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KIRISH

0 ‘quv goMlanma uch gismdan iborat bo‘lib, uning birinchi qis-
mida sonlar nazariyasida muhim bo‘lgan asosiy mavzular bo‘yicha gis-
gacha nazariy ma'lumotlar hamda ulaming tatbiglariga doir misol va
masalalar berilgan. Ikkinchi gismida misol va masalalaming javoblari
keltirilgan. Uchunchi gismida barcha misol va masalalar ishlab
ko‘rsatilgan.

0 ‘guv qoilanma universitetdagi matematika ta’lim yo‘nalishi
talabalariga mo‘ljallangan bo‘lib, sonlar nazariyasi, algebra va sonlar
nazariyasi fanlaridan darslami o4ishda foydalanish mumkin.
Shuningdek o‘rta umumta'lim maktablari va akademik litseylar
o‘quvchilarining sinfdan tashgari mashg‘ulotlarim tashkil gilishda
hamda umuman matematikani mustaqil o‘rganishuvchilar foyda-
lanishlari mumkin.

Qo‘llanmani yozishda Respublikamizda mavjud bo‘lgan adabi-
yotlar:

I.Xojiyev J.X., Faynleyb A.S. Algebra va sonlar nazariyasi kursi.
-T., «0“zbekiston», 2001. 304b.;

2.Isroilov M.1., Soleyev A.S. Sonlar nazariyasiga kirish. - T.,
‘Tan”. 2003. 190b.

singari darsliklaridan tashqgari rus tilidagi:

1 Hectepenko HO.B. Teopusa umcen. -M., WM3paTencku UeHTp
“Akagemua”. 2008. 272c

2. BuHorpagos .M. OcHosu Teopun uncen.  Hayka, 1981,176¢

kitoblardan va ingliz tilidagi:

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

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

kitoblaridan ham foydalandik.

Qo‘llanmani go‘lyozma holatida o‘gib chigib, uning mazmunini
yaxshilash yuzasidan o‘z fikrlarini bildirganlari uchun 0 ‘zbekiston
Fanlar Akademiyasi V.l.Romanovskiy nomli Matematika instituti di-
rektori, akademik Sh.A.Ayupovga, Termiz davlat universiteti
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matematik analiz kafedrasi professori, fizika-matematika fenlari
doktori M Mirsaburovga, Samargand davlat universiteti algebra va
geometriya kafedrasi mudiri, fizika-matematika fanlari nomzodi,
dotsent 3CX.Ro‘zimurodovga hamda Termiz davlat universiteti algebra
va geometriya kafedrasi a’zolariga o ‘z minnatdorchiligimni bildiraman.
Qollanma to‘g‘risidagi fikr va mulohazalaringizni mamnuniyat

bilan gabul gilamiz.
(Muallif iallakov@mail.ruy
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| BOB. BUTUN SONLARNING BO‘LINISfl
LI-8. Qokligll bo‘lish hagidagi teorema

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

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

a=mg + r,0 <r <m munosabatni ol Hgl0< ﬁ<1)\]
ko‘rinishda yozish mumkin. B

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

Shuning bilan birga yig‘indining bo‘linish  aloraati  muhim
tatbiglarga ega: agar, a *m vab: m bo‘lsa, u holda, (a + b) : m bo‘ladi.

Quyidagj teskari teorema oainli ekanligini gayd gilib o‘tish muhim:
agar (a+6):mvaaim bo‘lsa, u holda b\ m bo‘ladi.

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

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

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

3.Isbotlang:

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

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

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

5.p > 5 tub sonning kvadratini 24 ga bo‘lganda 1 goldig hosil
bo‘lishini isbotlang.



6. Agar ikki butun sondan har birini m natural soniga bo‘lganc
1 goldiq golsa, u holda ulaming ko‘paytmasini m ga boigandagi qoldiq
ham 1 ga teng bo4ishini isbotlang.

7.3m+2(m = 1,2,..) Ko'rinishdagi sonlar butun sonning
kvadratidan iborat emas ekanligini isbotlang.

8.Matematik induksiya metodidan foydalanib 15 ning ixtiyoriy
natural darajasi 15n ni 7 ga bo‘lsak goldig 1ga teng bo‘lishini ko4sating.

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

10.Dddta tog sonning kvadratlari yig‘indisi butun sonning kvadratiga
teng emasligini ishotlang.

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

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

13~ =1+2+ 3+ —+n yig‘indini 5 ga bo‘lgandagi qoldiq
1 bo‘ladigan barcha n natural sonlami toping.

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

15.4” + 15n - 1(n = 1,2,...) ko‘rinishdagi sonlar 9 ga karrali
ekanligini isbotlang.

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

17.-2'f+ va n2® +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 isbotlang.

19. Quyidagilami ishotlang:

N(m5—m) : 5, 2)m(m2+5):6 3Im(m+DN2m+1):6

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



21.7*11*13 = 1001 ekanligini bilgan holda 7, 11 va 13 ga
bo‘linishning umumiy belgisini keltirib chigaring va uni 368312 soniga
go‘llang.

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

23.5n = 7+ 77 + 111 + e+ 77 ...7 —yig‘indini hisoblang.

nta
24.48,4488,444888,... sonlami ikkita ketma-ket juft sonlaming
ko*paytmasi shaklida ifodalash mumkinligini ko‘rsating.
25.16,1156,111556,11115556, sonlaming to‘liq kvadrat bo*lishini
ko‘rsating.
26.Ixtiyoriy 7i natural soni uchun (n + I)(n + 2) ...(n + n) ning 2n
ga bo‘linishini isbotlang.

L 2-8. Eng katta umumiy bo‘luvchi (EKUB) va
eng kichik umumiy karrali (EKUK) %

Berilgan al,a2/...,an sonlaming barchasini bo‘luvchi sonlarga
ulaming umumiy bo‘luvchilari deyiladi. Umumiy bo(luvchilarining eng
kattasiga berilgan sonlaming eng katta umumiy bo‘luvchi (EKUB)
deyiladi va uni (alfa2, —On) ko‘rinishda belgilaymiz.

Berilgan al,a2f-,a n sonlaming barchasiga bo‘linadigan sonlarga
ulaming umumiy Karralilari (bo‘linuvchilari) deyiladi. Umumiy
karraiilarining eng kichigiga berilgan sonlaming eng kichik umumiy
karralisi (EKUK) deyiladi va uni [a#a2, On] ko‘rinishda belgilaymiz.
Ta’rifdan (alfaz ...,a,,) > 1 va [alfa2...,a,] > 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 bo‘luvchisiga
bo‘linadi.

2. Berilgan sonlaming ixtiyoriy umumiy karralisi ulaming EKUKiga
bo‘linadi.

Bir nechta sonlaming EKUB va EKUK:ini topishda

(alfaz, ...,an-i»an) = ((a",a2#...,an«i)fan); [a*a2, ...,an_i,an]

= [[al/a2*m*an-IL an]
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rekurrent fonnulalardan 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 goldigli
bo‘lish hagidagi teoremaga asoslangan quyidagi jarayonga Evklid
algoritmi deyiladi:

a=6M+r, 0£r}<b

b=m @+2  0512<r,

= 0£r3<r2

Iy T
r.-i=rmaq,

Bu yerda, b > rt >r2> > rn_a> rn bajarilgani uchun jarayon
albatta chekli bo‘ladi. Evklid algoritmidagi noldan fargli oxirgi goldig rn
berilgan avab sonlaming EKUBI bo‘ladi, ya’ni m = (a, b). Agar
ax,a2,...,an sonlari uchun (ax,a2,...,an) = 1 bo‘lsa, ular o‘zaro tub,
i2 £ii boMganda = 1 bo‘lsa, juft-jufti bilan o‘zaro tub sonlar
deb ataladi. Ikkita a va b sonlarining EKUB va EKUK lari (a,b) *
[a,b] = a*b tenglik orgali bogMangan, 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.

27JEvklid algoritmidan foydalanib berilgan sonlaming EKUBIni

toping:
P 1) 546 va23l; 2) 1001 va6253; 3) 1517 va 2257.
28.a). (420,126,525) va [420,126,525];
b). (529,1541,1817) va [529,1541,1817] nitoping.

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

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

3L(chb, be, ca)i(a, b, ¢)2 ekanligini isbotlang.



32.Agar(a, b) = 1bo‘lsa,uholda (a + b,a- b) lgayoki2gateng
ekanligini ishotlang.
33.Agar ~qgisgarmaydigan kasr bo‘Isa, kasr gisgarmaydigan kasr
bo‘la oladimi?
34.1KkKita tog sonlar ayirmasi 2n ga teng. Bu sonlar o‘zaro tub ekan-
ligini isbotlang.
35.Quyidagi sonlaming EKUBIni toping:
a)d = (a,b)vam = [a D] b) ab va [a, b]
c)a+ bvaab,bunda(a,b) =1 d)a+ bvam = [a, 5].
36.Quyidagilami toping:
a) (n, 2n + 1), b) (IOn + 9,n + 1), c) (3n+ 1,10n + 3)

37.x = [a, b] bo‘lganda va fagat shunday boigandagina =1
bo‘lishini isbotlang.
38.a,b,c toq sonlar uchun (a,b,c) = tenglik o‘rinli

ekanligini isbotlang.

39.1). Agara =cqg+r vab=ofr + bo‘lsa uholda (a,b,c) =
(c,r,I'N) ekanligini isbotlang. Bu yerda a,b, — 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,b) = (5a+ 3b,13a + 8b) tenglik ofrinli ekanligini
isbotlang.

41. Uchta ketma-ket natural sonlaming EKUB va EKUKIari nimaga
teng ekanligini toping.

42. n, a, b - natural sonlar va (a,b)=1 bo‘lsa, nab sonni ax + by
ko‘rinishda tasvirlang, bu yerda x,y lar ham natural sonlar.

43. a =899,b = 493 uchund = (a, b) nitoping vauni d = ax +
by ko‘rinishda ifodalab x,y laming giymatlarini aniglang.

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

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

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



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

48. m, n va Kk natural sonlar uchun men ek = [m,n, K] *
(mn,mk,nk) munosabat o‘rinli ekanligini isbotlang.

49. Quyidagi tenglamalar sistemasini natural sonlarda yeching:

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

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

52. N = On...axa0 soni 19 ga bo‘linishi uchun, Nt = an ...a2at +
2a0 sonning 19 ga bo‘linishi zarur va yetarli ekanligini isbotlang va
misollarda ko‘rib chiging.

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

L3-8.Tub va murakkab sonlar

Agar natural son fagat ikkita bo‘linuvchi (bir va 0°zi) ga ega bo‘lsa,
bunday natural sonlar tub sonlar deb ataladi. Agar natural son ikkitadan
ortig bo‘luvchilarga ega bo‘lsa, bunday sonlar 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 vap <
Va bajariladi. Har bir murakkab sonni tub sonlar ko‘paytmasi ko ‘rinishi-
da yagona usulda tasvirlash mumkin (bu tasdigga arifinetikaning asosiy
teoremasi deyiladi), ya’ni a ni a = plp2**m ko‘rinishda yozish
mumkin.

Agar bu yoyilmada pt soni ax marta, p2 soni a2 marta va hokazo pk
soni ate marta gatnashsa (k <n), uni a = Pixp22*#Pfck ko‘rinishda
yozish mumkin. Bu yerdan a ning ixtiyoriy bo‘luvchisi d ni

a=vl'vz 4'Pk" (0<Pi<ai,i =tn) *)
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ko‘rinishda ifodalash mumkin ekanligi kelib chigadi.

Berilgan (NO,/1/4 (NO < Nt) oraligdagi tub sonlami ajratish
uchun Eratosfen g“alviri deb ataluvchi usuldan foydalaniladi. Unga ko‘ra
berilgan oraligqdagi 2 ga bo‘linadigan sonlami o‘chirib chigamiz. Qolgan
sonlar orasidan 3 ga karralilarini o‘chirib chigamiz, keyin esa 5 ga karrali
sonlami occhirib chigamiz va hokazo davom etib p ga (p bu dan
katta bo‘lmagan va unga eng yagin turgan tub son) bo‘linadigan barcha
sonlami o“chirib chigamiz. Bunda p ga karrali sonlami o“chirishni p2dan
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 < yfa 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'rinishidagi toq sonni, tub sonlar
ayirmasi ko‘rinishida ifodalab bo‘Imasligini isbotlang.

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

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

57.a murakkab sonning eng kichik tub boMuvchisi Va dan katta
emasligini isbotlang. Bu teorema a = p tub son o‘rinli bo‘ladimi?

58. Oldingi masaladagi teoremadan foydalanib

1) 127 2) 919

3) 7429 sonlarining tub yoki murakkab ekanligini aniglang.

59. 1) 100 va 110, 2) 190 va 200, 3) 200 va 220,

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

60. nva n! (n > 2) natural sonlari orasida hech bo‘Imaganda 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 bodsin.

63. Shunday p tub sonni topingki 2p2 + 1 ham tub son bo'lsin.

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



65. Quyidagi sonlaming bir vaqtda 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+ 1tub sonlarbo‘lsa, u holda 8p2 4*2p + 1 ham
tub son ekanligini ishotlang.

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

68. a > 3 butun son va m,n lar natural sonlar 3 ga bo‘lganda mos
ravishda 1 va 2 goldigli bo‘lsa uchta a,a + m,a + n sonlarining bir
vagtda tub son bo4masiigini isbotlang.

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

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

71.3n+ 2 (n= 1,2,...) ko‘rinishdagi tub sonlaming eng Kkattasi
mavjud emasligini isbotlang.

72. pn+l < pi *p2......pn ekanligini isbotlang, bunda
pL(i = 1,2,...,n) -birinchi n tatub son va pn+1soni 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 —tub son belgilangan va tenglik fagatgina
n = 1 bo'lgandagina bajariladi.

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



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

n(x) funksiyasi x ning musbat giymatlarida aniglangan bo4ib, x dan
katta bo‘lmagan tub sonlaming sonini ifodalaydi. n(x) ning giymati tub
sonlar jadvalidan foydalanib bevosita hisoblash yo‘li bilan aniglanadi.
X ning kamma giymatlarida esa

n(/le « Inx va 7rg-|r') > szf Inu

formulalardan foydalanib tagribiy topiladi.

76.Hisoblang: 1) Tr(5); 2) Tr(10); 3) n (25); 4) Tr(37); 5) Tr(200);
6) 7I(2000).

n.n(x) « formuladan foydalanib 7r(x) ning tagribiy giymatini
toping va nisbiy xatosini hisoblang. 1)7r(100), 2) 7r(500), 3) Tr(1000),
4) 1(3000).

78.y = T(x) funksiyaning grafigini chizing va undan foydalanib
7r(x) = | tenglamani yeching.

79. Chebishev tengsizligi a < 1r(x): j~< b, (bunda avablara < b,

0<a<|l, b>1 shartlami ganoatlantimvchi o‘zgarmas sonlardir) dan
foydalanib x -* oo da >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] - funksiyasi x ning barcha haqgigiy qiymatlarida
aniglangan bodib, x dan katta bo‘lmagan vaunga eng yaginturgan butun
sonni ifodalaydi. Bu funksiyaga x ning butun gismi deyiladi.

Tushunarliki, [X] <x < [X] + 1 qo‘sh tengsizlik o‘rinii. X ni
hamma vaqt x = [x] + a, (bunda 0 < a < 1) ko‘rinishda yozish
mumkin. Bundan a = {x} = x - [x].Butenglikyordamidaaniglanuvchi
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y = {x} - fiinksiyaga kasr gism funksiyasi yoki x ning kasr gismi
deyiladi.

Agar xr va x2 sonlardan hech bo‘Imaganda bittasi butun son bo‘lsa,
u holda

1+%7 = [1] + [x2]
tenglik o‘rinli bo‘lad[l.

Sonning butun gismi u c hun = [~] ayniyat o‘rinli. n! sonning
kanonik yoyilmasida p tub son

W 7H 71
daraja ko‘rsatgich bilan gatnashadi, bu yerda s, ps<m< ps+l
tengsizlikdan aniglanadi.

81. Sonlaming butun gismini toping: a) -2,7; b) 2+Vv987; c)

d)17S; e>1>(3)+2/g™;i) 3+sinl™; j)3-2cos”n; f) 2-1g2512;
I=2-lgabcd; K) n/30+L,

82. M +[e]=[e]™ +[*] tenglikni isbotlang. Bu yerda s-=3,14...-
aylana uzunligining diametriga nisbati va

e=limfl+i]l =2,7....
R/ 1)

83.‘_V5 ning £z1 yoki Bzl ga tengligini isbotlang. Bu yerda
4 4 4

p > 2 tub son.

84'[Jjn_3|: m’\tenglikni isbotlang, bu yerda r soni ani m bo‘lgandagi
goldig.

85.M <;*<M +1, ,,=132...tengsizlikni isbotlang.

n n n

86.j"+zjning A ga yoki Jfj+"zj+i ga teng ekanligini
isbotlang.

87. Arap m —toq son bo‘lsa, u holda jj*J = ekanligini isbotlang.

88. Funksiya grafigini chizing: a)y = [X]; b)y = {*}
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t Xi X2
=21, d)y= "1- L]* e)y = [sinx]
89.Tenglamani yeching.
a)[*2]=2 b) [32-n]=x+1; c) [arl=x d) [a"]=ar.
90. [i2,4m=87 tengiamani ganoatlantiruvchi m natural sonning
mavjud emasligini isbotlang.
91. [-j]va [M funksiyalar orasidagi bog‘lanishni aniglang.
92. [c-Hg +—bd] * fa]H*z]+—H™*q tengsizlikni isbotlang.
93. [/~ wiq tengsizlikni isbotlang, bunda «=1,2,3,...
94. ioBvaio7sonlaming orasida 786 ga karrali nechta natural son bor.
95. 1000 dan kichik nechta natural son 5 ga ham 7 ga ham
bo‘linmaydi.
96. 36 soni bilan o‘zaro tub, 100 dan katta bo‘Imagan natural sonlar
sonini toping.
97. 2017! soni nechta nol bilan tugaydi.
98. 1=1"2)3*-/filing kanonik yoyilmasida p tub soni ganday
daraja ko‘rsatkich bilan ishtirok etadi.

99.100! ko‘paytmada 6 soni ganday darajako ‘rsatkich bilan ishtirok
etadi.
100. 11! sonining kanonik yoyilmasini toping.

101. N= 1000 son butun son bo‘ladigan eng katta natural

sonni toping.

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

103. x ning [*]-£ =l tenglama to‘g‘ri tenglikka aylanadigan

giymatlarini toping.

104. [ax2+bx+c]=d (buyerda a @ 0,d -butun son)' ko‘rinishdagi
tenglama yechimining mavjudlik shartini toping.

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

106. x2+y2 = 6,52 doirada nechta butun koordinatali nuqta bor.
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107. 12317 dan katta bo‘Imagan va 1575 bilan o‘zaro tub bo‘lga
butun musbat sonlaming sonini aniglang.

IL3-8. Berilgan sonning bo‘luvchilari soni va bo‘luvchilari
yig‘indisini ifodalovchi funksiyalar

T(n) vaa(n) fimksiyalari n ning barcha natural giymatlarida
aniglangan bo‘lib, mos ravishda n ning barcha natural bo‘luvchilari sonini
va barcha natural bo‘luvchilari yig‘indisini ifodalaydi. Ta’rifdan
t(1) =a(l) = 1 ekanligi keUb chigadi. Agar n ning kanonik yoyilmasi
n=Vi'Vv*¥2 Pkk bo‘lsa, r(n) Va <1(n) lar mos ravishda quydagi
formulalar yordamida topiladi:

T(n) = («! +1)(az+ 1) .. (ak+ 1), (1)
_rel+l1 na2+l 1 nal_<j-_1_—|1
PI-1  P2-1 Pk-1
Ikkala funksiya ham multiplikativ funksiyaya’ni (m,n) = 1 lar
uchun

)

T(m m) = 7(m) *1(n),a(m m) = cr(m) *<r(n)
tengliklar o‘rinli.

108. Quydagi sonlaming barcha natural bo‘luvchilari soni va
boQuvchilari 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 bo‘luvchilari soni 6 ga, bo‘luvchilarining yig‘indisi
28 gateng bo‘lsa, shu sonni toping.

111. N = pap”(p,q lar turli tub sonlar ) bo‘lsin. Agar N2 soni
15 ta har xil bo‘luvchilarga ega bo‘lsa, N 3nechta natural bo‘luvchilarga
ega bo‘ladi.

112. (x) va cr(x) laming grafigni sxematik tasvirlang.

113.  Har bir egizak tub sonlar juftligi pr <p2 uchun
cr(pi) = (p(p2) ekanligini isbotlang. Bunda g>(a) -Eyler funksiyasi.



114, a(T) = 2m - 1tenglamaning m natural sonlarda cheksiz ko‘p
yechimga ega ekanligini isbotlang.

115.1). Agar (m,n) =d > 1bo‘lsa, r((mn) va T1(1)7(N) larda
gaysi katta?

2). Agar (m,n) =d> 1bo‘lsa, a(mn) va <t(T)<7(n) lardan
gaysi katta?

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

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

118. n = p“*p*“2... Pfc sonining bo‘luvchilarining k- darajalarining
yig‘indisi afqn) uchun formula chigaring.

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

1) 42(12); 2)02(18), 3) <3(36), 4) a2(16), 5) I3(8).

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

121. <r(n) < 2n shartni ganoatlantiruvchi n soniga yetarli sondagi
boMuvchilarga ega emas, a(n) > 2n shartni ganoatlantiruvchilarga esa
ortigcha boMuvchilarga ega bo‘lgan son deyiladi. N = pn sonining yetarli
bo‘luvchilarga ega emasligini isbotlang. Bunda p tup son, n —natural son.

122. N = pa-<gP ko‘rinishdagi togq natural sonning yetarli
bo‘luvchilariga ega emasligini isbotlang. Bunda ptq lar turli tub sonlar,
a, p lar natural sonlar.

123. 1). Barcha bo‘luvchilarining ko‘paytmasi 5832 gateng bo‘lgan
n natural sonini toping.

2). Barchabo4uvchilariningko‘paytmasi 330 ¢ 540 gatengbo‘lgan
n natural sonini toping.

124. N = p®1P22... p£* —kosrmishdagi kanonik yoyilmaga ega
bo‘Igan sonni necha xilda 2 ta har xil ko‘paytuvchiga ajratish mumkun.

125. Agar 5N soni N soniga garaganda 8 ta ko‘p, 7N soni N soniga
garaganda 12 ta ko‘p, 8N soni ega N soniga garaganda 18 ta ko‘p
bo‘luvchiga ega bo‘lsa, N = 2a 5" «7* sonini toping.

126. N soni N = 2* m8y *5Z ko‘rinishiga ega. Agar N ni 2 ga
boMsak, hosil bo‘lgan sonning bo‘luvchilari soni N ning bo‘luvchilari.
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sonidan 30 taga kam. Agar N ni 3 ga bo‘lsak, hosil bo‘lgan sonning
bo‘Inuvchilari soni N ning bo‘luvchilari sonidan 35 taga kam. Agarda
N sonini 5 ga bo‘lsak, hosil boigan sonning bo‘linuvchilari soni N ning
bo‘linuvchilari sonidan 42 ta kam bo‘ladi. Shu N sonini toping.

127. Agar 2a+l - 1 soni tub son bo‘lsa, u holda 2“(2a+1 —1)
sonining mukammal son ekanligini isbotlang (Evklid teoremasi).

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

129. Bo‘luvchilar vyig'indisi o‘zidan 3 marta katta bo‘lgan
2a *Pi *P2>(Pi>P2 lar t0Qtub sonlar) ko‘rinishidagi eng kichik sonni
toping. (Ferma masalasi).

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

M.4-8. Eyler funksiyasi

Eyler funksiyasi - m dan katta bo‘Imagan va m bilan o‘zaro tub
sonlar sonini bildiradi va <p(m) orgali belgilanadi. Agar m=p- tub son
bo‘lsa, u holda ta’rifdan g>(p)=p-l ekanligi va agar m=pa bo‘lsa
(p(pa) —pa —pa_l = pa(l - jj); umuman agar m=pfV"2- pPn*
bo‘lsa, 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 STT=M<) bajariladi.

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

132JHisoblang: 1) <p(125), 2) (1000), 3) <p(180), 4) <P(360),
5)A1440X

6) <*1890), 7XK113X 8)<*232), 8)A1219), 10)"24-28-45).

18



133. Maxraji m ga teng gisgarmas musbat to‘g‘ri kasrlaming soni
nechta.

134. 1 dan 120 gacha natural sonlar orasida 30 hilan o‘zaro tub
bo‘lmagan sonlar soni nechta.
135. Quyidagi formulalaming o‘rinli  ekanligini  ko‘rsating:
a) p2“) = 2"-1; b) <ppa)=p“ V(P); o) p(ma)=m“_V(wO
(m, a lar natural sonlar, p esatub son).
136. <p(2m) ning giymati <p(m) yoki 2<p(m) boMishi mumkinligini
isbotlang. Bu hollaming har biri uchun o‘rinli kriteriyani toping.
137. Quyidagi tengliklami o‘rLnli ekanligini isbotlang:
a) <p(dn + 2) = <p(2n + 1); b) <p(4n)
_ M2<p(n), agar(n, 2) = 1bo'lsa;
~ (2<p(2n),agar(n,2) = 2bo'lsa.
138. Tenglamani yeching: a) <p(5x) = 100;
b) <K7*) = 294; c) <p(p*) = px_1; d) "(3x *5*) = 600, bunda jcva
A natural sonlar.
139. Agar m > 3 bo‘lsa <p(m)ning giymati juft son ekanligini
isbotlang.
140. Agar <p(x) = a tenglamaning x = m ildizi bo‘lsa, u holda
X = 2m ham ildiz bodishini isbotlang. Bu yerda (m, 2) = 1.
141. Agar (m,n) > 1 bo‘lsa, <p(m'n) va <p(rri) mp(n) sonlarini
taggoslang.
142, (pGmen) = <p(m) *<p(n) *<pN ekanligini isbotlang. Bu yerda
(m,r) =d.
143. Agar = (m,n) va /i = [m,n] bo‘lsa, <xp(men) = $(5) *"\(/2)
ekanligini isbotlang.
144. <p(l) + <p(p) + <p(p2+ ...+ <p(pa) yig‘indini toping. Bunda
a-natural son.
145. Gauss ayniyatini isbotiang: <p(d{) + "p(d2)+...+ "p(dfc) = w,
(Ed\m = m)* bunda dt ~ m ning natural bo‘luvchilari.
146. m bilan o‘zaro tub va /ndan kichik natural sonlar yig‘indisi

uchun formula chigaring.

147. p bilan o‘zaro tub va p dan katta bo‘lmagan natural sonlar
yig‘indisi p2 bilan o‘zaro tub va p2dan katta bo‘lmagan natural sonlar
sonidan ikki marta kam bo“lishini isbotlang.
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148.Tenglamani yeching:

IMX)=p-\t 2<q(o=l4, 3)<¢r)=8, HK*)=12.
149.Tenglamani yeching: a) <p(x) = 2a;  b) <(x) = 6 *p*“2.
150.Tenglamani yeching: (p (m) = 3600, buyerdam = 3a 5" 7x.
151.Tenglamani yeching: <p(x) = 120, bu yerda

X =pi-p2vapl-p2=2
152.Tenglamani yeching: p(rn) = 11424, buyerdam = pj <pf.
153.Tenglamani tekshiring: a) <p(x) = "p(px); b) <p(px) =

c) MPiM) = <p(pr*); Pi »2 turli tub sonlar.

154.Tenglamani yeching:a) <p(x) = b) 900 ="-; c¢)<p(X) =y

155.Tenglamani tekshiring: <p(p*) = a.

156. Eyler funksiyasi xossalaridan foydalanib barcha tub sonlar
todlami cheksiz ekanligini isbotlang.

157. Maxraji 2 dan n gacha bo‘lgan barcha musbat to‘g ‘ri, gisqarmas
kasrlar sonini aniglang.

158. 300 dan kichik va u bilan EKUBI 20 ga teng bo‘lgan natural
sonlaming sonini aniglang.
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LI BOB. TAQQOSLAMALAR NAZARIYASI ELEMENTLARI
LLI. I-8. Taggoslamalar va ularning asosiy xossalari

Agar ikkita butun a va b sonni  m”N ga bo‘lganda hosil bo‘lgan
goldiglar o‘zaro teng bo‘lsa, a va b sonlar m moduli bo‘yichateng goldigli
yoki tagqoslanuvchi sonlar deyiladi va a = b(mod m) ko‘rinishda
belgilanadi. m modul bo‘yicha taggoslanuvchi sonlaming ayirmasi shu
modulga goldigsiz bo‘linadi.

Agar a=b+mt bo4ib, b ni m ga bo‘lgandagi qoldiq r bo‘lsa, a ni
ham m ga bo‘lgandagi goldig r gateng bo‘ladL Agar a=mg+r bo4sa,
a = r(mod ni) deb yozish mumkin. Agar am bo‘lsa, a = 0(mod m)
bo‘ladi.

Tagqgoslamalar quyidagi asosiy xossalarga ega:

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

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

3. Taggoslamalar tranzitivlik xossasiga ega.

4. Bir xil modulli taggoslamalami hadlab go‘shish (ayirish), hadlab
ko‘paytirish mumkin.

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

6. Taggoslamaning ikkala gismi va modulini bir xil songa bo‘lish
(ko‘paytirish) mumkin.

7.Agar taggoslama biror m modul bo‘yicha o‘rinli bodsa, u shu
modulning ixtiyoriy bo‘luvchisi m\ moduli bo‘yicha ham o‘rinli bo'ladi.

8. Agar taggoslama bir necha modul bo‘yicha o‘rinli bo‘lsa, u shu
modullaming eng kichik umumiy karralisi bo‘yicha ham o‘rinli bo‘ladi.

159. Qanday modul bo‘yicha barcha butun sonlar o‘zi bilan
tagqoslanadi.

160. 8 modul bo‘yicha taggoslanuvchi butun sonlarga misollar kelti-
ring.

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

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

162.Quyidagi taggoslamalaming o‘rinli ekanligini isbotlang:
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a)l21 = 13145(mod 2), b) 121347 = 92817(mod 10),
c) 31 = -9 (mod 10), cf)(m—I)2= 1(mod m),
e)2m+ 1= (m+ |)2(mod m).

163. Quyidagi tagqoslamalaming o‘rinli emasligini isbotlang.

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

c) 41965 = 25(mod 10), d) 30«17 = 81 «19(mod 6),

e) (2n + 1)(2m 4-1) = 2k(mod 6), bu yerda n, m va K -butu
sonlar.

164. Har bir butun son berilgan modul bo‘yicha o‘zining qoldig‘i
bilan taggoslanishini isbotlang.

165. x soni x = 2(modl0) shartni ganoatlantiradi. Bu shartni
parametrik tenglama Ko ‘rinishida yozing va jc ning bir nechta giymatini
toping.

166. Quyidagi taggoslamalami ganoatlantiruvchi x ning barcha
giymatlarini toping: a) x = 0(mod 3), b) x = I(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-
tirishi ma'lum bo‘lsa, bu taggoslamada modulning mumkin bo‘lgan
giymatlarini toping.

169. 10 modul bo‘yicha taggoslanuvchi butun sonlarga misollar
keltiring.

170. Quyidagi tagqoslamalardan gaysilari o‘rinli:
a)l=-lI(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 koeffitsiyentli F(X,y,z) = ax3+ bx2y 4 cxyz + dz
ko‘phad argumentlarining giymatlari berilgan modul bo‘yicha taggos-
lanuvchi bo‘lsa, u holda ko‘phad giymatlari ham shu modul bo‘yicha
tagqgoslanuvchi bo'lishini isbotlang.

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

174. 25n —1 soni 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
boMinishini isbotlang.

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

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

178. Agar ax = bx(modm) bo‘lsa, u holda a= b (mod

ekanligini isbotlang.

179. a1 =0 bo‘lganda  al+lat= a* deb hisoblab, agar
ajaja™aj = 0(mod 33) bo‘lsa, uholda a4 + ajaj + aja™ = 0(mod 33)
ekanligini isbotlang.

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

1) C"_t = (H)n(modp); 2)C" 2= (-1)"(n + I)(mod p)

o‘rinli ekanligini isbotlang.

181. 1)99 2) 79 sonlaming oxirgi ikki ragamini toping.

182. ppt2+ (p + 2)p= 0(mod 2p + 2)  taqqoslama  o‘rinli
ekanligini ishotlang, bu yerda p > 2.

183. , , -1,0,1,... , , sonlamingp>2modul
bo‘yicha o‘zaro taggoslanmasligini isbotlang.
184. i =i—m(mod m) ekanligidan foydalanib Xin =

0(mod m) orinli ekanligini ishotlang, bu yerda n va m lar tog sonlar.

185. 231 = -1 (mod 3n+l) taggoslama  o‘rinli  ekanligini
ishotlang, buyerda n = 1,2,3,....

186. 185- masaladagi tagqoslamadan foydalanib
2m+1 = 0(modm) shartni ganoatlantiruvchi cheksiz ko‘p m>1natural
sonlaming mavjudligini isbotlang.

187. m > 1-toq sonva n - natural son uchun
(m - I)m” = -1 (mod mn+1) ekanligini isbotlang.

188. 187-masaladagi tagqoslama yordamida 22x+ 1 = 0(modx)
shartni ganoatlantiruvchi natural x sonlaming cheksiz to ‘plami mavjud-
ligini isbotlang.

189. N = 32<n+ + 2 va M= 234l + 3, (bunda n= 1,2,3,...)
ko‘rinishdagi sonlaming murakkab son ekanligini isbotlang.
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190. 2x+ V B 19z va 2x+ 5y = 19z tenglamalarning natural
sonlarda yechimga ega emasligini isbotlang.

191. Agar ko‘rinishdagi sonlaming butun ekanligi ma’lum

bo‘lsa, (a, b -butun sonlar) 18<*%h ko‘rinishdagi son ham butun son
ekanligini isbotlang.

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

193. 21131 = 2(modll *31) ning O‘rinli ekanligini ko‘rsating.

194. Agar p>2 tub son bo‘lsa, 12*+1 + 22k+1 + 32fe+l + —+
(P —1)2k+1 = 0O(modp) ning o‘rinli ekanligini ko‘rsating.

m.2-8.Beri]lgan modul bo‘yicha chegirmalar sinflari

7wmodulbo‘yichaZ-butun sonlar to‘plamini quyidagicham tasinfga
ajratamiz. m ga boMganda bir xil goldiq qoladigan sonlar to‘plamini bitta
sinf deb qaraymiz. Ixtiyoriy a£Z sonini a=mqg+r,0<r <m
ko‘rinishda tasvirlash mumkin bo‘lgani uchun, r = 0,1,2,....m —1
qgoldiglarga mos ravishda
@,Ci,C2,...,.Cm-i (@h)
sinflarga ega bo'lamiz. & sinfiiing elementlari a = mq + i shaklga
ega bo‘lib , g ga har xil giymatlar berish natijasida bu sinfiiing barcha
elementlarini  hosil gilish mumkin. (1) ga m moduli bo‘yicha
chegirmalgr sinflari deyiladi. m moduli bo‘yicha chegirmalar sinflari
to‘plami — = {CQ &, 2,..., On_t}da qo‘shish
G+, agari +j < m bo'lsa;
1 > (citdm, agari+j>mbo’lsa
munosabat bilan, ko‘paytirish esa
r.c _faJ a8ar ij < m bo'lsa;
“ 3 lcr, agarij> mbo'libij = mqg + r bo'lsa
munosabat bilan aniglanadi.
m moduli bo‘yicha chegirmalar sinflarining har biridan bittadan

element olib tuzilgan sonlar to ‘plami m modul bo‘yicha chegirmalaming
to 1a sistemasi deyiladi.
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Chegirmalaming m modul bo‘yicha to‘la sistemasi sifatida odatda
qulaylik uchun {0,1,2, ....m —1} - manfiy bo‘lmagan eng kichik
chegirmalaming to‘lasistemasi; {1,2, ...,m - 1, m}- musbat engkichik
chegirmalaming to‘la sistemasi; m juft bo‘lsa {0; £1; £2; ..., H(m~2)/2;
m/2), m toq bo‘lsa{0; £1; +2;..., £(m-1)/2} - absolyut giymati jihatidan
eng kichik chegirmalaming to ‘la sistemasi olib garaladi.

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

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

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

Bu yerda quyidagi teorema keng qo‘llaniladi

1-teorema. Agar x 0‘zgaruvchi m modul bo‘yicha chegirmalaming
to‘la sistemasini gabul gilsa, uholda (a™n)=\va b esa ixtiyoriy butunson
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 bilan
0‘zaro tub bo‘lganlarini ajratib olib sistema tuzsak hosil bo‘lgan
sistemaga m moduli bo‘yicha chegirmalaming keltirigan sistemasi
deyiladi.Ta’rifdan chegirmalaming keltirilgan sistemasida <p(m)ta
chegirma mavjud ekanligi kelib chigadL

2-teorema. Agar (a,m)=1 bo‘lib x o‘zgaruvchi m modul bo‘yicha
chegirmalaming keltirilgan sistemasini gabul gilsa, u holda ax ham
m modul bo‘yicha chegirmalaming keltirilgan sistemasini gabul giladi.

p —tub moduli bo‘yicha eng kichik musbat cheginnalaming
keltirilgan ~ sistemasi  1,2,3,...,p —1, ulaming to‘la sistemasi
1,2,3,...,p —l,p dan p ni tushurib goldirib hosil gilinadi. Shuningdek,
p -tub moduli bo‘icha eng katta manfiy chegirmalaming keltirilgan
sistemasi -(p - 1),-(p - 2),...,-2,-1; p > 2 -tub moduli bo‘yicha
absolyut qgiymati jihatidan eng kichik chegirmalaming keltirilgan
sistemasi +1, +2,..., + lardan iborat bo‘ladi.

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

196. Berilgan modullar bo‘yicha chegirmalaming tod4a 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:

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

197. 10 modul bo‘yicha barcha sinflami x = 102+ 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;

€>10 modul bilan EKUBI 10ga teng.

199. mmodul 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 toping.

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

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

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

204. Istalganmtaketma-ketkelgan butun sonlar m modul bo4yicha

chegirmalaming toia sistemasini tashkil gilishini isbotlang.

205, M1 M3 1 0717 — ™2 Bflar m togq
modul bo‘yicha chegirmalaming to‘la sistemasini tashkil qilishini

isbotlang.

206. 10 moduli bo‘yicha hech bo‘lmaganda bitta 3x -1
ko‘rinishdagi chegirmalaming to@a sistemasini toping.

207. 4 moduli bo‘yicha Sx ko‘rinishdagi hech bo4maganda bitta
chegirmalaming to*la sistemasini toping.

208. Agar axt+ b (i=1,2,3,m) ko‘rinishdagi son m modul
bod4yicha chegirmalaming to‘la sistemasini tashkil etsa, unga mos
sonlar ham m modul bo‘yicha chegirmalaming toia sistemasini tashkil
qgilishini isbotlang.

209. Arap OnXi + On-iX*"1+ —+ axxt+ a0,(i = 1,2,....,m)
ko‘rinishdagi sonlar m modul bo‘yicha chegirmalaming to4a sistemasini

26



hosil gilsa, u holda unga mos Xi 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 keltirilgan sistemasi
p —1 ta chegirmadan tuzilganligini isbotlang.

213. — 1,1, .. . sonar sistemasi p>2
modul bo‘yicha chegirmalaming keltirilgan sistemasini tashkil etishini
isbotlang.

214. 5,52,53,54,5556 sonlar sistemasining 7 modul bo‘yicha
chegirmalaming keltirilgan sistemasi ekanligini isbotlang.

215. Agar axit(/=1 , 2 , sonlari m modul bo‘yicha
chegirmalaming keltirilgan sistemasini tashkil gilsa, u holda ularga mos
Xi sonlarining 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 0‘zgaruvchining giymatlari j modul
bo‘yicha chegirmalaming to‘la sistemasini tashkil etsa, u holda *x +b

funksiyaning mos giymatlari ham — modul bo‘yicha chegirmalaming
toia sistemasini tashkil gilishini isbotlang.

218. Agar (a,m)=d va x ofgaruvchining giymatlari j modul
bo‘yicha chegimialaming keltirilgan sistemasini tashkil etsa, u holda " x

funksiyaning mos giymatlari ham y modul bo‘yicha chegirmalaming

keltirilgan sistemasini tashkil gilishini isbotlang.

219. m=9 moduli bo‘yicha chegimialaming to‘la va keltirilgan
sistemalarini 3 xil (musbat, manfiy bo‘lmagan, absolyut qyimati jihatidan
eng kichik cheginnalar) ko4inishda yozing.
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LLl. 3-8. Eyler va Ferma teoremalari

Eyler teoremasi. Agar m > 1va (a, m)=I bo‘lsa, = 1(modm)
bo‘ladi. Xususiy holda, agar m= p tub songa teng bo‘lsa, Eyler
teoremasidan quyidagi Ferma teoremasi kelib chigadi.

Ferma teoremasi. Agar p tub son va (a, p}=1 bo‘lsa, u holda
I ml(modm) bo‘ladi.

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

220. a) agar (a,7) =1 bo‘lsa, (&2- 1):7; b) agar
(a, 65) = (b,65) = 1bo‘lsa, (al2—b12) : 65 ekanligini isbotlang.

22L Kanonik yoyilmasiga 2 va 5 kirmaydigan n natural sonining
12 — darajasining birlildar xonasidagi ragami 1ga teng ekanligini
isbotlang.

222. ap_1+p—1 ko‘rinishdagi son murakkab ekanligini
isbotlang, bu yerda a LLIO(modp).

223. 21181 = 2(modll «31)ekanligini isbotlang .

224. 230 sonni 13 ga bo‘lgandagi goldigni toping.

225. 359 sonini 17 ga bo‘lgandagi goldigni toping.

226. an(p_1"+1 = a(modp) ekanligini isbotlang.

227. 31725%onini 15 ga bo‘lgandagi goldigni toping.

228. 380+ 780 sonini 11 ga bo‘lgandagi qgoldigni toping.

229. 3100 + 4100 sonini 7 ga bo‘lgandagi qgoldigni toping.

230. 197157 sonini 35 ga boigandagi goldigni toping.

231. n = 73 37 uchun 2/7'X= I(mod n) ekanligini ko‘rsating.

232. 130 +230 + ... + 1030« —1(mod 11)ekanligini isbotlang.

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

234. Agarp vaq lar har xil tub sonlar bo‘lsa,
pA-i + qP-i = 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) = 1bo‘lsa, n2 = I(mod24) ekanligini isbotlang.
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239. Agar p tub son bodsa, EfJ*ik(P~V +\ = O(modp)
taggoslamaning o‘rinli ekanligini ko‘rsating.

240. Agar tub son boisa, CS?=ia«)p = 'Z=laf(Tnodp)
taggoslamaning o ‘rinli ekanligini ko‘rsating.

241. Agar (a,m) = 1 boisa ax = I(modm) taggoslamaning eng
kichik natural yechimi <p(m) ning boiuvchisi ekanligini isbotlang.

242. Agar N = £?2=1a* soni 30ga boiinsa, u holda Af = £?=i af
sonining ham 30 ga boiinishini isbotlang.

243. Ixtiyoriy butun sonning 100 -darajasi 125 ga boiinadi yoki
125 ga boiganda 1 qgoldiq golishini isbotlang.

244. Agar (a,10) =1 boisa, al00n+l = a(mod1000) ning
bajarilishini ko ‘psating. Bunda n natural son.

245. m va n lar natural sonlar boisalar, aém + a6n = 0(mod7)
taggoslamaning fagat a soni 7 ga karrali boigandagina o‘rinli ekanligini
isbotlang. 4

246. 5p2+ 1= 0 (modp2) taggoslamani ganoatlantiruvchi p tub
sonini toping.

247. p > 3tub son boisa, p va 2p + 1 lar tub sonlar bo‘lsalar, u
holda 4p + 1 ning murakkab son ekanligini ko ‘rsating.
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1V BOB. BIR NOMA’LUMLI TAQQOSLAMALAR
IV. I-8. Bir noma’lumli taggoslamalar (umumiy ma’lumotlar)

Ixtiyoriy darajali taggoslamalar yechimlari sinflari. Faraz gilaylik
f(x) n-darajali  butun koeffitsiyentli ko‘phad bo‘lsin, ya'ni
1(*) =" +alk™ +... +AbIx +a,. U holda

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

@ da aOsonim ga bo‘linmaydi, ya’ni a0 & 0O(modm). (1)
yechish bu uni ganoatlantiruvchi barcha x lami topish yoki uning
yechimining yo‘q ko‘rasatish demakdir. Lekinda agar x1 (1) ning
yechimlaridan biri bo‘lsa, ya'nif(xx) = 0(modm) bo‘lsa, u holda
x =x,(modm) tagqgoslamani ganoatlantiruvchi barcha sonlar ham (1) ning
yechimi bo‘ladi. Hagigatan ham,* ex,(modm) ni x -x |+mty teZ debyoza
olamiz. Buni (1) ga olib borib qo‘ysak:

f(x) =a0(x} +mi)n+ai(x, + mty-' +...+ait el +mt)+a,, =
= + of"! + Yo+ +a,,+mT{Xy) =/(x,) +mT(xX.

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

Agarda bir xil noma’lumli ikkita taggoslamaning yechimlari
to‘plami bir xil bo‘lsa, ular teng kuchli tagqoslamalar deyiladi. Quyidagi
almashtirishlar natijasida hosil boigan taggoslamalar teng kuchlidir:

Dtaggoslamaning ikkala tomoniga yoki uning istalgan tomoniga
modulga karrali bo‘lgan sonni qo‘shish;

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

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

Agarda berilgan taggoslamani ixtiyoriy butun son ganoatlantirsa, u
holda bu tagqoslamaga ayniy taggoslama deyiladi. Ayniy tagqoslamaga
misol sifatida Ferma teoremasidan kelib chigadigan xp- xs 0(modp)
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(p-tub  son) tagqgoslamani olish mumkin.  Shuningdek, agar
f(x) ko‘phadning barcha koeffitsiyentlar m ga bo‘linsa, /(x)s=0(modm)
taggoslama ayniy tagqoslama bo‘ladi.

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

a) Sx2- 15* + 22 = 0(mod3), b) x2+ 2x + 2= 0 (modS),

€) x2—2x + 2 = 0(mod3), d) x3—2 = 0(mod5),
e) 2x3- 3x2+ 2*- 1= 0(mod7), /) 2r= 7(modlS),
i) 2x3+ 3* - 5= 0(mod?7).

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

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

a) 90x20 + 46*2- 52* + 46 = 0(modl5),
b) 25x3- 36x2- 18x + 13 = 0(modI2),
c) 21x + 4 s 7(mod6), d)x5- 2x3+ 13* - 1 = 0(mod4).

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

252c Quyidagi taqgoslamalami noma’lum * ning barcha butun
giymatlarining ganoatlantirishini tekshiring:

a)x3- x + 6 = 0(mod3); b) x(x2- 1) = 0(mod6);
€) 20x5+ x4 —10x3—1 = 0(mod>5); d)x13- 26x12- *
= 0(modlI3).

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

a)5* = 4(mod5); b)x2- 2x + 3
= 0(mod4); c¢) 20xs + 5x4- 10x3—1
= 0(mod5); d)x13—26x12—x + 5 = 0(modlI3).
254. a) (T,71T) = 1 bo‘lsa, n-darajali xn + arxn~r + a2xn~2 +
—+ On = 0(modm) taggoslamani yangi o‘zgaruvchi y Kkiritish yo‘li
bilan (n - 1) —darajali hadi gatnashmagan yn 4-b2yn2+ — kbn =
O(modm) ko‘rinishdagi taggoslamaga keltirish mumkin ekanligini
ko‘rsating.

3



255. 254.a) dan foydalanib x3+ Sx2+ 6x —8 = 0(mod13)
taggoslamani uch hadli y3+px +q =0(modI3) taggoslama
ko‘rinishiga keltiring.

256. x*<60>= I(mod60) taggoslamani yeching.

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

Birinchi darajaii aOx + ar = 0(modm) taggoslamani hamma vaqt
ax =b(modm) (1)
ko‘rinishga keltirish mumkin. Shuning uchun ham biz (1) ni
tekshiramiz. Awalo, faraz etaylik (a,m)=I bo‘lsin. U holda x o0‘zga-
ruvchi m moduli bo‘yicha chegirmalarning to‘la sistemasini gabul gilsa
ax ham shu sistemasini gabul giladi. Shuning uchun hamx ning fagat bitta
giymatida ax soni b tegishli bo‘lgan sinfga garashli bo4adi. Shu giymatda
axx = b(modm)gaega bo'lamiz. Shunday qilib, agar (a,m)=I bo‘lsa,
@ taggoslama bitta (yagona) x = xr(modm) (yokix = xr +
mt, t = 0,1, +2,... ) yechimga ega bo‘lar ekan.
Endi, faraz etaylik (o,m)=d>1 bo‘lsin. Bu holda agar b soni d ga
bo‘linsa, a = at d, b = bt «d, m = m* «d deb olib (1) dan
OX=hy(mod /n,), (flPm,)=1 )
taggoslamani hosil gilamiz. Bu (2) taggoslama esa yugorida garab
chigilgan holga ko‘ra yagona yechimx e ~(modm,) ga ega boiadi. Biz m
moduli bo‘yicha (m=mrd) (1) taggoslamaning yechimlarini topishimiz
kerak. Buning uchun (2) ning yechimlari
xl, xI+mii..,.tx}*(d-\)m,9xI +dmi>... ©)]
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
jc, Xi+mlt ..., xx+(d-\)mx (4)
lami olish mumkin. Demak, (1) ning bu holda d ta yechimiga ega
boiamiz.
Agarda (a,m)=d>l bo‘lib b soni d ga boMinmasa, u holda
(-taggoslama birorta ham yechimga ega emas. Chunki bu holda (1) dan
axdx = b+ mxdt yoki —b —d(axx - mxt) tenglikka ega bo‘lamiz.
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bsoni d ga bo‘linmaganligi uchun bu tenglikning bajarilishi mumkin
emas. Shunday qilib biz quyidagilami isbotladik:

1). Agar (a,m)=I bo‘lsa, (1) taggoslama yagona yechimga ega;

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

3) Agarda (a,m)=ct>l va b soni </bo‘linmasa, (1) taggoslama birorta
ham yechimga ega emas.

(I)-taggoslamaning yechimini topish uchun quyidagj usullardan
foydalanish mumkin:

1) tanlash usuli ( bu usulda m moduli bo‘yidia chegirmalaming to‘la
sistemasidagi chegermalar qo4yib sinab ko‘riladi. Bu usul sodda, lekin
m modul katta bo‘lIsa, chegirmalar sinflari soni ko‘p boMgan uchun amaliy
jihatdan noqulaydir);

2) taqgoslamalaming xossalaridan foydalamb koeffitsiyentlarini
almashtirish usuli (bu usulda tagqoslamalaming xossalaridan foydalanib
x noma’lumning oldidagi koeffitsiyent 1bilan almashtiriladi. Bu usul ham
koeffitsiyentlar katta bo ‘Igan holda anig yo‘llanma (algoritm) bo‘Imagani
uchun unchalik ham qulay emas. Bunday hollarda (1) ning yechimining
topish uchun aniq formulaga ega bo‘lish qulaydir);

3) Eyler teoremasidan foydalanib yechish usuli (bu usulda yechim
xaa*sy -6(modm) formula yordamida topiladi);

4) uzluksiz (zanjirli) kasrlardan foydalanib yechish usuli mavjud.
(Bu usulda yechim x-H)""' bp,,Xmodmyormula yordamida topiladi. Bu

yerda Pn-rsoni N kasrning uzluksiz kasrlarga yoyilmasidagi

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

Tagqoslamalardan foydalanib ax + by = c¢ ko‘rinishdagi birinchi
darajali ikki noma’lumli, butun koeffitsiyentli anigmas tenglamalami
butun sonlarda yechish mumkin. Berilgan tenglamani ax = ¢ + b(—y)
ko‘rinishda, buni esa ax = c(modb) ko‘rinishda yozish mumkin. Bu
taggoslamaning yechimini yugorida garab chigilgan usullardan biri bilan
topamiz..c=" + bt,t 6 Z bo‘lsin. U holda x ning bu qiymatini berilgan
tenglamaga qo‘yib y ni aniglaymiz: a(xt + bt) + by = ¢c->y = -(¢c —

axj - abt) = - at,ya’niy =yr- at,t € Z gaega bo‘lamiz.
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257.Quyidagi taggoslamalaming yechimga ega yoki ega emasligini
tekshiring, agar yechimga ega bo‘lsa, uni tanlash usuli bilan toping:
a) 5* = 3(mod6), b) Qx = 3(modl0), c¢)2x = 6(mod8),
d) 3x 2 -6(mod7), e) 4* = 3(modl2), f)6x = 5(mod9),
g) 5* = 7(mod8).
258.Quyidagi taggoslamalaming yechimga ega yoki ega emasligini
tekshiring, agar yechimga ega bo‘lsa, uni taggoslamalaming xossalari-
dan foydalanib koeffitsiyentlarini almashtirish usuli bilan toping:

a) Sx = 3(mod7), b) 8* = 3(modll), c)4x = 6(mod8),
d) 4* = 25(modI3), e) llx = 3(modl2), /) 7x = 5(mod9),
#) 5* = 7(mod8), i)y 7* = 6(modl5).

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

a) 13* = 3(modl9), b)27x = 7(mod58), c¢)5* = 7(modl0),
d) 3* = 8(modI3), e)25* = 15(modl7), f) 29* = 35(modl2),
g) 3* = 7(mod 11).

260. Quyidagi taggoslamalaming yechimga ega yoki ega emasligini
tekshiring, agar yechimga ega bo‘lsa uni uzluksiz kasrlardan foydalanib
toping:

a) 13* = I(mod27), b) 37* = 25(modll7), «c¢) 113*2
89(mod311), d) 221* = Ill(mo0d360), e) 23* = 667(mo0d693),
f) 143* = 41(mod221), g) 20* = 13(mod43).

261. Quyidagi taggoslamalaming yeching: a) 12* = 9(modI5),

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

d) 10* = 25(mod35),

e) 39* = 84(mod93), /) 90* + 18 = 0(modI38),
p) 15* = 35(mod55).

262. Quyidagi anigmas tenglamalami taggoslamalardan foydalanib
yeching:

a) 5*+4y =3, b) 17*+ 13y =1, c¢)91*- 28y = 35,

d) 2*+3y =4, e)4*—-3y=2 /) 3* —71y = 1,
g) 7* + 6y = 11

263.a). * = -100 va* = 150 to‘g4i chiziglar orasidajoylashgan
va 8* —13y + 6 =0 to‘g‘ri chizigda yotuvchi butun koordinatali
nugtalar sonini aniglang.
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b). x - Iva x =200 to‘g‘ri chiziglar orasida joylashgan va
Sx - 7y - 8 = 0 to‘g‘ri chizigda yotuvchi butun koordinatali nugtalar
sonini aniglang.

264. jc ning ganday butun giymatlarida quyidagi fiinksiyalar butun
giymat gabul giladi: a) f(x) = b) f(x) =~jrl

4 2x -1
<Q/fa) = mn

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

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

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

266.a). 523 sonining o0 ‘ng tomoniga shunday uchta ragam yozingki,
hosil bo‘lgan olti xonali son 7,8 va 9 ga bo‘linsin.

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

IV. 3-8. Bir noma'lumli birinchi darajaii taggoslamalar
sistemasini yechish

Ushbu birinchi darajaii taggoslamalar sistemasi

=" (mod nu), Axx=B2(Mo0d), e yAtx =Bk(modmk) n

berilgan bo* Ism. Bu sistema yechimga ega boMishligi uchun awalo
(1) dagi har bir taggoslama yechimga ega boMishi kerak. Bu
taggoslamalaming har birini yechib (1) ni quyidagicha yozib olish
mumkin.

x =bx{moduy,, X =b2(mod m2)i---X =bk(modmk). 2
(2) sistemani yechaylik. (2) ning birinchi taggoslamasidan
X =bl +mltl, thZ. (3)
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Bulardan (2) dagi ikkinchi taggoslamani ganoatlantimvchilarini
ajratib olamiz:

n s b2(modm?2). (4)

Bundan = Db2- bl(modm2* Faraz etaylik (mjm3=d
boMsin. U holda agarda b”bi ayirma d ga boMinmasa, (4) tagqoslama
yechimga ega emas. Agarda di>2-bi bodlsa, (4) d ta yechimga ega va

taggoslamayagona tt = t’(m o g yokitx=1t'+ 2

t2 EZ yechimga ega. filing bu giymatini (3) ga olib borib qo‘yib
(2) dagi birinchi 2 ta taggoslamani ganoatlantiruvchi

X =n A =RAm/ - ~ 2=+ + 22

nitopamiz. Agarda ="+m,/deb olsak, u holda
x=x2+[miw2]/J yoki xax2(modern*])

ni hosil gilamiz. Shu usulni davom ettirib x =
xk(mod [mItm2,. , mfd) ni, ya'ni (2) ning yechimini hosil gilamiz.
(2)- sistemada (m,my=u i*y , . bo‘Isin.U holda

(2) -sistemaning yechimi* =*(Q(to<w) bo‘ladi. Bu yerda
jcN= Alj cAffi + AI2¢A/22+ sco + M KM K © (6)
vaA/,, Aj.....Attlar ushbu tagqoslamalar sistemasidan aniglanadi:
M,A/; B IXmod m,), M2-A/2s 1(mod m,), MKMKks i (modm®). @)

(2)-sistemani yechish gadimgi xitoy masalasi deb ataluvchi miga
bo‘lganda bi, m2 ga bo‘lganda b2 ga bo‘lganda bk goldiq
goluvchi x sonini toping degan masalaning o ‘zginasidir.
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5)

9

267. Tagqoslamalar sistemasini yeching:

xe6(modlI5) x* 13(modl4) X a 19(mod 56) X a 4(mod5)
xa ig(mod21), 2) X< 6(mod35) 3) xa3(mod24) 4) xal(mod12)
X s 3<modI2) X * 26(mod45) xa7(mod20) X a 7(modl4)
xe 13(modlI6) X a9(modI0) X a 7(mod9) x a 5(modI2)
xe3(modlO)  6) Xa10(modl5) 7) X F2(mod7) 8) X a 2(mod8)
X a 9(modl4) X3 1l(mod 12) xs3(modl2) x*2(modll)
is 7(modl0) x*8(mod7) xa2(mod5)

X a 2(mod5) 10) XS 3{|Tuﬂ.j) 11), xa8(modll)

X a 8(mod9) x=9(modl3) xal2(modIs).

268. Modullari juft-jufti bilan o‘zaro tub bo‘lgan taggoslamalar

sistemasini yeching.

)

5)

XS 1(mod6) 2x =3(mod5) {3xa I(modI7) 5x a 2(mod9)
XS 2(mod7) 2) xa2(mod7) 4x a 3(mod5) 4) 3xa —HmodlI3)
xa3(modlIIl)f 3x B 4{modl 1), 2x a 5(mod9), X a 6(mod11),
6x a [(mod35) f«xa7(modl7) lIxa-4<modI8) 21x a -2(mod23)
3x =4<modl7) 6) <5xa] I(mod6) 7) 7xa I(modll) 8) 12xa3(mod9)
IOx a 7(modlI3), [x*-I(modI9X 3xa 5(mod7), X a 6(modl 1),

x a 3(mod29) 6xa5(mod31) x * I(mod7)
9) xa-5(modi2) 10) x@-2(mod29) 11) ,c3modg)

2jca7(modIIX 5x a 3(mod27), x = 5(modi \).

269. Tr,m2,m3sonlariga bo'lganda mos ravishdarltr2,r3

goldig goluvchi eng kichik natural sonni toping.

Nemi m2m3np 2 3 N mlm2m3p n * 3
7 8 9 1 2 3 7 13 21 23 9 1 13
3 4 5 1 2 3 8 3 5 8 2 4 1
9 10 83 3 5 6 9 3 5 8 2 4 1
4 5 7 2 3 4 10 5 7 9 4 6 1
3 7 8 2 4 5 11 7 13 17 6 12 16
7 13 17 4 9 1

o OB~ W N P
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270. a ning ganday giymatida berilgan tagqoslamalar sistemasi
yechimga ega?

=5(nkx18) x a e(mod7) x a 5(modl 2) x a 1l(mod 20)
1) x*B(mod2l) 2) xa2(mod9) 3) xao(modl]) 4) xal(modis)
x a a(mod35), x a 7(modl 1), xa3(modl5), xaa(modI8),
19(mod24) (xa6(m odl5) X a 19(mod56) xa3(mod>5)
5) 10(mod21) xalg(mod21) 7) xa3<mod24) 8) ma2(mod7)
e(mod9),
x.a I(rood3) X a a(mod 11), x a a(mod 20), x a a(mod9),
9) xas(inod7) xal4(modl9) xa$(modI1)
XEo(modll), 10y _yx5(mod25) **) - x = 4(mod7)
x a a(mod 10) xa s(mod9).

271.Absissalar o‘gining gaysi butun nugtalarida shu nugtalardan
o‘tkazilgan petendikular berilgan to‘g‘ri chiziglaming barchasini bir
vagtda butun koordinatali nugtalarda kesadi.
Dx=2+Sy,x=1+8y,x=3+1ly;
2)4x- 7y =9,2x + 9y = 15 ,5x - 13y = 12;
3)3x- 5y=1,2x+ 3y = 3,Sx —7y = 7,
HXx+T7y=2,x-5y=3,2x+ 7y = 6;
5)2x- 3y=1,x- by =3 ,x- lly = 2;
6) IIx + 5y = 6,I0x + Ily = 9,12* + 13y = -1;
7)3x- 7y=5,5x- 8y =4,1Ix 413y = -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, IOx + 13y = —3;
1) x- 7y =53x+8y=7,x =11+ 3y.

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

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

d). Agar o‘nlik sanoq sistemasidagi N = 13xy45z sonining
792 ga boiinishi ma’lum bo‘lsa, x,y,z lami toping.
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273.Taqgoslamalar sistemasini yeching:

(x+3y =5(mod7) i 9y = *5(Inod* ( x = 2(mod4)
a)t 4x = S(mod?7), 3y “ 1(modl2),c)Ix - 2y = I(mod4),

f 9y = 15(modI2) 3 - 5y = I(modl2)
(3*—7y = I(modl2), ( 9y = 15(modI2).
274.Taqqoslamalar sistemasini yeching:
fx + 2y = 3(mod5) f x+ 2y = 0(mod5)
a' (4x +y = 2(mod5), (3x+ 2y = 21(mod5),
f 3x + 4y = 29(modl43)
0O (2x —9y = —84(modI43),
f x+2y=4(mod5) Jx+ 5y = 5(mod6)
*4 3x +y = 2(mod5), 6' (5x + 3y = I(mod6),
n( Sx~y- 3(m°d6)
[J312x + 2y = -I(mod6).
f x-y=2(modb6) I4x - y = 2(mod6)
N (4x + 2y = 2(mod6), {2x + 2y = 0(mod6).
275. a)

BRIz i
taggoslamalar sistemasida D = g& Bﬂb"a” m o‘zaro tub bo‘isa,

u yagona yechimga ega ekanligini isbotlang.

b) (I)-taggoslamalar sistemasida (D,m) = d > 1 bodlsa, uning
yechimga ega bo‘Imaslik shartini toping.

¢) (D-taggoslamalar sistemasida D = D+ = D2 = O(modm) bo‘lsa,
uning yechimlari to‘plami (1) dagi 1-taggoslamaning yechimlari to‘plami
bilan bir xil bo‘lishini isbotlang. Bunda

¥ -6 a- a
IV. 4-8. Tub modul bo‘yicha n-darajali taggoslamalar

/(x) = alxn + alxn”1+ + cin = 0(modp) (@)
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ko‘rinishdagi taggoslamaga tub modul bo ‘yicha w-darajali
taggolama deyiladi. Bunda p-tub son, a0 £ 0(modp), n —butun
musbat son, at - koeffitsiyentlar butun sonlar. A

Eng awalo aO,alf...,an sonlarini p moduli bo ylcha absolyut
giymati jihatidan eng kichik chegirmalar bilan almashtirsak (1)
tagqgoslama biroz soddarog ko ‘rinishga keladi. Masalan:

25x3+ 17x2- 13 = O(modll) (12
ni
3x3-Sx2~2 =0(mod11) (2"
ko‘rimshda yozish mumkin.

Ikkinchidan (1) ni hamma vagt bosh hadining koeffitsiyenti 1 ga teng
bo‘lgan holga keltirish mumkin, chunki aa0 = 0(modp) taggoslama
(a0,p) = 1 bo‘lgani uchun yagona yechimga ega va (1) ning ikkala
tomonini a ga ko‘paytirsak xn ning koeffitsiyentini 1 bilan almashtirish
mumkin bo‘ladi. Masalan: 3a = I(modll) ->a = 4(modll). Shuning
uchun ham (13 ning ikkala tomonini 4 ga ko ‘paytiramiz, u holda

12x3- 20x2-8 = O(modll) >x3+ 2x2+ 3 =0(modll) .

Uchinchidan ushbu teorema yordamida berilgan taggoslamani ancha
soddalashtirish mumkin.

1- teorema. Agar (1) dan>p bo‘lsa, uni darajasi p —1 dan katta
bo‘Imagan tagqoslama R(x) = O(modp) taggoslama bilan almashtirish
mumkin. Bunda R(x) ko‘phaq f(x) ni xv —x ga bo‘lishdan chiggan
goldiq.

Amaliyotda f(x) ni xp- x ga bo‘lish shart emas. Buning uchun
Xm ni darajasini p-1 dan katta bo‘Imagan had bilan almashtirish uchun
m ni p-1 ga bo‘lamiz. m = (p—I)k + r. U holda x s xp(modp)
taggoslamaning ikki tomonini mos ravishda xr~x, x (p~i)1+~1,

oo, larga  ko‘paytirsak,  xr = x"p_1"r,

xp-l+r = x2(p-1)+T" J,(p-D(fc-D+r —xk(p-)+r = xm
hosil bo‘ladi. Bulardan xm = xr(modp). Bu esa yuqoridagi teoremaning
yana bir isbotidir.
Misol. x8--2x7+x5-x A-x + 3 =0(modS) taggoslamani
darajasi 4dan katta boMmagan taqgoslama bilan almashtiring.
X42+0 + 2x41+3 + *41+1 _ *41 _ x + 3 _ 0(mod5)
>1+2x3+x-Xx°-x +3=0(modS) -> 2x3+ 3
= 0(modS).
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2-teorema(yechimlari soni hagida teorema).p-tub moduli bo‘yicha
n-darajali (n < p —1) tagqoslama n-tadan ortig bo‘Imagan ildizga ega.

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

Natija. Agar p-tub modul bo6yicha w-darajali taggoslama n tadan
ortiq ildizga ega bo‘lsa, uning barcha koeffitsiyentlari p ga boiinadi.

3-teorema(Vilson teoremasi). Agarp tub son boisa, u holda
(p- D!+ 1= 0(modp) 3)

Bu taggoslama agar p tub son bo‘Imasa, bajarilmaydi. Hagigatan ham
agarda p =pted,l <d <p, bo‘lsa (p —1)! soni d ga boiinadi, u
holda (p —1)! + 1 soni d ga boiinmaydi, shuning uchun ham p ga
bo‘linmaydi. Demak, ushbu teskari teorema ham o‘rinli ekan.

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

o'rinli boisa, p-tub son boiadi.

Shunday qilib Vilson teoremasini tub sonlami aniglash kriteriyasi
deb qgabul gilish mumkin, lekin (p —21)! + 1 soni katta p lar uchun juda
katta son boigani uchun amaliyotda qoilash noqulay.

276. Quyidagi taggoslamalaming awal darajasini pasaytirib keyin
yeching.

a). 6x10- 12x + 1 = 0(mod>5),

b). xs —2x3+x2—2 = 0(mod3)f

€).Xx5- 7x4+ 9*2- x + 13 = 0(mod3)#

d). x7—x6 + Sx2—3 = 0(mod5),

e). x5+ x4+ x3- x2- 2= 0(mod5), f).x7—6 = 0(modb),
g). X8+ 2x7+ x5- x + 3 = 0(modS),

h). 6x4+ 17n:2-16 = 0(mod3),

i). 4x7- 2x3+ 8 = 0(mod>5),

j). 3X7- 2x6+ 2x2+ 13 = 0(mod5).

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

a), x3+ 4x2—3 = 0(mod5),

b). x4+ x3- x2+ x —2 = 0(mod5),
). x4+x + 4 = 0(mod11), d). x2+ 2x + 2 = 0(mod5),
e). 3x3—1 = 0(mod>5),
f). 2x4+ x3—3x2+ 2x - 2 = 0(modll),
g). X4- 7x3+ 13x2+ 21x + 23 = 0(mod7)f
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h). 2x44-x3- 3x2+ 2x -2 = 0(mod5),
i). 2x3+ Sx2- 2x —3 = 0(mod7),
). x4- 2x24-x + 4 = 0(mod7).

278. Quyidagi taggoslamalaming 1-teoremadan foydalanib darajasini
pasaytiringva yechimlarini toping:

a). 8a20 - I1Sx19+ 7x1Q+ 28x17- 4x16+ 30n:15+ 10x6 -
4x3423x2- 21x - 11 = 0(modl3),

b). X104 x8+ x7- x4- x24-4x - 3 =0(mod7),

€). X101 + 3x154-x11 - 3x54-9x2 + IOx - 5= O(modll),

d). 2x3H - 17x154- 13x8- 3x54- 12x + 5= 0(modll),

e). x12- 2x7+ x34-1 s 0(mod5).

279. Quyidagi teoremani isbotlang: /(x) = xn 4 aiXn~lvan <
p bodsin. f(x) = 0(modp) taggoslamaning n ta yechimga ega bo‘lishi
uchun xp—x ni /(x) ga bolishdan chiggan qoldigning barcha
koeffitsiyentlarining p ga bo‘linishi zarur va yetarli.

280. Agar af£ O(mod7) va b &0(mod7) bo‘lsa,
x34-ax + b = 0(mod7) tagqoslamaning uchta yechimga ega
bo‘lmasligini ishbotlang.

281. Tub modul bo‘yicha taggoslama x” 2 a(modp) ning
(a,p) = 1van < p bo‘lganda n ta yechimga ega bo‘lishining zaruriy va
yetarli shartini toping.

282.280-misolda topilgan shartdan foydalanib quyida berilgan
xn = a(modp) ko‘rinishdagi taggoslamalaming n ta yechimga ega yoki
yechimga ega emas ekanligini aniglang va yechimga ega bo4sa, ulami
toping.
a).x3= I(mod7); b). x2 2 2(mod>5); ¢). x5=10(modll);
d). x4 = I(modll); e). x6 = 3(mod7); ). x4 = 3(modl3).

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

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

285. Vilson teoremasidan foydalanib p soni p = 4n 4-1 ko'rinish-
dagi tub son bo‘lganda (2n)! sonining x2 = —4(modp) taggoslamani
ganoatlantirishini isbotlang.
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286. p tub son bo‘lganda quyidagi taggoslamalaming o‘rinli ekan-
ligini isbotlang. a). aP + a(p - 1)! = 0(modp);
b). ap(p - 1!+ a = Q(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 taggoslamalami yechishga
go‘llang:
a), X2+ 2x + 2 = 0(modS), b). 3*3- 4n2- 2x - 4 = 0(mod?).

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

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

Teorema. Agar

f(x) =0O(mod M) 0)
taggoslamaning moduli M juft-jufti bilan o‘zaro tub bo‘lgan
ko‘paytuvchilarga ajratilgan M=TxT12...TK, =1boisa, uholda:
1). (1) taggoslama ushbu tagqgoslamalar sistemasi
H{pc) = (Kmodm,), f(x) m(®mod/r*)  ,f(x) & (modm™*) 2

ga teng kuchlidir.

2). Agarda (1) tagqoslama N ta yechimga ega bo‘lib, (2) ning
birinchisi m, ikkinchisi 112 va x.k oxirgisi nKta yechimga ega bo‘lsa, u
holda N=nrr....rk bo‘ladi.

Yugoridagi teoremaga asosan murakkab modul boyicha
taggoslamani hamma vaqt
/(x"Otmod/?%*), p —Ty6 coH, a™l )

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

/(*)=0(modp) ©)

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

har bir xx soni (3) ni ham ganoatlantiradi. Shuning uchun ham (") ning
yechimlarini (3) ning yechimlari orasidan gidirish kerak. Buni ketma-ket
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(3) dan p bo'yicha, keyin p2 va h.k. taggoslamalarga o‘tib bajarish
mumkin.
Faraz etaylik (3) ning birorta yechimi topilgan boisin:
XBjc,(modp) ya'ni x=x[+p(® teZ (4)
(4) dan
/(x)HO(mod/?2) (5)
taggoslamani ganoatlantiruvchilarini ajratib olamiz.
f(xi+P*i)B0(modp2) ~
Bu taggoslamaning chap tomonini hisoblash uchun /(x, +pt) ning
Teylor gator yoyilmasidan foydalanish qulay:

Z(x)»plA) + A -1 (M) + .+ R -1 ),

bu yerdagi har bir go‘shiluvchi butun son. Bundan foydalanib oxirgi
taggoslamani quyidagicha yozish mumkin:
[(x,)+pt,-/(X,)- 0(modp1l) (6)
Bu yerda p\ f(xx) bo‘lgan uchun

:’I\D>+<i/(x,)-0(m odp)

yoki

/,/'(*,)--""ém odp). (™)
Bu yerda quyidagi uchta hoi bo‘lishi mumkin:
A p| bo‘lsa, (7) dan  f,a/(modp),yani /,=/ 42 /[a€z.

Buni (4) gago‘ysak, x = xt + p(t' + pt2) = *i + pt' + p2t2 hosil
bo‘ladi./2=0 n x=xI+pt\Bundan (5) ning bitta x2 = xx+ pt" yechimi
hosil bo‘ladi. Demak x=x2 +£2.Buni

f(x) mO(mod/?3) (8)
tagqoslamaga olib borib qo‘yib, yuqgoridagi singari mulohaza yuritib
t2 nitopamiz.

f[x2+/>%)« O(mod>3) yoki / (x2)+p \f (12) mO(modp3Xbuyerda pl|f(x2)

boigani uchun

5 we(mod P)- ©>

x2=  (modp) bo‘lgani uchun/'(*i) = /4”2)(to®P)- Bunda
shartbo‘yicha/'(*i) £ O(modp) vademak, /'(*2) S O(modp).
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Demak, (9) yagona yechimga ega.
r2mt2(modp), y@m 2=2+P* KBeZ U holda

X =x2+p2Ai2+pt3) =x2+p2A2+p%yoki x=x2+pb3, yahi xa”modp3).

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

Shunday qilib, p \ /*(*1) holda (3) ning har bir yechimi (I") ning
bitta yechimiga olib keladi.

b. Agarda p|Ox,) 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|/'(x,)bo‘lib, (7) ning 0‘ng tomoni hamp ga bo'linsa, (7)
ayniy tagqoslamaga aylanadi, uni (4) dagi ixtiyoriy butun son tt
ganoatlantiradi. Lekin bu yechimlar p2 moduli bo‘yicha p ta sinfga
tegishli bo‘ladi, ya’ni (5) taggoslama p ta yechimga ega bo‘ladi. Keyin bu
yechimlardan umumiy usul bilan p3 moduli bo‘yicha taggoslamani
ganoatlantiruvchilarini ajratib olamiz va h.k.

289. Quyidagi taggoslamalami yeching:

1) 3x3+4*2- 7x - 6 = Q(modISy,

2) 6x3 - 3x2- 13x- 10 = 0(mod30); 7) 37*a17(moal80)

3) x4 - 33x3+ 8x - 26 = 0(mod35);

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

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

6) +6x2+x +\0 =0 (modI5)

290. Taqgoslamalami yeching:

1) 4x3 - 8x - 13 = 0(mod27);

2) x4 - 3x3+ 2x2 —5x —10 = 0(mod343);

3) x4 - 4x3+ 2x2+ x + 6 = 0(mod25);

4) 9x2 + 29x + 62 = 0(mod64); 5) 6x3—7x - 11 = 0(modI25);
6) X3+ 3x2- 5x + 16 = 0(modl25);

T)X4+ 4x3 + 2x2+ x + 12 = 0(mod625); 8). 2x4+5x-\ =0(mod27)

291. Taggoslamalami yeching:

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

2) Xx4- 3x3- 4x2—2x —2 s 0(mod50);

3)X5- 5x4- 5x3+ 25x2+ 4x - 20 = O(modl47);
4) x5+ 3x4- 7x3+ 4x2+ 4x - 10 = 0(modl75);
5)x4- 4x3+ 2x2+ x + 6 = 0(modI35);
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6) 4x3+ 7x2-7x-10 = 0(mod225);

7) 31x4 + 57x3+ 96* + 191 = 0(mod225);
8) 2x6- 6x4-7x2-4 =0(mod441);
9)2x6- 6x4-7x2-4 =0(modl225).

IV.6-8. Ikkinchi darajaii tagqoslamalar va Lejandr simvoli
1 Ikkinchi darajaii taggoslamalar va ulaming ikki noma’lumli

ikkinchi darajaii anigmas tenglamalar bilan bog‘ligligi. Ikkinchi
darajaii taggoslamaning umumiy ko ‘rinishi

Ax2+Bx +C =0 (mod J1/) m
dan iborat. Bu ushbu ikki noma'lumli anigmas tenglama
Axr+Bx+C = My 2)

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

ax*+2bxy+cy2+2 dx +2ey+/ =0

ham keltiriladi. Buni yechish esa 0‘z navbatida Pell tenglamasi
Xr- ayz=cning yechimi bilan ham bog‘ligdir.

2. Ikki hadli taggoslamaga keltirish. (1) ni hamma vaqt
x 2 s6a (mod m) (3)
ko4inishga keltirish mumkin. Buni quyidagicha amalga oshiriladi.
(1) ning ikkala tomonini 4A ga ko‘paytiramiz (modulini ham)

4AX2+4ABX +4AC**0(Toii4AMY 4)

(4) dan
(2Ax+Bf mB2-4AC(mod4AM).
Buyerday = 2Ax+ B, D= B2- 4AC deb olsak,
y 2 = D(mod4AM) hosil bo‘ladi.

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

3 taggoslamani yechish umumiy holda
1) x1=a(modp), p>2; 2) x2sa”modp"), ar>U 3) x2sa(mod2a), or>1

taggoslamalami yechishga keltiriladi*
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c} Yechimlari soni.Tanlash yo‘li bilan yechimlarini topish.
Kvadratik chegirmalar soni. Ushbu

xJaa(modp\ p>2 (5)
taggoslama berilgan bo‘lsin. Agar p\a bo‘lsa, trivial hoi bo'ladi,
ya'ni xeO(modp). Shuning uchun ham x=x,modp)  deb hisoblaymiz.
Tushunarliki, agar xmx (modp) (5) ning yechimi bo‘lsa, x B-x, (modp) ham
(5) ning yechimi bo‘ladi. x = —x1(modp") dan2x,-o0 (modp)va a&2=>
xI Bo(modp) Kelib chigadi, u holda (s, p)=\ ga ziddir. Shunday qilib (5)
yechimga ega bo‘lsa, u 2 ta har xil yechimga ega bo‘lar ekan. (5)
yechimlarini tanlash usuli bilan topish jarayoni umumiy holga nisbatan
ancha sodda. Bu yerda biz p moduli chegirmalarning Kkeltirilgan
sistemasini absolyut giymati jihatidan eng kichik sistema ko‘rinishda
yozib olib
U +2, 11 (6)

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

lami go‘yib tekshirish yetarli. Bunda chap tomonda:

hosil bo'ladL Bulardan birortasi, masalan k2 soni a bilan modp
bo‘yichataggoslanuvchi bo‘lsa, u holda xB +*(modp) ga ega bo‘lamiz. Shu
bilan birga, fagat a(modp)bo‘yicha (7) da birorta son bilan tagqoslanuvchi
bo‘lgan (5) ko‘rinishdagi taggoslamalargina yechimga ega. Boshgacha
s0‘z bilan aytganda (7) da modp bo'yicha kvadratik chegirmalar yozilgan.
Ularning barchasi har xil sinflarga tegishli. Hagigatan ham, agar

\zk<izP2Ii bo‘lib k28/qmodp) bo‘lsa, u holda (5) 4 ta

xbx* " xs+/(modp)  Yyechimga ega boMadi. Buning bo‘lishi mumkin
emas. Shunday qilib, modp bo‘yicha kvadratik chegirmalar soni Ezl ga

teng va shuning uchun ham kvadratik chegirma emaslar son soni ham EzI
gateng bo‘ladi.
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4. Eyler kriteriyasi. (5) ning yechimga ega yoki ega emasligini
aniglash uchun Eyler tomonidan taklif etilgan ushbu Kkriteriyadan
foydalanish qulay: Agar a oni modp bo‘yicha kvadratik chegirma bo‘Isa,
a2 *(mod>) bo‘ladi. Agar a soni modp bo‘yicha kvadratik chegirma

ft

bo‘Imasa, u holda a1 m-(mod/>) bo‘ladi. Hagigatan ham, agar (a, p)=1
va(a,2)=i bo‘lsa, =i(modfj) bo‘ladi (Ferma teoremasi). Bundan

Q='-1 30(nKKlp) yoki |a 2 -ij |a 2 +1js o(modp).

Bu yerda bu gavslaming hech bo‘lmasa birortasi p ga bo‘linishi
kerak. Ulaming ikkalasi bir vagtda p ga bo‘linmaydi, aks holda ulaming
ayirmasi 2 ham p ga boslinar edi, lekinp>2

Agar a kvadratik chegirma boMsa,

2 T sl(modp) ®)
bajariladi. Bu yerdan agar o(modp)bo‘yicha kvadratik chegirma
emas bo@sa, u holda
£l
a 2 =-l(mod/>)

bajariladi.

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

uchun Lejandr simvoli go‘llaniladi. U quyidagicha aniglanadi:

agar a soni modp bo'yicha kvadratik chegirmabolsg;
,agara soni modp boVyicha kvadratik chegirma bolmasa.
Lejandr simvoli tarifidan va Eyler kriteriyasidan

** w(f](modp) ©)
kelib chigadi. Lejandr simvoli quyidagi xossalarga ega.
1°. Agarsrs a (modp) bolsa, )=(~)

Bundan- ------------ ,6Z_
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Lejandr simvolining giymatini shu xossalardan foydalanib hisoblash
mumkin. 6° - xossaga kvadratik chegirmalaming o‘zgalik qonuni
deyiladi.

292. Berilgan taggoslamalami ikkihadli tagqoslama ko ‘rinishiga
keltirib, keyin yeching: 1) 2x2+4x-IE0(mod5); 2) 3x2+2xB1(Nxx17);
3)2xJ-2x-1E0(raod7); 4)3x2-x=0(mod5); 5) 3x2+7x+8E0(modl7);

6) 3x2+4ar+7n0(Nkx131); 7) 4x2-1 Ix-3 =0(modI3); 8)x2-5x+6*0(rood24).

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

n X2+2x+7', X2+3x+l1, X2+3x+5
' B '} 25 5

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 musbat kvadratik chegirmalami
aniglang.

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

296. Quyidagi taqgoslamalami berilgan modul bo‘yicha absolyut
giymati jihatidan eng kichik (noldan boshga) chegirmalami sinab ko‘rish
yo‘li bilan yeching:

Dx2e2(raod7); 2)x284(nkx17); 3)x2s3(mod7); 4)x2*3(modI3); 5)x2un4(nkx1r).

297. Lejandr simvolining giymatini hisoblang:

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

Ox2ss6(mod7); 2)x2*3(modl1); 3)x2*12(modI3); 4)x* «3(modI3);

5)x2=5(modl I); 6) x2a 13(mod 17); 7) x2* 7(mod 19); 8) x2-5(mod 17).

299. Berilgan taggoslamalar yechimga ega bo‘ladigan a ning
giymatini toping:
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D x2*a(mod5); 2)x2sa(mod7); 3)x2e a(mod1l);

4) x2ma(mod 13); 5)x2a 5(mod 3).

300. jf2+iso(mod”) taggoslama modulning p = 4n+ I,(n =
1,2,3,... ) giymatida va fagat shundagina yechimga ega ekanligini
isbotlang.

301. (ab)=\ bo‘lganda cf+b2 ko‘rinishdagi sonning kanonik
yoyilmasida fagat p = 4n + 1,(n = 1,2,3,... ) ko‘rinishdagi tub sonlar
gatnashishini isbotlang.

302. Ddd ketma-ket butun shutting ko'paytmasining 13 moduli
bo'yicha 1bilan taggoslanuvchi bo'lmasligini isbotlang.

303. a ning x(x+i)=a(modi3) tagqoslama yechimga ega bo‘ladigan
barcha giymatlarini toping.

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

305. Tenglamalami butun sonlarda yeching (quyidagi egri chizig-
larda  yotuvchi butun koordinatali nugtalami toping):
1) 4X2-5y =6; 2) 1\y=5x2-7;

3)x*--10x—ly+5 =0; 4)x2-21x+110 = 13> 5) 15x2-7.y2=9.

306. Berilgan sonlar kvadratik chegirma(chegirma emas) boigan
modullami toping: 1) s =5; 2)a=-3; 3)a=3; 4)a=2; 5)a=-7.

307. Berilgan taggoslamalar yechimga ega bo‘lgan barcha tog tub
moduliami toping:
1).x(x+1al(modp); 2). x(x~l)a2(modp); 3).x(x-1) =3(modp).

308. Lejandr simvolidan foydalanib quyidagi taggoslamalar modul
p>2 ning giymatiga bog‘lig bo‘lmagan yechimga ega ekanligini
isbotlang:

1) (x2-13XX2-17XX2-221) aO(modp);

2) (X2-3X*2-5Xx2-7Xx2-11X"2-1155) sO(modp).



V BOB. BOSHLANG*ICH ILDIZLAR VA INDEKSLAR
V.1-8.Ko‘rsatkichga garashli sonlar va boshlangMch ildizlar

1.Ko*rsatkichga garashli sonlar va boshlang‘ich ildizlar.
Agar (a,m)=I bo‘lib 6>0
®

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

a<k) _i(mY )

Demak, 0<S<<p (m). Agar 5=<p(m) bo‘lsa, ya'ni a soni m moduli
bo‘yicha ¢p(m) ko‘rsatkichga tegishli bo‘lsa, a va m moduli bo”icha
boshlang ‘ich ildiz deyiladi. Agar m=p tub son bo‘lsa, a soni p modul
bo‘yicha boshlang‘ich ildiz bo‘lishi uchun u p-1 ko‘rsatkichiga tegishli
bo‘lishi kerak. a sonining m moduli bo‘yicha tegishli bo‘lgan
ko‘rsatkichini topish uchun quyidagicha yo‘l tutish mumkin:a,a2a3...
lami hisoblaymiz, toki birinchi aé=i(modw) shartni ganoatlantiruvchi s ni
hosil gilgunga gadar.

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

1\VKma(modm) bo‘lsa, u holda a va a2 lar m moduli bo‘yicha bir xil
ko‘rsatkichga tegishli boiadi.

Demak, agar a soni m moduli bo‘yicha 6 ko‘rsatkichga tegishli
bo‘lsa a bilan tagqoslanuvchi sonlar a+mt ning barchasi shu 5
ko‘rsatkichga tegishli bo‘lar ekan.

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

ala e\ flw (3)

sonlari m moduli bo‘yicha o‘zaro taggoslanmaydi. Bu xossadan kelib

chigadiki, agar <y=p(m)bo‘lsa, (3) sistema 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

a7s a¥(modm) N

boMishi uchun rnri(modS) bo‘lishi zarur va yetariidir.

Natija.1). Agar a soni m moduli bo‘yicha S ko‘rsatkichga tegishli
bo‘lib, a¥ = 1 (modm) bo‘lishi uchun r-o(mod]) bo‘lishi zarur va
yetariidir.

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

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

soni \—OgK-) ko‘rsatkichga tegishli bo‘ladi. Xususiy holda, agar (k,S) =/

bo‘lsa, y=8, ya'ni a-soni ham 8 ko‘rsatkichga tegishli bo‘ladi.

3. Ko‘rsatldchga qarashli sinflarning mavjudligi va ularning
soni. Biz bundan ilgari har bir (atm)=1 shartni ganoatlantiruvchi sonining
m moduli bo‘yicha biror s (S<{m)ko'rsatkichga tegishli ekanligini

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

Lemma, p-1 sonining bo‘luvchisi 8 soni p moduli bo‘yicha yoki
birorta bam sinfeing ko‘rsatkichi bo‘lmaydi yoki <p(S) ta sinfoing
ko‘rsatkichi bo‘ladi.

(Bu lemmani boshgacha gilib quyidagicha aytish mumkin. Agar p
moduli bo‘yicha 8 ko‘rsatkichga tegishli biror sinf mayjud bo‘lsa (bu
yerda s |p-1), u holda shunday sinflar soni”) bo‘ladi).

Agar p moduli bo‘yicha 8 ko‘rsatkichga tegishli sinflar sonini 4/(8)
bilan belgilasak lemmani
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ko‘rinishda yozish mumkin. Bu agar 5 ko‘rsatkichga tegishli sonJar
mavjud bo‘lsa wod bo‘yicha ulaming soni p —Iga tengligini bildiradi.
Lekin berilgan 6 uchunp modul bo‘yicha shu ko‘rsatkichga tegishli son
mavjud yoki mavjud emasligiga javob bermaydi. Bunga ushbu teorema
javob beradi.

Teorema (Gauss)./? tub modul bo‘yichaphi ning har bir bo‘luvchisi
6 uchun shu 6 ko‘rsatkichga tegishli bo‘lgan $>(£) ta sinf mavjud,
Xususanp moduli bo‘yicha <p(p - 1) ta boshlang‘ich ildiz mavjud.

Umuman boshlang‘ich ildizlar ««2,4,/ vi2pemodullari bo‘yicha-
gina mavjud. Bu yerdap>2 tub son va c£l. 1.M.Vinogradov p tub son
bo‘lsa, u holda 22 Jp top dan katta bo‘Imagan boshlang‘ich ildiz mavjud
ekanligini isbotlagan, bu yerda k soni p-1 ning har xil bo‘luvchilari
sonidir. Boshlangich ildizni topishning effektiv usuli esa hozirgacha
topilgan emas. Qarab chigilganlardan agar

£d Et B+
g* #l, gst *1 t

bo‘lsa, u holda g ning p moduli bo‘yicha boshlangMch ildiz bo‘lishi
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 bodsa, golgan barchasini g k(modp) ning eng kichik
musbat chegirmasi sifatida aniglash mumkin. Bunda (k,p —1) =
Ival<fc<p-lI.

309.1) 2 soni 7 moduli bo‘yicha tegishli bo‘lgan darajako‘rsatkichini
toping.

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

3) 5 ning m=7 moduli bo‘yicha ganday ko‘isatkichga 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:

D.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.



312. Quyidagi modullar bo‘yicha barcha boshlang‘ich ildizlami
toping:

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

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

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

314. Quyidagi modullarning har biri  bo4yicha eng kichik

boshlang‘ich ildizni bilgan holda barcha boshlang‘ich ildizlami toping:
N.p =19 2)p=23; 3).p=23L

315. 6 moduli bo‘yicha boshlang”~ch ildizlarning barcha sinflarini
toping.

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

317. 227 + 1,(n = 1,2,...) sonining tub bo‘luvchilari kK ®2n+1 + 1
ko‘rinishda bo‘lishini isbotlang.

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

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

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

V.2-8. Indekslar va ularning tatbiglar

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

¢>g, g\ g" ©)
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
o”r, s p-1 son bilan taggoslanuvchi bo‘lishi kerak, yani
asg”modp), )
Agar (a,p)=I boisa,
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as gr{moAp\ />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= (modp) .

