I(mod31);36= (33)2=
(-4)2mlI(mod31), 310= (35)2s (-5)2=25=1ml(mod31);,
315 = (355= (—5)3=-125 = -1 r I(mod31). Buiardan 3

soninmg 31 moduli bo'yicha eng kichik boilangMch Ihc . ekanligi kelib
chigadi. Javob: 8 va 3.

4). Bizda p = 37 boMgani uchun <p(37 —1) = ™p(36) =
12,ya'ni37 moduli bo'yicha barcha boshlangMch ildizlarsoni 12 gateng.
Endi 37 moduli bo'yicha eng kichik boshlangMch ildizni topamiz. Buning
uchun 37 moduli bo'yicha chegirmalaming keltirilgan sistemasi
2.3.4,....,36 larorasidan g{37) = 36daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. 37) = 36 = 22+32ning tub bo‘-
luvchilari 2 va 3 boMgani uchun g12 £ I(mod37), g18 LLUI(mod37)
shartlami ganoatlantiruvchi eng kichik son g topishimiz kerak.

212= (26)2s (-0 )2=-11 £ I(mod37),218= (26)3 =
(—10)3= (37 m27 + 1) = —1 £ I(mod37). Buiardan 2 sonining 37
moduli bo'yicha eng kichik boslang'ich ildiz ekanligi kelib chigadi.
Javob: 12 va 2.
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5). Bizda p = 43 bo‘lgani uchun <p@43 —1) = <p(42) =
12,ya'ni43 moduli bo'yicha barcha boshlang'ich ildizlarsoni 12 gateng.
Endi 43 moduli bo'yicha eng kichik boshlang‘ich ildizni topamiz. Buning
uchun 43 moduli bo‘yicha chegirmalaming Kkeltirilgan sistemasi
2,3,4, ....,42 lar orasidan q943) = 42darajako‘rsatkichiga tegishli eng
kichik sonni topishimiz kerak. <p(43) = 42 = 2+3m7 ning tub
bo‘luvchilan 2,3va 7 boMgani uchun g63&I(mod43), gi4°?
I(mod43), <21 £ I(mo0d43) shartlarni ganoatlantiruvchi eng kichik son
g topishimiz kerak.26 = 64 = 21 r I|(mod43),214= (27)2=
(-1)2= I(mod43); 36 = 34m32s -5 w9 = -2 S I(mod43),314 =
(36)2m32= (—2)2<9r1 36T I(M0d43), 321= (37)3= (-6)3=
—216 = -1 ? I(mod43). Bulardan 3 sonining 43 moduli bo‘yicha eng
kichik boslang‘ich ildiz ekanligi kelib chigadi.

Javob: 12 va 3.

6). Bizda p = 53 boMgani uchun (p(53 —1) = <p(52) =
24,ya'ni53 moduli bo‘yicha barcha boshlangMch ildizlarsoni 24 ga teng.
Endi S3 moduli bo'yicha eng kichik boshlangMch ildizni topamiz. Buning
uchun 53 moduli bo‘yicha chegirmalaming keltirilgan sistemasi
2,3,4,...., 52 lar orasidan <p(53) = 52daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. <p(53) = 52 = 22m13 ning tub
boMuvchilari 2va 13 boMgani uchun g4 5 I(mod53), g% S
Ilmod53) shartlarni ganoatlantimvchi eng kichik son g topishimiz
kerak

24mI(mod53),226= (27)3m25= (22)3m(-21) = -1138m
21 = -121 «11+168 = -15 <11 w8 = -6 «8=5S I(mod53);
Bulardan 2 sonining S3 moduli bo'yicha eng kichik boslangMch ildiz
ekanligi kelib chigadi.

Javob: 24 va 2.

314.1). p = 19 moduli bo'yicha eng kichik boslangMch ildiz
313.1)-misolga asosan g = 2 ga teng.BoshiangMch ildizlami
aniglashning usuli bu agar p moduli bo‘yicha boshlangMch ildizlardan
birortasi (yaxshisi eng kichigi) “maMum boMsa golgan barchasini
g k (modp) ning eng kichik musbat chegirmasi sifatida aniglash mumkin.
Bunda (k,p —1) = 1val< K< p—1 Bizning misolimizda p =
19.,# = 2 boMgani uchun 2k (modI9) ning (k, 18) = 1va 1< K < 18
shartlarda eng kichik musbat chegirmasinianiglaymiz. Bundan K =
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5,7,11,13,17 va 25= 13(modl9); 27= 13 m4 =
14(modl9); 211 = 14 m16 = -5 m(-3) = 15(modl9); 213 = 15m
4= 4-(-4) = 3(modl9); 217 = 3ml6 = 10(modl9). Demak,
2,3,10,13,14,15 sonlari 19 moduli bo'yicha boshlang‘ich ildiz bo'ladi.
Javob:2,3,10,13,14,15.

2). p = 23 moduli bo'yicha eng kichik boslang'ich ildiz 313.2)-
misolga asosan g = 5 ga teng.Bizning misolimizda p = 23,g = 5
bo'lgani uchun 5k(mod23) ning (k, 22) = 1va 1< K < 22 shartlarda
eng kichik musbat chegirmasinianiglaymiz. Bundan K =
3,5,7,9,13,15,17,19,21 va 53= 125s 10(mod23); 5s= 10
25 = 102 = 20 (mod23); 57= -3 w2 = 17(mod23); 59= -6 -«
2=1I(mod23); 513= 5954 = 11 «4 = 21(mo0d23); 51S= -2 «

2 = 19(mod23); 517 = -4 w2 = |[5(mod23);
519= —8m2 = 7(mod23); 521 = 7 w2 = 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 boslang‘ich ildiz 313.3)-
misolga asosan g = 3 ga teng. Biznmg misolimizdap = 31, g = 3
bo'lgani uchun 3k(mod31) ning (fe, 30) = 1va 1 < K< 30 shartlarda
eng kichik musbat  chegirmasinianiglaymiz. Bundan K =
7,11,13,17,19,23,29 va 37 = 33m33m3 = (-4)2+3 =
17(mod31); 311 = 37m34= 17 m19 = 323 = 13(mod31); 313 =
13 m9 s 24(mod31); 317= -7 m19 = -133 5 22(mod31); 319s
22m9 = -81 = 12(mod31); 323 = 12 w81 = 12 m19 = 228 =
I(mod31); 30s 323¢32+34s 11 m9ml9 = 6ml9 = 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)) = <p(2) = 1 ta boshlang'ich
ildizlar sinfi mavjud. U 1< X < 6, (X, 6) = 1 shartni ganoatlantirishi
kerak. Bu shartni ganoatlantiruvchi bitta 5 soni mavjud va 51=
5(mod6); 52= 25 = I(mod6) bo'lgani ucbun 6 moduli bo'yicha 1 ta
boshlang'ich ildizlar sinfi mavjud va u x = 5(mod®6) dan iborat.

Javob: X = 5(mod®6).
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316. 312.2)-misolga asosang ~ 2 soni p = 11 moduli bo'yicha
boshlangMch ildiz. 2° — xossaga asosan 2,22, ...,210 sonlari p = 11
moduli bo'yicha chegermalaming keltirilgan sistemasini tashkil etadi.

317. p> 2— tub soni 22"+ 1,(n = 1,2,...)sonining tub
boMuvchisi boMsa, 22" + 1 = 0(modp) bajarilishi kerak, bundan 22" =

—I1(modp). Buning ikkala tomonini kvadratga ko‘tarsak 22 =
1(modp) hosil boMadi. Bundan esa 2 soni p moduli bo'yicha 2n+1
ko‘rsatkichiga tegishli ekanligi kelib chigadi. U holda 2n+1soni cp(p) =
p —1 ning boMuvchisi boMishi kerak, ya’'ni p —1= O(mod2n+1) -*
p=I(mod2n+l) -*p = K2+l + 1.

318. Ma’lumki agar a, (a, m) —1 soni m moduli bo‘yicha > 0
ko‘rsatkichga tegishli bo'lsa, S soni as= 1(modm) shartni
ganoatlantiruvchi eng kichik musbat son boMib (p(m) ning boMuvchisi
boMishi kerak. Endi a > 1 sonining am—21 moduli bo'yicha ganday
ko'rsatkichga tegishli ekanligini aniglaylik. Tushunarliki, am =
1(mod(am—1)) bajariladi. a > 1 boMgan! uchun 1< K< m boMsa,
ak S I(lmod(am—1)) boMadi. Shuning uchun ham Pam_1(a) = m va
m soni <p(@am — 1) ning boMuvchisi boMishi kerak. Demak, <p(am —1) =
O(modm) bajariladi.

319. m —8 moduli bo'yicha chegirmalaming keltirilgan sistemasi
1,357 sonlari orasida 1 boshqgalarining (p(8) = 4 ko'rsatkichiga
tegishlilari yo'g ekanligini ko'rsatish yetarli.31= 3(mod8), 32 =
ICmode)*1 = 5(mod8), 52= I(mod8); 7 = 7(mod8),72=
I(mod8). Bundan ko'*nadiki, bu sonlaming barchasi 2 ko'rsatkichiga
tegishli.

320.1).Bu yerda(5,9) = 1 va g>9) = 6 boMgani uchun ham 52 =
7(mod9), 53 = 8(mod9) lardan 56 = I(mod9) ekanligi kelib chigadi,
ya’'ni 5 soni 9 moduli bo'yicha boshlang'ich ildiz boMadi. Shuning uchun
ham 5° = 1,51= 5,52= 7,53= 8,54= 4,55 = 2 sonlari 9 moduli
bo'yicha chegirmalaming keltirilgan sistemasini tashkil qiladi.
Demak,berilgan taqgoslama 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 gp(9) = 6 boMgani uchun ham 42 =
—2(mod9), 43 = I(mod9), ya'ni 4 soni 9 moduli bo'yicha 3
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ko'rsatkichiga tegishli. Shuning uchun ham 4° = 1,41= 4,42=7
sonlari 9 moduli bo‘yichahar xil sinflarga tegishli boMadi. Demak,
berilgan taqgoslama b ning (b, 9) = 1 shara ganoatlantiruvchi b =
1,4,7(mod9 ) giymatlarida yechimga ega.

Javob: b = 1,4,7(mod9 ) giymatlari.

3). Bu yerdab ning(6,m) =1 va b<m shartni
ganoatlantiruvchi giymatlari soni (p(m)ta boMib ulardan ax =
b(modm) taqgoslama yechimga ega boMadigan b larning soni
Pm(a)ga teng. b ning jami giymatlari soni <p(m)dan berilgan
taggoslama yechimga ega boMadigan b larning soni Pm(a)ni ayirsak
berilgan taggoslama yechimga ega boMmaydigan b larning soni
<p(m) —Pm(a) ga ega boMamiz.

Javob: (p(m) —Pm(.a).

V.2-8.

321. 1).2 asosga ko‘ra 29 moduli boyicha indekslar jadvalini
tuzish talab etilmoqda.# = 2 soni 29 moduli bo‘yicha boshlangMch
ildiz boMadi (tekshirib ko‘ring). Shuning uchun ham 29 moduli
bo'y:cha chegirmalaming keltirilgan sismasidagi sonlar
2°,21,22,... ,227 ni eng kichik manfiy boMmagan chegirmalar
ko‘rinishida yozib olamiz.2° = 1,21 = 2,22= 4,23= 8,24 =
16,2s = 3, 26= 6,27= 12, 28= 24, 29= 19, 210=9.211 =
18,212 = 7, 213s 14, 214 = 28, 215= 27, 216 = 25, 217 = 21,
218= 13,219= 26, 220s 23,221 = 17,22 =5, 223s 10,224 =
20, 225 = 11, 226 = 22, 227 = 15(mod29). Bu aniglangan giymat-
arni quyidaei iadval ko‘rimshic a yozish mumkin:

N 0 1 2 3 4 5 6 7 8 9

0 1 5 2 22 6 12 3 10
23 25 7 18 13 27 4 21 1 9
24 17 26 20 8 16 19 15 14

N R O

2). 5 asosga ko‘ra 23 moduli boyicha indekslar jadvalini tuzish talab
etilmogqd&0 = 5 soni 23 moduli bo‘yicha boshlangMch ildiz bo‘ladi
(tekshirib  ko‘ring). Shuning uchun ham 23 moduli bo'yicha
chegirmalaming keltirilgan sismasidagi sonlar 5°, 51,52,... ,5Z1 ni eng
kichik manfiy boMmagan chegirmalar ko‘rinishida yozib olamiz.5° =
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1,51s 5,52s 2,53= 10,54h 4, 5s= 20, 56 = 8,57= 17, 58= 16
59= N, 510= 9,511 = 22. 512= 18, 513= 21, 514 = 13, 51S= 19"
5 =3 517= 15, 5186 ,5» ee7, 520 = 12, 521 = 14(mod23). Bu
aniglangan giymatlami quyidagi jadval ko‘rinishida yozish mumkin:

N 0 1 2 3 4 5 6 7 8 9
Y 0 2 6 4 1 18 19 6 10
1 3 9 20 14 21 17 8 7 12 15
2 5 13
322. 11 moduli boyicha indekslar jadvalini tuzish talab etilmoqgda.

Buning uchun awalo shu modul bo‘yicha birorta boshiang'ich ildizni
aniglab olishimiz kerak. 312.2)-misolda g = 2 soni 11 moduli bo'yicha
hoshlangich ildiz bo lishi ko‘rsatilgan edi. Shuning uchun ham 11
moduli bo‘yicha chegirmalaming keltirilgan sismasidagi sonlar
2,2.,2,..,29 ni eng kichik manfiy bo‘lmagan chegirmalar
ko‘rimshida yozib olamiz.2° = 1,21 = 2,22 = 4,23=8,24= 5,2s=

N =92 =7, 28= 3, 29= 6(modll). Bu aniglangan qgiymat-
lami quyidagi jadval ko‘rinishida yozish mumkin:

N o I 2 3 4 5 g 7 8 9
0 0 1 8 2 4 9 7 3 6
1 5
323. 1).5tf = 1(moc 7) tagqoslamaning i dkala to monini

indekslaymiz. U holda SindS = indI(mod®6) ga ega bo‘lamiz. Bu yerda
ind1 = 0 va indS ni 7 moduli bo‘yicha indekslar jadvalidan topamiz:
indS = 5. Bulardan 56 = 0(mod6) ->6 = O(mod6) ->S =
61 Bundan S ning eng kichik musbat giymati 8 = 6. Javob: 6 = 6.

2). 55 = I(modll) taggoslamaning ikkala tomonini indekslaymiz.
U holda £md5 = ind1(mod 10) gaega boiamiz. Buyerda mdl = Ova
ind5 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind5 = 4.
Bulardan 46 = O(modlO) 26 = 0(mod5) ->6 = O(mod5) ->6 =
0,5(modl0) -» 6= IOt va 6= 5+ 10t,t 6 Z. Bundan 6 nine ene
kichik musbat giymati 6 = 5.

Javoh: 6 = 5.
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3). 85 = I(modI3) taggoslamaning <kkala tomonini indekslaymiz.
U holda Sind8 = ind1(mod 12) ga ega boiamiz. Buyerda indl = 0va
fnd8 ni 13 moduli bo'yicha indekslar jadvalidan topamiz: md8 = 3.
Buiardan 35 = O(mod12) -» 5 = 0O(mod4) -» 5 = 0,4,8(mod12)

-»5=12t, 5= 4+ 12tva5 = 8+ 12t,t G Z. Bundan 5 ning eng
kichik musbat giymati 5 = 4.

Javob: 5 = 4.

4).125 = 1(mod 17)tagqoslamaning kkala tomonini indekslaymiz.
U holda 8indI2 = mdI(modl6) ga ega bo‘lamiz. Bu yerda indl = 0
va indl2 ni 17 moduli bo‘yicha indekslar jadvalidan topamiz: mdl2 =
13. Buiardan 135 = O(modl6) -* 5 = O(modlI6) -* 5 = 16t,t G Z.
Bundan 5 ning eng kichik musbat giymati 5 = 16.

Javob: 5 = 16.

5). 24s = I(mod31) taggoslamaning ikkala tomonini indekslaymiz.
U holda Sind24 = indl(mod30) ga ega bo‘lamiz. Bu yerda indl = 0
va ind24 ni 31 moduli bo'yicha indekslar jadvalidan topamiz: md24 =
13. Buiardan 135 = 0(mod30) -* S = 0(mod30) -* 8 = 30t,t G Z.
Bundan 5 ning eng kichik musbat giymati 5 = 30.

Javob: 5 = 30.

6).10a = I(m od13) taqgqoslamaning ikkala tomonini indekslaymiz.
U holda 5mdl0 = indI(modl2) ga ega boiamiz. Buyerda mdl = O
va ind 10 m 13 moduli bo'yicha indekslar jadvalidan topamiz: mdIO =
10. Buiardan 105 = O(mod12) -» 55 = O(mod6) -* 8 = Q(mod6) -*
8 =0,6(modl2) -» 5= 12t,5 = 6 + 12t,t e Z. Bundan 5 ning eng
kichik musbat giymati 5 = 6.

Javob: 5 = 6.

7).27s = I(modl7) ni 105 = I(modl7) ko‘rinishda yozib olib,
ikkala tomonmi indekslaymiz. U holda 5indl0 = indl(modl6) ga ega
boiamiz. Buyerda mdl = 0 va mdlO ni 17 moduli bo'yicha indekslar
jadvalidan topamiz: ind10 = 3. Buiardan 35 = O(mod16) -» 5 =
O(modl6) -» 5= 16t, t GZ. Bundan 5 ning eng kichik musbat giymati
5 = 16. Javob: 5 = 16.

8).185= I(modll) ni 7s = I(m odll) ko'rinishda yozib olib,
ikkala tomonini indekslaymiz. U holda 8ind7 = indlI(modlO) ga ega
bo lamiz. Bu yerda indl = 0 va indl ni 11 moduli bo‘yicha indekslar
jadvalidan topamiz: ind7 = 7. Buiardan 75 = O(modlI0) -»5 =
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O(mod10) -* 5 - 10t, tGZ. Bundan 5 ning eng kichik musbat givmati
5 = 10. Javob: 5 = 10.

9). 231 = I(mod41) tagqgoslamaning ikkala tomonini indekslaymiz.
U holda Sind.23 = indl(mod40) ga ega bo‘lamiz. Bu yerda indl = 0 va
ind23 ni 41 moduli bo'yicha indekslar jadvalidan topamiz: ind23 = 36.
Bulardan 365 = 0(mod40) -» 95 = O(modIO) -> 5 = O(modIlO)

-*5 = 0,10,20,30(mod40) =5 = 40t,5 = 10 4 40t,5 = 20 + 40t,
5= 30+ 40t,tGZ. Bundan 5 ning eng kichik musbat giymati 5 = 10.
Javob: 5 = 10.

324.1). p = 5bo‘lgani uchun 2 dan 4 gacha boMgan 2,3,4 sonlaming
tegishli boMgan daraja ko'‘rsatkichini aniglashimiz kerak. Buning uchun
25 = I(mod5), 3* = I(7nod5), 44 = I(mod5) taggoslamalaming har
birini yechib ulami ganoatlantimvchi eng kichik 5 > 0 ni aniglashimiz
kerak. 2= I(mod5) tagqoslamaning ikkala tomonini indekslaymiz. U
holda Sind2 = indl(mod4) ga ega boMamiz. Bu yerda indl = 0 va
ind2 ni 5moduli bo'yicha indekslar jadvalidan topamiz: ind2 =
I.Shuning uchun ham 5 = O(mod4) -» 5 = 4t,t GZ. Bundan 5 ning
eng kichik musbat giymati 5 = 4.

3tf = I(mod5)tagqoslamaning ikkala tomonini indekslaymiz.
U holda Sind3 = indI(mod4) ga ega boMamiz. Bu yerda indl = 0 va
ind3 ni 5moduli bo'yicha indekslar jadvalidan topamiz: ind3 = 3.
Shuning uchun ham 35 = 0(mod4) —»5 = 4t,tGZ. Bundan 5 ning eng
kichik musbat giymati 5 = 4.

4s = |(mod5) taggoslamanmg ikkala tomonini indekslaymiz. U
holda Sind4 = mdl(mod4) ga ega boMamiz. Bu yerda indl = 0 va
ind4 ni 5moduli bo'yicha indekslar jadvalidan topamiz: ind4 =
2.Shuning uchun ham 25 = O(mod4) ->5 = 0(mod2) ->{s
0,2 (mod4) -» 5 = 4t, 2+ 4t,tGZ. Bundan 5 ning eng kichik musbat
giymati 5 = 2. Javob: 4,4,2.

