denepaibHOE areHTCTBO 110 06Pa30BAHUIO
YpasbecKuil rocy1apcTBEHHbIH SKOHOMHUECKHUI YHHBEPCUTET

@&

0. b. Me/qbHUKOB

[Mose. Paclumpenus noJgaen

Pasnen 31eKTpOHHOT0 yueOHUKaA
JIJ1s1 COTTPOBOKIEHUS JIEKLIMH

H30. 2-e, ucnp. u don.

melnikov@k66.ru,
melnikov@r66.ru
caThi: EkaTtepun6ypr
http://melnikov.k66.ru, 2009
http://melnikov.web.ur.ru

e-mail:




I.

I1.

I1.

Onpenenexnure rpynibi

OnpepneneHue noJs

[I.1. Tlpumepwbimogsedt . . . . .. ... ... ... ......
[1.2. Teopema 00 yMHOXKEHUM HaA HYJIb B IOJIE . . . . . . . .
[1.3. Teopema o nesutensix HyJsi Bosie . . . . . . . . . ..
[1.4. XapakTepuUCTUKA TOJS . . . . o o v v v v v v o e ot .
[1.5. Kpurepu#i xapakTepUCTUKU MOJS . . . . . . . . . . . .
[1.6. Teopema o npocToTe HEHYJEBOU XapaKTEPUCTHUKH MOJIS .
[1.7. Teopema O UMKJIMYHOCTH MYJIBTHUIIJIMKATUBHOW TPYTIIb

noast lamya . . . . ...

Pacuiupenus noneu
[II.1.  Teopema o HaamoJe, Kak JUHEHHOM MTPOCTPAHCTRBE . . .



[11.2.
[11.3.
[11.4.
[1L.5.
[11.6.
[11.7.
[11.8.

AnrebpanuecKkue ¥ TPpaHCIEHIEHTHbIE paCIIMPEHUs . .
Kpurepuil anreOpanyHOCTH 3JIeMeHTa . . . . . . . . .
Teopema o cTenmensix . . . . . .. ... ... ... ..
KpuTepuil KOHEUHOCTH pacllUpeHus oast . . . . . . .
CyieicTBHE O MIOPSIIKE MTPOCTOIO0 KOHEUHOTO M0J151

CJyieicTBUE O OPSIIKE KOHEUHOTO MOJIS .+ . . . . . . .
Teopema o crenenun mHorouseHa Jjsi KOHEUHOro pac-

IIHPEHHUSA .« v v v v v v e e e e e e e e e e

IV. [1oJsie yacTHBIX LLEJOCTHOTO KOJbLa
[V.1. Onepauuu Kofbla YaCTHBIX . . . . .« . o v v v v v o v . .
[V.2. Jlemma 0 KOHTpYEHUMH KOJIbLA YACTHBIX . . . . . . . . .
[V.3. Teopema 0 moJie YACTHBIX . . . . . . v v v v v v v v o
[V.4. OnpenenieHue Mosist HACTHBIX . . v v v v v v v v v o v .

V. PacumpeHue noJigd ¢ NMoMou b0 KOJiblild MHOTO4JI€EHOB



V.1. Teopema 0 KOHIDYEHIMAX KOJELL . . . . . . o . « . . . . . 155

V.2. @akTOp-KOJBLUO MO UACANY . + v v v v v v e v e v e e o 201
V.3. Teopema o romomopduamax nmojsed . . . . . . . . .. .. 202
V.4. Teopema 06 uaeasiax Kojblla MHOFOUJIEHOB . . . . . . . . 204

V.5. Teopema o pacuiupeHuu noJist Kak (pakTop-KoJiblle KoJiblia
MHOTOUJICHOB .+ v v v v e e e e s s, 212



I. OnpeneneHue rpynibl

Onpenenenue 1. Yuusepcarornaa areebpa (G,{x,e}) nHaszvisaemcsa
rpynnou, ecau osymecmnasn onepayus x u asemenm e u3 G yoosie-
MBOPAIONM CAeOYIOUUM MPEM YCA0BUAM (AKCUOMAM ePYNnbL):

Gl. (zxy)*xz=2xx*(y*2) (accoyuamusHocmes);

G2. /iaa a0b6oeo aremenma g uz G cnpasedauso COOMHOULEHUE
gxe=exqg=g (Hawuue HelmparoHoeo 31emMeHma);

G3. /laa noboeo aremenma g usz G Hatidemcss makotl ssemenm ¢,
umo g * ¢’ = e (Haiuuue o6pamHoO2o INemeHma).

Iaemenm g Ha3vieaenics 0OpPaTHBIM K (.



I. OnpeneneHue rpynibl

Onpenenenue 1. Ynusepcaronasa areebpa (G,{x,e}) nasoisaemcs
rpynnou, ecau osymecmnasn onepayus x u aremenm e uz G yoosie-
MBOPAIOM CACOYIOWUM MPEM YCA08UAM (AKCUOMAM 2PYNNbL):

Gl. (zxy)*xz=2xx*(y*2) (accoyuamusHocms);

G2. /[aa aroboeo aremenma g u3 G cnpasedauso COOMHOULEHUE
gxe=exqg=g (Hawuue HeUmpaibH0O20 3NemMerHma);

G3. /laa noboeo aremenma g usz G Hatidemcss makotl ssemenm ¢,
umo g x g = e (Haauvue o6pamHoeo InemeHma).

Iaemenm g’ Ha3vlBaencs 0OPaTHBIM K g.

Onpeneaenue 2. [pynna G Hasvieaemcs abejeBOW Ul KOMMYTa-
TUBHOM, eCAl BblNOAHAENCS MONOeCmB80 x *xy =y *x r 041 A00bLX
x,y € G.



I1. Onpepenenune noas
Axcuomot epynnor: Gl1) (xxy)* 2z =x* (y* 2);
G2)gxe=exg=g; G3)gxg =e.

Onpenenaenue 3. [lonem nasvisaemcs maxkas ynusepcaroHas aa-
eebpa ¢ Hocumensem P u cuenamypoti {+,*,0,1}, umo sotnornaron-
ca caedyroujue aKCUOMbL:

F1. (P, {+,0}) — abenesa epynna (addumusnasn epynna nois);

F2. (P\ {0},{*,1}) — abeaesa epynna (myavmuniukamusnas
epynna noas);

F3. 019 o0boix x,y,z u3 P B8blnOAHAEMCs — pPABEHCHBO
rx(y+2z)=zxxy+x*xz (ducmpubymusHocms).



I1. Onpepenenune noas

Axcuomotr epynnor: Gl) (xxy)*z =1z % (y * 2);
G2)gxe=exg=g; G3)gxg =e.

Iloae: F1) (P, {+,0}) — (abeneBa) aiuuTUBHAs IpyMniia rnoJis;
F2) (P\ {0}, {x,1}) — (abeneBa) My bTHUMJIMKATUBHAS [PyTIIIa TOJIS;
F3) z % (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

Kak pazo6parbcs ¢ TeM, UTo Takoe mnoJie?



I1. Onpepenenune noas

Axcuomot epynnor: Gl1) (xxy)* 2z =x* (y* 2);
G2)gxe=exg=g; G3)gxg =e.

Iloae: F1) (P, {+,0}) — (abeneBa) aiuuTUBHAs IpyMniia rnoJis;
F2) (P\ {0}, {x,1}) — (abeneBa) My bTHUMJIMKATUBHAS [PyTIIIa TOJIS;
F3) z % (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

EcTb 1Ba ctangapTHbIX ciocoba:  u3yuyeHHe onpeieseHust (moJyueHue
CJIEJICTBUI ) U



I1. Onpepenenune noas

Axcuomot epynnor: Gl1) (xxy)* 2z =x* (y* 2);
G2)gxe=exg=g; G3)gxg =e.

Iloae: F1) (P, {+,0}) — (abeneBa) aiuuTUBHAs IpyMniia rnoJis;
F2) (P\ {0}, {x,1}) — (abeneBa) My bTHUMJIMKATUBHAS [PyTIIIa TOJIS;
F3) z % (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

EcTb 1Ba ctangapTHbIX ciocoba:  u3yuyeHHe onpeieseHust (moJyueHue
CJIEJICTBUI ) U
pacCMOTPeHHE I0CTATOUHO OOJIbIIOrO UKUCJIa TPUMEPOB.



I1.1. Tlpumepsbl noaen

Anrebpa (Q, {+,-,0,1}) siBasieTcsi OJIEM U Ha3bIBAETCSI MOJEM pallv-
OHAJIbHBIX YHCEJI.

PauuMoHaNbHBIM YMCAOM HA3bIBAETCS] UMCJIO, NPEACTABUMOE B BHUJE
ML, rae m — uesoe umcno, 10 ectb m € Z = {0;—1;1;=2;2;...}, u n
— HatypaJibHoe uncyio, To ectb 1 € N = {1;2; 3;...}. Huxke 6ynet npu-
BeJleHa Mpoueaypa, ¢ MOMOILbIO KOTOPOH OCYIIeCTBJIsIeTcst (hopMaJibHOE
MMOCTPOEHHE TOJIsI PALMOHAILHBIX YHCE/, KAK T0JIs1 YACTHBIX KOJIbLIA Lie-

JIbIX UHCEJI.



I1.1. Tlpumepsbl noaen

Anrebpa (Q, {+,-,0,1}) siBasieTcsi OJIEM U Ha3bIBAETCSI MOJEM pallv-
OHAJIbHBIX YHCEJI.

PauuMoHaNbHBIM YMCAOM HA3bIBAETCS] UMCJIO, NPEACTABUMOE B BHUJE
ML, rae m — uesoe umcno, 10 ectb m € Z = {0;—1;1;=2;2;...}, u n
— HatypaJibHoe uncyio, To ectb 1 € N = {1;2; 3;...}. Huxke 6ynet npu-
BeJleHa Mpoueaypa, ¢ MOMOILbIO KOTOPOH OCYIIeCTBJIsIeTcst (hopMaJibHOE
MMOCTPOEHHE TOJIsI PALMOHAILHBIX YHCE/, KAK T0JIs1 YACTHBIX KOJIbLIA Lie-

JIbIX UHCEJI.

Auarebpa (R, {+,-,0,1}) ABsseTcs noJieM U Ha3bIBAeTCs MOJeM e~
CTBUTEJbHBIX UHUCEJ.



[1.1. Tlpumepbl noaeu
Kakue ellle npumepsbl noJiel cjielyeT pacCMOTPETh B MEPBYIO oUepelb?
[loka3aTb cnucoK 6a30BbIX UCCAEN0BATENbCKUX CTPATETUI?



I1.1. Tlpumepsbl noaen
Kakue elile npuMepbl noJied cjieyeT pacCMOTPETh B MEPBYIO oUepeb?
[lokazaTb cnucok 6a30BbIX UCCAEA0BATENbCKUX CTPATETUIA?
EcTecTBEHHO MPUMEHHUTb CTPATErUIO TTPUOPUTETHOTO U3YUEHUS «3IKC-
TpeMaJibHbIX» cUTyaluud. Kakne XapakTepUCTUKM MOXKHO COIMOCTABHUTH
MOJIH0 ?



I1.1. Tlpumepsbl noaen

Kakue ellle mpuMepbl MoJieil cjieyeT pacCMOTPETh B MEPBYIO oUepeb?

[loka3aTb cnMcOK 6a30BbIX UCCJAEN0BATENbCKUX CTPATETHIA?

EcTecTBEHHO MPUMEHUTh CTPATErHIO MPUOPUTETHOTO M3YyUEHHST «IKC-
TpeMaJIbHbIX» CUTyauui. Kakue xapakTepUCTHUKH MOXKHO COIMOCTaBHUTb
TOJIIO ?

B nepByio ouepenb, it KOHEUHOTO MOJIS, — KOAUUECTBO INCMEH-
mos.



I1.1. Tlpumepsbl noaen
Kakue elile npuMepbl noJied cjieyeT pacCMOTPETh B MEPBYIO oUepeb?
[loka3aTb cnucoK 6a30BbIX UCCJAeN0BaTeNbCKUX CTPaTerun?

ECTeCTBEHHO NMPUMEHUThL CTPATErHI0 MPUOPUTETHOTO U3YUCHUSA «IKC-

TpeMaJIbHbIX» CUTyauui. Kakue xapakTepUCTHUKH MOXKHO COIMOCTaBHUTb
TOJIIO P

B nepByio ouepenb, it KOHEUHOTO MOJIS, — KOAUUECTBO INCMEH-
mos.

OFpaHI/IquO JIM CBEPXY UHUCJIO 2JIEMEHTOB I10J151, HAM ITOKa HEU3BECTHO.



I1.1. Tlpumepsbl noaen
Kakue elile npuMepbl noJied cjieyeT pacCMOTPETh B MEPBYIO oUepeb?
[loka3zaTb cnucok 6a30BbIX UCCJEeN0BaTENbCKUX CTPATETUIA?
EcTecTBEHHO MPUMEHHUTb CTPATErUIO TTPUOPUTETHOTO U3YUEHUS «3IKC-
TpeMaJibHbIX» cUTyaluud. Kakne XapakTepUCTUKM MOXKHO COIMOCTABHUTH
MOJIH0 ?

B nepByto ouepenb, M KOHEUHOrO MOJS, — KOAUUECTIBO INCMEH-
mos.

[TosTomy cyiemyer mocMOTpeTh YCTPOHCTBO TMOJST W3 MHUHUMAJbLHOTO
yucJa ssaemMeHToB. KakoBo 310 unc/o?

Iloae: F1)(P,{+,0}) — (abGeneBa) amiuTUBHAS IPyMIIa MOJS;
F2) (P\ {0}, {x,1}) — (abGeseBa) My/JIbTUNIJIMKATUBHAS TPYIITA MOJIS;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).



I1.1. Tlpumepsbl noaen
Kakue elile npuMepbl noJied cjieyeT pacCMOTPETh B MEPBYIO oUepeb?
[lokazaTb cnucok 6a30BbIX UCCAEA0BATENbCKUX CTPATETUIA?
EcTecTBEHHO MPUMEHHUTb CTPATErUIO TTPUOPUTETHOTO U3YUEHUS «3IKC-
TpeMaJibHbIX» cUTyaluud. Kakne XapakTepUCTUKM MOXKHO COIMOCTABHUTH
MOJIH0 ?

