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I. Ipynnouapl
Kakue ynuBepcasnbhble anre6pol (A; { f1; fo; .. .}) Haubosiee HHTEPECHDI
U151 TepBOHAYaJIbHOTO H3YUeHHs ?



I. Ipynnouapl

s dhopMupoBaHus MOHSATHHHOrO anmnapara HauboJgee shdekTHBHA
CTpaTerusi PUPUTETHOTO U3YyUeHHSI SKCTPeMaJsibHbIX CHTYalMH. «DKC-
TPEMaJIbHOCTb>» 110 OTHOLIEHHUIO K HOCUTEJIIO BbIPAXKaeTCs B BblJIEJIEHUU
JIBYX TUIOB aJire6p: KOHEUHbIX, Y KOTOPbIX HOCUTEb A KOHeueH, U 6ec-
KOHEYHbIX, Y KOTOPbIX HOCUTENb A OeCKOHEUEH.



I. Ipynnouapl

s dhopMupoBaHus MOHSATHHHOrO anmnapara HauboJgee shdekTHBHA
CTpaTerusi PUPUTETHOTO U3YyUeHHSI SKCTPeMaJsibHbIX CHTYalMH. «DKC-
TPEMaJIbHOCTb>» 110 OTHOLIEHHUIO K HOCUTEJIIO BbIPAXKaeTCs B BblJIEJIEHUU
JIBYX TUIOB aJire6p: KOHEUHbIX, Y KOTOPbIX HOCUTEb A KOHeueH, U 6ec-
KOHEYHbIX, Y KOTOPbIX HOCUTENb A OeCKOHEUEH.

«DKCTPEMAJIbHOCTbL» 10 OTHOLLIEHHUIO K HAaOOpPy orepaurdid COCTOUT B
M3ydeHHUH aareGp ¢ ofHOH onepauuer. AareGpbl ¢ OJHOH YHapHOH ore-
pauuend 0Ka3aJHucCh He CJULIKOM HHTEPECHHDI.



I. Ipynnouapl

s dhopMupoBaHus MOHSATHHHOrO anmnapara HauboJgee shdekTHBHA
CTpaTerusl MPUPUTETHOIO HU3YUEHHUS IKCTPEeMaJbHbIX CUTyalHUH. «DKC-
TPEMAJILHOCTb>» 10 OTHOLLIEHHUIO K HOCHUTEJIIO BbIPAXKAETCH B BbIJICJCHUH
JIBYX THIOB aJire6p: KOHEYHbIX, Y KOTOPbIX HOCUTE/b A KOHeueH, U 6ec-
KOHEYHbIX, Y KOTOPbIX HOCUTENb A OeCKOHEUEH.

«DKCTPEMaJIbHOCTb» MO OTHOLIEHHI0 K HAOOpy ornepauuil COCTOUT B
M3ydeHHUH aareGp ¢ ofHOH onepauuer. AareGpbl ¢ OJHOH YHapHOH ore-
pauuend 0Ka3aJHucCh He CJULIKOM HHTEPECHHDI.

3HauuTesibHO 6oJiee GoraThlili MaTepuaJs NpeloCTaBUIU ajarebpbl ¢ OJ1-
HOM OMHAPHOM onepaluen, Ha3biBaeMble rpynnouaamMu. Haiie BCero mMbl
paboTtaJjii ¢ onepauuaMu, o0JiafaIIMMU CBOUCTBOM aCCOLMATHBHOCTH,
MO3BOJISIIOLIIMMU He 3a00TUTHCS O PACMOJIOKEHUH CKOOOK B BbIPaXKEHHUSAX
Tina a - b - c. I'loaToMy Takue rpynnouibl MoJy4usiu CrielitajibHoe Ha3Ba-
HUE — TOJYTPYTIIbL.



I. Ipynnouapl

Onpepeaenue 1. [pynnoud (G;{x}) c¢ o0dnot dsymecmwHoii one-
payueti * Hazvleaemcs MNOJYTPYNNOHW, ecau ama onepayus
ABAAEMCS  ACCOUUAMUBHOU, M.e. BbINOAHAEMCA  MOKHOeCmB0:

(axb)*xc=ax(bx*c).



[I. Tpynnbi

Onpenenenue 2. [pynnoit nazvisaemcsa mnoxncecmso G ¢ onpede-
AEHHOU Ha Hem onepayuetl *, YO00BAEMBOPAIOUAL CAeOYIOULUM
mpem ycaosuam (axcuomam epynnot):

aCCOUMATUBHOCTD: (T * ) * 2 = T * (y * 2);

CylleCTBOBAHME HEUTPAJNbHOTO 3JeMeHTa: 8 G cyujecmsyemn maxkot
INeMEHNL €, Um0 g *x € = e x g = g 042 2100020 dremenma g u3 G;

cylileCTBOBaHME OOpPATHOIO 3JeMeHTa: 041 1100020 daemenma ¢
us G Haildemcs makoti asemenm g, umo g x g’ = e.

Iaemenm g’ HasvlBaemcss 0OPAMHBIM K g.



[I. Tpynnbi

Onpenenenue 2. [pynnoit nazvisaemcsa mnoxncecmso G ¢ onpede-
AEHHOU Ha Hem onepayuetl *, YO00BAEMBOPAIOUAL CAeOYIOULUM
mpem ycaosuam (axcuomam epynnot):

aCCOUMATUBHOCTD: (T * ) * 2 = T * (y * 2);

CylleCTBOBAHME HEUTPAJNbHOTO 3JeMeHTa: 8 G cyujecmsyemn maxkot
INeMEHNL €, Um0 g *x € = e x g = g 042 2100020 dremenma g u3 G;

cylileCTBOBaHME OOpPATHOIO 3JeMeHTa: 041 1100020 daemenma ¢
us G Haildemcs makoti asemenm g, umo g x g’ = e.

Iaemenm g’ HasvlBaemcss 0OPAMHBIM K g.

B MyJIBTUIIJIMKATUBHOW 3AaIMUCH 3JIEMEHT, 0OpaTHBIA K g, 0ObIYHO 000-
3Hauaercs uepes ¢~ 1. B apautuBHoO# 3amucu — uepes (—g).



[1.1. dnemeHTapHbIE TEOpPEMbI TEOPUHU TPy

O6bIUHO HU3yUeHHE€ HOBOI'O IOHMATHA OCYLIECTBJIACTCA HHAYKTHBHO
(pacCMOTpeHHEM MPUMEPORB) WK JEAYKTUBHO (aHaJU3 ONpejesieHus,
JI0Ka3aTeJIbCTBO TEOPEM ).



[I.1.1. Kpurepun HeUTPaabHOIrO 3Ji€eMEHTA

Teopema | (KpuTepuil HEUTPAJIbHOTO 3JI€MeHTa). £ = e moeda U
mMoAbKo moeoa, Koeda 045 HeKomopoeo dsemenma g u3 G 8o1n0A-
HSemcst PABEHCMBO § *x X = ¢, UAML X * § = (.

JloKa3aTeJbCTBO.



[I.1.1. Kpurepun HeUTPaabHOIrO 3Ji€eMEHTA

Teopema | (KpuTepuil HEUTPAJIbHOTO 3JI€MeHTa). £ = e moeda U
mMoAbKo moeoa, Koeda 045 HeKomopoeo dsemenma g u3 G 8o1n0A-
HSemcst PABEHCMBO § *x X = ¢, UAML X * § = (.

Jloka3areabcTBo. Heob6xoauMocCTh oueBUIHA.



[I.1.1. Kpurepun HeUTPaabHOIrO 3Ji€eMEHTA

Teopema | (KpuTepuil HEUTPAJIbHOTO 3JI€MeHTa). £ = e moeda U
mMoAbKo moeoa, Koeda 045 HeKomopoeo dsemenma g u3 G 8o1n0A-
HSemcst PABEHCMBO § *x X = ¢, UAML X * § = (.

Jloka3areJbcTBO. JIoKaxKeM JJ0CTaTOUHOCTD.



[I.1.1. Kpurepun HeUTPaabHOIrO 3Ji€eMEHTA

Teopema | (KpuTepuil HEUTPAJIbHOTO 3JI€MeHTa). £ = e moeda U
mMoAbKo moeoa, Koeda 045 HeKomopoeo dsemenma g u3 G 8o1n0A-
HSemcst PABEHCMBO § *x X = ¢, UAML X * § = (.

Jloka3zateabcTBO. /loKkaxkeM 10CTaTOYHOCTh. [IycTh g * © = g. ¥YMHO-
»Kasi 06e yacTH paBeHCTBa cJjieBa Ha ¢, mosiyuaeM ¢’ x (g x x) = ¢’ * g. Ho
npaBasi UaCTb paBEHCTBA PaBHA € COIJIaCHO aKCHOMe CYIIeCTBOBaHUS 00-
paTHoro ssieMeHTa. [ IpaBasi uacTb paBeHCTBa MOXKET ObITh MPpeoOpa3oBa-
Ha cJeaytoumm obpasom: ¢' x (g x x) = (¢’ x g) * x = e x x = x. CJieno-
BaTeJbHO, £ = e, UTO U TPe6OBaJIOCh JOKA3aTh.



[I.1.1. Kpurepun HeUTPaabHOIrO 3Ji€eMEHTA

Teopema | (KpuTepuil HEUTPAJIbHOTO 3JI€MeHTa). £ = e moeda U
mMoAbKo moeoa, Koeda 045 HeKomopoeo dsemenma g u3 G 8o1n0A-
HSemcst PABEHCMBO § *x X = ¢, UAML X * § = (.

Jloka3zateabcTBO. /loKkaxkeM 10CTaTOYHOCTh. [IycTh g * © = g. ¥YMHO-
»Kasi 06e yacTH paBeHCTBa cJjieBa Ha ¢, mosiyuaeM ¢’ x (g x x) = ¢’ * g. Ho
npaBasi UaCTb paBEHCTBA PaBHA € COIJIaCHO aKCHOMe CYIIeCTBOBaHUS 00-
paTHoro ssieMeHTa. [ IpaBasi uacTb paBeHCTBa MOXKET ObITh MPpeoOpa3oBa-
Ha cJeaytoumm obpasom: ¢' x (g x x) = (¢’ x g) * x = e x x = x. CJieno-
BaTeJbHO, £ = e, UTO U TPe6OBaJIOCh JOKA3aTh.

Cayua#l x * g = g pagbupaercsi aHaJOTMUHO.



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

Jloka3aTeabCTBO.



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

JokasareabctBo. Heo6xonumocTts. [TycThb



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

Joka3areabctBo. Heo6xonumocts. [1ycth x * g = e. Torna



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

Joka3areabctBo. Heo6xonumocts. [1ycth x * g = e. Torna

(xxg)*xg =exg =



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

Joka3areabctBo. Heo6xonumocts. [1ycth x * g = e. Torna

(xxg)xg =exg = zx(g*xg)=¢ =



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

Joka3areabctBo. Heo6xonumocts. [1ycth x * g = e. Torna

(z*xg)xgd =exqd = xx(gxg)=¢ = vxe=¢ =



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

Joka3areabctBo. Heo6xonumocts. [1ycth x * g = e. Torna

/

(z*xg)xgd =exqg = 2x(g*xg)=¢ = zxe=¢ = v=¢.



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

JlokasareabctBo. JloctaTounocts. Eciin x = ¢/, To



[1.1.2. Teopema 06 0JHO3HAYHOCTH ¢’

Teopema 2 (06 ogHO3HAYHOCTH ¢'). x *x g = ¢ (UAU g * x = €) moeda
U MmoAbKo moeoda, koeda x = ¢ .

HoxkasateabcTBo. Jloctatounocts. Eciin = ¢/, To x x g = e B cuiy
AKCHOMBbI CYIIleCTBOBaHUSI 06paTHOro 3jieMeHTa. TeopeMa JoKa3aHa.



[1.1.3. Teopema 006 MHBOJIIOTUBHOCTU ONepaLuu odbpa-
LeHUs

Teopema 3 (00 MHBOJNIIOTUBHOCTH oMNepauuu odbpawenus). /[ia ao-
60co anemenmat epynnet G umeem mecmo pasercmso (t') = t.

JloKa3aTeJbCTBO.



[1.1.3. Teopema 006 MHBOJIIOTUBHOCTU ONepaLuu odbpa-
LeHUs

Teopema 3 (00 MHBOJNIIOTUBHOCTH oMNepauuu odbpawenus). /[ia ao-
60co anemenmat epynnet G umeem mecmo pasercmso (t') = t.

Jloka3zareabcTBo. Bocnojb3syemcsd TeopemMor 00 OJAHO3HAYHO-
CTH ¢'.



[1.1.3. Teopema 006 MHBOJIIOTUBHOCTU ONepaLuu odbpa-
LeHUs

Teopema 3 (00 MHBOJNIIOTUBHOCTH oMNepauuu odbpawenus). /[ia ao-
60co anemenmat epynnet G umeem mecmo pasercmso (t') = t.

Jloka3areqabcTBO. ¢ * t' = ¢, M0O3TOMY 110 Teopeme 00 OJHO3HAYHO-
CTU ¢’ 71eMeHT t siBJisieTcst 06paTHBIM K ¢/, T.e€.



[1.1.3. Teopema 006 MHBOJIIOTUBHOCTU ONepaLuu odbpa-
LeHUs

Teopema 3 (00 MHBOJNIIOTUBHOCTH oMNepauuu odbpawenus). /[ia ao-
60co anemenmat epynnet G umeem mecmo pasercmso (t') = t.

Jloka3areqabcTBO. ¢ * t' = ¢, M0O3TOMY 110 Teopeme 00 OJHO3HAYHO-
cTH g’ 371eMeHT ¢ siBJsieTcst oOpaTHbIM K ¢, T.e. uMeeM t = ().



[1.1.3. Teopema 006 MHBOJIIOTUBHOCTU ONepaLuu odbpa-
LeHUs

Teopema 3 (00 MHBOJNIIOTUBHOCTH oMNepauuu odbpawenus). /[ia ao-
60co anemenmat epynnet G umeem mecmo pasercmso (t') = t.

Jloka3areqabcTBO. ¢ * t' = ¢, M0O3TOMY 110 Teopeme 00 OJHO3HAYHO-
CTH ¢’ 3J1eMeHT ¢ siBJIsieTcst 00paTHbIM K ¢, T.e. umeeM ¢ = (t')'.
Teopema nokasana.



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a.

JloKa3aTeJbCTBO.



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabctBo. CorsacHo Teopeme 2 00 0JHO3HAYHOCTH 00-
PATHOTO 3JIeMeHTa JOCTaTOUHO TMPOBEPUTb OUEBHMIHOE PaBEHCTBO
(x xy)* (y x2') = e. Umeem

(wxy)x(y'*a’) =



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabctBo. CorsacHo Teopeme 2 00 0JHO3HAYHOCTH 00-
PATHOTO 3JIeMeHTa JOCTaTOUHO TMPOBEPUTb OUEBHMIHOE PaBEHCTBO
(x xy)* (y x2') = e. Umeem

(wxy)*(y'*2") = zx(y*(y's2)) =



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabctBo. CorsacHo Teopeme 2 00 0JHO3HAYHOCTH 00-
PATHOTO 3JIeMeHTa JOCTaTOUHO TMPOBEPUTb OUEBHMIHOE PaBEHCTBO
(x xy)* (y x2') = e. Umeem

(wxy)x(y'*a") = ox(y*(y'*2’)) = ox((yxy)xa’) =



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabctBo. CorsacHo Teopeme 2 00 0JHO3HAYHOCTH 00-
PATHOTO 3JIeMeHTa JOCTaTOUHO TMPOBEPUTb OUEBHMIHOE PaBEHCTBO
(x xy)* (y x2') = e. Umeem

(wxy)(y'xx’) = wx(yx(y'xa’)) = wx((yxy)xa’) = px(exa’) =



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabctBo. CorsacHo Teopeme 2 00 0JHO3HAYHOCTH 00-
PATHOTO 3JIeMeHTa JOCTaTOUHO TMPOBEPUTb OUEBHMIHOE PaBEHCTBO
(x xy)* (y x2') = e. Umeem

(wxy)*(y *x2") = zx(yx(y'*2")) = ox((yxy )x2') = wx(exa’) = zxa’ =



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabctBo. CorsacHo Teopeme 2 00 0JHO3HAYHOCTH 00-
PATHOTO 3JIeMeHTa JOCTaTOUHO TMPOBEPUTb OUEBHMIHOE PaBEHCTBO
(x xy)* (y x2') = e. Umeem

(wry)*(y' +3') = wx(y*(y'xa')) = x((yxy')xa') = zx(exa’) = zxa’ = e.



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabcTtBo. CorsacHo TeopeMe 2 00 0JHO3HAYHOCTH 00-
paTHOTO 3JieMeHTa JIOCTATOYHO TMPOBEPUTH OUEBHMJHOE PABEHCTBO
(x xy)* (y x2') = e. Umeem

(wry)*(y' +3') = wx(y*(y'xa')) = x((yxy')xa') = zx(exa’) = zxa’ = e.

TeopeMa JOKa3dHa.



[1.1.4. Teopema 006 anemeHTe, 0OpaTHOM K NMpoOU3Beae-
HUIO0

Teopema 4 (06 21eMeHTe, 0OPATHOM K NPOU3BEIEHUIO ).
(xxy) =y *a"

Hoka3areabcTtBo. CorsacHo TeopeMe 2 00 0JHO3HAYHOCTH 00-
paTHOTO 3JieMeHTa JIOCTATOYHO TMPOBEPUTH OUEBHMJHOE PABEHCTBO
(x xy)* (y x2') = e. Umeem
(wxy)*(y *2") = zx(y*(y'x2")) = ox((yxy ) x2') = zx(exa’) = zx2’ = e.
Teopema nokazana.

Coraawenue 1. [Ipumensiomesa caedyrowue obo3nauerus: ecau X
— noomnoxcecmso epynnol G, u g — asemenm epynnol G, Mo

g*X:{g*x:UEX}, X*g:{x*gscEX}. (1)



[1.2. Tloarpynna

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.



[1.2. Tloarpynna

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Tot daxT, uto H — noarpynna rpynbl G, o603Hauaercsi kKak H < G.



[1.2. Tloarpynna

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Tot daxr, uto H — noarpynna rpynmsl G, o603Hauaercst kak H < G.
Takum o6pasom, yesoue H < G sipaisieTcs 6oJiee CuibHbIM, yeM H C G,



[1.2. Tloarpynna

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Tot daxr, uto H — noarpynna rpynmsl G, o603Hauaercst kak H < G.
Takum o6pasom, yesoue H < G sipaisieTcs 6oJiee CuibHbIM, yeM H C G,
Tor dbakt,uto H < Gu H # G, 10 H < G.



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuit noarpynnsl). Henycmoe noomrnosxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yEH :>{:c’€H )

JloKa3aTeJbCTBO.



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuit noarpynnsl). Henycmoe noomrnosxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yEH :>{:c’€H )

Jloka3areabcTBo. Heob6xoauMocTh oueBUIHA.



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuit noarpynnsl). Henycmoe noomrnosxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yEH :>{:c’€H )

Joka3areabcTBo. [locTtatounoctb. Ecau o *x y npunaaiexxur H ans
JHOObIX ',y U3 H, T0 310 03Hauaer, uto HA [ onpenesieHa onepauus x*.



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuit noarpynnsl). Henycmoe noomrnosxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yEH :>{:c’€H )

Joka3areabcTBo. [locTtatounoctb. Ecau o *x y npunaaiexxur H ans
JHOObIX ',y U3 H, T0 310 03Hauaer, uto HA [ onpenesieHa onepauus x*.
AccolmaTuBHOCTD BbINoJHsIeTcs: Bo BceM (7, a TeM 6oJiee B H .



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuid noarpynnbi). Henycmoe noomnoxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yEH :>{£U/EH )

Joka3areabcTBo. [locTtatounoctb. Ecau o *x y npunaaiexxur H ans
JHOObIX ',y U3 H, T0 310 03Hauaer, uto HA [ onpenesieHa onepauus x*.

AKcruoma cyllecTBOBaHHSI 0OPATHOrO 3JeMeHTa BbIMNOJHSAETCS, T0-
CKOJIbKY B H cojiepKUTCs X0Ts1 Obl OJIUH 3JEMEHT h, U, CJIeJI0OBATENbHO,
hxh' = e — sjement u3 H.



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuid noarpynnbi). Henycmoe noomnoxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yEH :>{£U/EH )

Joka3areabcTBo. [locTtatounoctb. Ecau o *x y npunaaiexxur H ans
JHOObIX ',y U3 H, T0 310 03Hauaer, uto HA [ onpenesieHa onepauus x*.

AKcruoma cyllecTBOBaHHSI 0OPATHOrO 3JeMeHTa BbIMNOJHSAETCS, T0-
CKOJIbKY B H cojiepKUTCs X0Ts1 Obl OJIUH 3JEMEHT h, U, CJIeJI0OBATENbHO,
h x h' = e — snement us H. Teopema nokasana.



[1.3. Kpurtepuit noarpynnbi

Onpenenenue 3. [loomrnoocecmso H epynnot G Ha3vieaemcs noj-
rpynnou epynno. G moeda u moavko moeda, koeda H sasadaemcs
epYnnot OMHOCUMENbHO Oeparuierus onepayuu * Ha H.

