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www.math-wiki.com 9NN N8D) ONPN T @
0PN DY NN NNYN T2 DINYD YO0 2 TeoN 9mIND Yana MONY e
LDXOITIVDNN YNND P OPTA DAN ,DXD)IN NWIN NAIN MY @

M TNR0N Dy NAYN D30 Nnw) @

0990177 HNINY Nan 1

:01901 YV MNP N JIDI
ovyavn oneonn N={1,2,3,...} e
(Zahlen :1;730) omdwn oooon Z = {0, +1,+£2,4+3,...} e
0”231 090NN Q = {§ :p € ZL,q €L\ {O}} .
.0»YNNn 09NN R e
02570 19000 C e

NcCcZcQcRcCorpmm

To k € Z D”p DX b DX PONN a D IMNY .ONOVY D900 a,b vy 1.1 DTN
.—5[10 SwnY .alb yon ka = b-v

qg,r P d # 0,n € Z 9359 (ITOPIN NPIYN N ,PIPNN VaVYN) 1.2 VowN
0<r<|d onn=qgd+r-v 1 omPN

MNva NPNAN .d-2 n IR DPONN IWRD NP " RN Y0 vavNN
(1INY) remainder-) (M) quotient (2753N0) t7¥oN NYIN VYN DIVNIAN

reatest ,n"nN) *2990 NMIYNN PONNN N, m DMNMOY DI9DN 1Y NN L1.3 TN
g )
990NN NN TN DNYY (common divisor

ged(n,m) = max{d € N:d|n Adlm}

Suno (n,m) =1 OR ©% n,m 3 NI .(6,10) = 2 Svnd .(n,m) Y203 DY
(2,5) =1

b=y a 9V INYHY Y 9 PO d N L d|b B0 d|a DX 1.4 NIYN


www.math-wiki.com

(n,m) = (m,r) W ,n=gm+r ON .1.5 MYV

NN dlm on din 0 oyT MR d = (m,r) D V" d = (n,m) Y93 .AN2N
MWOVP M dlr = n— gm PN mym OV OARYD MPND NN PNND DN

A< (m,r)
SV MIRYY NPY NN 1 2D (m,7)|n 9 (M, r)|m on (m,r)|r DTN 290 nyd
D WOPP YO0 To (M, 1) < d R (m,r)n O (m,7)|m D WP DN am, T
O A= (m,r)

MIYLA WIN VIDY NYD N7DN INONND "NONNN” L(DTOPIN DNINOR) 1.6 0IVN
(n,m)=nnn,m =00 .0 <m <n MY OTHPIR DNINON NN [L.5
wan) .(n,m) = (m,r) oy PYHN 0 < 7 < m IR n = gm + r 1IN NINN

(.9%YN5 27N DIPINVONN NND

DTOPIN DIPINON NRYA 47-) 53 Ov n"nnn NN avN) 1.7 HnnT

(53,47) = [53 = 1 - 47 + 6]
(47,6) = [AT =76+ 5]
(6,5) =1
09T DYNY O299010 M2Y N NONT
(224,63) = [224 = 3 - 63 + 35]

(35,28) = [35 = 1-28 + 7]
(28,7) = [28 =4 -7+ 0]
(7,0) =17

) =1

(63,35) = [63 = 1- 35 + 28]
) =1
) =1

3 a, b OOV D901 DY DYPNN LY MINYD NPXD N"NINN ON) 1.8 VOV

(a,b) = min {au + bv € N}

(a,b) = sa +tb-v 75 s,t € Z on»p vI192
(a,b) € aZ + bZ >3 1152>p vavNN I .1.9 NIYN

2”35 ANRYD PPN N”NNN IR OYIANYI S, 1 DNTPNN NN NINDD >TD .1.10 HNINT
299010 DTOPIN DNPINONI YNNI

(234,61) = [234=3-61+51 = 51 = 234 — 3 - 61]
(61,51) = [o1=151410 = 10 = 61 — 1-51 = 61 — 1- (234 — 3-61) = —1- 234 + 4 - 61]
(51,10) = [s1=51041 = 1 =51 — 5-10 =51 — 5 (—1-234 + 4-61) = 6 - 234 — 23 61]
(10,1) = 1