B nepByto ouepenb, M KOHEUHOrO MOJS, — KOAUUECTIBO INCMEH-
mos.

$lcHO, uTO B MoJie He MeHblIIEe IBYX 3J€MEHTOB, TaK KAK B MYJIbTHILIH-
KATUBHOH Tpyrire eCTb X0Tsl Obl OJIH 3JIEeMEHT (€AMHUUHBIN ).

Iloae: F1)(P,{+,0}) — (abGeneBa) amiuTUBHAS IPyMIIa MOJS;
F2) (P\ {0}, {x,1}) — (abGesieBa) My/IbTUTNIJIMKATUBHAS TPYIITA MOJIS;
F3)xx (y+ 2) =x %y + = % 2 (IUCTPUOYTHBHOCTD ).



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 AByxX 3JemeHToB. O603HaunM uepes 0 HyJieBO#H 3J1e-
MEHT M0Jisl, U uepe3 | — eAMHUYHBIA 3JIeMEHT, T.e. eAMHUUHBIA SJIeMEHT
MYJIBTUIIJIMKATUBHOM IPYIIIIbI TTOJIS.



I1.1. Tlpumepsbl noaen

[TocTpoum moJie U3 IBYX 3JI€EMEHTOB.

CaoxxeHne ¢ 0 He MeHsieT »3JjeMeHToB, mnostomy O+ 0 =0,
0+1=1=140. YemypaBuol+1?



I1.1. Tlpumepsbl noaen

[TocTpouM noJie U3 ABYX 2J1eMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
0+1=1=14+0. YemypaBuol+1?

Tak Kak OTHOCUTEJIBHO CJIOXKEHUSI T0Jie eCThb rpymnmna, To y 1 jpo/KeH
ObITh 0OpaTHBIN 3JieMeHT. 1 + (—1) = 0. ¥Ypa?



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 IBYyX 3JIEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
0+1=1=14+0. YemypaBuol+1?

Tak Kak OTHOCUTENILHO CJI0XKEHUS MoJie ecTh rpynna, To y | noJkeH
ObITb 0OpaTHbIN jeMeHT. 1 + (—1) = 0. Ho (—1) — 3To s/nemeHT noJis,
T.e. 370 u60 0, ubo 1. fIcHo, uto 31O He 0, Tak Kak 1 + 0 =



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 IBYyX 3JIEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
0+1=1=14+0. YemypaBuol+1?

Tak Kak OTHOCUTENILHO CJI0XKEHUS MoJie ecTh rpynna, To y | noJkeH
ObITb 0OpaTHbIN jeMeHT. 1 + (—1) = 0. Ho (—1) — 3To s/nemeHT noJis,
T.€. 370 Jiu60 0, iu60 1. fcHo, uto 3T0 He 0, Tak Kak 1 + 0 = 1 # 0.



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 IByX 3JIEMEHTOB.

Ciooxkenne ¢ 0 He MeHsier 3jemeHTOB, mo3ToMy 040 =0,
0+1=1=14+0. YemypaBuol+1?

Tak Kak OTHOCHTEJILHO CJIOXKEHHUS ToJie ecTh rpynna, To y | 1o/KeH
ObITb 0OpaTHbIN jeMeHT. 1 + (—1) = 0. Ho (—1) — 3To s/nemeHT noJis,
T.€. 3170 Jn60 0, 6o 1. 3nauur, (—1) = 1.



I1.1. Tlpumepsbl noaen

[TocTpouM 1noJie U3 ABYX 3JE€MEHTOB,

CaoxxeHne ¢ 0 He MeHsieT »3JjeMeHToB, mnostomy O+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Kak-To He Tak ObLJI0 B IEPBOM KJjlacce :)



I1.1. Tlpumepsbl noaen

[TocTpouM 1noJie U3 ABYX 3JE€MEHTOB,

Cnoxenne ¢ 0 He MeHsieT 3JieMeHTOB, Mo3ToMy O+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcs ¢ ymHoXKeHueM. slcHo, uTo 1 x 1 = 1, Tak Kak



I1.1. Tlpumepsbl noaen
[TocTpouM 1noJie U3 ABYX 3JE€MEHTOB,
CaoxxeHne ¢ 0 He MeHsieT »3JjeMeHToB, mnostomy O+ 0 =0,

O+1=1=140. Iloayunsu,uro1+1=0.
Pasbepemcs ¢ ymHOKeHHeM. SIcHO, uto 1 *x 1 =1, Tak Kak 1 — He#l-
TPaJIbHbIA 3JIEMEHT € TPYIIIIbI.

Axcuomotr epynnor: QGl) (xxy)*xz=1x* (y* 2);
G2)g*xe=exqg=g; G3)gx*x g =e.



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcs ¢ ymHoxkennem. Mimeem 1 % 1 = 1. YUemy paBHo 1 * 0?



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Caoxkenne ¢ 0 He MeHsieT 3JeMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBAET TOJILKO OJTHO CBOHCTBO.

Iloae: F1)(P,{+,0}) — (abeseBa) ajuTBHAasi Ipyria mnoJs;

F2) (P\ {O} ,{*,1}) — (abeneBa) MyJIbTUTJIMKATUBHAS IPyIIa MOJ,;
F3)z * (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Ciooxkenne ¢ 0 He MeHsier 3jemeHTOB, mo3ToMy 040 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBA€T TOJIBKO OJIHO CBOMUCTBO [3.

Iloae: F1)(P,{+,0}) — (abeseBa) ajuTBHAasi Ipyria mnoJs;

F2) (P\ {O} ,{*,1}) — (abeneBa) MyJIbTUTJIMKATUBHAS IPyIIa MOJ,;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Ciooxkenne ¢ 0 He MeHsier 3jemeHTOB, mo3ToMy 040 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBA€T TOJIBKO OJIHO CBOMUCTBO [3.

Iloae: F1)(P,{+,0}) — (abeseBa) ajuTBHAasi Ipyria mnoJs;

F2) (P\ {O} ,{*,1}) — (abeneBa) MyJIbTUTJIMKATUBHAS IPyIIa MOJ,;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

I+ (1+0)=1%x14+1x%0



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Ciooxkenne ¢ 0 He MeHsier 3jemeHTOB, mo3ToMy 040 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBA€T TOJIBKO OJIHO CBOMUCTBO [3.

Iloae: F1)(P,{+,0}) — (abeseBa) ajuTBHAasi Ipyria mnoJs;

F2) (P\ {O} ,{*,1}) — (abeneBa) MyJIbTUTJIMKATUBHAS IPyIIa MOJ,;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

l+x1=1%x(140)=1%x1+1%0



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Ciooxkenne ¢ 0 He MeHsier 3jemeHTOB, mo3ToMy 040 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBA€T TOJIBKO OJIHO CBOMUCTBO [3.

Iloae: F1)(P,{+,0}) — (abeseBa) ajuTBHAasi Ipyria mnoJs;

F2) (P\ {O} ,{*,1}) — (abeneBa) MyJIbTUTJIMKATUBHAS IPyIIa MOJ,;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

l=1%x1=1%(1+40)=1*%1+1x%0.



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Ciooxkenne ¢ 0 He MeHsier 3jemeHTOB, mo3ToMy 040 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBA€T TOJIBKO OJIHO CBOMUCTBO [3.

Iloae: F1)(P,{+,0}) — (abeseBa) ajuTBHAasi Ipyria mnoJs;

F2) (P\ {O} ,{*,1}) — (abeneBa) MyJIbTUTJIMKATUBHAS IPyIIa MOJ,;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

1=1%1=1%(1+40)=1%1+1%0=1+1x0.3nauur,1 =1+ 1x0.



I1.1. Tlpumepsbl noaen

[TocTpoum noJie U3 ByX 3J1eMEHTOB.

Caoxkenne ¢ 0 He MeHsieT 3JeMeHTOB, no3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pas6epemcsa ¢ ymHoxkenuem. Mwmeem 1x1 = 1. Yemy paBHo 1% 0?
CpofictBo 0 Kak HEHTPaAJLHOTO 3JIeMeHTa TPYMIbl, C YMHOKEHHEM CBSI-
3bIBAET TOJIbLKO OJIHO CBOKCTBO [3.

Iloae: F1)(P,{+,0}) — (abGeneBa) amiuTUBHAS IPyMIIa MOJS;

F2) (P\ {0}, {x,1}) — (a6GeseBa) My/JIbTUNIJIMKATUBHAS TPYIIA MOJIS;
F3)z x (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).

l=1%1=1%(140)=1%x1+1%x0=1+1%0.3nauutr,1 =1+ 1x%0.
[To kputeputo HelTpasibHOrO 37emenTa 1+ 0 = 0.



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHOoKeHueM. Mimeem 1 x 1 =1, 1%x0=0=0x 1. Ye-
My paBHO 0 * 0?



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHOoKeHueM. Mimeem 1 x 1 =1, 1%x0=0=0x 1. Ye-
My paBHO 0 * 0?

0%0=0%(14+1)=0x1+0%x1=0-+0=0.



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHOoKeHueM. Mimeem 1 x 1 =1, 1%x0=0=0x 1. Ye-
My paBHO 0 * 0?

0x0=0%(1+1)=0%x14+0%x1=0+0=0.3nauut, 0% 0 =0.



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHoxkeHueM. Mmeem 1x1=1, 1x0=0=0x1,
0*x0=0.

Ypa? 1)



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHoxkeHueM. Mmeem 1x1=1, 1x0=0=0x1,
0*x0=0.

Ypa?

Hano onepauuu 3anath ctanaapTHbiM 06pasom!



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHoxkeHueM. Mmeem 1x1=1, 1x0=0=0x1,
0+0=0.

Ypa?
Hano onepaiwmu 3agath ctanaapTHbIM o6pazom!
Onepaunﬂ — 3TO (bYHKLII/IH. CTaHILapTHbIMI/I ABJIAKOTCHA CJICAYIOLIHNE

CcrocoObl ee 3a1aHNs;



I1.1. Tlpumepsbl noaen

[TocTpoum mnoJie U3 IByX 3JEMEHTOB.

Canoxenne ¢ 0 He wMeHsieT 3JieMeHTOB, mno3tomy 0+ 0 =0,
O+1=1=140. Iloayunsu,uro1+1=0.

Pasbepemcsi ¢ ymHoxkeHueM. Mmeem 1x1=1, 1x0=0=0x1,
0+0=0.

Ypa?
Hano onepaiwmu 3agath ctanaapTHbIM o6pazom!
Onepaunﬂ — 3TO (bYHKLII/IH. CTaHILapTHbIMI/I ABJIAKOTCHA CJICAYIOLIHNE

CcriocoObl ee 3a/1aHUS:
dbopmysion, rTpadukoM, TaOJUIEHN.
Kako#i cnioco6 ontuMadJieH jJisi Halulero cjayuas?



I1.1. Tlpumepsbl noaen
[Tonem siBaisiercst anre6bpa GF(2) = ({0;1}, {+,-,0,1}), rae Gunap-
HblE OTepallly +, - 3a/1aHbl CAEAYIOIMMH Tabuamu Kasu:

T +Y Ty
y\z |0 1 y\z |0 1

0 [0 17 0 (00

1 110 1101

DTO 10Jie UMeeT HauMeHblllee UUCJIO 3JIEMEHTOB B HOCHTEJIE.



[1.2. Teopema 06 yMHOXKEHHUHU HaA HYJb B MOJI€

[leperinem K apyromy crocoOy HU3yueHHs MOJS — MOJYUEHHIO CJe-
CTBHUU M3 aKCUOM (JIelyKTUBHbBIN crniocob). OiHy TeopeMy Mbl y2Ke JI0Ka-
3aJiu, Korja CTpouu nose GF(2).



[1.2. Teopema 06 yMHOXKEHHUHU HaA HYJb B MOJI€

Teopema 1 (06 YMHOXKE€HUHU Ha HYJb B N0JIE). ,ZZ/Z}Z ar0boeo x u3 P umeem me-
cmo pasercmso x x 0 = 0.

ILO Ka3aTeE€JdbCTBO.



[1.2. Teopema 06 yMHOXKEHHUHU HaA HYJb B MOJI€

Teopema 1 (06 YMHOXKE€HUHU Ha HYJb B N0JIE). ,ZZ/Z}Z ar0boeo x u3 P umeem me-
cmo pasercmso x x 0 = 0.

JNokasateabctBo.x +xx 0=z *x1+xx0=xx*(1+0)=xx1=u1.
[To kpuTepuio HEATPAILHOTO 3JeMEHTd, TPUMEHEHHOMY K aJIMTHBHOM
rpyrire noJisi, NoJiyyaem 3akJjoueHue TeopeMbl: x * 0 = 0.



[1.3. Teopema o neautensix HyJs B noJie

Teopema 2 (onenmeme nyas 8 noae). /{15 A00bLX  INEeMEHM OB T,y € P
umeem x xy = 0 moeda u moavko moeda, koeda x = 0 uau y = 0.

Jloka3areJbcTBO.
Ilone: F1)(P,{+,0}) — (abeneBa)amiuTUBHAsK 'PyMIa MOJS;
F2) (P\ {O} {x,1}) — (abeneBa) MyJIbTUMJIMKATHBHASI TPYTIIIA TOJS;

F3)z * (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).



[1.3. Teopema o neautensix HyJs B noJie

Teopema 2 (oue.nme.lmx nyas 8 noae). /{15 A00bLX  INEeMEHM OB T,y € P
umeem x xy = 0 moeda u moavko moeda, koeda x = 0 uau y = 0.

Joka3areabcTBo Heob6xoaumoctu. Ot mnportuBHoro. Ecan  Obl
x # 0 #y, TO 3JeMeHT x %y NpUHaIe)aJ Obl MYJbTHUIIJIMKATUBHON
rpyrire roJisi, HOCUTEb KOTOPOH He COJEPKUT HYJIs1 M0Jis1, TPOTUBOPEUHE.