Teopema 5 (kputepuid noarpynnbi). Henycmoe noomnoxcecmso H
epynnol G a8ademca nodepynnotl moeoda u mMoabKo moeda, Ko2oa
045 A1000bLX dnemenmos x Uy u3 H sremenmol x * y u ' npuradore-

x € H, xxy € H,
.e. < :
ofcamH,meH_G@({yeH :>{£U/EH )

Paccmotperbh npumep?



[1.4. CmexHbIe KJaccChbl

Onpenenenue 4. /[aa nodepynnot H us G u sremenma g ud G MHo-
gcecmso gx H = {g xh|h € H} Ha3ovlBaemcs JEeBbIM CMEXXHbIM

kaaccom epynno. G no H. Koauuecmeso ae8oiX CMEHHbLX KAACCOB
epynnol G no nodepynne H Ha3bieaemcs WHAEKCOM Noarpynnbl H
8 epynne G, u oboznavaemes |G : H|.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Jloka3aTreabCTBO.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Jloka3areabcTBO. Heob6xoamumocTs.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3areabctBo. HeoOxoaumocts. [lyeth x « H = y « H. Hano no-
KasaTb, uto ' * y € H.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3zareabctBo. HeoOxomumoctb. Ilyetb xx H =y H. [as
HeKkoToporo 3sJieMeHta h u3 H noayyaem x =y xh. Ilosatomy
yxx=heH.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3zareabctBo. HeoOxomumoctb. Ilyetb xx H =y H. [as
HeKkoToporo 3sJieMeHta h u3 H noayyaem x =y xh. Ilosatomy
yxx=heH.

Tak kak H — noarpynmna, To U 00paTHbIA K h 3JEMEHT COAEPKUTCS
B H.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3zareabctBo. HeoOxomumoctb. Ilyetb xx H =y H. [as
HeKkoToporo 3sJieMeHta h u3 H noayyaem x =y xh. Ilosatomy
yxx=heH.

Tak kak H — noarpynmna, To U oOpaTHBIM K h 3JIEMEHT COJIePXKUT-
ca B H. Ilo Teopeme 00 ssieMeHTe, 0OPAaTHOM K MPOU3BEICHUIO, UMEEM
h =1 xuy.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3zareabctBo. HeoOxomumoctb. Ilyetb xx H =y H. [as
HeKkoToporo 3sJieMeHta h u3 H noayyaem x =y xh. Ilosatomy
yxx=heH.

Tak kak H — noarpynmna, To U oOpaTHBIM K h 3JIEMEHT COJIePXKUT-
ca B H. Ilo Teopeme 00 ssieMeHTe, 0OPAaTHOM K MPOU3BEICHUIO, UMEEM
h =1 xuy.

Heo6xoaumocTb 10Ka3aHa.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Jloka3areJabcTBO. JI0CTaTOUHOCTD.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Jloka3areabctBo. Jloctatounocts. [lyctb 2/ xy = h € H.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3areabctBo. [locratounocth. Ilycts o/ xy = h € H. Torna,
YMHOKasi 3TO PABEHCTBO HA T CJIeBa, MOJydyaem, uto y = x x h € x x H.
Tenepb MOKHO BOCIOJIB30BATHCS €KJACCHUECKUM» CIIOCOOOM MPOBEPKHU
MHO>KECTB Ha COBINajieHHe — YOeIUTbCS, UTO BCAKHH 3J€MEHT U3 T * H
CONEPKUTCH B ¥y * H, 1 HA0OOPOT.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3areabctBo. [locratounocth. Ilycts o/ xy = h € H. Torna,
YMHO2Kasl 3TO PaBEHCTBO Ha T CJIeBa, MoJiyuaeM, utoy = x *x h € z x H.

Bcsakui a1eMeHT U3  * H MOXKeT ObITh MPEJICTaBJIEH /15 MOAXOASIETO
ous HBBuaer*xqg=1y*h'+g— snemenr us y * H. C apyroii ctopo-
Hbl, TPOU3BOJIbHBIN 3JIEMEHT Yy * 2 U3 H, riae z — 3JieMeHT U3 H, MOXKHO
3aMucaTh B BUAE Y * 2 = X * h % z — 3JIeMeHT U3 X * H, MOCKOJbKY h * 2
CoLepKUTCA B H.



[1.5. Kpurtepuii coBnajeHus JeBbIX CMEXKHbIX KJacCOB

Teopema 6 (kpuTepuil coBnaaeHus JeBbIX CMEXKHbIX KJIaCCOB).
s nodepynnot H paserncmso x x H =y« H soinoansemcesa moeoa
U MoabKo moeda, koeda aremermol &' xy u (ua) y' *x codepacamcs
8 H.

Joka3areabctBo. [locratounocth. Ilycts o/ xy = h € H. Torna,
YMHO2Kasl 3TO PaBEHCTBO Ha T CJIeBa, MoJiyuaeM, utoy = x *x h € z x H.

Bcsakui a1eMeHT U3  * H MOXKeT ObITh MPEJICTaBJIEH /15 MOAXOASIETO
ous HBBuaer*xqg=1y*h'+g— snemenr us y * H. C apyroii ctopo-
Hbl, TPOU3BOJIbHBIN 3JIEMEHT Yy * 2 U3 H, riae z — 3JieMeHT U3 H, MOXKHO
3aMucaTh B BUAE Y * 2 = X * h % z — 3JIeMeHT U3 X * H, MOCKOJbKY h * 2
CoLepKUTCA B H.

Teopema nokasana.



[1.6. Tlopsaok aseMeHTa U NOPSAAOK KOHEUHOU Ipynnbl

Onpenenaenue 5. [pynna nasvieaenicss KOHEUHOM, ecau epynna co-
cmoum u3 KoHeuroeo uucaa dsemermos. Ilopsiakom KoHedHOM
rpynnbl, o6o3Hauaemoin |G|, Hazvlaemces KOAUUECMBO INCMEHNO8

amotl epynneol.




[1.6. Tlopsaok aseMeHTa U NOPSAAOK KOHEUHOU Ipynnbl

Onpenenenue 5. [pynna Hasvieaemcss KOHEUYHOM, ecau epynna co-
cmoum u3 KoHeunHo2o yucaa nemermos. [lopsinkoMm KoHedHOH
rpynnbl, o6o3Hauaemoin |G|, Hazvlaemces KOAUUECMBO INCMEHNO8
amotl epynneol.

Onpenenenue 6. flosopsam, umo g — 3JeMeHT KOHEYHOro NopsaKa,
ecau cyujecmayem makoe 4ucao n, 048 komopoeo g" = e. Ecau g —
INEMEHIM KOHEeUHO20 NOPAO0KQA, MO HAUMeHbUlee MaKoe Hamypaib-
HOE YUCA0 N, 4mo §" = e, HA3blBACMCs TOPAAKOM 3JeMeHTa, 1 000-
gHadaemcs |g|. B amom cayuae eosopam, 4mo g — 3J€MeHT NoPsii-
Ka n.




I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

ILO Ka3aTeE€JdbCTBO.



I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

Jloka3areabcTBO. /[0CTaTOUHO A0Ka3aTh, YTO Pa3J/JIMUHbIE CMEKHbBIE
KJiacchl rpynnbl G o H He nepeceKaroTcsi, U BCAKUNA 3JeMeHT rpynbl G
COJIEPIKUTCSI B HEKOTOPOM JIEBOM CMEXKHOM KJacce.



I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

Joka3zareabcTBo. [lycTh xx H W y* H — pasjinuHble CMeKHbIE KJ1ac-
Cbl C HEMYCTBIM [TepeCceueHUeM.



I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

Joka3zareabcTBo. [lycTh xx H W y* H — pasjinuHble CMeKHbIE KJ1ac-
Cbl C HEMYCThIM MepeceueHueM. Bo3bMeM 3JIEMEHT 2 U3 MePeCceUeHUst STUX
CMEXKHDBIX KJIaCCOB.



I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

Joka3zareabcTBo. [lycTh xx H W y* H — pasjinuHble CMeKHbIE KJ1ac-
Cbl C HEMYCThIM MepeceueHueM. Bo3bMeM 3JIEMEHT 2 U3 MePeCceUeHUst STUX
CMEXXHbIX KsaccoB. Torna aist noaxoasuux 3JieMeHToB a U b u3 H nmeem
rxa=zUy*xb=zT0ecTb s’ xz2=auy *xz=>.



I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

Joka3areabctBo. [lyctb x * H u y * H — pagjiMuHble CMeXKHbIe
KJIACChl C HEMYCTbIM MepeceueHueM. Bo3bMeM 3JeMEeHT z U3 Tepece-
UEHHUS 3TUX CMEXKHbIX KJaccoB. Torma mjis MOAXOAALIMX 3JEMEHTOB a
ubus HuvmeeM txa=2zHUyxb=2z ToecTb &' xz=auy xz=>0.
[TosTOMYy, COrIaCHO KPUTEPUIO COBIAJCHUS JICBBIX CMEXKHbBIX KJACCOB,
x* H =z H =y H,4T0 NPOTUBOPEUUT NPEANOJOKEHUID O TOM, UTO
x* H uy* H — pasjnuHble CMEeXKHbIE KJIACCHh.



I1.7. Teopema Jlarpanxa

Teopema 7 (Jlarpanx). /{aa scakoii nodepynno. H koneunot epyn-
not G cnpasedauso pasercmso |G| = |H| = |G : H|.

Joka3areabctBo. [lyctb x * H u y * H — pagjiMuHble CMeXKHbIe
KJIACChl C HEMYCTbIM MepeceueHueM. Bo3bMeM 3JeMEeHT z U3 Tepece-
UEHHUS 3TUX CMEXKHbIX KJaccoB. Torma mjis MOAXOAALIMX 3JEMEHTOB a
ubus HuvmeeM txa=2zHUyxb=2z ToecTb &' xz=auy xz=>0.
[TosTOMYy, COrIaCHO KPUTEPUIO COBIAJCHUS JICBBIX CMEXKHbBIX KJACCOB,
x* H =z H =y H,4T0 NPOTUBOPEUUT NPEANOJOKEHUID O TOM, UTO
x* H uy* H — pasjnuHble CMEeXKHbIE KJIACCHh.

MTtak, nokazaHo, 4TO pa3Hble CMEKHbIE KJIACChl HE MEPeCeKalTCs.
OcTaercsi 3aMeTUTh, UTO BCAKUH 3J1eMeHT g U3 G COIEPKUTCS B CMEKHOM
Kjacce g x H, oCKoJIbKy g = g *xe, e € H.

Teopema nokasana.



[1.8. CuaencrBusi u3 Treopembl JlarpaHxka

CaenctBue 1 (onopsake noarpynmet). [lopsadok a0boti nodepynnol Ko-
HeuUHOU epynnol 0eaum Hayeio nopsao0oK cCamoi epynmnot.

ILO Ka3aTeEJdbCTBO.



[1.8. CuaencrBusi u3 Treopembl JlarpaHxka

CaenctBue 1 (onopsake noarpynmet). [lopsadok a0boti nodepynnol Ko-
HeuUHOU epynnol 0eaum Hayeio nopsao0oK cCamoi epynmnot.

Joka3areabcTtBo. OueBuaHO, pakTHUeCKH 3TO MepedopMyJMpoBKa
Teopembl Jlarpanxa.



[1.8. CuaencrBusi u3 Treopembl JlarpaHxka

CaenctBue 1 (onopsake noarpynmet). [lopsadok a0boti nodepynnol Ko-
HeuUHOU epynnol 0eaum Hayeio nopsao0oK cCamoi epynmnot.

Joka3areabcTtBo. OueBuaHO, pakTHUeCKH 3TO MepedopMyJMpoBKa
Teopembl Jlarpanxa.

CaenctBue 2 (o nopsaxe saementa rpynnut). [[0p00K 11006020 3remenma
KOHEUHOU epynnol 0eaum Haueao nopadoK camotl epynmnol

JloKa3aTeJbCTBO.



[1.8. CuaencrBusi u3 Treopembl JlarpaHxka

CaenctBue 1 (onopsake noarpynmet). [lopsadok a0boti nodepynnol Ko-
HeuUHOU epynnol 0eaum Hayeio nopsao0oK cCamoi epynmnot.

Joka3areabcTtBo. OueBuaHO, pakTHUeCKH 3TO MepedopMyJMpoBKa
Teopembl Jlarpanxa.

CaenctBue 2 (o nopsaxe saementa rpynnut). [[0p00K 11006020 3remenma
KOHEUHOU epynnol 0eaum Haueao nopadoK camotl epynmnol

Joka3areabcTBo. OUeBUAHO, T.K. IOPSJIOK 3JEMEHTA PAaBEH MOPAJAKY
MOPOXKAEHHON UM LIMKJANYeCKOW MOArpynibl (MogpoOHee HUKJIUUECKHE
rPyMIbl Mbl PACCMOTPUM HUXKeE).



[1.9. Jlemma o nea1MMOCTH Ha NOPSAAOK 3J€MEHTA

J]emma 1 (oueﬂumocm Ha NOPSII0K 3JeMeHTa). Ecau d/m H@@@LLHLL%HOeo INe-
menma g epynnol G U HAMYPALLHO20 HUCAA N UMeeM " = e, MO N
deaumces Hayeao Ha |g|. B wacmuocmu, ecau |g| = v - v, mo |g"| = v.

Jloka3aTreabCTBO.



[1.9. Jlemma o nea1MMOCTH Ha NOPSAAOK 3J€MEHTA

J]emma 1 (oneﬂumocm Ha NOPSII0K 3JeMeHTa). Ecau dﬂﬂ H@@@LLHLL%HOeo INe-
menma g epynnol G U HAMYPALLHO20 HUCAA N UMeeM " = e, MO N
deaumcs Hayeao Ha |g|. B uacmunocmu, ecau |g| = v - v, mo |g"| = v.

JlokazareabcTBo. Paznenum n Ha |g| ¢ octaTKoM:
n=lg|*k+m, 0<m<]g|

Torma e = ¢" = ((g|9|)k) * g =e*x g" = g", 4TO NPOTUBOPEUHUT OIlpe-

, KAK HalMeHbLIIero TaKOro HaTypaJsibHOTO uKcaa, uto gldl = e.

JIeJIEHHIO | g



[1.9. Jlemma o nea1MMOCTH Ha NOPSAAOK 3J€MEHTA

J]emma 1 (oue.mmocm Ha NOPSII0K 3JeMeHTa). Ecau dﬂﬂ H@@dLLHLL%HOeO INe-
menma g epynnol G 1 HAMYPALLHOO 4UCAQ N UMeeM §" = e, Mo n
deaumcs Hayeao Ha |g|. B uacmunocmu, ecau |g| = v - v, mo |g"| = v.

Joka3areabcTtBo. Ocrajoch JiIoKa3aTh YyTBEPXKJEHUE «B 4YacCT-
Hoctu...». MHrak, mnyctb |¢"|=w. Torma, ¢ 0;HOH CTOpPOHBI,
glww) = (g")" = e, Mo3TOMY, KaK J0Ka3aHO BHIlIe, U - w JEJUTCS Ha-
1eJI0 Ha « - v, TO €CTh w JeJUTCs Haueso Ha v. C Jpyrod CTOPOHHI,
e = g = (¢g")?, nosToMy v jenuTcs Haueso Ha w. CJeaoBaTesbHo,
v = w, UTO U TPeOOBAJIOCH JIOKA3aTh.

Jlemma nokasana.

[lepeiTu K 10Ka3aTebCTBY TEOPEMbI O UMKJIUYHOCTU MYJbTUIJIH -
KaTUMBHOM rpynnbl noas laaya?



[1.10. LleHTpaau3aTop M HOpMaJaU3aToOp

PaccmMoTpuM NMpou3BoJIbHOE MOAMHOKECTBO X rpynnbl G. B cooTBeT-
CTBUHU CO CTpaTerued MPUOPUTETHOrO HU3YUEHHUST SKCTPEMAJbHBIX CHTY-
allMid eCTEeCTBEHHO PACCMOTPETh MOJMHOKECTBO 3JIEMEHTOB rpynnbl G,
OTJIMYAIOLIMXCS KAKUM-JMOO0 0COOEHHbIM «IOBEJIEHUEM» OTHOCHUTEJbHO
3JleMeHTOB MHOKecTBa X . HauboJsiee ecrecTBeHHBIM siBJIsieTCs1 TpeOGOBa-
HHE MepeCTaHOBOYHOCTH JIMOO C KarKJIbIM 3J1eMEHTOM U3 X, JIMOO CO MHO-
KECTBOM X B LICJIOM.



[1.10. LleHTpaau3aTop M HOpMaJaU3aToOp

PaccmMoTpuM NMpou3BoJIbHOE MOAMHOKECTBO X rpynnbl G. B cooTBeT-
CTBUM CO CTpaTerueil MPUOPUTETHOTO HU3YUEeHHSI SKCTPEMAJIbHBIX CHUTY-
alMi eCTeCTBEHHO PACCMOTPETh MOJMHOXKECTBO 3JIEMEHTOB rpymibl G,
OTJIMUAIOLIUXCH KAKUM-JUO0 OCOOEHHBIM «ITOBEJIEHHEM» OTHOCHUTEJIbHO
3JleMeHTOB MHOKecTBa X . HauboJsiee ecrecTBeHHBIM siBJIsieTCs1 TpeOGOBa-
HHE NIEPECTaHOBOYHOCTH JIMOO C KAXK/IbIM 3JIeMeHTOM U3 X, InO0 CO MHO-
»kecTBOM X B LesioM. Paaimune cocTouT B ciieaytouieM. B nepeom ciyuae
paccMaTpUBAIOTCS TAKHE JIEMEHTHI 4/, UTO /151 JIIOOOTr0 & U3 X BbIMOJIHS-
eTCsl PABEHCTBO X * iy = ¥ * .



[1.10. LleHTpaau3aTop M HOpMaJaU3aToOp

PaccmMoTpuM NMpou3BoJIbHOE MOAMHOKECTBO X rpynnbl G. B cooTBeT-
CTBUM CO CTpaTerueil MPUOPUTETHOTO HU3YUEeHHSI SKCTPEMAJIbHBIX CHUTY-
alMi eCTeCTBEHHO PACCMOTPETh MOJMHOXKECTBO 3JIEMEHTOB rpymibl G,
OTJIMUAIOLIUXCH KAKUM-JUO0 OCOOEHHBIM «ITOBEJIEHHEM» OTHOCHUTEJIbHO
3JleMeHTOB MHOKecTBa X . HauboJsiee ecrecTBeHHBIM siBJIsieTCs1 TpeOGOBa-
HHE NIEPECTaHOBOYHOCTH JIMOO C KAXK/IbIM 3JIeMeHTOM U3 X, InO0 CO MHO-
»kecTBOM X B LesioM. Paaimune cocTouT B ciieaytouieM. B nepeom ciyuae
paccMaTpUBAIOTCS TAKHE JIEMEHTHI 4/, UTO /151 JIIOOOTr0 & U3 X BbIMOJIHS-
eTCsl PaBEHCTBO X * iy = ¥y * x. Bo BTOpoM cJiyuae x*1y MOXKeT OTJIHUaThCs
OT y*x, HO X * y = y * &’ Jyisi HeKoToporo =’ U3 X . DTa MbICJIb OKa3aJach
HACTOJILKO IMJIOJIOTBOPHOM, UTO ObLJIM BBEJIEHBI ClellMaJbHble TEPMUHBI.



[1.10. LleHTpaau3aTop M HOpMaJaU3aToOp

Onpenenenue 7. /[as 1106020 noomnoacecms X u'Y epynnot G ueH-
Tpaau3aTop mHoxcecmsa X 80 mHoxycecmse Y — amo

{er, | ()

Cv(X) =y Vee X xxy=yx*xx




[1.10. LleHTpaau3aTop M HOpMaJaU3aToOp

Onpenenenue 7. /[as 1106020 noomnoacecms X u'Y epynnot G ueH-
Tpaau3aTop mHoxcecmsa X 80 mHoxycecmse Y — amo

{er, | ()

Cv(X) =y Vee X xxy=yx*xx

Onpepnenenue 8. /[aa 106020 noomroxncecms X u'Y epynno. G HOp-
MaJau3aTop mMHoxdcecmsa X 80 MHOMecmse' Y — 3mo

y ey,
Ny(X) =4y {{x*yxeX}—{y*xxeX} . (3)




[1.10. LleHTpaau3aTop M HOpMaJaU3aToOp

Onpenenenue 7. /[asa 106020 noommnosncecms X u'Y epynnot G ueH-
TpaausaTop mHoxcecmsa X 80 mHoxycecmse Y — amo

yey,

Vee X xxy=yx*xx (2)

Cy(X) =1y {

Onpeaenenue 8. /[1a 106020 noomnoxncecms X u'Y epynnol G Hop-
MaJau3aTop mHodxcecmsa X 80 mHoxcecmse Y — 9mo

y ey,
Nr(X) =4y {{x*waX}:{y*aza:EX} ' (3)

HanoMHuM, uUTO B COOTBETCTBHHM C COIJallleHHeM | paBeHCTBO
{x xY|x € X} = {y * x| T € X} MOXKHO  MPEACTAaBUTbL B  BUJE
yx X =X xy.