2).p = 7 bo'lgani uchun 2 dan 6 gacha boMgan 2,3,4,5,6 sonlaming
tegishli bo'lgan daraja ko'rsatkichini aniglashimiz kerak. Buning uchun
2s = I(mod7), 3s = I(mod7), 4s = I(mod7), 54 = I(mod7),
65 = I(mod7) taqqoslamalaming har birini yechib ulami ganoatlanti-
mvchi eng kichik 5 > 0 ni aniglashimiz kerak. 2s = I(mod7)
taqgoslamaning ikkala tomonini indekslaymiz. U holda Sind2 =
indl(mod6) ga ega bo'lamiz. Bu yerda indl = Ova ind2 ni 7 moduli



bo'yicha indekslar jadvalidan topamiz: ind2 —2.Shuning uchun
ham25 = O(mod6) -» 8 = O(mod3) 8 = 0,3(mod6) -*8 =
6t,8 = 3 + 6t,t 6 Z. Bundan 8 ning eng kichik musbat giymati 5 = 3.

3s = I(mod7) taggoslamaning ikkala tomonini indekslaymiz. U
holda 8ind3 = indI(mod6) ga ega bo'lamiz. Bu yerda ind1= 0 va
ind3 ni 7 moduli bo‘yicha indekslar jadvalidan topamiz: ind3 = 1.
Shuning uchun ham 8 = O(modS) —=8 = 6t,t £ Z. Bundan 8 ning eng
kichik musbat giymati 5 = 6.

45 = I(mod7)tagqoslamaning ikkala tomonini indekslaymiz. U
holda 8ind4 = indl(mod6) ga ega boiamiz. Bu yerda mdl = 0 va
ind4 ni 7moduli bo‘yicha indekslar jadvalidan topamiz: ind4 =
4.Shuning uchun ham 45 = O(mod6) -* 28 = O(mod3) -» 5 =
O(mod3) ->5 = 0,3 (mod6) ->5 = 6t, 3+ 6t,t e Z. Bundan 5 ning
eng kichik musbat giymati 5 = 3.

55 = I(mod7) taggoslamaning ikkala tomonini indekslaymiz. U
holda 8ind5 = indI(mod6) ga ega ooiamiz. Bu yerda indl = 0 va
ind5 ni 7 moduli bo'‘yicha indekslar jadvalidan tgpamiz: md5 = 5.
Shuning uchun ham 55 = O(mod6) -* 8 = O(mod6) -*5 = 6t, t € Z.
Bundan 5 ning eng kichik musbat giymati 5 = 6.

6s = I(mod7) taqgoslamaning ikkala tomonini indekslaymiz. U
holda 8ind6 = indl(mod6) ga ega boiamiz. Bu yerda indl = 0 va
md6éni 7 moduli bo‘yicha indekslar jadvalidan topamiz: ind6 = 3.
Shuning uchun ham 35 = O(mod6) -* 8 = O(mod2) =5 =
0,2,4 (mod6) -» 5= 6t, 2+ 6t,4+ 6t,t 6 Z. Bundan 5 ning eng
kichik musbat giymati 5 = 2. Javob: 3,6,3,6,2.

3).p = 11 boigani uchun 2 dan 10 gacha boigan 2,3,4,5,6,7,8,9,10
sonlaming tegishli boigan daraja ko'rsatkichini aniglashimiz kerak.
Buning uchun 2s = I(modll), 3s = I(modll), 4s= I(modll),
55 = 1(mod11), 6ii= I(modll), 75= ICmodll),85 =
Ilmodll), 9"s 1(mod11),105s I(m odlIl) tagqoslamalaming har
birmi yechib ulami ganoatlantiruvchi eng kichik 5 > 0 lami aniglashimiz
kerak. 2s = I(modll)tagqoslamaningikkalatomonini indekslaymiz. U
holda Sind2 = mdl(modIlO) ga ega boiamiz. Bu yerda indl = 0 va
mdl ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind2 =
1.Shuning uchun ham5 = 0(mod 10) -» 5 = 10t,t 6 Z. Bundan 5 ning
eng kichik musbat giymati 5 = 10.
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3s = 1(modi l)tagqgoslamaning ikkala tomonini indekslaymiz. U
holda SindS = indl(mod 10) ga ega bo‘lamiz. Bu yerda indl = 0 va
md3 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind3 =
8.Shuning uchun ham 85 = O(modlO) -» 45 = O(mod5) -* 5 =
O(mod5) -» 5= 0,5(modI0) ->5 = I0t, 5+ I0t, te Z Bundan 5
ning eng kichik musbat giymati 5 = 5.

4s = 1(mod11) taggoslamaning ikkala tomonini indekslaymiz. U
holda Sind4 = indI(modlO) ga ega boMamiz. Bu yerda indl = 0 va
ind4 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind4 =
2.Shuning uchun ham 25 = O(modIO) -* 5 = O(mod5) -* 5 =
0,5 (mod10) -* 5 = 10t, 5+ I0t,t € Z. Bundan 5 ning eng kichik
musbat giymati 5 = 5.

55 = 1(mod 11) tagqoslamaning ikkala tomonini indekslaymiz. U
holda Sind5 = indI(modl0) ga ega boMamiz. Bu yerda indl = 0 va
ind5 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz- ind5 = 4.
Sliming uchun ham 45 = O(modIlO) -» 25 = O(mod5) -» 5 =
O(mod5) -» 5 = 0,5(mod10) -» 5= 10t,5+ I0t,t 6 Z. Bundan 5
ning eng kichik musbat giymati 5 = 5.

65 = I(modll) taggoslamaning ikkala tomonini indekslaymiz. U
holda Sindb = indI(modIO) ga ega boMamiz. Bu yerda indl = 0 va
ind6ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind6 = 9.
Shuning uchun ham 95 = O(modlO) -» 5 = 0(mod10) -» 5 = 10t,t 6
Z. Bundan 5 ning eng kichik musbat giymati 5 = 10.

7s = I(m odIl) taqgqoslamaning ikkala tomonini indekslaymiz. U
holda Sind7 = indI(modlO) ga ega boMamiz. Bu yerda indl = 0 va
md7ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind.7 —7.
Shuning uchun ham75 = O(modI0) ->5 = O(modlO) -» 5 = 10t,t 6
Z. Bundan 5 ning eng kichik musbat giymati 5 = 10.

8s = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U
holda Sind8 = indl(mod10) ga ega boMamiz. Bu yerda indl = 0 va
md8 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind8 = 3.
Shuninguchun ham 35 = O(modI0) ->5 = O(modl0) -*5 = 10t,t 6
Z. Bundan 5 ning eng kichik musbat giymati 5 = 10.

9s = I(m odll) tagqgoslaman g ikkala tomonini indekslaymiz. U
holda Smd9 = indl(mod 10) ga ega boMamiz. Bu yerda indl = 0 va

ind9 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind9 = 6.
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Shuning uchun ham 65 = 0O(modl0) -* 35 = O(mod5) -* 5 =
O(mod5) -* 5 = 0,5(modI0) -* 5 = 10t,5+ IOt,te Z. Bundan 5
ning eng kichik musbat giymati 5 = 5.

10m = 1(mod 11) taggoslamaning ikkala tomonini indekslaymiz. U
holda5mdlO = indl(modlO) ga ega boMamiz. Bu yerda indl = 0 va
indlOni 11 moduli bo'‘yicha indekslar jadvalidan topamiz: indlO =
5.Shuning uchun ham 55 = O(modlO) -* 5 = 0(mod2) -» 5 =
0,2,4,6,8(modlO) -* 5 = 10t,2 + 10t,4 + 10t,6 + 10t,8 + 10t,t €
Z. Bundan 5 ning eng kichik musbat giymati 5 = 2.

Javob: 10,5,5,5,10,10,10,5,2.

325. p moduli bo'yicha a soninmg boshlang'ich ildiz boMishi uchun
u5 = <p{p) = p -1 kt satkichiga tegishli boMishi kerak. Indekslashdan
foydalanib 5 > 0 ni aniglash uchun 324- misoldagi singari mulohaza
yuritamiz. Misolda p = 59 va <p(59) = 58.

1).2e = I(mod59) taggoslamaning ikkala tomonini indekslaymiz.
U holda Sind2 = indl(mod58) ga ega boMamiz. Buyerda indl = 0 va
ind2 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: ind2 =
1.Shuning uchun ham 5 = 0(mod58) -* 5 = 58t,t GZ. Bundan 5 ning
eng kichik musbat giymati 5 = 58 va demak, 2 soni 59 moduli bo‘yicha
boshlangMch ildiz boMadi.

Javob: boMadi.

2).35 = 1(mod59) taggqoslamaning ikkala tomonini indekslaymiz.
U holda Stnd3 = indI(mod58) ga ega boMamiz. Buyerda indl = Ova
md3 ni 59 moduli bo‘yicha indekslar jadvalidan topamiz: ind3 = 50.
Shunmg uchun ham 505 = 0(mod58) —=255 = O(mod29) -» 5 =
0O(mod29) -» 5 = 0,29(mod58), 5 = 58t,29 + 58t,t GZ. Bundan 5
ning eng kichik musbat giymati 5 = 29 va demak, 3 soni 59 moduli
bo'yicha boshlangMch ildiz boMmaydi.

Javob: boMmaydi.

3). 6s = I(mod59) taqgoslamaning ikkala tomonini indekslaymiz.
U holda Sind6 = indl(modS8) ga ega boMamiz. Bu yerda indl = 0 va
md6 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: md6 =
51.Shuning uchun ham 515 = 0(mod58) -* 6 = O(mod58) -* 5 =
58t, t G Z. Bundan 5 ning eng kichik musbat giymati 5 = 58 va demak, 6
soni 59 moduli bo‘ylcha boshlangMch ildiz boMadi. Javob: boMadi.
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4). 8 = I(mod59) taggoslamaning ikkala tomonini indekslaymiz.
U holda fiind.8 = md1(mod58) ga ega bo‘lamiz. Bu yerda Ind1 = Ova
md8m 59 moduli bo'yicha indekslar jadvalidan topamiz: ind8 =
3.Shuning uchun ham 35 = O(mod58) -* 8 = O(mod58) -» 5 =
58t, t G Z. Bundan 5 ning eng kichik musbat giymati 8 = 58 va demak, 8
soni 59 moduli bo'yicha boshlang'ich ildiz bo'ladi. Javob: bo'ladi.

5).12# = I(mod59) tagqoslamaning ikkala tomonini indekslaymiz.
U holda 8indI2 = indl (mod58) ga ega bo'lamiz. Bu yerda indl = 0
va indl2 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: md 12 =
52. Shuning uchun ham 525 = 0(mod58) -» 265 = 0(mod29) -» 5 =
0O(mod29) -» 5 = 0,29(mod58), 5 = 58t,29 + 58t,t GZ. Bundan 5
ning eng kichik musbat giymati 5 = 29 va demak, 12 soni 59 moduli
bo'yicha boshlang'ich ildiz bo'Imaydi. Javob: bo'lmaydi.

6).131 = I(mod59)tagqoslamanmg ikkala tomonini indekslaymiz.
U holda 8indI3 = indI(mod58) ga ega bo'lamiz. Bu yerda indl = 0
va mdI3ni 59 moduli bo'yicha indekslar jadvalidan topamiz: md 13 =
45.Shuning uchun ham 455 H O(mod58) -* 8 = O(mod58) -* 5 =
58t,t GZ. Bundan 5 ning eng kichik musbat giymati 5 = 58 va
demak, 13 soni 59 moduli bo'yicha boshlang'ich ildiz bo'ladi.

Javob: bo'ladi.

7).14% = I(mod59) taqggoslamaning ikkala tomonini indekslaymiz.
U holda5indl4 = mdl(mod58) ga ega bo'lamiz. Bu yerda indl = 0
va indl4ni 59 moduli bo'yicha indekslar jadvalidan topamiz: indl4 =
19.Shuning uchun ham 195 = 0(mod58) -» 8 = 0(mod58) -» 5 =
58t,t GZ. Bundan 5 ning eng kichik musbat giymati 5 = 58 va
demak, 14 soni 59 moduli bo'yicha boshlang'ich ildiz bo'ladi.

Javob: bo'ladi.

8).19ff = 1(mod 59) tagqgoslamaning ikkala tomonini indekslaymiz.
U holda 8indI9 = mdI(mod58) ga ega bo'lamiz. Bu yerda indl = 0
va indl9 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: mdl9 =
38.Shuning uchun ham385 = 0(mod58) 198 = 0O(mod29) -* 8 =
O(mod29) -» 5 = 0,29(mod58) -» 5 = 58t,29 + 58t,t GZ. Bundan
5 ning eng kichik musbat giymati 5 = 29 va demak, 19 soni 59 moduli
bo'yicha boshlang'ich ildiz bo'Imaydi. Javob: bo'Imaydi.

326. p moduli bo'yicha berilgan asonining boshlang'ich ildiz
bo'lishl uchunu5 = (pip) = p - 1 ko'satkichiga tegishli bo'lishi kerak.
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Buning bajarilishi uchun as = 1(modp) -* Sinda = O(modp —1)
bajarilishi kerak. Agar bu yerda (inda.p —1) = 1 (*) bo‘lsa, u holda
5 = p —1 boMishi kelib chiqgadi. Demak, biz p moduli bo‘yicha indekslar
jadvalidan (*) shartni ganoatlantiruvchi a lami ajratib olsak, ularp
moduli bo'yicha boshlang'ich ildiz bo‘ladi. Chegirmalammg keltirilgan
sistemasidagi golgan alarp moduli bo'yicha boshlangMch ildiz
boMmaydi.

1). Bu misoldap = 17 va (p(17) = 16 boMgani uchun 17 moduli
bo'yicha chegirmalaming keltirilgan sistemasidagi 2,3,4,...,16
sonlaming mdekslarini ilovadan garab (*) shartni, ya'ni (inda, 16) = 1
ni ganoatlantimvchilarini ajratib olamiz. Qaralayotgan sonlaming
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 boMib ular 17 moduli
bo'yicha boshlangMch ildiz boMadi. Chegirmalaming keltirilgan
sistemasidagi golgan 2,4,8,9,13,15,16 lar p moduli bo'yicha bosh-
langMch ildiz boMmaydi. Javob: 3,5,6,7,10,11,12,14.

2). Bumisoldap = 19 va <p(19) = 18 boMgani uchun 19 moduli
bo'yicha chegirmalammg keltirilgan sistemasidagi 2,3,4,..., 16,17,18
sonlaming indekslarim ilovadan qarab (*) shartni, ya’'ni (mda, 18) = 1
ni ganoatlantimvchilarini ajratib olamiz. Qaralayotgan sonlaming
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 boMib ular 19 moduli
bo'yicha boshlangMch ildiz boMadi. Chegirmalaming Keltirilgan
sistemasidagi qolgan4,5,6,7,8,9,11,12,16,17,18 lar 19 moduli bo‘yicha
boshlangMch ildiz boMmaydi.

Javob: 2,3,10,13,14,15.

3).Bu misoldap = 23 va ~>(23) = 22 boMgani uchun 23 moduli
bo'yicha chegirmalaming keltirilgan sistemasidagi 2,3,4 ..., 22 sonlar-
ning mdekslarini ilovadan garab (*) shartni, ya'ni (mda, 22) = 1 ni
ganoatlantimvchilarini ajratib olamiz. Qaralayotgan sonlaming 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,
17,7,15,5,131arvabu indekslarga mos sonlar 5,7,10,11,14,15,17,19,
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20,21 bo'lib ular 23 moduli bo'yicha boshlangMch ildiz boMadi.
Chegirmalaming keltirilgan sistemasidagi golgan 2,3,4,6,8,9,12,13,

16,18,22 lar 23 moduli bo‘yicha boshlangMch ildiz boMmaydi.

Javob: 5,7,10,11,14,15,17,19,20,21.

327.1). Ix = 23(modl7) ni 7x = 6(modl7) ko'rinishda yozib
olib uning ikkala tomonini mdekslab quyidagi taggoslamani hosil
gilamiz: indl + indx = ind6(jnodl6). Bu yerdagi ind7, ind6 laming
giymatlarini 17 moduli bo‘yicha indekslar jadvalidan ind7 = 11,
md6 = 15 lami topib yuqoridagi tagqoslamaga qo‘yamiz, u holda : 11 +
indx = 15(modl6) -* indx = 4(modl6) ga ega boMamiz. Endi 17
moduli bo'yicha anti indekslarjadvalidan indeksi 4 ga teng boMgan sonni
topamiz va berilgan taggoslamaning yechimi x = 13(modl7) ni hosil
gilamiz. Javob: x = 13(modl7).

2). 39x = 84(mod97) ning ikkala tomonini indekslab quyidagi
taqgosiamam hosil gilamiz: ind39 + indx = md84(mod96). Bu
yerdagi ind39, ind84 laming giymatlarini 97 moduli bo‘yicha indekslar
jadvalidan ind39 = 95, md84 = 73 lami topib yuqgoridagi tagqoslamaga
go‘yamiz, u holda: 95 + indx = 73(mod96) -*indx =
-22(mod96) -* indx = 74(mod97) ga ega boMamiz. Endi 97 moduli
bo'yicha anti indekslar jadvalidan indeksi 74 ga teng boMgan 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 taqgoslamani hosil gilamiz:
md46 + indx = ind7(mod78). Bu yerdagi ind46, indl laming
giymatlarini 79 moduli bo'yicha indekslar jadvalidan md46 =
30,ind7 = 53 lami topib yuqoridagi taqgoslamaga qo‘yamiz, u holda:
30 + indx = 53(mod78) -»indx = 23(mod78) ga ega boMamiz. Endi
79 moduli bo'yicha anti indekslar |advalidan indeksi 23 ga teng boMgan
sonni topamiz va berilgan tagqoslamaning yechimi X = 74(mod79) ni
hosil gilamiz. Javob: X = 74(mod79).

4).37x = 25(mod89) ning ikkala tomonini mdekslab quyidagi
taqgoslamani hosil gilamiz: md37 + indx = ind25(mod88). Bu
yerdagi ind37, ind2S laming giymatlarini 89 moduli bo‘yicha indekslar
jadvalidan ind37 = Il,ind25 = 52 lami topib yuqoridagi tagqoslamaga
go‘yamiz, u holda: 11 + indx = 52(mod88) -* indx = 41(mod88)
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ga ega bo'lamiz. Endi 89 moduli bo'yicha anti indekslar jadvalidan
indeksi 41 ga teng bo'lgan sonni topamiz va berilgan taggoslamaning
yechimi X = 56(mod89) m hosil gilamiz.

Javob: X = 56(mod89).

5). Ax = 13(mod37)ning ikkala tomonini indekslab quyidagi
taqgoslamani hosil gilamiz: ind.4 + indx = indI3(mod36). Bu yerdagi
ind4, indI3 laming giymatlarini 37 moduli bo'yicha indekslar
jadvalidan ind4 = 2, ind13 = 11 lami topib yuqoridagi taqgoslamaga
go'yamiz, u holda: 2+ indx = lI(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 taggoslamaning yechimi x =
31(mod37) ni hosil gilamiz. Javob: X = 31(mod37).