Iloae: F1)(P,{+,0}) — (abeneBa)amiuTUBHAsK 'PyMIa MOJS;
F2) (P\ {O} {*,1}) — (abesieBa) MyJILTUTIJIMKATHBHAS TPYIINA MOJIS;
F3)z * (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).



[1.3. Teopema o neautensix HyJs B noJie

Teopema 2 (oue.nme.nﬂx nyas 8 noae). /{15 A00bLX  INEeMEHM OB T,y € P
umeem x xy = 0 moeda u moavko moeda, koeda x = 0 uau y = 0.

II,OCT&TO‘IHOCT]) CJICLYET U3 TEOPEMDbI 00 YMHOXEC€HHUHU HA HYJIb B I10-
JeE.

Ilone: F1)(P,{+,0}) — (abeneBa)amiuTUBHAsK 'PyMIa MOJS;
F2) (P\ {0}, {x,1}) — (a6GesieBa) My/JIbTUTIJIMKATHBHAS TPYIITA MOJIS;
F3)z * (y+ 2) = x *xy + x * z (AMCTPUOYTUBHOCTD ).



I1.4. XapakrepucTuKka noJas
Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?



I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJsiee MHTepecHbIMU? [ IpuMeHHM cTpaTeruio noucka aHajoruu. Hau-
00Jiee U3YUEHHbIMU HAMH SIBJISIIOTCS T0JIe PALMOHAJIbHBIX W T0JIe JeH-
CTBUTEJIbHBIX unces. HauuHasoch Bee ¢ HaTypaJsibHbIX unces. Onepauus
YMHOKEHHS BBOJIMJIACH KAK KPATHOE CJI0KEHHUE:

n+n+...+n=m-n.
m cJaraeMbiX




I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJsiee MHTepecHbIMU? [ IpuMeHHM cTpaTeruio noucka aHajoruu. Hau-
00Jiee U3YUEHHbIMU HAMH SIBJISIIOTCS T0JIe PALMOHAJIbHBIX W T0JIe JeH-
CTBUTEJIbHBIX unces. HauuHasoch Bee ¢ HaTypaJsibHbIX unces. Onepauus
YMHOKEHHS BBOJIMJIACH KAK KPATHOE CJI0KEHHUE:

n+n+...+n=m-n.
m cJaraeMbiX

Ecnu n — HaTypasibHOE YUCJIO U & — 3JIEMEHT 110J151, TO ueped nr OyjneM
0603HauaTh CyMMY 7 LUTYK 3JIEMEHTOB T U3 P:

nc=g+r+...+2.
n LITYK




I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJsiee MHTepecHbIMU? [ IpuMeHHM cTpaTeruio noucka aHajoruu. Hau-
00Jiee U3YUEHHbIMU HAMH SIBJISIIOTCS T0JIe PALMOHAJIbHBIX W T0JIe JeH-
CTBUTEJIbHBIX unces. HauuHasoch Bee ¢ HaTypaJsibHbIX unces. Onepauus
YMHOKEHHS BBOJIMJIACH KAK KPATHOE CJI0KEHHUE:

n+n+...+n=m-n.
m cJaraeMbiX

Ecnu n — HaTypasibHOE YUCJIO U & — 3JIEMEHT 110J151, TO ueped nr OyjneM
0603HauaTh CyMMY 7 LUTYK 3JIEMEHTOB T U3 P:

nc=g+r+...+2.
n LITYK

Buumanue!!! nx — 310 He ymMHOXKeHue! ITO KpaTHOE cioxKeHue!




I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?

Ecisiu n — HaTtypasbHOE YUCJIO U & — 3JIEMEHT M0Jis, TO uepe3 nx Oy-
JeM 0003HauaTb CyMMY 72 LUTYK 3JIEMEHTOB T U3 P:

nc=g+xr+...+x.
n LTYK

BHumanue!!! nx — 310 He ymMHOXKeHue! ITO KpaTHOe cioxKeHue!
Ecaiu noJsie KoHeuHoe, TO CPEAU JEMEHTOB T, 2, 3x,. .. eCTh OJIMHAKO-

BbIE.
Hy, nuro?



I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?

Ecisiu n — HaTtypasbHOE YUCJIO U & — 3JIEMEHT M0Jis, TO uepe3 nx Oy-
JeM 0003HauaTb CyMMY 72 LUTYK 3JIEMEHTOB T U3 P:

nc=g+xr+...+x.
n LTYK

BHumanue!!! nx — 310 He ymMHOXKeHue! ITO KpaTHOe cioxKeHue!
Ecaiu noJsie KoHeuHoe, TO CPEAU JEMEHTOB T, 2, 3x,. .. eCTh OJIMHAKO-

BbIE.
3HAUUT, /I HEKOTOPBIX HATYPaJIbHBIX 12 > 1M UMEEM NT = M.



I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?

Ecisiu n — HaTtypasbHOE YUCJIO U & — 3JIEMEHT M0Jis, TO uepe3 nx Oy-
JeM 0003HauaTb CyMMY 72 LUTYK 3JIEMEHTOB T U3 P:

nc=g+xr+...+x.
n LTYK

BHumanue!!! nx — 310 He ymMHOXKeHue! ITO KpaTHOe cioxKeHue!
Ecaiu noJsie KoHeuHoe, TO CPEAU JEMEHTOB T, 2, 3x,. .. eCTh OJIMHAKO-

BbIE.
3HAYUT, 711 HEKOTOPBIX HATYPaJIbHBIX 1 > M HMEEM nx = mx. YMHO-
KUM 00€ 4aCcTH PaBEHCTBA HA T ' (MyJbTUNJIMKATUBHBIA O0OpPATHLINH



I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?

Ecisiu n — HaTtypasbHOE YUCJIO U & — 3JIEMEHT M0Jis, TO uepe3 nx Oy-
JeM 0003HauaTb CyMMY 72 LUTYK 3JIEMEHTOB T U3 P:

nc=g+xr+...+x.
n LTYK

BHumanue!!! nx — 310 He ymMHOXKeHue! ITO KpaTHOe cioxKeHue!
Ecaiu noJsie KoHeuHoe, TO CPEAU JEMEHTOB T, 2, 3x,. .. eCTh OJIMHAKO-

BbIE.
3HAuUT, /151 HEKOTOPBIX HATYPaJIbHBIX 12 > M UMEEM nx = max. Y MHO-
KHUM 00€ yacTu paBencTsa Ha 1. [Tosyunm nl = m1.



I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?

Ecisiu n — HaTtypasbHOE YUCJIO U & — 3JIEMEHT M0Jis, TO uepe3 nx Oy-
JeM 0003HauaTb CyMMY 72 LUTYK 3JIEMEHTOB T U3 P:

nc=g+xr+...+x.
n LTYK

BHumanue!!! nx — 310 He ymMHOXKeHue! ITO KpaTHOe cioxKeHue!
Ecaiu noJsie KoHeuHoe, TO CPEAU JEMEHTOB T, 2, 3x,. .. eCTh OJIMHAKO-

Bbl€.

3HAuUT, /151 HEKOTOPBIX HATYPaJIbHBIX 12 > M UMEEM nx = max. Y MHO-
KHUM 00€e 4acTH paBeHcTBa Ha 1. [Tosyunm nl = ml, OTKyaa BbluMTas
m1 n3 o6enx yacTell paBeHCTBa, MoJyuaem (n — m)l = 0.



I1.4. XapakrepucTuKka noJas

Kakue cutyauuum B MoJie SBJSIIOTCS «3KCTPEMaJIbHbIMU» M, 3HAUMT,
HauboJiee HHTEPECHBIMU ?

Ecisiu n — HaTtypasbHOE YUCJIO U & — 3JIEMEHT M0Jis, TO uepe3 nx Oy-
JeM 0003HauaTb CyMMY 72 LUTYK 3JIEMEHTOB T U3 P:

nc=g+xr+...+x.
n LTYK

Buumanue!!l! nx — 3170 He ymHOKeHue! ITo KpaTHOe caoxKeHue!

Ecaiu noJsie KoHeuHoe, TO CPEAU JEMEHTOB T, 2, 3x,. .. eCTh OJIMHAKO-
BbIE.

3HAUUT, J/151 HEKOTOPBIX HATYpPaJbHbIX 1. > M UMEEM NT = Mmx. Y MHO-
KHUM 00€e 4acTH paBeHcTBa Ha 1. [Tosyunm nl = ml, OTKyaa BbluMTas
m1 n3 o6enx yacTell paBeHCTBa, MoJyuaem (n — m)l = 0.

Hau6osee nHTepecen «3sKCTpeMasibHBIR» cjyuaid, korna (n —m) —
MHHHUMAJbHOE C 3TUM CBOHCTBOM.




I1.4. XapakrepucTuKka noJas

Onpenenenue 4. Ecau cyujecmsyem makoe HAmMyparoHoe Yucio n,
ymo nl =0, Mo HaumeHovulee MaKoe 4iuci0 N Ha36l8aenics XapaK-
TePUCTUKOMN noasi P. Ecau, makoe n He cyujecmayem, mo ectio 04
At0b0eo n 8 P naiidemcs makoi x, umo nx # 0, mo XapaKTepUCTUKY
noJas cuumarom pasroti 0. Xapaxmepucmurxa noas P o6osnauaem-
cs wepes char(P).

Buumanue!!l! nx — 310 He ymMHOXKeHue! ITo KpaTHOe caoxKeHue!




[1.5. Kpurepuii xapakTepuCTHKH N0

Teopema 3 (Kpurepuii xapakrepucTuku noas). Henyregoe uucion
asasemces xapakmepucmuxot noasa F moeda u moavko moeda, Ko-
edan — HauMmeHblulee maKkoe HamypairbHoe Yiuca0, 4mo 041 11060e0
aremenma x noas F umeem mecmo paseqncmso

nt=g+x+...+r+x=0. (1)
n CAQ2AeMbLX

Jloka3aTeJbCTBO.



[1.5. Kpurepuii xapakTepuCTHKH N0

Teopema 3 (Kpurepuii xapakrepucTuku noas). Henyregoe uucion
asasemces xapakmepucmuxot noasa F moeda u moavko moeda, Ko-
edan — HauMmeHblulee maKkoe HamypairbHoe Yiuca0, 4mo 041 11060e0
aremenma x noas F umeem mecmo paseqncmso

nt=g+x+...+r+x=0. (1)
n CAQ2AeMbLX

Joka3areabcTBo. [lycTh n — xapakrepuctuka noJs. Torna



[1.5. Kpurepuii xapakTepuCTHKH N0

Teopema 3 (Kpurepuii xapakrepucTuku noas). Henyregoe uucion
asasemces xapakmepucmuxot noasa F moeda u moavko moeda, Ko-
edan — HauMmeHblulee maKkoe HamypairbHoe Yiuca0, 4mo 041 11060e0
aremenma x noas F umeem mecmo paseqncmso

nt=g+x+...+r+x=0. (1)
n CAQ2AeMbLX

Joka3areabcTBo. [lycTh n — xapakrepuctuka noJs. Torna

1414, +1+1=0.
n cJaraeMbix




[1.5. Kpurepuii xapakTepuCTHKH N0

Teopema 3 (Kpurepuii xapakrepucTuku noJas). Henyresoe uucion
asasemcsa xapakmepucmuxot noas F moeda u moavko moeoa, Ko-
edan — HaumeHblulee maKkoe HamypairbHoe Yiuca0, 4mo 041 1106020
aremenma x noas F umeem mecmo pasencmso

nt=g+xr+...+r+2=_0. (1)
n CAQ2AeMbLX

Joka3areabcTBO. [lycTh n — xapaktepucTtuka noJs. Torna

1+1+...+1+1=0.
n cJaraeMblx
YMHOKHM 00€ YacTH paBEHCTBA Ha x:

c+zrz+...+x+x=0.
n cJaraeMbix

OueBUAHO, YTO 7 — MHUHHUMAJILHOE YUCJIO C 9TUM CBOHCTBOM, TaK KaK JJIs
| oHo munumaJsibHoe. HeobxonmumMocCTh 1oKa3aHa.




[1.5. Kpurepuii xapakTepuCTHKH N0

Teopema 3 (Kpurepuii xapakrepucTuku noas). Henyregoe uucion
asasemces xapakmepucmuxot noasa F moeda u moavko moeda, Ko-
edan — HauMmeHblulee maKkoe HamypairbHoe Yiuca0, 4mo 041 11060e0
aremenma x noas F umeem mecmo paseqncmso

nt=g+x+...+r+x=0. (1)
n CAQ2AeMbLX

Jloka3zareabcTBO. J[loKaxkeM 10CTOYHOCTh. [ IyCcTh n — MUHUMAaJBHOE,
1151 KoToporo BhinoJiHsercs (1). T1ycTb xapakrepucTuka noJssi paBHa m
um < n. Torma u3 10Ka3aHHOHU HEOOXOJUMOCTH CJIeY€eT, UTO

c+z+...+r+2=0,
m cJaraeMbiX

4YTO NPOTUBOPEUYUT MUHUMAJIbHOCTH 7. TeopeMa JOKd3adHa.



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

ILO Ka3aTeE€JdbCTBO.



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.

[Tyctb B P\ {0} umeercs Takoil sseMeHT 2, uto pz = 0.



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.

[Tyctb B P\ {0} umeercs Takoil sseMeHT 2, uto pz = 0.

YMHOKMM 00€ 4acTH MocJIeAHero papeHctsa Ha 2~ 1. [Tosyunm



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.

[Tyctb B P\ {0} umeercs Takoil sseMeHT 2, uto pz = 0.

YMHOKMM 06€ uacTH nocJeaHero pasenctsa Ha 2~ 1. [Toayuum pl = 0,
OTKYJa p = M, TaK Kak



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.

[Tyctb B P\ {0} umeercs Takoil sseMeHT 2, uto pz = 0.