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOocecmsa 8 nodepynne epynnot G asasomcsa nodepynnamu

epynnol G.

Jloka3aTreabCTBO.



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOMcecmsa 8 nodepynne epynnot G agagiomcea nodepynnamu
epynnol G.

Joka3areabcTBo. Kak n0Ka3aTb BKJOUYEHHE OJHOIO MHOXKECTBA B
apyroe?



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOMcecmsa 8 nodepynne epynnot G agagiomcea nodepynnamu
epynnol G.

Hoka3areabctBo. Hajo nokasatb, uto Besikuil snemeHT 3 C'y( X)) siB-
Jsietcst ssieMeHToM U3 Ny (X).



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOMcecmsa 8 nodepynne epynnot G agagiomcea nodepynnamu
epynnol G.

Hoka3areabctBo. [1ycth a € Cy(X). Torna corsacHo onpesenenuio
LleHTpaJ/J13aTopa



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOMcecmsa 8 nodepynne epynnot G agagiomcea nodepynnamu
epynnol G.

Hoka3areabctBo. [1ycth a € Cy(X). Torna corsacHo onpesenenuio
LIeHTpaJin3aTtopa s aodoro g € X



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOMcecmsa 8 nodepynne epynnot G agagiomcea nodepynnamu
epynnol G.

Hoka3areabctBo. [1ycth a € Cy(X). Torna corsacHo onpesenenuio
LIeHTpaJM3aropa ais arodoro g € X uMmeeM a * g = g x a. CyenoBa-
TeJIbHO, BbIMOJIHAETCS PABEHCTBO (8).



I1.11. Teopema o ueHTpaau3aTope U HOpMaJau3aTope

Teopema 8 (o uentpanusarope u Hopmaausarope). Fcau  H —
nodepynna epynnot G, u X — noomnoxcecmso epynnol G, mo 014
mroxucecms Cy(X) u Ny(X) umeem mecmo cucmema 8KAOUEHULL

Cr(X) < Np(X) < G.

B uwacmnocmu, yeHmpaiuzamop u Hopmaiuzamop aoboeco noo-
MHOMcecmsa 8 nodepynne epynnot G agagiomcea nodepynnamu
epynnol G.

Hoka3areabctBo. [1ycth a € Cy(X). Torna corsacHo onpesenenuio
LIeHTpaJM3aropa ais arodoro g € X uMmeeM a * g = g x a. CyenoBa-
TeJIbHO, BbIMOJIHAETCS PABEHCTBO (8).

Teopema nokazana.



I1.12. Tlopoxpawouiue 371€MeHTbI

Onpenenenune 9. [lycmoe G — epynna, A — Kakoe-aub0 NOOMHO-
ocecmaso ee aremermos. [osopam, umo nodepynna H nopoaucde-
Ha mHodcecmeom A, ecau H — 3mo munumasvHas us nodepynn,
codepamcaujux A (8rewnas xapakmepusayus). [lodepynna H, no-
poocdenHas mHoxcecmsom A, obosnauaemcs (A).



[1.13. BHyTpeHHsig XapakTepU3auus MNOPOKAEHHOU NOArPYyNNbl

Teopema 9 (BHyTpeHHsm XapakTepu3auus nopoxaeHHOW NOArpynnbl). Hycmb G —
epynna, u A —noomrnoxcecmso us G. Toeda

(A) = {(m“)(yb)...(zc) ({z,y,...,2} C A&(ab,...,c} C z>}. (4)




[1.13. BHyTpeHHsig XapakTepU3auus MNOPOKAEHHOU NOArPYyNNbl

Teopema 9 (BHyTpeHHsm XapakTepu3auus nopoxaeHHOW NOArpynnbl). Hycmb G —
epynna, u A —noomrnoxcecmso us G. Toeda

(A) = {(m“)(yb)...(zc) ({z,y,...,2} C A&(ab,...,c} C z>}. (4)

Joka3areabcTtBo. O603HAUNM MHOXKECTBO M3 MPABOH YaCTH paBeH-
cTBa (4) uepes P.




[1.13. BHyTpeHHsig XapakTepU3auus MNOPOKAEHHOU NOArPYyNNbl

Teopema 9 (BHyTpeHHsm XapakTepu3auus nopoxaeHHOW NOArpynnbl). Hycmb G —
epynna, u A —noomrnoxcecmso us G. Toeda

(A) = {(m“)(yb)...(zc) ({z,y,...,2} C A&(ab,...,c} C z>}. (4)

Joka3zareabcTBo. O603HAUUM MHOXKECTBO M3 MPABOK UACTH paBeH-
ctBa (4)uepes P. Jlokaxkem Bkiouenue (A) C (A) N P.

OueBuIHO, uTO P — moarpynna, Bkjtouatomiascs B (A), 1 uto A BKJIO-
yaercst B P. CyenoBatesibHo P N (A) — noarpynna, cojepxkaiiasi Bce
3J1eMeHThbl U3 A.




[1.13. BHyTpeHHsig XapakTepU3auus MNOPOKAEHHOU NOArPYyNNbl

Teopema 9 (BHyTpeHHsm XapakTepu3auus nopoxaeHHOW NOArpynnbl). Hycmb G —
epynna, u A —noomrnoxcecmso us G. Toeda

(A) = {(m“)(yb)...(zc) ({z,y,...,2} C A&(ab,...,c} C z>}. (4)

Joka3zareabcTBo. O603HAUUM MHOXKECTBO M3 MPABOK UACTH paBeH-
ctBa (4)uepes P. Jlokaxkem Bkiouenue (A) C (A) N P.

OueBuIHO, uTO P — moarpynna, Bkjtouatomiascs B (A), 1 uto A BKJIO-
yaercst B P. CyenoBatesibHo P N (A) — noarpynna, cojepxkaiiasi Bce
snemenThl U3 A. Ho (A) — mMuHUMAaJbHASE Cpey TaKUX MOJArpPyII, Mo-
stomy (A) Bkatouaercs B (A) N P.




[1.13. BHyTpeHHsig XapakTepU3auus MNOPOKAEHHOU NOArPYyNNbl

Teopema 9 (BHyTpeHHsm XapakTepu3auus nopoxaeHHOW NOArpynnbl). Hycmb G —
epynna, u A —noomrnoxcecmso us G. Toeda

(A) = {(m“)(yb)...(zc) ({z,y,...,2} C A&(ab,...,c} C z>}. (4)

JokazateabcTBo. OG03HAUMM MHOXKECTBO M3 MPABOH YaCTH paBeH-
cTBa (4) uepes P.

Urak Bkatouenne (A) C (A) N P nokazano. O6paTHOe BKJIIOUEHHE
OUEBH/IHO.

Taxum o6pasom, ¢ oHO# cTOpOHbI, P BKitouaetcsi B (A), ¢ a1pyro# cTo-
ponbl (A) Bkatouaercs B P. Teopema nokasaHa.




[1.14. ConpsxeHHble 3jeMmeHTbl. KommyTaTopbl. KoMmMyTaHT

Onpenenenune 10. Iaemenmor a u b epynno. G Hazvl8arONC CONPS-
KEHHBIMHU C NOMOUbIO dNemerma ¢, ecad b= ¢ x a x c. Bupaocerue
c x a *x c Kopomko 3anuceisaemcs 8 sude a.

Onpepnenenue 11. Hazosem KOMMYTaTOPOM 3.1eMEHNIOB X,y ePYh-
not G anemenm |x,y|, onpedeasemolti hopmyroti [x,y] = ' x 3y’ x x * .



[1.15. B3aumHblii KOMMyTaHT noaArpynn. KoMmmyTaHT rpynnbi

Onpenenenue 12. B3aumubiMm kommyTantom (A, B| nodepynn A u B
epynnot G Hasvleaemcs nodepynna, NOPOHCOeHHAST BCEMU KOMMY-
mamopamu suoa |a, b, ede a uz A, b— u3s B.



[1.15. B3aumHblii KOMMyTaHT noaArpynn. KoMmmyTaHT rpynnbi

Onpenenenue 12. B3aumubiMm kommyTantom (A, B| nodepynn A u B
epynnot G Hasvleaemcs nodepynna, NOPOHCOeHHAST BCEMU KOMMY-
mamopamu suoa |a, b, ede a uz A, b— u3s B.

Onpepenenue 13. Kommyrantom G’ epynnor G Hasweieaemcs noo-
epynna |G, Gl.



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[LU, y} -



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[yl ="y xxxy =



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[z,yl=2"xy xxxy=a"xy xyxuw.



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemenmos x,y epynnol G pageHcmB8o T xy =y * xr IKBUBANCHN-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[z,yl=2"xy xxxy=a"xy xyxuw.
B cusy accouMaTHBHOCTH OIepalyy * W aKCHOMbI CYLIECTBOBaHKME 00-
PaTHOTO 3JIeMEHTa HMeeM
[z, yl =2 xy xxxy=a"xy xyxz=a"%y xy)xx =



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemenmos x,y epynnol G pageHcmB8o T xy =y * xr IKBUBANCHN-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[z,yl=2"xy xxxy=a"xy xyxuw.
B cusy accouMaTHBHOCTH OIepalyy * W aKCHOMbI CYLIECTBOBaHKME 00-
PaTHOTO 3JIeMEHTa HMeeM
[z, yl =2 xy xxxy=a"xy xyxz=a"%y xy)xx =
=a'xexx =



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemenmos x,y epynnol G pageHcmB8o T xy =y * xr IKBUBANCHN-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[z,yl=2"xy xxxy=a"xy xyxuw.
B cusy accouMaTHBHOCTH OIepalyy * W aKCHOMbI CYLIECTBOBaHKME 00-
PaTHOTO 3JIeMEHTa HMeeM
[z, yl =2 xy xxxy=a"xy xyxz=a"%y xy)xx =
=r'xexx=1"*xx=e€.



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemenmos x,y epynnol G pageHcmB8o T xy =y * xr IKBUBANCHN-
HO COOMHOWeHUIO |x,y| = e.

Jloka3zareabcTBo. [Iycth  x y = y * x. Torna
[z,yl=2"xy xxxy=a"xy xyxuw.
B cusy accouMaTHBHOCTH OIepalyy * W aKCHOMbI CYLIECTBOBaHKME 00-
pPaTHOTO dJIeMEeHTa HMeeM
[z, yl =2 xy xxxy=a"xy xyxz=a"%y xy)xx =
=r'xexx=1"*xx=e€.

Wrtak, eciu z xy = y * x, 70 [z, y] = e.



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Hoka3zareabctBo. [Tycth Teneps [z, y] = e. Torna



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Hoka3zareabctBo. [Tycth Teneps [z, y] = e. Torna
Yyxr=ykxrxe=yxr* T,y =



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Hoka3zareabctBo. [Tycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Hoka3zareabctBo. [Tycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
=ysgxa kY kT kY =

e



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Hoka3zareabctBo. [Tycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ysgxaxy xrxy=yxexy xxrry=

e



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3areabctBo. [lycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yrexy xkrky=yxy xrxy=

e



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3areabctBo. [lycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yrexy xkrky=yxy xrxy=

e
:Q:_*a:'*x*y:
€



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3areabctBo. [lycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yrexy xkrky=yxy xrxy=

e
= THT kT kY =€exT kY =
€



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3areabctBo. [lycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yrexy xkrky=yxy xrxy=

e

= CHT kT RY=€EkT kY =T %Y.
€



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3areabctBo. [lycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yrexy xkrky=yxy xrxy=

e

= CHT kT RY=€EkT kY =T %Y.
€

CJieioBaTeIbHO, €CJIH [, y| = €, TO Yy * & = X * .



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemernmos x,y epynnol G pageHcmso T *x 1y =y *x & IKBUBANCHIT-
HO COOMHOWeHUIO |x,y| = e.

Jloka3areabctBo. [lycth Teneps [z, y] = e. Torna
yxr=yxrxe=yxrx[r,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yrexy xkrky=yxy xrxy=

e

= CHT kT RY=€EkT kY =T %Y.
€

CJieioBaTeIbHO, €CJIH [, y| = €, TO Yy * & = X * .
Teopema nokasana.



[1.16. Kputepuil nepecTaHOBOUYHOCTH 3JE€MEHTOB

Teopema 10 (kpuTepuil nepecTaHOBOYHOCTH 3J1€MEHTOB). /{11
anemenmos x,y epynnol G pageHcmB8o T xy =y * xr IKBUBANCHN-
HO COOMHOWeHUIO |x,y| = e.

Onpeneaenue 14. Ipynna c kommymamusHoil epynnosoil onepa-
yuetl Ha3ol8aencs KOMmymamusHot uiu abeaesoi epynnoil.



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
I. (a*b) =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
l.(axb)=d*xaxbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
l.(axb)=cxaxbxc=cxaxexbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
Laxb)=dxaxbxc=c*xaxcxd xbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
lL(axb)=Cc*xaxbxc=c*xaxcxd xbxc=a"x"



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2. (a)? xab =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2. () xab=bxa xbxb *xaxb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=
=bxad xaxb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB

1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.

JloKa3aTeJbCTBO.

2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=
=bxadxaxb=bx*exb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB

1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.

JloKa3aTeJbCTBO.

2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=
=bxaxaxb=bxexb=0x%b



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=
= *xaxaxb=bxexb=0xb=ce,



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=
= *xaxaxb=bxexb=0xb=ce,
cJieJoBaTe/IbHO, M0 TeopeMe 2 06 0JJHO3HAYHOCTH 0OPaTHOIO 3J1eMeHTa



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
2.(a)Vxa’=bxd xbxbxaxb=Vxa*xexad xb=
= *xaxaxb=bxexb=0xb=ce,
cJieJoBaTe/IbHO, M0 TeopeMe 2 06 0JJHO3HAYHOCTH 0OPaTHOIO 3J1eMeHTa

(ab)/ = (a')".



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
3.a" =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
3.a’=Vxaxb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
.a’=Vsxaxb=exb xaxb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
3.a’=Vsxaxb=exbxaxb=axad b *xaxb=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
3.a’ =V xaxb=exbxaxb=axad b xaxb=ax]a,b).



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
4. la,b] =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB

1. (a*xb) = ax* b 2. (a")
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.

JloKa3aTeJbCTBO.

4. la, bl =d xb xaxb=
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[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
4.la,b]=a «b xaxb=ad *(b*) =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
4. la, bl =a *b xaxb=a *(b*) = b xb.



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
5. I'To Teopeme 4 06 s1eMeHTe, 06pPATHOM K TPOU3BEIEHHIO

laxb,c] =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
5. I'To Teopeme 4 06 s1eMeHTe, 06pPATHOM K TPOU3BEIEHHIO

laxb,c]=(a*xb)*x *xa*xbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
5. I'To Teopeme 4 06 s1eMeHTe, 06pPATHOM K TPOU3BEIEHHIO

laxb,c]=(axb)x*xaxbxc=bx*a xxaxbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
5. I'To Teopeme 4 06 s1eMeHTe, 06pPATHOM K TPOU3BEIEHHIO

laxb,c]=(axb)x*xaxbxc=bx*a xxaxbxc=

—Vxdxdxaxexbxec=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
5. I'To Teopeme 4 06 s1eMeHTe, 06pPATHOM K TPOU3BEIEHHIO

laxb,c]=(axb)x*xaxbxc=bx*a xxaxbxc=

=bxd s xaxcxbxb xxbxc=
TV
(&




[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
5. I'To Teopeme 4 06 s1eMeHTe, 06pPATHOM K TPOU3BEIEHHIO

laxb,c]=(axb)x*xaxbxc=bx*a xxaxbxc=

=V xa s« xaxecxbxb s xbxc=][a,c’*[b,c.
TV
(&




[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
6. [a,bxc] =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
6. [a,bxcl=a *x(bxc)xa*xb*c=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
6.[a,bxc]=a"*x(bxc)*xaxbxc=da '« xaxbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
6.[a,bxc]=a"*x(bxc)*xaxbxc=da '« xaxbxc=

/ / / / /
=a xcxaxcxc xa xbxaxbxc=



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
JKEHHbIX 3J1EMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
6.[a,bxc]=a"*x(bxc)*xaxbxc=da '« xaxbxc=
=adsxdxagxcxd xaxb xaxbxc=

N
e




[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
JKEHHBIX 2JIEMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
6.[a,bxc]=a"*x(bxc)*xaxbxc=da '« xaxbxc=
=a*xdxagxcxd xax' xaxb*xc=][a,dx*][a,b

N
e




[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
7. |a,b] =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.lax*b,c]=[a,c]’x[b,cl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
7.[a,b] = (a' x b/ xaxb) =



[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB
1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;
6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
7. [a,b)] = (' V' xaxb) = xa  (b)

*x
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[1.17. HekoTopble COOTHOWEHUS 51 KOMMYTAaTOPOB M COMNpS-
XKEHHbIX 3JIEeMEHTOB

1. (a*xb) = ax* b 2. (ab)/: (a')?; 3.a" =ax[a, b
4. [a,b] = a' * (b*) = b b; 5.[axb,c| =la,c’=*[bcl;

6. [a,b* c| = [a, | * [a, b]%; 7. |a,b] = b, al.
JloKa3aTeJbCTBO.
7. [a,b] = (@'« xaxb) =V *d * (V') x(a') = [b,al.

~—~—
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[1.18. HopmaabHas noarpynna

Onpenenenue 15. [lodepynna N uz G Ha3viBaemcs HOPMaJbHOM
8 G, ecau 01 roboeo g uz G cnpasedauso paserncmso g*N=N*g
(m.e. aesole cmedxcHole Kaaccol epynnol G no nodepynne N cosnada-
IOM C Npasoimil).



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
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Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
. Tlycte N — nHopmadgibHas noarpynna u x € N.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
. Tlycte N — nHopmadgibHas noarpynna u x € N.
[Tockonbky N x g =g N, Tox * g = g * y, TJe y — 3JIeMeHT U3 V.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

. Tlycte N — nHopmadgibHas noarpynna u x € N.

[Tockonbky N x g =g N, Tox * g = g * y, TJe y — 3JIeMeHT U3 V.
[Tostomy 29 =



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

. Tlycte N — nHopmadgibHas noarpynna u x € N.

[Tockonbky N x g =g N, Tox * g = g * y, TJe y — 3JIeMeHT U3 V.
[Tostomy 29 = ¢’ x x % g =



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

. Tlycte N — nHopmadgibHas noarpynna u x € N.

[Tockonbky N x g =g N, Tox * g = g * y, TJe y — 3JIeMeHT U3 V.
[Tostomy 29 = ¢« xxg=1y € N.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
. Tokaxkem noctatouHoctsb. Hano nokasatb



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
l. Tokaxkem noctaTtouHocTb. Hano nokasaTb coBrajeHue MHOXKECTB

gx NuN xq.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
l. Tokaxkem noctaTtouHocTb. Hano nokasaTb coBrajeHue MHOXKECTB
g* NuN x g. Bosbmem asiemenT g u3 G, u x u3 N. O603HauuM ¢’ * x * g

uepes y.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

1. Jlokaxxkem noctaToyHocThb. Hajno jokasaTh coBmnajeHue MHOXKECTB
g* NuN x g. Bosbmem asiemenT g u3 G, u x u3 N. O603HauuM ¢’ * x * g
uepes y. [ 1o npennosoxenuto y conepkutcs B N. [Toatomy



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

1. Jlokaxxkem noctaToyHocThb. Hajno jokasaTh coBmnajeHue MHOXKECTB
g* NuN x g. Bosbmem asiemenT g u3 G, u x u3 N. O603HauuM ¢’ * x * g
uepes y. [ 1o npeanonoxenuto y copepkutcsa B N. [Tostomy x x g = g x y,
TO €CTb N * g COLCPXKUTCA B g * V.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
1. [lokaxkem noctatouHocThb. Mtak, Mbl mokasaJjiu, uto N x g C g « N.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnol G asadaemcsa Hopmaaernou 8 G moeda u moavKo moeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

1. [lokaxkem noctatouHocThb. Mtak, Mbl mokasaJjiu, uto N x g C g « N.

[anee, coriacHo Teopeme 2 00 OJIHO3HAUHOCTH 0OpPaTHOIO 3JIeMeHHTA
gxx*xg =(¢") *xx*g =2z— snement uz N. 3Hauur,



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnol G asadaemcsa Hopmaaernou 8 G moeda u moavKo moeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

1. [lokaxkem noctatouHocThb. Mtak, Mbl mokasaJjiu, uto N x g C g « N.

Hasnee, coryacHo Teopeme 2 00 0JIHO3HAYHOCTH 0OPATHOTO dJIeMEeHH-
Tagxrxqg = (¢) *x*g = z— snement us N. 3HAUUT, g * T = 2 * ¢,
nostomy g * N Bkatouaercsd B NV x g. Takum o6pazom, g x N = N x g.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnol G asadaemcsa Hopmaaernou 8 G moeda u moavKo moeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

1. [lokaxkem noctatouHocThb. Mtak, Mbl mokasaJjiu, uto N x g C g « N.