6). 37x = 5(mod221) ni garaymiz. Bu yerda 221 = 13-17
bo'lgani uchun berilgan taggoslama quyidagi tagqoslamalar sistemasi

(37x = 5(mod13) (lIx = 5(modlI3)
(837x = 5(modi7) I 3x = 5(modl7)

ga teng kuchli. Bu sistemadagi har bir taggoslamani indekslab va
indekslar  jadvalidan foydalanib quyidagini hosil gilamiz:
(indll + indx = ind5(modI3) (7 + indx = 9(modI3) (indx = 2(modI3)
1 ind3 + indx = indS(modl7) (1 + indx = 5(modl7) lindx = 4(modI7)

Endi anti indekslar jadvallaridan foydalanib
\X = 4(modlI3) x=4+13t,t GZ ( x=4+ 13t,t€Z
{Xs 13(modl7) tx = 13(modl7) (4 + 13t = 13(modl7)

fx=4+i3t,tez rx =4+ |3t,tez _fx =4+ i3t,tez_>
(13t = 9(modl7) (13t = 26(modl7) ( t= 2(modi7)

N t=2+ 17~ Z~*x =4+ 132+ 17ti>= 30+ 22Ui'fi Gz -
Javob: x = 30(mod221).
7). 47x = 13(mod667) ni garaymiz. Bu yerda 667 = 23 m
29 bo'lgani uchun ber Jan tagqoslama quyidagi taggoslamalar sistemasi
(47x = 13(mod23) » ( x = 13(mod23)
(47x s 13(mod29) (18x = 13(mod29)
ga teng kuchli. Bu sistemadagi ikkinchi tagqgoslamani indekslab va
indekslar jadvalidan foydalanib quyidagini hosil gilamiz:
f X 5 13(mod23) _f X = 13(mod23)
UndI8 4 indx = indI3(mod28) (.11 + indx = 18(mod28)

285



(x
[x

fx
I-6t = 28(mod29) N (-3 1= 14(mod29) ~*[-3t = -15(mod29)

(x

( x = 13(mod23)
{indx = 7(mod28)'
Endi anti indekslar jadvallaridan foydalanib sistema yechsak

= 13(mod23) ( x= 13+ 23t.tGZ X = 13+ 23t,t GZ
~ 12(mod29) 413 + 231= 12(mod29) ~ (23t = -I(mo0d29)
¥

= 13+ 23t,tGZ (x = 13+ 23t,tGZ (x = 13 + 23t,t GZ

—

= 13+ 23t,t GZ (x = 13+ 23t,t GZ

t = 5(mod29) -~4 t=5+ 29" * ~ 128 + 667tV fl
GZ.

ega ega bo‘lamiz. Javob: x = 128(mod667).
8). 228x = 317(modl517)ni garaymiz. Bu yerdal517 = 37 =

41 bo‘lgani uchun berilgan taqqoslama quyidagi tagqoslamalar sistemasi

228X = 317(mod37) (6X = 21(mod37)
(228x = 317(mod41) "* (23x s 30(mod41)
ga teng kuchli. Bu sistemadagi har ikkala taggoslamani indekslab va

indekslar jadvalidan foydalanib quyidagini bosil gilamiz:

(ind6 + indx = md21(mod36) (27 + indx = 22(mod36)
(md23 + indx = md30(mod40) (.36 + indx = 23(mod40)
(indx = 31(mod36)
[indx = 27(mod40)
Endi anti indekslar jadvallaridan foydalanib
(x = 22(mod37) ( x =22+ 371tGZ
IXx = 12(mod41) “*[22 + 371 & 12(mod41)
. gx =22+ 37,1 GZ,
(371= —10(mod41)
fx = 22+ 37t,tGZ (x = 22+ 37t,tGZ
|—4t = —10(mod41) (—2t = -5(mod41)
fx =22+ 371te”Z
(-21= —46(mod41)

[X = 22+ 37t,tcZ fx= 22+ 37t,tGZ

t 3 23(mod41) ~4 t= 23+ 41tx 873 + 1517~ N
GZ.
Javob: x = 873(modl517).
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328. 1). Berilgan 2x = I(mod61) taggoslamaning ikkala tomonini
indekslaymiz. U holda x mind2 = indl (mod66) hosil bo‘ladi. Bu
yerdagi ind2,ind7 laming giymatlarini 67 moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind2 = |,ind7 = 23 bo'lgani
uchun x = 23 (mMod66) taggoslamaga kelamiz.

Javob: x = 23 + 66t,t € Z.

2). Berilgan 13* = 12(mod41) tagqoslamaning ikkala tomonini
indekslaymiz. U holda X ¢ind13 = ind12 (mod46) hosil bo‘ladi. Bu
yerdagi indI3, ind 12 laming giymatlarini 46 moduli bo‘yicha indekslar

jadvalidan topib olib kelib go'yamiz. indI3 = Il,indl2 = 10 bo'lgani
uchun |Ix = 10 (mod46) taggqoslamaga kelamiz. Bum yechsak
—35x = 10 (mod46) -» —7x = 2(mod46) -» —7/x = 2+ 3«
46(mod46) -» —7x = 140(mod46) -»

X = —20(mod46) wx = 26(mod46).

Javob: x = 26 + 46t,£ e Z.

3). Berilgan 16* = II(mod53) taqqoslamaning ikkala tomonini
indekslaymiz. U holda x -mdl6 = ind11 (mod52) hosil bo'ladi. Bu
yerdagi indl6, ind11 laming giymatlarini 52 moduli bo'yicha indekslar
jadvalidan topib olib kelib go'yamiz. indl6 = 4, mdlIl = 6 bo'lgani
uchun 4x = 6 (mod52) -» 2x = 3 (mod26)taqqgoslamaga kelamiz. Bu
taqgoslamada (2,26) = 2, lekin 3 semi ikkiga bo'linmaydi. Shuning
uchun ham bu taggoslama va demak, berilgan taqqoslama ham yechimga
ega emas. Javob: yechimga ega emas.

4). Berilgan 52* = 38(mod61) taqqoslamaning ikkala tomonini
indekslaymiz. U holda x -ind52 = md38 (mod60) hosil bo'ladi. Bu
yerdagi ind52, ind58 laming giymatlarini 61 moduli bo'yicha indekslar
jadvalidan topib olib kelib go'yamiz. indS2 = 42,ind38 = 27 bo'lgani
uchun 42x = 27 (mod60) -» 14x = 9 (modlO) tagqoslamaga kela-
miz. Bu taqgoslamada (14,10) = 2, lelan 9 soni ikkiga bo'linmaydi.
Shuning uchun ham bu tagqoslama va demak berilgan tagqoslama ham
yechimga ega emas.

Javob: yechimga ega emas.

5). Berilgan 12x = 17(mod31) taggoslamaning 'kkala tomonini

indekslaymiz. U holda x mmdl2 = indll(mod30) hosil bo'ladi. Bu
yerdagi mdl2, indl7 laminggiymatlarini 31 moduli bo'yicha indekslar
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jadvalidan topib olib kelib qo‘yamiz. ind12 = 19, indl7 = 7 boMgani
uchun 19* = 7 (mod30) -> 19* = 7 + 8 W30 (mod30) -> x = 13 (mod30).

Javob: x = 13 4 30t,t 6 Z.

6). Berilgan 20* = 21(mod41) taqqoslamaning ikkala tomonini
indekslaymiz. U holda x-indlQ = ind21(mod40) hosil boMadi. Bu
yerdagi ind20,ind21 laming giymatlarmi 41 moduli bo'yicha indekslar
jadvalidan topib olib kelib go'yamiz. ind20 = 34, md21 = 14 boMgani
uchun 34x = 14 (mod40) -» M x = 7(mod20) -» -3x = 27(mod20)

-* x —9 (mod20) x = 1,31 (mod40).
Javob: x = 11 4 40t, a = 314 40t,te Z.
329. 1). Berilgan 37x15 = 62(mod73) taggoslamaning

tomomni indekslaymiz. U holda ind37 4 ISindx = ind62(mod72)
hosil boMadi. Bu yerdagi ind37, ind62 laming giymatlarini 73 moduli
bo'yicha indekslar jadvalidan topib olib kelib go'yamiz. md37 =
64,tnd62 = 19 bo'lgani uchun 644 ISindx = 19 (mod72) -*
15indx = —45 (mod72) -* 5indx = —15 (mod24) -* indx =
21(mod24) -»indx = 21,45,69(mod72).

Endi anti ndekslarjadvallaridan foydalanib x ni topamiz. U holda
x = 17, 63, 66 (mod73) lami hosil boMadi.

Javob: x = 174 73t, X = 634 73t,x - 664 731, te Z

2). Benlgan 5x4 = 3(mod11l) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind5 4 4indx = ind3(modI0) hosil bo'ladi. Bu
yerdagi ind5, ind3 laming giymatlarini 11 moduli bo'yicha indekslar
jadvalidan topib olib kelib qo'yamiz. ind5 = 4,ind3 = 8 bo'lgani uchun
4 4 4indx = 8 (mod 10) -» 4indx = 4 (mod 10) -* 2indx =
2 (mod5) -» indx = I(mod5) -* indx = |,6(modIlO0). Endi anti
indekslar jadvallaridan foydalanib x ni topamiz. U holda X =
2,9 (modll) lami hosil bo'ladi.

Javob: x = 24 lit, x = 9+ lit, t GZ.

3). Berilgan 2xs = 5(modl3)taggoslamaning ikkala tomonini
indekslaymiz. U holda ind2 + 8indx = md5(modl2) hosil bo'ladi Bu
yerdagi ind2,ind5 laming giymatlarini 13 moduli bo'yicha indekslar
jadvalidan topib olib kelib qo'yamiz. ind2 = 1,indS = 9 bo'lgani uchun
14 8mdx = 9(mod12) -» Sindx = 8 (mod 12) -¢ 2indx =
2 (mod3) -* indx = I(mod3) -* indx = 1,4,7,10(modl2). Endi anti
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indekslar jadvallaridan foydalanib X ni topamiz. U holda x =
2,3,11,10 (modlI3) lami hosil boMadi.
Javob: x = 2+ 131, x = 3+ 13t,x = 10+ 13t,x = 11 + 13t,t GZ.

4). Berilgan 2x3= 17(mod41) taqqoslamaning ikkala tomonini
indekslaymiz. U holda ind2 + 3indx = ind17(mod40) hosil boMadi.
Bu yerdagi ind.2, indl7 laming giymatlarini 41 moduli bo‘yicha
indekslar jadvalidan topib olib kelib qo‘yamiz. ind2 = 26, indl7 = 33
boMgani uchun 26 + 3indx = 33(mod40) -* 3indx = 7 (mod40) —
3indx = -33 (mod40) -> indx = —llI(mod40) -*indx =
29(mod40). Endi anti indekslar jadvallaridan foydalanib x ni topamiz.
U holda x = 22 (mod41) lami hosil boMadi.

Javob: X = 22 + 41t, tGZ.

5). Berilgan27x5 = 25(mod31) taqqoslamaning ikkala tomonini
indekslaymiz. U holda ind.27 + 5indx = md25(mod30) hosil boMadi.
Bu yerdagi ind27,ind2S laming giymatlarini 31 moduli bo‘yicha
indekslar jadvalidan topib olib kelib go‘yamiz. ind27 = 3,tnd25 = 10
boMgani uchun 3 + 5indx = 10(mod30) —Sindx = 7 (mod30). Bu
yerda (5,30) = 5, lekin 7 soni 5 ga boMmmaydi. Shuning uchun ham
oxirgi taqgqoslama va demak, berilgan taqgoslama ham yechimga ega
emas. Javob: tagqgoslamayec mga ega emas.

6). Berilgan I1x 3= 6(mod79) taggoslamaning ikkala tomonini
indekslaymiz. U holda tndll + 3indx = ind6(mod78) hosil boMadi.
Bu yerdagi £ndll,End6 laming giymatlarini 79 moduli bo‘yicha
indekslar jadvalidan topib olib kelib qo‘yamiz. ind11 = 68, ind6 = 5
boMgani uchun 68 + 3mdx = 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 holdax = 6,59,14 (mod79) lami hosil boMadi.

Javob: x = 6+ 791, x = 14+ 79t,x = 59 + 79t, tGZ.

7). Berilgan 23x3 = 15(mod73) taggoslamaning ikkala tomonmi
indekslaymiz. U holda md23 + 3indx = mdI5(mod73) hosil boMadi.
Bu yerdagi ind23, indIS laming giymatlarini 73 moduli bo‘yicha
indekslar jadvalidan topib olib kelib go‘yamiz. ind23 = 46, mdI5 = 7
boMgani uchun 46 + 3indx = 7(mod72) -» Sindx = —39 (mod72)
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-»indx = —13 (mod24) -* indx = lI(mod24) ->indx =
11,35,59(mod72). Endi anti indekslar jadvallaridan foydalanib x ni
topamiz. U holda x = 31,29,13 (mod73) larni hosil bo'ladi.

Javob: x = 13+ 731, x = 29+ 73t,x = 31+ 731, t G Z

8).Berilgan 8x26 = 37(mod41) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind8 + Zbindx = ind37(mod40) hosil boMadi.
Bu yerdagi ind8, ind37 laming giymatlarini 40 moduli bo‘yicha
indekslar jadvalidan topib olib kelib qo‘yamiz. ind8 = 38, ind37 = 32
boMgani 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) lami hosil boMadi.

Javob: X = 19+ 41t, x = 22 + 41t, t c Z.

9).Berilgan 37x8 = 59(mod61) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind37 + 8indx = ind59(mod60) hosil boMadi.
Bu yerdagi ind37, md59 laming giymailanm 61 moduli bo‘yicha
indekslar jadvalidan topib olib kelib qo‘yamiz. £nd37 = 39, md59 =
31 boMgani uchun 39 + 8indx = 31(mod60) -* 8indx =
-8 (mMod60) -» 2indx = —2 (modl5) -* indx = 14(modl5) >
indx = 14,29,44,59(mod60). Endi anti indekslar jadvallaridan
foydalanib x ni topamiz. U holdax s 36,30,25,31 (mod61) lami hosil
boMadi.

Javob: X = 25+ 61t, x = 30+ 61t,x = 31 + 61t,x = 36+ 61t, t G Z

10). Berilgan 18x8 = 6(modI3)ni 5x8 = 6(modI3) ko‘rinishda
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda ind5 +
8indx = ind6(modl2) hosil boMadi. Bu yerdagi ind5, md6é laming
giymatlarini 13 moduli bo'yicha indekslar jadvalidan topib olib kelib
go‘yamiz. indS=9, indé6 =5 boMgani uchun 9+ 8indx =
5(mod 12) -» 8indx = —4 (mod 12) -* 2indx = —1 (mod3) -¢
2indx = 2(mod3) -»indx = I(mod3) “mindx = 1,4,7,10(modl2).
Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U holda x =
2,3,10,11 (modI3) lami hosil boMadi.

Javob: X = 2+ 13t, x = 3+ 13t,x = 10+ 13t,x = 11 + 13t, t G Z.

330.1). Berilgan x12 = 37(mod41) taggoslamaning ikkala tomonini
indekslaymiz. U holda 12indx = md37(mod40) hosil boMadi.
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Bu yerdagi ind37 ning giymatlarini4l moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. md37 = 32 boMgani uchun
12indx = 32(mod40) -* 3indx = 8(mod10) -> indx =

6 (modIlO) -»indx = 6,16,26,36(mod40). Endi anti indekslar
jadvallaridan foydalanib x ni  topamiz. U holdax =
39,18,2,23 (mod40) larni hosil boMadi.

Javob: x = 2+ 411 x = 18+ 41t,x = 23+ 41t,x = 39 + 41t,
tez.

2). Berilgan x% = 17(mod97) taqgoslamaning ikkala tomonini
indekslaymiz. U holda 55indx = indl7(mod96) hosil boMadi. Bu
yerdagi ind17 ning qgiymatlarini 97  moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. indl7 = 89 boMgani uchun
55£ndx = 89(mod96) -» 55indx = 185(mod96) -* llindx =
37 (mod96) -» llindx = 37 + 5-96 (mod96) -* llindx =
517 (mod96) -» indx = 47(mod96). Endi anti indekslarjadvallaridan
foydalanib x i topamiz. U holdax = 58(mod97) ni hosil boMadi'

Javob: x = 58 + 97t,t e Z.

3).Berilgan x3b = 17(mod67) taggoslamaning ikkala tomonini
indekslaymiz. U holda 35indx = mdl7(mod66) hosil boMadi. Bu
yerdagi ind17 ning giymatlarini 67 moduli bo‘yicha indekslar
jadvalidan topib olih kelib go‘yamiz. indl7 = 64 boMgani uchun
35indx = 64(mod66) -* 35indx = 64 + 66 m16(mod66) -»
35indx = 1120(mod66) -» mdx = 32(mod66). Endi anti indekslar
jadvallaridan foydalanib x ni topamiz. U holda x = 33(mod67) ni hosil
boMadi. Javob: x = 33+ 671t 6 Z

4). Berilgan x30 = 46(mod73) taqgoslamaning ikkala tomonini
indekslaymiz. U holda 30indx = ind46(mod72) hosil boMadi. Bu
yerdag md46 ning giymatlarini 73 moduli bo‘yicha indekslarjadvalidan
tq)ib olib kelib qo‘yamiz. md46 = 54 boMgani uchun 30indx =
54(mod72) 5indx = 9(modl2) -» 5indx = 9 + 12 «3(modl2) -»
mdx = 9(modlI2) > indx = 9,21,33,45,57,69(Tnod72). Endi anti
indekslar jadvallaridan foydalanib x ni topamiz. U holda x =
10,17,7,63,56,66(mod73) ni hosil boMadi.

Javob: x = 7+ 73t,x = 10+ 73t, x = 17+ 73t, x = 56 + 73t,
X =63+ 73t, x = 66+ 73t,teZ.
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5). Berilgan xB = 23(mod41) taqgqoslamaning ikkala tomonini
indekslaymiz. U holda 8indx = ind23(mod40) hosil bo‘ladi. Bu
yerdagi ind23 ning giymatlarini 41 moduli bo'yicha indekslarjadvalidan
topib olib kelib go'yamiz. ind23 = 36 bo‘lgani uchun 8indx —
36(mod40) 2indx = 9(modlO).Bu yerda (2,10) = 2, lekin 9 soni
2 ga bo'linmaydi. Shunmg uchun ham oxirgi taggoslama va demak,
berilgan taggoslama ham yechimga ega emas.

Javob: taqgoslama yechimga ega emas.

6). Benlgar x5= 74(mod71) ni xs= 3(mod71) ko'rinishida
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda 5indx =
md3(mod70) hosil bo‘ladi. Bu yerdagi ind3 ning giymatlarini 71
moduli bo'yicha indekslar jadvalidan topib olib kelib gqo'yamiz. ind3 =
39 bo'lgani uchun 5indx = 39(mod70). Buyerda (5,70) = 5, lekin 39
soni 5 ga bo'linmaydi. Shuning uchun ham oxirgi taggoslama va demak,
berilgan taggoslama ham yechimga ega emas.

Javob: taqgoslama yechimga ega emas.

7). Berilgan x27 = 39(mod43) taqqoslamaning ikkala tomonini
indekslaymiz. U holda 27indx = ind39(mod42) hosil bo'ladi. Bu
yerdagi ind39 ning qgiymatlarini 43  moduli bo'yicha indekslar
jadvalidan topib olib kelib go'yamiz. ind39 = 33 bo'lgani uchun
27indx = 33(mod42) -* 9indx r 11(mod14) -» 9indx = 11 + 14«
5(modl4) -»indx = 9(modl4) -* 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, Xx = 34 + 43t,C€ Z.

8). Benlganx8= 29(mod13) ni x8= 3(mod13) ko'rinishida
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda 8indx =
ind3(modl2) hosil bo'ladi. Bu yerdagi ind3 ning giymatlarini 13
moduli bo'yicha indekslar jadvalidan topib olib kelib go'yamiz. tnd3 =
4 Dbo'lgani uchun 8indx = 4(modl2) -* 2indx = I(mod3) -»
2indx = 4(mod3) -* indx = 2(mod3) -» indx = 2,5,8,11(mod 12).
&idi anti indekslar jadvallaridan foydalanib x ni topamiz. U holda* =
4,6,9,7(modI3) ni hosil bo'ladi.

Javob:x = 4+ 13tx = 6+ 13t, x = 7+ 13tx = 9+ 13t,t GZ

9). Berilgan x2 = 59(mod67) tagqoslamaning ikkala tomonini
indekslaymiz. U holda 2indx = ind59(mod66) hosil bo'ladi. Bu
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yerdagi indS9 ning qgiymatlarini 67 moduli bo'yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind59 = 36 boMgani uchun
2indx = 36(mod66) -* indx = 18(mod33) -*indx =
18,51(mod66). Endi anti indekslar jadvallaridan foydalanib x ni
topamiz. U holdax = 40,27(mod67) ni hosil boMadi.

Javob: x = +27(mod67).

10). Berilgan x2 = 59(mod83) taqgoslamaning ikkala tomonini
indekslaymiz. U holda 2indx = ind59(mod82) hosil boMadi. Bu
yerdagi md59 ning qgiymatlarini 83 moduli bo'yicha indekslar
jadvalidan topib olib kelib go‘yamiz. md59 = 34 boMgani 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 boMadi.

