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I. I'pynmomabi
Kaxue yrausepcasbuble anrebpot (A; { f1; fa;...}) Hauboiee nHTEpECHBI
ISt TIepBOHAYAJILHOIO U3y YeHUst



I. I'pynmomabi

g dpopmupoBanust HOHATHIIHOTO alnapaTa Haubosee 3dhdeKkTuBHA,
cTpaTerust IPUPUTETHOIO N3y YeHIsI SKCTPEMAJIbHBIX CUTYaIlUl. « DKCTPe-
MaJIbHOCTh» 110 OTHOIIEHUIO K HOCUTE/II0 BhIPAsKaeTCs B BblJIEJIEHUN JIBYX
TUIIOB ajireOp: KOHEYHBIX, Y KOTOPBIX HOCUTeIb A KoHedeH, U1 OecKo-
HEYHBIX, ¥ KOTOPBIX HOCUTEIL A OecKoHedeH.



I. I'pynmomabi

st bopMupoBaHusl MOHSITHIHOIO anmnapara Haubojiee 3pdeKTUBHA
cTpaTerus HPUPUTETHOIO U3y YeHUsI SKCTPEeMaIbHBIX CUTYAIUN. « IKCTPE-
MaJIbHOCTh» 110 OTHOIIEHUIO K HOCUTE/II0 BhIPAsKaeTCs B BblJIEJIEHUN JIBYX
TUIIOB ajireOp: KOHEYHBIX, Y KOTOPBIX HOCUTeIb A KoHedeH, U1 OecKo-
HEYHBIX, Y KOTOPBIX HOCUTE/IL A OeCcKOHEeUeH.

«IKCTPEMAJILHOCTEY 110 OTHOIIEHUIO K Habopy omepamuil cOCTOUT B
U3yUeHnn aJredp ¢ oJIHOI onepaliueit. Ayiredpbl ¢ 0J(HOI YHAPHOIT orlepa-
el okasainuch He CJMUIIKOM UHTePECHbI.



I. I'pynmomabi

st bopMupoBaHusl MOHSITHIHOIO anmnapara Haubojiee 3pdeKTUBHA
cTpaTerus HPUPUTETHOIO U3y YeHUsI SKCTPEeMaIbHBIX CUTYAIUN. « IKCTPE-
MaJIbHOCTB» 110 OTHOIIEHWIO K HOCUTEIIO BBIPAXKAECTCS B BBIJICICHUN IBYX
TUIIOB ajireOp: KOHEYHBIX, Y KOTOPBIX HOCUTeIb A KoHedeH, U1 OecKo-
HEYHBIX, Y KOTOPBIX HOCUTE/IL A OeCcKOHEeUeH.

«IKCTPEMAJILHOCTEY 110 OTHOIIEHUIO K Habopy omepamuil cOCTOUT B
U3yUeHnn aJredp ¢ oJIHOI onepaliueit. Ayiredpbl ¢ 0J(HOI YHAPHOIT orlepa-
el okasainuch He CJMUIIKOM UHTePECHbI.

SHaYNTe bHO OoJiee ODOTATHIN MaTepuaJs MpeJoCTaBUIN aaredpbl ¢ O/
HOI OMHAPHOI onepalueil, Ha3blBaeMble TPYIIIONIaMU. Halle BCero Mbl
paboTaJi ¢ olepanusgMu, 00J1aJJalolUMUI CBOMCTBOM aCCOIMATUBHOCTH,
MO3BOJIAIONIUMI He 3a00TUThCS O PACIOJOYKEHNN CKOOOK B BBIPayKEHUAX
tina a - b - ¢. [Tosromy Takme rpynmnon/ibl Moy duiIn cleluaibHoe Ha3Bar~
HUe — MOJIyT'PYIIIIbI.



I. I'pynmomabi

Omnpenesienne 1. I'pynnoud (G;{x}) ¢ odnot dsymecmnoti oneparu-
ell * HaA3b6aAeMcs MOJIYTPYHIIION, ecat Ima onepayus AGAACMCA ACCO-
yuamuenot, m.e. euinoansemcs moocdecmeso: (a*xb)x c=ax (b*c).



II. I'pynmbl

Omnpepnesienue 2. ['pynnioit nasveaemes muoocecmso G ¢ onpedenen-
HOt Ha Hem ONePauuets *, YooBAECMBOPAIOWAL CACOYIOWUM MPEM YCAO-
BUAM (AKCUOMAM 2DYNNoL):

ACCOIMATUBHOCTD: (T * ) * 2 = T * (Y * 2);

CyIleCTBOBaHNE HENTpaJJbHOTO djeMeHTa: ¢ G cyuecmeyem marot
INEMEHM, €, YMO g * € = e % g = g 04 N100020 Inemenma g u3 G;

cyHiecTBOBaHIE OOpaTHOIrO 3JieMeHTAa: dad 1100020 Jsemenma g
u3 G natidemes maxot anemenm g, wmo g * ¢ = e.

Oaemenm g nasvieaemcs oOPAMHBIM % ¢.



II. I'pynmbl

Omnpepnesienue 2. ['pynnioit nasveaemes muoocecmso G ¢ onpedenen-
HOt Ha Hem ONePauuets *, YooBAECMBOPAIOWAL CACOYIOWUM MPEM YCAO-
BUAM (AKCUOMAM 2DYNNoL):

ACCOIMATUBHOCTD: (T * ) * 2 = T * (Y * 2);

CyIleCTBOBaHNE HENTpaJJbHOTO djeMeHTa: ¢ G cyuecmeyem marot
INEMEHM, €, YMO g * € = e % g = g 04 N100020 Inemenma g u3 G;

cyHiecTBOBaHIE OOpaTHOIrO 3JieMeHTAa: dad 1100020 Jsemenma g
u3 G natidemes maxot anemenm g, wmo g * ¢ = e.

Oaemenm g nasvieaemcs oOPAMHBIM % ¢.

B MyJIbTHIIMKATUBHON 3alliCch 3JIeMEHT, 0OpaTHbIl K ¢, 0OBITHO 000-
3HauaeTcs depes ¢ 1. B aaauTusHoil samcy — depes (—g).



I1.1. DemenTapHbie TeopeMbl TEOPUN I'PyHII

Omnpepnesienue 2. ['pynnioit nasveaemes muoocecmso G ¢ onpedenen-
HOt Ha Hem ONePauuets *, YooBAECMBOPAIOWAL CACOYIOWUM MPEM YCAO-
BUAM (AKCUOMAM 2DYNNoL):

ACCOIMATUBHOCTD: (T * ) * 2 = T * (Y * 2);

CyIleCTBOBaHNE HENTpaJJbHOTO djeMeHTa: ¢ G cyuecmeyem marot
INEMEHM, €, YMO g * € = e % g = g 04 N100020 Inemenma g u3 G;

cyHiecTBOBaHIE OOpaTHOIrO 3JieMeHTAa: dad 1100020 Jsemenma g
u3 G natidemes maxot anemenm g, wmo g * ¢ = e.

Oaemenm g nasvieaemcs oOPAMHBIM % ¢.

OBGBbITHO U3y YeHre HOBOTO TIOHSITHSI OCYIECTB/ISIETCST WHIYKTUBHO (pac-
CMOTpEHHEM TTPUMEDOB) WK JIeJYyKTUBHO (aHAIN3 OIPeJIeIeHNsT, TOKa-
3aTe/IbCTBO TEOPEM ).



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

Jloka3aTeJabCTBO.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

HokazareabcTBO. HeobOxommMocTs odeBHIHA.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JloKaykeM JJOCTATOYHOCTD.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.

g= (g*z)



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.

gdxg=4¢ *(g*z)



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G- 8uINOANAECNCA PABEHCMBO G* T = ¢ UM T* g = (¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.
/ /
=g *xg=9g*(g*z)=

Ho seBast yacTh paBeHCTBa paBHa € COIVIACHO aKCHMOMeE CYIeCTBOBAa-
HIg oOpaTHOTO 3JIEMEHTA.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G- 8uINOANAECNCA PABEHCMBO G* T = ¢ UM T* g = (¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.
/ /
e=g*xg=g*(g*x)=

Ho seBast yacTh paBeHCTBa paBHa € COIVIACHO aKCHMOMeE CYIeCTBOBAa-
HIg oOpaTHOTO 3JIEMEHTA.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G- 8uINOANAECNCA PABEHCMBO G* T = ¢ UM T* g = (¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.
/ /
e=g*xg=g*(g*x)=

[TpaByio JacThb paBeHCTBa IIpeodpa3yeM ¢ IOMOIIHI0 AaKCHOMBI aCCOIIN-
ATUBHOCTM.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G- 8uINOANAECNCA PABEHCMBO G* T = ¢ UM T* g = (¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.
e=gxg=gx(gra)=(grg)xz=

[TpaByio JacThb paBeHCTBa IIpeodpa3yeM ¢ IOMOIIHI0 AKCHOMBI aCCOIIN-
ATUBHOCTM.



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.

e=gxg=gx(gxx)=(¢*xg)xx=ecxx=



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.

e=grg=gx(grr)=(9*g)xz=cxx=u



11.1.1. Kpurepnii HelAiTpaJIbHOrO dJiIEMEHTAa

Teopema 1. x = e mozda u moavko mozda, xo2da dis HEKOMOPO20 INeE-
menma g u3 G' 8bINOAHAECNCA PABEHCMBO G* T = ¢ UM T* g = ¢.

JlokazaTeabcTBO. JlokarkeMm joctaTodnocTh. [lyers g x x = g.
e=gxg=gx(gxx)=(¢*xg)xx=ec*xx =1

CiesoBaTe/ibHO, T = €, YTO U TPeDOBAJIOCH JI0KA3ATh.
Caydaii x *x g = g pa3zdupaercd aHAJOTUIHO.



I1.1.2. Teopema 06 ogHO3HAYIHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

JloKa3aTejibCTBO.



I1.1.2. Teopema 06 ogHO3HAYIHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

JlokazaresbcTBO. HeoOxommnmocTs. Ilyctn



I1.1.2. Teopema 06 omHO3HAYUHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

HokazareabcTBO. HeoOxomnmocts. Ilycrs x % g = e. Torna



I1.1.2. Teopema 06 omHO3HAYUHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

HokazareabcTBO. HeoOxomnmocts. Ilycrs x % g = e. Torna

(xxg)*xg =exg =



I1.1.2. Teopema 06 omHO3HAYUHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

HokazareabcTBO. HeoOxomnmocts. Ilycrs x % g = e. Torna

(xxg)xg =exg = vx(g*xg)=¢ =



I1.1.2. Teopema 06 omHO3HAYUHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

HokazareabcTBO. HeoOxomnmocts. Ilycrs x % g = e. Torna

(z*xg)xgd =exqd = xx(gxg)=¢ = vxe=¢ =



I1.1.2. Teopema 06 omHO3HAYUHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

HokazareabcTBO. HeoOxomnmocts. Ilycrs x % g = e. Torna

/

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



I1.1.2. Teopema 06 ogHO3HAYIHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

JokazarenabcTBo. locrarounocrs. Ecan x = ¢', To



I1.1.2. Teopema 06 omHO3HAYUHOCTH ¢

Teopema 2 (06 ojiHO3HAYHOCTH ¢'). T * g = e (uau g *x x = ) moada
u moavko mozada, kozda x = ¢'.

JokaszarenbcTBo. locrarounocrs. Ecin = ¢, To % g = e B cuiy
AKCHOMBI CYIIIECTBOBaHMSI 0OpaTHOIO dJIeMEHTa. TeopeMa JToKa3aHa.



I1.1.3. Teopema 06 MHBOJIIOTUBHOCTH OIlepalium odOpa-
IeHNS

Teopema 3 (06 MHBOJIIOTUBHOCTU oliepariuu obparienus). /i
1106020 anemenma t  epynnovt G umeem mecmo pasencmeo (t') = t.

JloKka3zaTebCTBO.



I1.1.3. Teopema 06 MHBOJIIOTUBHOCTH OIlepalium odOpa-
IeHNS

Teopema 3 (06 MHBOJIIOTUBHOCTU oliepariuu obparienus). /i
1100020 anemenma t  epynnwv G umeem mecmo pasencmeo (t') = t.

JlokazaTeabcTBO. Bocroiab3yemcsd TeopeMoii 00 OJHO3HAYTHO-
ctu ¢'.



I1.1.3. Teopema 06 MHBOJIIOTUBHOCTH OIlepalium odOpa-
IeHNS

Teopema 3 (06 MHBOJIIOTUBHOCTU oliepariuu obparienus). /i
1100020 anemenma t  epynnwv G umeem mecmo pasencmeo (t') = t.

JokazaTeabCcTBO. t * t' = ¢, no3romy 110 Teopeme 00 OHO3HATHO-
ctu ¢’ 3jeMenHT t siBjsieTcst 00paTHBIM K ) T.e.



I1.1.3. Teopema 06 MHBOJIIOTUBHOCTH OIlepalium odOpa-
IeHNS

Teopema 3 (06 MHBOJIIOTUBHOCTU oliepariuu obparienus). /i
1100020 anemenma t  epynnwv G umeem mecmo pasencmeo (t') = t.

JokazaTeabCcTBO. t * t' = ¢, no3romy 110 Teopeme 00 OHO3HATHO-
ctu ¢’ seMeHT t sBjsieTcs oOpaTHbIM K t', T.e. umeeMm t = (t').



I1.1.3. Teopema 06 MHBOJIIOTUBHOCTH OIlepalium odOpa-
IeHNS

Teopema 3 (06 MHBOJIIOTUBHOCTU oliepariuu obparienus). /i
1100020 anemenma t  epynnwv G umeem mecmo pasencmeo (t') = t.

JokazaTeabCcTBO. t * t' = ¢, no3romy 110 Teopeme 00 OHO3HATHO-
ctu ¢’ seMeHT t sBjsieTcs oOpaTHbIM K t', T.e. umeeMm t = (t').
Teopema jokaszaHa.



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

JloKka3zaTeabCTBO.



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-
pPATHOrO  3JIEMEeHTa  JIOCTATOYHO IPOBEPUTL OYEBUIHOE PaBEHCTBO
(xxy) = (y x2') = e. Vmeem

(wxy)(y/sa’) =



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-
pPATHOrO  3JIEMEeHTa  JIOCTATOYHO IPOBEPUTL OYEBUIHOE PaBEHCTBO
(xxy) = (y x2') = e. Vmeem

(wxy)*(y's2') = ox(y*(y'*2’)) =



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-
pPATHOrO  3JIEMEeHTa  JIOCTATOYHO IPOBEPUTL OYEBUIHOE PaBEHCTBO
(xxy) = (y x2') = e. Vmeem

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



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-
pPATHOrO  3JIEMEeHTa  JIOCTATOYHO IPOBEPUTL OYEBUIHOE PaBEHCTBO
(xxy) = (y x2') = e. Vmeem

(zxy)*(y'xx') = xx(yx(y'*2")) = zx((y*y)x2') = zx(exa’) =



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.
HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-

PATHOTO ~ 9JIEMEHTA  JOCTATOYHO —IPOBEPUTH  OUEBUHOE DPABEHCTBO
(xxy) = (y x2') = e. Vmeem

(wry)s(y xa') = wr(ys(y'xa')) = 2 ((yry)a') = wx(exa’) = wxa’ =



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.
HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-

PATHOTO ~ 9JIEMEHTA  JOCTATOYHO —IPOBEPUTH  OUEBUHOE DPABEHCTBO
(xxy) = (y x2') = e. Vmeem

(zxy)* (v x2") = zx(y*(y *x2")) = 2 ((yxy)x2") = v*x(exx’) = xxa’ = e.



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-
pPATHOrO  3JIEMEeHTa  JIOCTATOYHO IPOBEPUTL OYEBUIHOE PaBEHCTBO
(xxy) = (y x2') = e. Vmeem

(zxy)* (v x2") = zx(y*(y *x2")) = 2 ((yxy)x2") = v*x(exx’) = xxa’ = e.

Teopema goKazaHa.



I1.1.4. Teopema 00 3jieMeHTe, OOpaTHOM K IIPOU3BE/Ie-
HIIO

Teopema 4 (06 371eMeHTe, OOPATHOM K ITPOU3BEIECHUIO).
(xxy) =y *2.

HokazareabcTtBo. CornacHo TeopeMe 2 00 OJHO3HAUYHOCTH 00-
pPATHOrO  3JIEMEeHTa  JIOCTATOYHO IPOBEPUTL OYEBUIHOE PaBEHCTBO
(xxy) = (y x2') = e. Vmeem
(zxy)* (v x2") = zx(y*(y *x2")) = 2 ((yxy)x2") = v*x(exx’) = xxa’ = e.
Teopema goKazaHa.

Cornamenne 1. Ilpumenaromes caedyrouwjue obosnavenus: ecau X —
noommootcecmeso epynnot G, u g — aaremenm epynnot G, mo

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



I1.2. Tloarpynma

Omnpenenenune 3. [lodmnoocecmeo H epynnoe G nadvieaemcs MOA-

rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .



I1.2. Tloarpynma

Omnpenenenune 3. [lodmnoocecmeo H epynnoe G nadvieaemcs MOA-

rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Tor daxt, uro H — noarpynna rpyuibl GG, obosnadaercs kKak H < G,



I1.2. Tloarpynma

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Tor daxt, uro H — noarpynna rpyuibl GG, obosnadaercs kKak H < G,
Taxkum obpazom, yeinopue H < G spisiercs Oosiee cuibabiM, deM H C G.



I1.2. Tloarpynma

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Tor daxt, uro H — noarpynna rpyuibl GG, obosnadaercs kKak H < G,
Taxkum obpazom, yeinopue H < G spisiercs Oosiee cuibabiM, deM H C G.

Tor dakt, uto H < Gu H # G, 10 H < G.



I1.3. Kpurepuii noJarpynibl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H

epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af

210061 aaemenmos x uy us H anemenmov, x %y u =’ npunadaescam H,
re H rxy e H

m.e. H<G & T = , Y ’

ye H x e H

JloKa3aTeabCTBO.



I11.3. Kpurepuii noarpynmsbl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H
epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af
210061 aaemenmos x uy us H anemenmov, x %y u =’ npunadaescam H,

reH rxy e H
e. H< ’ ’
me H<G < ye H T V2 ecH

HokazareabcTBo. HeobxomMocTh 04eBrIHA.



I11.3. Kpurepuii noarpynmsbl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H
epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af
210061 anemenmos x u Yy us H anemenmor x x y u &' npunadaescam H,
reH rxy e H

m.e. H<G & = ) Y ’
ye H x e H

HokazareabcTBo. Jocrarounocts. Ecnu x *x y npunajuiexxut H ms
MoObIX x,y u3 H, To 3T0 o3HavaeT, 9To Ha H omnpegencHa omeparys .



I11.3. Kpurepuii noarpynmsbl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H
epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af
210061 aaemenmos x uy us H anemenmov, x %y u =’ npunadaescam H,
re H rxy e H
m.e. H<G & = ) Y ’
ye H x e H
HokazareabcTBo. Jocrarounocts. Ecnu x *x y npunajuiexxut H ms
MoObIX x,y u3 H, To 3T0 o3HavaeT, 9To Ha H omnpegencHa omeparys .
AcconmaTuBHOCThH BBIIOJIHAETCT BO BceM (G, a Tem Oosiee B H .



I11.3. Kpurepuii noarpynmsbl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H
epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af
210061 anemenmos x u Yy us H anemenmor x x y u &' npunadaescam H,
me H<G & x e H, = rrycH,
ye H e H
HokazareabcTBo. Jocrarounocts. Ecnu x *x y npunajuiexxut H ms
MoObIX x,y u3 H, To 3T0 o3HavaeT, 9To Ha H omnpegencHa omeparys .
AKcuoma cyniecTBoBaHIsI 0OPATHOIO 3JIEMEHTa BBIIIOJIHSIETCSI, TIOCKOJIb-
Ky B H coumepxKurcs XoTsd ObI OJUH 3JeMeHT h, U, CJIeJOBaTe/bHO,
h*h' =e — snement uz H.



I11.3. Kpurepuii noarpynmsbl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H
epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af
210061 anemenmos x u Yy us H anemenmor x x y u &' npunadaescam H,
me H<G & x e H, = rrycH,
ye H e H
HokazareabcTBo. Jocrarounocts. Ecnu x *x y npunajuiexxut H ms
MoObIX x,y u3 H, To 3T0 o3HavaeT, 9To Ha H omnpegencHa omeparys .
AKcuoma cyniecTBoBaHIsI 0OPATHOIO 3JIEMEHTa BBIIIOJIHSIETCSI, TIOCKOJIb-
Ky B H coumepxKurcs XoTsd ObI OJUH 3JeMeHT h, U, CJIeJOBaTe/bHO,
h*h' = e — snement us H. Teopema nokaszana.