YMHOKMM 06€ uacTH nocJeaHero pasenctsa Ha 2~ 1. [Toayuum pl = 0,
OTKYJa p = M, TaK Kak M0 onpejiesIeHHI0 XapaKTePUCTHKU MOt 1. — MH-
HUMaJIbHOE UUCJIO CO CBOUCTBOM nl = 0.



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.

3Hauur, 1iis Joooro z u3 P\ {0} umeem pz # 0. BosbmeM npousBoJib-
bl asieMenT x u3 P\ {0}. Torna 0 = pgr = q(pz). Benem o603naueHue:
y = px. Torna qy = 0. YMHOXKMM 00€ 4aCTH 3TOTO PABEHCTBA HA i~ 1, T10-
JIYUUM



[1.6. Teopema o npocToTe HEHY/1E€BOM XapaKTePUCTUKH NOJS

Teopema 4 (0 NPOCTOTE HEHYJE€BOI XapaKTe PUCTUKH NMOJIs1). Xapaicmepucmufca
noasa asasemcs aubo HYysrem, aubo npocmolm 4uCA0OM.

Joka3areabcTBO. [1ycTb n — HeHyJieBas XapakTepuCTHKa noJs P u
n=p-q, rae p — npocroe uucao. Jlokaxem, yro jpis Jiwoboro x us P
uMeeT mecTo pr = 0.

3Hauur, 1iis Joooro z u3 P\ {0} umeem pz # 0. BosbmeM npousBoJib-
bl asieMenT x u3 P\ {0}. Torna 0 = pgr = q(pz). Benem o603naueHue:
y = px. Torna qy = 0. YMHOXKMM 00€ 4aCTH 3TOTO PABEHCTBA HA i~ 1, T10-
JayuuM g1 = 0. [1o ycsioBHI0 ¢ < M, UTO MPOTHBOPEUUT MUHUMAJILHOCTH N,

Teopema nokasana.



I1.7. Teopema 0 UMKIAUYHOCTU MYJbTUMJIUKATUBHOW TPyMMbl MOJS
lanya

M&I B 3TOM Kypce OyjJileM pacCMaTPUBaTh TOJbLKO KOHEYHbIE MOJIsl, TO
€CTb I10JIs1 C KOHEeUHbIM HOocUTesieM. Takoe moJie HasbiBaeTcsl moJem la-
Jaya.

TeopeMa 5 (0 LUMKJIWYHOCTH MYJbTUNJIMKATUBHOM rpynnbl noJas lanya). My/lbmu—
naukamusnasn epynna noaa laiya P asasemces yuxkau4deckotl,
m.e. Haoemcs INemeHm a MaKoll, YMmMo BCAKUL HeHYAeBOLL INCMEHM
noas umeem 6uo a’ 044 HEKOMOPO20 HEOMPULAMEAbHO20 LeA020
yucaa k.



I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LMKJIMYHOCTU MYJbTUIIMKATUBHOW rpynnbl noJs lanya). My/lbmu—
naukamusnan epynna noaa laiya P asasemces yuxkaiu4deckotl,
m.e. Hauoemcs INemeHnm a MaKkoll, YMmo BCAKUL HeHYACBOLL INCMEHM
noas umeem 6uo a’ 044 HEKOMOPO2O HEOMPULAMEAbHO20 LeA020
yucaa k.

Hoka3zareabctBo. [lyctb nopsinok nosasi P paBeH n+ 1 (To ecTh B
MHO)KecTBe P poBHO n + 1 ssnement): P = {0,aq,as,...,a,}. [lycts B
rpynne (P\ {0}, {*,1}) a1 — 3JIEMEeHT HauOOoJIbLIEro MopsiiKa m.

HOKa)KeM, 4YTO BCAKWUI dneMeHT nons P aenaetcs KOPHEM MHOIO4YJIEHA
™ —1.



I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LMKJIMYHOCTU MYJbTUIIMKATUBHOW rpynnbl noJs lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/zya P asasemcsa l{lllf/llt‘teCKOLZ.

Joka3areabcTBo. |P| =n+ 1, a1 — 3JIEMEHT HaubOJIbILIETO MO-
psiiKa m.

I_IOKa)KeM, 4YTO BCAKWUI dnemMeHT nons P asnsertcs KOPHEM MHOIO4YJIEHA
™ — 1.

[Tycth snement y us P\ {0} He siBsisieTCs KOPHEM 3TOTO MHOTOUJIEHA.
Torna y™ # 1. Tak Kak m He AeJqUTCs Ha |y|, TO JIJIsT HEKOTOPOTO MPOCTOTO
unucsa ¢ umeeM m = u x ¢°, |yl =v*¢', s <t, udcaa u U g B3aUMHO
npoctbl. O603HAUMM Uepes z 3JeMeHT y°.




I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LUMKJIWYHOCTH MYJbTUNIMKATUBHOM rpynnbl noJas lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/Lya P asasemcsa lgulf/lutteCKOLZ.

Joka3areabcTBo. |P| =n+ 1, a1 — 3JIEMEHT HaubOJIbILIETO MO-
psiaKa m.

HOKa)KEM, 4TO BCAKWUI aneMeHT nona P asnsaerca KOPHEM MHOTIo4Jie-
Ha " — 1. [lyctb y™ # 1, ¢ — Takoe NpoCToe YUCJO, YTO m = u * q°,
ly| =v*q', s <t uncaa u u ¢ B3auMHO NPoOCThI, z = 3. B cuay Jiem-
MbI O JIEJTHMOCTH Ha MOPsII0K ajeMenTa |z| = ¢'. Tycrtb |ay * 2| = k. To-
rna ab = (2"Y)¥. CnenosaresibHo, nockodabky |z| = |27V, To, no semme
0 JIEJIMMOCTH Ha MOPSJIOK 3JeMeHTa, MopsioK aaementa (2 ~)F pasen ¢
3HayuuT, k 1eJutcs Ha u: k = u * w.




I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LUMKJIWYHOCTH MYJbTUNIMKATUBHOM rpynnbl noJas lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/Lya P asasemcsa lgulf/lutteCKOLZ.

Joka3areabcTBo. |P| =n+ 1, a1 — 3JIEMEHT HaubOJIbILIETO MO-
psiaKa m.

HOKa)KEM, 4TO BCAKWUI aneMeHT nona P asnsaerca KOPHEM MHOTIo4Jie-
Ha " — 1. [lyctb y™ # 1, ¢ — Takoe NpoCToe YUCJO, YTO m = u * q°,
ly| = v *q', s <t uncaa uu g B3aUMHO IPOCTHL, z = 3¥, 2| = ¢'.

Urak, ecam |ay x z| =k, 10 k nemurca Ha w: k=uxw. C apy-
rofl  CTOPOHBI, TO JieMMe O JIeJUMOCTH Ha TOpPSIOK 3JeMeHTa,
(a1 % 2)\7)| = u = ¢l"=*), mosTOMY paCCyKieHHEM <OT IPOTHBHOIO> JIer-
KO MOJTyYHTh, 4TO k J€JUTCS U Ha ¢’



I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

Teopema 5 (0 LUMKJIMYHOCTU MYJbTUIIMKATUBHOW rpynnbl noJs lanya). My./lbml[-
naukamusHasA cpynna rions fa/zya P asasemcs L;ltlf./lu‘ieCI{Ouu.

Joka3areabcTBO. |P| =n + 1, @1 — 3JEMEeHT HauOOoJIbIIEero rno-
psiziKa m.

|_|0Ka>+<e|v|, YTO BCAKWUW DNEMEHT MONA P ABJNIAECTCA KOPHEM MHOro4ne-
Ha ' — 1. [lyctb y™ # 1, ¢ — Takoe NpoCToe YHUCJO0, YTO m = u * ¢°,
ly| = v *q', s <t uncaa uu g B3aUMHO MPOCTHL, z = 4¥, |2| = ¢'.

Urak, ecu |ay * z| =k, 10 k nemurca Ha w: k=u*xw. C apy-
roi CTOPOHBI, IO JieMMe O JeJMMOCTH Ha TMOpsJIoK 3JIeMeHTa,
‘(al % 2)\ )| = u % ¢*=*) mosToMy paccyKaeHHeM «OT MPOTHBHOTO» Jier-
KO TIOJIYYHTh, UTO k JI€JIUTCS U Ha (.

Takum 06pasom, k JeJUTCS Ha UKCJIO U * ¢, GOJIbLIEE 1M, UTO IPOTHBO-

PE€YUT MAKCHUMAJIbHOCTH M.




I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LUMKJIWYHOCTH MYJbTUNIMKATUBHOM rpynnbl noJas lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/Lya P asasemcsa lglllf/llt‘tGCKOlz.

HokasareabctBo. |P|=n+1, P ={0,a1,as,...,a,}, a;— 3Je-
MEHT HauOoJiblIero nopsaxka m. J{okazaHo, UTo Kax</bli HEHYJIEBOH 3J1e-
MeHT noJist P siBasieTcst KopHeM MHorousieHa " — 1. C nomolibio mate-
MaTHUEeCKOH HHAYKIMH TToJTydaeM, uTo (& — aq) * (x — ag) * ... x (v — a,)
nequdred Ha ' — 1.



I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LMKJIMYHOCTU MYJbTUIIMKATUBHOW rpynnbl noJs lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/zya P asasemcsa l{lllf/llt‘teCKOLZ.

HokasareabctBo. |P|=n+1, P ={0,a1,as,...,a,}, a;— 3Je-
MEeHT HauboJblllero nopsijika m. JJokazaHo, 4to Ka)<Jplii HeHyJ1€BOH 3J1e-
MeHT noJist P siByisieTcst KopHeM MHorousieHa ' — 1. C nomolibio mate-
MaTHUEeCKOH HHAYKIIMH TToJTydaeM, uTo (& — aq) * (x — ag) * ... x (v — a,)
nemurcss Ha ™ — 1. C  Jpyrodl CTOPOHBI, CTeleHb MHOrOUJeHa
(x —ay) * (r —ag) *...* (r —a,) paBHa n U He MeHblie m. Cueno-
BaTeJILHO,



I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LMKJIMYHOCTU MYJbTUIIMKATUBHOW rpynnbl noJs lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/zya P asasemcsa l{lllf/llt‘teCKOLZ.

HokasareabctBo. |P|=n+1, P ={0,a1,as,...,a,}, a;— 3Je-
MEeHT HauboJblllero nopsijika m. JJokazaHo, 4to Ka)<Jplii HeHyJ1€BOH 3J1e-
MeHT noJist P siBasieTcst KopHeM MHorousieHa " — 1. C nomolibio mate-
MaTHUEeCKOH HHAYKIMH TToJTydaeM, uTo (& — aq) * (x — ag) * ... x (v — a,)
nemurcss Ha ™ — 1. C  Jpyrodl CTOPOHBI, CTeleHb MHOrouJeHa
(x —ay) * (r —ag) *...* (r —a,) paBHa n U He MeHblie m. Cueno-
BaTesibHO, m =nuz" — 1 = (x —ay) * (x —ag) * ... % (x — ay,).



I1.7. Teopema 0 UMKJIMUYHOCTU MYJbTUNJIMKATUBHOMN TPYMMbl MOJS
lanya

TeopeMa 5 (0 LUMKJIWYHOCTH MYJbTUNIMKATUBHOM rpynnbl noJas lanya). My/lbmu—
nauxKkamusHas ecpynna riond fa/Lya P asasemcsa lgulf/lutteCKOLZ.

HokasareabctBo. |P|=n+1, P ={0,a1,as,...,a,}, a;— 3Je-
MEHT HanboJIbIlIero nopsizika m. JlokazaHo, 4to Kax<Jblii HeHyJ1€BOH 3J1e-
MeHT noJist P siBasieTcst KopHeM MHorousieHa " — 1. C nomolibio mate-
MaTHUEeCKOH HHAYKIMH TToJTydaeM, uTo (& — aq) * (x — ag) * ... x (v — a,)
nemurcss Ha ™ — 1. C  Jpyrodl CTOPOHBI, CTeleHb MHOrouJeHa
(x —ay) * (x —ag) *...*(xr —a,) paBHa n U He MeHblie m. Cjeno-
BaTesibHO, m =nuz" — 1 = (x —ay) * (x —ag) * ... % (x — ay,).

C Apyroii CTOPOHLI, /151 IIOOOTO k 3J1€MEHT a¥ SBJISETCS KOPHEM MHO-
rounena ™ — 1. 3nauut, {a1, a, ..., a,} = {ar,a, ..., a}}.

Teopema nokasana. Paccmorperbh npumep?



II1l. PacwuupeHus noaen

[Iycte P — noanose noJig F'. Torna F' Ha3biBaeTcsl pacliMpeHUeMm
noas P. [oBopar, uto noJie F' nojiyueHo NnpucoeiMHeHUeM 3J1€eMEHTOB
S1, 82, - - -, Sp KoJo P (nuiuyt F' = P(sq, Sa, ..., Sy,)), €/ B F HeT co6-
CTBEHHBIX MOJMNOJEH, COIePKALIMX OJITHOBPEMEHHO BCE 3JIEMEHTHI 1oJis P
U 3JIEMEHTHI S1, S, . . . , Sp.



II1l. PacwuupeHus noaen

[Iycte P — noanose noJig F'. Torna F' Ha3biBaeTcsl pacliMpeHUeMm
noas P. [oBopar, uto noJie F' nojiyueHo NnpucoeiMHeHUeM 3J1€eMEHTOB
S1, 82, - - -, Sp KoJo P (nuiuyt F' = P(sq, Sa, ..., Sy,)), €/ B F HeT co6-
CTBEHHBIX MOJMNOJEH, COIePKALIMX OJITHOBPEMEHHO BCE 3JIEMEHTHI 1oJis P
U 3JIEMEHTHI S1, S, . . . , Sp.

Ecau noJsie F' noJsiyueHo NPUCOEIMHEHUEM OJIHOTO 3JIeMeHTa K 1oJito P,
TO 1noJie F' Ha3blBaeTcsl NPOCTbIM pacwupenuem noaa P. [Tognone P
nosst F' HasbiBaeTcst cOOCTBEHHbIM, €CJIM OHO OoTJaudHO OoT F'. [losie P
Ha3bIBAETCS MPOCTBIM, €CJIM OHO HE COJIEPKHUT COOCTBEHHBIX MOAMNOJEH.