Hasnee, coryacHo Teopeme 2 00 0JIHO3HAYHOCTH 0OPATHOTO dJIeMEeHH-
Tagxrxqg = (¢) *x*g = z— snement us N. 3HAUUT, g * T = 2 * ¢,
nostomy ¢ x IN Bkawouaecss B N x g. Takum o6pasom, g N = N x g.
[IynkTt 1 nokasaH.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
2. Ilycte N — nopMmagbHas noarpynna. Torna, coryiacHo nyHKTYy 1, 1151
Joboro x u3 N u g us G ssieMeHnT x9 — npuHaiexur V.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

2. [lyctb N — HopmaJibHast noarpynna. Toraa, corylacHO MyHKTY 1,
1151 Jioboro x u3 N u g u3 G snement 9 — npuHagaiexxkut N. B cuay
COOTHolIeHUsT 4) umMeeM [z, g| = x’ % (x9) — syemMeHT U3 N, Tak Kak x’ u
a9 — 3JIeMeHThbl U3 V.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

2. [lyctb N — HopmaJibHast noarpynna. Toraa, corylacHO MyHKTY 1,
1151 Jioboro x u3 N u g u3 G snement 9 — npuHagaiexxkut N. B cuay
COOTHolIeHUsT 4) umMeeM [z, g| = x’ % (x9) — syemMeHT U3 N, Tak Kak x’ u
a9 — 3JIeMeHThbl U3 V.

Heob6xonumocTb nokasana.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
2. JlocTaTOYHOCTD.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.
2. JlocratouHocthb. [lycTh M3BecTHO, uTO [x, g| ABJSIETCS 3J1€MEHTOM
rpynnbl G a5 Besikoro x us N, g u3 G.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

2. JlocratouHocthb. [lycTh M3BecTHO, uTO [x, g| ABJSIETCS 3J1€MEHTOM
rpynnbl G s Besikoro x M3 N, g u3s G. B cuny cooTtHoleHust 3)
x9 = x|x, g] — s7eMeHT U3 N, U, COTJIaCHO MyHKTY 1, mosiyuaem, uto N
— HOpMaJibHas MOJArpyIma.



[1.19. Kputrepun HOpMaJabHOCTHU NOArPYyNNbI

Teopema 11 (kpuTepuun HopMajabHOCTU noArpynnsl). [lodepynna N
epynnot G asadaemcs HopmaaeHou 8 G moeda u mMoabKo nmoeoa,
Koeda 8oinoAHAemca 1000e U3 cAedyrouux ymaseprcoeHull:

1. [laa nob60oeo asemenma x u3 N u g us G asemenm x9 = g’ x x * g
codepacumcs 8 N;

2.[N,G] < N.

JloKa3aTeJbCTBO.

2. JlocratouHocthb. [lycTh M3BecTHO, uTO [x, g| ABJSIETCS 3J1€MEHTOM
rpynnbl G s Besikoro x M3 N, g u3s G. B cuny cooTtHoleHust 3)
x9 = x|x, g] — s7eMeHT U3 N, U, COTJIaCHO MyHKTY 1, mosiyuaem, uto N
— HOpMaJibHasi MOArpymnmna.

Teopema nokasana.



[1.20. Jlemma 06 yMHOX€HHMH CMEXXHbIX KJaCcCOB MO NoArpynmne

Jlemma 2 (006 yMHOXKE€HHUM CMEXKHBIX KJACcCOB M0 NoArpynmne).
[Tycmo N — nopmanvnasa nodepynna epynnot G. Toeda 0aa aro-
Oox x,y uz G daa kamdoeo aremenma z u3 (x*y)x N umeen:
(xxN)*x(yx N)=(x*xy)* N =2zxN. Takum obpazom, npousse-
denue cmedcrolx Kaaccos epynnor G no Hopmaavrot nodepynne N
ABALEMCSA CMENCHOIM KAACCOM.



[1.20. Jlemma 06 yMHOX€HHMH CMEXXHbIX KJaCcCOB MO NoArpynmne

Jlemma 2 (006 yMHOXKE€HHUM CMEXKHBIX KJACcCOB M0 NoArpynmne).
[Tycmo N — nopmanvnasa nodepynna epynnot G. Toeda 0aa aro-
Oox x,y uz G daa kamdoeo aremenma z u3 (x*y)x N umeen:
(xxN)*x(yx N)=(x*xy)* N =2zxN. Takum obpazom, npousse-
denue cmedcrolx Kaaccos epynnor G no Hopmaavrot nodepynne N
ABALEMCSA CMENCHOIM KAACCOM.

JloKa3aTeJbCTBO.



[1.20. Jlemma 06 yMHOX€HHMH CMEXXHbIX KJaCcCOB MO NoArpynmne

Jlemma 2 (006 yMHOXKE€HHUM CMEXKHBIX KJACcCOB M0 NoArpynmne).
[Tycmo N — nopmanvnasa nodepynna epynnot G. Toeda 0aa aro-
Oox x,y uz G daa kamdoeo aremenma z u3 (x*y)x N umeen:
(xxN)*x(yx N)=(x*xy)* N =2zxN. Takum obpazom, npousse-
denue cmedcrolx Kaaccos epynnor G no Hopmaavrot nodepynne N
ABALEMCSA CMENCHOIM KAACCOM.

Joka3areabcTBo. [0 yC/IOBUIO 2 = & % y % h /1T HEKOTOPOTO 3Je-
meHTa h u3 H. Ilo onpenejeHu0o HOpMaJdbHOW MOATrPYNIbI

(xxN)*(yxN) = xx(N*y)x N = xx(yxN)*N = (xxy)x(N*N) = (xxy)xN



[1.20. Jlemma 06 yMHOX€HHMH CMEXXHbIX KJaCcCOB MO NoArpynmne

Jlemma 2 (006 yMHOXKE€HHUM CMEXKHBIX KJACcCOB M0 NoArpynmne).
[Tycmo N — nopmanvnasa nodepynna epynnot G. Toeda 0aa aro-
Oox x,y uz G daa kamdoeo aremenma z u3 (x*y)x N umeen:
(xxN)*x(yx N)=(x*xy)* N =2zxN. Takum obpazom, npousse-
denue cmedcrolx Kaaccos epynnor G no Hopmaavrot nodepynne N
ABALEMCSA CMENCHOIM KAACCOM.

Joka3areabcTBo. [0 yC/IOBUIO 2 = & % y % h /1T HEKOTOPOTO 3Je-
meHTa h u3 H. Ilo onpenejeHu0o HOpMaJdbHOW MOATrPYNIbI

(xxN)*(yxN) = xx(N*y)x N = xx(yxN)*N = (xxy)x(N*N) = (xxy)xN

JleMMa JJoKasaHa.



[1.21. Teopema o hakTOop-rpynmne

Teopema 12 (o pakTop-rpynne). Mrosxecmso cmexrcHoix Kaaccos
epynnol G no Hopmaavnou nodepynne N asasemcs epynnoi om-
HOCUMEAbHO ONepayul YMHONCEHUL CMEHCHBLX KAACCO8, ONpeieneH-
HOLL 8 AemMMme 00 YMHONCeHUL CMENCHBLX KAACCOB8 NO nodepynne.

JOKASATEJIbCTBO cBoaurcsi K npocTol NPOBEPKE aKCHOM T'PyTi-
Mbl.



[1.22. Tomomopdusm

Onpepenenue 16. [lycmo G u H — epynnot. Pynxkyua f: G — H
Ha3bvieaemcs romomoppusamom epynnot G Ha (8) epynny H, ecau
o0as noboLx dnemenmos x,y us G flxxy) = f(x)* f(y). Ecau f
ABALEMCS B3AUMHO 00HO3HAYHOLU (hynKkyueil, mo f Ha3blaemcs
n3omophumom.



[1.22. Tomomopdusm

Onpepenenue 16. [lycmo G u H — epynnot. Pynxkyua f: G — H
Ha3vieaemcs romomoppusmom epynnor G Ha (8) epynny H, ec-
AU 015 1006lx daemenmos x,y uz G flxxy)= f(x)* f(y). Ecau
f asaaemca 83aumHo 00HO3HAUHOU pyHKyuel, mo [ Ha3vleaemcs
n3omophuzmom.

C TOUKH 3pEHHs] TEOPUU TPYII BCe U30MOPHbIE TPYIIbl 0JIMHAKOBBI,
Be/lb HAC HE HHTEPECYeT <MPUPOJA» 3JIEMEHTOB TPYIIbl, KOHKPETHbIH
crnocob 3ajaHust ornepaudd (B TOM CMbICJE, UTO HAM HEBAXKHO, KaKUM
00pasoMm, 1o Kakoi opmyJie U T.M. BBIUUCJSIETCS] Pe3YyJIbTaT rPyNnrnoBou
orepauuu, MNpoLecc BbIYUCJAEHUS Mbl HE pACCMATPUBAEM ).



[1.22. Tomomopdusm

Onpepenenue 16. [lycmo G u H — epynnot. Pynxkyua f: G — H
Ha3vieaemcs romomoppusmom epynnor G Ha (8) epynny H, ec-
AU 015 1006lx daemenmos x,y uz G flxxy)= f(x)* f(y). Ecau
f asaaemca 83aumHo 00HO3HAUHOU pyHKyuel, mo [ Ha3vleaemcs
n3omophuzmom.

C TOUKM 3peHHs] TEOPUU TIPyMIM BCe U30MOPgHbIe IPYMNIbl OJUHAKO-
Bbl, BeJlb HAC HE UHTEpPEeCyeT «MPUPOJIa» 3JEMEHTOB IPYMIibl, KOHKPET-
HbIH croco6 3ajaHus onepaulu (B TOM CMbICJe, UTO HAM HEeBaXKHO, Ka-
KUM 06pa3oM, 1o Kako# hopmyJie U T.I1. BLIYUCJSIETCS pedyJibTaT MPyIno-
BO¥ orepaliyu, Npolecc BbIUUCJEHHUS] Mbl He paccmaTpuBaeM). [Tostomy
B OOJILIIMHCTBE TEOPEM B TEOPHH TPYII IPYMIMbl Pa3JMUaloTCsl TOJIbKO C
TOYHOCTbIO 710 H30MOP(dHU3Ma (TO eCTb U30MOP(HbIE IPYIIIbI OTOXKAECTB-
JISTIOTCST ).



[1.23. Teopema 06 o6pa3zax oOpaTHOro U HEUTPAJIbHOIO 3J€MEH-
TOB

Teopema 13 (06 o6pa3zax 0OpaTHOro U HEUTPAJIbHOTO 3JTE€MEHTOB).
Ecau f — comomoppusm epynnot G ¢ eOUHUUHOIM INCMEHIMOM O HA
epynny H, ¢ edunuunoin sremernmom b, mo 0as 11060eo sremenma

ru3G fla)=bu f(z') = f(zx).



[1.23. Teopema 06 o6pa3zax oOpaTHOro U HEUTPAJIbHOIO 3J€MEH-
TOB

Teopema 13 (06 o6pa3zax 0OpaTHOro U HEUTPAJIbHOTO 3JTE€MEHTOB).
Ecau f — comomoppusm epynnot G ¢ eOUHUUHOIM INCMEHIMOM O HA
epynny H, ¢ edunuunoin sremernmom b, mo 0as 11060eo sremenma

ru3G fla)=bu f(z') = f(zx).
Jloka3areabCTBO. [lo OTIPEJICJICHHIO romoMopguama

f(z) = f(a*xx)= f(a)* f(x), caenoBaTe/bHO, coryacHo Teopeme |
(kpuTepuio HelTpasbHOro 3jemMeHnTa), f(a) = b.



[1.23. Teopema 06 o6pa3zax oOpaTHOro U HEUTPAJIbHOIO 3J€MEH-
TOB

Teopema 13 (06 o6pa3zax 0OpaTHOro U HEUTPAJIbHOTO 3JTE€MEHTOB).
Ecau f — comomoppusm epynnot G ¢ eOUHUUHOIM INCMEHIMOM O HA
epynny H, ¢ edunuunoin sremernmom b, mo 0as 11060eo sremenma

ru3G fla)=bu f(z') = f(zx).

Jloka3areabCTBO. [lo OTIPEJICJICHHIO romoMopguama
f(z) = fla*xx)= f(a) * f(x), caenoBareabHO, corjacHo teopeme |
(kpuTepuio HelTpasbHOro 3jemMeHnTa), f(a) = b.

Hanee, b = f(a) = f(x x2') = f(x) * f(2), nostomy, B cuny teope-
Mbl 2 06 0iHO3HAYHOCTH OOpaTHOrO aJemMeHTa, f(x') = f(x). Teope-
Ma JloKa3aHa.



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

HY — {hg heH} (5)

a8asemcs nodepynnolti, uzomopguoil epynne H.




[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe

¢dopmyirot
ng{hghEH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

[TokaxxkeM, uto 1) siBjsieTcst UBOMOP(U3MOM.



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe

¢dopmyirot
ng{hgheH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

[TokarxkeM, UTO 1) B3AUMHO OJJHO3HAUHOE OTOOpakKeHHue:



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe

¢dopmyirot
ng{hgheH} (5)

a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

[TokarxkeM, UTO 1) B3AUMHO OJJHO3HAUHOE OTOOpakKeHHue:

r=y & & Yx) =P(y).



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe

¢dopmyirot
ng{hgheH} (5)

a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

[TokarxkeM, UTO 1) B3AUMHO OJJHO3HAUHOE OTOOpakKeHHue:

r=y & grrxg=gxyxg < P(x)=19y).



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe

¢dopmyirot
ng{hghEH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
msx € G
(x) = 2. (6)
Ilns nokasatesbCcTBa, 4to @ — uU30MOp(rU3M, 0CTAJOCh MPOBEPUTH
CBONCTBO Y (x * y) = ¥(x) * Y(y).



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

1 = {0

heH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

Y(x*y) =



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

1 = {0

he H} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

Y(r*xy) = (x*xy)! =



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

1 = {0

he H} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

Y(Exy)=(rxy)f =¢xr*xy*xg=



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

1 = {0

heH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

baxy)=(rxy)f =g *xxyrxg=g*rxgxg*ryxg=

=€



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

1 = {0

heH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

baxy)=(rxy)f =g *xxyrxg=g*rxgxg*ryxg=



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

1 = {0

heH} (5)
a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:
s x € G

$la) = at. (6)

baxy)=(rxy)f =g *xxyrxg=g*rxgxg*ryxg=

=€



[1.24. ConpsixkeHHble NOArPYMIibl

Teopema 14 (o conpsikeHHou noarpynne). Ecau H — nodepynna
epynnot G, mo 01 aoboeo g € G mHoxucecmso HY, onpedesenHoe
¢dopmyirot

HY — {hg heH} (5)

a8asemcs nodepynnolti, uzomopguoil epynne H.

Jloka3aTeabcTBO. PaccMoTpuM oToGpaxkeHue, 3ajaHHoe (DOPMYJION:

s € G
Y(z) = a’. (6)

TeopeMa JOKa3adHa.



11.25. Sppo romomopdusma

Onpeneaenune 17. Siapom comomopchusma | nasvisaemcs muodxuce-
cmaso Ker(f) scex mex anemenmos x epynnot G, 06pazom KomopoLx
asasemcs eOuHu4Holi dnemenm epynnol H:  f(x) = e.



[1.26. Teopema o HOpmMaJibHOCTH AApaA

Teopema 15 (o HopmaabHocTu siapa). Ker(f) asagemcs nopmane-
Hou nodepynnou epynnot G.

ILO Ka3aTeE€JdbCTBO.



[1.26. Teopema o HOpmMaJibHOCTH AApaA

Teopema 15 (o HopmaabHocTu siapa). Ker(f) asagemcs nopmane-
Hot nodepynnod epynnol G.

Jloka3atejbcTBo. CONIacCHO KPUTEPHUIO HOPMAJBbHOCTU MOATPYII-
Mbl JIOCTATOYHO YOEMUTHCS B TOM, UTO JJIs1 ito6oro x u3 Ker(f) u mo6oro
gus G [z, g] — snemenT u3 Ker( f).



[1.26. Teopema o HOpmMaJibHOCTH AApaA

Teopema 15 (o HopmaabHocTu siapa). Ker(f) asagemcs nopmane-
Hot nodepynnod epynnol G.

Jloka3atejbcTBo. CONIacCHO KPUTEPHUIO HOPMAJBbHOCTU MOATPYII-
Mbl JIOCTATOYHO YOEMUTHCS B TOM, UTO JJIs1 ito6oro x u3 Ker(f) u mo6oro
gus G [z, g] — snement u3 Ker(f). CorsiacHo onpeaeneHuio sji-
pa, Uil 10Ka3aTeJbCTBa 9TOro (pakTa Hajo MPOBEPUTH, UTO 06pa3 ITOro
sJeMeHTa — equHnuHbId. Ho 3To cnenath Jerko:



[1.26. Teopema o HOpmMaJibHOCTH AApaA

Teopema 15 (o HopmaabHocTu siapa). Ker(f) asagemcs nopmane-
Hot nodepynnod epynnol G.

Jloka3atejbcTBo. CONIacCHO KPUTEPHUIO HOPMAJBbHOCTU MOATPYII-
Mbl JIOCTATOYHO YOEMUTHCS B TOM, UTO JJIs1 ito6oro x u3 Ker(f) u mo6oro
gus G [z, g] — snement u3 Ker(f). CorsiacHo onpeaeneHuio sji-
pa, Uil 10Ka3aTeJbCTBa 9TOro (pakTa Hajo MPOBEPUTH, UTO 06pa3 ITOro
sJeMeHTa — equHnuHbId. Ho 3To cnenath Jerko:

f(lz,g) = [f(2), f(9)] = le, f(g)] = e,

uTO U TPeOOBAJIOCH I0KA3AaTh.



[1.27. EctecTBeHHbINi roMOMOpdu3MmM
OBO3HAUYEHME. ®akrop-rpynna rpynnbsl G o noarpynre N 060-

sHauaercs G/N.

Teopema 16 (Teopema o ecrecTBeHHOM romomopgusme). Ecau N
— HopmasvHas nodepynna epynnol G, mo omobpaicerue

vg) =g+ N={gsn|nen} (6)

asasemcs eomomopgusmom epynnol G na G/N.



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*Nz{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*Nz{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

V(g *h) =(g) *P(h).



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

V(g *h) =(g) *P(h).

CornacHo (6)



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

V(g *h) =(g) *P(h).

CorsiacHo (6), ¢ 01HOH CTOPOHBI Y(g * h) =



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

V(g *h) =(g) *P(h).

CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OUeBHIHO, JOCTATOUYHO NTPOBEPUTH PABEHCTBO
(g *h) =¢(g) *¥(h).

CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,

C npyroii ctoponbl, ¥(g) * ¥(h) =



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OUeBHIHO, JOCTATOUYHO NTPOBEPUTH PABEHCTBO
(g *h) =¢(g) *¥(h).

CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,

C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

(g *h) = 1(g) *p(h).
CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,
C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =

:{g*n*h*mn,mEN =



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

(g *h) = 1(g) *p(h).
CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,
C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =

:{g*n*h*mn,mEN}:{g*h*h’*n*h*m n,meN}:



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

(g *h) = 1(g) *p(h).
CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,
C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =

:{g*n*h*mn,mEN}:{g*h*h’*n*h*m n,meN}:

{g*h*n *mn,mEN}—
keN



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

(g *h) = 1(g) *p(h).
CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,
C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =

:{g*n*h*mn,mEN}:{g*h*h’*n*h*mn,meN}:

{g*h*nk*mn,mEN}—{g*h*kkEN}—
EN



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*NZ{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

Joka3areabcTBo. OueBUIHO, 1OCTATOUHO TPOBEPUTH PABEHCTBO

(g *h) = 1(g) *p(h).
CorsiacHo (6), ¢ 0IHOH cTOPOHBI (g * h) = g * h * N,
C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =

:{g*n*h*mn,mEN}:{g*h*h’*n*h*mn,meN}:

{g*h*nk*mn,mEN}—{g*h*kkEN}—g*h*N.
eN



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrecTBeHHOM romomopdusme). Ecau N
— HopmasvHas nodepynna epynnol G, mo omobpaicerue

v(g) =g+ N={gxn|nenN} (6)
asasemcs comomopguzmon epynnol G Ha G/N.

Joka3areabcTBo. OUeBHIHO, JOCTATOUYHO TPOBEPHUTH PABEHCTBO
(g *h) =¢(g) = ¥(h).

CorsiacHo (6), ¢ 0HOH CTOPOHBI (g * h) = g * h * N,

C npyroii ctoponbl, ¥(g) x (h) = g« N x hx N =
= {g*n*h*mn,me N} = {g*h*h’*n*h*mn,meN} =

N——"
ke N

CaienoBatesibHo, (g * h) = 1(g) * ¥ (h). Teopema nokasana.

gxhxp” >l<mn,mEN}—{g*h*kkEN}—g*h*N.



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

w(g)zg*Nz{g*nneN} (6)
asasemces eomomopgpusmom epynnot G na G/N.

[omomopuam 1) HasbIBAeTCsl €CTeCTBEHHbIM TroMomopduaMom
rpynnbl G Ha gakrop-rpynny G /N.



[1.27. EctecTBeHHbINi roMOMOpdu3MmM

Teopema 16 (Teopema o ecrectBeHHOM romomoppusme). Fcau N
— HopmasvHas nodepynna epynnol G, mo omodbpaxicerue

@b(g):g*N:{g*nnGN} (6)

asasemcs eomomopgusmom epynnol G na G/N.