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

0,1,2, o, p-2

Umuman har bir a soni (5) sistemada bitta indeksga ega. Lekin bir
asosdan ikkinchi asosga o‘tilsa indekslar umuman aytganda o'zgaradi.
Ikkinchi tomondan esa berilgan g asosga ko‘ra a soni cheksiz ko‘p
indekslar y ga ega. (1) va (2) dan bular manfiy bo*lmagan butun sonlar
bo‘lib

gr  (modp) shartni ganoatlantirishi kerak. Bu yerdag soni p modul
bo'yicha boshlang‘ich ildiz bo‘lganligi sababli, u p-1 ko‘rsatkichga
tegishli. U holda ko‘rsatkichga garashli sonlaming xossalariga asosan
yugoridagi taggoslama o‘rinli bo‘lishi uchun y m~(modp-I) bo‘lishi kerak.
Demak, r moduli bo‘yichap bilan o0‘zaro tub har bir chegirmalar sinfiga

1  bo‘yicha chegirmalaming biror sinfidagi manfiy bo‘lmagan
chegirmalardan iborat indekslar to‘pLami mos keladi va aksincha:
inda*mdb(modp-\) agrch  e«6(roodp) 6/V1Ca (4) ra 300CH

7*bla(T0Ap-\) ®)

Shuningdek indekslar quyidagi xossalarga ega:

1) ko‘paytma a b *ee/ ning indeksi p-1moduli bo'yicha shu
sonlar indekslari yig‘indisi bilan tagqoslanuvchidir, ya’ni

ind(a'b’... ly*inda+indb +...iruil(modp-1). (6)

2) indcf s ninda(modp-1)

Shuningdek M| mO(modp-I), mdgu kmodp - 1)

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‘Imagan boshlang‘ich ildizlar mavjud bo‘lgan m modul
bo‘yicha tuzish ham mumkin.
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Indekslarning taggoslamalamiyechishga tatbiglari.
a) Ddki hadli taggoslamalami yechish. 1kki hadli bir noma'lumli
tenglamaning umumiy ko‘rinishi
axt sh(mxim) ©)
Ma'lumki, murakkab m modul bo‘yicha taggoslamani tub modul
bo‘yicha taggoslamani yechishga keltirish mumkin. Shuning uchun ham
m -p bo‘lgan holni
cof LL6(mod p), p\a (8)
garaymiz. p>2 deb olamiz. p=2 bo‘lsa, 0 va 1chegirmalami sinab
ko‘rish yo‘li bilan yechish mumkin. (8) dan inda+nindx=indb(modp-I)
yoki bundan
nindx-indb- inda (modp-1). 9
Demak, 1) (n, p-1)=1 bodsa, u holda (9) va demak (8) ham yagona
yechimga ega;
2) (n,p-1)= d>1 bo‘lib, d\ind b-inda bo‘lsa, (9) va demak (8) ham d
ta yechimga ega;
3) (n,p-)=d>I bo‘lib, dfind b-inda bo‘lsa, (9) va demak (8) ham
yechimga ega emas.
b). jfraia(modp) (10)
taggoslamaning yechimga ega bo‘lishi sharti. Bu taggoslamani
indekslasak
nindx=inda(modp-\).
Bu yerda (,, p-\)=d bo‘lsa, (11) ning yechimga ega bo‘lishi uchun
inda*Q{modd) (12)

shartning bajarilishi zarur va yetarlidir. (12) shartni p vad ga
bog‘lig holda ifodalaymiz.
(12) ning ikkala tomonini va modulini Eélga ko‘paytiramiz, u holda

£j-inda.0(moip-i) yoki R,man esa

0" ~(modp) (13)

Shunday qilib (10) ning yechimga ega bo‘lishi uchun (13) shartning
bajarilishi zarur va yetarlidir.
B) Ko Trsatkichli taggoslamalamiyechish.
cf ~(mod;?). 19
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(14) dan xindas indb(modp-\) Bu taggoslamani esa osongina yechish

mumkin.

321. Indekslarjadvalini tuzing: 1). 2 asosga ko‘ra 29 moduli boyicha;
2). 5 asosga ko‘ra 23 moduli bo‘yicha.

322. 11 moduli bo‘yicha indekslar jadvalini tuzing.

323. Quyidagi taqgoslamalardan 6 ko‘rsatkichni aniglang:

1) S4 = I(mod7); 2)5a = I(modll); 3) 8= I(modl3);
4) 124 = I(modl7); 5)24* = I[(mod31); 6) 10e = 1(mod13)
7) 27s = I(modl7); 8)18s = I(modll); 9) 23s

= I(mod41l).

324. Indekslashdan foydalanib p tub moduli bo'yicha 2 dan p-1
gacha bo‘lgan sonlar tegishli bo‘lgan ko'rsatkichlami toping:1) p =
5 2)p=17, 3)p=1I1I.

32S.Indekslashdan 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)19.

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

327. Birinchi darajali taggoslamalami indekslardan foydalanib
yeching:

1) 7x = 23(modl7);  2)39* = 84(mod97);
3) 125x = 7(mod79);
4) 37* = 25(mod89); 5)4* = 13(mod37);
6) 37x s 5(mod221);
7) 47x = 13(mod667); 8)228* = 317(modI517).

328. Ko‘rsatkichli taggoslamalami indekslardan foydalanib yeching:

1) 2* = 7(mod67);  2)13* = 12(mod47);
3) 16* = ll(mod53);
4) 52x s 38(mod61); 5)12x = 17(mod31);
6) 20x s 21(mod41l).
329.1kki hadli taggoslamalami indekslardan foydalanib yeching:
1) 37xis = 62(mod73); 2)5x4 = 3(modll);
3) 2xB= 5(modl3);
4)2x3a 17(mod4l); 5)27x5s 25(mod31);
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6) l1x 3= 6(mod79);
7) 23x3 = 15(mod73); 8)8x26 = 37(mod4l);
9) 37n:8 = 59(mod61); 10) 18x8 = 6(modl3).
330Jkki hadli taggoslamalami indekslardan foydalanib yeching:
1) x12 = 37(mod41); 2)x55 = 17(mod97);
3) X3S = X7(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 = —47(mod53);
13) x2s —28(mod67); 14)x2= 56(mod41).
331. Eyler kriteriyasi va indekslardan foydalanib quyidagi sonlar 15,
16, 17, 18, 19, 20 dan qaysilari berilgan modul bo‘yicha kvadratik che-
girma bo‘lishini aniglang: 1) 23 moduli bo‘yicha; 2) 29 moduli bo‘yicha;
3) 41 moduli boyicha; 4) 73 moduli bo‘yicha; 5) 97 moduli bo‘yicha.
332. Berilgan modul bo‘yicha indekslaming bir sistemasidan
ilddnchi bir sistemasiga o4ish formulasini keltirib chigaring.
333. a ning ganday butun giymatlarida quyidagi munosabatlar
o‘rinli:
1)3a2—5:7;, 2)7a2+ 13:23; 3) 13a2- 11:29.

V3-8. Taggoslamalar nazariyasining ba’zi tatbiglari

1 Berilgan songa bo‘lishdan chilggan qoldigni hisoblast
Taqqgoslamalar yordamida bo‘linish belgilarini keltirib chigarish.

A. Birinchi bo‘lib fransuz matematigi B. Paskal berilgan N sonini |
ga bo‘lishdan chiggan goldigni hisoblash qulay bo‘ladigan qgilib boshga
son bilan almashtirishning umumiy usulini ko‘rsatgan. Biz bu usulni
o‘nlik sanoq sistemasida berilgan sonlar uchun garab chigamiz. Onlik
sistemadagi N soni N = a0+ ml0+ a2+102+ ..-f On*10n ko‘ri-
nishda bo‘lsin. 10k ning m moduli bo‘yicha absolyut giymati jihatidan
eng kichik chegirmasini rk bilan belgilaylik, ya’ni 10* = rk(modm),
K=04,...,nvaro = 1bo‘lsin. U holda

N = alr0+ at ert + a2er2+ ..+ Onemn Q)
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yoki
N = Rm(modm)

bajariladi. Bu yerda Rm = aOrO+ at err + a2er2+ ..+ a* m,,
yuqorida aytib o‘tilgan almashtirishni ifodalaydi. (l)-taggoslama
Paskalning bo‘linish belgisini ifodalaydi:

1. Rmva N ni m ga bo‘lishdan bir xil goldig 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, u holda 10 = I(mod3) va 10t= I(mod3)
bo‘lgani uchun R3=ao+ a* + a2+ ..+ On bo‘ladi. Bundan berilgan
sonning 3 ga bo‘linishi uchun uni tashkil etuvchi ragamlarining
yig‘indisining 3 ga boHinishi zarur va yetarli degan tasdiq kelib chigadi.

2). Shuningdek, agar m = 9 bo‘lsa, uholda 10 = I(mod9)va 10t =
I(mod9) bo‘lgani uchun R9=ao+at+a2+ ..+ On bo‘ladi.
Bimdan berilgan sonning 9 ga bo‘linishi uchun uni tashkil etuvchi
ragamlarining yig‘indisining 9 ga bo(linishi zarur va yetarli degan tasdiq
kelib chigadi.

3). Agar m = 11 bo‘lsa, u holda 10 = —4(modll) va 10ft=
(—H k(modll) bo‘lgani uchun Rtl = (a0+ a2+ —) —(at + a3 +
—) bo‘ladi. Bundan berilgan sonning 11 ga boMinishi uchun uni tashkil
etuvchi juft o‘rindagi ragamlari yig‘indisidan toq o‘rindagi ragamlarini
yig‘indisining ayirmasi 11 ga bo‘linishi zarur va yetarli degan tasdiq
kelib chigadi.

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

104 = —3(mod7), 105 = —2(mod7), 106 = I(mod7)  bo‘lgani
uchun R7= (a0+ 3ax 2a2) —a3—3a4—2a54— bo‘ladi. Bu
yerda endi ifoda biroz murakkab.

B. Endi 10 soni m moduli bo‘yicha 8 ko‘rsatkichga garashli bo‘lgan
holga to‘xtalamiz: bu holda 10* = I(modm) bo‘lgani uchun rs = 1.
Shuning uchun ham rs dan boshlab goldiglar takrorlanadi va Rm = a0 +
ai *ri + a2er2+ ..+ as-1’r$-i +as+as+1'ri + bo‘ladi.
3,7,9,11 modullari bo‘yicha 10 soni mos ravishda 1, 6. 1, 2
ko‘rsatkichlarga tegishli bo‘lgani uchun bu modullar bo‘yicha goldiglar
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mos ravishda rv r6, rIf r2 lardan boshlab takrorlanadi. Buni biz yugoridagi
1)-4)- misollarda ko‘rdik.

2. Oddiy kasrni o‘nlik kasrga aylantirishda hosil bo‘ladiga
kasrning davr uzunligini aniglash. A. Ma’lumki, maxrajida 2 va 5 dan
boshga sonlar gatnashgan gisgarmas 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,b) = 1 bo‘lgan holni garaymiz. Bunda
(a < b) bo‘lgan holni (| —to‘g‘ri kasmi) qgarash bilan chegaralanish

mumkin. Tushunarliki, bunday kasrning surati a soni bdan kichik va b
bilan o‘zaro nib bo‘lgan <p(b) ta quymatdan birini gabul giladi. Oddiy
kasmi o‘nlik kasrga aylantirishdagi singari ish tutib m gadamdan keyin
quyidagiga ega bo'lamiz:

I 10a = bgx+ rlt

j  1orl=bg2+r2 en

\Y/ 10rm ! = bgm + mt
bu yerdagi barcha rt goldiglar 0 < rt < b shartni ganoatlantiradi.
Shuningdek, b > a bo‘lgani uchun gx < 10; b > rr bo‘lgani uchun g2 <
10 va hokazo. Shunday qilib, barcha qt lar ragamlardir. Misol uchun:
f = 13/¢*sa’ 0) quyidagicha bo‘ladi: 10 «5 = 13 W3 + 11,
1011 = 13+8+6.10 6 = 13 W + 8, 10*8 = 13-6 + 2,
102 = 131+ 7,
10-7 = 13-5+5 (10
lardan iborat bo'ladi.

(da (10,b) = 1va(a, b) = 1bo‘lgani uchun (104, b) = 1 bo4adi
bundan esa (ritb) = 1 ekanligi kelib chigadi. Boshgacha gilib aytganda
rt lar b moduli bo‘yicha chegirmalaming keltirilgan sistemasiga tegishli
bo‘ladi, ya’ni ulaming soni g>b) tadan ko‘p bo‘la olmaydi. Shuning
uchun ham ko‘pi bilan ¢(b) gadamdan keyin goidigdagi va ular bilan
birga bo‘linmadagi ragamlar ham takrorlanadi. Bundan esa davrda <jp(b)
tadan ko‘p ragam bo‘Imasligi kelib chigadi.

B. Davrdagi ragamlar va davr hagida anigroq ma’lumotga e
bo‘lish uchun (1) dagi tengliklami b moduli bo‘yicha garaymiz:
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r 10a = r*modb),
10ri = r2(modb),

\ 10orm_i = rm(modb),
bulami hadlab ko4aytirib va (rrr2—m- Itti) = 1 bo‘lgani uchun
Mb -*Tn-i ga gisqartirib
10ma = m(jnodb) 3)

ni hosil gilamiz. Endi m gandaydir bir son bo‘lmasdan, balki 10 soni-
ning b moduli bo‘yicha tegishli bo‘lgan daraja ko*satkichi bo‘Isin, ya’ni
msoni 10ms 1(modb) taggoslama o‘rinli bo‘lgan eng kichik ko‘rsat-
kich bo‘Isin. Bunday m lar uchun (3) dan a = rm(modb) kelib chigadl
Buyerda0 <a<b\a0<rm<b bo‘lgani uchun a = rmkelib chigadi.

Shunday qilib, biz berilgan kasming suratiga teng bo‘lgan goldigni
hosil gildik. Bu yerdan kelib chigadiki, shu gadamdan boshlab goldiglar
takrorlana boshlaydi: rm+1 = rlt rm+2 = r2,... . Tushunarliki, ana
shunday aniglangan m soni kasming davridagi ragamlari sonini, davming
uzunligini bildiradi.

Demak, bu holda sof davriy kasrga ega bo‘lamiz va bunda davrdagi
ragamlar soni fagat berilgan kasming maxrajiga bog‘lig, suratiga bog‘liq
emas ekan. Bundan esa maxraji bir xil boigan barcha oddiy kasrlami o‘n-
lik kasrga aylantirilganda bir xil davr uzunligiga ega degan xulosa kelib
chigadi.

| C. Endi maxraj i bir xil bo‘lgan barcha oddiy kasrlami o*nlik kasrg
aylantirilganda davrda hosil bo‘ladigan ragamlarni aniglaymiz. (1) -
tengliklardan £ =y kasming davri qg+g2eegm] y kasming davri
DA ATVh> o » A kasming davri gic+i'""Qk dan iborat ekanligi
kelib chigadi.
Shunday qilib, * s kasrlaming davrlari biridan ragam-

lami doiraviy almashtirish natijasida hosil bo‘lar ekan. Bunda vy
kasming davrini hosil gilish uchun ~ kasming davridagi k ta ragamni
0°‘ng tomonga doiraviy almashtirish kerak bo‘lar ekan.

Misol. | = bo‘lsin. 10 soni 13 moduli bo‘yicha 6 ko‘rsatkichiga

tegishli bo‘lgani uchun davrda 6 ta ragam bo‘lishi kerak. Shuning uchun
ham (1°) ga asosan



=0,(384615), ~ = 0,(846153), ~ = 0,(461538),
A =0,(615384), ~ =0,(153846),

A= 0,(538461) (4)

larga ega bodamiz.

D. Agar 10 soni b moduli bo‘yicha boshlang‘ich ildiz bo‘Imasa (b "m
pa,cc> 1 bo‘lganda bu albatta, shunday bo‘ladi, chunki bunday b,
(b,20)=I modul bo‘yicha boshlang‘ich ildiz mavjud emas) u b moduli
bo‘yicha biror m<<p(b) ko‘rsatkichiga tegishli bo‘ladi. Ma’lumki,
bundam soni (p(b) ning bo‘luvchisi bo‘ladi, ya’ni <p(b) = m md, uholda
maxraji b gat eng bo‘lgan gisgarmas  <p(b) ta kasrlar dta sistemaga
bo‘linadi. Bular:

1° H rm-l o £I sm -l fo £I cTn-1 lorHan

b>b"*“” b "b*bi®W” b * " b'"be "D
iborat bo‘ladi. Buyerda sOsoni rO,rlt—, T _r lardan fargl i® kasming

surati.
MisoL 10 soni 13 moduli bo‘yicha 6 ko‘rsatkichiga tegishli boMgani
uchun u boshlang‘ich ildiz emas. Shuning uchun ham maxraji 13 ga teng

boigan to*gri kasrlard = 6 "ot sistemaga ajraladi. Bulardan bin

bilan biz yuqoridagi misolda tanishdik ((4) ga garang). Ikkinchisini
aniglash magsadida maxraji 13 ga teng bo‘lgan surati esa (4) dagi

kasrlaming suratidan farq giluvchi biror kasmi olamiz. Masalan, u
holda (4) ni tuzishdagi singari yo‘l tutib

1 10 9
— =0,(076923), — = 0,(769230), =

= 0, (692307),
L, = 0,(923076), 0,(230769), N =0,(307692)
lami hosil gilamiz.
E. Endi b bilan 10 soni o‘zaro tub bo‘Imaganda | kasmi o‘nlik

kasrga aylantirishni garaymiz. Faraz etaylik b = 2a 5" mbx bo‘lsin,
bunda (blt10) = 1.a va/? sonlaridan eng kattasini n bilan belgilab
olamiz. U holda
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10na 2n“amSn~&ea ax

b b+ ~V
(b, 10) = 1 kasmi o‘nlik kasrga aylantirib
0na ax

— (n192m Ang

ni hosil gilamiz. Bundan | ni topish uchun uni 10” ga bo'lamiz.
U holda vergulni n ta belgi chap tomonga surish kerak boladi. Buning
natijasida i = k, ktk2—kn(qtg2—qgm) dan iborat aralash davriy
kasrga ega bo‘lamiz.

3. Arifmetik amallar natijasini tekshirish. Faraz etaylik Nt sonini
N2 ga go‘shib N soni hosil gilingan bolMsin:

N = Nt + N2 (5)

U holda Nt =rlf N2=r2,N = r(modiri) deb yozish mumkin. (5)
ga asosan

rt +r2=r(modm) (59
bajarilishi kerak. Shunga o‘xshash

N = Nt - N2 (6)

bo‘lsa,
r+—r2 = r(modm); (6"

agarda
N = Nt -N2 (7)

bo‘lsa,
r*er2 = r(modm); (7

agarda
N= W&+ N3 (8)

bo‘lsa, ya’ni N ni  gabo‘lsak N2 tadan tegib W& qgoldiq qgolsa,
ri ’r2+r3 —r(modm) 8'
bajarilishi kerak. Tushunarliki, (5") —(87) shartlar (5) —8)
lardagi amallaming to‘g‘ri bajarilgan ekanligini tekshirishning zaruriy
shartlari bodib ular yetarli shatlar bo‘la olmaydi.

Amallar natijalarini tekshirish imkoni boricha ishonchli va bir
vagtning o‘zida sodda bo‘lishi uchun modul sifatida 9 soninni tanlash
ma’qul, chunki sonni 9 ga bo‘lishdan chiggan qoldiq shu sonni tashkil
etuvchi ragamlar yig‘indisini 9 ga bo‘lishdan chiggan qoldigga teng. Bu
jarayonda berilgan sonning barcha ragamlari ishtirok etadi, shuning
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uchun ham ishonchlilik darajasi yuqgori va jarayon sodda bo‘ladi. Lekin
m = 10 ni olsak jarayon yanada soddalashadi, lekin bunday tekshirishni
ishonchli deb bo‘lmaydi, chunki bu jarayonda berilgan sonning 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:

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

3). a= (1271% + 34)28, m = 111; 4). a=8!'m=11.

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

336. Eyler teoremasini go‘llab a sonini m ga bo‘lishdan chiggan
goldigni toping: 1). a = 174249, m = 13; 2). a = 18632s-5 ,m= 10;
3). a =23773-\m = 37 «73.

337. Quyidagi sonlaming oxirgi ikkita ragamini toping:

1). 20320; 2). 243402; 3). 1812 +1941 «1965; 4). (116 + 1717)21.

338. Isbotlang: 1).(232 + 1) : 641;  2).(222sss + 555222) : 7;
3). (220119 + 6922011" + 11969220 « 102; 4). (62n+1 + 5n+2) : 31.

339. 4¢('n)-1 sonini m > 1 toq soniga boMishdan chiggan goldigni
toping.

340. Indekslardan foydalanib berilgan a sonini m ga bo‘lishdan
chiggan qgoldigni 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 0a;

3) 12 9a; 4) 15; 18; 45 gabo‘linish belgisini keltirib chigaring.

342. 792 ga bo‘linadigan 13xy45z ko‘rinishidagi barcha sonlami
toping.

343. Quyidagi oddiy kasrlami cheksiz o*nli kasrlarga
aylantirmasdan davr uzunligini aniglang:

1) 2)N; 3) 4) bunda (a,97) = 1
344. Quyidagi oddiy kasrlami o‘nli kasrlarga aylantirganda hosil
bo‘ladigan davr uzunligini aniglang:

A 17-237 2) 53-59° 17-23-31

1113 17'" 1337
64



345. Quyidagi oddiy kasrlami o‘nli kasrlarga aylantirganda hosil
bo‘ladigan davr uzunligini aniglang:

A 14; A B50* A 523%31' A 4.53.73' A 10 37*

346. Taqgoslamalardan foydalanib quyidagi tengliklaming xato
ekanligini ko‘rsating: 1). 4237 «27925 = 118275855; 2).
42981:8264 = 5201; 3).19652 = 3761225.

347. Taggoslamalardan foydalanib quyidagi tengliklaming
to‘g‘riligmi tekshiring: 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

V1.1 -8. Chekli uzluksiz kasrlar

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

a+

(9

fAn

(1) ga b ratsional sonining chekli uzluksiz (zanjirli) kasrga yoyilmasa

deyiladi. Bunda q0 - butun son, glt g2, ..., gn lar natural sonlar, gt larga
diala bo‘linmalar ham deyiladi. (1) yozuv o0‘miga

b= 5<% (2)

gisga yozuv ham ishlatiladi. Agarda biz gn>I, bo‘lishini talab gilsak
(2) yagonadir. Aks holda yagona bo‘lmaydi, chunki  q,=("-i)+~.

To‘g‘ri musbat kasmi uzluksiz kasrga yoysak q0 = 0 bo‘ladi. Agarda
manfiy kasmi uzluksiz kasrga yoysak birinchi elementi q0 < o bo4adi,

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

Shuningdek har ganday butun sonni m=(m) bir elementli uzluksiz
kasr deb, har qandayﬁko‘rinishdagi to‘g‘ri kasmi esa E:(Q m)deb garash
mumkin.
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Uzluksiz kasrlaming tatbiglarida munosib kasrlar deb ataluvchi

<o $l=h+-“> N Xo+— sn-qQr—-—-b----—-
ushbu * ox ¥+

+-L
sh
yoki

S0 = s> = K0od0> 52 = (b5 >
o SN = (QO>ASE> eseed]n)
kasrlar muhim hamiyatga ega.  Tushunarliki.
= (ﬂ0>ﬂ1*ﬂ2>""ﬂl'l) =
ga odatda k-tartibli munosib kasr deyiladi. Endi sk= _ deb olsak

uning surat va maxrajini hisoblash uchun quyidagi rekurent fonnula

(Pk = Jlc-14* + Pk-2 b_nl2
I<fc = + gfc-z2 "

o‘rinli. BundaP_2=0, Pa= 1lva (?.2= O-i =0 deb
olinadi. Munosib kasrlami hisoblashda quyidagi javdal ancha qulay

=4 go 4i e A2 Akl Sk «0 An

i 2% S% Po-qo  Pi .. Pk2 Pkl Pk .. Pn
Q-2 % . :

Qi = 1 s*° Qo=l Qi Qk-2 Qk-i  Qk Qn

Munosib kasrlar va berilgan - kasr orasida quyidagi munosabatlar
o‘rinli:
65<Z?|2'<63:§ IKE:< " <6£<65<6I'
Bu yerdan ko‘rinadiki, | - kasr doimo ikkita go*shni munosib kasr
orasidajoylashgan bo‘ladi. Bunda munosib kasrlaming tartibi o‘sishi
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bilan ular orasidagi interval kichrayib boradi. j —kasmi ~ - munosib
kasr bilan almashtirishdan hosil bo‘ladigan xatoliknk baholash uchun

munosabatdan foydalanamiz.
348. Berilgan kasrlami uzluksiz kasrga yoying:

Df -2> 3)1.23, 4) £
349. Berilgan chekli uzluksiz kasrlarga mos gisgarmas oddiy kasmi
toping:
1)(1,1,2121,2), 2)(0,1,2,3,4)5), 3) (54,3,21), 4)(a,aaaa),
5) (a,b,a,b,a), 6)(2,1,1312), 7)(1,1,23,4), 8)(25,3,2,14,2,.3).
350. Quyidagi kasrlami uzluksiz kasrlarga yoyishdan foydalanib

gisqartiring:
3587 1043 3653 11281 1491
N2743° 2 3427 3 3107" 4' 6583 12247 ¢
351. Tenglamalami yeching: 1) (x,2,3,4) = 2)7(Xyz + x +

z) = 10(yz + 1).
352.Berilgan kasrlami uzluksiz kasrga yoying va uni ——munosib

kasr bilan aimashtirib xatoligini aniglang hamda almashtirishni tagribiy
tenglik yordamida xatoligini ko‘rsatgan holda yozing:
u29 163 _ 648 /m 1882
377~ 159 ~385° ~1651° p
353. Berilgan kasrlami uzluksiz kasrga yoying va uni ~ - munosib
kasr bilan aimashtirib xatoliogini aniglang hamda almashtirishni tagribiy
tenglik yordamida xatoligini ko‘rsatgan holda yozing:

571 2341
A 359 3721) 1721*
354. Tishlari sonining nisbati 2= ga teng bo‘lgan ikkita shestema

yordamida tishli uzatma qurish talab etiladi. Tishlari sonining berilgan
nisbatini surat maxraji eng kichik bo‘lgan va xatoligi 0,001 dan
oshmaydigan uzatmani qurish texnik jihatidan mumkinmi?

355. (2,2,2,...,2) uzluksiz kasmi 2 ga bo‘lishdan hosil bo‘lgan
bo*“linmani toping.
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356. (a,a,a, ...,a) uzluksiz kasmi 2 ga boiishdan hosil boigan
bo‘linmani toping.
357. Tenglikni isbotlang:

358. Agar Pi va Qi lar (gltg2, ..., gn) ~ uzluksiz kasming munosib
kasrlarining elementlari boiib, n > 1 bo‘lsa

M n
= (Ao dn-I»  *7iyva 7 = A n'M-i* —o)
O| | Vn-I|

ekanllgml ko‘rsating.
359. ’\va 0 laming gisqarmas kasr ekanligini isbotlang.

360. Isbotlang:
1 +V2)n+t1- (1-V 2)n+1

(1+V2)n-(1 -V 2)n

361. Pn<h_ ! —QnPn-1= (*1)” 1 munosabatdan foydalanib ikki
nomaiumli birinchi darajaii anigmas tenglamalami yechish usulini bayon
qiling.

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

363. Agar a natural son boisa, - gisgarnas kasr

ekanligini isbotlang.
364. Simmetrik uzluksiz kasr (gn = €1, n-i = q2#e ) lar uchun
Pn-i —Qn munosabatning o‘rinli elimligini isbotlang.

365. Agarn > 2 boisa, @1 > 2 2 ekanligini ishotlang.

366. PnOn-i —MPn-i = (—)n munosabatdan foydalanib ax =
b(modm) taqgoslamaning (a,m) = 1 boigandagi yechimini topish
uchun formula keltirib chigaring.

367. 366- misolda bayon gilingan usuldan foydalanib quyidagi
tagqoslamalami  yeching: 1) 95x = 59(mod308), 2)91x =
I(modl32).

(2,2,2....2) =
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VL2 -8. Cheksiz uzluksiz kasrlarning yaginlashuvchaniligi

Munosib kasrlar quyidagi xossalarga ega:

S -£ = S £ yoki
Bu yerdan aqisqarmas kasr degan xulosaga kelamiz, chunki (Pk,
Q)-t. _ _ L o
2°. Munosib kasrlarning tartibining o4ib borishi bilan ularning juft

tartiblilari o‘sadi, toq tartiblilari esa kamayadi. Bunda har bir juft tartibli
munosib kasr ixtiyoriy toq tartibli munosib kasrdan kichik bo‘ladi.

3°. a=0,0.qt....gk ak+l) = K=
1,2,... vaafctl = (qk+H#qgk+2, ...).

4°. a = (q0,qlr...,qk, ...) —irratsional soni uchun
Pg P2 M P1

< < < < < <P5<P3<
Qoz&-zgc...arbrs&;q

va
a= kljm)°Qk

munosabatlar o‘rinli. R —munosib kasr a —hagigiy soni uchun eng

yaxshi ratsional yaginlashish bo‘ladi, ya’ni maxraji y < Qk shartni

ganoatlantiruvchi birorta ham X ratsional kasr a - hagigiy soniga B

munosib kasrga garagan yagin bo‘la olmaydi. ’é(—kasr a — hagiqiy

soniga T aniglik bilan yaginlashadi. a —haqiqiy soniga berilgan e

aniglik bilan yaginlashadigan munosib kasmi aniglash uchun Qk >

bajariladigan qilib olish kerak bo‘ladi. Shuni ham ta’kidlash kerakki,

bunday aniglikni kichikiroq tartibli munosib kasrlar ham ta’minlashi
mumkin.

368. Quyidagi sonlami 4-tartibli munosib kasrlar bilan almashtiring.
va buning natijasida hosil bo‘ladigan xatolikni baholang:
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5)— . 6)— 5— .

369. }éﬂi- —sonini imkoni boricha kichik maxrajli munosib kasr

bilan almashtiringki, bunda xatolik 0,0001 dan katta bo‘Imasin.

370. Berilgan sonlarga 0,001 gacha aniglikdagi eng yaxshi
yaginlashishni toping: 1). n/2, 2).n/3, 3).V7, 4).n/TT.

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

372. Awalo » va ~ laming ikkalasi ham a ning bir

Qn Qn+Qn+i

tomonida yotishiga ishonch hosil qiling va |g — N—-
tengsizlikning o‘rinli ekanligini isbotlang.

373. Agar gn - chala bo‘linma bir necha birlikka ortsa n-tartibli
munosib kasr ortadimi yoki kamayadimi?

374, n>1 Dbolsa quyidagi tengsizliklardan hech bo‘lmasa

V1.3 -8.Cheksiz uzluksiz kasrlar va kvadrat irratsionalliklar

Butun  koeffitsiyentli kvadrat tenglamani ganoatlantimvchi
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 boiishidan gat’i
nazar) kvadrat irratsionalliklar bilan yagindan bogiangan. Bu
bogianishlami quyidagi teoremalar yordamida ifodalash mumkin:

I.Har bir cheksiz davriy uzluksiz kasrlar (sof yoki aralash
boiishidan qat’i nazar) butun koeffitsiyentli kvadrat tenglamaning
haqiqiy ildizi, ya’ni kvadrat irratsionallik bo“ladi.



2. Har bir butun koeffitsiyentli kvadrat tenglamaning haqic
irratsional ildizi cheksiz davriy uzluksiz kasr (sofyoki aralash boiishidan
gat’i nazar) ga yoyiladi.

375. Quyidagi uzluksiz kasrlar bilan berilgan kvadrat irratsional-
liklarai toping: 1). <%3), 2).(14X2), 3).(3%5), 4).(1,2,3,4),

5).(0,1,1,1,1,2,2,2), 6). (a, a, 2a), 7).(2,2,1,1).

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

377.Agar 1) g =f ,afet1=V2, 2) g =2, «fe+tl =175
boisa, a irratsionalliklami toping.
378. Uzluksiz kasrlarga yoying va ” ni aniglang: 1) Vx2 + 1,

2) Va4 + 2a.
379. Va2 + a + i irratsionallik cheksiz davriy uzluksiz kasrlarga
yoyilsa, ~ boiishini ishotlang.

380. a va 2 lar natural sonlar boisa, bx2 - abx —a kvadrat uch
hadning musbat ildizining sof cheksiz davriy uzluksiz kasrlarga
yoyilishini isbotlang. Teskari teorema o‘rinli boiadimi?

381. Quyidagi teoremani isbotlang: agar butun koeffitsiyentli
kvadrat tenglamaning bitta ildizi x = (a, b) boisa, uning ikkinchi ildizi
e boiadi.

382. Agar musbat kvadrat irratsionallik sof cheksiz davriy uzluksiz
kasrga yoyilsa, unga qo‘shma boigan irratsionallikning (—,0)
intervalga tegishli boiishini isbotlang.

383. Agar butun koeffitsiyentli kvadrat tenglamaning bitta ildizix =
(a, b, ¢) bo‘lsa, uning ikkinchi ildizi a —(c, b) bo‘lishini isbotlang.

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

385. a = (a,b,c) vap = (c,b,a) sonlarining x = (afb,c) vay =
(c, b, a) sonlariga proporsional ekanligini isbotlang.

386. Vn - (nnatural son) ko‘rinishdagi irratsionallikning davri

ikkinchi chala bo'linmadan boshlanuvchi cheksiz davriy uzluksiz kasrga
yoyilishini isbotlang.
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VL4 -8. Algebraik va transsendent sonlar

Ushbu
aOkn+ar*mi1+- + a*=0, (a0do) (1)
ratsional koeffitsiyentli n-darajali tenglamaning ildizi a ga algebraik
son deyladi. Aks holda a ga transsendent son deyladi. Boshgacha gilib
aytganda algebraik bo‘masagan sonlarga transsendent sonlar deyladi.
Ta’rifdan umuman olganda a algebraik son, bu kompleks son
bo‘lishi kelib chigadi. Ma’lmnki, ratsional koeffitsiyentli tenglamani
hamma vagt butun koeffitsiyentli tenglamaga keltirish mumkin.
Agar a
xn+alXn_1+ —+ On=0, (2)
ratsional koeffitsiyentli n-darajali bosh hadining koeffitsiyenti 1 ga
teng boigan tenglamaning ildizi bo‘lsa, a ga butun algebraik son deyiladi.
Agar a (1) tenglamaning ildizi bo‘lib darajasi undan kichik bo‘lgan
algebraik tenglamaning ildizi bo‘lmasa, a ga n-tartibli algebraik son
deyiladi.
Agar a vap laralgebraik sonlar bo‘lsa, uholdaa + p,a—p, am
P larvaagar p @0 bo‘lsa j ham algebraik son bo‘ladl Bundan
tashqgari quyidagi teoremalar o‘rinli.
Liuvil teoremasi. Har bir hagigiy n-tartibli a algebraik son uchun
shunday 0O soni mavjudki, a dan fargli barcha - —ratsional sonlar

uchun |a — AN munosabat o4inli boiadi.

Natija. Agar gn > (Qn- =1,2,... bo‘lsa, a = (q0,
gi>gz>—) irratsional son transsendent son bo‘ladi.

Gelfond teoremasi. Agar a soni 0 va 1dan fargli algebraik son, p
esa tartibi 2 dan kichik bo‘lmagan algebraik son bo‘lsa, u holda  —
transsendent son bo‘ladi.

Lindeman teoremasi x = 0vay = 1 dan boshga hollarda y =
ex tenglamada x vay sonlari bir vaqgtda algebraik son bo‘la olmaydi.

387. Quyidagi sonlaming algebraik sonlar ekanligini ko‘rsating:

1).]; 2)V3; 3). V3. 4). 1+V2;, 5). 2-V2; 6). 1+1i;

7).V3+VS;8). "4—V2; 9).a+ VF, 10).a+ iVb
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(bundaavablarratsional sonlar); 11).cosn—

+isin= . Si :
|5|n7l, 12). sinlO0

388. Quyidagi algebraik sonlaming tartibini aniglang:
1).a+ bi (avab ®o larratsional sonlar); 2). L,
3. V2-1; 4). V2-V3;5). V3+V5 6).2+i.

389. Berilgan tenglamalaming ildizlarining algebraik sonlar
ekanligini isbotlang: 1).x3+ 2V2x2+ 2 = 0; 2).x2+ 2ix + 10 = 0.

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

1).x3+2x2~4x +2=0; 2).2x5+ 6x3- 9x2- 15=0,

3).x4- Sx2+ 10x+ 20 =10, 4).*5- 3x2+ 12*- 6= 0.

391. Liuvil metodidan foydalanib  birorta transtsendent scmni
quring.

392. Liuvil soni a =" +7P?+”" + - ning transtsendent
ekanligini isbotlang.

393. Gelfond teoremasidan foydalanib quyidagi sonlaming
transtsendent ekanligini isbotlang:

2)l0g210-. 3). in5; 4). 37; 5). 57; 6).27; YA31',
8).52-".

74



M gism. Javoblar

1.1-8.
1.233. 2.1)fc=7,8var =41 2)i>=89var =26.
13.n = 5f+1van=5%+3, q=0,1,2,...
23.S5,, = 81-(10n+1 +9n - 10).
12-8.
27.1)21.2) 13.3) 37.
28.a)21 va6300.i>) 23 va2799997. 33.ha. 35.a)d.
b)m. ¢)l. d)d.36.a)l.b)l. ¢)1. 39.2a)23. 2b)7.
41.(nn+1,n+2)=1 [nn+I,n+2]=n(n+1)(n+2),
agardantogsonbo'lsava[n,n+ 1,n + 2] = *n(n + 1)(n + 2), agarda

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

13-8.

55. N = px—2, bunda pj- tog tub son. 58. 1) 127 — tub
son. 2)919— tub son. 3) 7429 = 17 <437 — murakkab son.
59. 1)101,103,107,109 lar tub sonlar. 2)191,193,197,199 lar tub
sonlar. 3) 211.4) 2647, 2657, 2659, 2663, 2671, 2677.

61. 211+ 2, 211+ 3, .... 211+ 20, 211+ 21.62.n,n+ 10,n + 14
sonlar bir vagtda tub bo'ladigan n ning fagat 1ta giymati n = 3 mavjud.
63. p = 3 giymatida 2p2+ 1 = 19 —tub son bo‘ladi.

64. p=5.67. 218+ 318 = 13m 61 37+ 73+ 181.

M.1-8.
76. 1)1(5)=3. 2)1r(10) = 4. 3) 5(25) = 9. 4) W(37) =
12.5)71(200) = 46. 6) Tr(HOO0) = 168.77.1)Tr(K00) «22 <0 =

= 12%. 2) 7t(500) » 80,<u« 16%. 3)tr(KOO0) « 145, (0 «
14%. 4) 7r(3000) * 3,75; w « 12%.
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n.2-s.
81.a)3.b)11. c) 1.d)2. €)3. )2. ¥)2. /) - 2.i)- 1 fo) 7.
89.a) —113<x<—V2vaV2<xSV3 b)x=1 c)x =0,

| .d) x = Of.

91.[—x] = (—4*] ga;asarx butun son bo'lsa; .5
—1 ga; agar x kasir son bo Isa*
96. 33.97. 502. 98. Pl 99.48.100.11! = 283452 w7 m11.

nl01.148.102. p = 2bo‘lsa, m + Xf=i [\Jj] gateng; p > 2bo‘lsa,
2f:1]Hj5 gateng. 103.2m +1<x<2m+2, m =0,1.2,... .

104.a > 0 bo‘lganda[-~ ~ ] <d, a< Obo‘lganda[ - ~ 2f] > d.
105. £Ek=a([/(*)] + 1). 106.136.107.5631.

Mna3-s§.
108. 1).r(375) = 8,<x(375) = 624.2). 1(720) = 30,<x(720) = 2418.3).
t(957) = 8,<r(957) = 1440.4).7(988) = 12, <r(988) = 1960.
5).1(988) = 24, ff(990) = 2808.
6).71(1200) = 30, <(1200) = 3844.7).r(1440) =
36, <r(1440) = 4914.8).r(1500) = 24, a(1500) =
4368.9).t(1890) = 32 ,<r(1890) = 5760.10).7(4320) = 48,
<T(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). r(m)r(n) > T(mn). 2). o(m)o(n) >a(mn).
116. <S(m) = Vm*™) va 5(10) = 100.

76



Tifc(a(+i)_1
118. ak(n) = UUi pk_r "*H9.1). 02(12) = 210. 2). 12(18) = 45S.
3). 43(36) = 6643.4). 92(16) = 341.5). 13(8) = 585.
123.1).n = 18.2).n = 16875.124.p ~ ] .

125. N = 23527 = 1400.126. N = 26+3s 54 = 9720000.129.
JT = 2353 = 120.
M.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.b). 3.¢).p > 2bo'lsa
tenglama yechimga ega emas. p = 2 da ixtiyoriy natural son X
tenglamaning yechimi boMadi. d).x = 2; y = 3.141. (m;n) > 1 bo‘lsa,
<p(T)dp(n) < (p(mri) bo‘ladi. 144. pa. 16. S = *T<p(T). 148.1)p =2
tenglama bittax = p = 2 yechimga, p > 2 bo‘lsa tenglama 2 ta p va 2p
yechimga ega boMadi. 2). Tenglama yechimga ega emas. 3).X =
15; 16; 20; 24; 30. 4). x = 5;13; 21; 26; 28; 36;42. 149. D.x =
2«+i; 2«-1 *5; 2*3; 15; 2*~2ml5.2).p = 3 ixtiyoriy x ganoatlanti-
radi p @ 3 dayechimi yog. 150. m = 7875.151. x = 143.152.14161.
153. a).p = 2 da berilgan tenglamani x ning barcha toq giymatlarini
ganoatlantiradi; p > 3 boisa tenglama yechimga ega emas. b). Agar
(x;p) = | bo‘lsa, yechim yo‘g. Agar X = p*1ep*2eeesPkk bo‘lsa,
berilgan tenglamani x ning p ga karra natural giymatlari ganoatlantiradi.
154. a).x = 2* tenglamaning yechimi (oc> 1). b). x = 2*«3". ().
yechimga ega emas. 157. <p(2) + <p3) + —+ <p(n). 158. 8 ta.

L /14

159. Barcha butun sonlar 1 moduli bo*yicha o‘zaro taggoslanuvchi.
160. Masalan 9,17 lar. 161.a),b). 165. x = 2+ 10t,teZ ,x =
2,12,22, - 8,-18. 166. a).x = 0(mod3), x = 3t,t GZ. bh)jx =
I((mod2),x = 1+2t, t€Z 167. a)m=1234,6,12. b).m=
1,2,p,2p. 168. m = 1,2,4,8. 169. Misol uchun 1,11,101, 1001,.- .
170. a), b), ¢). 171. x = 2 + 57, tt - ixtiyoriy butun son.
181. 1).8va 9.2). Ova?.
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m.2-8.
195. x = 04,2,...,9(modl0). 196. 1).1, 2,3,4, ... ,9lar 9 moduli
bo‘yicha eng kichik musbat chegirmalarining toia sistemasi.
—9,—8,-7,... ,—2,—1 lar 9 moduli bo‘yicha eng katta manfiy
chegirmalaming toia sistemasi; 0 ;£1; +2; +3; +4 lar 9 moduli
bo‘yicha absolyut giymati jihatidan eng kichik chegirmalarining toia
sistemasi. Chegirmalaming keltirilgan sistemalar 1,2,4, 5,7,8;
c—8,—,-5,—4,—2,—1; #1; x2; =4 lardan iborat.
2). Chegirmalarining toia sistemalari
1.234... ,8,—8,—,—6,—5,... ,—2,—1; £1; +£2; +3; +4.
Chegirmalaming keltirilgan sistemalari 1,3,5,7; —,—3,—5,—,;

+1: +3 lardan iborat.

3). Chegirmalarining toia sistemalari:
1.2.3.4.....13;-13,-12,-11,... ,-2,-1;0,%1,+2,£3, £4, 5, 6.
Chegirmalaming keltirilgan sistemalari:
1.2.34...,12; -12,-11,... ,-2,-1;

+1, 12, 13, 14, 15, +6.
4).Chegirmalarining toia sistemalari:
1,2,3,4,...,12; -12,-11,-10,... ,-2,-1;

+1,%2,+3,£4, 5, +6.

Chegirmalaming keltirilgan sistemalari:

15,7,11; -1,-5,-7,-11; #1; +5.
5). Chegirmalarining toia sistemalari:
1,2,3,45,6,7;-7,-6,-5,-4,-3,-2,-1; 0,+1,£2, 3.
Chegirmalaming keltirilgan sistemalari:
123,456, -7 -6,-5,-4,-3,-2,-1; 1, £2,%3.
6).Cheginnalarinmg toia sistemalari:
1.2.3.4.... ,10;—0,—9,—s8,..., —2,—1; #1, £2, £3, +4, 5,
Chegirmalaming keltirilgan sistemalari:

1,3,79; —9,—,—3,—1;£1, 3.

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

198.<*;.x = 1,3,7,9(modl0).~.x = 2,4,6,8(mod 10).c).x =
5(modl0).d)jc = O(modIO). 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, x4, 5, umumiy holdax = 10g+r,0<r < 10vaq GZ
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 9 moduli
boyicha musbat eng Kkichik chegirmalaming to‘la sistemasi;
0,1,2,3,4,5,6,7,8-lar m = 9 moduli bo‘yicha manfiy bo‘lmagan eng
kichik chegirmalaming to‘la sistemasi; 0,£1,+2, +3,+4- lar m=9
moduli boyicha absolyut giymati jihatidan eng kichik chegirmalaming
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 —ar m-9
moduli bo‘yicha manfiy bo‘lmagan eng kichik chegirmalaming
keltirilgan sistemasi; +1, +2, +4- lar m=9 moduli bo‘yicha absolyut
giymati jihatidan eng kichik chegirmalaming keltirilgan sistemasi bo‘ladi.

LL1.3-8.

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 + 3L teZ.b)x = 1+ 51,teZvax =
2 + St, teZ.c) yechimga egaemas. d)x = 3+ 5t,teZ. e)x = 1+ 7t,x =
2+ 7tteZ. f)x = 11 + 15t,teZ. i).x = I(mod7). 249.Yechimga ega
emas. 250. a)x = —4 + 15t, teZ. b) tagqoslamaning yechimi yo‘q. ¢)x =
l1+e6tfx=-2 +6tx=—1+6LteZd) yechimga ega emas.
256. x s 1, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43,47, 49, 53,
59 (mod60).

IV.2-8.

257. a)x = 3 + 6t,t GZ. b)taggoslama yechimga ega emas. ¢)x =
3+8t va x=7+8,tGZ ¢:=5+7ttGZ e)taggoslama
yechimga ega emas. f) tagqoslama yechimga egaemas. g)x = 3+ 8t,t G
Z 258. a)x =2+ 7E,t GZb)jc=-1 +lit,t GZ. c) taggoslama
yechimga ega emas. d)x = 3+ 13t,t GZ. e) x = —3+ 12t, t GZ
i x =2+ 9t,tGZ ¢g) x = 3(mod8). h)x = 3(modI5). 259. a)x =
9+ 19t,t GZb)x = 11 + 58t,t GZ.c) taggoslama yechimga ega emas.
dx=7+13t,t GZe)x =4+ 17, t GZ )x =7+ 12t,t GZ g)x =
6(modll). 260. a)x = -2 + 27t,t GZb)x = 7+ 117t, t GZ Cc)x =
-46 + 311t,t GZ d)x =51+ 360t,t GZ e)x = -5 +93t,x =
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26+ 931, x = 57+ 931, t GZ. f) tagqoslama yechimga ega
emas.g)x = 20 + 43t, teZ.261. e>x= 2+ 15t ,x =7+ 15t ,x =
12 + 15t,t G 2. b) tagqoslama yechimga ega emas. c)x = 3 + 25t ,x =
8 + 25t ,x = 13 + 25t,x = 18 + 25t,x = 23 + 25tt GTLd)x = -1 +
7Ttx =6+71, x=13 +71, x=20+7t, x=27+7t tGZ
e)x=-5+93t,x =26+ 93t,x =57+ 93, t GZ f)x = 9 + 138t,
X =32+ +138t, x = 55+ 138t,x = 78 + 138t, x = 101 +

138t,x = 124 + 138t,t GZ g)x = 6 + 55t, x = 17 + 55t. x =
28 + 55t, x = 39 + 55t, x = 50 + 55¢t,t G Z. 262. ax = 3+
4t,y = —3—5t tGZ b)x= -3 + 13ty =4—171,t GZ c¢)x=
1+4ty =2+ 13t,t GZd)x =2+ 3ty = -2t,t GZe)x = 2 + 3t,
y=2+4ttGZ )x==2+7t,y=—1+ 3t t GZ g)x =5 + 6t,
y=—4—T7£ tG2. 263. a; 19 ta. b) 29 ta. 264. a)x = 4 + 7t,CG
Zb)x=-2 +15t,t GZ. c)x =6+ |1t,t GZ 265. a) 2ta 60 kg lik
va 4 ta 80 kg lik gop yoki 6 ta 60 kg lik va 1ta 80 kg lik gop kerak. b)
markalami 10 xilda turlicha gilib xarid gilish mumkin. x = 3+ 5t, y =
28 —3t,t GZ

t 0 1 2 3 4 5 6 7 8 9
x 3 8 13 18 23 28 33 38 43 48
y 28 25 22 19 16 13 10 7 4 1

c)x=St,y=24— ttez.
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.

iv-H.

267. I).x = 291 + 420t3, t3eZ.2).x = 251 + 1260t3, t3eZ.
3).x = -93 + 840t3,t3eZ. 4)je = 49 + 420t3, t3eZ. 5). x =93 +
560t3,t3E Z. 6). Yechimga ega emas. 7). Yechimga ega emas.
8).Yechimga ega emas.9)jc = 17 + 90t3, t3GZ. 10)jc = 113 +
1001t3t3eZ. 11)" = -3 + 825t3 x2 = 162 + 825t3, x3 = 327 +
825t3, x4 = 492 + 825t3, xs = 657 + 825t3,t3eZ. 268. 1). xr
289(mod 462). 2).x = 93(mod 385). 3).x s 142(mod 765). 4).x =



381(modl287). 5)jc = 41(mod 7735). 6).x = 37(mod 1938).
7).x = 844(mod 1386). 8).Xx = 622(mod 2277). 9).X =
2671(mod 3828). 10).x = 1680(mod 24273). 11)jc =
—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=T7k + I.k GZ
2). VaeZ. 3).a ning birorta ham giymatida yechimga ega emas. 4).a =
6k +1,kezZ. 5)la=3fc+ 1, tGZ 6).VaeZ. 7)a=4k+3 KkeZ
8).VaeZ. 9).Vaez. 10).a= 5k, kK GzZ. 11). Vtzez. 271. 1).-63 +
440t3,t36 Z  2).291 + 819t3,t3GZ.  3).42 + 105t3,t3 GZ 4).
Masalaning shartini ganoatlantiruvchi nugta ham mavjud emas. 5). 68 +
165t3t3 GZ. 6). -64 + 715t3,t3GZ 7). 508 + 728t3,t3 £ Z
8).—53 + 315t3,t3e Z. 9). 631 + 4403t3,t36 Z. 10).Masala shartini
ganoatlantiruvchi nugtalar yo‘q. 11). 5+ 168t3,t3 G
Z.272xi). 428736, 498776, 468776.

b),313138, 495138.C). 1380456. 273xr).x = 3+ 7tx,y = 3+

7t1,ta GZ. b).fxyzzlso; 6)3(/:'5 ]70; yi EI,O (mod 12).c).Yechim.ga
ega emas.

V. A V. A Lil~ -

274. a{ x = 3(mod 5),y = 0(mod 5). b).x = I(mod 5),y s
2(mod 5)c).x = 100(mod 143),y = IlI(mod 143).d).x s

0(mod 5),y 8 2(mod>5). No No >

Yechimga ega emas. g). Sistemaning yechimlari to‘plami x —y =
2(mod 6) tagqgoslamaning yechimlari bilan bir  xil.

<

« «C IS ey KIS ey 275- b)Berilgan sistemaning
yechimga boimasligj sharti Dt yoki D2 laming birortasining (D; m) = d
ga bo'linmasligidir.

FV.4.

276.0). x = 1+ 5t, tez. b)k= -1 + 3t tez. ¢).x =1+ 3,
Xx=1—3t tGZ d)x=-—42+5 x=—=2+5t t€Z. e) x=

(t



1+ St tGZ f.x=1+St, tGZ g¢g).x=2+St tEZ. h).o0.
).x=1+5t tGZ j).x=-1+5t t€Z.

277. aAx - 3)(mod5). b).(x + 2)2(x - 1)(x - 2)(mod5).
€).(x —2)2(x - 3)(x + 7)(mod11). d).(x —I)(x + 3)(mod5).e).

(x + 2)(3x2- x + 2)(mod5). f).(x - 2)(x - 3)(x2-
2)(modlIl). g).(x + 2)2(x - 2)2(mod7). h).(x- 1)(2x3+ 3x2+
2)(mod11). i). Ko‘paytuvchilarga ajratib bo‘lmaydi. j).(x —2)(x —
3)(x2+ 5x + 3)(mod7).

278. a). Berilgan taqgoslama yechimga ega emas. b). x = 2(mod7).
c). X =2(modlhvax2=4(modll). d).X!=3(modll)vax2=
5(modll). e). x = —2(mod5).

282.a)JXx = 1, x2 = 2, x3= 3(mod7). b). Tagqoslama yechimga
ega emas. c). Xt = —1,x2=2,x3= 3,x4= —4,x5=-5(modll).
d) = =2(modll), x2= 2(modll). e).Taggoslama yechimga ega
emas. f). xt = —2, x2= 2, x3= -3, x4 = 3(mod13).

288. a)x1l= I(mod 5)vax2= 2(mod5). b). xt=1, x2= 2,
x3 = 3 (mod7).

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

3). x = 16(mod35).4). X = 3,24 (mod42). 5).Taggoslama
yechimga ega emas.6).X! = 5, x2= 2,x3= Il(modl5). 7).x =
-19(mol80).290.1. x = 8(mod 27). 2).x = 143(mod 343).3).xx=

2(mod 25), x2s 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 + 62514, t4 GZ 8).x = 13 + 27t, tGZ

291.1).x = 6,24,42(mod 45). 2). x = 12,24,37,49 (mod 50). 3). x =
-50,-47,-2,-1,1,2,47,50 (mod 147). 4). x = -10,11,15,32,36.
40,57,61 82, (mod 175). 5).x = 2,3,57,83(modI35). 6). x =
70; 124; 223(mod225). 7). x = -103,-49,22,76(mo0d225). 8).x =
-47, -2, 2, 47 (mod 441).9).x 2 -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). Taqgoslama
yechimga ega emas. 4). x = 0,2(mod5). 5). x = 2,7(modl7). 6). x =

82



-5,14(mod31). 7). x = 3(modI3). 8). x = 7(modl7).293.1). x = 6 +
55t, x = 17 + 55t, x = 36 + 55t, x = 47 + 55t,t ¢ Z. 2). Berilgan
ifoda butun giymat gabul giladigan x ning natural giymatlari mavjud emas.
3).x = 2+ 15t2, x = 5+ 15t2, x = 7 + 15t2, x = 10 + 15t2,t2¢
Z.294.1,2,4 sonlari 7 modul bo’yicha kvadratik chegir-ma, golganlari, ya‘ni
3,5,6 lar esa kvadratik chegirma emas. 295. 1). 1 + Ilk, 3 + life, 4 +
11k, 5+ 11k,9 + 11k ke Z. 2). 1+ 13k,3+ 13k, 4 + 13k 9 +
13k, 10 + 13k, 12 + 13k,k ¢ Z  3). 1+ 17k, 2 + 17k, 4 + 17k,9 +
17k, 9 + 17k, 13 + 17k, 15 + 17k, 16 + 17Tk K € Z

2%. 1).x = £3(mod7).2).x = £2(mod7).3).Tagqoslamayechimgaega
emas. 4). x = x4(modI3). 5). x = £2(modil).

297.1). 1.2). 1. 3).-1.4).-1. 5).-1. 6). 1 7).I. 8).L

298.1).Berilgan tagqoslama yechimga ega emas. 2).Berilgan
tagqoslama yechimga ega va uning yechimlari x = +5(m od|Il) dan iborai.
3). Berilgan tagqoslama yechimga ega va uning yechimlari x =
+5(modl3) dan iborat. 4).Berilgan tagqoslama yechimga ega va uning
yechimlari x = +4(modl3) dan iborat 5).Berilgan taggoslama yechimga
ega va uning yechimlari x = £4(modll) dan iborat 6). Berilgan
tagqoslama yechimga ega va uning yechimlari x = +8(modi7) dan iborat.
7). Berilgan taggoslama yechimga ega emas.

299.1).a = +1 + 5t, teZ.

2.a=-3+Stla=1+St,a- 2+St,t GZ 3)a=1+1lt,a =
3+lit,a=4+lit,a=5+Ilit,a=9+1it,tGZ 4). a=1+
13t,a=3+13t,a=4+13t,a=9+ 13t,a=10+ 13t,la=10+
13t,t GZ 5).a=1+3ttGZ303.a= 13t,a=2+ 13t3 + 13t 4 +
13t,6+13t,7 + 13t,12 + 13t,tGZ. 305. 1). (x2 +5t,2+16t+
2012),te Z. 2). 0.3).(2 + lit, lit2- 6t- 1) va(8 + lit,lit2+ 6t -
N,t€2Z 4). ((-2 + 13t, 13t2- 25t + 12) va (10 + 13t,13t2- t),t €
Z. 5).Berilgan tenglama yechimga ega emas.

306. 1). a=5sonip=>5k+ 1 va p=5k+4 ko‘rinishdagi
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=-3sonip=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+ Il,p = 129 + 11
ko‘rinishdagi tub modullar bo”yichakvadratik chegirma, p = 12q + 5,p =
12g + 7 ko‘rinishdagi tub modullar bo‘yicha kvadratik chegirma emas
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bo‘ladL4).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+7fc, p=2+Tfcp=4+I1k
modullar bo‘yicha kvadratik chegirma,p =3+ 7k, p=5+7/cp=6+
7/e modullari bo‘yicha kvadratik chegirma emas bo‘ladi.

307. D. p=1+5fc, p=4+ modullar bo‘yicha berilgan
taggoslama yechimga ega, p = 2 + 5k,p = 3 + 5fc modullar bo‘yicha
tagqoslama yechimga ega. 2). Ixtiyoriy p > 2 modul bo‘yicha berilgan
tagqqoslama yechimga ega. 3).p = 1+ 13k, p = 3 + 13fc, p = 4 + 13fc,

p=9+ 13fcp=10+ 13k, p= 12+ 13fc vap = 13 modullar
bo‘yicha taggoslama yechimga ega.p = 2+ 13k, p=5+ 13k, p=6 +
13fc, p = 7+ 13k,p = 8 + 13fc,p = 11 + 13fc modullar bo‘yicha

berilgan taggoslama yechimga ega emas.

V.1-8.

309.1). P7(2) =3 2). P7(3) = 6. 3). P7(5) = 6.310. 1). Ps(2)
4,P5(3) = 4, P5(4) = 2. 2). P7(2) = 3, P7(3) = 6, P7(4) = 3, P7(5)
6,, P7(6) =2  3).P8(3) = 2,P8(5) = 2,P8(7) = 2. 4). P10(3)
Pio(7) = 4, P10(9) = 2. 5).Pu(2) = 10,PU(3) = 5,P,,(4)
Pn (5) = 5, Pn (6) = 10, Pu (7) = 10,Pu(8) = 10, Pu (9) =
5,PU(10) = 2. 6). Pg(2) = 6,P9(4) = 3,P9(5) = 6, P9(7) = 3, Po(8) =

LS20r = TR

111.P»(m- 1) - g; 2ATA

3).2,6,7,11.4). 3,5,6,7,10,11,12,14313.1). 6 va2. 2). 10va 2.
3).8va3.4). 12va2.5). 12va3. 6). 24 va2.314.1). 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.

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

3). <p(m) - An(a).

V.2-8.
0 1 2 3 4 5 6 7 8 9
0 0 1 5 2 22 6 2 3 10
1 23 25 7 8 13 27 4 21 11 9
2 24 17 26 20 8 6 19 15 14



N 0 1 2 3 4 5 6 7 8 9
0 0 2 16 4 1 18 19 6 10
1 3 9 20 14 21 17 8 7 12 15
2 5 13 1
322.
N 0 1 2 3 4 5 6 7 8 9
0 0 1 8 2 4 9 7 3 6
1 5

323.1).6 =6.2).6=S.3).8=4.4). 5=16.5). S=230.6). S=
6. 7). S=16.8). 5=10.9). S=10. 324.1).4,4,2. 2).3,6,3,6,2.
3).10,5,5,5,10,10,10,5,2. 325.1). BoUadi. 2). Bo'lmaydi. 3).Bo‘ladi.
4).Bo‘ladi. 5). Bo'lmaydi. 6). Bo'ladi. 7). Bo'ladi. 8). Bo'lmaydi.
326. 1).3,5,6,7,10,11,12,14. 2). 2,3,10,13,14,1

3).5,7,10,11,14,15,17,19,20,21. 327.1). x s 13(modI7).

2). x = 32(mod97). 3).* = 74(mod79). 4). x= 56(mod89). 5).
x = 31(mod37). 6).x s 30(mod221).7).x = 128(mod667). 8). X =
873(modl517). 328. I).x = 23 + 66t,t 6 Z.2).Xx = 26 4 46t,t6 Z
3). Yechimga ega emas. 4). Yechimga ega emas. 5). x = 13 + 30t,t 6
Z.6).x=11+40t, x=31+40t,t £2.329. 1).x = 17+ 73t, x =
63+ 73t,x =66+ 73t, teZ 2). x=2+1it, x=9+lit, t€Z
3). x=2+13t, x =3+ 13t,x = 10+ 13t,x = 11+ 13t,t 6 Z 4).
X = 22 + 41t, t GZ. 5). Tagqoslama yechimga egaemas. 6). X = 6 +
791, x =14+ 79t,x =59+ 79t t€Z 7)x=13+73t, x =29+
73t,x = 31+ 73t,t 6 Z 8). x = 19+ 41t, x = 22 + 41t, t 6 Z 9).
X = 254-61t, x = 30 + 61t,x = 31 + 61t,x = 36 4-61t, t e Z
10. x=2413t, x =3+ 13t,x =104 13t,x = 11+ 13t, te Z
330.1).x = 24-41t, x = 184-41t,x = 23 + 41t,x = 39+ 41t, te
Z. 2). x =584-97t,t6Z 3). x=33467t,t6Z 4). x=74
73t,x = 10+ 731, x = 174 73t, x = 56 + 73t, x = 634 73t, x =
66 4 73t,t 6 Z 5).Tagqoslama yechimga ega emas. 6). Taggoslama
yechimga ega emas. 7). X =20+ 43t,x =324 43t, x=34+
43t tEZ. 8. X=4413tx=6+13t, x=74 13tx=94
13t,teZ. 9). x = x27(mod67). 10). x = £15(mod83). 11).



Taqggoslama yechimga ega emas. 12). x = x6(modS3). 13). x =
+21(mod67). 14). Tagqoslama yechimga ega emas. 331. 1). 16 va 18.
2). 16va 20.3). 16,18 va 20. 4). 16,18 va 19. 5). 16va 18. 332dndazb =

(wv*Bl1a2) P  lindaxb(modp - 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). L
337.1).0va12).4va9.3).8va0. 4).9va3.

339. Agar m = 4q + 1 ko‘rinishida bo‘lsa, -~ f1 gava agarr m =
4q - 1ko‘rinishida bo‘lsa, gateng.

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

VL1 -§.
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).

A4 ab5+4a3+3a cn a*b2+4a2b+3a " 64 73 4163
a4+3a2+1 ' a2b2+3ab+1 25%  '* 43* }7 1902*

356.1)H 2). ~.3).[i.4).~. 5).£.

351.1). x= 2. 2).x= 1,y = 2,z = 3.

352. 1). A +(-0.02).2).ig(+0). 3). « H (_0,0013). 4).
HE (-0.000103).  353.1).HI*H(+0,0027). 2). ~ -
A(+0,00029). 354.Mumkin. 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, .. ,1,4,15"bo‘ladL 356.agar n = 2k - juft
2fc+l ta
son bo‘lsa izlanayotgan bodinma (l,a2,l1,a2, .. ,1,a?d dan iborat

2k ta
van = 2/c+ 1 —ogsonbo‘lsa (1,a2,1,a2 .. ,1 a2l a2+ I)bodadi.
2fc+l ta
362. 1).x =-8360 4 117t, y = 2717 - 38t,t GZ 2). =-74 +
120t, y = 70 —122ttEZ 3). x=-2 - 4t,y=-4 - Tt,te Z
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4). x =-8814 + 1751, y =-12995 - 258tt6Z 5). x =-125 +
114t, y =45- 411 t€Z. 6). x=-8+33Ly=17- 70t, t G
Z 367. 1).* = 153(mod308). 2).x = 103(modl32).

V1.2-8.
368. 1). Ym fa=  2if}§, Aa= 000001 3)], fa= 005
4)|, fa=0,05.5)|, [a=0,056).£, [la= 0,002. 369.

370. ). 371 1)jCl=1+72«
A(-0,0001);x2= "~ « A~ (+0,0001).2)x1=A | *
-£(-0.0001); *2=~ * -7(-0,0001). 3).xx «
- A (+0,0001); X2 =~-2dEx .? m (-0,000!).4).* =~ =

(+0,0001); *2 -~ i (-0,0001).

373. Jufttartibli munosib kasrlar oitadi, toq tartiblilari esa kamayadi.

VI1.3-8.

3751).1+J . 2).Afi. 3).Af22.4).i7.5).7%V2
6).Va*~+"2. 1 )~ ~ . 376.5+"+i.377.1).a = 2).a=
i~ . 3781).a=(x,2i)vag = 2.a=(a2,5”)vag =
e

V1.4-8.

388.1).2.2).3. 3). 3.4).4. 5). 4.6).2,
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LLI gism. Misollarning yechimlari
LI-8.

1. Qoldigii bo‘lish hagidagi teoremaga asosan: m = 13 *17 +r,0 <
r < 13 boigani uchunr = 12 da eng katta m soni hosil boiadi va
bu holda

m = 1317+ 12 = 170 + 51 + 12 = 233.

2.1). Qoldigii bo‘lish hagidagi teoremadan foydalanamiza = b
q+r,0"r <bbizdaa = 25 q =3 vab,r =? Shuninguchunhamr =
25-3b 0<25-3b<b-¢3b<25<4b -»b=78var =
41

2). Qoldigii boiish hagidagi teoremadan foydalanamiz a = b- q +
r, O”r < 6 bizdaa = —30 g = —4 vab,r =? Shuninguchun hamr =
-30+46 0<-30+4b<b->-4b <-30<-3Db b=
89var =26.

N=2n+1 N2=(2n+1)2=4n2+4n+ 1=4n(n +
1) + 1. Buyerdan(n + 1) : 2 bo'linganligi uchun N2 =Qq+ 1.

b) x=n2+(n+1)2= 2n(n+ 1)+ 1 Bu vyerdan(n+ 1) :
bo‘linganligi uchun x = 4¢j + 1.

4.Bizda p > 5 —tub son. Ma’lumki, Wnatural sonni 6 ga boiganda
N=6g+r, r=012345 bo‘ladi. r = 0,234 bo‘lganda N tub
son bo‘lmaydi yoki 5 dan kichik tub son bo‘ladi. Demak, p > 5 —tub son
p=6g+ lyokip = 6q+ 5 ko‘rinishida bo*lishi mumkin.

5.4-misolga asosan p > 5tub son p=6g+ 1 yoki p=6q+5
ko‘rinishida bo‘lishi mumkun. Agar p = 6q + 1 ko‘nnishda bo‘lsa, u
holdap2= 3692+ 129+ 1= 129(3q+ 1)+ 1 = 129(q+ 1+
2q) + 1= 12q9(q + 1) + 2492+ 1= 24Q + 1.

Agarp=6g+5 bodsa, u holdap2= 3602+ 60q+ 25 =
12q(3q +5) +25= 12q{q+1+29+4)+25=12q(q+ 1) +
24q{q + 2) + 24+ 1=24Q + 1.

6. Misolning shartiga asosan

(@=mgi+1
(b=mg2+ 1

bo‘lganiuchun ab = (nufc + I)(mg2+1) —™2A\Ar + +m(<h +

g2 + 1=m(mgxg2+ <h+ @) + 1= + 1
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7.3m + 2 = x2 tenglamaning natural sonlarda yechimga ega
emasligini isbotlashimiz keralc Buning uchun x —3q, x = 3q + 1,
X = 3qg + 2 lami tenglamaga qo‘yib tekshirib ko‘ramiz.

x = 3q bo‘lsa, 3m + 2 = 992 bajarilmaydi;

x =39+ 1 bolsa, 3m+2=9g2 +6g+ 1 = 3q+ 1 bajaril-
maydi;

X =3q + 2 bo‘lsa, 3m+ 2= X2 + 129 44 = 37 + 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‘g‘ri. Endi faraz
gilaylik n = k da isbotlangan tasdiq o‘rinli bo‘lsin, ya’ni 15* = 7gk +
Itenglik bajarilsin u holdal5*+1 = 15* «15 = (7gk + 1) 15 = (7qgk +
1)(72+ 1) =98gk+ 7-gk+ 7-2+ 1=7(15"+2)+1=7Q+
1.Demak, matematik induksiya metodiga ko‘ra isbotlangan tasdiq
ixtiyoriy n natural son uchun o‘rinli.

9.22” + 1 = Xnui garaymiz matematik induksiya usulidan foidalanib
n=2dax2=22+ 1= 24+ 1= 17 tasdiq o‘rinii.Endi faraz gilaylik
n = K datasdig o‘rinli boMsin, ya’ni =22+ 1=10<7+ 7 soni 7
ragami bilan tugasin. U holda

rkta=22H+ 1=2xt2+ 1= (22%)2+ 1= (10g + 6)2+ 1 =
10092 + 120gr + 36 + 1 = 10(10g2+ 129 +3) + 7 =
=or+17.

Endi yn=24-5 (n=1%2,3....n) ni garaymiz.n = 1day =

11 = 10 + 1. Faraz qgilaylik, yk = 24* —5 = 10q + 1 bo‘Isin. U holda

YK+ = 24*+41- 5=r14*4-5 = (24")4- 5= (1< + 6)4- 5

= 10t+36- 5= 10ta+ 1

Demak, matematik induksiya prinsipiga asosan ishotlanayotgan
tasdiq ixtiyoriy n natural soni uchun o‘rinli.

10./ = 2n + lvam = 2s + 1 lartoq sonlarberilgan bo‘Isin. 12 + m2
yig‘indini  garaymiz: 12+ m2=(2n + )2+ (2s + 1)2=4n2+ 4n +
1+4s2+4s+ 1=4(n2+n+s2+s) +2=4M + 2 = 2(2Af + 1),
bunda M =n2+n+ s2+sva (2M+ l)-tog son biror butun sonning
kvadrati bo‘lsa ham 2 soni esa butun sonning kvadratiga teng bo‘la
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olmaydi. Shuning uchun ham 12+ m2 = 2(2M + 1) soni butun sonning
kvadratiga teng bo‘Imaydi.

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 = 3q+ 1, y=3g+ 1
bo‘lsin, u holda x2+y2=(3qg+ 2+ (3g+1)2=3Qi + 1+
3QR2+1=3Q+2

Agar x =39+ 1 y=37+2 bo'lsa u holda x2+y2= (3?+
h2o+ (3q+22=3& +1+30Q2+4 = 3(QX+ QR+ 1)+2=3Q+
2.

Agarx =3q+ 2, y=3q+ 2 bo‘lsa, u holda

X2+ y2=(3q+ 2)2+ (3qr+ 2)2= 3Qt + 4+ 3Q2+ 4
=3(Qi+@+2)+2=23Q+ 2.

X2+ y2 = z2 boigani uchun gipotenuzaning kvadrati z2 ham va 2
ning o‘zi ham 3 gabo‘linmaydi, ya’ni z2= 3Q + 2. Lekin bu holda z2
ni 3 ga bo‘lsak 2 emas 1 qoldig golish kerak (7- masalaga garang )
shuning uchunham x : 3 yokiy : 3.

12. Agar x katet 5 gabo‘linmasaunix = 5q+r,l<r<4 deb

yozaolamiz. Bundan x2 = +r2, r=1234;
V =1dax2=5Q+1
r=2da x2=5Qt+4
r=3da x2=5Q+*"
r=4da x2=5Q3+1

ya'nix2=52+ 1 yoki x2=5Q+ 4 bo‘lar ekan.Endi agar
y katet ham 5 ga bo‘linmasa u holda uni ham y2 = ST + 1lyokiy2 =
5I + 4 ko‘rinishda ifodalash mumkin bo‘ladi va bulardan

x2+y2=SK++t, r=0,23 ™

ni hosil gilamiz. Agar z gipotenuza 5 ga boMinmasa, uning kvadrati
z?m 5 ga bo‘lishdan quyidagicha qoldiglar hosil bo‘ladi:

z=Sq+1,z=Sq+2,z=5q+3 ,z=5q+4, z2=5"+
1, z2=5i2+ 4, z2=5/3 + 4, z2=5/3+ 1ya’ni 2?2 ni 5 ga
boiishdan 1 yoki 4 qoldig goladi shuning uchun, (*) da r uchun fagat
bizdar = 0 imkoniyat mavjud.U holda x = Sq ,ya’ni x katet 5 ga
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boiinadi. Birinchi x katet va z gipotenuza 5 ga bo‘linmastigidan ikkinchi
y katetning 5 ga boiinishi ham shunga o ‘xshash isbotlanadi.

13.Sn=1+2+ 3H--hn = -n dan foydalanamiz.

Agar n —Sq ko‘rinishda bo‘lsa, u holda Sn= —5?43 s? = 5Qbo‘ladi.
Agardan = 5q + 1 ko‘rinishda bo‘lsa, u holda

(bg+ 2)(5q+ 1) 25¢92+1Sq +2

2 : 2
Sq(Sqg +3) + 25q((q + 1) + (4g+2)) + 2

= 5h "~ - +q(24+1)j+1=5Q+1

bo‘ladi.
Agarda n = 5q + 2 ko‘rinishda bo‘lsa, u holda

(59 + 3)(5q + 2) 2592+ 2Sq+6 25q(q+1),o0

2 2 2
=52+ 3

boiadL Agarn = 57+ 3 bo‘lsa, u holda

(5q+ 4)(5q+3) 2502+ 35q+ 12 H5bf+7) , "
5,= 2 = 2--- = 2

5q((q + 1) + 4q +6)




Demak,n = 5q+ 1va n =5g+ 3, q = 0,1,2, ..fko‘rinishidagi n
lar uchun Sn yig'indini 5 ga boMsak 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 bodinadi, ya’ni ax —by = m e
fc; shuning uchun o‘ng tomoni ham m ga boiinadi. Yania—b=m-
Zva (b,m) = 1 bo‘lganda b(x - y) = (ax - by) + (b - a)x = mk -
ml = m(k —*va demak (x —y) : m kelib chigadi.

15. Berilgan ifodalarda quyidagicha shakl o‘zgartirish gilamiz:

4"+ 15n- 1= (1+3)n+l5n— =1 +n-3+ 32« 4-

—-J—- 33+ - + 3"+15n- 1=18n+9Q =9 -(2nz+ @)

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
fbydalanamiz. /(1) = 27: 2.

Endi n=k uchun /(k) \ 27, ya'ni /(k) = 27q boisin. f(k + 1) ni
garaymiz: f(k + 1) = 10fer1 + 18(k + 1) - 1 = 1010*+ 18k +
17 = (10* + 18k - 1) + 9+10* + 18 = 219 4 9(10* + 2), bu
yerda 10* + 2 ifoda K ning natural giymatlarida 3 ga bo‘linadi. Shuning
uchun ham oxirgi tenglikning o0°‘ng tomoni 27 ga va demak chap tomoni,
ham 27 ga bo‘linadi. Shunday gilib matematik induksiya prinsipiga ko‘ra
istalgan natural n uchun /(x) : 2.

2). Endi F(n) = 32n+3 4*40n - 27 ning 64 ga bo‘linishini
isbotlaymiz. /(1) = 243 + 40 - 27 = 256 : 64. Faraz gilaylik /(k) :
64, ya’'nif(k) —64q bo‘lsin. U holda

f(k +1) = 32(*+1>+3 4-40(k + 1) - 27 = 32*+3 32 + 40k + 13
= (32%+3 + 40k - 27) + 8 m32*+3 + 40
= 64q + 8(32*+3 + 5)

tenglik o‘rinli. Endi g(k) = 32*+3+ 5 ning 8 ga boMinishini
ko‘rsatamiz. g (1) = 321+3 45 = 248 bo‘lib bu son 8 ga bo‘linadi,
ya’nio(1) : 8.

gQi) «8 bo‘lsin deb faraz gilaylik, ya’ni g(Jc) = 8/ bo‘lsin, u holda
g(k + 1) = 32(*+1)+3 + 5= 32*+3 32+ 5= (32*+3+ 5) + 8 ¢
32*+3 = 8i + 8 *32%+3 = 8(/ + 32*+3) = 8s, demak, ixtiyoriy K e N
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uchun g(k) = 32+3+ 5 ifoda 8 ga bo‘linadi. Shuning uchun ham
F(k + 1) 164. Shunday qgilib ixtiyoriy kK GN uchun F(k) : 64.

17. 1) f(n) = kasmi garaymiz. Bu kasr gisqarmas 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 ga boiinmaydi (2 ga bo‘lsa 1 qoldiq
goladi).

Endi maxrajda 5 ko‘paytuvchi sifatida gatnashmasligini
kop'rsatamiz. n = Sq +r, r = 04,2,3,4 deb olamiz, u holda g(ri) =
2n2 + 1dan

g(Sqg +r) =2(5g+r2+1=225<2+10qr+r2)+ 1=
5Q+g(r), (*)

bunda r = 0,1,2,3/4. r ning bu giymatlarda g(r) ning 5ga
bo‘linmasligini ko‘rsatamiz. Buni bevosita tekshirish orgali amalga
oshirish mumkin.

*0) =1 "~1=3 9(2=9 a@B) =1
g(4) = 33

laming birortasi ham 5 ga bo‘linmaydi. (*) dan g(n) ning 5 ga
bo‘linmasligi kelib chigadi.

2). Endi f(h) = ni gqaraymiz. Bu yerda ham (n; n2 + n +

1) =1va#(n) =n2+n+1=n(n+1)+1=2q+ 1, ya’ni maxraj
2 ga bo‘linmaydi. Bu yerda g(Sq +r) = (Sq+r)2+5q+r+1=
2502+ 10gr+r2+59+r+ 1 =5Q+r2+r+1 = SQ+

9(Xy *

Bunda g(r) ifoda (r = 0,1,2,2,3,4) 5ga bo‘linmaydi. Hagigatan
ham, g(0) =1, g(l) =3, g(2) =7, #(3) = 13,#(4) = 21 sonlar-
ning birortasi ham 5ga karrali emas.(*) dan berilgan kasrning maxrajida
5 soni ko‘paytuvchi sifatida gatnashmaydi degan xulosa kelib chigadi.
Demak f(ri) kasr son davriy kasrga yoyiladi.

18.Nt =ala2@3 , N2=b1b2b3 lar uch xonali sonlar bo'lsin, u holda
M=ala2a3blb2b3=Llla"a" **103+b1b2b3=N1 103+N2=(A" + W) +
999Nt = (Nt + N2)+37 «27Ava masalaning sharti bo‘yicha (M + N2) \
37, ya’ni W + N2 = 37(?. Shuning uchun ham M = 37¢? + 37 *27" =
37fa + 27Nj) va demak M : 37.
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19. a).Birinchi usu. m5—m —m(m4- 1) = m(m2+ 1)(m2 -

D=mm2+D(m- D(m+ 1) =mM- Dm(m + 1)(m2—4 +
5 =(m-2)(m- Dm(m + D(m +2)+5(m- I)m(m + 1) = 5l
m-2(m-Dm(m+H(m+2)+ ~ _ymEm+ 1) - 5(4!.CS+i + (m _

Dm(m +1)),

Bu yerda C~ +1 butun son bo‘lgani uchun (ms—m) !5.

Ikkinchi usul. m = 5x+y,0<y<4 deb olsak, m5- m =
(5x +y)5- 5x - y = SQ + (ys- y) gaega bo‘lamiz. 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 = 0f,2,3,4
giymatlarda bevosita tekshirib ko‘rish mumkin: g(0) = o, #(1) = o,
g(2) = 30, g(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) = (6x +y)(36x2+ 12xy +y2+5) = 6Q +
(y3+ 5y) ga ega bo‘lamiz. Bu tenglikning o‘ng tomonidagi birinchi
go‘shiluvchi 6 ga boiinadi. Ikkinchi go‘shiluvchu g(y) = (y3 + 5y)
ning 5 ga bo‘linishini esay = 0,1,2,3,4,5 giymatlarda bevosita tekshirib
ko‘rish mumkin; g(ff) = 0, #(1) = 6, g(2) = 18, #(3) = 42,
g(4) = 84 bulaming barchasi 6 ga bo‘linadi. Demak, m(m2 + 5) : 6.

)./ (M)=m(m4 12w+ 1) =m(m+D((m-f2)+m- 1) =
=m(m+ (m +2)+m(m- I)(m + 1) = 6(Cr+2 + Cmi)*

Bu yerda ikkala had ham 3 ta ketma-ket natural sonlar
ko‘paytmasidan iborat.

CEt+>Cm+1  mos ravishda m + 2 elementdan 3 tadan, m + 1
elementdan 3 tadan tuzilgan guruhlashlar sonini bildirgani uchun ular
natural sonlar.

Demak /(m) : 6.

205 =/+ (/ + 1) H-— (I + 2n) yig'indini garaymiz. Arifinetik
progressiya hadlari yig'indisi topish formulasiga asosan

S=*+22n(2H+ 1) = (/+n)(2n + 1)

Bundan S : (2n + 1) ekanligi kelib chigadi.
21.a) N = 1000q + r sonini garaymiz. Bundan N = 100q + r -
g=7%*11+13q + (r - q). Demak berilgan N sonning 7,11 yoki 13 ga
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boUinishi uchun uning mingliklar soni g va N ni 1000 ga boMishidan
chiggan qoldig r ning ayirmasi r - g ning 7,113 ga bo‘linishi zarur
va yetariidir.

b) N = 368312 = 368-1000 + 312; 368-312 = 56.56 soni
7 ga bo‘linadi. Demak, berilgan 368312 soni ham 7 ga bo‘linadi. 56 soni
11 ga ham 13 ga ham bo‘linmaydi shuning uchun ham N = 368312
soni llga ham13 ga ham bo‘linmaydi.

22.iV1=anan_1...ara0, N2 = bmbm-i ...brb0 sonlami garaymiz.

Shart bo‘yicha
n m

P —
02" S1p7
Bundan

N1=an-10" + Qji—+10n_| + —+ ax=101+a0= (9 + 1)" +
tan-i-@+ Hni+ o+ <hel0*+a0=0Q+M+  +-

.tar+ao=9Q+" a*~

Shuningdek

m
N2 = 9" + by,
Y0
Uholda N1-N2=9Q-9T =9(Q- T),ya’ni \Wwt - N2 : 9.
237+ 77T+ 777+ - +777 .77 =71 +11+ 111+ - +

nin =7.(iM+1™ ;% i+.+i M) =z.(i0+
nta

102 + 103 +

+..+10"- ) = -nj =L .(10»« +9n- 10).

Bu yerda biz geometrik progressiya hadlari yig‘indisini topish
formulasi

i-q
dan foydalandik.
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24. N = 444... 44 888 ...88 sonini garaymiz.
nta nta

nta nta
=(410n_1+410n~2+ —+ 410+ 4) e
*10n + (8 «10"-1 + 8+10n"2+ e+ 8«10 + 8)
10n- |

R 10n +
10"-1 4 10n—1
+ 8 ----- — » - —————(10n + 2)
= [l.(20n-1)]J[I(20n-1 +3)]-
Bu yerda

10n- 1= 9+(10%-1+ 10n"2+ - +10 + 1)

boMgani uchun
Z(10n- 1) =666..66 va [(10n- 1+ 3) =666 ..68
- nta nta
Demak, N = 666...66 *666...68.
nta nta

25.N = ]111.155..56 = —9—-10n+1+5-10’\"6"‘i+6 =

nfa nla
1

(10"+n2+4010"-50 _ (o +If_ _ ((10*1-1)

9 + K= I 3+

333-3+11
< nta \]
26. 5n = (n+ 1)(n + 2) ...(n + n) ifodani n ga ko‘paytirib
bo‘lamiz:

1e2e3een(n + 1)(n + 2) e 2n

1-2-3-n
_(2-4...2n] ™1 +3*5*—(2n - 1))

) *3 e
=2ne(2n - 1),
Demak, Sn : 2n.

Sn
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L 2-8.

27. Berilgan a va b sonlaridan foydalanib Evklid algoritimini tuzib
olamiz:

Da = 546 vab = 231 2)a = 6253 vab = 1001
546 = 231-2 + 84 6253 = 1001 -6 + 247
231 =84-2+63 1001 = 247-4 + 13
84=63-1+21 247 = 13-19
63 =21-3

(546; 231) = 21; J: 21. (6253; 1001) = 13; j: 13.
3) 2257 = 1517 -1+ 740,1517 = 740 -2 + 37,740 = 37 -20. J: 37.
28. Berilgan sonlami tub ko‘paytuvchilarga ajratib yozib olamiz:

3) 420 126 525
210 63 175

105 21 35

35 7 7
7 1 1

1

bo‘lganiuchun 420 = 2 e25-3-7; 126 = 2-3-3-
7. 525 = 3¢5-5-7va bulardan (420; 126; 525) = 3-7 = 21;
[420; 126; 525] = 2- 2- 3- 3- 5- 5- 7 = 6300J: 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«23 -67
79 = 529 -67 -79 = 2799997. j: 23 va 2799997
29. a). Bunda(e;35) = (6;143) = (35,143) = 1, ya'ni
sonlar 6,35,143 juft-juft bilan o‘zaro tub. Shuning uchun ham ulaming
EKUKI berilgan sonlaming 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, A+ 1] = MM+ 1).
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30. 2n va 2n + 2 lar ikkita ketma-ket keluvchi jufl sonlar bo‘Isin.
U holda
(2n;2n+2) = 2(n;n + 1) = 2.
Endi 2n + Iva 2n + 3 lar ikkita ketma-ket keluvchi tog sonlar
bo‘Isin. U holda
2n+3=(2n+ 1)1+ 2, 21+ 1=24+1
lardan Evklid algoritmiga asosan (2n + 1,2n + 3) = 1 ekanligi
kelib chigadi.
31.(cb; be; 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) :
(a; b;c)2
32. (a+ bya- b)=dbolsin. Uholdaa+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 bo‘luvchisi. Shartga asosan (a; b)-1 bo‘lgani
uchun (2a; 2b) = 2. Shuninguchunham 2: d d = lyokid —2.
33. Aytaylik (a,a + b) = d bo‘lsin, u holda a = dxa + b = dy
yoki dx +b =dy bundanesa b :d boMishiniva d = UB (a,b),
(UB-umumiy bo‘luvchi) ekanligini topamiz N gisgarmas kasr
bo‘lganidan d=1. Demak kasr gisgarmas kasr.

34. ava b lar tog sonlar va a —b = 2n bo‘Isin. U holda (a; b)
d -tog son bo‘ladi. a - dx, b=dy, (X;y) =1 debolsaka- b
dix—y)=2n =>2n:d =>d=1

35.fIXd.m) = (d; =d(l;[x;y]) = d.
b)(ab,rn) = (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 : p yoki b :p. U holda
(a + b) : p bajarilgani uchun p soni a va b sonining umumiy bo‘livchisi
bo‘ladi. (a, b) = 1 boigani uchunp = 1vademak (a + b;ab) = x = 1.
d)(a+ b;m) =?. m = [a;b]va(a, b) = d bo‘lsinu holdaa = dx,
b= dy va (x;y) = 1. Bulardan (a+ b;m) = (d(x +
y); [dx; dy]) = (d(x +y); d[x;y]) = d(x +y; xy).
b)misolga asosan (x +y; xy) = 1 vademak (a + b;m) = d, ya’ni
(a + b; [a; b]) = (a; b).
36.a) Mm2n+1)=(M;n+(n+1), d=(;2n+1), n=dx
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d=(n;2n + 1) = (dx;2dx+1) => d=1.
6) (IOn+9;n+1)=d, 10n+9=dx, n+ 1=dy, (x;y)=1.
10(dy- 1)-f9=dx = I0dy- 1=dx=> 10dy- dx =1
=>d(10y- x) = 1= d=1.
c) (3n + L, 10n + 3) = d bo‘lsin* u holda

(I0n+ 3=dy ™ 10dx - 3dy = 1 =>d(10x- 3y) = 1=>d = 1.

Eslatma: a) va c) misollami Evklid algoritmidan foydalanib ham
ishlash mumkin.

37. Agar X = [a;b] =" bo‘lsin u holda £ ; f)

1
~—~

AN ) ,
bunda (a;b) = dva b = dbt a = daava demak =  Aksincha
agar j=1bodsax = [a;b]ly debolib

- jiy\ _ /[a;b] [a;b]\ _/ b a \
ylrb' V a # b [/ a ' b/ \(a,b) (a,b)

= y’
ya’niy = 1. Bundan x = [a, b]ni hosil gilamiz.
38. a, b, ¢ - tog sonlar bo‘lib (a; b; ¢) = D bo‘lsin.U holda a =
Dx, b = Dy,c = Dzva x,y,z lartoqg sonlarbo'ladi. U holda » =
p-Xty_aiCp - Xtz bicpy poygp ling xty o xtZoypge
2 2 2 2 2 2 2 2
sonlar bo‘ladilar.

Bu yerdan D ning sonlarining umumiy bo‘luvchisi
la+b a+c
V221
Ikkinchi tomondan esa d soni a, b,c 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 ¢ =
2dz —b ga egamiz. Buni a + ¢ = 2dy tenglikka olib borib qo‘ysak a +
2dz —b = 2dy =a - b = 2dy - 2dz hosil bo‘ladi. U holda bundan va
birinchi tenglikdan

{a-b+=2dy-2dz *« =d(x+y-z)*a:d
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vab=d(x-y+z)=b:d Bulardan ¢ = 2dz - btd =d(2z -
bi) ~ ¢ :d. d soni a, b,c laming umumiy bo‘luvchisi.

39.1) agar

a=cg+r;, b=cq+ (D
bo‘lsa (a, b, ¢) = (c;r; ra) ekanligini isbotlashimiz kerak.
(a; b; c) = d deb olaylik. U holda (1) danr idva rx:d ekanligi kelib
chigadi. Bizd = (c; r; r*) ekanligini ko‘rsatamiz. (c; r; A) = D bo‘lsin.
Uholda (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 «13; 23 »

3; 23 +4) = 23 +(13; 3;4) = 23.

b). (588; 2058; 2849) = (588; 497; 294) = (22372; 7 *

71; 23 72) = 7, bunda 2889= 588 4 + 497 va 2058 = 588 «3 +
294; 497 = 71-7 ekanligidan foydalandik.

40. Faraz qilaylik (a,b) = d bolsin, unda a = dx, b = dy
bo‘lib, bu yerda (x,y) = 1 bo‘ladi. U holda 5a + 3b = d(Sx + 3y) va
13a + 8b = d(13x + 8y) bo‘lib, bundan esa UB(Sa + 3b, 13a +
8b) = d ekanligini topamiz. Endi (5x + 3y, 13x + 8y) = 1 ekanligini
isbotlash kerak. Aytaylik

(5x + 3y, 13x + 8y) = Svabx + 3y = 6u,13x + 8y = Sv
bodsin u holda
X = S(Su —3i7) vay = <5(5v—13u) bo‘ladi, ammo (x,y) = 1
edi, shuning uchun 5 = 1. Shunday qilib (5a + 3b, 13a + 8b) = d.
41.(n,n+ 1,n + 2)va [n,n + 1,n + 2] lami topish kerak.
(n,n+1ln+2)=*n,Nn+1),n+2)=(1L,n+2)=1
[nn+1n+2]=[[nn+1,n+2]=[n(h+1),n+2]=
nin+1)(n+2) _n(n+1)(n+2)
(n(n + 1); (n + 2)) (n; (n +2))
chunki (n + 1;n + 2) = 1. Buyerda
. _ f1,agarntoq son bo'lsa;
n+ ) —(2,agarn juftson bo'lsa.
Hagigatan ham, n = 2k —juft son bo‘lsin. U holda (n;n + 2) =
(2k; 2k + 2) =
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2(/c;k + 1) = 2; Endi agarn = 2/c + 1 - toqsonbo‘lsa, u holda
(n;n+ 2) = (2k + 1; 2k + 3) = 1, chunki Evklid algoritmiga asosan
c+3=(Q@fc+1)-1+2, 2c+1=2"fc+[lJ 2=1*%2+0.

Shunday qilib,

+ 1)(n + 2), agarn tog son bo'lsa;

(n+ D(n + 2), agarnjuftson bo'lsa

42. nab = ax+ by, (a,b)=1 ™)
boMsa, x = bk (k = 1,2,3,4....,) deb yoza olamiz. U holda (*) dan
nab = abk + by. Bundan y =na- ak =a(n—k). Bu yerda
a,b,x,y lar natural sonlar bo‘lgani uchun k = 1,2,3,4,.....n —I(n >
1), shunday qilib x = bk,y = a(h —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 <4 + 58,
87 = 58«1+ [29], 58 = 29 +2, bundan (899,493) = 29. Shuning
uchun ham
29 =87- 581=287- (406- 87 *4) 1= 587- 406 =
= 5(493 - 406 1) - 406 = 5493 - 6406
= 54493 - 6(899 - 493) = 11 «493 - 6 *899.
Shunday qilib,29 = 899(-6) + 11-493 X=-6y =11

44. a = cq + r boisin. U holda (a,c) = (c,r) = 1bo‘ladl
Shuningdek b = c =gt + rx, bo‘lsa (b,c) = (c,”) bo‘ladi.Bulardan
ab = cQ + rr gaega bo‘lamiz.Oxirgi tenglikdan (ab; ¢) = (c;rrt) =
1.

45.m > nvad = (m,n) bo‘lsin. U holda m = dmlfn = dnxva
ml-n1>0bo‘ladi. Agard >m - n =d(mt - nd) yoki 0 < mx-
M < Ibo‘lishi kerak mx - nx-butun son bo‘lgani uchun ham bunday
bodisi mumkin emas. Demak (m,n) <m —n (m > n).