I1l.1. Teopema o HaanoJe, KaK TMHEWHOM NPOCTPAHCTBE

Teopema 6 (0 HaamnoJse, Kak JMHEHHOM NPOCTPAHCTBE). Hycmb F — pacuiupe-
Hue noas P, noayuenHoe npucoeouHeHuem INemMeHmos s, S, . . . , Sy,
mo ecmo F' = P(s1,89,...,8,). Bnoae F onpedesena onepauyus ca0-
IHCeHUS INCMEHIMOB, U ONePaAyUsl YMHONMCCHUA HA INeMeH bl noAs P.
OmmnocumenvHo smux onepayuti noare F asaaemcea aunetinoim npo-
cmparcmsom Hao noiem P.

Jl0Ka3aTesbCTBO CBOAUTCS K JIETKOW MPOBEPKE BBIMOJHEHUST dKCHUOM
JIMHEMHOTO NMPOCTPAHCTBA.



[11.2. Aareb6panyeckue U TPaHCLEHJEHTHbIE paclIMpeHUs

Ecuau pacumipenve F' = P(sy, So, . . . , Sp) 0/l P UMeeT KOHeuHy1o pa3-
MEPHOCTh d, KaK JIMHEHHOE MTPOCTPAHCTBO Hall P, To noJie F' Ha3bIBaeTCs
KOHEUYHbIM pacliMpeHuem noJs P, v uucjo d Ha3bIBaeTCs CTENeHbIo
pacwupenus F'nosisa P. B npoTUBHOM CJiydae roBopsiT, uto F' - paciin-
peHue noJisi P 6eCKOHEYHOW CTeNneHMU.



[11.2. Aareb6panyeckue U TPaHCLEHJEHTHbIE paclIMpeHUs

Ecuau pacumipenve F' = P(sy, So, . . . , Sp) 0/l P UMeeT KOHeuHy1o pa3-
MEPHOCTH d, KaK JINHEHHOE MPOCTPAHCTBO Hal P, To noJie F' Ha3biBaeTcs
KOHEYHbIM pacliMpeHuem noJs P, u uncjo d Ha3bIBACTCH CTENEHbIO
pacwupenus F'nosisa P. B npoTUBHOM CJiydae roBopsiT, uto F' - paciin-
peHue noJisi P 6eCKOHEYHOW CTeNneHMU.

[Iycth nosie F' siBasiercsl pacuuupendeM noJst P. DyeMeHT f nossa F
Ha3biBaeTcs ajdrebpanyeckum Haja noJgem P, ecau crenedb noJst P(f)
HaJ rnoJieM P — KoHeuHasl. B mpoTUBHOM cJiyuae 3JeMeHT f Ha3bIBaeTCsl
TPaHCUEHJEHTHbIM Haja noJaem P.



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

Teopema 7 (Kpmepuﬁ ajqre6paMyHOCTH 3J1eMeHTa). Iaemenm s aeasemca an-
eebpauveckum Hao nosem P moeda u moavko moeda, Koeda s 18-
Aemcs KOpHeM HeKOmopoeo HeHYaeB8020 MHO20UYNCHA C KO-
yuenmamu u3 P, mo ecmo moeda u moavko moeda, koeda 041 HeKo-
mopoLx ayg, . . . G, U3 P, He sce uz komopolx pasusl 0 umeem

aol + a1s + ass’ + ...+ a,,s™ =0,

npuiwem m — cmenemv pacuiupenus noai P(s) nad nosem P. bo-
aee moeo, cucmena {s°; s; ...; s} asasemes 6asucom auneiHo-
eo npocmparncmsa P(s) nad noaem P.

Paccmorperbh npumep?



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

JlokasaTejbcTBO HeoOxoaumocTu. [1ycTh s siBsisieTcst asreGpanue-
ckuM Haj rnosieM P. O603HaulM uepes m pa3MepHOCTh nHHeﬁHoro npo-
crpatcTBa P(s) Hagnosiem P. Torna cucrema Bekropos {1, s, s%, ..., s™}
SIBJISIETCST JIMHEHHO 3aBUCHMOM, TaK KaK



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

Jloka3areabcTBO HeoO6xoauMocTH. [IycThb s siByisieTcs anre6paunue-
CKMM Haj noJieM P. O603HauuM yepe3 m pa3MepPHOCTb nHHeﬁHoro npo-
crpatcTBa P(s) Hagnosiem P. Torna cucrema Bekropos {1, s, s%, ..., s™}
sIBJISIETCS] JIMHEHHO 3aBUCHMOM, TaK Kak B Hel m + 1 BEKTOp. CJIGI[OBa—
TeJIbHO, B P CYIIIeCTBYIOT TaKHe 3JIEMEHTbI ay, . . . 4y, HE BCE U3 KOTOPbIX
paBHbl 0, UMeeM



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

Jloka3areabcTBO HeoO6xoauMocTH. [IycThb s siByisieTcs anre6paunue-
CKMM Haj noJieM P. O603HauuM yepe3 m pa3MepPHOCTb nHHeﬁHoro npo-
crpatcTBa P(s) Hagnosiem P. Torna cucrema Bekropos {1, s, s%, ..., s™}
sIBJISIETCS] JIMHEHHO 3aBUCHMOM, TaK Kak B Hel m + 1 BEKTOp. CJIGI[OBa—
TeJIbHO, B P CYIIIeCTBYIOT TaKHe 3JIEMEHTbI ay, . . . 4y, HE BCE U3 KOTOPbIX
paBHbl 0, UMeeM

apl + a1s + ass> + ...+ aps™ = 0.

Heob6xonumocTs noKasaHa.



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

Teopema 7 (Kpmepuﬁ ajqre6paMyHOCTH 3J1eMeHTa). Iaemenm s aeasemca an-
eebpauveckum Hao nosem P moeda u moavko moeda, Koeda s 18-
Aemcs KOpHeM HeKOmopoeo HeHYaeB8020 MHO20UYNCHA C KO-
yuenmamu u3 P, mo ecmo moeda u moavko moeda, koeda 041 HeKo-
mopoLx ayg, . . . G, U3 P, He sce uz komopolx pasusl 0 umeem

aol + a1 + ass® + ... + a,,s™ =0,

npuiwem m — cmenemv pacuiupenus noai P(s) nad nosem P. bo-
aee moeo, cucmena {s°; s; ...; s} asasemes 6asucom auneiHo-
eo npocmparncmsa P(s) nad noaem P.

JloCcTaTOYHOCTb.



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

JloctaTouHocTb. [IycTh s siBsieTcst KopHeM MHOTOUIeHa q(x) cTerne-
HU m. Boibepem Tako# MHOrousieH ¢(x), CTeneHb KOTOPOro MUHHMaJbHa
CpEeJId BCeX MHOTOUJIEHOB ¢ KO3 dulMeHTaMu U3 PP, KOpHEM KOTOPbIX §1B-
asietest s. Torna, Beipaxkas s u3 ypaBHenus ¢(s) = 0, nmosiyuaem, uto s
ABJISIeTCSA JIMHEHHON KOMOMHALMeH s1eMeHToB 1, s, s2, ..., s" 1. Unnyk-

el o k > m JIerKo 1M0Ka3aTh, uTo s* siBJsieTcst JHHEHHOH KOMOMHALM -

el ssemMeHToOB 1, 5, 5%, ..., 8" 1.



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa
JoctatouHocTtb. MHaykuuen no k£ > m Jierko nokasaThb, 4To S

eTcsl JUHEHHOH KOMOUHALMeH sJeMeHToB 1, s, s2, ..., s" 1.

3aMeTHM, uTo

K ABJIA-

P(s)={ai+as*s+...+an*s" "' /meN,q € P}.

ﬂQﬁCTBHTQJIbHO, 0003HAaUYUM MHO>KECTBO B npaBoﬁ HYaCTH paBEHCTBA 4HE-

pe3 Q).



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa
JlocTatouHocTb. MHayKLKer 1o k& > m JIerko noKasaTb, 4To s* siBJisi-
eTcsl JUHEHHOH KOMOUHALMeH sJeMeHToB 1, s, s2, ..., s" 1.

3aMeTHM, uTo
P(s)={ai+as*s+...+an*s" "' /meN,q € P}.

JleficTBUTEILHO, 0603HAUMM MHOXKECTBO B MIPABOH UaCTH PaBEHCTBA ye-
pe3 . Heob6xoaumo nokasath paBeHCTBO MHOXKeCTB: P(s) = ). BxJiio-
ueHHe MHOxKecTBa () B P(s) oueBuaHO, TaK Kak P(s) — moJie, H, cJe-
JIOBATEILHO, COAEPIKHUT U 3JIEMEHThI BHAA a; * s° JJIst JIIOOOr0 HEOTPHULIA-
TEJILHOTO 11€JI0T0 UMCJIa ¢, U CYMMY TaKHX 3JieMeHTOB. OcTasoch 10Ka3aTh
oOpaTHOe BKJtOUeHHe. {151 3TOro He06X0MMO TOJIBKO MPOBEPHUTH, UTO ()
— 3TO MoJie, TaK Kak B 3TOM cJyuae P(s) BkaouaeTcs B () B CHJTy MUHU-
MaJibHOCTH P(s) cpeau Bcex noJiel, copepxkaiiux P u s (ToT dhakT, uTo B
P u {s} aBasioTCS MOJIMHOXKECTBAMH B (), OUEBH/IEH ).



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa
JlocTatouHocTb. MHayKLKer 1o k& > m JIerko noKasaTb, 4To s* siBJisi-
eTcsl JUHEHHOH KOMOUHALMeH sJeMeHToB 1, s, s2, ..., s" 1.

3aMeTHM, uTo
P(s)={ai+as*s+...+an*s" "' /meN,q € P}.

JleficTBUTEIbHO, 0003HAUMM MHOXKECTBO B MPABOM YaCTH paBEHCTBA ye-
pe3 (). Heob6xonumo nokasatb paBeHCTBO MHOXKeCTB: P(s) = ().

Mrak, ocraJjioch j0KasaTb, uTo () — moJie. HeoueBUJHBIM sIBJISIETCS
TOJILKO TO, UTO B () COJEPKUTCS 0OPATHBIH K JJIOOOMY HEHYJIEBOMY 3J1€-
MeHTy U3 (). T1ycTb 7 — Npou3BOJIbHBIA HEHYJIeBOU 3JieMeHT U3 (). [lo-
Karkem, 4To {r, sxr,. .., 8" 1« r} ABJSACTCSA JIMHEMHO HE3aBUCUMOM CH-
CTEMOI BEKTOPOB B JIMHEHHOM MpoCcTpaHcTBe P(s).



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

JocrarouHoctb. IlycTh 7 — mNPOU3BOJILHBIA HEHYJIEBOU 3Je-
MeHT u3 Q. Jlokaxem, uto {r,sxr,...,s" !« r} SIBJISIETCS JIMHEHN-
HO HE3aBHUCHMOH CHUCTEMOH BEKTOPOB B JIMHEHHOM MpocTpaHCcTBe P(s).
[Tycte 3T0 He Tak, Torma by *r +byxs*r+ ...+ by *x s Lxr =0,
npuueM He Bce Ko3pduuueHTbl by, by, ..., b, paBHbl 0. BbiHe-
ceM 7 3a CKOOKY, MOJIyUdUM, 4TO S S$IBJSIETCSI KOPHEM MHOTrouJeHa
rx (b +bykx+ ...+ by * xm_l). Takum o6Gpasom, s sBJASIETCSH KOp-
HeM MHOTrouJieHa 7 WM by + by x = + ... + by, * 2™ !. Ho crenennb sToro
MHOTOUJIEHA MEHbLIE 1M, YTO TPOTUBOPEUUT MUHUMAJIbHOCTH M.



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

JocratoyHocTb. [lycThb r — nNpoM3BOJIbHBIA HEHYJEBOH 3JIEMEHT
u3 (). JlokazaHo, uto {r, sxr,...,s" 1« r} — JIMHEHHO He3aBUCHMasi
CHUCTEMa BEKTOPOB. Kak jpokasaHo Bbillle, /5 JOOOro k > m 3JeMeHT
s¥ sBJsieTcst IMHEHHON KOMOUHALIMEH 3/1eMeHToB 1, s, ..., s 1. [TosTo-
My KaxKJblil U3 s* * r IpeJicTaBuM B BHJIe 3HAUEHHS] MHOTOUJIeHa CTereHH,
MeHblLeH 1, Ha 2JeMeHTe s, TO eCTb S* % r sABJseTCs JeMeHTOM U3 Q.
PasmepHoCTb (), Kak JIMHEHHOrO0 MPOCTpaHCTBa Haja P, paBHa m, cJe-
JIOBATEJIbHO, {r, sxr, ..., s I« r} ABJIIeTCA 6A3UCOM JIMHEHHOTO MPO-
cTpaHcTBa (). B uactHocTH, 3nemMeHT | npenctaBuM B BUJE

l=co*xr+ci*xs*r—+...4+cp*xs" Lxr=

—rx(cgtci x5+ ... +cpyxs").



[11.3. Kpurepuit aare6pavyHocTH 3jeMeHTa

JocratoyHocTb. [lycThb r — nNpoM3BOJIbHBIA HEHYJEBOH 3JIEMEHT
u3 (. JlokasaHno, uto {r, sxr,...,s" 1« r} — JIMHEHHO He3aBHUCHMas
CHUCTeMa BEKTOPOB, sABJIsIoLIascs 6a3UCOM JIMHEHHOTO MPOCTPaHCTBA ().

l=co*r+c1*xS*r+...4+cpxs" Lar=

—rx(cgterks+...+cprr™ ).

Takum 06pa3oM, ¢y + ¢1 * 8+ ... + ¢y * ™71 aBsieTcss 0OpaTHBIM 3J1e-
MEHTOM K 7" OTHOCHTEJIbHO yMHOKeHHus. CJieloBaTeIbHO, () — 3TO MoJle,
nostomy ) = P(s). Ho paamepHocTh (), KaK JUHEHHOTO MPOCTPAHCTBA
Hax P, paBHa m, To ecTb P(s) — asre6panueckoe paciiupeHue.