[omomopuam 1) HasbIBAeTCsl €CTeCTBEHHbIM TroMomopduaMom
rpynnbl G Ha gakrop-rpynny G /N.

OxkasbIBaeTcsi, UTO (pakTOpP-TPYNIaMH HUCUEPIbIBAETCS, ¢ TOUHOCThIO
J10 H30MOpdH3Ma, MHOXKECTBO BCeX roMOMOPGhHBIX 06pa3oB rpymnrbl G.



[1.28. Teopembl 0 romomophusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

ILO Ka3aTE€JdbCTBO.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Jlokaxkem cHauasa, uto F' — yHKUHSI.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. [lokaxkeMm cHauasa, uyto F' — dynkuus. das storo
HeoOX0IMMO YOEUThLCS B TOM, UTO 06pa3 CMeXKHOTo Kjaacca x * Ker(f)
He 3aBUCHUT OT BbIOOPA dJieMeHTa & (Ha3bIBA€MOT0 MPEJICTaBUTEEM STOIO
KJiacca).



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. [lokaxkeMm cHauasa, uyto F' — dynkuus. das storo
HeoOX0IMMO YOEUThLCS B TOM, UTO 06pa3 CMeXKHOTo Kjaacca x * Ker(f)
He 3aBUCHUT OT BbIOOPA dJieMeHTa & (Ha3bIBA€MOT0 MPEJICTaBUTEEM STOIO
kaacca). Mrak, nyctb x * Ker(f) = y x Ker(f). Torna nss Hekotoporo g
u3 Ker(f)



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. [lokaxkeMm cHauasa, uyto F' — dynkuus. das storo
HeoOX0IMMO YOEUThLCS B TOM, UTO 06pa3 CMeXKHOTo Kjaacca x * Ker(f)
He 3aBUCHUT OT BbIOOPA dJieMeHTa & (Ha3bIBA€MOT0 MPEJICTaBUTEEM STOIO
kaacca). Mrak, nyctb x * Ker(f) = y x Ker(f). Torna nss Hekotoporo g
u3 Ker(f) x*x g =y. [loaTOomy

fly) = Fly x Ker(f)) = F(x* g« Ker(f)) = F(x * Ker(f)) = f(x).

OnHosHauHocTh F' 1oKasaHa.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb npoepum, uto F — romomopduam. Hano
MPOBEPUTD, UTO JIJIs1 TPOU3BOJIbHBIX X, Yy U3 G



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb npoepum, uto F — romomopduam. Hano
MPOBEPUTD, UTO JIJIs1 TPOU3BOJIbHBIX X, Yy U3 G

F(z % Ker(f) xy x Ker(f)) = F(x x Ker(f)) * F(y * Ker(f)).



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb nposepum, uto F' — romomopdusm. s
MPOU3BOJIbHBIX X, Yy U3 G UMEEeM:



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb nposepum, uto F' — romomopdusm. s
MPOU3BOJIbHBIX X, Yy U3 G UMEEeM:

F(x * Ker(f) x y x Ker(f)) =



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb nposepum, uto F' — romomopdusm. s
MPOU3BOJIbHBIX X, Yy U3 G UMEEeM:

F(z x Ker(f) xyx Ker(f)) = F(zxy* Ker(f)) =



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb nposepum, uto F' — romomopdusm. s
MPOU3BOJIbHBIX X, Yy U3 G UMEEeM:

F(xxKer(f)xyxKer(f)) = F(xxyx*Ker(f)) = f(zxy) =



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb nposepum, uto F' — romomopdusm. s
MPOU3BOJIbHBIX X, Yy U3 G UMEEeM:

F(xxKer(f)xyxKer(f)) = F(xxyx*Ker(f)) = f(zxy) =
= fz) x f(y) =



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. Tenepb nposepum, uto F' — romomopdusm. s
MPOU3BOJIbHBIX X, Yy U3 G UMEEeM:

F(xxKer(f)xyxKer(f)) = F(xxyx*Ker(f)) = f(zxy) =
= f(x) * f(y) = F(z x Ker(f)) « F(y x Ker(f)),

TO €CTb F — romomopdu3am.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3zateabctBo. OcCTajoch MPOBEPUTh B3aUMHYIO OJHO3HAUHOCTh
romomopgusma F, 1.e.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3zateabctBo. OcCTajoch MPOBEPUTh B3aUMHYIO OJHO3HAUHOCTh
romomopgusma F, 1.e.

=y & flx)=f(y)



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Jloka3arteabcTBo. OcTrajoch MPOBEPUTh B3AUMHYIO OJHO3HAYHOCTD
romomopcdusma F. Ilycets f(z) = f(y).



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3zareabcTBo. OcTajoch NMPOBEPUTh B3aWMHYIO OJIHO3HAUHOCTH
romomopcdusma F. Ilycts f(z) = f(y). Pacemorpum z'y. Tak kak f —
roMoMopdu3M, To, COrJIACHO TeopeMe 00 06pase 0OPaTHOrO U HEUTPaJIb-
HOTO 3JIEMEHTOB,

fl@'xy) = f(a') = fy) = f(x) * fly) =e.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3zareabcTBo. OcTajoch NMPOBEPUTh B3aWMHYIO OJIHO3HAUHOCTH
romomopcdusma F. Ilycts f(z) = f(y). Pacemorpum z'y. Tak kak f —
roMoMopdu3M, To, COrJIACHO TeopeMe 00 06pase 0OPaTHOrO U HEUTPaJIb-
HOTO 3JIEMEHTOB,

fl@'xy) = f(a') = fy) = f(x) * fly) =e.

CaenoBatesibHo, x’ * y npunaanexut Ker( f). Takum o6pa3om, o Kpure-
PHIO COBIAJIEHUs] CMEXKHBIX KJ1accoB, x * Ker(f) = y * Ker(f), uto u Tpe-
00BaJIOCh 1I0KA3AaTh.



[1.28. IlepBasi Teopema o romomopdusme

Teopema 17 (nepBasi reopema o romomopdusme). [lycmo f — co-
momopgusm epynnoet G wa epynny H. Toeda H uszomopgpra
G /Ker(f). boaee moeo, ecau E — ecmecmeeHHblil eOMOMOPPHUM
epynnol G Ha G/Ker(f), mo f = E x F, ede F 8sodumcs ¢hopmyroii
F(g*Ker(f)) = f(g), npuuem F — uzomopgusn.

Joka3areabcTBo. CooTHouieHue f = E x F' gBJjsieTcsl NPOCTO Iepe-
(hopMyJIMPOBKOH orpeeieHust 0ToOpaxkeHus F'.



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

A

[IpsimoyrosibHukaMu usobpaxkenol rpynna G, A < B < G.



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

gs x B g x B g7 *x B gs x B

b5*A bG*A

by x A by x A g2 % B g3 % B gi % B

A b2*A

Mbl M300pasuaM CMEXKHbIE KJacChl M0 HOPMaJibHOM moarpynne B
rpynibl G.



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo

g5 x B ge * B
b5>|<A bG*Agg*b5*Ag2*b6*A
b3>|<A b4*Agz*b3*Agg*b4*A

A bQ*A gg*Agg*bQ*A

(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

ooooooooooooooooooooooooooooooooooooooo

Mbl M300pasuaM CMeXKHbIe KJacChl M0 HOPMaJibHOM mnoarpynne B
rpynnbl G. [pynny B Mbl IpeACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB
o HOpMaJibHOU noarpymie A.



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo

(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

g5 * B gs * B gr *x B
b5>|<A bG*AQQ*b5*Ag2*b6*Agg*b5*Ag3*b6*A
b3>|<A b4*Agz*b3*Agg*b4*Agg*bg*Agg*b4*A

A bQ*A gg*Agg*bQ*A g3*A93*b2*A

ooooooooooooooo

Mbl M300pasuaM CMeEXKHbIE KJacChl M0 HOpPMaJibHOM mnoarpynne B
rpynnbl G. [pynny B Mbl peACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB

Mo HOpMaJibHOU noArpymie A.




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo

(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

gs * B gs *x B g7 x B gs *x B
b5>|<A bG*AQZ*b{S*Ag2*b6*Ag3*b5*Ag3*bG*Ag4*b5*Ag4*b6*A
bs * A by* Alga * b3 A|ga*byx Algs* b3 * A|gg*by* Algy* b3+ A|gy*by* A

A bQ*A gg*Agg*bQ*A g3*A93*b2*A g4*Ag4*b2*A

Mbl M300pasuaM CMeEXKHbIE KJaCChl M0 HOpPMaJibHOM mnoarpynne B
rpynnbl G. [pynny B Mbl IpeACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB

o HOpMaJibHOU noArpymre A.




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

g5 * bs x A|gs * bg x A
g5 *x by x Algs * by x A ge * B g7 * B gs * B
gs * Algs x by x A
bs x A bg ¥ Algo * bs x A|go % bg * Algs * b x A|gs % bg * Algy * b5 *x A|gy * bg * A
by x A by x Algo * by x A|gy x by x Algz *x by x A|gs * by * Algy *x b3 x A|gs * by x A
A by *x A ga*x Algax by x A g3* Algsx by x A ga* Algaxbyx A

Mbl M300pasuaM CMeXKHbIE KJacChl M0 HOpMaJibHOHM mnoarpynne B
rpynnbl G. [pynny B Mbl IpeACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB

Mo HOpMaJibHOU noArpymre A.




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo

(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

g5 x by x A|gs * bg * Alge * bs x A|ge * bg *x A
g5 x by x A|gs * by x Alge * b3 x Algg* by x A g7 * B gs * B
gs * Algs x by x A go * Algg * by x A
bs x A bg ¥ Algo * bs x A|go % bg * Algs * b x A|gs % bg * Algy * b5 *x A|gy * bg * A
by x A by x Algo * by x A|gy x by x Algz *x by x A|gs * by * Algy *x b3 x A|gs * by x A
A by *x A ga*x Algax by x A g3* Algsx by x A ga* Algaxbyx A

Mbl M300pasuaM CMeEXKHbIE KJacChl M0 HOpMaJibHOHM mnoarpynne B
rpynnbl G. [pynny B Mbl IpeACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB

o HOpMaJibHOU noArpymrme A.




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo

(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

g5 x by x A|gs *bg * Alge * bs x A|ge * bg * Algr *bs * A|gr xbgx A
g5 *x by x A|gs * by x Alge * b3 x A|ge* by * Algr b3 x Algr xbyx A gs* B
gs * Algs x by x A go * Algg * by x A grx Algr x by x A
bs x A bg ¥ Algo * bs x A|go % bg * Algs * b x A|gs % bg * Algy * b5 *x A|gy * bg * A
by x A by x Algo * by x A|gy x by x Algz *x by x A|gs * by * Algy *x b3 x A|gs * by x A
A by *x A ga*x Algax by x A g3* Algsx by x A ga* Algaxbyx A

MblI M300pasuaM CMeEXKHbIE KJacChl M0 HOpMaJibHOHM mnoarpynne B
rpynnbl G. [pynny B Mbl peACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB

o HOpMaJibHOU noArpymme A.




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTOpas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnol epynno. G, npuuem A< B G, mo

(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

g5*b5*A

95*66*14

g6>l<b5>l<A

gﬁ*bG*A

g7>l<b5>|<A

g7*b6>|<A

gg*b5*A

gg*bG*A

gs x by x A

95*b4*A

96*b3*A

gﬁ*b4*A

g7*bg*A

grxbyx A

gg*bg*A

gg*b4*A

g5*A

g5*b2*A

go x A

gﬁ*bQ*A

97*14

g7*b2*A

gs x A

gg*bQ*A

b5>|<A

bG*A

g2*b5*A

g2*b6*A

gg*b5*A

gg*bG*A

g4*b5*A

g4*b6*A

b3>|<A

b4*A

gz*bg*A

gz*b4*A

gg*bg*A

g3*b4*A

g4*b3*A

g4>|<b4*A

A

bQ*A

g2 x A

gg*bQ*A

93*14

93*b2*14

gax A

g4*b2*A

Mbl M300pasuaM CMEXKHbIE KJacChl M0 HOpMaJibHOHM noarpynne B
rpynnbl G. [pynny B Mbl IpeACTaBUJIM KaK CUCTEMY CMEXKHBIX KJACCOB

Mo HoOpMaJibHOU noArpymie A.




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Joka3zareabcTtBo. O603HauUUM uepes ¢ 0TOOpaXKeHue, onpeieJieHHOe
dbopmysoit: 1151 1106010 g U3 G MoJI0KUM

gp((g*A)*{bQ*AbaeB}):g*B. (7)



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
gp((g*A)*{ba*AbaeB}):g*B. (7)

I[OKEI)KGM OJHO3HAYHOCTDb OTO6pa)K€HH$I o



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

= {gux AxboxAlboe BY={gox Axbyx Alby e B} =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

= {g@*ba*AbaeB}:{gﬁ*bﬁ*AbgeB} =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

= {g@*ba*AbaeB}:{gﬁ*bﬁ*AbgeB} =
= Ja*¥byx A=ggxbgx A =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

N {ga*ba*AbaEB}:{gﬁ*bg*AbgeB} =
= Ja¥byx A=gsxbgx A = g, *by*xa,=gs*xbgxag =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

N {ga*ba*AbaEB}:{gﬁ*bg*AbgeB} =
= Ja¥byx A=gsxbgx A = g, *by*xa,=gs*xbgxag =
= gy*ga €Ebgx Ax b, =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

N {ga*ba*AbaEB}:{gﬁ*bg*AbgeB} =
= Ja¥byx A=gsxbgx A = g, *by*xa,=gs*xbgxag =
= gs*ga Ebgx Axb,=A =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JlokaXkeM 0/IHO3HAYHOCTH OTOOPaAXKEHHS (p:

(ga*A)*{ba*AbaeB}z(gg*A)*{bﬁ*AbﬁeB} =

= {gurbaxAlbae BY ={gsxbyxAlb, € B} =
= Jaxbo*x A=gpxbg*x A = gou*xby*xa, =gs*xbgxaz =
= g’ﬁ*gaébg*A*b/a:A = goxA=gz*xA



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTebeTBo.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
JIOKaXKeM 0/1H03HA4HOCTH 0TOGPAKEHHS ©:
(ga * A) * {ba*Aba € B} = (gﬁ*A)*{bﬁ*Abﬁe B} =

= gox A=gs*x A

CJIGILOBaTeJIbHO, @ — OJHO3HAYHOC€ OTOGpa)KeHI/Ie.



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —
HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.
JloKa3aTeJbCTBO.
gp((g*A)*{ba*AbaeB}):g*B. (7)
Bzaumnas oqHo3HauHOCTHL OTOOpPAXKEHHUS  OUEBUJIHA:

ga*Azgﬁ*A =
N (ga*A)*{ba*AbaeB}:(gﬁ*A)*{bg*AbgeB}



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpna G/B.

JloKa3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
Ocrajiochb MpPOBEPUTb, UTO (@ — romMomMopdu3m, T.e. UTO

P(X *Y) = p(X)* p(Y).



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

JloKa3aTeJbCTBO.
gp((g*A)*{ba*AbaeB}):g*B. (7)

0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3zaTeabCTBO.
@((Q*A)*{ba*AbaeB}):g*B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =

:SO((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}>:



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.

¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
@((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> _

:gp((ga*A>*{gﬁ*bgﬁ*Agﬁ bQGB}*{bg*Ab@GB}> —




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.

¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
@((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> _

:gp((ga*A>*gﬁ>k{bgﬁ*Agﬁ bQGB}*{bg*Ab@GB}> —




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

JloKasaTeabCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
@((QQ*A)*{I)&*AbaeB}*(gﬁ*A)*{bﬂ*AbﬁeB}) _
= (g% A) = {bax Axgy|bo € By {bs Al by € BY) =
= (g% 4) % g5 + \{bg\a*w baeB}J*{bg*AbﬁeBD —

bﬁEB}




[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
:SO((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> —

=¢<9a*A*g@*{b@*AbﬁeB}> —



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
:SO((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> —

=s0(ga*g@*Agﬂ*{bﬁ*AbﬁeB}) -



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
:SO((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> —

:Sp(ga*gﬁ*A*{b@*AbﬁeB}) =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
:SO((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> —

Zw(ga*g@*A*{b@*AbgeB}) =ga*gp*x B =



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
:SO((ga*A)*{ba*A*ggbaeB}*{bﬁ*AbﬁeB}> —

:gp(ga*gﬁ*A*{bﬁ*Ab@EB}):ga*gﬁ*B:ga*B*gﬁ*B:



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3aTeJbCTBO.
¢ ((g+A)s {buxAlb € B}) =g+B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =
:90((9@*14)*{1) * A% gs|bg EB}*{bﬁ*AbﬁeB}> —

— ( *g@*A*{b@*AngB}):ga*gﬂ*B:ga*B*gﬁ*B:

=& ((ga A) e b Alba € BY) w0 ((g5% 4) = {by = A|bs € BY).



[1.29. Btopas treopema o romomophusme

Teopema 18 (BTopas Teopema o romomopusme). Ecau A u B —

HopmaavHble nodepynnot epynno. G, npuuem A< B G, mo
(B/A) < (G/B), uepynna (G/A)/(B/A) usomopgpua G/B.

Jloka3zaTeabCTBO.
@((Q*A)*{ba*AbaeB}):g*B. (7)
0 ((g0 % A% {bux A|by € B) s (s A)« {by« A| by € BY) =

=& ((gar A b Alba € BY) w0 ((g5% 4) = {by = A|bs € BY).

Teopema nokasana.



[1.30. Tpetbs Teopema o romomopdusme

Teopema 19 (TpeTbsi TeOpema o romomopdusme). Ecau A — HoOp-
MmanvHas nodepynna epynnoel B, komopas sasasemcs nodepynnoi
8 G,u H—nopmansvnasanodepynnasG,mo(Bx* H)/(Ax H)u3zo-

mopgra B/ (Ax (BN H)).

Jloka3aTreJabCTBO.



[1.30. Tpetbs Teopema o romomopdusme

Teopema 19 (TpeTbsi TeOpema o romomopdusme). Ecau A — HoOp-
MmanvHas nodepynna epynnoel B, komopas sasasemcs nodepynnoi
8G,u H—Hopmanovnaa nodepynnasG,mo (Bx* H)/(Ax H)uzo-
mopgra B/ (Ax (BN H)).

Joka3areabctBo. [Tosoxum f(bx Ax H) =bx Ax (BN H). Heno-
CPeJICTBEHHOH MPOBEPKOM MO ONpeJle/IeHHIO MoJiydaeM, uto f — (yHK-
11151, TOTOM — 4YTO 3TO FOMOMOP(U3M, U, HAKOHELL, TPOBEPKOH ero B3a-
MMHOW OJIHO3HAYHOCTH 3aKaHUMBAETCS J0KA3aTeJbCTBO 3TOH TEOPEMBI.



[1.31. Teopema o xapakTepu3aluuu KOMMyTaHTa

Teopema 20 (o xapakrepu3auuu kKommytanra). Kommymanm G’
epynnot. G A8a9emca MUHUMAAbHOU MAKOU HOPMAAGHOU NOO0-
epynnoii epynnol G, dasa komopoi G/G' — abeaesa (mo ecmo
KommymamusHas) epynna.

Jloka3aTreabCTBO.



[1.31. Teopema o xapakTepu3aluuu KOMMyTaHTa

Teopema 20 (o xapakrepu3auuu kKommytanra). Kommymanm G’
epynnot. G A8a9emca MUHUMAAbHOU MAKOU HOPMAAGHOU NOO0-
epynnoii epynnol G, dasa komopoi G/G' — abeaesa (mo ecmo
KommymamusHas) epynna.

Hoka3areabctBo. [lyctb G/N — aGeneBa rpynna. [1pu ecrecTBeH-
HOM roMoMop(dHu3Me KOMMYTATOP, OUEBU/IHO, TEPEXOJIUT B KOMMYTATODP.



[1.31. Teopema o xapakTepu3aluuu KOMMyTaHTa

Teopema 20 (o xapakrepu3auuu kKommytanra). Kommymanm G’
epynnot. G A8a9emca MUHUMAAbHOU MAKOU HOPMAAGHOU NOO0-
epynnoii epynnol G, dasa komopoi G/G' — abeaesa (mo ecmo
KommymamusHas) epynna.

Hoka3areabctBo. [lyctb G/N — aGeneBa rpynna. [1pu ecrecTBeH-
HOM roMoMopgu3Me KOMMYTaTOp, OUEBUJHO, MEPEXOAUT B KOMMYTATOP.
[TosTomy, coriacHO KpUTEpHUIO MEPECTAHOBOUHOCTH 3JIEMEHTOB, B CHJY
abeneBoct G /N, nojsiyuaem, uto [z, y| * N = N — eTMHUUHbBIH 3JIEMEHT
dakrop-rpynnel G/N. 3nauut, G’ BK/touaercsi B .



[1.31. Teopema o xapakTepu3aluuu KOMMyTaHTa

Teopema 20 (o xapakrepu3auuu kKommytanra). Kommymanm G’
epynnot. G A8a9emca MUHUMAAbHOU MAKOU HOPMAAGHOU NOO0-
epynnoii epynnol G, dasa komopoi G/G' — abeaesa (mo ecmo
KommymamusHas) epynna.