(234,61) =1=06-234—23-61 o9



.ale 22 WAN Lalbe o0 (a,b) = 1-v 75 DOV ©M9UN a, b, ¢ PV .1.11 99N

c-1 2923 .1 = sa + th-v T2 5,1 DNIOP PINYD NN NNNN PON 29D NN
M3 La| (sac + the) 135 .altbe © PNMIN 29 alsac 2D M2 ¢ = sac+ the HApN
.alc

2000 SV MNON .1.12 NIo
.e]ld nX eln N elm-v 73 e M d = (n,m) > .1
(an,am) = |a| (n,m) .2
p|b W pla nN ,plab DN MMWNXI p ONX .3

NI IN eln,m-Y YWD .d = sn+ tm-v D st onrp .l .DMONN NNOMN
.d DX N sn 4 tm DNOY INRYD MY NN D) PONN

(1an 99N pon) .2

PIVN DR 990 .sa+tp = 1-v T s, t 0P 199 (p,a) = 1 X ,pta ON .3

J(plab »n) SMRY PR DX PONNI p 2> NI .sab+ tpb = b 5ApN b-2 PINND
Dp|b MY P PN NN PO p oM

]

JA"02) TPAYMIN NAOMWYNN N8N n,m DOV OI901N MY TN .1.13 N1
nrno NI 0NdY (least common multiple

lem(n, m) = min{d € N : n|d A m|d}
.[2,5] = 10-1[6, 10] = 30 Ywn> .[n,m] 0O DY
0”05 SV MNoN .1.14 Myv
n,m]|a ¥ ,nja o0 m|a OX .1
[6,4](6,4) =12-2=24 =64 5vn> .[n,m|(n,m) = |nm| .2

0 <r <n,m]WRda=gqnm]+r-vIdqrvvr.l .MNONN NN
wr # 00X n,mlr o0 yan n,m|[n,m] DITN 299 nymla 2 PRIN
[n,m]|a 95 a = q[n,m] 35 [n,m] Sv nrSYYNRS NPNO

N29515 190N YV PrPoN NNYA NNOoM n”nnn WND NOP 7T IR .2
NI PPN 0D N2I) LDPNVYNT O

oo

o
=1 i1



TIAN NYD  L(PMD 199N D VAN NN VYN D) w4, 5 > 0 IWND
) YIONVNY

oo

(nym) = [ . m] = T
i=1 i=1

W, + [ = min(a, §) + max(q, 8) DPPRN a, f D901 MY 95V )90
[n,m] (n,m) = |nm|

O]

Sv N"Mnn d 0N .DM9DN NN INYD NN PTHIND IWIN L(MaY) 1.15 nYNRY

$1M1 + DMYPNN Sq, ..., S DMOY DI90N DIPPY ININ N, ..., N, DIONN
KOy mspIeN o -+ spng = d

n-1 NPIYN MIRYA ONPY ON a,b € Z D INNI Y20 19010 n 0 .1.16 A1
a =0 (mod n) Nt O YOI .a =0b+kn-v 10 k € Z 07p M3 .nja — b OX
N AT b-D NPV a” NNY RIPN

MO PDOPYST) MPPY DN NN 1 INTIN MPPY (MY NN 117 NIyo
,a =b,c =d (mod n) DN YD .20°N ITIN 1 INTIN NPM D9d .V
.a+c=b+d (mod n) oM ac = bd (mod n) N

Ly, = Z/nZ = Y202 523p1 n INTIN MPPYN MPONN GOIN NX .1.18 DWW NN
MY PYN NPSNN NN o omyad Zy = {[0], [1],[2], [3]} dvn> {la] : a € Z}
.4 VIV NI WPNN UKD DIYN @ W1 [

1333333 Sw NNINKRN N190N NN INSD .1.19 999N
195 .33333% = 3333 111333 55 25 owy .pno
111=1 (mod 10) = 111**¥ =133 =1 (mod 10)
3933 = 3183+ = (39 .3 =81%.3=1%.3 (mod 10)
333%% = 3% . 111 =3 (mod 10)
.3 NN NNINNA NI9DNY IO
6l =1 (mod 234)-w 75 0 < z € Z Wy (1t ¥ ON) 1.20 990