Javob: x = £15(mod83).

11). Benlgan x2s 32(mod43) ning ikkala tomonini
indekslaymiz. U holda 2indx = ind32(mod42) hosil boMadi. *Bu
yerdagi ind32 ning giymatlarini 43 moduli bo'yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind32 = 9 boMgani uchun
2indx = 9(mod42). Buyerda (2,42) = 2, lekin 9 soni 2 gaboMinmaydi.
Shuning uchun ham oxirgi taggoslama va demak, berilgan taggoslama
ham yechimga ega emas.

Javob: tagqoslama yechimga ega emas.

12).Berilgan taggoslama x2= -17(mod53)ni X2=
36(mod53) ko'ruushda yozib olib, uning ikkala tomonini indekslaymiz.
U holda 2mdx = ind36(mod52) hosil boMadi. Bu yerdagi md36 ning
giymatlarini 53 moduli bo'yicha indekslar jadvalidan topib olib kelib
go‘yamiz. ind36 = 36 boMgani uchun2mdx = 36(mod52) -* indx =
18(mod26) -* indx = 18,44(mod52). Endi anti indekslar
jadvallaridan foydalanib x ni topamiz. U holdax = 6,47(mod53) ni
hosil boMadi.

Javob: x = £+6(mod53).

13). Berilgan taqgoslama x2 = —28(mod67) ni x2 = 39(mod67)
ko‘rinishda yozib olib, uning ikkala tomonini indekslaymiz. U holda
2indx = ind39(mod66) hosil boMadi. Bu yerdagi ind39 ning
giymatlarini 67 moduli bo‘yicha indekslar jadvalidan topib olib kelib
go‘yamiz. md39 = 58 boMgam uchun 2indx = 58(mod66) ->indx s
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29(mod33) -* indx = 29,62(mod66). Endi anti indekslar jadvallari-
dan foydalanib x ni topamiz. U holda x = 46,21(mod67) ni hosil
bo‘ladi. Javob: x = £21(mod67).

14). Berilgan tagqgoslama x2 = 56(mod41) ni x2= 15(mod41)
ko'nnishda yozib olib, uning ikkala tomonini indekslaymiz. U holda
2indx = indI5(mod40) hosil bo'ladi. Bu yerdagi ind15 ning
giymatlarini 41 moduli bo'yicha indekslar jadvalidan topib olib kelib
go‘'yamiz. indIl5 = 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 chegirma bo'lishi uchuna’z =1 (modp) (*) shart bajarilishi
kerak.

1).p =23 da (*) dan all = I(mod23) kelib chigadi. Benlgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi tagqoslamani indekslardan foydalanib yechamiz. U holda
quyidagiga ega bo‘lamiz: 1linda = O(mod22) -+ inda = 0O(mod?2).
Bu yerdan inda ning juft son bo'lishi kerak ekanligi kelib chigadi. p =

23moduli bo'yicha indekslar  jadvalidan berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son bo'lganlarini ajratib
olamiz. indl5 = 17,indl6 = 8,indl7 = 7,mdI8 = 12,indI9 =

15,ind20 = 5 bo'lgani uchun garalayotgan shartni ganoatlantiruvchilari
16va 18bo'ladi. Shuning uchun ham 16va 18 sonlari 23 moduli bo'yicha
kvadratik chegirma bo'ladi. Javob: 16val8.

2).p =29 da (*) dan ald = I(mod29) kelib chigadi. Berilgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi taggoslamani indekslardan foydalanib yechamiz. U holda
guyidagiga ega bo'lamiz: 14inda = 0(mod28) - » inda = O(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. mdl5 = 27,indl6 = 4,indl7 = 21, .ndI8 = 11, IndI9 =
9, mu20 = 24 bo'lgani uchun garalayotgan shartni ganoatlantiruvchilari
16 va 20 bo'ladi. Shuning uchun ham 16 va 20 sonlari 29 moduli bo'yicha
kvadratik chegirma bo'ladi. Javob: 16va20.
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3.p=41 da (*) dan a20 = I(mod41) 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 boMamiz: 20inda = 0(mod40) -* inda = O(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 boMganlanni ajratib
olamiz. indIS = 37,ind16 = 24,ind17 = 33,ind18 = 16, mdI9 =
9, md20 = 34 boMgani uchun garalayotgan shartni ganoatlantiruvchilari
16,18va 20 boMadi. Shuning uchun ham 16,18 va 20 sonlari 41moduli
bo'yicha kvadratik chegirma boMadi. Javob: 16,18 va 20.

4).p= 73 da (*) dan a3 = I(mod73) kelib chigadi. Benlgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi taqgoslamani indekslardan foydalanib yechamiz. U holda
quyidagiga ega boMamiz: 36inda = O(mod72) -* inda = O(mod2).
Bu yerdan inda ning juft son boMishi kerak ekanligi kelib chigadi. p =
73moduli bo'yicha indekslar  jadvalidan benlgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boMganlanm ajratib
olamiz. mdl5 = 7,mdIl6 = 32,indl7 = 21,indI8 = 20,indl9 =
62,ind20 = 17 boMgani uchun garalayotgan shartni ganoatlantiruvchi-
lari 16,18va 19 boMadi. Shuning uchun ham 16,18 va 19 sonlari 73moduli
bo'yicha kvadratik chegirma boMadi. Javoh: 16,18 va 19.

5.p =97 da (*) dan a48 = I(mod97) kelib chigadi. Berilgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi taggoslamani indekslardan foydalanib yechamiz. U holda
guyidagiga ega boMamiz: 48inda = 0(mod96) -+ inda = O(mod?2).
Bu yerdan inda ning juft son boMishi kerak ekanligi kelib chigadi. p =
97moduli bo'yicha  indekslar jadvalidan berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boMganlarini ajratib
olamiz. indIl5 = 71,mdIl6 = 40, indl7 = 89,mdI8 = 78,indI9 =
81, md20 = 69 bo'lgani uchun garalayotgan shartni ganoatlantiruvchi-
lari 16 va 18 boMadi. Shuning uchun ham 16 val8 sonlari 97moduli
bo'yicha kvadratik chegirma bo'ladi. Javob: 16va 18.

332. Berilgan modul bo'yicha indekslaminga! asosga ko'ra
sistemasidan ikkinchi bir a2 ko'ra sistemasiga o'tish formulasini keltinb
chigarish talab etilsin. MaMumki, a2Inda2b = b(modp). Buning ikkala
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tomonini ax asosga ko‘ra indekslaymiz. U holda inda2b eindaia2 =
indaib(modp —1). Bundan
inda2b = (indaia2) ¥p~1~1lindclib(modp - 1).

Misol uchun md27 = 7(modll) dan indg7 = 7-
(md28),p(:io)-1(modIl0) = 7 m(ind28)3(modI0) = 7 m33(modIO0) =
9(modl0). Demak, inda7 = 9 (modll).

Javob: inda2b = (indaia2 pp~1)~Ilindaib(modp - 1).

333. 1). a ning ganday butun giymatlarida 3a2—5 i 17 munosabat
o‘nnli ekanligini aniglashimiz kerak. Bu munosabat 3a2 = 5(modl7)
taggoslamaga teng kuchli. Bundan ind3 + 2inda = indS(modl6). Bu
yerda ind3 = 1, md5 = 5 boigani uchun 1+ 2inda = 5(modI6) -»
2inda = 4(modl6) -¢ inda = 2(mod8) -»inda = 2,10(mod 16) -»
a = 9,8(modl7).

Javob: a = +8(modl7).

2). a ning ganday butun giymatlarida 7a2+ 13 i 23munosabat
o‘rinli ekanligini aniglashimiz kerak. Bu munosabat 7a2 =
—13(mod23) -> 7a2s 10(mod23) tagqoslamaga teng kuchli. Bundan
indl + linda = indlO(mod22). Bu yerda md7 = 19,indlO = 3
boigani uchun 19 + 2mda = 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 13a2 —11 : 29 munosabat
o‘rinli ekanligini aniglashimiz kerak. Bu munosabat 13a2=
II(lmod29) taqgoslamaga teng kuchli. Bundan indI3 + 2inda =
tndli(mod28). Bu yerda ind13 = 18,indl1 = 25 boigani uchun
18 + 2inda = 25(mod28) -» 2inda = 7(mod28). Bu yerda (2,28) =
2, lekin 25 soni 2 ga boiinmaydi. Shuning uchun ham oxirgi tagqoslama
yechimga ega emas. Demak, a ning 13a2 —11 : 29 ifoda o‘rinli boigan
butun giymatlari mavjud emas.

Javob: bunday giymatlar mavjud emas.

V3-8§.
334. 1).a = 264 sonini m = 360 ga boiishdan chiggan goldigni
topish uchun264 = r(mod360) taggoslamadan r ni manfiy bo‘lmagan
eng kichik chegirma sifatida aniglash kerak boiadi. 264 = (215 4 w24 =
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327684 w16 = (360 m91 + 8)4m1l6 = 84ml6 = 4096 <16 = (360 =
11 + 136) m16=136 m16 = (360 6 + 16) = 16(mod360). Shuning
ucbun ham izlanayotgan goldiq 16 ga teng. Javob: 16.

2).a = 1532s —1 sonini m = 9ga bo'lishdan chiggan goldigni
topish uchunl532s —1 = r(mod9) taqqoslamadan r ni manfiy boMma-
gan eng kichik chegirma sifatida aniglash kerak boMadi. 1532s —1 =
(9 ml70 + 2)5—1 = 2s—1= 31 = 4(mod9). Shuning uchun ham
izlanayotgan qoldiq 4 ga teng.Javob: 4.

3).a = (123715 + 34)28sonini m = 111 ga boMishdan chiggan
goldigm topish uchun(123715%6 + 34)28 = r(m od Ill) taggoslamadan
r ni manfiy boMmagan eng kichik chegirma sifatida aniglash kerak
boMadi. (123716 + 34)28 = (5056 + 34)28= ((504)14+ 34)28 =
(3414 + 34)28= ((3427+ 34)8s (467+ 34)28= ((4623+46 +
34)28 = (73+46 + 34)28= (16 + 34)28= 5028= (504)7 = 347 =
(342334 = 463m34 = 7m46 «34 = 70(modlll). Shuning uchun
ham izlanayotgan qoldiq 70 ga teng. Javob: 70.

4). a = 8! sonini m = 11 ga boMishdan chiggan goldigm topish
uchun 8! = r(m od Il) taggoslamadan r ni manfiy boMmagan eng kichik
chegirma sifatida aniglash kerak boMadi. 8! = 4!1-5-6-7,8 = 2- 5- 6 -
1 = 5(7nodll). Shuning uchun ham izlanayotgan qoldiq 5 ga teng.
Javob: 5.

335. Agar ax = 2(mod13)va ax+tl = 6(modlI3) boMsa, a sonini
m = 13 ga boMishdan chiggan goldigni topish uchun ikkinchi taggosla-
mani birinchi taggoslamaga hadlab boMamiz. U holdaa = 3(modI3) hosil
boMadi. Shuning uchun ham izlanayotgan qoldiq 3 ga teng. Javob: 3.

336. 1).(13,174) = 1 boMgani uchun Eyler teoremasiga asosan
174?>(i3) = i(modlI3) -> (13 ml3 + 5)12= I(modI3) 512=

I(modI3) bajarilishi kerak. Bundan 174249 = (512)20m59= (53)3 =
(—b)3 = 5(modI3). Shuning uchun ham izlanayotgan qoldiq 5 ga teng.
Javob: 5.

2).1863s —5 = r(mod 10) tagqoslamadan r ni manfiy bo‘lmagan
eng kichik chegirma sifatida aniglash kerak boMadi. Bu yerda 1863s —
5= 3s- 5(modl0) va (3,10) = 1 boMgani uchun Eyler teoremasiga
asosan  3P10 = I(modlO) -» 34 = I(modlO) bajarilishi kerak.
Bundan 3s —5 = 34-3 —5 = 3 —5 = 8(modIO).Shuning uchun ham
izlanayotgan qoldiq 8 ga teng. Javob: 8.
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3). 23773'1 = r(mod 37 m73) taqqoslamadan r ni manfiy bo‘Imagan
eng kichik chegirma sifatida aniglash kerak bo'ladi. Eyler teoremasiga
asosan 29373 = I(mod37) -* 236 = I(mod37) -» 27Z=
I(mod37) -» 273 = 2(mod37) (1) bajarilishi kerak. Ikkinchi tomondan
2v(73) = I(mod73) -> 272 = I(mod73) -» 273 = 2(mod73)(2)
bajariladi. (1) va (2) lardan 273 = 2(mod37 m73) (3) kelib chigadi.
Shuningdek 29 = 1(mod73) -* 236 = 1(mod73) -> 237 = 2(mod73)
va 237 = 2(mod37) boMgani uchun 237 = 2(mod37 u73) (4). (3)va (4)
larga ko'ra (23773 = 273= 2(mod37 m73). Bundan23773 1=
I(mod37 m73) gaega boMamiz. Shuning uchun ham izlanayotgan goldiq
| gateng. Javob: 1.

337. Berilgan sonning oxirgi ikkita ragamini topish uchun uni
boMishdan chiggan goldigMni topish yetarli boMadi.

1).20320 = r(modlOO) danr > 0 ni aniglaymiz. Bu yerda 20320 =
(100 W2 + 3)20= (354 = 2434 = 434 = (4322=
18492(modl00) = 492 = 2401 (modl00). Bu yerdan berilgan
sonning oxirgi ikki ragami O va 1ekanligi kelib chigadi. Javob: Ova 1

2).243402 = 43402(modlO0) dan r > 0 ni aniglaymiz. Bu yerda
43402 = (432)201 = 49201 = (492)100 m49 = 49(modl00)). Bundan
berilgan sonning oxirgi ikki ragami 4 va 9 ekanligi kelib chigadi. Javob:
4va9.

3). Bu yerdal812 m1941 <1965 = 12 <41 m65 = 492 m65 = -8 m
65 = 8«35 = 280 (modlOO) Bundan berilgan sonning oxirgi ikki
ragami 8 va 0 ekanligi kelib chigadi. Javob: 8va 0.

4).(116 + 171721 = (16 + 1717 21 danr >
0 m aniglaymiz. Buyerda 1717 s (172)8+17 = 289sml17 = (—1)8m
17 = 121417 = 21417 s (212)2ml7 = 412m17 = 1681 17 s
(-19) m17 = -323 = —23(modIl00) boMgani uchun (16 - 23)21 =
(—7)2L= ((—7)4)5m(-7) s 2401s(-7) = -7 = 93(modl00).
Bundan berilgan sonning oxirgi ikki ragami 9 va 3 ekanligi kelib chigadi.
Javob: 9va 3.

338.1).23 + 1 ning 641 ga boMinishini isbotlash uchun 23 + 1 =
0(mod641) taggoslamaning bajarilishini ko' rsatamiz. Bu taggoslamadan
2 = —(mod641) > 23R = 640(mod641) -» 25 = 5-» 25 =
(212022 = 4096 =2 = (641 W6 + 250)2m2 = 2502 w2 = 125000 =
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641 <195 4-5 = 5(mod641). Demak, berilgan 22 + 1 soni 641 ga
boMinadi.

2). A = 222555 + 55522 ning 7 ga boMinishini isbotlasb
uchun 222555 4- 555222 = 0(mod?7) taqqoslamaning  bajarilishini
ko'rsatamiz. Bu tagqoslamadan A = (7 m314-5)55+ (7 <79 +
2)222 = S555 + 2222 = (_2)555 + Z222 = _ 2555+ 7222 -

222(—2333 + 1). Bu yerda 222 = (23)74= I(mod7)va2333 =
(23111 = I(mod7) boMgani uchun A = 1e(-1 + 1) = 0 (mod7).
Demak, berilgan A soni 7 ga boMinadi.

3). A = 2201190 4 6922019+ 1196972y ning 102 ga boMinishini
isbotlash uchun 2201190 + 6922° 119+ 119627 = 0(modl02) tagqos-
lamaning bajarilishini ko‘rsatamiz. Bu yerda 102 = 2-3-17 boMgani
uchun 2201190 4- 6922° IW + 119620 = 0(mod2), 2201196 +
6922°19 + 11969* « = O(mod3),

2201190 + 6922°119+ 119620 = O(modl7)laming bajarilishini
ko'rsatamiz. Bundan esa A = 0(modl02) kelib chigadi. Bu yerda
2201199 s 0(mod2), 6922119 = I(mod2)vall96x20 =
I(mod2)boMgani uchun/1 = (0 + 14-1) = 0(mod2) boMadi.
2201190 = I(mod3), 69220 19= O(mod3)va(—)69'20 =
-Ilmod3)boMgani uchun 4 = (1 + 0—1) = O(mod3) boMadi.
22011999 = —1(mod 17), 6922°119s I(modl7)vall9ex0 =
O(mod 17)boMgani uchunA = (—1+ 1+ 0) = 0(modl7) boMadi.
Demak, berilgan A soni 102 ga bo *madi.

4).A =621+ 5n+2 ning 31 ga boMinishini isbotlash
uchun 62n+1 + 5n+2 = 0(mod31) taqgoslamaning bajarilishini
ko‘rsatamiz. Bu yerda 62n+l = (62 ne<6= 36" 6= 5nm(-25) =
—5n+z boMgani uchun A = 62+l + 52 = —bn+2 + 5n+2 =
0(mod31) boMadi. Demak, berilgan A soni 31 ga boMinadi.

33949 -1 = r(modm) danm > 1 —toqgson boMganida0O ~ r <
m shartni ganoatlantiruvchi r ni aniglaymiz. 48(mM1 = r(modm) -*
4pm —4r(modm) va bundan (4,m) = 1 boMgani uchun Eyler
teoremasiga asosan 4r = I(modm). Buyerdam > 1 —toq son boMgani
uchun uni 4 moduli bo‘yicha
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T = 49 + 1 ko'rinishlarida yozish mumkin. Agar m = 4q + 1
ko'rinishida bo‘lsa, 4r = I(modm) -» 4r = 1+ 3m(modm) = 12q +
4(modm) ->r = 3q + 1(modm) -» 3m -+ 1= (modm). Bu
yerda sml mvam > 1boMganda izlar;ayotgan qolaiqni beradi. Agar
m=4g—1 ko'rinishida bo‘lsa, 4r = Ilmodm) -» 4r = 1+

m(modm) = 4q(modm) -* r = a(modm) -*r = 4 (modm).
Demak, bu holda < m, (m > 1) izlanayotgan qoldiq bo'ladi.
Javob: Agar m = 4t? + 1 Ko nnishidaboMsa, — gavaagarrm =

4<) — 1 ko'rinishida bo'lsa, ga teng.

340.1).Indekslardan foydalanib berilgana = K010 sonini m = 67ga
boMishdan chiggan goldigni topish talab gilnayapti. Buning uchun KO 10 =
r(mod67) dan 0 < r < 67 shartni ganoatlantiruvchi r m aniglaymiz.
Taqgoslamaning ikkala tomonini indekslaymiz. U holda 10indIO =
indr(mod66)ga ega boMamiz. Bu yerda 67 moduli ho'yicha indekslar
jadvalidan indlO = 16 ekanligini aniglaymiz. U holda 10 m16 =
mdr(mod66) —indr = 28(mod66). Anti indekslar jadvalidan
foydalanib bu yerdan r = 23(mod67) ekanligini topamiz. Demak,
izlanayotgan qoldiq 23 ga teng ekan. Javob: 23.

2). Indekslardan foydalanib berilgana = 1782 sonini m = llga
boMishdan chiggan qoldigni topish talab gilnayapti. Buning uchun
1782 = r(modll) dan O < r < || shartni ganoatlantiruvchi r ni
aniglaymiz. Taqgoslamani 17852 = r(modll) -» (11 m16+ 2)x2 =
r(modll) -* 282 = r(modI\) ko‘rinishdayozib olamiz va uning ikkala
tomonini indekslaymiz. U holda 52md2 = indr(modlO)ga ega
boMamiz. Bu yerda 67 moduli bo'yicha indekslar jadvalidan indl = 1
ekanlig'ru aniglaymiz. U holda 52 = indr(modlO) -* indr =
2(modl0). Anti indekslar jadvalidan foydalanib, bu yerdan r =
4(modll) ekanligini topamiz. Demak, izlanayotgan goldiq 4 ga teng
dean. Javob: 4.