I11.3. Kpurepuii noarpynmsbl

Omnpepnenenune 3. [loomnoocecmseo H epynnwe G naswvisaemces IOJI-
rpynnoii epynnot G mozda u moavko moezda, xoeda H aeasemcea 2pyn-
notl OMHOCUMENBHO 02PAHUMEHUA oneparuu * Ha H .

Teopema 5 (kpurepuii moarpymibt). Henycmoe nodmmoscecmeo H
epynnot G asasemea nodzpynnoti mozda u moavko moezda, kozda 0af
20061 dnemenmos T u Yy ud H snemenmor x xy u x’ npunadaescam H,

x e H, xxy € H,
€. < :
meH_G(:)({yeH i{x’EH )

Paccmorpers npumep?



II1.4. CwMmexkHble KJiacChl

Omnpenenenune 4. /[aa nodepynnv. H us G u anemenma g ud G mmoorce-
cmeo g x H = { gx*xh ‘ he H } HaA3bI6AEMCA JIEBBIM CMEXKHBIM KJlac-

coM 2pynno. G no H. Koauvecmeo seswix cmedncnul kaaccos epynnovt G
no nodepynne H nasweaemcs mEageKcoM noarpynnel H 6 epynne G,

u obosnavaemcsa |G H|. Mwnoocecmeo H % g = {h * ¢ ‘ h € H} HA3bl-

saemcs MPaBbIM CMEXKHBIM KJiaccoM zpynno. G no H.

Paccmorpers npumep?



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

Jloka3aTeabCTBO.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

)
HokaszaresibcTBo. 1) = 2)



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

)
HokaszaresibcTBo. 1) = 2)
[lycte x x H =y *x H.

Hajio jjokazarn, uro o’ xy € H.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

rxecxxH=yxH =



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

rxecx+xH=yxH = =xxecyxH =



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

rxecrxH=yxH = r=xxecyxH =



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

h e H,

rxecxxH=y«xH = rv=xxecyxH = dh {x—y*h.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

h e H,

rxecxxH=y«xH = rv=xxecyxH = dh {x—y*h.

r=y*xh = yxxr=heH.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[?/*1‘6[{.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

h e H,

rxecxxH=y«H = r=xxecyxH = dh {x—y*h.

r=y*xh = yxxr=heH.
3 coobpazkennit cummerpun x' *y € H.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[?/*1‘6[{.

JlokazaresibcTBO. 1) = 2)
[lycte x x H =y *x H.

he H
x*eéx*H—y*Hix—x*eey*HiElh{ <4
x =1y *h.
r=y*xh = yxxr=heH.
3 coobpazkennit cummerpun x' *y € H.

Urak, 1)=2) gokazaHzo.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

)
JokazaTesibcTBO. 2) = 3) — 0UYEBUJIHO.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

)
HokaszaresibecTBo. 3) = 1)



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

JlokazaresibCcTBO. 3) = 1) Ilycrs 2’y € H.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

B . ' xy € H, ¥ xy e H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

?
HoxkazaresiberBo. 3) = 1) Ilyers o’ xy € H.
Hasio jokazaTh pAaBEHCTBO MHOYKECTB.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 5 y xx e H.

)
HokaszaresibecTBo. 3) = 1)

«Meuray: r’xy=heH = xxH=yxH.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-

HAULA:
sy e H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.
JlokazaresibCcTBO. 3) = 1)
C
«Meuray: ¥xy=he H = {g:géz:flj



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA / /

H H
DasH=yxH: 2){33*3/6 ’ 3)[$*y€ ’

v xx € H:; Y xx € H.

)
HokaszaresibecTBo. 3) = 1)
x+xHCyxH
«Meuray: rxy=heH = — ’
4 yx H Cxx H.
W3 coobpazkeHuit cHMMETpUM JIOCTATOYHO JIOKA3aTh TOJBKO OJHO U3

BKJIIOUeHuit, nanpumep, x*x H Cy* H.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

)
HokaszaresibecTBo. 3) = 1)

«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

rxy=h = T =



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

Pxy=h => y=x*xh = =



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

¥xy=h = y=axxh = v=yxh



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

¥xy=h = y=axxh = v=yxh

SHAUNUT, T * g =



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

¥xy=h = y=axxh = v=yxh

Buauur, x*xg=y*xh *g



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[3/’*336[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

¥xy=h = y=axxh = v=yxh
BHaunT, Txg=y*xh xqg¢€
g=y Hg
€



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-
HUA

_ . ' xy € H, ' xy € H,
DwxH=yxH, w{y’*xEH; 3)[?/*1‘6[{.

JlokazaresibCcTBO. 3) = 1)
«Meuta»: 2'+sy=hec H = (x*gEaz*H = x*gEy*H).

¥xy=h = y=axxh = v=yxh
SHauntT, Txg=y*xh xqg € yx* H.
HAUNT g=1 gecuy

cH
raxk,

rxge€rx*xH = xxgeyxH,
Te xx H Cyx H.



I1.5. Kpurepuii coBnajieHnus JieBbIX CMe>KHbIX KJIACCOB

Teopema 6. /[aa nodepynnv. H pasrocusvror caedyrowue ymeepotcde-

HUA

rxye H xye H
1 H = H; 2 ’ 3 ’
) @ % y*r i ){y’*xEH; ) Y xx € H.
Jloka3aTeJabCTBO.

1) = 2) — jgokazaHo,
2) = 3) — Ji0Ka3aHo,
3) = 1) — nokasaHo.

Teopema ngokazana.



I1.6. Ilopsinok 3/ieMeHTa U IOPSAJI0K KOHEYHON I'PyHNbl

Omnpenenenne 5. ['pynna nasvieaemes KOHEIHOM, ecau epynna cocmo-
Um U3 KoHeuHo20 wucaa asremermos. IlopsikoM KOHEYHOM TI'PYIIIbI,
o6osnauaemvim |G|, nasvisaemes KoAUMECMBO INEMEHMOB IMOTL 2DYNNDL.



I1.6. Ilopsinok 3/ieMeHTa U IOPSAJI0K KOHEYHON I'PyHNbl

Omnpenenenne 5. ['pynna nasvieaemes KOHEIHOM, ecau epynna cocmo-
Um U3 KoHeuHo20 wucaa asremermos. IlopsikoM KOHEYHOM TI'PYIIIbI,
o6osnauaemvim |G|, nasvisaemes KoAUMECMBO INEMEHMOB IMOTL 2DYNNDL.

Onpenenenne 6. [osopam, wmo g — 3JIeMEeHT KOHEYHOIO IIOPsI-
Ka, eCAl CYULeCMBYEM MAKOE “UCAO M, Oad Komopozo " =e. Ecau g
— 2AEMENM KONEUH020 NOPAIKG, MO HAUMENDUWEE MAKOE HAMYPAALLHOEC
YUCA0 My, Mo ¢ = €, Ha3veaemcs IOPAJIKOM dJIeMEHTA, U 00031 Ya-
emcsa |g|. B amom cayuae 2060pam, wmo g — 37IE€MEHT TOPSIKA 1.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

Jloka3aTeabCTBO.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. /locTaTodno j10Ka3aTh, 9TO
BO-IIEPBBIX, BCIKUI 3j1eMeHT I'PyHIbl (G COJAEPYKUTCS B HEKOTOPOM JIe-
BOM CMEYKHOM KJIacCe;



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. /locTaTodno j10Ka3aTh, 9TO
BO-IIEPBBIX, BCIKUI 3j1eMeHT I'PyHIbl (G COJAEPYKUTCS B HEKOTOPOM JIe-
BOM CMEYKHOM KJIacCe;
BO-BTOPBIX, pa3/MdHble CMexKHbIe Kjacchl Ipyinbl GG 1o H He nepece-
KAIOTCS;



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. /locTaTodno j10Ka3aTh, 9TO
BO-TIEPBBIX, BCSKHUiT 9/1eMeHT IpyIibl G COJEPKUTCS B HEKOTOPOM Jie-
BOM CMEZKHOM KJIACCE;
BO-BTOPBIX, Pa3/IMIHble CMEZKHbBIC Kaacchl rpymisl G o H He mepece-
KAIOTCS;
B-TPETBUX, KOJUIECTBO 9JICMEHTOB B KaxK/JIOM KJacce paBHO |H |.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazaTeabcTBO. Bo-11€pBHIX,

ge G =



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazaTeabcTBO. Bo-11€pBHIX,

geG = g=gxeé€



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazaTeabcTBO. Bo-11€pBHIX,

geG = g=gxe€ gx*x H.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazaTeabcTBO. Bo-11€pBHIX,
geG = g=gxe€ gx*x H.

SHAUNUT, BCAKHUI 3/1eMeHT rpylibl G COAEPKUTCA B HEKOTOPOM JIEBOM
CMEZKHOM KJ1acce.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX, 1IycTh * * H n y *x H — paznudmnbie
CMEXKHBIE KJIACCHI ¢ HEIIYCTBIM IIepPecedeHreM.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

{x*H#y*H,

rx HNyx H #( =



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

{x*H#y*H, i{x*H#y*H,

ex HNyx H () 3 ze(@wsH)N(y+H)



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

xx H #yx*xH, N rx H #yx*xH, N
vxHNyxH#( Jz ze((zxH)N(y*H))
xx H #y*xH,
zexx*x H, =

zeyx H,



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

xx H #yx*xH, N rx H #yx*xH, N
vxHNyxH#( Jz ze((zxH)N(y*H))
v+ H #yx*H, v+ H #yx*H,
zex*xH, = z=xxhy, heH =

zeyx*xH, z=yx*xhy, ho€H



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

xx H #yx*xH, N rx H #yx*xH, N
vxHNyxH#( Jz ze((zxH)N(y*H))
v+ H #yx*H, v+ H #yx*H,
zex*xH, = z=xxhy, heH =
zeyx*xH, z=1yxho, ho€e H
xx H #yx H,

JSI*Z:}MEH, =
yl*Z:hQEH



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

xx H #yx*xH, N rx H #yx*xH, N
vxHNyxH#( Jz ze((zxH)N(y*H))
v+ H #yx*H, v+ H #yx*H,
zex*xH, = z=xxhy, heH =
zeyx*xH, z=1yxho, ho€e H
xx H #yx H,

¥’xz=heH = x«xH=z+«H=yxH.
yl*Z:hQEH



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO. BO-BTOPBIX,

xx H #yx*xH, N rx H #yx*xH, N
vxHNyxH#( dz ze((zxH)N(y*H))
v+ H #yx*H, v+ H #yx*H,
zE€xx H, = z=xxhy, heH =
zeyx*xH, z=1yxho, ho€e H
xx H #y x H,
¥'xz=hie H = x+xH=z*xH=1yx*H.
yl*Z:hQEH

[Iporusopeune nokaseiBaet, uto © * H #y*x H = xx HNy* H = (.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO
HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO
HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hlzhg =



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO
HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi =hy = @(h) =



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO
HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hlzhg = gD(hl):SU*hl:



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO
HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi=hy = @(hl)za}*hlzﬂj*hQ:



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO
HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi = hy = gO(hl)ZZE*hl:SU*hQ:gO(hg).



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO

HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi = hy = gO(hl)ZZE*hl:SU*hQ:gO(hg).
p(hn) = ¢(he) =



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO

HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi =hy = gO(hl)ZZE*hl:SU*hQ:gO(hg).
©(h1) = plhy) = x*xh =x*xhy =



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-
nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.

JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO

HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi = hy = gO(hl)ZZE*hl:SU*hQ:gO(hg).
gO(hl)ZQO(hQ) = xxhy=x*%hy = hy = hs.



I1.7. Teopema Jlarpanzka

Teopema 7 (Jlarpanx). /laa ecaxoii nodepynno. H xoneunod epyn-

nv G cnpasedauso pasencmeo |G| = |H| * |G = H|.
JlokazareabcTBO.  B-TpeTbuX,  ocTajoch  JOKa3aTb,  9TO

HocTaTouno mpoBepuTh, uTo QyHKIWMI 0 © H — x *x H, onpejienennas
dbopmyoit p(h) = x * h, siBIsIeTCA B3aNMHO OJIHO3HATHOIN.

hi = hy = gO(hl)ZZE*hl:SU*hQ:gO(hg).
gO(hl)ZQO(hQ) = xxhy=x*%hy = hy = hs.

Teopema Jlarpam:xa gokazana.



I1.8. CiaencrBust n3 TeopemMmnl Jlarpanxka

CaencrBue 1 (o nopsaxe noarpymmsr). [1opadox 41000t nodepynnol koneu-
HOTl 2pynnolL desum Haueso nopadoxr camotl 2pynnot.

Jloka3aTeabCTBO.



I1.8. CiaencrBust n3 TeopemMmnl Jlarpanxka

CaencrBue 1 (o nopsaxe noarpymmsr). [1opadox 41000t nodepynnol koneu-
HOTl 2pynnolL desum Haueso nopadoxr camotl 2pynnot.

JokazaTeabcTBO. OueBuIHO, PaKTUICCKN 9TO 1epedopMyTIPOBKa
TeopeMbl Jlarpam:xa.



I1.8. CiaencrBust n3 TeopemMmnl Jlarpanxka

CaencrBue 1 (o nopsaxe noarpymmsr). [1opadox 41000t nodepynnol koneu-
HOTl 2pynnolL desum Haueso nopadoxr camotl 2pynnot.

JokazaTeabcTBO. OueBuIHO, PaKTUICCKN 9TO 1epedopMyTIPOBKa
TeopeMbl Jlarpam:xa.

CaencrBue 2 (o nopsaxe saementa rpynusr). [[opadok 106020  asemenma
KOHEUHOT 2pYnnol 0eAUm HAUEA0 NOPAJOK Camoti 2pynnoi

JloKka3aTeabCTBO.



I1.8. CiaencrBust n3 TeopemMmnl Jlarpanxka

CaencrBue 1 (o nopsaxe noarpymmsr). [1opadox 41000t nodepynnol koneu-
Hot 2pynnovl desum Hayeso nopadox camoti 2pynnaot.

HokazareabcTBo. OueBuJIHO, HAKTHIECKU 3TO IepedOopPMYyIUPOBKa,
TeopeMbl Jlarpam:xa.

CaencrBue 2 (o nopsaxe saementa rpynusr). [[opadok 106020  asemenma
KOHEUHOT 2pYnnol 0eAUm HAUEA0 NOPAJOK Camoti 2pynnoi

JlokazaTeabcTBO. OUeBUIHO, T.K. IOPSIJIOK 9JIEMEHTa PaBeH HOPsJIKY
TOPOYKJIEHHOMN UM TIMK I IeCKO 110/ ArPyIiibl (1ogpobHee MUKINIecKne
TPYIIIBL Mbl PACCMOTPUM HUZKE ).



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

Jloka3aTeJabCTBO.



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau das weedununrozo aaemenma g epynnot G u Hamy-
PAALHO20 YUCAA T uMeem g = e, mo n deaumcea nayeno wa |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

Hoka3zaTenbcTBO. Kaxk jjokazarh JIe/JIMMOCTL Yncyia ¢ Ha b Hale-
J10?



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|

Torna



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|

Torna



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|
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Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.
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11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|

Torna

k
e = g = glolktm _ ok gm ((gg) ) . g =



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|

Torna

n \g|k+m lg|k m lg] b m m
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11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|

Torna

n \g|k+m lg|k m lg] b m m m
e=g"=g9""" =g xg =((gg)>*g =exqg"=g",



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokaszaresibcTBo. Pasznennm n wa |g| ¢ ocrarkom:

n=|g|-k+m, 0<m<|g|

Torna
n \g|k+m lg|k m lg] b m m m
e=g"=g" =g xg =((gg)>*g =exg" =g",

9TO MPOTHBOPEUUT ONPEJIEICHNIO |g|, KAK HAMMEHBINEro TAKOro HaTy-
paJIbHOrO Yncia, 4to ¢l9 = e.
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Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PANBHO20 HuCAa T umeem g = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokazaresibcTBO. OcTanoch [0Ka3aTh yTBEPKJCHNE <«B YaCTHO-
CTH...».
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11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PAALI020 wucAa T umeem g" = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokazaresibcTBO. OcTanoch [0Ka3aTh yTBEPKJCHNE <«B YaCTHO-
CTH...».

Urak, myers |g"] = w.

Torua, ¢ oanoii croponsl, gl = (g")* = e.
[TosToMy, KaK JOKA3aHO BBIIIE, U - W JEJIUTCS HAETO HA U - U, TO €CTh W
JEINTCST HAIGIO Ha, V.



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PANBHO20 HuCAa T umeem g = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokazaresibcTBO. OcTanoch [0Ka3aTh yTBEPKJCHNE <«B YaCTHO-
CTH...».

Urak, myers |g"] = w.

Torsa, ¢ 0jiHO# CTOPOHDI, W JEJUTCs HAIEIO Ha V.

C apyroii croponst, e = gl*v) = (g*)v.



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau daa needunuvrozo ssemenma g epynnoe G u namy-
PANBHO20 HuCAa T umeem g = e, mo n deaumca naueso na |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

HokazaresibcTBO. OcTanoch [0Ka3aTh yTBEPKJCHNE <«B YaCTHO-
CTH...».

Urak, myers |g"] = w.

Tora, ¢ ojHolt CTOPOHBI, W JIEJINTCS HATIEIO Ha V.

C apyroii croponst, e = gl*v) = (g*)v.
[TosTomy v JlesinTes Halesao Ha w.



11.9. JlemMma o geammocTH Ha MOPSA0OK 3JIEMEHTA,

Jlemma 1. FEcau das weedununrozo aaemenma g epynnot G u Hamy-
PAALHO20 YUCAA T uMeem g = e, mo n deaumcea nayeno wa |g|. B wacm-
nocmu, ecau gl =u - v, mo |g"| = v.

JlokazareabcTBO. (OcTajloch J0Ka3aTb YTBEPXkKJEHUE <«B YaCTHO-
CTHU...».

Urak, myers |g"] = w.

Torja, ¢ OJHOII CTOPOHBI, W JEJUTCs HALlE/IO Ha .

C apyroii croponst, e = gl*v) = (g*)v.
[TosTomy v JlesinTes Halesao Ha w.

CiaejioBaTe/IbHO, ¥ = W, YTO U TPeOOBAIOCH J0KA3aTh.

JlemMa 1oKazaHa.

IlepeiiTu K m0Ka3aTeJIbCTBY T€OPEMbI O MUKJIUNIHOCTI MYJIbTH-
IUINKATUBHON rpyibl noJjis I'ajya?



I1.10. IlenTpasu3aTop U HOPMAaJU3aTOP

Paccmorpum mpousposibHoe nogamHozKecTBo X rpymnbl . B coorBer-
CTBUU CO CcTpaTeruneii MpuopuTeTHOTO M3YIEHUs SKCTPEMAJIbHBIX CUTYa-
Uil eCTeCTBEHHO PACCMOTPETH MOJMHOYKECTBO 9/IEMEHTOB I'PyIIIbl (G, 0T-
JINYAIONINXCA KaKUM-T100 0COOEHHBIM «IIOBEJICHUEM» OTHOCHTE/IHLHO 3JIe-
MeHTOB MHOxKecTBa X . Hambosee ecrecTBeHHBIM SIBJIsSIETCsl TpeOOBAHUE
MIEPECTAHOBOYHOCTH JINOO € KayKJbIM 3JIeMEHTOM 13 X, JTMOO cO MHOZKE-
cTBOM X B II€JIOM.
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HSIETCSI PABEHCTBO X * Y = 1 * T.



