
minepilet
(17:6:01 - a okcer) 'g zipxcen dxabl`

dixe`izd z` oiadl eb`ce ahid eze` e`xiw ,`p` .minepiletd `yepl xeywd `eand z` fkxn df sc

.dwipkhd z`e

zexcbd `

:dxcbd

on iehia `ed K dcyl lrn mepilet .(ipey`x p xear Zp - ae Q;R; C :a xwira weqrp ep`) dcy K idi

:dxevd

p(x) = anx
n + an�1x

n�1 + � � �+ a1x+ a0

.a0; a1; : : : ; an 2 K xy`k

:dxcbd

:dxevd on mepilet p(x) m`

p(x) = anx
n + an�1x

n�1 + � � �+ a1x+ a0

:onqpe ,n `id p(x) mepiletd zlrn :ik xn`p ,an 6= 0 :y jk xzeia lecbd mlyd `ed n - e

deg (p(x)) = n

minepilet zlrn .minlya xtqnd lcebl dneca ,mepiletd "lceb"l oeixhixw oirn `id mepiletd zlrn

.jynda xaqeiy oaena minepilet oia "d`eeyd" epl xyt`z

:`nbec

p1(x) = 3x2 +
p
2x+ 5 .1

.(miakexnd lrn mbe) miiynnd lrn 2 dlrnn mepilet epid

p2(x) = 8x7 + ix3 � 2 .2

miakexnd lrn 7 dlrnn mepilet epid

:zexrd

.p(x) = c :`"f ,reaw mepilet epid p(x) if` ,deg (p(x)) = 0 - yk �

!zxcben dpi` df mepilet zlrn .i 2Zlkl ai = 0 m"m` (qt`d mepilet) p(x) = 0 �
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minepilet lr zelert a

:epneqi xy` ,minepilet ipy mr cearp .minepilet oia zeiqiqa zelert mirvan cvik oigap ,df sirqa

p(x) = anx
n + an�1x

n�1 + � � �+ a1x+ a0; q(x) = bmx
m + bm�1x

m�1 + � � �+ b1x+ b0

.j = m+ 1; : : : ; n :xear bj = 0 :ik gippe n � m :ik gipp ,zeillkd zlabd ila

minepilet xeqige xeaig

:`ad mepiletd zeidl zxcben l"pd minepiletd ipy ly (xeqigd e`) xeaigd z`vez

p(x)� q(x) = (an � bn)x
n + (an�1 � bn�1)x

n�1 + � � �+ (a1 � b1) x+ (a0 � b0)

:zexrd

deg (p(x) + q(x)) � max fdeg (p(x)) ; deg (q(x))g :miiwzn if` ,p(x)� q(x) 6= 0 :m` ik al miyp �

.micaer ep` eilrn dcya zxcbend dlertd `id ai; bi ixa` oia (xeqig"d e`) "xeaig"d zlert �

�
2x5 + x2 + 3x� 5

�
�
�
x4 + x2 � 8

�
= 2x5 � x4 + 3x+ 3 :`nbec

minepilet ltk

:`ad mepiletd zeidl zxcben l"pd minepiletd ipy ly ltkd z`vez

p(x) � q(x) = cn+mx
n+m + cn+m�1x

n+m�1 + � � �+ c1x+ c0

:md ci mincwnd xy`k

ci =
iX

k=0

akbi�k

:zexrd

deg (p(x) � q(x)) = deg (p(x)) + deg (q(x)) :miiwzn ik al miyp �

.micaer ep` eilrn dcya zxcbend dlertd od ai; bi ixa` oia "xeaig"de "ltk"d zelert �

�
x2 � 5

�
� (x + 2) = x3 + 2x2 � 5x� 10 :`nbec
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minepilet zwelg

aikxn deedz xy` ,ce`n daeyge ziceqi dprh (dzika) gikep o`k mb ,minlya dwelgd jildzl dneca

:eply xnega ifkxn

:dprh

:y jk q(x); r(x) minepilet miniiw if` ,K dcyd lrn minepilet ipy p(x); g(x) 6= 0 eidi

p(x) = q(x) � g(x) + r(x)

:onqpe ,p(x) z` wlgn g(x) :y xn`p ,r(x) = 0 m` .r(x) = 0 :y e` deg (r(x)) < deg (g(x)) :xy`k

g(x)
��p(x)

,g(x) - a p(x) ly dwelgd zix`y `ed r(x) ik oiadl mikixv ep` ,minlya dwelgd jildzl dlawda

.p(x) � r(x) (mod g(x)) :`ad ote`a - jkl mcwen hrn df ik m` - eil` qgiizdl xyt`e

zwelg mzi`x `l mkwlg j` ,('n=1 dxabl`) mincew miqxewn dwelgd jildz z` mixikn mkwlg

.zhxetn `nbec zxfra okn xg`le ,dxvwa dwelgd jildz z` o`k x`zp .dk cr minepilet

`al cg` alyn mcwzdl ick .minly mixtqn ly dwelgd jildzl dnec minepileta dwelgd jildz

mepiletd ly ddeabd dlrnd z` wlgp ,aly lka .miwlgn ep` eze` mepiletd zlrn z` cixedl epilr - eixg`

,miwlgn ep` ea mepiletd lka d`vezd z` litkp ,miwlgn ep` ea mepiletd ly ddeabd dlrna eplaiw xy`