INYD PPN NN 1 K" 6le + 234k = 1-v 0 kK € Z D»p N 08 )pang
195 .(234,61) = 1 >3 1352 NN YN 295 23441 61 SV (Nt NIPNA HIYN)
29N 295 OIYN OINYD NN NNNN PR DY VAVNN Y DNTPPN ON ko
YOV PN 2 2D MPVANY YT & = —23 (mod 234) 195 .1 = 6-234 —23-61 oTp

=211 92



TRz O”P a,b € Z 959 X 0 n,m ONX .0»DN NYINYD VIVN) 1.21 vVavnN
7). = b (mod m) ,x = a (mod n)-¥ T3 nm DTN MPPY 15 Ty

13 .sn+tm = 1-v 2 s,t € Z 0P 7N ,(n,m) = 1-v »an AN XY NN
07PN .bsn + atm-2 INAN) VIVYNI WD x DV OVP NPOIND

bsn+atm=atm=a-1=a (mod n)
bsn+atm=bsn=b-1=b (mod m)

NNk € Z 939 2 = x4+ kmn D) 2D M2 2IVAR NINS XN = bsn + atm 19N
PN PINS
] AN 99N NN nm DTN £ OV MTNN DNOIN

DN . = 2 (mod 5) O z = 1 (mod 3)-v 70 = € Z NN .1.22 At
Ss=—Lt=2n=5m=3mnpna .—1-5+2-3=1199,05,3)=1
OPPI PR .2 = 1-(=5)+2-6 =7 NX 7INIAY TWIX MDD NPINYN LIVYN 90
7 =2 (mod 5) oN 7 =1 (mod 3)

oV MRNYN NDIYNO DY N0 M OO0 INY NIN OPDN NYIRYD VAVN
AT MYPY

MO Nt ONN OYYAV 090N NP {Mmy, ..., My} NON ()T ¥ ON) 1.23 Vawn
IXAP YN m-2 DNYAON NN DD (T NI N¥IAPA 0901 Nt DD YD)
m NTM x AT PIRY P {a; (modm;) 1 < i <k} nyvany Hv onwod

MIXNWHD NDIYNS NINS IMNNNN

r=a; (modmy)

T = Qy (mod mk)

y=3omy =2 (mod5) ,y =1 (mod 3)-v-¥ 75 y € Z N¥D)I .1.24 N7
5¥ NADIN T2 YT NI NN INTIPN NIDNTN N ¥y = 7 NINIIVY 25 W) (mod 7)
y =1 mxnwnn nw nx 199 (15=0 (mod 5) o0 15 =0 (mod 3) »3) 3-5 =15
20 ow) .y =7 (mod 15) NNN ANNWNA PONNY 1) y = 2 (mod 5) ,(mod 3)
JINNVND OND DDA 21DN NPIRYND VIVNI YNNWND IWONR 1PN (15,7) = 1 5

QN9 M y = 52 3P

0”002 DM”H2IUN DNAN 2

9250 OPONY PI2ION NN .DMION 0NN NND PIY NYD ,0NPN DYO ONNNA
DNAY VNNV "O0IWS” NP D2I2N NND DTN DX DTV RIN TPINYD NI2ONI
JMan ApnNa 09N OMPN 1’2901 .AaMan NN



PN NN S Oy (binary operation) MmNy NDYS NP S 0NN 2.1 AN
wnnwl #(a, b) DIVIY DIPNA RN VYND a,b € S MY = : SXS — S PMPNT
MO NN NDWYON 2D NI L,S-D NOMYVY @k b TINPNN NNNDNY N .a x b )02

(S, %) TI2ON NN NN (semigroup ,N¥NND NNIAN IN) NTHN .2.2 NN
NPDVLINON) NP NNYPRn S OY MNP 19N S NP KD NH1IAPN NANNN
(axb)xc=ax(bxc) Dpmm a,b,c € S 939 M5 .(associativity

DTHR NN 990 N1NN DY 0710 019010 Y (N, +) Noynn .2.3 1T

SunY .NMVP NPR MONN NNYOY 191D DTN NP (Z, —) NIIWYNN 2.4 N7
(5-2)—1#5—-(2-1)