I1.10. IlenTpasu3aTop U HOPMAaJU3aTOP

Paccmorpum mpousposibHoe nogamHozKecTBo X rpymnbl . B coorBer-
CTBUM CO CTpaTerueil npruopuTeTHOro M3y4YeHUst SKCTPeMaJsbHbIX CUTYa-
Uil eCTeCTBEHHO PACCMOTPETH MOJMHOYKECTBO 9/IEMEHTOB I'PyIIIbl (G, 0T-
JINYAIONINXCA KaKUM-T100 0COOEHHBIM «IIOBEJICHUEM» OTHOCHTE/IHLHO 3JIe-
MeHTOB MHOxKecTBa X . Hambosee ecrecTBeHHBIM SIBJIsSIETCsl TpeOOBAHUE
[IePeCTaHOBOYHOCTH JIMOO ¢ KarKJbIM 3JeMeHTOM u3 X, Jinh0 CO MHOKe-
crBoM X B nejoM. Pazmmane cocrouT B ciaefyiomeM. B mepBoM ciiydae
paccMaTpUBAIOTCA TaKUe JEMEHTHI ¥, UTO JIJIst JTI0O0ro « u3 X BbITOJIHSI-
eTCsI PABEHCTBO T * Yy = Y * . Bo BTopoM ciiydae Ty MOKeT OTIMIaThCs
OT Y*, HO X * Yy = Yy * &' ju1st HekoToporo &' uz X. Dra MbIc/Ib 0Ka3a1ach
HACTOJILKO ILJIOJOTBOPHOMN, YTO OBLIN BBEJICHBI CIIEIUAIbHBIC TEPMUHBDI.
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Omnpenenenune 7. /[aa 1106020 noommoosicecms X u'Y epynnu G 11eH-
TPpaJaU3aTOP MHodHcecmea X 60 mHoocecmee Y — 3mo

yey,
{VxEX x*y_y*a:}' 2)
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I1.10. IlenTpasu3aTop U HOPMAaJU3aTOP

Omnpenenenune 7. /[aa 1106020 noommoosicecms X u'Y epynnu G 11eH-
TPpaJaU3aTOP MHodHcecmea X 60 mHoocecmee Y — 3mo

yey,
{VxGX x*y_y*a:}' 2)

Omnpenenenne 8. /[rs a106020 nodmmoocecms X u'Y epynnoe G HOP-

Cy(X) = {y

MaJIA3aTOP MHOMHCECTNEA X 60 mHootcecmee Y — amo

y ey,

Nr(X) =4y {{x*yxEX}—{y*xajeX} ' 3)

HamomMnmMm, YTO B COOTBETCTBUM C COIJIallleHeM | paBEeHCTBO
{x * 1Y ‘ T € X} = {y * X ‘ T € X} MOYKHO  IP€JICTaBUTHL B BHJIE
yx X =X xy.



I1.11. Teopema o neHTpaJiM3aToOpe U HOPMAaJI3aTOPE

Teopema 8 (o meHTpanusaTope u HopMmaJjm3arope). Feau H ——
nodepynna epynno. G, u X — nodmmoorcecmso epynno. G, mo 0aa
mmoocecms Cy(X) u Ng(X) umeem mecmo cucmema 6Ka04eHutl:

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

B uwacmuocmu, uenmpasudamop u HOPMAAUIGMOP 4100020 NOOMHOICE-
cmea 6 nodepynne 2pynno. G asasomea nodepynnamu epynno, G.

JloKka3aTebCTBO.
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Teopema 8 (o meHTpanusaTope u HopMmaJjm3arope). Feau H ——
nodepynna epynno. G, u X — nodmmoorcecmso epynno. G, mo 0aa
mmoocecms Cy(X) u Ng(X) umeem mecmo cucmema 6Ka04eHutl:

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

B uwacmuocmu, uenmpasudamop u HOPMAAUIGMOP 4100020 NOOMHOICE-
cmea 6 nodepynne 2pynno. G asasomea nodepynnamu epynno, G.

Joka3zaTenbcTBO. Kak JjioKazaTh BKIIOYEHUE OJHOI'O MHOXKECTBA B
npyroe?



I1.11. Teopema o neHTpaJiM3aToOpe U HOPMAaJI3aTOPE

Teopema 8 (o meHTpasusarope u HopMmasm3arope). Feau H
nodepynna epynno. G, u X — nodmmoorcecmso epynno. G, mo 0aa
mmoocecms Cy(X) u Ng(X) umeem mecmo cucmema 6Ka04eHutl:

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

B uwacmuocmu, uenmpasudamop u HOPMAAUIGMOP 4100020 NOOMHOICE-
cmea 6 nodepynne 2pynno. G asasomea nodepynnamu epynno, G.

HokazareabcTtBo. Hajio jokasars, aro Besikuit saement u3 Cy(X)
spJisiercs aemenTom u3 Ny (X).
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Teopema 8 (o meHTpanusaTope u HopMmaJjm3arope). Feau H ——
nodepynna epynno. G, u X — nodmmoorcecmso epynno. G, mo 0aa
mmoocecms Cy(X) u Ng(X) umeem mecmo cucmema 6Ka04eHutl:

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

B uwacmuocmu, uenmpasudamop u HOPMAAUIGMOP 4100020 NOOMHOICE-
cmea 6 nodepynne 2pynno. G asasomea nodepynnamu epynno, G.
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Teopema 8 (o meHTpanusaTope u HopMmaJjm3arope). Feau H ——
nodepynna epynno. G, u X — nodmmoorcecmso epynno. G, mo 0aa
mmoocecms Cy(X) u Ng(X) umeem mecmo cucmema 6Ka04eHutl:

Cr(X) < Np(X) < G.
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IeHTpaan3aTopa g Joboro g € X umMeeM a x g = g x a. CiejgoBa-
TEJILHO, BBITOJTHSICTCS PABCHCTBO (8).



I1.11. Teopema o neHTpaJiM3aToOpe U HOPMAaJI3aTOPE

Teopema 8 (o meHTpanusaTope u HopMmaJjm3arope). Feau H ——
nodepynna epynno. G, u X — nodmmoorcecmso epynno. G, mo 0aa
mmoocecms Cy(X) u Ng(X) umeem mecmo cucmema 6Ka04eHutl:

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

B uwacmuocmu, uenmpasudamop u HOPMAAUIGMOP 4100020 NOOMHOICE-
cmea 6 nodepynne 2pynno. G asasomea nodepynnamu epynno, G.

HokazareabctBo. [lycts a € Cy(X). Torpma coryacHo orpe/ie/ieHnio
IeHTpaan3aTopa g Joboro g € X umMeeM a x g = g x a. CiejgoBa-
TEJILHO, BBITOJTHSICTCS PABCHCTBO (8).

Teopema goKazaHa.



I1.12. Ilopoxknaaroniuie 31eMeHThI

Omnpenenenune 9. [lycmv G — epynna, A — xaxoe-aubo noommodtce-
cmeo ee anemernmos. Tosopsam, wmo nodepynna H nopoarcdena m+o-
otcecmeom A, ecou H — 2mo munumarvras u3 nodepynn, codeporca-

wux A (enewmnan rapaxmepusayus). ITodepynna H, noposcdernan mmo-
orcecmeom A, obosnavaemes (A).



I11.13. BrayTpenHsis xapakKTepu3alud IIOPOXKIEHHOIA
HOATPYIIIIbI

Teopema 9. I[Tycmv G — epynna u A C G. Toeda

(A) = {x“ wy w2 { E:Z’:j}}s; } (4)




I11.13. BrayTpenHsis xapakKTepu3alud IIOPOXKIEHHOIA
HOATPYIIIIbI

Teopema 9. I[Tycmv G — epynna u A C G. Toeda

{z,y,...,2} C A
{{a,g,...,c}gz } (4)

7

(A)—{x“*yb*...*zc

\

~~

=P

JlokazaTeabcTBO. OOO3HAYMM MHOXKECTBO U3 IIPaBOil JacTH PaBeH-
crBa (4) gepes P.
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crBa (4) gepes P. Jlokaxem Briiodenne (A) C (A) N P.
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I11.13. BrayTpenHsis xapakKTepu3alud IIOPOXKIEHHOIA
HOATPYIIIIbI

Teopema 9. I[Tycmv G — epynna u A C G. Toeda

{z,y,...,2} C A
{{a,g,...,c}gz } (4)

7

(A)—{x“*yb*...*zc

\

~~

=P

JlokazaTeabcTBO. OOO3HAYMM MHOXKECTBO U3 IIPaBOil JacTH PaBeH-
crBa (4) gepes P. Jlokaxem Briiodenne (A) C (A) N P.

{P§<A>, N
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I11.13. BrayTpenHsis xapakKTepu3alud IIOPOXKIEHHOIA
HOATPYIIIIbI

Teopema 9. I[Tycmv G — epynna u A C G. Toeda

{z,y,...,2} C A
{{a,g,...,c}gz } (4)

7

(A)—{x“*yb*...*zc

\

~~

=P

JlokazaTeabcTBO. OOO3HAYMM MHOXKECTBO U3 IIPaBOil JacTH PaBeH-
crBa (4) gepes P. Jlokaxem Briiodenne (A) C (A) N P.

{iéjw’ ~ AC (PN (4) <G.



I11.13. BrayTpenHsis xapakKTepu3alud IIOPOXKIEHHOIA
HOATPYIIIIbI

Teopema 9. I[Tycmv G — epynna u A C G. Toeda
. a b c {x,y,,z}gA
(A){x Y k. ..k 2 {{a,b,...,c}QZ } (4)

\ 7
N~

=P

JlokazaTeabcTBO. OOO3HAYMM MHOXKECTBO U3 IIPaBOil JacTH PaBeH-
crBa (4) gepes P. Jlokaxem Briiodenne (A) C (A) N P.

{iéjw’ ~ AC (PN (4) <G.

Ho (A) — wuHUMadbHAas Cpeid  TaKUX  [OJACPYII,  [OITOMY

(A) C (A) N P.



I11.13. BrayTpenHsis xapakKTepu3alud IIOPOXKIEHHOIA
HOATPYIIIIbI

Teopema 9. I[Tycmv G — epynna u A C G. Toeda
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Teopema 9. I[Tycmv G — epynna u A C G. Toeda

{z,y,...,2} C A
{{a,g,...,c}gz } (4)
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(A)—{x“*yb*...*zc
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P <(A),
Lo = P,

T.e. (4) goxkazaHa.
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I1.14. Conpszkennbie ajieMeHTbl. KomMmyTaTopbl. KoMm-
MYTaHT
Kak «u3mMepuTb» HEKOMMYTATUBHOCTH 3JIEMEHTOB: X * Y # Y * x7
IlepBoIil BapnaHT: B KQUecTBE «M3MEPUTE/IA» HEKOMMYTATUBHOCTH dJIC-
MCECHTOB 1 Y UCIIOJIb30BaTb TaKOIl 3JIeMeHT <, 4TO

Trxy=y*xz = 2=y *x %Y.

pyroii BapuaHT: KaK «U3MepUTeIby HEKOMMYTATHBHOCTH 3JEMEHTOB I
1 Y UCIIOJIb30BATDL TAKOM 3JeMeHT T, 4TO

rrky=yxr*xt = t=0"xy xx*y.



I1.14. Conpszkennbie ajieMeHTbl. KomMmyTaTopbl. KoMm-
MYTaHT

Onpenenenne 10. Gaemenmo. a v b epynnoe G Hadviearomcs conps-
KEHHBIMU ¢ NOMOWbI0 asemenma ¢, ecau b = ¢ * a x c. Bupasicenue
c * a * ¢ xopomko zanucweaemcs 6 sude at.

Onpenenenne 11. Ha306emM KOMMYTATOPOM JAEMENMOG X, 1 2PYN-
no. G anemenm [x,y], onpedeasemviti popmyroti [x,y| = ' xy *x x x y.
Paccmorpum nmpumep?



I11.15. B3auMmubIii KOMMYyTaHT noiarpynmn. KoMmmyTaHT
IPyIIbI

Omnpenesienne 12. BzaumuabiM kKommyTanTom [A, B] nodepynn A

u B epynnor G nasvieaemces nodepynna, noporcoerninas 6CEMU KOMMIY-
mamopamu 6uda [a, b, 2de a us A, b — uz B.



I11.15. B3auMmubIii KOMMYyTaHT noiarpynmn. KoMmmyTaHT
IPyIIbI

Omnpenesienne 12. BzaumuabiM kKommyTanTom [A, B] nodepynn A

u B epynnor G nasvieaemces nodepynna, noporcoerninas 6CEMU KOMMIY-
mamopamu 6uda [a, b, 2de a us A, b — uz B.

Onpenenenne 13. Kommyranrom G’ epynnowe G naszvisaemca nood-
epynna |G, G.
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Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z < y' =y & [ry=e (5

Hoka3zaTeabcTBO. /laee,

TxY=y*xT & y=0 xy*xx =



11.16. Kputepun nepectTaHOBOYHOCTU 3JIEMEHTOB

Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z < y' =y & [ry=e (5

Hoka3zaTeabcTBO. /laee,

Trxy=yxv & y=axy*xx=1y".
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11.16. Kputepun nepectTaHOBOYHOCTU 3JIEMEHTOB
Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z < y' =y & [ry=e (5

okazareabcTBo. [lycth = *x y = y * x. Torja
[z, yl=2"xy xxxy=a"xy xyxuz.
B cumiy acconmaTUBHOCTH OIEpalMi * ¥ aKCUOMBI CYIIeCTBOBAHNI
0OpATHOIO 3JIEMEHTA MMEEM
zyl=a'xy xxxy=a" %y xyxx =0 % xy)xx =



11.16. Kputepun nepectTaHOBOYHOCTU 3JIEMEHTOB
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Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z < y' =y & [ry=e (5

okazareabcTBo. [lycth = *x y = y * x. Torja
[z, yl=2"xy xxxy=a"xy xyxuz.
B cuny acconmaTuBHOCTH Olepalul * U AKCUOMBI CYIIECTBOBAHUS
OOpATHOIO 3JIEMEHTA NMEEM
zyl=a'xy xxxy=a" %y xyxx =0 % xy)xx =
=ar'xexx=1'xx=c€.
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Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z < y' =y & [ry=e (5

okazareabcTBo. [lycth = *x y = y * x. Torja
[z, yl=2"xy xxxy=a"xy xyxuz.
B cumiy acconmaTUBHOCTH OIEpalMi * ¥ aKCUOMBI CYIIeCTBOBAHNI
0OpATHOIO 3JIEMEHTA MMEEM
zyl=a'xy xxxy=a" %y xyxx =0 % xy)xx =
=a'xexx=a"xr=c.

Utak, ecin @ %y = y * x, 10 [x,y] = e.
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Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z & y'=y & [ry=e

HokazarenabctBo. [lycts Teneps [x,y] = e. Torga
yxr=yxrxe=yxrxr,yl=yxrxx xy xxxy=
—ykgxr oy xrxy=yxexy krky=yxy xrxy=
€
—yxY kT HRY=exTHY =T * .
y*y Y Y Y
(&
CJ1e/I0BaTeIbHO, €CJIN [T, Y] = €, TO y * T = X * ¥.

Teopema joxkazana.
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Teopema 10. Jlaa a0b6vix snemenmos x,y epynno, G

rxy=yxxr < =z < y' =y & [ry=e (5

Omnpenenenue 14. I'pynna ¢ KoMMYmamusHotl 2pynnosoti onepa-
Uueth Ha3viBaemces Kommymamuerot uiu abeaesoli epynnotil.



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
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L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7[@M::%@]

JloKa3aTeabCTBO.
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COIIPsI2KEHHbIX 3JIEMEHTOB
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L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
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=bxadxaxb=bxexb=V=xb=c¢,



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB

L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.

JloKa3aTeabCTBO.

2. (@)’ *a =V xa xbxb xaxb=b*axexa *xb=
=bxadxaxb=bxexb=V=xb=c¢,
CJIeJIOBATEIBHO, 10 Teopene 2 06 OJHO3HATHOCTH 0OPATHOTO 9JIEMEHTA



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB

L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.

JloKa3aTeabCTBO.

2. (@)’ *a =V xa xbxb xaxb=b*axexa *xb=
=bxadxaxb=bxexb=V=xb=c¢,
CJIeJIOBATEIBHO, 10 Teopene 2 06 OJHO3HATHOCTH 0OPATHOTO 9JIEMEHTA

(a®) = (a')".



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
3. a’ =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
3.a° =0 xaxb=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
3.a°=bxaxb=exb xaxb=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
3.a° =V xaxb=exbxaxb=axa xb xa*xb=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
3.a°=bxaxb=cxb xaxb=axa *b xaxb=ax]a,b]



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.

4. a,b] =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
4. [a,b) =a *«b xaxb=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
4. la,b) =a" *b' xaxb=a*(b") =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
4. la,bl =a' *b xaxb=ad *(b") =b"xb.



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
5. Ilo Teopeme 4 06 sjieMenTe, 0OPATHOM K IPOU3BEICHUIO

laxb,c] =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
5. Ilo Teopeme 4 06 sjieMenTe, 0OPATHOM K IPOU3BEICHUIO

laxb,c]=(axb)*x *xa*xbxc=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
5. Ilo Teopeme 4 06 sjieMenTe, 0OPATHOM K IPOU3BEICHUIO

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



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
5. Ilo Teopeme 4 06 sjieMenTe, 0OPATHOM K IPOU3BEICHUIO

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

—Vxdxdxaxexbxec=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
5. Ilo Teopeme 4 06 sjieMenTe, 0OPATHOM K IPOU3BEICHUIO

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

=bxd s xaxcxbxb xxbxc=
TV
(&




11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
5. Ilo Teopeme 4 06 sjieMenTe, 0OPATHOM K IPOU3BEICHUIO

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

=V xa xd xaxcxbxb xcxbxc=la,d’*[b, .
TV
€




11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
6. [a,bx*c| =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIPAKEHHBIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
6. [a,bxc]=a x(bxc)*xaxbxc=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. [a,b] =a * (b*) = b xb; 5. [axb,c=][a,c*][b
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.
6. [a,bxc]=a" *x(bxc)xaxbxc=a*x*xVxaxbxc=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; axb,cl =la,cl’* b,
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
6. [a,bxc]=a" *x(bxc)xaxbxc=a*x*xVxaxbxc=

/ / / / /
=a xcxaxcxc xa xbxaxbxc=



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; axb,cl =la,cl’* b,
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
6. [a,bxc]=a" *x(bxc)xaxbxc=a*x*xVxaxbxc=
=adsxdxagxcxd xaxb xaxbxc=

N
(&




11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPA2KEHHDbBIX 9JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; axb,cl =la,cl’* b,
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.
6. [a,bxc]=a" *x(bxc)xaxbxc=a*x*xVxaxbxc=
=adxdxgxcxd xax xaxb*xc=][a,d*][a,b.

N
(&




11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.

7. la,b) =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB
L. (a*xb)=a’x*b 2. (ab)/: (a')?; 3.a’=axla,bl;
4. la,b] = a' x (b*) = b * b; ax*b,c=la,c’*[b,d;
6. [a,bx*c] = [a, ] * [a, b 7. [a, b = 1[b,al.
JloKa3aTeabCTBO.

7 [a, b = (' %V % axb) =



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB

L. (a*xb)=a’x*b 2. (ab):(a) 3.a’=axla,bl;
4. la,b] = a'* (b*) = b+ b; 5. [axb,c]=a,c’*bcl
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.

7. ,b/: /*b/* >l<b/:b/>l< />‘< b//>l< l/:
la, 0] = (a a % b) a (b) (@)

a



11.17. HekoTophble cooTHONIEHNUS JIJII KOMMYTaTOPOB U
COIIPsI2KEHHbIX 3JIEMEHTOB

L. (a*xb)=a’x*b 2. (ab):(a) 3.a’=axla,bl;
4. la,b] = a'* (b*) = b+ b; 5. [axb,c]=a,c’*bcl
6. [a,bx*c] = [a, ] * [a, b 7. la,b) =1[b,al.
JloKa3aTeabCTBO.

7. [a,b) = (a' xb xa*xb) =0 *d *



11.18. HopmaJsibHast moarpymnna

Omnpenenenue 15. Ilodepynna N us G nasvieaemcs HOPMAJIbHOMN

6 GG, ecau sesvie cmedtchole Kaaccor 2pynnot G- no nodepynne N cosnada-
M ¢ NPAGHMAL.

YT0-TO MHOI'O CJIOB...



11.18. HopmaJsibHast moarpymnna

Omnpenenenue 15. Ilodepynna N us G nasvieaemcs HOPMAJIbHOMN
6 GG, ecau das mobozo g us G cnpasedauso pasercmeo g * N = N x g.
Y2Ke Jiydiiie, Ho...



11.18. HopmaJsibHast moarpymnna

0] : = :
npejiejenue 15 N <G & g« N=N=xg (5)
HOpMAaJIbHAsI

nodepynna
Bot Teneps xoporio!



