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I TloHaTue anre6pavyeckor onepauum

Uto Takoe «ajrebpanyeckasi onepauusi» ?

Kak HallTh oTBeT Ha 3TOT BoIpoc?

1) Haiitu onpenenenue B yuebHuKe, sHLIMKIONEeUWH U 1p. HeuHTepec-
HO.

2) MHlyKTUBHBII BapUaHT: paCCMOTPETh PUMEPBI U MONbITaThCs Pop-
MaJIM30BaTh Pe3yJbTaT B BUJIE OTIPE/IeJICHHUS.

Takoe yueOHoOe uccaenoBaHue ropasfo noJesHee, a pe3yJbrar
ycBavBaeTcs Jy4lie.
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KoHKpeTnsupyem CUTyauuo:

2+3=05;
4+7=11;
oo —eo.

dopmagusyem: nape uuces — cJiaraeMbix CyMMbl — Mbl COIOCTaBJIS-
€M YMCJIO.

Kakas cranjpapTHasi MaTeMaTHuecKasi KOHCTPYKIIMS OMUChIBAET TAKYIO
CUTYalHIO?

[Tousitne hynkiims!
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I TloHaTue anre6pavyeckor onepauum
Uto Takoe «ajrebpanyeckasi onepauusi» ?
PaccmoTpuM /151 puMepa ornepauuio CJI0KEHUS LEeJbIX YUCe.
KoHKpeTnsupyem CUTyauuo:

2+3=05;
4+7=11;
oo —eo.

dopmagusyem: nape uuces — cJiaraeMbix CyMMbl — Mbl COIOCTaBJIS-
€M YHCJIO.

Kakasi cranjaptHass MaTeMaTuuecKasi KOHCTPYKILHMS OMUChIBAET TAKYIO
CUTYalHIO?

[TouaTtue dhynkuusa! Beerna jin y 3Toi yHKIMH JIBa aprymeHTa?

Her, nanpumep, y onepauuu (—x) 00ux apeymerm.

[Tonyuaem onpeneneHue.
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I TloHaTue anre6pavyeckor onepauum

Onpenenenue 1. n-mecmuotl uiu n-apHoti anredbpanueckoi onepa-
uuei Ha Henycmom mHoxcecmae ) Hazvlgaemces ynkyus ¢ obaa-
cmoto onpedeserus () x Q) x ... x (), obaracme 3HaueHull KOMOpoU

~"

n MHOJMCUIMeaell

skAtouaemca 8 S).

Kakue Buabl ajreOpanueckux orepauvi HauboJiee UHTEPECHbI JIJis
M3yUueHHsI?

Bo-nepBbix, B COOTBETCTBHUH CO CTPATETHEN MPUOPUTETHOTO U3YUEHUS
9KCTPEMAJIbHbIX CHUTyalUMH HaubOJiee UHTEPECHbI ONepauuu ¢ KCTpe-
MaJIbHbIM KOJIMUECTBOM OTNEPaH/I0B.

Bo-BTOpBIX, OMepaluu ¢ 4aCTo BCTPEUAIOLIUMHUCS CBOUCTBAMM, HATIPH -
Mep, ornepalri, Jisi KOTOPbIX BBIMOJHACTCS MEPEMECTUTE/bHbIM U COUe-
TaTeJIbHbIH 3aKOHbI (KOMMYTAaTHUBHOCTb, aCCOLIUATUBHOCT ).



I HekoTtopble TUNbI ajire0panuyecKux onepawun

Onpenenenue 1. n-mecmuotl uiu n-apHoti aaredbpanueckoi onepa-
uMen Ha Henycmom mHoxcecmae ) Hazvleaemces hynkyus ¢ obaa-
cmoto onpedeserud ) x 2 x ... x (), obaracme 3Hauerutl KOmopou

~"

n MHOMCUmenetl

sKAtouaemca 8 S).