46.Tushunarliki, ab i (ab, ) va be : (ab, c) bajariladi. Shuning
uchun ham (ab, be) : (ab, c). Lekin shartga ko‘ra (a, ¢) = 1 bo‘lgani
uchun (ab; be) = b(a, c) = b vabundan b : (ab; c).
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47.20-masaladan ¢ : (ac; b) va (a; b) = 1dan(c, b) \ I(ac; b).
Ikkinchi tomondan (ac; b) : (c; b). Shunday qilib (ac; b) = (c; b)
bo‘ladL

48. Faraz gilaylik (mn,mk,nk) = d boMsin. U holda

mnfc = dx. (1)
Bundan
nk nk mk mn
= = mo_ = no_ = Ko-r-,
a a a

Demak, x soni m, n, K laming umumiy karralisi va x = [m,n, k] ¢
g,q > 1 debyoza olamiz.(*)dan

X _nk [m,n,klg ~ nk [m;n; /c]g _ mk
m d 9 m d'’ n d
[m;n;fclg mn
K B
Bulardan g soni sonlaming umumiy bo‘luvchisi.

Faramizga ko‘ra
= 1, shuninguchunham g - 1vax = [m,n,/c]. Endi

(1) dan isbotlanish talab etilgan tenglik kelib chigadi.
49. a) berilgan sistemadagi ikkinchi tenglama
X = 30w
mp>= 30v sistemaga teng kuchli, shu sababli sistemaning birinchi
M=l
tenglamasi u +v = 5ko‘rinishda bo4adi, bundanesan = 1,2,3,4 (yoki
v = 1,2,3,4) bo‘lishi mumkinligini ko‘ramiz. n (v)ning topilgan bu
giymatlari bo‘yicha x = 30,60,90,120 (yoki y = 30,60,90,120)
bo‘lishini topamiz. y ning x ra mos giymatlarini y = 150 —x tenglikdan
topamiz.
Shunday qilib, sistemaning yechimlari
(30,120), (60,90), (90,60), (120,30) juftliklardan iborat ekan.

. . y)y=4
b) berilgan sistema j *—11  dagi birinchi tenglama
{ty 7
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X = 45bl
y =45v sistemaga teng kuchli, shu sababli sistemaning ikkinchi

(u,v) =1
tenglamasidan un = 11 vav = 7 bo‘lishini topamiz. Demak x = 495,
y = 315 bo‘lar ekan.

X = 20Xi
pxy = 8400 - y = 20y! pi-y,=21
c) I(*.y) =20 O1yn=1 (O1Yy) = I-

UOOxiyj = 8400

Bundan
xx=1,3,7,21 vax = 20,60,140,420 yx= 21,7,3,1;

y = 420,140,60,20.
x 5 X=28 £1=5

(V=B oWyt KY)Z1 (xyi)=i

M=9 y=299=252vaxt =5 x =28¢5= 140.

e)
xy =20
. 10=1—1=>(gry)=2
M =10 M -N4HA bl @)
=2
X=2x J 24=5 x=10;2
Y»2n

ny" 1 y =2;10

50. T = 10g + 1 dan (m,q) = 1 kelib chigadi. N = 10a + b ning

ikkala tomonini g ga ko‘paytiramiz. U holda
Ng = 10ag + bg = (m—l)a +bg =am - (a - 6q)

hosil bo‘ladi. Agar (a - bq) : im bo‘lsa, (m, (?) = 1 bo‘gani
uchun N sonining m bo‘linishi kelib chigadi.

51. N = 10a + b ning ikkala tomonini q + 1 ga ko‘paytiramiz va
m = 10q + 9 ekanligidan foydalanamiz. U holda (q + 1)N = 10a(jq +
1) +b(g+1) = (10g)a+ 10a+bg+ b= (m- 9)a+ 10a+ bq +
b =ma +a+b(g + 1). 10.b)-misolgaasosan (q + 1;m) = (q +
1,109 + 9) = 1 bo‘lgani uchun a + b(q + 1) soni m gabo‘linsa N soni
m gabo‘linadi.



52 .1 0 sonini garaymiz. 10" = OnO"-i  a2a++10 + 20a0 =
N + 19a0, (1940) = 1. Endi agar N+: 19 bo‘lsa,tf : 19 va aksincha
N : 19 bo‘lsa, br : 19 bo‘ladi.

53.26-misoldagi goidani N- 3086379 soniga tatbiq etamiz.

Nx = 308637 + 18 = 308655, N2 = 30865 + 10 = 30875

N3 = 3087 + 10 = 3097, Na = 309 + 14 = 323,
Ns =32+ 6 =38va 38:19 = 2
Demak 3086379 soni ham 19 ga bo‘linadi.

L3-8.

54.6n + 1 = Pi —p2 bo‘lsin, u holda: a)agar p2 = 2 bo‘lsa px =
6n + 3 = 3(2n -J-1) bo‘lishi kerak. pjtub son bo‘lgani uchun bunday
bo*lishi mumkin emas.

b) p2toq tub son bo‘lsin, ya’ni p2 = 2k + 1, buholdapx = 6r
2k + 2 = 2(3n+ K + )bo‘ladi. Bunday bo‘lishi ham mumkin
emas.6n +1 ni 2 ta tub sonning ayirmasi ko‘rinishida ifodalab
bo‘Imaydi.

55. N = 2k + 1 = Pi —p2dan tub sonlaming bitta juft son bo‘lishi
kerak ekanligi kelib chigadi, p2 = 2 desak N = pt —2, bunda p1tub
son.

56. Faraz kilaylik N2 =n2+ p bo‘lsin, u holdaN2 —n2 = p bo‘lib
bundan hagli ravishda (N —ri)(N + n) = p tenglikni yoza olamiz va
bundan esa N—n=1,N +n =p kelib chigadi. Demak 2N = p +
lyoki p=2N—1=6m + 3 bo‘lib, bu esa p tub son deb gilingan
farazimizga ziddir, demak, farazimiz noto‘g‘ri va N = 3m+ 2 (m =
1,2,...) seeming kvadratini natural son kvadrati va tub sonning yig‘indisi
ko‘rinishida ifodalash mumkin emas ekan.

57.1-usul. a=peaxva p <axboisin.Agarp > Vaboisa, ar >
yfa bo‘ladi va bu tengsizliklami hadlami ko‘paytirsak p- at > a bo‘lar
edi. Demak p < Va.

2-usul. a = p eaiva p <axbo‘lsin. U holdap2 < p «ar yoki
p2 < a. Bundan p < Va.

Agar a tub son bo‘Isa, 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 bo‘lib ko‘ramiz. Agar shulaming birortasi ham bo'linmasa
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127 soni tub son bo‘ladi, aks holda tub son bo*Imaydi. 127 soni
20 5,741 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 sonlariga bo‘lib ko ‘ramiz.Agar shulaming birortasi
ham bo‘linmasa 919 soni tub son bo‘ladi, aks holda tub son bo‘Imaydi.
919 soni bu sonlaming 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.

59. 1) 100 va 110, bu yerda 10 < V110 < 11. Shuning uchun ham
berilgan sonlar orasidagi 2,3,5,7 ga karralilami o‘chirib chigamiz. 2 ga
karralilarini tushirib goldirsak: 101,103,105,107,109 lar goladi.Bular
orasidan 3ga 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 oraligdagi tub sonlar.

2) 190 va 200, buyerda 14 < V”00 < 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 soniami tushirib goldirsak
191,193,195,197,199 lar qoladi. Bular orasidan 3, 5 ga
bo‘linadiganlarini tushirib goldiisak 191,193,197,199 lar goladi. Bu
sonlar orasida 7 ga, 11 ga yoki 13 ga bo‘linadiganlari yo‘q. Shuning
uchun ham bu sonlar tub sonlardir.

3)200 va 220, 14 < 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 tushirib qoldirsak
201,203,205,207,209,211,213,215,217,219 lar qoladi. Bular
orasidan 3,5 gaboMinadiganlarini tushirib goldirsak 203, 209,211,217
lar goladi. Bu sonlar orasida 7 ga bo‘linadiganlarini tushirib goldirsak
209,211 lar goladi. Bulardan 209 soni 11 ga karrali. 211 esa 11 ga ham
13 gahambo‘linmaydi. Shuning uchunham 211 garalayotgan oraligdagi
yagona tub sondir.

4)2640 va 2680. Buyerda 51 < V2680 < 52. Bo‘lgani uchun
berilgan oraligdagi sonlar orasidan 2 dan 47 gacha bo‘lgan tub sonlarga
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bolinadiganlarini 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 <n\.
Isbotdan tub sonlar sonining cheksiz ko‘p ekanligi kelib chigadi.

61. 211+ 2,211 + 3,...,21! + 20,21! + 21 laming barchasi
murakkab sonlar.

62.n = ldal,11,15 bo‘lib fagat 11 tub son. n = 2 da 2,12,16 bo‘lib
bulaming birortasi ham tub sonemas. n > 3 bo‘lsa,unin = 3fc+r,r =
0,1,2 deb yozish mumkin. r = 0 bodsa, 3k, 3k + 10,3k + 14.
Bulaming uchalasi tub boMadigan fagat 1 ta k=l giymati mavjud. Bu
holdan = 3 va 3,13,17 tub sonlari hosil bo‘ladi. r = 1 bo‘lsa 3k + 11,
3k + 15va3k +15 tub emas. r=2 da 3k+ 2,3k + 12,3k +
16 va 3k + 12 soni tub son emas. Demak, n,n + 10,n + 14 sonlar bir
vaqtda tub bo‘ladigan n ning fagat 1 ta qiymati n = 3 mavjud ekan.

63.Tub sonlami 3 ta sinfga p=3<jp=3q+I,p =3g+2
bo‘lamiz. 1-sinfda fagat 1 ta p = 3 tub soni(q = I)mavjud. Bu holda
2p2+ 1=2*9 + 1 = 19-tub son bo‘ladi.

Agar p = 3q + 1 ko‘rinishda tub son bo‘lsa, (2 va 3- sinflar cheksiz
kop tub sonlar mavjud), 2p2+ 1 = 2(992+ 6q + 1) + 1 = 1892+
12qg + 3 = 3(6g2 + 4q + 1) —murakkab son bo'ladi.

Endi, agar p = 3gq + 2 ko‘rinishdagi tub son bo‘lsa u holda 2p2 +
1=2(09q2+ 12q +4)+ 1= 18g2+24qg + 9= 3(6g2+ 8q + 3),
ya’ni bu holda ham murakkab son bo‘Idi. Shunday qilib, p ning fagat bitta
p = 3 giymatida 2p2 + 1 = 19 tub son bo‘lar ekan.

64. Barcha natural sonlami 5 ga bo‘lib goldiglari bo‘yichaN = 5n +
r,0<r <4 debyozaolamiz. Agar r = 0 bo‘lsaN = 5n bo‘lib fagat
n= ldatubsonp = 5bo‘ladivabuholdadp2+ 1 =4*25+ 1 = 101,
6p2+ 1= 6*25 + 1 = 151 lar ham tub 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(20n2+ 8nr) + 4r2+ 1 va 6p2+ 1= 6(25n2+
IOnr+r2) + 1=5(30n2+ 12nr + 6r2 + 1), buyerda4r2 + 1 ifoda
r=1da5 r=4da65 r=2daer2+ 1= 25 r = 3 dab55gateng
giymat gabul giladi, ya’nip = 5n + 1 ko‘rinishdabo‘lsa 4p2 + 1 ifoda
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5 ga boiinadi, agardap = 5n £ 2 ko‘rinishidagi tub son boisa, u holda
6p2 + 1 ifoda 5 gaboiinadi. Demak, izlanayotgan giymat bitta p = 5.

65. )p + 5vap + 10 laruchunp = 2 dap + 10 = 12 murakkab
son. Agar p = 2k + 1 toq tub son boisa, p+5=2k+ 6 = 2(k + 3)
murakkab son boiadi.

2) Pp + 2,p + 5uchunp = 2dap + 2 = 4 murakkab son. p =
2k + 1boisa, p+ 5= 2c+ 6 = 2(fc + 1) murakkab son.

3) 2n—1; 2n+ 1,(n > 2) uchun sonlaming 3§ +r; r = 0,1,2
ko‘rinishidagi yozuvidan foydalanamiz. Bunda quyidagi uchta holni
garaymiz:

1)2n = 3q 2)2n=3g+1 3)2n=3X+ 2

Birinchi holda 2n = 3q boiishi mumkin emas. Ikkinchi hoi 2n =
39+ 1 boisa, 2n—1 = 3gbo‘ladL g=1 da 2n—1 = 3 tub son
boiadi va n = 2da 2n + | = 5ham tub son, lekin misolning shartida
n > 2. Uchinchi holda 2n = 3q + 2 bo‘lsa, 2n + 1 = 3(<7 + I)bo‘ladL
Shunday qilib 2n- 1va 2n+ 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
gp2+2p+1 =8-9+6+1 =79 tub son bo‘ladi, p=3k+1
bo‘lsa, 8p2+ 1 =8(9k2+ 6k + 1) + 1 = 72fc2 + 48fc + 9 =
3(24fc2+ 16k + 3) murakkab son bo‘ladl Shuningdek, agarda p =
Afc+ 2 bo‘lsa, 8p2+ 1 =8(9k2+ 12k + 4) + 1 = 72fc2 + 96k +
33 = 3(24k2 + 32fc + 11) murakkab son bo‘ladi.

67. 218+ 318 = (26)3 + (36)3 = (26 + 36)(212- 2636 +
312) = (22+ 32)(24- 2232+ 34)(212- 2636+ 312) = 1361
488881 = 13 ¢61 37 «73 ml181.

68.a>3;m = 3qgt+ 1; n = 392+ 2bo’lsin.

a)a = 3g; g > 1bo‘lsin, u holda a murakkab son ekanligi ma’lum.

b) a=3g + 1boisinuholdaa+m =3g+1 +3qt+ 1= 3(q +
qt) +2vaa+n=3q+ 392+ 2+ 1= 3(q+ g2+ 1) bo‘ladi. Bunda
a + n murakkab son;

c) a = 3q + 2ko‘rinishda bo‘lsin, uholdaa+ m=3(q+ + 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. Y na+4=n4- 4n2+4n2+4=(n2+ 2)2- 4n2= (n2+
2+2n)(n2+2- 2n)ss((n+ 12+ DH((n- 1I)2+ 1) boiib, bu esa
7i > 1 da murakkab son boiishligini anglatadi.

2) A4+ A2+ 1= (7I2+ 1)2- 7T2= (7l2- 7L+ 1) *(n2 + 7L+
1), 7 > 1 da murakkab son boiadi.

70. p,p + 2,p + 4,(p > 3) sonlami qgaraymiz. p > 3 tub sonlar
3g + 1;3q + 2 ko‘rinishlarida bo‘ladi. p=3y+ 1 (q = 2,4,..) deb
olsak, u holdap + 2 = 3(q + 1) murakkab son boiadi, agardap = 3q +
2,(qg=1,3,5..) boisa, u holda p+ 4 =3(q+2) murakkab son
boiadi. p = 3q boisa, g=1datubson p=3;p+2=5p+4 =7,
yagona egizak tub sonlar uchligini hosil boiadi.

71. p = 37i + 2 ko‘rmishidagi tub son bo‘lsin.U holda N = 3¢5
7*-p + 2sonini garaymiz.N soni ham 3n + 2 Kko‘rinishidagi son,
chunki N = 3(5 7\ . p) + 2 deb yoza olamiz. N sonining kanonik
yoyilmasida p dan katta murakkab son gatnashadi va ulaming orasida
albatta 3n + 2kotrinishidagi tub son mavjud, agar N ning barcha
bo‘luvchilari 3t + 1 ko‘rinishida bo‘lsa, N ham shunday ko‘rinishda
bo‘lishi kerak bo‘lar edi. Demak, p ganday boiishidan gat’i nazar p dan
katta 3n + 2 ko‘rinishidagi tub son mavjud ekan.

72. Tr=1Pi *'1 = Pk *g(k>n, g>1) boiib, bundan pk <
M?=1Pi - 1va pk < M”=1Pi- Shunday ekan pn+l < M"=1 Pi-

73. Malumki p5 = 11, ya'ni beshinchi tub son 11 gateng va 2-5=10
boiib, 11>10 boiadi. Agar pn > 271, («=5,6,7...) boisa, u holda pn+l —
pn > 2 ekanligidan pn+1 - 271> 2 yoki pn+1 > 2(mr + 1) kelib chigadi,
bu esa isbotlanishi talab gilinayotgan tengsizlikni beradi.

74. pn< 22nldann = 1 da pt < 2. (pt = 2 bajariladi). n = 2 da
p2 = 3<4; 7 =3dap3=5<16 b~ ariladi. Endi faraz gilaylik T = K
da (= 2,n3,... 7) pk < 22l tengsizlik o‘rinli boisin. U holda

Pn-1 AT Pk+ 1- 2%"22°222 22" 1+ 1=22"m"1+ 1< 2zn.
k=I
Demak, berilgan munosabat ixtiyoriy n natural soni uchun o‘rinli.
75. Faraz gilaylik 2n —1 tub son bo‘lib n murakkab son boisin u
holda 7i = w, *7i2 (rij > 1,n2 > 1) deb yoza olamiz. Bundan 2n —1 =
2ninz—i —(2ni)nz—i murakkab son boiadi. 2n —1 tub son degan
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teskari tasdig harama vagt ham o'rinli emas. Masalan; 211 —1 = 2048 —
1= 2047 = 23 «89.
n.i-§.

76. 1) rr(5) = 3; 2)1r(10) = 4; 3)1r(25) = 9; 4) Tr(37) =
12; 5) 1r(200) = 46; 6) jt(I000) = 168.

77.1) 1(KOO) = = 10 =— =_lf£ q 22

InloO 1n4+(n25 2(nl1o0 Z,3026
Nisbiy xatolikni hisoblaymiz:

&n(x) 25-22 3

<g= 1*r="~r1 -=H =042=12%-
2)
500 _ 5-100 500 500
~ InSOO ~ 115 + In100 " 1,6094 + 4,6052 " 6,2146 * 80:
95-80 15 3
) W=-~5-=95=16al06=16%-
T - 1000 - 1000: 1000 ___ELOOO 145
\V} 7000 3110 32.3026 60078 o
_ 168- 145 23
= 168 =168 * 0,14 = 14%-
4)
3000 3000 3000

m *~ /3000 * 1n3 + fril00O “ 8,0064 * 3'75;

427 - 375 32

__________________ = 120
a) = 755 797¢ 0,12 = 12%.

Y-(X)

78. 1-shakl.
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79. Chebishyev tengsizligidan
a 7ix) 6

o Inx X Inx i
Bu tengsizlikning ikkala tomonidan x -> +00 limitga otsak:

.a 1 B
%W(_awwolnx_a 0=0

va
ligms = 0
larga ega boiamiz. Bulardan
fim ()2
Mip-™= 0

ekanligi kelib chigadi.
Ishotlanganidan xulosa gilish mumkinmi, n(x)f unksiya x ga

garaganda sekin o‘sadL nisbatni L.Eyler [1,x] kesmadagi tub

sonlaming o‘rtacha zichligi deb atagan.
80. Tushunarliki n(p) < p. Bunda —p < —n(p). Oxirgi
tengsizlikning ikkala tomoniga pn(p) ni qo‘shamiz. U holda
pn(p) - p < (p- D1 (p)
hosil bo‘ladi. Buni
- 1 n(p)
p-1 P
ko4inishida yozish mumkin. 1r(p) —=7r(p —1) bo‘lgani uchun
n(p-1) 7
p - i < p
ni hosil gilamiz. m murakkab son bodsa, n(m —1) = n(m)
boigani uchun
n(m—1) n(m)
m m
boiadi. Bundan
n(m) n(m- 1)
m m—1
kelib chigadi.
Mn.2-s.
8l.a) [-2,7] = =2,7- {-2,7}=-2,7- 03 =-3.
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b) [2 + V987] hisoblang. Bu yerda 9 < V987 < 10 boMgani uchun
[V987] = 9vademak [2 + V987] = 2+ [V987] = 2+ 9 = 11.

¢) V21 =4+a,0<oc< lbolganiuchun |7~"1 = 1=
Fril- ¢

boiadi.

A 10 _ r10(3-73)j _ 30-10V3 _ 30-(I7+oc) _ 13-« _ n

Q 3+v3- 1| 9-3 6 - 6 "6 "

e, 3 +2tg2] = [I,3) +2] = [L,(B)]+2=1+2=3

D3+ sini®] = [3+sin(in - = [3- sin?j =3+

[ sin=&=3-1 =2

5)/@ —ZCosié\lj = [3 —aL = 2, chunki 0 < cosqz < 5(

f). Bu yerda 192512 —x=> 2512 = 10* 3<x <4 ya’ni x
3+a,0<ac<| bo‘lgani uchun [2 —o0g102512] = [2—(3 + a)]
[-1-a] =-2~

I).logl0abed = x =abed = 10* =>3 < x <4 Dboigani uchun
agar abed > 1000 bo‘lsa, [2- logl0abed] = 2 —[(3+0C)] - 2-
4 = —2 va agar abed = 1000 boisa, u holda [2 —logl0abed] =
[2-3] = -1;

K) n/30+ VIO = (5+oc) + (2 +/?); 0<oc<0,5;0<p <02
[V30 + VIO] = [7+oc +/?] = 7; chunki O<oc +0 < 1.

82. Berilgan tenglikning chap tomoni[7r]lel + [e] = 32+ 2 = 11
o‘ng tomoni [e]!"! + [n] =23+ 3 =8+ 3=11. Bu tengliklaming
o‘ng tomonlari teng, Shuning uchun ham chap tomonlari ham teng
boiishi kerak.

83. p=4k+ 1yokip =4k + 3ko‘rinishida deb olishimiz
mumkin. p =4k + 1 ko‘rinishda boisa, =[] =k+~]=
tvarl = = k; ya'ni | agar p =4k + 3 Kko'rinishida

bo‘lsa,g] = [k+;] = fc=" .



84. a=mq+r; 0 <r<m debyozibolsak, ]‘erz a+ m—;O < =< 1

bo‘ladL Bundan LF} =g=—.

85. Berilgan munosabat  [nx] <nx < [nx] + I,n = 1.2,...
munosabatga teng kuchli. Buning to‘g‘ri ekanligi esa butun gism
funksiyasi ta’rifidan bevosita kelib chigadi.

86. - = -+-= F|+oc+£n]+0;0<oc< lva 0</?<I.

n n n LnJ LnJ r
Bundan [~] =[]+ ['] + [ +/?]; bunda 0 <oc +/? < 2. Shuning
uchun ham [« +/?] = 0 yoki 1. Birinchi holda + ["] bo‘ladi.

Bddnchi holdaesa [p] = |*j + J-j + 1
A11-usul. m tog son bo‘lsa, m = 2q + 1 deb yoza olamiz va

m-1

N
l-usul. [f] = Wa tenglik T < a < 7£_l+ iga, ya‘(nl4 wi <

?(< m ga teng kuc”ﬁ. 1[5‘5'un!ian—7’l_l - ;’12 §<— o IyLI yoilzl’ K
0 <—vya’ni-1 <0 < 1, doimo bajariladigan munosabat kelib chigadi.

88. a)y = [X] ning grafigini (2-shakl) chizamiz (0 < x < Ly =
0); l<x<2;y=1);@2<x< 3 y=2vaxokazo (n<x <n+
1;y = n). Bularni Dekart koordinatalar sistemasida tasvirlaymiz:

2-shakL
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b). y = {*} ning grafigini chizmiz.
/0 <x <1\ /1l <x<2\ /2 <x<3\ in <x<m\

WW<y<1l/ WO<y<1/'\0<y<1/’ \0<y<1J

Bularni Dekart koordinatalar sistemasida tasvirlab berilgan
funksiyaning grafigiga

ega bo‘lamiz (3-shakl).
c)y = [— ning grafigini chizmiz.

[—2n < x< 2(n- 1)\
y=n-1I
Bularni Dekart koordinatalar sistemasida tasvirlab berilgan
funksiyaning grafigiga ega bo‘lamiz (4-shakl).
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d)y =  —I] ning grafigini chizmiz. Buyerday —1 =0 =
= 2= XxX= —f/2, x2=+V2. Bundan
IV2<x<2\ [2<x<V6\

V o y--i /4 y=0 [ y =i

e)y = [sinx]. Buyerday = [sinx] =
1, agarx =| + 2nk, kK GZ bo'lsa;
O,agar2frlc< x < a4 + 2n£,fcGZvax™*| + 2nk,k€Z bo'lsa;

1, agar T+ Ink <x < Ink,k€Zvax =" +2nk,k GZbo'lsa
ekanligini e’tiborga olsak quyidagi grafikni hosil gilamiz (6-shakl).



89. a) [x2] =2=>2<x2<3=>V2"< X\ < /3. Awalo >2~<

|X| dan x< —V2~x>yi2 va WX\ < /3 dan —A/3< x < V3 ga ega
boiamiz. Bulardan
-n/3 < x<-V2vay[2<x<nf3
b) [3x2- X] = x + 1danx + 1butun son boiishi kerak. Buning
uchun x butun bo‘lishi kerak. x butun son boisa, 3x2- x ham butun son
boiadi. U holda 3x2—x = x + 1 tenglamaga ega boiamiz. Bundan

3x2 —2x —1 = 0. Bu tenglamani yechib xli2 = =
"E—niya‘niXi =1 x2= —53 larga ega bo‘lamiz. Bu yerda x2 = 3
kasr son boigani uchun tenglamani ganoatlantirmaydi. Javob x = 1.

O [xI = fx =>§x < X< j‘x + 1va ix butun son boiishi kerak
Bulardan 3x < 4x < 3x+4 =>0<x<4 x=0,]j, - Bundanx =

0 ° E-3ekanligi kelib chigadi. Demak 3ta yechimi bor.

d) [x2] = x=»x<x2<x + 1 va x butun son boiishi
ekanligi kelib chigadi. BulardanO < x2- x < 1. Bu go‘sh tengsizlikni
yechamiz.

A. x2- x- 1< 0 tengsizlikni yechamiz. Uning o‘ng tomoni
shoxlari yuqoriga garagan parabola boigani uchun ham tengsizlikning
yechimlari x2—x —1 = 0 tenglamaning ikkala yechimlari orasidagi
sonlardan iborat boiadi. x2—x —1 = 0 tenglamaning yechimlari

I1£VIT4 1+n/5

X172 2 - 2
dan iborat. Shuning uchun ham x2-—x —1 < 0 tengsizlikning
yechimi (“ p; oraligdan iborat.

B. Endi x2—x > 0 tengsizlikni yechamiz. Uning o‘ng tomoni
shoxlari yuqoriga garagan parabola boigani uchun ham tengsizlikning
yechimlari ]—eo0,x2] U [x2,+00[ dan iborat boiadi. x2- x=10
tenglamaning yechimlarixx = 0 va x2 = 1 lardan iborat. Shuning uchun
ham x2 —x > 0 tengsizlikning yechimi ]—<», 0] U [1, +oo[ dan iborat.

Endi garab chigilgan A va B hollami birlashtirib 0 < x2- x < 1

go‘sh tengsizlikning yechimini topamiz. U holda x e o] U
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[I,~[ va x butun son bo‘lishi kerak, Demak, garalayotgan
tengsizlikning butun sonlardagi yechimlari x = 0,1 dan iborat.
90. [12,41n] = 87 =87 < 12,4m

91. Agar x butun son bo‘lsa, u holda [—] = —fx]. Agar x kasr son
bo‘lsa,[—x] =y deb olsak, y < —x <y + 1 bajarilishi kerak. Bundan
-y ~ K x < —yyoki [x] =~y —1=—c] —L Shunday qilib

r , f -Mga;agarx butun son bo Isa,

1 J 1-M-iga; agarx kasrson bo'lsa.
92. xt = [*(] +oq 0 <etf< 1 deb olsak

bo‘ladi. Bundan

m -1 - E 4
Bu yerda
\ P ¥ a
bo‘lgani uchun
J> £ w *)
t=i j =i
bajariladi.
93. 12-masalada xt = x2= —= xn = x deb olamiz. U holda (*)

munosabat [nx] > n[x] ko‘rinishni oladi.
94. [1,N] kesimda m soniga karrali sonlaming soni [~J ga teng.

Shuning uchun ham 106 va 107sonlari orasidagi 786 ga karrali natural
sonlaming soni

[1071 [1061 rlOOOOOOA  [10000001

7 ~[786 =1 78 J-b i H * 12722~ 1272
= 11450.
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95. 1000 dan kichik natural sonlaming soni 999 ta ulaming orasida
% ga, 7 ga karralilari soni 20 ga teng. Bu sonlar
orasida 5 va7ga karrdilari ham bor. Shuning uchun ham 1000 dan léé(g:?ik

. Uy =999 - 199 - 142 + 28 = 686 gateng.

96. 36 = 22*32 bo‘lgani uchun n soni 36 bilan o‘zaro tub bo‘lishi
uchun (71,2) = (71,3) = 1 bo‘lishi kerak. Shuning uchun ham 36 soni
bilan o‘zaro tub 100 dan katta bo‘Imagan natural sonlaming soni 100 —
[1£0] _ Ji0j + p£oj _ 100 _ 50 _ 33 + 16 = 116 _ 83 = 33. ;

97. Agar ko‘paytmada 2 va 5 birgalikda ko ‘paytuvchi sifatida necha
marta gatnashsa ko‘paytma shuncha nol bilan tugaydi. Albatta 2017! da
2 soni 5 ga garaganda ko*prog ko‘paytuvchi sifatida gatnashadi. Shuning
uchun ham masalani yechish uchun 5 ning 2017! da nechanchi daraja
bilan gatnashishini aniglash kifoya.

20171 120171 r20171 r2017i
a=rn +rMN +rM1 +b n =403+80+16+3
=53

Demak, 2017! ko‘paytma 502 ta nol bilan tugaydi.

98. N1 ning tub ko‘paytuvchilarga yoyilmasida p tub soni

daraja bilan gatnashadi pn = N deb olsak,

pn- 1

p-1
hosil boiadi.
99. 6 = 3*2 boMgani uchun 100! ko‘paytmada 6 ning gaysi daraja
bilan gatnashishini aniglash uchun 3 ning gaysi daraja bilan gatnashishini

aniqlashkig%a. L
1 riooi  riooi  riooi

a=[T]+H +bl +bl =33+11+3+1=48-
Demak, 100! ko‘paytmada 6 som 48-daraja bilan gatnashadi.
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100. Maiumki, n! sonining kanonik yoyilmasi n! = p*1e
P22 P¥k ko‘rinishidabo‘lib, bu yerda pt lar tub sonlar, a* lar esa pt
tub sonining n! sonida ganday daraja qatnashishini bildiradi va

ko‘rinishda topiladi. Demak,

= + = .
W 39 3+1=4
111
- Ne't H *- -IEtg-» -In]-
bo'lgani uchun 11! = 283452711,
101. Awalo berilgan Nsonining ko‘rinishini N = shaklda

yozib olamiz va bu yerda N  soni butun son boiishligi uchun 1000!

ning kanonik yoyilmasi tarkibida 7 tub soni ganday daraja k bilan
gatnashishini aniglashimiz kerak: (N ning suratida)

o= 220 OO 0% - 12+ 20+ 8 = 164

(N ning maxrajida)
I0Qi  (lOQi
i-[“ [yTJ+a-14+2+a-16+a

ylo4,n
Bularga asosan N = = 7148~a *Q. Bu yerda Q natural son va

«?,7) = L Bundan 148-a>0=>0<a< 148. Demak, a ning eng
katta giymati 148 ga teng.

102. Ma’lumki,(2/m)!'=/al 2m Bundan, agar p =2boba, u holda
2*<m < 2blboigani uchun, izlangan daraja ko ‘rsatkich gateng
boiadi. Agar p>2boisa, u holda izlangan daraja ko‘rsatkich £

M LyJ
buyerdaps< m<psH.
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103. Berilgan tenglamaawalo ko‘rinishida [*]=1+2" jyozib olamiz,

, agar bu tenglamaning chap tomonini y belgilasak u holda quyidagiga
ega bo‘lamiz:

( Y—M
y=1+2
Bundan esa

"

U1 X
= 1+ 2

|

2 2

sistemani hosil gilamiz. V_*lning butun giymatlarini mbelgilab

2m+1:[f(]J (2m+|<x<2m+2_t .
m=[£} "Okilq ix Do, Nitopamiz.

Bu yerdan 2m+1£x<2m+2, m=0,£1, +2,... ni hosil
gilamiz.
104.y-ax1+bx+c funksiya va demak j = +&c+cj funksiya

a>0 bo‘lganda quyidan va a<Oda yugorida chegaralangan . Ikkala

holda ham y=[ax2+fo+c)J=|e”jc+~] _b_ Aafi funksiyaning qiy-

matlarining aniq chegarasi " A jsondan iborat bo‘ladi. Shuning

yuyH4 >0 boiganda berilggntenglamalganda vafagat

shu holda yechimga ega, agardaa<obo‘lsa u holda bza:ac <d

bo‘Isa yechim mavjud bo‘ladi.

105. Har bir x = k (a < k < b) butun abssissaga egri chizigli
trapetsiya ichidagi va chegarasidagi [/(%)] + 1 ta butun ordinata mos
keladi. Shuning uchun ham izlanayotgan nugtalar soni
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b

£([/Ne )]+ D
k=a
gateng.
106. Buning uchun awalo 1-chorakdagi shu aylana ichidagi butti
nugtalar sonini aniglaymiz. Aylana tenglamasini y ga nisbatan yechib 1-

chorakga mos gismi 'y - y/b,S2- k2ni olib 25-misolni tatbiq etamiz. U
holda  ELo([V6,52- k2]+1)=7+7+7+6+6+5+3=41

hosil bo‘ladi. Demak, izlnayotgan nugtalar soni N=4*41- 4-7 =
164 - 28 = 136 ta.

107. n dan katta boMmagan va tub sonlaming har biri
bilan o‘zaro tub bo' gan sonlaming soni B(n'pl'p2' 5p*) = [n] —
- M, L+ ]+ [ b
pxy \p2J LPfcj IPleJ |Pk|Pk| IP1P2P3]

Pk.2Pk. |pk*1H““h(—‘)kf—‘—'J formula bilan tOPI|adI Shunga

asosan 1575 = 32527 bo‘lgani uchun 12317 - “

m +m +Mm +m - - K3» - K K -
2463 - 1759 + 821 + 586 + 351 - 117 = 5631.

n.3-s.
108.1). Bu yerda 375 = 3 53 bo‘lgani uchun (1) va (2)-
formulalardan
T(375) = t(353) = (1 + 1)(3+ 1) = §;
, 4 32-1 54-1 624
cOA)-3NT-TT “4 — =624
larga ega bo‘lamiz.
2).720 = 24 w32 +5 boMgani uchun(l) va (2)- formulalardan
t(720) = 5-3-2 = 30;
2s-1 33-1 52—1
ff(720) =y —- mJZJ+5 A =31e13¢6= 31 w78 = 2418
lar kelib chigadi.
3). Buyerda 957 = 3 *11 29 bo‘lgani uchun (1) va (2)-
formulalardan
r(957)=(1+1)Q+1)(1+1)=28
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. 32-1 112-1 292-1
g(957) = M1 "290 1 =4¢12+30 = 48 «30 = 1440
lar kelib chigadi.
4).988 = 22+ 13 19 boigani uchun(l) va (2)- formulalardan
T(988) = 3-2-2 = 12;
0(988) = N = 71420 = 1960.
5).990 = 2¢32¢5¢11; T(990) = 232 = 24,
, 4 22—1 33- 1 52—1

AMO) = YTT'T~T =3¢13612 = 2808.

6).1200 = 2*-3 52; 1(1200) = 523 = 30,
2s- 1 32- 1 53—1

<r(1200) =Y~y mY Z | m5MNT = 31431 = 3844.

7). 1440 = 25¢32¢5; 1(1440) = 632 = 36,
26—1 33—1 52—1

cr(1440) = ~2~i—3"M"~'"5--1" = 63 «+ 13 w6 = 4914.

8). 1500 = 223 +53; T(1500) = 324 = 24,

231321 841
<T(1500) =y -y~ o= - ey -y = 74 +156 = 4368,

9). 1890 = 2«33 5 W7;T(1890) = 2 +4 +2 +2 = 32,
22- 1 34-1 52—1 72—1
a(1890) ==~ 5| ¢, .= 3-40-6-8 = 5760.
10). 4320 = 25 +33+5; T(4320) = 6 4 +2 = 48,
26—1 34- 1 52—1
a(4320) = . = 63 +40 *6 = 15120,

109.1). 360 = 23325, d = 2a-3e-Sy, 0<a <3 0<

[? < 2,0 <y < 1 Shuning uchun ham

(1+2+4+8)(1+3+9)(1+5)=(1+2+4+8)(1+3+

9+5+15+45) =1+3+9+5+ 15+ 45+ 2+6+18+ 10+
30+90+4+12+36+20+60+180+8+ 24+ 72+ 40+
120 + 360;

Boiuvchilar:

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.



2).720 = 2*m32¢5, (1+2+4+8+16)(1+3+9)(1+05)
=(1+2+4+8+16)(1L+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
+ 60 + 120 + 240 + 360 + 720.

Bo‘lucbllar 1,2,3,4,5,6,8,9,10,12,15,16,18,20,24,30,
36,40,45,48,60,72,80,90,120,144,180,240,360,720. Jami-. 30ta.
3).954 = 2mB82+53, (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 = 22ml13+19, (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 = 23352, (1+2+4+8)(1+3)(1L+5+25)=
1+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, <r(x) = 28, x = ptaep2& a>1 f}> 1
bo'lgani uchun t(x) = (a + I)(fi + 1) = 6,bundana = 1,/? =
2vax =p!l-p22

Bu holda

o(x) = (Pi+1)"5f = (Pi+ 1)(P22+Pz+ 1) = (Pi+
1)(P2(P2 + 1) + 1) = 28, buyerda P2®2 + 1) juft son bo‘lgani uchun
Pr(P2 + 1) + 1 toq son, shuning uchun hampt + 1 =4, p2(p2 + 1) +

1=7, pt=3, p2(p2+ 1) =6, p2=2 demak, X = prp22 = 3*4 =
12.
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111.N = paegP, N2=p2a-q2& N3 = p3am3& Bulardan

T(N2) = (2a+ 1)(2/?+ 1) = 15 =35 bundana =1, p =
2(yokia =2;/7=1).t(N3) = (3a+ 1)(3/?+ 1) = 47 = 28ta

112. t(jc) va a(x) laming grafigini sxematik tasvirlang. Buning
uchun berilgan funksiyalarning giymatlari jadvalini tuzib olamiz:

x 123456 78 9 101 1213 14 15 16
.12 2 32 4 2 4 3 4 2 6 3 4 45
ax) 13 4 7 6 128 15 13 18 12 28 14 24 24 31

Bu giymatlami Dekart koordinatalar sistemasida belgilab quyidagi
grafiklarga

- -_‘_4_ Z-VV
: IT I/Iu|.1‘ 7aT 14Iivv/7

Lii-l lulu -
7-shakL
ega bo‘lamiz (7-shakl).
113.p2- Pi = 2, Pi = p2- 2, ff(pi) = =Pi+1=1+
(p2- 2) = p2- 1= <PP2>
114. m -2 a bo‘lsin. U holda ff(ra) = — bo‘lgani uchun

tenglama 2“+1- 1=2e2“- 1=2"+l- 1, yani m=2" (a=



04,24 ...) ko'rinishdagi sonlar berilgan tenglamaning yechimi, a =
0,1,2,3,... giymatlar bersak m ning cheksiz ko*p natural giymatlari hosil
boiadi.

115.1). Agar p tub soni m yoki n ning kanonik yoyilmasiga biror
a daraja ko‘rsatkichi bilan kirsa, u holda r(mn) da ham, shuningdek
T(T)T(N) da ham (a + 1) ko‘paytuvchi gatnashadi. Agarda m va n
laming kanonik yoyilmasida mos ravishda pava p” lar gatnashsa, u holda
mn ning kanonik yoyilmasida pat+"ishtirok etadi. Bu holda r(mn)da
a + p + 1 ko*paytuvchi gatnashadi. a+RP+l<(a+
D{/? + I)boigani uchun T(t)T(N) > T(Mn) boiadi, ya’ni  agar
(m,n) > 1boisa, T(T)T(N) > T(TN) boiar ekan.

2). Agarp tub soni m yoki n ning kanonik yoyilmasiga biror a daraja
ko‘rsatkichi bilan kirsa, u holda a(mn) da ham, shuningdek a(m)<r(ri)

daham 2***~ ko‘paytuvchi gatnashadi.

Agar m van laming kanonik yoyilmasiga mos ravishda pa va p”
lar tegishli boisa, u holda mn ning kanonik yoyilmasida pa+" i i
gatnashadi. Bu holda <r(mn) ning tarkibida gatnashuvchi —— =
ko‘paytuvchiga, <r(m) «cr(n) ning tarkibidagi

p«+l _ i pl/?+i _ i pa+t~+2 _ pa+i _ + i

1T 71 P3 I- "
ko‘paytma mos keladi. Bu yerda
Ea+P+2 _ TjfIf+l_4-1 ) )
p +1 _o+zr+i _ i9

P
(p-1) \ J

pa+p+2 _ pB+1 _ pP+1 + 1 - pa+0+2 + pa+p+1 _ |

p(l- p“)- p*+pg+ p(p“- D(pg~1). p
p-1 p-1
pa+1-1 pe+n+]_I

-1 p-1 > P-1
boi Iggamak, agar (m,ri) > Iboisa, uholda a(m)a(n) > cr(mn)
oiadi.

Ya’ni
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116. m ning barcha natural bo‘luvchilari d#d2, ..., dr(m) bo‘Isir
u holda biz

r(m)
S(m) = J~[dt
1=1
uchun formula chigarishimiz kerak. Bunda lar ham

] o . «l «2 dr(m)
m ning barcha bo‘luvchilari bo*lgani uchun

,0.). 19« e« ®

U ‘ 7=1 1 ne=1 (t

Bunda 52(m) = mr(m\ yoki <S(m) = Vmr(m). Xususiy holda
5(10) = VIOr(10) = /T4 = 102 = 100.

117. Masalaning shartiga asosan m = VVmT{m) , bundan z(m) = 2,
ya'ni w natural soni fagat 2ta bo‘luvchiga ega bo‘lishi kerak, demak, u
tub son bo‘lishi kerak. Shunday qilib, o‘zining barcha natural
bo‘luvchilari ko‘paytmasiga teng bo‘lgan sonlar natural sonlar to‘plami
tub sonlar to“plami bilan ustma-ust tushadi.

118. n ning kanonik yoyilmasi n = p*1«p%2 ... p“k bodsin. U
holda fik(n) = (1 + pf + plk+ - + p®I*)(1 + Pr+P1lk+ —+

(1+VHP? +- +Pl) = n

Pezr) pﬂ%ﬂ%L

L p ~—,ya'm

pk(at+i) _ i
fffc(n) = J
0=

Tushunarliki, o0(n) = r(n), Ol(n) = <j(n).

119. 1).ff2(12) = az(223) = £ £ = =f f =210.

2).12(18) = 92(2+32) = W, -~ =£2H =591 = 455,

3).a3(36) = 93(22°32) = U ~ N 01 =73-91=

6643.
AH<(16) = ©24) =~Er =MNT = 341-
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5).a3(8) = <B(23) = " = 225 = 585.
120. 1)<r(28) = 4(2'7) = Z1 /9 =7 6 = 78=56=2m8
Ya’ni n = 28 dacr(n) = 2n tenglik o‘rinli. Shuning uchin ham
n = 28 - mukammal son.
2).<r(469) = ¢(2* 31) =" = 3132 =992 = 2 +496.

3).<r(8128) = cr(26+127) =~ = 127128 =
16256 = 2-8128.

121. a(N) = er(pn) = =pn+ (p"1l+p""2+- +p+
)=pn+ =Pn+7ZT< 2pn=2W vya'ni<r(n) < 211

= o = = N =

122. ff(N) = agp ql>} 2;\_11. 2%!_|1z| < %_1I.§T_III N 8'?51

Shart bo‘yichap > 3,q > 5. Shuning uchin ham a(JT) < - «-N =
is 24
><2*,

Demak o(N)<2N.

123. 1). Shartga ko‘ra 5(n) = 5832, 9-masalada istalgan fonnulaga
asosan <S(n) = VaT(n) = 5832 = 23+36.

Demak n =2am3" ko‘rinishda boiishi kerak. Bulardan

\](2«-3 _ (2<.32)MN - - 2336, yani

gaega boiamiz. Bularga asosan a(a + 1)(/? + 1) = 6,
[?(a+ 1)(/? + 1) = 12 bundan

(a(a + 1)(/? 4°1) = 1*3*3 :

I(a+ 1)/?20?+1)=2-2-3 0 = 2 ekanligi kelib
chigadi van = 2 m82 = 18 hosil boiadi.

2). Shartga ko‘ra VnT(n>= 330 *540, nni n = 3a *5" ko‘rinishda
izlaymiz. U holda o

(a+)(OH)
(3° o5fi)-——-1--—-= 330540

gaegabo‘lamiz. Bundan a(or+ I)(p + 1) = 60; (a +

1)00? + 1) = 80.
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Buni quyidagicha yozib olish mumkin:
(a(a+ no* +1) =3-4-5
1/?2(a + 1)(/? + 1) = 4+4 <5 N L
Demak n = 3354 = 27 <625 = 16875.
124. N sonining barcha bo‘luvchilarini o‘sib borish tartibida
joylashtirib chigamiz: soni (ai +
N(a2+ 1)- («k +1) ta Bulami 2 tadan olib 1lI di I-Ji,er’

Nning barcha 2 ta ko‘paytuvchi ko‘rinishida ifodalanishlariga ega

E’".
bo'lamiz. Ularning son ga teng, agar N to‘lig kvadrat
bo‘Imasa va (ai+1"g2+" ga teng, agar N to‘liq kvadrat bo‘lsa.

Bulami birlashtirsak N ni 2 ta ko*paytuvchi ko'rinishda ifodalashiar soni
| M«i+tX e2+i)-(g*+i)j gateng degan xulosaga kelamiz.

125. Bizda N = 2 «3e sV . Bundan
T(N) = (a + 1)0? + I)(r + 1);
t(5AD=(a+ 10?+ 2)(y+1) = (a+Vjifi+ )(y +1) + 8§
r(7Af) = (a+ 1)0? + I)(y + 2) = (a +1)0? + I)(y + D + 12;
r(BN) = (a+4)(0+1)(y+1)=(a+1)0?+I)(y+1)+18
Bulardan (a + I)(y + 1)0? + 2- /2- 1) = 8, ya'ni
"(« +D(y+D =8
(a+1)0?+1)=12 ga ega boMamiz.
k0?+ DO +1)=6
(a+21)0?+ 1)(r+1) =V8ml26=V16-36 =46 =43
Bulardan (a+ 1) =4, a=30?+1) =3 f=2(y+1)=
2, y=1
va N = 23527 = 1400.
126. Masaianing sharti bo‘yicha N = 2* «3y «5zvaj = 2*-

3y°5r9 53 2x 3y 157 - 2* « 3y wbr-y.Bulardan



T(y)=71(N10-3°
r(]) =r(N)-35

T(y) = T(J1IN)-42

xX(y+D(z+1)=x+1)0+D(z+1)- 30
>jyx+D(z+1)=x+1)y+D(z+1)- 35
zZ(x+ Dy + 1) =x+1y+)(z+1)- 42

Oxirgi sistemani quyidagicha yozib olish mumkin:

(y+1D(z+1)=30
x+1D(z+1) =35
Ux + 1)(y +1) = 42

Buni tanlash usuli bilan yechamiz:(x + 1)2(y + 1)2(z + 1)2= 22«
325272 (x+ I)(y + 1)(z + 1) = 2+3 57 buyerda (x +
(y + 1) = 42 bo‘lishi kerak, shuninguchunx + 1 =7 y + 1= 6,
uholda (x+1)(z+ 1) =35 dan (z+ 1) =5 kelibchigadi vabu
yechimlar (y + 1)(z + 1) = 30 tenglamani ganoatlantiradi. Shunday
gilibx =6,y =5, z = 4vaN = 2635 *54 = 64 +243 «625 =
9720000.

127. 2e+1 —1 tub son bo'lsin, u holda N = 2*(2“+1—1) ning
mukammal son ekanligini ko'rsatamiz. N = 2“+| —1 = p deb olsak

<JN) = ff(2“ep) =271 « = (2“+L- D(p +1) = (2“+L-
I)(2a+1) = 2N, ya'ni N —mukammal son.

128. Buni ishotlash uchun har ganday juft mukammal sonning
2"(2a+1 —1) ko‘rinishida ifodalanishini ko‘rsatish yetarli. Bunda
2<x+ _ i tub son. Faraz gilaylik N = 2aeq, (ig;2) = 1 juft son
mukammal son bo‘Isin, ya'ni u uchun

a(N) = 2N tenglikzbajra_rilsig. Bundan §(2aq) = 2a+1q yoki

a+i

2 _x g(g) = 2a+1q.

Bu yerdan a(q) = 2l Av* Qsoni 2a+1 —1 ga bo‘linishi kerak.

U holda q = (2a+t1 —)k va <r(q) = 2a+1fc bo‘ladi. Bu yerdan k va
(2a+1l —)fc lar g ning bo‘luvchilari bo‘lib, ulaming yig‘indisi uchun
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2a+1k = a(q) bajariladi. U holda g ning boshga bo‘luvchilari yo‘q
bo‘lishi kerak. Demak, q = (2a+1 - 1)/c soni tub son ekan, ya’ni k =
1va 2a+1 —1 tub son.

129. N=2a- deb olsak, masalaning shartiga ko‘ra

(2a+1- 1)(P'+ D)(p2+ 1) = IT = 32“plp2 Q)
bu yerda pj > p2 tog sonlar.

Agar a = 0bo‘lsa (px+ 1)(p2+ 1) = 3pxp2yoki Pi+Pr + 1=
2pip2. Bu oxirgi tenglik o'rinli emas, chunki chap tog son 0‘ng tomoni
esa juft son. Demak, a ®0 bodsa. a = 1 bodsin. U holda 3(pi +
)(Pz + 1) = 6piP2yoki Pi+p2+ 1= PiP2,ya’nip,+| = p2(pi - 1).
Bunda pi —1 juft son, ya’ni pt —1 = 2n, u holda 2n + 2 = 2npr
bundan n+1=np2->n(p2—1) =1-+n=1 p2=2 Bunday
bo‘lishi uchun ham mumkin emas, chunki masalaning shartida p2 - toq
tub son. Demak, a ® 1. a = 2 «

a = 2 bo‘lsin. Bu holda (1) dan 7(pt + 1)(pr + 1) = 12papr -*
7Pi + 7pr + 7 = 5pip2->7(pi + p2+ 1) = 5pip2. Bundan px =
7 (yokip2=7) va 8+ pa= 5p2-*p2= 2yoki (pj = 2). Bunday
bo‘lishi ham mumkin emas.

Demak, a*2,a =3 bo‘lsm. Bu holda (1) dan  15(px+
1)(P2 + 1) = 24pip2-* 5(p! + 1)(p2+ 1) = Bpxpr. Bundan 5(pr +
p2+1) = 3plp2vapl=5 (yokip2=5)hamda6 + p2= 3p2->p2=
3 (pr = 3). Shunday qilib, berilgan masalaning shartini qanoatlantiruv-
chi eng kichik natural son N = 2? w5 m3 = 120 ekan.

130. Faraz gilaylik N = piaip2az —p*a* bo‘lsin. U holda

T(10 = (<4 + 1)(cr2+ eee (a* + 1)

a). Agar t(N) togsonbo‘lsa, (1 + a*) (i = 1,2,...,k)
ko*paytuvchilaming har bin tog son bo‘lishi kerak, ya’nia,(i =
1.2...., k) larjuft bodishi kerak. Bu esa N butun sonning to*la
kvadratiga teng degani.

b). Aksincha, agar N biror sonning kvadratiga tengbo‘lsa, uy (i =
1.2....,k) larjuft sonlar wy, + 1 lar esa toq natural sonlar bo‘lishi kerak.

U holda t(/V) = n?=i(l + ad hamtoq son bo‘ladi.
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.4-s.
131. Eyler funksiyasiy = <p(x) ning giymatlari jadvalini tuzamiz.

10 N
1 1 4 10

Bu quymatlami (nugtalami) Dekart koordinatalar sistemasida belgi-
lab chigib uzlukli chiziq bilan belgilab chigsak, y = <p(x) funksiyaning
0°zgarishini xarakterlovchi chiziqga ega boiamiz.

132. 1).<p(125) = 53) = 53- 52 = 100;

2). 1000 ni tub ko*paytuvchilarga ajratib <p(x) ning
multiplikativligidan foydalanamiz.*(I000) = <p(23+53) = ~>(23)
">(53) = (23- 22)(53—52) = 4 w100 = 400;

3).«p(180) = (18 +10) = <p(22 *32+5) = <p(22) mp(32) *
<p(5) = (22- 2) (32' 3)(5 - l) = 2[4 = 48’
4).<p(360) = <p(23m32m6) = (23- 22)(32- 3)(5- 1) =46+

5).<p(1440) = <jo(122 m10) = 4(2* +32+5)=(25- 24)(32-
3)(5- 1) = 16 +6+4 = 384;
6).<p(1890) = <p(2)<p(33)<p(S)<p(7) = (2 - 1)(33- 32) o4 +6 =
18 ¢24 = 432;
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7). <p(113) = 113- 112= 121 w11 = 1331,

8). <p(232) = 232- 23 = 506;

9).<p(12 ml7) = (12) *<p(17) = <p(22 MB) 16 = 16 M22- 2) »
2=32-2 =64

10).<p(24 #28 +45) = <pf23¢3 227 ¢32¢5) = cp(?s *335 ¢
7)=(25- 24)(33- 32) *4+6 = 24 ml6 18 = 6912.

133. a<T; (a;m) = 1, ta’rifiga ko‘ra, bunday kasrlar soni
(p(m) ta.

134. Berilgan oraliqda jami 120 ta natural son bor. Shulardan 120
bilan o‘zaro tublari <>(120) == tp(23 3 5) = (23—22) 214 =
32 ta. Shuning uchun ham izlanayotgan natural sonlaming soni
120- 32 = 88 ta.

135.a). <p(2“) = 2a- 2“~l = 2a~\2 - 1) = 2a~1

b;. <Pp(p“) =p“- val=Pa 1§P " 1) =Pe"V(P)-
c). <p(ma) = m*“ 1<p(rri)ni isbotlash uchun m ning kanonik ’
yoyilmasi m = p”’p"2—pE* ni garaymiz. Bundan ma =

Pr'p?2~pP7kva

=M

136. Agar (rn, 2) = 1bo‘lsa, Eyler funksiyasi multiplikativ bo‘lgani
uchun <p(2m) = <p(2)<p(rri) = ~?(m).

Agar (m, 2) > 1bo‘lsa,(m, 2) = 2 bo‘ladL Buholdam = 2a ewit,
(7; 2) = ldeb yozib olamiz va (p(2m) = <p(2a+1 *mx) —
£Qatl)( (1) = 2a(p(ml) = 2<p(2a) *(p(mx) = 2<p(2e WT7") =
2(p(m).

137.a). <p(dn+ 2) = <p(2(2n + 1)) = <p(Q)<p(@n + 1) =
(p(2n + 1).

b).Agar (n, 2) = 1bo‘lsa, uholda (n, 4) = 1 bo‘ladi. Shuning
uchun ham

<p(4n) = <p(4)<p(ji) = 2p(m).
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Agardan = 2“ «ft, (k; 2) = 1bo'lsa, u holda <p(4n) =
y(2e+2 +k) = <p2°+2) +<p(K) = 2e+l «<p(k) = 2<p(2“+1) *<p(k) =
2<p(2e+1 *Kk) = 2<p(2n).

138. a).<p(5x) = 100 -+51-S*-1 = 100 -» 5*"1«4 = 100
5X1=52-»x = 3.

b).<p(7x) = 294 =>7x" 16 = 294 => 7*"1= 49 =>7*~1 =
72=>ar— = 2=>x = 3,

¢).<p(px’) = p*-1 =>p*-1(p —1) = p*-1.Butenglamap > 2
bolMka yechimga ega emas. p = 2 da ixtiyoriy natural son x
tenglamaning yechimi bo'ladi.

d). (p(3x m5y) = 600=» g»(3X) *<p(BY) = 600 =»3* 12 ¢5Y~xe
4 =600 =»3*"1e5y 1 =75 =»3*-1eby 1=3-52=>x-| =
l;y -1 =2=>x=2;y = 3.

139. m = p“Ip“2...p£k bo'lsin u holda

<p(m) = pf1-1(pi - Npf21(p2- 1)...pl-1(Pk- 1)
boiadi. Bu yerda har bir toq pk ko‘paytuvchiga juft pt—1
ko ‘paytuvchi mos keladi va <p(m) juft son bo‘ladi. Agardam = 2a > 3
ko*rinishida bo‘lsa, <p(m) = <p(2a) = 2a-1juft son bo‘ladi.

140. x = m soni <p(x) = a ning ildizi bo‘lsa u holda <p(m) = a
bajariladi. Bu holda <p(2m) = <p(rri) = a; chunki shartga ko‘ra (2; m) =
1. Buyerdanx = 2m soni ham berilgan tenglamaning ildizi ekanligi kelib
chigadi.

141. m ningham 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. (I — < 1~ ~bo‘lgani

uchun (m;n) > 1 bo‘lsa, <p(m)<p(n) < <p(mn) bo‘ladi. Xususiy holda
(P2(ni) < (pirn2), bu yerda tenglik fagat m = 1 da bajariladi.

142. qltqg2, .......... <t lar Mat m kanonik yoyiimasiga
kiruvchi tub sonlar,pl#p2, ...,pk larm va n laming ikkalasining ham
kanonik yoyiimasiga kiruvchi tub sonlar,?, 12, lar fagat n ning
kanonik yoyiimasiga kiruvchi tub sonlar boMsin. U holda

[IK)TTK)ITH)-



bIK)MH))

vV 1=l iC) M “n
- L (TXKn)

Izoh: Agar > 1 ekanligini inobatga olsak, isbotlangan

tenglikdan 11-misoldagi munosabat to*g‘ridan to‘g‘ri kelib chigadi.
143. [m;n] = -> 1 ®6 = mn boigani uchun (p(mn) =

<P@d) = P)PE) « = «p(» +#>(E). d = (jt;8) =
& mnS) = 1

144. Yig‘indini bevosita ~(p*) = pa —p*””1 formuladan
foydalanib hisoblaymiz: <p(l) + gp() + <p(p2) + —....+<?(?*) =
=l+p-1l+p2-p + —+poc p*-1=p*
145. Agar a natural sonning kanonik yoyilmasi a = pAp*2-P**
va 0 multiplikativ funksiya bo‘lsa, u holda

A 0@d) = (1 +0(pX + 0(p?) + - + 9(p*»)) X
d\a
X(1 +0(p2) + 0(pf) + —+ 0(p“n) X..

x (i +e(pK) +e(pl) +- + 0(pE™)) ()
ayniyat o‘rinli. Hagigatan ham (1) ning o‘ng tomonidagi gavs ichi-

dagi ifodalami ko‘paytirib gavslami ochsak va 0(a) ning multipli-
kativligidan foydalanib quyidagiga ega boiamiz:
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1~ ](' + e(pi) + e(Pf) + ...+B(P"))
i-1

=1+ 0(pr) + 0(p2) + e+ G(PfC) + oo
+ ® [ )0(P2r) -0 (P kk)

=2 Z "™Z e(piip22-Pk') = X e(d)-

Pi Pr Pk

Bu yerda biz a = p**p*2—Pk* sonining ixtiyoriy bo‘luvchisi d ni

d = p*rp22«=P*f; 0 < Pi <ocf, i- 1,2,..,ft ko‘rinishidagi ifoda-

lash mumkinligidan foydalandik. Endi (1) da 0(d) = <p(d) deb olamiz.
U holda (1) dan
K

Z M<0=31(i+9pi)+<K?)+-+ s(p20)
d/a i=
K K
- +Pi- 1+p?- A+ -+ pl*- pl-1) = ]~[p**
i=1 t=1
= a.

146. Awalo, agar (a;m) =1 bodsa, u holda (a;m- a) =
ekanligini ko‘rsatamiz.(a; m - a) = d > 1 bo‘lsin deb faraz etaylik. U
holda a = da”m - a = d et deb yoza olamiz. Bu yerdan m = a +
dt=d(aa+t) ga, yani (a;m)=d > lga ega bo‘lamiz. Bu esa
(a; m) = 1 gagarama-garshidir.

Endi m dan kichik va m bilan o‘zaro tub soniami o‘sib borish
tartibida yozib chigamiz:

1, alt a2, —,m-az, m - a lf m - 1 ()

Bulaming soni <p(rri) ta. Bu yerda har bir at ga bitta m —a* soni mos
keladi. Ulaming yig‘indisi a* -f (m —a*) = m ga teng. Bunday juflliklar
soni - (p(m) ta. Shunday qilib (2) dagi sonlar yig‘indisini S deb belgilasak
S = ~m(p(m) ga ega bo‘lamiz.

147.16 - masalada ishbotlangan formuladan foydalanib

1 1
Si = 2PPCP) = 2P"P - A = <pE2) =p2- p=p(p- 1)
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S_PP~1) _2

5i \P(P~ 1)
topamiz.
148. 1. <p(X)=p—1, x =p*ey, (p;y) = 1 debolamiz.
<pQ) = <Ap**Y) = pa-1(p~ 1)<p(y) = p- 1 yokip*"1e<pfy) =
1 hosil boiadi. Bundana =1, ">(y)=1yokiy=1 vay =
2. cr=lvay = ldax =p = 2tenglama bitta yechimi, p > 2
bo‘lsa tenglama 2 tap va 2p yechimga ega boiadi.

2). (p(x) = 14 = <p(X) = 2 «7dan<p(x) : 7 ya’ni X ning
yoyilmasida 7 gatnashishi kerak u holda <p(x) : 6, lekin (p(x) ifoda 6
boiinmaydi. Demak, tenglama yechimga ega emas.

3. <px) =8=23= <p(x) :2, o :4, (p(x) :8.

a) x = 2a*3" 5y boisinuholda <p(x) = (2* - 2 (3" —
N-D(BY - 5¥-1) = 8§ =>2*-1m3P"1eS*-12¢4 =8 =>10"1e
3?-1.5y-i=1 a=1y=1 y=1lvax=30, <p@30)=4-
2= 8
b) x = 2«-3P =  <p(X) = 2@C1-371-2 =8 =>r*"13""1=4

>a=3 =1=> x=8a3=24
C), X=2a5Y=><p(X) = 2*-1e5x™"1e4 =8 =Fr(0"1eS*"1=
2=>y=1«=2=>x=4m=20.
d).x = 3" eba => <p(X) = 3" 1e5x-1*8 = 8=» 3*"1eby 1 =1
= ft = 1, y=1=>x=15
e).x = 2% <p(x) = 2“-*=8=23=>0c=4 =>x = 16.

Demak, javob x = 15; 16; 20; 24; 30.

4). <p(x) = 12 = 22«3, Mumkin boigan hollami garab
chigamiz.

Q) X = 22-Fe7r=><p(X) = 2*-1m2 m3P '1e67*-1= 12 >
2«-1.3/?-i.yr-i - i =>«=1,fi=l,Y=1 =>x =42

b) X = 2Km3" =>p(X) = 2*-1 2 mB8"-1= 12 «=> 2" 3" 1=
22¢3=>0c=2; ?=2 = x = 36.

C)X = 2«o7' => <p(X) = 2“-1e6e7y | = 12 =»2* 1-T5-1 =
2, y- 1 «=2=>x=28

d) X=3elr =><Pp(X)=3N-1me6m/“ 1=12=>3N1
7yl=1=> 0=1ly=1=>x=2L
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e) X = 2% 135 =><p{x) = 2*-1135"112 = 12 =>2*-1
1351=1=>S =1, «= 1 =>x = 26.

g)z = 13* = <p(x) = 135"112 = 12 =>135"1= 1 =»5 =
1=x = 13.

Javob: x = 5; 13; 21; 26; 28; 36; 42.

149.1). p(X) = 2“; x = 2* «31e5m

a) X =2Kk=cp(x) = 2*-1 = 2* =>K- 1=0= K=0C+1l =>X =
2K+

b) XK= 2% e5T =F<p(x) = 2k~xmS"™*-1e4 = 2% => T -1 :
OT =1
K+ 1=0c, K=CC-1 =>x = 2e-1 5.

C) X=2Ke3F=> PX) = 2K 123112 =2K=>kKk=0c, (= 1"
X = 2Ke3.

d Xx=3"-57 =><p(X) = 31-1¢257_ 1-4=2"“=0c=3;i=
1, 1T =1= x=15.

e) X = 2 mB1le5T =*<p(X) = r*"1e31'1e2¢5T-r4 = 2K=>

rm .31-1.5T-1 =2K=>Kk=0c-2; 1=1;, T = 1> X

= 2K~2+15.
Javob: x = 2K+1; 2e-1-5; 2a «3; 15; 2K-2milb.
2).<p(px) = 6epx-2 =>» px_1(p —1) = 6p*-2 =>» p(p—1) =
6 => p = 3 ixtiyoriy x ganoatlantiradi p * 3 dayechimi yoq.

150.  <p(T) = 3600, bunda T = 3“ ¢5? ¢7* 3600 = 2432+
52 = <p{T) = 3*-1 e2 5% 1efe7™" 1m6 = 2* 3252 =>3K 1+
53-1.7y-1 =352=>x-1 =1;0c=2;7-1=2;0=3; y=
1 =71 =3253¢7 = 7875.

151. ™>(x) = 120, x = prep2vaPj- pr =2 =><p(X) =
(Pi- 1)(p2- 1) = 120; p! = p2+ 2 =>(p2+ 1)(p2- 1) =120 =
p2=11; pr = 13; x = 143.

152. Masalaning shartiga ko‘ra: <p(T) = 11424; T = p2-p2
Bulardan va 11421 = 2sm3 +7 ml7 ekanligidan <p(p2mp2) = (p2—
pi)(p2- P2) = Pi(Pi- I)p2(p2- 1) = 2smB 717 = 1617 *7*6
hosil bo‘ladL Bundan esa pr = 17; p2= 7, m = (pxep2)2= 1192=
14161 ni hosil gilamiz.

153. = <p(px)da agar p = 2 bo'lsa<p(x) = <p(Q)<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*l-p*2 p*kdesak <px) =
(pF1- Pr1 1)(P22- pr2"1) - (p pl

Agar (p;x) = 1 bo‘lsa, <p(px) = <p(*)(P 1) * <p(x). Agarda
(P;x) =p; (p=pO bo‘lsa, pX = p*lep*2..p*|+1—pKKva

*<P*) = (pll- Pr1-1)(P22- P22'1) - (pr+l- plfo - (pr -
P** *) = pj *<(*) * ~(*) Demak, p = 2 da berilgan tenglamani x
ning barcha toq giymatlari ganoatlantiradi; p > 3 boisa tenglama
yechimga ega emas.

b). <p(px) = p<p(x). 1. Agar (x;p) =1 bo'lsa, <p(px)
<p(P)<p(¥) = (p - D<p(x) =<p(*)(P- 1) = pIplo) = P(*) =
Demak yechimi yo ‘0.

2)-* = p“*eP22 -P** ho'lsa, (p;x) =p; (p=
P/); <p(p*) = Pi *#>(*) = Pch(x). Demak, bu holda berilgan
tenglamani x ning p ga karra natural giymatlari ganoatlantiradi.

C)-<p(pi **) = <p(p2 &X); pt PP2; x = ¥**+g2....q%k ;

1) Pi * £1;yaniO;p) = 1bo'lsa <p(pr x) = (pr - 1) tp(x),
agarda (jc; pt) = ptbo'lsa, (p(ptx) = pi<p(x).

2) P2 * <«iyani (x;p2) = 1 = <p(Pr*)
= 02~ 1K*): agarda% X, p2) = p2; <p(pr*) = PrPOO-

Bulardan quyidagi tenglamalarni hosil gilamiz:

DPi- IM*) = (p2- )W ; 3) (p2- iM *) = Pi<K*),

2)(Pi - DK*) = P2"W 4) P29pX) = pa<p(X).

) 1())dan (Pi- 1-p2+D<p(x) =0=>»(pi-p2M*) =0 = pz-
p )

Demak ~>(x) = 0 bo‘lishi kerak bu holda tenglama yechimga ega
emas.

2) dan (Pi - p2- D<b(x) =0; pt=p2+1; px=3;p2=2da
tenglamani x ning berilgan shartilarini ganoatlantiruvchi, yani (x; 3) =
lva(x;2) = 2(x ning 2 ga bo‘Imib 3 ga bo‘linmaydigan giymatlari)
tenglamani ganoatlantiradi.

3) dan ((pt- p2- D<p(x) = 0- Bundan yuqoridagi singari pj =
2; p2= 3da bajariladi. Yani x ning 3 gabo‘linib 2 bilano‘zaro tub
giymatlarining berilgan tenglamani ganoatlantirishi kelib chigadi.

4) dan (p2—Pi)"00 = 0; pxdp2 bo‘lgani uchun bu holda
tenglama yechimga ega emas.



154. a).<p(x) =| ™ f - butun son boiishi kerak. Shuning uchun
ham x = 2*¢ (g;2) = 1 deb yozish mumkin. Bu holda <p(x) =
2*"1e<(Q) = °q =><p(Q) =q =>q=1. Bundan x = 2*
tenglamaning yechimi (oc> 1) boiadi.

b)."p() =| =x=3"my = "p(x) = 3Mx*2 « gp(q) =

T2=>9(4)=f = 4=2* => x=2«-3%*,
C).<F(al’)= |:>)K = 2% e<[ik> 2 (2*;Qj: 1:><p(X) = %] e

®(?) =~ = 202 +q. Bundan <p(q) = | ni hosil gilamiz. Bundan esa

a) gaasosan q = 2k kelib chigadi, lekin bizda (2*; q) = 1 boiishi kerak
edi, bu garama-garshilikdan berilgan tenglamani yechimga ega emas
degan xulosa kelib chigadi.

155. (pipx) = a-> px~r(p —1) = a =

(x—1) Inp = In—-3--= X= 1+ IP’}/J ,
p—1 Inp

bundan a birga teng yoki juft son .

156. pi(i = 1,2 ..., k) barcha tub sonlar bo‘lsin. U holda a =
pip2...pk soni uchun

o o<p@ = (Pi- )(p2- 1)...(Pk- 1)- *)

Ikkinchi tomondan esa har bir < a natural son pi,p2. —Pk tub
sonlaming birortasiga boiinadi va a bilan o4aro tub emas. Shuning
uchun ham <p(a) = 1. Shunday qilib (*) ga asosan (pr —1)(p2 —
1) —Pk- 1) =1 bosil boiadi. Bunday boiishi mumkin emas. Bu
garama-garshilik tub sonlar soni chekli k ta boisin deganimizdan kelib
chiqdi. Demak, tup sonlar soni cheksiz ko*p.

157. ¢ ;(@;b) =1; 0 <a<b mushat, to‘g‘r, gisgarmas kasr
berilgan boisin. Maxraji b gateng musbat, to‘gri, gisgarmas kasrlar soni
<p(b) ta. Shuning uchun ham izlanayotgan son g>(2) + <p(3) H----h <p(ri)
gateng boiadi.

158. x < 300 va (x; 300) = 20 bajarilishi  kerak. Bundan

(1;15) = 1-
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Y ~ Jodebolsak Gy; 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.

159. Barcha butun sonlami 1 ga bo‘lsak 0 goldiq qoladi, ya’ni
barcha butun sonlar 1 moduli bo‘yicha o‘zaro taggoslanuvchi.

160. 8 moduli bo‘yicha taggoslanuvchi sonJar Qq+r, 0 <r < §;
masalan r = 1da 9,17 lar 8 moduli bo‘yicha o°zaro taggoslanadi, chunki
9=8*1+1Iva1l7=8-2+1

161. a) 1 = -5(mod6),1 = 6- 5(mod6), 1 = I(mod6);

b) 546 = 0(modl3), 546 = 13*42 + 0,0 = 0(modI3);

c) 23= I(mod4),8 = I(mod4), 0= I(mod4) ?

d) 3m = -I(modm), 0 =m - I(modm)?

Demak, a), b) taggoslamalar o‘rinli, ¢),d) lar o‘rinli emas.

162. a = b(modm) tagqoslamaning o‘rinli ekanligini ko‘rsatish
uchun a va b lami m ga bo'lganda bir xil goldiq golishini, yoki (a —b) :
m ni ko‘rsatish yetarli.

a) 121 = 13145(mod2), chunki 121 = 260 + 1va 13145 = 2
6572 + 1.

Berilgan sonlami 2 ga bo‘lsak bir xil goldig goladi. Shuning uchun
ham ular 2 moduli bo‘yicha taggoslanuvchi.

b)121347 = 92817(modl0), bu yerda 121347 = 12134-10 + 7,
92817 = 9281 -10 + 7. Demak ta’rifga ko‘ra taggoslama o‘rinli.

c)31 = —9(modl0),31 - (-9) = 40 : 10. Demak, tagqoslama
o‘rinlL

d)(m —)2 = I(modm), buyerda (m—)2—1=m2—2m =
m(m - 2) : m. Demak, taggoslama o‘rinli.

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. a)51812 = (52)906 = (25+1+ 0)906 = 0(mod2S).
Shuningdek

1964 = 1950 + 14 = 78 25 + 14 = 14(mod25), demak, bu
sonlar 25 moduli bo‘yicha teng goldigli emas, ya’ni 51812

1964(mod25).
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b) agar a = b(mod7n)boisa, (a, m) = (b,m) bo iishi kerak.
Bizning misolimizda  (7103,87) = 1; (3;87) = 3. Demak, 7103 2=
3(mod87).

c) 4196 = 25(modI0) da(41965;10) = 2va(25,10) = 5, 5* 2
boigani uchun 4196 £ 25(mod 10).

d) 30 ml7 = 81 +19(mod6)da 30*17 = 0(mod6),81 «19 £
(mod6) demak, taggoslama o ‘rinli emas.

e) (2n+ 1)(2m + 1) = 2k(mod6). Bu yerdan tenglikka o‘tsak,

@n+1)(2m + 1) = 2k + 6t = 2(k + 3t). Bu tenglikning o‘ng
tomoni 2 ga boiinadi, chap tomoni esa 2 ga boiinmaydi. Shuning uchun
ham taggoslama o‘rinli emas.

164. a butun soni va m > 0 butun soni berilgan boisin. U holda
goldigii bo‘lish hagida teoremagaasosan a = meq +r, 0 <r < m deb
yoza olamiz. Bundan a — = mgq, ya'ni(a —) : m. U holda ta’rifga
asosan a = r(modm).

165. x = 2(modI0) ni tenglik ko‘rinishida yozsak x = 2 + 10t,
t€Z,x =2,12,22,-8,-18.

166. = 0(mod3),x = 3t,t 6 Z; b)xs I(mod2),x = 14-
2t, t6Z

167. aj20 = 8(modm) = _

m = 1,2,3,4,6,12.

b)3p+1=p+ I(modm) =>3p+1- p- | =0(modm) =
2p = 0(modm) =* 2p :m. 2p ning boiuvchilari m = 1,2,p, 2p.

168. 13 = 5(modm) ->13 - 5= 0(modm) -+ 8 =
0(modm) =>m = 1,2,4,8.

169. Ta’rifga kora 10 modul bo‘yicha taggoslanuvchi butun
sonlami 10 ga boiganda bir xil qgoldiq golishi kerak, ya’ni ular a = 10 m
g+ r,0 < r < 10 shartni gqanoatlantirishi kerak. Misol uchunr = 1 deb
olsak barcha 10 gaboiganda 1,11,101, 1001,... larga ega boiamiz.

170. Berilgan taggoslamalardan gaysilari o‘rinli ekanligini anig-
lash uchun m modul bo‘yicha taggoslanuvchi sonlaming ayirmasi shu
modulga goldigsiz boiinishini tekshirib ko‘rish kifoya.

a)dal- (-11) = 1+ 11 = 12 va 12 soni 6 ga qoldigsiz bo‘linadi.
Demak, berilgan taggoslama o‘rinli.

3 =>12=m(q- <h) =

t
— fTICH -~V T)
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b)da3n - n2 = n(3 - n)van(3 - n) soni n gagqoldigsiz bo‘liadi.
Demak, berilgan taggoslama o ‘rinli.

c)da26—1=63=7*9 va 7*9 soni 7 gaqoldigsiz bo‘linadi.
Demak, berilgan tagqoslama orinli.

d)da3m—1 =2m+ (m—1)va 2m+ (m- 1) soni m > lga
goldigsiz bo‘linmaydi. Demak, berilgan taggoslama o‘rinti emas.

Shunday qilib berilgan taggoslamalardan a), b), c) lar o'rinli, d) esa
o‘rinli emas.

171. Berilgan tagqoslamani parametrik tenglik qilib yozsak x =
7+ St, bunda t ixtiyoriy butun son. Bundan x =2+5+5t =2+
5(t+ 1) = 2+ 5tl9 tt - ixtiyoriy butun son. Demak x 5ga bo‘lganda 2
qlc<)ldiq goluvchi sonlardan —,-13, -8, -3,2,7,12,17, = iborat bo‘lar
ekan.

X=a
172. Faraz etaylik Y —P (modm) bolsin. U holda
2=Y.
ax3=aa3 /
bx2y = ba26 | o
cxyzc = cal/}y((modm=* bajariladi. Bundan F(x,y,z) =
dz=dy J

F(a,p, y)(modm) kelib chigadi.

173. 3n = —1(modm) ni 34 =81 = 1(mod10) tagqoslamaga
hadlab ko‘paytirsak 3n+4 = -I(modlO) hosil bo‘ladi.

174, 251—1= (2571- 1= 31+ 1)n- 1= (In-

)(mod31) = 0(mod31)demak(2Sh- 1):31.

175. x = 3n+ Ibo‘lsa 1+ 3X+9X= 1+ 33ml+ 93l = 1+
333n+9*93n=1+3m33In+9(93n=1+3(26+ I)n+
9(128 + 1) =1+ 3(13 «24*I)n+ 9(13 56 + I)n =1+ 3In+
9 * A(mod 13) = 13(modI3) = 0(modI3). Demak, 1+ 3x + 9Xsoni
x=3n+1(n=042,..) bo‘lganda 13 ga bo‘linadi.

176. (a + b)p ni Nyuton binomi formulasidan foydalanib yoyib,
keyin p moduli bo‘yicha tagqoslamaga o‘tamiz. (a +b)v = dP +
pap~rb + aP~2b2+ —+ abp~T + bp = ap + bp(modp), ya'ni
(a+b)p =ap+ bp(modp).

177. Masalaning sharti bo‘yichaa = b(modpn). Bumteng i qi
yozsak a = b + p7et, (t = 0,1, +2...). Butenglikni ikkala tomonmi
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p-darajaga ko‘taramiz, u holdaav = (b + pnt)v = bp + pn+lq, (q =
0,1, +2,...). Oxirgi tenglik esa ap = b(modpn+1) taggoslamaga teng
kuchli.

178. Agar (x;m) =1 boisa ax = bx(modm) taggoslamaning
ikkala tomonini X ga qisqgartirish mumkin, ya’ni a = b(modm),
bundan a = b (mod tagqoslama o‘rinli ekanligi kelib chigadi.
Agar (x,m) =d > 1 boisa x = dxx va m = dmx, (m"X!) = 1 deb
yoza olamiz. Bulardan foydalanib ax = bx(modm) taggoslamani
adxa = bdx”*modmxd) deb yoza olamiz. Berilgan taggoslamaning
ikkala tomonini va modulini ulaming umumiy boiuvchisiga gisgartirish
mumkin. Shuning uchun ham oxirgi taggoslamani ax* = bXi(modmi)
ko‘rinishda yozish mumkin. Bundan, (xr;Tr) = 1 boigan uchun, a =
b(modmt) ga, ya’nia = b(mod  gaegaboiamiz. Bundad = (m,x)

boigani uchuna s b (mod” ~) ni hosil gilamiz.

179. Bunda a4a3a2ala0= 0(mod33) tagqoslamani a4104 +
LLLLLL-102 + aja”™ = 0(mod33) ko‘rinishda yozib olamiz va undan
9999a4 + 99ajat = 0(mod33) ayniy tagqoslamani hadlab ayiramiz. U
holda isbotlanishi talab etilgan taggoslama a4104 + a3a2+ aaa0=
0(mod33) hosil boiadi.

180. 1). Berilgan tagqoslamalami p —1 = —(modp), p —2 =
—2(modp),,..,p — = —a(modp) ko4inishida yozib olib hadlab
kodaytiramiz. U holda (p- 1)(p —2) ...(p - n) = (-1)nn! (modp)
hosil boiadi. Bunda (n!,p) = 1 boigani uchun oxirgi tagqoslamaning
ikkala tomonini n! ga boiib — g) s (—+)n(modp) ni hosil
gilamiz. Buning chap tomoni Cp_x ga teng. Shuning uchun ham Cp t =
(-1)n(modp) bajariladi.

2) 22.1-misoldagi  singari p—2=-2(modp),....p-n =
-n(modp), p- (n+1)=-(n +1)(modp) lardan (p- 2)(p -
3)..(p—)(p—n+1)=(-1)n(n+ 1)! (modp) ni, bundan esa
(p-2)frT3)-(p-n)(p-(7H-1)) _ (_1)N(n + 1)(modp) ni hosil gilamiz.

Shuning uchun ham Cffi = (- )"(n + I)(modp).

1*1. 1). 910= (10 —-)10= 100t + 1 = I(modl00) bo‘gani
uchun 910<M = 9r(modI00) bo'ladl  99= (9249 = 8149 =
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9(modl0) dan 99= 9+ 10ta;u holda 97 = 99+lot*(modIO0) s
99(mo0d100) = (93)3 = 7293(modI00) = 293(modI00) =
24389(modl00) = 89(modI00). Demak, izlanayotgan oxirgi ikkita
ragam 8 va 9.

2) 74 = 2401 = I(modlO0)dan7100 = (7425 = I(modlOO0). Bu

yerdan 79 = 710°4+89(modIO0) (1) -

misolga garang) 7100+89 = (7i°0)<7 . 78(modl00) =
789(mod 100) = 788 +7(modl00) = (74)227(mod 100) =
7(modlI00). Demak, izlanayotgan oxirgi 2ta ragam Oval.

182. p > 2- tog tub son bo‘lgani uchun p + 2 ham toq son boiadi,
ya’nip =p+ 2= 1(mod2) (1) bajariladi. Bundan pp+2+ (p + 2)p =
@c+ 1)pt2+ (29 + 1I)p = 2(mod2) = 0(mod2). Shuningdek tushu-
narliki, p=-I(modp+1) va p+2=I(modp+1) bajariladi.
Oxirgi 2 ta tagqoslamadan pp+24 (p + 2)p = (—) pt2+Ip(mod p +
1)=-1+I(modp+ 1)=0(modp+1) (2. (1) va(2) danpp+2+
(p + 2)p = 0(mod 2p + 2) taqqoslama 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
tagqoslanuvchilari  bor desak +— = 0(modp) yoki A=

+ (modp) laming birortasi bajarilishi kerak. Bulardan x s

p(modp)vaxl = +x2(modp) larga ega boiamiz. Birinchi holda x = 0
(chunki x < p), ikkinchi holda esa xt = x2 yoki xr = -x2ga ega
boiamiz. Bu esa garalayotgan sonlar orasida o‘zaro taggoslanuvchilari
yo‘q ekanligini bildiradi.
184. Berilgani = i —m(modm) taggoslamadan i = 1,2, ...,m da
1=1-m2=2-m,...m-2=(M- 2)-m=2m- 1=
m—L—m=—, m=-m(modm) larga ega boiamiz. Bulaming
barchasini n-darajaga ko ‘tarib keyin hadlab qo‘shsak:
In+2n+ — mn=(-1)" + (~2)n+ —+ (—m)n(modm) Q)
hosil boiadi. Bundan agar n = 2k + Itoq son boisa (shart
bo‘yichamvan lartog sonlar), In+ 2n+ - + mn=-(In+2n+
s+ mn)(modm), yol/
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T T

2™ in= 0(modm),ya'’ni  in= 0(modm)

i=l 1=
kelib chigadi.

185. Taqgoslamaning o‘rinli ekanligini matematik induksiya
metodidan foydalanib isbotlaymiz. n =1 da berilgan 231=
—(mod3n+l) taqgoslama 23 = -I(mod9) ko‘mishni oladi. Bu
taggoslama 23 = 8(mod9) ayniy taggoslamaga teng kuchli. Demak, n =
1 da tagqoslama o*rinli. Endi faraz etaylik berilgan taggoslama n = k
uchun23c= -1(mod3fctl) o‘rinlibo‘lsinvabizn = k 4* 1 uchun uning,
ya’ni 231 = -1(mod3fct2) ning o‘rinli ekanligini ko‘rsatamiz.

2k+1 + 1= (23K)3+ 13 = (23k+ 1) (23*2- 23+ |)

bu yerda induktivlik farazimizga ko‘ra 23*+ 1 = 0(mod3fctl) va
2= (-1)(mod3) bo‘lgani uchun 223*—23*+ 1 = 0(mod3)bo‘ladi.
Bulardan 23*4- 1 = 0(mod3fctl) ning bajarilishi kelib chigadi. Demak,
matematik induksiya metodiga ko‘ra berilgan taggoslama ixtiyoriy
natural n soni uchun o‘rinli.

186. Masalaning shartiga ko‘ra23d 4 1 = 0(mod3n+1) bajariladi.
Uholda 23" 4-1 = 0(mod3n) taqqoslamaalbatta bajariladi. Agar bundan
m=3n,(n = 1,2,3,...)deb olsak, 2m4*1 = 0(modm) taggoslama
kelib chigadi. Bu yerda m = 3n,(n = 1,2,3,...) bo‘lgani uchun 2m4-
1= 0(modm) tagqoslama natural sonlarda cheksiz ko‘p yechimga ega
bo‘lad.

187. Taqqoslamaning o‘rinli ekanligini n bo‘yicha matematik
induksiya metodini qo‘llab isbotlaymiz. n = 1 da berilgan(m —)m” =
—+(modmn+1) taggoslama (M —)m=—4(modm2) Kko‘rinishni
oladi. Bundan (m—)m4 1=0(modm2), yoki (m>1—
togson)(m- 1+ DH((m - D"T’1- (m- I)m2+ +1)=
0(modm?2). Bu taggoslamaning ikkala tomoni va moduli m ga bo‘lib

(m- I)m-1—m—)m2u— + 1= 0(modm)ga ega boiamiz.
Bundan(-)m1- (—)m-2 4 41 = O(modm). Yoki
14-14-141+— 1=0(modm) m = 0(modm). Shunday qgilib

mta
berilgan tagqoslama n = 1 da o‘rinli ekan. Endi faraz etaylik n = k
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uchun berilgan tagqoslama, ya’ni (m - |)m* = —(modmfctl) o‘rinli
boisin. Biz berilgan tagqoslamaning n = k +1 boiganda, ya’ni
(m- i)metl = -I(modmk+2) taggoslamaning o‘rinli  ekanligini
isbotlaymiz. Bu yerda m —toq son va

(m- DnkHEl+ 1= [(M- Dmkm+ 1= [(m- )md+ 1] ((M -
D(m-Dmk _ (m _ j(m-2)mkt+ ...+ » = 0(modm™*+2).

Oxirgi taggoslamaning o‘ng tomonidagi birinchi ko *paytuvchi
uchun induktivlik farazimizga asosan (m - I)n™*+ 1 = 0(modmk+1)
bajariladi. Ikkinchi ko‘paytuvchi uchun esa (m —)"*m 1)mk —(m —
"(m-2)mk4---—--1-1=H H - + 1=m(modm) = O(modm)

mta
bajariladi. Keyingi 2 ta tagqoslamadan (m - [)m +1 = —(modmk+2)
kelib chigadi. Shunday qilib matematik induksiya prinspiga asosan
berilgan taggoslama ixtiyoriy n natural soni uchun o‘rinli.

188. Masalaning shartiga ko‘ra (m - I)mn = —(modmn+1)
taggoslama o'rinli. Bundan m =5 da 45 = -I(mod5n+l), ya’ni
4sn+ 1 = 0(mod5n+l). Bu holda4sn + 1 = 0(mod5n) taggoslama
albatta bajarilishi kerak. Endi agar biz 5n = x (n = 1,2,3,...) deb olsak
22x + 1 = O(modx) taggoslamaga ega boiamiz. Buyerdax = 5n (n =
1,2,3,...) boigani uchun oxirgi tagqoslama natural sonlarda cheksiz ko‘p
yechimga ega.

189.1). Bu yerda 24n+l = 2<(24)n(mod5), ya’ni 24ntl = 2 +
5t,t6JV Dbo'lgani uchun N = 32*'#1+ 2 = 32+st + 2 = 9- (3s)f +
2=9(243)e+2=9(11 w2 + 1)f+2 =9+ 2(modll) =
O0(modll), ya’ni N > 11 va N: 11. Demak u murakkab son.

2).Bu yerda 34n+1 = 3m81)n= 3+(8 10+ I)n = 3(modl0),
ya’ni 34ntl = 3 + 10/c, k € N. Shuning uchun ham M = 23+l + 3 =
23+iok+3 _ 23.(292F+ 3 =8(32)k+ 3=8(-1)2*+
3(modll) = O(modll). Buyerdan Af > 11 boigani uchun M: 11 va u
murakkab son degan xulosa kelib chigadi.

190.1).2* + 7y = 192 tenglamani qaraymiz. 19 = I(mod3)
boiganidan 19z = I(mod3). Lekin 2X= (—)x(mod3) va 7y =
I(mod3) boigani uchun 2* + 7y = (—1)* + I[(mod3). Bu yerdan,



agar x juft son bo‘lsa, 2* + 7y = 2(mod3); agarda x —toq son bo‘lsa,
2X+ 7y = 0(mod3) larga ega bo‘lamiz. Shunday qgilib 2X+ 7y £
19z(mod3). Bundan 2* + 7y = 19z tenglama X,y,z natural sonlarda
yechimga ega emas degan xulosaga kelamiz.

2).Endi 2X+ 5y = 19z tenglamani garaymiz. Bu holda I)-misolga
asosan 2X+ 5y = (—) x + (—) y(mod3). Agar bu yerda x vay laming
ikkalasi ham toq son bo‘lsa, 2X+ 5y = —2 = [(mod3) bo‘ladi hamda
2X-f 5y = 192(mod3) kelib chigadi. Agar 2X+ 5y = 19z tenglama
X,Y,z laming biror natural qiymatlarida o‘rinli bo‘lsa, 2X+ 5y va 19z lar
ixtiyority modul bo‘yicha ham taggoslanuvchi bo‘lishi kerak x = 2n +
I,y =2n+ 1 bo'lsin. 2X+ 5y = 19z(mod5) tagqoslamani garaymiz.
22ntl + 52ntl = 2 win + 520+l = 2 (-1)n(mod5), garalayotgan teng-
lamaning ikkinchi tomoni 19z = (—) z(mod5) bo‘lgani uchun 22n+1 +
52n+1 ~ 19z(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=19z- 7y = (19z- 1)- (7y- 1) =IQW*"1+
1922+ - +1)- 6(7y 1+ 7y“2+ - + 1) = 3[6(192 1+ 19z~2 +
—+ 1) 2(7y~1+ 7y“2+ —+ 1)]. Bu yerdan ko‘rinadiki (19x -
7y): 3. Lekin 2X soni 3 ga bo‘linmaydi. Demak, 2x ® 19z -
7y,ya'ni2* —7y o 19z.

191. Masala shartiga ko‘ra 11a + 2b = 0(mod 19) bo‘lib, buyerda
taggoslamalaming xossasiga ko‘ra  30a + 2b = O(mod 19) =>
15a + b = O(mod 19) => b = 4a(mod 19) ekanligini hosil gilamiz.
Bunday holda 18a+ 5b = 18a + 20a = 38a = O(mod 19) bo‘lib,
bundan esa 18a + 5b = O(mod 19) ekanligi kelib chigadi. Bu esa

— ning ham butun son ekanligini ishotlaydi.

192. Berilgantagqoslamadan2- 1= (n- 1)(n + 1) bo‘libn tog
son bo‘lgani uchun (n —)va (n + 1) lar ketma-ket keluvchi juft sonlar
bo‘ladi. Shuning uchun ham n —1 soni 2ga bo‘linsa, n + 1soni 4ga
bo‘linadi. U holda ularning ko‘paytmasi 8 ga bodinadi. Shu tasdigni
taggoslamalar tilidan2 - 1 = 0(mod8) ko‘rinishda yoziladi.
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193. Bu yerda 11+31- 1= 340=5-68 va 2s=-I(modll)
boigani uchun 2113171 = (2568 = (-1)63 = I(modll). Shuningdek
25 = 1(mod31) boigani uchun 211°31-1 = (2563 = 168 = I(mod31).

Agar taggoslama bir necha modul bo‘yicha o‘rinli boisa, u shu
modullaming eng kichik umumiy karralisi bo‘yicha ham o‘rinli boiadi
(8-x0ssa). Shuning uchun ham 21131"1= I(modll m81). Bu oxirgi
taggoslamaning ikkala tomonini ayniy tagqoslama 2 = 2(modll <31)ga
ko“paytirsak ishotlanishi talab etilgan tagqoslama kelib chigadi.

194. Bu yerda 1,2,3,... »—P* 2,p —1 sonlarini garab
ulardan quyidagi ta taggoslamalami tuzamiz:
1=-(p - I(modp), 2= ~(p - 2)(modp), =
- B-(modp").