Joka3areabctBo. OcTanoch NpoBepuTh, uto G/G’ — KOMMyTaTHB-
Hasl rpymnna.



[1.31. Teopema o xapakTepu3aluuu KOMMyTaHTa

Teopema 20 (o xapakrepu3auuu kKommytanra). Kommymanm G’
epynnot. G A8a9emca MUHUMAAbHOU MAKOU HOPMAAGHOU NOO0-
epynnoii epynnol G, dasa komopoi G/G' — abeaesa (mo ecmo
KommymamusHas) epynna.

Joka3areabctBo. OcTanoch NpoBepuTh, uto G/G’ — KOMMyTaTHB-
Hasl rpymnna.
Tak kak B dakTop-rpynmne Bce KOMMYTaTOpPbl — €JMHHUHbIE, TO, M0

KPUTEPHUIO TTePeCTaHOBOUHOCTH 3JieMeHToB, G /G’ — abesieBa rpymnma.
Teopema nokasana.



I1I. Onepauuu aare6pbl noarpynn

OCHOBHBIMHY 3aJja4aMHy TEOPUH TPYIII SBJSIOTCS MMoJydeHre nHopma-
LMK O rpynnax (T.e. IOCTPOEHUe MoJjieJiel IPyII) U COBEPLIEHCTBOBAHHE
arrapara u3yueHusi TpyIir.

JInst mocTpoeHust Mojiesield TPyNi K HACTOSIILIEMY MOMEHTY Mbl MOXKEM
MPUMEHSTh:



I1I. Onepauuu aare6pbl noarpynn

OCHOBHbBIMM 3aJlayaMHi TEOPHUHU TPYII SIBJSIOTCS MoJiydeHrne uHpopma-
LMK O TpyMNnax (T.e. MOCTPOEHUE MOJIeJIeH TPYII) U COBEPLLIEHCTBOBAHUE
anmnapara u3yueHus rpyrii.

JlJ1s1 mocTpoeHust Mojesiel IPyni K HACTOSILIEMY MOMEHTY Mbl MO-
»KeM MpUMeHsTh: 1) noctpoenue tadaniibl Kasiu rpynmnoBoii onepauuu
(17151 KOHEUHBIX TPYMM);  2) MOCTPOEHHE pelleTKH NOArpy (T.e. MHOXKe-
CTBa MOArPYMI C OTHOLLIEHHEM BKJIOUEHHS OJIHOH MOArPYNIbI B APYTYIO);
3) MoCTpoeHHe BCeX (C TOUHOCThIO 10 H30OMOP(HU3Ma ) TOMOMOP(PHbBIX 00-
pa3oB (JIOCTOUHO MOCTPOUTb BCe PAKTOP-TPYMIIbI).



I1I. Onepauuu aare6pbl noarpynn

OCHOBHbBIMM 3aJlayaMHi TEOPHUHU TPYII SIBJSIOTCS MoJiydeHrne uHpopma-
LMK O TpyMNnax (T.e. MOCTPOEHUE MOJIeJIeH TPYII) U COBEPLLIEHCTBOBAHUE
anmnapara u3yueHus rpyrii.

JlJ1s1 mocTpoeHust Mojesiel IPyni K HACTOSILIEMY MOMEHTY Mbl MO-
»KeM MpUMeHsTh: 1) noctpoenue tadaniibl Kasiu rpynmnoBoii onepauuu
(17151 KOHEUHBIX TPYMM);  2) MOCTPOEHHE pelleTKH NOArpy (T.e. MHOXKe-
CTBa MOArPYMI C OTHOLLIEHHEM BKJIOUEHHS OJIHOH MOArPYNIbI B APYTYIO);
3) MoCTpoeHHe BCeX (C TOUHOCThIO 10 H30OMOP(HU3Ma ) TOMOMOP(PHbBIX 00-
pa3oB (JIOCTOUHO MOCTPOUTb BCe PAKTOP-TPYMIIbI).

B nannom paanesie 1151 pa3BUTHS UCCJIE€I0BATENLCKOTO annapara Teo-
DHH TPy IPUMEHUM CTpaTeruio nepexoaa oT u3yueHus OTAeJbHOT0
00beKTa ¢ uccyael0BaHUI0 CUCTeMbl 00beKTOB. PaccMOTpHM onepa-
IIMY HA MHOKECTBE MOJArPyII.



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
net epynnet G, mo AN B asgasemcs nodepynnoil' epynnot G.

ILO Ka3aTeEJdbCTBO.

'Tounee, HOCHUTEIEM TIOJATPYIIIbI.



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.

r € ANB,
ye ANB



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.
(
x €A,

= < =

r € ANB,
x e B,

ye ANB




[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.

2

x €A,
r € ANB, y € A,
{yEAﬂB <xEB,
\yEB



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.

r € ANB,
ye ANB

2

\

x €A,
y € A,
x e B,
ye DB

= X

(:U*yEA,

'€ A,
=



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.

r € ANB,
ye ANB

2

\

x €A,
y € A,
x e B,
ye DB

= X

(:U*yEA,
'€ A, N
Txy € B,

/
\yEB



[11.1. TIlepeceyeHue noarpymnn

Teopema 21 (o nepeceuenHuu noarpynn). Ecau A u B — nodepyn-
not epynnol G, mo AN B asasemcs nodepynnotl epynnol G.

Jloka3zareabcTBO. Bocnosib3dyemcss Kpurepuem noarpynisl.

2

r € ANB,
ye ANB

\

x €A,
y € A,
x e B,
ye DB

= X

(:U*yEA,
'€ A, rxy € ANB,
r*y € B, e AN B.

/
\yEB



[11.2. TlpousBeneHue noarpymn

Onpenenenue 18. [lpousBenenuem noarpynn A u B epynnot G Ha-
36L8AEMCA MHOHMECNBO
a € A,
{ be B. (8)

[TpousBeaeHue noarpynn — He 00g3aTebHO NOArpyna.

AxB=<axb




[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

JloKa3aTeJbCTBO.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

JokasareabctBo. Heo6xonumocTts. [TycThb



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasartb, uto



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A<G, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.
Hano nokazatb coBnajeHue 1ByX MHOxKecTB. Kak 210 caenarts?



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A<G, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Hano nokasatb coBnanenue nsyx MHoxkecTB. Kak 210 cnenars? EcTtb
TPU PACMpPOCTPAHEHHbIX crlocoba.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <G, a € 4, — nodepynna epynnor G
B<C. be B PY PY

moeoa u moavko moeda, koeda Ax B = B x A.

moA«B=<{axb {

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Hano nokasatb coBnanenue nsyx MHoxkecTB. Kak 210 cnenars? EcTtb
TPU pacnpocTpaHeHHbIX criocoba. [lepBbll — MpoBepUTh, UTO MepBOe
MHOKECTBO COJIEPXKUTCSI BO BTOPOM, a BTOPOE MEPBOM.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <G, a € 4, — nodepynna epynnor G
B<C. be B PY PY

moeoa u moavko moeda, koeda Ax B = B x A.

moA«B=<{axb {

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Hano nokasatb coBnanenue nsyx MHoxkecTB. Kak 210 cnenars? EcTtb
TPU pacnpocTpaHeHHbIX criocoba. [lepBbll — MpoBepUTh, UTO MepBOe
MHO?KECTBO COJIEPXKHUTCS BO BTOPOM, a BTOpoe nepBoM. BTopo# — 3KBHU-
BaJICHTHbIMU aJirebpanueckKuMu NpeoOpasoBaHUSIMU PUBECTH BblpaxKke-
HHE B JIEBOK U MPAaBOH UaCTAX JI0KA3bIBAEMOI0 PaBEHCTBA K OJIMHAKOBOMY

BU]LY.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <G, a € 4, — nodepynna epynnor G
B<C. be B PY PY

moeoa u moavko moeda, koeda Ax B = B x A.

moA«B=<{axb {

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Hano nokasatb coBnanenue nsyx MHoxkecTB. Kak 210 cnenars? EcTtb
TPU pacnpocTpaHeHHbIX criocoba. [lepBbll — MpoBepUTh, UTO MepBOe
MHO?KECTBO COJIEPXKHUTCS BO BTOPOM, a BTOpoe nepBoM. BTopo# — 3KBHU-
BaJICHTHbIMU aJirebpanueckKuMu NpeoOpasoBaHUSIMU PUBECTH BblpaxKke-
HHE B JIEBOK U MPAaBOH UaCTAX JI0KA3bIBAEMOI0 PaBEHCTBA K OJIMHAKOBOMY
BUILY. TpeTHil — «OT MPOTUBHOTO>.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <G, a € 4, — nodepynna epynnor G
B<C. be B PY PY

moeoa u moavko moeda, koeda Ax B = B x A.

moA«B=<{axb {

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Hano nokasatb coBnanenue nsyx MHoxkecTB. Kak 210 cnenars? EcTtb
TPU pacnpocTpaHeHHbIX criocoba. [lepBbll — MpoBepUTh, UTO MepBOe
MHO?KECTBO COJIEPXKHUTCS BO BTOPOM, a BTOpoe nepBoM. BTopo# — 3KBHU-
BaJICHTHbIMU aJirebpanueckKuMu NpeoOpasoBaHUSIMU PUBECTH BblpaxKke-
HHE B JIEBOK U MPAaBOH UaCTAX JI0KA3bIBAEMOI0 PaBEHCTBA K OJIMHAKOBOMY
BUILY. TpeTHil — «OT MPOTUBHOTO>.

[[pyMeHUM nepBbIld METO/L.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.
Kak nokasarb, uto B * A aBJsieTcst TOAMHOXKeCTBOM B A * B?



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <@, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Kak nokasarb, uto B * A gaBasiercst noaMHoxKecTBoOM B A *x B? HMc-
MoJIb3yeM ofpeaeJeHre NOJAMHOXKeCTBa.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <@, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Kak nokasarb, utro B *x A sBasiercst moaMHoxkectBoMm B A x B? Hc-
noJb3yeM ofnpeaeneHue noaMmHoxecrsa. Mrtak, muoxxectso U siBJisI-
eTCA MOJIMHOXKECTBOM B V', €CJIH BCAKUH 3JieMeHT U3 U coepkurcs B V',



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A<G, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

BosbMeM MPOU3BOJIbHBIA 3JIEMEHT b * a, rjie b — 3J1eMeHT U3 B, u a —
saemeHT U3 A. Torna a’ * b’ conepxkurcesi B A * B, ¥, TOCKOJIbKY A * B —
noarpynmna, o (a’ * b’)’ Toxxe conepxutcsi B A * B.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <@, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

BosbMeM MpPOU3BOJIbHBIM 3JIeMEHT b * a, Tiae b — 3JeMeHT u3 B, U a
— sJieMeHT U3 A. Torna a’ = b’ conepxkuresi B A % B, U, NOCKOJIbKY A *
B — noxarpynna, to (a’ x b') Toxke conepxutcsi B A x B. Ho, coryiacHo
TeopemMe 00 MHBOJIOTUBHOCTH onepaLuu oopalleHUus U Teopeme 00
ajJileMeHTe, 00paTHOM K Npou3BeeHuIo, (a’ x b') = b x a. 3HauuT b * a
NEHCTBUTENLHO cojlepKUTCA B A x B, T.e. Ax B C B x A.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

{AgG, a € A,

bven (O nodepynna epynnol G

B <G,

moeoa u moavko moeda, koeda Ax B = B x A.

moA«B=<{axb {

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Jlna nokasarenbctBa BKJtoueHus B x A C A x B J1ocTaTOYHO 3ame-
THUTh, UTO BCSIKHH 3J1eMeHT U3 A * B npejictaBuM B Buje a’ x b’ 1151 o1~
XOASALIMX 3J1eMeHTOB a U3 A u b us B.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A<G, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3zareabctBo. Heobxomumocth. Ilycth A% B — noarpynna
rpynnbl G. Hano nokasatb, uto A « B = B x A.

Jlna nokasarenbctBa BKJtoueHus B x A C A x B J1ocTaTOYHO 3ame-
THUTh, UTO BCSIKHH 3J1eMeHT U3 A * B npejictaBuM B Buje a’ x b’ 1151 o1~
XOASALIMX 3J1eMeHTOB a U3 A u b us B.

[IpoBoasi Tenepb Te ke pacCy»KJAEHHUS, UTO W B MPEIbIIYLIEM CJy-
uae, nNoJyunM tpebyemoe BKJtoueHue. 3Hauut, A x B = B x A, HeoOXo-
JMMOCTb JIOKA3aHa.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Joka3areabcTBo. /[loctatouHocTb. [lycth A * B = B % A.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A < Gv a < A, 0D o
B é G’ b c B epyrina epyririol

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Hoka3areabcTBo. JloctatouHocTb. [1ycth A x B = B * A. CoryiacHo
KPUTEPHIO MOJIrPYIIbl, JOCTATOUYHO MPOBEPHUTD, UTO (a * b) * (¢ x d) U (a *
b) conepxarcs B A x B 1151 s51eMeHToB a, cu3 An b, d u3 B.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Hoka3areabcTBo. /loctatouHoctb. [lycth A %« B = B x A. Corsac-
HO KPUTEPHIO MOJArPYIIbI, 1I0CTATOUHO MPOBEPHTD, UTO (a * b) * (c* d)
(a x b)' conepxarcst B A x B 1Ji1d 371eMeHTOB a,c u3 A u b, d uz B. Tak
Kak Ax B=Bx A, 10 b*c=x*y 15 noaxojasuiero x u3 A u y u3 B.
[TosTomy



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Hoka3areabcTBo. /loctatouHoctb. [lycth A %« B = B x A. Corsac-
HO KPUTEPHIO MOJArPYIIbI, 1I0CTATOUHO MPOBEPHTD, UTO (a * b) * (c* d)
(a x b)' conepxarcst B A x B 1Ji1d 371eMeHTOB a,c u3 A u b, d uz B. Tak
Kak Ax B=Bx A, 10 b*c=x*y 15 noaxojasuiero x u3 A u y u3 B.
[TosTomy

(axb)*(cxd)=ax*x(bxc)xd=ax*(x*xy)*xd=(a*xx)x*(y*d)

— 3J1eMeHT U3 A x B.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A LG, a € A, — noodepynna epynnol G
B<C. be B Py Py

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<axb

Hoka3areabcTBo. JloctatouHocTb. [1ycth A x B = B * A. CoryiacHo
KPUTEPHIO MOJIrPYIIbl, JOCTATOUYHO MPOBEPHUTD, UTO (a * b) * (¢ x d) U (a *
b) conepxarcs B A x B 1151 s51eMeHToB a, cu3 An b, d u3 B.

Mrak, nokasaHo, uto (a * b) * (¢ * d) coneputrcsi B A * B.



[11.2.1. Teopema o npou3BeleHUH KOMMYTUPYIOLLUX MOArPYMI

Teopema 22 (0 npou3BeeHMU KOMMYTUPYIOUWUX noarpynn). Ecau

A <@, a € A,
B <@, be B

moeoa u moavko moeda, koeda Ax B = B x A.

moAxB=<¢axb { — nodepynna epynnot G

Hoka3areabcTBo. JloctatouHocTb. [1ycth A x B = B * A. CoryiacHo
KPUTEPHIO MOJIrPYIIbl, JOCTATOUYHO MPOBEPHUTD, UTO (a * b) * (¢ x d) U (a *
b) conepxarcs B A x B 1151 s51eMeHToB a, cu3 An b, d u3 B.

Mrak, nokasaHo, uto (a * b) * (¢ * d) coneputrcsi B A * B.

Hakonell, mo akcHome cCyllecTBOBaHMsi 0OpaTHOrO  3JieMeHTa
(axb) =b*a =wuxv, rneu—mu3A, v— 3jeMeHT U3 B.

Teopema nokasana.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

SBAMEYAHUME. OueBugHo, uTO B YCJOBHAX 3TOH TeOpPEMbI
Ax B = B x A(cM. 10Ka3aTeJbCTBO TEOPEMBI ).



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

JloKa3aTeJbCTBO.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Jloka3aTeabCcTBO. BHOBb HaJI0 IOKa3aTh COBMNAJIEHHE ABYX MHOXKECTB:
Au A« B.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Jloka3aTeabCcTBO. BHOBb HaJI0 IOKa3aTh COBMNAJIEHHE ABYX MHOXKECTB:
AunAxB.

Jlokaxkem, uto A BkJtouaercsi B A * B. Bo3bMeM Npou3BOJIbHbIH 3J1e-
MeHT u3 A.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Joka3arenabcTBO. BHOBb HA/I0 I0Ka3aTh COBMAJACHUE JIBYX MHOXKECTB:
AuAxB.

Jlokaxkem, uto A BkJtouaercsi B A * B. Bo3bMeM Npou3BOJIbHbIH 3J1e-
MeHT U3 A. DJeMeHT e coJiepKUTCcs B B, MOCKOJbKY B — mnojarpynna.
[ToaTOMy 37eMeHT a cojepKuTest B A * B, TaK Kak ero Mo>KHO Mpejcra-
BUTb B BUJIE @ * €, @ — 3JeMeHT U3 A, e — 3JileMeHT u3 B.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Joka3arenabcTBO. BHOBb HA/I0 I0Ka3aTh COBMAJACHUE JIBYX MHOXKECTB:
AuAxB.

Jlokaxkem, uto A BkJtouaercsi B A * B. Bo3bMeM Npou3BOJIbHbIH 3J1e-
MeHT U3 A. DJeMeHT e coJiepKUTCcs B B, MOCKOJbKY B — mnojarpynna.
[ToaTOMy 37eMeHT a cojepKuTest B A * B, TaK Kak ero Mo>KHO Mpejcra-
BUTb B BUJIE @ * €, @ — 3JeMeHT U3 A, e — 3JileMeHT u3 B.

Jlokaszano Bkmouenue A C A x B.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Jloka3aTeabCcTBO. BHOBb HaJI0 IOKa3aTh COBMNAJIEHHE ABYX MHOXKECTB:
AuAxB.
OcTaJioch MpoBepUTh, UTo A * B BKJtouaercsi B A.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-
acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Joka3arenabcTBO. BHOBb HA/I0 I0Ka3aTh COBMAJACHUE JIBYX MHOXKECTB:
AuAxB.

OcTtaJjioch NPoBepPUTh, UTO A * B BkJtouaetcs B A. BosbmeM ssiemMeHT
axb, a—wu3 A, b—wusB.Ho B — noarpynnaB A, 103TOMy 3JieMeHT
b conepkutcs B A.



[11.2.2. Teopema o npou3BeleHHMHU HHUMAEHTHbIX MOATrPYMI

Teopema 23 (o0 npousBeneHUMU MHUMAEGHTHBIX noarpynn). [{ycmes A
— nodepynna epynnol G, B — nodepynna epynnot A. Toeda mHo-

acecmso A x B, pasroe, no onpedeneriio, {a xb|(a € A& e B)}
cosnadaem c A.

Joka3arenabcTBO. BHOBb HA/I0 I0Ka3aTh COBMAJACHUE JIBYX MHOXKECTB:
AuAxB.

OcTtaJjioch NPoBepPUTh, UTO A * B BkJtouaetcs B A. BosbmeM ssiemMeHT
axb, a—mwu3A, b—u3 B.Ho B — noarpynna B A, nostomy sJie-
MeHT b conepxkutes B A. Takum o6pas3om a * b — 3jeMeHT u3 A, uto u
Tpe6GOBaJIOCh POBEPUTD JIJISI OKOHUAHHUS I0Ka3aTesbCTBA.

Teopema nokasana.



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo

npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO

ecau AN B ={e}.

ILO Ka3aTEJdbCTBO.



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

Jloka3areabcTBO HeoOXoaumocTH. [1ycTh B passioKeHHH g = a * b
MHOKHUTEJIH ONpeaensioTess oJHo3HauHo. [lepeBeneM 3TO yTBep:KieHHE
Ha «513bIK PABEHCTB U HEPABEHCTB»:



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo

npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO

ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

al*blzag*bg = {



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

ap = ag,

al*blzag*bg = {bl—bg.

Torna
g€ ANB,



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

ap = ay,
xb = a9 *x by =
ai 1 ag 2 {51—62.
Torna
g€ ANB,
_ — :>
9= 9 "



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

ap = a
by = by = ’
a1 % 01 = a2 * 02 {51—62.
Torna
g€ ANB,
g=_9 e_=C_* 9, =



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

a; = ay,

al*blzag*bg = {bl—bg.

Torna



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

ap = ag,

&1*b1:a2*b2 = {bl—bz.

Torna



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

ap = ay,
by = by =
ai * 01 ag * 09 {bl—bz.
Torna
g€ ANB,
B B N g =e,
9 g *\c;/—\c;/*\g/ {eg.



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

ILO Ka3aTe€JdbCTBO HCOﬁXO}ll/lMOCTl/l.

ap = ay,
by = by =
ai * 01 a9 * 09 {51—62.
Torna
g€ ANB,
B B N g =e,
9 g *\c;/—\c;/*\g/ {eg.

HeobxonumocTs noKa3aHa.



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo

npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO

ecau AN B ={e}.
Jloka3aTeJbCTBO 10CTaTOYHOCTH. [TycThb

geANB = g=ce¢.