3). Indekslardan foydalanib berilgana = 20172018 sonini m = llga
boS shdan chiqgan qoldigni topish talab gilnayapti. Buning uchun
20172018 = r(m odll) dan O <, r < 11 shartni ganoatlantiruvchi r ni
aniglaymiz.  Taggoslamani 20172018 = r(modl) -* (11 «183 +
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4)2018 - (T 0A1 1) -» 42018 = r(m od Il) ko'rinishda yozib olamiz va
uning ikkala tomonini indekslaymiz. U holda 2018ind4 =
indr(modlO) -» (10 w201 + 8)md4 = indr(modl0) 8md4 =
indr(mod 10)ga ega boMamiz. Bu yerda 11 moduli bo'yicha indekslar
jadvalidan ind4 = 2 ekanligini amglaymiz. U holda 16 =
indr(modlO) -»indr = 6(modl0). Anti indekslar  jadvalidan
foydalanib, bu yerdan r = 9(modll) ekanligini topamiz. Demak,
izlanayotgan qoldiq 9 ga teng ekan. Javob: 9.

341. Paskalning umumiy boMinish belgisini ifodalovchi nazaruy
gismdagi (l)-formuladan foydalanamiz.Unga ko'ra N = a0 + ax<10 +
a2«102+ ..+ anml0" = ao + cii-Ti + a2-r2+ ..+ anm
r, (modm)(l) bajariladi. Buyerda 10k = rk(modm), kK = 1,2.....n.

1). 6 ga boMinish belgisini keltinb chigarish uchun yuaoridagi
formulada m = 6 deb olamiz. U holda 10 = 4(mod6), 102 =
4(mod6), 103= 4(modm),... boMgani uchun 10k = 4(mod6), K =
1,2,3,...,n boMadi. Shuninguchun (1) dan N = a0+ 4(ar + a2+ ..+
an) (mod6) ni hosil gilamiz. Bu yerdan quyidagi xulosaga kelamiz.
Berilgan N scnining 6 ga boMinishi uchun a0 + 4(ax+ a2+ ..+ On)
ifodaning 6 ga bo linishi zarur va yetarlidir. Misol uchun 26676 sonining
6 ga boMinish yoki boMinmasligini tekshiraylik. @~ Bu yerda 6 +
47+ 6+ 6+ 2) = 6+ 84 = 90boMib,90s0ni6 gahoMinadi. Shuning
uchunbenlgan son ham 6 ga boMinadi. Endi 22593 sonining 6 ga boMinish
yoki boMinmasligini tekshiraylik. Bu yerda 3+ 4(9 + 5+ 2+ 2) =
3+ 72 = 75 boMib, 75 soni 6 ga boMinmaydi. Shuning uchun benlgan
son ham 6 ga boMinmaydi.

2).8 ga boMinish belgisini keltirih chigarish uchun yuqoridagi
formulada m = 8 deb olamiz. U holda 10 = 2(mod8), 102 =
4(mod8)va | > 3 boMsa, 10l = 0(modS) boMgani uchun (1) dan N =
(a0+ 2ax+ 4a2) (mod8) ni hosil gilamiz. Bu yerdan quyidagi
xulosaga kelamiz. Berilgan N sonining 8 ga boMinishi uchun a0+ 2ar +
4a2 ifodaning 8 ga boMinishi zarur va yetarlidir. Misol uchun 38624
sonining 8ga boMinish yoki boMinmasligini tekshiraylik. Bu yerda 4 +
22+ 4 m6 = 32 boMib, 32 soni 8 ga boMinadi. Shuning uchun berilgan
son ham 8 ga boMinadi. Endi 24674 sonining 8 ga hoMinish yoki
boMinmasligini tekshiraylik. Bu yerda 4 + 2*7 + 4*6 = 42 boMib, 42
soni 8 ga boMinmaydi. Shuning uchun berilgan son ham 8 ga boMinmaydi.
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3). 12 ga bo'linish belgisini keltirib chigarish uchun yuqoridagi
formulada m = 8 deb olamiz. U holda 10 = 10(modl2), 102 =
4(modl2) val> 2bo'lsa, 108 = 4(modl2) bo'lgani uchun (1) dan
N = 4(an+ an_! + — ha2) + ajao (mod12) ni hosil gilamiz. Bu
yerdan quyidagi xulosaga kelamiz. Berilgan N sonining 12 ga bo'linishi
uchun 4(an+ an_j + —+ a2) + ara0 ifodaning 12 ga bo'linishi zarur
va yetarlidir. Misol uchun 264816 sonining 12 ga bo'linish yoki
bo'linmasligini tekshiraylik. Bu yerda 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 boiinish 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 ba'linish belgisini keltirib chigarish uchun yugoridagi
formulada m = 15 deb olamiz. U holda 10 = 10(modl5), 102 =
10(modlI5)va | > 2 bo'lsa, 10 = 10(modl5) bo‘lgani uchun (1) dan
N = 10(an+ an_! H----ha2+ + a0 (modl5) ni hosil gilamiz.

b).18 ga bo'linish belgisini keltirib chigarish uchun yugoridagi
formulada m = 18 deb olamiz. U holda 10 = 10(modI8), 102 =
10(modI8)va | > 2bo'lsa, 10{ = 10(modl5) bo'lgani uchun (1) dan
N = 10(an+ an_r + — ha2+ ax) + a0 (modI8) ni hosil gilamiz.

c). 45 ga bo'linish belgisini keltirib chigarish uchun yuqoridagi
formulada m = 45 deb olamiz. U holda 10 = 10(mod45), 102 =
10(mod45)va | > 2 bo'lsa, 100 = 10(mod45) bo'lgani uchun (1) dan
N = 10(a, + an_! + — ha2+ ar) + a0 (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(an+ an_x+ e+ a2+ ar) + a0 ifodaning
mos ravishda shu sonlarga bo'linishi zarur va yetarlidir.

342. 792 ga bo'linadigan 13xy45z ko'rinishidagi barcha sonlami
topish uchun 13ry45z = 0 (mod 792) shartni ganoatlantimvchi barcha
X,y,z ragamlami aniglashimiz kerak. Bu yerda 792 = 8-9-11
bo'lgani uchun yuqoridagi taqgoslama ushbu taggoslamalar sistemasi

( 13xy45z = 0 (mod 8)
| 13xy45z = 0 (mod 9)
(I3xy45z s 0 (mod 11)
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ga teng kuchli. Bu sistemaning 1-tagqoslamasidan 8 ga boMinish
belgisiga ko‘ra

45z = 0(mod 8) -* 4102+ 5m10+ z = O(mod 8) -» 450+ z =
0O(mod8)—*z = 6(mod8) ga ega bo‘lamiz. Bu yerdan z ragam bo‘lgani
uchun z = 6 ekanligi kelib chigadi. Shuningdek, yuqgoridagi sistermaning 2
va 3-taggoslamalaridan 9 ga va 11 ga bo'linish belgilariga asosan
fl+3+x+y+4+5+6=0 (mod9) _ 'x+y= 8(mod 9)
Il - 3+x-y+4-5+6=0(mod 11) *be- y = 8(mod 11)

x = 8,y = 0 ekanligi kelib chigadi. Demak, izlanayotgan son
yagonava u 1380456 gateng. Javob: 1380456.

343. Agar ~ —qisgarmas kasr berilgan boMib, (10,b)=I bo‘lsmva m

soni b moduli bo'yicha 10 soni tegishli bo‘lgan daraja ko‘rsatkichl,
10m = 1(modb) taggoslama o‘rinli bo‘lgan eng kichik ko rsatkich
bo'lsin. U holda berilgan kasmi cheksiz o‘nli kasrlarga aylantirganda
davr uzunligi m ga teng bo‘ladi. Davr uzunligi kasmmg suratiga bog'‘liq
emas.

1). Bundab = 21 va 10m = I(mod21) dan m ni aniglaymiz: 10 =
10(mod21); 102= —5(mod21); 103= -8(mod21); 104 =
4(mod21); 105= -2(mod21); 106= I(mod21). Demak, m = 6.
Javob: 6.

2). Bunda b = 91 va 10m = I(mod91) dan m ni aniglaymiz: 10 =
10(mod91); 102 = 9(mod91); 103= -I(mod91); 104 =
—10(mod91); 10s = -9(mod91); 106 = I(mod91). Demak, m = 6.
Javob: 6.

3). Bunda b = 43 va 10m= I(mod43) dan m ni aniglaymiz.
Buning uchun indekslardan foydalanish qulay: m md 10 = O(mod42).
Bu yerda ind4310 = 10 boMgani uchun 10m = 0(mod42) -» 5m =
0(mod21) -» m = Q(mod2i). Demak m = 6.Javob: 21.

5). Bunda b = 97 va 10m= I(mod97) dan m ni aniglaymiz.
Buning uchun indekslardan foydalanish qulay: m ind10 = 0(mod96).
Bu yerda tndg710 = 35 boMgani uchun 35m = O(mod96) -* m =
0(mod96). Demak, m = 96.

Javob: 96.

344. 1). - - oddiy kasrlami o‘nli kasrlarga aylantirganda hosil

boMadigan davr uzunligini aniglaymiz. Bunda b = 17 m23 va 10m =
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1(mod 17 «23) dan m ni aniglaymiz. Bu taqqoslama ushbu taqgoslamalar
. . (10m = I(m odl7g
sistemasi _yTO0o”n23
(m ind1710 = O(modl6)
Im indZ23l0 = 0(mod22) "

Bu yerda md1710 = 3vaind2310 = 7 boMgani  uchun
(3Mm = O(modl6) (m = O0(modl6)
(7m s O(mod22) “ Im = O(mod22) » m = °(m°dNe 22» -
m = 0(modl76).

Demak, m = 176. Javob: 176.

2). oddiy kasrlarni  o‘nli kasrlarga aylantirganda hosil

n n
ten8  kuchli. Bundan

boMadigan davr uzunligmi aniglaymiz. Bunda ft = 53 m59 va 10m =
1(mod 53 w59) dan m ni amglaymiz. Bu taqqoslama ushbu

taggosfamalar S|s;ema5| 18 gn: LT&?/%%} ® kuchli. Bundan
(m md5310 = 0(mod52)
(m ind5910 = O0(mod58)'

Bu yerda ind5310 = 48 vamdS910 = 7 boMgani  uchun
(48m = 0(mod52) M2m = 0(mod13) (m = O(mod13)
17m = 0(mod58) ( m = 0(mod58) [m = 0(mod58)

m = 0(mod[13; 58]) -* m = 0(mod734). Demak, m = 734. Javob:
734.

3). 7Z2' 3l oddiy kasrlarni o‘nli kasrlarga aylantirganda hosil
boMadigan davr uzunligini aniglaymiz. Bunda 6 = 7 <23 m31 va 10m =
Imod 7m23 «31)dan m ni amglaymiz. Bu taqgoslama ushbu

r10m= I(mod7)
tagqoslamalar sistemasi  10ms I(mod23) ga teng kuchli. Bundan
10m= I(mod31)
m md73 = 0(mod6)
Im md23l 0 = 0(mod22).
[m md3110 = 0(mod30)
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Bu vyerda ind73= 1, ind2310 = 3 vaind3110 = 14 boMgani
m = Q(mod6) ( m = 0(mod6)
uchun 3m = 0(mod22) -* <m = 0(mod22) -»
14m = 0(mod30) \7m = 0(modlI5)
m = 0(mod6)
Jm = O(mod22) -»m = O(mod[6; 22; 15]) -*m = 0(mod330).
[m = O(modl5)
Demak, m = 330. Javob: 330.

4). ™ L._ oddiy kasrlami o'nli kasrlarga aylantirganda hosil
boMadigan davr uzunligini aniglaymiz. Bunda b = 11 m13+17 va
10m = I(mod 11 m13 «17) dan m ni aniglaymiz. Bu taqggoslama ushbu

flOm= 1(mod11)
taqggoslamalar sistemasi 110m = I(modl3) ga teng kuchli. Bundan
(™MOm = I(modl7)
[m indlt10 = O(modlO)
Jm ind1310 = O(modl2).
(m ind1710 = O(modl6)
Bu yerda mdu 10 = 5, ind1310 = 10 va ind1710 = 3 boMgani

"5m = 0(modlO) m = 0(mod2)
uchun 10m = O(modI2) 5m = 0(mod6)
k3m = O0(modl6) m = 0(modlI6)
m = 0(mod2)
m = 0(mod6) -*m = O(mod[2; 6; 16]) -* m = 0(mod48).

[m = O(modl6)
Demak, m = 48. Javob: 48.

5). oddiy kasrlami o‘nli kasrlarga aylantirganda hosil
boMadigan davr uzunligini aniglaymiz. Bunda i1 = 13 m37 va 10m =

Ilmod 13 m37) dan m ni aniglaymiz. Bu taqgoslama ushbu

. . . . (10m= I(mod 13
taqgoslamalar sistemasi [1(jm ™ U Toa 37

o [m ind1310 = OémodIZ)
ga teng kuchl,. Bundan [m M3?10 s O(mod36y

md1310 = 10, vamd3710 = 24 boMgani uchun
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fiom
bl m

O(modl2) (5m = 0(mod6) _nr
O(mod36) » hm s O(mo<i3) » m = 0(m<,d6)'

Demak, m = 6.Javob: 6.

345. Agar ™ —qisgarmas kasr berilgan boMib, (10, b) = 1 boMmasa,
bmb = 2amS&m ko'rinishda yozib olamiz, bunda (bv 10) = 1vam
soni 6, moduli ho‘yicha 10 soni tegishli bo‘lgan daraja ko‘rsatkichi,
10m = 1(modbx) taggoslama o'rinli bo'lgan eng kichik ko‘rsatkich
bo'Ilsin. U holda benlgan kasmi cheksiz o‘nli kasrlarga aylantirganda
davr uzunligi m ga teng bo'ladi. Davr uzunligi kasming suratiga bogMiq
emas.

1). - = Bunda b= 14 = 2.7 va b, =7 bo‘lgani uchun
10m= I(mod7) dan m ni aniglaymiz: 10 = 3(mod7); 102 =
2(mod7); 103 = 6(mod7); 104 = 4(mod7); 105 =
5(mod7); 106 = I(mod7). Demak, m = 6.

Javob: 6.

2). = Bundab = 550 = 25211 va br = 11 boMgani
uchun  10m= I(m odll) dan m ni aniglaymiz: 10 =
—A(modll); 102= I(modll);

Demak, m = 2. Javob: 2.

3). oddiy kasrlami o‘nli kasrlarga aylantirganda hosil
boMadigan davr uzunligini aniglaymiz. Bunda bj = 23 m31 va 10m =
Ilmod 23-31) dan m ni aniglaymiz. Bu taggqoslama ushbu
(10m= I(mod %% At ® kucki % .

ucnli. Bundan
jm W W= O(m0d22) =
Immd3110 = 0(mod30)

taqqoslamalar sistemasi

S 3m f)(modZZ g m

= O(mod22
14m s O(motf30) -

14bo igam  uchm 7m s O(modi5) -*

(m _ O0(mod22) » m —0(mod330). Demak, m = 330. Javob: 330.
Im = O(mod15 \Y '
4). oddiy kasrlami o'nli kasrlarga aylantirganda hosil

boMadigan davr uzunligini aniglaymiz. Bunda bt = 53 m73 va 10m =
Ilmod 53+73) dan m ni aniglaymiz. Bu taqgoslama ushbu
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(10m = 1(mod 53) . teng kuchii. Bundan

Bu yerda ind5310 = 48 vamd7310 =

9 bo' Igani uchun
f48m = O0(mod52) (12m = 0(modlI3)
I 9m = 0(mod72) I m = 0(mod8)

-*m = 0(modl04). Demak, m = 104. Javob: 104.

5). - = 10_37.Bunda b= 1037 va b>l< = 37 boMgani uchun 10m =
I(mod37) dan m ni aniglaymiz: mind3710 = O(mod36). Bu yerda
ind3710 = 24 boMgani uchun 24m = 0(mod36) -* 2m =
O(mod3) -» m = 0(mod3).Demak, m = 3. Javob: 32.

346. Benlgan tengliklaming to‘g‘ri yoki noto'g‘ri ekanligini 11
moduli bo'yicha taggoslamaga o ‘tish yoMi bilan teksl -amiz.

1). 4237 m27925 = 118275855 dan 4237 «27925 s
118275855(modll).

Bu yerda 4237 = 11-385 + 2; 27925 = 11-2538 +
7,118275855 = 11 m10743259 + 6 ekanligini e’tiborga olsak, 2-7 =
6(modll) -« 3=6(modll) ->1=2(modll). Oxirgi taggoslama
o‘nnli emas Shunmg uchun ham berilgan tenglik noto‘g‘ri.

2). 42981:8264 = 5201dan42981 = 5201 m8264. Bundan 5201 -
8264 = 42981(modll).Bu yerda 5201 = 11 w472+ 9; 8264 = 11 m
751 + 3; 42981 = 11 +3907 + 4 ekanligini e’tiborga olsak, 9 m3 =
4(modll) -* 5= 4(modll). Oxirgi taggoslama o‘rinli emas. Shuning
uchun ham berilgan tenglik noto‘g‘ri.

3). 19652 = 3761225danl9652s 3761225(modll). Bu yerda
1965 = 11 «178 + 7; 3761225 = 11 341929 + 6 ekanligini e'tibor-
gaolsak, 72= 6(modll) +5= 6(modll). Oxirgi taqgoslama o‘rinli
emas. Shuning uchun ham benlgan tenglik noto‘g‘ri.

347.1).25041 + 91382 = 116423 .Bu tenglikdan qulaylik uchun 9
moduli bo‘yicba taggoslamaga o‘tamiz. U holda 25041 + 91382 =
116423(mod9). Bu yerdagi sonlami 9 moduli bo'yicha eng kichik man-
fiy boMmagan chegirmalar bilan almashtirsak 3+ 5 = 8(mod9) > 8 =
8(mod9) ayniy taggoslama hosil boMadi. Demak, berilgan tenglik to‘g‘ri.
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2). 42932 — 18265 = 24667. Bu tenglikdan qulaylik uchun 9
moduli bo'yicha taggoslamaga o‘tamiz. U holda 42932 — 18265 =
24667(mod9). Buyerdagi sonlami 9 moduli bo'yicha eng kichik manfiy
bo‘Imagan chegirmalar bilan almashtirsak 2 —4 = 7(mod9) -* 7 =
7(mod9) ayniy taggoslama hosil boMadi. Demak, berilgan tenglik to‘g‘ri.

3). 13547 —9862 = 3685. Bu tenglikdan qulaylik uchun 9 moduli
bo'yicha taqgoslamaga o‘tamizz. U holda 13547 —9862 =
3685(mod9). Bu yerdagi sonlami 9 moduli bo'yicha eng kichik manfiy
boMmagan chegirmalar bilan almashtirsak 2 —7 = 4(mod9) -» 4 =
4(mod9) ayniy taggoslama hosil boMadi. 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 sonlami 9 moduli bo'yicha eng kichik
manfiy boMmagan chegirmalar bilan almashtirsak 5 —5 = 0(mod9)

0 = 0(mod9) ayniy tagqoslama hosil boMadi. Demak, berilgan tenglik
to'g‘ri.
VIl &
348. 1).Berilgan kasr 27 ni uzluksiz kasrga yoyfsh uchun Evklid

algoritmidan foydalanamiz. Unga ko‘ra: 127 = 52 «[2] + 23; 52 = 23 m
U +6; 23=6 -[3]+5; 6 =5 -[F1+1; 5= 1-[5}
Bundan ~~= (2,2,3,1,5).

Javob:(2,2,3,1,5).

2). Berilgan kasr ™ ni uzluksiz kasrga yoyish ucbun Evklid
algoritmidan foydalanamiz. Unga ko‘ra: 24 = 35 o]+ 35; 35 = 24 m
[1T+ 11; 24= 11 \2}+ 2; 11 =2 1]+ 1, 2= 1 W Bundan
= - (0,1,2,5,2).

Javob: (0,1,2,5,2).
3). Berilgan kasr 1,23 = 128 ni uzluksiz kasrga yoyish uchun Evklid

algoritmidan foydalanamiz. Unga ko‘ra: 123 = 100 HI] + 23; 100 =
23-[4]+8; 23=8 -(2]+7; 8= 7 -|T]+1; 7= 1-[U. Bundan
1,23 = (1,4,2,1,7).