11.18. HopmaJsibHast moarpymnna

Onpenenenune 15. NG < gx N =N xg. 5
g HOpMH&SI ’ ’ v
nodepynna
Hanpumep, Mbl Hallmm Bee IOAIPYINLL Ipyn- | *|a b ¢ p g r
not Dg = {a,b,c,p,q,r} cummerpuit quenpa: |ala b ¢ p q r
Hy ={a,b,c}, Hy;={a,p}, Hs3=/{a,q}, blb caqgrop
Hy={a,r}. clecabropayg
Okazajioch, 4YTO HOPMAJBHON TOArpyHIoi |plp r ¢ a ¢ b
sapJisiercs Toabko Hy < G. qglg pr bac
B camowm seite... rir g pcba




11.18. HopmaJsibHast moarpymnna

Onpenenenune 15. NG < gx N =N xg. 5
g HOpMH&ﬂ ’ ’ v
nodepynna
Hanpumep, Mbl Haimim Bce HOJArpYIIbl rpyn- |*|a b ¢ p g r
net Dg = {a,b,c,p,q,r} cummverpuit nuenpa: |alla b ¢ p q 7
Hy ={a,b,c}, Hy;={a,p}, Hs3=/{a,q}, blb caqgrop
Hy={a,r}. clecabropayg
Okazajioch, 4YTO HOPMAJBHON TOArpyHIoi |plp r ¢ a ¢ b
sapJisiercs Toabko Hy < G. qglg pr bac
B camowm seite... rir g pcba

bx Hy={b,q} # {b,r} = Hyxb, bx H3={b,r} # {b,p} = H3*b,
bx Hy=1{b,p} # {b,q} = HyxD.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
1. ITycts N — nopMmaJsibnag noarpymmna u x € V.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
1. ITycts N — nopMmaJsibnag noarpymmna u x € V.

[Tockombky Nxg=¢g* N, T0 X% g = g*y, Te y — dJeMeHT u3 N.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
1. ITycts N — nopMmaJsibnag noarpymmna u x € V.

[Tockombky Nxg=¢g* N, T0 X% g = g*y, Te y — dJeMeHT u3 N.
[Tosromy 29 =



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
1. ITycts N — nopMmaJsibnag noarpymmna u x € V.

[Tockombky Nxg=¢g* N, T0 X% g = g*y, Te y — dJeMeHT u3 N.
[Tostomy 29 = ¢ * x % g =



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
1. ITycts N — nopMmaJsibnag noarpymmna u x € V.

[Tockombky Nxg=¢g* N, T0 X% g = g*y, Te y — dJeMeHT u3 N.
[Tostomy 29 = ¢ *xxg=1vy € N.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
1. Jloxaxkem jocrarounocthb. Hao mokazarn



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. JJokaxkeM AoCTaTOYHOCTL. Hajo JokaszaThb coBlajieHHne MHOYKECTB
gx N u N xgq.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. JJokaxkeM AoCTaTOYHOCTL. Hajo JokaszaThb coBlajieHHne MHOYKECTB

g+ N u N x g. Bosbmem siement g us G, u x uz N. Obozaauum ¢’ * x * g
qepes y.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. JJokaxkeM AoCTaTOYHOCTL. Hajo JokaszaThb coBlajieHHne MHOYKECTB
g+ N u N x g. Bosbmem siement g us G, u x uz N. Obozaauum ¢’ * x * g
gepes y. 1o npennonoxkennio y conepkutces B N. [losTomy



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. JJokaxkeM AoCTaTOYHOCTL. Hajo JokaszaThb coBlajieHHne MHOYKECTB
g+ N u N x g. Bosbmem siement g us G, u x uz N. Obozaauum ¢’ * x * g

yepes y. [lo npejinosnoxennto y copgepzkutes B N. [lostomy x % g = g * vy,
TO ecTtb N * g cojiepkurcd B g * N,



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. Jloxazxkem nmocraTodnocThb. MTak, Mbl mokaszasn, 9To N x g C g x N.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. Jloxazxkem nmocraTodnocThb. MTak, Mbl mokaszasn, 9To N x g C g x N.

[aee, corjlacHo Teopeme 2 00 OJIHO3HATHOCTH OOPATHOT'O 3JIEMEHHTA
gxxxg =(¢") *xx*xg =2z —smement n3 N. Suaunr,



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. Jloxazxkem nmocraTodnocThb. MTak, Mbl mokaszasn, 9To N x g C g x N.

[aee, corjlacHo Teopeme 2 00 OJIHO3HATHOCTH OOPATHOT'O 3JIEMEHHTA
gxxxg = (¢) *xx*xg =2z—snement uz N. BHauuTt, g x x = 2 * g, 110-
sToMy ¢ * N BKatodaercsd B N * g. Takum obpazom, g x N = N x g.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

1. Jloxazxkem nmocraTodnocThb. MTak, Mbl mokaszasn, 9To N x g C g x N.
[layee, corjlacHO Teopeme 2 00 OJHO3HAYHOCTU OOpPATHOI'O 3JIEMEHH-
ragxxrxg = (¢) *xx*xg =2z — snement uz N. 3HauuT, g % = 2 * ¢,

nostromy ¢ * N Bkiaodaect B N x g. Takum obpazom, g N = N % g.
[Tynkt 1 noxkazam.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

2. Illyctb N — nopmajibHag moAarpymma. Torma, COrIacHO IYHKTY 1,
111 ioboro x u3z N u g us GG snement 9 — npuHaiesKuT V.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
2. Illyctb N — nopmajibHag moAarpymma. Torma, COrIacHO IYHKTY 1,
st giroboro x us N u g us G snement x? — npunajiexkutr N. B cuny

coorHotennst 4) nmeeM [x, g] = ' x (x9) — smement u3 N, tak Kak =’ u
x? — snemenTol U3 V.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
2. Illyctb N — nopmajibHag moAarpymma. Torma, COrIacHO IYHKTY 1,
st giroboro x us N u g us G snement x? — npunajiexkutr N. B cuny

coorHotennst 4) nmeeM [x, g] = ' x (x9) — smement u3 N, tak Kak =’ u
x? — snemenTol U3 V.

HeobxoimMmocTh JloKa3aHa.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
2. JlocTaToIHOCTD.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

2. Jocrarounocts. Ilycts m3BecTHO, UTO [T, g] SIBIISIETCS DJIEMEHTOM
rpynibl G g Beskoro  u3 N, g us G



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.
2. Jocrarounocts. Ilycts m3BecTHO, UTO [T, g] SIBIISIETCS DJIEMEHTOM
rpymnbl G i Besikoro @ w3 N, g w3 G. B cuny coorHorenns 3)

x9 = x|z, g] — snement u3 N, u, cOIJIACHO IyHKTY 1, mojydaem, 9To
N — nopMmaJsbHasg HOArPYIIIA.



I11.19. Kpurepun HOpMaJIbHOCTH HOATIPYHNbI

Teopema 11 (kpuTepuu HOPMAJTBHOCTHU TMOATPYIIIbI). [Todepynna N
epynnot G asasemcea HOPMaabHot 6 G mozda u moavko mozda, Kozda
BUINOAHACTNCA N1000€ U3 CACOYUUT YMEBEPHCOeHUTL:

1. Jlaa mobozo anemenma x u3 N u g uz G onemenm x9 = g’ x x % g
codepotcumces 6 N ;

2.[N,G] < N.

Jloka3aTeJabCTBO.

2. Jocrarounocts. Ilycts m3BecTHO, UTO [T, g] SIBIISIETCS DJIEMEHTOM
rpymnbl G i Besikoro @ w3 N, g w3 G. B cuny coorHorenns 3)
x9 = x|z, g] — snement u3 N, u, cOIJIACHO IyHKTY 1, mojydaem, 9To
N — nopMmaJsbHasg HOArPYIIIA.

Teopema goKazaHAa.



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. I[lyemv N — HopmaavHas nodzpynna 2pynnv G. Tozda
o mobvr T,y u3 G daa wascdoeo anemenma z u3d (xr *y) * N umeem:
(xxN)x(y*x N)=(x*xy)* N =2zx N. Takum obpazom, npoussedenue
cmedncHur kaaccos epynnve G no wopmasvroti nodepynne N aeasemca
CMEAHCHDIM, KAACCOM.

Paccmorpers npumep?



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(xx N)x(y*x N)=(x*xy)* N =zx N. Taxum obpazom, npoussedenue

CMENHCHDIT KAACCOB 2PYNTIbL G no HOpMCLJLbHO’Ij nodepynne N saeasemcs
CMENCHHIM KAACCOM.

JloKa3aTeabCTBO.



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
ona mobwx x,y u3 G daa xadrcdozo anemernma z uz (xr *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
CMENCHDLT Kaaccos 2pynnot G no nopmasvhot nodepynne N asisemcs
CMENCHIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
ona mobwx x,y u3 G daa xadrcdozo anemernma z uz (xr *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
CMENCHDLT Kaaccos 2pynnot G no nopmasvhot nodepynne N asisemcs
CMENCHIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)*(yxN) =



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN) = xx(Nx*xy)xN =



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)*(yxN)=xx(Nxy)« N =x*(yxN)« N =



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN)=zx(N*xy)* N =xx(yx N)x N = (zxy)*x(N*N) =



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN)=zx(N*xy)* N =xx(yx N)x N = (zxy)*x(N*N) =
= (xxy)*x N =



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN)=zx(N*xy)* N =xx(yx N)x N = (zxy)*x(N*N) =
=(rxxy)x N=(x*xy)*(hxN)=



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN)=zx(N*xy)* N =xx(yx N)x N = (zxy)*x(N*N) =
=(x*xy)«* N=(x*xy)x(hxN)=(rxy*xh)*x N =



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN)=zx(N*xy)* N =xx(yx N)x N = (zxy)*x(N*N) =
=(xxy)« N=(x*xy)x(hxN)=(rxy*xh)*x N =2zx%N.



11.20. Jlemma 00 yMHOXKEHIHU CMEXKHBIX KJIACCOB IO MOArPYyIINe

Jlemma 2. [lycmo N — HopmaavHas nodzpynna zpynnv G. Tozda
o mobvx x,y u3 G daa wascdoeo anemenma z u3 (x *y) * N umeem:
(x* N)*x(yxN)=(x*y)* N =zx N. Taxum obpaszom, npouszeedenue
cmencnulr Kaaccos 2pynnot G- no nopmaavnot nodepynne N aeasemca
CMEHCHDIM KAACCOM.

HokazareabcTBOo. [lo ycnoBuio z = x * y x h 11T HEKOTOPOIro 3Jie-
MmenTa h u3 H. [lo onpeaenennio HOpMaJabHONM MOATPYIIIbI

(xxN)x(yxN)=zx(N*xy)* N =xx(yx N)x N = (zxy)*x(N*N) =
=(xxy)« N=(x*xy)x(hxN)=(rxy*xh)*x N =2zx%N.

JleMMa gokazaHa.



I1.21. Teopema o pakTOop-rpynmne

Teopema 12. Mnooicecmseo cmeocunz waaccos epynno. G no HoOp-
MaAbHOUT nodzpynne N asiiemcsa 2pYnnoti OmHocumesvHo onepa-
UULU YMHONCEHUA CMEHCHDBLL KAACCO8, onpedenertoll 6 semme 0b
YMHOHCEHUU CMENHCHDBLT KAACCO8 MO nodzpynne.



I1.21. Teopema o pakTOop-rpynmne

Teopema 12. Mnooicecmseo cmeocunz waaccos epynno. G no HoOp-
MaAbHOUT nodzpynne N asiiemcsa 2pYnnoti OmHocumesvHo onepa-
UULU YMHONCEHUA CMEHCHDBLL KAACCO8, onpedenertoll 6 semme 0b
YMHOHCEHUU CMENHCHDBLT KAACCO8 MO nodzpynne.

Jloka3aTeJabCTBO CBOJNTCS K IPOCTOI MPOBEPKE aKCUOM I'PYIIIHI.



I1.21. Teopema o pakTOop-rpynmne

Teopema 12. Mnooicecmseo cmeocunz waaccos epynno. G no HoOp-
MaAbHOUT nodzpynne N asiiemcsa 2pYnnoti OmHocumesvHo onepa-
UULU YMHONCEHUA CMEHCHDBLL KAACCO8, onpedenertoll 6 semme 0b
YMHOHCEHUU CMENHCHDBLT KAACCO8 MO nodzpynne.

Omnpenenenue 16. Mnoocecmeso cmescholx xaaccos 2pynnot G no HOP-
MaAbHOT nodzpynne N ¢ onepayuetl YMHOHCEHUA CMEACHT KAAC-
cos Hazvieaemcs daxkTop-rpymmoit 2pynnuv. G no nodepynne N.
Daxmop-epynna epynnu. G- no nodepynne N obosnauaemes G/N .

Paccmorpers npumep?



II1. 'omomopdu3Mbl 1 n30MOPPU3MbI I'PYIII
Omnpenenenne 17. Qyuxuyus f: G — H nazvieaemcsa romomMmopdus-
moM 2pynno, (G, {*}) na (6) epynny (H,{c}), ecau

Vr,ye G flexy) = flz)o fly). (6)

Feau | asasemes e3aumHo o0Ho3HawHOU dynruuetd, mo f Ha-
3vi6aemcs M30MOPEPU3IMOM.
Paccmorpum npumep?



II1. 'omomopdu3Mbl 1 n30MOPPU3MbI I'PYIII

Omnpenenenne 17. Qynuxuyus f: G — H nasweaemcs romomopdus-
moM 2pynno, (G, {*}) na (6) epynny (H,{c}), ecau

Ve,ye G flrzxy)= f(z)o f(y) (6)

Feau | asasemes e3aumHo o0Ho3HawHOU dynruuetd, mo f Ha-
3vi6aemcs M30MOPEPU3IMOM.

C TouKM 3peHusi TEOPUHU TI'PYIIl BCE M30MOPQHDLIE I'PYIIILI OJMHAKO-
BbI, BeIb HAC HE HHTEPECYeT «IIPUPOJIay SJIEMEHTOB I'PYIIIbI, KOHKPETHBII
crocod 3aJlalmst oreparun (B TOM CMBIC/Ie, 9YTO HAM HEBAYKHO, KAKIM
00pa3oM, 10 Kakoil popMyJ/ie U T.II. BRIUHUC/ILAETCS Pe3yJbTaT IPYIIIOBOIl
OIepaIin, MPOTECcC BBITMCIEHU Mbl HE PACCMATPUBAEM ).



II1. 'omomopdu3Mbl 1 n30MOPPU3MbI I'PYIII

Omnpenenenne 17. Qynuxuyus f: G — H nasweaemcs romomopdus-
moM 2pynno, (G, {*}) na (6) epynny (H,{c}), ecau

Ve,ye G flrzxy)= f(z)o f(y) (6)

Feau | asasemes e3aumHo o0Ho3HawHOU dynruuetd, mo f Ha-
3vi6aemcs M30MOPEPU3IMOM.

C TOYKHM 3peHusi TeOpUU I'PYIII Bee M30MOP(MHbIE I'PYIIILI OJMHAKO-
BbI, BeIb HAC HE HHTEPECYeT «IIPUPOJIay SJIEMEHTOB I'PYIIIbI, KOHKPETHBII
c110co0 3aJJaHNs OlepaIun.

[TosToMy B OOJIBIIMHCTBE TEOPEM B TEOPUN I'PYIIIT I'PYIIILL PA3/JINIAI0T-
CsT TOJIBKO C TOTHOCTBIO J10 n30MOopdu3Ma (TO ecTh H30MOPQHBIE TPYIIIIHI
OTOXKJIECTBIIAIOTCS ).



II1.1. Teopema 06 obpa3zax oOpaTHOro 1 HEHTPAJIHLHOI'O
3JIEMEHTOB

Teopema 13. Ecau f — 2omomopgduam zpynnov. (G,{x}) ¢ edunuu-
notm anemenmom a wa epynny (H, {o}), ¢ edunuunvim snemernmom b, mo
ons moboeo anemenma v uz G fla)=b u f(z') = f(x).
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f(x)= flaxx)= f(a)o f(x), cremoBaregbHO, coriacHo Teopeme 1
(kpuTepuio HefiTpajibHOTO 3jeMmenTa), f(a) =b.



II1.1. Teopema 06 obpa3zax oOpaTHOro 1 HEHTPAJIHLHOI'O
3JIEMEHTOB

Teopema 13. Ecau f — 2omomopgduam zpynnov. (G,{x}) ¢ edunuu-
notm anemenmom a wa epynny (H, {o}), ¢ edunuunvim snemernmom b, mo
ons moboeo anemenma v uz G fla)=b u f(z') = f(x).

Jloka3aTeJabCTBO. ITo olpe/leJIeH IO roMoMOpdu3Ma
f(x)= flaxx)= f(a)o f(x), cremoBaregbHO, coriacHo Teopeme 1
(kpuTepuio HefiTpajibHOTO 3jeMmenTa), f(a) =b.

Hanee, b= f(a) = f(xx2') = f(x)o f(z), mosTomy, B cuy Teope-
MbI 2 006 ojiHO3HaYHOCTH OOpaTHOoro 3jaementa, f(x') = f(x)'. Teo-
pema JIoKasaHa.



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

HY = {hg he H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.
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Y(x) = 29. (8)

[Tokaxkem, 9TO 1) IBASIETCI N30MOPMUIMOM.
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Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-

MYN0T

HY = {hgheH} (7)
asasemces nodzpynnoti, u3domopgdroti pynne H.

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:

g r e G
V() = a9, (8)

[TokaxkeMm, 9TO 1 B3aMMHO OJHO3HaYHOE OTOOpakKeHue:

=y & & P(x) =Y(y).



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-

MYN0T

HY = {hgheH} (7)
asasemces nodzpynnoti, u3domopgdroti pynne H.

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:

g r e G
V() = a9, (8)

[TokaxkeMm, 9TO 1 B3aMMHO OJHO3HaYHOE OTOOpakKeHue:

r=y & grxrxg=g*xyxg < P(x)=19Yy).



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

HY = {hg he H} (7)

asasemces nodzpynnoti, u3domopgdroti pynne H.

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

h(x) = 27, (8)
s nokazaTenbcTBa, 9TO P — U30MOPQU3M, OCTAJIOCh TPOBEPUTH

cBoitcTBO (T * i) = Y(x) * P (y).



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

h e H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HY — {hg

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

(T *y) =



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

h e H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HY — {hg

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

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



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

h e H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HY — {hg

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

Y(axy)=(z*xy)! =g xx*xyxg=



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

h e H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HY — {hg

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

baxy)=(xxy) =g xxxyxg=gxxxgxgxy*g=

=€



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

h e H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HY — {hg

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

baxy)=(xxy) =g xxxyxg=gxxxgxgxy*g=

=€



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

HY = {hg he H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

baxy)=(xxy) =g xxxyxg=gxxxgxgxy*g=

=€

= 29wy = P(a) * (y)



I11.2. ConpszkeHHble TOATPYIIIIbI

Teopema 14 (o compsizkenHoit moarpynie). Feau H — nodepynna
epynnot G, mo das awbozo g € G mmoorcecmeo HY, onpedenennoe hop-
MYN0T

HY = {hg he H} (7)

asasemcesa nodepynnotl, udomopgproti epynne H.

HokazareabcTBO. PaccmoTpum oTobpakenue, 3ajianHoe (pOPMYJIOI:
g r e G

Y(x) = a9, (8)

Teopema mokazaHa.



I11.3. 4Aapo romomopdusma

Onpenenenne 18. dapom comomoppusma f nasveaemes mmuootcecmaso

Ker(f) scex mex anemenmos x epynnu G, 00pa3om Komopoulr AGAACMCA
edunuunvit anemenm epynno, H:  f(x) = e.



I11.4. Teopema o HOpMaJILHOCTH sJIpa

Teopema 15 (o HopmasbHOCcTU siapa). Ker(f)  asasemca  Hop-
MaAbHoU nodepynnoii zpynnu G.

Jloka3aTeabCTBO.
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MAABHOU nodepynnot 2pynnv G.
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u Jjioboro g us G [z, g] — snement u3 Ker(f).
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MAABHOU nodepynnot 2pynnv G.

HokazarenbcTBo. CoryacHo KPHUTEPUIO HOPMAJBHOCTHA  II0/I-
IPYIIIBI JOCTATOYHO YOEJIUThCA B TOM, 4TO Jyisi jioboro x u3 Ker(f)
n Joboro g nz G [z, g] — snement uz Ker(f). Cornacno onpe/ie-
JIEHUIO SIpa, JJis J0Ka3aTelIbLCTBaA 9TOro (pakTa Halo IPOBEPUTH, YTO
obpasz sToro sjaeMenta — ejaununanbiii. Ho 3ro ciuenars jierko:



I11.4. Teopema o HOpMaJILHOCTH sJIpa

Teopema 15 (o HopmasbHOCcTU siapa). Ker(f)  asasemca  Hop-
MAABHOU nodepynnot 2pynnv G.