[11.4. Teopema o creneHsax

Teopema 8 (o crenensx). Ecau nose ) koneurno nad P, u noae T' ko-
Heuro Hao ), mo noae T Koneuro u Had P, npuuem pasmepHochio
Aurelroeco npocmparncmsa T nad noaem P pasna n-m, ede n —
pasmepHocms AUHelHoco npocmparcmsa () Had P, um — pasmep-
HOCMb AuHetinoeo npocmparcmesa T Hao Q).



[11.4. Teopema o creneHsax

Teopema 8 (o crenensx). Ecau nose ) koneurno nad P, u noae T' ko-
Heuro Hao ), mo noae T Koneuro u Had P, npuuem pasmepHochio
Aurelroeco npocmparncmsa T nad noaem P pasna n-m, ede n —
pasmepHocms AUHelHoco npocmparcmsa () Had P, um — pasmep-
HOCMb AuHetinoeo npocmparcmesa T Hao Q).

HNoka3areabctBo. [lyctb {uy, uo, ..., u,} — 6asuc JUHEHHOTO MPO-
cTpaHcTBa () Haj nosieM P, {vy, ..., v, } - 6a3UC JUHEHHOTO MPOCTpaH-
ctBa 1" Han noseMm (). Kaxuablii sjemeHT u3 T’ npeacTaBuM B BHJIE
by *x V1 + ...+ by x vy, THE by, bo, ..., by, — 351eMeHThI U3 (). [To Teopeme
O JIMHEHHBIX KOMOMHALHUAX 6a3UCHBIX BEKTOPOB MoJiydaeM (Kypc aared-
pbl, TEPBbII U TPETUH CEMECTPHI ), UTO



[11.4. Teopema o creneHsax

Teopema 8 (o crenensx). Ecau nose ) koneurno nad P, u noae T' ko-
Heuro Hao ), mo noae T Koneuro u Had P, npuuem pasmepHochio
Aurelroeco npocmparncmsa T nad noaem P pasna n-m, ede n —
pasmepHocms AUHelHoco npocmparcmsa () Had P, um — pasmep-
HOCMb AuHetinoeo npocmparcmesa T Hao Q).

JloKa3aTeJbcTBO. by x vy + ...+ b, x v,

b1 = a1 *xu1 + ...+ a, * Uy,
bgzagl*u1+...+a2n*un

\ by = Q1 * UL+ ..o Ay, * Uy,

CJienoBaTesibHO,



[11.4. Teopema o creneHsax

Teopema 8 (o crenensx). Ecau nose ) koneurno nad P, u noae T' ko-
Heuro Hao ), mo noae T Koneuro u Had P, npuuem pasmepHochio
Aurelroeco npocmparncmsa T nad noaem P pasna n-m, ede n —
pasmepHocms AUHelHoco npocmparcmsa () Had P, um — pasmep-
HOCMb AuHetinoeo npocmparcmesa T Hao Q).

JloKa3aTeJbCTBO.
byxvi+...+ b, *xv, =

= (ap *ur+ ... Fa*uy) kv + .o (A kUL F - Gy R Uyy) kU =

= Q1 *ULRVL . F A kU, kUL Q1 XU RV s Qo Uy, R Uy,



[11.4. Teopema o creneHsax

Teopema 8 (o crenensx). Ecau nose ) koneurno nad P, u noae T' ko-
Heuro Hao ), mo noae T Koneuro u Had P, npuuem pasmepHochio
Aurelroeco npocmparncmsa T nad noaem P pasna n-m, ede n —
pasmepHocms AUHelHoco npocmparcmsa () Had P, um — pasmep-
HOCMb AuHetinoeo npocmparcmesa T Hao Q).

Jloka3areabcTBO. TakuM 00pa3om, CUCTEMA BEKTOPOB
{ug %01, Uy kUL, UL K Uy e U R U b

[OJIHA, TO eCThb JII0OOKH BEKTOP MPEACTABUM B BUJE HX JUHEHHOH KOMOH-
Hauuu. O4eBHIHO, UTO 3Ta CHUCTEMA JIMHEHHO He3aBUCHMa, HHAUe T0J1y-
UHJIH Obl JIMHEHHYI0 3aBUCHMOCTh CUHCTEMbI { vy, Vo, . . . , Uy, }. Teopema j0-
Kasama.



[11.5. KpuTepuit KOHEUHOCTH paclIMpeHUs NoJs

Teopema 9 (Kpmepuﬁ KOHEYHOCTHU pacwiupeHus noas P). Hycmb noae F ae6as-
emcs pacuwiuperuem noas P c nomowpro ssemenmos si, So, ..., Sn.
Toeda noae F asasemcs KOHeuHblM pacuiuperuem nois P moeda
U MOAbKO moeda, K0eoa sy, S, . . . , Sy ABALIOMCA KOPHAMU HEKONO-
polX MHO2OUNCHOB q1(T), @o(T), . . ., qn(x) ¢ KO3 PuyUenmamu uz no-
aa P.

Jloka3aTeabCTBO. DTO CJEJCTBUE U3 KPUTEPUS aAreOpanyHOCTH dJie-
MEHTa U TEOPEMbI O CTENEHSIX.



[11.6. CaencTBue 0 MopsiiKe NPOCTOro KOHEYHOT O MO

CJ]CI[CTBI/IC 1 (0 nopsiike NPOCTOro KOHEYHOTro MoJis ). KOH@LLHOB noae saensent-
CA nNpocmoim moeoa U mMoabKo moeaa, K0e0a KOAUUeCcmBo INeMeH-
mos noaa P — rnpocrmoe 4uciao.

Jloka3zaTeJibcTBO HEOOXOAUMOCTH.



[11.6. CaencTBue 0 MopsiiKe NPOCTOro KOHEYHOT O MO

CJ]CI[CTBI/IC 1 (0 nopsiike NPOCTOro KOHEYHOTro MoJis ). KOH@LLHOB noae saensent-
CA nNpocmoim moeoa U mMoabKo moeda, K0e0a KOAUUeCcmBo INeMeH-
mos noaa P — rnpocrmoe 4uciao.

Joka3areabcTBO HeoOxoaumocTu. [lyctb P — mnpocToe KoHeuHoe
noJie XapakTepUCTUKH p. Torna, OUeBUIHO, B CUJIy TEOPEMbI O XapaKTe-
puctuke noJist, (1,1 +1,...,p* 1) — noanoJe B P, U, B CUJIYy NPOCTOTHI
nosist P umeem P = (1,14 1,...,p* 1), BUACTHOCTH, €r0 MOPSIIOK paBeH
p. Heob6xonumocTh 10Ka3aHna, Tak Kak, 1o TeopeMe 0 MpoCTOTe HeHyJie-
BOH XapaKTEePUCTUKHU MMOJIS, p — MPOCTOE UUCJIO



[11.6. CaencTBue 0 MopsiiKe NPOCTOro KOHEYHOT O MO

CJ]CI[CTBI/IC 1 (0 nopsiike NPOCTOro KOHEYHOTro MoJis ). KOH@LLHOB noae saensent-
CA nNpocmoim moeoa U mMoabKo moeaa, K0e0a KOAUUeCcmBo INeMeH-
mos noaa P — rnpocrmoe 4uciao.

HocraTtouHoctb. [lycth |P|=p — mnpocroe uucio. AnauTUBHAS
rpynna Jo60ro noanoJs ¢ nojs P sBjsieTcs MOArPyNnol aaIuTUBHON
rpynnbl noJist P. [To reopeme Jlarpanzka ee nopsiiok nenutes Ha | P| = p,
HO Yy MPOCTOrO YUCJIa HET HeeJMHUUHbIX COOCTBEHHbIX aenuTesed. Cie-
noBaresbHo, |Q| = |P|, oTkyna caenyet, uto P = @, uTo 1 Tpe6oBaioCh
noka3atb. CJyeJCTBHE 10KA3aHO.



[11.7. CaencTBue 0 nopsjaKke KOHEYHOTrO MoJs

Caeacteue 2 (o nopsiaxe koneunoro noas). Koneurnoe noae codepacum p'

INEeMEHIMOB, ede p — Apocmoe 4UuUcao, t — HeompuyameavHoe ye-
A0e 4Ucno.

Joka3areabcTBo. [TycTh Xapakrepuctuka nossi P paBna p (oHa, oue-
BUJIHO, He HyJieBast ). JlokazaTesibcTBO OyIeM BECTH HHLYKLMEH 110 MOPsi/I-
Ky MOJISI.



[11.7. CaencTBue 0 nopsjaKke KOHEYHOTrO MoJs

Caeacteue 2 (o nopsiaxe koneunoro noas). Koneurnoe noae codepacum p'

INEeMEHIMOB, ede p — Apocmoe 4UuUcao, t — HeompuyameavHoe ye-
A0e 4Ucno.

Joka3zareabcTBOo. basa undyxkyuu. Ecau noje P — npocToe, TO 3a-
KJIOUEHHE TeOPEMbI BbITEKAET U3 MPEJIbIIYIIErO CJACACTBUS.



[11.7. CaencTBue 0 nopsjaKke KOHEYHOTrO MoJs

Caeacteue 2 (o nopsiaxe koneunoro noas). Koneurnoe noae codepacum p'
3NeMenmos, eie p — NpPoCcmoe 4ucao, t — HeompuyamesvpHoe ye-
A0€ YUCNO.

Hoka3zareabctBo. [llae undyxyuu. IlycTb KoHeuHoe mnoje P —
He npocToe. BribepeM B HeM MakCHMaJibHOe COOCTBEHHOE MoAanogae ().
Bosbmewm asement z us P\Q. Torna pacuimpenue (Q(z) noss () ¢ momo-
1IbI0 3JIEMEHTA 2 COBMajaeT ¢ P, B CHJIy MAaKCUMaJbHOCTH MOANONSA ()
B P. [lycthb m — MaxkcumaJsbHoe Takoe uucso, uto b ={1,z,..., 2"}
— JIMHEHHO He3aBUCHMasl cucTeMa BeKTopoB. Torna, oueBuHO, b — 310
0asuc P, Kak JITHEHHOrO MPOCTpaHCTBa Hal ().



[11.7. CaencTBue 0 nopsjaKke KOHEYHOTrO MoJs

Caeacteue 2 (o nopsiaxe koneunoro noas). Koneurnoe noae codepacum p'
3NeMenmos, eie p — NpPoCcmoe 4ucao, t — HeompuyamesvpHoe ye-
A0€ YUCNO.

Jloka3zaTejbcTBO. () — MakcHMaJibHOe COOCTBEHHOE MOAIIO0JIe IO-
aa P, ze€ P\Q, Q(z)=P, b={1,z,...,2"} — 310 6a3uc P, KaKk
JIMHEHHOTO POCTpaHCcTBa Hal ().

Kaxnas koopayHara jo00ro BeKtopa U3 P npuHHMaeT POBHO p 3Ha-
uenuit {0,1,...,p — 1}, Tak pxr = 0 ana mobdoro x u3 P. Kak nokasbi-
BaJIOCb B JIMHEHHOU anreOpe, JIMHEHHOE KOHEUHOMEPHOE MPOCTPAHCTBO
U30MOP(HO JIHHEHHOMY MTPOCTPAHCTBY MATPHLL-CTOJOIOB Pa3MEPHOCTH,
B IaHHOM cJiyyae, m + 1. Snauut |P| = |Q|™, Ho, 110 peAnoNoKeHuIo
HHIYKLEH | Q] = p°, cienoBarenbho, |P| = p',riet = s x (m + 1). Cren-
CTBHE JI0KA3aHo.




I11.8. Teopema o cTreneHu MHOrouJieHa AJisi KOHEUHOTO paclIUpe-
HUS

TeopeMa 10 (0 CTEeNeHW MHOTroYJeHa 1Js1 KOHEYHOr 0 pacuiMpeHus ). Ecau noae F
ABAACMCA KOHEUHbIM pacuiuperuem noaa P, u cmeneno pacwiu-
penusi ' noas P pasna n, mo aoboil ssemenm noas I asasemcs
KOpHeM MHO2O4AeHA cmenenu He boavuiell n, ¢ Kodgpuyuenmanu
u3 noas P.

JloKa3aTeJbCTBO.



I11.8. Teopema o cTreneHu MHOrouJieHa AJisi KOHEUHOTO paclIUpe-
HUS

TeopeMa 10 (0 CTEeNeHW MHOTroYJeHa 1Js1 KOHEYHOr 0 pacuiMpeHus ). Ecau noae F
ABAACMCA KOHEUHbIM pacuiuperuem noaa P, u cmeneno pacwiu-
penusi ' noas P pasna n, mo aoboil ssemenm noas I asasemcs
KOpHeM MHO2O4AeHA cmenenu He boavuiell n, ¢ Kodgpuyuenmanu
u3 noas P.

Jloka3aTeabCcTBO. Bo3bMeM NMPOU3BOJIbHBIN 3J1eMEHT a U3 noJst F'. 1o
YCJIOBHIO PAa3MEPHOCTb F', KaK JIMHEHHOTO MPOCTPAHCTBA Hal P, paBHa
n. 3HaunT, crucrema Bektopos {1,a,a * a,d’, ..., a"} sBasercs JuHei-
HO 3aBUCHMOH. Takum 006pasom, JIJisi HEKOTOPBIX 3JEMEHTOB by, by, . .., b,
nosisi P UMeeT MecTo paBeHCTBO by*x 1+ by xa+ ...+ b, xa" =0, TO
€CThb a $IBJIIETCSI KOPHEM MHorousieHa byx1+byxx+ ...+ b, x ",
uTO U TPeOOBAJIOCH 10KA3aTh.