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

Jloka3aTeabCcTBO A0CTaTOYHOCTH. [TycTh
geANB = g=ce¢.

Torna

g = a1xby = agsxby =



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

Jloka3aTeabCcTBO A0CTaTOYHOCTH. [TycTh
geANB = g=ce¢.

Torna

g:al*blzag*bg — aé*alzbZ*bi =
A B



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

Jloka3aTeabCcTBO A0CTaTOYHOCTH. [TycTh
geANB = g=ce¢.

Torna
ah * a; = e,

=
by * b = e.

g:al*blzag*bg = aé*alzbZ*bi =
A B



[11.2.3. Teopema 06 0JHO3HAUYHOCTHU Pa3J0KEHHS 3JeMeHTa

Teopema 24 (06 0qHO3HAYHOCTH pa3JoKeHUs djgemeHTa). [lycmeo
npouszsedenue nodepynn A u B epynnot G asaaemcsa nodepyn-
noti. Toeda npedcmasaenue 1106020 sremenma g u3 Ax B 8 sude
g=axb ecleac A be B, bydem 00HO3HAUHBbIM eCAU U MOAbKO
ecau AN B ={e}.

Jloka3aTeabCcTBO A0CTaTOYHOCTH. [TycTh
geANB = g=ce¢.

Torna

ah * a; = e, {alzag,

g = a1xby = agsxby = a2*a1,_\b2*b/1 = { b2>l<b/2=€. by = bo.

A B

TeopeMa JOKa3adHa.



[11.3. [lpssmoe npou3BeaeHue NOArpymm

Teopema 006 01HO3HAYHOCTH Pa3JOKEHUSI dJEeMEHTa I03BOJISET
BbIIE/IUTh BaXKHbIH CJydad npousBeleHust noarpynn. MoxkHo npeaso-
YKUTb JIBe U30MOP(HbIE, HO HE PaBHble KOHCTPYKIIMH: BHYTPeHHee Mpsi-
Moe Mpou3BeaeHHUe MOArpynn ¥ BHellHee MpsiMoe Npou3BeleHue

rpymi.



[11.3.1. BHyTpeHHee npsimoe NpouU3BeJeHUE

Onpenenenue 19. [lycmo Au B — nodepynnot epynnot G, npuuem
AN B ={e} u daa nmobovix a € A, b € B 8o1noansemcsa paseHcmaso
a*xb=>bxa. Toeda npoussedenue Ax B nodepynn A u B Ha3vi8aem-
c (BHYTPEHHUM) NpPSAMbIM NPOU3BEAEHUEM U 0003HAUACMCA KAK
A x B.



[11.3.1. BHyTpeHHee npsimoe NpouU3BeJeHUE

Onpenenenue 19. [lycmo Au B — nodepynnot epynnot G, npuuem
AN B ={e} u daa nmobovix a € A, b € B 8o1noansemcsa paseHcmaso
a*xb=>bxa. Toeda npoussedenue Ax B nodepynn A u B Ha3vi8aem-
c (BHYTPEHHUM) NpPSAMbIM NPOU3BEAEHUEM U 0003HAUACMCA KAK
A x B.

Teopema 25 (0 BHyTpeHHeM NpSAMOM NpOU3BeeHUU NOArpyni).
Brympennee npamoe npousgederue nodepynn A u B epynnot G
ABALeMCS 2pYNNoll, npudem npedcmasienue dsemenma u3 A x B 8
gude a x b onpedeasemca 00dH03HAUHO.

Jloka3aTeJbCTBO.



[11.3.1. BHyTpeHHee npsimoe NpouU3BeJeHUE

Onpenenenue 19. [lycmo Au B — nodepynnot epynnot G, npuuem
AN B ={e} u daa nmobovix a € A, b € B 8o1noansemcsa paseHcmaso
a*xb=>bxa. Toeda npoussedenue Ax B nodepynn A u B Ha3vi8aem-
c (BHYTPEHHUM) MPSIMbIM NpPOU3BEJEHUEM U 0003HaAUACMCA KAK

A x B.

Teopema 25 (0 BHyTpeHHeM NpSAMOM NpOU3BeeHUU NOArpyni).
Brympennee npamoe npousgederue nodepynn A u B epynnot G
ABALeMCS 2pYNNoll, npudem npedcmasienue dsemenma u3 A x B 8
gude a x b onpedeasemcs 00HO3HAUHO.

ILOKaSaTe.HbCTBO. DTO oyeBHUIHOE CJEACTBUE TEOPEMbI O NMPOU3BE-
A€HUHU KOMMYTUPYHROLIHUX NMOArpynimn U1 TCOPEMbI 00 OJHO3HAQYHOCTH
pPa3J02XKE€HUA 3JEMEHTA.



[11.3.2. Teopema o npsiMOM NpoU3BeJde€HHMHU HOPMAaJbHbIX MOJ-
rpynn

Teopema 26 (o npssMOM Npou3BeI€HUU HOPMAJIbHBIX MOATPYMIT).
Ecau A u B — Hopmarvrole nodepynnoet epynnot G, u AN B = {e},
mo npoussederue epynn A u B asasemcsa npAamoim npoudsedenu-
em.

ILO Ka3aTEJdbCTBO.



[11.3.2. Teopema o npsiMOM NpoU3BeJde€HHMHU HOPMAaJbHbIX MOJ-
rpynn

Teopema 26 (o npssMOM Npou3BeI€HUU HOPMAJIbHBIX MOATPYMIT).
Ecau A u B — Hopmaavrole nodepynnoel epynnet G, u AN B = {e},
mo npoussederue epynn A u B asasemcsa npAamoim npoudsedenu-
em.

Jloka3arteqabcTBO. [10 KpUTEPUIO HOPMATBLHOCTH MOArPYIIbI HMe-
em, uto [A, B] < [A,G] < Au A, B] < |G, B] < B, otkyna



[11.3.2. Teopema o npsiMOM NpoU3BeJde€HHMHU HOPMAaJbHbIX MOJ-
rpynn

Teopema 26 (o npssMOM Npou3BeI€HUU HOPMAJIbHBIX MOATPYMIT).
Ecau A u B — Hopmaavrole nodepynnoel epynnet G, u AN B = {e},
mo npoussederue epynn A u B asasemcsa npAamoim npoudsedenu-
em.

Jloka3ateabctBo. [lo kputepuio HoOpMaibHOCTH MOArPYIN-
nol umeeMm, uto [A, B] <[A,G]< A u [A B] <|G,B] < B, ortkyna
A, B] < AN B = {e}, uto u TpeGoBaJIOCh 10Ka3aTh.



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

JloKa3aTeJbCTBO.



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((al, b1) * (as, bg)) % (az, by) =



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (a®c, bod). (9)
Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((@1, 1) * (a2, b2) ) * (a3, bs) = (a1 @ @z, by 0 bo) % (a5, bg) =



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (a®c, bod). (9)
Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((@1, 1) * (a2, b2) ) * (a3, bs) = (a1 @ @z, by 0 bo) % (a5, bg) =

— ((Ch ®ay)eay, (bioby)o b2> B



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (a®c, bod). (9)
Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((@1, 1) * (a2, b2) ) * (a3, bs) = (a1 @ @z, by 0 bo) % (a5, bg) =

_ ((Cll ® as) ® ay, (byoby)o b2> — (a1 o (ay ®as), byo(byo bg)) —



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (a®c, bod). (9)
Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((@1, 1) * (a2, b2) ) * (a3, bs) = (a1 @ @z, by 0 bo) % (a5, bg) =

_ ((Cll ® as) ® ay, (byoby)o b2> — (a1 o (ay ®as), byo(byo bg)) —

= (al, bl) * (CLQ ® (3, bQ O bg) =



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (a®c, bod). (9)
Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((@1, 1) * (a2, b2) ) * (a3, bs) = (a1 @ @z, by 0 bo) % (a5, bg) =

_ ((Cll ® as) ® ay, (byoby)o b2> — (a1 o (ay ®as), byo(byo bg)) —

— (a1, b1) * (a3 ® az, by o by) = (a1, by) * ((ag, bo) * (a3, bg)) |



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (a®c, bod). (9)
Joka3areabcTBO. [[poBEepUM acCOMATUBHOCTD:

((@1, 1) * (a2, b2) ) * (a3, bs) = (a1 @ @z, by 0 bo) % (a5, bg) =

_ ((Cll ® as) ® ay, (byoby)o b2> — (a1 o (ay ®as), byo(byo bg)) —

= (ay,b1) * (a2 ® ag, by o bs) = (a1, by) * ((ag, be) * (as, b3)> .

ACCO[ll/laTI/IBHOCTb JOKd3dHa.



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Jloka3aTtejbcTBO. HelTpaibHbIM 2J1eMEHTOM SIBJISIETCS, OUEBUJIHO,



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Jloka3aTtejbcTBO. HelTpaibHbIM 2J1eMEHTOM SIBJISIETCS, OUEBUJIHO,
(e4, ep), THE €4 — HEUTPAJILHBIH 3JIEMEHT IPYNIbl A, e — HeHTpaJb-
HbIA 9JIEMEHT IpynIibl 5.



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Hoka3areabcTBo. Hakonel, K sjeMeHTy (a, b) 00paTHbIM sIBJsIeTCS

yHOpHILOIIeHHaH Hapa
(av b)/ —



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Hoka3areabcTBo. Hakonel, K sjeMeHTy (a, b) 00paTHbIM sIBJsIeTCS

yropsiloueHHas napa
(a, b) = (d', V).



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Teopema nokasana.



[11.3.3. BHewmHee npssMoe npou3BeaeHue

Teopema 27 (0 BHewiHeM nNpsiMOM npou3BeaAeHuu rpynn). [{ycmo A
u B — epynnol ¢ epynnoseimu onepayuiami ® u, COOmMaenicmeaeH-
Ho, o. Toeda dexapmoso npoussederue A X B asasemcs epynnotl
ONMHOCUMENbHO Onepayul x, 2oe

(a,b) * (¢,d) = (aec, bod). (9)

Onpeneaenne 20. [lycmo Au B — epynnot. Toeda dekapmoso npo-
ussederue A x B nHazvisaemcs (BHEWHUM ) NPSIMbIM MPOU3BE1EHU -
emepynn A u B.



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
NpoOu3BeACHUMN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

ILO Ka3aTEJdbCTBO.



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

Teopema 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3areabcTBO. B cuy TeopemMbl 00 0IHO3HAYHOCTU pasJioKe-
HUS 3JeMeHTa oToOpaXKeHue 1, 3ajaHHoe (POPMYJIOH

blaxb) = (a, b),rﬂe{zgg’ (10)

ABJACTCHA B3AVUMHO OJAHO3HAYHbLIM.



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3arteabcTBo. HakoHell, o onpeaejaeHn0 BHYTPEHHETro npo-
M3BEICHUS

Y ((CL1 * b1) * (ag * b2)) —



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3arteabcTBo. HakoHell, o onpeaejaeHn0 BHYTPEHHETro npo-
M3BEICHUS

w((a1*b1)*(a2*b2)) zw(al*aQ*bl*bQ) —



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3arteabcTBo. HakoHell, o onpeaejaeHn0 BHYTPEHHETro npo-
M3BEICHUS

¢((a1*b1)*(a2*b2)) zw(al*ag*bl*bg) = (al*ag, b1*bz)=



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3arteabcTBo. HakoHell, o onpeaejaeHn0 BHYTPEHHETro npo-
M3BEICHUS

¢((a1*b1)*(a2*b2)) zw(al*ag*bl*bg) = (al*ag, b1*bz)=

_ (al, b1> . (ag, b2> _



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3arteabcTBo. HakoHell, o onpeaejaeHn0 BHYTPEHHETro npo-
M3BEICHUS

¢((a1*b1)*(a2*b2)) zw(al*ag*bl*bg) = (al*ag, b1*bz) =
_ (al, b1> i (ag, b2> — b (ay % by) % (@9 % by) .



[11.3.4. Teopema 06 u3omopdHOCTH BHEUIHEr0 U BHYTPEHHErO
Npou3BeACHUN

TeopeMa 28 (06 M30MOP(HOCTH BHEILUHET0 U BHYTPEHHEro Npou3BeIeHHi ). Ecau A
u B — HnopmanrvHole nodepynnet epynnet G, u AN B ={e}, mo
npoussederue A x B nodepynn A u B uzomopgpro A x B —
BHEULHEeMY NPAMOMY npoussedeHuto nodepynn A u B.

Jloka3arteabcTBo. HakoHell, o onpeaejaeHn0 BHYTPEHHETro npo-
M3BEICHUS

¢((a1*b1)*(a2*b2)) zw(al*ag*bl*bg) = (al*ag, b1*bz) =
_ (al, b1> i (ag, b2> — b (ay % by) % (@9 % by) .

Teopema nokazana.



[11.4. Tloaynpsimoe npou3BeaeHue NOArpymnm

Teopema 29 (o noaynpsimom npousBeaeHuu noarpynn). Ecau A
u B — maxkue nodepynnoet epynnet G, umo, so-nepsoix, AN B = {e}
u, so-emopoix, A < (A, B). Toeda A+ B < G.

JloKa3aTeJbCTBO.



[11.4. Tloaynpsimoe npou3BeaeHue NOArpymnm

Teopema 29 (o noaynpsimom npousBeaeHuu noarpynn). Ecau A
u B — maxkue nodepynnoet epynnet G, umo, so-nepsoix, AN B = {e}
u, so-smopoix, A 1 (A, B). Toeda A x B < G.

Jloka3aTeabcTBO. B cuy Teopembl 0 NpOU3BeAeHUU KOMMYTUPY -
IOLMX NOArPYMNN JOCTATOUHO MPOBEPUTH, UTO A * B = B x A.



[11.4. Tloaynpsimoe npou3BeaeHue NOArpymnm

Teopema 29 (o noaynpsimom npousBeaeHuu noarpynn). Ecau A
u B — maxkue nodepynnoet epynnet G, umo, so-nepsoix, AN B = {e}
u, so-emopoix, A < (A, B). Toeda A+ B < G.

JloKa3aTeJbCTBO.

a*xb=



[11.4. Tloaynpsimoe npou3BeaeHue NOArpymnm

Teopema 29 (o noaynpsimom npousBeaeHuu noarpynn). Ecau A
u B — maxkue nodepynnoet epynnet G, umo, so-nepsoix, AN B = {e}
u, so-emopoix, A < (A, B). Toeda A+ B < G.

JloKa3aTeJbCTBO.

axb=bxb xaxb=



[11.4. Tloaynpsimoe npou3BeaeHue NOArpymnm

Teopema 29 (o noaynpsimom npousBeaeHuu noarpynn). Ecau A
u B — maxkue nodepynnoet epynnet G, umo, so-nepsoix, AN B = {e}
u, so-emopoix, A < (A, B). Toeda A+ B < G.
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IV. AGeneBbl rpynnbi

PaccMoTpuM rpynibl ¢ KOMMYTaTUBHOM TPYIIIOBOH ONepaluen.
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IV.1.1. OnpeneneHve UUKJIANUECKON IPYyNbl

Onpepenenue 22. [pynna G Ha3viBaemcs UMKINYECKOU, ecau 044
HeKomopoeo aremerma g u3 G umeem

G = {g", (¢)" Ine€ N} = {g”, (9—1)n = N}.
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JloKa3aTeJbCTBO.
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Teopema 30 (o noarpynnax uuMkiauueckou rpynnsl). Jlrobasa noo-
ePYNNa UUKAUYECKOU 2PYnnol ABAAEMCA YUKAUYECKOL ePYNnol.

Hoka3areabctBo. [lyeth G = (a) u H < G.
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H Y
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Ho & — naumenbliiee noA0MNCUMEAbHOE YUCJO CO cBoHcTBOM af € H.
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IV.1.2. Teopema o noarpynnax uMKJM4eCKOM rpyribl

Teopema 30 (o noarpynnax uuMkiauueckou rpynnsl). Jlrobasa noo-
ePYNNa UUKAUYECKOU 2PYnnol ABAAEMCA YUKAUYECKOL ePYNnol.

Hoka3areabctBo. [lyeth G = (a) u H < G.

BosbMeM MHHMMaJbHOE Takoe uuciio k, uto a* € H. [lycets o™ € H.
Torna al™ € H.ITo3ToMy MOXHO CUMTaTh, 4TO M > 0.

Pasnenum m Ha k c ocratkom: m = ks +r,rner € {0; 1, ...; k—1}.

Nmeem

a =a" " = a" «((d)*) e H.

Ho k — nauMenblilee noA0xcumeabHoe Yicyao co cBoiictBoM a* € H.
3uauurt, r = 0.

CJieoBaTesIbHO, ™ JIeJUTCS Haleso0 Ha k, T.e. Bce 3JieMeHTbl u3 H sB-
JISIIOTCS CTepeHsIMHU ss1eMeHTa a”. Teopema j10Ka3aHa.



IV.2. KoHeuHonopoxaeHHble abeseBbl FPYIIbl

Teopema 31 (0 cTpOCHUM KOHEUHONOPOKIAEHHOU abe . rpynnbl).
Jllobas abenesa epynna ¢ KOHEUHbIM HUCAOM MOPOHCOAIOULUX
9NeMEeHMO8 NPedCmasuma 8 8ude NPAM0O20 NPOU3BEOeHU YUKAU-

YecKux epynn.



V. uapomopduambl 1 aBTOMOP(U3MbI TPy
Kakune romomopdusmbl rpynn HauboJsee nepcrneKTUBHbI 1J151 U3Y-
yeHus?



V. uapomopdusmbl U aBTOMOpGH3MbI rpymnn
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yeHus?
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ny GG Ha cebs1. Takue romoMophH3Mbl Ha3bIBAIOTCS IHAOMOP(U3MAMU.

DHIO0MOP(]PU3MbI, KOTOpbIE SIBASIOTCS M30MOP(MU3MaMM, HA3bIBAKOTCS
aBTOMOp(U3MaMH.



V. uapomopdusmbl U aBTOMOpGH3MbI rpymnn

Kakue romomopduambl rpynn HauboJiee nepcrneKTUBHbI 1151 U3Y-
yeHus?

Crparerusi IpMOPUTETHOTO U3YYE€HUS IKCTPEMaAJbHbIX CUTYaLUH
MO3BOJISIET BbIJIEJNUThL CJAydyal, Koraa roMmoMophusM oToOparkaeT rpyr-
ny GG Ha cebs1. Takue romoMophH3Mbl Ha3bIBAIOTCS IHAOMOP(U3MAMU.

DHIO0MOP(]PU3MbI, KOTOpbIE SIBASIOTCS M30MOP(MU3MaMM, HA3bIBAKOTCS
aBTOMOp(U3MaMH.

Kak pesy/bTaT NpuMeHeHHs cTpaTeruv nocTpoeHust MOaean MOXK-
HO MHTPENpPEeTUPOBATh UCCJEI0BaHUSI TOMOMOP(HH3MOB B OlpejieeHHble
Kjaaccol rpynn. Takue romomopdu3ambl Ha3biBalOT MpeacTaBJeHUSIMU
rpynn. B Teopuu rpynmn ocobyto poJib UrpatoT NOACTAHOBOUYHbIE Mpe-
CTaBJEHHUS TPYIII, T.€. TOMOMOP(HU3M IPYIIbl B IPYIIY MOACTAHOBOK, T.€.
rpynimy nepecTaHoBOK 3J1eMEHTOB HEKOTOPOI0 MHOXKeCTBa ).



VI. IlpencraBaenus
[lon mpeacraBaeHMeM rpynnbl TOHHMAOT TOMOMOP(MHU3M TPYIIIbI B
HEKOTOPbIH PUKCUPOBAHHbIH KJacc rpyril.



VI.1. [loacTaHOBOUYHBbIE NpeacTaBJeHHUS

Onpenenenue 23. [loacraHOBOUYHbIM MNpejacTaBieHuem epynnol. G

nasvlgaemca comomopuam epynno. G 8 epynny nepecmanosox
(nodcmanosok) .
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Onpenenenue 23. [loacraHOBOUYHbIM MNpejacTaBieHuem epynnol. G
Hasaovleaemcs comomopguam epynnot G 8 epynny nepecmarHosox
(nodcmanosok) .

Onpenenenue 24. [lodcmanosounoe npedcmasaenue F epyn-
no. G 8 epynny nepecmano8ox (nodcmanosokK) X, mHoxecmaa ()
Ha3bl8aemcs peryasipHbIiM, ecau

VweNdgeG Flgl(w) # w. (11)



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3aTreabCTBO.
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no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q= {x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)
ABAACMCA PeYNAPHOLIM NOOCMAHOBOUHbIM nNpedcmasienuem

epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3ateabcTBO. F sBisiercs romomopdusmonm: ecau {g, h} C G
Flg«xhl(z)=(g«h)xx*H=gx* (hxxxH)=Flg](hxx*x H)=
= Flg| (Flh](z)) =



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q= {x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)
ABAACMCA PeYNAPHOLIM NOOCMAHOBOUHbIM nNpedcmasienuem

epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3ateabcTBO. F sBisiercs romomopdusmonm: ecau {g, h} C G
Flg«xhl(z)=(g«h)xx*H=gx* (hxxxH)=Flg](hxx*x H)=
= Flgl (Flh](x)) = Flg] o F[h](z).