HokazarenbcTBo. CoryacHo KPHUTEPUIO HOPMAJBHOCTHA  II0/I-
IPYIIIBI JOCTATOYHO YOEJIUThCA B TOM, 4TO Jyisi jioboro x u3 Ker(f)
n Joboro g nz G [z, g] — snement uz Ker(f). Cornacno onpe/ie-
JIEHUIO SIpa, JJis J0Ka3aTelIbLCTBaA 9TOro (pakTa Halo IPOBEPUTH, YTO
obpasz sToro sjaeMenta — ejaununanbiii. Ho 3ro ciuenars jierko:

f(lz,g) = [f (), f(g)] = e, f(g)] = e,

YTO W TPeOOBAJIOCH JI0KA3ATD.



I11.5. EcrecTBeHnHBII roMoMOpPduU3M

Teopema 16. Ecau N — nopmarvras nodepynna epynnove G, mo omoo-
pastcerue

w(g):g*N:{g*nnEN} (8)

aeasemcs 2omomoppuzmom epynnv, G na G/N.
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Teopema 16. Ecau N — nopmarvras nodepynna epynnove G, mo omoo-
pastcerue

w(g):g*N:{g*nnEN} (8)
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V(g *h) =Y(g) *¥(h).

Corytacuo (8)



I11.5. EcrecTBeHnHBII roMoMOpPduU3M

Teopema 16. Ecau N — nopmarvras nodepynna epynnove G, mo omoo-
pastcerue

w(g):g*N:{g*nnEN} (8)
aeasemcs 2omomoppuzmom epynnv, G na G/N.

JlokazarebcTBO. OUeBU/IHO, JIOCTATOUYHO IIPOBEPUTH PABEHCTBO

V(g *h) =Y(g) *¥(h).

Corsacno (8), ¢ oanoit cropons! (g * h) =
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Teopema 16. Ecau N — nopmarvras nodepynna epynnove G, mo omoo-
pastcerue

w(g):g*N:{g*nnEN} (8)
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JlokazarebcTBO. OUeBU/IHO, JIOCTATOUYHO IIPOBEPUTH PABEHCTBO

(g *h) =1(g)*P(h).
Coryacto (8), ¢ ojHOil cTopoHbl (g * h) = g* h x N.
C apyroit croponbt, ¥(g) * (h) =g* N« hx N =

gxhxh' xn*xh*xm n,mEN}:

——

:{g*n*h*mn,me]\f}:

{g*h*n *mn,mGN}
keN
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I11.5. EcrecTBeHnHBII roMoMOpPduU3M
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pastcerue

w(g):g*N:{g*nnEN} (8)
aeasemcs 2omomoppuzmom epynnv, G na G/N.

JlokazarebcTBO. OUeBU/IHO, JIOCTATOUYHO IIPOBEPUTH PABEHCTBO

(g *h) =1(g)*P(h).
Coryacto (8), ¢ ojHOil cTopoHbl (g * h) = g* h x N.
C spyroit cToponbl, Y(g) * zp(h) =g*x Nxh*x N =

{g*n*h*mnme]\f = g*h*h’*n*h*m‘n mEN}

keN

gxhxp” *mnmeN} g*h*kkeN}—g*h*N
CrenoBarensio, ¥(g * h) = (g

). Teopema nokasana.
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I11.5. EcrecTBeHnHBII roMoMOpPduU3M

Teopema 16. Ecau N — nopmarvras nodepynna epynnove G, mo omoo-
pastcerue

w(g):g*N:{g*nnEN} (8)
aeasemcs 2omomoppuzmom epynnv, G na G/N.

['omomopdu3am 1) HasblBaeTcd €CTeCTBEHHBIM TOMOMOPMU3IMOM
rpymnbl G #a dhakrop-rpymny G/N.

OKa3bIBaeTCsd, 9TO (PAKTOP-TPYIIIAMU UCUEPIIBIBACTCs, ¢ TOYHOCTDHIO JI0
m30MOPgU3Ma, MHOZKECTBO BeeX roMOMOpHBIX 00pa3oB rpyiibl G.



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

JloKa3aTeabCTBO.



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

JokazareabcTBO. JokakeMm cHadasa, 9T0 F' — QyHKINI.



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

HokazareabcTBO. /lokarkeM cHavdasa, 4To £ — dpyuknms. s 9Toro
HEeOOXOIMMO yOeIUThCs B TOM, ITO 00pa3 cMexkHoro Kiacca x * Ker(f)
HEe 3aBUCUT OT BbIOODPA 9JIeMeHTa T (HA3BIBAEMOTO TIPEJICTABUTEIEM 9TOrO
KJIacca).



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

HokazareabcTBO. /lokarkeM cHavdasa, 4To £ — dpyuknms. s 9Toro
HEeOOXOIMMO yOeIUThCs B TOM, ITO 00pa3 cMexkHoro Kiacca x * Ker(f)
HEe 3aBUCUT OT BbIOODPA 9JIeMeHTa T (HA3BIBAEMOTO TIPEJICTABUTEIEM 9TOrO
kiacca). Urak, myersb x * Ker(f) = y x Ker(f). Torga st Hekoroporo g

3 Ker(f)



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

HokazareabcTBO. /lokarkeM cHavdasa, 4To £ — dpyuknms. s 9Toro
HEeOOXOIMMO yOeIUThCs B TOM, ITO 00pa3 cMexkHoro Kiacca x * Ker(f)
HEe 3aBUCUT OT BbIOODPA 9JIeMeHTa T (HA3BIBAEMOTO TIPEJICTABUTEIEM 9TOrO
kiacca). Urak, myersb x * Ker(f) = y x Ker(f). Torga st Hekoroporo g
3 Ker(f)  zxg=y. [losromy

fly) = Fly * Kex(f)) = Flx* g« Ker(f)) = Flxx Ker(f)) = f(x).

Oanosnagnocts F' jokasana.



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Tenepb nposepum, 4ro F' — romomopdusm. Hajio
[IPOBEPUTDL, YTO JIJIsl IIPOU3BOJILHBIX X,y u3 G



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Tenepb nposepum, 4ro F' — romomopdusm. Hajio
[IPOBEPUTDL, YTO JIJIsl IIPOU3BOJILHBIX X,y u3 G

F(x* Ker(f) xy*Ker(f)) = F(x*xKer(f)) * F(y * Ker(f)).



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Terepb npopepuM, 4to F' — romomopdusm. s
IIPOU3BOJILHBIX X,y u3 G nMeeM:



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Terepb npopepuM, 4to F' — romomopdusm. s
IIPOU3BOJILHBIX X,y u3 G nMeeM:

F(xx Ker(f)xy = Ker(f)) =



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Terepb npopepuM, 4to F' — romomopdusm. s
IIPOU3BOJILHBIX X,y u3 G nMeeM:

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



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Terepb npopepuM, 4to F' — romomopdusm. s
IIPOU3BOJILHBIX X,y u3 G nMeeM:

F(xzxKer(f)xyxKer(f)) = F(xxyx*Ker(f)) = fzxy) =



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Terepb npopepuM, 4to F' — romomopdusm. s
IIPOU3BOJILHBIX X,y u3 G nMeeM:

F(xzxKer(f)xyxKer(f)) = F(xxyx*Ker(f)) = fzxy) =
= fz) = f(y) =



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

Hoka3zarenbcTBO. Terepb npopepuM, 4to F' — romomopdusm. s
IIPOU3BOJILHBIX X,y u3 G nMeeM:

F(xzxKer(f)xyxKer(f)) = F(xxyx*Ker(f)) = fzxy) =
= f(@) * f(y) = F(z * Ker(f)) = F(y = Ker(f)),

TO ecThb F' — romomopdu3m.



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

JlokazarebcTBO. OcTajloch IPOBEPUTH B3AUMHYIO OJHO3HAYHOCTD
romomopdusMa £, T.e.



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

JlokazarebcTBO. OcTajloch IPOBEPUTH B3AUMHYIO OJHO3HAYHOCTD
romomopdusMa £, T.e.

=y & fl@)=fy)



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

HokazaresbeTBO. OcCTajsoch MPOBEPUTH B3AUMHYIO OJIHO3HATHOCTD
romomopdusma F. [lyers f(z) = f(y).



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

JlokazareabcTBO. Ocrajioch IPOBEPUTH B3AMMHYIO OJHO3HAYHOCTD
romomopdusma F. Ilyers f(x) = f(y). Pacemorpum 2'y. Taxk kax f —
roMOMOPQU3M, TO, COIVIACHO Teopeme 00 obpase oOpaTHOrO U HelTpaib-
HOI'O 9JIEMEHTOB,

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



I11.6. IlepBag Teopema o romomMmopdusme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

JlokazareabcTBO. Ocrajioch IPOBEPUTH B3AMMHYIO OJHO3HAYHOCTD
romomopdusma F. Ilyers f(x) = f(y). Pacemorpum 2'y. Taxk kax f —
roMOMOPQU3M, TO, COIVIACHO Teopeme 00 obpase oOpaTHOrO U HelTpaib-
HOI'O 9JIEMEHTOB,

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

Crenosarensio, ' * y npuaajiexkut Ker(f). Takum obpasom, 1m0 Kpu-
TEPUIO COBIAJICHUS CMEXKHBIX KiaccoB, & *x Ker(f) =y Ker(f), uro n
TpebOBAJIOCH JTOKA3aTh.



I11.6. IlepBas Teopema o romomMopdu3sme

Teopema 17 (mepBasi Teopema 0 romomopdusme). [Tycmo f
— e2omomoppudm epynnov,. G wma epynny H. Toeda H uzomoppra
G/Ker(f). Boaee mozo, ecau E — ecmecmeennviti 20MoMopPusm
epynnve G wa G/Ker(f), mo f=FExF, 2de F ssodumca ¢popmyaot
F(g*Ker(f)) = f(g), npuuem F — usomoppusm.

IokazareabcTBo. Coornomlenne f = F x F' gpjsiercst IpocTo 11epe-
dopMmyInpoBKoOil onpeiesienns oTobpazkenns F'.



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

A

[Ipsamoyronbankamu nzobpazkens! rpymmna G, A < B 4 G.



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

gs x B ge x B grx B gs x B

b5*A bﬁ*A

by x A by x A gox B g3 x B g * B

A bQ*A

MpbI m3006pasnIm cMeyKHbIe KJIacChl 10 HOPpMaJIbHOM MoArpytie B rpyi-

ol G.



IT1.7.

Bropas Teopema o romomopdusme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B

—  nopmaavHvie nodepynnu.  epynnot G,

npuvem A <1 B <G, mo

g5*B QG*B
bs x A bg ¥ Alga * bs *x A|go % bg x A
by x A by ¥ Alga % by x A|go x by x A
A by x A gox Algo x by x A

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

MuI n300pasznIm cMexKHBIE KJIacChl 110 HOpMaJbHOM oarpymie B rpy-

el G. ['pyrnny B MBI IpeJCTaBUIN KaK CUCTEMY CMEXKHBIX KJIaCCOB TI0
HOpMaJIbHOI mojrpyiie A.



IT1.7.

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmaavHvie nodepynnu.  epynnot G,

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

Bropas Teopema o romomopdusme

npuvem A <1 B <G, mo

gs x B g x B grx B
bs x A bg * Algo * bs x A|gg x bg x Algs * b x A|gs *x bg * A
by x A by * Algo * by x A|gg x by x Algs x by x A|gz x by x A
A by x A gox Algo x by x A g3 * Algs * by x A

MubI n300pasznIm cMexKHbIE KJIacChl 110 HOPMaJbHOM oarpymie B rpy-
bl . I'pyniy B Mbl IpejIcTaBUI KaK CHCTEMY CMEXKHBIX KJIACCOB 110

HOpMaJIbHOI nojrpyiie A.




IT1.7.

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmaavHvie nodepynnu.  epynnot G,

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

Bropas Teopema o romomopdusme

npuvem A <1 B <G, mo

g5>|<B

ge * B gr* B gs* B
bs x A bg ¥ Algo * bs * A|go * bg * Algs * bs *x A|gs * bg * Algy * b5 *x A|gy * bg * A
by x A by Alga * by * A|go x by x Algs *x by x A|gs x by * Algy * b3 *x A|gy * by x A
A by x A Gox A|gax by x A g3 * A|gz xbyx A ga* Algyx by x A

MpbI n300pasznIm cMexKHbIE KIacChl 110 HOpMaJbHOM moarpymie B rpy-
bl G. I'pyniy B Mbl IpejIcTaBUIM KaK CHCTEMY CMEXKHBIX KJIACCOB 110

HOpMaJIbHOI mojrpyiie A.




IT1.7.

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmaavHvie nodepynnu.  epynnot G,

Bropas Teopema o romomopdusme

npuvem A <1 B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

gs % b x A|gs x bg x A
g5 * by x Algs xbyx A gs * B gr*x B g * B
gsx Algs x by x A
bs x A bg ¥ Algo * bs * A|go * bg * Algs * bs *x A|gs * bg * Algy * b5 *x A|gy * bg * A
by x A by * Algo * by x A|gg x by x Algs * by x A| g3 x by * Algy *x by x A|gyxbyx A
A by x A gax Alga x by x A g3 x Algz *x by x A gsx Algyxbyx A

MubI n300pasznIm cMexKHbIE KJIacChl 110 HOpMaJbHOM oarpymie B rpy-
bl GG. I'pyniy B Mbl IpejcTaBUI KaK CHCTEMY CMEXKHBIX KJIACCOB 110

HOpMaJIbHOI nojrpyiie A.




IT1.7.

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B

— nopmansvrvie nodepynno,  epynno. G, npuvem A I B <G, mo

Bropas Teopema o romomopdusme

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

gs % bs x A|gs x bg * Algs * b5 x A|ge * bg x A
g5 x by x Algs xbyx Algs * by x A|ggxbyx A gr*x B gs * B
gsx Algs x by x A ge *x Alge * by x A
bs x A bg ¥ Algo * bs * A|go * bg * Algs * bs *x A|gs * bg * Algy * b5 *x A|gy * bg * A
by x A by * Algo * by x A|gg x by x Algs * by x A| g3 x by * Algy *x by x A|gyxbyx A
A by x A gax Alga x by x A g3 x Algz *x by x A gsx Algyxbyx A

MubI n300pasznIm cMexKHbIE KJIacChl 110 HOPpMaJbHOM oarpymie B rpy-
bl GG. I'pyniy B Mbl IpejIcTaBUI KaK CHCTEMY CMEXKHBIX KJIACCOB I10

HOpMaJIbHOI nojrpyiie A.




IT1.7.

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B

— nopmansvrvie nodepynno,  epynno. G, npuvem A I B <G, mo

Bropas Teopema o romomopdusme

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

gs % bs x A|gs x bg * Algg * bs x A|ge * bg * Algy * b x A| g7 *x bg * A
gs % b3 x A|gs x by * Algs * b3 x A|ge *x by * Algr x b3 x A|g; x by A gs x B
gsx Algs x by x A ge *x Alge * by x A grx Algr x by x A
bs x A bg ¥ Algo * bs * A|go * bg * Algs * bs *x A|gs * bg * Algy * b5 *x A|gy * bg * A
by x A by * Algo * by x A|gg x by x Algs * by x A| g3 x by * Algy *x by x A|gyxbyx A
A by x A gax Alga x by x A g3 x Algz *x by x A gsx Algyxbyx A

MubI n300pasznIm cMexKHBIE KJIacChl 110 HOPpMaJbHOM moarpymie B rpy-
bl . I'pyniy B Mbl IpejIcTaBUIM KaK CHCTEMY CMEXKHBIX KJIACCOB 110

HOpMaJIbHOI mojrpyiie A.




IT1.7.

Teopema 18 (BTOpast Teopema o romomopdusme). Feau A u B

— nopmansvrvie nodepynno,  epynno. G, npuvem A I B <G, mo

Bropas Teopema o romomopdusme

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

g5*b5*A

95*b6*14

gﬁ*b5*A

gﬁ*b6*A

g7*b5*A

97*[)6*14

gg*b5*A

gg*bﬁ*A

gs x by x A

g5*b4*A

gﬁ*bg*A

gﬁ*b4*A

gr x by x A

grxbyx A

gg*bg*A

gg*b4*A

g5>|<A

95*b2*A

go x A

gﬁ*bg*A

97*14

g7>|<b2*A

gs x A

gg*bQ*A

b5>|<A

bG*A

gg*b5*A

QQ*bG*A

gg*b5>|<A

g3*b6>|<A

g4>l<b5*A

g4>l<b6*A

b4>l<A

QQ*bg*A

g2>kb4*A

gg*bg*A

93*64*14

g4>l<b3>l<A

g4>l<b4*A

A

bQ*A

gz*A

QQ*bQ*A

gg*A

gg*bQ*A

g4>l<A

g4>|<b2*A

MuI n300pasznIm cMexKHBIE KJIacChl 110 HOpMaJbHOM moarpymie B rpy-
bl . I'pyniy B Mbl IpejcTaBUI KaK CHCTEMY CMEXKHBIX KJIACCOB 110

HOpMaJIbHOI mojrpyiie A.




I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
— nopmansvruvie nodepynno,  epynno. G, npuvem A I B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JokazaTeabcTBO. OO03HATMM Yepe3 ¢ 0TOOparKeHue, olnpeaeIeHHOe
dopmyoit: st r0boro g n3 G OIOXKIM

gp((g*A)*{ba*AbaeB}):g*B. (9)

Bepuémcsa K Jjekium?



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.

gp((g*A)*{ba*AbaeB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.

gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

= {ga*A*ba*Ab@EB}:{gg*A*bg*AbQEB} =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.

gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

= {ga*ba*Ab@EB}:{gﬁ*bg*AbgGB} =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

= {ga*ba*Ab@EB}:{gﬁ*bg*AbgGB} =
= JaxbyxA=ggxbgx A =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

= {ga*ba*Ab@EB}:{gﬁ*bg*AbgGB} =
= Jaxbox A=gsgxbg*x A = gy *xby*xa, =gs*xbgxaz =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

N {ga*ba*Ab@EB}:{gﬁ*bﬁ*AbﬁGB} =
= Jaxbox A=gsgxbg*x A = gy *xby*xa, =gs*xbgxaz =
= gp*ga €Ebgx Ax b, =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

N {ga*ba*Ab@EB}:{gﬁ*bﬁ*AbﬁGB} =
= Jaxbox A=gsgxbg*x A = gy *xby*xa, =gs*xbgxaz =
= gy*ga Ebgx Axb,=A =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)

JlokazkeM 0J1HO3HAYHOCTHL 0TOOPaYKEHUs P:

(ga*A>*{ba*AbaEB}:(gﬁ*A)*{bﬁ*AbﬂéB} =

=4 {ga*ba*AbQEB}Z{gﬁ*bg*Abﬁ€B} =
= Jaxbyx A=gpxbg*x A = go*xby*xa, =gs*xbgxag =
= glﬂ*gaebﬁ*A*b/a:A — ga*A:gﬁ*A



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
— nopmansvruvie nodepynno,  epynno. G, npuvem A I B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{ba*AbaeB}):g*B. (9)
JTokazkeM OJTHO3HATHOCTE OTOOPAYKEHUS (Q:
(g % A) % {ba*Aba eB} — (gﬁ*A)*{bﬁ*Abﬁe B} =

= gax A=gpx A

CieioBaTe ibHO, (0 — OJIFO3HAYHOE 0TOOpasKeHue.



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
— nopmansvruvie nodepynno,  epynno. G, npuvem A I B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.
JlokazaTeabCTBO.
gp((g*A)*{ba*AbaeB}):g*B. (9)
Bzanmuasi 0HO3HATHOCTE 0TOOPAXKEHUs (0 OUEBH/IHA:

ga*A=gs+x A =
N (ga*A)*{ba*Ab&EB}:(gﬁ*A)*{bﬁ*AbgeB}



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.
gp((g*A)*{b&*AbaEB}):g*B. (9)
Ocrajoch  MpoBepuTh, dYTO ( — TromMoMopdu3M, T.e. UTO

P(X +Y) = o(X) x oY),



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.
gp((g*A)*{b&*AbaeB}):g*B. (9)

<P(<9a*14)*{ba*z4bQEB}*(gg*A)*{bﬁ*AbﬁeB}> —



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.
gp((g*A)*{b&*AbaeB}):g*B. (9)
<P(<9a*14)*{ba*z4bQEB}*(gg*A)*{bﬁ*AbﬁeB}> —

— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:gp((ga*A)*{gﬂ*b(g{q*A% baeB}*{bﬁ*AbﬁEB}) N




I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:gp((ga*A)*gﬁ*{b(gf*Ag“ bQEB}*{bﬁ*AbﬁEB}) B




I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

TloKazaTe HCTBO.
90(@*14)*{%*14()&63}):9*3. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =
— ¢ ((gax A)  gg x {0175 A7 baEB}J*{bg*AbﬁeB}) _

bﬂEB}

Ve

:{bﬁ*A



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:Sp(ga*A*gg*{bg*AbﬁeB}) _



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:So(ga*gg*Agﬁ*{bﬁ*AbﬁeB}) —



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:¢(ga*gﬁ*A*{bﬁ*Ab5€B}) —



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:Sp(ga*gﬁ*A*{bg*AngB}) :ga*gﬁ*B:



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JIOKA3aTeIHCTRO.
w((g*m*{ba*flbaeB}):g*B. (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =

:¢(ga*gﬁ*A*{bg*AngB}):ga*gﬁ*B:ga*B*gﬁ*B:



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

TToKa3ATeBCTEO.
¢ (g5 A+ {baxAlby e B}) =g«B (9)
w((ga*A)*{ba*AbaeB}*(gg*A)*{bﬁ*AbﬁeB}) _
— ¢ ((gax A) # {bax A gs|ba € B}« {by Alby € BY) =
= ( gﬁ*A*{bﬁ*AbﬁEB}) = ga*gs* B=ga* Bxgs* B =

= ¢ (90 A)x {bax Al by € B}) 50 (g5 A) {byx A|bs € BY).