Ecau n = 1, To anre6panyeckast onepauust Ha3biBaeTcsi YHApHOM, ec-
JU n =2 — To OUHApHOM ajrebpauueckoi onepaured. Ocobyto poJb
urpator 0-apHble ornepaldu, To ecTb KOHCTaHTbl. Hanpumep, uucaa 1 u
0 urpatoT oco6yto poJib B TEOPHUH LEJbIX UMCEJ, UX MOXKHO paccMaTpH-
BaTh KaK 3HaueHHs cooTBeTCTBYIOIIMX 0-apHbiX onepalnid. Pagymeercs,
O-apHble onepalyu cedyac MOXKHO paccMaTPHUBaTh, KaK HEKOTOPble «Ma-
TeMaTHuecKHe BbIKpyTachl». OHaKO B JaJibHelIleM Mbl YBUJIUM, UTO Ta-
KOH MOJIX0J1 0Ka3bIBA€TCs1 OUEHb MOJIE3HBIM.



I HekoTtopble TUNbI ajire0panuyecKux onepawun

Onpenenenue 1. n-mecmuotl uiu n-apHoti anredbpanueckoi onepa-
uuei Ha Henycmom mHoxcecmae ) Hazvlgaemces ynkyus ¢ obaa-
cmoto onpedeserus () x Q) x ... x (), obaracme 3HaueHull KOMOpoU

~"

n MHOJMCUIMeaell

skAtouaemca 8 S).

[TpumMepamu anrebpanueckKux orepaluil Ha MHOXKECTBE JICHCTBUTE/ b -
HBIX YHCEJT SIBJISIIOTCST OTEePaLiK CAONMCEHUSL, YMHONCCHUS, BOLUUMAHUL.
Jlenenue | onepauueit He sBIsIeTCS, Tak Kak aejende Ha O He onpeje-
JIEHO, TO eCTb napbl Bujaa (x,0) He BXOAAT B ee 06J1aCTh ONpeeseHusI.
DTO MpUMEp TaK Ha3bIBAEMOH YaCTUYHOM OMepaluu, KOTOPbIE Mbl 3J1€Ch
paccMaTpHBaTh He OyJIeM.

I(hyHkuus, nape (x,y) cTaBsilasi B COOTBETCTBHE J€HCTBUTEIbHOE YHCJIO %



I HekoTtopble TUNbI ajire0panuyecKux onepawun

Onpenenenue 1. n-mecmuotl uiu n-apHoti anredbpanueckoi onepa-
uuei Ha Henycmom mHoxcecmae ) Hazvlgaemces ynkyus ¢ obaa-
cmoto onpedeserus () x Q) x ... x (), obaracme 3HaueHull KOMOpoU

~"

n MHOJMCUIMeaell

skAtouaemca 8 S).

BblunTaHue Ha MHOXKECTBE HAaTyPaJbHbIX UHCEJI HE SIBJSETCS ajarebpa-
MUECKOU orepalren, 3To TOKe YaCTHUHAas ollepalius, Tak Kak, HallpumMep,
yucsio —2 = 3 — 5 He sIBJIsSIeTCS HaTypaJibHbIM UKCJIOM, TO €CTh napa (3, 5)
He BXOJIUT B 00J1aCThb onpejiesieHusi GyHKIUU »BblUHTAHUE Y,



I HekoTtopble TUNbI ajire0panuyecKux onepawun

Onpenenenue 1. n-mecmuotl uiu n-apHoti anredbpanueckoi onepa-
uuei Ha Henycmom mHoxcecmae ) Hazvlgaemces ynkyus ¢ obaa-
cmoto onpedeserus () x Q) x ... x (), obaracme 3HaueHull KOMOpoU

~"

n MHOJMCUIMeaell

skAtouaemca 8 S).

OO6bIYHO 00pas 3JieMeHTa & OTHOCUTEJbHO ornepauuu f 0603HAUYaAOT
uepes f(x). Hdas GuHapHbIX anre6pandyeckux onepaini 06bIUHO UCTTOJb-
3yIOT JApyrou crnoco6 o6o3HaueHust o6pasa: BMecto f(x,y) ero o603Ha-
yaroT yepes x * ¥, rae * — o003HaueHue aarebpanueckou onepauuu. Ha-
MPUMep, Mbl MUIIEM T + Y, T * Y, T — Y U T.I1.



I HekoTtopble TUNbI ajire0panuyecKux onepawun
bunapnas anre6panueckas onepauus * Ha3bIBAETCS

KOMMYTaTHBHOﬁ, €CJIM BbITIOJIHACTCHA TOXKAECTBO T * Y = Y * X,

aCCOUMATUBHOM, €CJIH BLITTOJHSIETCS TOXKAECTBO (T % YY) % 2 = X * (y * 2).