Javob:(1,4,2,1,7).
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4). Berilgan kasr ~ ni uzluksiz kasrga yoyish uchun Evklid
algoritmidan foydalanamiz. Unga ko‘ra: 29 = 37 Wo] + 29; 37 = 29 m
[LL+8; 29=8 -[3]+5 8=5m[[]+ 3; 5=3-W+ 2 3=2-
[MI+1 2= 1-21 Bundan N =(0,1,3,1,1,1,2).
Javob:(0,1,3,1,1,1,2).

349. Benlgan chekli uzluksiz kasrlarga mos gisqarmas oddiy kasr -

ni topish uchun munosib kasrlar i dan foydalanamiz. Bunda (Pfc, Qk) =

1.(1,1,2,1,2,1,2) =~ = ~ ni aniglashimiz kerak. ~ lami topish

uchun quyidagi jadvalni tuzib olamiz:

oi 1 1 2 1 2 1 2
b PO=1 1 2 5 7 9 26 7
% = 0o =1 1 3 4 n 1 a4

Demak,(l,1,2,1,2,1,2) = a1 Javob: a

2).(0,1,2,3,4,5) =~ A ni aniglashimiz kerak. ~ lami topish
uchun quyidagi jadvalni tuzib olamiz:

Qi 0 102 3 4 5

Pi =3 0 1 2 7 30 157

Q. M=0,54-, 1 3 10 43 225
Demak,(0,1,2,3,4,5) = — .Javob: — .

3).(6,4,3,2,1) = (5,4,3,3) =~ =] ni aniglashimiz kerak. *

lami topish uchun quyidagi jadvalni tuzib olamiz:

Qi 5 4 3
Pi PO=1 5 21 68 225
Qi Q,=0¢e€, =i 4 13 43
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Demak,(5,4,3,2,1) = e .Javoh:?3
4). (a,a,a,a,a) = = £ ni aniglashimiz kerak. ~ lami topish
n D k
uchun quyidagi jadvalni tuzib olamiz:

4 a a a a a
ft Pg=1 a a2+1 a3+ 2a a4+ 3a2+ 1 ab+ 4a3+ 3a
Q <D=0Qi=i i a2+ 1 a3+ 2a a4+ 3a2+ 1
' — ast4asi3a . ast4ast3a
Bemak,ga, a,aaal= o Javob: o2
5). (a, b,a,b,a) = -1 = £ ni aniglashimiz kerak. — lami topish
on -
uchun quyidagi jadvalni tuzib olamiz:
4i a & a b a
‘1
P Po= 1a ab + 1a2ft+ 2a azb2+ 3ab a3b2+ 4a''b
_ +1 + 3a
Qi <©=0Q+=5 & ab + 1 ab2+ 2b

azb2+ 3ab + 1

B _ a3b2+4a2b+3a ‘] a3b2+4a2b+3a
emak, fa, a, a a, a@ = —=S=—o s avob:

a2b2+3ab+l “abboizabi T
6). (2,1,1,3,1,2) = ~ = z ni aniglashimiz kerak. lami topish
Qn [} Qk
uchun quyidagi jadvalni tuzib olamiz:
Q 2 | | 3 1 2
Pi /=1 2 3 5 18 23 64
Qi <®=00Qi=i | 2 7 9 25

Demak,(2,1,1,3,1,2) = Javob:
7).((1,1,2,3,4) = gn : ni aniglashimiz kerak.

ox lami topish
uchun quyidagi jadvalni tuzib olamiz:

1 1 2 3 4
ft Po=z= | 1 2 5 17 73
<=0 = | 1 3 10 43
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Demak,(U.2,3,4) = YR Javob: an

8). (2,5,3,2,1,4,2,3) = ﬁ_l: £ ni aniglashimiz kerak. ’L;( lami

topish uchun quyidagijadvalni tuzib olamiz:

Q 2 5 3 2 1 4 2 3
p, po=1 2 n 35 81 116 545 1206 4163
Qi <20=0<?,=1 5 16 37 53 249 551 1902

Demak,(2,5,3,2,1,4,2,3) = Javob:

350. Berilgan 6 kasmi uzluksiz kasrlarga yoyishdan foydalanib
gisgartirish uchun uni chekli uzluksiz kasrlarga yoyib munosib kasrlari
a(ni hisoblaymiz hamda bunda (P*, Q*) = 1va Cn = 6 ekanliklaridan
foydalanamiz.

1). ni uzluksiz kasrlargayoyamiz. U holda 3587 = 2743 uT] +
844,

2743 = 844-[3] + 211; 844 = 211-[T] dan = (1,3,4).

Munosib kasrlari R ni hisohlaymiz:

Q 1 3 4
Pi PO= 1 1 4 17
~ , 3587 ~ 17 L et 3587 17211 17

.r, ,
Demak W =& 3>*)= i’ Tekshinsh 2" - - li-
Javoh:E.

2). ni uzluksiz kasrlarga yoyamiz. U holdal043 = 3427
0+K0 43; 3427 = 1043- 1] + 298; 1043 = 298 WL +
149; 298 = 149 2] dan = (0,3,3,2). Munosib kasrlari ~ ni
hisohlaymiz:
di 0 3 3 2
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Q dM=0¢@Q1=j 3 10 23

Demak, = (04.3,3) =2, Tekshirish 0% 749 7
23 3427 23149 23

Javoh:z.

3). il ni uzluksiz kasrlargayoyamiz. U holda 3653 = 3107 uT| +
546;

3107 = 546-[L| + 377; 546 = 377 «[!] + 169; 377 = 169-
[2]1+39; 169 = 39-[4]+13; 39 = 13 [f]dan = (1,5,1,2,4,3).

Munosib kasrlari — ni hisoblaymiz:

di | 5 1 2 4 3
Pi pn=i | 6 7 20 87 281
Of P=0x=15 6 17 74 239

Demak Sll 5,1,2 4 3) = 39 Tekshirish:

, «1.
3107 3107  239-13 — 539
Javob:

281
239°

11281
4).—@—ni uzluksiz kasrlarga yoyamiz. U holdall281 = 6583

[1]+ 4698; 6583 = 4698 m[!]+ 1885; 4698 = 1885 ml| +
11281 _

928; 1885 = 928 -\z] + 29; 928 = 29 H32] dan U
(1,1,2,2,32). Munosib kasrlari ~ ni hisoblaymiz: )
m 11 1 2 2 32
Pi />0=1 1 2 5 12 389
Q Q=04=1 1 3 7 227
n__ 11281 ~ 0 .4 389 ~ , 11281  389-29
Demak‘ liT = 2 32>— i1? Tekshirish: — = — =
389 j‘ . 389
5). ni uzluksiz kasrlargayoyamiz. U holdal491 = 2247 -[o] +

1491; 2247 = 1491 WT] + 756; 1491 = 756 -[[] + 735; 756 =
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1491

735 m[!]1+ 21; 735 = 21 W35] dan 9047

= (0,1,1,1,35). Munosib

kasrlan ~ m hisoblaymiz:
oi 0 1 1 35

Pi P.= 1 0 71
Q: sn=uQ, =1 1 2 3 107

|_\
H
N

1491 7121 71

Demak, = (0,1,1,1,35) = Tekshirish: a7 10791 107

Javoh:

351.1). (x,2,3,4) = = tenglamalami yechish uchun uning chap
tomoni orgali ifodalanuvchi gisgarmas kasmi topib olamiz. Buning
uchun® —munosib kasmi hisoblaymiz:

Q X 2 3 4
pi Pn=1 x 2x+ 1 7x+ 3 30x+ 13
Q Q= o0& = 2 7 30
Bundan 30’;;13 = — *30%+ 13= 73->30x= 60 >x = 2

Javob: x = 2
2). 7(xyz + x + z) = 10(yz + 1) tenglamalami yechish uchun uni
Xyz + X + 2 10
yz+ 1 7
ko‘rinishida yozib olib uning chap va o‘ng tomonlanni uzluksiz
kasrlarga yoyamiz. xyz+x+z= (yz+ 1)e[x]+2z, yz+ 1=z m

[yl+ 1; z = 1e[z] bundan yz+1 = (x.y.z). Shuningdek 10= 7

\N\+3; 7= 3-[2]+ 1, 3=1-U] dan vy = (1,2,3). Hosil bo‘lgan
yoyilmalami yugqoridagi tenglamaga olib bonb go‘ysak (x,y,z) =
(1,2,3) bundanesax = 1,y = 2,z = 3 kelib chigadi.

Javob: x = |,y = 2,z = 3.

352. Berilgan kasrlami uzluksiz kasrga yoyib, uni # —munosib kasr

bilan almashtmb xatoligun aniglash hamda almashtirishm tagnbiy tenglik
yordamida xatoligini ko‘rsatgan holda yozish uchun berilgan kasrlami
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P
uzluksiz kasrga yoymiz va— — munosib kasmi aniglaymiz. Bundagi
Q4

xatolik -— dan osbmaydi.
*QS

1). — —kasmi uzluksiz kasrlarga yoyamiz. U holda 29 = 37 10] +
29; 37 =29dl]+8; 29=8-[3]+5;, 8=5m[!]+3; 5= 3-[T] +
2;3=2dT]+1;, 2= 142 . Bundan ~ = (0,1,3,1,1,1,2). Endi
munosib kasrlarini aniglaymiz.

i 0 1 3 1 1 1 2
Pi pO=1 0 1 3 4 7 n 29
Q On=10 = 1 4 5 9 14 37
Bu }/erdan —=:= 0,8. Bundagi xatolik ag?: 75 = ﬂ; 0.02 ga

teng. Bulardan foydalamb berilgan kasmi quyidagicha yozishimoz
mumkin: A a i (-0,02) = 0,78. Javob: g « ~(-0,02).

2). — —kasmi uzluksiz kasrlarga yoyamiz. U holda 163 = 159 e
[1]+ 4; 159 = 4-[39]+ 3; 4= 3-[i]+]; 3= 1-U]. Bundan =
(1,39,1,3). Endi munosib kasrlarini aniglaymiz.

i 1 39 1 3
Pf Po=1I 1 40 41 163
<=0 Q=1 39 40 79
Buyerdan ~ Bundan ko‘rinadiki,  —munosib kasr berilgan

kasming o‘ziga teng. Shuning uchun ham bu yerda xatolik nolga teng
boiadi.

163 _ 163
jéa ob: — —

+0).

3). o8 —kasmi uzluksiz kasrlarga yoyamiz. U holda 648 = 385 «
LW, + 263; 385 = 263-lU + 122; 263 = 122 «[2] + 19; 122 = 19-
(6]+8; 19=8-[2]+3;8 = 3-{1]+2; 3=2nl]+ 1, 2= 1mll.
Bundan —4 = (1,1,2,6,2,2,1,2). Endi munosib kasrlarini aniglaymiz.
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oi 1 1 2 6 2 2 1 2
i &S 1 2 5 32 69 170 239 648
Q P=0p=1 1 3 19 41 101 142 38

Buyerdan — = — = 0,6842. Bundagi xatolik — = —
; «4 19 <YU<5 19-41

1
— * 0,0013 gateng. Buiardan foydalanib berilgan kasrni quyidagicha
yozishimoz mumkin:

* g(-0,0013) = 1,6831. Javob: * g(-0,0013).
1882
- Ton
1651 [11+231; 1651 = 231-0+34; 231 = 34w+ 27; 34 =
27 w[T]+ 7; 27 =7u[d+ 6;7 = 6] + 1; 6 = I-\\6\. Bundan
1882

1651

—kasrni uzluksiz kasrlarga yoyamiz. U holda 1882 =

= (1,7,6,1,3,1,6). Endi munosib kasrlarini aniglaymiz.

di 1 7 6 1 3 1 6
PQ=1 1 8 49 57 220 277 1882
Qi <=0 G =1 7 43 50 193 207 1651

Bu yerdan =/~ =114 Bundagi xatolik — = —— = — ~
<4 50 o+ 50193 9650

0,000103 ga teng. Buiardan foydalanib berilgan kasrni quyidagicha
yozishimiz mumkin:

W - g(-0'000103) = 1,139897. Javob:~ *
~(-0,000103).

Eslatma: Xatolikni Oda < —"—(: — = = < 0,067 < O,Ig
ko'rinishda baholash ham mumkin.

4). a= 273 sonini 2% munosib kasr bilan almashtirib uning
natijasida hosil bo' ladigan xatolikni baholashimiz talah etilayapti. Buning
uchun awalo — ~ e uzluksiz kasrlarga yoyib munosiob kasrlarini
topamiz: (/3 = 1,73050807 )

315



5

a=— =0+-]—=0+—,bunda ar=—4== 5(2+ V3) =
3=3f B' 1 2-v3 v

10+ 5V3 =18+ (5V3-8) = 18+~ = 18+ i~ i =18 +

«¢hf =18+ " :
8 + 5V3 /8 +"5\d3_ 1\ = 5v/3 —3 1
n— 1+(-n — O -1*- » — 1+7 1|
" /£2»,1) .4.a&2=1+ J..
J  5J33-3 66 4 6 / 6 a4
4= 6 6(5>/3+3) 5V/3+ 3 /50/3 + 3
 5V3-3 66 n 1+ 1—
5v3-8 1 1 11
=13 —13 —1+—; & ——----
7 «5 5v3-8
5n/3-8
= 5V3 + 8......
Demak, a = 2%/3 = (0,18,1,1,1,16,...) ekan. Endi munosib

kasmi aniglaymiz. Um topish uchun quyidagi jadvalni tuzib olamiz:

Q

o 18 1 1
i 9 0

1
1 1 [2] 3 50
Q <©=0 Qi=1 18 19 37 5 933

Demak, — = —vaxatolik Jla = \a—a\ = 1~ —
g4 37 i 4

371
10,06737299 —0,05405405] < 0,014 < 0,02 va shuning uchun ham

» ~(+0,014) = 0,06805405. Bu yerdaxatolikniishora
bilan olamiz, chunki% > a.
Javob: % HAda = 0,05.
Eslatma: Xatolikni a < —

= ——< 0,0005 <
QtQ5V 3756 2072
0,00l) ko‘rinishda baholash ham mumkin.
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5. a= 5 sonini @ munosib kasr bilan almashtirib uning

natijasida hosil boMadigan xatdlikni baholashimiz talab etilayapti. Buning

uchun awalo ni uzluksiz kasrlarga yoyib munosiob kasrlarini
topamiz: (V5 = 2,236067975)
a= 5 Vj' = 1+ —,bunda ai =

2 2"+ =Vstl=a Demak? a=u 1" = ((D) ekan. Endi
n t <24
munosib kasrni aniqlaymiz.a( lami topish uchun quyidagi jadvalni tuzib

olamiz:
4i 1 1 1 1 1 1
pi PO=1 1 2 3 5 8 13
Q Qr°P@i=1 1 2 i3 S 8
Demak, —=- va xatolik [fa=la-al= "°
<?4 2 31

11,618033989 - 1,666666661 < 0,04864 < 0,05 va shuning uchun
ham ~ * ~ (—0,04864) = 1,61802666. Bu yerda xatolikni

P
ishora bilan olamiz, chunki o > a.
Javob: JAda = 0,05.
Eslatma: Bu yerdagi "3'i'8 M 'li'ii'-)son,ariga

Fibonachchi ketma-ketligi deyiladi.

6). a = ~1§ - sonini = munosib kasr bilan almashtirib uning
natijasida hosil boMadigan xatolikni baholashimiz talab etilayapti. Buning
uchun awalo ni uzluksiz kasrlarga yoyib munosiob kasrlarini
topamiz: (W2 = 2,236067975)

= 1H- == 1+a—',bunda at =B

“1+V2

2(V2+1)=4 + (2v2- 2) =4+ M N 5':4+/\\/2+i:4+



w2+ | v2-1 1 2
«2 - o— - 1+ — -— = 1+ — ;a3= — e
2 «3 n/2-1

Demak, a= = = (0,(4,1)) ekan. Endi /\:4 munosib kasrni

= «1-

aniglaymiz.” lami topish uchun quyidagi jadvalni tuzib olamiz:

4i 0 4 1 4 1 4
pi o =% 0 1 1 [5] 6 29 -
Qi Q=0 Qi=i 4 5 124 29 140
Demak, va xatolik Ja = |a—a|l = A - —I=

«4 24 1 1 2 241

10,2071067812 - 0,20833333331 < 0,001227 < 0,002 va shuning
uchunham’\z"" « ’2‘4—(—0,001227) = 0,20710633333. Bu yerda

xatolikni " ishora hilan olamiz, chunki P a.
Q*
Javob: Aa = 0,002.
353. Buning uchun ber’ilgan%zgil kasrni uzluksiz kasrga yoyamiz.
Berilgan aniglikni ta’minlash uchun k ni Qk > = 100

baj.ari.ladi.gan tanlash ki.foya. Awalo }g kasrmi uzluksiz kasrga

yoyamiz: 1261 = 881-[1]+380; 881 = 380 -[2] + 121; 380 =
121 w3] + 17;1261121 = 17W7]+ 2; 17 = 2-[B] + 1, 2= 1-U] +
0 . Demak, '§ﬂ': (1,2_,§,7,é,é) ekan. Endi munosib  kasmi

an?qlaymiz:P—k lami topish uchun quyidagi jadvalni tuzib olamiz:

at 1 2 3 7 8 2
Pl Pn=1 1 3 10 73 594 1261
ot =° Q=1 2 7 51 415 881

Jadvaldan Qk > 100 shartni qanoa':clliaaritiruvchi eng kichik K bu k =
5va Qs = 415. Shuning uchim ham l(go .0001) debyoza

¢
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11261 )
- =i
1881 Qfcl

P
maxrajli munosib kasr bilan almashtirish talab etilgani uchun ”~ tekshirib
ko'ramiz. Bu holda
X -4 T 143132803632 -
881 Qt 1 881 511 !
1,43137254901j = 0,00004451269 < 0,00005 < 0,0001 bajariladi
va shu uchun agy ¢ —5£—0.0001) deh  yozish mumkin. Lekin
ii26i _P3j= |i26i _ HI = ]i(43i32803632 - 1,42857142857] =
1 * '

1 881 <31 1 881 71

0,00275660775 > 0,0001. Berilgan shartlarni ganoatlantiruvchi -
kasrL, eng yaxshi yagmlashish sifatida g+: Z munos?b kasrn? olsak
bo'ladi. Javob: =,

354.1)."=1+(~-1) =14 -~ =1 +iT» = | > +

n—=1+-1 --*1.(2) boMgani uchun Qk > LL = /~-7 > 31,
24 /2+) 2+-1T- Y Xmn=

ya'ni 31 < Qk shartni ganoatlantiruvchi Qk ning eng kichik giymatini
aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

a 1 2 2 2 2 2
Pi Po=1 1 3 .7 17 4 99
Q Q=0 Qi=1 2 5 12 29 r 70

Jadvaldan Qk > 31 shartni qanoatlantiruvc%hi eng k&&hik Kbuk = 6
va Q6 = 70. Shuning uchunham —a—— ya'm V2 * ~ (—0,001) deb

yoza olamiz. Lekin jV2 - < 0,00Ishartni ganoatlantiruvchi eng

P

kichik maxrajli munosib kasr bilan almashtirish talab etilgani uchun

tekshinb ko' ramiz. Bu holda 22— = |Jv2— =
11,4142135624 - 1,41379310344 |= 0,000421 < 0,001 bajariladi
vashuuchuny[l * ~ (+0,001) deb yozish mumkin. Lekin M2 - =
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V2 - = 11,4142135624 - 1,4166666667| = 0,00245310426 >

0,001. Berilgan shartlami ganoatlantiruvchi /2 ga eng yaxshi
yaginlashish sifatida ’<‘>S ’2‘9 munosib kasrni olsak boMadi. Javob: >

= - = i i= N =
2)V3 =1+ (V3-1) I+ 7iri=| +y,23+5_ I+i+(V3—i)
1+ =1+ \ =(1,(1,2)) boMgani uchun Qk > =

mJoool > 3 Yan*31 < QK shartni ganoatlantiruvchi Qk ning eng

kichik giymatini aniglaymiz.Buning uchun munosib kasrni aniglaymiz:

4 1 1 2 12 12
pp B 1 2 5 7 9 26 71
Q Q=0 0=1 1 3 4 11 15 41

Jadvaldan Qk > 31 shartni ganoatlantiruvchi eng kichik k bu k =
7 va Q7 = 41. Shuning uchun ham E?\; = ya'ni V3 * H(+O’001)
deb yoza olamiz. Lekin |V3 — < 0,001shartni ganoatlantiruvchi eng
kichik maxrajli munosib kasr hilan almashtirish talab etilgani uchun s
tekshinb ko‘ramiz. Bu holda

IV3~ ~] = |V3-~] = |1,73050807 - 1,73333333] =
0,031 > 0,001 b;4jariladi va shu uchun berilgan shartlami
ganoatlantiruvchi V3ga eng yaxshi yaginlashish sifatida o = a munosib

kasrni olsak boMadi. Javob: Z—i.