I11.7. Bropas Teopema o romoMopdu3sme

Teopema 18 (BTOpasi Teopema o romomopcdusme). Feau A u B
—  nopmanrvruie nodepynnv,  epynno. G, npuvem A B <G, mo

(B/A) < (G/B), u epynna (G/A)/(B/A) uzomopgpmra G/B.

JlokazaTeabCTBO.
gp((g*A)*{b&*AbaeB}):g*B. (9)
<P(<9a*14)*{ba*z4bQEB}*(gg*A)*{bﬁ*AbﬁeB}> —

= ¢ (90 A)x {bax Al by € B}) 50 (g5 A)+ {by = A|bs € BY).

Teopema joxkazana.



I11.8. Tperbs Teopema o romoMopdu3Me

Teopema 19 (Tperbsi Teopema o romomopdusme). Feau A —
HOPMaAAbHAS nodzpynna z2pynnv. B, xomopas asisemcs nodzpyn-
not 6 G, uw H — nopmaavras nodepynna ¢ G, mo(B* H)/(Ax H)
uzomoppra B/ (Ax (BN H)).

JloKka3aTeabCTBO.



I11.8. Tperbs Teopema o romoMopdu3Me

Teopema 19 (Tperbsi Teopema o romomopdusme). Feau A —
HOPMaAAbHAS nodzpynna z2pynnv. B, xomopas asisemcs nodzpyn-
not 6 G, uw H — nopmaavras nodepynna ¢ G, mo(B* H)/(Ax H)
uzomoppra B/ (Ax (BN H)).

HokazareabctBo. [Tomokum f(bx Ax H) =bx A (BN H). Hero-
CPeJICTBEHHOII 1IPOBEPKOIl 110 Ollpejie/IeHuIo ojiydaeM, 4to f — hyHK-
s, TIOTOM — 4YTO 9TO TOMOMOPMM3M, 1, HaKOHEI, NPOBEPKOIl ero
B3ANMHON OJIHO3HAYHOCTY 3aKAHYNBACTCA JIOKA3aTEJIbCTBO 3TON TEO-
PEMBI.



I11.9. Teopema o xapaKTepu3allui KOMMYTAaHTAa

Teopema 20 (o xapakTepusaruun KoMMyTaHTa). Kommymanm G’
epynnot. G A6AAEMCA MUHUMAALHOT MAKOT HOPMAALHOT Nn0J2pynnot

epynno, G, das komopot G/G' — abenesa (mo ecmv KoMMyma-
MUBHAA) 2pynna.

Jloka3aTeabCTBO.



I11.9. Teopema o xapaKTepu3allui KOMMYTAaHTAa

Teopema 20 (o xapakTepusaruun KoMMyTaHTa). Kommymanm G’
epynnot. G A6AAEMCA MUHUMAALHOT MAKOT HOPMAALHOT Nn0J2pynnot

epynno, G, das komopot G/G' — abenesa (mo ecmv KoMMyma-
MUBHAA) 2pynna.

HokazarenbctBo. [lycts G/N — abesnieBa rpymma. [pu ectectBenHOM
roMoMopdu3Me KOMMYTATOP, OUYEBUIHO, IIEPEXOIUT B KOMMYTaTOP.



I11.9. Teopema o xapaKTepu3allui KOMMYTAaHTAa

Teopema 20 (o xapakTepusaruun KoMMyTaHTa). Kommymanm G’
epynnot. G A6AAEMCA MUHUMAALHOT MAKOT HOPMAALHOT Nn0J2pynnot
epynno, G, das komopot G/G' — abenesa (mo ecmv KoMMyma-
MUBHAA) 2pynna.

HokazarenbctBo. [lycrs G/N — abesea rpymia. [lpn ecrecrsen-
HOM TOMOMOpMU3Me KOMMYTATOP, OUYEBHIHO, TIEPEXOIUT B KOMMYTaTOP.
[TosTomMy, coriiacHO KpUTEPHIO MMepecTaHOBOUYHOCTU 3JIEMEHTOB, B CHJIY
abenesoctu G /N, nonyaaem, 9to [z, y] * N = N — ¢/IMHUTHBIN 9JIeMEHT
dbaxrop-rpymiel G/N. Suauut, G’ Brtodaercs B V.



I11.9. Teopema o xapaKTepu3allui KOMMYTAaHTAa

Teopema 20 (o xapakTepusaruun KoMMyTaHTa). Kommymanm G’
epynnot. G A6AAEMCA MUHUMAALHOT MAKOT HOPMAALHOT Nn0J2pynnot

epynno, G, das komopot G/G' — abenesa (mo ecmv KoMMyma-
MUBHAA) 2pynna.

HokazareabcTtBo. Ocranoch nposeputhb, uto G /G’ — KoMMyTaTnB-
Has TPYIIIA.



I11.9. Teopema o xapaKTepu3allui KOMMYTAaHTAa

Teopema 20 (o xapakTepusaruun KoMMyTaHTa). Kommymanm G’
epynnot. G A6AAEMCA MUHUMAALHOT MAKOT HOPMAALHOT Nn0J2pynnot
epynno, G, das komopot G/G' — abenesa (mo ecmv KoMMyma-
MUBHAA) 2pynna.

HokazareabcTtBo. Ocranoch nposeputhb, uto G /G’ — KoMMyTaTnB-
Hasl IPyIIIA.

Tak Kak B QaKTOP-IPyIIe BCe KOMMYTATOPBl — €JUMHUYHBLIC, TO, 110
KPUTEPHUIO TIepecTaHOBOYHOCTH djieMeHToB, G /G’ — abeseBa rpyrmia.

Teopema joKazaHa.



IV. Omnepamun ajaredpsl moArpyIIl

OCHOBHBIMHE 3aJla9aMU TEOPUU T'PYIIII SIBJISIIOTCS [OJIydeHne THOopMa-
UK O IPyHax (T.e. MOCTPOEHUE MOJesIeil I'PYIIIT) U COBEPIICHCTBOBAHNE
alrrapara U3ydeHus IPYIIIL.

[1st mocTpoeHus MoJiesieil TPYIII K HACTOAIIEMY MOMEHTY Mbl MOYKEM
IPUMEHSTD:



IV. Omnepamun ajaredpsl moArpyIIl

OCHOBHBIMU 3a/la4aMI TCOPUH I'PYIII ABJIAIOTCS OJIydeHne nudopma-
UK O TpyIax (T.e. MOCTPOeHNe Mojieieli TPYIIT) U COBEPIIEeHCTBOBAHIE
alaparTa u3ydeHus Ipylil.

st mocTpoenust Mojesieil Pyl K HACTOSIIEMY MOMEHTY Mbl MO-
JKeM TIPUMEHsITh: 1) nmocTpoerne Tab bl Ko i rpyninoBoit oneparyn
(/15T KOHETHBIX TPYII);  2) MOCTPOEHHUE PEIIETKN TTOIPYIII (T.€. MHOZKe-
CTBa MOJTPYIII ¢ OTHOIEHNEM BKJIIOYEHHsT OJIHO MOATPYTIIIBL B IPYTYIO);
3) mocTpoenne Beex (€ TOTHOCTBIO JI0 H30MOphu3Ma) TOMOMOPGHBIX 00~
paszoB (JIOCTOYHO MOCTPOUTH BCe (DaKTOP-I'PYIIIIEI).



IV. Omnepamun ajaredpsl moArpyIIl

OCHOBHBIMI 3a/[a4aMi TEOPUN T'PYII ABJISIOTCS oJydeHne nHdopMa-
UK O IPyHax (T.e. MOCTPOEHUE MOJesIeil I'PYIIIT) U COBEPIICHCTBOBAHNE
alapara U3ydeHust IpyIiil.

st mocTpoenust Mojiesieil TPYII K HaCTOSIIEMY MOMEHTY MBI MO-
JKeM TIPUMEHsITh: 1) nmocTpoerne Tab bl Ko i rpyninoBoit oneparyn
(/15T KOHETHBIX TPYII);  2) MOCTPOEHHUE PEIIETKN TTOIPYIII (T.€. MHOZKe-
CTBa MOJTPYIII ¢ OTHOIEHNEM BKJIIOYEHHsT OJIHO MOATPYTIIIBL B IPYTYIO);
3) mocTpoenne Beex (€ TOTHOCTBIO JI0 H30MOphu3Ma) TOMOMOPGHBIX 00~
pasoB (JIOCTOYHO MOCTPOUTDH BCe (haKTOP-TPYIIIHI).

B jannom paszjese Uit PasBUTHS UCCICI0BATEILCKOIO aliapaTa, Teo-
pUU TPYII IPUMEHUM CTPATErHIO IIepexoa OT U3Yy4YeHUs OTIeJIb-
HOTO O00bEKTa C MCCJEJ0BAHMNIO CHUCTEMbI 00beKTOB. PaccMoTpuM
orepan Ha MHOKECTBE TIOATPYIIIL.



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
now epynnwe G, mo AN B asasemesa nodepynnotit epynno G.

Jloka3aTeabCTBO.

'Tounee, HOCUTEJIEM TTOAIPYIIIHI.



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JlokazaTreabcTBO. Bocrob3yeMcss KPUTEPUEM OJATPYHIIbI.



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JlokazaTreabcTBO. Bocrob3yeMcss KPUTEPUEM OJATPYHIIbI.

r € ANB,
ye ANB



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JokazaTeabCTBO. Bociosb3yeMcess KpuTepueM MOArPYIIbL.
(
x € A,

= 4 =

re AN B,
x € B,

ye ANB




IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JlokazaTreabcTBO. Bocrob3yeMcss KPUTEPUEM OJATPYHIIbI.
(

x € A,

xr € AN B, y € A,
{yeAﬁB <:1:EB,
\yEB



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JlokazaTreabcTBO. Bocrob3yeMcss KPUTEPUEM OJATPYHIIbI.

re AN B,
ye ANB

y

\

x € A,
y € A,
x € B,
ye B

= 4

2

xxy € A,
' € A,



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JlokazaTreabcTBO. Bocrob3yeMcss KPUTEPUEM OJATPYHIIbI.

re AN B,
ye ANB

y

\

x € A,
y € A,
x € B,
ye B

= 4

2

xxy € A,
' € A,
T xy € B,

/
\yEB



IV.1. Ilepeceuenue noArpyIi

Teopema 21 (o nepecedennu noarpyni). Eciu A u B — nodepyn-
not epynnot G, mo AN B asasemcea nodepynnoti epynno, G.

JlokazaTreabcTBO. Bocrob3yeMcss KPUTEPUEM OJATPYHIIbI.

y

re AN B,
ye ANB

\

x € A,
y € A,
x € B,
ye B

= 4

2

xxy € A,
' € A, N rxy € ANB,
r*xy € B, ¥ € AN B.

/
\yEB



IV.2. IlpousBejieHue noarpynmn

Omnpenenenne 19. lIponsBenennem noarpynn A u B 2pynnot G na-

a € A,
{bEB.} (10)

[IpousBesienne noarpynma — He obA3aTe/ILHO TIOJIIPYIIIA.

3bl6AEMCA MHOMNCECTNEO

A*B{a*b




IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. [Ipoussedenue nodepynn A u B epynnw G asasemcs
nodzpynnoti mozda u moavko moezda, xoeda Ax B = B x A.
Mimoro ¢j10B ecTeCTBEHHOIO A3BIKA. ..



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Bot 310 yzKe€ CTOUT KOHCIEKTHUPOBATD.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

JokazaTreabcTBO. HeobxommmocTs. ITycThb



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
HaJio nokaszathb, 1T0



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hamo jmokazarn, uto Ax B = B % A.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Kak noxkazarn, uro A*x B = B x A?



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Kak noxkazarn, uro A*x B = B x A?
i) C MoMOIIbI0 PABHOCUIBHBIX PEOOPA30BaHIil yrKe JTOKA3aHHBIX pa-
BEHCTB;
ii) CBECTHU K BKJIIOUeHUsAM C U J;
iii) «OT IPOTUBHOTO>.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Kak noxkazarn, uro A*x B = B x A?
i) C MoMOIIbI0 PABHOCUIBHBIX PEOOPA30BaHIil yrKe JTOKA3aHHBIX pa-
BEHCTB;
ii) CBECTHU K BKJIIOUeHUsAM C U J;
iii) «OT IPOTUBHOTO>.
EcrecTBerHo, BRIOMpaeM BTOPOi BAPUAHT.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

axbe Ax B,
AxB<({d



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

{a*beA*B,

-1
AsB <G = (axb) € AxB =



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

axbe Ax B, . L
{A*BSG = (axb)"" € AxB = (axb) _Cz*z;l —



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

axbe Ax B, . L
{A*BSG = (axb)"" € AxB = (axb) _Cz*z;l —

= axb=(agxb) " =



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

axbe Ax B, . L
{A*BSG = (axb)"" € AxB = (axb) _Cz*z;l —

= axb=(agxb) " =b xa!



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

{a*beA*B,

-1 o
AxB <@ = (axb)” € AxB = (axb)" = a1 x b =

A B

xa;’ € Bx A

= axb=(agxb) ' = by
Yy T



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.

axbe Ax B, . L
{A*BSG = (axb)"" € AxB = (axb) _Cz*z;l —
= axb=(a1%b) " = b xa; €BxA

bt

~ =~
B A

Buaunt, A* B C B * A.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hoxkazano, uto A * B C B *x A. Ilokaxewm, uro B x A C A x B.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hoxkazano, uto A * B C B *x A. Ilokaxewm, uro B x A C A x B.

=b*xa € BxA.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hoxkazano, uto A * B C B *x A. Ilokaxewm, uro B x A C A x B.

= (b_l)_l * (a_l)_l =bxa € B x A.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hoxkazano, uto A * B C B *x A. Ilokaxewm, uro B x A C A x B.

(a_l * b_l)_1 = (b‘l)_l * (a_l)_l =bxa € B x A.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hoxkazano, uto A * B C B *x A. Ilokaxewm, uro B x A C A x B.
(a_l * b_l)_1 = (b‘l)_l * (a_l)_l =bxa € Bx A

Ho
{al*bleB*A,
—

AxB <G



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

Joka3zaresrbcTtBo. HeoOxoumocrs. Ilyers A x B < G.
Hoxkazano, uto A * B C B *x A. Ilokaxewm, uro B x A C A x B.

(a_l * b_l)_1 = (b‘l)_l * (a_l)_l =bxa € B x A.

Ho
{al*bleB*A,

_ i1
AsB<G :>(a1>l<b1) c Ax B.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+xB<G <& AxB=DBxA. (11)

JokazaresmbecTBo. HeoOxoumocrs. Ilyers A x B < G.
Hokazano, uto A*x B C B *x A. Tlokaxkem, uro Bx A C A x B.

(a_l * b_l)_l = (b_l)_l * (a_l)_l =bxa € Bx A.

Ho ) 1
a " xb € BxA, 1,1\l
{A*BSG (e 'sb ) eAxB
CreoBaTebHO,

bxa € BxA = b*a:(a_l*b_l)_leA*B.

HeobxoimMocTh Jlokaz3aHa.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

HokazareabcTBO. Jocrarounocts. [TycTh



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
AxB<(G & AxB=DBxA (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

al*bleA*B,
CL2>I<b2€A>l<B,



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

ai * bl c A x B,
a9 * b2 c A % B,

= (ar; *b1) * (ag *x by) =



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

ai * bl c A x B,
a9 * b2 c A % B,

= (a1 *by) * (a9 *x by) = ay * (by * ag) * by =



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

ai * bl c A x B,
a9 * b2 c A % B,

= (al*b1>*(&2*b2):Cll*(bl*ag)*bz:al*(ag)*bg)*bzz



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KpUTEePUii MOATPYIIIIbI.
ai * bl c A x B,
ao * b2 c A % B,
= (al*b1>*(&2*b2):Cll*(bl*ag)*bz:al*(ag)*bg)*bzz
= (&1*&3)*(b3*b2> - Ax B.



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

axbe AxB = (axb) ' =



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

axbce Ax B = (a*b)_lzb_l*a—lz



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

axbe AxB = (a*b)_lzb_l*a_lz
BxA=AxB



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

axbe Ax B = (a*b)_lz‘b_l*a_l,:al*bl
BxA=AxB



IV.2.1. Teopema o mnpousBejieHUNM KOMMYTHUPYIOIINX
HOArPYIIII

Teopema 22. Fecau A < G u B <G, mo
A+B<G & AxB=DBxA. (11)

JlokazaresbcTBO. locrarounocts. [lycts A x B = B x A.
Hokazxkem, aro A x* B < (G. EcrecTBeHHO IPUMEHUTH
KPUTEPUil MOArPYIIHI.

axbeAxB = (axb) ' =plsxal=a xb € AxB.
BxA=AxB



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
rpynn

Teopema 23. Ilyemv A — nodepynna epynnwe G, B — nodepyn-
na epynnw. A. Tozda mmoosicecmeo A x B, pasnoe, no onpedeaenuio,
{a * b‘ (a € A)&(b e B)}, cosnadaem ¢ A.

MHOI0 CJI0B €CTeCTBEHHOI'O d3bIKA. ..



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
TPYIII

Teopema 23.
B<A<LG = AxB=A<A{(. (12)

SAMEYAHHNE. OueBujpno, 4YTo B YCJIOBUSIX 3TOI  TeOpeMbl
Ax B = Bx A (cM. 1oKa3aTe/IbeTBO TEOPEMBbI ).



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:

Au Ax B.



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:

An Ax B.
a €A =



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:

An AxB.
a €A = a=axe € Ax B,



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:

An AxB.
a €A = a=axe € Ax B,

re. AC Ax B.



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:
AunuAxB.
Hoxkazasu, uro A C A x B. Hakowner,

axbe Ax B =



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:
AunuAxB.
Hoxkazasu, uro A C A x B. Hakowner,

axbe AxB = ax_b €A,
BCA



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:
AunuAxB.
Hoxkazasu, uro A C A x B. Hakowner,

axbe AxB = ax_b €A,
BCA

orkyna Ax B C A.



1V.2.2. Teopema o npousBejleHUN MHONJIEHTHBLIX I10-
IPYIII
Teopema 23.

B<A<G = A+xB=A<G. (12)

HokazareabcTBo. Hano gokKazaTh coBHajieHne JIBYX MHOYKECTB:
AunuAxB.
Hoxkazasu, uro A C A x B. Hakowner,

axbe AxB = ax_b €A,
BCA

orkyna Ax B C A.
Urak, Ax B = A < G, Teopema J0OKa3aHa.



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. [Iycmv mpoudsederue nodepynn A u B epynno G
asasemces nodepynnot. Tozda npedcmasaenue a106020 anemenma g u3
AxBeseudeg=axb, e2dea € A, b€ B, bydem 00HO3HAUHBLM ECAU
u moavko ecau AN B = {e}.

MHOTO CJIOB €CTECTBEHHOIO SI3BLIKA. ..



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

00H03HAYHO
= by & ANB= . 13
g ,621 * B1 {e} (13)

Bce pPaBHO IIOKa MHOI'O CJIOB €CTECTBEHHOI'O Z3bIKa...



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

ap = ag,

b — by & ANB={e}. (14)

ap * by = ay ¥ by =
—~— N O
A B A B

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3zaTeabCTBO HEOOXoJUMOCTH. [IycTh mpejcraBiienne sjeMenTa
B BUJIE @ * b SIBJISIETCS OJIHO3HAYHBIM.
Kak jgokazars, uto AN B = {e}?