NN YNNI POWNY 202N NTHNR NN S D NN NP DYDY 2.5 DI NN
,a - b W ab MNT Y90 WD YMDN N9 DAY DAIPNI LNPIIONRND NOIYNN
.a DWW a DMYS N OV aa...a NY9IN DIVID DIPHNI

DPPIN a € .5 935 OR NN ADNR NXIPI e € .5 DR .ATIKR (S, %) 2NN .2.6 N7
axe=exa=a

£ NP AN YA ATHR NN (M, *, ) (NPT IN ;monoid) TN 2.7 797130
SN NN M D NI VIVE VPN 1D DN TR TN NDIYON TUND

DTN AR I ININ e DTN TN 0Y PR (M, *, €) o7 .(NNXINI) 2.8 NIYN
e=exf=fopm N NP DR ON e, f € M DX N TN NN

DN 0P DX INDWN TON NI a € M AR TR (M, %, e) o .2.9 N1
L@ OV OONNY OMNN RIAP b M DApna ba=e-w D be M

.ab=e-v 70 b € M 72X O”Pp DX PO TN NI a € M DN 00T 19IN2
.a 9% 2’ OMN NXIAP b Nt NIpna

NP b M NIpna ba = ab =e-v 0 b € M 92N O”p DX TOaN NIP? 1N
.a 9V 09N

TON a-¥ NI PN ONDYN AN DR a € M o J(NRNIND) 2.10 9N
ST NN DY 09N

DM € O L(ORNYND TN @ D D OYP) a DV INYID YONRNIY 109N b O PINS
.a 9V 09N NI I ADRY PON b = ¢ 0 IR L(NMT NPTNN) a DY inwdd
:NAN OI2YNN I TNR DD PrINND DYTY ONN 2D INT

c=exc=(bxa)xc=bx(a*xc)=bxe=0>

D) JNOND LMD N DMV @ DY DPONNYN D»I9NN DD DY 0»INNN DD )20
a4~ o TR MR DNNY

MM INY 1D WY 1O TN ONNDYN X P TON P NIN IR ORY 2D v
(D00 TN 9”)D)) TNR N



AN NI AR 9312w PR 20N (G, *, ) (group) NNaN .2.11 AN

T8 NMAN 20N (G, %) PIDOR NOIWNY MOIND MM DY Dyo DTN 29D
SO0 NIN AN DOV DTN DN OPPY TPV N0 NNk NDIYIN 0D MNIND
DTOR < RN <= 0NN 0PN 1D D

MM N53 .0 NN N DTN ADRY AMAN NN (Z, +) NOIYNn L2.12 At
210 AN DY TIOONN N 2PN .—a P02 a DY 229NN IDRN IR DY Dpn
JN2ND DN T V90N YV

S NNN Nows oy (F,+,0) nx (C v R ,Q Sond) nTv F o> .2.13 nnnt
n X m 972 M¥PI0NN GOIN) (M,,,,,(F),+) D3 NoYT 19I82 .0NAN NN DTV
JDANN NYION NI NTHN IDNR .ANIN NN MPIVN NN NS 0y (£ Syn

TR NN NTYN OV Y950 nowa oy (£ ) ndwwnn .nTv F o L2.14 Annt
1NN DTN 92N (27790 ND D) NNAN IPNY

> nman o0 (£ 1) nx JFF = F\ {0} yovy .nTw F oo L2.15 hnnt
0N M) PRI P NN DNOY D900 SV D)0 Yadn oy (ZF, 1) noynn NNt
(2 29NN OINN

DORNP R NNAND .AMIAN NN NIND N2 TAR IR NOYA NNIAP .2.16 NHNY
JPONIPIVN NNANN

OIDN O a, b € M vy RO M o (00229010 DIDNN NNIAN) 2.17 1D
NI 09NN IVND )ON LTNRINI AN NN a - b DY N, 29N 0N a,b DN
NI NP ANNN TRIIN D29NN DIDRA 93 QO DY (a-b) L =b"t-a7?
CTPON NIN 2 AR DY ,NTN DR NN D01 DN QOIND 1D MO .ADyad ona
N2WAd ONY2 NN INNN TRIMND D29NN DIDNRN GOINY NN 1PTPND MIPON