I HekoTtopble TUNbI ajire0panuyecKux onepawun
bunapnas anre6panueckas onepauus * Ha3bIBAETCS

KOMMYTATUBHOM, €CJIU BbIMIOJIHSIETCS TOXKAECTBO & * Y = Y * T;
aCCOUMATUBHOM, €CJIH BLITTOJHSIETCS TOXKAECTBO (T % YY) % 2 = X * (y * 2).

3aMeTuM, UTO CeHuyac Mbl OCYLIECTBUJIM KAUECMBEHHMbLI CKAYOK B
HallleM pa3BUTHM. B caMoM Jesie, 10 CUX TOpP B BbIPaXKEHHUSIX TH-
na (x *y)* 2z = x * (y * z) Mbl pacCCMaTPUBAJIU B KAaUeCTBE MePEMEHHBIX
TOJIbKO OYKBHI , 4/, Z, IPUUEM CUUTaIN UX urcaamu. Ceiduac Mbl y2Ke MO-
K€M CuMTaTh, UTO T,y,z — He obs3aTesbHO uucaa. Ho rmaBHoe no-
CTHXKEHHE COCTOMT B JipyroM. HauuHasi ¢ 3T0Oro Mecra Mbl B KauecTBe
rnepeMeHHOH MOXKeM paccMaTpuBaTh 0O03HaueHue onepayuu *. Ha-
MpUMep, TOXKAECTBO (X * y) * 2 = x * (y * z) OyJeT CNpaBeJJIuBbIM, €CJIH
T, 1, z lleJible YUCJIa, a MoJ| oTiepalifel * MOHUMAaeTcst CyMMHPOBaHHe UH-
ceJsl. A MOXKHO BMECTO * MOJICTABUTD OTEPalHi0 YMHOXKEHHE UHCEI.



I HekoTtopble TUNbI ajire0panuyecKux onepawun
bunapnas anre6panueckas onepauus * Ha3bIBAETCS

KOMMYTATUBHOM, €CJIU BbIMIOJIHSIETCS TOXKAECTBO & * Y = Y * T;
aCCOUMATUBHOM, €CJIH BLITTOJHSIETCS TOXKAECTBO (T % YY) % 2 = X * (y * 2).

CuaielytolMii pelinTe/IbHbIA 11ar, KOTOPbIH Mbl C/leJlaeM CYLIIECTBEHHO
MO3/IHee, COCTOUT B MPEBPALIECHUH B «IE€PEMEHHYI0» 0003HAUEHUs] OT-
HOLLIEHHUs], HAlIpUMep CUMBOJIAa =. B JaHHOU paboTe MocJeaHss uiaes He
OyleT Pa3BUBATbCS CKOJIbKO-HUOY/Ib CUCTEMATUUECKH, OJIHAKO Mbl OTME-
THUM, YTO HA CaMOM JieJie BIIEPBbIe C 9TOU CUTyallMel Bbl BCTpeuaJsucs ellle
B cpeJHel wkoJe. Hanpumep, paBeHCTBO TPEYroJbHUKOB — 3TO BCe-
TaKW »He COBCEM PABEHCTBO», HHOTJIA BAaXKHO, HAIIPUMeEDP, e0e HapUCOBaH
TPEYroJIbHUK, a HEe TOJIbKO €r0 TeOMETPUUECKUE XaPAKTEPUCTHKH.



IIl HekoTopble Kaaccuueckue aareopbl

Onpepenenue 2. Anredpot (8 wuUpoKom cmbicae) HaA3bLBACMCA
ynopsadouennasn napa A = (A, F), ede A — Hekomopoe Henycmoe
MHOJCECMBO, Ha3blBaeMmoOe HocuTeaem aseebpol A, u F — MmHOdMCE-

cmeso onepauuti areebpor A, onpedearernHolx Ha A.



IIl HekoTopble Kaaccuueckue aareopbl

Onpepnenenue 2. Anred6poit (8 wWuUpPOKOM CMbLCAE) HA3bLBACMCA
ynopsadouennasn napa A= (A, F), ede A — Hekomopoe Henycmoe
MHOJCECMBO, HA3blBAEMOE HOCUTeNdeM aseebpol A, u F — MmHOdtMce-
cmaso onepauyuti areebpol A, onpedeserHolx Ha A.