Bu tagqoslamalaming har birini 2k + 1 darajaga ko‘tarib
go‘shamiz. U holda

12k+1 + 22kH + 32fcH + ..+ (Pi) 2 = -(p - 1)2%L-

(p- 2)2k+l—p - 3)2fc+l------- (—m (modp) hosil bo'ladi.
Bundan

I2k+i + 22H + 3okt + .+ M1\ (ETI il)\chH +
+ (p —=3)K+l + (p —2)2AcHl + (p —) AcHl = 0(modp).

oL11.2-8.

195, w = 10 moduli bo‘yicha barcha sinflami x = 10 q + r,
0 < r < 10 ko‘rinishda yozish mumkin. Bu tenglamani taqqoslama
koiinishida yozsak x = r(modIQ), bundar = 0,1,2,... ,9. Bunix =
0,1,2, ...,9(modl0) ko‘rinishida yozsak boiadi.

196. 1. m = 9 boisa, m moduli bo‘yicha chegirmalaming toia
sistemalari: 1,2,3,4, ...,9 9 moduli bo‘yicha eng kichik musbat
chegirmalarining toia sistemasi. -9, -8, —,...,—2,—1 9 moduli
boyicha eng Kkatta manliy chegirmalarining toia sistemasi;
0; £1; £2; £3; 4 - 9 moduli bo‘yicha absolyut giymati jihatidan
eng kichik chegirmalarining toia sistemasi.
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Endi m=9 modul bo‘yicha chegirmalaming keltirilgan
sistemalarini yozamiz. Ular mos ravishda quyidagicha boiadi (buning
uchun yuqorida yozilgan toia sistemadagi chegirmalardan 9 bilan o‘zaro
tublarini ajratib olish kifoya):

1,2,4,5,7,8; -1,-2,-4,-5,-7,-8; +1; +2; +4.

2). m = 8- moduli bo‘yicha chegirmalaming izlanayotgan toia
sistemalari:

1,234,..,8 -8,-7,-6,-5,... ,-2,-1; +1; £2; +3; +4.
m = 8 - moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalari:
1,357, -1,-3,-5,-7;%1; %3.
3). p = 13- moduli bo‘yicha chegirmalaming izlanayotgan
to‘lasistemalari:  1,2,3,4,... ,13; —43,-12,-11,... ,-2,—4;
0, £1, £2, £3, +4, 15, 6.

p = 13 - moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalari: 1,2,3,4,... ,12; -12,-11,... ,—2,-1; 1, £2, %3,
4, £5, £6. 4). m = 12 - moduli bo‘yicha chegirmalaming
izlanayotgan toia sistemalari:
1,23,4....12; -12,-11,-10,... ,-2,-1; +1, £2, 13, 4,
+5, 6.

m = 12 - moduli bo‘yicha chegirmalaming izlanayotgan Kkeltirilgan

sistemalar 1,5,7,11; -1,-5,-7,-11; +1; #5.
5). p = 7-moduli bo‘yicha chegirmalaming izlanayotgan toia
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 toia

sistemalari: 1,2,3,4,...,10; 0,-9,-8,...,—2,-1; 1, 2, %3,
14, 15,

77i = 10- moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan

sistemalari: 1,3,7,9;-9,-7, -3, —;+1, 3.

197. x=10g+r,0<r <10dan x = 10g, x =10q + 1,
x=10gf+2, x=10g+3 x=10g+4, x=10g+5 x=
10g + 6,x = 10g + 7,x = 10g + 8, x = 10q + 9.
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198. a) (10,x) = 1va x < 10 bo‘lishi kerak. Ularning soni
~A(10) =4tavaularx = 10g + 1,x = 10g + 3,x = 10q + 7,

X = 107 + 9, bulami taggoslama ko‘rinishida yozsak.
x = I(modl0),x = 3(mod10),x = 7(mod10),
x = 9(modl0), yoki gisqachayozsak x = 1,3,7,9(modl0).

b) (10,x) = 2 vax < 10 bo‘lishi kerak, 3- misoldanx = 10q +
2, x=10g + 4, x = 10q + 6, x = 10q + 8, yoki bulardan x =
2,4,6,8(modl0).

c) (10,x) = 5 vax < 10 bo‘lishi kerak, ya’ni 3-misoldan
x = 10q + 5, ya'ni x = 5(modl0).

d) (10,x) = 10 va x < 10 bo‘lishi kerak, 3-misoldan x = 10q,

ya'ni x = O(modIO).

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 kop. Bdtinchidan m modul bo‘yicha
taggoslanmaydigan sonlar md modul bo‘yicha ham taggoslanmaydb

200. Masalan:
1,2,3,45,6,7,8,9,10; -10,-9,-8,-7,-6,-5,-4,-3,-2,-1;

+1, £2, +3, +4, £5, umumiy holdax = 10q +r,0 <r < IOva
qfZ

201. = {0, CI2, ..., C9} to‘plamJami garasak va bu
to*plamda qo*shish hamda ko*paytirish amallarini (2) va (3) tengliklar
yordamida aniglash bu to‘plam shu amallarga nishatan yopiq ekanligini
jadvallardan ko‘rish giyin emas.

* e 2 3o &G B C oo O
cl Cj €2 B3 ¢ ¢ C o € O @
Qc2 ¢ o & c € GC ¢ o C
c* G auo G & ¢ @B C, o C @
4 ¢ BT Ga® o Ao O
G G o 7 3 C, oG C G o
66 66 &7 6 0 @@ d C B o G
C Ccco O oG G o 6 &
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c0 ¢i C2 C3 C4cs cl g

Co Co Co Co Co Co Co Co Co Co Co

ci C Cl c2cg cs C6 C7 cs Co

C2 @ C2 & ©s Co C2 C <¢6 Cs

c3 Q@ c 6 o C2 B €8 c c4 cf
c4 o ¢4 ce C2cs co ¢4 c8 C2 s

Cs Co C C C C C C C5 Co Cs
c6 Co €6 C2 c8 A o cbeg c8 «
C7 o C o C- c8 Cs C2Cg c6 G
Cs Co Ce Cs C4 C2 Co C8Bce c4 <
Ct o €9 8 Crce G & C C Cl

+; *) ning halga bo*lishi uchun additiv Abel gruppasi, multipi-
kativ yarim guruh va distributuvlik sharti (Q + CACj = QCy 4 G(
bajarilishi kerak.

Endi shu shartlaming bajarilishini tekshiramiz.

L AdditivAbel gruppasi: @) VQ,CeC 6 —  elementlar uchun
(Q+C)+C=0C+ (Ce+ &) -assotsiativlik sharti bajarilishi kerak.
Bu yerda Q = (I0q + i),Ce = (I0q + €), G = (10 +5s) boigani
uchun (Q+ )+ G = Q+te+ G = Qt+tets (yoki Q+e-m+s-m ~
Q+e+s-m)-  Shuningdek C+ (Ce + &) = Q + GetS = Gi+ets (yoki
Ci+e+s_2m). Bu tengliklaming o‘ng tomonlari teng, demak, chap
tamonlari ham teng boiishi kerak. Bundan assotsiativlik shartining
bajarilishi kelib chigadi.

b) VQ G uchun 3 Q€ boiib Q+@=0Q0+Q=0Q
bajariladi, ya'ni garalayotgan to ‘plamda nol element mavjud.

c) VQ € uchun 3CI0i€ ~ Dboiib Q+ Cl0*= ClGi =
Cio= Co bajariladi, ya'ni garalayotgan to‘plamda VV Q ga garama-garshi
element Cro-i mavjud.

d VC,GN uchun Ct+Ci=G+ =C+  (yoki C+y_m)
bajariladi.

Shunday qilib garalayotgan to‘plam go‘“shishga nisbatan additiv Abel

gruppasi boiar ekan.
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n< 2 ; »> ning multiplikativ yarim gurppa boiishini tekshiramiz:

V.  Q,C,C G— uchun C((Cj*Ce) = (Q *Cj"Ce ning bajarilishini
ko‘rsatish yetarli tenglikning chap tomoni Q(Cy *Ce) = Q *Ce = Cye =
Q, bunda ijfe = 10g + r. 0 ‘ng tomoni (Ct*G)Ce=Cy e+ = Cije =
Cr,  Bulardan isbotlanishi kerak boigan tenglik kelib chigadi.

LLL Distributivlik sharti VC#Cj, Ce G~ lar uchun (Q + Q)C* =
CiCe + CjCe tenglikning bajarilishini tekshiramiz. Bu tenglik chap
tomoni (soddalik uchun i +j + Z< m deb garaymiz; i+ j + I> m holi
hamshunga o‘xshashqgaraladi). (Cf + Cj)Ce = Ci+j «Ce = C™e. O'ng
tomoni C(* CGy’fCjCe — Y Gg—C jjg— demak, bu teng-
likning chap tomonlari teng, o‘ng tomonlari ham teng bo‘lishi kerak.
Bundan ega isbotlanish talab etilgan tenglik kelib chigadi. Shunday qilib
(— ;+;*) sistemahalga boiar ekan.

202. m moduli bo‘yicha chegirmalaming toia sistemasida mta
chegirma boiib ular shu modul bo‘yicha o‘zaro taggoslanmaydigan
boiishi kerak- Bizga 5 ta son 20, —4,22f18, —1, berilgan. Demak, m =5
deb olib, berilgan sonlaming 5 moduli boyicha o°zaro taggoslanuvchi
emas ekanligini ko‘rsatamiz. Buning uchun berilgan sonlami manfiy
bo‘Imagan eng kichik chermalar ko‘rinishiga keltirib olamiz. U holda
0,1,2,3,4 larga ega boiamiz. Bular m = 5 moduli bo‘yicha o‘zaro
taggoslanmaydi. J:m = 5.

203. Berilgan 20,31, -8,-5,25,14,8,-1,13 va 6 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 -5 va 25 lar m = 10 moduli
boyicha o*zaro taggoslanuvchi, ya'ni ular bitta sinifga tegishli. Shuning
uchun ham berilgan sonlar m = 10 moduli bo‘yicha chegirmalaming
toia sistemasini tashkil etmaydi.

204. Istalgan m ta ketma-ket kelgan x + b, x = 0,1,2,... ,m —1
sonlami garaymiz. Bu yerda (m, 1) = 1 va 1-teoremam (a = 1 deb)
go‘llasak 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

0 ‘zaro tagqoslanmaydi. Agar — (modm) desak (1 <i,j <m
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A = 0(modm) = = 0(modm) yoki -p
O(modm) =»j = -i(mod) =>y=-i +mt. U  hoida =

(mod) == ’Z\(modm),ya'ni - <Mva chegirmalar bitta
sinfdan olingaiL Demak, — A (modm) va berilgan sonlar m

moduli bo*yicha chegirmalarining toia sistemasini tashkil etadi.

206. (10,3) = 1 boMgani uchun 1- teoremaga ko‘ra agar >
0‘zgaruvchi m = 10 moduli bo‘yicha chegirmalaming to‘la sistemasini
gabul gilsa,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 ta 4 moduli bo‘yi-
cha o‘zaro taggoslanmaydigan chegirma bo‘lishi kerak.Bizga ma’lumki,
agar (a,m)r=l bo‘lib x o‘zgaruvchi m moduli bo‘yicha chegirmalaming
keltirilgan sistemasini gabul gilsa ax+b ham shu sistemami gabul giladi.
Bizning misolimizda a=5, b=0, m=4 va (5,4)=1 Shuning uchun hanrc ga
jc=0, 1, 2, 3 giymatlar bersak 5x= 0, 5, 10,15 lar hosil bo‘ladi. Bulami
manfiy bo‘lmagan 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, ularning soni m ta
bo‘lib m moduli bo‘yicha o*zaro taggoslanmasligi kerak.

U holda xt(i = 1,2,... ,m) lar giymatlari ham m ta bo‘lib ular ham
m moduli bo‘yicha 0“zaro taggoslanmaydigan bo‘ladilar. Hagigatan ham,
agar xr= xr(modm) desak, (a,m) =1 sonini tanlab olib
taggoslamaning ikkala tomonini a ga ko‘paytiramiz, u holda axt =
aXr(modm) bo‘ladi. Bu taggoslamaga b = b(modm) ayniy
tagqoslamani hadlab qo'shsak axr+ b = axr + b(modm) hosil bo ladi.
Masalaning shartiga ko‘ra bunday bo‘lishi mumkin emas. Bu garama-
garshilik xt = xr(modm) deganimizdan kelib chiqdi va demak, xr3
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uchun berilgan taqqoslama, ya’ni (m - I)nm* = -I(modmk+i) orinli
boisin. Biz berilgan taggoslamaning n = k + 1 boiganda, ya’ni
(m- )™+l = —4(modmk+2) tagqoslamaning o™inli  ekanligini
isbotlaymiz. Bu yerdam -toq son va

(m- 1r*++1=[(m- DmIm+ 1= [(m- )™+ 1] (m -
D(m-Dm'= _ (m _ )Cm-2)m* + ... + * = 0(77lodm'[+2).

Oxirgi tagqoslamaning o‘ng tomonidagi birinchi ko‘paytuvchi
uchun induktivlik farazimizga asosan (m - 1)nt*+ 1= 0(modm*+1)

bajariladi. Ikkinchi ko*paytuvchi uchun esa (m — _(m_
D(m-2)mk+ ...+ j =1+ 1+-+ 1 =m(modm) = 0(modm)
mta

bajariladi. Keyingi 2 ta taggoslamadan (m —)m +1 = —(modmfctz)
kelib chigadi. Shunday qilib matematik induksiya prinspiga asosan
berilgan tagqoslama ixtiyoriy n natural soni uchun o‘rinli.

188. Masalaning shartiga ko‘ra (m- I)™n = —(modmn+1)
taggoslama o'rinli. Bundan m = 5 da 4sn = —(mod5n+l), ya’ni
451+ 1 = 0(mod5n+1). Bu holda 45' + 1 = 0(modSn) taggoslama
albatta bajarilishi kerak. Endi agar biz 5n = x (n = 1,2,3,...) deb olsak
22x + 1 = 0(modx) taqqoslamagaega boiamiz. Buyerdax = 5n (n =
1,2,3,...) boigani uchun oxirgi taggoslama natural sonlarda cheksiz ko‘p
yechimga ega.

189.1). Bu yerda 24+l = 2 +(24)n(mod5), ya’ni 24ml = 2 +
5t,t € N boMgani uchun N = 32ntl+ 2= 324st+ 2 = 9« (3s)* +
2=9(243)* + 2=9(11 22+ 1)E+ 2=9+ 2(modll) s
O(modli), ya’niN > 11 va N: 11. Demak u murakkab son.

2).Bu yerda 34n+l = 3¢(81)n= 3¢(8«10 + I)n = 3(modl0),
ya’ni 34+l = 3+ 10k, KEN. Shuning uchun ham M = 23+l + 3 =
23HOK +3 = 23.(2s) 2k + 3= 8(32)&k + 3=8(—4) X+
3(modll) = O(modll). Buyerdan M > 11 boigani uchun M: 11 vau
murakkab son degan xulosa kelib chigadi.

190.1).2* + 7y = 19z tenglamani garaymiz. 19 = I(mod3)
boiganidan 19z = I(mod3). Lekin 2X= (—)*(mod3) va 7ys
I(mod3) boigani uchun 2X+ 7y = (—1)* + I(mod3). Bu yerdan,
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agar x juft son boisa, 2X+ 7y = 2(mod3); agarda x -toq son boisa,
2X+ 7y = Q(mod3) larga ega boiamiz. Shunday qilib 2X+ 7y £
19z(mod3). Bundan 2X+ 7y = 19z tenglama x,y,z natural sonlarda
yechimga ega emas degan xulosaga kelamiz.

2).Endi 2X+ 5y = 19z tenglamani garaymiz. Bu holda I)-misolga
asosan 2X+ Sy = (—1)* + (—)y(mod3). Agar buyerda x vay laming
ikkalasi ham toq son boisa, 2X+ Sy = —2 = I(mod3) boiadi hamda
2X+ Sy = 19z(mod3) kelib chigadi. Agar 2X+ Sy = 19z tenglama
X,Y,z laming biror natural giymatlarida o‘rinli boisa, 2X+ Sy va 19z lar
ixtiyoriy modul bo‘yicha ham taggoslanuvchi boiishi kerak x = 2n +
I,y = 2n + 1 boisin. 2X+ 5y = 19z(mod5) tagqoslamani garaymiz.
22n+i + 521 = 2 ean+ 52n+1 = 2(-1) n(mods), garalayotgan teng-
lamaning ikkinchi tomoni 19z = (—)z(mod5) boigani uchun 22n+1 +
s52nti A 19z(mod5). Demak, 2X+ 5y = 19z tenglama x,y,z- natural
sonlarda yechimga ega emas.

Izoh: Bu tenglamalaming yechimga ega emasligini tagqoslamalar-
dan foydalanmasdan turib ham isbotlash mumkin. Masaian birinchi teng-
lamadan 2X=19z- 7y = (19z- 1) - (7y- 1) = +
19z7-2 + e+ 1) - 6(7y-1 + Ty«2 + e+ 1) = 3[6(192"“1+ 19z-2 +
—hi) —2(7y_1 + 7¥~24----h1)]. Bu yerdan ko‘nnacllla (19x —
7Y):3. Lekin 2X soni 3 ga boiinmaydi. Demak, 2x ® 19z —
7y,ya'ni2x —ry * 19z.

191. Masala shartiga ko‘ra 11a + 2b = O(mod 19) boiib, buyerda
tagqoslamalaming xossasiga ko‘ra  30a + 2b = O(mod 19) =>
15a + b —0(mod 19) => b's 4a(mod 19) ekanligini hosil gilamiz.
Bunday holda 18a+ 5b = 18a + 20a = 38a = O(mod 19) boiib,
bundan esa 18a+ 5b = O(mod 19) ekanligi kelib chigadi. Bu esa

ning ham butun son ekanligini isbotlaydi.

192. Berilgan tagqoslamada nz —1 = (n —I)(n + 1) boiib rttoq
son boigani uchun (n —)va (n + 1) lar ketma-ket keluvchi juft sonlar
bo‘ladi. Shuning uchun ham n —1 soni 2ga boiinsa, n + 1soni 4ga
boiinadi. U holda ulaming ko‘paytmasi 8 ga boiinadi. Shu tasdigni
tagqoslamalar tilida n2 —1 = 0(modQ) kolrinishda yoziladi.
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193. Bu yerda 11*31-1 = 340 = 568 va 2s = -1 (mod11)
boMgani uchun 2113171 = (2568 = (-1)63 = I(modll). Shuningdek
25 = I(mod31)bo‘lganiuchun 211311 = (2568 = 1688 = I(mod31).

Agar taggoslama bir necha modul bo‘yicha o*rinli bolsa, u shu
modullaming eng kichik umumiy karralisi bo‘yicha ham o‘rinli bo‘ladi
(8-x0ssa). Shuning uchun ham 2113171 = I(modll <31). Bu oxirgi
taggoslamaning ikkala tomonini ayniy taggoslama 2 = 2(modll *31)ga
ko“paytirsak ishotlanishi talab etilgan taggoslama kelib chigadi.

194. Buyerda 1,2,3,... e P —2 p —1 sonlarini garab
ulardan quyidagi ~ tataggoslamalami tuzamiz:
1=-(p - N(modp), 2=-(p - 2)(modp), =
— (modp).

Bu taggoslamalaming har birini 2k + 1 darajaga ko‘tarib
go‘shamiz. U holda

| 2kl + 22k+L + 32ktl + - + (D241 = - (p - 1)2%1-
L 142fc+l
(‘ " (modp) hosil bo*ladi.

Bundan . . .
1 2k+i /D . i\2k+i

12k+l + 22fcH + 32k+l + ...+ AP _j +y~2-) +
+(p- )KL+ (p- 2)&+L+ (p - |) X+ = o(modp).

LLI.2-8.

195. m = 10 moduli bo‘yicha barcha sinflami x = 10+q + T,
0 < r < 10 ko‘rinishda yozish mumkin. Bu tenglamani tagqoslama
ko‘rinishida yozsak x = r(modl0), bundar = 0,1,2,... ,9. Bunix =
0,1,2, ...,9(modl0) ko‘rinishida yozsak bo‘ladi.

196. 1. m = 9 bodsa, 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‘icha chegirmalaming keltirilgan
sistemalarini yozamiz. Ular mos ravishda quyidagicha boiadi (buning
uchun yuqorida yozilgan toia sistemadagi chegirmalardan 9 bilan o*zaro
tublarini ajratib ohsh kifoya):

1,24578; -i,_2,-4,-5,-7,-8; 11; +2; £4.

2). m = 8- moduli bo‘yicha chegirmalaming izlanayotgan toia
sistemalari:

1234,..,8 -8,-7,-6,-5,...,-2,-1; #1; +2; +3; #4.
m = 8- moduli bo‘yicha chegirmalaraing izlanayotgan keltirilgan
sistemalari:
1,35,7;, —4,-3,-5,-7;£1; 3.
3). p = 13- moduli bo‘yicha chegirmalaming izlanayotgan
to4a sistemalari: 1,2,3,4,... 13; —43,—412,-11,... ,-2,-1;
0, £1, +2, £3, #4, £5, #6.

p = 13 - moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalari: 1,2,3,4,... ,12; -12,-11,... ,—2,-1; 1, £2, +3,
4, £5, 6. 4). m = 12 - moduli bo‘yicha chegirmalaming
izlanayotgan toia sistemalari:
1,2,34,...,12; -12,-11,-10.....-2,-1; 1, £2, £3, %4,
15, 6.

m = 12 - moduli bo‘yicha cheginnalaming izlanayotgan keltirilgan

sistemalar 1,5,7,11; -1,-5,—%,-11; +1; 5.
5). p = 7-moduli bo‘yicha chegirmalaming izlanayotgan toia
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; 4/ —6,—5,-4,—3,-2,-1; +1,+2,+3.

6). m = 10 - moduli bo‘yicha chegirmalaming izlanayotgan toia
sistemalari: 1,2,3,4,...,10;-10,-9,-8,... ,—2,—1; £1, £2, %3,
14, £5,

m = 10 - moduli bo‘yicha chegirmalaming izlanayotgan keltirilgan
sistemalari: 1,3,7,9;—9,—,—3,—1;+1, 3.
197. x=10q+r,0<r<10dan x = 109, x = 10q+ 1,
x=10g+ 2, x=10g+3, x=10g+4, x=10g+5 x=
10g+6,x =10g+7,x =109 + 8, x = 10q + 9.
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Yechimlar x = I(mod6),x = -2 (mod6),x = -1 (mod6),ya’ni x =
1+6t,x=-2+6t,x =-1 + 6tteZ

d).xs —2x3 + 13x —1 = 0(mod4) -* x5 —2x3+ x —1 =
O(mod4). x = £1,£2 lami qo‘yib tekshiramiz. U holda bulaming
birortasi ham bu taggoslamani ganoatlantirmaydi va berilgan taggoslama
yechimga ega emas.

252. Bunda 12=3-4+0, 24=3-8 +0va7 =3-2+ 1
boiganligi uchun koeffitsiyentlarini absolyut giymati jihatidan eng kichik
chegirmalar bilan almashtirib x3—x = 0(mod3) ni hosil gilamiz.
Ferma teoremasiga ko‘ra p tub son boiganda xv—x = O(modp)
bajariladi. Bizda /?=3, ya’ni oxirgi tagqoslama va demak berilgan
taggoslama ham ayni taggoslama. Shuning uchun ham noma’lum x ning
barcha butun giymatlari berilgan taggoslamani ganoatlantiradi.

253. a).x3—x + 6 = 0(mod3). Bunda Ferma teoremasiga ko‘ra
x3—x = 0(mod3) va 6 : 3. Shuning uchun berilgan taggqoslama x ning
ixtiyoriy butun giymatida o‘rinlL

b). x(x2—1) = 0(mod6). Bu tagqoslamani (x - I)x(x + 1) =
0(mod6) ko‘rinishda yozib olish mumkun. Bu yerda chap tomondagi
ifoda uchta ketma-ket sonlaming ko‘paytmasi sifatida 6 ga boiinadi,
ya’ni berilgan tagqoslamax ning ixtiyoriy butun giymatida o‘rinli.

C). 20x6+ x5- 10x3- x + 15 = 0(mod5). Bunda koeffitsiyent-
lami absolyut giymat jihatdan eng kichik chegirmalar bilan almashtirib
soddalashtiramiz.U holda x5- x = 0(mod5) ayniy tagqoslamaga ega
boiamiz.

d).x13- 26x12- x = 0(modI3) ->x13—x = 0(modI3).

Bu taggoslama x ning ixtiyoriy butun giymatlarida bajarOadigan
ayniy tagqoslama.

254. a).Berilgan Sx = 4(mod5)tagqoslama 0 = 4(modS) ziddiyatli
taggoslamaga teng kuchli.Shuning uchun taggoslama yechimga ega emas.

b). x2- 2x +3=0(mod4). Bu yerda 4 moduli bo‘yicha
chegirmalaming toia sistemasi 0,1,2,3 lami qo‘yib tekshirib
ko‘ramiz.U holda ulaming birortasi ham berilgan tagqoslamani
ganoatlantirmaydi. Demak, tagqoslama yechimga ega emas.

€).20x5+ Sx4 - 10x3- 6 = 0(modS) tagqoslama
-1 = 0(modS) ziddiyatli taggoslamaga teng kuchli. Shuning uchun
ham berilgan taggoslama yechimga ega emas.
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d). x13—26x12- x + 5= 0(modI3) tagqoslama x13—x + 5 =
0(modI3) taggoslamaga teng kuchli. Bu yerda x13—x = 0(modI3)
ayniy tagqoslama boiganligi uchun berilgan taggoslama 5 = 0(mod 13)
ziddiyatli tagqoslamaga teng kuchli boiadi. Shuning uchun ham berilgan
taggoslama yechimga ega emas.

255.aj.Bu yerday = x + a almashtirish olib berilgan tagqoslamaga

go'yamiz, u holda (y +a)n+at(y + a)l'1l+ a2(y + a)n“2+ e+
an = 0(modm) ni hosil gilamiz. Oxirgi taggoslamada y ning bir xil
darajalari oldidagi koeffitsiyentlami yig‘sak yn+ (ar + na)yn-1 +
e+ (an+ at ea7’1+ «+ a") = O(modm) hosil boiadi. a ixtiyoriy
boigani uchun uni ax+ na = 0(modm) shart bajariladigan qilib
tanlaymiz. U holda yn + b2y n~2+ —+ bn = O(modm) tagqoslamaga
ega boiamiz.

b). x3+5x2+ 6x—8 = 0(rnodI3). ar- S;m =13 ,n = 3a)
gismdagiga asosan ar + na = O(modm) dan 5+ 3a = 0(modI3) ga
ega boiamiz . Bundan 3a = —5(mod13) ->—10a = -5 (mod13) >
2a = 1(mod13) - 2a = 14(modI3) a = 7(mod13). Demak, a =
7 va biz x=y+ 7 almashtirish bajaramiz u holda (y + 7)3+
5y+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(mod13). Demak, izlanayotgan taggoslamay 3 + 2y —2 = 0(modI3)
dan iborat.

256. Eyler teoremasiga ko4a berilgan taggoslamani (X, 60) =
shartni ganoatlantiruvchi barcha x lar ganoatlantiradi, ya’ni <p(60) =
cp(22-3*5) = <p(22) *<p(3><p(5) = (22- 2)*(3- 1)+(5- 1) =2
2-4 = 16 ta yechimga ega. Bu yechimlar x ning x < 60, (x, 60) = 1
shartlami ganoatlantiruvchi giymatlari x = 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 tagqoslama yagona
yechimga ega. Bu yechimni tanlash usuli bilan topish uchun 6 moduli
bo‘yicha chegirmalaming toia sistemasini biror ko‘rinishda (masalan:
0,1,2,3,4,5) yozib olib bu sonlami berilgan tagqoslamaga go‘yib
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tekshiramiz. x1=3 berilgan taggoslamani ganoatlantiradi. Shuning uchun

berilgan taggoslamaning yechimi x = 3(mod 6),ya’nix = 34 6t,t e Z
b).8x = 3(mod 8)tagqoslamada(8,10) = 2, lekin 3 soni 2ga

bo‘linmaydi. Shuning uchun ham tagqgoslama yechimga ega emas.

€). 2x = 6(mod 8) taggoslamada (2,8) =2 va 6 soni 2 ga
bo‘linadi. Shuning uchun ham berilgan taggoslama 2 ta yechimga ega. Bu
holda berilgan taqqoslama* = 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 6 Z lardan iborat bo‘ladi.

d).3x = -6 (mod 7)ning 0‘ng tomoniga 7 ni (modulni) go‘shsak
3x = I(mod 7) tagqoslama hosil bo‘ladi. Bunda (3,7) = 1 bo‘lgani
uchun u yagona yechimga ega. 7 moduli bo‘yicha chegirmalaming to4a
sistemasi 0,1,2,3,4,5,6 lami tagqoslamaga qo‘yib tekshirib ko‘rib x =
5(mod 7),ya’ni x =5+ 1t,t 6 Z ning berilgan taqqoslamaning
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‘lasistemasi 0, £1, +2, £3, 4 daniborat Bulami qo‘yib tekshirib x =
3(mod8) berilgan tagqoslamani yechimi ekanligini aniglaymiz.

258. a).5x = 3(mod 7) tagqoslamada (5,7) = 1 bo‘lgani uchun
taggoslama yagona yechimga ega. Bu yechimni tagqoslamalaming
xossalaridan foydalanib topish uchun taggoslamaning o‘ng tomoniga
modulni go‘shamiz.U holda Sx = 10(mod 7) ni hosil gilamiz. Bu
taggoslamaning ikkala tomonini 5 ga gisgartiramiz.( (5; 7) = 1 bo‘lgani
uchun bu ishni amalga oshirish mumkin). U holda x = 2(mod 7) ya’ni
X = 2+ It, t 6 Z berilgan taggoslamaning yechimiga ega bo‘lamiz.

b).8x = 3(mod11) taggoslamada (8; 11) = 1. Demak, taggos-
lama yagona yechimga ega. Bu taggoslamaning o‘ng tomonidan IIni
ayirsak 8x = —8(mod 11) tagqoslama hosil bo‘ladi. Oxirgi taggosla-
maning ikkala tomonini 8 ga (chunki (8;11)=1) qisqartirsak x =
-1 (mod11) taggoslamaga ega boiamiz. Demak, berilgan taggosla-
maning yechimi x = — + lit,te Z.
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€). 4x = 6(mod8) tagqoslamada (4,8) =4 va 6 soni 4 ga
boiinmaydi, shuning uchun ham berilgan tagqoslama yechimga ega
emas.

d).4x = 25(modI3) da (4;13) = 1boigani uchun taggoslama
yagona yechimga ega. Bu taggoslamaning o0*ng tomonidan 13 ni ayirib,
hosil boigan taggoslamani ikkala tomonini 4 ga boisak x = 3(mod13)
taggoslama hosil boiadi. Demak, berilgan taggoslamaning yechimi x =
3+ 13t,tGZ.

e). I1x = 3(modl2) tagqoslamada (11,12) = 1 boigani uchun
taggoslama yagona yechimga ega. Berilgan taggoslamaning chap
tomonidan uning modulini ayirsak, —x = 3(mod 12) yoki x =
—3(mod 12) taggoslama hosil boiadi. Bundan x = —3+ 12t, t SZ
berilgan taggoslamaning yechimi ekanligi kelib chigadi.

f).7x = 5(mod 9) tagqoslamada (9,7) = 1. Demak, berilgan
tagqoslama yagona yechimga ega. Bu taggoslamaning 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 6 Z ekanligi kelib chigadi.

g). Bunda (5,8) = 1 boiganligi uchun taggqoslama yagona
yechimga ega. Taggoslamaning istalgan tomoniga modulga karrali sonni
qgo‘shish yoki ayirish mumkin. Shuning uchun ham
5jcs7 +8(mod8) -"5xsI5(mod8).

Taggoslamaning ikkala tomonini modul bilan o‘zaro tub songa
gisqartirish mumkin boigani uchun (5; 15) = 5va (5,8) = 1 ekanligini
e’tiborga olib oxirgi tagqoslamaning ikkala tomonini 5 ga gisgartiramiz.
U holda x = 3(mod8) yechimni hosil gilamiz.

h). (7, 15=1bo‘lganligi uchun bu tagqoslama yagona yechimga ega.

7x=6+15(mod 15), Ixa2l(mod 15), (7, 21)=7 va (7,15>=1
ekanligini e’tiborga olib oxirgi taggoslamaning ikkala tomonini 7ga
gisgartiramiz. U holda x = 3(modI5) yechimni hosil gilamiz.

259. a).13x = 3(modl9) tagqgoslamada (13,19) = 1 boig
uchun yagona yechimga ega. Maiumki, agar (a, m) = 1boisa, ax =
b(mod m) taggoslamaning yechimini x s *b(modni) taggos-
lamadan foydalanib topish mumkin. Bizning misolimizda a = 13,b =
3,m = 19 boigani uchun
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p-1
£ i*(p-D+ 1 = O(modp)

i=1
ko‘rinishda yozishimiz mumkin.

240. Ma’lumki, ap—a = O(modp). Shunga asosan (at + a2+
e« + OnY = at + a2 + =+ dnOnodp). Bu yerda % = af(modp),
a2 = a%(modp) a* = aE(modp) ekanligini e’tiborga olsak :
(ax+ a2 + —+ OnY = af + a2 + —+ aJ|(77iodp) ga, ya’ni isbotlani-
shi kerak bo‘lgan taggoslama (EJLiai)p = E?=iaiP (modp) ga ega
bo‘lamiz.

241. Eyler teoremasiga asosan (a;m) =1 bo‘lsa |, =
I(modm) bo‘ladi. Endi faraz etaylik x soni ax = I(modm)
taggoslamaning eng kichik yechimi bo‘lib  <p(m) = xeq+r, 0 <r <
X bo‘lsin u holda = (a*)9 *ar = 1 *ar(modm) = I(modm),
ya’ni ar = 1(modm). Bu esa x soni

ax = I(modm) taqqgoslamaning eng kichik yechimi deganimizga
zid. Demak, r = 0 va <p(m) = x *q, ya’ni x soni <p(m) ning boMuvchisi.

242. Ferma teoremasiga asosan

af = ai(modS) va af = ai(mod2), af = a.i(mod3).  (7)

Keyingi ikkita taqqoslamaning o‘rinli ekanligini  bevosita
chegirmalaming to‘la sistemasini qo‘yib tekshirib ko‘rish mumkin.
Bulardan

af = a<(mod30), i=12,...,n
Bu taggoslamalami hadlab go*shsak
Z?=iaf = Z?=iai(mod30),

ya’ni M = N(mod30). Bundan, agar N soni 30 bo'linsa, M ning
ham 30 ga boMinishi kelib chigadi.

Izoh.(7) taqqoslamalar af = a”modb) ga teng kuchli bu
taggoslamani

af - ar=af(af - 1) = a*@@ - 1)@ + I)(af + 1)(mod6)
= (fli- Da;(aj + I)(a? + I)(mod6).

Bunda (af- 1)a((ar+ 1) s 0(mod6) boMganligi uchun af -
ai = 0(mod6) bajariladi.

243. Agar a soni 5 ga karrali bo‘lsa, a = 5k va a100 = (bk)100 =
5100 . jNoo s o(modl25). Agarda (a;5) = 1 bo‘lsa, u holda Eyler
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teoremasiga asosan a”(125*= 1(modi25). Bundan a™(1») =
a3 = as3"52 = a100 = I(mod 125). Demak, agar a butun soni 5 ga
karrali boisa, a100 ni 125 ga boiishdan chiggan qoldiq O ga teng, aks
holda goldiq 1 gateng boiar ekan.

244. Masalaning shartiga ko‘ra (a; 10) = 1. Buesa (a; 2) = 1va
(a; 5) = 1largateng kuchli. Agar (a; 5) = 1boisa, 24-masalJaga
asosan

a100 = I(mod 125) . (8)

Ikkinchi tomondan esa Eyler teoremasiga asosan a = I(mods).
Bundan a4 = I(mods). Bu tagqoslamaning ikkala tomonini
25-darajaga ko‘taramiz, u holda

al00 = I(mod 8) 9)
taggoslama hosil boiadi. (8) va (9) dan (8;125) = 1 boigani
uchun al100 = 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 100Q)

gaegaboiamiz.

245. a soni 7 ga boiinmasa, u holda (a; 7) = 1 boiadi va a6 =
I(mod 7) boiadi. Bu tagqoslamani awal m —darajaga keyin esa
n —edarajaga ko4aramiz. U holda aém = I(mod 7) vaaén = 1(mod 7)
larga ega boiamiz. Bularni hadlab go‘shsak aém+ a6n = 2(mod 7) ni
hosil gilamiz. Ya’ni agar a soni 7 ga boiinmasa a6m+ a6n ni 7 ga
boisak 2 gldiq golar ekan. Endi a : 7 boisin. U holda aém: 7 vaaén :
7 bajariladi. Bundan (aém+ a6n) :7, ya’ni aém+ aén = 0(mod7).

246. Bu yerda p =£5 chunki, agarda p = 5 boisa, 525 + 1=
0(mod25) boiishi kerak.Lekin bu yerda ikkinchi go*shiluvchi 25 ga
boiinmaydi. Berilgan tagqoslamani quyidagicha yozib olamiz:

SP2+ 1= (5p2- 5)+6=>505p21- 1) +6=>5[5P1)P+l- 1]+ 6

s O(modp?2).
Ferma teoremasiga asosan 5p_1 —1 = O(modp). Bu yerda
(sP-)P+i _\ sonj 5P-1 i ™ |karrali boiganligi uchun

[(5p_1)P+1 —1] soni p ga boiinadi. Demak, 6 ham p ga boiinishi

kerak Bundanp = 2 yoki p = 3. Agarp = 2 boisa, uholda 522 + 1 =

54 + 1 =626 LLI0(mod22), agarda p = 3 boisa, u holda 5s2 + 1=
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g El —1953126 —0(mod32). Shunday qilib izlanayotgan son p =
ekan.

247. Masalaning sharti bo‘yichap va 2p + 1 lartub sonlar. Shuning
uchun ham Ferma teoremasiga ko‘ra (2p + 1)2= I(mod3) va p2=
I(mod3). Ikkinchi taggoslamani 4 ga ko‘paytirib 4p2 = 4(mod3)
birinchisidan ayiramiz, u holda 4p2+ 4p + 1- 4p2= 1- 4(mod3)
yoki 4p 4-1 = -3(mod3). Bundan 4p + 1 = 0(mod3). Demak, 4p +
1 soni 3 dan katta va 3 ga boiinadi. Shuning uchun ham u murakkab son.

IV.I-8.

248. a). Bu holda 3 moduli bo‘yicha chegirmalaming to‘ia
sistemasi 012 dan iborat. Bu sonlami berilgan tagqoslama go‘yib sinab
ko‘ramizva x1-1,x 2 ~"l laming uni ganoatlantirishiga ishonch hosil
gilamiz.  Demak, berilgan taqgoslamaning yechimlari x =
I(mod3) vax = 2(mod3) yoki buni x = 1+ 3t,teZ vax=2+
3t, teZ ko‘rinishda yozishimiz mumkin.

b). 5 moduli bo‘yicha chegirmalaming toia sistemasi 0,1,2,3,4. Bu
sonlami berilgan tagqoslamaga go‘ysak ulardan xt = 1vax2 = 2 lar uni
ganoatlantirishini  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 toia sistemasi 0,1,2 lardan
iborat Bulaming birortasi ham berilgan taggoslamani ganoatlantirmaydi.
Demak, taggoslama yechimga ega emas.

d). 5 moduli bo‘yicha chegirmalaming toia sistemasi 0,1,2,3,4
lardan iborat. Bulami berilgan taggoslamaga qo‘yib sinab ko‘rsak, xt =
3 uni ganoatlantiradi. Demak, javob x = 3(modS), ya’ni x = 3+
St, teZ.

e). 7 moduli bo‘yicha chegirmalaming toia sistemasi 0,1,2,3,4,5,6
lardan iborat Bulami tagqoslamaga bevosita olib borib qo‘ysak, xr =
1vax2 —2 lar uni ganoatlantiradi. Javob: x = 1+ 7t,x = 2 + 7t,teZ.

1).15 moduli bo‘yicha manfiy bo ‘lmagan eng kichik chegirmalaming
toia sistemasi 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14 lardan iborat
Bulami berilgan taggoslamaga qo‘yib sinab ko‘rib xt = 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 tekshirish
kifoya bo‘ladi.

249. 7 moduli bo‘yicha chegirmalaming toia sistemasini,
tekshirish qulay boisin uchun uni absolyut giymati jihatidan eng kichik
chegirmalar sistemasi ko‘rinishda 0, 1, £2, +3 yozib olamiz. Berilgan
taggoslamaga bu sonlami qo‘yib tekshirsak fagat 1 uni ganoatlantiradi,
demax x = I(mod7) berilgan taggoslamaning yagona yechimi.

250. Bu yerda 3 moduli bo‘yicha absolyut giymati jihatidan eng
kichik chegirmalaming toia sistemasi 0, +1 dan iborat, lekin bulaming
birortasi ham berilgan taggoslamani ganoatlantirmaydi, ya'ni berilgan
tagqoslama yechimga ega emas.

251.a). Awalo koeffitsiyentlarini berilgan 15 moduli bo‘yicha
bo‘yicha absolyut giymati jihatidan eng Kkichik chegirmalar bilan
almashtiramiz. Bunda90 = 156+ 0, 46 = 153+ 1, 52 =15+
3+ 7 boigani uchun berilgan taggoslama x2 —7x + 1 = 0(mod 15)
taggoslamaga teng kuchli. Endi 15 moduli bo‘yicha chegirmalming toia
sistemasi 0, £1, +2, +3, £4, £5, +6, +7 lami qo‘yib tekshirib ko‘ramiz.
U holda xx = —4 ning berilgan tagqoslamani ganoatlantiradi. Demak,
berilgan taggoslamaning yechimi x = —4 + 15t, teZ.

b). Bunda 25 = 122+ 1,36 = 123+ 0,18 = 121+ 6,13 =
12«1+ Iboigani  uchun  berilgan taggoslama 3x3- 6x + 1 =
0(modl2) taqgoslamaga teng kuchli. Endi 12 moduli bo‘yicha
chegjrmalming toia sistemasi +1,+2,+3,+4,£5,+6 lamiqo'yib
tekshirib ko'ramiz. Bulaming birortasi ham berilgan taggoslamani
ganoatlantirmaydi.Taggoslamaning yechimi yo‘q.

Izoh. Buni quyidagicha izohlash ham mumkin.3x3—6x + 1 =
0(mod 12) tagqoslama

(3x3- 6x + 1 = 0(mod3)
I3x3—6x + 1 = 0(mod4)

gateng kuchli. Bu yerda birinchi taggoslama 1= 0(mod3) ziddiyatli
taggoslama boigani 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+ 2tteZ, x = 1,3,5(mod6).
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Yechimlar x = I(mod6),x = -2(mod6),x = -I(mod6),ya’ni x =
1+6t,x=-2+6tx=-1+6tteZ

d).x5—2x3+ 13x - 1= 0(mod4) >x5- 2x3+x- 1=
0(mod4). x = £1,+2 lami qo‘yib tekshiramiz. U holda bulaming
birortasi ham bu taggoslamani ganoatlantirmaydi va berilgan taggoslama
yechimga ega emas.

252. Bunda 12 =3-4+0, 24=3-8+0va7 = 3- 24
boiganligi uchun koeffitsiyentlarini absolyut giymati jihatidan eng kichik
chegirmalar bilan almashtirib x3—x = 0(mod3) ni hosil gilamiz.
Ferma teoremasiga ko‘ra p tub son boiganda xp- x = O(modp)
bajariladi. Bizda p=3, ya’ni oxirgi tagqoslama va demak berilgan
taggoslama ham ayni taggoslama. Shuning uchun ham noma’lum x ning
barcha butun giymatlari berilgan taggoslamani ganoatlantiradi.

253. a).x3—x + 6 = 0(mod3). Bunda Ferma teoremasiga ko‘ra
Xx3—xX = 0(mod3) va 6 : 3. Shuning uchun berilgan taggoslama x ning
ixtiyoriy butun giymatida o‘rinli.

b). x(x2—1) = O(mode). Bu taggoslamani (x - I)x(x + 1) =
0(mod6) ko‘rinishda yozib olish mumkun. Bu yerda chap tomondagi
ifoda uchta ketma-ket sonlaming ko‘paytmasi sifatida 6 ga boiinadi,
ya’ni berilgan taggoslama x ning ixtiyoriy butun giymatida o‘rinli.

C). 20x6+ x5- 10x3- x + 15 = 0(modS). Bunda koeffitsiyent-
lami absolyut giymat jihatdan eng kichik chegirmalar bilan almashtirib
soddalashtiramiz.U holda x5- x = 0(mod5) ayniy taggoslamaga ega
boiamiz.

d).x13- 26x12- x = 0(modI3) ->x13- x = 0(modI3).

Bu taggoslama xning ixtiyoriy butun giymatlarida bajariladigan
ayniy taggoslama.

254. a).Berilgan 5x = 4(mod5)taqgoslama 0 = 4(modS) ziddiyatli
taggoslamaga teng kuchli.Shuning uchun taggoslama yechimga ega emas.

b). x2- 2x+ 3=0(mod4). Bu yerda 4 moduli bo‘yicha
chegirmalaming toia sistemasi 0,1,2,3 lami qo‘yib tekshinb
ko‘ramiz.U holda ulaming birortasi ham berilgan taggoslamani
ganoatlantirmaydi. Demak, taggoslama yechimga ega emas.

€).20x5+ 5x4- 10x3- 6 = 0(modS) tagqoslama
-1 = 0(modS) ziddiyatli taggoslamaga teng kuchli. Shuning uchun
ham berilgan taggoslama yechimga ega emas.
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d). x13—26x12- x + 5s 0(modI3) taggoslama x13—x + 5 =
0(modI3) taqqoslamaga teng kuchli. Bu yerda x13- x = 0(modI3)
ayniy tagqoslama bo‘lganligi uchun berilgan tagqoslama 5 = 0(modI3)
ziddiyatli taggoslamaga teng kuchli bo‘ladi. Shuning uchun ham berilgan
tagqoslama yechimga ega emas.

255.  a).Buyerday —x + a almashtirish olib berilgan taggoslamaga
goyamiz, u holda (y +a)n+at(y +a)7Z'l+ a2(y + a)n“2+ e+
On = 0(modm) ni hosil gilamiz. Oxirgi tagqoslamada y ning bir xil
darajalari oldidagi koeffitsiyentlami yig‘sak yn+ (ar + na)yn*“1+
—+ (an + ar mn~r H— + an) = 0(modm) hosil bo‘ladi. a ixtiyoriy
bo‘lgani uchun uni ax+ na = 0(modni) shart bajariladigan gilib
tanlaymiz. U holda yn + b2y n~2 + =+ bn = O(modm) taggoslamaga
ega bo‘lamiz.

b). x3+ 5x2+ 6x—8=0(modI3). ar=5m = 13,n = 3a)
gismdagiga asosan at + na = O(modm) dan 5+ 3a = 0(mod13) ga
ega bo‘lamiz . Bundan 3a = -5 (mod13) ->—10a = -5 (mod13) -»
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(modI3).Demak, izlanayotgan taggoslamay 3+ 2y - 2 = 0(modI3)
dan iborat.

256. Eyler teoremasiga ko'ra berilgan tagqoslamani (x, 60) =
shartni ganoatlantiruvchi barcha x lar ganoatlantiradi, ya’ni <p(60) =
<p(22*3 *5) = <p(22) *<p3) <p(S) = (22- 2)*(3- 1)¢(5- 1) =2m
2 4 = 16 ta yechimga ega. Bu yechimlar x ning x < 60, (x,60) = 1
shartlami ganoatlantiruvchi giymatlari x = 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 tagqgoslama yagona
yechimga ega. Bu yechimni tanlash usuli bilan topish uchun 6 moduli
bo‘yicha chegirmalaming to‘la sistemasini biror ko4inishda (masalan:
0,1,2,3,4,5) yozib olib bu sonlami berilgan tagqoslamaga qo‘yib
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tekshiramiz. xt=3 berilgan taggoslamani ganoatlantiradi. Shuning uchun

berilgan taggoslamaning yechimi x = 3(mod 6),ya’nix = 3 + 6t,t € Z
b).8x = 3(mod 8)taggoslamada(8,10) = 2, lekin 3 soni 2ga

boiinmaydi. Shuning uchun ham taggoslama yechimga ega emas.

). 2x = 6(mod 8) tagqoslamada (2,8) =2 va 6 soni 2 ga
bo‘linadi. Shuning uchun ham berilgan taggoslama 2 ta yechimga ega. Bu
holda berilgan taggoslama* = 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 e Z lardan iborat boiadi.

d).3x = —6(mod 7)ning 0'ng tomoniga 7 ni (modulni) qo‘shsak
3x = 1(mod 7) tagqoslama hosil boiadi. Bunda (3,7) = 1 boigani
uchun u yagona yechimga ega. 7 moduli bo‘yicha chegirmalaming toia
sistemasi 0,1,2,3,4,5,6 lami taggoslamaga go‘yib tekshirib ko‘rib x =
5(mod 7),ya’ni x =5+ 7t,t 6 Z ning berilgan taggoslamaning
yechimi ekanligini topamiz.

e). 4x = 3(modl2)da (442) = 4, lekin 3 soni 4 ga boiinmagani
uchun ham tagqoslama yechimga ega emas.

f).6x = 5(mod 9) da (6,9) = 3 va 5 soni 3 ga boiinmaydi
shuning uchun ham berilgan taggoslama yechimga ega emas.

g). Bu yerda (5,8) = 1 va 8 -moduli bo‘yicha chegirmalaming
toia sistemasi 0, +1, +2, +3, 4 dan iborat Bularni qo‘yib tekshirib x =
3(modQ) berilgan taggoslamani yechimi ekanligini aniglaymiz.

258. a).5x = 3(mod 7) tagqoslamada (5,7) = 1 boigani
taggoslama yagona yechimga ega. Bu yechimni taggoslamalaming
xossalaridan foydalanib topish uchun taggoslamaning o‘ng tomoniga
modulni qgo‘shamiz.U holda Sx = 10(mod 7) ni hosil gilamiz. Bu
tagqoslamaning ikkala tomonini 5 ga qgisgartiramiz.( (5; 7) = 1 boigani
uchun bu ishni amalga oshirish mumkin). U holda x = 2(mod 7) ya’ni
X = 2+ Tt, t€ Z berilgan tagqoslamaning yechimiga ega boiamiz.

b).8x = 3(mod11) tagqoslamada (8;11) = 1. Demak, taggos-
lama yagona yechimga ega. Bu taggoslamaning o‘ng tomonidan 11 ni
ayirsak Sx = -8 (mod 11) taggoslama hosil boiadi. Oxirgi tagqosla-
maning ikkala tomonini 8 ga (chunki (8;11)=1) gisqartirsak x =
-I(modll) tagqoslamaga ega boiamiz. Demak, berilgan tagqosla-
maning yechimix = —1 + lit, t GZ.

167

uchul



C). 4x = 6(mod8) tagqoslamada (4,8) =4 va 6 soni 4 ga
boiinmaydi, shuning uchun ham berilgan taggoslama yechimga ega
emas.

d).4x = 25(modI3) da (4;13) = 1boigani uchun tagqoslama
yagona yechimga ega. Bu tagqoslamaning o‘ng tomonidan 13 ni ayirib,
hosil boigan taggoslamani ikkala tomonini 4 ga boisak x = 3(modI3)
taggoslama hosil boiadi. Demak, berilgan taggoslamaning yechimi x =
3+ 13t,tez.

e). 11* = 3(modl2) tagqoslamada (11,12) = 1 boigani uchun
taggoslama yagona yechimga ega. Berilgan taggoslamaning chap
tomonidan uning modulini ayirsak, — = 3(mod 12) yoki x =
—3(mod 12) taqqoslama hosil boiadi. Bundan x = -3 + 12t, t 6 Z
berilgan taggoslamaning yechimi ekanligi kelib chigadi.

f).7x = 5(mod 9) tagqqoslamada (9,7) = 1. Demak, berilgan
tagqoslama yagona yechimga ega. Bu tagqoslamaning 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 6 Z ekanligi kelib chigadi.

g). Bunda (5,8) = 1 boiganligi uchun tagqoslama yagona
yechimga ega. Taggoslamaning istalgan tomoniga modulga karrali sonni
qo‘“shish yoki ayirish mumkin. Shuning uchun ham
5*s7+8(mod8) -*5xsI5(mod8).

Tagqoslamaning ikkala tomonini modul bilan o‘zaro tub songa
gisgartirish mumkin boigani uchun (5; 15) = 5va (5,8) = 1 ekanligini
e’tiborga olib oxirgi taggoslamaning ikkala tomonini 5 ga gisgartiramiz.
U holda x = 3(mod8) yechimni hosil gilamiz.

h). (7, 15)=1 boiganligi uchun bu taggoslama yagona yechimga ega.

7xs6+15(mod 15), 7xs21(mod 15), (7, 2)=7 va (7,15=1
ekanligini e’tiborga olib oxirgi tagqoslamaning ikkala tomonini 7ga
gisqartiramiz. U holda x = 3(modI5) yechimni hosil gilamiz.

259. a).13x = 3(modl9) taggoslamada (13,19) = 1 boiga
uchun yagona yechimga ega. Maiumki, agar (a, m) = 1lboisa, ax =
b(mod m) taggoslamaning yechimini x = *b(modm) taqqos-
lamadan foydalanib topish mumkin. Bizning misolimizda a = 13,b =
3,m = 19 boigani uchun
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X = 13«>(i9)-i. 3(rnod 19) boMedi. Bunda  <p(19)=18 va
1317=(132), 13== 1698 13 =(19 «9 —2)®13 boMgani uchun x s
(~2)8 313(mod 19) =

256 *133(mod 19) = (19 *13 + 9) «3+13(modI9) =
= 3¢9 ¢13(mod 19)

s 3¢117(mod 19) = (19 6 + 3) *3(mod 19) = 9(mod 19).

Demak, berilgan tagqoslamaning yechimi x = 9+ 191t € Z

b).27x = 7(mod 58) taggoslamada (27,58) = 1 va ~(58) =
<p(2 29) = P(2) *<p(29) = 28 bo‘Igani uchun X = 2727 -
7(mod 58) = 38L«7(mod 58) = (34)20+21(mod 58) = 2320
21(mod 58) = (58 «7 + 7)20 M1(mod 58) = 710 +21(mod 58) =
(73)3147(mod 58 s 3433+ (2 +58 + 31)(mod 58) = (5 <58 +
53)3¢31(mod 58) = 533-31(mod 58) = 532 +53 «31(mod 58) =
(—5)3+31(mod 58) = -9 «31(mod 58) = -279(mod 58) =
11(mod 58) .

Demak, berilgan tagqoslamaning yechimi x = 11(mod 58), ya’ni
x =11+ 58t,t € Z

). Sx s 7(mod 10) tagqoslamada (5,10) = 5, lekin 7 soni 5 ga
bo‘linmaydi. Shuning uchun ham taggoslama yechimga ega emas.

d). 3x = 8(mod 13), bunda(3,13) = 1 bo‘lgani uchun tagqos-
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+32m8(mod 13) =
72(mod 13) = 7(mod 13). Demak berilgan taggoslamaning yechimi
x=7+13tt6Z

e).25x = 15(mod 17) da (25,17) = 1 bo‘lgani uchun u yagona
yechimga ega va (5,17) = 1 bo‘lganidan taggoslamaning ikkala
tomonini 5 ga gisgartirish mumkin.UholdaSx = 3(mod 17) taggoslama
hosil bo‘ladi. Shuning uchun ham x = 57 17)-1 «3(mod 17) = 515-
3(mod 17) = (53)5+3(mod 17) = (17 «7 + 6)5m3(mod 17) = 6s*
3(mod 17) = (62)2+18(mod 17) = 22mod(17) = 4(mod 17).

Demak, izlanayotgan yechimx = 4+ 1 7t,teZ.

f). 29x = 35(mod 12), bunda (29,12) = 1boigani uchun
berilgan taggoslama yagona yechimga ega. Bu taggoslamaning
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 bo‘lgani uchun, berilgan
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taggoslamani  Sx = 11(mod 12) ko‘rinishida yozib olish mumkin.
<p(12)=<p(22-3)= =<22- 2) 2=4 va X = b»*12)-! . | (mod 12) = 53¢
[l(mod 12) = 125 «(—)(modI2) s -5(modI2) = 7(mod 12).
Demak, izlanayotgan yechim x = 7+ 12t,t GZ

g). Bu yerdax-a*"H fc(modm)formuladan foydalanamiz. Bizda
a=b, £=7, m-11 bo‘lgani uchun x = 3/ 11)-1 w7 (modIl) ni hosil
gilamiz. Bunda <p(li) = 11 —1 = 10 boiganidan x = 39« 7(modi1).
Endi oxirgi taggoslamaning o‘ng tomonidagi ifodani eng kichik musbat
chegirma  ko‘rinishiga  keltiramiz. 39¢7(modil) = (33)3
7(modil) = 273+7(modll) = 53«7(modll) = 4«7 = 6(modll).
Shunday gilib berilgan taggoslamaning yechimi: x e 6(modi 2).

260. a). Berilgan 13* = I(mod 27) taggoslamada (13; 27) =
boigani uchun u yagona yechimga ega.Bu yechimni munosib kasrlardan
foydalanib, yanix = (—)nle (modm) (*) formuladan
foydalanib topish uchun, awalo Pn-\" ni (oxirgidan oldingi munosib
kasrning suratini) aniglashimiz kerak. Buning uchunesa™ ~ kasmi
uzluksiz kasrga yoyamiz. Bunda 27 = 132+ 1 13=113+0
lardan”=2+i=(2;13).

Endi Pfi— ni aniglaymiz:
3 2 13
P &= P.=2 27

Jadvaldan Pn_t = 2van = 2.Bularni(¢) ga olibboribgo‘ysakx =
(—4)2°1Le2<I(mod 27) = —2(mod 27),yani x = —2+ 21t,t GZ
Tekshirish: 13 e(-2) = I(mod 27) ->1 =I(mod 27) doimo
bajariladi.
b). Berilgan 37x = 25(mod 117) taqqoslamada (37; 117) = 1
boigani uchun u yagona yechimga ega. Pn-\ ni aniglaymiz. Buning

uchun2X! kasmi uzluksiz kasrlarga yoyamiz. 117 = 37 «3+ 6,37 = 6

6+ 1 6= 16+ 0lardanqi=3, g2 = 6, g3 = 6 ekanligini topamiz. U
holda » = (3,6,3) va

a 3 6 6
i & =% 3 19 117
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boiganidann = 3,Pn,,r = P2 = 19 hamdax = (-1)2*19
25(mod 117) = 475(mod 117) = 7(mod 117). Demak, izlanayot-
ganyechimx = 7+ 117t,t GZ
Tekshirish: 37 «7 = 259 = (117 -2 + 25) (mod 117) =
25(mod 117), ya’ni yechim to*g‘ri topilgan.
C) 113* = 89(mod 311) taggoslamada (113,311) = 1boiga
ni uchun u yagona yechimga ega. Endi » kasmi uzluksiz kasrlarga

yoyamiz: 311 = 1132+ 85,113 =851+ 28, 85 =283+ 1,
28 = 128 + 0. Demak,
311

Q=2,92~1 9g3=3 g4=28va— = (2;1; 3;28) hamda

o qa 2 1 3 28

Pi = 2 3 n 311
boiganligi uchun Pn_1=Il, n=4 wva x=(—)311
89(mod 311) = -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 topilgan.

d) 22ljc= 111(mod 360). Bunda 221 = 13-17 va 360 = 36 ¢
10 = 223225 = 23325, ya’ni (221; 360) = 1.Shuning uchun
ham bergit!gan tagqoslama yagona yechimga ega. Shu yechimni topish

uchun =  kasmi uzluksiz kasrga yoyamiz. 360 = 2211+
139,221 = 1391+ 82,139 = 821+ 57,82 = 57«1+ 2557 =
25-2+725=7-3+47=41 +34=1-3+1,3=1-3+0.
Bulardan gt =192=1B8=1<4=1 &&=2 96=3, q7=1,
g8=1q9= 3vaX® = (1,1,1,1,2,3,1,1,3) lami topamiz. Endi

ni aniglaymiz.

Q 1 1 1 1 2 3 1 1 3
PiP0 1 2 3 5 3 4 57 101 360

Bundan Pn-~101, n =9, vax = (-1)8+101 «llI(mod 360) =
11100 + +1lI(mod 360) = (30 «360 + 300 + I1I)(mod 360) =
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411(mod 360) = 51(mod 360). Demak, berilgan taggoslamaning
yechimi x = 51 + 360t,t GZ

Tekshirish: 221 51 = 11271 = (360 <31 + 111) =
[1(mod 360).

Bu yerdan ko‘rinadiki berilgan misolning yechimi to‘g‘ri topilgan.

e)39x = 84(mod 93) da 39 =3¢13, 93 =331, vyani
(39;93) = 3 bo‘lgani va 84 soni 3 ga bo‘lingani uchun berilgan
tagqoslama 3 ta yechimga ega bo‘ladi. Berilgan taggoslamani 3 ga
gisqartirib  yagona yechimga ega bo‘lgan 13* = 28(mod 31)
tagoslamani hosil gilamiz. Endi 2= kasmi uzluksiz kasrlarga yoyamiz.
Bunda 31=13¢2+5 13=5¢2+35=13+23=12+1
2 = 1*2 boMgani uchun <h=2, g2=2, q3=1, g4=1, g5=2 va " =
(2,2,1,1,2). Endi Pn_ini aniglaymiz.

a 2 2 1 1 2
Pt 1 2 5 7 2 3

Bundan n =5, Pn-i=12 va x = (-I)M2-28(mod 31)=12-(-3)
(mod 31)= —5(mod 31). Demak, berilgan tagqoslamaning yechimlari
x = —b, 26,57(mod 93) vya’ni x =-5+93t,x =26+ 93t, x =
57 +93t, t GZ

Tekshirish. xx = -5b0o‘lsa,39 ¢(-5) = -195 (mod 93) =
84(mod93); x2 = 26 bo‘lsa, 39 *26 = 1014 = 93-23 + 84 =
84(mod93);

x3= 57 bo'lsa, 3957 = 2223 = 93 «23 + 84 = 84(m0d93).
Bulardan ko‘rinadiki, uchala yechim ham to‘g‘ri topilgan.

f). 143x = 41(mod221) taggoslamada 143 = 1113, 221 =
13-17  bo‘lgani uchun (143,221) = 13, lekin 41 soni 13ga
bo‘linmaydi. Shuning uchun ham berilgan taggoslama yechimga ega
emas.

g). Bu yerdaxs (-1)*-1bP {(modm)0 )formuladan foydalanamiz.
Awalo Pn-i ni aniglab olamiz. Buning uchun —  kasmi uzluksiz

kasrga yoyamiz va munosib kasrlarini topamiz, u holda 43 = 202 +
3, 20=3¢6+2 3=21+1 2=1*2. Demak, qt=2
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q2=16,093=1, g4= 2.(—)=’2‘0=(2, 6,1,2). Endi munosib kasrlaming
suratlarini hisoblab F-ini topamiz.

a1 4—2 2=6 H_1 =2
Pi pn=1 _A=2 P =13 P.=15 P*=43

Demak, n = 4,P3 = 15.Topilgan giymatlami (1) ga olib borib
go‘ysak x = (—4)3ml5 ¢13(mod43) = -195(mod43) = —195+ 43 m
5(mod43) = 20(mod43) hosil boiadi. Javob: x = 20 + 43t,t € Z.

261. a). 12* = 9(mod 15) tagqoslamada (12,15) = 3va9 soni 3 ga
karrali bo‘lgani uchun u 3 ta yechimga ega. Berilgan taggoslamaning
ikkala tomoni va modulini 3ga gisgartirsak 4x = 3(mod 5) tagqoslama
hosil boiadi. Bunda (4,5) = 1boigan uchun u yagona yechimga ega.
Uning  yechimini  aniglaymiz.  4x = (3 4 5)(mod 5)yoki 4x =
8(mod 5). Keyingi tagqoslamaning 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,x =12+ 15t,t € Z

b).\2x = 9(mod 18)taqqoslamada (12,18) = 6, lekin 9 soni 6 ga
boiinmaydi. Shuning uchun berilgan taggoslama yechimga ega emas.

c). 20* = 10(mod 25) taqqoslamada (10,35) = 5 va 25 soni 5
ga boiinadi. Demak, taggoslama 5 ta yechimga ega berilgan taqqos-
lamaning ikkala tomonini va modulini 5ga bodib 4x = 2(mod 5)
taggoslamani  hosil  gilamiz.  Bundan4x = (2 + 5 ¢2)(mod 5)
12(mod 5) ->x = 3(mod 5). Demak, tagqoslamaning yechimlari x =
3,3,13,18,23(mod 15), ya’ni* = 3+ 25t ,x = 8 + 25t,

x = 13 + 25t,x = 18-1- 25t,x = 23 + 25tt € Z lardan iborat
boiadi.

d). 10* = 25(mod 35) tagqoslamada (10,35) = 5 va 25 soni 5
ga boiinadi. Shuning uchun ham berilgan taggoslama 5 ta yechimga ega.
Berilgan taqgoslamaning ikkala tomoni va modulini 5 ga gisqgartib
yagona yechimga ega boigan 2x = 5(mod 7) taqgoslamaga ega
boiamiz. Bundan 2x = (5 —7)(mod 7) -» 2x = —2(mod 7) ->x =
—(mod 7). Demak, berilgan taggos-lamaning yechimlari =
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—1,6,13,20,27(mod 7), yanix = —4+7t,x=6+7t x =13 +
7t, x =20+ 7t, x = 27 + 7t,t G Zdan iborat.

e). 39x = 84(mod 93) va (39,93) = 3 hamda 84 soni 3gaboiinadi.
Shuning uchun ham berilgan taggoslama 3 ta yechimga ega. Berilgan
taggoslamani 3 ga bo‘Ub yagona yechimga ega boigan 13x =
28(mod 31) taqqoslamaga ega boiamiz. Bundan 13x = (28 —
31)(mod 31) 13x = -3 (mod 31),13x = (-3 - 2+
31(mod 31), 13x = —65(mod 31) -*x s —5(mod 31). Demak,
topilgan yechimlar x = —5,26,57(mod 93), ya’ni

X=-5+093t,x =26+ 93t,x =57+ 93t,t GZ.

f). 90x + 18 = 0(mod 138) dan90x = -18(mod 138) boigani
uchun (90,138)=6 va -18 soni 6 ga boiinadi. Demak, berilgan tagqoslama
6 ta yechimga ega. Berilgan taggoslamani 6ga bodib yagona yechimga
ega boigan 15x = —3(mod 23) tagqqoslamaga kelammiz. Bundan
15x s (-3 + +23)(mod 23) -> 15x = 20(mod 23). Bu yerda
(15,20) = 5va (23,5) = 1 boigani 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 6 Z dan iborat.

g). Bu yerda (15,35) = 5 va 55 soni 5 ga boiinadi. Demak,
berilgan taggoslama 5ta yechimga ega. Berilgan tagqoslamaning ikkala
tomoni va modulini 5 ga gisqartirib 3x = 7(modll) ni hosil gilamiz.
Buni taggoslamalaming xossalaridan foydalanib koeffitsiyentlarini
almashtirish usulini yechamiz. U holda 3x=7+ii(modll), jcs6(modlA).
Bundan berilgan taggoslamaning yechimlari x = 6,17,28,39,50

(mod55) ekanligi kelib chigadi.

262. a). Maiumki, ax = b(modm) tagqoslama ax = b + my, y
Z, ga teng kuchli. Bundan ax —my = b, x,y GZ tenglamani hosil
gilamiz. Shunday qilib ax+ m(-y) = b,y e Z tenglama ax =
b(modm) tagqoslamaga teng kuchli ekan. Shunga asosan 5x + 4y =
3 *>5x s 3(mod 4) «»(5 - 4)x = 3(mod 4) ->x = 3(mod 4), ya'ni
X = 3+ 4t, bu holda 4y = 3- 5x boigani uchun 4y = 3- 5(3 +
4t) = 3- 15- 20t = -12 - 20t, bundany = -3 - 5t,t G Zberilgan
tenglama yechimi.
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Tekshirish: 53 +41) +4(-3 - St) = 15+ 201- 12- 20t =
3, ya’ni topilgan yechimlar tenglamani ganoatlantiradi.

b). 17x + 13y = 1 dan 17x = 1(mod 13) 4x = I(mod 13) ->
4x = —12(mod 13) x = -3 (mod 13) -» x = -3 (mod 13) ->x =
=-3 +13tt€2.

Endi y ni aniglaymiz. Berilgan tenglamadanl3y = 1 —17x = 1 —
17(-3 + 13t) = 52 - 221t. Bundany = 4 - 17t,t ¢ Z Shunday qilib
berilgan tenglamaning yechimi x = —3 + 13ty = 4 —17t,t ¢ Z

Tekshirish: 17(-3 + 13t) + 13(4- 17t) = -51 +52 = 1.
Demak, topilgan yechimlar berilgan tenglamani ganoatlantiradi.

). 91x - 28y = 35tenglamada 91 = 7 «13; 28 = 22«7, ya'ni
(91,28) = 7va 35 soni 7ga boMinadi. Demak, taggoslamaning ikkala
tomonini 7ga bo‘lsak 13x —4y = 5 tenglama hosil bo‘ladi. Bundan
13x = 5(mod4). Shunday qgilib yechimlarx = 1+ 4ty = 2 +
13t,t ¢ Z

Tekshirish: 13(1 + 41) - 4(2 + 13t) = 13- 8 = 5. Demak,
topilgan yechim berilgan tenglamani ganoatlantiradi.

d). 2X + 3y = 4 ->2x = 4(mod 3) > (2,3) = 1va X =
2(mod 3), ya’nix = 2+ 3L te l. Endi y ni aniglaymiz. 2(2 + 3t) +
3y =4, 3y =-6t, bundan y = “2t,£GZ. Shunday qilib berilgan
tenglamaning yechimi x = 2+ 3t,y = -21t6 Z

Tekshirish: 2(2 + 31) + 3(-2t) = 4. Demak, topilgan yechim
berilgan tenglamani ganoatlantiradi.

e).4x - 3y = 2-»4x = 2(mod 3) -> (4 - 3)x = 2(mod 3) -»
x=2(mod 3), yani x=2+3t,t GZEndi x ning qgiymatini
tenglamaga qo‘yib y ni aniglaymiz. y = 2 + 4t,t GZ Shunday qilib
berilgan tenglamaning yechimix = 2 + 3t, y = 2+ 4, t GZ

Tekshirish: 4(2 + 3t) - 3(2 + 4t) = 2, ya’ni topilgan yechim
berilgan tenglamani ganoatlantiradi.

f).3x-7y=1 3x=I(mod7) @- 7)x=(1+
7)(mod 3) ->—4x s 8(mod 3) -»x = -2(mod7) ,ya’nix = -2 +
7t,t GZ U holda

7y =3x—1=3(=2+7t)- 1=-7 + 21t, yoki bundan y
-1 + 3t,t GZ. Shunday qilib berilgan tenglamaning yechimi x = -2
7t,y=-1+3t tGZ

+
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Tekshirish:  3(—=2 + It) —7(—1+ 31),t GZ ya’ni topilgan
yechim berilgan tenglamani ganoatlantiradi.
g).7x = 11(mod6) -» (7 —6)jc= (11 - 6)(mod6) -»x =
5(mod6). Bundan x = 5+ 6t, £GZ Buni berilgan tenglamaga
goysak 7(5+61)+6y=11 -»6y=11- 35- 42t -py = -4 -
7t, t €Z. Demak, berilgan tenglamaning yechimi x = 5+ 6t, y =
—4 —T7t, tez.

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) 2x = 5(mod 13) -»2x = 18(mod 13) ->x =
9(mod 13) ya’nix = 9 + 13t,t 6 2. x ning topilgan giymatini berilgan
tenglamaga qo‘yib y ni topamiz. 13y = 8(9+ 13t)+6, y =6+
St,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 » <t <"13 -*
-8,38 <t <10,85,t GZ. Bu oraligdagi butun sonlar soni 10 + 8 +
1= 19ta.

b). 5x —7y = 8 tenglamaning umumiy yechimini topamiz 5x =
8(mod 7) > (6 —7)x = 8(mod 7) ->—=2x = 8(mod 13) x =
-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‘gri
chizigda yotuvchi butun koordinatali nugtalar x = —4 + +7t,y = —4 +
St,t GZ. Endi bular orasidan 1<x< 200 shartni
ganoatlantiruvchilarini ajratib olamiz. 1< —4+ 7t <200 »5< It <

204 ~<t<”M >0,7<1t<29,1,t GZ Buoraligdagitning butun

giymatlari 29ta. Shunday qilib, x = 1va x = 100 to‘g‘ri chiziglar
orasida joylashgan 5x - 7y = 8 to‘g‘ri chizigdagi butun koordinatali
nugtalar soni 29 ta ekan.

264. a) /(x) = funksiyaning butun bo‘lishi uchun 9x —1
ifoda 7 ga bo‘linishi kerak, ya’ni 9x - 1 = 0(mod 7) bajarilishi kerak.
Bundan 9x = I(mod 7). Demak, x = 4 + 7tgiymatlarida/(x) funksiya
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butun giymat gabul giladi. Hagigatan ham f(4 + 7t) = 1=

35+63t -
P o Eigttez

b). fix) =~dan7x = I(mod 15) -> 7x =(1-15)(mod 15) ->
Ix = -14(mod 15) ->x =-2 (mod 15), ya’ni x =—=2+15t,tGZ

Hagigatan ham/(-2 + 15t) = = -15M05t=-1 + 7t,t€2Z
c). 2x = I(mod 11) -> 2jc = 12(mod 11) ->x = 6(mod 11),
ya’ni
x=6+1it,t GZ Bu qgiymatda /(6 + lit) = =
= 1+2t,tGZ

265. a). 60 kg lik goplar sonini x, 80 kg lik goplar sonini esa y bilan
belgilab masalani 60x + 80y = 440 tenglamaning natural sonlardagi
yechimlarini topishga keltiramiz. Hosil bo‘lgan tenglamani 20 ga
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),ya’nix =2+ 4t,tGZ ni hosil
gilamiz. Endi y ni aniglaymiz. 4y = 22 —3x = 22 —3(2 + 4t) = 16 —
12t yoki bundany = 4 —3t,t GZ Endi x = 2+ 4t,y =4 —-3t,t G
Z umumiy yechimdan masalaning shartini ganoatlantiruvchi natural
yechimlami ajratib olamiz.t = 0dax = 2,y = 4, t=ldax = 6,y = |
lardan boshga x va y laming natural giymatlari yo‘q. 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 sonini 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 -> 3x = 149(mod 5) -* 3x = 4(mod 5) -> 3x = 9(mod 4)

x = 3(mod 5),ya’ni* = 3+ 5t,t GZni  hosil gilamiz.  Topilgan
giymatni tenglamaga qo‘yib y ni topamiz. 5y = 149 —3x = 149 -
3(3 + 5t) = 140 + 15tdany = 28 - 3t,t GZ

Endi topilgan X=3+5b5ty=28- 3t,tGZ umumiy
yechimlardan masalaning shartini ganoatlantiruvchi natural yechimlarini
ajratib olamiz.
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t=0dax=3y=28 t=1dax=8,y =25 t=2dax=
13y =22,t=3dax = 18, y=19, t=4dax =23,y =16, t=
5dax = 28,y = 13,
t=6dax = 33,y=10, t=7dax = 38,y = 7,t = 8dax =
43,y =4, t=9dax =48y = 1L
Demak, markalami 9 xilda turlicha qilib xarid gilish mumkin ekan.
c). 200 so‘mlik daftarlar sonini x bilan, 250 so‘mlik daftarlar sonini
y bilan belgilasak 200x + 250y = 6000 anigmas tenglama hosil
bo‘ladi. Bundan 20x + 25y = 600 > 4x + 5y = 120 ->4x =
120(mod5) -»4x = 0(mod5) -»x = 0(mod5) =>x = St; 4«5t +
5y = 120 -»y = 24 —4t, t € Z Masalaning javobini jadval
ko‘rinishda yozamiz.

266. a) 523 sonining o‘ng tomoniga yozilgan 3 ta ragamdan hos
bo‘lgan s(mni x bilan belgilasak, u holda 523 «103+ x = 0(mod 7 «8 ¢
9) bajarilishi kerak. Bundan x = —523000(mod 504) = —(1038 m
504 —152) (mod 504) =

= 152(mod 504), yoki x = 152 + 504t,t 6 I x uchxonali son
bo‘lgani uchun t = 0 dax = 152, t=1 dax = 656 bo‘lishi mumkin.

Tekshirish; 523152 soni 7, 8, 9, larga bo‘linadi, shuningdek
523656 soni ham 7,8,9 larga bo‘linadi.

b). 32 sonining 0‘ng tomoniga yozilgan 2 ta ragamli sonni x bilan
belgilasak, u holda 32*102+x = O(mod 7m3) Xx =
-3200(mod 21) = -3200 + 21 -153(mod 21) = -32(mod 21) =
13(mod 21) yokix = 13 + 21t,t 6 Z

Bu yerda x ikkita ragamdan tuzilgan sonbo‘lgani uchunt = 0 dax =
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 ya7 ga boMinadi.
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IV.3-8.

267. 1). Birinchi taggoslamani x = 6 + 15tlr txeZ tenglik
ko”rinishida yozib olib 2-taggoslamadagi X ning joyiga olib borib
go‘yamiz va ga nisbatan yechamiz:6 + 15ta = 18(mod 21)
IStt = 12(mod 21). Bunda (15,21) = 3 va 12 i 3boigani uchun
taggoslamani 3 ga gisqartirib 5~ = 4(mod 7) ni hosil gilamiz. Bundan

Stt = 4 + 3 w7)(mod 7) ->5tx = 25(mod 7) ->t* = 5(mod 7),
yani ti = 5+ 7t2 ning bu ifodasinix = 6 + 157 ga
go‘ysak x = 6 + 15(5 + 7t2) = 81 + 105t2,t2eZ hosil boiadi Endi x
ning ifodasini 3-taggoslamaga qo‘yib t2 ni aniglaymiz:81 + 105t2 =
3(mod 12) 105t2= -78(mod 12) -»(105,12) = 3va 78i3
boigani uchun taggoslamani 3 ga gisqartirib 35t2 = -26(mod 4) ni,
bundan esa 3t2= 2(mod 4) -» 3t2= 6(mod 4) ->t2= 2(mod 4),
ya'ni t2= 2+ 4t3,t3fZ ni hosil gilamiz. Shunday qilib x = 81 +
105(2 + 4t3) = 291 + 420t3, ya'’ni x = 291 + 420t3, t3eZ berilgan
sistemaning yechimiga ega boiamiz.

2).x = 13(mod 14) -*x = -1 (mod 14) >x = —1 + 4£Ex t"Z
Buni ikkinchi taggoslamaga qo‘yib txni aniglaymiz:—1 + 4tj =
6(mod 35) ->4ti = 7(mod 35) -> 4" = 7 - 35(mod 35) ->4tx =
—28(mod 35) " = —7(mod 35), ya'ni t* = —7 + 35t2,t2eZ

tuning bu giymatini X = -1 + Atx ga qo‘yamiz u holda x = — +
4(— + 35t2) = —29 4 140t2. Endi X ning bu giymatini 3-
taggoslamaga qo‘yib t2 ni topamiz: —29 + 140t2= 26(mod 45) ->
140t2 = 55(mod 45). Bunda (140,45) = 5 va 55 : 5. Shuning uchun
ham bu taggoslamani 5 ga gisqartirib 28t2 = 11(mod 9)ni yoki bundan
t2= 2(mod 9) ni hosil gilamiz. Demak, t2= 2 + 9t3, t3eZ. Shunday
gilibx = -29 + 140(2 + 9t3) = 251 + 1260t3, t3eZ

(x = 19(mod 56)

3).] x =3(mod 24) -> x = 19 + 56tx,tteZ, 19 + 56" =

~x = 7(mod 20)
3(mod 24) ->56ti = —6(mod 24).Bunda (56,24) =8 va 16:8,
shuning uchun ham oxirgi tagqoslamaning ikkita tomoni va modulini 8
ga qgisqartirilib 7tt = —2(mod 3) ->tx = I(mod 3), ya'ni =1+
3t2, t2~ ni h°s” gilamiz . Buni x = 19 + 56", gaqo‘ysak x = 19 +
56(1 + 3t2) = 75 + 168t2 kelib chigadi. xning bu qiymatini 3-
tagqoslamaga qo‘yib t2 ni aniglaymiz. 75 + 168t2 = 7(mod 20) ->
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168*2 = -68 (mod 20) -> 8t2 = -8 (mod 20) -> (8,20) =4 va 8 : 4
bo‘lgani uchun 212 = —2(mod 5) -»t2 = -I(mod 5),yanit2= -1 +
5t3, t3eZ. Shunday gilib x —-93 + 840t3,t3eZ ni hosil gilamiz .

rx = 4(mod 5)
4). x = 1(mod 12) X = 4 + 5tj ,txeZ, 4 + 5tx=
x = 7(mod 14)

I(mod 12) >5 = —3(mod 12) -* 5ta= (-3 + 12 ®)(mod 12) -»
5tx = 45(mod 12) > £= 9(mod 12) vyani tx=9+ 12t2,t2eZ
Bundan x = 4+ 5(9 + 12t2) = 49 + 60t2. x ning bu giymatini 3-
taggoslamaga qo‘yib t2 ni aniglaymiz:49 + 60t2= 7(mod 14) -»
60t2=7-49 (mod 14) -> 60t2= -42(mod 14). Bunda (60; 14) =
2 va 42 : 2 boMgani uchun 30t2 = —21(mod 7), yoki bundan 212 =
0(mod 7) -*t2= 0(mod 7), ya'ni t2= 7t3,t3eZ. Buni x = 49 +
60t2 ga qgoyib X = 49 + 60 «7t3= 49 + 420t3ni, ya'ni x = 49 +
420t3, t3eZ ni hosil gilamiz.

5).x = 13(mod 16) ->x = 3 4-16tI ftt€Z,

X ning bu giymatini 2 —taggoslamaga qo'yib txni aniglaymiz.

-3 + 16ti = 3(mod 10) -+ 16ti =
6(mod 10). Bunda (16,10) = 2va 6:2 bo'lgani uchun 8" s
3(mod 5) -» 8tx = 8(mod 5) =>tx= I(mod 5),ya'ni tt =1+ 5t2
t2eZ.x ning bu giymatini 3-tagqoslamaga qo‘yib 2 ni aniglaymiz: x =
—3 + 16(1 + 5t2) = 13 + 80t2.Buni 3-tagqoslamaga olib borib qo‘yib
t2nitopamiz. 13 + 80t2 = 9(mod 14) -> 80t2 = —4(mod 14). Bunda
(80, 14) = 24 : 2 bo'lgani uchun bo‘lgani uchun taggoslamaning ikkala
tomoni va modulini 2 ga gisqartirib 40t2 = —2(mod 7) ni yoki bundan
—2t2= —2(mod 7) -»t2= I(mod 7), ya'ni t2= 1+ 7t3,t3GZ ga
ega bo‘lamiz. Demak, x = 13+ 80t2= 13 + 80(1 + 7t3) = 93 +
560t3,ya'ni x = 93 + 560t3, @3 € Z ni hosil gilamiz.

6).x = 9+ 10t! ,9 + 10t! = 10(mod 15) -> I0t! = I(mod 15).
Bundan (10,15) =5, lekin 1 soni 5 ga boUinmaydi. Demak
taggoslamalar sistemasi yechimga ega emas .

7).x = 7+ 9ti, ti GZ x ning bu giymatini 2 —taggoslamaga
go'yib tini aniglaymiz. 7+ 9ti = 2(mod 7) 2tx=
2(mod 2) -¢ti = I(mod 7) > =1+ 7t2,t2e 2. Demak,x = 7 +
9(1 +712) = 16 + 63t2,t2GZ.Buni 3 -
taggoslamaga olib borib go'yib t2 ni topamiz. 16 + 6312 =
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3(mod 12) ->6312= —13(mod 12) ->3t2= -I(mod 12). Bunda
(3,12) = 3 va lekin 1 soni 3 ga bo‘linmaydi. taggoslamalar sistemasi
yechimga ega emas.

8).x = 5+ 12t# 5+ 12t! = 2(mod 8) -+ 12tt =
—3(mod 8) ->4 = 5(mod 8) bunda (4, 8) = 4, lekin 5 soni 8 ga
boiinmaydi shuning uchun ham tagqoslamalar sistemasi yechimga ega
emas.

9).x = 7+ 10t¥tj GZ. x ning bu giymatini 2 -
taqgoslamaga

go'yib tjni aniglaymiz. 7 + 10tx = 2(mod 5), 10" =
—5(mod 5). Bunda

(10,5) = 5va 5 : 5 boMgani uchun oxirgi taggoslamani 5 ga
gisqartirib 2tt = —1(mod I)doimo bajariladigan taggoslamaga ega
bo‘lamiz. Demak, t+= t2deb olish mumkin, u holdax = 7 + 10t2ni
hosil gilamiz, buni 3-taggoslamaga qo‘ysak 7 + 10t2 = 8(mod 9) ->
10t2= I(mod 9) -*t2= 1(mod 9),yanit2= 1+ 913 t3GZ.
Bundanx = 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+ 7tIrtxGZ

X ning bu giymatini 2 - tagqoslamaga go'yib txni aniglaymiz.

1+ 7t! = 3(mod 11) -»7tx = 2(mod 11) ->7tx= (2 + 11«
3)(mod 11) -+ti = 5(mod 11),ya'ni =5+ 11t2t2eZ Bum x =
1+ 7*1 gaolib borib qo4sakx = 1+ 7(5 + 11t2) = 36 + 77t2.X ning
bu giymatini 3-tagqoslamaga qo‘ysak 36 + 7712 = 9(mod 13) -*
7712=-27(mod 13) > (77 - 613)t2= (-27 + 2+
13)(mod 13) ->t2= -I(mod 13) t2= I(mod 13) -»t2= 1+
13t3,t3eZ. Shunday qilib x=36+77(1+ 13t3) = 113 +
1001£3,t3eZ. Yani x = 113 + 1001t3,t3eZ berilgan sistemaning
yechimi.

11). Bu sistemadagi har bir tagqoslama alohida-alohida x ga
nishatan yechilgan holda berilgan. Shuning uchun ham 1-taggoslama-
ning yechimiar x = 2 + Stx, txe z laming orasidan 2- tagqoslamani
ganoatlantiruvchilarini ajratib olamiz. Buning uchun x = 2 + 5ti ni 2-
tagqoslamaga go‘yib, tt ni aniglaymiz:
2+5/j s 8(mod 11) =>5/, m6(mod 11) =>5tx=-5(mod 11),



txa -I(modl1),/j =-1+11/2,/2g Z" n n*18 topilgan ifodasini X ga olib
borib go‘yamiz. U holda x=2+5(-1+1 1/2)=-3+55/2,ya’ni* =-3+55/2,
P€Z gaegaboiamiz. X ning bu ifodasini 3-tagqoslamaga olib borib
go‘yib,/2 ni aniglaymiz.
-3+5512 = 12(modl5)=>55/2 = 15(modl5)=>10/2 =0(modI5)

bunda (10,15)=5 boiganidan 2/2 =0(mod3)yob’ t2=0(mod3),
bundan t2=15r3,/2=3+15/3,/2=6+15/3,/2=9+15/3,12=12+15/3,/3eZ
lami hosil qilamiz . U holda berilgan sistemaning yechimlari:
Xi =-3+825/3,

X2 =162 +825/3,Xj =327 + 825/3,X4= 492+825/3,X5=657+825/3,
39 Z gaegaboiamiz.

268.1). Bizning misolimizda m1=6,m2=7,m3= 11, Mt= 77,
M2 =66, M3=42 (m; = , bi=1,62=2,b3= 3, M/larni

MM = I(mod mi) @ = 1,2,3,...) taggoslamadan aniglaymiz. 77M( =
I(modeé) ->5M; = I(mod 6) >5M( = (1 + 4m)(mode)>M =
5(mod 6). Demak M[ = 5; 66 ME = I(mod 7) ->3ME = I(mod 7) ->
3ME = —s(mod 7) -»M2 = —2(mod 7);M" = -2;
42M8 =I(mod 11) -> —2M3 = 12(mod 11) -»M3 =

6(mod 11), M3 = —6 deb olishimiz mumkin. Endi x0= MiMjbx +
M2M2b2 + M3M3b3(\) formuladan xO0 ni aniglaymiz. X0 = 77 «51 +
66 *(-2) *2+ 42 +(-6) 3 =385- 264 + 756 == -635. Demak,
sistemaning yechimi x = -635(mod 462) = 289(mod 462).

2). Awalo Dberilgan 2x = I(mod 5),x = 2(mod 7),3x =
4(mod 11) tagqoslamalami x ga nisbatan yechib olamiz. U holda

X = 3(mod 5)
(x = 2(mod 7) sistemaga ega boiamiz va bu sistemani 1-misoldagi
X = 5(mod 11)

singari mulohaza yurutib yechamiz. Bunda M = 385, Mx= 77, M =
55, M3= 35,bt = 3,b2=2,b3=5 M lami aniglaymiz.77M( =
I(mod 5) -»2M( = I(mod 5)-> M[ = 3; 55M{ = I(mod 7) ->
—Me = I(mod 7) -»Me = -1; 3BMN = I(mod 11) -> 2ME =
I(mod 11) -> M3 = 6; Endi xo ni aniglaymiz. xo = 77«33+ 55-
(-1) m2 + 3565 =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 singari mulohaza yurutib berilgan sistemaning X =
6(mod 17),x = 2(mod S),x = —2(mod 9) ko‘rinishga keltirib olamiz.
Bunda mt =17,m2=5m3=9va Af = 765,Mi = 45 M2 =

153, Al3=85, bt =6, =12, b3=-2. ANATE larni
aniglaymiz. 45Mj = I(mod 17)

-> = I(mod 17) 1M[ = (1- 17w®)(mod 17) > =
-3 (mod 17) -»A{ = -3; 153Af* s I(mod 5) ->3M2s

6(mod 5) M2= 2

85M3 = I(mod 9) >4M" = 10(mod 9) 2M3=-2. Bularga
asosan

X0=45¢(-3) w6+ 15322+ 85¢(-2) ¢(-2) = -810 +
612 + 340 = 142. Demak, berilgan sistemaning yechimi X =
142(mod 765).

4).Yugoridagi misollar singari mulohaza yuritib berilgan

sistemani x = 4(mod 9), x = 4(mod 13),x = 6(mod 11)
ko‘rinishiga keltirib olamiz.Bundaml= 9,m2= 13,m3= 11 va Af =

1287, = 143, M2=99, M3= 117, =4, b2=4, 8=
6. Af{, ARAf3Ilarni aniglaymiz.143Af{ = I(mod 9) ->-M[ =
I(mod 9) -» = —(mod 9) = -3;99M* = [(mod 13) >

8Af2 = 14(mod 13) -> 4AfE£ = 7(mod 13) -» M2 = 5(mod 13) >
M2 = 5.117M3 = I(mod 11) ->-5M” = I(mod 11) > 6M3 =
12(mod 11) -> A3 = 2. Bularga asosan
*0= 143 ¢(-3) 4+ 99w w5+ 117 M 6 = -1716 + 1980 +
1404 = 1668. Demak, berilgan sistemaning yechimi X =
1668(mod 1287) = 381(modI287).
6x = 1(mod 35) (x = 6(mod 35)
5). 3x =4(mod 17) ~ Ix =7(mod 17).
IOx = 7(mod 13)  (x = 2(mod 13)
Bundanml= 35 m2= 17, m3= 13va Af = 7735, M1 =
221, AR2 = 455, M3 —595, bx = 6, b2 = 7, b3 —2. M[,M2,M3 lami
aniglaymiz. 221M{ = 1(mod 35) -> (221 —6 m35)Af[ =
I(mod 35) -» IIAfJ = I(mod 35) ->24M{ = 3(mod 35) ->—2Af] =
3(mod 35) -> = 16;455Af2 = I(mod 17)
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-»>-l1'2=-16(mod 17) -*M2 = 4;595M" = 1(mod 13) ->
(595 - 13 *46)M3 = 1(mod 13) >-3Me= -12(mod 13) > ME =
4. Endi x0 ni aiglaymiz.

X0= 221166 + 455 ¢4 ¢7 + 595 ¢(-1) «2 = 21216 +
12740 + 4760 = 38716 va demak x = 38716(mod 7735) =
(38716 - 5w7735)(mod 7735) = (mod 7735). Shunday qilib, x =
41(mod 7735) berilgan sistemaning yechimi.

8x = 7(mod 17) rx = 3(mod 17)

6). 5x = 11(mod 6) <- x = I(mod 6) .

x = -I(mod 19) X = -l(mod 19)
Bundan mt=17,m2=6,m3=19va M= 1938 Mt = 114,M2 =
323, M3 = 102, b= 3,b2=1,b3=-1. Mi, M3lami
aniglaymiz. 114M"* = I(mod 17) -> (114 - 7+17)MJ = I(mod ) -*
-5M = 35(mod 17) > M[ = -7;323M" = I(mod 6) (323 - 54«
6)ME = I(mod 17) ->M2 = —1;102M3 = I(mod 19) > (102- 19m
5)M3 = I(mod 19) ->7M3=I(mod 19) 7ME= (1- 3°
19) (mod 19) -* M3 = —8(mod 19) -> M3s —8. Endi x0 ni aniglaymiz.