(Units Sv Mp) U(M)-2 1% 172N 1903 .NNXmININ

MYIVN Y93 BY 1. X1 ITHA NPWNN MNIN SV (M, (R), 1) noynn .2.18 19730
VY 22900 NNIAND . TRIMND NN

U(M,(R)) =GL,(R) = {A € M,(R) : det A # 0}
.(General Linear group) R Syn (n nSynn) 15550 mIxySN NNaNn OORNP

PN IN) VAR NN k- G X G — G 1ompnIT N0y 0D NN L2.19 NN
(G,%) OX .a*xb=bxa 0”pM a,b € G DIPR NV Y5 DN (commutative
AVINN (MDD IN) TPOAN NN NN G D NN LTYANR NN DA NAN

.(Niels Henrik Abel) Sax 9730 052 5v 1mv Yy XIp)

n > 1 My moar AN (GL,(F), ) nmann .nTv F o .2.20 Dt



JPHAN NMAN NIN NDDIN DNV NN N2 OY TN V rop) ann .2.21 AT

DN ,OWUnNd 595 MO NINYa NV PTIND VAN TPND NXIIAP MAY .2.22 NIYD
PN S = {aq,b}

xlalb

a|ala

blb|b

DN N2 PR OO PRI NPR NN TR LTPNDP A9YaN 0D DTN N (S, %) N
NINND WPANN 122 bxa = b YAN ,axb = a > 9N KO NNV 2D DV AT
2101 NN DAPNNY ,NMNAN IPRY PRI DAPIPY 10 S May Y90 mMmd

NTY OV NITIN DIPRI IRIID PINYD NI2IOXRI ONPA ()T ¥ ON) 2.23 NIYD
INPY 921 PRIV MATHIND NNYA .MWAT DY NN v no9on (£ +,-,0,1)
9N NN NN (F,+,0) ox 0TY N0 F oo Ny = F\ {0} o) .nmN
a,b,c € F 999 distributive law) n>9n 0 ovpy oo n nman »on (£ - 1)

Aa(b+ c¢) = ab+ ac o»pmMm

ONRNVN TN IPRY PN TON TN I WY TRIND OVP ORN .2.24 999N

X-n Mpnynn nap Sy 9oN0y .Xap X RXOIN D TR MY .30 PN
AN PRI M 135900 N9wed orva XK = {f : X — X} mmonn msyd
N NPRYN NN 3 TN

PINY) DY NPXPNAN DN P 022900 YNNN NPEPNSN DN ONNYN 022910
FPNYY) M0 NYnD X NN N2 OX NP N L(NTTIN NPVINDIN NIYOLN NN
X = ox .Sy omom X Sy moon nnan oxnp U(XY o) nmand
TAN TN 9 199 ,S, MDA MOV PIVYDN NNAN PR PO Ypn {1,...,n}
(L7POAN NO NMAN N 1 > 3 NAY ONNYN

NIV TPIPNON LYNN NPRY DY 8PN XD Op X = N Dvnd npry ON
9aN ,u(n) = n+ 1 5vnd prm DN v o wspNeY d(n) = max(l,n — 1) NN
INDYN TN DD PR

nZ ={0,4+n,£2n, ... }-215% M50 NX IDI YAV 190N 17 .2.25 DIV NNY
A7 ={...,—12,-8,-4,0,4,8,12,...} Svnd

M Zy, = {[a] : @ € Z} ;n 9y m»pwn mponn qOIR DY YONDI .2.26 DNt
Y200 HNNY QN IR [a]+ [b] = [a + b] YN 200 TN 1 INTIV DI NN
NPONN SV 1N NI a) MPPYN MPoNN QODIXR DY NOWION NPINII N2 NN +
MNDNN N2 N PR PR (NINK MPPPY NPONN Y 1) NN H-) INR MPPY
ARNDY a 4 b NaY MPPYN NPoNN Sy DYONDN MINKOY) D901 DV NN

M»PYn MPoNnY ©rX) N2 1YIANR NNIAN NN (Z,, +) 2D MRID VAN
[0] + [a] = [0+ a] = [a] > [0] ™0 PN AN Z, = {[0],[1],...,[n— 1]}
MNVNN NN SV NPHIARM NPNIVPN Ny NPYIRM NDWIN NP ([a] Y5
[n —a] NN [a] Sv 9N AR DN
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1991,[0] € ZZ na1ainn 295> L[2] [3] = [6] = [0] »> Yapy Zi May Send .n1ona KO
ANTHR N9 AN M19D) N AR (ZF, )