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

ap — am
_ ’ ANB = . (14
0;11*12 cif*[j; :>{b1—b2 s AN {e}. (14)

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3zaTeabCTBO HEOOXoJUMOCTH. [IycTh mpejcraBiienne sjeMenTa
B BUJIE @ * b SIBISIETCS OTHO3HAUHBIM.

Kak jgokazars, uto AN B = {e}?

EcTecTBeHNO B34TH MPOM3BOJILHBIN 3/IEMEHT U3 Mepecevdennd U MMOKa-
3aThb, YTO 3TOT JIEeMEHT — HeUTPaJIbHbIN.



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

. ap = az, o

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB,



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

. ap = az, o

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB,
g=_9_*E = =

A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

L { a1 = az, _
(c:*lg—cj*[j; :>{bl_b2><:>AﬂB {e}. (14)

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB,
pr— p— i
g g x_e e % g
A B A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

L { a1 = az, _
(c:*lg—cj*[j; :>{bl_b2><:>AﬂB {e}. (14)

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB, g=c
g= g *x_e _ =_¢ * (¢ i{
A B A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

L a; = ag, L

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB, g=¢
g= g *x_e =_€e * (¢ i{
A B A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

L a; = ag, L

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB, g=¢
A B A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

. ap = az, o

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

7

Jloka3aTeJabCTBO HEOOXOIMMOCTMH.

ge ANB, g=
g:\g,./*\er/:\c;-’*\%./ = {e—g.
A B A B

HeobxoauMmocTn Jloka3aHa.



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

. ap = az, o

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

JlokazaTeabCcTBO JOCTaTOYHOCTH. [IycTh

geANB = g=ce.



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

. ap = az, o

7

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

JlokazaTeabCcTBO JOCTaTOYHOCTH. [IycTh

geANB = g=ce.

g = a1xb; = agxby =



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

. ap = az, o

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

7

JlokazaTeabCcTBO JOCTaTOYHOCTH. [IycTh

geANB = g=ce.

g = a1xby = agxby = aj*xa; = by * b| =
A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

ap = ag,

b — by & ANB={e}. (14)

ap * by = ay ¥ by =
—~— N O
A B A B

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

JlokazaTeabCcTBO JOCTaTOYHOCTH. [IycTh

geANB = g=ce.

abxa; =e
g = axby = ayxby = abxa; =byx b, = 2 T =
2 1 /
—— N bg*b2:e.
A B



IV.2.3. Teopema 06 0/JHO3ZHAYHOCTH PAa3JIO2KEHUS dJie-
MEHTA,

Teopema 24. Feau A< G, B<G u AxB <G, mo

ap = ag,

b — by & ANB={e}. (14)

ap * by = ay ¥ by =
—~— N O
A B A B

-~

00HO3HAYHOCTVD PaA3NOHCEHUA

JlokazaTeabCcTBO JOCTaTOYHOCTH. [IycTh

geANB = g=ce.

/
ahxa; =e a = a
g=aixby = apkby = adyka; =byxb] =3 2 1T o 1= %2,
A B

S
—
I

S
[\

Teopema goKazaHa.



IV.3. Ilpsimoe nmpousBejieHUe NOATPYHI

Teopema 00 O/ITHOZHAYHOCTU PA3JIOKEHUS SJIE€MEHTA T03BOJISeT
BBIJIEJINTD BaykKHBIN cydail npomssegenus moArpyim. Moxkno mpeio-
YKUTD JIBe N30MOpHbIE, HO HE PaBHbIe KOHCTPYKIINK: BHYTPEHHee TIPs-
MoOe Ipon3BeJieHrne MOJATPYNIl I BHEIIIHee IpaAMoe IPou3Be/ieHNe

IPYIIIL.



IV.3.1. BnayTpeHHee npsiMoe IIpou3BeIeHIe

Omnpenenenne 20. [lycmv A u B — nodepynnu epynnov. G, npu-
vem AN B =A{e} u daa mobwxr a € A, b € B 6vinoanaemca pasencmeo
a*xb=">0bxa. Toeda npoussedenue A x B nodepynn A u B nasweaem-

cA (BHYTPEHHUM) TPSAMBIM IIPOU3BEIAEHUEM U 0003HAYAEMCA KAK
AXxX B.

Paccmorpum npumep?



IV.3.1. BnayTpeHHee npsiMoe IIpou3BeIeHIe

Omnpenenenne 20. [lycmv A u B — nodepynnu epynnov. G, npu-
vem AN B =A{e} u daa mobwxr a € A, b € B 6vinoanaemca pasencmeo
a*xb=">0bxa. Toeda npoussedenue A x B nodepynn A u B nasweaem-
cA (BHYTPEHHUM) TPSAMBIM IIPOU3BEIAEHUEM U 0003HAYAEMCA KAK

A x B.

Teopema 25 (0 BHyTpeHHEM IIPSIMOM ITPOU3BEIEHUN TOJITPYIII ).
Brympennee npamoe npoussederue nodepynn A u B epynnot G A6.45-
emcsa 2pynnot, npudem npedecmasaenue asemenma us Ax B 6 eude a* b
onpedessemesa 00HO3HAYHO.

Jloka3aTeabCTBO.



IV.3.1. BnayTpeHHee npsiMoe IIpou3BeIeHIe

Omnpenenenne 20. [lycmv A u B — nodepynnu epynnov. G, npu-
vem AN B =A{e} u daa mobwxr a € A, b € B 6vinoanaemca pasencmeo
a*xb=">0bxa. Toeda npoussedenue A x B nodepynn A u B nasweaem-
cA (BHYTPEHHUM) TPSAMBIM IIPOU3BEIAEHUEM U 0003HAYAEMCA KAK

A x B.

Teopema 25 (0 BHyTpeHHEM IIPSIMOM ITPOU3BEIEHUN TOJITPYIII ).
Brympennee npamoe npoussederue nodepynn A u B epynnot G A6.45-
emcsa 2pynnot, npudem npedecmasaenue asemenma us Ax B 6 eude a* b
onpedessemesa 00HO3HAYHO.

Jloka3zaTeJabCTBO. DTO OUEBUIHOE CJIEJACTBIE TEOPEMBI O ITPON3BE-
AeH KOMMYTUPYIOIUX MOATPYII U TeOpeMbl 00 OJJHO3HAYHO-
CTH pa3JIoKEeHUs dJIEeMEHTA.



IV.3.2. Teopema o npsMoM ITpou3BeJIeHUN HOPMAaJbHbIX I10/I-
rpynmn

Teopema 26 (0 mpsiMOM MPOU3BEIEHUN HOPMAJIBLHBIX IIOJTPYII).
Eeau A u B — nopmanvrvie nodepynno, epynno, G, u AN B ={e}, mo
npouseedenue epynn A u B asasemca NPAamvim NpPoudcedeHUem.

Jloka3aTeabCTBO.



IV.3.2. Teopema o npsgMoM ITpOu3BeJIeHUN HOPMAaJbHbIX I10/I-
rpynmn

Teopema 26 (0 mpsiMOM MPOU3BEIEHUN HOPMAJIBLHBIX IIOJTPYII).
Eeau A u B — nopmanvrvie nodepynno, epynno, G, u AN B ={e}, mo
npouseedenue epynn A u B asasemca NPAamvim NpPoudcedeHUem.

HokazareabcTBO. [lo KpuTepmio HOPMAJBHOCTHU IIOATPYIIIbLI
nveeMm, ato [A, B] < [A,G] < Au [A, B] < |G, B| < B, otkyna



IV.3.2. Teopema o npsgMoM ITpOu3BeJIeHUN HOPMAaJbHbIX I10/I-
rpynmn

Teopema 26 (0 mpsiMOM MPOU3BEIEHUN HOPMAJIBLHBIX IIOJTPYII).
Eeau A u B — nopmanvrvie nodepynno, epynno, G, u AN B ={e}, mo
npouseedenue epynn A u B asasemca NPAamvim NpPoudcedeHUem.

HokazareabcTtBo. [lo KpuTepmio HOPMAJBHOCTH IIOATrPYII-
nbl umeeM, uto [A, B] < [A,G] < A u [A, B] <|G,B] < B, orkyia
[A, B] < AN B = {e}, aro u TpeboBaoch J0KA3aTh.



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

JloKa3aTeabCTBO.



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:

((Cll, bl) * (CLQ, bQ)) * (CL3, bg) =



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:

((Cll, b1) * (CLQ, b2)) * (CL3, 53) = (a1 ®ay, bio 192) * (Cl3, 53) =



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:
((Cll, b1) * (CLQ, b2)) * (CL3, 53) = (a1 ®ay, bio 192) * (Cl3, 53) =
= ((a1 0 az) @ as, (b1 0by) 0by) =



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:
((al, b1) * (as, b2)> x (ag,b3) = (a1 ® as, by o by) *x (as, bs) =
= ((CL1 ®ay) eay, (bo bz) © 52) = (al ° (aye®ay), byo (52 © 52)) =



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:
((al, b1) * (as, b2)> x (ag,b3) = (a1 ® as, by o by) *x (as, bs) =
= ((CL1 ®ay) eay, (bo bz) © 52) = (al ° (aye®ay), byo (52 © 52)) =

= (ay1,b1) * (az ® ag, by o bs) =



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:
((ar,b1) * (a2, b2)) * (ag, bs) = (a1 ® as, by o by) * (ag,bs) =

= ((a1 ®ay)®ay, (byoby)o bg) = (a1 e (ay®ay), byo(byo bg)) =
= (CLl, bl) * (G,Q ® (3, bg o bg) = (CLl, bl) * ((ag, bg) * (ag, bg)) .



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)
Hoka3zareabcTBO. [IpoBepum accolmaTuBHOCTD:
((Cll, b1) * (CLQ, 52)) * (CL3, 53) = (a1 ®ay, byo 192) * <a3, 53) =
= ((a1 ®ay)®ay, (byoby)o bg) = (a1 e (ay®ay), byo(byo bg)) =
= (a1, b1) * (az ® ag, byobs) = (a1,by) * ((ag, by) * (as, bg)) :

ACCOHI/IaTI/IBHOCTb JOKa3aHa.



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-
cmeenno, o. Toeda dexapmoso npoussedenue A X B asasemcs epynnoti
OMHOCUTNEADHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

Hoka3zarenbcTBo. HeliTpaJbHBIM 3JIEMEHTOM $BJIIETCs, OUEBU/I-
HO

)



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-
cmeenno, o. Toeda dexapmoso npoussedenue A X B asasemcs epynnoti
OMHOCUTNEADHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

Hoka3zarenbcTBo. HeliTpaJbHBIM 3JIEMEHTOM $BJIIETCs, OUEBU/I-
HO,

(e4, ep), TJe e4 — HeHTpaIbHbIl 9/1eMeHT rpymnsl A, ep — HelTpasb-
HBIIl 3J1eMeHT Ipynisl B.



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-
cmeenno, o. Toeda dexapmoso npoussedenue A X B asasemcs epynnoti
OMHOCUTNEADHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

HokazarenbcTBo. Hakonern, K sjementy (a, b) 06paTHbIM sB/IsSETCS
VIODSIIOYCHHAST TTapa

(CL, b)/ -



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-
cmeenno, o. Toeda dexapmoso npoussedenue A X B asasemcs epynnoti
OMHOCUTNEADHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

HokazarenbcTBo. Hakonern, K sjementy (a, b) 06paTHbIM sB/IsSETCS
VIODSIIOYCHHAST TTapa

(a, b)' = (d, V).



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-

cmeenno, o. Toeda dexapmoso npouseedenue A X B asasemcs epynnoti
OMHOCUMEALHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

TeopeMa JOKa3aHa.



IV.3.3. DBaeninee npsimoe 1mpou3BejieHUE

Teopema 27 (0 BHeIIHEM IIPSIMOM IPOU3BEJIEHUN T'PYIIII).
IIyemv A u B — 2pynnot ¢ 2pynnocuimiu Onepayuimy ® U, COOMGEM-
cmeenno, o. Toeda dexapmoso npoussedenue A X B asasemcs epynnoti
OMHOCUTNEADHO ONEPAUUL *, 20€

(a,b) x (c,d) = (a®c, bod). (15)

Omnpenenenune 21. I[fycmv A u B — 2pynno.. Tozda dexapmoso npous-
gedernue A X B naszvieaemces (BHEHTHUM) TPSIMBIM IPOU3BEIEHUEM
epynn A u B.



IV.3.4. Teopema 06 m3omopdHOCTI BHENIHETO 1 BHYTPEHHEr o
IIPON3BeEIeHUN

TeopeMa 28 (06 n30MOP(MHOCTH BHEIIHErO M BHYTPEHHEr0o MPOU3BEIeHUIA).

Ecau A u B — wmopmasvrvie nodepynno, epynnve G, v AN B = {e},
mo npouseedenue A x B nodepynn A u B uszomopdro A x B —
BHEUHEMY NPAMOMY npoussedenuro nodzpynn A u B.

JloKa3aTeabCTBO.
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Ecau A u B — wmopmasvrvie nodepynno, epynnve G, v AN B = {e},
mo npouseedenue A x B nodepynn A u B uszomopdro A x B —
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JokazareabcTBO. B cuny TeopeMbl 00 OJHO3HAYHOCTU Pa3Jio-
YKeH!d 3JIeMeHTa oTobpazkenue 1, 3ajiannoe (hopMyJIoit

a € A,

be B (16)

bla*b) = (a, b), rue {

ABJIAEeTCAd B3aMMHO OJHO3HAYHDbIM.
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Ecau A u B — wmopmasvrvie nodepynno, epynnve G, v AN B = {e},
mo npouseedenue A x B nodepynn A u B uszomopdro A x B —
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JokazareabcTBO. Hakoner, mo onpegejaeHnio BHYy TPEHHEro Ipo-
N3BeJIeHISs

¥ ((a1 % by) * (ag % by)) =
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IIPON3BeEIeHUN

TeopeMa 28 (06 n30MOP(MHOCTH BHEIIHErO M BHYTPEHHEr0o MPOU3BEIeHUIA).

Ecau A u B — wmopmasvrvie nodepynno, epynnve G, v AN B = {e},
mo npouseedenue A x B nodepynn A u B uszomopdro A x B —
BHEUHEMY NPAMOMY npoussedenuro nodzpynn A u B.

JokazareabcTBO. Hakoner, mo onpegejaeHnio BHYy TPEHHEro Ipo-
N3BeJIeHISs

w((al*bl)*(Cm*bz)):lp(al*az*bl*bg):(CL1>I<CL2, bl*b2):
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Ecau A u B — wmopmasvrvie nodepynno, epynnve G, v AN B = {e},
mo npouseedenue A x B nodepynn A u B uszomopdro A x B —
BHEUHEMY NPAMOMY npoussedenuro nodzpynn A u B.

JokazareabcTBO. Hakoner, mo onpegejaeHnio BHYy TPEHHEro Ipo-
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IV.3.4. Teopema 06 m3omopdHOCTI BHENIHETO 1 BHYTPEHHEr o
IIPON3BeEIeHUN

TeopeMa 28 (06 n30MOP(MHOCTH BHEIIHErO M BHYTPEHHEr0o MPOU3BEIeHUIA).

Ecau A u B — wmopmasvrvie nodepynno, epynnve G, v AN B = {e},
mo npouseedenue A x B nodepynn A u B uszomopdro A x B —
BHEUHEMY NPAMOMY npoussedenuro nodzpynn A u B.

JokazareabcTBO. Hakoner, mo onpegejaeHnio BHYy TPEHHEro Ipo-
N3BeJIeHISs

¢((a1*bl)*(a2*b2)) =¢<a1*a2*b1*b2) = (CL1>I<CL2, bl*b2) —
— (alv bl) * (@2, 52) = (a1 * by) x 9 (az * by) .

Teopema moxkazaHa.



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JlokazaTeJbCcTBO. B cuiy TeopeMbl 0 IIpON3BeIeHUN KOMMY TH-
PYIOIIUX IIOJATPYIIIL JIOCTATOUYHO IIPOBEPUTD, uTo A * B = B *x A.



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.

a*xb=
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Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.

axb=bxb xaxb=



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.

axb=bxbxaxb=bxa’ =



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.

axb=bxbsxaxb=bxa"=bxa; =



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A

u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.

axb=bxbxaxb=bxa’=bxa; = AxB=BxA.



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A
u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.
axb=bxbxaxb=bxa’=bxa; = AxB=BxA.

B cuny TeopemMbl 0 mMpou3BeAeHNN KOMMYTHUPYIOINIUX MOATPYIIII
nosiydaeM, 9o A x B — noarpynna rpyunsl G. Teopema jokasaHa.



IV.4. Tloaynpsimoe npou3BeaeHUE MOATrPYIIII

Teopema 29 (o mosynpsiMmom mmpousBejeHun noArpyni). Eciu A
u B — maxue nodepynnu, epynnoe G, wmo, eo-nepsvir, AN B = {e} u,
so-emopuir, A <1 (A, B). Toeda Ax B < G.

JloKa3aTebCTBO.
axb=bxbxaxb=bxa’=bxa; = AxB=BxA.
B cuwiy TeopeMbl O IIPOM3BeJeHAN KOMMYTUPYIOMINX IIOATPYIII

nosiydaeM, 9o A x B — noarpynna rpyunsl G. Teopema jokasaHa.

Omnpenenenue 22. [Ipoussedenue nodepynn A u B epynnuw G naszwvisa-
emca mosrynpsambim, ecau A < G u AN B = {e}. Hoaynpamoe npous-
sedenue obosnavaemcs xax AXN B.

Paccmorpum nmpumep?



V. AbGeneBbl Tpynnbl
PaccMoTpuM Ipynbl ¢ KOMMYTATHBHOM T'PYHIIOBOI omepalneii.



V.1. lHHuknnyeckue rpynnbl

s popMupoBanmst MOHATUITHOrO alliapara TeOPUN I'PYIII €CTeCTBEH-
HO IIPUMEHUTH CTPATErni0 IMPUOPUTETHOTO U3YYEHUS IKCTPEMAJIb-
HbIX cuTyaluii. s BeIIeTeHnsS «9KCTPEMAJbHBIX CJIydaeBy CleayeT
OlIpeJC/INTb XapaKTECPUCTUKU I'DYIIIIBLI.
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V.1. lHHuknnyeckue rpynnbl

s popMupoBanmst MOHATUITHOrO alliapara TeOPUN I'PYIII €CTeCTBEH-
HO IIPUMEHUTH CTPATErni0 IMPUOPUTETHOTO U3YYEHUS IKCTPEMAJIb-
HbIX cuTyaluii. s BeIIeTeHnsS «9KCTPEMAJbHBIX CJIydaeBy CleayeT
OlIpeJC/INTb XapaKTECPUCTUKU I'DYIIIIBLI.

MO}KHO BbIZIEJINTH TaKNE XapPaKTEPUCTUKN KaK
— IIOPAA0K KOHEYHOM I'PYIIIIBI, T.€. KOJIMYECTBO 9JIEMECHTOB B KOHEY-
HOW I'pyIIeE;
— MHUHUMaJIbHOE YUCJIO ITOPO2K/IAI0ININX I'PYIIIIBI;
— MepuoJ| IPYHIIbI, T.e. MAKCUMYyM IIOPS/IKOB 3JIEMEHTOB TI'PYIIIbI

u JIp.



V.1.1. Onpenejienne MUKJINIECKO I'PyNbI

Omnpenenenune 23. I'pynna G Hasvieaemcs MAKINIECKON, ecau 04
nexomopozo anemenma g us G umeem

G = {g", ()" |ne N} = {g", (9—1)n n e N}.



V.1.2. Teopema o nmoarpynnax mMuKJINIYEeCKON I'PYIIIbl

Teopema 30 (o moArpynmax muKJIMIECKON Ipymibl). Jobas noo-
2pYNNG UUKAUMECKOT 2PYNNBL ABAACNCA UYUKAUYECKOT 2pynnoil.

Jloka3aTeJabCTBO.
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Teopema 30 (o moArpynmax muKJIMIECKON Ipymibl). Jobas noo-
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HokazarenbctBo. [lycts G = (a) u H < G.
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Bosbmem MuHmMasbHOE Taxkoe uncio k, uto a* € H. [lyers o™ € H.
Toraa al™ € H. Iosromy Moo cantars, ato m > 0.
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Pasnenum m wa k ¢ ocratrkom: m = ks +r,raer € {0; 1; ...; k— 1},
meem



V.1.2. Teopema o nmoarpynnax mMuKJINIYEeCKON I'PYIIIbl

Teopema 30 (o moArpynmax muKJIMIECKON Ipymibl). Jobas noo-
2pYNNG UUKAUMECKOT 2PYNNBL ABAACNCA UYUKAUYECKOT 2pynnoil.