Ha onHoM M TOM »Ke HerycToM MHOXKECTBE MOXKHO OIpeJiesIiTh pas-
JIMUHble aire6pbl. HanpumMep, Ha MHOKeCTBe HATYpaJIbHbIX YHCEJ MOYKHO
onpeneuthb anredpy (N, {+}), a moxxno — anre6py (N, {-, 1}). MoxHo
paccMOTpPeTh U «BoJiee Goratyro» (B CMbICJIe MHOXKECTBA Oreparinii ) aJi-
re6py (N, {+,-,1}). 3auem xe paccMaTpuBaTh «6ejiHble» aJaredpbl, €CJU
ecTb Takas «borarasi» aaredpa? Huxke Mbl puBeieM HEKOTOPbIE€ OTBEThI
Ha 3TOT BOIPOC.



III.1 TIpynnoun
Onpepnenenue 3. [[lycmo A — Hekomopoe Henycmoe MHOMEcmao,

*x — OuHapHasa onepayus Ha amom mHoxcecmse. Toeda arcebpa
(A, {*}) Hasbl6aemcs rpynnouaom.

[pynnounamu  siBasitorest  anre6bpel (N, {+1}), (Z,{-}), (N,{-1}),
(Q, {max}), rme max — OHHapHasi omepalys, BbIOHpaIOlIas U3 3Jie-
MEHTOB T, Yy MAKCUMaJIbHbIH, U T.1I.



III.1 TIpynnoun

Onpenenenue 4. [lycmv A — Hexkomopoe Henycmoe MHONIECMBO,
*x — OunapHaa onepayus Ha smom muoxcecmse. Toeda arcebpa
(A, {*}) Hasbl6aemcs rpynnouaom.

[pynnounamu  siasitorest  anre6opel (N, {+}), (Z,{-}), (N, {-1}),
(Q, {max}), rne max — OuHapHas onepauusi, BoIOUpaiolas 13 3Je-
MEHTOB &,y MAKCUMAJIbHbIH, U T.1I.

Hanomuum, uto 3nech o603HaueHue * paccMaTpUBAeTCs, KakK nepe-
MeHHAs, HO, B OTJIMUHE OT MEePEMEHHbIX T, ¥, . . ., 3HAUEHUEeM TIepeMeH-
HOM * MOKeT ObITb TOJIbKO OUHAPHAsH ONlepaliusl.



I11.2 Tloayrpynna
Onpeneaenue 5. [pynnoud (A, {*}) Hasbieaemcs noayrpynmnomu, ec-
AU * — ACCOYUAMUBHAAL Onepayus, mo ecmos 8oLNOAHACTICA MOiC-
decmso (x xy) *x z = * (y % 2).

MHuorna ropopsit, uto A — MoJyrpynna OTHOCUTEJbHO ONepaLUH .
[Ipu 3TOM paBeHCTBO (x * y) * z = T * (Y * 2) HA3bIBAIOT AKCUOMOU MO-
Jyrpynnsl.



I11.3 Tpynna
Onpepnenenue 6. [[lycmo A — Hekomopoe Henycmoe MHOMIECmao,
*x — OuHapHas onepayus, onpedeseHHas Ha 3MOM MHOHMECMBe, €
— O0-mecmmuasn onepayus Ha A, mo ecmo e — HEKOMOPbLU INeMEHM
uz A. Aneebpa (A, {x,e}) Hazoiaemcs rpynnou, ecau 8oLNOAHLIOM-
ca caedyroujue ymeepoicoerus (aKCMOMbI TPYMNIbI ):

Gl. (zxy)*xz=2ax*(y*2), Mo ecmb x — accoyuamusHas onepa-
yus.

G2. xxe=cexx =1x (aKkcuoma cyu,ecmeos8arusl HeUMpPaANLbHO20
INeMeHma);

G3. daa kamcdoeo asemenma x € A cyujecmsyem maxotl INeMmeHm
T,UMox *xT =T *x = e (AKCUOMA CYUeCmBOBAHUL 0OPAMHO20
anemenma).

[Ipu 3mom onepayus * Hazvlaemcs rpynnoBoOM onepaiue.