49K NN 3

AN NNAN DX DT .2 INTII 90N SV NAPNN DX D8N N0 PTY L3.1 T
ooYNN1) Zg Y¥ 9950 MO NN M2 5950 N 2w U, = U(Z,) nvno (Euler)
:([0] n59513 Y TNV [0]-n

WO W Ol Wl W
DNO| = O DN | =~
DN WO | O Ot

=N O NN

O | W DN
QY | W DN = —

P 1720 P290N 195 AN NOwaN) 1 0MAY YOV DR DN DXI9NN OINN
Ny Hv 09NN NN [5] Mt npna WUs = {[1], [5]} 995 (MM PN mTny

(2m3) Uy = Z; ™ pNYUNI 1900 NN p ON 3.2 NIYN

Up-2 DA2RD NN PN ,ANINRAD NIYNY T (1025 AnoN) 3.3 Nayv
TRINNA 2NN , M9 .(n,m) =1 OX PN OX [m] € U, W .m € Z v
n-9 NN OIVNN 9 0N (Zy, )

Ui ={1,5,7,11} .3.4 nnnt
N0 W 10-5 9 70 5 NINKR 1OV, Z1g-2 099 2090 5-D DYP KD 3.5 NNt

00 (n,m) =1 o P OR [m] € U, N .m € Z >y (DRYINNN) 3.6 MIyO
N9 ONN OIVNRN 90 0N (Zy,, -) TRINNI 90N

mMMan nn 4

NN MMNN NN OX ,NMAN NN NN H C G n¥ap-nn .nan Gonn .4.1 79710
.G-n mravinn n,vad onoa

PN {e} < G 2Tm 12N MMANTNN Y v G NMan Y3 4.2 At
G < G (5oMa0n nMannTnn

9w MMAaNnTNn 95 WONRY NN Twnna nZ < Z n € 7 939 4.3 Mt
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nlm BN PN OR mZ < nZ (937N32) 4.4 INONT

DIDNRN Z-2 NYIM NIPN Zy, 22 — (Z,+) YV N NIANNN DR (Zy,, +) 8.5 DNt
D901 0N Z-2 DM2RND 1IN MDDV Mponn 0N Z,-2

20 R (Zy,, <) 03 = (Zy,+) 9 19995 nMan-nn nX U, .4.6 D901

DMV N2 Mman o - (M, (R), +) ¢ nnan-nn o (GL, (R), ) .4.7 nons

NN INAPNN H C G onn L(NRXINNND — NMIANTNND PN IVIP) 4.8 MY
:DNYPNN DXNRAN ONINN VY OX PN OX G DY nMan-nn H

eeH 1
i -hyt € H 0y hi, hy € H 92 2
P DTV F o .4.9 DN
SL,(F)={Ae€GL, (F)|detA =1}

IRYON NNANN 1Y NP aMaN N X0 SL, (F) < GL, (F) > won
1T NTAYHN

12NTNNY PO PIVIPA |Y) NN
detl, =15 ,1,€ SL,(F)>» M1 .1
)N AB t e SL, (F) Yy .A B e SL, (F) mn .2

detA_l_1
detB 1

AB™l e SL, (F) 9%

det (AB™") = det Adet B~ =

GL, (F) % nmannn o0 SL, (F) 2900 y9107pn 295

D3N DY 910 YR DY 910 S

DX2PD XY NrnY G Y (order) ATON NN T .AMAN G NN 5.1 AT
O0rd(G) W |G 092310 D10 .NTANA W DN NN NNV NP D02

0955 a = aa...a DAYNHN NPINN DX IDY YOO NMANA 5.2 DIV NN
MPIN N NP5V MPN .na = a + -+ + a D) NN NNIANI .0y n
.a% = e 5 DM .a YV IMNN YV NN

12



790NN NIN DN HY A1TON g € G DR KX AN (G- e) NN 5.3 A0
g 9% TONY DN ,MD n PN OX .¢" = e DPPNNIY T INPA YOPN 1 2YIA0N
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