. = - = - =2 = -
V7 =2+ (V7-2) 2+-vy+2 + o 2+«I

bu yerda ax = =1+[-~ -1) =1+
3 a2
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fc I 3(v7+1) v7z+1l , V7-1 1

az = 4=—-= = — = 1 H--l——— I+~
wvr- 1 6
VvV 7—1
1
= 1H-—;
«3 _ B
2 2(V7 +1) a7+ | V7-2 1
a3= -F=——-= =—7— = 1+ —-— - 1+ ——
V7-1 6 3 3 _
1
=1+ —;

“*=vfe=vfc =" +2=4+ (" -2)=4+vfe =4+
=4+ ”"; a4=—p =a, Demak, /7 = [2,(1404.4))

bo'lgani uchun Qk > > 31, ya'ni 31 < Q* shartxu

ganoatlantiruvchi <?* ning eng kichik giymatini aniglaymiz.Buning
uchun munosib kasmi aniglaymiz:

[

1 4 1 1 1 4
8 37 45 82 127 590
3 14 17 31 48 223

4i 2
Pi Po=1 2 3
Qi P.=0 «i=1 1

N O

Jadvaldan > 31 shartni ganoatlantiruvchi eng kichik kbuk = 8
va Qg = 48. Shuning uchun ham ~ yani y/7* -~(+0,001)
deb yoza olamiz. Lekin V7 - ~-j < 0,001shartni ganoatlantiruvchi eng
kichik maxrajli munosib

kasr bilan almashtinsh talab etilgani uchun g 1: tekshinb ko‘ramiz. Bu
holda

[V7-~] = V7 —]yl= 12,645751311 - 2,64583333333] =
0,00008 < 0,001 bajariladi va shu uchun berilgan shartlami
ganoatlantiruvchi V7ga eng yaxshi yaginlashish sifatida = 2- munosib
kasmi olsak bo'ladi. Javob: 2
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4).vn = 3+ (VIT-3) =3+7=b; =3+ =3+i,

= = FTN»5-3) =3+ =
bu yerda ar 3+ L ) r, 3+
2 2
s=-= —=VTI+3=6+ (VTIl- 3)=6+-F=——--
VIT-3 VTT+ 3
6 ! =6H 1
T Vs T 0 A
2
a3= — — = at.Demak, VTI = (3, (3,6)) boMgani uchun Qk >

J b 0001 >31, ya'ni 31 < Qk shartni ganoatlantiruvchi Qk ning

engkic lik giymatini aniglaymiz. Buning uchun munosib kasrni
aniglaymiz:

4i 3 3 6 3 6
Pi PO= I 3 10 63 199 1257
Qi Q=° Qi=I 3 19 60 379

Jadvaldan Qk > 31 shartni ganoatlantiruvchi eng kichik kbuk = 4

va 4= 60. Shuning uchun ham A= 3,31(6), ya’ni vil ~

-~ (—0,001) deb yoza olamiz. Lekm |JVTT~~] < O.OOlshartni
ganoatlantiruvchi eng kichik maxrajli munosib kasr bilan almashtirish
talab etilgani uchun » tekshinb ko‘ramiz. Bu holda WV/TT- =
VTl - ~] = 13,3166247903 - 3,31578947368 |< 0,00084 <

0,001 bajariladi va shu uchun berilgan shartlami ganoatlantiruvchi VIT

ga eng yaxshi yaginlashish sifatida— = — munosib kasrni olsak boMadi.
Javob: TS
355. 1).x2—5x + 2 = 0 tenglamaning ildizlarini topamiz. x U2 =
5+V25-4 12 5%VI7 5+VI7 s-vIi7 . R,
— e = — . ; X-,lz ----- 5 X2 = -5 Aw alo birinchi ildiz
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5 T 5+V17 VT7-3

XTI = m garaymiz. x1= —— = 4 H-—-— = g+ i—', bu yerda
_ 2 _ 2(VI7T+3)  N7+3 _ , N7-1 _ , 1 _ 1, 1.
1= V3 ~ 8 =~~4~~ +~T~~ 1+2Z2*ZT*"* 1+ 7'
V17-1
4 VI7 +1 yfl7 —3 1 1
— = =1H ——=1+—4— = 1H- ;
V17 1 4 4 -1 — a3
VI7—3
a>=-=— = Q8- g VI3 3y L= 3’!—4— E5emak', xt =
J  VI7T-3 2 T
VI7-3
~NTN = (4,(1,1,3) bo'lgani uchun Qk > J i = = 100 shartni

ganoatlantiruvchi Qk ning eng kichik giymatini aniglaymiz. Buning
uchun munosib kasmi aniglaymiz:

4 1131 1 3 1 1 3 .
. ¥ =
i & 4 59 3241 73 26038598 ,, , -
ai ciqgo wi=112 7 9 16 57 73 130 463

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik k bu K =

. 5Q3 .
8va Qs = 130. Shuning uchun ham 5%8 = T 4,56153846153, ya'ni

— (—0,0001) deb yoza olamiz. Bunda xatolik <—7- =
2 130 V8x9

—<0,000017<0.0001 boMadi.
130463 _ 60190

Endi ikkmchi x2 = 5 — ildizni garaymiz. x2= —j—= 0 +
= 2 - 2(I7#5) _ VITHS_ 5 L VIT:3_
“i 5_Nny 8 4 4
2+ —ym = 2+ —;
/173 2
4 V17 + 3 yfl7-3 1
= - = e = e e = 3+ = 3H-—5- = 34—
n/17-3 2 2 a
v17-3
2 V17 + 3 VT7-1 1 1
— e o —1H-—--— — 1H;
yf17-3 ad
v17-1
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Ehi=1+snzi=1+_4_.= 1+~
2
Demak, x2= 5 = (0,2, (3,1,1))bo‘lgani uchun Qft > =

ar = yr7-1

MUMLL = 100 shartni ganoatlantiruvchi Qk ning eng kichik giymatini
aniglaymiz. Buning uchun munosib kasmi aniglaymiz:

0] 2 3 1 1 3 111 3 1 1
pi pa=1 O 1 3 4 7 25 32 57 203 260 463
Qi <?0=0<=12 7 9 16 57 73 130463 593 1056 ...

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik kK bu k =

8 va Qa = 130. Shuning uchun ham e 130 0,43846153846,

yam —3—~ 13)(+O,0001) deb yoza olamiz. Bunda xatolik <=/ =

— <0,000017< 0,0001 bo'ladi.
130-463 60190

Javob: *, =~ 2 * 52 (-0,0001);*2= *
£(+0.0001).
4x2+ 20x + 23 = 0 tengiamaning ildizlarini topamiz.
-10£V100-92 _ -10427/2 _ -5+V2 -5+n/2 -5-V2
Xi,2 — 4 4 Z *1-—— .*2 2
Awalo birinchi ildiz ni garaymiz.
Xl = -2+ N +2=-2+ =-2 +—,
1 ’ - 2 2 at
bu yerda

«i =V? ;=2(MN+ 1) =++202-2=4+ N =4+x ?=

_Vbl=!1+ l2_1=!t+ = 1+ -.

|
8+ -,az2=
V5.3 «1
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Demak, xx = ~L|— = (-2, (4,l))boMgani uchunQk > =

= 100 shartni ganoatlantiruvchi Qk ning eng kichik giymatini

={0,0001
aniglaymiz. Buning uchun munosib kasrni aniglaymiz:
4i -2 4 1 4 1 4 1
pi pO0=1 -2 -7 -9 -43 -52 -251 -303 ...
Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik K bu k =
6 va Q6= 140. Shuninguchunham ~ = — = —1,79285714285,
b unda -1,792893238,yani (-0,0001) deb

yoza olamiz. Bundaxatolik< ~ = - — =

Sa6e0 <0,000043<0,0001 boMadi.

Endi ikkinchi x2 = ildizni qaraymiz. x2= 5— = -4 +
_3_'_\_/_2__4 4 J__ -4+ = buyerda
2 a,
3-V2 *
2 2(V2 + 3) 2V2 -1 1 1
((l: .:1 -------- - 1+—r =l+'
3-V2 =7 az
7
2v2 —1 21 a3
2
V2 + 1 X
«3 = — o— = C(l,4)).
Demak, x2 = = (—4,1,3, (1,4)) boMgani uchun Qk > =

s = 100 shartni ganoatlantiruvchi Qk ning eng kichik giymatini

aniglaymiz. Buning uchun munosib kasrni aniglaymiz:
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9i -4 1 3 1 4 1 4 1

i = -4 -3 -13 -16 -77 -93 -449
Pi PO=1 547

0i . =-0Qi=1 1 4 5 24 29 140 169

Jadvaldan Qk > 100 shartni qanoatlantiruvchi eng kichik K bu k =
7va 07 = 140 Shuning uchun ham — = ------ =

Q7 140
-3,20714285714 = -3,207106812, ya'ni -~(-0,0001)
deb yoza olamiz. Bunda xatolik < =— — = < 0,0001
QbQo | 140169 23660
bo'ladi.
Javob: X\ ~542* -~(-0,0001); x2=-~/2m
-ig(-0.0001).
3).xz + 9x + 6 = 0 tengiamaning ildizlarini topamiz.
+n/81- 24 -9 + V57 -9 + w57
*i,2 - — - 2 IXI ~ 2 :
-5 -n/57
*) — _____ _ é_“_.
Awalo birinchi ildiz xt = — —— ni garaymiz
Xi- 20057 gy T2 2T o Y
1 2 ax
bu yerda
2 ns7+ 7 n/57-5 1 1
ar~ -7= —— = - = 3+ - —— =3+ —j—=3+—;
n/57-7 4 2
V57-5
4 n/s7+ 5 /57 —3 1 1
a? = —1H =1H S— =14-—-;
2 n/57—5 8 8 ® «3
V57-3
8 57+ 3 /V57 + 3 \ n/57-3
= = == 1+ - r------- 1 =1+ ——--—-
n/57 3 6 \ 6 J 6
1
— H—

ad

326



n/57 + 3 n/ss57 + 3 n V57-5

n/57-3 8 =1+ ( 8-—- ry=1+— 8 -
— 1 -
*5
8 57+ 5 57 —7 1 0 1
«5 =~7== =35+ 21““— ——-T—=3 H“é,
n57- 5 V7.7 «
4 57+ 7 n/s7- 7 1 1
«6 = =7+ ———- =7+ 2 —7+ — )
n/57-7 2 V57-7 «7
2 57+ 7 1
a’7= =3+ 4-=3+—; a8—a2
n/57-7 “8
V57-5
Demak, OREY

= (—13,(1,1,1,3,7,3)) bo'lgani uchun Qk >

= |0mo1 = 100 shartni ganoatlantiruvchi Q* ning eng kichik
giymatini aniglaymiz.Bumng uchun munosib kasrr aniglaymiz:

-1 31 1 1 3 7 3
& E -1 -2 3 -5 -8 -29 -211 -662
Qi =° =1 3 4 7 11 40 291 913

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik k bu k =
7va Qy = 291. Shuning uchunham ~ = ~ ~ = —0,72508591065,
bunda * -0,725082783 ,ya'ni xx= «

—— (+0,0001) deonza olamiz. Bunda xatolik <-~- =
291 Q

iQa _ 40291
o <0,000086<0,0001 bo'ladi.

1164
Endi ikkinchi x2 = Hdizni garaymiz. x2= 9~ =
-9+1n1l= —O+mgq__ = _9+ — buyerda
9-V?7 «1
n/57 + 9 n/57-3 _
=ik 12 - 12 v = 1+;2’
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=2+ hn= 2+ ]—= 2+ — ;bundaJgni
- VS7-5 «3
hisoblaganmizdagi singari a3= ~ _5= ((14,1,3,7,3)).
Demak, x2= ~9~ ™ = (-9,1,2, (1,1,1,3,7,3))bo'lgani uchun Qk >
J k £ = 100 shartni ganoatlantiruvchi Qk ning eng kichik

giymatini aniglaymiz.Buning uchun munosib kasrni aniglaymiz:

4 9 12 1 1 1 3 7 3 .
p PO=1 -9 -8-25-33 -58 -91 -331-2408 -7555
(m QO =0 Qi = 1 3 4 7 11 40 2911 913

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik kK bu kK =
8va Qs = 291. Shuning uchun ham %8: — =

-8,27491408934 = -8,2749172175, ya'ni x2= *
2408 (—0 0001) deb yoza olamiz. Bunda xatolik

< 0,000004 < 0,0001 bo'ladi.
QBQy  291-913 265683

Javob: xx= 257« | 21/'6 b"é'b<14) o= —9NST

2448

sor (-0,0001).
4). 2x2—3x —6 = 0 tenglamaning ildizlanr topamiz. x12 =
3£Vora8_ 3JIVS?; X, = _ijf_ff{?Z, X7 = 3yF? .Awalo bmnchi ildiz xt =
4_ 4 1 4 £ 4
3+V57

-ni qaraymiz.

4—=2 + — , buyerda

4 ~ 4
V57-5
4 V57 + 5 V57-3
= = + =1+ —":
1=yvs7-5 8 8 8 @
V57-3
8 V57 + 3 L >/57-3 . 1 .
= + = +.__g__ = + —
V57-3 6 a3

>/57-3
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6 V57+3 n/57-5 1

“3 /57 —3 8 a4
8 V57 + 5 w57 —7 1
4 = f= — = 3 H-—- ——= 34— ;
n/57-5 4 4 5
4 V57 + 7 n/57-7 1 1
Ry A= p— R (N =7+ —5_= 7+ _—;
V57 - 7 2 2 2_
VS77
2 V57 + 7 n/57-5 1 1
, = — - = =3+ =3+ —17— =3+ —
n/57-7 4 4 a7
V57-5
a’=
n/57-5
Demak, N o= (2,(1,1,1,3,7,3)) bo'lgani uchun Qk > JE .

\L(Ilm = 100 shartni ganoatlantiruvchi ning eng kichik giymatini

aniglaymiz. Buning uchun munosib kasmi aniglaymiz:

4| 2 1 1 1 3 7 3 1 oo
pi &=z 2 3 5 8 29 211 662 873
Qi 00=0 == 1 2 3 11 80 251 331

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik K bu k =

7 va Q7= 251. Shuning uchun ham oi = T 2,6374501992,
1

bunda « 2,63745860875,ya'ni xt = *
777 (+0,0001) deb yoza olamiz. Bunda xatolik =— — =
251 Q7

1 <0,000013<0,0001 bo'ladi.
83081

Endi ikkinchi x2 = 3 ildizni garaymiz. x2 = ;-2 +
HVST = o 4 = —2+ —, buyerda
11-V57__
4 V57 + 11 M57- 5
= =1+ —— =1+ =1+—;
11-n/57 16 16 1o 2
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a2= -T=--—- = e = 64— =6+—5— =6+—;
V57-5 J 2 a,
2 ns7 + 7 n/57-5 1 1
a3= —— = e e = i 34 — —3+—;
V57 —7 a4l

bunda Xj ni hisobiaganmizdagi singari a4 = ((1,1,1,3,7,3)).
Demak, x2= 3 ~ -= (—2,1,6,3, (1,1,1,3,7,3)) bo'lgani uchun

= JooMi = 100 shartni ganoatlantiruvchi Qk ning eng

kichik giymatini aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

4 2 1 6 3 1 1 1 3 7 3
2 - 3 8 g 33 "7555
=, 2 b 825 U7 2408

Q0 Qi | 7 22 29 51 80 291 2117 6642

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik kK bu k =

8va Q% = 291. Shuning uchun ham % = ___32_2’_}:

—1 3745704467 ,x2 = = -1,13745860875, ya'ni x2=

FN oy — 0,0001) debyoza olamiz. Bunda xatolik <

— = —_=— — < 0,000002 < 0,00001 boMadi.
QQ9  291-2117 616047 :

Javob: xr = * NN(+0,0001); x2=1 « -gi(-0,0001).
356. A = a ----2—211ayirmani qaraymiz. Buyerda a =

Qn+ Qn+1

Pr+r4U*r +m boMgam uchun
Qn+iQn+2+Qn
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Pn+l4n+2 + Pji Pn + Pn+l

Qn+1dM+2 + Qn Qn + Qn+1
Pn+lQn4n+2 + ~nQn + Pn+IQn-nQn+2  PnQn+1 ~ PnQn+l4n+2 ~ ~nQn

(Qn+I9n+2 + Qn) (Qn + Qn+l)
Pn+IQn+I"n+2 + Pn+IQn

(Qn+iQn+2 + Qn)(Qn + Qn+i)
(Pn+IQnQn+2 PnQn+l4n+2~ + PnQn+1  Pn+IQn _

(Qn+itn+2 + Qn) (Qn + Qn+i)
("n+IQn ~ PnQn+hQn+2 ~ (.Pn+IQn ~ PnQn+l)

(Qn+i9n+2 + Qn) (Qn + Qn+l)
_ (Pn+IQn ~ PnQn+1)($n+2 ~ 1)

(Qn+idn+2 + Qn) (Qn + Qn+i)
(~1I)nEc?n+2 - 1)

(Qn+i9n+2 + Qn) (Qn + Qn+i)

A =

bo'lgani uchun ayirmaning ishorasi n ningjuft togligiga bog'lig
boMib, agarn = 2k - juft sonbo‘lsa, a > ~ Bi- ;agarn = 2k +

Qn+Vn+i
1—toqsonbo‘lsa, a < PR*1 bajariladi. Tushunarliki, Pn* Pr+1 kasr
b n Gn+Qn+i Qn+Qn+i
~ va a sonlari orasida yotadi. Shuning uchun ham
1
L mll |Pn+ Pntl  Pnl
1 Qnl iQn + Qn+i Qnl Qn(Qn + Qn+i)
bajariladi.

Esiatma. Isbotlangan tengsizHk Ia - uchub quyi chegarani

Ynl
beradi va shuning uchun ham ubizga ma lum bo'lgan a — <

1
on' QnONn+i
tengsizlikni toMdiradi.

357. Buyerda " boMgani uchun
6

Qn <?n-l4n+<2n-2

Pn-I(Qn + m) + Pn-2 _ Pn-IQn + Pn-2

Qn-lIfan + m) + Qn—=2 Qn-l4n + Qn-2
(Pn-iQn-2 ~ Pn-2Q n-i)m

(Qn-i(gn+rn) + Qn-r) (Qn-ik?n + Qn-2z)
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* 1t boigani uchunjuft tartibli munosib
Wn-i(4n+m)+<?n-2) (On-ifIn+Qn-z)

kasrlar ortadi, toq tartiblilari esa kamayadi.
358. Buyerda

_ 1 1 1
Pl @n-11 1 Ol

onl 1 ©n-ls \Qn Vi Qr-itur 2@ 2QLx
munosabat o‘rmli boigani uchun {'a —

4 ifoda aynan 32 dan

<n-11
pr+-il
kichik bo*lishi mumkin. Chunki 372- masalaga ko'ra ka——n—l_. :
. vn-i

—————————————— - bo‘lgani uchun albatta a - 7 - > -4- bajamadi.
Qn-i0?2n-1+<2»> 6 | Qn-il ~NT

VI1.2-8.
359. 1).(2,3) uzluksiz kasr yordamida berilgan kvadr:
irratsionallikni topish uchun berilgan ifodani x = (2,3, x) ko‘rinishda
yozib olib uning munosib kasrlarini topamiz:

Qi 2 3 X
Pj Po= 1 2 7 X+ 2
Qi Q,=0 3 3x+ 1

Bundan - = x -+ 3X2- 6X —2 = 0 kvadrat tenelamaga kelamiz.
3*+1
Uning ildizlarini aniglaymiz. U holda

3+V9+6 3+VI5 VIS5
« = _ -— =4it— =i j=1+V U®6)

*

hosil bo'ladi. Berilgan ifoda musbat bo'lgani uchun izlanayotgan
kvadrat irratsionallik 1 + ~/1, (6) dan iborat bo‘ladi. Javob: 1 + Jj.