X0 = 114 ¢(-7) 3+ 323 ¢(-1) «11 + 102 *(-8) (-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) M-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 s —3(mod 11). Bundan mx= 18,m2=11,m3=7va M=
f X = 4(mod 7)

1386, Mi = 77, M2 = 126, M3 = 198,bx= -2 ,~ = -3,b3=
4 M(,M2,M3 lami aniglaymiz.77M{ —I(mod 18) -» 5M{| =
I(mod 18) ->5M{ = (1- 2+18)(mod 18) - » = -7;126ME£ =
I(mod 11) -> (126 - 11 <Il)Mi = I(mod 11) 5M2=

I(mod 11) ->-6Mi = 12(mod 11) M2= -2(mod 11) >M2=
—2;198M3 = I(mod 7) -> (198 - 28 «7)ME = I(mod 7) » 2M3 =
I(mod 7) -»M3 = 4. Endi x0 ni aniglaymiz.x0 = 77 «(-7) ¢(-2) +
126 +(-2) *(-3) + 198 M ® = 1078 + 756 + +3168 = 5002.
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Demak, x = 5002(mod 1386) = 844(mod 1386) berilgan tagqosla-
malar sistemasining yechimL
r21x = -I(mod 23) X = 1(mod 23)

8). 12x = 3(mod 9) X —1(mod 9) . Bundan mx=
X ~ 6(mod 11) X = 6(mod 11)
23, m2=9m3= 1lva M= 2277, Mt =99,M2 = 253, M =

207,bi = 1,b2=1,b3=6.M{MAMs lami  aniglaymiz.99M{ =
[(mod 23) > (99 - 423)MJ = I(mod 23) 7M[ = I(mod 23) -»
7MJ = (1 + 3+23)(mod 23) -»7M{ = 70(mod 23) >M[ = 10;
253M2 = I(mod 9) -»(-28 9 + 253)M£ = I(mod 9) M2 = 1;
207M3 = I(mod 11) -»(207 - 19 «11)ME = I(mod 11) M =
—6 . Bulardan foydalanib xo ni topamiz.

X0 =99 ml0 1+ 253*1e1+ 207 ¢(-6) *6 = 990 + 255 -
7452 = —6209. Demak x 2 —6209(mod 2277) berilgan sistemaning
yechimi.

r* = 3(mod 29) x = 3(mod 29)
9).-x s —5(mod 12) «><x s -5(mod 12). Bundan mi = 29, m2 =

(2* =7(mod 11)  ( * = 9(mod 11)
12,m3 = 11va M = 3828 ,Mx = 132,M2 = 319,M3 = 318,h. =
3,b2= -5, b3=9.M{, M2, M3 lami aniglaymiz.

132M{ = I(mod 29) ->-13M{ = 30(mod 29) -> 1LU[ =
30(mod 29) ->8M[ = 15(mod 29) ->8M[ = 44(mod 29) -» 2M[ =
11 (mod 29) > M{ = 2(mod 29) -> M( = -9(mod 29) -»Mj =
9;319M2 = I(mod 12) -> (319 - 27 «12)ME = I(mod 12) ->
—5M2 = (1 + 2+12)(mod 12) -> M2 = -5;348M”" = I(mod 11)
(348 - 11 «32)Ms = I(mod 11) -»-4M” = 12(mod 11) -»Ms =
-3. Endi x0 ni aiglaymiz.Xo = 132 *(-9) «3 + 319 m-5) -(-5) +
348 ¢(-3) *9 = -3564 + 7975 - 9396 = -4985 .

Demak, x = —4985(mod 3828) = 2671(mod 3828) berilgan
tagqoslamalar sistemasining yechimi boiadi.

réx = 5(mod 35) X = 6(mod 35)
10). x = —2(mod 17) 4» X = -2(mod 17). Bundan TTr =

5x = 3(mod 13) X = 6(mod 13)
31, m2=29,m3=27va M = 24273, Mt = 783,M2 = 837, M3 =
899, =6,b2- -2,b3=6.M{M2 M8 lami aniglaymiz.783MJ s
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1(mod 31) -» (783 - 31 «25)M[ = 1(mod 31) 8M[ =
32(mod 31) -» = 4(mod 31) -> M[ = 4;

837M£ = I(mod 29) -> (837 - 29 ®29)M" = 1(mod 29) ->
—4M2 = [(mod 29) > -2M” = 15(mod 29) -» Mr =
22(mod 29) > M2 = 7,

899M3 = I(mod 27) -> (899 - 27 «33)ME = I(mod 27) ->
sMB = I(mod 27) ->8 M3 = 28(mod 27) -+ 2Mr = 7(mod 27) ->
Ms = 17(mod 27) M3 = 10. Endi xo ni aniglaymiz.xo = 783 ¢46 +
837 ¢7 ¢(—2) + 899 ¢(-10) 6 = 18792 - 11718 - 53940 =
46866. Bundan x = -46866(mod 24273) = 1680(mod 24273)
berilgan sistemaning yechimi ekanligi kelib chigadi.

11). Buyerdaml= 7, m2=9,m3 = 11va M= 693, Mx= 99,

A =77, M3=63, B =1b2=3b3=5 Endi M{MAM"  lami
aniglaymiz.

9OM* = I(mod7) > (99 - 7«14)M{ = I(mod 7) > M{ =
I(mod 7) > M[ = 1;77M2 = I(mod 9) -> (77 - 9+8)M" s
I(mod 9) ->5M2 = I(mod 9) -» 5M2 = 10(mod 9) M2 =
2(mod 9) > M2 = 2,63M" = [(mod 11) (63 - 1le6)M" =
I(mod 11) ->-3M” = I(mod 11) -»-3 M3 = 12(mod 11) M3=
—4(mod 11) -* Mg = 7(mod 11) -* M3 = 7. Endi xo ni
aniglaymiz.xo = 99 *1*1 + 77 *2*3 + 63 *7*5 = 99 + 462 +
2205 = 2766. Bundan x = 2766(mod 693) = —6 (mod 693) berilgan
sistemaning yechimi ekanligi kelib chigadi.

269.1). Bu masala taggoslamaning tarifiga ko‘ra shunday x ni

X = Il(mod 7)
topishimiz kerakki, u X = 2(mod 8) tagqoslamalar sistemasini ga-
x = 3(mod 9)

noatlantiruvchi eng kichik natural son boMishi kerak. Berilgan sistemani
yechamiz. Buning uchun bizga berilgan sistemada modullar o‘zaro tub
bo‘lganligi sababli 2-misoldagi (1) formuladan foydalansak bo‘ladi.
Bizdamt = 7,m2=8,m3=9vaM = 789 =504, Mr=72,M2=
63, M3= 56, = 1,&2 = 2,b3 = 3 M{{ M2, M3 larni
aniglaymiz.72M{ = I(mod 7) ->2M( = 8(mod 7) M[ =
4; 63M2 = I(mod 8) ->-M£ = I(mod 8) Mi = I(mod g) ->

= —1;56M3 = I(mod 8) >2M3 = 10(mod 9) ->M3 =
5(mod9) M =5,
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Bulardan foydalanib xo0 ning giymatini aniglaymiz:

X0=72mw1 +63*(-1) W2+ 56 w53 =288- 126 + 840 =
1002.

Demak, x = 1002(mod 504) = -6 (mod 504), yani x =-6 +
5041, teZ berilgan sistemaning umumiy yechimi. Endi shular orasidan
X ning eng kichik natural son bo‘ladigan giymatini aniglab olamiz. Agar
t <0 boisa, X < 0boiadi; t = 1dax = 498 izlanyotgan giymatga ega
boiamiz.

x = 1(mod 3)
2).mx = 2(mod 4) -> bundan bt =1 b2=2 b3=3 ml=
(x = 3(mod 5)

3, m2=4, m3=5 M=60, Mx=20, M= 15 M3 =
12 .M[,M2,M3lami aniglaymiz.

20M( = I(mod 3) -* 2M[ = 1(mod 3)-+M[ = 2(mod 3) >

= 2;

15M2 = 1(mod 4) ->-M2 = I(mod 4) M2= -lI(mod 4) -»
M2=-1;

I2M3 = I(mod 5) 2M3 = 6(mod 5) > M3 = 3(mod 5)
M3 = 5. Endi xo ni topamiz. X0 = 202 *1 + 15¢(—1) 2+ 123+
3 = 40 —30 + 108 = 118. Demak, sistemaning umumiy yechimi X =
118(mod 60), yoki buni x = —2(mod 60), ya'ni x = —2 + 60t, teZ
ko‘rinishida yozish mumkin. Bundan izlanayotgan eng kichik natural
giymat 58 ga teng ekanligi kelib chigadi.

x = 3(mod 9)
3). x = 5(mod 10) -» dan bx= 3 b2=15 b3=6 mx=
x = 6(mod 13)

9, mz2=10,m3 = 13, M= 1170, Mx= 130, M2 = 117, M3 =
90. M[, M2M3 lami aniglaymiz. 130Mi = I(mod 9) -* (130 - 14+
OM{ = I(mod 9) > 4M{ = 10(mod 9) ->2M{ = 5(mod 9) > =
7(mod9) M = 7;117M2 = I(mod 10) (117 - 10 «12)M" =
-9 (mod 10) M2s 3(mod 10) M2= 3;90M”" = I(mod 13)
(90 - 713)M3 = I(wwd 13) -> M3 = —(mod 5)

-> M3 = —1. Endi xo ni topamiz. xo = 130 *7*3 + 117 -3*5 +
90 .(-1) ®6 = 2730 + 1755 - 540 = 3945. Bu holda umumiy yechim
X = 3945(mod 1170)
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= 435(mod 1170), ya’ni x = 435+ 1170t, teZ. Bundan eng
kichik natural yechim x = 435.
rx 2 2(mod 9)
4). x=3(mod 10) bu sistema 3-misoidagi  sistemadan
(x = 4(mod 13)
bv b2, %% ning giymatlari bilan farq giladi. Shuning uchun ham x0 =
910- bi + 351 ¢62 - 90b3, yani x0=9102+ 3513+ 904 =
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). *x =4(mod 7) -* dan bt = 4, b2=4, b3=5 mx=
X = 5(mod 8)
3, m2=7 m3=8, M= 168, Mj =56, M ~ 24, M3 =
21 .M(, Malami aniglaymiz.56M[ = I(mod 3) ->2MJ =

I(mod 3) -»M = 2(mod 3) ->M[ = 2;24M" = I(mod 7) ->3M" =
I(mod 7) -»3M" = 15(mod 7) >M2s 5(mod 7) Mj =

5;21M3 = I(mod 8) -3M3 = 9(mod 8) ->Ms = -3(mod 8) ->
Mz = —3. Shuning uchun ham X0 = 56 €2 ¢2 + 24 e5e4 + 21 ¢(—3)
5 =224+ 480 - 315 = 389 va x = 389(mod 168) = 53(mod 168)
sistemaning umumiy yechimi. Endi x = 53 + 166t, teZ dan eng kichik
natural sonni aniglaymiz. t = 0 dax = 53 izlanayotgan son.

fx = 4(mod 7)
6). x = 9(mod 13) ->danbi = 4,b2=9,b3=1,Tx=7,m2=
(x = I(mod 17)

13, m3a= 17, M= 71317 = 1547, Mx = 221, M2 = 119, M3 =
91. MAMAMT lami aniglaymiz. 221MJ s I(mod 7) -+ (221 - 31«
IM{ = I(mod 7) »4M{ =8(mod 7) M[ = 2(mod 7) > M( =
2;119M2s I(mod 13) -(119 - 9«13)ME = I(mod 13) -»

2M2 = 14(mod 13) -»M2 = 7(mod 13) -* M2 = 7,91ME =

I(mod 17) -> (91 - 517)M" = I(mod 17) 6M3=

-18(mod 17) -> M3 = 3(mod 17) -> M3 = 3. Bulardan foydalanib
X0 ni  topamiz. x0= 221 M2 ¢4 + 11979+ 9131 = 1786 +
7497 + 273 = 9538. Demak, Xx = 9538(mod 1547) = (9538 - 6 ¢
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.
X =9 (mod 13)
7). - x = 1(mod 21) boigani uchun bx= 9,b2= 1,b3 =
X = 13 (mod23)

-10, Tr=13, m2= 21, m3 = 23 uholda M- 6279, Mt =
483, M2 = 299, M3 = 273. Endi bulardan foydalanib
M[, M2, M3lami aniglaymiz.

483 = I(mod 13) -¢ (483 - 37 +13) M( = I(mod 13) -
2M[ = 14(mod 13) -»M{ = 7(mod 13) =T,
299M2 = I(mod 21) = (299 - 14 «21)M£ = I(mod 21) -* 5M2s
—20(mod 21) -»M2 = -4(mod 21) M = -4; 273M" =
I(mod 23) (273 - 23 «12)M* = I(mod 23) -> -3M”" =
I(mod 23) -»M3 = —8(mod 23) M3 = - 3.

Bulardan foydalanib xo ni topamiz. X0 = 483 7 «9 + 299 ¢(—4) »
1+ 273 m(-8) m(-10) = 30429 - 1196 + 21840 = 51073 =8 m
6279 + 841.

Demak, x0 = 841(mod6279), ya'ni x = 841 +
6279t, teZ tagqqoslamalar sistemasining umumiy yechimi. Eng kichik
natural yechim 841 ga teng.

(x = 2(mod3)
8)- X = 4(mod5) danbx= -1, » =1, b3=1Tr=3m2=
X = I(mods)

5, m3 = 8 deb olishimiz mumkin. Bu holda M = 120,Mt = 40, M =

24, Az = 15. Endi M{,M2,M3 lami aniglaymiz: 40M( = I(mod 3) -»
= I(mod 3) -¢ = 1;24Mi = I(mod 5) » —M =

I(mod 5) M2 = —(mod 5) > M = -1;15M”" = I(mods)

—M3 = I(mods) -»M3 = —(mods) Mz =-1.

topilganlardan foydalanib xo ni hisoblaymiz.

X0=40e1e(-1) + 24 m(-1) o(-1) + 15¢(-1) 1
=-40+ 24-15 = -31.

Demak, = —31(modl20) = 89(modI20), ya'ni x =89+
120t,t6 Z taggoslamalar sistemasining umumiy yechimi. Bundan
masala shartini ganoatlantiradigan eng kichik natural son 89 ekanligi
kelib chigadi.
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X = I(mod3)
9). ' x = 4(mod5), bundan ko‘rinadiki, bu sistema 8-misoldagi
X = 7(mod8)

sistemadan fagat b2#b2, b3 laming giymatlari bilan farq giladi. Shuning
uchun ham 8)-misolda garab chigilganiga asosan x0 = 40bt —24b2 —
15b3=40ml- 244 - 15m7 =40- 96- 105=-167 va X =
—161(modl20) = —41(modl20) = 79(modI20) garalayotgan tag-
goslamalar sistemasining yechimi x = 79 + 120t,t GZ bo‘lganligi
uchun masala shartini ganoatlantiruvchi eng kichik natural son 79
bo‘ladi.
X = 4(mod 5)
10). x = 6(mod 7), bo‘lganiuchun = —4,b2=—-4b3=1
X = I(mod 9)

deb olishimiz mumkin. Bizdaml=5m2=7,m3=9M =
315, = 63, M2 = 45, M3=35. Endi M[,M2,M3 lami aniglaymiz.

63Mi = I(mod5) 3M{=6(mod5) Mj =2(mod5) ->M[ =
2,

45M2 = I(mod7) - 3ME = 15(mod7) M2 = 5(mod7) ->
Mi = -2;

3BM3 = I(mod9) -»—M3= I(mod9) ->M3= I(mod9) >
M3=-1.

Bularga asosan X0 = 63 *2 m(—1) + 45 ¢(—2) ¢ (—1) + 35 ¢(—1)
1=-126 +90- 35=-71vax = -71(modl5) = 244(mod315).

Shunday qilib, izlanayotgan natural son 244 dan iborat.

11). Bu masala tagqgoslamaning ta'rifiga ko‘ra shunday x ni

X = 6(mod 7)
(x = 12(mod 13) taggoslamalar sistemasini
x = 16(modl7)

ganoatlantiruvchi  eng kichik natural son bo‘lishi kerak. Berilgan
sistemani yechamiz. Buning uchun bizga berilgan sistemada modullar
0‘zaro tub boMganligi sababli 2 - misolda (1) formuladan foydalansak
bo‘ladi. Bizda mx =7,m2= 13,m3= 17, M = 1517, Mr = 63,M2 =
45, M3=35. 6-misolga asosan

X0 = 442 «bt + 833 «b2+ 273 «h3= 442 «(-1) + 833 ¢(-1) +
273 m(-1) = -1548. Demak, X = -1548(mod 1547) =
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-1 (mod 1547),ya'ni x = 1546 + 15471 ,teZ taggoslamalar sistemasi-
ning umumiy yechimi. Bu holda eng kichik natural yechim 1546 dan
iborat.

270.1). a ning izlanayotgan giymatini aniglash uchun sistemani
yechishga harakat gilamiz. Bunda 1 - misolda tanlangan usuldan
foydalanishimiz mumekin.

jce 5(modli8)

xs8mod2) x = 5+ IBti, tx GZ,5+ 18M™ = 8(mod21) -*

x s a(mod35),
18tj = 3(mod21) > 6tt = I(mod7) ->—* = I(mod7) > =
1,8,15 (mod21)JBundanx = 5+ 18(-1 + 21t2) = -13 + 378t2,t €
Z bo'ladi. Buni 3-tenglamaga qo‘ysak —3 + 378t2 = a(mod3S) -»
378t2= a + 13(mod35) -* (378 - 10 35)t2= a + 13(mod35) -*
28t2=a + 13(mod35)

Bunda (28,35) = 7 va demak, taggoslama yechimga ega boiishi
uchun

a+ 13 = Q(mod7) bajarilishi kerak. Bundan a = —3(mod7) ->
a= I(mod 7),yani a =7k +1,k£Z ko‘rinishda bo‘lishi kerak
ekanligi kelib chigadi.

Izoh. Masaianing shartida a ning ganday giymatida berilgan
taggoslamalar sistemasi yechimga ega, deb so‘ralgan,(ya’ni sistemaning
barcha yechimlarmi 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
mumkin.

X = a(mod 7)
X =2(mod 9) -»x =7+ 11tv tt GZ Bundan 7+ =
x = 7(mod 11)

2(mod 9) > 2tj = —5(mod 9) -> 2tt = 4(mod9) ->tj =
2(mod9)yoki =2+ 9t*, t2GZ Uholdax = 7+ 11(2 + 9t2) =
29 + 99t2,t2eZ. 29 + 9912 = a(mod7) ->99t2=a - 29(mod 7) -+
t2=a- I(mod 7), bundant2= (a- 1)+
7t3. Buni x ning ifodasiga olib borib go'ysak x = 29 + 99((a —1) +
7t3) = 29 + +99(a - 1) + 693t3, t3eZ. Demak, berilgan sistema a -
ning ixtiyoriy aeZ giymatlarida yechimga ega.
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3).x = 5(mod 12) -*x = 5+ 12tt -* 54 12tt =
3(mod 15) -> 12tx5 -2 (mod 15) -¢ 12txs
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 + 20tlIft GZ dan 11 420~ = I(mod 15) 20" =
—10(mod 15) -* 20rt = 5(mod 15) ->4tx= I(mod3),ya'ni* =
1+ 3t2t2£Z va x = 11 + 20(1 4 3t2) = 31 + 60t2,t2GZ
3-tagqgoslamadan31 4- 6012 = a(mod 18) -»6012 = a —
31(modl8) ->6t2= a- 31(modI8), bunda(6,18) =
6 bo'lgani uchun berilgan tagqoslamalar 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 qilib a = 6k + 1,K € Z ko‘rinishda bo‘lsa, berilgan sistema
yechimga ega boYar ekan.

5).x = 19(mod 24) x = 19 4 24tH#tt E Z. X ning bu giymatini
ikkinchi taggoslamaga qo‘yib tt ni aniglaymiz: 19 + 24txs
10(mod 21). 3tx= —9(mod 21) >tx=-3 (mod 7), ya’ni =
-3 +7t2t2€Z. Bu holda x=19424(-34712=-53 4
168t2,t2 GZ. Buni 3-tagqoslamaga qo‘yib t2 ni aniglashga harakat
gilamiz. -53 4-168t2 = a(mod 9) -* 16812 = a 4 53(mod 9) ->
(168 - 18 *9)t2=a + 53 (mod 9) 6t2=a- I(mod 9). Bunda
(6.9) = 3, demak, u yechimga ega bo'lishi uchun(a —1) :
3,ya'nia = I(mod 3) bajarilishi kerak ekan. Demak, agar a = 3K 4
1,k € Z ko'rinishda bo‘lsa, berilgan tagqoslamalar sistemasi yechimga
ega bo‘ladi.

6). x = 6 4 15tH#tx GZ Buni ikkinchi taggoslamaga qo'yib ~ni
aniglaymiz: 6 + 15ti = 18(mod 21) -» 15* = 12(mod 21) -»
5tx = 4(?nod 7) -> 5tx= 25(mod 7) -> = 5(mod 7),ya'ni=
54 7t2,>2 GZ. Bu holdax = 6 + 15(5 + 712) = 81-1- 105t2,t2 €
Z. x ning bu giymatini 3-tagqoslamaga qo‘yib t2 ni aniglaymiz. 81 4
105t2= a(modli) ->6t2=a - 4(mod 11). Bunda (6,11) =1
bo‘lgani uchun a ning ixtiyoriy butun giymatida berilgan tagqoslama
yagona yechimga ega va demak, berilgan taggoslamalar sistemasi ham a
ixtiyoriy butun giymatida yechimga ega.
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7). x = 19 4- 561#19 + S6tt = 3(mod24) -> 8" =
16(mod 24)ti = -2 (mod 3) = = I(mod 3), € Z.Ya'nitj =
14 3t2, ~2 e 2. Buni inobatga olsak x = 19 + 56(1 4-3t2) = 75 4
168t2. x ning bu giymatini 3- tagqoslamaga qo'yib t2ni aniglaymiz:
75 4-168t2 = a (mod 20) -» 8t2 = a 4- 5(mod 20). Bunda
(8; 20) = 4 vataggoslama yechimga ega boiishi uchun (a 4-5) : 4,
K € Z ya’nia = —5 (mod 4). Yoki bundan a = 3(mod 4) shartni
ganoatlantirishi kerak. Demak, agar a = 4fe + 3,k6Z ko‘rmishidagi
butun son boisa, berilgan taggoslama yechimga ega boiadi.
8). X = 3 4 5tv tr GZ. Buni ikkinchi tagqoslamaga qo'yib tt ni
aniglaymiz: 3 + 5tx= 2(mod 7) ->5tt = -I(mod 7) 5tt =
—15(mod 7) ti = -3 (mod 7),yani* = -3 47t2t2GZ Buni X
ning ifodasiga olib borib qo‘ysak x = 3+ 5(-3 4-7t2) = 42 4
35t2,t2GZ. 12 4 35t2=a(mod 9) - t2=a + 3(mod 9) -»t2=
-(a 4-3)(mod 9).xning bu giymatini  3-tagqoslamaga qo‘yib
t2 ni aniglaymiz: —2 + 35t2 = a(mod 9) -»
-2=a43(mod9) t2=-(a 4 3)(mod9). Demak, t2=
-(a 4 3) 4-9t3, £3GZ Bundanx = —12 4 35[-(a 4 3) 4*9t3] =
-12 - 35(a 4 3) 4 315t3,t3€
Z Shunday qilib berilgan tagqoslamalar sistemasi a ning ixtiyoriy
butun giymatida yechimga ega.

9). a ning izlanayotgan giymatini aniglash uchun sistemani
yechishga harakat gilamiz. Bunda 1 - misolda tanlangan usuldan
foydalanishimiz mumkin. 1-tagqoslamadan x = 14-3tlt GZ.x ning
bu giymatini 2-taggoslamaga olib borib qo‘yib tt ni aniglaymiz: 14
3tt = 5(mod 7) -»3tj = 4(mod 7) ->tt = -1 (mod 7),ya'nitl =
-1 4 7t2,t26 Z Buni x ning ifodasiga olib borib qoyibx = 14-
3(—47t2) = -2 4 21t2,t2 6 Z ga ega boiamiz. x ning bu giymatini
3-taggoslamaga qo‘yib  t2ni aniglaymiz:—2 4-21t2 = a(mod 11) ->
102= (a + 2)(mod 11) >-t2= (a4 2)(mod 11) >t2= -(a 4
2)(mod 11). Demak, a ning ixtiyoriy butun giymatida berilgan
taggoslamalar sistemasi yechimga ega.

10). 1-taqqoslamadan x = 14 4-19tv tt GZ.x ning bu giymatini
2-taggoslamaga olib borib go‘yib tx ni aniglaymiz: 14 4-19/ =
5(mod 25) -> 19tx = -9 (mod 25) -* -6tt = 16(mod25) ->-3tt =
Q(mod 25) ->-3t2= 33(mod 25) tj = -lI(mod 25) =
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—11 + 25t2,t2 GZ. Buni x ning ifodasiga olib borib qo‘yib x = 14 +
19(—11 + 25t2) = —195 + 475t2,t2 GZ ga ega boiamiz. X ning bu
giymatini 3-taggoslamaga qo‘yib t2ni aniglaymiz:
—195 + 475t2 2 a(modlO) ->5t2=a + 5(modl0).

Bunda (5; 10) = 5. Demak, taggoslama yechimga ega boiishi uchun
(a+5)e5,yania=—5(mod5) boiishi kerak. Bundan a=
0(mod 5), yani a = Sk, K GZ. Demak, agar a = 5k,k GZ korinishda
boisa, berilgan sistema yechimga ega boiadi.

11). a ning izlanayotgan giymatini aniglash uchun sistemani
yechishga harakat gilamiz. Bunda 1-misolda tanlangan usuldan foydalani-
shimiz mumkin. 1-taggoslamadan x = 5 + lit*, t* GZ.x ning bu giyma-
tini 2-taggoslamaga olib borib qo‘yib t* ni aniglaymiz:5 + lit* =
4(mod 7) -> 4tt = —1(mod 7) -> —3tt = 6(mod7) > tt =
—2(mod7) - » = —2+ 7t2£2 GZ Buni x ning ifodasiga olib borib
goyibx = 5+ 11(—2 + 7t2) = —17 + 77t2,t2 GZ gaegaboiamiz. x
ning bu giymatini 3-taggoslamaga qo‘yib t2ni aniglaymiz:—7 + 77t2 =
a(mod9) -» 5t2= a + 17(mod9) -» 5t2 = a —I(mod9).

Bunda (5;9) = 1. Demak, a ning ixtiyoriy butun giymatida berilgan
tagqoslamalar sistemasi yechimga ega. 2 «5t2 = 2 «(a —I)(mod9) ->
t2=2+(a- I)(mod9).

271.1).Buning uchun berilgan to‘g‘ri chizigning kesisish nugtasini
topish kerak. Bu tenglamalarni taggoslama ko ‘rinishda yozib olib uning
yechimini topamiz.

X = 2(mod 5)
-Xx=1I1(mod8) -*x=2+5tx, GZ Buni 2-tagqoslamaga olib
X = 3(mod 11)

borib go‘yib tx ni aniglaymiz:2+ 5 = I(mod 8) ->5tx2
—I(mod 8) ->5ta= (— - 3*8)(mod 8) -» 5" = —25 (mod 8) ->

ti = -5(mod 8), ya'ni = 3+ 8t2t2GZ filing bu ifodasini x
ning ifodasiga olib borib qo‘ysakx = 2 + 5(3 + 8t2)=17 + 40t2,t2GZ
hosil boiadi xning bu giymatini 3-taggoslamaga qo‘yib  t2 ni
aniglaymiz: 17 + 4012= 3(mod 11) -* -4t2 = 8(mod 11) ->t2=
-2 (mod 11) ->t2= —2 + |1t 3,t3 GZ. Buni x ning ifodasidagi t2ning
o‘miga olib borib qo‘ysak x = 17 + 40(-2 + |1t3) = —63 + 440t3,
t3GZ hosil boiadi. Demak, abssissasi x = —63 + 440t3,t3GZ
nugtadan OX o‘giga chigarilgan pegpendikular 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 -»
S5y = -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=
Ily -*y = —6+ 4013. Shunday qilib, bu nugtalaming koordinatalari
(-63 + 44013;-13 + 88t3), (-63 + 440t3;-8 + 55t3),
(-63 + 440t3- 6+ 40t3), t3GZ
2).Buning uchun berilgan to‘g‘ri chizigning kesisish nugtasini
topish kerak. Bu tenglamalami taggoslama ko ‘rinishda yozib olib uning
yechimini topamiz.
4x = 9(mod 7) rx = 4(mod 7)
2x = 15(mod 9) x =3(mod9). Endi bu sistemani
[Sx = 12(mod 13) X =5(mod 13)
yechamiz. Sistemaning 1-taggoslamasidan x = 4 + 7tlf GZ. Buni 2-
taggoslamaga olib borib qo4yib tt ni aniglaymiz: 4 + 7tt = 3(mod 9) ->
7ti = -I(mod 9) -> 16tx= 8(mod 9) -> 2tx= I(mod 9) > =
5(mod 9) =5+91212 G topilgan giymatini jc ning
ifodasiga olib borib gqoysak x = 4 + 7(5 + 912)=39 + 63t2,t2 G Z hosil
bo‘ladi. x ning bu giymatini 3-tagqoslamaga qo‘yib t2ni aniglaymiz:
39 + 63t2= 5(mod 13) -» —2t2 = 5(mod 13) -»t2=
-9(mod 13) -» t2= 4(mod 13), ya'ni t2= 4 + 13t3,t3GZ Buni x
ning ifodasidagi t2 ning o‘miga olib borib gqo‘ysak x = 39 + 63(4 +
13t3) = 39 + 252 + 819t3= 291 + 819t3, t3G
Zni 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 uning
yechimini topamiz.
r3x = I(mod 5) X =2(mod 5)
2x B 3(mod 3) X =0(mod 3). Endi bu sistemani yechamiz.
5x = 7(mod 7) X = 0(mod 7)
Sistemaning 1-taggoslamasidan x = 2 + 52, GZ
Buni 2-tagqoslamaga olib borib qo‘yib tt ni aniglaymiz:2 + 5tx =
0(mod 3) -4 5tt = -2 (mod 3) -> 2tx = I(mod 3) >2tt s
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4(mod 3) tj = 2(mod 3) ->t* = 2+ 3t2,t2e 2. *i ning topilgan
giymatinix ning ifodasiga olib borib go‘ysak x = 2+ 5(2 + 3t2) =
12 + 15t2,t2 GZ hosil bo‘ladi. X ning bu giymatini 3-taggoslamaga
go‘yib t2ni aniglaymiz: 12 + 15t2 = 0(mod7) -» 15t2 ->
—12(mod 7) ->t2=2(mod 7) -»t2= 2+ 7t3,t3c Z Buni x ning
ifodasidagi t2 ning o‘miga olib borib qo‘ysak x = 12 + 15(2 + 713) =
42 + 105t3ni hosil gilamiz. Bundan x = 42 + 105t3ft3 ¢ Z Demak,
abtssisalari o‘gining x = 42 + 105t3,t3GZ nugtadan OX  o‘giga
chigarilgan perpendikular  berilgan chiziglarni 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+ 7tltlc Z
Buni 2-taggoslamaga olib borib go‘yib ti ni aniglaymiz: 2 + 7/~ =
3(mod 5) ->2ti = I(mod 5) -»t*= 3(mod 5), yani tx=3+
5t2,t26 Z.  ning topilgan giymatini x ning ifodasiga olib borib
goysak x = 2 + 7(3 + 5t2) = 23 + 35t2,t2 ¢ Z hosil boiadi. x ning bu
giymatini 3-tagqoslamaga qo‘yib  t2ni aniglaymiz: 23 + 35t2 =
3(mod 7) -> 0O mt2 = I(mod 7). Bu tagqoslamani ganoatlantiruvchi t2
giymatlari mavjud emas va demak, masalanmg shartini ganoatlantiruvchi
nugtalar ham mavjud emas.
Izoh: Bunday nugtalaming mavjud emasligini x =
2(mod 7)va x = 3(mod 7) taggoslamaning bir vaqgtda bajarilmasligi
bilan ham asoslash mumkin.
2x = I(mod 3) x = 2(mod 3)
5). x = 3(mod 5) x = 3(mod 5) . Endi bu sistemani
[x =2(mod 11) X = 2(mod 11)
yechamiz.  Sistemaning  1-tagqoslamasidan x = 2 + 3tlftxc Z
Buni 2-taggoslamaga olib borib go‘yib tx ni aniglaymiz: 2 + 3" =
3(mod 5) “m3tx= I(mod 5) -> = 2(mod 5) = 2+ 5t2t2¢
Z. tx ning topilgan giymatinix ning ifodasiga olib borib qo‘ysak x = 2 +
3(2 + 5t2) = 8+ 15t2,t2 6 Z hosil bo‘ladi. x ning bu giymatini 3-
tagqoslamaga qo‘yib t2ni aniglaymiz: 8 + 15t2 = 2(mod 11) >412 =
-6(mod 11) -> 2t2= —3(mod 11) > t2= 4(mod 11) +t2=4 +
11t3,t3GZ ni hosil gilamiz. Bundanx = 8 + 15(4 + |1t3) = 68 +
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165t3,t3GZ Demak, abtssisalari o‘gining x = 68 4- 165t3,t3 6
Z nugtasidan OX o‘giga chigarilgan perpendikuJar berilgan chiziglami
butun koordinatali nugtalarda kesadi.
[Ix = 6(mod 5) rx = 1(mod 5)
6). 10x = 9(mod 11) X = 2(mod 11). Endi bu sistemani
[12x = —(mod 13) x = I(mod 13)
yechamiz. Sistemaning 1-taqqoslamasidan x = 1 4 5tIft! 6 Z Buni 2-
taggoslamaga olib borib qo‘yib tt ni aniglaymiz:1 + 5~ =
2(mod 11) > 5tx =
= I(mod 11) > -6ti = 12(mod 11) ->t* = -2 (mod 11) -*
N =-2 411t2t26 Z  ning topilgan giymatini X ning ifodasiga olib
borib qo‘ysakx = 1+ 5(-2 4 11t2) = -9 4 55t2t2 G Zhosil bo‘ladi.
xningbu giymatini 3-taggoslamaga qo‘yib t2ni aniglaymiz:-9 4- 55t2 =
I(mod 13) ->3t2= —3(mod 13) ->t2= —4(mod 13) >t2= 14
13t3,t3 GZ Buni x ning ifodasiga qo‘yib x = -9 + 55(— + 13t3* =
—64 4 715t3/t3€ Z gaegaboiamiz. Demak, abssissalari o‘gining x =
—64 4- 715t3,t3 GZ nugtasidan QA o°giga chigarilgan perpendikular
berilgan chiziglami butun koordinatali nugtalarda kesadi.
3x = 5(mod 7) rx = 4(mod 7)
7).\ 5x = 4(mod 8) X = 4(7nod 8) . Endi bu sistemani
lIx = —=2(mod 13) Fx= I(mod 13)
yechamiz. Sistemaning 1-tagqoslamasidanx = 4 + 7tlttx ¢ Z. Buni 2-
tagqoslamaga olib borib go‘yib  ni aniglaymiz: 4 4-7~ = 4(mod 8) ->
7tx = 0(mod 8) -> s 0O(mod 8) ->£* = 8t2,t2 ¢ Z tt ning topilgan
giymatinix ning ifodasiga olib borib qoysak x = 4 4- 56t2,t2 6 Z hosil
boiadi. x ning bu giymatini 3-taggoslamaga qo4yib t2ni aniglaymiz: 4 4-
56t2 = I(mod 13) -» 4t2= -3 (mod 13) -* t2= 9 4-133,t3GZ
Buni x ning ifodasiga qo‘yib x =44 56(9 4 13t3) = 508 4
720Qt3,t3 6 Z ga ega boiamiz. Demak, abtsitsalari o‘giningx = 508 4-
7281t3,t3 ¢ Z nugtasidan OX o‘giga chigarilgan perpendikulyar berilgan
chiziglami butun koordinatali nugtalarda kesadi.
Ox = I(mod 9) x = 1(mod 9)
CX = 3(mod 7) X = 3(mod 7). Endi bu sistemani
X = 2(mod 5) X = 2(mod 5)
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yechamiz. Sistemaning 1-tagqoslamasidan x = 1 + 9tv tx ¢ Z. Buni
2-taggoslamaga olib borib qo‘yib tt ni aniglaymiz: 1+ 9tx=
3(mod 7) -*9tj = 2(mod 7) -» =1I(mod 7) > =1+ T7t2 t2c
Z. ning topilgan giymatini X ning ifodasiga olib borib qo‘ysak x = 1 +
9(1 + 7t2) = 10 + 63t2, t2 6 Z hosil boMadi. xning bu giymatini 3-
taggoslamaga qo‘yib t2ni aniglaymiz: 10 + 6312 = 2(mod 5) -> 3t2 =
-3(mod 5) ->t2= -I(mod 5) -*t2= —1 + 5t3,t3 6 Z Buni x ning
ifodasiga qo*yibx = 10 + 6 3 (-1 + 5t3) = -53 + 315t3,t3 6 Zga ega
bo‘lamiz. Demak, abssissalari o‘gining * = -53 + 315t3t3GZ
nugtasidan OX o‘giga chigarilgan perpendikular berilgan chiziglami
butun koordinatali nugtalarda kesadi.
1* = 5(mod 17) X = 2(mod 17)
(llg = I(mod 37) X = 2(mod 37).Endi bu sistemani
11* = 4(mod 7) X = 1(mod 7)
yechamiz. Sistemaning 1-taqgoslamasidan x = 2 + 17tlttx GZ
Buni  2-tagqoslamaga olib borib go‘yib tx ni aniglaymiz:2 + 17/ =
2(mod37) -»17tt = O(mod 37) ->tt = 0(mod 37) -¢ =
3712, t2 GZ.ti n™g topilgan giymatini* ning ifodasiga olib borib
go‘ysak * = 2+ 629t2, t2c Z hosil bo‘ladi. x ning bu giymatini 3-
tagqoslamaga qo‘yib  t2ni aniglaymiz: 2+ 629t2= I(mod 7) ->
(629 - 7+90)t2= 4(mod 7) -t2=-I(mod 7) >t2=
I(mod 7) -» t2= 1+ 7t3,t3 6 Z Buni x ning ifodasiga qo‘yibx = 2 +
629 «(1 + 7t3) = 631 + 4403t3,t36 Z ga ega boiamiz. Demak,
abssissalari o‘gming x = 631 + 4403t3,t3 6 Z nugtasidan OX o‘giga
chigarilgan perpendikular ~ berilgan chiziglami butun koordinatali
nuqtalarda kesadi.
( x =2(mod 10) (x = 2(mod 19)
10).< 5x = 2(mod 13) x = 3(mod 13). Bu sistema
(,10x = -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).
X-7y =5
11). Buning uchun  3x+9y=7 sistemaning yechimini topish kifoya.
*=11+3;y
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s5(mod7) X m5(mod7)
Bu sistema  ushbu 3x=7(mod8)  x»3mod8)  taqqoslamalar
all(mod3) x»Il(mod3)
sistemasiga teng kuchli. Endi shu taggoslamalar sistemasini yechamiz.
Sistemaning 1-tagqoslamasidanx = 54 7”~,~ 6 Z. Buni 2 taqqosla-
maga olib borib go‘yib tt ni aniglaymiz: S+ 7tt = 5(mod8) -> 7tt =
O(mod 8) -»tt = O(mod 8) > = 8t2 t2e topilgan qiy-
matini X ning ifodasiga olib borib go‘ysak X = 5 4- 56t2, t2 ¢ Z hosil
boiadi. X ning bu giymatini 3-tagqoslamaga qo‘yib t2nianiglaymiz: 5 4
56t2 = ll(mod3) ->2t2= 0(mod 3) -* t2 = 3t3,t3 Z Buni x ning
ifodasiga qo‘yibx = 54-168t3,t3c Z ga ega boiamiz. Demak,
abtsitsalari o‘gining X = 54- 168t3,t3c Z nuqgtasidan T o‘giga
chigarilgan perpendikular  berilgan chiziglami butun koordinatali
nugtalarda kesadi.

272. a).56 = 8*7 va (8,7) = 1 bo‘lgani uchun masala shartiga
ko‘ra 4x87y6 = 0(mod 8),4x87y6 = 0(mod 7) taqqoslamalar o‘rinli
boiishi kerak 8 ga boiinish belgisiga asosan birinchi taggoslamadan
7y6 = (mod 8) -> 7102+ 10y + 6 = O(mod 8) > (-1) w24
2y - 2=0(mod 8) -»2y = 6(mod 8) >y = 3(mod4) >y = 3+
4fc, K 6 Z.Bu yerda y ragam bo‘lganligi uchuny = 3vay = 7. y ning
bu topilgan giymatlami yuqoridagi 2-tagqoslamaga qo‘yib 4x8736 =
Q(mod 7) va 4x8776 = 0(mod 7) lami hosil gilamiz. Bulaming
birinchisidan:4 « 105+ x «104 + 8 «103 + 7 1024310 + 6 =
O(mod 7)->4-35+x-344-8-33+ 7*324-3-3-1 =
O(mod 7) -» 4 ¢(—1) *324-x *3(—1) 48(—1) 4-1 = 0(mod ) —=
-1 -3x-1+1=0(mod7)->3x=-1 (mod7)->x = 2(mod 7).
Bundan xr = 2,x2 = 9. Endi ikkinchi taggoslamani yechamiz:

41054 x 104481034 7+1024-7+104 6 = 0(mod 7) ->
4*354-x 4344 1+33—1=0(mod 7) >4 «(-1) *32- 3x- 1-
1=0(mod 7) -*3xs -3(mod 7) -»x = 6(mod 7). Bundan x3 = 6.
Endi x ning topilgan giymatlarini olib borib o‘rgiga qo‘ysak
428736,498776,468776 sonlarini hosil boiadi.

) Shartga ko'ra
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rxyzI38 = O(mod 7)
- 138xyz = 6(mod 13) bajariladi. 1-taggoslamadan xyz ¢103+
kxly3z8 = (modll)
138 = 0(mod 7) ->xyz *33+ 5= 0(mod 7) -» xyz =
5(mod 7). (2)
2-taqqoslamadan 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+ 7tlif t+e Z Buni (2)ga olib borib go‘yamiz. U holda
5+ 7tj = 1(mod 13) -> 7ti = —4(mod 13) ->—6" =
-4(mod 13) ->3tx= 2(mod 13) + =5(mod 13) -> =5+
13t2,72 GZ. Demak, Xyz =5+ 35+ 91t2=40 + 91t2, 2 e
Z Bundant = 1,2,3,... 10 larda uch xonali sonlar
x = 131,222,313, ...,950 (3
sonlarini hosil gilamiz. Endi 3-taggoslamaga garaymiz .
X105+ 104+ y 103+ 3+102+ z+10 + 8 s 5(mod 11)
X+1—y+3—2z+8=5mod 11l) x+y+z
=7(mod I1)-*x +y+z =7+ |1tl#i
€ Z @)
bu yerda x,y,z lar ragamlar boiganligi uchun. 0 <x+y+z<
27 boiganligi uchun (4) dant=0vat=1dax +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 «11 vashart bo‘yichal3xy45z = 0(mod 792).
Bu oxirgi tagqoslama
r 13xy45z = 0(mod 8)
«13xy45zz = 0(mod 9) taggoslamalar sistemasiga teng kuchli.
13xy45z = 0(mod 11)
1-tagqoslamadan 8 ga boiinish belgisiga asosan 45z = Q(mod 8) >
450 +z = 0(mod 8) -»z = 6(mod 8).Demakz = 6 va uni2va 3-

taggoslamalarga qo‘ysak: { * ~ S o (Z d 11) hosil bo‘ladL 9 &

boiinish belgisiga asosan bu yerdagi 1-taggoslamadan 19 + x +y =
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O(mod 9)-*x +y + 1 = 0(mod 9). 2- taggoslamadan 13 «10s + X ¢
104+ y w103+ 4+102+ 510 + 6 = O(mod 11)-+2- (-1) + X -
y+4-5+6= 0(mod11) O(mod 11) >x —y + 3 =

x = 8,y = 0. Shunday qilib izlanayotgan son 1380456.

273. a).2-tagqoslamadan x = 3 + 7tlt u holda buni 1-taggoslamaga
go‘ysak 3+ 3y = 5(mod 7) -» 3y = 9(mod 7) y = 3(mod 7).
Javob:x = 3+ 7Tty = 3+ 7T N € Z

f 9y = 15(mod 12)
I7x - 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=3(mod12) Try=7(mod12) fy=I1l(mod 12)

I7x = 10(mod 12)' (7x = 10(mod 12): (7x = -2 (mod 12)'
Bular mos ravishda quyidagi sistemalai™a teng kuchli:

(y =3(mod 12) Ty = 7(mod 12) fy = lIl(mod 12)
(x = —2(mod 12)’Ix = -2 (mod 12);1x = -2 (mod 12)'
Shunday qilib yechimlar

bu yerdagi ikkinchi taggoslamada (2:4) = 2, lekim 3 soni 2 ga
bo“linmaydi taggoslama yechimga ega emas. Shuning uchun sistema
ham yechimga ega emas.
9y = 15(mod 12) ( 3y =5(mod4)
3x- 7y S 1(mod 12) bl -7y = 1(mod 12)"'
( 3y =I(mod 4) f 3y =9(mod 4)
13*-7y =I(mod 12) I13*- 7y = I(mod 12)
( y=3(mod4)
I13x - 7y = I(mod 12)
fy=3711(mod 12)
“*(3* -7y = I(mod 12)'



( y=3(mod 12) f y = 3(mod 12)
m 3 fax - 21 = I(mod 12) "*fax = 10(mod 12)
Bu yerda 2-taggoslama yechimga ega emas.
y=17
3x = 50 (mod 12)°
emas.
y =11(mod 12) (y = 11(mod 12) (y = 11(mod 12)
3x =78(mod 12) (3ac = 6(mod 12) * = 2(mod 4)
My =11(mod 12)
\x = 2,6,10(mod 12)
Demak, yechimlar Mg uém%dd 112%) E = ((m% 112%);
f* = 10(mod 12)
ly = lI(mod 12)'
(8x—by = 1(mod 12) (3x —by = 1(mod 12)
e)( 9y = 15(mod 12) 4 3y = 5(mod 4)
* = I(mod 12) TI3x-5y = I(mod 12)
y = 3(mod 4) Yy y=3,71ll(mod 4) '
Bundan

Bu yerda ham 2-tagqoslama yechimga ega

A)s(AZ(mOd4)A “xBu yerda (3,12) = 3'lekin 16 soni 3 ga
bo‘linmaydi, ya’ni sistema yechimga ega emas.
y =7(mod 12) (¥ =7(mod 12) Ty= 7(mod 12) »
3x = 36(mod 12) fax = O(mod 12) Ix = 0 (mod 4)
| y=T7(mod 12)
Ix = 0,4,8 (mod 12)

274.a).|*""™ s 2(mod 5) ikkinchi taggoslamaning ikkala

tomonini 2 ga (2,5)= 1 ko ‘paytiramiz ulami hadlab ayiramiz. U holda
-7x = -I(mod 5) 3x = 4(mod 5) -* x = 3(mod 5)ni hosil
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gilamiz. Buni berilgan sistemaga qo'ysak  y = 2 —4x(mod 5) ->
y = —10(mod 5) >y = 0(mod 5) kelib chigadi. Demak, yechim
(x = 3(mod 5)
[y = 0(mod 5)'

,4(x+ 2y =0(mod 5) .

43* + 2y = 2(mod 5) 5|stemac’a81taqqoslamalanu hadiab
ayiramiz. U holda—2x = -2 (mod 5) -* g = I(mod 5). Buni berilgan
sistemaga qo‘ysak 2y = -x(mod 5) -> 2y = -I(mod 5) > 2y =
4(mod 5) -* y = 2(mod 5) kelib chigadi. Demak, yechim
(x = I(mod 5)

(y = 2(mod 5)°
( 3x+ 4y = 29(mod 143) ( 6x+ 8y = 58(mod 143)
42* -9y =-84(mod 143) (6x - 27y = -252(mod 143)
=35y = 310(mod 143) -* 35y = 24(mod 143). Bu yerda
(35; 143) = 1 bo‘lgani uchun taggoslama yagona yechimga ega. Bu
yechimni topish uchun ~  ni uzluksiz kasrga gqo‘ysak * = (44142)
hosil bo‘ladi. Bundan munosib kasrlarning suratini aniglasak

A 4 11 1 2
B =1 4 45 49 143
Bundan =49, n=14 boladi va y=(-1)349%*
24(mod 143) = -1176(mod 143) = (-1176 + 1144)(mod 143) =
—32(mod 143) = llI(mod 143). Demak, 3x + 4111 =

29(mod 143) ->3x = -415(mod 143) -> 3x = 14(mod 143) > 3* =
(14 - 143)(mod 143)

3x =—129(mod 143) ->x = -43(mod 143) =
100(mod 143).

Javob: ~ "(mod 143) .
d).g Z 2"nod 5* Bu yerdagi ikkmchi taggoslamaning

ikkala tomonini 2 ga (2,5) = 1 ko‘paytiramiz ulami hadlab ayiramiz. U
holda—5* = 0(mod 5) -* x = Q(mod 5). Buni berilgan sistemaga
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go‘ysaky = 2(mod 5) hosil boiadi. Demak, sistemaning yechimi
(x = 0(mod 5)
(y = 2(mod 5)'
. (x+ 5y =5(mod 6) _
e)Usxk+ 3y = 1(mod 6)° 'y gl bmnchl taggoslamaning
ikkala tomonini 5 ga (6,5) = 1 ko‘paytiramiz va ulami hadlab
ayiramiz. U holda
22y = 24(mod 6) -* 4y = 0(mod 6) -» 2y = 0(mod 3) -»y
= 0(mod 3)
y = 0,3(mod 6).y ning bu giymatlarini berilgan sistemaga qo‘yib

X ni aniglaymiz: X = 2, S(mod 6). Demak, yechim g _ 8;
(x = 2(mod 6)
(y = 3(mod 6)°

. f 5x-y=3mod6)

Hi* + 2y = —(mod 6y S,stemanmg birinchl
tagqoslamasidan 5x - y = 3(mod 6) ->y = 5x —3(mod 6). Buni
ikkinchi taggoslamaga qo‘ysak 2x + 2y = —(mod 6) > 2x + 2(5x —
3) = —(mod 6) -»12* = 5(mod6) hosil boiadi. Bu yerda (12,6) =
6, lekin 5 soni 6ga boiinmaydi. Shuning uchun ham bu tagqoslama va
demak, berilgan sistema ham yechimga ega emas.

yerdagj birinchi taggoslamadan X -

y =2(mod 6) X =y + 2(mod 6). Buni ikkinchi taggoslamaga
qo‘ysak
4x + 2y = 2(mod 6) > 4(y -+2) + 2y = 2(mod 6) ®6y =
—6(mod6) hosil boiadi. Bu taggoslama ayniy taggoslama boigani
uchun uni y ning ixtiyoriy giymati ganoatlantiradi. Shuning uchun ham
X =y + 2(mod 6), ya’ni sistemaning yechimlari to‘plami x —y =
2(mod 6) taggoslamaning yechimlari bilan bir xil.
(4x-y =2(mod6) ~ .......
>42x + 2y = 0(mod 6)*  SerdaSI binnchi tagqoslamadan
4x —y = 2(mod 6) -*y = 4x - 2(mod 6). Buni ikkinchi taggos-
lamaga qo‘ysak
2x+2y=0(mod 6) x+y=0(mod3) x+4x- 2
= 0(?nod 3)
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Sx = 2(mod 3) >x = 1(mod 3) -+x = 1,4(mod 6). Demak,
sistemaning yechimlari;g =*£ £ g.g f * g.

275.  Ma’lumki, (1) dan

Dx = (mod m)va Dy = D2(mod m). @)

Agar (m, D) = 1 bu ikkala taggoslama ham yagona yechimga ega.

x = A*"¥-1.Dl(modm)vax = D*(mbiD 2(rnodrn).
b). (*) dan(E>; m) = d > 1 boiib D* va D2 laming ikkalasi ham
dga boiinsa, ulaming har bin d ta yechimga ega bo‘ladi. Agar
DxvaD2laming birortasi d ga bo‘linmasa sistema yechimga ega
emas.Shunday qilib, berilgan sistemaning yechimga bo‘lmasligi sharti (*)
dagi Dxyoki 02laming birortasining (D; m) = d ga bo‘linmasligidir.

c). D=Dx=D2s 0(mod m) bajarilsa, (1) dagi 2-taggoslama
birinchisining natijasi boiadi. Hagigatan ham 1-tagqoslamaning ikkala
tomonini a2ko‘paytirsak

atax + bxazy = cta2(mod m) (2)
hosil boiadi. D = 0 vaD2 = 0(mod m) lardan

A .
&oh/= 8ipgimodm).

U holda (2) dan atax + ath?y = atc2(mod m). Bu yerda
(altm) = 1boiganligi uchun oxirgi taggoslamaning ikkala tomonini ax
ga qisqartirib a2x + by = c2(mod m)ni, ya’ni (1) dagi 2-taggoslamani
hosil gilamiz.

V. 4-8.

276. a). Awalo berilgan taqqgoslamaning koeffitsiyentlaridan
modulga karrali sonlami chigarib soddalashtiramiz. U holda quyidagiga
ega boiamiz: x10—2x + 1= 0(mod 5).Bu tagqoslamada Ferma
teoremasiga ko‘ra, x5 = x(mod 5) ekanligidan foydalanib darajasini pa-
saytiramiz: (x5)2—2x + 1= Q(mod 5) ->x2—2x + 1 = 0(mod 5).
Demak, berilgan tagqoslama oxirgi tagqoslamaga teng kuchli ekanligidan
oxirgi taggoslamani  yechamiz: (x- 1)2=0(mod 5) >x-1 =
0(mod 5) ->x = I(mod 5). Shunday qilib berilgan taggoslamaning
yechimi x = I(mod 5) dan iborat.

Izoh:x2- 2x + 1= 0(mod 5) taggoslamani 5 moduli bolyicha

« —chegirmalaming to*la sistemasidagi chegirmalami go‘yib sinab ko‘rish
ANy oii bilan ham yechish mumkin.



Tekshirish: 62- 26+ 1= 25(mod 5) = 0(mod 5). Demak,
topilgan yechim berilgan tagqoslamani ganoatlantiradi.
Javob:* = 1(mod 5).

y.Bu tagqoslamada Ferma teoremasiga ko‘ra, x5 = x(mod 5)

ekanligidan foydalanib darajasini pasaytiramiz: U holda quyidagiga ega
bo‘lamiz: x5- 2x3+ x2- 2= 0(mod 3) ->x3ex2+ x3+ x2+ 1=
O(mod 3)-*x3+ X+ x2+ | =x+x+x2+ | =x2+2x+ | =
O(mod 3) > (x + 1)2= 0(mod 3) -» * + 1 = 0(mod 3). Bundan x =
-1 (mod 3).

Tekshirish:  (-1)5- 2(-1)3+ (-1)2-2 =0(mod 3).

Demak, topilgan yechim berilgan taggoslamani ganoatlantiradi.
Javob: x = —4(mod 3).

d)Awalo berilgan taggoslamani x3mx2—x3m —X + 1 = x3—
x2—x + 1 = 0(mod 3) ko‘rinishdayozib olamiz va bunda x2(x —1) —
(x—1) = (x—1)(x2—1) = (x —I)2(x + 1) bo‘lgani uchun berilgan
taggoslama

(x—)2(x+ 1) = 0(mod 3) ga teng kuchli.  Bundanxx =
I(mod 3) va x2= —(mod 3) lar berilgan taggoslamaning yechim-
lari ekanligi kelib chigadi.

Tekshirish: 1)15—14—1+ 1 = O(mod 3);

2)(-1)5- (-1)4+1-1 = 0(mod 3). Demak, topilgan yechim
berilgan taggoslamani ganoatlantiradi.
Javob: = I(mod 3)vax2= -I(mod 3).

d). Awalo berilgan taggoslamani x5ex2- x5m + 2s
O(mod 5) -¢ x3—x2+ 2 = 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 holdaxt =
—(mod 5)vax2 = —2(mod 5) lar berilgan taggoslamani ganoatlantiri-
shini topamiz.

Tekshirish:

1)(-1)7- (-1)6+5¢(-1)2 —3=-1-1 +5—3=0=
0(mod 5);

2)(-2Y - (2)6+5m-2)2- 3=64(—3)+20- 3=65(-3) +
20 = 0(mod 5). Demak, topilgan yechim berilgan taggoslamani
ganoatlantiradi.

Javob: xr = -1 (mod 5)vax2 = —2(mod 5).

206



e). Awalo berilgan tagqoslamani x5+ x4 +x3—x2—2 =
0(mod 5) ->x +x4+x3-x 2-2 =0(mod5) -»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 go‘yib
tanlash usuli bilan yechamiz. U holda xr = 2(mod 5)vax2 = —2(mod 5)
lar berilgan taggoslamani ganoatlantirishini topamiz.
Tekshirish:
1)25+ 24+ 23—22—2=32+16+8—4—2=50=
0(mod 5);
2) (—2)5+ (—2)4+ (—2)3- (-2)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).Berilgan tagqoslamani x7—6 = 0(mod 5) ->x5+x2- 6 =
x3—6 = 0(mod 5) ko‘rinishda yozib olamiz.
Bu tagqoslamani 5 moduli bo‘yicha chegirmalaming to‘la
sistemasidagi sonlar 0, £1, £2 ni qoyib tanlash usuli bilan yechamiz.
U holda x = 1(mod 5) berilgan tagqoslamani ganoatlantirishini
topamiz.
Tekshirish: 1 —6 = —5 = 0(mod 5). Demak, topilgan yechim
berilgan taggoslamani ganoatlantiradi. Javob: x = 1(mod 5).
g).Berilgan taggoslamani x8 + 2x7 + x5—x + 3 = 0(mod 5) -¢
x5ex3+ 2x5ex2+ x5- x + 3= 0(mod 5) -» x4+ 2x3+ X —x +
3 = 0(mod 5) 2x3+ 4 = 0(mod 5) -» x3+ 2 =
0(mod 5) ko‘rinishda yozib olamizBu taggoslamani 5 moduli bo‘yicha
chegirmalaming to‘la sistemasidagi sonlar 0, £1,£2 ni go‘yib tanlash
usuli bilan yechamiz. U holda x 2 2(mod 5) berilgan tagqoslamani
ganoatlantirishini topamiz.
Tekshirish: 28+ 28+ 2s- 2+ 3 =512+ 32+ 1 =545 =
0(mod 5).
Demak, topilgan yechim berilgan taggoslamani ganoatlantiradi.
Javob: x = 2(mod 5).
h).Berilgan tagqoslamani 6x4+ 17x2—16 = 0(mod 3) -* 2x2—
1= 0(mod 3) ko‘rinishda yozib olamiz. Bu taggoslamani 3 moduli
bo'ykiha chegkmalaming to‘la sistemasidagi 0, +1 ni qo‘yib tanlash
usuli bilan yechamiz. Bu sonlaming birortasi ham berilgan tagqoslamani
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ganoatlantirmaydi. Shuning uchun ham berilgan taggoslama yechimga
ega emas. Javob: tagqoslama yechimga ega emas.

i). Berilgan taggoslamani 4x7—2x3+ 8 = 0(mod 5) ->-x 5e
X2-2x3-2 =(mod5) > -x3-2x3-2 =0(mod 5) > 3x3+
2=0(mod5) x3- 1= 0(mod5) ko‘rinishda yozib olamiz. Bu
taggoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar 0, £1,£2 ni go‘yib tanlash usuli bilan yechamiz. U holda x =
1(mod 5) berilgan taggoslamani ganoatlantirishini topamiz.

Tekshirish : 4 «17- 213+ 8 = 10 = 0(mod 5) = 0(mod 5).

Demak, topilgan yechim berilgan tagqoslamani ganoatlantiradi.

Javob: x = 1(mod 5).

j). Berilgan taggoslamani 3x7 —2x6 + 2x2+ 13 = 0(mod 5) >
—2x5eX2- 2x5-x + 2x2—2 = (mod 5) * —2x3—2x2+ 2X2-

2 = 0(mod 5) ->x3+ 1 = 0(mod 5) ko‘rinishda yozib olamiz. Bu
taggoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar 0, £1,+2 ni go‘yib tanlash usuli bilan yechamiz. U holda x =
-1 (mod S) berilgan taggoslamani ganoatlantirishini topamiz.
Tekshirish: 3e(-1)7- 2m(-1)6+ 2+(-1)2+ 13 =-3 -
24-2+ 13 = 10 = 0(mod 5) = 0(mod 5). Demak , topilgan yechim
berilgan taggoslamani ganoatlantiradi. Javob: x = —lL(mod 5).

277. @). Berilgan taggoslamani  f(x) = x3+ 4x2- 3 =
O0(mod 5) >x3—x2+ 2 = 0(mod 5) ko‘rinishda yozib olamiz. Bu
taggoslamani 5 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar 0, £1,£2 ni qo‘yib tanlash usuli bilan yechamiz. U holda xt =
-1 (mod S)170722 = —2(mod 5) lar berilgan tagqoslamaning yechimlari
bo‘lgani uchunx3+ 4*2—3 = (x + 2)(x 4 1)h(x) = 0(mod 5) bo‘li-
shi kerak. h(x) ni aniglash uchunx3+ 4*2- 3 ni (x+2)(x + 1) =
x2+ 3x+ 2 ga bo‘lamiz va biz quyidagiga ega bo‘lamiz:/(x) =
(x+ 2)(x+ I)(x + 1) + (—5x + 5), ya'ni
/(x) = (x +2)(x + 1)2(mod 5).

Javob: f(x) = (x + 2)(x + 1)2(mod 5).

b). Berilgan taggoslamani soddalashtirib /(x) = x4+ x3- x2+
X - 2= 0(mod 5) -» x3- x2+ x —1 = 0(mod 5) ko‘rinishda yozib
olamiz. /(x) =x3-x 2+ x - | = 0(mod 5) ni quyidagicha yozish
mumkin: f(x) = x2(x- 1)+ (x- 1) = (x- 1)(x2+ 1) =
Q(mod 5). Endi x2+ 1 = 0(mod 5) tagqgoslamaning yechimini izlay-
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miz. Bu tagqoslamani 5 moduli bo‘yicha chegirmalaming to4a sistema-
sidagi sonlar 0, £1, +2 ni qo‘yib tanlash usuli bilan yechamiz. U holda
xt = 2(mod 5)vax2 = -2 (mod 5)lar berilgan taggoslamaning
yechimlari. Shuning uchun ham f(x) = (x + 2)(x - I)(x -

2)(mod 5). Javob: /(x) = (x + 2)(x - 1)(x - 2)(mod 5).

c). Berilgan x4+ x + 4 = (mod 11) taqgoslamani 11 moduli
bo‘yicha chegirmalaming to4a sistemasidagi sonlar

0,+1,+2,43, 14,45 (@)

lami qo‘yib tanlash usuli bilan yechamiz. U holda x = 2(mod 11)
berilgan taggoslamaning bitta yechimi ekanligini topamiz. U holda x4 +
*+4=0 - 2)(x3+ 2x2+ 4x - 2) + 22(mod 11) = (x - 2)(x3+
2x2+ 4x - 2)(mod 11) ni hosil gilamiz. Endi X3+ 2x2+ 4x —2 =
0(mod 11) taggoslamanig 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 - 4)(mod 11) bo‘lar ekan.

Javob: /(*) = (x - 2)2(x - 3)(x - 4)(mod 11).

d). Berilgan x2+ 2x + 2 = Q(mod5) taggoslamani 5 moduli
bo‘yicha chegirmalaming to'la sistemasidagi sonlar 0, 1, +2 ni go‘yib
tanlash usuli bilan yechamiz. U holda x+= I(mod 5), x2= 2(mod 5)
lar taggoslamaning yechimlari bo‘ladi. Shuning uchun ham x2+ 2x +
2=0- 1)0- 2)(mod>b).

Javob: f(x) = (x —1)0 —2)(mod5).

e). Berilgan 3x3—1 = 0(mod 5) tagqoslamani 5 moduli bo‘yicha
chegirmalaming to‘la sistemasidagi sonlar 0, +1,+2ni qo‘yib tanlash
usuli bilan yechamiz. U holda xr = —2(mod 5) taggoslamani ganoatlan-
tirishini topamiz. Shuning uchun ham 3x3—1= 0 + 2)(3x2—6x +
2)(mod 5). Endi 3x2—x + 2 = 0(mod>5) taggoslamaning yechiminiz-
laymiz. Bu taggoslama yechimga emas. Shuning uchun ham 3x2- 1=
O + 2)(3x2- x + 2)(mod 5).

Javob:/0) = O + 2)(3x2- x + 2)(modb).

f)./0) = 2x4 + x3- 3x2+ 2x - 2 = O(modll) ni garaymiz. Bu
taggoslamani 11 moduli bo'yicha chegirmalaming to‘la sistemasidagi
sonlar 0, £1, +2, +3, +4, +5 ni qo‘yib tanlash usuli bilan yechamiz. U.
holda = I(mod 11) ning berilgan taggoslamani ganoatlantirishini
ko‘ramiz. f(x) ni (x —1) gabo‘lamiz. Uholda /O) = O —I)(2x3+
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3x2+2) = O(modll) ga ega boiamiz. Endi 2x3+ 3x2+ 2=
0(modll) taggoslamaning yechimini izlaymiz. Bu taggoslamani tanlash
usuli bilan yechib uning yechimi yo‘q ekanligiga ishonch hosil gilamiz.
Shunday qilib, I(x) = (x- 1)(2x3+ 3x2+ 2) = O(modll).
Javob:/(*) = (* - 1)(2x3+ 3x2+ 2) = 0(modll).

g)m/(*) = x4 —7x3+ 13x2+ 21x 4 23 = 0(mod7) ni garaymiz.
Buni soddalashtirib f(x) = x4- x2+ 2 = 0(mod7) ni hosil gilamiz.
Bu taggoslamani 7 moduli bo‘yicha chegirmalaming to‘la sistemasidagi
sonlar 0, £1, £2, +3 lami go‘yib tanlash usuli bilan yechamiz. U holda
Xi = 2(mod 7), x2= —2(mod 7) laming berilgan taggoslamani
ganoatlantirishini ko ‘ramiz. Bundan foydalanib /(x) ni(x + 2)(x - 2) =
x2—4 ga boiib, f(x) = x4—x2+ 2= (x+ 2)(x —2)(x2+ 3) +
14 = (x + 2)(x —2)(x24*3)(mod7) ni hosil gilamiz. Endi x2+ 3 =
0(mod7) ning yechimini izlaymiz. Bu yerda x2 = —3(mod7) -* x2 =
4(mod7) boigani uchun x3 = 2(mod 7), x4 = -2 (mod 7) lar oxirgi
taggoslamaning yechimi  boiadi. Demak, /(x) = (x + 2)2(x -
2)2(mod7).

Javob: f(x) = (x + 2)2(x - 2)2(mod7).

b)./(x) = 2x4+ x3- 3x2+ 2x - 2 = 0(mod5) ni garaymiz.
Bu taggoslamani 5 moduli bo‘yicha chegirmalaming toia sistemasidagi
sonlar 0, £1, £2 lami go‘yib, tanlash usuli bilan yechamiz. U holda xx =
I(mod 5), x2 = 2(mod 5) laming  berilgan  tagqoslamani
ganoatlantirishini ko‘ramiz. Bundan foydalanib /(x) ni (x- 1)(x -
2) = x2- 3x+2 ga boiib f(x)=(x- I)(x- 2)(2x2+ 7x +
14) + 30(x ~ )(mod5) = (x - (x - 2)(2x2+ 2x - 1)(mod5) ni
hosil gilamiz. Endi 2x2+ 2x —1 = 0(mod5) ning yechimlarini
izlaymiz. Bu taggoslama yechimga ega emas. Shuning uchunham/(x) =
(x- D(x- 2)(2x24 2x - 1)(mod5) deb yoza olamiz.

Javob: /(x) = (x- I)(x - 2)(2x2+ 2x - 1)(mod5).

1).f(x) = 2x3+ 5x2- 2x - 3= 0(mod7) ni garaymiz. Buni
soddalashtirib ~ f(x) = 2x3- 2x2- 2x —3 = 0(mod7) ni hosil
gilamiz. Bu taggoslamani 7 moduli bo‘yicha chegirmalaming toia
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 f(x) ko‘pay-

tuvchilarga ajralmaydi. Javob: f(x) ko‘paytuvchilarga ajralmaydi.

)./(X) = x4- 2x2+ x+ 4 =0(mod7) ni qgaraymiz. Bu
taggoslamani 7 moduli bo‘yicha chegirmalaming to*la sistemasidagi
sonlar 0, £1, £2, +3 lami go‘yib tanlash usuli bilan yechamiz. U holda
X = 2(mod 7) ning berilgan taqgoslamani ganoatlantirishini ko ‘ramiz.
Bundan foydalanib f(x) nix —2 ga bo‘lib f(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 bo‘lgani uchun oxirgu taggoslama x - 3 ga
bo‘linadi,  ya’ni X3+ 2x2+ 2x- 2= (x- 3)(x2+ 5x + 17) +
49 (modi) = (x - 3)(x2- 2x + 3)(mod7).xz- 2x + 3 = 0(mod7)
ni garaymiz. Bu tagqoslama yechimga ega emas, ya’ni ko‘paytuvchilarga
ajralmaydi. ~ Shunday  qilib, /(x) = (x- 2)(x —3)(x2- 2x +
3)(mod7).

Javob: /(x) = (x - 2)(x - 3)(x2- 2x + 3)(mod7).

277. a). Awalo, berilgan taggoslamani soddalashtiramiz. U holda
quyidagiga ega bo*lamiz: f(x) = 8x13ex7- (13 + 2)x13ex6+ 7x13 m
X5+ (13 ¢2 + 2) x13ex4- 4x13ex3+ (213 + 4)x13x2 + 10x6-
4x3+ (13 + 10)x2- (13 + 8)x - 11 = 8x8- 2x7+ 7x6+ 2x5-
4x4 + 4x3- 3x6- 4x3- 3x2+ 5x + 2(modI3) = -5x8- 2x7+
4X6 + 2X5- 4x4- 3x2+ 5x + 2(modl3).

Demak, biz-5x8 —2x7+ 4x6+ 2x5- 4x4- 3x2+5x+ 2 =
0(modI3) taggoslamani yechishimiz kerak. m = 13 moduli bo‘yicha
chegirmalaming to‘la sistemasidagi sonlar 0, +1, +2, £3, +4, +5, £6

lami sinab ko*rsak ularning birortasi ham berilgan taggoslamani
gonoatlantirmaydi. Demak, tagqoslama yechimga ega emas.

Javob: taggoslama yechimga ega emas.

b)~Awalo, berilgan taggoslamani soddalashtiramiz. U holda
quyidagiga ega bo*lamiz: /(X) = X7eX3+ X7eX + X7- X4- X2+
aX- 3= x4+ X2+ x- X4- x2+ 4x - 3 = 5x - 3(mod?). Demak,
biz 5x - 3 = 0(mod7) taggoslamaning yechimlarini izlashimiz kerak:
5x = 3(mod7) -*

5x = 10(mod7). Buyerda (5,7) = 1bo‘lgani uchun x = 2(mod7).

Javob: x = 2(mod7).
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c). Awalo, berilgan taggoslamani soddalashtiramiz. U holda
quyidagiga ega boiamiz: fix) = x101 + 3xIs + x11- 3x5+ 9x2+
IOx- 5= (Xx11)9ex2 + 3x11mk4 + x11- 3x5- 2x2- x- 5=x+
3x5-fx - 3x5- 2x2- x- 5= —=2x2+ x- 5=0(mod11). Demak,
berilgan taggoslama 2x2 —5x + 5 = 0(modll) ga teng kuchli ekan. 11
modul  bo‘yicha chegirmalaming toia  sistemasidagi  sonlar
0, +,%2,£3, 4, +5 lami sinab ko‘rish yoii bilan yechsak, xt =
2(modll)vax2 = 4(modll) yechimlarga ega boiamiz.

Javob: xx = 2(modll)vax2 = 4(modll).

d).Berilgan tagqoslamani soddalashtiramiz. U holda quyidagiga
ega boiamiz: /(X) = 2x3H- 17x15+ 13x8- 3x5+ 12x + 5 =
0O(modll) -»2(x10)3mXs + 5x10 5+ 2x8- 3x5+x + 55 2x5+
5x5+ 2x8- 3x5+ x + 5= 2x8+ 4x5+ x + 5= 0(modll). Demak,
berilgan tagqoslama2x8 + 4x5+ x + 5 = O(modll) ga teng kuchli. 11
modul bo‘yicha 0,£1,+2,£3,+4, 5 lami sinab ko'rish yo‘li bilan
yechsak xt = 3(mod11l) vax2s 5(modll) lar taggoslamaning
yechimlari ekanligiga ishonsch hosil gilamiz.

Javob: xx = 3(modll) vax2= 5(modll).

e). Berilgan x12 —2x7 + x3+ 1 = 0(mod5) soddalashtirib

(x5)2ex2- 2x5ex2+ x3+ 1= 0(7nod5) >x4- 2x3+x3+ 1
= 0(mod5)

—»d —x3+ 1 = 0(mod>5). Demak, berilgan taggoslama x4 —x 3 +
1 = Q(mod5) ga teng kuchli. 5 modul bo‘yicha chegirmalaming toia
sistemasidagi sonlar 0, £1, =2 lami sinab ko‘rish yoii bilan yechsak, x =
-2(mod>5) yechimga ega boiamiz. Javob: x = —2(mod5).

279. Bizga maiumki, p-tub modul bo‘yicha xp—x ni /(x) ga
boiishdan chiggan qgoldiq R(x) ning barcha koeffitsiyentlari p ga
boiinishi kerak. R(x) ni aniglaymiz: x7- x = (x3+ ax + b)(x4 -
ax2- bx + a2) + 2abx2+ {b2- a3- I)x - a2b. Demak,

" 2ab = 0(mod7)
b2—a3- 1= (7rad7)
w azb = (mod7)

bajaralishi kerak, shartga ko‘ra a £ 0(mod7) va b LLIO(mod7)
boigani uchun ab * (mod7), ya'ni birinchi shart bajarilmaydi. Shuday
qilib berilgan taggoslama 3 ta yechimga ega bo‘la olmaydi.
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280. xp- X ni xn- a ga bo‘lib xp-x =(x7- a) «(xp~n-
axp-2n9+ oxp-n _ X  bosji giiamjz> Birinchi goldiq axp~n-x ga
teng. Boiish jarayonidagi ikkinchi goldiq a2xp~2n- x va hokazo k-
qoidiq akxp~kn—x lami hosil gilamiz. Faraz etaylik  qgoldiq oxirgisi
boisin. U holda

R(x) = akxp~kn —x bo‘ladi. 279-misolga asosan xn = a(modp)
ning n ta yechimga ega bo‘lishi uchun R(x) ning barcha
koeffitsiyentlari p ga boiinishi kerak. Agar p —nk > 1 boisa, ak va 1
koeffitsiyentlar p ga boiinmaydi va demak, bu holda x L= a(modp)
taggoslama n ta yechimga ega bo‘Imaydi.

Agarda p—nk =1 boisa R(X) = (ak- I)x  bo‘lib xn=
a(modp) taggoslamaning n ta yechimga ega bo‘lishi uchun ak —1 =
0(modp) yoki

or = I(modp) a'n = I(modp) (1)

bajarilishi kerak ekan. Shunday gilib, xn = a(modp)t n <p va

(a,p) = 1 taggoslamaning nta yechimga ega boiishi uchun n"butun
son boiib (1) shartning bajarilishi zarur va yetarli ekan.

281, ajx3= I(mod7) ni garaymiz. 280-misoldagi a'n =
7-1

I(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 0f+1, £2, +3 lami sinab ko'rish yoii bilan yechsak, u holda xt =
1, x2 =2, x3=3(mod7) laming berilgan tagqoslamani ganoatlantiri-
shini ko‘ramiz.

Javob: xx= 1, x2= 2, x3= 3(mod7).

5-1
b). x2 = 2(modS) ni garaymiz. (1) dan 2 2 =22 =4(mod5).
Demak, berilgan tagqoslama yechimga ega emas.
Javob: taggoslama yechimga ega emas.

¢).x5= 10(modll) ni garaymiz. (1) dan alls1 = 10z =
1(mod 11), 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 = -1,x2= +2,x3= —3,x4= -4,x5=
-5(modll) laming berilgan taggoslamani ganoatlantirishini ko‘ramiz.
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Javob: xx = —,x2=2,x3=-3,x4=-4,x5=-5(modll).
d).x4 = I(modlIl) ni garaymiz. (1) dan 111”_cl = 12 = 1 bo‘lishi
kerak. Lekin buyerda” butun son emas, shuning uchun ham berilgan

taggoslama 4 ta yechimga ega deya olamiz. Taggoslamaning yechimlarini
topamiz. Buning uchun

0,+1,+2,+3, +4, 5 lami go‘yib tekshiramiz. U holda berilgan
taggoslama 2 ta xx = —2(mod11), x2 = 2(mod11) yechimiarga ega
ekanligiga ishonch hosil gilamiz.

Javob: xx= —2(modll), x2=2(m odllz.

-1
e)x6= 3(modi) ni garaymiz. (1) dan3 « = 3(mod7). Demak
berilgan taggoslama yechimga ega emas.
) Javob: taggoslama yechimga ega emas.

j).x4 = 3(mod 13) ni garaymiz. (1) dan 31301 = 33 = 1(mod13).
Demak, berilgan taggoslama 4 ta yechimga ega. Taggoslamaning
yechimlarini topamiz. Buning uchun 0,£1,£2,+3,£4,£5,+6 lami
go‘yib tekshiramiz. U holda xt=-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- Dr+ 1=0(modp) > (p- 2)!(p- 1) =-1(modp) ->

(p —2)! = 1(modp)

bajariladi.

283. Faraz etaylik pva p + 2 lar tub sonlar bo‘lsin. Vilson
teoremasiga ko‘ra (p —1)! + 1 = 0(modp). Buning ikkala tomonini 4
ga ko‘paytirib hosil bo‘lgan taggoslamani p = O(modp) ayniy
taggoslama go‘shamiz. U holda

4«[(p- D!+ 1]+ p = Q(modp) 2)

tagqoslamaga ega bo‘lamiz. Endi p + 2 = 0(modp + 2)
taggoslamani garaymiz. Bundan p = —2(modp + 2).Buning ikkala
tomonini (p + 1) ga ko‘paytirsak

pp+1)==2(pp+1)=-2((p+2)- 1)==2(p+2)+2

= 2(modp + 2)
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hosil bo'ladi, ya’ni p(p + 1) = 2(modp + 2). Oxirgi taqqos-
lamaning ikkala tomonini (p —I)!-2 ga ko'paytirib, hosil bo'lgan
tagqoslamaning ikkala tomoniga 4 + p ni go'shamiz. U holda
2*(p+ DN'+4+p=(p—I)!-4 +4+p(modp+ 2)
»2[(p+ DI+ 1]+ (p+2)
—Al(p =Dt + 1]
+ p(modp
+ 2). (3)
Agar p tub son bo'lsa, Vilson teoremasiga ko‘ra (p + 1)! + 1 =
O0(modp + 2) ba'lishi kerak. Shuning uchun ham (3) dan

4[(p - !+ 1] + p = 0(modp + 2) @)
kelib chigadi. (2)va (4) dan
4[(p - D1+ 1] +p = 0(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 4 2 soni tubp son degani.

284, p = 4n + 1 tub son bo'lsin. U holdaVilson teoremasiga
asosan:
(p- D!=-1(modp) -> (4n)! = -I(modp). Bu yerda
1-2-3....2n+(2n + 1)(2n + 2)....... (4n- 1)e4n =
@n)'@-2npE-2n+1).(p-2)/pE-1-=
@n)! [(2)(—2) ... (—2n) + pt](modp) = (-1)2n((2n)")2 (modp) s
((2n)H2 (modp) bo‘lgani uchun ((2n)I) = —1(modp) ga bo‘lamiz.
2S5.a). Vilson teoremasiga asosan

(p —1)! = -1 (modp). (6)
Bundan a(p —1)1 = - a(modp). Ferma teoremasiga asosan
av = a(modp). @)

Bu ikki taggoslamani hadlab qo'shsak aP + a(p —1)! =
O0(modp)hosil bo'ladi
b). (6) va (7) ni hadlab ko'paytirsak
aP(p- 1! =-a(modp) ap(p—1)!+ a= 0(modp)
hosil boMeadi.

286. p > 2tub son bo'lsin. U holda (6) dan(p —1)! + 1 =
(P-2p-D+1=(p-2)p- (p- Y +1=
O(modp)yoki(p -2)\ - I = 0(modp).
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287. xp- x - f(x)Q (x) + fl(x)  (8) ayniyantni garaymiz.
Bu yerda Q(x) va R(x) lar butun koeffitsiyentli ko‘phadlar bo4ib
degQ(x) -p —n, degR(x) < n- 1 Agarf(x) = 0(modp)
taggoslama n ta yechimga ega bo‘lsa, u yechimlar R(x) = O(modp)m
ham ganoatlantirishi kerak. deg.R(x) <n —Ibo ‘Igani uchun 2-
teoremaning natijasiga asosan R(x) ning barcha koeffitsiyentlari p ga
bo‘linishi kerak.

Aksincha, #(x)ning barcha koeffitsiyentlari p gabo‘linsa, (8) dan
f(,x)Q(x) = 0(modp) hosil boladi. Demak, f(x) = 0(modp)
taggoslama n ta yechimga ega.

288. a).xs-x ning berilgan x2 + 2x + 2 ko‘phadga bo‘lib goldigni
topamiz:

Xs- X = (X2+ 2X+ 2) +(x3- 2x2+ 2x) + (Sx).

Bundan R(x) = —5* bo‘lib —5 soni 5 ga bo‘linadi. Berilgan
tagqoslama 2 ta yechimga ega. Hagigatan ham, 5 moduli bo‘yicha
chegirmalaming to4a sistemasidagi sonlar 0,+1, £2 ni qo‘yib tanlash
usuli bilan yechamiz. U holda xt = 1(mod 5) vax2 = 2(mod 5) lar
berilgan x2m2x + 2 = 0(mod 5) tagqoslamani ganoatlantirishini
topamiz. Javob:xx = I(modS), x2= 2 (modS).

b). Awalo, berilgan 3ac3- 4x2- 2x - 4 = Q(mod7) taqqgos-
lamani bosh hadining koeffitsiyenti 1 ga teng bo‘lgan tagqgoslama bilan
almashtiramiz.

3a=I(mod7)—a= 5(mod7) a = —2(mod7)bo‘lgani uchun
berilgan taggoslamaning ikkala tomonini (-2) ga ko*partiamiz:

—6X3+ QX2+ 4x + 8 = x3+ x2- 3* + 1(mod7)

bo‘lgani  uchun  berilgan  taggoslamax3+ x2—3x + 1=
O(TTiod7)ga teng kuchli. Endi R(x) ni aniglaymizz  X7—x =
(Xx3+Xx2—3x + 1) ¢(x4- x3+4x2-Qx +21) + (~49%x2+ 70x -
21) bo‘lgani uchun R(x) = - 49x2+ 70x - 21. R(x) ning barcha
koeffitsiyentlari 7 ga karrali, shuning uchun ham berilgan X3+ x2—
3x + 1= 0(mod7) tagqoslama 3 ta yechimga ega. Bu yerda 7 moduli
bo‘yicha chegirmalaming to‘la sistemasidagi sonlar 0,£1,£2,+£3 ni
go‘yib tanlash usuli bilan yechamiz. U holda xt = 1, Xx2= 2, x3=
3 (mod7) lar uni ganotlantiradi.

Javob:*! = 1, x2 =2, x3= 3 (mod7).
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IV.5-8.
289. 1). Berilgan taggoslama ushbu

( 3x3+4x2- 7x ~ 6 = 0(mod3)
I 3x3+ 4x2- 7x - 6 = 0(modS)
sistemaga teng kuchli. Bu sistemani soddalashtiramiz:

x2- x = 0(mod3)
%KH X2+ 2x + 1= 0(mod5).
Bu sistemadagi 1-tagqoslamaning yechimlari x s
0,1 (mod3); ikkinchisiniki esa x = -2,2 (mod5) lardan iborat, natijada
quyidagi 4ta sistemaga ega boiamiz:

(x = 0(mod3) . [x = 0(mod3)
a'(x = —2(modS) (x = 2(mod5)
Nx = I(mod3) JX = I(mod3)
UXx = —2(mod5) 4x = 2(mod5)’
4 I x=3ti ( = I(mod 5)

a)dan (3ti s -2(mod5) Ui=1+5t2 t26Z * 3( +-
5t2) = 3+ 152,126 Z

b>*» U m2(Nna " - F=« -1+ 5,7>-
-3 + 15t2.t26 Z
( X =1+ 3ti r x=1+3tt
c)danU + 31, = —2(mod5) (3ti = —3(mod>5)
fx=1+3ti
(ti =-1 + 5t2
»x=1+3(-1+5t2 =-2 + 15t2,t26 7.
f x=1+3ii f x=1+3tx ’x=1+ 3"
dydan + 3tj s 2(mod5) (3C,e I(mod5) & =2+ 5t2
>x=1+3(2+5t2 =7+ 15t2t2er.
Shunday gilib berilgan taggoslama 4 ta yechimga;
X = 3,—3,-2,7 (modl5)ega ekan.
Javob: x = 3,—3,—2,7 (modlI5).
2). Berilgan taggoslama 6x3 —3x2 —13x —10 = 0(mod30)
ushbu taggoslamalar
6x3- 3x2- 13x- 10 = 0O(modZ)
6x3 —3x2 —13x —10 = 0(mod3)
Ux3- 3x2- 13x- 103 0(mod5)
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sistemasiga teng kuchli. Bu sistema
x2- X = 0(mod2)
2x —1 = 0(mod3)
JX3+ 2x2+ 2x = 0(mod5)
ga teng kuchli. Bu yerdagi birinchi taggoslamaning yechimi x =
0,I(mod?2), ikkinchisiniki x = 2(mod3), uchunchisiniki esa x =
0,1,2(modS) dan iborat

Bulardan
X = 0(mod2) x = I(mod2)
a) x = 2(mod3) b{ x = 2(mod3)
x = 0(mod5) X = O(modS)
x =Q(modz) x = 0(mod2)
X = 2(mod3)d) x = 2(mod3)
"x = I(mod5)  x = 2(modS)
X = I(mod2) X = I(mod2)
e> X = 2(mod3) £) X = 2(mod3)
X = I(mod5) X = 2(mod5)
chizigli taggoslamalar sistemalariga ega bo*lamiz.
( x=2ti X = 2tt _
a)dan<2® = 2(mod3) | —L+3t2 | *‘_=02(r;0%t§)

(x = 0(modS) Ix = QgmodS)
2+ 6t2 = 0(mod5) -> 3t2= -I(modS) ->3t2= 9(modS)t2
= 3+5t3 t36Z-*x =2+ 6(3 + 5t3) —20 + 30t3
b) dan
X =1+ 2tt X =1+ 2tx Xx=1+4+6t2
1+ 2tx = 2(mod3) 2+ 3t2—=%5+ 6t2= 0(mod>5)
x = 0(mod5) h : 0(mod5) t2 = 5t3
x =5+ 6(5t3) = 5+ 30t3.
X = 2tt X = 2tx X =2+ 6t2
c) dan 2tx = 2(mod3) | + 3t2 2 + 6t2 = I(mod5)
X = I(mod5) IXx = I(mod>5) t2= —(mod>5)
X —2 + 6(— + 513) = 4 + 30t3.

d)dan (x**”~2(to"5) 2+ 6t2- 2(mod5) -* 6t2= 0(mod5)
t2- O(mod5) t2=5t3->x =2+ 30t3.
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4y, ( x=5+6t2 ft2= -4(mod5)
e) 15+ 6t2= I(modS) | t2= 1+ 5t3
x=5+6(1+5t3) = 11 + 30t3,t3 6 Z
-. f x=5+6t2 (x =5+ 6t2 , _JK
Adan (5 +6t2=2(mod5) |t2s 2+ St3*** 17+ K}
t3 eZ.
Shunday qilib, berilgan tagqoslamaning yechimlari
X =—13,—10,—4,2,5,11 (mod30) lardan iborat ekan.
Javob:* = —13,—10,—4,2,5,11 (mod30).
3).Berilgan tagqoslama x4 - 33x2+ 8x - 26 = 0(mod35) ushbu
taggoslamalar
fx4- 33x2+ 8x - 26 = 0(mod>5)
(x4- 33x2+ 8x - 26 = 0(mod7)
N (x4 42x2+ 3x - 1= 0(modS)
I X4+ 2x2+ x + 2 = Q(mc
sistemasiga teng kuchli. Bu yerda birinchi taggoslamaning
yechimi x = I(mod5); ikkinchisining yechimi esax = 2(mod7) dan

iborat. Bulardan ~ 2(rood7) s"temaga kelamiz. Buni yechib

( x=1+Stt ( x=1+5tt ( x=1+5tt
(1 + 5ta= 2(mod7) (5ti = I(mod7) (5~ = 15(mod7)

- I(modVX=1+53+7A2)- *=16+3HL2" 6
Z.
Demak,berilgan sistemaning yechimi x = 16(mod35) dan
iborat.
Javob: x = 16(mod35).
4).Berilgan taggoslama x5 —3x4 + 5x3 + 9x2+ 4x —12 =
0(mod42) ushbu taggoslamalar
x5- 3x4+ 5x3+ 9x2+ 4x - 12 = 0(mod2)
-x5- 3x4+ 5x3+ 9x2+ 4x - 12 = 0(mod3)
X5- 3x4+ 5x3+ 9x2+ 4x - 12 = 0(mod7)
sistemasiga teng kuchli. Bu sistemadagi taggoslamalami
soddalashtirib quyidagi sistemaga ega bo‘lamiz:
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r(x2)2ex - (x2)2+ x2+x + x2= 0(mod2)
(x3) *x2- x3+ x = 0(mod3) ->
B5- 3x4- 2x3+ 2x2- 3x + 2 = 0(mod7)
x3+ x2= 0(mod2)
X = 0(mod3)
1, X5- 3x4- 2x3+ 2x2—3x 2 = 0(mod7)

Birinchi taggoslamani ixtiyoriy X SZ soni qganoatlantiradi.
Ikkinchisining yechmi x = 0(mod3) dan iborat. Uchinchi taggoslamani
yechamiz. 0, £1,+2,+3 lardan fagat 2 uni ganoatlantiradi. Demak, bu
taggoslama yagona x = 2(mod7) yechimga ega. Shunday gilib, ushbu

(x =0(mod3)
(x = 2(mod7)
sistemani hosil qildik. Buni yechib
ro x=3at { X—3: >x=3+211

(Bt=2(modT) It=3+71
X = 3,24 (mod42) gaegaboiamiz. Javob:x = 3,24 (mod42).
5). Berilgan taggoslama x5 + x4 ~ 3x3 + 2x —2 = 0(mod77)
ushbu tagqoslamalar
f x5+ x4- 3x3+ 2x - 2 = 0(mod7)
J(x(:5+ xﬂ—gx§+ % —2 = O(modlli
sistemadagi taggoslamalami yechib quyidagilarga ega boiamiz: 0,
+1, +2, +3 lardan birortasi ham ganotlantirmaydi. Berilgan tagqoslama
yechimga ega emas.
Javob: taggoslama yechimga ega emas.
6).Berilgan taggoslama 3x3 + 6x2 + x + 10 = 0(modI5) ushbu
53x3+ 6x2+ x + 10 = 0(mod3)
(3x3+ 6x2+ x + 10 = 0(mod5)
kuchli. Bu sistemadagi birinchi taggoslamani  tanlash usuli bilan
yechamiz. Buning uchun 0, 1 lami unga qo‘yib tekshirib ko‘rish kifoya.
holda x = —4(mod3) ning birinchi taggoslamani ganoatlantirishini
ko‘ramiz. Sistemadagi ikkinchi taggoslamaning yechimlari esa x =
0,1,2(mod5) lardan iborat. Natijada quyidagi 3 ta sistemaga ega

bo‘iamiz:
Ax = -Hmodi3) (x = -Hfmod3) Ax = —(mod3)
4 x = 0(mod5) 1x =1(mod5) 4 x = 2(mod5)
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Shuning uchun ham berilgan taggoslamaning yechimini X =x0=
+ M2M2b2(modI5) ko‘rinishda izlash mumkin. Bizda Mx =
5 M2= 3 bo‘lgani uchun SM[ = I(mod3) +Mx =2 va 3AR2=
I(mod5) -> M2 = 2 gaegabollamiz. Bulardan foydalanib x s x0= 5«
2 + 3e2ib2(modI5) = —Sbx + 6b2(modI5). Endi bunda bx = -1,
br = Of,2 deb olib berilgan tagqoslamaning yechimlari xt =
5(modl5), x2= II(modl5),x3 = 2(modl5) ni hosil gilamiz.
Javob: x = 2,5,II(modl5).
7). Berilgan taggoslama 37x s 17(modI80) da 180 = 36-5
37x s 17(modS)

bo‘lgani  uchun ushbu taggoslamalar 37x = 17(mod36)

x = I(mod5)

X = 17(mod36)slstemasi8a tenS kuchh* Shumng uchun ham benlgan
taggoslamaning  yechimini  x = x0 = MxM[bx+ AR2Af262(modI5)
ko‘rinishda izlash mumkin. Bizda Mt = 36, A2=5 bo‘lgani uchun
36MJ = I(mod5) -> = 1lva 5M2= 1(mod36) ->M2= —7 gaega
bo‘lamiz. Bulardan foydalanib X=XxX0=36¢bx+ 5
(—7)b2(modl5) = 36bt —35b2(modl80). Endi bunda bt = 1, b2 =
17 deb olib berilgan taggoslamaning yechimlari x s -19(modI80), ni
hosil gilamiz. Javob: x = —19(modl80).