I11.3 Tpynna

$lcHo, uto rpynna sBJjsieTcst noJayrpynmnoi. MHOKeCTBO LeJIbIX Uuces
SIBJISIETCSI TPYIIION OTHOCUTEJILHO ONepaluu cyoxKenus v uuca 0, To ecTb
rpynnoi sisjsiercst anre6pa (Z, {+,0}). Bo MHOXecTBe HaTypa/bHbIX UM-
CeJl C olepaluend CJA0XKEHUS HeT «HEUTPAJIbHOr0» 3JIeMEHTa, MO3TOMY
TPYIIOH OTHOCUTEJILHO OMEPALUU CJIOXKEHHUS MHOXKeCTBO N He siBJisieT-
cs. Ho noayrpynno# mHoxkecTBO N OTHOCHTEJIbHO OTIEPaLlUU + SIBJISIET-
cs1. Bo MHO»KeCTBe HaTypaJibHbIX UUCEJ OTHOCUTE/bHO OTNepPallid YMHO-
YKEHHS HEUTPaJIbHbIM 3JIEMEHTOM SIBJISIETCS, OUEBHIHO, UHCHIO 1, Tak Kak
n-1=1-n=mn.OnHako oOpaTHbIA 3JE€MEHT CYLLIECTBYET He JJis1 J1I0O0-
ro yucJja u3 N (umeercsi B BUly 0OpaTHbBIN 3JIEMEHT, SABJISIOLIMACS HATY-
paJibHbIM UUCJIOM ).



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn
Mpumep 1. Paccmompum na muowecmse A = {a,b,c} onepayuu,
3a0anHble MabALyamu:

+la b c| |x|la b c| |©la b c| ®la b c
ala b c| |lala a a ala a a ala ¢ b
blb c a bla b c bla a a b|b a c
clca bl |cla ¢ b cla a a clec b a

BolsicHumo, Kakue 3 amux onepayuti 16AI0Mmes KOMMYManusHol-
nu u kakue uz epynnoudos (A, {+}), (A, {x}), (A, {S}), (A,{®}),
ABALIOMCA noAyepynnanu. Botschume, 8 KAKUX U3 3mux epynno-
U008 UMCIOMCS HelMPALbHbLE INCMEHITbL UL KAKUe U3 HUX CIAHO-
BAMCA epynnamu nocie 006asACHUSL B0 MHONCECIBO ONEPayuLl co-
OMBeMmemsyueeo HellmpaibHoco NeMerma.

Pemenue.



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+ O ©

b ¢ b ¢
b ¢ c b
c a a ¢

o Q|2
Q 2|2
< Q|
L 2 2|0

o o Qo

2 Q|

o O Q| %
>0 2o
O o

a a a
b b b
c c c b a
Peuwlenue. Itu tabsnubl (Tak Ha3biBaeMble Tabaulbl Kaau) 3anator

OMepPaLMIO CJACIYIOLHUM 00pa3oM.

ca b a a




I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Pewenue. Itu tabauipbl (Tak Ha3biBaemble Tabauubl Kaau) 3ana-
I0T orepauuio cjaeaylolum obpasom. PacemoTpum, Hanpumep, TabJuiLy
JJIsl oniepaudu +. DJIEMEHT X + i CTOUT B CTPOKE, CaMbli JIEBBIH 3Jie-

MEHT KOTOPOH (OTJeJIeHHbIH BEPTUKAJBbHOW UYEPTOHA OT OCTaJIbHbIX 3Jie-
MEHTOB CTPOKH ) PaBeH x, U B CTOJIOLIE, CAMbIA BEPXHUH 3JIEMEHT KOTOPOI0

(OTHe/IeHHbIH TOPU30HTAJbHON UePTOH OT OCTaJbHBIX JEMEHTOB CTOJIO-
11a) paBeH y. B uacTHocTH, U3 TabJuLL cyeayeT, uTo a + b =b, b © a = a,

bOa=b,a®b=c.



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Pewenue. Kak HeTpyiHO yBUETh, KOMMYTATUBHbBIMU SIBJISIIOTCS OTle-
pauuu +, *, ©, a ornepauus (& KOMMYTaTUBHOH He SIBJISIETCS], TaK KaK, Ha-
npumep, a ® b =c,Hob® a = b.