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3zareabcTBo. Hatinem sinpo romomopdusma F':



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3zareabcTBo. Hatinem sinpo romomopdusma F':
v+ H="Fgllx)=gxxxH <



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3zareabcTBo. Hatinem sinpo romomopdusma F':
r+«H=Flgl(x)=g*x+H < 3JdJheH zxh=g*xzx &



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q= {x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)
ABAACMCA PeYNAPHOLIM NOOCMAHOBOUHbIM nNpedcmasienuem

epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3zareabcTBo. Hatinem sinpo romomopdusma F':
r+«H=Flgl(x)=g*x+H < 3JdJheH zxh=g*xzx &
& dheH h=x'xgxx=



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q= {x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)
ABAACMCA PeYNAPHOLIM NOOCMAHOBOUHbIM nNpedcmasienuem

epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Jloka3zareabcTBo. Hatinem sinpo romomopdusma F':
r+«H=Flgl(x)=g*x+H < 3JdJheH zxh=g*xzx &
& dheH h=x'xgxx=g"



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Hoka3zareabctBo. Mtak, g € Ker ' <& Vre G g* € H.



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Hoka3zareabctBo. Mtak, g € Ker ' <& Vre G g* € H.
CaenoBatenbHo, Ker F' C H.



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3areabctBo. OcTajsoch nMokasartb, uto ecjiu N — Takasi HOp-
MaJibHast noarpynna rpynnst GG, uto Ker FF C N C H, 10 Ker F' = N.



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q= {x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)
ABAACMCA PeYNAPHOLIM NOOCMAHOBOUHbIM nNpedcmasienuem

epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3areabctBo. OcTajsoch nMokasartb, uto ecjiu N — Takasi HOp-
MaJibHast noarpynna rpynnst GG, uto Ker FF C N C H, 10 Ker F' = N.
[lyctb g € N.



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3ateabctBo. Ker F C N C H, ge N <G.
Flgl(x) =



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3ateabctBo. Ker F C N C H, ge N <G.
Flgl(@) = g+ H =



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3ateabctBo. Ker F C N C H, ge N <G.
Flgl(z)=gxx+«H=x*xx'xg*xx*x H



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3ateabctBo. Ker F C N C H, ge N <G.
Flgl(z)=gxx+«H=x*xx'xgxxxH CxxNx*xH=



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABAAEMCA Pe2YNAPHObIM NOOJCHMAHOBOUHbBIM nNpedcmasaeruem
epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3ateabctBo. Ker F C N C H, ge N <G.
Flglz)=gxax*xH=x*x2x'xgxx+xHCxxNxH=uxx*H.



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q= {x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)
ABAACMCA PeYNAPHOLIM NOOCMAHOBOUHbIM nNpedcmasienuem

epynnol G. flopom ecomomoppusma F asiaemcsa makcumasoHas HOp-
marvnas 8 G nodepynna epynnot H.

Joka3ateabctBo. Ker F C N C H, ge N <G.
Flgl(x)=g*xx+«H=xxa2'xgxxx H Cx* N H=xx% H. 3nauur,
g € Ker F,



VI.1.2. Teopema o peryjJsipHoM NOACTAHOBOYHOM MNpeacTaBJe€HHUHU
no nojarpynmne

Teopema 32 (o peryjsipHOM NOACTAHOBOYHOM MpPeACTABICHUU MO MO]
Ecau G — epynna, H < G, mo ¢pynkuus F', kancdomy aremenmy g
uz G conocmasaawujan nepecmanosrky Flg] Ha muoxmcecmse

Q:{x*Ha:EG}:
Flgl(x« H)=g*x* H, (12)

ABASLEMCA PeYNAPHBbIM NOOCHAHOBOUHbIM NpedcmasieHuem
epynnot G. SIopom ecomomoppusma F a6asemcs maxcumaroHas Hop-
marvnas 8 G nodepynna epynnot H.

Teopema nokazaHa.
Paccmorperb npumep?



VI.2. OnepatopHble ¥ MAaTpUYHbIE NIPEeACTABJEHUS

Onpenenenne 25. OnepatropHbiM npejacraBaeHuem epynnol G Ha-
solgaemcs eomomopguam epynnol. G 8 epynny HesvLPOHCIEeHHbLX
(m.e. ¢ HyareBoIM ADPOM) AUHEUHOLX 0Nepanopos8 MHeEH020 NPo-
cmparcmsa U 8 aunenrnoe npocmparcmso U ¢ epynnosoil onepa-
yueti «kkomnosuyus (cynepno3uyus) pynxyuii».



VI.2. OnepatopHble ¥ MAaTpUYHbIE NIPEeACTABJEHUS

Onpenenenne 25. OnepatropHbiM npejacraBaeHuem epynnol G Ha-
solgaemcs eomomopguam epynnol. G 8 epynny HesvLPOHCIEeHHbLX
(m.e. ¢ HyareBoIM ADPOM) AUHEUHOLX 0Nepanopos8 MHeEH020 NPo-
cmparcmsa U 8 aunenrnoe npocmparcmso U ¢ epynnosoil onepa-
yueti «kkomnosuyus (cynepno3uyus) pynxyuii».

Onpenenenue 26. MatpuuHbIM npeactaBieHuem epynno. G HasoL-
saemcs comomopgusm epynnol G 8 epynny GL,(F) nesotposicden-
HbLX Mampuy, pagmeprocmu n X n ¢ Koagouyuenmanu u3 nois F
C epYnnosoll onepayuetl <YyMHONCeHUe MAMPUL>.



VI.2. OnepatopHble ¥ MAaTpUYHbIE NIPEeACTABJEHUS

[Iepexo OT onepaToOpHOro NMpeACTaBJEHUS K MATPUUHOMY OCYIIECTB-
JIACTCH C TIOMOULBIO Bbl60pa 0a3ucaB [IPOCTPAHCTBE U v UCroJib30BaHusl
MaTpPHULLbl JIUHEMHOIO ONepaTopa.



VI.2. OnepatopHble ¥ MAaTpUYHbIE NIPEeACTABJEHUS
[Tepexos oT onepaTopHOro NpejacTaBJeHHsi K MATPHYHOMY OCYLIECTB-
JISIETCSI C TIOMOLBIO BbiOOpa 6asnca B mpocTpaHcTBe U ¥ HCTIOJIb30BAHHS
MaTpULbl JUHEHHOTO ONeparopa.
Ecimn A: G — AutU — oneparopHoe npeacraBieHue, b — 6a-
31 c JMHEHHOro npocTpaHcTBa U, To MaTpuuHOe npejactaBjaenue Ay,
onpeaeaeHo popmysoi: ais aoboro g € G

Au(g) = (Alg)p ;

rae Xg — mMarpuia oneparopa X B 6Gasuce B.



VI1.2.1. [IpuBoauMbie U HENPUBOAUMbIE TPeACTaBJIEHUS

Onpepnenenune 27. Onepamopnoe npedcmasae-
Hue A: G — AutU Haszeisaemcs npuBoaumbim, ecau U npeo-
cmasumo 8 sude U =V @& W, ede HeHyneBble noonpocmparcmasa
V ou W asasromea Algl-unsapuanmuoimnu oia aoboeo g € G. B
npomusHom cayuae npedcmasaienue A: G — AutU nazeisaemcs
HeNPUBOJAUMbIM.




VI1.2.1. [IpuBoauMbie U HENPUBOAUMbIE TPeACTaBJIEHUS

Onpepnenenune 27. Onepamopnoe npedcmasae-
Hue A: G — AutU Haszeisaemcs npuBoaumbim, ecau U npeo-
cmasumo 8 sude U =V @& W, ede HeHyneBble noonpocmparcmasa
V ou W asasromea Algl-unsapuanmuoimnu oia aoboeo g € G. B
npomusHom cayuae npedcmasaienue A: G — AutU nazeisaemcs
HeNPUBOJAUMbIM.

Kak cjenyer u3 paccMOTpeHHOH HUKe TeopemMbl Mauke, s onepa-
TOpHOro npejcTtaBjenusi B rpynny Aut U HeBbIp 0K A€ HHbBIX JHUHENHbIX
OrnepaTopoB JUHEHHOTrO NMPOCTPAHCTBA HAM MoJieM C KOMIIJIEKCHBIX UM~
ceJl HeMMPUBOJUMOCTb PaBHOCHJIbHA OTCYTCTBHUIO B U COOCTBEHHBIX (T.€.
OTJIMUHBIX OT U W OT HyJIeBOTO MOANpocTpaHcTBa) A|G|-nHBapUaHTHBIX
noanpoctpancTs. [loa A|G]-uHBapuaHTHBIM MOANPOCTPAHCTBOM MOHM-
MaeTCsl, €CTeCTBEHHO,



VI1.2.1. [IpuBoauMbie U HENPUBOAUMbIE TPeACTaBJIEHUS

Onpenenenue 27. OnepamopHoe npedcmasae-
Hue A: G — AutU rnaseisaemcs npuBoaumbiMm, ecau U npeo-
cmasumo 8 sude U =V & W, ede HeHyJieBble nodnpocmparcmsa
V ou W asaaromea Algl-unsapuanmuoimu oia awoboeo g € G. B
npomusHom cayuae npedcmasaierue A: G — AutU uaszvisaemcs
HENMPUBOJIUMbIM.

Kak cyieyer us paccMotpeHHo# HIXKe TeopeMbl Malike, /st orepa-
TOPHOTO NpeacTaBaenust B rpynny Aut U HeBbIPOXKIE HHBIX JUHEHHBIX
OnepaTopoB JUHEAHOTO MPOCTPAHCTBA HaJ MoJieM C KOMIJIEKCHBIX YH-
ceJl HeMPHBOJUMOCTh PABHOCHJIbHA OTCYTCTBHIO B U COGCTBEHHBIX (T.€.
OTJIMUHBIX OT U W OT HyJieBOro mnoanpocrpanctsa) A[G]-HHBapHAHTHBIX
noanpocrpancts. [Tox A[G]-uHBapHaHTHBIM MOANPOCTPAHCTBOM TOHH -
MAETCsi, ECTECTBEHHO, MOAMPOCTPAHCTRO, SIBJISIIOIIEECS
Alg]-unBapranTHbIM /151 06010 g € G.



VI1.2.2. Teopema Maike

Teopema 33 (Mawke). Cnpasgedausol caedyroujue ymsaepioeHus:
1) scakoe onepamopnoe npedcmasaenue Had nosem C Kom-
NACKCHbLX 4YUCeA IKBUBANCHIMHO NPAMOU CYMME HEnpuUsoOUMbLY
npedcmasaenuil epynnol G Hao nosem C;

2) ecau A — mampuunoe npedcmasaenue epynnot G Hao C u

keNwes A= (gl )

mo cyuiecmsyem Hesolpodcoennas mnampuya T, umo

_1 o Akxk(g) 0rnxm .
T A(g)T T (Bmxk(g) mem(Q) ’

3) ecau A: G — AutU — onepamoproe npedcmasierue epyn-
no. G 8 epynny HeB6LPONHCOEHHBLX ONepamopos AUHeuHo2o
npocmpancmsea U. V < U, npuuem 0aa awboeo g € G noonpo-
cmpancmso V. — Algl-unsapuanmmnoe, mo cywecmsyem maxoe
Algl-unsapuanmmnoe noonpocmparncmso W, umo U =V @& W.



V1.2.3. Jlemma Lllypa

Jlemma 3 (Wyp). Ilycmoe A: G — AutU, B: G— AutV —
Henpugodumole onepamopHole npedcmasaenus epynnot G 8
auretinore npocmparcmsea U u'V naod noaem F. Ecau P:U—V—
MaKou AUHel oL onepamop, 4mo

Vge G AlgloP =Po Al (13)

mo au6o P — nynresoii onepamop, aubo Ker P = {0y}



V1.2.4. IkBuBaJieHTHbIE NIPeACTABJEHUS
K OI[HHaKOBOCTb» HpGILCTaBJIGHHﬁ [TOHUMAETCHA B TEOPHUH I'PYIIIT CJIELY -
FOLIUM 00pa3oM.



V1.2.4. 9kBUBaJileHTHbIE NpeACTaBJAEHUS

Onpepnenenue 28. [Ilycmo U u V — auHellHble npocmpancmsa
Hao noasem I u G — epynna. OnepamopHrele npedcmasaeHus
A: G—AutU, u B: G — AutV Hasseisaroncs 3kBUBaJE€HTHbI-
MU, ecau cyujecmsyem makot usomopphusm (m.e. HesvLpoxcden-
Holll AUHEUHbLL onepamop) T auneiinoco npocmpancmsa U
Ha AUHelHoe npocmpamncmso V., umo

VgeGVuel (T (Alg(w)) = Bg] (T(u))) | (14)




V1.2.4. 9kBUBaJileHTHbIE NpeACTaBJAEHUS

Onpepnenenune 29. Mampuunere npedcmasaenus
A: G—GL,(F), u B: G— GL,(F) HasbiBaromcs 3KBUBa-
JeHTHbIMU, ecau cyuecmsyem maxkas mampuya T, umo

Vge G Blg)=T"' Ag) -T. (15)



V1.2.4. 9kBUBaJileHTHbIE NpeACTaBJAEHUS

B cuny teopembl 06 M30MOp(HOCTH JMHEHHOTO0 MPOCTPAHCTBA
onepaTopoB U JUHEHHOTro MPOCTPAHCTBA MaTPHUI| ONepaTopHbIe
npencraBienusa A: G — AutU, u B: G — AutV asasiorcst K-
BUBAJIEHTHbIMH TOTJIa W TOJIbKO TOT/A, KOTJA 3KBHBAJEHTHbl COOTBET-
CTBYIOLLME MATPUUHbIE MTPEICTABJEHUS, T.€. MATPUUHbIE TIPEJICTABJIEHHUS,
MOJIyUEHHbIE CJIeAYOUIUM 00pa3oM: ecan b — 6asuc JIMHEHHOTO Mpo-
ctpanctBa U, B — 6asuc JiuHelHHoro npoctpancTsa V', To MaTpUUHbIe
npenacrasaenus Ay u By onpenesnenbl popmydioit: agis atoboro g € G

Au(g) = (Algl)g, Bulg) = (Blgl)g -

rie Xp — MaTpuiia oneparopa X B 6azuce B.



VII. 3apaHue rpynn o0pa3yloumMmMm U onpeaesitoiiMiM1 OTHOLLIe-
HUSIMU
PaccmoTpuM ellle 0IMH TUMIOBOK cNocob 3alaHusl TPYMIIb.



VII. 3apaHue rpynn o0pa3yloumMmMm U onpeaesitoiiMiM1 OTHOLLIe-
HUSIMU

Teopema 34 (Auk). Ecau epynna G = {I V([)} gadaemcs cucme-
motl nopoxcdaroujux I u Hekomopoil cucmemoii Onpedersouux co-
omnowenuti V(I), a epynna H = {I W(I)} sadaemcs cucmemoll

nopoxcdarowux I u Hekomopotl cucmemoi onpedesLiowux coom-
nowenutt W(I), npuuem V(1) CW(I), mo H ecmv comomoppHroiii
obpas epynnor G, m.e. cyujecmayem makas HOPMALbHAL NODePYH-
na N epynnor G, umo H ~ G/N.



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?



	I. Ãðóïïîèäû
	II. Ãðóïïû
	II.1. Ýëåìåíòàðíûå òåîðåìû òåîðèè ãðóïï
	II.1.1. Êðèòåðèé íåéòðàëüíîãî ýëåìåíòà
	II.1.2. Òåîðåìà îá îäíîçíà÷íîñòè g'
	II.1.3. Òåîðåìà îá èíâîëþòèâíîñòè îïåðàöèè îáðàùåíèÿ
	II.1.4. Òåîðåìà îá ýëåìåíòå, îáðàòíîì ê ïðîèçâåäåíèþ

	II.2. Ïîäãðóïïà
	II.3. Êðèòåðèé ïîäãðóïïû
	II.4. Ñìåæíûå êëàññû
	II.5. Êðèòåðèé ñîâïàäåíèÿ ëåâûõ ñìåæíûõ êëàññîâ
	II.6. Ïîðÿäîê ýëåìåíòà è ïîðÿäîê êîíå÷íîé ãðóïïû
	II.7. Òåîðåìà Ëàãðàíæà
	II.8. Ñëåäñòâèÿ èç òåîðåìû Ëàãðàíæà
	II.9. Ëåììà î äåëèìîñòè íà ïîðÿäîê ýëåìåíòà
	II.10. Öåíòðàëèçàòîð è íîðìàëèçàòîð
	II.11. Òåîðåìà î öåíòðàëèçàòîðå è íîðìàëèçàòîðå
	II.12. Ïîðîæäàþùèå ýëåìåíòû
	II.13. Âíóòðåííÿÿ õàðàêòåðèçàöèÿ ïîðîæäåííîé ïîäãðóïïû
	II.14. Ñîïðÿæåííûå ýëåìåíòû. Êîììóòàòîðû. Êîììóòàíò
	II.15. Âçàèìíûé êîììóòàíò ïîäãðóïï
	II.16. Êðèòåðèé ïåðåñòàíîâî÷íîñòè ýëåìåíòîâ
	II.17. Íåêîòîðûå ñîîòíîøåíèÿ äëÿ êîììóòàòîðîâ è ñîïðÿæåííûõ ýëåìåíòîâ
	II.18. Íîðìàëüíàÿ ïîäãðóïïà
	II.19. Êðèòåðèè íîðìàëüíîñòè ïîäãðóïïû
	II.20. Ëåììà îá óìíîæåíèè ñìåæíûõ êëàññîâ ïî ïîäãðóïïå
	II.21. Òåîðåìà î ôàêòîð-ãðóïïå
	II.22. Ãîìîìîðôèçì
	II.23. Òåîðåìà îá îáðàçàõ îáðàòíîãî è íåéòðàëüíîãî ýëåìåíòîâ
	II.24. Ñîïðÿæåííûå ïîäãðóïïû
	II.25. ßäðî ãîìîìîðôèçìà
	II.26. Òåîðåìà î íîðìàëüíîñòè ÿäðà
	II.27. Åñòåñòâåííûé ãîìîìîðôèçì
	II.28. Òåîðåìû î ãîìîìîðôèçìå
	II.29. Âòîðàÿ òåîðåìà î ãîìîìîðôèçìå
	II.30. Òðåòüÿ òåîðåìà î ãîìîìîðôèçìå
	II.31. Òåîðåìà î õàðàêòåðèçàöèè êîììóòàíòà

	III. Îïåðàöèè àëãåáðû ïîäãðóïï
	III.1. Ïåðåñå÷åíèå ïîäãðóïï
	III.2. Ïðîèçâåäåíèå ïîäãðóïï
	III.2.1. Òåîðåìà î ïðîèçâåäåíèè êîììóòèðóþùèõ ïîäãðóïï
	III.2.2. Òåîðåìà î ïðîèçâåäåíèè èíöèäåíòíûõ ïîäãðóïï
	III.2.3. Òåîðåìà îá îäíîçíà÷íîñòè ðàçëîæåíèÿ ýëåìåíòà

	III.3. Ïðÿìîå ïðîèçâåäåíèå ïîäãðóïï
	III.3.1. Âíóòðåííåå ïðÿìîå ïðîèçâåäåíèå
	III.3.2. Òåîðåìà î ïðÿìîì ïðîèçâåäåíèè íîðìàëüíûõ ïîäãðóïï
	III.3.3. Âíåøíåå ïðÿìîå ïðîèçâåäåíèå
	III.3.4. Òåîðåìà îá èçîìîðôíîñòè âíåøíåãî è âíóòðåííåãî ïðîèçâåäåíèé

	III.4. Ïîëóïðÿìîå ïðîèçâåäåíèå ïîäãðóïï

	IV. Àáåëåâû ãðóïïû
	IV.1. Öèêëè÷åñêèå ãðóïïû
	IV.1.1. Îïðåäåëåíèå öèêëè÷åñêîé ãðóïïû
	IV.1.2. Òåîðåìà î ïîäãðóïïàõ öèêëè÷åñêîé ãðóïïû

	IV.2. Êîíå÷íîïîðîæäåííûå àáåëåâû ãðóïïû

	V. Ýíäîìîðôèçìû è àâòîìîðôèçìû ãðóïï
	VI. Ïðåäñòàâëåíèÿ
	VI.1. Ïîäñòàíîâî÷íûå ïðåäñòàâëåíèÿ
	VI.1.1. Ðåãóëÿðíîå ïîäñòàíîâî÷íîå ïðåäñòàâëåíèå
	VI.1.2. Òåîðåìà î ðåãóëÿðíîì ïîäñòàíîâî÷íîì ïðåäñòàâëåíèè ïî ïîäãðóïïå

	VI.2. Îïåðàòîðíûå è ìàòðè÷íûå ïðåäñòàâëåíèÿ
	VI.2.1. Ïðèâîäèìûå è íåïðèâîäèìûå ïðåäñòàâëåíèÿ
	VI.2.2. Òåîðåìà Ìàøêå
	VI.2.3. Ëåììà Øóðà
	VI.2.4. Ýêâèâàëåíòíûå ïðåäñòàâëåíèÿ


	VII. Çàäàíèå ãðóïï îáðàçóþùèìè è îïðåäåëÿþùèìè îòíîøåíèÿìè