290.1). 4x3—8x —13 = 0(mod 27) taqqgoslamani yechishimiz
kerak. Bu yerda27 = 33 bo‘lgani uchun awalo, 4x3- 8x —13 =
0(mod3) taggoslamani garaymiz. Bundan x3+ x-1=0(mod 3). Bu
taggoslamaning yechimlarini  topish uchun 3 moduli bo‘yicha
chegirmalaming to‘la sistemadagi sonlar 0,£1 ni qo‘yib tekshirib
ko‘ramiz. U holdax = -I(mod 3) uning yechimi ekanlini ko‘ramiz.

Endi bu x = —1 + 3tx yechimni nazariy gismdagi

B fb t1f*(x )=0(modp’)(7)
ga olib borib qo‘yamiz: U holda, bizda p = 3, xt = —,/(—) =
-9,/'(*) = 12x2~ 8val/4—1) = 4 bo‘lgani uchun “ +4ti=
O(mod 3) >ti=3(mod 3) >tx=3+ 3t2-»x=—1+9+
9t2 = 8 + 9t2. Endi yana (7) dan foydalanib (nazariy gismdagi (9) ga
garang)
~r +t2f'(x2) = o(mod p) (@)
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ni tuzib olamiz. Bizda p = 3,x2=8./(8) = 1971, /'(8) = 760
bo‘lgani uchun =7y 76012 = O(mod 3) ->t2= —219(mod 3) ->
t2 = 0(mod 3), ya’ni t2 = 3t3. Bu giymatni x ning ifodasiga olib borib
go‘ysakx = 8 + 9(3t3)= 8 4- 27t3,t3€Z, ya’ni x = 8(mod 27) beril-
gan tagqoslamaning yechimiga ega bo‘lamiz. Javob: x = 8(mod 27).

2). f{x) = wd- 3x3+ 2x2- 5x - 10 = 0(mod 343) taqqgosla-
mani yechishimiz kerak. Bu yerda 343 = 73 bo‘lgani uchun awalo,
/(x) = 0(mod7) tagqoslamani 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 qo'yib tekshirib ko‘ramiz. U holda x = 3(mod 7)
uning yechimi ekanlini ko‘ramiz. Demak, x = 3(mod 7) berilgan tag-
goslamaning yechimi. Endi bu x = 3 + 7ti yechimni nazariy gismdagi
AN+*i['(*i1) =0(modp) (7) ga olib borib go‘yamiz:

U holda, bizda/(3) = 34-3-27 + 18- 15- 10=-7;/'(*) =4x3-
9x2+4x - 5va/'(3)= 108 - 81 + 12- 5= 34 bo‘lgani uchun
(7)dan”~  + 34tt = 0(mod 7)

—34" = I(mod 7)->ti = -I(mod 7),ya’nitt= -1 + 712. Buni
X ning ifodasiga go‘ysak x = 3+ 7 (-1 + 7t2) = —4 + 49t2 hosil
bo‘ladi. Endi bundan foydalanib (9) ni tuzamiz. Bunda /(—4) =
(—4)4-3- (—4)3+2.16+20- 10 =256+ 192 + 32+ 20- 10 =
490./M4~4) =-256 —9 16-16-5=-421 bo‘lgani  uchun
N+ t2(—421) = 0(mod 7) > -421t2=-10 (mod 7)-> -t2=
-3 (mod 7)->t2= 3(mod 7)-»t2= 3+ 7t3, t3GZ Hosil bo‘lgan
giymatni x ning ifodasiga olib borib go‘ysak x = —4 + 49(3 + 7t3) =
—4 + 147 + 343t3= 143 + 343t3,t3eZ ga ega bo‘lamiz, yani x =
143(mod 343) berilgan taggoslamaning yechimiga ega bo‘lamiz.
Javob: x = 143(mod 343).

3)./(x) = x4- 4x3+ 2x2+ x + 6 = 0(mod 25) taggoslamani
yechishimiz kerak. Bu yerda 25 = 52 bo'lgani uchun awalo, /(x) =
0(mod5) taggoslamani, ya’ni /(X) = x4—4x3+ 2x2+ X+ 6 =
O(mod 5) ni garaymiz. Bu x4+ x3+ 2x2+ x + 1 = 0(mod 5) gateng
kuchli. Bu taggoslamaning yechimlarini topish uchun 5 moduli bo‘yicha
chegirmalaming to‘la sistemadagi sonlar 0,1, £2 ni qo‘yib tekshirib



ko‘ramiz. U holda x = 2(mod 5) va x =—2(mod 5) lar uning
yechimlari ekanligini ko‘ramiz.

Endi awalo x = 2 + 5tx yechimni nazariy gismdagi (7)-formulaga
olib borib go‘yamiz. U holda, bizdap = 5,xt = 2,/(2) = 0,f'(x) =
Ax3+ 12x2+ 4x + 1va/'(2) = —7 bo‘lgani uchun (7) dan ™ + 4t+ =
O(mod 3) ->tt=0(mod 5) >tt =5t2 Xx =2+55t2=2+
2512 ,t2eZ yoki xr = 2(mod 25). Ikkinchi yechimi x = —2(mod 5)
uchun +ii/'(-2) = 0(mod 5). Bunda/(-2) = 16+ 32 +
8—2+6=060, /(=) =—32—48 —84-1 = -87 boigani uchun
“ +tj(-87) = 0(mod 5) -¢ 12 + 3ta= 0(mod 5)-»3Ir =
3(mod 5)— = I(mod 5), yani =1+5t2— =-2 +
5(1 + 5t2) = 3 + 25t2- Demak, berilgan taggoslamaning ikkinchi
yechimi x2 = 3(mod 25).

Javob: xx = 2(mod 25), x2 = 3(mod 25).

4). 9x2+ 29x + 62 = 0(mod 64) taggoslamani yechishimiz kerak.
Bu yerda 64 =26 boigani uchun awalo, /(x) = 0(mod2)
tagqoslamani, ya’ni /(x) = 9x2+ 29x + 62 = 0(mod 2) ni garaymiz.
Bu x2 + x = 0(mod 2) ga teng kuchli. Bu taggoslamaning yechimlarini
topish uchun 2 moduli bo‘yicha chegirmalaming toia sistemadagi sonlar
0,1 ni qo‘yib tekshirib ko‘ramiz. U holda x = 0(mod 2) va x =
I(mod 2) lar uning yechimlari ekanligini ko‘ramiz.

a), X = 0(mod 2) ->x = 2tx yechim uchun +/4°)fi =
O(mod 2) dan /(0) = 62;/'(*) = 18x + 29, /'(0) = 29 boigani
uchun 31+ 29ti = Q(mod 2) ->tj = -I(mod 2)—*a= -1 + 2t2,
t2GZ.x = 2(—+ 2t2) = 2+ 4t2, t26Z. x= =2+ 4t2/ dan
foydalanib (9) ga asoslanib quyidagilarga ega boiamiz: 1c2) +
t2/'(—2) = 0(mod 2), bunda/(-2) = 36 - 58 + 62 = 40 ,f'(-2
—7 boigani uchun 10 —t2= 0(mod 2)—»t2 = 0(mod2)—t2
2t3—»x = -2 + 4(2t3) = -2 + 8t3, t3 GZ.

Endi x = -2 + 8t3, t3GZdan foydalanib navbatdagi gadamni
amalga oshiramiz. U holda  -mm--+ t3/'(—2) = 0(mod 2)ni hosil
gilamiz. Bunda / (—2) = 40, f (—2) = —7 boigani uchun 5 —7t3 =
0(mod 2) -* 7t3= 5(mod 2) =>t3=1(mod 2) ,t3= 1+ 2t4->
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X=-2+8(1+2t4) =6+ 16t4,t4eZ.Endi x = 6 + 16t4, t4 6 Zdan
foydalanib navbatdagi gadamni amalga oshiramiz. U holda +
t4f'(6) = 0(mod 2) ga ega bo‘lamiz. Bu yerda /(6) = 936 + 29 ¢
6+ 62 =324+ 174+ 62 = 560,/'(6) = 186+ 29 = 108 + 29 =
137 bo‘lgani uchun 35 + t4 w137 = O(mod 2) -» t4= I(mod 2) ->
td= 1+ 2t5-»x = 6 + 16(1 + 2t5) = 22 + 3215 ,t5eZ

Endi x = 22 + 32t5, t56 Zdan foydalanib oxirgi gadamni amalga
oshiramiz.U holda +t5'(22) = 0(mod 2) gaegabo‘lamiz.
Buyerda/(22) = 9222+ 29 22 + 62 = 4356 + 638 + 62 =
5056,/'(22) = 1822 + 29 = 425 bo‘lgani uchun”® + 425155
0(mod 2)-*158 + 15= 0(mod 2) ->t5= 0(mod 2)—=t5=
216 —x = 22 + 32(2t6) = 22 + 64t6,t6eZ . Demak, berilgan
taggoslamaning bitta yechimi x = 22(mod 64) ekan.

b). Endi x = I(mod 2) ga mos yechimini izlaymiz: x = 1+
r“yecblT uchun +/'(1)ti = 0(mod 2)ni tuzib olamiz. Bu yerda
/(1) =9+29+ 62 =100, /'(1) = 18+ 29 = 47 bo‘lgani uchun
50+ 4 7= 0(mod 2)

= 0(mod 2) , = 212—px= 1+ 2tx= 1+ 412 ning bu
giymatidan foydalanib quyidagilarga ega bo'lamiz: ~-p + /'(LL*2 =
O(mod 2)—* 25+ 47t2=0(mod 2) -*t2= —(mod 2—>t2= -1 +
2t3 x= 1+ 4(—4+2t3) = 3+ 8t%’>.x ning bu topilgan giymati-
dan foydalanib quyidagiga ega bo‘lamiz: +/'(“ 3)t3= 0(mod 2).
Bunda/(—3) =9*9 + 29(-3) + 62 = 81 - 87 + 62 = 56
val'(—3) = 18(—3) + 29 = -54 + 29 = -25 ekanligini e’tiborga
olib  7—25t3=0(mod 2) -» 1+ t3=0(mod 2) >t3= 1+ 2t4
x=-—3+8(1L+2td) =5+ 16t4dx =5+ 16t4 dan foydalanib
navbatdagi gadamni amalga oshiramiz. U holda -*“ +/'(5)t4=
O(mod 2). Bunda /(5) =925+ 295+ 62 = 225 + 145 + 62 =
432 va /'(5) =18-5 +29 = 119 boigani uchun 27 + 119t4 =
O(mod 2) -»t4= —4(mod 2) -» t4=-1+2t5 x=5+
16(—1 + 2t5) = —11 + 32ts.xning bu giymatidan foydalanib t5 ni
topish uchun quyidagi taggoslamani hosil gilamiz: * 3~" + /4 “ H)*s =
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O(mod 2). Bu vyerda /(-11) =9+121- 2911+ 62 = 1089 -
319 + 62 = 832 va/'(—11) = 18 m(-11) + 29 = -169  ekanligini
e’tiborga olib 26 —169t5= 0(mod 2) -» t5= 0(mod 2)—2G= 216

X = —11+ 32(2t6) = -11 + 6416, teeZ. Demak, berilgan taggos-
lamaning ikkinchi yechimi x = —I(mod 64) dan iborat ekan.

Javob: x = 22(mod 64), x = 53(mod 64).

5). 6x3—7x - 11 = O(mod 125) taqqoslamani garaymiz. Bu
yerda 125 = 53 bo‘lgani uchun 5 moduli bo‘yicha taggoslamani
garaymiz.

6x3- 7x - 11 = 0(mod 5)—»3- 2x - 1= 0(mod 5).

Bu tagqoslamani 5 moduli bo‘ycha cheginnalaming to‘la
sistemasi 0,1, £2 dagi sonlami qo‘yib sinab ko‘rish usuli bilan
yechamiz. U holda xt =-1(mod S),x2= —2(mod 5) laming
garalayotgan taggoslamaning yechimi ekanligini topamiz.

a). Awalo, x =-1(mod5) yani x=—+5tt  yechimni
garaymiz. (7) ga asosan + —O0(mod 5) taggoslamani
hosil gilamiz. Bu yerda

/(-1) =-6 +7- 11=-10, /'(“") =18°(-1)2- 7=11
bo‘lgani uchun—2 + IItj. = 0(mod 5) - » =2(mod5) -» =2+
5t2 x=-1 +5(2+5t2 =9 + 25t2 ni hosil gilamiz. Endi 25
moduli bo‘yicha taggoslamadan 125 moduli bo‘yicha taggoslamaga
o‘tish uchun +/'(9)t2= 0(mod 5) ni tuzib olamiz. Bunda/(9) =
693- 79- 11 =6°729- 63- 11 = 4300 va/'(9) = 18+92-
7=18*%81-7 = 1451 ekanligini e’tiborga olsak 172 + 1451t2 =
0(mod 5) ga ega boiamiz. Bundan t2= —2(mod 5)—2= 2+
5t3>x = 9+ 25(—=2 + 5t3) = -41 + 125t3 Demak, berilgan
taggoslamaning bitta yechimi x = —41(mod 125).

b). Endi x = —2(mod 5) yechimni garaymiz. Bundan x = —2 + 5tX
va (7) ga asosan ~ —+/'(*“ 2)ti = O(mod5). Bunda /(-2) = 6*
(—8)- 7+(-2)- 11=-48+14-11=-45va/'(-2)=18-4-
7 = 65 ekanligini inobatga olsak, —9 4 65tj = 0(mod 5) -> 65tx =
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)jc3 + 3x2—Sx + 16 = O(mod 125) taggoslamani garaymiz. Bu
yerda 125 = 53 boigani uchun 5 moduli bo‘yicha taggoslamani
garaymiz.

X3+ 3x2- 5x+ 16 = 0(mod 5)—>3+ 3x2+ 1 = 0(mod 5).

Bu taggoslamani 5 moduli bo‘ycha chegirmalaming toia
sistemasi 0,+1,+2 dagi sonlami qo‘yib sinab ko‘rish usuli bilan
yechamiz. U holda xt = 1(mod S),x2=—2(mod 5) laming
garalayotgan taggoslamaning yechimi ekanligini topamiz.

a).x = I(mod 5) ni, ya’ni x = — + Stj yechimni garaymiz. (7)
ga asosan, ya’ni +/'(1)*i = 0(mod 5). Bu yerda /(1) = 15,
['(1) =3*12+6*1 —5=4 boigani uchun 3+ 4tt =
0(mod 5)—4t! = 2(mod 5)—2tt = 1(mod 5)-*" = 3(mod 5) ->

= 3+ 5t2-+x = 1+ 5(3 + 5t2) = 16 + 25t2-"* ning bu giymatidan
foydalanib t2 ni topish uchun quyidagi taggoslamani hosil gilamiz:
N +/'(16)t2= 0(mod 5). Bu yerda /(16) = 163+ 3162- 5«
16+16 = 16(256 + 48-4) =4800 va /'(16) = 3256 + 96 -
5 = 859 ekanligini e’tiborga olsak 192 + 859t2 = 0(mod 5) hosil
boiadi. Bundan t2= 2(mod 5)—t2= 2+ 5t3—=x= 16 + 25(2 +
5t3) = 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 + 51tdan (7)
ga asosan

£=22+/'(-2)ta=0(mod 5). Bunda /(-2) =-8 +12+ 10+
16=30 va/'(—2)=3-4+6+(-2) - 5=-5 ekanligini e’tiborga
olib 6 —5tx = 0(mod 5) ni hosil gilamiz. Bundan 5 = I(mod 5),
bunda (5,5) = 5 boiib, 1 soni 5 ga boiinmagani uchun taggoslama
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
tagqoslamani garaymiz.

X4+ 4x3+ 2x2+ X + 12 = 0(mod5) -» x4- X3+ 2x2+ X +
2 = 0(mod 5). Butaggoslamani 5 moduli bo‘ycha chegirmalaming toia
sistemasi 0,+1,£2 dagi sonlami qgo‘yib sinab ko‘rish usuli bilan
yechamiz. U holda xt = I(mod 5), x2=—(mod5) va Xx3=
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2(mod 5) laming garalayotgan taggoslamaning yechimi ekanligini
topamiz*

a), X = 1(mod 5) yechimni qgaraymiz.*= 1+ 5" dan (7) ga
asosan, ya’ni~p +/*(1)ti = 0(mod 5). Buyerda/(1) = 20, /'(1) =
21 boigani uchun 4 + 21tx = O(mod =1(mod 5)— =1+
Stz—x= 1+ 5(1 + 5t2) = 6 + 25t2.x ning bu giymatidan foydalanib
t2ni topish uchun quyidagi taggoslamani hosil gilamiz: +f'(6)t2=
O(mod 5). Bunda/(6) = 90 va

['(6) = 4-63+ 12*62+ 46+ 1= 824+ 432 + 25 = 1281
boigani uchun 90 + 1281tz = 0(mod 5)—t2 = 0(mod 5) ->t2 =
5t3->x = 6 + 125t3.Endi x ning bu giymatidan foydalanib t3 ni
topish uchun quyidagi taggoslamani hosil gilamiz: —" + /'(6)t3 =
Q(mod 5). Bundan 18 + 1281t3= 0(mod 5) t3 = 2(mod 5) >
t3= 2+ 5t4—»x = 6 + 125(2 + 5t4) = 256 + 625t4. Demak, *
berilgan taggoslamaning bitta yechimi x = 256 + 625t4.

b) Endi x = —4(mod 5),ya'nix = —1 + 5tx yechimni garaymiz.
Bu holda (7) ga asosan +/'(—)ti = 0(mod 5)ni hosil gilamiz.
Buyerda/(-1) =1-4+2-1 +12=10va/'(-1) =-4 + 12-
4 + 1 = 5 boigani uchun

2 + 5tx= 0(mod 5) -» 51+= 3(mod 5) ga ega boiamiz.
yerda (5,5) = 5va 3 soni 5 gaboiinmaydi shuning uchun taggoslama
yechimga ega emas.

) X = 2(mod5), ya’ni x = 2 + 5tx yechimni garaymiz. Bu holda
(7) ga asosan " p +/'(2)ti = 0(mod 5)ni hosil gilamiz. Bu yerda
/(2) =16+32+8+2+12=70 va /'(x) = 4x3+ 12x2+ 4x +
1 /'(2)=32+48+9=289 boigani uchun 14 + 89Ex =
0(mod5)—4tj = I(mod 5) ->tt = —d(mod 5) tx= -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/4-3) =4-(-27) +12-9-12 +1=-108 +
108 - 11 = -11 boigani uchun -11t2= 0(mod 5)->t2 =

O(mod 5) -> t2= 5t3—x= -3 + 25 m6t3= -3 + 125t3 . Bundan
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foydalanib t3 ni topish uchun +/'(-3)t3= 0(mod 5)
taggoslamani tuzib olamiz. Bu yerdan —1t3 = 0(mod 5) —»t3 = 5t4 -»
= —3 + 62514 kelib chigadi.

Javob: x = 256 + 625t4x = -3 + 625t4, tde Z

8). [1x) = 2x4+5*-1, /(x) s 0 (mod 27) taggoslamani yeching. 27=33.

/(x)ao(mod3\ (o,£l) taggoslama bitta xsl(mod3) yechimga ega.
Bu yerda /(x)=8x3+5 va/(x1=13 va 13 soni 3 ga bodinmaydi.
Demak, A holgato”ri keladi.

x=1+3f,, /()+3/,-/(I)sO(mod9), 6+3/r 13s0(mod9),13/, =-2(mod3)>/,=-2(mod3)

ty=-2+3/2. Demakx =1+3(-2+3f2)=-5+9/2, /(-5)+9/2/(-5)s0(mod27)

1224+92(-995)s0(mod27), -995/2«-136(mod3), /2=-I(mod3), t2=-1+3/s,/3eZ

X =-5+9(-1+3f3)=-14+27f3  Demak, jc=13(mod 27)
berilgan tagqoslamaning yechimi.

291.1). x4+ 4x3+ 2x2+x + 12 = 0(mod 45) ni garaymiz.
Bu taggoslama
q+ 4x3+ 2x2+ x + 12 = 0(mod 5)
+ 4x3+ 2x2+ x + 12 = 0(mod 9)

ga teng kuchli. Buning  birinchisining  yechimlari:
X = xl(mod 5)vax = 2(mod 5). (290.1) misolning ishlanishiga
garang). Endi sistemadagi ikkinchi taggoslamani yechamiz. Buning
uchun awalo, x4+ 4x3+2x2+ x + 12 = 0(mod 3) taggoslamani
yechamiz. Bu taggqoslama x4 + x3—x 2+ x = 0(mod 3) ga teng kuchli.
Buni 3 moduli bo‘yicha chegirmalaming toda sistemasi 0,1 dagi
chegirmalami  sinab  ko‘rish  usuli ~ bilan  yechsak x =
0(mod 3),ya'ni x = 3txuning yechimi ekanligini topamiz. Bu holda (7)
ga asosan +f'(0)tt = 0(mod 3) ni hosil gilamiz. Bu yerda /(0) =
12va/'(0) =1 boigani uchun4 + txs 0(mod 3) ->tx =
-I(lmod 3)— =-1+3t2->x=-3 +9t2 ni hosil qilamiz.
Natijada biz berilgan taggoslama quyidagi taggoslamalar sistemasiga
ekvivalent deya olamiz:

(x =1(mod 5) pt = -1 (mod 5)
a)[x = -3 (mod9): s -3(mod9):
(x = 2(mod 5)

COU s -3(mod9) -
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Bu sistemalarni yechamiz.U holda:
( X =1+ 5ta
a) (1+5tt =-3(mod?9)
( x=1+5tx Mx=1+5tj

(Stj = -4 (mod 9) = 1(mod 9)
X = 1+ 5(1 + 9t2) = 6 + 45t2, ya'ni x = -21(mod 45).
X =—1+ 5tt ( x=-—+5t!

-1 + 5tx=—3(mod 9) 45tt = —4(mod 9)~*
M= — + 5tx
Ui S -4 +09t2
x=-1 + 5(—4 + 9t2) = 6 + 45t2 -» x s —21(mod 45).
=2+5t2 fx=2+5tl A x=2+
"2+ 5t =-3(mod9) A =-1+9N x z+
5(—1+ 9t2) = -3 + 4312 -» x = -3 (mod 45).
Javob: x = 6,24,42(mod 45).
2).fix) =x4- 3x3-4x2~2x-2 =0(mod 50)
taqgoslamani qgaraymiz. Bu yerda 50 = 2*52 boMgani uchun bu
taggoslama
r(x) = 0(mod 2)
{/00 s 0(mod 25)
ga teng kuchli. Buning birinchisining yechimlari: x = 0(mod 2) va
X = I(mod 5). Endi f(x) = 0(mod 25) taggoslamani yechamiz.
Buning uchun esa f(x) = x4+ 2x3+ 2x2+ 3x - 2 = 0(mod 5) ni
garaymiz. Buni 5 moduli bo‘yicha chegirmalaming toia sistemasi
0,41, +2 dagi chegirmalami sinab ko‘rish usuli bilan yechsak x =
—1,1,2(mod 5) lar uning yechimi ekanligini topamiz.
a). Awalo, x = I(mod 5), ya’ni X = 1+ 5tx yechimni garaylik.
Bu holda (7) ga asosan —p + /'(*)*i = 0(rood 5) ni hosil gilamiz. Bu
yerda/(1) = 10va/'(l) = 4*13—9*12—8*1 —2 = —15bo‘lgani
uchun 2 - 15tt = O(mod 5), 15" = 2(mod 5) -> (15,5) = 5, lekin
2 soni 5ga boiinmaydi shuning uchun taggoslama yechimga ega emas.
b). x = -I(mod 5) ni, yanix = -1 + 5t2 ni garaymiz. (7) ga
asosan
+/'(-1)tj s O(mod 5). Bunda/'(-1) =1+3-4 +2-
2=0va

229



[4-1) =4+(-1)3- 9¢(-1)2- 8*(-1) -2 = -7 boigani
uchun -7tt = O(mod 5) ->tt = O(mod 5) -* tt = St2-»x = 4 +
5(5t2) = -1 + 25t2 ->x = -I(mod 25).

¢) Endi x = 2(mod 5), ya’ni x = 2 + 5t yechimni garaylik. Bu
holda (7) ga asosan +/42)h =0(mod 5) ni hosil gilamiz. Bu
yerda/(2) = -30 va/42) = -22 boigani uchun -6 - 22tx=
0(mod 5) -> 3tt = I(mod 5) -» tt = 2(mod 5) -» tx= 2 + St2-*
X =2+ 5(2+5t2 = 12 + 2512 .

Demak, berilgan taggoslamani yechishni

I x = 0(mod 2)
Ix = —(mod 25);
Fx=0mod2) fx=I(mod2 f x=2(mod?2)
(x = 12(mod 25); (x = -I(mod 25);(x = 12(mod 25)
taqgoslamalar sistemalarini yechishga keltirdik. Buning birinchisidan
( X = 2tX f X = 2tt _
I2ta= -1 (mod 25) 4ti = 12(mod 25) 24 + 50t2°

ﬁ(I(Fnchisidan)c‘ s 12(r2nt())(d 25)- r* = 1 O%gg)l

Uchinchisidan
r X = 1+ 2tj r X = 2t, N 1+ 50t
U+ 2txs -1 (mod 25) [tx = -I(mod 25) *" 1+ U

Fo'rtmcHisidan T+ ~* = 43(Albd 25)- £ XF1h % ax .

x =1+ 2(18 + 25t2) = 37 + 50t3.

Javob: x = 12,24,37,49 (mod 50).

3)./(x) = x5- 5x4- 5x3+ 25x2+ 4x - 20 = 0(mod 147)
taggoslamani garaymiz. Bu yerda 147 = 72 *3 boigani uchun bu
taggoslama

(/(x) = 0(mod 3)
I/(x) = 0(mod 72)

ga teng kuchli. Buning birinchisidan /(x) = x5—5x4 —5x3 +
25x2 -f4x —20 = O(mod 3) > x5+x4+ x3+ X2+ x + | =
Q(mod 3) >X + X2+ X+ X2+ Xx+1=2x2+3x+ 1=2x2+ 1=
0(mod 3). Uning yechimlari: x = -I(mod 3)vax = I(mod 3).

Endi /(x) = 0(mod 49) tagqoslamani yechamiz. Buning uchun esa
/(x) = 0(mod 7) ning yechimini topishimiz kerak. Bundan x5 + 2x4 +



2x3+ 4n:24-4x + 1 = 0(mod 7). Buni 7moduli bo‘yicha chegirma-
laming to‘la sistemasi 0,+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 uchim ularning har birini alohida-
alohida garab chigamiz.

a), X = I(mod 7) yechim uchun (7) dan ~ +f(T)tl=
0(mod 7) ni hosil gilamiz. Buyerda/(1) = 0va/'(1) = 5¢14- 20
[3—15¢12450¢1+ 4 =24 bo‘lgani uchun 24~ = 0(mod 7) ->
tx= 0(mod 7)—x = 7t2->

X = 1449t2—x = I(mod 49).

b). Endi ikkinchi yechimni x =—(mod 7)—x= -14* 7tt
garaymiz.

(7) dan 4f (-1 ti = 0(mod 7) ni hosil gilamiz. Bu yerda
/(-1) =0 vaf'( 1)=-36 boMgani uchun 36t* = O(mod 7)
tj = 7t2->x = “ 14-49t2 x = -I(mod 49).

c). Uchinchi yechim x = 2(mod T)—x= 24-7 uchun (7) dan
N+ /’(2)tt = 0(mod 7). Bunda/(2) = 0vaf'(2) = -36 bo‘lgani
uchun —361*+= 0(mod 7) >t+= 7t2->x = 244912 -+x =
2(mod 49).

e). To‘rtinchi yechim x = -2 (mod 7) -»x = —2 4 7t!uchun

A+ /'(-2)t1=0(mod7), bunda/(—2) = Ova /'(-2) = 84
boMgani uchun 84tj = 0(mod 7) ,tteZ >x = —2 4 49t2 ga ega
bo‘lamiz.

Bulardan

fx = -I(mod 3) N’x=-I(mod 3) (x=-I(mod 3)
(x = I(mod 49) 4x = -I(mod 49)" (x = 2(mod 49)’
(x = —4(mod 3)
IXx = -2 (mod 49)"
'x = I(mod 3) f x=1I(mod 3)
(x=1(mod 49) 4x = -I(mod 49)'
(x=1I(mod3) ( x=I(mod 3)
IX = 2(mod 49) ' Ix = -2(mod 49)
chizigli tagqoslamalar sistemalariga ega bo‘lamiz.
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Bularni yechib:

r * = -1 + 3tt
1I31-1+ 3tt = 1(mod 49)
( *=-1+ 3t! fta= 17 + 49t2
(3t! = 2(mod 49) "*[x = 50 + 147t2-
r x=-1+ 3tx f ti = 49t2
2 (-1 + 3tt = —1(mod 49) [x = -1 + 147t
( x = -1 + 3ta (tx= 1(mod 49)
as) I-1 + 3tx= 2(mod 49)~* ( x = 2+ 147t2 *
r X =-1+ 3tz ptj = —(mod 49)
a*} -1+ 3ti &-2(mod 49) ( x=-1+ 3tx
X=-7+487"147"N * = 47+ 147t -

f X = 1+ 3tt ftx = O(mod 49)
1+ 3tj = I(mod 49) I x= 1+ 147t2"'
f X = 1+ 3tj
6 [l + 3tj = —I(mod 49)
f3tt = -2(mod 49) ffts -17 + 49t2

X =1+ 3t, (x = -150 + 147tz-
( X = 1+ 3tt
7} 11+ 3tj s 2(mod 49)
;3ti = 1 (mod 49)
X =1+ 3ti
= -16 + 4912 f X =1+ 3tt
(x =

-47 + 147tz'aB>U + 3tt = -2 (Mo,

f3t! = -3(mod 49) f = -1 + 49t2
| x =1+ 3tt

4x = -2 + 147t2
Javob: x 5 -50,-47.-2,-1,1,2,47,50 (mod 147) .

4). /(X) = X5+ 3x4- 7x3+ 4x2+ 4x - 10 = O(mod 175)

tagqoslamani garaymiz. Bu yerda 175 = 7 <52 boigani uchun bu
tagqoslama

(f(x) = O(mod 7)
t/(x) = O(mod 25) w
ga teng kuchli. Buning birinchisidan x5+ 3x4 - 3x2- 3x- 3=
O(mod 7). Buni 7 moduli bo'yicha chegirmalaming toia 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, /(x) = O(mod 25) ni, ya'ni x5+ 3x4- 7x3+ 4x2+ 4x -
10 = O(mod 5) ni garaymiz. Bu taggoslama 3x4—2x3- x2=
O(mod 5)—x2(3x2—2x —1) = O(mod 5) ga teng kuchli. Buni 5
moduli bo'yicha chegirmalaming to‘la sistemasi 0,+1,+2 dagi
chegirmalami sinab ko'rish usuli bilan yechsak x = 0,1, —2(mod 5) lar
uning yechimi ekanligini topamiz.

Shuning uchun ham birinchi yechim x = O(mod 5) uchun (7) ga
asosan + /'(0)tx= O(mod 5). Buyerda /(0) = —10va /40) =
4 boiganidan
-2 + 4tx= O(mod 5) -> 4tx= 2(mod 5) -» 2tt = I(mod 5) -»

= 3(mod 5) >ti = 3+ 5t2 X = 15+ 25t2-

Ikkinchi yechim x = I(mod 5) uchun™ + /'(l)ti = O(mod 5).
Bu yerda /(1) =—5 va /'(1) = 8 bo'lganidan -1 + 8tx=
Omod 5) > 8 = I(mod 5) -* - 2~ = 6(mod 5) > =
-3(mod 5) -»tj = —3+5t2 -> x=1+5tj=1- 15+ 25t2=
-14 + 25t2 ->x = lI(mod25) .

Uchunchi yechim x = -2 (mod 5) uchun — + /'(-2)" =
O(mod 5). Bu yerda /(—2) = 70 va /'(—2) = —112 bo'lganidan

14 —112” = O(mod 5) -> -1 + 3tx= 0(mod5) -> 3tj =
I(mod5) -> 3ti 2 6(mod5) = 2(mod5) ->x = —2 + 5tt =
—2+ 5(2 + 5t2 = 7+ 25t2

Shunday gilib, berilgan taggoslamani yechishni quyidagi 1-darajali
bir noma’ lumli taggoslamalar sistemalami yechishga keltirdik:

( x = I(mod 7) fx = -2(mod 7) fx = -3(mod 7)
ai) (x = 15(mod 25)' (x = 15(mod 25)" a3) (x = 15(mod 25)
'x = 1(mod 7) fx = -2(mod 7) fx = -3(mod 7)
a4) [x = 11(mod 25)#as) (x = ll(mod 25)' a&) (x = lI(mod 25)
(x=I(mod 7) [Xx = -2 (mod 7) fx = -2 (mod 7)
a?)tx = 7(mod 25)'a® (x = 7(mod 25)" = 7(mod 25)’

Bulami yecblb: ar) (j + 7 “ 15(t~ 25)
f7ti = 14(mod 25) ftt = 2(mod 25) ft, = 2+ 25¢t2 _
| m=1+76 “4 >=1+7t I*=1+7g *" 1+
7(2 + 25t2) = 15+ 175t2.
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ya'nix = 15(mod 175).
(7ti = 17(mod 25)

{x = -2 + 76=+2T2 2 0 + 175t2 ya™* * 3 40(m°d 175)"

[

I X = —2+ 7ti

“2°1-2 + 7%t = 15(mod 25) "" ( x = -2 + Ttx

f7t! = 18(mod 25)

f x = -3 + 7ta
°3 (—3+ 7tj = 15(mod 25) j, x=-3 +7tt "*
ti = -I(mod 25) Y --«,-4
[x=-3 +7(—1+ 25t2 = -10 + 175t2 Xx- " ~ o
( X = 1(mod 7) f x = 1+ 7tx
“4j (x = 11(mod 25) “*11 + 7ti s ll(mod 25)
Xs 1+ 7tt

[7tj = 10(mod 25)
x =1+ 7(5+ 25t2 = 36+ 175*,.
x = -2 (mod 7)
11(mod 25)
( X = -2 + 7tx N x=-2+ 7t
(-2 + 7tj = 11(mod 25) (7tx= 13(mod 25)
ftr=9"mod725) "* A -2 + 7(9 + 25t2) = 61 + 175t2.
(x = —3(mod 7)
a6)u = U(mod 25)
= -3 + 7tt ( x=-3 + 7tt

r =
-3 + 7tj = 11(mod 25) 17tx= 14(mod 25)

{tiivm od 25) -

{.rrr”™ apg- **-»+ + 25¢ - 11+
X = I(mod 7)
7(mod 25)
f X =1+ 7tx fox=1+7*
"*U + 7tt s 7(mod 25)"* (7~ 5 6(mod 25)

1+ 7(8 + 25%2) = 57 + 175%,.

gt1==8(mod25) - ~
[x = —2(mod 7)

7(mod 25)
= -2 + Tti f x= =22+ 7%

(
1-2 + 7tx= 7(mod 25) "* (7*! s 9(mod 25)
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{ta= 12(mod 25) “** s ~2+ 7<12 + 2St*>= 82 + 175t*
"= -3 (mod 7)
ag9)[x = 7(mod25)
( X = -3 + 7tx ( x=-3 + 7tx
J* (-3 + 7£j = 7(mod 25) (7tt = 10(mod 25) “*

{tfs 5(mod7#5) - * = -3 + 7(5 + 25t = 32+ 175*.

Javob: x = -10,11,15,32,36,40,57,61 82(mod 175).

5)- f(x) = x4—4x3+ 2x2+ x + 6 = 0(modI35) taggoslamani
garaymiz. Buyerda 135 = 33«5 bo‘lgani uchun bu tagqoslama

(f(x) = O(modS)
If(x) = O(mod 27) w
ga teng kuchli. Buning birinchisidan x4 —4x3+ 2x2+ x + 6 =
X4+ X3+ 2x2+ x + 1 = 0(mod 5). Buni 5 moduli bo‘yicha chegirma-
laming to‘la sistemasi 0, + 1,+2 dagi chegirmalarni sinab ko'rish usuli
bilan yechsak x = 2, —2(mod 5) larining yechimi ekanligini topamiz.

Endi (1) dagi ikkinchi taggoslamani yechamiz. Buning uchun awalo,
f(x) = O(mod 3) ni, ya'nix4- 4x3+ 2x2+ x + 6 = O(mod 3) ni
garaymiz. Bu taggoslama x4 —4x3+ 2x2+ x+ 6= 0O(mod 3) ->
X4- X3- X2+ X = 0O(mod3) -> X(Xx3- x2- x+ 1) = O(mod3) -»
X(—x2+ 1) = 0(mod3). Bundan x = 0,xI(mod3) Ilar berilgan
tagqoslamaning yechimi ekanligini topamiz.

a.\).x = 0(mod3) - ni garaymiz. x = 3tx bo‘lgani uchun 290-
misoldagi (7) -formulaga asosan tj ga nisbatan ~p + /'(0)*1 =
0(mod3) taggqoslamaga ega bo'lamiz. Bunda/(0) = 6 va /'(*) =
4x3 —12x2+ 4x + 1, /'(0) = 1 bo'lgani uchun2 + t\ = O(mod3) ->
tj = I(mod3) -> = 1+ 3t2-*x = 3+ 9t2. x ning bu giymatidan
foydalanib navbatdagi gadamni amalga oshiramiz. U holda t2 ga nisbatan

+ f'(3)t2= 0(mod3) taggoslamaga ega bo‘lamiz. Bunda f (3) =
0,7/'(3) = 13 b’olgani uchun 1312 = 0(mod3) ga ega bo'lamiz. Bundan
t2=3t3 x =3+ 27t3EZ

a2). Endi ikkinchi yechimx = I(mod3) ni garaymiz. Bundan x =
1+ 3tx bodgani uchun 290-misoldagi (7) —formulaga asosan tx ga
nisbatan ~p + f'(X)h = 0(mod3) tagqoslamaga ega bo'lamiz.
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Bunda/(1) =6 va /'(*) =f(X) = “ 3boigani uchun2- 3tt =
O(mod3) 3tt = 2(mod3) ni hosil gilamiz. Buyerda (3,3) = 3, lekin
2 soni 3ga boiinmaydi. Shuning uchun ham oxirgi taggoslama yechimga
ega emas.

a3d.Uchunchi yechim x = -I(mod3) ni garaymiz. Bu holda
/(-1)=12, /'(-1) = -19 bo'lgani uchun ~ +/7'(-tj =
Q(mod3) dan 4 - 19t = O(mod3) > 19tx = 4(mod3) ->tx =
Ilmod3) -»t* = 1+ 3t2 ni hosil gilamiz. Buni x ning ifodasiga olib
borib gqo‘ysak x = -1 + 3tt = 2+ 9t2 ifoda hosil boiadi. x ning bu
ifodasidan foydalanib keyingi gadamni amalga oshiramiz. U holda t2 ga
nisbatan |{'(2l+ f*(2)t2= 0(mod3) taqgoslama kelib chigadi. Bunda
/(2) =0, /'(2) = —7 bo‘lgani uchun -7 122—0(mod3) -»t2=
O(mod3) t2= 3t3-» x = 2+ 27t3gaegaboiamiz.

Shunday qilib berilgan tagqoslamani yechishni quyidagi birinchi
darajali taggoslamalar sistemasini yechishga keltirdik:

'x = -2 (modb) fx=-2(modb5)
M x = 3(mod27) M x = 2(mod27)
(x = 2(mod5) h (x = 2(mod5)
*3)(x = 3(mod27) M x = 2(mod27)
Endi bularning har binning yechimini izlaymiz.
bi) dan
f X =-2 + 5t! ( x=-2 + 5tx f x=-2 + btx

1-2 + 5tx = 3(mod27) “45A = 5mod27) “'K = I(mod27)

b T 207 WM -7 3+135,* ‘>er-

£2) dan
( x = -2 + 5tt f = -2 + 5tx f >k= -2 + 5tt
[-2 + 5tx= 2(mod27) ~45txs 4(mod27) "45” = 85(mod27)

l,:;vtm r *mip +i35ts’ ‘“ 6z-
b3) dan

f X= 2+ f x= 2+ 5tt f = 2+ 5tj
{2 + 5tx= 3(mod2T) 457 = I(mod27) 457 s 55(mod27)

(tx= 11 + 27t2~** = 57 + 135t* tz 6 2’
b4)d an
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f X - 2+ Stt ( x= 2+ 5tL ( x= 2+ 5tj
(2 + 5tt = 2(mod27) (BCX= 0(mod27) (tj = O(mod27) ~*

{ r=27t21-*x = 2 + 13512> h 6z
Javob: x = 2,3,57,83(modI35).

6)./(X) = 4x3+ 7x2—7x —10 = 0(mod225) tagqoslamani
garaymiz. Bu yerda 225 = 32«52 bo'lgani uchun bu tagqoslama

(/(*) = O(mod 32
I/ (*) = O(mod 52 % J
ga teng kuchli.

a). fix) —4x3+ 7x2—Ix —10 = O(mod32) taqgoslamani
yechamiz. Buning uchun 4x3+ 7x2—7x —10 = O(mod3) -» x3+
X2- x- 1= 0(mod3) -» x2- 1= 0(mod3) >(x + I)(x - 1) =
O(mod3) tagqoslamani yechishimiz kerak. Buning yechimlari x =
—1, I(mod3) dan iborat

ax) x = 1+ 3t2 yechimni garaymiz. Bundan foydalanib t* ga
nisbatan + /'(1)*! —0(mod3) taqgoslamani tuzib olamiz. Bunda
/(1) = -6, f(x) = 12x2+ 14x- 7,/'(1) = 19 bo'lgani uchun-2 +
19tt = O(mod3) > tx= —d(mod3) >ta= -1 + 3t2->x = -2 +
9t2.

a2) x = ~1+ 3tt yechimni garaymiz. Bundan foydalanib tt ga
nisbatan + /'(~1)*i = O(mod3) tagqoslamani tuzib olamiz.
Bunda /7(-1) = 0, /'(—1) = -9 boigani uchun-9” = 0(mod3) -»
O« = 0(mod3).Bu taqgoslama ayniy taqgoslama boiib tt ning
ixtiyoriy giymatini ganoatlantiradi.

Endi (1) dagi ikkinchi taggoslamani 4x3+ 7x2- 7x —10 =
O(modS) ->-x 34 2x2—2x = 0(mod5)ni garaymiz. Bundan
X (—%x2+ 2x —2) = O(modS) -> x = 0O,- 1,—2(mod5).

br) x = O(mod5) ->x = 5tx ni garaymiz. Bundan foydalanib tt ga

nisbatan + /'(0)ti = O(mod5) taggoslamani tuzib olamiz. Bunda
/(0) = -10, f'(0) = -7 boigani uchun-2 —7 = 0(mod5) -*
3t =—3(mod5) »ff = —1+ 5t2-* x = —5 + 25t2.

b2 x = -I(mod5) -» x = —1 + yechimni garaymiz. Bundan

foydalanib ga nisbatan + ff(~1)h = O(mod5) taggoslamani
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tuzib olamiz. Bunda /7 (-1) = 0, /'(-1) = -9 bo‘lgani uchun-9 =
O(mod5) -»tt = OQmodS) -> tt = St2 >* ——1 + 25t2.
b3 x = —2(mod5) ->x = -2 + 5tx yechimni garaymiz. Bundan

foydalanib ga nisbatan ~ ~ + /,(-2)t1s 0(mod5) taggoslamani

tuzib olamiz. Bunda / (—2) = 0, /'(—2) = 13 bo‘lgani uchun 13" =
O(modS) -* ~ = 0O(mod5) t* = 5t2-» x = —2 + 25t2
Bulardan quyidagi chizigli tenglamalar sistemasiga kelamiz.
(x = 7(mod9) N x = 7(mod9)
chu = - (mod25) C2lU s -I(mod25);
f x = 7(mod9)

C3) U = —2(mod25)'
Bulami yechamiz:

cX) dan
r X = 7+ 9tx f X =7+ 9t!
(7 + 9t| = -S(rrwd2S) “*(9” = -12(mod25)
f 7+ ot!

“43~ = —4(mod25)

U-'(lcs) m**- 7+ 9(7+25« - 70+ 225t-
c2) dan
f X= 7+ 9tt f X = 7+ 9t,
(7 + 9tx = —d(mod25) "™ (9™ = -8(mod25)
f X= 7+ 9tj
49 = 117(mod25)
K ?2005) ->«- 7+9(13+ 23 -124 + 225<a.
c3 dan
r =7+ 9tj f >K57 + 9C, f =7+ 9ta
17+ 9tt = —2(mod25) “49” = -9(mod25) “4”~ = -I(mod2S)
—»

> X =7+ 9(—1+ 25t2 = ~2 + 225t2.
Javob: x = 70; 124; 223(mod225).

7). 31x4+ 57x3+ 96x + 191 s O(mod225) taggoslamani
garaymiz. Bu yerda 225 = 32«52 bo‘lgani uchun bu taggoslama
(f(x) = O(mod 32)
I/ (x) = O(mod 52 1
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ga, ya'ni
f31* 44 57x3+ 96x + 191 s O(mod32)
131x4+ 57x3+ 96x + 191 s O(modS2)

ga teng kuchli. Birinchi taggoslamani garaymiz:

31x4+ 57x3+ 96x + 191 = O(mod3) ->x4-1 = O(mod3) ->
(x2- 1)(x2+ 1) = Qmod3) -> (x - 1)(x + 1)(x2+ 1) = 0(mod3)

boigani uchun bu taggoslamaning yechimlari x = —1,I(mod3)

dan iborat.

ar) x = —1+ 3 yechimni garaymiz. Bundan foydalanib t+ ga
nisbatan + f'(~1)ti = O(mod3) tagqoslamani tuzib olamiz.
Bunda /(-1) =69, f’(x) = 124x2+ 171*+ 96, /'(-1) = 143
boigani uchun23 + 143~ = O(mod3) -> 2tt = I(mod3) > t+ =
2(mod3) &» = —1+ 3t2 x ——4+ 9t2

a?2) x = 1+ 3tj yechimni garaymiz. Bundan foydalanib tt ga
nisbatan + /'()”™i = 0(mod3) taqgoslamani tuzib olamiz. Bunda
/(1) = 375, fix) = 124x2+ 171*+ 96, /'(1) = 391 boigani
uchunl25 + 391tx = O(mod3) -> tt = -2(mod3) > =
I((mod3) > =1+ 3t2-*x=449t2JEndi (1) dagi ikkinchi
taggoslamani yechamiz. Buning uchun awalo, f(x) = O(mod 5) ni,
ya'ni 31x4+ S7x3+ 96* + 191 = O(mod 5) ni garaymiz. Bu
tagqoslama x4 + 2x3+ x + 1 = O(mod 5) ga teng kuchli. Bundan x =
1,2(mod5) lar berilgan taggoslamaning yechimi ekanligini topamiz.

bt)x = I(mod5) -* x = 1+ 5txnigaraymiz. Bundan foydalanib tx

ganisbatan N+ f'(X)*i = 0(modb5) taggoslamani tuzib olamiz. Bunda

/(1) = 375, /'(1) = 391 boigani uchun75 + 391" = O(mod5) -+
tj = O(mod5) > = 5t2 x = 1+ 25tz.
b2x = 2(mod5) ->x = 2 + Stxni qaraymiz. Bundan foydalanib tt

ga nisbatan + f'(2)tt = O(modS) taggoslamani tuzib olamiz. Bunda
/(2) = 1335, /'(1) = 1772 boigani uchun 267 + 1772~ =

Q(mod5) > 2t1= —2(mod5) -» = —1+ 5t2->x = —3 + 25t2.
Bulardan quyidagi chizigli tenglamalar sistemasiga kelamiz:
.(x = 5(mod9) f X= 5(mod9)

Ch)U = I(mod25) ;Cr)be = —3(mod25);
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fx = 4(mod9) ( x = 4(mod9)

C3) (Xx = Ilmod2SyC4) (x = —3(mod25)'
Bularni yechamiz:
Ci) dan

r x = 5+ 9ti f x=5+o9tt ( x=5+o9ott
15+ 9tj r I(mod25) " (9ti = -4(mod25) (9tx = 21(mod25)

f x= 5+ ott ( x = 5+ 9tj ( 1=5+19(
13tj = 7(mod25) 13tj = -18(mod25) 4~ = -6(mod25)
x = -49 + 225t2;t2e Z.

c2) dan
5 4-9tx= —3(mod25) fI9tx = —8(mod25)
| x =5+ 9tj "*( x =5+ 9tt
fotj = —33(mod25)
| X = 5+ 9tj "*
f3ti = —l(mod25)
| X = 5+ 9tx
f3t* = -36(mod25) fti = -12(mod25)
| X =5+9n X = 5+ 9fi
X = -103 + 225t2,t2 G Z
c3) dan
(4 + 9ta= I(mod25) MoN = -3(mod25) f3tx= -1 (mod25)
| X = 4+ 9ti | X = 4 + 9tx | X = 4+ 9tj
( U = 8(mod25) n
I* =4+ 95+ 2512 = 76 + 22512 ~ 76 + 22Sti.h G
c4) dan
A+9 = —3(mod25) fItj = -7(mod25)
I X = 4+ 9tt “*l1 X = 4+ 9tX “x

J*i =~2(mod25) ~ X = 22 + 225tz,t2e Z.

Javob: x = —103,—49,22,76(mod225).

8). f{x) = 2x6- 6x4- 7x2- 4= 0(mod 441) taqgoslamani
garaymiz. Bu yerda 441 = 32«72 boigani uchun bu taggoslama
r/(x) = 0O(mod 9)

I/ (x) = 0(mod 49) w
ga teng kuchli. Buning birinchisidan 2x6—6x4- 7x2—4 =

O(mod 32) ni yechish uchun —x6—x2—1s 0O(mod 3) -» —x2+ 1=
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O(mod 3). Buni 3 moduli bo'yicha chegirmalaming to‘la sistemasi
0,z 1, dagi chegirmalami sinab ko‘rish usuli bilan yechsak x s
1, —1(mod 3) larining yechimi ekanligini topamiz.

at) x = 1(mod 3) ->x = 1+ 3tt yechimni qaraymiz. 290-

misoldagi (7) -formulaga asocsan t* ga nisbatan +/7'(ti =
0(mod3) tagqoslamaga ega bo‘lamiz. Bunda /(1) = —15 va f'(x) =
12xs —24x3—14x, /41) ——26 bo’ Igani uchun—5 —26tj =
O(mod3) ->ti = 2(mod3) > = -1+ 3t2->x=-2 + 9t2t2€ Z

a2) x = —(mod 3) -» x = —1 + 3txyechimni garaymiz. 290-
misoldagi (7) -formulaga asosan t+ ga nisbatan + /74" 1)1 =
0(mod3) taqggoslamaga ega bo‘lamiz. Bunda/(-1) = -15 va/'(x) =
12x5- 24x3- 14x, /'(-1) = 26 bo'lgani uchun-5 + 26" =
O(mod3) —2t\ = 2(mod3) = tx= 1+ 3t2—x = 2+ 9t2,t2€ Z

Endi (1) dagi ikkinchi taggoslamani yechamiz. Buning uchun awalo,
/(xX) = 0(lmod 7) ni, yani 2x6—6x4- 7x2- 4= 0(mod 7)1 ni
garaymiz. Bu tagqoslama 2x6+ x4+ 3 = O(mod 7) ga teng kuchli.
Buni 7 moduli bo‘yicha chegirmalaming to’la sistemasi 0,+1,+2,+3
lami go'yib tanlash usuli bilan yechsak x = +2(mod7) lar berilgan
taqgqgoslamaning yechimi ekanligini topamiz.

bx) X = 2(mod 7) x =2+ 7tt yechimni qaraymiz. 290-
misoldagi (7) -formulaga asosan tx ga nisbatan _(Z +/'(2™ =
0(mod7) taqgoslamaga ega bo‘lamiz. Bunda/(2) = Ovaf'(l 2) = 164
bo4gani uchunl 6 4 = 0(mod7) -> tt = 0(740d7) -»tx= 7t2-* X =
2+ 49t2,12 GZ.

b2 x = —2(mod 7) -¢ x = —2 + 7tt yechimni garaymiz. 290-
misoldagi (7) -formulaga asosan ga nisbatan (3 -+ fr{—2)tx =
0(mod7) taqgoslamaga ega bo‘lamiz. Bunda /(-1) = Ova/Z'(" 1) =
—164 boigani uchun—164" = O(mod7) ->tx= O(mod7) -> t+ =
7t2-* X = —2+ 49t2,12 € Z.

Shunday qilib, quyidagi chizigli taggoslamalar sistemasini yechishga
keldik:

-2 mod9) fx=-2 (mod?9)
2 (mod 49) ix=-2 (mod 49)

(x

Cl) (x
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(x =2 (mod9) ( x=2 (mod9)

U =2 (mod 49)C4,U = —2 (mod 49)
Ci) dan
f X = -2 + 9ti (9t! = 4 (mod 49)
(-2 +9tj =2(Mmod49) 4 x= -2 + 9tt
(9~ = -45 (mod 49) = -5 (mod 49) (tj=—b5+ 4912

| x = -2 + ott 4 x=-—"2+9tx ~4x = -47 + 4412
X = -47 4 441t2,t26 Z

c2) dan

f X = -2 + 9ott (9ti = 0 (mod 49)

(-2 +9tt= -2 (mod 49)4 tt = 0 (mod 49)

tta 4912
Ix = -2 + 44112
X = -2 + 441t2,t26 Z.

c3) dan
r X = 2+ 9tt foti = O (mod 49) ftj = 0 (mod 49)

(2 + 9tx=2(mod 49) 4 x =2+ 9tt 4 X = 2+ 9ti

O  2+499Ri X = 2+ 441t2,t2e Z.

c4) dan

f X = 2+ 9ti (9ti = -4 (mod 49)
(2 + 9tia -2 (mod 49)" X X = 2+ 9tt

9 = 45 (mod 49) =

5 (mod 49) = 5+ 49t2
I X=2+9tx “ i xXx=2+9tt “4 x= 2+ 9tx
47 +
441t2,t2 GZ. Javob: x = -47, -2, 2, 47 (mod 441).
9>.2x6 —6x4—7x2—4 = 0 (mod 1225)taggoslamani garaymiz.
Bu yerda 1225 = 52«72 boigani uchun bu taqgoslama

(/7 (*) = O(mod 25)

1/(x) = O(mod 49) N
ga teng kuchli. (1) dagi 2-taqgoslamani 291.8) misolda yechgan edik.
Uning yechimlari x = -2 (mod 49)va x = 2 (mod 49) iborat edi.
Shuning uchun ham (1) dagi 1-taqgoslama 2x6- 6x4- 7x2—4 =
O(mod 52) 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 garaymiz. Bu taqgoslama 2x6-—x4—2x2+ 1=

O(mod 5) -» 2x2—1 —2x2+ 1= 0O(mod 5) ayniy taggoslamaga teng
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kuchli boMgani uchun uning yechimlari x = —1,1,2,—2 (mod 5) dan
iborat. Endi  bu yechimlardan foydalanib 2x6 —6x4- 7x2- 4 =
O(mod 52) ning yechimini topishga harakat gilamiz.

at) x = —1(mod 5), x= -1 + garaymiz. 290-misoldagi
(7) -formulaga asosan tx & nisbatan + f'(-1)tt = 0(mod5)

taggoslamaga ega bo‘lamiz. Bunda/(—1) = -15 va f(x ) = 12x5-
24x3- 14x, /4" 1) = 26 bo'lgani uchun —3 + 26~ = 0(modS)
tj = 3(mod5) ->ti = 3+ St2->x = 14+ 25t2,t26 Z.
a2 x = I(mod 5) -*x = 1+ 5tx yechimni garaymiz. 290-

misoldagi (7) -formulaga asosan tt ga nisbatan ~p + /'(l)ti =
0(mod5) tagqoslamaga ega bo‘lamiz. Bunda/(1) = —15va /'(—1) =
—26 bo‘lgani uchun-3 - 26ta= 0(mod5) -¢ = -3(mod5) > =
—3+ 5t2->x = -14 + 25t2,t2€E Z.

a3 x = 2(mod 5) ->x = 2+ 5tx yechimni qgaraymiz. 290-
misoldagi (7) -formulaga asosan ga nisbatan + /'(2)ti =
0(modS) taqqoslamaga ega bo‘lamiz. Bunda /(2) = Ova /'(2) = 164
bo‘lgani uchun 164tx = O(modS) -> tt = O(mod5) > = 5t2->x =
2+ 25t2,t2 e Z

ad) x = —2(mod 5) ->x = —2 + 5tx yechimni garaymiz. 290-
misoldagi (7) -formulaga asosan ga nisbatan /) + /4" 2)ti =
0O(mod5) taggoslamaga ega bo‘lamiz. Bunda/(-2) = Ova f (—2Z) =
—164 bo‘lgani uchunl 6 4 = O(mod5) > = 0O(mod5) =
St2->x = -2 + 25t2#2 € Z Shunday  qilib, quyidagi  chizigli
taqgoslamalar sistemasini yechishga keldik:

Ix = —2(mod 49) f x = —2(mod 49)
Cl}(x = 14 (mod 25);C2) (x = -14 (mod 25);

fx = -2 (mod 49) . ffx = —2(mod 49)
C3) I x = 2 (mod 25) ; ) ((x = -2 (mod 25);
[x = 2(mod 49) f x= 2(mod 49)
Cs) Ix = 14 (mod 25) ; C6; (x = -14 (mod 25);

'x = 2(mod 49) f x = 2(mod 49)
c?)Ix = 2(mod 25);Cs)Ix = -2 (mod 25)*
ca) dan
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r X = -2 + 49tt f49/~ = 16 (mod 25)
(-2 + 49tt s 14 (mod 25)~" (  >= -2 + 49tt

4 * = X = ~2+ 49(9 + 2St2) = 439 +
1225t2,t2 6 Z.

c2 dan

r XK= -2 + 49tj f XK= -2 + 49ti

1-2 + 491*= -14 (mod 25) 449ta= -12 (mod 25)“*

—{\V -2 + 49tS)_+ = -2+ 49-(12 + 25t2 = 586 +
1225t2,t2ez.

c3d dan

f XK= -2 + 49tj s -4 (mod 25)

1-2 + 49tx s 2(mod 25) 1 =-2 + 49~
49(—4 + 25t2) = -198 + 122512 t26 Z.

c+) dan

r XK= -2 + 49tj fti = 0 (mod 25)_~

(-2 + 49tt = -2 (mod 25)"* 1 t+= 25t2
XK= —2+ 1225t2,t26 Z.
cs) dan
r X= 2+ 49tt ftx= -12 (mod 25)
12+ 49ti = 14 (mod 25)“*1 = 2+ 49"
X = -586 + 1225t2,t26 Z.

c6) dan
f X= 2+ 49t fti = 16 (mod 25)
(2+ 49tx= -14 (mod25)“"! = 2+49IX
X= 786 + 1225t2,t26 Z.
c7) dan
( X= 2+ 491t K =0 (mod 25) _
(2 + 49£t = 2 (mod 25) 1 k= 2+ 49" 1 2
X= 2+ 1225r2426rT.
c8) dan
r X = 2+ 49tx = 4 (mod 25)
(2 +49tj = —2(mod 25)4 = 2+ 49tx
ft! = 4+ 2512
U =2+ 49t

= 198 + 1225t2,t2 € Z.
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Shunday qilib, berilgan taggoslamaning yechimlari: x = -586,
-198, -2, 2, 198, 439, 586, 786(mod 1225).

IV.6-8.

292.1). Awalo, berilgan 2x2+ 4x —1 = O(mod5) taggoslamani
bosh hadining koeffitsiyenti 1 ga teng boigan holga keltiramiz. 2a =
IlmodsS) -* a = 3(mod5) boigani uchun berilgan taggoslamaning
ikkala tomonini 3 ga ko‘paytiramiz. U holda 6x2+ 12x - 3 = O(mod5)
tenglama hosil boiadi. Bundan x2-f 2x + 2 = O(modS) -» (X + )2+
1= 0(mod5) +(x + I)2= -I(mod5) + (x + 1)2=
4(mod5)—x+1 = 2(mod5)vax + 1 = —2(mod5)-*x =
I(mod5)vax = -~3(mod5) hosil boiadi.

Javob: x = —3,1 (mod>b).

2). Awalo, berilgan 3x2+ 2x = I(mod7) taggoslamani bosh
hadining koeffitsiyenti 1 ga teng boigan holga keltiramiz. 3a =
Ilmod7) ->a = 5(mod7) boigani uchun 3x2+ 2x = I(mod7)
taggoslamaning ikkala tomonini 5 ga ko'paytiramiz. U holda 15x2+
IOX - 5= 0(mod7) ->x2+ I0x + 9 = O(mod7) -» (X + 5)2-16 =
O(mod7) -»(x + 5)2= 16(mod7)—*x + 5= 4(mod7) va x+ 5=
-4(mod7) -» X = -I(mod7)va x = —2(mod7) hosil boiadi.

Javob: x = —1,—2(mod7).

3). Awalo, berilgan 2x2—2x —1 = 0(mod7) taqgoslamani
bosh hadining koeffitsiyenti 1 ga teng boigan holga keltiramiz. 2a =
Imod7) as 4(mod7) boigani uchun 2x2- 2x- 1= 0(mod7)
taggoslamaning ikkala tomonini 4 ga ko'paytiramiz. U holda Qx2 —Qx —
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+ 32=
6(mod7). Bu taqgoslamaga 7 moduli bo‘yicha chegirmalaming toia
sistemasidagi chegirmalaming toia sistemasi 0,+1,+2,+3 go'yib
tekshirsak taggoslama yechimga ega emas.

Javob: taggoslamayechimga ega emas.

4). Berilgan 3x2—x = 0(mod5) taqgoslamani bosh hadining
koeffitsiyenti 1gateng boigan holga keltiramiz. 3a = I(mod5) ->a =
2(mod5) boigani uchun 3x2- x = 0(mod5) taqgoslamaning ikkala
tomonini 2 ga ko'paytiramiz. U holda 6x2—2x = O(mod5) > x2—
2x = 0(mod>5) (x —1)2—1=0(mod5) -* (x- I)2=
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Ilmod5)-*x -1 = I(mod5) va x- 1= —(mod5) -* x =
2(mod5)va x s 0(modS) hosil bo'ladi. Javob: x = 0,2(mod5).

5). Berilgan 3x2+ Ix + 8 = Q(modll) taqgoslamani  bosh
hadining koeffitsiyenti 1 ga teng bo‘lgan holga keltiramiz. 3a =
Ilmodl7) ->a = 6(modl7) bo‘lgani uchun 3Xx2+ 7x+ 8 =
0(modl7) taggoslamaning ikkala tomonini 6 ga ko'paytiramiz. U holda
18x2+ 42* + 48 = O(modl7) x2+ Sx+ 48 = O(modl7)->(x +
4)2+ 32 = 0(modl7) > (x + 492= 2(modl7)->(x + 42 =
36(modl7) -»x + 4 = 6(modi7)vax + 4 = —6(modl7) > x =
2(modl7)va x = 7(modl7) hosil bo‘ladi. Javob: x = 2,7(modl7).

6). Berilgan 3x2+ 4x + 7 = 0(mod31) tagqoslamani
9x2+ 12x + 21 = 0(mod31) -> (3x + 22+ 17 = 0(mod31)
(Bx+2)2= 14 + 31- 5(mod31) -> (3x + 2)2= 169(mod31) -»
3x+ 2= 113(mod31)va 3x + 2= -13(mod31) -* 3x =
lIlmod31)va 3x = —15(mod31) -»x = 14(mod31) vax =
—5(mod31). Javob: x —5,14(mod31).

7). 4x*-1I1x-3 =0(mod 13)taqgoslamani  ikkihadli  taggoslama
ko'rinishiga keltirib, keyin yeching.
4x2-24x-16*0(roodI3)-+x2-6 x-4 =0(modI3)-*(x-3)2s0(modI3)->jce3(mod 13).

8).3x2+7x+8»0(modI7) taqgoslamani  ikkihadli  taqgoslama
ko'rinishiga keltirib, keyin yeching.
3x2+24x-9 =0(modl7)-»x2+8x—3" O(roodl7)-> (x+4)2al9(modl7)->

(x+4)2m36(modl7)-»x+4e6(modl7) va x+4=-6(modl7)-> xs6-4(raodl7)
vo XE-10(modl7)->x=2(modl7) vox =7(modl7).

293.1)JBerilgan kasr butun giymat gabul qgilishi uchun uning surati
maxrajiga bo'limishi kerak, ya'ni x2+ 2x + 7 = 0(mod55) bajarilishi

kerak. Bundan (x + 1)2= -6(mod55) -

( (Xx+ 1)2= 4(mod5) (x+ 1= +2(modb)

I(x + )2= 16(modll) Ix+ 1=+4(modll) ega
bo‘lamiz. Keyingi sistemadagi birinchi taqgoslamaning yechimlari x =
I,2(mod5), ikkinchi tagqoslamaning yechimlari x = - 5,3(mod11)

dan iborat ekanligi kelib chigadi. Bulardan quyidagi taggoslamalar
sistemalarini hosil gilamiz:
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.(x = I(modb)
ai)\x = 6(modliy

N % = I(mod5) x = 2(mod5)
f2) U = 3(modll); as)[x = 6(modll) *
x = 2(mod5)
3(modll)’
Bu sistemalami yechmiz. U holda
>, f X = 14-5tx fSti = 5(modll)
ai>M | + 5tl = e(modll) | xHI+ Stj
= I(modll)
I x =1+ 5tx
X = 6 + 5t2, t2GZ
<2) dan
r X = 1+ 5ti (Stx= 2(modll) fti = 7(modll)

(I + 5ti = 3(modll)( x=1+5" 4 x =1+ 5t
x - 36+ 55t2, t26 Z
. . f X = 2+ Stx (Sti = 4(modll)

n (2+ 5tt = 6(modll) ( x=2+ 5tx -
mr = 3(modll)

I x =2+ 5tj
x = 17 + 5512, t2e Z.
. f X = 2+ 5tj
ad) dan |2+ 5fi g 3(modll) -»
f5ta= I(modll) _ar= —2(modll)
( x=2+5tx "™( x= 2+ 5ti
X = -8 + 55t2, t36 Z.
Javob: X = 6+ 55t, x = 17 4 55t, x = 36 4*55t, x = 47 +
55¢t,t€Z7.
2).Berilgan kasr butun giymat gabul gilishi uchun uning surati
maxrajiga boiinishi kerak, ya’'ni x24- 3x 4-1 = 0(mod25) bajarilishi
kerak. x2 + 3x 4-1 = 0(mod5) ni garaymiz. Bu taggoslamani 5 moduli
bo‘yicha chegirmalaming toia sistemasi 0, 1,+2 dagi sonlami sinab
ko'rish usuli bilan yechsak, x = I(mod5) uning yechimi ekanligini
topamiz. Endi 5 moduldan 25 modulga o‘tamiz. Buning uchun 290-
misoldagi singari ish tutamiz. U holda (7)-formulaga asosan 4-
/'(I)ti = 0(mod25) ga ega bo'lamiz. Bu yerda
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/(1) =5,/'(1) = 2x43va /'(1) = 5boigani uchun 1 4 Stx =
O(mod5) -*
5tx = 4(mod5) ga ega boiamiz. Bunda(5,25) = 5, lekin 4 soni 5
ga boiinmagani uchun bu taggoslama yechimga ega emas, ya' ni berilgan
ifoda butun giymat gabul giladigan x ning natural giymatlari mavjud
emas.
Javob: berilgan ifoda butun giymat gabul giladigan x ning natural
giymatlari mavjud emas.
3).Berilgan kasr butun giymat gabul gilishi uchun uning surati
maxrajiga boiimishi kerak, ya'nix2 + 3x 4 45 = O(modI5) bajarilishi
kerak. Bu taggoslama ushbu
C4—3x 4 5= 0(mod3)
4-3x + 5= 0(modb5)

tagqoslamalar  sistemasiga teng kuchli. Bu sistemaning
I-taqgoslamasini yechamiz. U holda x2 4 3x 4 5= O(mod3) -> x2—
1= 0(mod3) ->x = —1 vax = I(mod3) lami hosil gilamiz.

Endi 2- taggoslamasini yechamiz:
X2+ 3x 45 = 0(modS -* x2—2x = 0(mod5) -+ x = 0,2(mod5).
Bularga asoslanib quyidagi sistemalami tuzib olamiz:

. (x = 4(mod3) (x = -I(mod3) (x = I(mod3)
ai) [x = 0(mod5) ;a2) ( x = 2(mod5) ;“3) U = O(modS)
(x = I(mod3)

fl4) [x = 2(mod5)’
Bu sistemalami yechib yechimlarini topamiz:
. i ox = -1 + 3tt r3tj = I(mod5
ar)dan]_j + 3tig O(mod5) -» [ x= "+~ -

ftj = 2(mod5)

[x = -1 + 3tt
=5+ 15t2,t26 Z.

( x = —1 + 3tj (3ti = 3(mod5
ar)dan (_! + 3tj = 2(mod5) U =-1+ 3ta
ftj = I(modb5)

U =-1+ 3tt

X = 2+ 15t2,t2eZ.
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. r X= 1+ 3tt (3tj s —I(modS)
a*)dm (1 + 3tx3 OmodS)( x =1+ 3tj -
ftj = —2(modS)
I x= 1+ 3tx
X = -5 + 15t2, t2e Z.
f Xs 1+ 3ti (3& = I(modb5)
at)da” (I + 3tl = 2(modS) ™ |x= 1+ 3tl
fti = 2(modS)
I x = 1+ 3tt
x = 7+ 15t2, t2nZ.
Javob: X =2+ 15t2, x = 5+ 15t2, x = 7+ 1512, x = 1G+
15t2,t2e Z
294. x2 = a(modp) tagqoslama yechimga ega boiishi uchun Eyler

kriteryasiga asosan ap2I = I(modp) bajarilishi kerak. Bundap = 7 da
a3 = I(mod7) gaegaboiamiz 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, golganlari, ya'ni 3,5,6 lar esa kvadratik
chegirma emas.

295. 1). p = 11 moduli bo‘yicha kvadratik chegirmalar sinflarini

-1
aniglash uchun Eyler kriteryasi ap2 = 1(modp) ->a5= 1(mod11)
ning bajarilishini chegirmalaming keltirilgan sistemasi
1,2,3,4,5,6,7,8,9,10 dagi chegirmalar uchun tekshirib ko‘ramiz. U holda
quyidagilarga ega boiamiz:
I5=I(modll),
25= —(modll),35= 81-3 = 1(mod11), 4s
= 16-16*4 = 5*5*4 = 3-4 = 1(mod11), 5s

25-25*5 = 3*3-5 = 1(mod11),
6s = 36-36*6 = 3-3-6 = —1(mod11), 7s= 4949-7=5-5-
7= —1(mod1l), 8s= 64-64-8= (-2) -(-2) -8 = -1(mod11),

95=81+819=4-4+(-2) = I(modll). Bizga maiumki,
p > 2 moduli bo'yicha chegirmalaming Kkeltirilgan sistemasidagi
chegirmalar yarmi kvadratik chegirma qolganlari esa kvadratik chegirma
emas boiadi. Biz yuqorida 1,3,4,5,9 laming p = 11 moduli bo‘yicha
kvadratik chegirmalar boiishini ko'rdik. Demak, 1+ Ilk, 3+ Ilk,4 +
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Ik, 5+ 11k ,9+ life lar p= 11 moduli bo'yicha kvadratik
chegirmalar sinflari bo'ladi.

Javob: 1+ llfe,3 + 11k ,4 + life, 5+ life,9+ Ilk, k6 Z.

2). p = 13 moduli bo‘yicha kvadratik chegirmalar sinflarini aniglash

uchun Eyler Kkriteryasi apzI = I(modp) ->a6= 1(mod13) ning
bajarilishini chegirmalaming keltirilgan sistemasi 1,2,3,4,5,6,7,8,9, 10,
11,12 dagi chegirmalar uchun tekshirib ko‘ramiz. U holda
quyidagilarga ega bo‘lamiz:
16 = 1(mod13),

26= —(modl3),36= 27-27 = I(modl3),46
= 16-16-16 = 27 = I(modl3), 56 = 25-25-25
= —1(mod13),

66 = 36-36-36 = -3- (-3) *(-3) = —1(mod13), 76 = 49 m
49m49 = -3 m(-3) *(-3) = —1(mod13), 86= 64-64-64 = (-1) «
(-1) *(-1) = -1 (mod13),96 = 81-81-81 = 3-3-3 =
IlmodlI3), 106 = 100 «100 100 = -3 -(-3) -(-3) =
—A(modlI3), 116=121-121-121 = 4-4-4 =
-IlmodlI3), 126= 144144 -144 = |(modl3). Bizga ma’ lumki,
p > 2 moduli bo'yicha chegirmalaming keltirilgan sistemasidagi
chegirmalar yarmi kvadratik chegirma golganlari esa kvadratik chegirma
emas bo‘ladi. Biz yugorida 1,3,4,9,10,12 laming p = 13 moduli
bo'yicha kvadratik chegirmalar bo'lishini ko'rdik. Demak, 1 + 13fe, 3 +
13fe,4 + 13fe,9 + 13fe, 10 + 13fe, 12 + 13fe larp = 13 moduU bo'yicha
kvadratik chegirmalar sinflari bo*ladi.

Javob: 1+ 13fe, 3 + 13fe, 4 - 13fe, 9 + 13fe, 10 + 13fe, 12 +
13fe, feGZ.

3). p = 17 moduli bo'yicha kvadratik chegirmalar sinflarini
aniglash uchun Eyler kriteryasi ap2| = 1(modp) -» a8= 1(mod17)
ning bajarilishini chegirmalaming keltirilgan sistemasi
1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 dagi chegirmalar uchun
tekshirib ko‘ramiz. U holda quyidagilarga ega bo*lamiz:

18= 1(mod17), 28= 24m24 = 1(mod17),38= 8181 =
—4(—4) = I(modl7),48= 1616 -16 «16 = I(modl7),58= 25«
25-2525 = 82m82= 1(mod17),68= 364 = 24s
—A(modl7), 78 = 494= (-2)4 = -I(modl7), 88= 644 =
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(—)4=1(modl7),98= 814= (-4)4= I(modl7), 108=

1004 = (—2)2= —1(mod17), I18= 1214 = 24 =

—I1(mod 17), 128 = 1444 = 84 = 64 <64 = -I(modl7), 138=
1694 = (-1)4= I(modl7), 148= (-3)8=812= (-4)2=
—1(mod17), 158= (—2)8 = 2424 = 1(modi7), 168= (-1)8=
Ilmodl7). 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 bo'lishini ko'rdik. Demak, 1+ 17k, 2 + 17k, 4+ 17k, 9 +
17/c9+ m ,13 + 17/c, 15+ 17fc,16 + m lar p = 17 moduli
bo'yicha kvadratik chegirmalar sinflari bo*ladi.

Javob: 1+ 17k,2 + 17/c4+ 17fe,9 + 17k,9 + 17fc,13 +
17k, 15+ 17k, 16+ 17kkEZ.

296.1).7 moduli bo‘yicha chegirmalaming keltirilgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak, +1,+2,+3 lahian
iborat. Bulami berilgan tagqoslama 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 keltirilgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak,xl,+2,£3 lardan
iborat. Bulami berilgan taqgoslama x2 = 4(mod7)ga qo'yib tekshirsak,
x = £ 2(mod7) ning uni ganoatlantirishini ko' ramiz.

Javob: x = £2(mod7).

3).7 moduli bo‘yicha chegirmalaming keltirilgan sistemasini
absolyut giymati jihatidan eng kichik qilib olsak,xl,+2, +3 lardan
iborat. Bulami berilgan taqgoslama x2 = 3(mod7)ga go'yib tekshirsak,
ulaming birortasi 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 taqgoslama x2 = 3(modI3)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,%l,+2,+3,+4,+5
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lardan iborat. Bularni berilgan tagqoslama x2 = 4(modll)ga qo'yib
tekshirsak, x = +2 (mod11) ning uni ganoatlantirishini ko&amiz.
Javob: x = £2(modll).

297. Lejandr simvolining giymatini hisoblash uchun uning
xossalaridan foydalanamiz.

= (32 dan40 asosan g g ) = (£ ) (£ ) ni
hosil gilamiz. Ta'rifga ko‘'ra (»” ) = (~ ) = I» shuning uchun ham
(0 = (j* )- Oxirgi tenglikning o‘'ng tomoniga kvadratik
chegirmalaming o‘zgalik gonuni 6° —xossani qoilaymiz. U holda

(m) = 2*2Qr)=~""7") hosU bo‘ladi- Bu y”~da
1° —xossadan foydalansak () = —(]) ekanligi kelib chigadi. Bu
tenglikning o‘ng tomonida yana bir marta 6° —xossadan foydalanamiz:

m>»*- g'"-
xossani qo'llaymiz. U holda — = ——1) e“=1.Demak, =1
Javob: 1
2) () = W ) dan 4° —xossaga asosan (| £) = (~) «(”) ni hosi

gilamiz. Oxirgi tenglikning o‘ng tomonida har bir ko'paytuvchi uchun
kvadratik chegirmalaming o‘zgalik gonuni 6° —xossani goilaymiz. U

[ L L *(?)CHOW .<in)- (B).
]
(?) :C C7*O ~osil boiadi. Bu yerda 1° -xossadan

foydalansak Q) ™ ekanligi kelib chigadi. Bu tenglikning o‘ng

tomonidagi birinchi ko‘paytuvchiga 5° - xossani qoilaymiz,
ikkinchisini esa deb yozish mumkin. Shuning uchun ham
() ()= o ‘() =-11G)=- () 3 emn
boiamiz. Bu tenglikning o‘'ng tomonida yarn bir marta 6° —xossadan
foydalanamiz: - (]) =-(-1) 2 20 = = Q) = 1. Demak,

(~) = 1- Javob: 1
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3)'(T3) dan 6° “ xossa§a asosan (- 1) 2 2 e ni

hosil gilamiz. Bu yerda 1° -xossadan foydalansak = (") =
(~) ekanligi kelib chigadi. Bu tenglikning o'ng tomonidagi birinchi
ko‘paytuvchiga  5° —xossani, ikkinchisiga esa  6° -xossani
w © w ** m-1) ~ o - (s - m
deb yozish mumkin. Bu yerda 1° —xossadan foydalansak =
1Nl

(? )= (S) W = LU - Shamin8 uchun ham LW = °
—1 gaegabo‘lamiz. Demak, = —1. Javob: -1.

R =) A xo0ssaga asosan ( 5‘?)38%_ T 738 (/1_3_2916)4

ni  hosil gilamiz. bo‘ladi. Bu yerda 1° —xossadan foydalansak
(13~+6) _ ~ n n ekanligi kelib chigadi. Bu tenglikning

o‘ng tomonidagi birinchi ko'paytuvchiga 5° — xossani, ikkinchisiga esa

6° -xossani qollaymiz. (~) « m(-1)2 2 (7) =
27\ /9*3+24 . .
(Y ] = J deb yozish mumkin. Bu yerda 1° -xossadan foydalansak

(nr) =(1) =(-1)" =- 10ervac*(w) =- FAda-L
5).(—J dan 6° -xossaga asosan (-1) 2 27l MJ:

O -FnT)-(S)-© - <Al " w5~

bo'ladi. Bu tenglikning o‘ng tomonidagi ikkala ko'paytuvchiga ham

6° -xossani qgo'llaymiz. U holda (J—) = (-2 ~ - .

1» -xossadm foydalans* P fr 2 'p T/ ) m Wl)’G) “ (S)
) ) A /194 37-119-1
Endi bungayana 6° -xossani qo‘llaymiz. U holda J=(-1) 2 2 *

(S)=© = (Murb-Bunga 10 -xossani tethi4 etsak CI2~ ) =
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® m(it) =1L -(8)=0m ~ oxirgi tenglikning °‘ng

B A / 2\ 192-1
tomoniga 5° —xossani qo'llab J=(—1) » = —1.Demak,
\ — —i Javob: -1.
V593/

6). Lejandr simvolining qgiymatini hisoblash uchun uning
xossaJaridan foydalanamiz. Yuqoridagi misollaming ishlanishiga garang.

a = (-°‘r n (W) e a - MY ko) -
W ) s w mll )s jo'(f)°t'5(5fp*§1°© -
ef)-(f)-m -(~ ) e®© wma 3 «© -

m s©® - ©
7). Lejandr simvolining qgiymatini hisoblash uchun uning

xossalaridan foydalanamiz. Yuqgoridagi misollaming ishlanishiga garang.
qS <-,4*1*m . (=)-C-235)i ).

S

1° RS G 2_,
-psJja-gJa-c-DT2-1.»»*.1,
8). Lejandr simvolining giymatini hisoblash uchun uning
xossalaridan foydalanamiz. Yuqgoridagi misollaming ishlanishiga garang.

/3424 _ /2-3219\g / 2\ /3*\ ,/194 _ / 2\

\677/ VNV 677 ) \677) \677/ \677/  V677/ *
/ UN®*", ., 6771-1 , . 677—1191 ,67, . .
bl - c-1) 8 -¢c-1) 2 2 -bl =-bl =
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‘P3Us-©- © e-(Belll- w*-

298. 1). Lejandr simvolidan foydalanib berilgan x2= 6(mod7)
tagqgoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2 = 6(mod7)
taqqoslamaning yechimga ega yoki ega emasligini aniglaymiz. Buning

uchun ning giymatini aniglaymiz.

— = —Q) = —1. Demak, berilgan taggoslama yechimga ega

emas.
Javob: berilgan tagqoslama yechimga ega emas.

2). Lejandr simvolidan foydalanib berilgan x2 = 3(modll)
taqggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
3(mod11) taggoslamaning yechimga ega yoki ega emasligini
aniglaymiz. Buning uchun (jj ning giymatini aniglaymiz.

/3\ , 31111 /uu /33+ 2\ 2\ 31

Demak, berilgan taggoslama 2 ta yechimga ega.

Berilgan taqgoslamaning yechimlarini topish uchun 11 moduli
bo'yicha chegirmalaming keltirilgan sistemasidagi chegirmalar
+1, 2, £3, £4, +5 lami taggoslamaga qo‘yib sinab ko‘rishimiz yoki
taqggoslamalaming xossalaridan foydalanishimiz mumkin. Biz bu yerda
birinchi yo*ldan boramiz va berilgan taqgoslamaning yechimlari x =
+5 (mod 11) ekanligini topamiz.

Javob: berilgan taggoslama yechimga ega va uning yechimlari x =
+5(m odll) dan iborat.

3). Lejandr simvolidan foydalanib berilgan x2 = 12(mod 13)
taggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
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12(mod 13) taggoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ning giymatini aniglaymiz.

1S) =fir)- (9)«© - © - ot)-

(31 =@B)= Demak, berilgan taqqoslama 2 ta yechimga ega.
Berilgan taggoslamaning yechimlarini topish uchun taqgoslamalaming
xossalaridan foydalanamiz. U holda x2= 12(mod13) -* x2 =
25(modI3) x = £5(modl3) ekanligini topamiz.
Javob: berilgan tagqoslama yechimga ega va uning yechimlari x =
+5(modI3) dan iborat.
4).Lejandr simvolidan foydalanib berilgan x2s 3(mod 13)
taqgqoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
3(modl3) taqgoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ning giymatini aniglaymiz.

fiy(-D -*(f) x(rr) =©“ & i
taggoslama 2 ta yechimga ega.Berilgan taggoslamaning yechimlarini
topish uchun tagqoslamalaming xossalaridan foydalanamiz. U holda
x2= 3(mod13) >x2= 16(mod13) -» x s +4(mod13) ekanligini
topamiz.

Javob: berilgan taqgoslama yechimga ega va uning yechimlari x =
+4(modI|3) dan iborat.

5).Lejandr simvolidan foydalanib berilgan x2 = 5(modll) tag-
goslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo‘lsa uni topishimiz kerak. Awalo, berilgan x2=
5(modll) taggoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ) ning giymatini aniglaymiz.

(n) = a(t) = (~TDY = (lI) = b Demak’
taqgoslama 2 ta yechimga ega. Berilgan taggoslamaning yechimlarini
topish uchun taggoslamalaming xossalaridan foydalanamiz. U holda
x25 5(modll) >x2= 16(modll) -¢x s £t4(modll) ekanligini
topamiz.
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Javob: berilgan taggoslama yechimga ega va uning yechimlari x =

4 (modll) 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(mod 17) taggoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun Q-) ning giymatini aniglaymiz. =

(“nHr2' 1(1)y=(Nry =W =© =1 Demak
taggoslama 2 ta yechimga ega.Berilgan tagqoslamaning yechimlarini
topish uchun taggoslamalaming xossalaridan foydalanamiz. U holda
x2= 13(mod17) >x2= 13+ 17w3(modl7) x2=
64(modl7) ->x = +Q(mod17) ekanligini topamiz.

Javob: berilgan taggoslama yechimga ega va uning yechimlari x =
+8(modl7) dan iborat

7). Lejandr simvolidan foydalanib berilgan x2= 5(modl7)

taqggoslamaning yechimga ega yoki ega emasligini aniglashimiz kerak va
yechimlari bo'lsa uni topishimiz kerak. Awalo, berilgan x2=
5(mod 17) taqggoslamaning yechimga ega yoki ega emasligini

aniglaymiz. Buning uchun ning giymatini aniglaymiz.
S)- (-Dw (T)-PT2- © - =-1
Demak, . berilgan taqgoslama yechimga ega emas.

Javob: berilgan taggoslama yechimga ega emas.
299.1). Berilgan taggoslama x2 = a(modS) taggoslamayechimga a
ning giymatini topishimiz kerak. Bizga maiumki, x2= a(modp)

taggoslama yechimga bo'iishi uchun a soni apzI =1 (modp) shartni
ganoatlantirishi kerak. Bundan a2 = 1 (mod5) -»a2—1 = (modS) ->
(a- I)(a +1)=0modS) a—1= 0(mod5)yoki a+ 1=
O(mod5) ->a = xl(mod5).
Javob: a= 1 + 5t,t GZ.

2). Berilgan taqgoslama x2s a(mod7) taggoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’lumki, x2 = a(modp)
taqgoslama yechimga bo'iishi uchun a soni ap2| = 1 (modp) shartni

ganoatlantirishi kerak. Bundan a3 = 1(mod7). Bu taagoslamani
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7 moduli bo'yicha chegirmalaming keltilgan sistemasi +1, +2, +3 lami
taggoslamaga qo'yib sinab ko' ramiz. U holda

a= —3,1,2(mod7) laming berilgan tagqoslamani ganoatlan-
tirishini ko' ramiz.

Javob: a= -3 + St,a= 1+ St,a= 2+ St,t € Z

3). Berilgan tagqoslama x2 = a(m od It) taggoslama yechimga a

ning giymatini topishimiz kerak. Bizga ma’lumki, x2 = a(modp) tag-
goslama yechim bo'lishi uchun a soni apzI =1 (modp) shartni ganoat-
lantirishi kerak Bundan a5= 1 (modll). Bu tagoslamani 11 moduli
bo‘yicha chegirmalaming keltilgan sistemasi +1, +2, £3, 4, £5 lami
taqgqoslamaga qo'yib sinab ko‘ramiz. U holda a = 1,3,4,5,9(mod 11)
laming berilgan taggoslamani ganoatlantirishini ko' ramiz.

Javob: x = 1+ lit,a = 3+ lit,a =4+ lit,a = 5+ lit,a =
9+ lit,t € Z

4).Berilgan taqgoslamax2 = a(modIl3) taggoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’'lumki, x2 = a(modp)

taggoslama yechim bo'‘lishi uchun a soni ap2I= 1 (modp) shartni
ganoatlantirishi kerak. Bundan a6= 1(mod13). Bu tagoslamani
13 moduli bo'yicha chegirmalaming keltilgan sistemasi
+1#+2, +3, £4, 5, £6 lami taggoslamaga qo‘yib sinab ko‘ramiz. U
holda a = #1,%3,+4 (modI3) 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 € Z.

5).Berilgan taggqoslama x2 = a(mod3) taqgoslama yechimga a
ning giymatini topishimiz kerak. Bizga ma’lumki, x2= a(modp)

taqgoslama yechimga ega bo‘lishi uchun a soni ap-zI =1 (modp) shartni
ganoatlantirishi kerak. Bundana = 1 (mod3). Javob: a = 1+ 3t,t e Z.
300. x2+ 1= 0(modp) tagqgoslama yechimga ega boMishi uchun

(—l)p2I =1 (modp) shart bajarilishi kerak. Agar p=4n+ 1
ko'rinishidagi tub son bo‘lsa, u holda (—)2n = 1 (modp) bajariladi va
taggoslama ikkita yechimga ega.

Endi agar berilgan tagqoslama x2+ | = O(modp) yechimga ega
bo'lsa, p = 4n + 1 ko4inishidagi tub son bo'lishini ko‘rsatamiz. Butun
sonlami 4ga bo‘lgandagi goldiglar bo4sicha yozsak: 4n,4n + |,4n +
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2,4n 4- 3 ko'rinishlarda bo‘ladi. p —tub son bo‘lsa p = 4n + 1 yoki
p = 4n + 3 ko'‘rinishda bo'lishi mumkin. Agar p = 4n + 3 ko'‘rinishda

bo'lsa, Eyler kriteriyasiga ko‘ra (-1)p2' =1 (modp) -» (-1)2+l =
1 (modp) bo'lishi kerak, lekin bu taggoslama bu tagqoslama o'rinli
emas. Shuning uchunhamp = 4n + 1

301. a2+ b2~ O(modp) bo'lsa, (a,b) = 1 boMgani uchun a £
O(modp) va b £ O(modp) bo'lishi kerak. Faraz etaylik, x soni bx s
I(modp) taggoslamaning yechimi bo‘lsin. U holda (bx)2= 1(modp)
va (ax)2+ (bx)2= (ax)2+ 1= 0(modp) bo'lishi keralc 300-misolga
asosan(ax)2+ 1= O(modp)taggoslama fagat va fagat p=4n+ 1
kolrinishidagi tub son boMsagina o‘rinli.

302. x(x +1) = I(modI3) desak, x2+ x- 1= 0(modI3) ->

(x + 7" ~= 0(mod13) > (2x + 1)2= 5(modI3). Bu taggoslama

yechimga ega emas. Chunki, Lejandr simvolining giymati ) =
(-1 ) = (~)=M)=(>0-«W .g)=("*).

(1) = (-1) 8 = -lgateng.

303. 302-misolga asosan berilgan x(x +1) = a(modlI3)
taggoslamani  (2x + 1)2= 4a + 1(mod13) ko'rinishida yozish
mumkin. Ma’'lumki, p > 2 - moduli bo'yicha chegirmalaming to‘la

sistemasi 0,+1,+2, dagi chegirmalaming yarmi kvadratik
chegirma, golgan yarmi esa kvadratik chegirma emas bo‘ladi. Kvadratk
cheginnalar sifatida 0,1,2, - laming kvadratlarini olish mumkin.

Shuning uchun ham 4a+ 1= 0,1,4,9,3,12,10(modI3) ->4a =
-1,0,3,8,2,11,9(modI3) ->a = 3,0,4,2,7,6,12(modI3). Shunday
gilib, a- 131, a= 2+ 13t,3+ 13t,4+ 13t, 6+ 13t, 7+ 13t, 12 +

13t,t€Z.
Javob: a= 13t,a= 2+ 13t,3+ 13t,4+ 13t,6 + 13t, 7 +
13t,12 + 13t,t G Z
304. Faraz etaylik, bunday tub sonlaming soni chekli bo'lib, ular

pi,p2, ....,pfc lardan iborat bo‘lsin. JT = (ptp2*~p*)2+ 1 sonini
garaymiz. Bu son 300-misolga asosan fagat 4n + 1 ko‘rinishidagi tub
sonlarga boMinadi. Lekin N soni pi,p2-,pk n”g birortasiga 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. ).4x2- Sy = 6 ->4x2= 6+ by -* 4x2 = 6(mod5) -
2x2 = 3(mod5) ->2x2s 8(mod5) >x2= 4(modS) >X =
+2(mod5) -» x = £2 + 5t,t GZ.x ning topilgan giymatini berilgan
tenglamaga qo‘yib y ning giymatini aniglaymiz: 4(+2 + 5t)2- 5y =
6 >4(4+ 20t + 25t2 - 5y = 6 ->5y = 10+ 80t + 100t2 vy =
2+ 16t + 2012. Shunday qilib, izlanayotgan yechim (+2 + 5t,2 %
16t + 20t2,t GZ.