.lkd z` xidaz d`ad `nbecd !?jaeqn rnyp .epwlig eze` mepiletd on xqgpe

:ze`nbec

:minepilet ipy gwip .1

p(x) = x5 + x4 � 2x3 + 2x2 + 5x+ 5; g(x) = x2 + x + 1

:jk rvazn weligd jildz .dprhd on q(x); r(x) minepiletd z` `vnpe
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:y eplaiw ,`"f .g(x) zlrnn dphw r(x) zlrny eplaiw xy`k ,jildzd z` epxvr

p(x) =

q(x)z }| {�
x3 � 3x+ 5

�
�g(x) +

r(x)z}|{
3x
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:xear g(x) - a p(x) ly dwelgd jildza opeazp ,zrk .2

p(x) = 5x4 + 3x3 + x2 + 2x� 1; g(x) = x+ 1

:lawp
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:okle ,0 `id zix`yd xy`k epxvr ,o`k

g(x)
��p(x)

minepilet ly miyxey b

ly miyxey z`ivn ,illk ote`a .minepilet ly miyxeyl xywa zeaeyg ze`vez dnk zefkexn df sirqa

riiqz ,minepilet ly miyxey z`ivn .micgein mixwna da lthp ep`e zakxene dyw dniyn `id mepilet

.jynda ea weqrpy aeyg `yep - minepilet ly zewixtd zriawa epl

:dxcbd

:miiwn `ed m` p(x) ly yxey `xwp c xtqn .mepilet p(x) = anx
n + an�1x

n�1 + � � �a1x+ a0 idi

p(c) = 0

:xnelk

anc
n + an�1c

n�1 + � � �+ a1c+ a0 = 0

:ze`nbec

.p(1) = 0 :y oeeik ,x = 1 :yxey yi R lrn p(x) = 3x4 � 2x2 � 1 :mepiletl .1

:y oeeik ,yxey oi` Z2 lrn q(x) = x2 + x+ 1 :mepiletl .2

q(0) = q(1) = 1
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:(dxabl`d ly iceqid htynd) htyn

(minxebd xcq ick cr) cigi ote`a daizkl ozip p(x) if` ,C dcyl lrn n � 1 dlrnn mepilet p(x) idi

:d`ad dxeva

p(x) = k � (x� x1)(x� x2) � � �(x� xn)

.p(x) mepiletd iyxey md xi - e k 2 C :xy`k

:ze`nbec

q1(x) = 2x2 + 4x+ 2 = 2(x+ 1)(x+ 1) .1

q2(x) = x2 � 1 = (x+ 1)(x� 1) .2

:zexrd

.dlrnln wexita riten xi xy` minrtd xtqn `ed ,xi yxey ly ieaixd �

:m"m` k ieaixn yxey `ed xi :y reci �

p(xi) = � � �p(k�1)(xi) = 0; pk(xi) 6= 0

.p(x) ly zi-m - d zxfbpd z` oiivn p(m) :xy`k

:htyn

,xnelk - micenv ly zebefa miriten p(x) ly miiynn `ld miyxeyd if` ,miiynn eincwnymepilet p(x) idi

.yxey `ed z mb ,yxey `ed z m`

:(ihpbilihpi`d yegipd) htyn

:if` ,
p

q
:zxevn ilpeivx yxey p(x) - l yi m` .Z[x] - a mepilet p(x) = anx

n + an�1x
n�1 + � � �a1x+ a0 idi

p
��a0; q

��an

:ze`nbec

:lawpe ,szeyn mxebk x z` `ivep ,ziy`x .p1(x) = 2x4 + 5x3 + 3x2 � 3x :mepiletd oezp ik ,gipp .1

miixbeqd jezay mepiletl yxey ytgp .x1 = 0 :`ed cg` yxey ,okl .p1(x) = x
�
2x3 + 5x2 + 3x� 3

�

.q = �1;�2 - e p = �1;�3 :okle ,p
��3; q

��2 :if` ,
p

q
:zxevn ilpeivx yxey df mepiletl m` .p :a epnqp -

:al eniy .yxey `ed mdn cg` m`d `evnle p; q ly miixyt`d mitexivd z` wecal wx epl xzep

1
2
okle p

�
1
2

�
= 0 :y `vnpe wecap !reaw oniq mr q z`e mitlgzn mipniq mr p z` zgwl witqn

.mepiletd ly yxey `ed
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,ihpbilihpi`d yegipd htyn itly ixd ,ilpeivx yxey df mepiletl m` .p2(x) = x6+ x4+ x2 + x� 1 .2

:la` .�1 zeidl aiig `ed

p2(1) = 3; p2(�1) = 1

.miilpeivx miyxey df mepiletl oi` ,okle

minepilet zewixt c

:dxcbd

jk ,K lrn minepilet - h(x); g(x) miniiw m` K lrn wixt `xwp p(x) .K lrn n dlrnn mepilet p(x) idi

:y

p(x) = h(x) � g(x)

.1 � h(x); g(x) ly mdizelrn < n :e

.K lrn wixt epi` `ed m` K lrn wixt-i` `xwp p(x)

:htyn

:d`ad dxeva (minxebd xcq ick cr) cigi wexitl ozip p(x) if` ,R lrn mepilet p(x) idi

p(x) = � � h1(x)h2(x) � � �hk(x)

.reaw � - e 2 e` 1 dlrnn mipwezne miwixt-i` minepilet md hi; i = 1; : : : ; k xy`k

:ze`nbec

p(x) ,la` .iynn yxey el oi`y oeeik ,R lrn wixt epi` df mepilet .p(x) = x2 + 1 mepileta opeazp .1

:y oeeik C lrn wixt

p(x) = x2 + 1 = (x+ i)| {z }
1 dlrn

(x� i)| {z }
1 dlrn

:y oeeik ,Q lrn wixt epid q(x) = x3 � x2 + x� 1 :mepiletd .2

q(x) = (x2 + 1)(x� 1)

C lrne R lrn wixt mb `ed ,okle
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