2).(1,1,2,2) uzluksiz kasr yordamida berilgan kvadrat
irratsionallikni topish uchun berilgan ifodani x = (1,1,2,2, x) ko'rinisbda
yozib olib uning munosib kasrlarini topamiz:
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a | |2 2 x
Pi Po = | i 2 5 12 12x+ 5
Qi OO o Qi=1 1 3 7 X+ 3

Bundan %435: X -» 7x2—9x —5= 0 kvadrat tenglamaga
kelamiz. Uning ildizlanm aniglaymiz. U holda x12 = 981285
hosil bo’ladi. Berilgan ifoda musbat bo*!gani uchun izlanayotgan

kvadrat irratsionallik 14 dan iborat bo‘iai . Javob: 9"14

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:

a1 5 4 3 X
Pi Po=1 5 21 68 68x
+21

Q, MH=° M - 1 4 13 13x + 4

Bundan T X -* 13x2- 64x -21 = 0 kvadrat tenglamaga

kelamiz. Uning ildizlanm aniglaymiz. U holda
32 + n/1024 + 13-21 32 + n/1297
X2 ~ 13 " 13
hosil bo‘ladi. Berilgan ifoda musbat bo'lgani uchun izlanayotgan

kvadrat irratsionallik 3241—3—2?7 dan iborat boMadi. Javoh: 3 }/3, ~7.

4). a= (1,2,3,4) uzluksiz kasr yordamida herilgan kvadrat
irratsionallikni topish uchun berilgan ifodni a = (1,2,3, ko'rinishda

yozib olamiz. Bunda w = (4) = 4+  Awalo <o ni aniglaymiz. (o =
4+ ™ dan (02—4(0 - 1 = 0. Bu tenglamaning yechimi w1 = 2+ yfS

dan iborat bo‘lib, &> 0 boMgani uchun w—2+ y/5 Endi a =
(1,2,3, &) dan foydalanib a ni topamiz. Buning uchun a ning munosib
kasrlarini aniglaymiz.

Bundan
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_ 23+ 10V5 _ (23 + 10Y5)(16 - 775)
70+2 a a 16+ 7V5 (16 + 7a/5)(16 - 71/5)

18 -y/5
~ n
4i 1 2 3 (6]
Pi  pg= i 1 3 10 IOto + 3
Qi Qo=0 2 7 70) + 2

hosil boMadi. Shunday qilib izlanayotgan kvadrat irratsionallik —

dan iborat bo ladi. Javob: — —.

5).a = (044044, 2,2,2) uzluksiz kasr yordamida berilgan kvadrat
irratsionallikni  topish uchun berilgan ifodni a = (04444, <)

ko'rinishda yozib olamiz. Bunda w = (2,2,2). Awalo w ni aniglaymiz.
a) = (2,2,2,(0)

2 2 2 L
Pi _F' 2 5 12 120+ 5
g 05=° g =1 2 5 Sw+2

dan 56>+;2_: w-> 5c02- IOw - 5= 0-+<u2-26j-1 =0
kvadrat tenglamaga kelamiz. Uning ildizlarini aniglaymiz. U holda
itvm

= 1+ V2 hosil boMadi. Berilgan ifodada & musbat

boMgani uchunw = 1+ \[2. Endi a = (0,l,1,1,l,<u) dan foydalanib a
ni topamiz. Buning uchun a ning munosib kasrlarini aniglaymiz.

g B 0 1 1 1 1 o
o =R 0 1 1 2 3 3w+ 2
& Jb=0 <=1 1 2 3 5 Sto + 3

Bundan
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3w+ 2 _5+3v2_(5+ 3n/2)(8- Sy[2) _ 10- V2
5<j+3“ “ ““ 8+ 512~ (8 + 5V2)8 - 5V/T) 14

hosil boMadi. Shunday qilib izlanayotgan kvadrat irratsionallik
r— dan iborat boMadi. Javob: 1011* .

6 ).a = (a,a,2a,) = (a,co) = a+ " uzluksiz kasr yordamida
berilgan kvadrat irratsionallikni topish uchun berilgan ifodani a =
(a,a, 2a,) —(a,0i) = a+ ™ ko'nmshda yozib olamiz. Bunda o =
(a, 2a) = (a, 2a, <W). Awalo <uni aniglaymiz.

Q a 2a 0
Pi Po = | a 2a2+ 1 (2a2+ l)<u + a
(20=0 <« =1 2a 2aft) +1
(Za2+l)a>+a _ _
dan = 2u2- 2an>- 1= 0,(a =£0) kvadrat

2aar+l
tenglamaga kelamiz. Uning ildizlarini aniglaymiz. U holda 0)I2 =

a+v“ m— hosil boMadi. Berilgan ifodada <umusbat boMgani uchun w =

arVar? engi a = (a, co) dan foydalanib a ni topamiz. Buning uchun a

ning munosib kasrlarini aniglaymiz. a-a+ " = a+ =

= ~°2+ 2 bosil boMadi. Shunday qilib izlanayotgan

kvadrat irratsionallik Va2 + 2 dan iborat boMadi. Javob: Va2 + 2.

7). a=(2.2840) = (2,2,1,1,ft>)uzluksiz kasr yordamida berilgan
kvadrat irratsionallikni topish uchun berilgan ifodani a = (2,2,1,1,6j)
ko‘rinishda yozib olamiz. Bunda w = (2,2,1,1, co). w ni aniglaymiz.
Buning uchun esa munosib kasrlardan foydalanamiz.

Qi 2 2 1 1 w
Pi Pn= 1 2 5 7 12 2a>+ 7
QI QO=O O),: 1 2 3 5 5m+ 3
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i 127 r >
543 = in,->5W —9%u—7 = O kvadrat tenglamaga kelamiz.

Uning ildizlarini aniglaymiz. U holda cj12 = =" T hosil bo'ladi.
Berilgan ifodada L musbat boMgani uchuna&= — Shunday qilib.

izlanayotgan kvadrat irratsionallik ~93/221 dan iborat boMadi.

360. Bir xil chala boMinmali cheksiz davriy uzluksiz kasmi a =
(a,aa,...)=(a,a) = a+ ™ ko'rinishida yozib olish mumkin. Bundan

a2-aa- 1=0 kvadrat tenglamaga kelamiz. Uning ildizlarini
aniglaymiz.

@MiInN+4 . . L
Uholda a= -—- hosil boMadi. Shunday qilib, izlanayotgan
kvadrat irratsionallik — ----- dan iborat boMadi. Misol uchun: a = 2
bolsa, a=(2,2,...)=(2)=——=1+a/2 a=3 boMsa, a-=

3,3,...) =(3) =3 %’*3va hokazo. Javob: — ) +4.

361,1)'7r = T' ak+i = ™2 boMsa, a ni topish kerak. o =3 da

\Pk.QKk) = 1 boMgani uchun Pk = 10, Qk = 3 ni hosil gilamiz. Ikkinchi

tomondan A~ =y = 3+~ boMgani uchun Pk t = 3, Qk_t = 1 kelib

chigadi. Bu giymatlami a = N foydalansak a -12712 =
Qk~ "k+i+Qk-i 31/2+ |

—~ ekanligi kelib higadi.

S7-V2
Javob: a = Ry
p* 37 13 . , . p. j?
<X - 13 afctl - ~ .- a m tOPIsh kerak- ~ da

ChYe Ofc) = 1 boMgani uchun Pk = 37, Qk = 13 ni hosil gilamiz. Ikkinchi
tomondan
N=li=2+1i=2+H=2+1" =2+i:V =2+ -il-=
n *'11 1+TT 1+—T
2

(2,1,5,2) boMgani ucbun
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Qi 2 1 5 2
Pi = 2 3 17 37
0i Qo = = | 1 6 13

o HL

dan Pk ! = 17, Qk_i = 6 kelib chigadi. Bu giymatlami a =

Pkak+n+Pk-1 s " , - s 37(i T 2)+17 71+37V3
*  f°ydalanSak “=T7Mp )N =MV L=

(7H-37V3)(25-13V3) _ 166+V3

(2S+13V3)(25-13V3) ~ 59

ekanligi kelib higadi. Javob: a = —

362.1).a=VF+T =x+ (Vx2+ 1- X) = x + =X+
—, bunda
ai

ay=Vx2+ 1+ x = 2x+ (VX2+ 1- X) = 2x + =
2x + —. Demak, a = (X, 2x). Misol uchunx = 1daVv2 = (1,2); x =
2 da V6= (2,4);x=3 da /IO = (3,6) va hokazo. Endi *

V3
aniglaymiz.

X 2x 2x
. *
Pi Po=1 X 2X2 7 4x3+ 3x
+ 1
O =0 -
Q Re= Qi . 2% 4x2+ 1
Bundan~ %" Javob: a = {x, 2x) va % o s

2).a=Vad+ 2a= a2+ (Vad+ 2a- a2 = a2+jad%n -£ =

1 | . . Va*+2a+a2 , /Vad4+2a+a2
a2+ ,— , =a2+ —,bundaaj = ~———-=a+ |—— —-——--
ya4+2a+taz Qi 2a \Y
. , Va4+2a-az .1 .1
aj=a+ —- - a+ [(B3———= « + —e
2a — «2



Bu yerda a2 =

~i = Vad+ 2a+ a2= 2az+(Vad+ 2a —
a2)7: 2a2+ —- = 2a2+ —. Demak, a = (a2a,2a2. Endi —
\fa*+2a-a2 at \Y Q
aniglaymiz.
Qi az a 2a2
Pi  pO=1 a2 a3+ 1
2as+ 3a2
t ©o = O i=i a
Q ° Q 2a3+ 1
P3 2as+3a2 2a5+3a2
Bundan 8’3: —Br Javob: a = (a2 a,2a2) va G 2a3e1
363. a=//a2+ a+ 1 ni uzluksiz kasrga yoyamiz. U hold
quyidagiga ega bo‘ lamiz:
a=a+ (Va2+ a+ | —a) = a + Vastatita= a + a “uxa
A Va2+a+l+a _ (atl)+(Va2+ta+l-1) _ ~
a+l a+l
(Va2+a+1-1)-(Vaz+a+l+1) _ j a2+a+1-1 — 14 Q
(a+l)-(Ve2+e+1+1) (a+)-(Va+a+l1+1) Vez+e+I+1
1+ - =1+ — bo'lib
yaz+fl+i+l n2
_ Ve2+a+l+l _ a+(yaz+ra+1+1-a) . N Vae+l+l-a_
«2
1 a a a
..= 1+ ~-  Dbo'ladi. Buiardan foydalanib ~ ni aniglaymiz.
Vaz+a+l-(a-l)
4 a 1 1 .-
Pi PQ= 1 a a+l 2a+ 1
Qi Gy =0 1 1 2
Bundan” = -y-1lekanligi kelib chigadi.
364. Awalo benlgan kvadrat uchhadning musbat ildizir
aniglaymiz.
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bx2-abx-a =0/"x = ep"'ab,+t*db= a+ (M+*bab _

2b v 26
Ay =g+ YE202IAA0Ab_ Ly L ~ aH-'bunda ax=
‘252+iab—ab
2b
Va~b2+4ab-ab
_ 2b _y/a2b2+ 4ab + ab
1 Vazb2+ 4ab —ab 2a
., Va2b2+ 4ab —ab
= Db+ = Db+
2a 2a
Vanb2+4ai>-afo
1 i 2a
= b H—bo'liba2 = —_—
g2 Va2b2+ 4ab —ab
y/a2b2 + 4ab + ab
= 2b =X
Demak, X —----—-—— — = (a, b), ya'ni benlgan tenglamaning

musbat ildizi davr uzunligi 2 ga teng boigan sof davriy uzluksiz kasrga
yoyilar ekan.

365. 380-misolda xt = (a,b) ning bx2- abx —a =0
tenglamaning musbat ildizi ekanligini ko‘rsatgan edik. Benlgan
tenglamani x 2 —ax —" = 0 ko'nrushda yozish mumkin. Bundan, Viyet
teoremasiga asosan xr + x2= a -*

f

x2=a-xl=a- la,b)- a- la+— U—

b-h
j \ bl al.s:\/* \ at7r)

~ (9 kerak ekanligi kelib chigadi. Shunday gilib x2 = —"==j.

366. Buholdaa = (ax,a2 ...,an) soni X = -A>XHn2

Qn-IX+Qn-2

tenglamani ganoatlantiradi, ya’'ni fix) = Qn-1X2+ (<?,.2- Pn_\)x -
P,,_2 ko'ohadnmg musbat ildizi bo'lishi kerak. Bu ko‘nhadning
Ikkmchi ildizi a ga qo‘shma abo'‘lib, /(0) = -Pn_2< Ova/(-1) =
(Qn-i - Qn-2) + (PN——Pn-2) > 0 bo'ladi, chunki n ning o‘sishi
bilan cheksiz uzluksiz kasming maxraji o‘sadi. Shuningdek cheksiz
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uzluksiz kasming surati Pn monoton o‘suvchi bo'ladi. Bu holdaa > 1
bo'lgani uchun a G (—1; 0) bo'lishi kerak.

367. Buyerda x = (a,b,c) = a+ bo'lgani chun x —a =
{b,c) = bo'ladi. Bunda (b.c ) soni (380-misol) soni
cx2—bcx —b = 0 tengiamaning ildizi. U holda bu tengiamaning
ikkinchi ildizi 381-misolga asosan — ~  tenglikdan topish

mumkin. Bundan (c,b) = —x + o-*x = a-(c,/ i) kelib chigadi.
368. 381-misolga asosan xx = (a, b) soni bx2—abx —a = 0
tengiamaning musbat ildizi ekanligini ko'rgan edik, uning ikkinchi ildizi

Xr=~(FZ)=- (°'(b'a)j] dan iborat boiadi. Berilgan tenglamani
Xx2- ax —| = 0 ko'rinishda yozish mumkin. Bundan, Viyet
teoremasiga asosan Xj mx2 = —" -* xt ex2 = (a,b) m(o, (b, a)) =

Javob:(a, b) w0, (b, a)j =

] — .
369. Buyerdaa = aM-—=?2=a+-= = 2°SIEC g
b+E_ bc+1 bc+1
1 . a abc+a+c C. - , a afc+1
B- ci—r=c+ = — boigani uchun - = -—
r b+~ ab+1 ab+1 P bc+1

a
ekanligi kelib chigadi. x = (a, b,c) va y = (c,b,a) lar mos ravishda
quyidagi tenglamalami ganoatlantiradi:

1 1 cx+ 1
X =a+ —-———- - =- a H----—- —_ = + —_— ————
b+ r b+ 2 bex + b+ x
' ct+~ cx+1

abcx+ (@+c)x+ab+ 1
bex + b + x
(be + I)x2+ bx —[abcx + (a + ¢)x + ab + 1]
bex + b + X -
(be + 1)x2- (abc+ a+ c—b)x —(ab + 1) = 0.
Shunga o'xshash (ab + 1)y 2—(abc + a+ ¢ —b)y —(be + 1) = 0.
Bu tenglamalami yechib

(@abc + a+ ¢ —b) + yj(abc + a+ ¢ —b)2+ 4(bc + I)(ab + 1)

X = =
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(@bc+a+c- b)+J(abc +a+ c- b)2+ 4(fee + 1)(ab + 1)
Y ~ 2(ab + 1)
larga ega boMamiz. Buiardan
x ab+1 a
y be+1 2
kelib chigadi.
370. Agar n natyral soni uchun Vn = (<j,, g2, ...) hoMsa, u holda
Vn+ ar = (291 g2 ...) > lva-1 < gx—Jsv/n < 0 bajariladi. Shuning
uchun ham Vn + gt ifoda sof uzluksiz kasrga yoyiladi., ya'ni Vn + <i =
(2qlt g2, ..., gn). Bundan Vn = (ch<72. - , q,,27i)"Bu esa
isbotlanishi talab etilgan tasdig. misol uchun V2 = (1, 2); /8=
(i, TT).
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GLOSARIY

Pifagor uchburchagi- tomonlari Pifagor teoremasi shartini
ganoatlaniiruvchi uchburchak.

Umumiy bo'luvchilar - berilgan sonlarning barchasi bo*linadigan
sonlar.

Eng katta umumiy bo'luvchi (EKUB) —umumiy boMuvchilarining
eng kattasi.

Umumiy karralilar - berilgan sonlaming barchasiga boMinadigan
sonlar. .

Eng kichik umumiy karrali (EKUK) - umumiy karralilarining eng
kichigii.

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

Evklid algoritmi - dastawal Evklid tomonidan ikkita sonnmg
EKUBInNi topish uchun goMlanilgan algoritm.

Tub son - fagat o‘ziga va birga boMinadigan birdan katta natural
sonlar.

Murakkab sonlar - tub son bo'lmagan birdan katta natural sonlar.

Arifinetik funksiya (sonli funksiya)- butun sonlar to'plamida
aniglangan va giymatlari to‘plami umuman olganda kompleks sonlardan
iborat boMgan funksiya.

n(x)funksiyasi-x ning musbat giymatlarida aniglangan. x dankatta
boMmagan tub sonlaming sonini ifodalaydi.

y=[jd butun gismfunksiyasi - xning barcha haqigiy giymatlarida
aniglangan, * dan katta boMmagan va unga eng yagin turgan butun sonni
ifodalaydi.

_y={j} - kasr gism funksiyasi {*}=*-[*] tenglik yordamida
aniglanuvchi funksiya.

r(n) funksiyasi -n ning barcha natural giymatlarida aniglangan, n
ning barcha natural boMuvchilari sonini ifodalaydi.

<1() funksiyasi - n ning barcha natural giymatlarida aniglangan, n
ning barcha natural boMuvchilari yig'indisini ifodalaydi.

Multiplikativfunksiya - ixtiyoriy a va b o‘zaro tub natural sonlari
uchun aynan nolga teng boMmagan va/(a6)=/(0)/(b) tenglikni
ganoatlantiruvchi /funksiya
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Eyler fiinksiyasi <p(a)-a dan katta bo‘lmagan va a bilan o'zaro tub
bo'lgan sonlaming sonini Ifodalaydi.

m moduli bo'yicha tagqoslanuvchi sonlar -agar ikkita butun a va b
sonni  m natural soniga boMganda hosil boMgan goldiglar o‘zaro teng
boMgan sonlar.

Berilgan modul bo'yicha chegirmalar sinfi —modulga boMganda bir
xil goldiq goluvchi butun sonlar sinfi.

Berilgan modul bo yicha chegirmalar to ‘la sistemasi - berilgan m >
0 modul bo‘yicha m ta har xil sinf boMadi, shu sinflaming har hiridan
hittadan chegirma olib tuzilgan sistema.

Berilgan modul bo'yicha chegirmalar keltirilgan sistemasi - berilgan
m > 0 modul bo'yicha chegirmalaming to 1a sistemasidan modul bilan
0 zaro tublarini olib tuzilgan sistema.

Kvadratik chegirma - x1* ailmodm) taggoslama yechimga ega bolMVisa, a
ga kvadrartik chegirma deyiladi.

ndarajaii chegirma - X'=a(modm) taqgoslama yechimga ega boMsa, a
ga kvadrartik chegirma deyiladi.

Chekli zanijirli kasr- berilgan ratsional sonni Evklid algoritmiga yoyib
uning chala boMinmalarini maMum ko' rmishda ioylashtirib tuzilgan ifoda.

Cheksiz zanjirli kasr - berilgan irratsional sonni Evklid algoritmiga
o‘xshash algoritm yordamida yoyib unmg chala boMinmalarini maMum
ko'rinishdajoylashtmb tuzilgan ifoda.

Ko'rsatkichga garashli son - modul m bilan o‘zaro tub boMgan a
sonning bir bilan tagqoslanuvchi  boMgan as =l(modm) manfiy bo‘lmagan
eng kichik darajasi 5 boMsa, a soni m moduli bo'yicha S ko' rsatkichga
tegishli deyiladi.

Boshlang'ich ildiz - agar a soni mmoduli bo'yicha  (pim
ko'rsatkichga tegishli boMsa, a soni mmoduli bo'yicha boshlangMch ildiz
deyiladi.

Algebraik son - biror ratsional koeffitsiyentli ko'phadning ildizi.

Transendent son - birorta ham ratsional koeffitsiyentli ko'phadning
ildi deb garash mumkin boMmagan son.
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