Javob:(x2 + 5t,2+ 16t + 20t2),t GZ

2).5x2=1ly + 7->5x2s 7(modll) ->x2= 8(modll).
Oxirgi tagqoslamada =(-1) e = —1 bo'lgani
uchun u yechimga ega emas. Demak, berilgan egri chiziq butun
koordinatali nugtadan o'tmaydi. Javob: O.

3).x2- I0Ox + 5= lly (x-5)2- 20=lly (x - 5)2=
20(modll) -=> (x - 5)2= 9(mod1l) -»x - 5= +3(modll) -»x =
5+ 3(mod1l) ->x = 2(mod1l)vax = 8(mod1ll) -»x = 2 +
litvax = 8+ lit, t GZ.x ning 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- 102 + lit) + 5= Ily Iy =
121t2- 66t- 11 >y = lit2- 6t- 1

Endi x = 8 + lltga mos y ning giymatini aniglaymiz:

8+ lit)2- 108 + lit) + 5= 11y >1ly
= 121t2+ 176t + 64 - 80 -

-HOt+ 5->1ly = 121t2+ 66t —11 >y = |lit2+ 6t -
I.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 = 0(modI3)

Xx2—8x + 6 = O(mod13) > (x - 4)2= 10(modI3) -> (x - 4)2=

36(mod13) > x- 4= +6(mMod13) x =4+ 6(modI3) -»x =

—2(modlI3)va x = 10(modI3) ->x = -2 + 13tvax = 10+

13t,t GZ. x ning bu topilgan giymatlariga mos y ning giymatlarini
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aniglaymiz. Awalo, x = —2 + 13t ga mos y ning giymatini aniglaymiz
Buning uchun x ning topilgan giymatini berilgan tenglamaga olib borib
go'yamiz: (-2 + 13t)2- 21(-2 + 13t) + 110 = 13y -*4- 521+
16912+ 42 - 2731+ 110 = 13y ->169t2- 325t + 156 = 13y ->
y = 13t2—25t+ 12,t € Z. Endi x = 10+ 13t ga mos y ning
giymatini aniglaymiz: (10 + 13t)2- 21(10 + 13t) + 110 = 13y -»
13y = 169t2+ 260t + 100 - 210 - 273t + 110 -* 13y = 16912-
13t -»y = 13t2—t, t 6 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- 1), t € Z.
5).15x2- 7y2= 9 -> 15x2= 9(mod7) -» x2s 9(mod7)
x = £3 + 7t. x ning bu topilgan giymatlariga mos y ning giymatlarini
aniglaymiz. Awalo, x = —3 + It ga mos y ning giymatini aniglaymiz.
Buning uchun x ning topilgan giymatini berilgan tenglamaga olib borib
go‘'yamiz: 15(—3+ 7t)2- 7y2= 9 -» 15(9 - 421+ 49t2) - 7y2=
9 > 135 —6301+ 735t2- 7y2=9 126 - 630t + 735t2=
7y2 -+ y2= K512—901+ 18. Bunda oxirgi ifodaning o‘ng tomoni-
dagi uchhadning diskriminanti 540 ga teng va shuning uchunham uto'iiq
kvadratni bermaydi, ya’'ni y ning butun giymatlari mavjud emas. Endi x =
3 + It gamosy ning giymatini aniglaymiz:: 153 + 1t)2—7y2=9
15(9 + 42t + 49t2) - 7y2= 9 -> 135 + 630t + 735t2- 7y2=9 -»
126 + 630t + 735t2=7y2 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.

O = 1( 5;11)

(1 = bo‘lganidan, a = 5 soni p-tub moduli bo'yicha kvadratik
S1
chegirma bo‘lishi uchun Eyler kriteriyasiga asosan p 2 = I(modS) ->

p2= I(mod5) ning bajarilishi zarur va yetarlidir. Bundan p2=
16(mod5) -» p = t+4(modS) p = xI(modS) nihosil 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, agarp = 5k +
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1yoki p = Sk + 4 ko'rinishdagi tub son bo‘lsa, a = 5 soni p-tub moduli
bo'yicha kvadratik chegirma, agar p= Sk+ 2 yoki p=5c+ 3
ko'rinishdagi tub son bo'lsa, a = 5 soni p-tub moduli bo‘yicha kvadratik
chegirma emas bo'lar ekan.

Javob: a= 5sonip= Sk+ 1 va p = Sk+ 4 ko'rinishdagi tub
modullar bo'yicha kvadratik chegirma, p= 5%+ 2 va p= 5+ 3
ko'rinishdagi tub modullar bo‘yicha kvadratik chegirma emas boiadi.

2).Lejandr simvolining ta'rifiga asosan(y ) = (““ ) =

(y)({)=(@-212)~"(-1)P2 2 «0 = (I) boMganidan, a = -3 soni
p-tub moduli bo‘yicha kvadratik chegirma bo‘lishi uchun Eyler
3

kriteriyasiga asosan p 21 = I(mod3) ->p = I(mod3) ning bajarilishi
zarur va yetariidir. Buni p = 1 + 3k Kko'rinishida yozish mumkin.

Umuman, butun sonlami 3 moduli bo'yicha 3ta: 3k, 3k + 1,3k + 2
sinfga ajratish mumkin bo‘lgani uchun, agar p = 3k + 1 Kko‘rinishdagi
tub son bo‘lsa, a = —3 soni p-tub moduli bo‘yicha kvadratik chegirma,
agar p = 3k + 2 yoki ko‘rinishdagi tub son bo‘lsa, a = —3 soni p-tub
moduli bo'yicha kvadratik chegirma emas bo'lar ekan.

Javob: a = —3 soni p = 3+ 1 ko'rinishdagi tub modul bo‘yicha
kvadratik chegirma, p = 3fc + 2 ko‘rinishdagi tub modul bo‘yicha
kvadratik chegirma emas bo'ladi.

3).Lejandr simvolining ta'rifiga asosan= (-1) 2 2 «~ =

(=)« . bo‘lganidan, agar p = 3fc + 1 ko‘rinishida bo‘lsa,

bo‘ladi. Agar bunda k = 4q bo'lsa, (*) dan = 1 hosil bo'ladi,

ya'ni 3 soni p = 12 + 1 ko‘rinishdagi tub moduli bo‘yicha kvadratik
chegirma bo‘ladi. 12 moduli bo‘yicha barcha butun sonlami 12 ta sinfga
gjratish mumkin. Bulardan 12q + 1,12q + 5,12q + 7,12g + 11
sinflardagina tub sonlar bo‘ladi. Agar p = 12g + 5 bo‘lsa, u holda

agarda p = 12gr + 7 bo'lsa,
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agarda p = 12 + 11 bo'lsa,

@ - (1T 2*e(H2%il)=. (3-(*+s)+2j «-(1).!

lami hosil gilamiz. Shunday gilib, 3 sonip = 12q+ 1,p = 12q +
11 ko'rinishdagi tub modullar bo'yicha kvadratik chegirma, p = 12q +
5p = 129f + 7 ko'rinishdagi tub modullar bo'yicha kvadratik chegirma
emas boiarekan.

Javob: 3 soni p= 129+ |l,p = 129 + 11 ko'rinishdagi tub
modullar bo'yicha kvadratik chegirma, p = 12q + 5,p = 129+ 7
ko' rinishdagi tub modullar bo‘yicha kvadratik chegirma emas boiadi.

4). a = 2 ning p moduli bo‘yicha kvadratik chegirma boiishi uchun

p2-i
©= (—1) 8 =1 bajarilishi

kerak. Buning uchun esa =2q-*p2= 1+ 167 p2=
1(modi6) ko'rinishida boiishi kerak. Oxirgi taqgoslamani p = 16/c +
I,p=16/c+ 3,p=16k+ 5,p = 16k+ 7, p = 16fc + 9,p = 16fc +
Il,p= 16fc + 13,p = 16fc + 15 lardan foydalanib tekshirsak p =
16fc + I,p = 16k + 7, p = 16k + 9, p = 16fc+ 15 uni ganoatlan-
tiradi. Qolganlari ganoatlantirmaydi. Shuning uchun ham 2 soni p =
16fc + I,p = 16k + 7, p = 16/c+ 9, p = 16fc + 15 modullar bo'yicha
kvadratik chegirma, p = 16k+ 3,p= 16fc+ 5 p = 16fc+ 11,p =
16k + 13modullar bo'yicha kvadratik chegirma emas boiadi. Bulami 8
moduli birlashtirib yozib olishimiz mumkin. U holda 2 sonip = Qk +
I,p = Qk + 7modullar bo‘yicha kvadratik chegirma, p = 8k + 3,p =
8k + 5, modullar bo'yicha kvadratik chegirma emas boiadi.

Javob: 2 sonip = 8k + 1,p = 8c+ 7modullar bo'yicha kvadratik
chegirma, p = + 3,p = &c+ 5 modullar bo‘yicha kvadratik
chegirma emas boiadi.

5).Lejandr simvolining ta'rifiga asosan = (-—) =y} =

(—)™~ ()i ~ boiganidan, a = —7 soni p-tub moduli
bo'yicha kvadratik chegirma boiishi uchun Eyler kriteriyasiga asosan
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7-1
p 2 =1Imod7) -» p3= I(mod7) ning bajarilishi zarur va yetarlidir.

Bum p=1+7fc, p=2+ 7kp=3+7kp=4+7/cp=5+
7k,p = 6 + 7fclami gqo'yib tekshirsak, p= 1+ 7/, p= 2+ 7/cp=
4 + Tfc lar uni ganoatlantiradi, qolganlari esa ganoatlantirmaydi. Demak,
a=—7 sonip= 1+ 7k, p= 2+ 7/p = 4+ 7k modullar bo‘yicha
kvadratik chegirma, p = 3+ 7k, p = 5+ 7/,p = 6 + 7/c modullari
bo'yicha kvadratik chegirma emas bo'lar ekan.

Javob: a = -7 soni p=1+7c p=2+ 7/cp=4+ 7k
modullar bo'yicha kvadratik chegirma, p= 3+ 7k, p= 5+ 7k,p =
6 + 7k modullari bo'yicha kvadratik chegirma emas boiadi.

307.1). Berilgan tagqoslamadan x(x + 1) = 1(modp) X2+ X —

1= O(modp) *(*+0 - ~- 1= 0(modp)->(2x +1)2=

5(modp). Bu taqgoslama yechimga ega boiishi uchun =
(—1)P2 2 o~ = 1 boiishi kerak* p=1+5Cc p=2+
5k,p = 3+ 5k,p = 4+ 5k lami qo'yib tekshirsak, p=1+
5k, p=4+ 5 lar uni ganoatlantiradi, golganlari esa

ganoatlantiimaydi.

Javob:p = 1+ 5k, p =4+ 5k modullar bo'yicha berilgan
taqgoslama yechimga ega, p = 2 + 5k, p = 3 + 5k modullar bo&icha
taqgoslama yechimga ega.

2). Berilgan taggqoslamadanx(x —1) = 2(modp) X2—Xx —

2= 0(modp) “*(*-:[) ~2 = 0(modp) > 2x- I)2=
9(modp). Buyerda Q) = 1boigani uchun. Ixtiyoriy p > 2 tub modul

uchun berilgan taggoslama yechimga ega boiadi.

Javob: Ixtiyoriy p > 2 modul bo'yicha berilgan taggoslama
yechimga ega.

3). Berilgan taqgoslamadan x(x —1) = 3(modp) x2—x —3=

O(modp) -"» (*-") - i - 3= 0(modp) -* (2x - 1)2= 13(modp).
. o /134 p~i 131
Bu taggoslama yechimga ega boiishi uchun J=(-1)2 2 =m

(«) = (™) = 1 bo'lishi kerak* P = 1+ p=3+13fc, p= 4+
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13k, p= 9+ 13k,p = 10+ 13k,p = 12+ 13k vap = 13 lar uni
ganoatlantiradi, golganlari esa ganoatlantirmaydi.

Javob: p = 1+ 13k, p= 3+ 13k, p=4+ 13k, p= 9+
13k,p= 10+ 13k, p= 12+ 13k vap = 13 modullar  bo'yicha
taqgqoslama yechimga ega, p = 2+ 13k, p = 5+ 13k, p = 6 + 13k,
p=7+13k,p = 8+ 13k, 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 bo‘lsa, berilgan tagqoslama (x2- 13)(x2- 17)(x2-
221) = O(modp) Yyechimga ega bo‘ladi. Agar ularning ikkalasi ham

yechimga ega bo4masa, = —I1 bajarilishi kerak. Bundan

Oop)'(p9=(~) =1 chigadi. Bu esa x2= 221(modp)
bajariladi degani. Demak, berilgan taggoslama ixtiyoriy p > 2 tub modul
bo‘yicha o'rinli.

2). Agar x2 = 3(modp), yoki x2= S(modp), yoki x2= 7(modp),
yoki x2= 11(modp) lardan birortasi o‘rinli bo‘lsa, berilgan
taggoslama(x2- 3)(x2- S)(x2- 7)(x2- 11)(x2- 1155)s
O(modp) yechimga ega bo‘ladi. Agar ularning to‘rtalasi ham yechimga

ega bo‘Imasa, = —I1 bajarilishi kerak. Bundan

(P) (P) (p) (™) =* cNYac™ Bu esa x2= 1155(modp)
bajariladi degani. Demak, berilgan taqgoslama ixtiyoriy p > 2 tub modul
bo'yicha o'rinli.

V.I-8.

309.1). Buning uchun a sonining m moduli bo'yicha tegishli bo‘ Igan
daraja ko‘rsatkichi <p(m) ning bo'luvchilari orasida bo'lishidan (2-
natijadan) foydalanamiz. Bu misolda a = 2,m = 7 va <p(7) = 6, bo'lib
6 ning bo'luvchilari: 1,2,3,6 lardan iborat. Shuning uchunham 2 ning ana
shu darajalarini tekshiramiz. U holda 21= 2, 22= 4, 23=
I(mod7)lardan 2 sonining 7 moduli bo‘yicha tegishli bo‘lgan daraja
ko‘rsatkichi S = P7(2) = 3 gateng degan xulosaga kelamiz.

Javob: P7(2) = 3.

2). I-misoldagi singari mulohaza yuritamiz. Bu misolda a = 3,m =
7 va<p(7) = 6, bo'lib 6 ning boMuvchilari: 1,2,3,6 lardan iborat. Shuning
uchun baTt 3 ning ana shu darajalarini 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 tegislili boigan daraja ko‘rsatkichi £ = P7(3) = 6 ga teng
degan xulosaga kelamiz, Javob:P7(3) = 6.

3). lva 2-misollardagi singari mulohaza yuritamiz. Bu misolda a =
5m = 7va<p(7) = 6, bofib 6 ning boiuvchilari: 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 boigan daraja ko'rsatkichi 6 = P7(5) = 6 ga teng
degan xulosaga kelamiz.

Javob: P7(5) = 6.

Shunday gilib bitta m moduli bo‘yicha bir nechta boshlangich
ildizlar boiishi mumkin ekan.

310. l).Tanlash usuli bilan m moduli bo‘yicha 2 dan m —1 gacha
sonlar orasidan m bilan o‘zaro tublari tegishli boigan daraja
ko'rsatkichlarini topishimiz kerak.Bu misolda m = 5 boigani 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 boigan daraja
ko‘rsatkichlarini aniglaymiz. Buning uchun 309-misollardagi singari
mulohaza yuritamiz. <p(5) = 4, bo‘lib 4 ning boiuvchilari: 1,2,4 lardan
iboratU holda 21=2, 22= 4, 24= I(mod5); 31= 3, 32= 4,
34 = I(mod5); 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: P5(2) = P5(3) = 4, Ps(4) = 2.

2). Bu misolda m = 7 boigani uchun 2 dan 6 gacha sonlar
orasidan 7 bilan o‘zaro tublari: 2, 3, 4, 5, 6 lardan iborat. Bu sonlaming
m = 7 moduli bo‘yicha tegishli boigan daraja ko'rsatkichlarini
aniglaymiz. Buning uchun 1-misoldagi singari mulohaza yuritamiz. 309-
misolda P7(2) = 3,P7(3) = P7(5) = 6 ekanliklarini aniglagan edik.
Shuning uchun 4, 6 sonlarining m = 7 moduli bo'yicha tegishli boigan
daraja ko'rsatkichlarini aniglaymiz. <p(7) = 6, boiib 6 ning
boiuvchilari: 1,2,3,6 lardan iborat U holda 4 = 22 boiib (2,3) = 1
boigani 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). Bumisolda m = 8 boigani uchun 2 dan 7 gacha sonlar orasidan
8 bilan o‘zaro tublari: 3, 5, 7 lardan iborat. Bu sonlaming m = 8moduli
bo'yicha tegishli boigan daraja ko*rsatkichlarini aniglaymiz. Buning
uchun 1,2-misollardagi singari mulohaza yuritamiz. <p(8) = 4, bo'‘lib 4
ning boiuvchilari: 1,24 lardan iborat.U holda 31= 3, 32=
Ilmod8); S1=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) = Pg(7) = 2.

4). Bumisoldam = 10 boigani 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 boigan daraja ko‘rsatkichlarini aniglaymiz.
Buning uchun 1,2, 3-misollardagi singari mulohaza yuritamiz. <p(10) =
4, boiib 4 ning boiuvchilari: 1,2,4 lardan iborat. U holda31= 3, 32=
-1,34=HmodlO); 71=7, 72=-1,74= 1(mod10); 91=
-1, 92= 1(mod10)lardan qaralayotgan 3 va 7 sonlari 10 moduli
bo'yicha 4 daraja ko‘rsatkichiga, 9 soni esa 2 daraja ko'rsatkichiga
tegishli ekan degan xulosaga kelamiz.

Javob: P10(3) = P10(7) = 4,P10(9) = 2.

5). Bu misolda m = 11 boigani 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 boigan daraja
ko'rsatkichlarini aniglaymiz. Buning uchun 1,2, 3-misollardagi singari
mulohaza yuritamiz. <p(ll) = boiib 10 ning boiuvchilari: 1,2,5,10

lardan iborat. U holda 21=2, 22=4,2s= —1,210=
Ilmodll); 31= 3, 32= -2,3s= I(modll); 41=4, 42=5,45=
Ilmodll); 51=5 52= 3,5s= 1(modil); 61= 6,62= 3,65=
-1,610= 1(mod1l); 71=7, 72=5, 7s= -1, 710=
1(mod11l); 81= 8, 82= -2, 85= -1, 810= 1(mod1l); 91= -2,
92= 4, 9s = I(modll);

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 5 daraja
ko'rsatkichiga, 10 soni esa 2 daraja ko'rsatkichiga tegishli ekan degan
xulosaga kelamiz. Javob: Pn (2) = Py(6) = Pu(7) = Pu(8) =
10, Pn (3) = Pi!(4) = Py(5) = Pu(9) = 5,PX1(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 sonlaming m = 9
moduli bo‘yicha tegishli bo‘lgan daraja ko‘rsatkichlarini aniglaymiz.
Buning uchun yugoridagi misollardagi singari mulohaza yuritamiz.
<p(9) = 6, bo'lib 6 ning bo'luvchilari: 1,2,3,6 lardan iborat. U holda
21= 2, 22= 4,23= —1,26= I(mod9);41= 4, 42= -2,43=
1, (mod9); 51= 5, 52= -2,53= -1,56= I(mod9); 71= -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:P9(2) = P9(5) = 6, P9(4) = P9(7) = 3,P9(8) = 2

311.Ta'rifgako‘ra (m —1)5 = I(modm) shartni ganoatlantiruvchi
eng kichik 6 > 0 natural sonni topish kerak. Bu tagqoslama (-1)5 =
Ilmodm ga teng kuchli. Bundan, agar m = 2 bo Isa, 8 = 1 va agar
m > 3 bo‘lsa, 6 = 2 kelib chigadi.

_ e 4y flagar m = 2 bo'lsa,

av° m N 12,agar m > 3 bo'lsa.

312. 1). 7 moduli bo'yicha barcha boshlangMch ildizlami topish
uchun shu modul bo‘yicha chegirmalaming keltirilgan sistemasi
2,3,4,5,6 larorasidan (7) = 6darajako‘rsatkichigategishlilarini ajratib
olamiz. <p(7) = 6 ning bo‘luvchilari 2,3 bo‘lgani uchun gz $
Ilmod7), g3 £ I(mod7) shartlami qganoatlantiruvchilari ajratib
olishimiz kerak. 2,3,4,5,6 lami g ning o‘miga qo'yib tekshirib ko‘ramiz:
22ml(mod7), 235 I(mod7); 32£ I(mod7), 33£
Ilmod7); 42 £ I(mod7), 43= I(mod7); 52£ I(mod7),
53£ I(mod7);

62= I(mod7). Demak, 7 moduli bo'yicha barcha boshlang'ich
ildiziar 3,5 lardan iborat bo‘lar ekan. Ularning soni <p(<p(p)) =
<pp- 1) = <p6) = 2ta

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 gjratib olamiz. <p(11) = 10 ning bo‘luvchilari 2,5 bo’lgani
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uchun g2 WImod7), g53 1(77ad Il) shartlami ganoatlantiruvchi-
iarini gjratib olishimiz kerak. 2,3,4,5,6,7,8,9,10 lami g ning o‘miga
go‘yib tekshirib ko‘ramiz: 22/~ I(modll), 25r I(modll); 32£
I(modll), 35= [(7nodll); 42£ I(7nodll), 45=

I(lmodll); 52 £ I(modll), 5s=I(modll); 62r

I(lmodll), 6sr I(modll); 72Z (Tnodll), 7sr

I(modll); 82 £ I(7nodll), 85£ I(7nodll);92£

I(modll), 9s= I(Tnodll); 102= I(modll). Demak, 11 moduli
bo'yicha barcha boshlangich ildizlar 2,6,7,8 lardan iborat boiar ekan.
Ulaming soni <p(<p(p)) = <p(p - 1) = <p(10) = 4 ta.

Javob: 2,6,7,8.

3). 13 moduli bo'yicha barcha boshlangich ildizlami topish uchun
shu modul bo‘yicha chegirmalaming keltirilgan  sistemasi
2,3,4,5,6,7,8,9,10,11,12 lar orasidan <p(13) = 12daraja ko'rsatkichiga
tegishlilarini ajratib olamiz. <p(13) = 12 = 22«3 ning tub boiuvchilari
2,3 boigani uchun g4r I(modl3), g6£ I(modI3) shartlami
ganoatlantimvchilarini ajratib olishimiz kerak. 2,3,4,5,6,7,8,9,10,11,12
lami g ning o'miga go‘yib tekshirib ko‘ramiz: 24 £ I(modI3), 26£
I(7nodlI3). Demak, 13 moduli bo'yicha eng kichik boshlangich ildiz
2 ekan. Boshlangich ildizlami aniglashning ikkinchi bir usuli bu agar p
moduli bo'yicha boshlangich ildizlardan birortasi (yaxshisi eng kichigi)
g maium boisa, golgan barchasini gk (modp) ning eng Kkichik musbat
chegirmasi sifatida aniglash mumkin. Bunda (k,p —1) = 1lva 1< kK<
p —1. Qolgan boshlangich ildizlami topish uchun ana shu tasdigdan
foydalanamiz- Bizda g = 2 va 2* (7nodI3) ni garaymiz. Bunda
(k,12) = 1val < k< 12 bajarilishi kerak. Bundan k= 5,7,11
ekanligini topamiz. U holda gk (modlI3) lami eng kichik musbat
chegirma ko'rinishida yozib 25= 6 (modlI3); 27=
II(modl3); 211 = 7 (modI3) lami hosil gilamiz. Shunday qilib, 13
moduli bo‘yicha barcha boshlangich ildizlar 2,6,7,11 lardan iborat
boiar ekan. Ulaming soni <p(<p(p)) = <p(p - 1) = <p(12) = 4 ta
Javob: 2,6,7,11.

4). 17 moduli bo'yicha barcha boshlangich 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(17) = l6daraja



ko'rsatkichiga tegishlilarini ajratib olamiz. <p(17) = 16 = 24 ning tub
boiuvchilari 2  boigani uchun g8 EI(modl7) shartlami
ganoatlantiruvchilarini ajratib olishimiz kerak. 2,3,4,... ,16 lami g ning
o‘'miga qo'yib  tekshirib ko‘ramiz: 28= I(modl7); 38&£
I(modl7),48= 1(mod17); 58= (5204 = 84= 642= (-4)2=

-1 £ 1(modi7); 68= 24=-U I(modl7); 78= (-2)4= -17?
1(mod17); 88= (-4)4= 1(mod17); 98= (-4)4 =

1(mod17); 108= (-2)4ee -1 £ 1(mod17); lle=24= -1 ¢
1(mod17); 128s (-5)8= -1 S 1(mod17); 138s (-4)8=

-5)
Ilmodl7); 148= (-3)8£ I(modl7); 158= (-2)8=
Ilmodl7); 168= (-1)8= I(modl7) lami hosil gilamiz. Shunday
qilib, 17  moduli bo'yicha barcha boshlangich ildizlar
3,5,6,7,10,11,12,14, lardan iborat boiar ekan. Ulaming soni
<p(@(p) = <P(P- 1) = ~(16) = 8ta

Javob; 3,5,6,7,10,11,12,14.

313. 1).p —tub moduli bo'yicha barcha boshlangich ildizlar soni
<p(<p(pY) —<p(p —1) ga teng. Bizning misolimizda p = 19 boigani
uchun ~(19 —1) = <p(18) = 6,ya'ni 19 moduli bo‘yicha barcha
boshlangich ildizlar soni 6 ga téng. Endi 19 moduli bo‘yicha eng kichik
boshlangich 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 boiuvchilari 2 va 3 boigani uchun g6 £
Ilmodl9), g9 £ I(modl9)shartlami ganoatlantiruvchi eng kichik son
g topishimiz kerak.

26= —4 WIi(modl7), 29= -32 = 6 £ 1(mod19).

Bulardan 2 sonining 19 moduli bo‘yicha eng kichik boshlangich
ildiz ekanligi kelib chigadi. Javob: 6 va 2.

2).Bizda p = 23 boigani uchun <p@23- 1) = <p22) =
10, ya'ni 23 moduli bo'yicha barcha boshlangich ildizlar soni 10 ga teng.
Endi 23 moduli bo'yicha eng kichik boshlangich ildizni topamiz. Buning
uchun 23 moduli bo‘yicha chegirmalaming keltirilgan sistemasi
2,3,4,...., 22 lar orasidan <p(23) = 22daraja ko‘rsatkichiga tegishli eng
kichik sonni topishimiz kerak. <p(23) = 22 = 2lining tub
boiuvchilari 2va3 boigani uchun g2£ I(mod23),g11 £

270



I(mod23) shartlami ganoatlantiruvchi eng kichik son g topishimiz

kerak.

22= 47 I(mod23), 211 = (25)2-2 = 81-2 = -22 = I(mod23);

32= 92 I(mod23), 311 = (3523 = 132-3s 83 = I(mod23);

42e - 7J I(mod23), 411 = (43 3m42= (-5)316 = -125 *16
= -10 «16 = I(mod23);

52=2£ I(mod23),5u = (525+5=2s«5=45= -1 £ |(mod23);

Bulardan 5 sonining 23 moduli bo‘yicha eng kichik boshlang‘ich
ildiz ekanligi kelib chigadi. Javob: 10 va 2.

3). Bizda p =31 bo'lgani uchun ~(31 —1) = ™>(30) =
8,ya'ni 31 moduli bo‘yicha barcha boshlang‘ich ildizlar soni 8 ga teng.
Endi 31 moduli bo‘yicha eng kichik boshlang'ich ildizni topamiz. Buning
uchun 31 moduli bo‘yicha chegirmalaming Kkeltirilgan sistemasi
2,3,4,...., 30 larorasidan <jp(31) = 30 daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. ~p(31) = 30 = 2«3 ¢5ning tub bo*luv-
chilari 2,3vab bo'lgani uchun g6 & I(mod31\gl10 £
I(mod31), gls WI(mod3i) shartlami ganoatlantiruvchi eng kichik
son g topishimiz kerak.

26= 2 £ I(mod31),210= (25 2= I(mod31);36= (33 2=
(—4)2%EI(mod31), 310= (352= (—5)2=25=1£ I(mod31);,
315= (3595= (—5)3=-125 = -1 r 1(mod31). Bulardan 3
sonining 31 moduli bo‘yicha eng kichik boilang'ich ildiz ekanligi kelib
chigadi. Javob: 8 va 3.

4). Bizda p = 37 bo'lgani uchun <p(37- 1) = <p(36) =
12,ya'ni37 moduli bo'yicha barcha boshlang‘ich ildizlarsoni 12 gateng.
Endi 37 moduli bo'yichaeng kichikboshlang'ich ildizni topamiz. Buning
uchun 37 moduli bo'yicha chegirmalaming Kkeltirilgan sistemasi
2,34, ....,36 lar orasidan #?(37) = 36daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. (p(37) = 36 = 22+32ning tub bo'-
luvchilari 2 va 3 bo‘lgani uchun gi12 £ I(mod37), gls WI(mod37)
shartlami ganoatlantiruvchi eng kichik son g topishimiz kerak.

212= (26)2= (-10)2= -11 £ I(mod37),218= (26)3=
(—10)3= (37 27+ 1) = —1 £ I(mod37). Bulardan 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 boigani uchun <p(43- 1) = <p(42) —
12,ya'ni43 moduli bo'yicha barcha boshlangich ildizlarsoni 12 ga teng.
Endi 43 moduli bo'yicha eng kichik boshlangich ildizni topamiz. Buning
uchun 43 moduli bo'yicha chegirmalaming Kkeltirilgan sistemasi
2,34, ....,42 lar orasidan <p(43) = 42daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz ' kerak- <p(43) = 42 = 2+3 W7 ning tub
boiuvchilari 2,3va7 boigani uchun g6£ I(mod43), g1* £
I(mod43),g21 £ 1(mod43) shartlami ganoatlantiruvchi eng kichik son
g topishimiz kerak.26 = 64 = 21 £ I(mod43),214= (27)2=
(-1)2= I(mod43); 36s 34«32= -5 w9 = -2 WI(mod43),314 =
(36)232= (-2)2 «9 = 36 £ I(mod43), 32L= (37)3= (-6)3=
-216 = -1 ? I(mod43). Bulardan 3 sonining 43 moduli bo‘yicha eng
kichik boslangich ildiz ekanligi kelib chigadi.

Javob: 12 va 3.

6). Bizda p = 53 boigani uchun <p(53—1) = <p(52) =
24,ya'ni53 moduli bo‘yicha barcha boshlangich ildizlarsoni 24 ga teng.
Endi 53 moduli bo'yicha eng kichik boshlangich ildizni topamiz. Buning
uchun 53 moduli bo‘yicha chegirmalaming Kkeltirilgan sistemasi
2,3,4,....,52 lar orasidan ™>(53) = 52daraja ko'rsatkichiga tegishli eng
kichik sonni topishimiz kerak. ~(53) = 52 = 22m13 ning tub
boiuvchilari 2va 13 boigani uchun g4£ I(mod53), g6 £
I(mod53) shartlami ganoatlantimvchi eng kichik son g topishimiz
kerak-

24 £ I(mod53),226 = (27)3-2s = (22)3(-21) = -113-8*
21 = -121 «11 168 = -15 «11 8= -6 «8=5£ I(mod53);
Bulardan 2 sonining 53 moduli bo‘yicha eng kichik boslangich ildiz
ekanligi kelib chigadi.

Javob: 24 va 2.

314.1). p = 19 moduli bo‘yicha eng kichik boslangich ildiz
313.1)-misolga asosan g = 2 ga teng.Boshlang'ich ildizlami
aniglashning usuli bu agar p moduli bo'yicha boshlangich ildizlardan
birortasi (yaxshisi eng Kkichigi) “maium boisa qolgan barchasini
g k Omodp) ning eng kichik musbat chegirmasi sifatida aniglash mumkin-
Bunda (k,p —1) = 1lval< k< p- 1 Bizning misolimizda p =
19,0 = 2 boigani uchun 2k (modI9) ning (fc, 18) = Ival</c<18
shartlarda eng kichik musbat chegirmasinianigiaymiz. Bundan k =
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5,7,11,13,17 va 2s= 13(modl9); 27= 13*4 =
14(modl9); 211 = 14-16 = -5- (-3) = 15(modl9); 213 = 15m
4= 4-(-4) = 3(mod19); 217 = 316 = 10(modl9). Demak,
2,3,10,13,14,15 sonlari 19 moduli bo‘yicha boshlangich ildiz boiadi.
Javob:2,3,10,13,14,15.

2). p = 23 moduli bo'yicha eng kichik boslangich ildiz 313.2)-
misolga asosan g = 5 ga teng.Bizning misolimizda p = 23,g —5
boigani uchun 5k(mod23) ning (k, 22) = 1va 1 < k < 22 shartiarda
eng kichik musbat chegirmasinianiglaymiz. Bundan K=
3,5,7,9,13,15,17,19,21 va 53= 125 = 10(mod23); 5s= 10+~
25 = 102 = 20 (mod23); 57= -3 2= 17(mod23); 59= -6 «
2=1l(mod23); 513 = 5954 = 114 = 21(mMod23); 515= -2
2 = 19(mod23); 517 = -4 w2 = 15(mod23);
519= —8*2 = 7(mod23); 521 = 7 w2 = 14(mod23).

Demak, 5,7,10,13,14,15,17,19,20,21 sonlari 23 moduli
bo‘yicha boshlangich ildiz boiadi.

Javob:5,7,10,13,14,15,17,19,20,21.

3). p = 31 moduli bo'yicha eng kichik boslangich ildiz 313.3)-
misolga asosan 5 = 3 ga teng. Bizning misolimizdap = 31, g = 3
boigani uchun 3k(mod31) ning (k,30) = 1va 1< k< 30 shartlarda
eng kichik musbat chegirmasinianiglaymiz. Bundan K=
7,11,13,17,19,23,29 va 37 = 33-333=(-4)2+3=
17(mod31); 311 = 37+34= 17 w19 = 323 = 13(mod31); 313=
13*9 = 24(mod31); 317= -7 19 = -133 = 22(mod31); 319 =
22-9 = -81 = 12(mod31);323= 12«81 = 1219 = 228 =
11(mod31); 329 = 3233234 = 11919 = 6m19 = 114 =
21(mod31).Demak, 3,11,12,13,17,21,22,24 sonlari 31 moduli
bo'yicha boshlangich ildiz boiadi.

Javob:3,11,12,13,17,21,22,24.

315. 6 moduli bo'yicha (p(<p(6)) = <p(2) = 1 ta boshlangich
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) boigani uchun 6 moduli bo‘yicha 1 ta
boshlangich ildizlar sinfi mavjud va u x = 5(mod6) dan iborat

Javob: x = 5(mod6).
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316. 312.2)-misolga asosang = 2 soni p = 11 moduli bo'yicha
boshlang'ich 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
bo‘luvchisi bo‘lsa, 2zn + 1 = O(modp) bajarilishi kerak, bundan 22* =
-I(modp). Buning ikkala tomonini kvadratga ko‘tarsak 22n+l =
1(modp) hosil bo‘ladi. Bundan esa 2 soni p moduli bo'yicha 2n+l1
ko' rsatkichiga tegishli ekanligi kelib chigadi. U holda 2n+1soni <p(p) =
p -1 ning bo‘luvchisi bo'lishi kerak, ya'ni p- 1= 0(mod2n+l) -»
p=Imod2n+l) ->p = k-2l + 1.

318. Ma’'lumki agar a, (a, m) = 1 soni m moduli bo‘yicha S > 0
ko'rsatldchga tegishli boMsa, 6 soni a6 = I(modm) shartni
ganoatlantiruvchi eng kichik musbat son bo‘lib (p(m) ning bo'luvchisi
bo‘lishi kerak. Endi a > 1 sonining am —1 moduli bo'yicha ganday
ko'rsatkichga tegishli ekanligini aniglaylik. Tushunarliki, am =
1(mod(am—1)) bajariladi. a > 1 bo‘lgani uchun 1 < k< m bo'lsa,
ak”™ 1(mod(am - 1)) boMadi. Shuning uchun ham Pam i(a) = mva
m soni <p(am — 1) ning bo‘luvchisi bo'lishi kerak. Demak, <p(am —1) =
O(modm) bajariladi.

319. m — 8 moduli bo'yicha chegirmalaming keltirilgan sistemasi
1,357 sonlari orasida 1 boshqgalarining <jp(8) = 4 ko‘rsatkichiga
tegishlilari yo'q ekanligini ko'rsatish yetarli.31 = 3(mod8), 32 =
ICmode)*1= 5(mod8), 52= I(mod8); 7 = 7(mod8),72=
1(7nod8). Bundan ko'rinadiki, bu sonlaming barchasi 2 ko‘rsatkichiga
tegishli.

320.1).Bu yerda(5,9) = 1 va <p(9) = 6 bo‘lgani 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 bo‘ladi. Shuning uchun
ham 5° = 1,51= 5,52= 7,53= 8,54= 4,55s= 2 sonlari 9 moduli
bo‘'yicha chegirmalaming keltirilgan sistemasini tashkil giladi.
Demak,berilgan tagqoslama 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 <p(Q) = 6 bo'lgani uchun ham 42 =
—2(mod9), 43 = I(mod9), yani 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 boiadi. Demak,
berilgan taggoslama b ning (b,9) = 1 shartni ganoatlantiruvchi b =
1,4,7(mod9 ) giymatlarida yechimga ega.

Javob: b = 1,4,7(mod9 ) giymatlari.

3). Bu yerdab ning(b,m)=1 va b <m  shartni
ganoatlantiruvchi giymatlari soni #>(m)ta boiib ulardan ax =
b(modm) tagqoslama yechimga ega boiadigan b laming soni
Pm(.a)f=P teng®* b ning jami giymatlari soni <p(m)dan berilgan
taggoslama yechimga ega boiadigan b laming soni Pm(a)ni ayirsak
berilgan taggoslama yechimga ega boimaydigan b laming soni
(p(m) —Pm(a) ga ega boiamiz.

Javob: <p(rri) —Pm(a).

V.2-8.

321. 1).2 asosga ko‘ra 29 moduli boyicha indekslar jadvalini
tuzish talab etilmogda.”™ = 2 soni 29 moduli bo‘yicha boshlang'ich
ildiz boMadi (tekshirib ko”ring). Shuning uchun ham 29 moduli
bo'yicha chegirmalaming keltirilgan sismasidagi sonlar
2 #2 .2 ,...,2 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, 213 = 14, 214 = 28, 215= 27, 216 = 25, 217 = 21,
218 = 13,219= 26, 220 = 23,221 = 17,22 =5, 223 = 10,224 =
20, 225 = 11, 226 = 22, 227 = 15(7nod29). Buaniglangan giymat-
ami quyidagi jadval ko™nishid ayozish 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 3 27 4 21 n 9
24 17 26 20 8 16 19 15 14

N -~ O

2). 5 asosga ko'ra 23 moduli boyicha indekslar jadvalini tuzish talab
etilmogda.g = 5 soni 23 moduli bo‘yicha boshlangich ildiz bo'ladi
(tekshirib ko‘ring). Shuning uchun ham 23 moduli bo'yicha
chegirmalaming keltirilgan sismasidagi sonlar 5°, 5X52,... ,521 ni eng
kichik manfiy boimagan chegirmalar ko'rinishida yozib olamiz.5° =
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1,5*s 5,52=2,53=10,54=4, 55= 20, 56= 8,57s 17, 5®= 16,
59= 11, 510= 9,5 = 22, S12= 18, 513= 21, 514= 13, 51Ss 19,
516= 3, 517= 15, 5la = 6,51S= 7, SDs 12, 521 s 14(mod23). Bu
aniglangan giymatlami quyidagi jadval ko'rinishida yozish mumkin:

N 0 1 2 3 4 5 6 7 9
0] 0 2 16 4 1 18 19 6 10
1 3 9 20 14 21 17 8 7 12 15
2 5 13 n
322.11 moduli boyicha indekslar jadvalini tuzish talab etilmoqgda.

Buning uchun awalo shu modul bo‘yicha birorta boshlangich ildizni
aniglab olishimiz kerak. 312.2)-misolda g = 2 soni 11 moduli bo‘yicha
boshlangich ildiz boiishi ko‘rsatilgan edi. Shuning uchun ham 11
moduli  bo‘yicha chegirmalaming keltirilgan sismasidagi sonlar
2°,21,22,... ,29 ni eng kichik manfiy bo‘lmagan chegirmalar
ko'rinishida yozib olamiz.2° = 1,21= 2,22= 4,23= 8,24= 5,25=
10, 26 = 9,27 = 7, 28= 3, 29= 6(mod11). Bu aniglangan giymat-
lami quyidagi jadval ko'‘rinishida yozish mumkin:

N 0 1 2 3 4 5 6 7 8 9
0] 0 1 8 2 4 9 7 3 6
1 5
323. 1).5* = i{(moc!7) taggoslamaning i kkala tomonini

indekslaymiz. U holda SindS = indI(mod6) ga ega boiamiz. Bu yerda
indl = 0 va indS ni 7 moduli bo‘yicha indekslar jadvalidan topamiz:
indS = 5. Bulardan 55 = O(mod6) 6 = 0O(mod6) 8=
61 Bundan S ning eng kichik musbat giymati 6 = 6. Javob: 6 = 6.

2). s€ = I(m odIl) taggoslamaning ikkala tomonini indekslaymiz.
U holda 8indS = indI(modIl0) gaega boiamiz. Buyerda indl = Ova
indS ni 11 moduli bo'yicha indekslar jadvalidan topamiz: ind5 = 4.
Bulardan 46 = O(mod10) -> 25 = O(mod5) -> 6 = O(mod5) -* 8 =
0,5(modl0) -« 8= 10t va 8= 5+ 1014,t e Z. Bundan 6 ning eng
kichik musbat giymati 5 = 5.

Javob: 8 = 5.
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3). 85 = 1(mod13) taggoslamaning ikkala tomonini indekslaymiz.
U holda SindQ = indI(modIl2) ga ega boMamiz. Buyerda indl = Ova
ind8 ni 13 moduli bo'yicha indekslar jadvalidan topamiz: indQ = 3.
Bulardan 35 = O(mod12) -> 5 = 0(mod4) -> 8 = 0,4,8(mod12)

>8= 12t, 5= 4+ 12tva5 = 8+ 12t,t ¢ Z. Bundan 5 ning eng
kichik musbat giymati 5 = 4.

Javob: 5 = 4.

4).125 = 1(mod 17)taqgoslamaning ikkala tomonini indekslaymiz.
U holda 8ind\2 = indl(modl6) ga ega bo‘lamiz. Bu yerda indl = O
va indl2 ni 17 moduli bo'yicha indekslar jadvalidan topamiz: indl2 =
13. Bulardan 135 = O(modl6) -»5 = 0(modl6) -» 5 = 16t,t ¢ Z.
Bundan 5 ning eng kichik musbat giymati 5 = 16.

Javob: 5 = 16.

5). 24” = I(mod31) taggoslamaning ikkala tomonini indekslaymiz.
U holda 5ind24 = indl(mod3Q) ga ega bo‘lamiz. Bu yerda indl = O
va ind24 ni 31 moduli bo‘yicha indekslar jadvalidan topamiz: ind24 =
13. Bulardan 135 s 0(mod30) 5= 0(mod30)-»5 = 30t,t 6 Z.
Bundan 5 ning eng kichik musbat giymati 5 = 30.

Javob: 5 = 30.

6).10* = I(m odI3) tagqgoslamaning ikkala tomonini indekslaymiz.
U holda 5indI0 = indl(mod 12) ga ega bo‘lamiz. Bu yerda indl = O
va indIQ ni 13 moduli bo'yicha indekslar jadvalidan topamiz: indlO =
10. Bulardan 105 = O(mod 12) -» 55 = O(mod6) 5= 0O(mod6) ->
8 = 0,6(modl2) -* 8= 12t,5= 6+ 12t,t ¢ Z. Bundan 5 ning eng
kichik musbat giymati 5 = 6.

Javob: 5 = 6.

).27s = I(modl7) ni 10* = I(mod17) ko'‘rinishda yozib olib,
ikkala tomonini indekslaymiz. U holda 5indI0 = indI(modl6) ga ega
bo‘lamiz. Bu yerda indl = 0 va indlO ni 17 moduli bo'yicha indekslar
jadvalidan topamiz: indlO = 3. Bulardan 35 = O(modi6) ->5s
O(modl6) -~ 5= 16t, t ¢ Z. Bundan 5 ning eng kichik musbat giymati
5 = 16. Javob: 5 = 16.

8).18* = 1(mod11) ni 76 = I(modll) ko'rinishda yozib olib,
ikkala tomonini indekslaymiz. U holda 8ind7 = indI(modIQi) ga ega
boMamiz. Bu yerda indl = 0 va indl ni 11 moduli bo'yicha indekslar
jadvalidan topamiz: indl = 7. Bulardan 75 = O(modlI0) ->5 =
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OfmodlO) ->6 = 10t, t ¢ Z. Bundan 5 ning eng kichik musbat giymati
6 = 10. Javob: 6 = 10.

9). 23* = I(mod41) taggoslamaning ikkala tomonini indekslaymiz.
U holda Sind23 = 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) -» 96 = O(modIO) -» 6 = O(modIO)

->5 = 0,10,20,30(mod40) -¢ 6 = 40t,6=10 + 40t,5 = 20 + 40t,
6 = 30+ 40t,t6Z. Bundan 6 ning eng kichik musbat giymati 6 = 10.
Javob: 6 = 10.

324.1). p = 5boigani uchun 2 dan 4 gacha boigan 2,3,4 sonlaming
tegishli boigan daraja ko‘rsatkichini aniglashimiz kerak. Buning uchun
26 = I(mod5), 3s = I(mod5), 4s = I(mod5) taggoslamalaming har
birini yechib ulami ganoatlantimvchi eng kichik S > 0 ni aniglashimiz
kerak. 2s = I(mod5) taggoslamaning ikkala tomonini indekslaymiz. U
holda Sind2 = indl(?nod4) ga ega boiamiz. Bu yerda indl = 0 va
ind2 ni 5moduli bo‘yicha indekslar jadvalidan topamiz: ind2 =
1.Shuning uchun ham 8 = O(mod4) 6 = 4t,t GZ. Bundan 6 ning
eng kichik musbat giymati 6 = 4.

3s = I(Tnod5)taqqoslamaning ikkala tomonini indekslaymiz.
U holda 6ind3 = indI(mod4) ga ega boiamiz. Bu yerda indl = Ova
ind3 ni 5moduli bo'yicha indekslar jadvalidan topamiz: ind3 = 3.
Shuning uchunham 35 = 0(mod4) -» 6 = 4t, t GZ. Bundan 6 ning eng
kichik musbat giymati 6 = 4.

4s = I(mod5) taggoslamaning ikkala tomonini indekslaymiz. U
holda 6ind4 = indl(mod4) ga ega boiamiz. Bu yerda indl = 0 va
ind4 ni 5moduli bo'yicha indekslar jadvalidan topamiz: ind4 =
2.Shuning uchun ham 26 = O(mod4) ->6 = O(mod2) -» 6 =
0,2 (mod4) -» 6 = 4t, 2 + 4t,t ¢ Z. Bundan 6 ning eng kichik musbat
giymati 6 = 2. Javob: 4,4,2.

2).p = 7 boigani uchun 2 dan 6 gacha boigan 2,3,4,5,6 sonlaming
tegishli boigan daraja ko'rsatkichini aniglashimiz kerak. Buning uchun
2s = I(mod7), 3* = I(mod7), 4s = I(mod7), 55 = I(mod7),
6s = I(mod7) taqqoslamalaming har birini yechib ulami ganoatlanti-
mvchi eng kichik 5> 0 ni aniglashimiz kerak. 2s = I(mod7)
tagqoslamaning ikkala tomonini indekslaymiz. U holda Sind2 =
indl(mod6) ga ega boiamiz. Bu yerda indl = Ova ind2 ni 7 moduli
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bo'yicha indekslar jadvalidan topamiz: ind2 = 2.Shuning uchun
ham25= 0(mod6) ->5 = Q(mod3) ->5 = 0,3(mod6) -» 5 =
6t,5 = 3+ 6t,t 6 Z. Bundan 5 ning eng kichik musbat giymati 5 = 3.

36 = I(mod7) taqgoslamaning ikkala tomonini indekslaymiz. L
holda Sind3 = indI(mod6) ga ega bo‘lamiz. Bu yerda indl = 0 va
ind3 ni 7moduli bo'yicha indekslar jadvalidan topamiz: ind3 = 1.
Shuning uchun ham 5 = O(mod6) 8 = 6t,t E Z. Bundan 5 ning eng
kichik musbat giymati 5 = 6.

4s = I(mod7)tagqoslamaning ikkala tomonini indekslaymiz. U
holda 8ind4 = indI(modb) ga ega bo‘lamiz. Bu yerda indl = 0 va
md4 ni 7moduli bo‘yicha indekslar jadvalidan topamiz: ind4 =
4.Shuning uchun ham 45 = 0(mod6) -* 25 = O(mod3) > 8 =
O(mod3) -» 5= 0,3(mod6) ->5 = 6t, 3+ 6t,t € Z. Bundan 5 ning
eng kichik musbat giymati 5 = 3.

55 = I(mod7) taggoslamaning ikkala tomonini indekslaymiz. U
holda SindS = indI(mod6) ga ega boMamiz. Bu yerda indl = O va
indS ni 7 moduli bo‘yicha indekslar jadvalidan topamiz: indS = 5.
Shuning uchun ham 55 = Q(mod6) 5= 0(mod6) -¢5 = 6t, t 6 Z
Bundan 5 ning eng kichik musbat giymati 5 = 6.

6s = I(mod7) taggoslamaning ikkala tomonini indekslaymiz. U
holda Sindb = indI(mod6) ga ega bo‘lamiz. Bu yerda indl = 0 va
indém 7 moduli bo‘yicha indekslar jadvalidan topamiz: ind6 = 3.
Shuning uchun ham 35 = 0(mod6) -» 5 = 0(mod2) -» 5 =
0,2,4 (imode) 8=6t 2+ 6t,4+ 6t,t GZ. Bundan 5 ning eng
kichik musbat giymati 5 = 2. Javob: 3,6,3,6,2.

3).p = 11 boMgani uchun 2 dan 10 gachabo’lgan 2,3,4,5,6,7,8,9,10
sonlaming tegishli bo‘lgan daraja ko‘rsatkichini aniglashimiz kerak.
Buning uchun 2s = I(modll), 3s = ImodIlt 46 = I(modll),
55 = I(modlIl), 6s = 1(mod11), 7s = 1(mod11), 85 =
Ilmodll),95= I(modll), 10ii= I(modll) tagqoslamalaming har
birini yechib ulami ganoatlantimvchi eng kichik 5 > 0 lami aniglashimiz
kerak. 26 = I(modll)taggoslamaningikkalatomonini indekslaymiz. U
holda 8ind2 = indI(modl0O) ga ega bo‘lamiz. Bu yerda indl = O va
ind2 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind2 =
1.Shuning uchun ham5 = 0(modl0) -» 5 = [0t, t GZ. Bundan 5 ning

eng kichik musbat giymati 5 = 10.
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3s = I(?nod 11)taggoslamaning ikkala tomonini indekslaymiz. U
holda Sind3 = indI(modlO) ga ega boiamiz. Bu yerda indl = O va
ind3 ni 11 moduli bo'yicha indekslar jadvalidan topamiz: ind3 =
8.Shuning uchun ham 85 = O(mod10) ->45 = O(modS) -» 8 =
O(mod5) -* 5= 0,5(modIl0) 8= 101,5+ I0Ot, te Z. Bundan 6
ning eng kichik musbat giymati 5 = 5.

A6 = I(m odIl) taggoslamaning ikkala tomonini indekslaymiz. U
holda 8ind4 = indlI(modlO) ga ega boiamiz. Bu yerda indl = 0 va
ind4 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind4 =
2.Shuning uchun ham 28 = 0(mod 10) -> 8 = O(mod5) ->8 =
0,5(modIO) ->6 = I0t, 5+ I0t,t 6 Z. Bundan 5 ning eng kichik
musbat giymati 5 = 5.

Ss = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U
holda SindS = indl(modlO) ga ega boiamiz. Bu yerda indl = 0 va
indS ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind5 = 4.
Shuning uchun ham 45 = O(modIlO) -* 25 = O(mod5) ->5 =
O(mod5) -* 8 = 0,5(modI0) 5=10t,5+ I10t,te Z. Bundan 5
ning eng kichik musbat giymati 5 = 5.

6s = 1(mod11) taqgoslamaning ikkala tomonini indekslaymiz. U
holda 8ind6 = indlIQmodIQ) ga ega boiamiz. Bu yerda indl = O va
ind6ni 11 moduli bo'yicha indekslar jadvalidan topamiz: ind6 = 9.
Shuninguchun ham 95 = 0(77210d10) 5 = O(mod10) ->5 = I0t,t 6
Z. Bundan 5 ning eng kichik musbat giymati 5 = 10.

75 = I(m odIl) taggoslamaning ikkala tomonini indekslaymiz. U
holda 6ind7 = indI(modlO) ga ega boiamiz. Bu yerda indl = 0 va
ind7ni 11 moduli bo'yicha indekslar jadvalidan topamiz: indl = 7.
Shuning uchun ham75 = O(mod10) 5 = O(modIO) >5 = 10t,t G
Z. Bundan 5 ning eng kichik musbat giymati 5 = 10.

8s = 1(mod11) tagqoslamaning ikkala tomonini indekslaymiz. U
holda 8ind8 = indl(modlO) ga ega boiamiz. Bu yerda indl = O va
ind8 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind8 = 3.
Shuning uchun ham 35 = O(mod 10) ->5 = O(mod10) ->5 = IOt, t €
Z. Bundan 5 ning eng kichik musbat giymati 5 = 10.

9s = 1(7710d I1) taggoslamaning ikkala tomonini indekslaymiz. U
holda 5i?id9 = indl(modl0) ga ega bo‘lamiz. Bu yerda indl = 0 va

ind9 ni 11 moduli bo‘yicha indekslar jadvalidan topamiz: ind9 = 6.
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Shuning uchun ham 66 = O(mod10) -» 36 = O(mod5) > 6 =
O(mod5) -* 6 = 0,5(modl0) > &= 10t,5+ 10t,t € Z Bundan <%
ning eng kichik musbat giymati 6 = 5.

105 = 1(mod 11) taggoslamaning ikkala tomonini indekslaymiz. U
holda 6indl0 = indI(modlO) ga ega boiamiz. Bu yerda indl = Ova
indlOni 11 moduli bo'yicha indekslar jadvalidan topamiz: indlO =
5.Shuning uchun ham 56 = O(mod10) ->6 = 0(mod2) -* 6 =
0,2,4,6,8(modI0) -» 6 = IOt, 2+ 10t,4 + IOt, 6 + I0t,8 + I0t, t €
Z. Bundan 6 ning eng kichik musbat giymati 6 = 2.

Javob: 10,5,5,5,10,10,10,5,2.

325. p moduli bo'yicha a sonining boshlangich ildiz boiishi uchun
ub = (pip) = p —1 ko'satkichiga tegishli boiishi kerak. Indekslashdan
foydalanib 6 > O ni aniglash uchun 324- misoldagi singari mulohaza
yuritamiz. Misolda p = 59 va <p(59) = 58.

1).2ff = I(mod59) tagqoslamaning ikkala tomonini indekslaymiz.
U holda 6ind2 = indl(mod58) gaega boiamiz. Buyerdaindl = 0 va
ind2 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: ind2 =
1.Shuning uchun ham 6 = 0(?nod58) -> 6 = 58t, t G Z. Bundan 6 ning
eng kichik musbat giymati 6 = 58 va demak, 2 soni 59 moduli bo‘yicha
boshlangich ildiz boiadi.

Javob: boiadi.

2).3* = I(mod59) taggoslamaning ikkala tomonini indekslaymiz.
U holda 6ind3 2 indl(mod58) ga ega boiamiz. Bu yerda indl = Ova
ind3 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: ind3 = 50.
Shuning uchun ham 506 = O(mod58) -* 256 = 0(mod29) ->6 =
O(mod29) 6 = 0,29(mod58), 6 = 58t,29 + 58t,t GZ. Bundan 6
ning eng kichik musbat giymati 6 = 29 va demak, 3 soni 59 moduli
bo'yicha boshlangich ildiz boimaydi.

Javob: bo'Imaydi.

3). 6s = I(mod59) taggoslamaning ikkala tomonini indekslaymiz.
U holda 6ind6 = indl(mod58) ga ega boiamiz. Buyerda indl = Ova
ind6 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: ind6 =
51.Shuning uchun ham 516 = O0(mod58) -» 6 = 0(mod58) -» 6 =
58t, t GZ. Bundan 6 ning eng kichik musbat giymati 6 = 58 va demak, 6
soni 59 moduli bo‘yicha boshlangich ildiz boiadi. Javob: boiadi.
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4). 8* = I(mod59) taqqoslamaning ikkala tomonini indekslaymiz.
U holda SindQ = indI(modSS) gaega bo‘lamiz. Buyerda indl = Ova
indQm 59 moduli bo'yicha indekslar jadvalidan topamiz: indB =
3.Shuning uchun ham 36 = O(mod58) ->6 = O(mod58) > 6 =
58t, t ¢ Z. Bundan 6 ning eng kichik musbat giymati 6 = 58 va demak, 8
soni 59 moduli bo‘yicha boshlangich ildiz boiadi. Javob: boiadi.

5).125 = 1(mod59) taggoslamaning ikkala tomonini indekslaymiz.
U holda SindI2 = indl(mod58) ga ega boiamiz. Bu yerda indl = O
va indl2 ni 59 moduli bo‘yicha indekslar jadvalidan topamiz: indI2 =
52. Shuning uchun ham 526 = 0(mod58) -» 266 = 0(mod29) -> 6 =
O(mod29) -> 6 = 0,29(modSB), 6 = 58t,29 + 58t,t GZ. Bundan 6
ning eng kichik musbat giymati 6 = 29 va demak, 12 soni 59 moduli
bo'yicha boshlangich ildiz boimaydi. Javob: bo8maydi.

6).135 = 1(mod59)taggoslamaning ikkala tomonini indekslaymiz.
U holda 6indI3 = indl(mod58) ga ega boiamiz. Bu yerda indl = 0
va indI3ni 59 moduli bo'yicha indekslar jadvalidan topamiz: indI3 =
45.Shuning uchun ham 456 = O(mod58) 6 = 0(mod58) ->6 =
58t,t GZ. Bundan 6 ning eng kichik musbat giymati 6 = 58 va
demak, 13 soni 59 moduli bo'yicha boshlangich ildiz boiadi.

Javob: boiadi.

7).145 = I(mod59) tagqoslamaning ikkala tomonini indekslaymiz.
U holda Sindl4 = i7idl(mod58) ga ega boiamiz. Bu yerda indl = O
va ind 14ni 59 moduli bo'yicha indekslar jadvalidan topamiz: indl4 =
19.Shuning uchun ham 196 = 0(mod58) -> 6 = 0(mod58) -> 6
58t,t GZ. Bundan 6 ning eng kichik musbat giymati 6 = 58 va
demak, 14 soni 59 moduli bo'yicha boshlangich ildiz boiadi.

Javob: boiadi

8).195 = I(mod59) taggoslamaning ikkala tomonini indekslaymiz.
U holda 6indl9 = indl(77iod58) ga ega boiamiz. Bu yerda indl = O
va indl9 ni 59 moduli bo'yicha indekslar jadvalidan topamiz: indI9 =
38.Shuning uchun ham386 = 0(mod58) -> 196 = 0(mod29) -* 6 =
0(mod29) > 6 = 0/29(mod58) > 6 = 58t,29 + 58t,t c Z. Bundan
6 ning eng kichik musbat giymati 6 = 29 va demak, 19 soni 59 moduli
bo'yicha boshlangich ildiz boimaydi. Javob: bo'Imaydi.

326. p moduli bo'yicha berilgan a sonining boshlangich ildiz
boiishi uchunu 6 = <p(p) = p —1 ko'satkichiga tegishli boiishi kerak.
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Buning bajarilishi uchun a6 = 1(modp) -* Sinda = Q(modp - 1)
bajarilishi kerak. Agar bu yerda (inda,p -1) = 1 (¢) boisa, u holda
5 = p —1boa'lishi kelib chigadi. Demak, biz p moduli bo‘yicha indekslar
jadvalidan (*) shartni ganoatlantiruvchi a lami ajratib olsak, ularp
moduli bo‘yicha boshlangich ildiz boiadi. Chegirmalaming keltirilgan
sistemasidagi golgan alarp moduli bo‘'yicha boshlangich ildiz
bodmaydi.

1). Bu misoldap = 17 va <p(17) = 16 boigani uchun 17 moduli
bo‘yicha chegirmalaming keltirilgan sistemasidagi 2,3,4,...,16
sonlaming indekslarini ilovadan garab (*) shartni, ya'ni (inda, 16) = 1
ni ganoatlantiruvchilarini 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‘zarotublari 1, 5, 15, 11, 3, 7, 13, 9 larva
bu indekslarga mos sonlar 3,5,6,7,10,11,12,14 boiib ular 17 moduli
bo'yicha boshlangich ildiz boiadi. Chegirmalaming Kkeltirilgan
sistemasidagi qolgan 2,4,8,9,13,15,16 larp moduli bo'yicha bosh-
langich ildiz bo‘Imaydi. Javob: 3,5,6,7,10,11,12,14.

2). Bumisoldap = 19va (p(19) = 18 boigani uchun 19 moduli
bo‘yicha chegirmalaming keltirilgan sistemasidagi 2,3,4,..., 16,17,18
sonlaming indekslarini ilovadan garab (*) shartni, ya'ni (inda, 18) = 1
ni ganoatlantiruvchilarini 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 boiib ular 19 moduli
bo'yicha boshlangich ildiz boiadi. Chegirmalaming Kkeltirilgan
sistemasidagi qolgan4,5,6,7,8,9,11,12,16,17,18 lar 19 moduli bo'yicha
boshlangich ildiz boimaydi.

Javob: 2,3,10,13,14,15.

3).Bu misoldap = 23 va <p(23) = 22 boigani uchun 23 moduli
bo‘yicha chegirmalaming keltirilgan sistemasidagi 2,3,4,..., 22 sonlar-
ning indekslarini ilovadan garab (*) shartni, ya'ni (inda, 22) = 1 ni
ganoatlantiruvchilarini 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,
17,7,15,5,131arva bu indekslarga mos sonlar 5,7,10,11,14,15,17,19,
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20,21 bo'lib ular 23 moduli bo‘yicha boshlangich ildiz bo‘ladi.
Chegirmalarning keltirilgan sistemasidagi golgan 2,3,4,6,8,9,12,13,

16,18,22 lar 23 moduli bo'yicha boshlang‘ich ildiz bo*Imaydi.

Javob: 5,7,10,11,14,15,17,19,20,21.

327.1). 7x = 23(modi7) ni Ix s 6(modl7) ko'rinishda yozib
olib uning ikkala tomonini indekslab quyidagi taqgoslamani hosil
gilamiz: indl + indx = ind6(modl6). Bu yerdagi indl,ind6 laming
giymatlarini 17 moduli bo'yicha indekslar jadvalidan indl = 11,
indb = 15 lami topib yuqoridagi tagqoslamaga qo‘yamiz, uholda : 11 +
indx = 15(modl6) -> indx = 4(modl6) ga ega bo'lamiz. Endi 17
moduli bo‘yicha anti indekslarjadvalidan indeksi 4 ga teng boMgan sonni
topamiz va berilgan taggoslamaning yechimi x s 13(modl7) ni hosil
gilamiz. Javob: x = 13(mod17).

2). 39x = 84(mod97) ning ikkala tomonini indekslab quyidagi
taggoslamani  hosil gilamiz: ind39 + indx = ind84(mod96). Bu
yerdagi ind39, ind84 laming giymatlarini 97 moduli bo‘yicha indekslar
jadvalidan ind39 = 95, ind84 = 73 lami topib yuqgoridagi taggoslamaga
go‘yamiz, u holda: 95 + indx = 73(mMod96) -»indx =
-22(mod96) -> indx = 74(mod97) ga ega bo'lamiz. Endi 97 moduli
bo'yicha anti indekslar jadvalidan indeksi 74 ga teng bo‘lgan sonni
topamiz va berilgan taggoslamaning yechimi x = 32(mod97) ni hosil
gilamiz. Javob: x = 32(mod97).

3).125x = 7(mod79) ni 46x = I(mod19) ko‘rinishda yozib olib
uning ikkala tomonini indekslab quyidagi tagqoslamani hosil gilamiz:
ind46 + indx = indl(modi8). Bu yerdagi ind46, indl laming
giymatlarini 79 moduli bo'yicha indekslar jadvalidan ind46 =
30,indl = 53 lami topib yuqoridagi taqggoslamaga qo‘yamiz, u holda:
30 + indx = 53(mod78) -> indx = 23(mod78) gaegabo‘lamiz. Endi
79 moduli bo'yicha anti indekslar jadvalidan indeksi 23 ga teng bo‘lgan
sonni topamiz va berilgan tagqoslamaning yechimi x = 74(mod79) ni
hosil gilamiz. Javob: x = 14(mod19).

4).37x = 25(mod89) ning ikkala tomonini indekslab quyidagi
tagqoslamani  hosil gilamiz: ind31 + indx = ind25(mod88). Bu
yerdagi ind31, ind25 laming giymatlarini 89 moduli bo‘yicha indekslar
jadvalidan ind31 = 11, ind25 = 52 lami topib yuqgoridagi taqgoslamaga
go‘yamiz, u holda: 11 + indx = 52(mod88) -+ indx = 41(mod88)
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ga ega boiamiz. Endi 89 moduli bo‘yicha anti indekslar jadvalidan
indeksi 41 ga teng boigan sonni topamiz va berilgan taggoslamaning
yechimi x = 56(mod89) ni hosil gilamiz.

Javob: x = 56(mod89).

5). 4x = 13(mod37)ning ikkala tomonini indekslab quyidagi
taggoslamani hosil gilamiz: ind4 + indx = indI3(mod36). Bu yerdagi
ind4,indI3 laming giymatlarini 37 moduli bo‘yicha indekslar
jadvalidan ind4 = 2,ind13 = 11 lami topib yuqoridagi tagqoslamaga
go‘yamiz, u holda: 2+ indx = lI(mod36) ->indx = 9(mod36) ga
ega boiamiz. Endi 37 moduli bo'yicha anti indekslar jadvalidan indeksi
9 ga teng boigan 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
boigani uchun berilgan taggoslama quyidagi taggoslamalar sistemasi

(37x = 5(modI3) (IIx = 5(modI3)
(37x = 5(modi7) I 3x = 5(modl7)
ga teng kuchli. Bu sistemadagi har bir taggoslamani indekslab va
indekslar  jadvalidan  foydalanib  quyidagini hosil  qgilamiz:
(indll + indx = ind5(modI3) _(7 + indx = 9(modI3) find* = 2(modi3)
I ind3 + indx = indS(modl7) (14 indx = 5(modl7) (indx = 4(modl7)'
Endi anti indekslar jadvallaridan foydalanib
(x = 4(modlI3) (x =4+ 13t,t€Z ( x= 4+ 13t,teZ
Ix = 13(modl7) 4 x = 13(modl7) "(4 + 131= 13(modl7) “*
fx =4+ 13t,teZz fx =4+ 13t,t6Z2 fx=4+ 13t,teZ
113t = 9(modl7) [I3ta 26(modl7) ~*[ t= 2(modl7)

f =r 2+ 17teZ -*x = 4+ 13(2+ 170 = 30+ 221t1 ( € z.
Javob: x = 30(mod221).
7). 47x = 13(mod667) ni garaymiz. Bu yerda 667 = 23 -
29 boigani uchun berilgan taqgoslama quyidagi tagqoslamalar sistemasi
(47x = 13(mod23) f x = 13(mod23)
{47x = 13(mod29) “* 118m: = 13(mod29)
ga teng kuchli. Bu sistemadagi ikkinchi taggoslamani indekslab va
indekslar jadvalidan foydalanib quyidagini hosil gilamiz:
( x = 13(mod23) ( x = 13(mod23) n
ImdI8 + indx = indI3(mod28) (11 + indx = 18(mod28)
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( x = 13(ntod23)
{-indx = 7(mod28)’
Endi anti indekslarjadvallaridan foydalanib sistema yechsak
(x s 13(mod23) f x = 13+ 23t,teZ (x = 13+ 23t,te Z
Ix s 12(mod29) "*(13 + 231= 12(mod29) 423t = -I(mod29)

(x=13+23t,t 62 fx= 13+23t,teZ |x= 13+ 23tteZ
| —6t = 28(Mod29) “*(-34 = 14(mod29) "*[-31 = -15(mod29)

—»>

fx = 13+ 23t,t6Z fx = 13+ 23t,tGZ

I t=5(mod29) N t=5 + 29t! ~ 128 + 667t,ta
€7

ega ega boMamiz. Javob: x s 128(mod667).
8). 228* = 317(modI517)ni qaraymiz. Bu yerdal517 = 37
41 bo'lgani uchun berilgan taggoslama quyidagi taggoslamalar sistemasi
{228* = 317(mod37) ( 6x = 21(Mmod37)
(228x = 317(mod41) (23x = 30(mod41)
ga teng kuchli. Bu sistemadagi har ikkala taggoslamani indekslab va
indekslar jadvalidan foydalanib quyidagini hosil gilamiz:
( ind6 + indx = ind21(mod36) (27 + indx = 22(mod36)
Imd23 + indx = md30(mod40) ~436 + indx = 23(mod40)
{indx = 31(mod36)
(indx s 27(mod40)
Endi anti indekslar jadvallaridan foydalanib
(x = 22(mod37) ( X =22437t,t6Z
IXx = 12(mod41l) 422 + 37t = 12(mod41)
fx = 22+ 37t,teZ _
437t = —10(mod41)
fx = 22+ 37t,t6Z fx =22+ 37t,t€Z
I—4t = —10(mod41) ~*{—2t = -5(mod41)
(x =22+ 37t,t £Z _
(—2t = —46(mod41)
fx = 22+ 37t,t6Z2 fx
I t= 23(mod41) |
ez.
Javob: x = 873(modI517).

=22+ 37t,t6Z
t= 23+ 41ti -**-873 +15174
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328. 1). Berilgan 2* = 7(model) taggoslamaning ikkala tormonini
indekslaymiz. U holda x *ind2 = indl (mod66) hosil bo'ladi. Bu
yerdagi ind2, indl laming giymatlarini 67 moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind2 = 1,indl = 23 bo'lgani
uchun x = 23 (mode6) taggoslamaga kelamiz.

Javob: x = 23 + 661t E Z.

2). Berilgan 13* = 12(mod47) taqgoslamaning ikkala tomonini
indekslaymiz. U holda x <ind13 = ind12 (mod46) hosil bo‘ladi. Bu
yerdagi ind13,ind12 laming giymatlarini 46 moduli bo‘yicha indekslar
jadvalidan topib olib kelib qo‘yamiz. ind13 = 11, indl2 = 10 bo‘lgani
uchun 111 = 10 (mod46) taqgoslamaga kelamiz. Buni yechsak
-3Sx = 10 (mod46) -»-1x = 2(mod46) ->-1x =2+ 3- *
46(mod46) -=>-1x = 140(mod46) -»

x = —20(mod46) X = 26(mod46).

Javob: x = 26 + 46t,t E Z.

3). Berilgan 16* = II(mod53) tagqoslamaning ikkala tomonini
indekslaymiz. U holda x mindl6 = indll (mod52) hosil boMadi. Bu
yerdagi ind16,indll laming giymatlarini 52 moduli bo'yicha indekslar
jadvalidan topib olib kelib qo‘yamiz. ind16 = 4,indIl = 6 bo'lgani
uchun 4x = 6 (modS2) -> 2x = 3 (mod26)taqqos!amaga kelamiz. Bu
taqgoslamada (2,26) = 2, lekin 3 soni ikkiga boUinmaydi. Shuning
uchun ham bu taqqoslama va demak, berilgan taggoslama ham yechimga
ega emas. Javob: yechimga ega emas.

4). Berilgan 52* = 38(mod61) taggoslamaning ikkala tomonini
indekslaymiz. U holda x *indS2 = ind38 (mod60) hosil bo'ladi. Bu
yerdagi indS2, ind58 laming giymatlarini 61 moduli bo'yicha indekslar
jadvalidan topib olib kelib go6&amiz. ind52 = 42,ind3Q = 27 bo'lgani
uchim 42x = 27 (mod60) -> 140 = 9 (modlO) taqgoslamaga kela-
miz. Bu tagqoslamada (14,10) = 2, lekin 9 soni ikkiga bo4inmaydi.
Shuning uchun ham bu tagqoslama va demak, berilgan tagqoslama ham
yechimga ega emas.

Javob: yechimga ega emas.

5). Berilgan 12* = 17(mod31) taggoslamaning ikkala tomonini
indekslaymiz. U holda x *indI2 = indll(mod30) hosil bo'ladi. Bu
yerdagi ind12, ind Il laming giymatlarini 31 moduli bo'yicha indekslar
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jadvalidan topib olib kelib qo‘yaraiz. indvz = 19,ind17 = 7 bo'lgani
uchun 19x = 7 (mod30) > 19x = 7 + 8-30 (mod30) -» x = 13 (mod30).

Javob: x = 13+ 30t,t EZ.

6). Berilgan 20* = 21(mod41) taggoslamaning ikkala tomonini
indekslaymiz. U holda x*ind20 = ind21(mod40) hosil bo'ladi. Bu
yerdagi ind20, ind21 laming giymatlarini 41 moduli bo'yicha indekslar
jadvalidan topib olib kelib qo‘yamiz. ind20 = 34,ind21 = 14 bo'lgani
uchun 34x = 14 (mod40) -» 17* = 7(mod20) -* —3x = 27(mod20)

-*X-9 (mod20) ->x = U,31(mod40).

Javob: x = 11 + 40t, x = 31 + 40t,t E Z

329. 1). Berilgan 37x15 = 62(mod73) taggoslamaning ikkala

tomonini indekslaymiz. U holda ind37 + 15indx = ind62(mod72)

hosil bo‘ladi. Bu yerdagi ind37,ind62 laming giymatlarini 73 moduli
bo'yicha indekslar jadvalidan topib olib kelib qo‘yamiz. ind37 =
64,ind62 = 19 Dbo'lgani  uchun 64 + 15indx = 19 (mod72) ->
15indx = -45 {modi2) -> 5indx = -15 (mod24) -»indx =

21(mod24) indx = 21,45,69(mod72).

Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U holda
x = 17, 63, 66 (mod73) lami hosil bo'ladi.

Javob: x = 17+ 73t, x = 63+ 73t,x = 66 + 73t, t E Z

2). Berilgan 5x4 = 3(modll) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind5 + 4indx = ind3(modl0) hosil bo‘ladi. Bu
yerdagi indS,ind3 laming giymatlarini 11 moduli bo‘yicha indekslar
jadvalidan topib olib kelib qo4/amiz. ind5 = 4, ind3 = 8 bo'lgani uchun
4 «+4indx = 8 (modlO) -> Aindx = 4 (mod10) 2indx =
2 (mod5) -»indx = I(modS) indx = I,6(modl0). Endi anti
indekslar jadvallaridan foydalanib x ni topamiz. U holda x =
2,9 (m odlIl) lami hosil bo'ladi.

Javob: x = 2+ lit, x = 9+ lit, tEZ

3). Berilgan 2x8 = 5(mod 13)taggoslamaning ikkala tomonini
indekslaymiz. U holda ind2 + 8indx = ind5(modI2) hosil bo4adi. Bu
yerdagi ind2tindS laming giymatlarini 13 moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind2 = 1,ind5 = 9 boigani uchun
1+ 8indx = 9(mod12) -> 8indx = 8 (mod12) -* 2indx =
2 (mod3) -> indx = I(mod3) -¢ indx = |,4,7,10(modl2). Endi anti
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indekslar jadvallaridan foydalanib x ni topamiz. U holda x =
2,3,11,10 (modI3) lami hosil boiadi.
Javob: x = 2+ 13t, x = 3+ 13t,x = 10+ 13t,x = 11 + 13t,£ e Z

4). Berilgan 2x3= 17(mod41) taqgoslamaning ikkala tomonini
indekslaymiz. U holdaindl + 3indx = indI7(mod40) hosil boiadi.
Bu yerdagi ind2, ind17 laming giymatlarini 41 moduli bo'yicha
indekslar jadvalidan topib olib kelib go'yamiz. ind2 = 26, indl7 = 33
boigani uchun 26 + 3indx s 33(mod40) -» 3indx = 7 (mod40) ->
3indx = —33 (mMod40) -> indx = —l(mod40) -> indx =
29(mod40). Endi anti indekslar jadvallaridan foydalanib x ni topamiz.
U holdax = 22 (mod41) lami hosil boiadi.

Javob: x = 22 + 41t, t€Z,

5). Berilgan27x5= 25(mod31) tagqoslamaning ikkala tomonini
indekslaymiz. U holda ind27 + 5indx = ind25(mod30) hosil bo'ladi.
Bu yerdagi ind27,ind25 laming giymatlarini 31 moduli bo‘yicha
indekslar jadvalidan topib olib kelib go‘yamiz. ind27 = 3,ind25 ='10
boigani uchun 3+ 5indx = 10(mod30) 5indx = 7 (mod30). Bu
yerda (5,30) = 5, lekin 7 soni 5 ga bo'linmaydi. Shuning uchun ham
oxirgi taggoslama va demak, berilgan taggoslama ham yechimga ega
emas. Javob: taqgoslama yechimga ega emas.

6). Berilgan I1x 3= 6(mod79) taggoslamaning ikkala tomonini
indekslaymiz. U holda indll + 3indx = ind6(mod78) hosil boiadi.
Bu yerdagi indll,ind6 laming giymatlarini 79 moduli bo‘yicha
indekslar jadvalidan topib olib kelib qo‘yamiz. indIl = 68, ind6 = 5
boigani uchun 68 + 3indx = 5(mod78) -> 3indx = —63 (mod78) ->
3indx = 15 (mod78) -> indx = 5(mod26) -»indx =
5,31,57(mod78). Endi anti indekslar jadvallaridan foydalanib x ni
topamiz. U holda x = 6,59,14 (mod79) lami hosil boiadi.

Javob: x = 6+ 79t, x = 14+ 79t,x = 59 + 79t, t 6 Z.

7). Berilgan 23x3 = 15(mod73) taggoslamaning ikkala tomonini
indekslaymiz. U holda ind23 + 3indx = indI5(mod73) hosil boiadi.
Bu yerdagi ind23, ind15 laming giymatlarini 73 moduli bo'yicha
indekslar jadvalidan topib olib kelib qo‘yamiz. ind23 = 46, indl5 = 7
boigani uchun 46 + 3indx = 7(mod72) -> 3indx = —39 (mod72)
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-> indx = —13 (mod24) -> indx = 11(mod24) -> indx =
11,35,59(mod72). Endi anti indekslar jadvallaridan foydalanib x ni
topamiz. U holdax = 31,29,13 (mod73) lami hosil boiadi.

Javob: x = 13 + 73t, x = 29 + 73t,x = 31 + 73t, t c Z

8).Berilgan 8x26 = 37(mod41) taggoslamaning ikkala tomonini
indekslaymiz. U holda indQ + 26indx = ind37(mod40) hosil boiadi.
Bu yerdagi ind8, ind37 laming giymatlarini 40 moduli bo‘yicha
indekslar jadvalidan topib olib kelib go‘yamiz. indQ = 38, ind37 = 32
boigani uchun 38 + 26indx = 32(mod40) -> 26indx =
-6 (mod40) -* 13indx = —3 (mod20) —Findx =
-63(mod20) -> indx = 9(mod20) -> indx = 9,29(mod40).

Endi anti indekslar jadvallaridan foydalanib x ni topamiz.

U holdax = 19,22(mod41) lami hosil bo‘ladi.

Javob: x = 19 + 41t, x = 22 + 41t, t ¢ Z

9).Berilgan 37x8 = 59(mod61) taqqoslamaning ikkala tomonini
indekslaymiz. U holda ind37 4- Bindx = ind59(mod60) hosil bo‘ladi.
Bu yerdagi ind37, indS9 laming giymatlarini 61 moduli bo‘yicha
indekslar jadvalidan topib olib kelib go‘yamiz. ind37 = 39, ind59 =
31 bo‘lgani  uchun 39 + 8indx = 31(mod60) ->8indx =
-8 (modeO) -> 2indx = -2 (mod15) -»indx = 14(modl5) ->
indx = 14,29,44,59(mod60). Endi anti indekslar jadvallaridan
foydalanib x ni topamiz. U holdax = 36,30,25,31 (mod61) lami hosil
bo‘ladi.

Javob: x = 25 + 61t, x = 30 + 61t,x = 31 + 61t,x = 36 + 61t, t G Z

10). Berilgan 18x8 = 6(modI3)ni 5x8 = 6(modl3) ko‘rinishda
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda ind5 +
8indx = ind6(modl2) hosil bo‘ladi. Bu yerdagi ind5, ind6 laming
giymatlarini 13 moduli bo‘yicha indekslar jadvalidan topib olib kelib
go‘yamiz. ind5 =9, ind6 =5 bo‘lgani uchun 9 + 8indx =
5(mod12) ->8indx = -4 (modi2) -» 2indx = —1 (mod3)
2indx = 2(mod3) indx = I(mod3) indx = 1,4,7,10(mod 12).
Endi anti indekslar jadvallaridan foydalanib x ni topamiz. U holda x =
2,3,10,11 (modl3) lami hosil boiadi.

Javob: x = 2+ 13t, x = 3+ 13t,x = 10 + 13t,x = 11+ 13t, t GZ

330.1). Berilgan x12 = 37(mod41) tagqoslamaning ikkala tomonini
indekslaymiz. U holda 12indx = ind37(mod40) hosil boiadi.
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Bu yerdagi ind37 ning giymatlarini4l moduli bo‘yicha indekslar
jadvalidan topib olib kelib qo‘yamiz. ind37 = 32 boigani uchun
Y2indx = 32(mod40) -> 3indx = 8(mod10) -»indx =

6 (modlO) -* indx = 6,16,26,36(mod40). Endi anti indekslar
jadvallaridan foydalanib x ni  topamiz. U holdax =
39,18,2,23 (mod40) lami hosil boiadi.

Javob: x = 2+ 41t, x = 18 + 41t,x = 23 + 41t,x = 39 + 41t,
t€Z.

2). Berilgan x5 = 17(mod97) taqqgoslamaning ikkala tomonini
indekslaymiz. U holda 55indx = indl7(mod96) hosil boiadi. Bu
yerdagi ind17 ning qgiymatlarini 97 moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind17 = 89 boigani uchun
55indx = 89(mod96) -> 55indx = 185(mod96) Ilindx =
37 (mod96) llindx = 37 + 5-96 (mod96) Ilindx =
517 (mod96) indx = 47(mod96). Endi anti indekslar jadvallaridan
foydalanib x ni topamiz. U holdax = 58(mod97) ni hosil boiadi.

Javob: x = 58 + 971, t GZ

3).Berilgan x35= 17(?nod67) taqqoslamaning ikkala tomonini
indekslaymiz. U holda 35indx = indI7(mod66) hosil boiadi. Bu
yerdagi ind17 ning giymatlarini 67 moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind17 = 64 boigani uchun
35indx = 64(mod66) -> 35indx = 64 + 66 *16(mo0d66)
3Sindx = 1120(mod66) indx = 32(mod66). Endi anti indekslar
jadvallaridan foydalanib x ni topamiz. U holdax = 33(mod67) ni hosil
boiadi. Javob: x = 33 + 67t,t GZ

4). Berilgan x30 = 46(mod73) taggoslamaning ikkala tomonini
indekslaymiz. U holda 30indx = ind46(mod72) hosil boiadi. Bu
yerdagi ind46 ning giymatlarini 73 moduli bo‘yicha indekslar jadvalidan
topib olib kelib qo‘yamiz. ind46 = 54 boigani uchun 30indx =
54(mod72) 5indx = 9(modl2) 5indx = 9 + 12 «3(modl2) -»
indx s 9(modl2) indx = 9,21,33,45,57,69(mod72). Endi anti
indekslar jadvallaridan  foydalanib x ni topamiz. U holda x =
10,17,7,63,56,66(mod73) ni hosil boiadi.

Javob: x = 7+ 73t,x = 10 + 731, x = 17 + 73t, x = 56 + 73t,
X =63+ 73] x =66+ 73t,t GZ
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5). Berilgan x8 = 23(mod41) taqqgoslamaning ikkala tomonini
indekslaymiz. U holda Sindx = 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(modl0). Bu yerda (240) = 2, lekin 9 soni
2 ga bo‘linmaydi. Shuning uchun ham oxirgi tagqoslama va demak,
berilgan taggoslama ham yechimga ega emas.

Javob: taggoslama yechimga ega emas.

6). Berilgan x5= 74(mod71) ni x5= 3(mod71) ko‘rinishida
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda 5indx =
ind3(rnod70) hosil bo‘ladL Bu yerdagi ind3 ning giymatlarini 71
moduli bo‘yicha indekslar jadvalidan topib olib kelib qo‘yamiz. ind3 =
39 bo‘lgani uchun 5indx = 39(mod70). Bu yerda (5,70) = 5, lekin 39
soni 5 ga bo‘linmaydi. Shuning uchun ham oxirgi taggoslama va demak,
berilgan tagqoslama ham yechimga ega emas.

Javob: taggoslama yechimga ega emas.

7). Berilgan x27 = 39(mod43) taqqoslamaning ikkala tomonini
indekslaymiz. U holda 27indx = ind39(mod42) hosil bo‘ladi. Bu
yerdagi ind39 ning giymatlarini 43  moduli bo‘yicha indekslar
jadvalidan topib olib kelib go”yamiz. ind39 = 33 bo‘lgani uchun
27indx = 33(mod42) 9indx = 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, x = 34 + 43t,t € Z

8). Berilganx8 = 29(mod13) ni x8 = 3(mod13) Kko‘rinishida
yozib olamiz va uning ikkala tomonini indekslaymiz. U holda 8tndx =
m~3(modl2) hosil bo‘ladi. Bu yerdagi indS ning giymatlarini 13
moduli bo‘yicha indekslar jadvalidan topib olib kelib qo‘yamiz. ind3 =
4 boigani uchun 8indx = 4(modl2) -> 2indx = I(mod3) ->
2indx = 4(mod3) -> indx = 2(mod3) ->indx = 2,5,8,lI(modl2).
Endi anti indekslar jadvallaridan foydalanib x ni tcamiz. U holdax =
4,6,9,7(mod 13) ni hosil bo‘ladi.

Javob:x = 4+ 13t,x = 6 + 13t, x = 7+ 13t,x = 9 + 13t,teZ.

9). Berilgan x2 = 59(mod67) taqgoslamaning ikkala tomonini
indekslaymiz. U holda 2indx = ind59(mod66) hosil bo*ladi. Bu
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yerdagi indS9 ning qiymatlarini 67  moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. indS9 = 36 boigani uchun
2indx = 36(mod66) -> indx = 18(mod33) indx =
18,51(mod66). Endi anti indekslar jadvallaridan foydalanib x ni
topamiz. U holda x = 40,27(mod67) ni hosil bo‘ladi.

Javob: x = £27(mod67).

10). Berilgan x2 = 59(mod83) taqqoslamaning ikkala tomonini
indekslaymiz. U holda 2indx = ind59(mod82) hosil boiadi. Bu
yerdagi indS9 ning qgiymatlarini 83 moduli bo‘yicha indekslar
jadvalidan topib olib kelib go‘yamiz. ind59 = 34 boigani uchun
2indx = 34(mod82) -» indx = 17(mod41) -> indx =
17,58(mod82). Endi anti indekslar jadvallaridan foydalanib x ni
topamiz. U holda x = 15,68(mod83) ni hosil boiadi.

Javob: x = £15(mo0d83).

11). Berilgan x2= 32(mod43) ning ikkala tomonini
indekslaymiz. U holda 2indx = ind32(mod42) hosil boiadi. *Bu
yerdagi ind32 ning qiymatlarini 43  moduli bo‘yicha indekslar
jadvalidan topib olib kelib qo‘yamiz. ind32 = 9 boigani uchun
2indx = 9(mod42). Buyerda (2,42) = 2, lekin 9 soni 2 gabo‘linmaydi.
Shuning uchun ham oxirgi tagqoslama va demak, berilgan tagqoslama
ham yechimga ega emas.

Javob: taggoslama yechimga ega emas.

12).Berilgan taggoslama x2s —17(mod53)ni X2 =
36(mod53) ko‘rinishda yozib olib, uning ikkala tomonini indekslaymiz.
U holda 2indx = ind36(mod52) hosil boiadi. Bu yerdagi ind36 ning
giymatlarini 53 moduli bo'yicha indekslar jadvalidan topib olib kelib
go‘yamiz. ind36 = 36 boigani uchun2indx = 36(mod52) indx =
18(mod26) ->indx = 18,44(mod52). Endi anti indekslar
jadvallaridan foydalanib x ni topamiz. U holdax = 6,47(mod53) ni
hosil boiadL

Javob: x = +6(mod53).

13). Berilgan tagqoslama x2 = —28(mod67) ni x2 = 39(mod67)
ko‘rinishda yozib olib, uning ikkala tomonini indekslaymiz. U holda
2indx = ind39(mod66) hosil boiadi. Bu yerdagi ind39 ning
giymatlarini 67 moduli bo‘yicha indekslar jadvalidan topib olib kelib
go‘yamiz. ind39 = 58 boigani uchun 2indx = 58(mod66) indx =
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29(mod33) -»indx = 29,62(mod66). Endi anti indekslar jadvallari-
dan foydalanib x ni topamiz. U holdax = 46,2I(mod67) ni hosil
boiadi. Javob: x = +21(mod67).

14). ~Berilgan taggoslama x2 = 56(mod41) ni x2 = 15(mod41)
ko‘rinishda yozib olib, uning ikkala tomonini indekslaymiz. U holda
2indx = indI5(mod40) hosil boiadi. Bu yerdagi ind15 ning
giymatlarini 41 moduli bo‘yicha indekslar jadvalidan topib olib kelib
go‘yamiz. indIS = 37 boigani uchun 2indx = 37(mod40). Bu yerda
(2,40) = 2, lekin 37 soni 2 ga boiinmaydi. Shuning uchun ham oxirgi
taggoslama va demak, berilgan taggoslama ham yechimga ega emas.
Javob: taggoslama yechimga ega emas.

331. Eyler kriteriyasiga asosan alsonining p —tub modul bo‘yicha

kvadratik chegirma boiishi uchun apr =1 (modp) (*) shartbajarilishi
kerak.

1).p =23 da (*) dan all = I(mod23) kelib chigadi. Berilgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi taqqoslamani indekslardan foydalanib yechamiz. U holda
quyidagiga ega boiamiz: 1linda = 0(mod22) -» inda = 0(mod2).
Bu yerdan inda ning juft son boiishi kerak ekanligi kelib chigadi. p =

23moduli bo‘yicha indekslar  jadvalidan berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boiganlarini ajratib
olamiz. indIS = 17,indl6 = 8,indl7 = 7,indI8 = 12,indI9 =

15, ind20 = 5 boigani uchun garalayotgan shartni ganoatlantiruvchilari
16 va 18 boiadi. Shuning uchun ham 16 va 18 sonlari 23 moduli bo‘yicha
kvadratik chegirma boiadi. Javob: 16 va 18.

2).p =29 da (*) dan al4 = I(mod29) kelib chigadi. Berilgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi tagqoslamani indekslardan foydalanib yechamiz. U holda
guyidagiga ega boiamiz: 14inda = 0(mod28) -* inda = 0(mod2).
Bu yerdan inda ning juft son bo‘lishi kerak ekanligi kelib chigadi. p =
29 moduli bo‘yicha indekslar jadvalidan berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boiganlarini ajratib
olamiz. indIS = 27,indI6 = 4,indl7 = 21,indI8 = Il,ind 19 =
9, md20 = 24 boigani uchun garalayotgan shartni ganoatlantiruvchilari
16 va 20 boiadi. Shuning uchun ham 16 va 20 sonlari 29 moduli bo‘yicha
kvadratik chegirma boiadi. Javob: 16va20.

294



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 taqqoslamani indekslardan foydalanib yechamiz. U holda
qguyidagiga ega boiamiz: 20inda = 0(mod40) ->inda = Q(mod2).
Bu yerdan inda ning juft son boiishi kerak ekanligi kelib chigadi. p =
41 moduli bo‘yicha indekslar jadvalidan berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boiganlarini ajratib
olamiz. ind15 = 37,ind16 = 24,ind17 = 33,ind18 = 16, ind19 =
9,ind20 = 34 boigani uchun garalayotgan shartni ganoatlantiruvchilari
16,18va 20 boiadi. Shuning uchun ham 16,18 va 20 sonlari 41 moduli
bo‘yicha kvadratik chegirma boiadi. Javob: 16,18 va 20.

