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Definicyja

Skaitlis a dalas ar skaitli b (a,b € Z,b #+ 0) jeb b
dala a, ja eksiste tads vesels skaitlis g, kaa = b -q.

a:b
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Dalamibas 1pasibas

ra, a1

: a (refleksivitate);

:bunb:c= a:c (transitivitate);

:c=>ab:c;

:cunb:c= ax+by: c (jebkuriem veseliem skaitliem x un y);
:bunb:i:a=a=+b;

:bunc:d=ac:bd,

= ac:bc=aib;

= aibuna,b>0=b<a. MM
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Piemers

Dots, ka 3a : nun (12a + 5b) : n. Pieradiet, ka 10b : n.
Ja(12a +5b) inunl12a =4-3a :n,tadari 5b : n.
Ja5b i n,tad ar1 10b : n.




Teorema

Ja a - vesels, bet m - naturals skaitlis,
skaitli a viena vieniga veida var uzrakstit forma

a=m-q +r,
0 < r <m,Kkurq - irvesels, r - naturals skaitlis.

r r
am=q —am=q+—<a=q-m+r
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Definicyja

Doti veseli skaitli a un b un naturals skaitlis m = 2. Skaitli a un b ir kongruenti
p&c modula m ja a un b, dalot tos ar n, dod vienadu atlikumu.

Pieraksta: a = b (mod m).

Nemiet véra péc teor€mas par daliSanu ar atlikumu, r ir mazakais nenegativais
skaitlis, ar ko a ir kongruents péc modula n.
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Kur 1zmanto kongruences

= Kalendars
= RSA algoritms

= KreditkarSu numuru legitimitates parbaude

= Pirmskaitlu parbaudes testi




Teoréma

a b,c,d € Z,n € N

a = b (mod n) tad un tikal tad,
ja (a — b) dalas ar n.




Ipasibas

a = a (mod m)

a=b(modm)  b=a(modm)

a=b(modm)unb=c(modm)=a=c(modm)




Ipasibas

= a=Db(modm)unc=d(modm)=a+c = b+d(mod m)
7 = 4(mod 3) un 8 = 5(mod 3) > 15 = 9(mod 3)
= a=b(modm)unc=d(modm)=a-c=b-d(modm)
7 = 4(mod 3) un 8 = 5(mod 3) = 56 = 20(mod 3)
= a=b(modm)unk e Z = ak= bk (mod m)
3 = 7(mod 4) = 3% = 72(mod 4)
a-d=b-d(modm)unLKD(d, m)=1=a=Db (mod m)



Kongruentu skaitlu reizinajuma tpasibas
pieradijums

a=b(modm)unc=d (modm) = a-c=b-d (modm)
Péc definicijasa = g-m+r, b =p-m+r,c=t-m+2z,d =1-m+z

Izmantojot ieprieks pieradito teorému iegiist, ka skaitli ir kongruenti tad un tikai tad, ja starpiba dalas ar
m. Parbaudisim:

@ m+r)t-m+z)—(p-m+7r)(l-m+2z) =0 (modm)
(@m-tm+qgm-z+tm-r+rz)—(pm-lm+pm-z+Im-r+rz) =0 (mod m)
gn-tm+gqm-z+tm-r—pm-lm—pm-z—Im-r = 0 (mod m)
m(qg-tm+q-z+t-r—p-lm—p-z—101-r) =0 (mod m)
Un ir iegiita patiesa izteiksme, no ka seko, ka, ja So reizinadjumu starpiba dalas ar m tad arT reizinajumi

ir kongruenti péc mod m. = M M



Teorema

Virkne x,, péc modula m ir periodiska, Kur x,, ir a™ atlikums p&c modula m.

Piemers: 2™ mod 5:

2" 1 2 4 8 16 32 64




Ferma maza teoréema

Ja p ir pirmskaitlis un eksiste kads vesels skaitlis
a,kur LKD(a,p) = 1,

tad aP~! = 1(mod p).




Piemeri par kongruencu ipasSibam

= Kuri no dotajiem skaitliem ir kongruenti sava starpa péc modula 10?

7, 13, 117, — 33, 35, — 38, 8.




771 - 772 + 773 - 774 (mod 7)

771 =770 + 1 = 1(mod 7)
772 = 770 + 2 = 2(mod 7)
773 = 770 + 3 = 3(mod 7)

774 = 770 + 4 = 4(mod 7)

1-24+3-4=14=0(mod 7)
MM

N
D———



Vai 8% = 1(mod 9)

8 = —1(mod 9)
= 8% = (—1)°= 1(mod 9)




Atrast 13 - 142 - 153 (mod 11)

13 = 2(mod 11),14 = 3(mod 11),15 = 4(mod 11)
=2.32.43=2.9.16:4=18-4-5=7:-4.-5=7.9
=7:-(-2)=-14= -3 =8(mod 11)




Virknes 2™ periods péc modula 10

= Atrast virknes 2™ periodu péc modula 10

n 0 1 2 3 4 5 6 7 8

2" 1 2 4 8 16 32 64 128 256

= Atrast 223 (mod 10)
23 = 3(mod 4) = 23 atrodas perioda tresaja posma, tadel dod
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Komentars par pierakstu

1234 =4+3-10+2-100+1-1000

N =ay,+10-a; + 10%a, + -+ 10™a,,




Dalamibas pazimes

= mod 3, 9
N =ay,+10-a; + 10%a, + -+ 10™a,,

Taka 10 = 1 (mod 3,9), tad 102 = 12 = 1 (mod 3,9) utt. Tad

N=ay+10-a; + 10%a, +---+ 10"a, = ag + a; + a, + -+ a,

Piem. 123456 =1+ 2+3+4+5+6=21=2+1 =3 (mod 9)
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Dalamibas pazimes

= mod 2,5, 10
N=a,..aqa, =ao+ 10-a, ...a; = ay (mod 2,5,10)

= mod 20, 25, 50, 100

N =a;ay+ 100 -a, ...a, = a;ay,(mod 4, 20,25,50,100)

Tapat var turpinat ar 3 cipariem, iegustot dalamibas pazimi uz jebkuru skaitla 1000

dalitaju (8, 40, 125, ...). M M
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Dalamibas pazimes

Skaitlis dalas ar 2" ja ta ped€jo n ciparu veidotais skaitlis dalas ar 2".

Skaitlis dalas ar 5", ja ta pedéjo n ciparu veidotais skaitlis dalas ar 5" .

Skaitlis dalas ar 10", ja ta peéd&jo n ciparu veidotais skaitlis dalas ar 10",




Dalamibas pazimes

= mod 11
10 = —1 (mod 11)

N=ay+10-a; +10%a, + 103a3+ - =ay—a,; + a, —az + -

Piem. 123456 =6 —5+4—3+2 — 1 = 3 (mod 11)




Dalamibas pazimes

= mod?7, 11, 13

N =a,a;ay + 1000 - asasas; + -

Ta ki 1001 = 7-11- 13, tad 1000 = —1 (mod 7,11, 13)

N =a,a;a9 + 1000 - agazas + -~ = a,a,a9 — asazaz + agd,ag —

M M
N
D———



Paldies par uzmanibu!

DODAMIES UZ STACIJAM!