IV. [1lose yacTHBIX LIEJIOCTHOTO KOJblA
[Iyctb K — KOMMYTATUBHOC 11€J0CTHOE KO0Jibilo. PacCMOTpUM MHO-

JKECTBO «JIpoOeil»
}(:{E
q

nqéK@#O}-



IV.1. Onepauuu KoJiblia YaCTHBIX
[Iyctb K — KOMMYTATUBHOC 11€J0CTHOE KO0Jibilo. PacCMOTpUM MHO-

JKECTBO «JIpoOeil»
zcz{?
q

Ha wmHoxectBe K’ onpenesum orepaudd CJAOXKEHHST W YMHOXKe-
HUS, aHAJIOTUUHbIE ONepauusM i OObIYHBIX APOOed W I JIPOOHO-
paluMoHabHbIX (DYHKLMH:

nqéK@#O}-




IV.1. Onepauuu KoJiblia YaCTHBIX
[Iyctb K — KOMMYTATUBHOC 11€J0CTHOE KO0Jibilo. PacCMOTpUM MHO-

JKECTBO «JIpoOeil»
zcz{?
q

Ha wmHoxectBe K’ onpenesum orepaudd CJAOXKEHHST W YMHOXKe-
HUS, aHAJIOTUUHbIE ONepauusM i OObIYHBIX APOOed W I JIPOOHO-
paluMoHabHbIX (DYHKLMH:

nqéK@#O}-

P U pxv+qgxu
__+__: , U
q U q*v




IV.1. Onepauuu KoJiblia YaCTHBIX
[Iyctb K — KOMMYTATUBHOC 11€J0CTHOE KO0Jibilo. PacCMOTpUM MHO-

JKECTBO «JIpoOeil»
;(:{E
q

Ha wmHoxectBe K’ onpenesum orepaudd CJAOXKEHHST W YMHOXKe-
HUS, aHAJIOTUUHbIE ONepauusM i OObIYHBIX APOOed W I JIPOOHO-
paluMoHabHbIX (DYHKLMH:

nqéK@#O}-

U U+ qg*xUu U * U
]_?+_:p q Com ]_9*__]9

q v q*v g v q%v




IV.1. Onepauuu KoJiblia YaCTHBIX
[Iyctb K — KOMMYTATUBHOC 11€J0CTHOE KO0Jibilo. PacCMOTpUM MHO-

JKECTBO «JIpoOeil»

p,qéK,q#O}-

K’:{?
q

Ha wmnoxectBe K’ onpeaesnm onepanyud CJOXKEHUST W YMHOXKe-

HUS, aHAJIOTUUHbIE ONepauusM i OObIYHBIX APOOed W I JIPOOHO-
palMOHaJIbHbBIX (DYHKLHH:

P u_ prxv+qg*u p u_ pxu
q v g*v . 5*5_(;*@‘
OueBuaHO, uto K’ sIBJISIETCSI KOJILILOM, TTPHYEM KOJIbLIO K HU30MOPGHO
BKJIaJbiBaeTcst B K’ ¢ MoMoIblo 0TOOpaXkeHHsl, CTABSILLETO 3JEMEHTY P

KoJibla K «1poOb» ]T)



IV.2. Jlemma 0 KOHrpyeHUHMH KOJIbLIA YACTHbIX

Jlemma 1. [1ycmo 6unaprnoe omuowenue T onpedeseHo Ha MHO-
acecmse K' npasuron: (%; C—(é) c T moeda u moabko moaoa, Koeoa
axd=>bxc. Toeda T asaasemcsa kKonzpyenyuet.

Dy-y-y, Kakasi rpoMo3Jikasi GopMyJHPOBKA...



IV.2. Jlemma 0 KOHrpyeHUHMH KOJIbLIA YACTHbIX

Jlemma 1. Ecau 0 e
— =€l & axd=0bxc (2)
b'd ’
mo T’ asaaemcsa KoHepyeruyuell.
Joka3areabcTBo. [lo onpenenennio KoHrpyeHiuu Haao MpoBe-
PUTb, UTO 1" SIBJISIETCS OTHOLIEHUEeM 2KBUBAJECHTHOCTH, U UYTO



IV.2. Jlemma 0 KOHrpyeHUHMH KOJIbLIA YACTHbIX

Jlemma 1. Ecau

(%;§> el < axd=>bxc, (2)
mo T asasemces Konzpyenyuell.

Joka3areabcTBo. [lo onpenenennio KoHrpyeHiuu Haao MpoBe-
PUTb, UTO 1" SIBJISIETCS OTHOLIEHUEeM 2KBUBAJECHTHOCTH, U UYTO

(moacTaBuM B hopmyJsiy B KauecTBe ornepauludu f orepalmio «CJoxKe-
HHE»)



IV.2. Jlemma 0 KOHrpyeHUHMH KOJIbLIA YACTHbIX

Jlemma 1. Ecau

(%;§>ET<:>a>kd:b*c, (2)
mo T asasemces Konzpyenyuell.

Joka3areabcTBo. [lo onpenenennio KoHrpyeHiuu Haao MpoBe-
PUTb, UTO 1" SIBJISIETCS OTHOLIEHUEeM 2KBUBAJECHTHOCTH, U UYTO

{ (1, y1) €T,

(332, y?) SNA



IV.2. Jlemma 0 KOHrpyeHUHMH KOJIbLIA YACTHbIX

Jlemma 1. Ecau 0 e
— =€l & axd=0bxc (2)
b'd ’
mo T’ asaaemcsa KoHepyeruyuell.
Joka3areabcTBo. [lo onpenenennio KoHrpyeHiuu Haao MpoBe-
PUTb, UTO 1" SIBJISIETCS OTHOLIEHUEeM 2KBUBAJECHTHOCTH, U UYTO

{ (1, y1) €T,
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(gg)er G+ S+2)er
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V. PacuinpeHue noJs ¢ noMoluibio KOJiblla MHOTOUYJE€HOB

[Tyete P — nousie. Uepes P|x| o603HauuM ajire6py MHOTOUJIEHOB C
Ko3(duimentamu U3 P, ¢ 0ObIUHBIMH OfepalysMH CJIOXKEeHUS] MHOTO-
UJIEHOB U YMHOKeHHUsI MHOTOUJIeHOB. OUeBUIHO, UTO OTHOCHUTENLHO ITHX
onepalui P|z| BJASeTCs KOJbILOM,
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(a+2z)*(c+y)=bx*d.

=



V.1. Teopema 0 KOHrpyeHUHUSIX KOJIel]

Teopema 12. Omnowenue T asargemca kouepyenyuetl Koavua K
moeda u moavko moeda, koeda muoxcecmso I = {z|(x;0) € T} as-
assemes udeanom u (a;b) € T 8 mom u Mmoabko mom cayuae, K0eoa
daa Hekomopoeo x u3 I umeem mecmo pageHcmso a + x = b.

Jloka3areabcTBo. [IycTh Ternepb I — upeaJ, u oTHouieHue T ompe-
fieJieHo npaBuiioM: (a; b) € T Toraa u ToJIbKO TOT/Ia, KOoTaa a + x = b /s
HekoToporo x u3 I. Hajno nokasath, uto T — KOHIPYEHLHsI.

( (Jx) x € 1,
(a; 0) €T, (Fy)y €1,
{(c; d)eT = a+zr+c+y=>b+d, =
| (a+z)x(ct+y)="bxd



V.1. Teopema 0 KOHrpyeHUHUSIX KOJIel]

Teopema 12. Omnowenue T asasemca kouzpyeunuueu xoivua K
moeda u moavko moeda, koeda muoxcecmso I = {x|(x;0) € T} a6-
asemes udeanrom u (a;b) € T 8 mom u moavko mom cayiae, Koeoa
d0aa Hekomopoeo x u3 I umeem mecmo pagerHcmso a + x = b.

Joka3areabctBo. [lycTh Tenepb I — uaeasn, u otHouieHnue 1’ onpe-
fesieHo npaBuioM: (a;b) € T Toraa u ToNbKO TOra, Koraa a + x = b s
HekoToporo x u3 1. Hano nokazath, uto T' — KOHTpyeHLHS.

((Az)z e,
(Fy)y €1,
{(a; b) €T, Ny at+x+c+y=>b+d, N
(¢; d)eT (a+c)+(x+y)=b+d,
(a+x)*(c+y)=bxd,
\ axc+axy+xrxc+x+y=>bxd.



V.1. Teopema 0 KOHrpyeHUHUSIX KOJIel]

Teopema 12. Omnowenue T asargemca kouepyenyuetl Koavua K
moeda u moavko moeda, koeda muoxcecmso I = {z|(x;0) € T} as-
assemes udeanom u (a;b) € T 8 mom u Mmoabko mom cayuae, K0eoa
daa Hekomopoeo x u3 I umeem mecmo pageHcmso a + x = b.

Jloka3areabcTBo. [IycTh Ternepb I — upeaJ, u oTHouieHue T ompe-
fieJieHo npaBuiioM: (a; b) € T Toraa u ToJIbKO TOT/Ia, KOoTaa a + x = b /s
HekoToporo x u3 I. Hajno nokasath, uto T — KOHIPYEHLHsI.

( (Fz)x €1,
(a; b) €T, S@%iﬁp+)—b+d
{(c;d)ET = Hj’ﬁ/ | =
axctaxy+arxc+rxy=>bxd.
\ I




V.1. Teopema 0 KOHrpyeHUHUSIX KOJIel]

Teopema 12. Omnowenue T asargemca kouepyenyuetl Koavua K
moeda u moavko moeda, koeda muoxcecmso I = {z|(x;0) € T} as-
assemes udeanom u (a;b) € T 8 mom u Mmoabko mom cayuae, K0eoa
daa Hekomopoeo x u3 I umeem mecmo pageHcmso a + x = b.

Jloka3areabcTBo. [IycTh Ternepb I — upeaJ, u oTHouieHue T ompe-
fieJieHo npaBuiioM: (a; b) € T Toraa u ToJIbKO TOT/Ia, KOoTaa a + x = b /s
HekoToporo x u3 I. Hajno nokasath, uto T — KOHIPYEHLHsI.

(a; b) €T, (axc,bxd) €T,
=
(¢; d)eT (a+c,b+d)eT.



V.1. Teopema 0 KOHrpyeHUHUSIX KOJIel]

Teopema 12. Omnowenue T asargemca kouepyenyuetl Koavua K
moeda u moavko moeda, koeda muoxcecmso I = {z|(x;0) € T} as-
assemes udeanom u (a;b) € T 8 mom u Mmoabko mom cayuae, K0eoa
daa Hekomopoeo x u3 I umeem mecmo pageHcmso a + x = b.

Jloka3areabcTBo. [IycTh Ternepb I — upeaJ, u oTHouieHue T ompe-
fieJieHo npaBuiioM: (a; b) € T Toraa u ToJIbKO TOT/Ia, KOoTaa a + x = b /s
HekoToporo x u3 I. Hajno nokasath, uto T — KOHIPYEHLHsI.

(a; b) €T, (axc,bxd) €T,
=
(¢; d)eT (a+c,b+d)eT.

CnenoBatesibHO, T' — KOHIpyeHLHUSs], TeopemMa J0KasaHa.



V.2. PakTOp-KOJabL0 N0 HAEadY

Teopema 12 (o xonrpyenumsx xonen). Omnowenue T asaaemcea Konzpy-
enyuetl koavua K moeda u moavko moeda, K020a MHOMECMBO
I ={x|(z;0) € T} asasemcsa udearom u (a;b) € T 8 mom u moarbKo
mom cayuae, Koeda 04 HeKonopo2o x us3 I umeem mecmo paseH-
cmeo a+ x = b.

®akrop-koabilo K/T HasbiBaeTcsi pakTOp-KOJAbLOM KoJibla K 10
uneany I (unean I olHO3HAUHO onpeaesieT KoHrpyenuuto 1)



V.3. Teopema o romomopdusmax noaeu

Teopema 13 (o romomopdmsmax noaeit). Beakuil comomopghuszm nors P 8
noze Q A8aaemcs u30mopHuU3mMoM.

Jloka3aTeabCTBO.



V.3. Teopema o romomopdusmax noaeu

Teopema 13 (o romomopdmsmax noaeit). Beakuil comomopghuszm nors P 8
noze Q A8aaemcs u30mopHuU3mMoM.

Jloka3areJabcTBO. JIoCTaTOUHO 3aMETUTD, UTO B I10J1€ HET OTJIMUHBIX OT
O u P uneanos. [ [pyumeHeHHe TeopeMbl 0 KOHTPYEHUMAX KOJiel] 3aKaH-
YUBaeT J10Ka3aTeJIbCTBO.



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
P[l’] MHO2OUACHOB HAO nosem P asasemcs KOAbUOM 2/1ABHBLX uoe-
anoes.



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

WMHubiMu cjioBamu, aJsi ato6oro uaeana I KoJblla MHOTOUJIEHOB Pl
HallleTcsl TaKoW MHOTOWIeH f(x), uTo MHOTOUJIeH g(x) MpUHAIEKUT [
TOTJIa U TOJILKO TOTJIa, KOTJ1a OH JIEJIUTCS Halles1o Ha f(x).



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

Jloka3aTteabcTBO. Bribepem B I HeHyseBO#H MHorousieH f(x) MUHM-
MaJibHO# cTenenu. [1yeThb g(x) — npou3BoJIbHbIA MHOTOUJIEH U3 1.



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

Jloka3aTteabcTBO. Bribepem B I HeHyseBO#H MHorousieH f(x) MUHM-
MaJibHO# cTenenu. [1yeThb g(x) — npou3BoJIbHbIA MHOTOUJIEH U3 1.
Pasnenum g(z) Ha f(x) c octatkoM: g(z) = f(x) * h(z) + r(x).



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

Jloka3aTteabcTBO. Bribepem B I HeHyseBO#H MHorousieH f(x) MUHM-
MaJsibHOH cTenenu. [1ycTh g(x) — Mpou3BOJIbHBIN MHOTOUJIEH U3 .

Pasnenum g(x) Ha f(z) c octatkom: g(x) = f(x) * h(x) + r(x). Tak kak
I —wvnean, 1o f(x) * h(x) — s/1eMeHT U3 1.