4).p= 73 da (#) dan a36 = I(mod73) kelib chigadi. Berilgan
sonlar 15,16,17,18,19,20 orasidan shu shartni ajratib olish uchun
oxirgi taqgoslamani indekslardan foydalanib yechamiz. U holda
guyidagiga ega boiamiz: 36inda = 0(mod72) -> inda = 0(mod2).
Bu yerdan inda ning juft son bo‘lishi kerak ekanligi kelib chigadi.'p =
73moduli bo‘yicha  indekslar  jadvalidan berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boiganlarini ajratib
olamiz. ind15 = 7,ind16 = 32,ind17 = 21,ind18 = 20, mdI9 =
62,ind20 = 17 boigani uchun garalayotgan shartni ganoatlantiruvchi-
lari 16,18va 19 boiadi. Shuning uchun ham 16,18 va 19 sonlari 73moduli
bo‘yicha kvadratik chegirma boiadi Javob: 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 taqgoslamani indekslardan foydalanib yechamiz. U holda
quyidagiga ega boiamiz: 48inda = 0(mod96) ->inda = 0(mod2).
Bu yerdan inda ning juft son boiishi kerak ekanligi kelib chigadi. p =
97moduli bo‘yicha  indekslar jadvalidan  berilgan sonlar
15.16.17.18.19.20 orasidan indekslari juft son boiganlarini ajratib
olamiz. tndl5 = 71, mdI6 = 40,ind\l = 89, mdI8 = 78,indl9 =
81,ind20 = 69 boigani uchun garalayotgan shartni ganoatlantiruvchi-
lari 16 va 18 boiadi. Shuning uchun ham 16 val8 sonlari 97moduli
bo‘yicha kvadratik chegirma boiadi. Javob: 16 va 18.

332. Berilgan modul bo‘yicha indekslaminga! asosga ko‘ra
sistemasidan ikkinchi bir a2 ko‘ra sistemasiga o ‘tish formulasini keltirib
chiqgarish talab etilsin. Maiumki, a2inda*b = b(modp'). Buning ikkala
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tomonini at asosga ko‘ra indekslaymiz. U holda inda2b «indaia2 =
indaib(modp - 1). Bundan
inda2b = (inda i b(modp - 1).

Misol uchun ind27 = 7(modll) dan indQ7 = 7
Ond28)"(10b 1(modlO) = 7 «(ind28)3(modl0) = 7+33(modl0) =
9(modl0). Demak, ind@7 - 9 (modll).

Javob: inda2b = (mdaia2),p(p“l)“lindaib(modp - 1).

333. 1). a ning ganday butun giymatlarida 3a2 - 5 : 17 munosabat
o‘rmli ekanligini aniglashimiz kerak. Bu munosabat 3a2 = 5(modl7)
taqgoslamaga teng kuchli. Bundan ind3 + 2inda = indS(modl6). Bu
yerda ind3 = l,ind5 = 5 bo‘lgani uchun 1+ 2inda = 5(modl6)
2inda = 4(mod16) inda = 2(mod8) -»inda = 2,10(mod 16) -»
a=9,8(modl7).

Javob: a = £8(modl7).

2). a ning ganday butun giymatlarida 7a2+ 13 : 23munosabat
o‘rinli ekanligini aniglashimiz kerak. Bu munosabat 7a2 =
—13(mod23) -> 7a2 = 10(mod23) tagqoslamaga teng kuchli. Bundan
ind7 + 2inda = ind10(7nod22). Bu vyerda ind7 = 19,indlO = 3
boigani uchun 19 + 2inda = 3(mod22) -»linda = -16(mod22) ->
2inda = 6(mod22) -¢ inda = 3(mod11) -»inda = 3,14(Tnod22) ->
a = 10,13(mod23). Javob: a = +10(mo0d23).

3).a ning ganday butun giymatlarida 13a2- 11 :29 munosabat
o‘rinli ekanligini aniglashimiz kerak. Bu munosabat 13a2 =
IIlmod29) taqqoslamaga teng kuchli. Bundan ind13 + 2inda s
indlilmod2Q). Bu yerda ind13 = 18,indll = 25bo‘lgani uchun
18 + 2inda = 25(mod28) -> 2inda = 7(mod28). Bu yerda (2,28) =
2, lekin 25 soni 2 ga bo‘linmaydi. Shuning uchun ham oxirgi tagqoslama
yechimga ega emas. Demak, a ning 13a2 —11 «29 ifoda o‘rinli bo‘lgan
butun giymatlari mavjud emas.

Javob: bunday giymatlar mavjud emas.

V3-8.
334. 1).a = 2s4 sonini m = 360 ga boiishdan chiggan goldigni
topish uchun264 = r(mod360) taggoslamadan r ni manfiy bo‘lmagan
eng kichik chegirma sifatida aniglash kerak bo‘ladi. 2e4 = (215)4 «24 =
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32768416 as (360 91 + 8)4+16 = 84 ml6 = 4096 «16 = (360 *
11 + 136) »16=136 *16 = (360 *6 + 16) = 16(mod360). Shuning
uchun ham izlanayotgan goldiq 16 ga teng. Javob: 16.

2).a = 15325 - 1 sonini m = 9 ga bo‘lishdan chiggan goldigni
topish uchun1532s —1 = r(mod9) taqgoslamadan r ni manfiy bo‘Ima-
gan eng kichik chegirma sifatida aniglash kerak boiadi. 1532s -1 =
(9 *170 + 2)5—1 = 2s —1 = 31 = 4(mod9). Shuning uchun ham
izlanayotgan qoldiq 4 ga teng.Javob: 4.

3).a = (1237156 + 34)28sonini m = 111 ga bo*lishdan chiggan
goldigni topish uchun(1237156 + 34)28 = r(m odIlll) taggoslamadan
r ni manfiy bo‘lmagan eng kichik chegirma sifatida aniglash kerak
boiadi. (1237156 + 34)28 = (50s6 + 34)28 = ((504)14 + 34)28 =
(3414 + 34)28 = ((342)7+ 34)28 = (467 + 34)28 = ((462)3+46 +
34)28 = (7346 + 34)28 = (16 + 34)28 = 5028 = (504)7 = 347 =
(342)3+34 = 46334 = 7 w46 w34 = 70(modlll). Shuning uchun
ham izlanayotgan qoldiq 70 ga teng. Javob: 70.

4). a = 8! sonini m = 11 ga boiishdan chiqgan qoldigni topish
uchun 8! = r(mod11) tagqoslamadan r ni manfiy bo‘lmagan eng kichik
chegirma sifatida aniglash kerak boiadi. 8! = 41-5*6*7-8 = 2- 5- 6-
1= 5(modll). Shuning uchun ham izlanayotgan goldig 5 ga teng.
Javob: 5.

335. Agar ax = 2(modl3)va ax+l = 6(modl3) boisa, a sonini
m = 13 ga boiishdan chiggan goldigni topish uchun ikkinchi taggosla-
mani birinchi taggoslamaga hadlab bo‘lamiz- U holdaa = 3(modI3) hosil
boiadi. Shuning uchun ham izlanayotgan goldig 3 ga teng. Javob: 3.

336. 1). (13,174) = 1 boigani uchun Eyler teoremasiga asosan
1747(13) = i(modlI3) -» (13 «13 + 5)12 = I(modI3) ->512 =
I(7nodI3) bajarilishi kerak. Bundan 174249 = (512)20-59 = (53)3 =
(—=5)3 = 5(modI3). Shuning uchun ham izlanayotgan qgoldiq 5 ga teng.
Javob: 5.

2).1863s - 5 = r(modlO) taqgoslamadan r ni manfiy bo‘Imagan
eng kichik chegirma sifatida aniglash kerak boiadi. Bu yerda 1863s -
5= 3s- 5(modl0) va (3,10) = 1 boigani uchun Eyler teoremasiga
asosan  37(10) = 1(mod10) -¢ 34 = 1(mod10) bajarilishi kerak.
Bundan 3s —5 = 34*3 —5 = 3 —5 = 8(mod 10).Shuning uchun ham
izlanayotgan goldig 8 ga teng. Javob: 8.
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3) 23773 1= r(mod37 «73) tagqoslamadan r ni manfiy boimaga
eng kichik chegirma sifatida aniglash kerak boiadi. Eyler teoremasiga
asosan 2*(37) = I(mod37) ->236= I(mod37) -»272 =
I(mod37) -> 273 = 2(mod37) (1) bajarilishi kerak. Ikkinchi tomondan
2M73) = i(mod73) -* 272 = I(mod73) -> 273 = 2(mod73)(2)
bajariladi. (1) va (2) lardan 273 = 2(mod37 m73) (3) kelib chigadi.
Shuningdek 29 = I(mod73) ->236 = I(mod73) ->237 = 2(mod73)
va 237 = 2(mod37) boigani uchun 237 = 2(mod37 «73) (4). (3)va (4)
larga ko‘ra (237)73 = 273 = 2(mod37 w73). Bundan237'73"1 =
I(mod37 *73) gaegaboiamiz. Shuning uchun ham izlanayotgan goldiq
1gateng. Javob: 1.

337. Berilgan sonning oxirgi ikkita ragamini topish uchun uni 1C
boiishdan chiggan goldig‘ini topish yetarli boiadi.

1).20320 = r(modl00) danr > 0 ni aniglaymiz. Bu yerda 20320 =
(100 <2 + 3)20 = (35)4 = 2434 s 434 = (432)2 =
18492(modl00) = 492 = 2401(modl00). Bu vyerdan berilgan
sonning oxirgi ikki ragami 0 va 1 ekanligi kelib chigadi. Javob: 0 va 1.

2).243402 = 43402(mod100) dan r > 0 ni aniglaymiz. Bu yerda
43402 = (432)201 = 49201 = (492)100+49 = 49(modl00)). Bundan
berilgan sonning oxirgi ikki ragami 4 va 9 ekanligi kelib chigadi. Javob:
4va9.

3). Bu yerdal812 «1941 «1965 = 12 41 +65 = 492 «65 = -8 m
65 = 8 M35 = 280 (mod100) Bundan berilgan sonning oxirgi ikki
ragami 8 va 0 ekanligi kelib chigadi. Javob: 8 va 0.

4).(116 + 1717)21 = (16 + 1717)21 danr >
0 ni aniglaymiz. Buyerda 1717 = (172)8 17 = 289® m17 = (1) 8+
17 = 1214 *17 s 21417 = (212)2+17 s 41217 = 1681 «17 =
(-19) 17 = -323 = —23(mod100) boigani uchun (16 - 23)21 =
(—)2ls ((—7)4)5+(-7) = 24015m(-7) = -7 = 93(modl00).
Bundan berilgan sonning oxirgi ikki ragami 9 va 3 ekanligi kelib chigadi.
Javob: 9 va 3.

338.1).232 + 1 ning 641 ga boiinishini isbotlash uchun 232 + 1 =
0(mod641) taggoslamaning bajarilishini ko‘rsatamiz. Bu taggoslamadan
232 = —(mod641) -* 232 = 640(mod641) ->225 =5 -» 225 =
(212)2+2 = 4096 W2 = (641 +6 + 250)2+2 = 25022 = 125000 =
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641 195 + 5 = 5 (mod641). Demak, berilgan 232 + 1 soni 641 ga
bo‘linadi.

2). A = 222555+ 555222 ning 7 ga bo‘linishini isbotlash
uchun 222555 + 555222 = 0(mod7) taggoslamaning  bajarilishini
ko‘rsatamiz.  Bu taqgoslamadan A = (7 «31 + 5)555+ (7 «79 +
2)222 = 7555 2222 = N 2)555 + 2222 = —2555 + 2222 =
2222(_2333+ 1} Bu yerda 222 = (23)74= I(mod7) va2333 =
(23)111 = I(mod7) bo'lgani uchun A= 1e¢(-1 + 1) = 0 (mod7).
Demak, berilgan A soni 7 ga bo‘linadi.

3). A= 22011969 + 69220” 9+ 11969220 ning 102 ga boiinishini
isbotlash uchun 220119*9 + 6922°119+ 11969220 = 0(modl02) tagqos-
lamaning bajarilishini ko‘rsatamiz. Bu yerda 102 = 2«3 +17 boigani

uchun 220119°9 + 6922®119 + 11969220 = Q(mod2), 220119*9 +
69220119 + 11969 «. 0(mod3)

220M9” + 692209+ 11969220 s O(modl7)laming bajarilishini
ko‘rsatamiz. Bundan esa A = 0(mod102) kelib chigadi. Bu yerda
22011969 = 0(mod2), 69220"9 = I(mod2)vall969220 =
I(mod2)bo‘lgani uchun/1= (0 + 1+ 1) = 0 (mod2) bo‘ladi.
220119%9 = I(mod3), 6922°119 = 0(mod3)va(— )60 =
-Ilmod3)bo‘lgani uchun J1= (1+0-1) =0(mod3) bo‘ladi.
220119” = -I(modl7), 69220"9s I(modl7)vall969220 =
0(mod17)bo‘lgani uchunA = (— + 1+ 0) = 0(modl7) bo‘ladL
Demak, berilgan A soni 102 ga bo‘linadi.

4).A=62n+l + 5n+2 ning 31 ga bo‘linishini isbotlash
uchun 62n+1 + 5n+2 = 0(mod31) taggoslamaning bajarilishini
ko‘rsatamiz. Bu yerda 62n+l= (62)n*6s 36ne6 = 5n+(—25) =
—5n+2 bo‘lgani  uchun A = 62n+l + 5n+2 = —5n+2 + 5n+2 =
0(mod31) bo‘ladi. Demak, berilgan A soni 31 ga bo‘linadi.

339.4<pMm“1= r(modm) danm > 1 - toqson bo‘lganida0 < r <
m shartni ganoatlantiruvchi r ni aniglaymiz. 49(")~1= r(modm) ->
4q(m>= 4r(modm) va bundan (4,m) = 1 bo‘lgani uchun Eyler
teoremasiga asosan 4r = [(modm). Buyerdam > 1 —toqg son bo‘lgani
uchun uni 4 moduli bo‘yicha



m = 4q = 1 ko‘rinishlarida yozish mumkin. Agar m = 4q + 1
ko‘rinishida bo‘lsa, 4r = I(modm) ->4r = 1+ 3m(modm) = 12" +

4(modm) ->r = 3g + I(modm) ->3 m f1= A (modm). Bu

yerda < mvam > 1boiganda izlanayotgan qoldigni beradi. Agar
m = 4qg —1  ko‘rinishida boisa, 4r = I(modm) -» 4r = 1 +
m(modm) = 4q(mod7n) ->r = q(modm) -» r = *™(modm).

Demak, bu holda <m, (m > 1) izlanayotgan qoldiq boiadi.
Javob: Agarm = 4q + 1 ko‘rinishidaboisa, gavaagarrm =
4q —1 ko‘rinishida boisa, ga teng.

340.1).Indekslardan foydalanib berilgana = HO10 sonini m = 67ga
boiishdan chiggan goldigni topish talab gilnayapti. Buning uchun 1010 =
r(mod67) dan 0 < r < 67 shartni ganoatlantiruvchi r ni aniglaymiz.
Taqqgoslamaning ikkala tomonini indekslaymiz. U holda 10£ndIlO =
indr(mod66)ga ega boiamiz. Bu yerda 67 moduli bo‘yicha indekslar
jadvalidan indlO = 16 ekanligini aniglaymiz. U holda 10 16 =
indr(modé6e) -+ 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 = 17852 sonini m = llga
boiishdan chiggan qoldigni topish talab gilnayapti. Buning uchun
17852 = r(modll) dan 0 < r < 11 shartni ganoatlantiruvchi r ni
aniglaymiz. Taqqoslamani 17852 = r(modlIl) -> (11 <16 + 2)52 s
r(modll) 252 = r(modll) ko‘rini®ida yozib olamiz va uning ikkala
tomonini indekslaymiz. U holda S2ind2 = indr(modl0)ga ega
boiamiz. Bu yerda 67 moduli bo‘yicha indekslar jadvalidan indl = 1
ekanligini aniglaymiz. U holda 52 = indr(modl0) ->indr =
2(modl0). Anti indekslar jadvalidan foydalanib, bu yerdan r s
4(modll) ekanligini topamiz. Demak, izlanayotgan qoldiq 4 ga teng
ekan. Javob: 4.

3). Indekslardan foydalanib berilgana = 20172018 sonini m = llga
boiishdan chiggan qoldigni topish talab qilnayapti. Buning uchun
20172018 = r(modll) dan 0 < r < 11 shartni ganoatlantiruvchi r ni
aniglaymiz.  Taqqoslamani 20172018 = r(modIl) -> (11 »183 +
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4)2018 = r(modil) -> 42018 = r(modi!) ko‘rinishda yozib olamiz va
uning ikkala tomonini indekslaymiz. U holda 2018ind4 =
indr(modlO) -> (10 «201 + 8)ind4 = indr(modIQ) -* 8md4 =
tndr(modlO)ga ega bo‘lamiz. Bu yerda 11 moduli bo‘yicha indekslar
jadvalidan ind4 = 2 ekanligini aniglaymiz. U holda 16 =
indr(modlO) ->indr = 6(mod10). Anti indekslar jadvalidan
foydalanib, bu yerdan r = 9(modil) ekanligini topamiz. Demak,
izlanayotgan goldiqg 9 ga teng ekan. Javob: 9.

341. Paskalning umumiy boiinish belgisini ifodalovchi nazaruy
gismdagi (I)-formuladan foydalanamiz.Unga ko‘ra N = a0 + a* <10 +
a2¢102+ ..+ dnmlOn=al0+ ar'b +a2m2+ ..+ a*e
m (modm)(l) bajariladi. Bu yerda 10fc = rk(modm), k —1,2, ...,n.

1).6 ga bo'linish belgisini keltirib chigarish uchun yugoridagi
formulada m = 6 deb olamiz. U holda 10 = 4(mod6), 102 =
4(mod6), 103 = 4(modm),... bo‘lgani uchun 10* = 4(mod6),fc =
1,2,3, ...,n bo‘ladi. Shuning uchun (1) dan N = a0 4-4(at + a2+ ..+
dn) (mod6) ni hosil gilamiz. Bu yerdan quyidagi xulosaga kelamiz.
Berilgan N sonining 6 ga boiinishi uchun a0 + 4 (at + a24- ...4- Op)
ifodaning 6 ga boiinishi zarur va yetarlidir. Misol uchun 26676 sonining
6 ga boiinish yoki boiinmasligini tekshiraylik. = Bu yerda 6 4
4(7 4-64-64-2) = 64-84 = 90 boiib, 90 soni 6 ga bo‘linadi. Shuning
uchun berilgan son ham 6 ga boiinadi. Endi 22593 sonining 6 ga bo‘linish
yoki boiinmasligini tekshiraylik. Bu yerda 3 + 4(9 + 54*24-2) =
3+ 72 = 75 bo‘lib, 75 soni 6 ga boiinmaydi. Shuning uchun berilgan
son ham 6 ga boiinmaydi.

2).8 ga boiinish belgisini keltirib chigarish uchun yugoridagi
formulada m = 8 deb olamiz. U holda 10 = 2(mod8), 102 =
4(mod8)va I > 3 boisa, 101= 0(mod8) boigani uchun (1) dan N =
(a0 + 2ax+ 4a2) (mod8) ni hosil gilamiz. Bu yerdan quyidagi
xulosaga kelamiz. Berilgan N sonining 8 ga boiinishi uchun a0 + 2ax +
4a?2 ifodaning 8 ga bo‘linishi zarur va yetarlidir. Misol uchun 38624
sonining 8ga bo‘linish yoki boiinmasligini tekshiraylik. Bu yerda 4 +
2*2 + 4*6 = 32 boiib, 32 soni 8 ga boiinadi. Shuning uchun berilgan
son ham 8 ga bo‘linadi. Endi 24674 sonining 8 ga boiinish yoki
boiinmasligini tekshiraylik. Bu yerda 4 + 2*7 + 4*6 = 42 boiib, 42
soni 8 ga boiinmaydi. Shuning uchun berilgan son ham 8 ga bo‘linmaydi.
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3). 12 ga bo‘linish beigisini keltirib chigarish uchun yuqoridagi
formulada m = 8 deb olamiz. U holda 10 = 10(modl2), 102s
4(modl2) val> 2bo'lsa,10* = 4(modl2) bo‘lgani uchun (1) dan
N = 4(a,, Fdn-t + —+ a2) + (modi?) ni hosil gilamiz. Bu
yerdan quyidagi xulosaga kelamiz. Berilgan N sonining 12 ga bo‘linishi
uchun 4(dn + (1,,_! H— + a2) + ajao ifodaning 12 ga bo‘linishi zarur
va yetariidir. Misol uchun 264816 sonining 12 ga bo‘linish yoki
boNinmasligini  tekshiraylik. Bu yerda 4(2 + 6 + 4 + 8) + 16 = 96
boMib, 96 soni 12 ga bo‘linadi. Shuning uchun berilgan son ham 12 ga
bodinadi. Endi 24674 sonining 8 ga bo‘linish yoki boiinmasligini
tekshiraylik. Bu yerda 4 + 2*7 + 4- 6 = 42 bo‘lib, 42 soni 8 ga
bo‘linmaydi. Shuning uchun berilgan son ham 8 ga bo‘linmaydi.

4). a).15 ga bo‘linish beigisini keltirib chigarish uchun yuqoridagi
formulada m = 15 deb olamiz. U holda 10 = 10(mod15), 102 =
10(modlI5)va | > 2 bo'lsaf10f = 10(modI5) bo‘lgani uchun (1) dan
N = 10(On + an™x+ —+ a2 + at) + a0 (modI5) ni hosil gilamiz.

b).18 ga bo‘linish beigisini keltirib chigarish uchun yuqoridagi
formulada m = 18 deb olamiz. U holda 10 = 10(modI8)f 102 =
10(modI8)va I > 2 bo'lsa, 10 = 10(modl5) boigani uchun (1) dan
N = 10(an + + eee+ a2+ ax) + a0 (modI8) ni hosil gilamiz.

c).45 ga bo‘linish beigisini keltirib chiqgarish uchun yuqoridagi
formulada m = 45 deb olamiz. U holda 10 = 10(mod45), 102 =
10(mod45)va | > 2 bo'lsa, 10z= 10(mod45) bo‘lgani uchun (1) dan
N = 10(On + On-! + e+ a2 + 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(07 + a + e+ a2+ a{) + a0 ifodaning
mos ravishda shu sonlarga bo‘linishi zarur va yetariidir.

342. 792 ga bo‘linadigan 13xy45z ko‘rinishidagi barcha sonlami
topish uchun 13xy45z = 0 (mod 792) shartni ganoatlantiruvchi barcha
X,¥,z ragamlami aniglashimiz kerak. Bu yerda 792 = 89«11
boigani uchun yuqgoridagi tagqoslama ushbu taggoslamalar sistemasi

13ry45z —0 (mod 8)
13ry45z = 0 (mod 9)

13xy45z = 0 (mod 11)
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ga teng kuchli. Bu sistemaning 1-tagqoslamasidan 8 ga boiinish
belgisiga ko‘ra

45z = 0 (mod 8) ->4 <102+ 510 +z = 0 (mod 8) -» 450 + z =
0(mod8)—z = 6(mod8) ga ega bo‘lamiz. Bu yerdan z ragam boigani
uchun z = 6 ekanligi kelib chigadi. Shuningdek, yuqoridagi sistemaning 2
va 3-taqgoslamalaridan 9 ga va 11 ga boiinish belgilariga asosan
fl+3+x+y+4+5+6=0 (mod?9) (x+y=28(mod?9)
(1—3+x-y+4—5+6=0(mod 11) [x-y =8(mod 11)

x = 8,y = 0 ekanligi kelib chigadi. Demak, izlanayotgan son
yagonavau 1380456 gateng. Javob: 1380456.

343. Agar ~ —qisgarmas kasr berilgan boiib, (10,b)=I boisin va m

soni b moduli bo‘yicha 10 soni tegishli boigan daraja ko4rsatkichi,
10m = I(modb) tagqoslama o‘rinli boigan eng kichik ko‘rsatkich
boisin. U holda berilgan kasmi cheksiz o‘nli kasrlarga aylantirganda
davr uzunligi m ga teng boiadi. Davr uzunligi kasrning suratiga bogiiq
emas.

1). Bunda b = 21 va 10m = I(mod21) dan m ni aniglaymiz: 10 =
10(mod21); 102 = -5(mod21); 103s -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 indlQ = 0(mod42).
Bu yerda ind4310 = 10 boigani uchun 10m = 0(mod42) ->5m =
0(mod21) ->m = 0(mod21). 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 ind9710 = 35 boigani uchun 35m = 0(mod96) -*m =
0(mod96). Demak, m = 96.

Javob: 96.

344. 1). 1723 oddiy kasrlami o‘nli kasrlarga aylantirganda hosil

boiadigan davr uzunligini aniglaymiz. Bunda b = 17 <23 va 10m =
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I(modI7 ¢23) danm ni aniglaymiz. Bu taggoslama ushbu tagqoslamalar

sistemasi f'l%mé 5%88%733 ga teng  kuchli. Bundan

(m ind1710 = 0(modl6)
Im ind2310 = 0(mod22)*

Bu yerda ind1710 = 3vaind2310 = 7 bo‘lgani  uchun
(Bm = 0(mod16) (m = 0(mod16)
btn = 0(mod22) bn =0(mod22) m ~ N

m = 0(modl76).
Demak, m = 176. Javob: 176.

2). oddiy kasrlami  o‘nli kasrlarga aylantirganda hosil

boiadigan davr uzunligini aniglaymiz. Bunda b = 53 <59 va 10m =
Ilmod 53+59) dan m ni aniglaymiz. Bu taqqoslama ushbu

0

i o x o fl =
taqqosl'amafér sistemasi |f18%_ 1\(% 0%5@) ga teng I<uchli. Bun(‘:?an

fm ind5310 = 0(mod52)
Im ind5910 = 0(mod58)*

Bu vyerda md5310 = 48 vaind5910 = 7 boigani  uchun
[48m = 0(mod52) ™ (12m = 0(mod13) fm = 0(mod13)
I 7m = 0(mod58) m = 0(mod58) Im = 0(mod58)

m = 0(mod[13; 58]) ->m = 0(mod734). Demak, m = 734. Javob:
734.

3). 7273i oddiy kasrlami o‘nli kasrlarga aylantirganda hosil
boiadigan davr uzunligini aniglaymiz. Bunda b = 7 <23 m31 va 10m =
Ilmod 7 <23 m31)dan m ni aniglaymiz. Bu taqqgoslama ushbu

ri10m= I(mod7)
tagqgoslamalar sistemasi 10m = I(mod23) ga teng kuchli. Bundan
10m = I(mod31)

m ind73 = 0(mod6)

m ind2310 = 0(mod22).
m ind3110 = 0(mod30)
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Bu yerda ind73 = 1, ind2310 = 3 vai7id3110 = 14 boigani

m = 0(mod6) 7 = 0(77U?d6)
uchun 3m = 0(mod22) 7L = 0(7710d22)
14771 = 0(mod30) 7m = 0(mod15)
m = 0(77iod6)
7 = 0(77i0d22) -»m = 0(77iod[6; 22; 15]) -* m = 0(mod330).
m = 0(mod15)

Demak, m = 330. Javob: 330.

4). 111317 oddiy kasrlacni  o<ph ~asrlarga aylantirganda hosil
boiadigan davr uzunligini aniglaymiz. Bunda b = 1113 17 va
10m = I(mod 11 «13 «17) dan m ni aniglaymiz. Bu taggoslama ushbu

(10m= I(77iodll)
taqgoslamalar sistemasi  1071= I(modI3) ga teng kuchli. Bundan
10m = I(modl7)
m indn 10 = 0(modl0)
m ind1310 = 0(modl2).
m ind1710 = 0(mod16)
Bu yerda indtl10 = 5, md1310 = 10 va iTid1710 = 3 boigani

5m = 0(modl0) 'm = 0(mod2)
uchun 10m = 0(mod12) 5m = 0(mod6)
3m = 0(mod16) m = 0(mod16)
m = 0(mod2)
m = 0(mod6) m = 0(mod[2; 6; 16]) ->m = 0(?nod48).
m = 0(mod16)
Demak, m = 48. Javob: 48.
5). oddiy kasrlarni o‘nli kasrlarga aylantirganda hosil

boiadigan davr uzunligini aniglaymiz. Bunda b = 13 «37va 10m =
Ilmod 13 w37) dan m ni aniglaymiz. Bu tagqoslama ushbu

tagqoslamalar sistemasi [JJ” * 37)

ga teng kuchli. gunaan )(m Ind1310 8{%83%%3 Bu yerda

i*7dl310 = 10, vai7id3710 = 24 boigani uchun
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(lO1 =0(modl2) (5m 0(mod6) o .

124m = 0(mod36) I2m = O(mod3) ~*m = 0(mod6)

Demak, m = 6. Javob: 6.

345. Agar | —qisgarmas kasr berilgan bo‘lib, (10, b) = 1 bo‘lmasa,
b nib = 2a m5™ mbxko‘rinishda yozib olamiz, bunda (b#10) = 1vam
soni  ~moduli bo‘yicha 10 soni tegishli bo‘lgan daraja ko‘rsatkichi,
10m= 1(modbj tagqoslama 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 kasming suratiga bog‘liq
emas.

1). | Bunda b = 14 = 2 «7 va bx = 7 bo‘lgani uchun
10m= I(mod7) dan m ni aniglaymiz: 10 = 3(mod7); 102 =
2(mod7); 103 = 6(mod7); 104 = 4(mod7); 10s =
5(mod7); 106 = I(mod7). Demak, m = 6.

Javob: 6.

2). | = ~-Bundab = 550 = 2+52«11 va bt = 11 bo‘lgani
uchun  10m= I(modll) dan m ni  aniglaymiz: 10 =
-I(modll); 102= I(modll);

Demak, m = 2. Javob: 2.
3). — oddiy kasrlami o‘nli kasrlarga aylantirganda hosil

bo‘ladigan davr uzunligini aniglaymiz. Bunda bj = 23 <31 va 10m =
Ilmod 23 +31) dan m ni aniglaymiz. Bu tagqoslama ushbu
tagqoslamalar sistemasi “ ~(mod 31) kuchli. Bundan
m ind2310 = 0(mod22)

m ind3110 = o(mod ¥y
1114AHolf'gam' uchun !

Bu Xerda md2310 = 3 vamd3il0 =
3m = 0(mod22) m = 0(;nod22 i
14m = 0(mod30) 7m = 0(mod1
(m = 0(modl5) = °(mod330)- Demak, m = 330. Javob: 330.

4). --~ 73 oddiy kasrlami o‘nli kasrlarga aylantirganda hosil

bo‘ladigan davr uzunligini aniglaymiz. Bunda bt = 53 «73 va 10m =
Ilmod 53 +73) dan m ni aniglaymiz. Bu taqqoslama ushbu
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tagqoslamalar sistemasi N 83 teng kuchli. Bundan

(m indS310 = 0(mod52)  _
Im ind7310 = O(mod72)" 8,1 yerda ‘“*B3FO = 48 vamd7310 =
9 boigani uchun

(48m = 0(mod52) (12m = 0(mod13)

19m = 0(mod72) [ m = 0(mod8)

m = 0(mod8) ~*m = °(modHDO4). Demak, m = 104. Javob: 104.

5). | = Y~.Bundab = 10 37 va bt = 37 boigani uchun 10m =

I(mod37) dan m ni aniglaymiz: mmd3710 = 0(mod36). Bu yerda
ind3710 = 24 boigani uchun 24m = 0(mod36) ->2m =
0(mod3) ->m = 0(mod3)Demak, m = 3. Javob: 32.

346. Berilgan tengliklaming to‘g ‘ri yoki noto”ri ekanligini 11
moduli bo‘yicha tagqoslamaga o ‘tish y oli bilan tekshiramiz.

1). 4237 «27925 = 118275855 dan 4237 «27925 =
118275855(modll).

Bu yerda 4237 = 11 385 + 2; 27925 = 11 +2538 +
7;118275855 = 11 «10743259 + 6 ekanligini e’tiborga olsak, 2 -7 =
6(mod1l) ->3 = 6(mod11l) -»1 = 2(mod11). Oxirgi taqgoslama
o‘rinli emas. Shuning uchun ham berilgan tenglik noto‘g ‘ri.

2). 42981:8264 = 5201dan42981 = 5201 m8264. Bundan 5201
8264 = 42981(mod11).Bu yerda 5201 = 11472+ 9; 8264 =11 m
751 + 3; 42981 = 11 <3907 -4 ekanligini e’tiborga olsak, 93 =
4(modll) ->5= 4(modll). Oxirgi taqgoslama o‘rinli emas. Shuning
uchun ham berilgan tenglik noto‘g‘ri.

3). 19652 = 3761225danl9652 = 3761225(modll). Bu yerda
1965 = 11 m178 + 7; 3761225 = 11 *341929 + 6 ekanligini e’tibor-
gaolsak, 72 = 6(modll) ->5 = 6(modll). Oxirgi tagqoslama o‘rinli
emas. Shuning uchun ham berilgan tenglik noto‘g ‘ri.

347.1).25041 + 91382 = 116423 . Butenglikdan qulaylik uchun 9
moduli bo‘yicha taggoslamaga o‘tamiz. U holda 25041 + 91382 =
116423(mod9). Bu yerdagi sonlami 9 moduli bo‘yicha eng kichik man-
fiy bolmagan chegirmalar bilan almashtirsak 3 + 5 = 8(mod9) -» 8 =
8(mod9) ayniy taggoslama hosil boiadi. Demak, berilgan tenglik to‘g ‘ri.
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2). 42932 - 18265 = 24667. Bu tenglikdan qulaylik uchun 9
moduli bo‘yicha tagqoslamaga o‘tamiz. U holda 42932 -18265 =
24667(mod9). Buyerdagi sonlami 9 moduli bo‘yicha eng kichik manfiy
bo‘lmagan chegirmalar bilan almashtirsak 2 —4 = 7(mod9) -> 7 =
7(mod9) ayniy taggoslama hosil boiadi. Demak, berilgan tenglik to‘g‘ri.

3). 13547 - 9862 = 3685. Bu tenglikdan qulaylik uchun 9 moduli
bo‘yicha taqqoslamaga o‘tamiz. U holda 13547 - 9862 =
3685(mod9). Bu yerdagi sonlami 9 moduli bo‘yicha eng kichik manfiy
bo‘lImagan chegirmalar bilan almashtirsak 2 -7 = 4(mod9) >4 =
4(mod9) ayniy taggoslama hosil boiadi. Demak, berilgan tenglik to“g*ri.

4). 235463 - 25376 = 210087. Bu tenglikdan qulaylik uchun 9
moduli bo‘yicha taqqoslamaga o‘tamiz. U holda 235463 —25376 =
210087(mod9). Bu yerdagi sonlami 9 moduli bo‘yicha eng kichik
manfiy boimagan chegirmalar bilan almashtirsak 5 - 5 = Q(mod9) -»
0 = 0(mod9) ayniy tagqoslama hosil boiadi. Demak, berilgan tenglik
to‘gri.

VL1 -8

348. 1).Berilgan kasr 27 ni uzluksiz kasrga yoyish uchun Evklid
algoritmidan foydalanamiz. Unga ko‘ra: 127 = 52 *[2] + 23; 52 = 23 »
[2]+ 6; 23 =6 -[3]+5; 6 =5 -I+1; 5= 1-[5].

Bundan ~=(2,2,3,1,5).

Javob: (2,2,3,1,5).

2). Berilgan kasr ~ ni uzluksiz kasrga yoyish uchun Evklid
algoritmidan foydalanamiz. Unga ko‘ra: 24 = 35 mo] + 35; 35 = 24
Ww+11; 24=11 -W+2; 11 =2 -\s\+1; 2= 1-[L. Bundan
~=(0,1,2,5,2).

Javob: (0,1,2,5,2).

3). Berilgan kasr 1,23 = 12 hi uzluksiz kasrga yoyish uchun Evklid
algoritmidan foydalanamiz. Unga ko‘ra: 123 = 100 «jT]+ 23; 100 =
23-[4]1+ 8; 23 =8 -[2]+7; 8=7 -W+1: 7=1-[b Bundan
1,23 = (1,4,2,1,7).

Javob: (1,4,2,1,7).
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4). Berilgan kasr 2 ni uzluksiz kasrga yoyish uchun Evklid

algoritmidan foydalanamiz. Unga ko‘ra: 29 = 37 ¢[0] + 29; 37 = 29 »
W+8; 29=8-(3]+5; 8=5 -L+3; 5= 3T+ 2, 3=2¢
Ww+1. 2= 1-11 Bundan 22_(0,1,34,1,1,2).

Javob:(0,1,3,1404,2).
349. Berilgan chekli uzluksiz kasrlarga mos gisgarmas oddiy kasr ~

ni topish uchun munosib kasrlar ~ dan foydalanamiz. Bunda (Pk, Qk) =

1).(1,1,21,21,2) = B:I = r ni aniglashimiz kerak. a( lami topish
b
uchim quyidagi jadvalni tuzib olamiz:

41 1 1 2 1 2 1 2
Pi  pO=i 1 2 5 7 19 26 71
Qt <h=0«1=1 1 3 4 11 15 41
Demak,(1,1,2,1,2,1,2) = jj. Javob: jj.
2).(0,1,2,3,4,5) = E) ni aniglashimiz kerak. x lami topish
uchun quyidagi jadvalni tuzib olamiz:
0 1 2 3 4 5
PO=1 O 1 2 7 30 157
Qi d®=0@=1 1 3 10 43 225
Demak,(0,1,2,3,4,5) = Javob: 21

3).(5,4,3,2,1) = (5,4,3,3) = ~Qq: z ni aniglashimiz kerak. ’(\3(
®
lami topish uchun quyidagi jadvalni tuzib olamiz:

4i 5 . 4 3 3
Pi x> 5 21 68 225
Qi Q=0 G =1 4 13 43
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Demak,(5,4,3,2,1) = m Javob:73.
4). (a,a,a,a,a) = Q/f\1 = 3 ni aniglashimiz kerak. ~  lami topish
uchun quyidagi jadvalni tuzib olamiz:

Zi a a a a a

pi  &HT a a2+ 1l a3+ 2a a4+ 3a2+1a5+4a3+ 3a
Q Q0:0Q|=1a a2+ | a3+ 2a ad+ 3a2+ 1

- f +433+3 +4a3+3
Demak,(a,a,a,a,a;I = aJ’A SaorT- Javoh: 2Tt

5).(a,b,a,b,a) = ’61 = % ni aniglashimiz kerak. a( lami topish
uchun quyidagi jadvalni tuzib olamiz:

a A b a

a2b2 + 3ab a3b2+ 4a2b
ft PO=12a ab+1 a2b+ 2a +1 + 33
Qia> "oy « 16 ab+1 ab2+2b a2b2+3ab+1

B/emajk,za, a, a,a, a‘)’I = aglz"zﬁ égifa. Javob: a3b2+4a2b+3a

6).(2,1,1,3,1,2) =~ = § ni aniglashimiz kerak. 2
wr (e}

e lami topish
uchun quyidagi jadvalni tuzib olamiz:
I I 2 1 1 3 1 2
pi Po=1 2 3 5 18 23 64
Q0 Q=0Qi=I 1 2 7 9 25
Demak, (24,1,3,1,2) = Javob:

7).(1,1,2,3,4) —=r = % ni aniglashimiz kerak.

a( lami topish
uchun quyidagi jadvalni tuzib olamiz:

—
N
(2]

p0 = 17 73



.Demak,(1,1,2,3,4) = ~. Javob:
8).(2,5,3,2,1,4,2,3) = — = ~ ni aniglashimiz kerak. ~ lami
<N b Qk
topish uchun quyidagi jadvalni tuzib olamiz:

a 2 5 3 2 1 4 2 3
i PO=1 2 11 35 8l 116 545 1206 4163
Q Q=0gi=1 5 16 37 53 249 551 1902

Demak,(2,5,3,2,1,4,2,3) = Javob:

350. Berilgan ~ kasmi uzluksiz kasrlarga yoyishdan foydalanib
gisgartirish uchun uni chekli uzluksiz kasrlarga yoyib munosib kasrlari
N ni hisoblaymiz hamda bunda (Pk, Q*) = 1va ~ § ekanliklaridan
foydalanamiz.

1). ni uzluksiz kasrlarga yoyamiz. U holda 3587 = 2743 mQ] +
844;

2743 = 844-[U+ 211; 844 = 211-[4] dan % = (1,3,4)

Munosib kasrlari ™ ni hisoblaymiz:

Q 1 3 4
Pi po=1 1 4 17
Qi <0=0<?i=l 3 13
S 3587 17-211 17
Demak, H E . (1,3,4) Tekshirish 37 13211 15

Javob:
2). 1943 ni uzluksiz kasrlarga yoyamiz. U holdal043 —3427 «

RFI1+1043; 3427 = 1043*[3] +298; 1043 = 298 «Li] +
149; 298 = 149 <l dan ~ = (0,3,3,2). Munosib kasrlari % ni

hisoblaymiz:

n pt=1 o 1 3 7



Q kkn=0k2i =1 3 110 123

Demak, ' = [071,3,3) = = TeksHirish ;233 27331129 23

Javob: >

3). ni uzluksiz kasrlargayoyamiz. U holda 3653 = 3107 -ﬁ')+
546;

3107 = 546 -0M+ 377; 546 = 377 «L|] + 169; 377 = 169-
[2]+39; 169 = 39-[4]+13; 39 = 13 -[3]dan = (1,5,1,2,4,3).

Munosib kasrlari ~ ni hisoblaymiz;

Q 1 5 1 2 4 3
Pi A S 1 6 7 20 87 281
Qi Q=0Qx=1 5 6 17 74 239

Demak, 3107 - (15:1:2,4,3Y - P3b- Tekshinsh. Hoy = Bo- Fb-

Javob: ,

)?%%——ni uzluksiz kasrlarga yoyamiz. U holdall281 = 6583 «
[1]+ 4698; 6583 = 4698—[T]+1885; 4698 = 1885 oLl +
928; 1885 = 928-HI+ 29; 928 = 29 dan po
(1,1,2,2,32). Munosib kasrlari Br ni hisoblaymiz:
Q 11 2 2 3
pi pO= 1 1 2 5 12 389
Qi =°™" =1 1 3 7 227
~ . 11281 ,n a0 389 T 1 .... 11281  389-29

Demak>715I = t1-1-2'2-32>= 227" Tekslunsh: -SiT = L 5
389 Javob: 389
227" " 227 ~

5).“ ~ni uzluksiz kasrlargayoyamiz. Uholdal491 = 2247 *[o] +
1491; 2247 = 1491 -U]+ 756; 1491 = 756 *[I] + 735; 756 =
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735 o[L} + 21; 735 = 21 +[L, dan

(044, 1,35). Munosib

kasrlari ni hisoblaymiz:

R 0 1 1 1 35

Pi pQ=1 0 1 1 2 71

Qi Q= O«]_ =1 1 2 3 107

_ _ S 71-21 71
Demak, ~ - = (0,1,1,1,35) = ~ . Tekshirish: jjg- 10701 107%
Javob: w -

351.1). (x,2,3,4) = — tenglamalami yechish uchun uning chap

tomoni orgali ifodalanuvchi gisgarmas kasmi topib olamiz. Buning
P . L .
uchun ~ —munosib kasmi hisoblaymiz:

Hi
=1 2x + 1 7x + 3 30x + 13
21 1= QQx=M 30

30X+13 _
30

Bundan ->30x + 13 = 73 30x = 60 X = 2.

Javob: x = 2.
2).7(xyz + x + z) = 10(yz + 1) tenglamalami yechish uchun uni
Xyz+x+z 10
yz+1 7
ko‘rinishida yozib olib uning chap va o‘ng tomonlarini uzluksiz
kasrlarga yoyamiz. xyz+x+z= (yz+ 1)e[x]+2z; yz+1l=12z-¢

[y)+ 1 z = 1*[z] bundan >z — Shuningdek 10 = 7«

w+3;,7=3-[2]+1;, 3=1-WL]] dan *“ = (1,2,3). HosU bo'lgan
yoyilmalami yuqoridagi tenglamaga olib borib qo‘ysak (x,y,z) =
(1,2,3) bundanesax = |,y = 2,z = 3 kelib chigadi.

Javob: x = 1y = 2,z = 3.

352. Berilgan kasrlami uzluksiz kasrga yoyib, uni”~-munosib kasr
bilan almashtirib xatoligini aniglash hamda almashtirishm tagribiy tenglik
yordamida xatoligini ko‘rsatgan holda yozish uchun berilgan kasrlami
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uzluksiz kasrga yoymiz va~— munosib kasmi aniglaymiz. Bundagi
xatolik dan oshmaydi.

1).§—kasmi uzluksiz kasrlarga yoyamiz. U holda 29 = 37 -f014-
29; 37 =29-LU+8; 29=8-[L+5 8=5-[LU+3; 5=3-[I]+

2;3=2-[1]+I; 2=1-[2] . Bundan ~ = (0,1,3,1,1,1,2). Endi
munosib kasriarini aniglaymiz.

4i o 13 1 1 1 2
i s0=1 0 1 3 4 7 1 29
o0 =0 =114 5 9 14

teng. Bulardan foydalanib berilgan kasmi quyidagicha yozishimoz
mumkin' ~ » ~(-0,02) = 0,78. Javob: ~ ~(-0,02).

2). — * __kasmi uzluksiz kasrlarga yoyamiz. U holda 163 = 159
W+4; 159 = 4+[30]+ 3; 4= 3-[!]+ 1; 3= 1-L|. Bundan:x =
(1,39,1,3). Endi munosib kasriarini aniglaymiz.

si 1 3 1 3
i Pn=1 1 40 41 163
o D=0 g=1 39 40 79

Bu yerdan R = 18 Byundan ko rlnadlkl —munosib kasr berilgan

kasrning o ‘ziga teng. Shuning uchun ham bu yerda xatolik nolga teng
bo‘ladi.

Jav&t;: 159 159 (ioz.
3).§5 —kasmi uzluksiz kasrlargayoyamiz. U holda 648 = 385 *

LLL + 263; 385 = 263-[1|+122; 263 = 122 «[L|+ 19; 122 = 19«

[6]+8; 19 = 8-[L, + 3;8 = 3-[1]+2; 3= 2¢<[]]+1; 2= 1-L.

Bundan %2 (1,1,2,6,2,2,1,2). Endi munosib kasriarini aniglaymiz.
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4i 1 1 2 6 2 2 1 2
pi pO=1 1 2 5 32 69 170 239 648
O Qq=ox=1 1 3 19 41 101 142 385

Buyerdan ~ ~ = 0,6842. Bundagi xatolik — =
< 19 QUB 1941

— « 0,0013 gateng. Bulardan foydalanib berilgan kasmi quyidagicha
yozishimoz mumkin:

* H (-0,0013) = 1,6831. Javob: A~ * H (-0,0013).
1882

4). “Tosl —kasmi uzluksiz kasrlargayoyamiz. U holda 1882 =

1651-L1 +231; 1651 = 231-(3+34; 231 = 34¢[L+ 27; 34 =

27 «[1]+ 7; 27 = 7-[3]+6;7 = 6-[1]+1; 6= 1+[L. Bundan
1882

—-=(1,7,6,1,3,1,6). Endi munosib kasriarini aniglaymiz. »
Ri 1 7 6 1 3 1 6
pi PO=1 1 8 49 57 220 277 1882
Q M=0 @A=1 7 43 30 193 207 1651

Bu yerdan w = 57 = Addr BuUndagbxatolik gz = 50103 = wE5D0 «
0,000103 ga teng. Bulardan foydalanib berilgan kasmi quyidagicha
yozishimiz mumkin:

n “ (-0,000103) = 1,139897. Javob:~ *
(-0,000103).
Eslatma: Xatolikni Oa < = ( gL =1, <0,067<0, I)
ko‘rinishda baholash ham mumkin.
4). a-= sonini  ~ munosib kasr bilan almashtirib uning
natijasida hosil boiadigan xatolikni baholashimiz talab etilayapti. Buning

—2y3
uchun awalo ni uzluksiz kasrlarga yoyib munosiob kasriarini
topamiz: (V3 = 1,73050807 )
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a=" =0+-4-=0+ ,bunda sar= = 5(2 +V3) =
243 1
10+57~=18 +(573-8) =18+~ 1=18 +~ =118 +
ih =18+t"
11 —
8 + 5V3 /8 + 5V3 \ 5V3-3 1
*F*— o« — 1+ (.-ir— 1 - 1+-i0i— 1Vv
- - -» par-0-1+*?2-1r*5pbp
6 6(5n/3 + 3) 5V3 + 3 /5V3 + 3
= —F = —~ U + !
“4=5vV3m3T ~ 66 5 I N R
5n/3 —8 1 1 11
:1+_1_f_ :1+-L||-:]_+a—s;«s 5V 3-8
_ 5v3-8
= 5V3 + 8,... .
Demak, a —2_—\8—— (oospn,1,16,...) ekan. Endi-1 (ﬁqunosm
kasmi aniglaymiz. Un| topish uchun quyidagi jadvalni tuzib olamiz:
4 0 18 1 1 i 16
Pi PO=1I 0 1 1 3 50
Q 9=© Qi=i 18 19 377 56 933

Demak, » = ~vaxatolik la=\a - a\ = =
10,06737299 —0,05405405| < 0,014 < 0,02 va shuning uchun ham
~ (+0,014) = 0,06805405. Bu yerdaxatolikni' ishora
bilan olamiz, chunki”® > a.
Javob: 2 Aa = 0,05.

Eslatma: Xatolikni Aa < -~ -f= < 0,0005 <
<2*QsV  37-56 2072

0,001) ko‘rinishda baholash ham mumkin.
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5). a= e sonini R munosib kasr bilan almashtirib uning
natijasida hosil bo‘ladigan xatolikni baholashimiz talab etilayapti. Buning

uchun awalo ni uzluksiz kasrlarga yoyib munosiob kasrlarini
topamiz: (V5 = 2,236067975)

a=in=1+(iin-1) =1+~=1+" bunda «! =
_i_ _ zE/E+i} _ N1 _a Demak, a = = ((1)) ekan. Endi ~

munosib kasmi aniqlaymiz.é‘kl lami topish uchun quyidagi jadvalni tuzib

olamiz:
4i 1 1 1 1 1 1
Pi PO= 1 1 2 3 m 8 13
Qi Op=0 Qi = | 1 2 3| 5 8
Demak, g =f va xatolik fJa= |a—a] = - f| =

11,618033989 - 1,66666666| < 0,04864 < 0,05 va shuning uchun
ham , -( 0,04864) = 1,61802666. Bu yerda xatolikni

ishora bilan olamiz, chunki Q% > a.

Javob: j, Aa = 0,05.

Esfatma:  Bu yerdagt PITI 235813 21 34 hsonlahga
Fibonachchi ketma-ketligi deyiladi.

6). a = V2 somni — munosib kasr bilan almashtirib uning
natijasida hosil boiadigan xato<l)|kn| baholashimiz talab etilayapti. Buning
uchun awalo ni uzluksiz kasrlarga yoyib munosiob kasrlarini
topamiz: (V2 = 2,236067975 )

a= '* _OMM._H_HVZ -1

2(N +1) - 4+ (*ff-2)- 4+ -t \py T 4F



V2 + 1 V2-1 1 2
= 2-—-- 1+-2 -=1+" :@3=VT" =ai-
Demak, a = m1™ = (0, (4,1)) ekan. Endi —a munosib kasmi

aniglaymiz.” lami topish uchun quyidagi jadvalni tuzib olamiz:

< 0 4 1 4 1 4
Pi = 0 1 1 [if] 6 29
Demak, ~  ~ vaxatolik fla = \a —a\ = -~ =

10,2071067812 - 0,20833333331 < 0,001227 < 0,002 va shuning
uchun ham]I\Z * /—(—0,001227) = 0,20710633333. Bu yerda

xatolikni ishora bilan olamiz, chunki P— > a.
Javob: —, Aa = 0,002.

353. Buning uchun berilgan % kasmi uzluksiz kasrga yoyamiz.

Berilgan aniglikni ta’minlash uchun k ni Qk > = = 100

bajariladigan tanlash kifoya. Awalo 1261 asmi uzluksiz kasrga

yoyamiz: 1261 = 881 «[T]+ 380; 881 = 380 L+ 121; 380 =
121-W,+17; 121 = 17-[7]+2; 17 = 2-[|]+1, 2= 1-[2] +
0. Demak, —_— (1,2,3,7,8,2) ekan. Endi munosib  kasmi

aniqlaymiz:a lami topish uchun quyidagi jadvalni tuzib olamiz:

4; 1 2 3 7 8 2
Pi PO=1 1 3 10 73 594 1261
Qi =0 <Ai=I 2 7 51 14151 881

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik k bu k =
5 va Qs —415. Shuning uchun ham « N (—0.0001) debyoza
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olamiz. Lekin [-~j-- —| < 0,000Ishartni ganoatlantiruvchi eng kichik

maxrajli munosib kasr bilan almashtirish talab etilgani uchun ~ tekshirib
ko‘ramiz. Bu holda
[1261 11261 __
1881 Qx 1881 511 11,43132803632 -

1,43137254901| = 0,00004451269 < 0,00005 < 0,0001 bajariladi

va shu uchun %611- « %(-0.0001) deb  yozish mumkin. Lekin
11261 g . [1261 154

1881 ~ <3y 1881 71
0,00275660775 > 0,0001. Berilgan shartlami ganoatlantiruvchi

881
kasrga eng yaxshi yaqginlashish sifatida P munosib kasmi olsak
bo‘ladi. Javob:

B4HV2=1+(V2-I) =1+~ 1=1+ir-j=1-+
n =1+ boMgani uchunQk > jj =J g | > 31,

ya’ni 31 < Qk shartni ganoatlantiruvchi Qk ning eng kichik giymatini
aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

4 1 2 2 2 2 2
Pi .PO=i 1 7 17 41 99
Qi %=0 =1 2 5 12 29 [TO]

w

Jadvaldan Qk > 31 shartni ganoatlantiruvchi eng kichik Kk bu k = 6

va Q6 = 70. Shuning uchun ham A= g, ya’ni V2 « ﬁ(—0,001) deb

yoza olamiz. Lekin |[V2 —| < 0,00Ishartni ganoatlantiruvchi eng
kichik maxrajli munosib kasr bilan almashtirish talab etilgani uchun »

tekshirib ko‘ramiz. Bu holda |[n/2 | =|v2 - =
11,4142135624 - 1,41379310344 | = 0,000421 < 0,001 bajariladi
va shu uchun V2 » ~ (+0,001) deb yozish mumkin. Lekin |V 2-~| =
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V2 — = 11,4142135624 - 1,4166666667| = 0,00245310426 >

0,001. Berilgan shartlami qanoatlantiruvchi V2 ga eng yaxshi

yaginlashish sifatida munosib kasmi olsak bo‘ladi. Javob:
2)v3=1+(v3-l) =1 T Ve T %Ji - by T (V3-i)
2
1+ =1+ = (1, (1,2)) bo‘lgani uchun Qk > =
\B3+ 1+ys§+i

0001 >31, ya’ni 31 < Qk shartni ganoatlantiruvchi Qk ning eng

kichik giymatini aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

4i 1 1 2 1 2 1 2
pi £O=1 1 2 5 7 19 26 71
Q _&.=0 <?i=i 1 3 4 11 15 41

Jadvaldan Qk > 31 shartni ganoatlantiruvchi eng kichik k bu k =
7 va Q7 = 41. Shuning uchun ham gl = — yani V3» 2\1-(+0,001)

deb yoza olamiz. Lekin [V3 - ~| < 0,001shartni ganoatlantimvchi eng

kichik maxrajli munosib kasr bilan almashtirish talab etilgani uchun —

tekshirib ko ‘ramiz. Bu holda

IV3 —~| = |V3 —ff] = 11,73050807 - 1,733333331=
0,031 > 0,001  bajariladi va shu uchun berilgan shartlami
ganoatlantiruvchi >/3ga eng yaxshi yaginlashish sifatida T “ munosib

kasmi olsak boMadi. Javob: —.

VT =2+ (V7-2) =2+ =2+~ =2+

V7+2 , . [>T+2
buyerda at= = SO e
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3 3(vi+1y vi+l  VT-1 1

a2 — ~Pl-—m-m ——-—mm——emn = ememeeee S Lt o = -
>/7-1 6 2
Vi1
2 2VT+ 1) VT+1 V7-2
- =1+ =1+
n7—1
ni7-2
=1 +
N=AnAb =vfe=N +2 =4+ (N -2)=4+N 0 =4+
=4+ «4 = U 1= «t. Demak, V7 = (2. (144.4))
3 _
boigani uchun Qk > = > 31*ya’ni 31 < Qk shartni

ganoatlantiruvchi Qk ning eng kichik giymatini aniglaymiz.Buning
uchun munosib kasmi aniglaymiz:

4i 2 1 1 1 4 1 1 1 4
Pi PO=I 2 3 5 8 37 45 82 127 590
Qi (=0 qi=1 1 2 3 14 17 31 ug8 223

Jadvaldan Qk > 31 shartni ganoatlantimvchi eng kichik kK bu k = 8

va Qs = 48. Shuning uchun ham gs u8 ya'ni V7 * ’;0(+0,001)

deb yoza olamiz. Lekin V7 —" | < 0,001shartni ganoatlantimvchi eng

kichik maxrajli munosib
kasr bilan almashtirish talab etilgani uchun v tekshirib ko‘ramiz. Bu

holda

|[V7-~] = |V7—HI = 12,645751311 - 2,64583333333| =
0,00008 < 0,001 bajariladi va shu uchun berri)lgan 02shartlami
ganoatlantimvchi V7ga eng yaxshi yaqinlashish sifatida~  ~ munosib

kasmi olsak bo‘ladi. Javob: 2.
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4).Vn =3+ (Vn-3) =3+ Vi3 =3+-/yL =3 + |
2

buyenlaal= ~ = 3 +(~ -3) =3 (VTi-3 3+§;
2
«w = — =V'|_|'+3=6+(-I'IT- 3%:64'
VIT-3 VTIT+ 3
I I
=0 yrms T 6 T3
as= "% = at.Demak, V II = (3, (3,6)) boigani uchun Qk >
] K 0,561 > 31, ya’ni 31 < Qk shartni ganoatlantiruvchi Qk ning
eng kichik giymatini aniglaymiz. Buning uchun munosib kasmi
4 3 3 6 3 6
Pi Po=| 3 10 63 199 1257
Q <=0 cCi=I 3 19 |60] 379
Jadvaldan Qk > 31 shartni ganoatlantiruvchi eng kichik k bu k = 4
va @4 = 60. Shuning uchun ham w A60 = 3,31(6), yani VIl &

(—9,001) deb yoza olamiz. Lekin |VII - ~| < 0,00Ishartni
ganoatlantiruvchi eng kichik maxrajli munosib kasr bilan almashtirish

talab etilgani uchun pi tekshirib ko‘ramiz. Bu holda |VIT — . =
? 1 V3*

IVIT- = 13,3166247903 - 3,31578947368 | < 0,00084 <

0,001 bajariladi va shu uchun berilgan shartlami ganoatlantiruvchi VTT
ga eng yaxshi yaqinlashish sifatida 273— = % munosib kasmi olsak bo‘ladi.

Javob: 19
355. 1).x2 —Sx + 2 = 0 tenglamaning ildizlarini topamiz. x12 —
5+V25-4*1-2 _ 5xVI7, 5+V17 5~VI7 A

SR 22w = 2 x2= = Awalo birmtii ildiz
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X\ = 22 i garaymiz. xr CIVIT i VIS o gy L , bu yerda
B 2 _ 2(VIT+3) _ V1743 _ ~ | VIT4 _n , 1 , 1.
1 “ 8 - ~4~~14~ 1+ 22 -1+ T2
5 V17 + 1 VT7-3 1
ac= e R t--—-=1 + 4 =1 4 "'
V17-1 73 a3
a3 - +4~ %H—Vl-7—3—3l-ll—b—:§l’—4—l.8emak,x*:
nr-3 7in5
SVIT _(4.(1,1,3)) bo'lgani uchun Qk > = = 100 shartni

ganoatlantiruvchi Qk ning eng kichik giymatini aniglaymiz. Buning
uchun munosib kasmi aniglaymiz:

< 4 11311 3 1 1 3 ..
ft PO=1 4 5 93241 73 260333593 , .,
O ¢ =0 =1127 9 16 57 73 130 463

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik k bu k =
8va Qg = 130. Shuning uchun ham = 4,56153846153, ya’ni

2 *5%&.0,0001) deb yoza olamiz.  Bunda xatolik Qstz

Tspus = FO!L9_O<O’000017<0’0001 bo'ladi.

Endi ikkinchi x2 = ildizni qaraymiz. x2 = =0+
1 6+ R buyerdaal— II? 2(>/17+5) _ V17+S:é)+. >fl7-3 _
57
2+-4-= 2+ :’:15
~ 3 4 VT7+ 3 nr—3 .. 1 , o1
2 = ———e- Z o mee D 3 e =3+ —2— =3+
VP-3 2 2
as —
nt-3 < 4 »fC;
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4 174 4 I+ to

VT7-3
Demak, x2 = > V7= (0.2, (3.1.1))bo lgani uchun Ok >

J00001 = 100 shartni qanoatlantiruvchi Qk ning eng kichik giymatini
niglaymiz. Buning uchun munosib kasmi aniglaymiz:

3 1 1 3 1 1 3 1 1
3 4 7 25 32 57 203 260 463 ..»
7 9 16 57 73 130463 593 1056 ...

«< 0 2
Pi =1 0 1
Qi Q =20g =1 2

Jadvaldan Qk > 100 shartni ganoatlantimvchi eng kichik Kk bu Kk —
= i N = TIN_ =
8 va Q8 = 130. Shuning uchun ham X 53) 0,43846153846,

ya’'ni 13)(+0,0001) deb yoza olamiz. Bunda xatolik Qngz

2
TS = -GSJ@<O’000017< 0,0001 boiadi.
Javob: N (-0,0001); x2 = *
~ (+ 0,0001).
4x2+ 20x + 23 = 0 tenglamaning ildizlarini topamiz.
_ oI AG2d2 - - 502 _ -5 _ -S-y/R
*12 - 4 - 4 “UT ~ Rk L T ¥Qu ™"
Awalo birinchi ildiz xt = ni garaymiz.
*1
bu yerda
“T=VIiTi=2(V2+ 1) =4+2V2-2 =4+"~]J =4+1"T =
4+a—2;a2 [+~ -=1+ -.

V2-1 ai

324



Demak, Xt = A = (—2,(4,1))bo4ganiuchun Qk > JN =

!00001 = 100 shartni ganoatlantiruvchi Qk ning eng kichik giymatini

niglaymiz. Buning uchun munosib kasmi aniglaymiz:

-2 4 1 4 1 4 1
pO=1 2 -7 -9 -43 -52 -251 -303 «»
ot 6=0 Qi=1 4 5 24 29 1140j 169 ...

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng Kichik k bu k =

6va Q6 = 140. Shuning uchun ham ( = —77%“= —1,79285714285,
?6 140
bunda * —1,792893238, ya’ni *-N(-0,0001) deb

yoza olamiz. Bunda xatolik =

<0,000043<0,0001 bo'tadi.

23660
Endi ikkinchi x2 = 2 ildizni garaymiz. x2 = a ° -4 +
22 - £+ =-4+1 buyerda
iWf
2 _2(vaza2~n 2V2-1=1+_~ =1tJ_
3-n/2 7 7 2\%;1 0z
7
a2=  _ =2V2+ 1 =3+ (2V2-2) =3+ -j=—=3+—,
2V2 -1 «3
as=40"=((1.4)).
Demak, z2 = = (-4,1,3, (1,4)) bo'lgani uchun Q* >
— = 100 shartni ganoatlantiruvchi Qk ning eng kichik giymatini
3 Q0L q Q geng qry

aniglaymiz. Buning uchun munosib kasmi aniglaymiz:
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9i A 1 3 1 4 1 4 1 e=

Pi PO=1 A -3 -13 -16 -77 -93 -449 547

Qi Q=0 <=1 1 4 5 24 29 140| 169

Jadvaldan Qk > 100 shartni qanoatlantiruvgchi eng kichik k bu k =
44
7va Q7 = 140. Shuning uchun ham LIS g

-3,20714285714 = -3,207106812, ya'ni - % (-0,0001)
debyoza olamiz. Bunda xatolik < — = —-— =—— < (0,0001
QY 140%169 23660
bo‘ladi.
Javob: xt = ~2"V2 <" 2! (—0,0001); x2 = SVZ
_++£(_0,0001).
3).x2+ 9x + 6 = 0 tenglamaning ildizlarini topamiz.
-9 +n/8l- 24 -9 % V57 -9 + n/57
X2« 2 “ 2 el 2 ’
-5-Vv57
Awalo birinchi ildiz x* = ni qaraymiz.
*1=i2Ne.l+"n +le.1+VEle.1l+xe
A 2 2 2 n
bu yerda
2 V57 + 7 V57-5 1 1
U A — S/ RU———— = 3 H--F— = 3 H—;
nis7-7 4 + az2
_ V5778
4 V57 + 5 V57-3 1 1
azZ“ V57-5_ 8 "1+ 8 -1+ o« M1+ «3:
V57-3
8 n/s7 + 3 /InI57 + 3 \ nis57-3
a3"Vv57-3_ 6 ~1+ (T ~ X -1+ 6
- 1+a4
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V57 + 3 V57-5

V57-3 8 8
=N — :
as
8 V57+5 o /57 —7 1 1
—— = =3H = 3 H-]j— = 3 H-—;
nis57-5 4 4 a6"
V57-7
V57 + 7 V57-7 1
= T4 =T 4 v A o
>/57-7 2 2 + a7
V57-7
2 _ Y57+ 7 1
7 =3+ =3+—; a8=az2
"'nl57 —7 _ 4 as
V57-5
-9+V57 _
Demak, xt =(-1,3,(1,1,1,3,7,3)) bo‘lgani uchun Qk >
M =100 shartni ganoatlantiruvchi Qk ning eng kichik

giymatini aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

-1 31 1 1 3 7 3

Po=1 -1 -2 -3 -5 -8 -29 -211 -662
A Yo=° <=1 3 4 7 1 40 12911 913
Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik khuk =
7 va Qj = 291. Shuning uchun ham Qy =~ T —0,72508591065,
bunda . * -0,725082783, ya’ni. = ~0+V”

e (+0,0001) debyoza olamiz. Bunda xatolik * 40-291

1 <0,000086<0,0001bo‘ladi.

11640
Endi ikkinchi x2 2 ildizm garaymiz. x2 = Y27
e = oo ! = —9 H— , buyerda
9-V57
«i = 9-n/57 12 12 12 _ ., a2

V57-3
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12

az= V57-3

N =2+" =2+ 2= 2+ —;bundaxxm
VS75 <@
hisoblaganmizdagi singari a3 = -=((1,1,1,3,7,3)).
Demak, x2= V> = (—9,1,2, (1,1,1,3,7,3))bo‘lgani uchun Q* >

Jc = Jooooi = 100 shartni ganoatlantiruvchi ning eng kichik
giymatini aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

9 12 1 1 1 3 7 3
pi &= -9 -8-25-33 58 -91 -331 -2408 -7555
4 =ooqQiz=i 13 4 7 1 40 12911 913

Jadvaldan <?* > 100 shartni ganoatlantiruvchi eng Kichik K bu K

8va Q8 = 291. Shuning uchun ham 5s= - =
] 291

-8,27491408934 ,~9~ ~ = -8,2749172175, ya’'ni x2= ~9r2—
— (—0,0001) debyoza olamiz. Bunda xatolik

<w = WTrs <°'000004 < °'0001 bo‘bl [-

Javob: xx = ~92"  « (+0,0001); x2 = »
-~ (- 0,0001).

4). 2x2—3x —6 = 0 tenglamaning ildizlarmi topamiz. x 2 —
BiVZMS 3iV57;—*1 = VST o = 3—'\\/12.Awalo birinchi ildiz xt =
3+VS7 .

m garaymiz.
_ 3+VS7 _ nsZ:s _ 0, _ |ox
r==—p-= 2H———Z—— p T '2-1?1,buyerda
VS7-S
4 V57 + 5 1 V57-3 1
= + = +
4 ns75e 8 8 v @
V57-3
8 V57 + 3 V57-3 1
V57-3 =i Toe
V57-3 <3
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6 V57 + 3 V57-5 1

«3 = = =1+ —-—-=1-1- ;
V57-3 8 8 a4
8 ni57 + 5 yfS7 -7 1
«4 = === = =3 + =3+ —;
V57-5 4 4 0s
4 V57 + 7 nis7-7 1 1
«5 = -p=-—— = = 7t e e = T H-b— = 7T+ —
ns7-7 2 2 L a6
V577
n/57 + 7 n/57-5 1
* - mmmem e = O T == mmee- = * ) )
nis7-17 V57.5 v
= = «i
V57 —5
Demak, Xj = = (2,(1,1,13,7,3)) boigani uchun Qk > =

Jomn = 100 shartni ganoatlantiruvchi Qk ning eng kichik giymatini

aniglaymiz. Buning uchun munosib kasmi aniglaymiz:

2 1 11 3 7 3 1

=3F 2 3 5 8 29 211 662 873
QG Qo=0Qi=1 1 2 3 11 80 1511 331
Jadvaldan Qk > 100 shartni ganoatlantimvchi eng kichik k bu k =
7 va Q7 = 251. Shuning uchun ham = 2,6374501992,
bunda * 2,63745860875,ya’ni xr = *
251 (+0,0001) debyoza olamiz. Bunda xatolik <W78 Thidal -
<0,000013<0,0001 bo'ladi.
83081
Endi ikkinchi x2 = ildizni garaymiz. x2 = ~~~ = —2 +
UdE = _ 2+ _J_ =-2+i buyerda
4 11-VSs7 *x
4 V57 + 11 , n/57-5 1
ai“ Il —n/57_ 16 + 16 n/57-5 az2!
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az2= { =6H =6+ —
V57-5 2 2
2 n/s7 + 7 V57-5 1 o 1
a3 = —------m- R - = 3 Heeoem - =3H- 4— =3-1----- ;
V57-7 4 4 + a4
V575
V57-5
bunda ni hisoblaganmizdagi singari a4 = ((1,1,1,3,7,3)).
Demak, x2 = = (-2,1,6,3,(1,1,1,3,7,3)) bo‘lgani uchun

Qk > J”™ = J 0.000i ~ 1®®shartni ganoatlantiruvchi <?* ning eng

kichik giymatini aniglaymiz.Buning uchun munosib kasmi aniglaymiz:

< 2 16 3 1 1 1 3 7 3
P . an B8 o -7555
pi 0, 2 1 -8-25-33 91 -331 ,, 0
i 42
o 900 _Q.l | 7 gp 29 51 80 201 2117 66

Jadvaldan Qk > 100 shartni ganoatlantiruvchi eng kichik Kk bu k =

8va Qq= 291. Shuning uchunham ™ %' =

-1,13745704467 ,x2 = = -1,13745860875, ya’ni x2=
» -H i(-0,0001) debyoza olamiz. Bunda xatoiik <

ek = n = 0°000002 < °’00001 6o

Javob: (+0,0001); x2 = « -H i(-0,0001).
356. /1= a —JPn4'-Pni— ayirmani gqaraymiz. Bu yerda a =

Pl on Q7+ Qn+l
_Q1+Z+ bo‘lgani uchun
Qn+iflIn+2+Qn
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O — ~n+17n+2 _ Pn+ Pn+l

Qn+\dn+i +Qn  Qn + Qn+i
__fii+lQnffn+2  hiQn  fii+lQn+I1?n+2  PgQn+l ~~nQn+Iffn+2 ~ PnQn

(.Qn+IQn+2 + Qn) (Qn + Qn+l)
fit+1Qn+Iffn+2 + Pn+IQn

(Qn+iQn+2 + QnXQn + Qn+i)
(Pn+1Qn<7n+2 ~ filQn+Iffn+r) filQn+l ~ Pn+lQn _

Q@n+H*7n+2 + Qn) (Qn + Qn+I)
(fil+1Qn ~ ~7IQn+)*7n+2 ~ (fil+1Qn ~ PnQn-fl)

(Qn+iQn+2 + Qn) (Qn + Qn+i)
_ (Pn+IQn  ~nQn+l)C<&n+2 ~ 1)

(Qn+i*n+2 + Qn) (Qn + Qn+i)
(H)n*M+2 - 1)

(Qn+I<?n+2 + Qn) (Qn + Qn+l)

bo‘lgani uchun ayirmaning ishorasi n ning juft togligiga bog‘liq

bo‘lib, agar n = 2 k —juft son bo‘lsa, a > ~;agarn = 2k +
Qn+Vn+i
1- togsonbo‘lsa, a < _ bajariladi. Tushunarliki, _kasr
b n Qn+Qn-+i Qn+Qn-+i
~va a sonlari orasida yotadi. Shuning uchun ham
I _Anl |Pn fii+1 _ j[n| 1
| Qnl ‘Qn + Qn+i  Qnl Qn(Qn + Qn+i)
bajariladi.
Esiatma. Isbotlangan tengsizlik |« “ ” | uchub quyi chegarani

beradi va shuning uchun ham u bizga ma’lum bo‘lgan |a —

tengsizlikni to'ldiradi.

357. Bu blerda o = &—IW boMgani uchun

Pn-1(Qn + 77) + fit-2 _ Pn-1Qn + fii-2

Qn-10?n + m) + <?,-2 Qn-l4n + Qn-2
(fii-lIQn-2 ~ Pn~2Qn~1)m

(Qn-i(tfn + m) + Qn-r) (Qn-i™n + Qn-r)
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(OHCHAINHFO+QN) (Qrifin+on-2) bo‘lgani uchunjuft tartibli munosib

kasrlar ortadi, toq tartiblilari esa kamayadi.
358. Bu yerda

Pn-1 lip. Pn-1l 1 1 1
« - £ w - - 1
Qn-1 In Qn-J Qn-xQn  2Q1  2<22-j
munosabat o‘rinli boigani uchun [a — ifoda aynan » dan
kichik boiishi mumkin. Chunki 372- masalaga ko‘ra \a _(F;rr]:i\l ;
o 85— _3 bajariladi.
Qn-iCQn-i+Qn)
A
VI1.2-8.
359. 1).(2]3) uzluksiz kasr yordamida berilgan kval

iiratsionallikni topish uchun berilgan ifodani x = (2,3,*) ko‘rinishda
yozib olib uning munosib kasriarini topamiz:

4i 2 3 X
Pi S 2 7 X+ 2
Qi @=0° @ = 3 3x + |
Bundan =* 3*2—6x —2 = 0 kvadrat tenglamaga kelamiz.

Uning ildizlarini aniglaymiz. U holda
3tV9T6 3xVT5 =iz VI5
3 3 - 3
hosil boiadi. Berilgan ifoda musbat boigani uchun izlanayotgan

*1,2 -

kvadrat irratsionallik 1 + yjl, (6) dan iborat boiadi. Javob: 1 +

2).(i,1,2,2) uzluksiz kasr yordamida berilgan kvadrat
iiratsionallikni topish uchun berilgan ifodani x = (1,1,2,2, x) ko‘rinishda
yozib olib uning munosib kasriarini topamiz:
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& | | 2 2 X

Pi &= I 2 5 12 12x+ 5
Qi 2i=i 1 3 7 Ix+3
Bundan — = x-*7x2- 9x —5 =0 kvadrat tenglamaga

kelamiz. Uning ildizlarini aniglaymiz. U holda xlt2 = 22Y81+28:3-

hosil boiadi. Berilgan ifoda musbat boigani uchun izlanayotgan

kvadrat irratsionallik 14 dan iborat boiadi. Javob: —ZZ’\—.

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:

tt 5 4 3 X
ft fe=1 5 21 68 60Qx
+ 21

& 20=0 Q=1 4 13 13x+ 4

Bundan £%+4 = x -> 13x2 —64x —21 = 0 kvadrat tenglamaga
kelamiz. Uning ildizlarini aniglaymiz. U holda
32 £ V1024 + 13 *21 32 + V1297

X2 13 13
hosil boiadi. Berilgan ifoda musbat boigani uchun izlanayotgan
kvadrat irratsionallik dan iborat boiadi. Javob: 324 222

4. a = (1,23,4) uzluksiz kasr yordamida berilgan kvadrat
irratsionallikni topish uchun berilgan ifodni a = (1,2,3, co) ko‘rinishda

yozib olamiz. Bunda w= (4) = 4+ Awalo <eni aniglaymiz. =
4 + —dan 0)2 - 4a) - 1 = 0. Bu tenglamaning yechimi coli2 = 2 + V5~

dan thorat boiib, (0> O boigani uchun w = 2+ V5~ Endi a =
(1,2,3, co) dan foydalanib a ni topamiz. Buning uchun a ning munosib
kasrlarini aniglaymiz.

Bundan
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IOco + 3 23 + 10V5 _ (23 + 10n/5)(16 - 7V5)
70+2 a”a~ i6+7V5 — (16 + 7V5)(16 - 7V5)

18-V5
11
Q 1 2 3 a
Pi 5 S 1 3 10 10a> + 3
Qi Oo =0 2 7 <y+ 2

hosil bo‘ladi. Shunday qilib izlanayotgan kvadrat irratsionallik ~ ~

dan iborat boiadi. Javob: —

5).a= (04444, 2,2,2) uzluksiz kasr yordamida berilgan kvadrat
iiratsionallikni  topish uchun berilgan ifodni a = (04444, 0>)
ko‘rinishda yozib olamiz. Bunda co = (2,2,2). Awalo (o ni aniglaymiz.
ai = (2,2,2,8>)

tt 2 22 ©
Po=1 2 5 12 12(0 +5
Q =0 2 5 56> + 2
dan — . _ = 0-»S0)2—106) —5 = 0-*0>2—20—1 =0
5(i)+2

kvadrat tenglamaga kelamiz. Uning ildizlarini aniglaymiz. U holda
wlg = = 1+ n/2 hosil boiadi. Berilgan ifodada (0 musbat

boigani uchun (0 = 1 + y[2. Endi a = (04444, co) dan foydalanib a
ni topamiz. Buning uchun a ning munosib kasriarini aniglaymiz.

0 | | 1 1 ©
p @S 0 I 2 3 30+2
=° 2i=j | 2 3 5 50 + 3
Bundan
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3>+ 2 _5-f3v2 (5+3¥2)(8- 5V2) 10- V2
5)+ 3 ~a_>a —8+ 5n/2 _ (8 +5n/2)(8 - 5n/2) * 14

hosil bo‘ladi. Shunday gilib izlanayotgan kvadrat irratsionallik
I~ dan iborat bo‘ladL Javob:

6).a = (a,a,2a,) = (a,c0) = a+ ™ uzluksiz kasr yordamida
berilgan kvadrat irratsionallikni topish uchun berilgan ifodani a =
(a,a,2a,) = (a,a>) = a+ ™ ko‘rinishda yozib olamiz. Bunda n) =
(a,2a) = (a, 2a, co). Awalo oo ni aniglaymiz.

qt a 2a 0
Pi jPo =1 a 2a2+ 1 (2a2+ 1)) + a
Qi Q=0 x~1 2a 2aco +1

dan (2;;} +)<u+a N 2002- 2aa>- 1= 0, Sa =£02/ kvadrat
tenglamaga kelamiz. Uning ildizlarini aniglaymiz. U holda  colf2 =

g*fo2*2 hosil boiadi. Berilgan ifodada <y musbat boigani uchun oo =

w2 +2° a = (a, &) dan foydalanib a ni topamiz. Buning uchun a

ning munosib kasrlarini aniglaymiz. a = a + 1- a+ ~ & = =
_ ~ar +~2 hosil boiadi. Shunday qilib izlanayotgan

kvadrat irratsionallik Va2 + 2 dan iborat boiadi. Javob: Va2 + 2.

7). a = (2,204) = (2,244, 6>)uzluksiz kasr yordamida berilgan
kvadrat irratsionallikni topish uchun berilgan ifodani a = (2,244,&0
ko‘rinishda yozib olamiz. Bunda <= (2,244, c0). ) ni aniglaymiz.
Buning uchun esa munosib kasrlardan foydalanamiz.

al 2 2 1 1 (0]
Pi Po = | 2 5 7 12 1200+ 7
Qi a=0 «l1=1 2 3 5 50+ 3
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dan~ ~ = (0 -+ 5c02 —9(i) —7 = 0 kvadrat tenglamaga kelamiz.

Uning ildizlarini aniglaymiz. U holda (012 = w22 hosil bo‘ladi.

Berilgan ifodada o) musbat bo‘lgani uchun < = Shunday qilib,

izlanayotgan kvadrat irratsionallik oHvzal dan iborat bo‘ladi.
9+V221

Javob: G

360. Bir xil chala bo‘linmali cheksiz davriy uzluksiz kasmi a =
(a,a,a,...) = (a,a) = a+ ™ ko‘rinishida yozib olish mumkin. Bundan

a2- aa —1=0 kvadrat tenglamaga kelamiz. Uning ildizlarini
aniglaymiz.

U holda a = - -——-hosil bo‘ladi. Shunday qilib, izlanayotgan
kvadrat irratsionallik----- > dan iborat bo‘ladi.  Misol uchun: a = 2
boUsa, a = (2,2,...) = (2) = =1+V2, a=3 bo‘lsa, a=
(3,3,...) = (3) = — vabokazo. Javob: [l

361.1).~ =y, ak+1 = n/2 bo‘lsa, a ni topish kerak. ~ =y da

(Pk,Qf) = 1 bo‘lgani uchun Pk = 10, Qk = 3 ni hosil gilamiz. Ikkinchi
tomondan ~ =y = 3+~ bo‘lgani uchun = 3, Qk~i = 1 kelib

chigadi. Bu giymatlami a = N foydalansak a = y~f~" =

ekanligi kelib higadi.

Javob:a = 571';/2
2). Rk 37, afetl = -y 3 bo' Isa am toplsh kerak. 2¢ =~ g

(Pk>QK) —1 bo‘lgani uchun Pk = 37, Qk = 13 ni hosil gilamiz. Ikkinchi
tomondan

T dgt t gttt TTe ALTIs SLTIR s ST ET
faigi

(2,1,5,2) bo‘lgani uchun
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2 1 5 2
Pi PO = 2 3 17 37
i =1 1 6 13

dan Pk_x= 17, Qic—+ = 6 kelib chigadi. Bu qiymatlami a =

Pk<*K-+i+Pk-i a e ali i 37M T " /+17  71+3773
QK k+i+Qk-i *  fOydalansak a=7"™n"N7 =5Tlivf=
(71+37Y3)(25~13Y3) __ 166+Y3

(25+13>/3)(25-130/3) “ 59

ekanligi kelib higadi. Javob: a = 16™ ™.

362.1).a = Vx2+ 1=x+ (Vx2+ 1- x) =x + =X+

—, bunda
ai

aa=Vx2+ 1+x=2*+ (Vx*+ 1- x) = 2x + =

2X + a Demak, a = (x,2x). Misol uchimx = 1 daV2 = (1,2); x=
«

2 da V5=(2,4);x =3 da VT6= (3,6) va hokazo. Endi v

aniglaymiz.

A X 2X 2X
=
cT= X 2x2 4x3 + 3x
+1
QG  Qo="° o X gx2+1
Bundan » Javob: a = (x,2x) va

2).g = Vad + 2a-a2+(Va4+ 2a- a2) = a2+ *f | =

Va4+2a+a2 1 , /Vad+2a+a2
a2+7’\5’\—a2+ bundaal ------- — =a+



Bu yerda a2 = = Va4 + 2a+ a2=2a2+(Vad + 2a -

a2)=2a2+ o P—s = = 2a2+ —. Demak, a = (az,a*ZaZ). Endi 43
aniglaymiz.
4i a2 a 2a2
Pi Fb=1 a2 a3+1
2a5+ 3a2
i <0=0 1=1a
Q Q 2a3+1
Bundan 3= "% Javob: a = (a2,3, 7a2) va P = 2357342
363. a=Va2+ a+ 1 ni uzluksiz kasrga yoyamiz. U holc
quyidagiga ega boiamiz:
a:a+SVa2+a+1—a):a+ a+tl— = a+ —, bunda
Va2+a+l+a aa
_Va2+a+l+a _ (a+)+(Vg~r+a+l-l) _ »
a+l a+l
(Vaz+a+l-I)*(Va2+a+I1+1) _ AT a2+a+ -1 —11 a
(a+D)-(Vas+a+1+1) A (a+1)- ( 52»2'51'|+|5\‘ LT Vazea+i+
1+-7—-1— =1+ — bo'lib
Va2+a+|+| a2
aK _ Va2+ a+|+| (Va2+a+ I+Iaa) -1 H_\{f\_z_::i_t_l_t_l__a_ f+
—_:_—_—_—_ ——————— = 1+ - bo‘ladi. Bulardan foyd&lanib ~ ni aniglaymiz.
Va2+a+i-(a-i)
Qi a 1 1
Pi M=1 a a+ | 2a+ 1
Qi ©o=° <«wi=1 1 2
Bundan ~ ekanligi kelib chigadi.
364. Awalo berilgan kvadrat uchhadning musbat ildizi
aniglaymiz.
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bx2-abx-a =02x = :a+§M+J'I%+LLI

2b
., va2b2+4ab-ab o1 1. .
): a - 2b------- =a - b —a+bunda ax—
b Wi2ft24-4ab-<b
Va2b2+4ab-ab
2b Va2b2+ 4ab + ab

1 Vaz2f2+ 4ai>- ab 2a
Va2b2+ 4ab - ab 1
-» + 5 = *+ 5

Va2b2+4ab-ab

1 2a
b + — bo‘liba2 = [
a2 Va2b2 + 4ab —ab

Va2b2 + 4ab + ab

,222b =*

Demak, x = +— = (a, b), ya’ni berilgan tenglamaning
musbat ildizi davr uzunligi 2 ga teng bo‘lgan sof davriy uzluksiz kasrga
yoyilar ekan.

365. 380-misolda  xr = (a, b) ning bx2—abx —a =10
tenglamaning musbat ildizi ekanligini ko‘rsatgan edik. Berilgan

tenglamani x2 - ax —% = 0 koainishda yozish mumkin. Bundan, Viyet

teoremasiga asosan Xt + x2 = a

¥=a-xl=a-(n~ =a- a+™*™"N1-U-bj-V -
\ arbty/ \  fi+FPv
- bo‘lishi kerak ekanligi kelib chigadi. Shunday qilib x2 = —=j.

366. Bu holda a = (at ,a2,...,a*) soni x =

tenglamani ganoatlantiradi, ya'ni f(x) = Qn-i*2 + (Qn-2 ~ fii-i)* “
Pn—2 ko ‘phadning musbat ildizi bo‘lishi kerak. Bu ko‘phadning
iliinchi ildizi a ga qo‘shma abo‘lib, /(0) = -Pn-2< 0va/(—1) =
(<M-i - Qn-r) + (fit-i ” fii-2) > 0 bo‘ladi, chunki n ning o ‘sishi
bilan cheksiz uzluksiz kasming maxraji o‘sadi. Shuningdek cheksiz
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uzluksiz kasrning surati Pn monoton ocsuvchi boiadi. Buholdaa > 1
boigani uchun a 6 (—; 0) boiishi kerak.

367. Buyerda x = (a,b,c) = a+ boigani chun x —a =

-* {b,c) =~ Dboiadi. Bunda (b, ¢ ) soni (380-misol) soni
ex2 —bcx —b = 0 tenglamaning ildizi. U holda bu tenglamaning
ikkinchi ildizi 381-misolga asosan — tenglikdan topish
mumkin. Bundan (c,b) = -x + a-+x = a - (c,b) kelib chigadi.

368. 381-misolga asosan xx = (a,b) soni bx2- abx- a=0
tenglamaning musbat ildizi ekanligini ko‘rgan edik, uning ikkinchi ildizi

X2 = = —(0, (b,a)j dan iborat boiadi. Berilgan tenglamani
Xx2—ax ~ ~= 0 ko‘rinishda yozish mumkin. Bundan, Viyet
teoremasiga asosan xt ex2 = —] Xt ex2 = (a, b) (0, (b,a)) —

Javob: (a, b) m(0, (bTa)) =

= + = + —
369. Buyerdaa = a+—k=a+ — besy V@
B=c+lr=c+ 0= 2borare boigani uchun & = 227
ro b+- ab+l ~ ab+l 9 B~ borl

ekanligi kelib chigadi. x = (a, b,c) va y = (c,b,a) lar mos ravishda
quyidagi tenglamalarni ganoatlantiradi:

_ 1 _ _ 1 cx+ 1
x-a+b—+—Er_t]—a+b*_—a+ bex + b+ x
abcx + (a+c)x+ab + 1
bex + b+ x
(be + 1)x24*bx - [abcx + (a + ¢)x + ab +1] _ 0
bex + b+ x

(be + I)x2- (abc+a+c- b)x—(ab 4-1) = 0.
Shunga o‘xshash (ab + I)y2- (abc + a+c—b)y- (be+ 1) = 0.
Bu tenglamalarni yechib

(abe+a+c—b)+J(abc+a+e- b)2+ 4(bc + I)(ab + 1)
* = 2(be + 1)
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(abc+a+c—b)+ (abc+a+c- b)2+ 4(bc + 1)(ab + 1)
Y= 2(ab + 1)
larga ega boiamiz. Bulardan
X _ab+1 a

y be+1 p
kelib chigadi.
370. Agar n natyral soni uchun n/n = (qif g2, ...) boisa, uholda
vn+ =(2...) >1va-1 < —MVii< 0 bajariladi. Shuning

uchun ham yfn + gx ifoda sof uzluksiz kasrga yoyiladi., ya’ni Vn + gx =
(2q¥ g2 .., gn). Bundan yfn = {gx,q2, ..., gn>1gx). Bu esa
isbotlanishi talab etilgan tasdiq. misol uchun V2 = (1,~2); V8=
aTn
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GLOSARIY

Pifagor uchburchagi- tomonlari Pifagor teoremasi shartini
ganoatlantiruvchi uchburchak.

Umumiy bo‘luvchilar - berilgan sonlaming barchasi boiinadigan
sonlar.

Eng katta umumiy bo fuvchi (EKUB) - umumiy boiuvchilarining
eng kattasi.

Umumiy karralilar - berilgan sonlaming barchasiga boiinadigan
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 sonning
EKUBIni topish uchun goilanilgan algoritm.

Tub son - fagat o‘ziga va birga boiinadigan 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 boigan funksiya.

it(x) funksiyasi-x ning musbat giymatlarida aniglangan, x dan katta
boimagan tub sonlaming sonini ifodalaydi.

y=[x] butun gismfunksiyasi - xning barcha hagiqgiy giymatlarida
aniglangan, *dan katta bo'lmagan va unga eng yaqgin turgan butun sonni
ifodalaydi.

>>=*} — kasr qgism funksiyasi  {*}=*-[*] tenglik yordamida
aniglanuvchi funksiya.

r(w) funksiyasi -n ning barcha natural giymatlarida aniglangan, n
ning barcha natural boiuvchilari sonini ifodalaydi.

cr(n) funksiyasi - n ning barcha natural giymatlarida aniglangan, n
ning barcha natural boiuvchilari yig'indisini ifodalaydi.

Multiplikativfunksiya - ixtiyoriy a va b 0‘zaro tub natural sonlari
uchun aynan nolga teng boimagan vaf(ab)=f(q)f(b) tenglikni
ganoatlantimvchi /fimksiya.
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Eyler Junksiyasi <p{a)-a dan katta bo‘Imagan va a bilan o‘zaro tub
bo‘lgan sonlaming sonini ifodalaydi.

m moduli bo yicha taqgoslanuvchi sonlar -agar ikkita butun a va b
sonni  m natural soniga bo‘lganda hosil bo‘lgan qoldiglar o‘zaro teng
bo‘lgan sonlar.

Berilgan modul bo yicha chegirmalar sinfi - modulga boiganda bir
xil goldig goluvchi butun sonlar sinfi.

Berilgan modul bo yicha chegirmalar to'la sistemasi - berilgan m >
0 modul bo‘yicha m ta har xil sinf bo‘ladi, shu sinflaming har bindan
bittadan chegirma olib tuzilgan sistema.

Berilgan modul bo yicha chegirmalar keltirilgan sistemasi - berilgan
m > 0 modul bo‘yicha chegirmalarning to 1a sistemasidan modul bilan
0 zaro tublarini olib tuzilgan sistema.

Kvadratik chegirma - x2s a(mod m) tagqoslama yechimga ega bo‘lsa, a
ga kvadrartik chegirma deyiladi.

ndarajali chegirma - XT 3o(modm) taggoslama yechimga ega bo‘lsa, a
ga kvadrartik chegirma deyiladi.

Chekli zanjirli kasr - berilgan ratsional sonni Evklid algoritmiga yoyib
uning chala bo‘linmalarini ma’lum ko‘rinishdajoylashtirib tuzilgan ifoda.

Cheksiz zanjirli kasr - berilgan irratsional sonni Evklid algoritmiga
o‘xshash algoritm yordamida yoyib uning chala bo‘linraalarini ma’lum
ko‘rinishda joylashtirib tuzilgan ifoda.

Ko'rsatkichga garashli son - modul m bilan o‘zaro tub bo‘lgan a
sonning bir bilan taggoslanuvchi bo‘lgan a6si(modm) manfiy bo‘lmagan
eng kichik darajasi 6 bo‘lsa, a soni m moduli bo‘yicha 5 ko‘rsatkichga
tegishli deyiladi.

Boshlang'ich ildiz - agar a soni  mmoduli bo‘yicha <M
ko‘rsatkichga tegishli bo‘lsa, a soni mmoduli bo"yicha boshlang‘ich ildiz
deyiladi.

Algebraik son - biror ratsional koeffitsiyentli ko‘phadning ildizi.

Transendent son - birorta ham ratsional koeffitsiyentli ko‘phadning
ildizi deb garash mumkin boMmagan son.
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