Hoxkazaresnberso. [lycrs G = (a) u H < G.
Bosbmem MuHmMasbHOE Taxkoe uncio k, uto a* € H. [lyers o™ € H.
Toraa al™ € H. Iosromy Moo cantars, ato m > 0.
Pasnenum m wa k ¢ ocratrkom: m = ks +r,raer € {0; 1; ...; k— 1},
meem
o =a"" = a™ % ((a/)k)s € H.

N——
H i



V.1.2. Teopema o nmoarpynnax mMuKJINIYEeCKON I'PYIIIbl

Teopema 30 (o moArpynmax muKJIMIECKON Ipymibl). Jobas noo-
2pYNNG UUKAUMECKOT 2PYNNBL ABAACNCA UYUKAUYECKOT 2pynnoil.

Hoxkazaresnberso. [lycrs G = (a) u H < G.
Bosbmem MuHmMasbHOE Taxkoe uncio k, uto a* € H. [lyers o™ € H.
Toraa al™ € H. Iosromy Moo cantars, ato m > 0.
Pasnenum m wa k ¢ ocratrkom: m = ks +r,raer € {0; 1; ...; k— 1},
meem
o =a"" = a™ % ((a/)k)s € H.

H Y
H

Ho k — HauMeHblIIee noiosxcumenvroe 9Jucio co caoiicrsoM a* € H. Bua-

YUT,



V.1.2. Teopema o nmoarpynnax mMuKJINIYEeCKON I'PYIIIbl

Teopema 30 (o moArpynmax muKJIMIECKON Ipymibl). Jobas noo-
2pYNNG UUKAUMECKOT 2PYNNBL ABAACNCA UYUKAUYECKOT 2pynnoil.

Hoxkazaresnberso. [lycrs G = (a) u H < G.
Bosbmem MuHmMasbHOE Taxkoe uncio k, uto a* € H. [lyers o™ € H.
Toraa al™ € H. Iosromy Moo cantars, ato m > 0.
Pasnenum m wa k ¢ ocratrkom: m = ks +r,raer € {0; 1; ...; k— 1},
meem
o =a"" = a™ % ((a/)k)s € H.

H Y
H

Ho k — HauMeHblIIee noiosxcumenvroe 9Jucio co caoiicrsoM a* € H. Bua-
qut, 7 = 0.



V.1.2. Teopema o nmoarpynnax mMuKJINIYEeCKON I'PYIIIbl

Teopema 30 (o moArpynmax muKJIMIECKON Ipymibl). Jobas noo-
2pYNNG UUKAUMECKOT 2PYNNBL ABAACNCA UYUKAUYECKOT 2pynnoil.

Hoxkazaresnberso. [lycrs G = (a) u H < G.
Bosbmem MuHmMasbHOE Taxkoe uncio k, uto a* € H. [lyers o™ € H.
Toraa al™ € H. Iosromy Moo cantars, ato m > 0.

Pasnenum m wa k ¢ ocratrkom: m = ks +r,raer € {0; 1; ...; k— 1},
meem
a’ = am—ks — a" x ((a/)k>5 cH
i it

Ho k — HamMeHbIIIee nosocumenbroe Tucio co croiictsom a* € H. Bua-
qut, 7 = 0.

CuiejloBaTesIbHO, M JIeJINTCS Hallejio Ha k, T.e. Bce djieMeHThl n3 H
SIBJISIIOTCSL cTepensiMu djteMenta a¥. Teopema jokazana.



V.2. KoneynonopoxkjeHHble abejieBbl I'PYIIIbI

Teopema 31 (0 cTpoeHNN KOHEYHOIOPOXK/IEHHOI abeji. rpyIIb).
Jhobas abenesa 2pynna ¢ KOHEUHLM YUCLOM TLOPOHCIAOULUL INAe-

MEHIM OB NPeicmasuma 6 8UIE NPAMO20 NPOU3EEIEHUA UUKAULECKUL
2pynn.



VI. aaomopdusmbl 1 aBTOMOP(MU3MbI TPy
Kakune romomMopdpu3Mbl IpyImil Handojiee MepCIeKTUBHBI JIJIs
N3y IeHU !



VI. uaomopdusmMbl 1 aBTOMOP(U3MBI I'PYIIII

Kakne romoMopdu3mMbl rpymmn HamboJiee MepCHeKTUBHBI JIJIs
N3y IeHU !

Crparernsd NpumOpPUTETHOIO U3yYeHUHA SKCTPEMAJIbHBIX CHUTY-
Al TI03BOJISIET BBIJIEJIUTH CJjydail, Korjga roMmoMopdusM oTrobparkaer
rpynny G Ha cebdsi. Takue romomMopdusMbl Ha3bIBalOTCA IHAOMOPU3-
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VII. llpeacraBjieHusd
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Omnpepnenienne 24. IlonctaHOBOYHBIM HpeacTaBjaeHueM 2pynnv, G

nazveaemcsa 2omomoppusm epynnve G 6 2pynny nepecimaHosor
(nodcmanosox) %,
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VweQdge G Flgl(w) # w. (17)
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Teopema 32 (0 peryssipHOM MOJACTAHOBOYHOM MPEICTABJIEHUN 110
FEcau G — epynna, H < G, mo ¢pynuxuyusa F', xaorcdomy snremenmy g
us G conocmasasowas nepecmanosky Flgl ma  mmoorcecmee

Q:{aj*HxEG}:
Flgl(x« H)=g*x* H, (18)

ACAACINCA PE2YSNAPHBLM nodcmaHo80UHBIM npedcmae./zeuue,/vt

epynnot. G. Hopom 2omomopdpusma F - asasemces MakcumMarvrias Hop-
manrvras 6 G nodepynna epynno, H.

Jloka3aTeJabCTBO.
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FEcau G — epynna, H < G, mo ¢pynuxuyusa F', xaorcdomy snremenmy g
us G conocmasasowas nepecmanosky Flgl ma  mmoorcecmee

Q:{aj*HxEG}:
Flgl(x« H)=g*x* H, (18)

ABAAEMCA PE2YAAPHBIM NOOCTNAHOBOYHBIM NPEeiCcmasieHUemM
epynnot. G. Hopom 2omomopdpusma F - asasemces MakcumMarvrias Hop-
manvras 6 G nodepynna epynno, H.

JokazareabcTtBo. Ker F C N C H, ge N <G.
Flglx)=g*xxsxH=xx2x'xgxxxH CaoxN+«H=xx*H.



VII.1.2. Teopema o peryJjisipHOM MOJACTaAHOBOYHOM IIpeJiCTaBJie-
HUU 10 IIOJTPYIIIe

Teopema 32 (0 peryssipHOM MOJACTAHOBOYHOM MPEICTABJIEHUN 110
FEcau G — epynna, H < G, mo ¢pynuxuyusa F', xaorcdomy snremenmy g
us G conocmasasowas nepecmanosky Flgl ma  mmoorcecmee

Q:{aj*HxEG}:
Flgl(x« H)=g*x* H, (18)

ABAAEMCA PE2YAAPHBIM NOOCTNAHOBOYHBIM NPEeiCcmasieHUemM
epynnot. G. Hopom 2omomopdpusma F - asasemces MakcumMarvrias Hop-
manvras 6 G nodepynna epynno, H.

JokazareabcTtBo. Ker F C N C H, ge N <G.

Flgl(z)=gxx+«H=x*xx'xgxxx H CxxNx*x H=uxx H. 3uauur,
g € Ker F',



VII.1.2. Teopema o peryJjisipHOM MOJACTaAHOBOYHOM IIpeJiCTaBJie-
HUU 10 IIOJTPYIIIe

Teopema 32 (0 peryssipHOM MOJACTAHOBOYHOM MPEICTABJIEHUN 110
FEcau G — epynna, H < G, mo ¢pynuxuyusa F', xaorcdomy snremenmy g
us G conocmasasowas nepecmanosky Flgl ma  mmoorcecmee

Q:{aj*HxEG}:
Flgl(x« H)=g*x* H, (18)

ACAACINCA PE2YSNAPHBLM nodcmaHo80UHBIM npedcmae./teuuem

epynnot. G. Hopom 2omomopdpusma F - asasemces MakcumMarvrias Hop-
manrvras 6 G nodepynna epynno, H.

Teopema ngoxaszana.
Paccmorpers npumep?



VII.2. OneparopHble 1 MaTpUIHbIE IIPEeACTaABJICHNIS

Omnpenenenne 26. OnepaTopHbIM IIpeacTaBaeHueM 2pynnovt G Ha-
aoisaemcsa  2omomoppuam epynno. G 6 epynny HEBBLPOAHCIEHHBLE
(m.e. ¢ HYAe6uM AOPOM) NUHETHBIT ONEPATMOPOS NUHETHO20 NPOCTPAH-
cmea U 6 aunetinoe npocmparncmeo U ¢ 2pynnosotl onepayuets «xoM-
nosuyus (cynepno3uyusi) GyHKUUD».



VII.2. OneparopHble 1 MaTpUIHbIE IIPEeACTaABJICHNIS

Omnpenenenne 26. OnepaTopHbIM IIpeacTaBaeHueM 2pynnovt G Ha-
aoisaemcsa  2omomoppuam epynno. G 6 epynny HEBBLPOAHCIEHHBLE
(m.e. ¢ HYAe6uM AOPOM) NUHETHBIT ONEPATMOPOS NUHETHO20 NPOCTPAH-
cmea U 6 aunetinoe npocmparncmeo U ¢ 2pynnosotl onepavueti «KoM-
nosuyus (cynepno3uyusi) GyHKUUD».

Omnpenenenne 27. MaTrpudHbIM npeacTaBjieHueM 2pynnot G Ha3bi-
saemces 2omomoppusm epynnve G 6 epynny G L, (F) Hesvipootcder-
HBLT MAITNPUL, PA3MEPHOCNU T X N ¢ Koapduuuernmamu ud noas F' c
2pynnosot onepatuet <YMHOMCEHUE MATILPUU> .



VII.2. OneparopHble 1 MaTpUIHbIE IIPEeACTaABJICHNIS

[lepexom oT omepaTopHOro NnpejacTaBiaeHns K MaTPHIHOMY OCYIIIECTB-
JIsieTcd ¢ TTIOMOIIbIO BhIOOpa Daszumca B npocrpancTse U 1 ncrnonb30BaHms
MaTPUIIbl JIMHEITHOI'O oleparopa.



VII.2. OneparopHble 1 MaTpUIHbIE IIPEeACTaABJICHNIS
[lepexom oT omepaTopHOro NnpejacTaBiaeHns K MaTPHIHOMY OCYIIIECTB-
JIsieTcd ¢ TTIOMOIIbIO BhIOOpa Daszumca B npocrpancTse U 1 ncrnonb30BaHms
MaTPUIIbl JIMHEITHOI'O oleparopa.
Ectu A: G — AutU — oneparopHoe mnpejcrasjienune, b —
Oaszuc JumHeiiHoro npocrpancTBa U, To MaTpudHOEe IIpeJcTaBie-
nue Ay, onpenenerno dpopmyiioii: st joboro g € G

Au(g) = (Alg))p »

rae Xy — MaTpuia oreparopa X B 6asuce B.



VII.2.1. IIpuBoanMble 1 HelIPUBOJUMbIE IPeACTaBJIe-
HUS

Ompenesienue 28. Onepamophroe npedcmasaeHue
A: G — AutU mnaswsaemces mpuBoguMbIM, ccau U npedcmasumo
6 sude U =V @ W, 2de nenynesnsie nodnpocmparncmea V- u W saeis-
omea Algl-unsapuarmmvimu daa mobozo g € G. B npomushom cayuae
npedcmasienue A . G — Aut U naszvisaemcs HEIIPUBOAUMBIM.




VII.2.1. IIpuBoanMble 1 HelIPUBOJUMbIE IPeACTaBJIe-
HUS

Ompenesienue 28. Onepamophroe npedcmasaeHue
A: G — AutU mnaswsaemces mpuBoguMbIM, ccau U npedcmasumo
6 sude U =V @ W, 2de nenynesnsie nodnpocmparncmea V- u W saeis-
omea Algl-unsapuarmmvimu daa mobozo g € G. B npomushom cayuae
npedcmasienue A . G — Aut U naszvisaemcs HEIIPUBOAUMBIM.




VII.2.1. IIpuBoanMble 1 HelIPUBOJUMbIE IPeACTaBJIe-
HUS

Ompenesienue 28. Onepamophroe npedcmasaeHue
A: G — AutU mnasweaemes npuBoguMbIM, ccau U npedcmasumo
6 sude U =V @ W, 2de nenynesnsie nodnpocmparncmea V- u W saeis-

omea Algl-unsapuarmmvimu daa mobozo g € G. B npomushom cayuae
npedcmasienue A . G — Aut U naszvisaemcs HEIIPUBOAUMBIM.

Kax ciejyer us paccMOTpeHHOII Huke TeopeMbl Mallike, st olle-
paTopHoOro mpejcrapierns B rpyiiny Aut U HeBBIPOXKIeHHBIX JIMHET-
HBIX OMEePATOPOB JIMHEITHOrO MpocTpaHcTBa HaJL 11oJieM C KOMILJIEKCHBIX
qHCesT HElTPUBOIMMOCThH PABHOCUIbHA OTCYTCTBUIO B U cOOCTBEHHBIX (T.€.
ommaabIX 0T U u 0T Hy/eBoro nojampocrpancTsa) A|G|-nuHBapuanTHBIX
nojpocrpancts. [loq A[G]-uHBApHAHTHBIM TOITPOCTPAHCTBOM TOHIMA~
eTCsl, eCTeCTBEHHO,



VII.2.1. IIpuBoanMble 1 HelIPUBOJUMbIE IPeACTaBJIe-
HUS

Ompenesienue 28. Onepamophroe npedcmasaeHue
A: G — AutU mnasweaemes npuBoguMbIM, ccau U npedcmasumo
6 sude U =V @ W, 2de nenynesnsie nodnpocmparncmea V- u W saeis-

omea Algl-unsapuarmmvimu daa mobozo g € G. B npomushom cayuae
npedcmasienue A . G — Aut U naszvisaemcs HEIIPUBOAUMBIM.

Kax ciejyer us paccMOTpeHHOII Huke TeopeMbl Mallike, st olle-
paTopHoOro mpejcrapierns B rpyiiny Aut U HeBBIPOXKIeHHBIX JIMHET-
HBIX OIIePATOPOB JIMHEHHOIO NPOCTPaHCTBa HaJL 110J1eM C KOMILIEKCHBIX
qHCesT HElTPUBOIMMOCThH PABHOCUIbHA OTCYTCTBUIO B U cOOCTBEHHBIX (T.€.
ommaabIX 0T U u 0T Hy/eBoro nojampocrpancTsa) A|G|-nuHBapuanTHBIX
nojpocrpancts. [loq A[G]-uHBApHAHTHBIM TOITPOCTPAHCTBOM TOHIMA~
eTCsI, eCTECTBEHHO, MOJIIPOCTPAHCTBO, SIBJIAIOIIEECS
Alg]-unBapuanribiv st sio6oro g € G.



VII.2.2. Teopema Maiuke

Teopema 33 (Marike). Cnpasedausvl caedyrouue ymeepHcOeHUA:

1) ecaxoe onepamoproe npedcmasaerue nad nosem C xomnaexc-
HOLE MUCEA IKEUBANCHMMHO NPAMOT CYMME HENPUBOUMBLT npedcmase-
nwuti epynnot G- nad nosem C;

2) ecau A — mampuurnoe npedcmasaerue 2pynnos G nad C u

A X mXxXm
Seenvged Aw - (A0 o )

mo cywecmeyem nesviposrcdennas mampuuya T, wmo

-1 . Akxk:(g) Omxm i
T AT = (Bmxk<g> Crven(9) )

3) ecau A: G— AuwtU — onepamopnoe npedcmasaenue epyn-
not G 6 epynny HEBBLPOHCOEHHBLL —ONEPAMOPO8 AUHETHO20
npocmparcmea U. V < U, npuvwem das aobo2o g € G nodnpo-
cmparcmeo V. — Algl-uneapuarnmmoe, mo cywecmeyem makoe
Algl-unsapuarmmroe nodnpocmpancmeo W, wmo U =V & W.



VII.2.3. Jlemma Illypa

Jlemma 3 (Ilyp). llyemv A: G— AuwtU, B: G — AutV  —
Henpusodumvle OonepamopHule npedcmasaerus 2pynno. G 6
aunetinoie npocmparcmea U u 'V wnad nosem F'. Ecau P:U—>V —
Maxot AUHEUHLT ONepamop, 4mo

Vg€ G AlgloP =Po Al (19)

mo aubo P — nyaesoti onepamop, aubo Ker P = {0y},



VII.2.4. DKBuBaJieHTHBIE IIPeACTaBJICHNIS
«OILMH&KOBOCTB» HpeﬂCTaBﬂeHI/If/’I [IOHUMa€TCA B TECOPpUU I'PYIIL CJICAY-
FOIIIM 0OPa30M.



VII.2.4. DKBuBaJieHTHBIE IIPeACTaBJICHNIS

Omnpenenenune 29. I[lycmv U u V' — aunetinvie npocmparncmea Hao
nosem F u G — epynna. OnepamopHsie npedcmasaeHus:
A: G—=AuwtU, u B: G— AutV naszwsearomcs S3KBUBaJIEHTHbBI-
MU, €CAU CYWECTNEYEM Makol U30MopPusm (m.e. HeBbLPOHCIEHHBLT
AUHeTHBT onepamop) T aunetinozo npocmparcmea U na aunetinoe

npocmparcmeo V', umo

VgeGVuel <T (Algl(w)) = Bg] (T(u))) | (20)



VII.2.4. DKBuBaJieHTHBIE IIPeACTaBJICHNIS

Onpepnenenune 30. Mampuurvie npedcmasaeHUus
A: G—GL,(F), u B: G— GL,(F) nasveaomeca IKBUBA-
JIEHTHBIMH, ccau cywecmsyem makas mampuya T, wmo

Vge G B(g)=T"' Alg)-T. (21)



VII.2.4. DKBuBaJieHTHBIE IIPeACTaBJICHNIS

B cuny TeopeMbl 00 n30MOpP(MHOCTH JMHEHOTO MPOCTPAHCTBA
OMepaTopoB 1 JIMHEHTHOTO IPOCTPAHCTBA MATPWIL OIlepaTOPHBIE
npeacrapiaenus A: G — AuwtU, u B: G — AutV gpisgores 9k-
BUBAJIEHTHBIMU TOTJIa U TOJILKO TOIJIA, KOIJIa SKBUBAJEHTHBI COOTBET-
CTBYIOIIE MAaTPUUIHbIE IIPEICTaB/ICHNUsI, T.e. MATPUIHbIE IIPe/ICTaB/IeHNsI,
MOJTy9eHHbIC caeayionuM obpa3oMm: ecim B — 0Oasuc jmHeitHOro mpo-
crpanctBa U, B — azuc jnmHeitHOro npocrpaHcTBa V', To MaTpuUiHbIe
upejcrasienust Ay u By onpejenensr ¢popmylioii: st jioboro g € G

Au(g) = (Alg))g. Bulg) = (Bla)g,

rae X[ — MaTpuia oreparopa X B 6asuce B.



VIII. 3amaHme rpyim o0pa3ylOIUMN W ONPeaesISiOnIMMUI OT-
HOIIICHUAMMN
PaccMmorpuM ele oJuH TUIIOBOI CIIOCOO 3a/JIaHusl TPYIIIIbL.



VIII. 3amaHme rpyim o0pa3ylOIUMN W ONPeaesISiOnIMMUI OT-
HOIIICHUAMMN

Teopema 34 ([duk). Fcau epynna G = {] ‘ V(I)} sadaemcsa cucme-
Mot nopostcdmowus I u nexomopoti cucmemots onpedesaouus coommo-
wenutt V(I), a epynna H = {I ‘ W(I )} zadaemces cucmemots noposrcda-
owuz I u nexomopoti cucmemoti onpedeasowuz coommowernut W (I),

npuvwem V(I) CW(I), mo H ecmv e2omomopdproi obpas epynno G,

m.e. cywecmeyem maxas wopmavras nodzpynna N epynno. G, 4mo
H ~ G/N.



Cracu6o

3a
BHUMaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru

caiiter: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepuyThca K cnucKy npe3eHTanmii?
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