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

Jloka3aTteabcTBO. Bribepem B I HeHyseBO#H MHorousieH f(x) MUHM-
MaJibHO# cTenenu. [1yeThb g(x) — npou3BoJIbHbIA MHOTOUJIEH U3 1.

Pasnenum g(x) na f(x) c ocratkom: g(z) = f(x) * h(x) 4+ r(x). Tak kak
I —wvnean, 1o f(x) * h(x) — s/1eMeHT U3 1.

Caenosatenbto, r(z) = g(x) + (— f(x) * h(z)) — snement uz I
(Benb I — ajpautuBHas noarpynna). Ho



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

Jloka3aTteabcTBO. Bribepem B I HeHyseBO#H MHorousieH f(x) MUHM-
MaJibHO# cTernenu. [1ycTh g(x) — Mpou3BoOJIbHBIN MHOTOUJIEH U3 .

Pasnenum g(x) na f(x) c ocratkom: g(z) = f(x) * h(x) 4+ r(x). Tak kak
I —wvnean, 1o f(x) * h(x) — s/1eMeHT U3 1.

Caenosatenbto, r(z) = g(x) + (— f(x) * h(z)) — snement uz I
(Benb [ — apmutuBHas noarpymnna). Ho crenenb MHorousena () MeHb-
lIe cTerneHu MHorousieHa f(x), mostomy r(x) = 0 (cTeneHb MHOrouJieHa
f(z) — MHUHUMAaJIbHAS CPEIM BCEX HEHYJIEBBIX MHOTOUJIEHOB U3 1).



V.4. Teopema 00 naeanax KoJiblia MHOIO4J€HOB

TeopeMa 14 (06 uaeanax Koabua muorounenos). Lcau P — noae, mo Ko/1bUo
Plz] MmHo20ure1H08 HAO nosem P seasemcesa koavyom enasHblx de-
an08.

Jloka3aTteabcTBO. Bribepem B I HeHyseBO#H MHorousieH f(x) MUHM-
MaJibHO# cTenenu. [1yeThb g(x) — npou3BoJIbHbIA MHOTOUJIEH U3 1.

Pasnenum g(x) na f(x) c ocratkom: g(z) = f(x) * h(x) 4+ r(x). Tak kak
I —wvnean, 1o f(x) * h(x) — s/1eMeHT U3 1.

Caenosatenbto, r(z) = g(x) + (— f(x) * h(z)) — snement uz I
(Benb [ — apmutuBHas noarpymnna). Ho crenenb MHorousena () MeHb-
lIe cTerneHu MHorousieHa f(x), mostomy r(x) = 0 (cTeneHb MHOrouJieHa
f(z) — MMHMMAaJbHAs Cpei BCeX HEHYJIEBbIX MHOTOUJIEHOB U3 ).

Teopema nokasana.



V.5. Teopema o pacuuMpeHuM noJisl Kak pakTop-KoJiblie
KO0J1blla MHOTOYJIEHOB

Teopema 15 (0 pacuiMpeHuu noJast Kak pakTop-KoJiblie KOJblla MHOTIOYJ€HOB).
[Tycmo P — noae, f(x) — nHenpusodumoiii Had P mHocoureH ¢ KO-

agppuyuenmamu uz P, [ = {g(aj) x f(x)|g(x) € P[az]} — udean
KOMbUQ MHOCOUAECHOB8, NOPONHCOeHHbLL MHOeouUseHOM f(x), a —

KopeHb MHO2couAeHa f(x) 8 HeKomopom pacuiuperuu noas P. Toeda
paxkmop-korvyo Plx]/I uzomopgro noao Pla).

JloKa3aTeJbCTBO.



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KO0J1blla MHOTOYJIEHOB

Teopema 15 (0 pacuiMpeHuu noJast Kak pakTop-KoJiblie KOJblla MHOTIOYJ€HOB).
[Tycmo P — noae, f(x) — nHenpusodumoiii Had P mHocoureH ¢ KO-

appuyuenmanu uz P, [ = {g(aj) x f(x)|g(x) € P[az]} — udean
KOMbUQ MHOCOUAECHOB8, NOPONHCOeHHbLL MHOeouUseHOM f(x), a —

KopeHb MHO2couAeHa f(x) 8 HeKomopom pacuiuperuu noas P. Toeda
paxkmop-korvyo Plx]/I uzomopgro noao Pla).

Joka3areabctBo. PaccmoTpum oto6paxenue F' koJiblia Plx] B oJe
Pla), onpeneseHHoe npaBuoM: MHOTOUJIeHY h(x) MOCTaBUM B COOTBET-
CTBHUE 3JieMeHT h(a) noss Plal.

JIerko npoBepuTh, uTo oToOpaxkeHue F siBJsieTcst romomophusmom.

Paccmotperb npumep?



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KO0J1blla MHOTOYJIEHOB

Teopema 15 (0 pacuiMpeHuu noJs Kak pakTop-KoJiblie KoJblla MHOIO4J€HOB).
[Tycmo P — noae, f(x) — nHenpusodumeiii Had P mHocoureH ¢ KO-

appuyuenmamnu usz P, I = {g(x) * f(x)|g(x) € P[x]} — udeax
KOMbUA MHOSOUNCHOB, NOPONCOeHHbLIL MHOcoUreHOM f(x), a —

Koperb mHoeoureHa f(x) 8 Hekomopom pacuuperuu noas P. Toeda
paxkmop-koarvyo Plx]/I uzomopgpro noao Pla).

Jloka3areabcTBo. PaccmoTpum oTo6paxkenue F' Kosblia Plx] B mogie
Plal], onpeneseHHoe npaBuioM: MHOTOUJIeHY h(x) TOCTaBUM B COOTBET-
cTBUeE 3j1eMeHT h(a) nos Pla).

CJiefloBaTe/ibHO, 1O  TeopeMe 00  OMUCAaHUU  romMomopd-
HbIX 00pa3oB YyHUBepCaJbHbIX ajre6p W TeopeMe O KOHIpy-
eHUUsIX KoJiel| roJsiydaeM, uto Pla] usomopduHo Plx|/J, rae

J = {h(z)| F (h(x)) = 0} = {(z) | h(a) = 0}



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KOJiblld MHOTOYJICEHOB

Jloka3areabcTBo. PaccMorpum oTo6paxkenue F Kosblia Plx] B moJie
Pla], onpeneneHHoe npaBUioM: MHOTOUJIEHY h(x) TTOCTaBUM B COOTBET-
CTBUE 3JieMeHT h(a) noJs P|al.

CnenoBatesibHO, MO  TeopeMe 00  onucaHud  romomopd-
HbIX 00pa3oB YHUBepPCAJbHBbIX ajre6p M TeopeMe O KOHIpY-
eHlUAX KoJgel rmojaydaem, uto Pla] wusomopduo Plz]/J, rae
J = {h(m)‘F (h(z)) =0} = {h(z)|h(a) = 0}.

OcraJjioch 10Ka3aThb, uto ecqiu h(a) = 0, To h(x) nenurcs Ha f(x).



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KOJiblld MHOTOYJICEHOB

Jloka3areabcTBo. PaccMorpum oTo6paxkenue F Kosblia Plx] B moJie
Pla], onpeneneHHoe npaBUioM: MHOTOUJIEHY h(x) TTOCTaBUM B COOTBET-
CTBUE 3JieMeHT h(a) noJs P|al.

CnenoBatesibHO, MO  TeopeMe 00  onucaHud  romomopd-
HbIX 00pa3oB yHUBepCcasbHbIX ajrebp HW TeopeMe O KOHIpPY-
eHLUUsIX KoJiel| roJsiyyaeM, uto Pla] usomopduo Plx|/J, rae
J = {h(m)‘F (h(z)) =0} = {h(z)|h(a) = 0}.

[To Teopeme 0 neJleHUM MHOTOUJIEHOB C OCTATKOM, ITOJIy4aeM, UTo
CYILIECTBYIOT Takue MHorousieHbl u(x) W v(z) ¢ KoshuUMeHTaMHu U3
P, 4To cTeneHb MHOroujieHa v(x) MeHblle CTeleHr MHorousieHa f(z)

h(z) =u(x) * f(x) +v(z).



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KOJiblld MHOTOYJICEHOB

Jloka3areabcTBo. PaccMorpum oTo6paxkenue F Kosblia Plx] B moJie
Pla], onpeneneHHoe npaBUioM: MHOTOUJIEHY h(x) TTOCTaBUM B COOTBET-
CTBUE 3JieMeHT h(a) noJs P|al.

CnenoBatesibHO, MO  TeopeMe 00  onucaHud  romomopd-
HbIX 00pa3oB yHUBepCcasbHbIX ajrebp HW TeopeMe O KOHIpPY-
eHLUUsIX KoJiel| roJsiyyaeM, uto Pla] usomopduo Plx|/J, rae
J = {h(m)‘F (h(z)) =0} = {h(z)|h(a) = 0}.

[To Teopeme 0 neJieHUM MHOTOUJIEHOB C OCTATKOM, MOJIydaeM, UTO
CYILIECTBYIOT Takue MHorousieHbl u(x) W v(z) ¢ KoshuUMeHTaMHu U3
P, 4To cTeneHb MHOroujieHa v(x) MeHblle CTeleHr MHorousieHa f(z)
h(x) = u(x) * f(x) + v(x). OcTaercs 3aMeTUTb, UTO

0= h(a) =u(a)* f(a) +v(a) =u(a) * 0+ v(a) = v(a).



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KOJiblld MHOTOYJICEHOB

Jloka3areabcTBo. PaccMorpum oTo6paxkenue F Kosblia Plx] B moJie
Pla], onpeneneHHoe npaBUioM: MHOTOUJIEHY h(x) TTOCTaBUM B COOTBET-
CTBUE 3JieMeHT h(a) noJs P|al.

CnenoBatesibHO, MO  TeopeMe 00  onucaHud  romomopd-
HbIX 00pa3oB YHUBepPCAJbHBbIX ajre6p M TeopeMe O KOHIpY-
eHlUAX KoJgel rmojaydaem, uto Pla] wusomopduo Plz]/J, rae
J = {h(m)‘F (h(z)) =0} = {h(z)|h(a) = 0}.

Mrak, crenenb MHOrousieHa v(z) MeHbllle CTeMeHH MHorouseHa f(x),
h(z) =u(z)* f(x) +v(zr) u wv(a)=0.Ho f(x) — HeHyJeBOi MHOTO-
ujieH MUHUMaJIbHOM CTerneHu Takoi, uto f(a) = 0. 3Hauut v(x) — HyJle-
BOM MHOTOUJIEH.



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KOJiblld MHOTOYJICEHOB

Jloka3areabcTBo. PaccMorpum oTo6paxkenue F Kosblia Plx] B moJie
Pla], onpeneneHHoe npaBUioM: MHOTOUJIEHY h(x) TTOCTaBUM B COOTBET-
CTBUE 3JieMeHT h(a) noJs P|al.

CnenoBatesibHO, MO  TeopeMe 00  onucaHud  romomopd-
HbIX 00pa3oB YHUBepPCAJbHBbIX ajre6p M TeopeMe O KOHIpY-
eHlUAX KoJgel rmojaydaem, uto Pla] wusomopduo Plz]/J, rae
J = {h(m)‘F (h(z)) =0} = {h(z)|h(a) = 0}.

Mrak, crenenb MHOrousieHa v(z) MeHbllle CTeMeHH MHorouseHa f(x),
h(z) =u(z)* f(x) +v(zr) u wv(a)=0.Ho f(x) — HeHyJeBOi MHOTO-
ujieH MUHUMaJIbHOM CTerneHu Takoi, uto f(a) = 0. 3Hauut v(x) — HyJle-
BOM MHOTOUJIEH.

CaenoBatenbto, J = 1.



V.5. Teopema o pacuuMpeHuu noJs Kak pakTop-KoJblie
KO0J1blla MHOTOYJIEHOB

Teopema 15 (0 pacuiMpeHuu noJs Kak gakTop-KoJiblie KOJblla MHOTO4J€HOB).
[Tycmo P — noae, f(x) — nHenpusodumoiii Had P mHocoureH ¢ KO-

appuyuenmanu uz P, [ = {g(a;) x f(x) g(x) € P[az]} — udean
KOMbUQ MHOCOUAECHOB8, NOPONHCOeHHbLL MHOeouAeHOM f(x), a —

KopeHb MHO2couAeHa f(x) 8 HeKomopom pacuiuperuu noas P. Toeda
paxkmop-koavyo Plx]/I uzomopgro noaro Pla).

Jloka3arteabcTBo. PaccmoTpum oto6pakenue F' koJiblia Plx] B moJe
Pla], onpeneneHHoe npaBuioM: MHOTOUJIeHy h(z) MOCTaBUM B COOTBET-
cTBUE 3jeMeHT h(a) nogs Plal.

[Io Teopeme 06 onucanun romomMophHbix 00pa3zoB yHHUBEpPCAJb-
HbIX aJreb6p U TeopemMe O KOHTPYyeHIMsIX KoJell noaydaeM, uto Pla]
uzomopcdHo Plx|/J, tne J = {h(:z:)\F (h(z)) =0} = {h(z)|h(a) = 0},
MpUYEM Mbl J0Ka3aJ/u, uto J = 1.



V.5. Teopema o pacuuMpeHuM noJisl Kak pakTop-KoJiblie
KO0J1blla MHOTOYJIEHOB

Teopema 15 (0 pacuiMpeHuu noJast Kak pakTop-KoJiblie KOJblla MHOTIOYJ€HOB).
[Tycmo P — noae, f(x) — nHenpusodumoiii Had P mHocoureH ¢ KO-

agppuyuenmamu uz P, [ = {g(aj) x f(x)|g(x) € P[az]} — udean
KOMbUQ MHOCOUAECHOB8, NOPONHCOeHHbLL MHOeouUseHOM f(x), a —

KopeHb MHO2couAeHa f(x) 8 HeKomopom pacuiuperuu noas P. Toeda
paxkmop-korvyo Plx]/I uzomopgro noao Pla).

Teopema nokasana.



Cnacub6o

3a
BHUMAaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepHyTbcCsl K CIUCKY Npe3eHTauun?
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