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Pewenue. Henocpencreennas npoBepka acColMaTUBHOCTH Olepalyu
SIBJISIETCS TPOMO3JIKOH JlaxKe JIJIsl TAKOTO «MaJIeHbKOr0» (BCEro TpH 3Jie-
MeHTa B HocuTeJse!) rpynnouaa. [lostomy Mbl mpoBeaemM 3Ty MPOBEPKY
TOJIbKO OTHOCHTEJIbHO OMNepaluu +, K TOMY »Ke He JIJIsl BCeX 3JIEMEHTOB.

Nmeem

a+(a+a)=a+a=a,
a+(a+b)=a+b=0,
a+(a+c)=a+c=c,

(a+a)+a=a+a=a
(a+a)+b=a+b=0,
(a+a)+c=a+c=c

=
=
=

a+(a+a)=(a+a)+a,

a+ (a+b)=(a+a)+b,
a+ (a+c)=(a+a)+c



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c

ala b c| |ala a a ala a a ala ¢ b

blb c a bla b c bla a a bl|b a c

clca b cla ¢ b cla a a clc b a
Pewenue.

a+(a+a)=a+a=a, (a+a)+a=a+a=a = a+(a+a)=(a+a)+a,
a+(a+b)=a+b=b, (a+a)+b=a+b=>b = a+(a+b) =(a+a)+b,
a+(a+c)=a+c=c¢, (a+a)+c=a+c=c¢, = a+(a+c)=(a+a)+ec

HerpynHo nojcunrath, uto Tpedyercs nepedbpath 27 BapuaHTOB 3HaUe-
HUI TlepeMeHHBIX I, Y, 2, TO €CTh HaM MPEJICTaBUT HaMKcaTh elile 24 cTpo-
uek. Bbl Temephb yKe 10CTaTOUHO TPAMOTHBIH, U Mbl MOXKEM C UMCTOH CO-
BECTbIO MePEJIOKHUTh 3Ty paboTy Ha Bac. 31ech Mbl orpaHHUMMCS TEM,
uTo pa3boJiTaeM «BOEHHYIO TalHy»: Oomepaluu —+,*, S acCOLUATUBHbI,
a omepalusi @ — He accouuaruBHasi. [locyienHee Jierko npoBepsieTcs:
(a@b)Oc=cOc=a,H0a® (bOc)=a®c=0b.



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b ¢ xla b c Sla b c ®la b ¢

ala b c| lala a a ala a a ala ¢ b

blb c a bla b c bla a a blb a c

clec a b cla ¢ b cla a a clec b a
Peuwenune. Takum o6pasom, rpynnounasl (A, {+}), (A, {x}) wu

(A, {e}), sBasiores noayrpynnamu. Ipynnoun (A,{®}) noayrpyn-
MoH He $IBJseTCs, TakK Kak, Hampumep, (a®b) ®b=c®b=0b, HO
a®boOb)=aGa=a,Toectb (a®b)Ob#a® (b®b).



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Pewenue. OueBupHo, uto B rpynnoune (A, {+}) s/eMeHT a siBJsET-
csl HeliTpasibHbIM. B rpynmnounae (A, {*}) Takke umeeTcs HeHTpasbHbIN
s7ieMeHT: 3T0 b. A BoT B rpynnounax (A, {&}) u (A, {®}) Het uu oxHoroO
HEUTPaJIbHOTO 3JIeMeHTa (JIETKO TI0KAa3aTh, UTO €CJIM B TPYIITe HEHUTpasib-
HbI 2J1eMEHT CYLIECTBYET, TO OH €IMHCTBEHHbIN ).



I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Peuenue. 113 paccMoTpeHHBIX UeThbIpex rpynnouioB ToJabKo (A, {+})

sBJisseTcs rpynnoi. O6paTHble 3J1eMeHThl 3a7al0TCs CJeNylollel Taban-
rla b c

1eu:

Tla ¢ bl




I11.4 Tlpumepsl rpynnouaoB, NoJyrpyni v rpymnn

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Pewenune. O6GcyauM HEKOTOPbIE HHTEPECHBIE OCOOEHHOCTH PACCMOT-
peHHbIX rpynnoujoB. Anrebpa (A, {+,a}) siBasieTcss rpynnou ¢ Kom-
MymamusHo rpyninoBoy onepauuent. Takue rpynmbl UTPAIOT HACTOJ/b-
KO BaKHYIO POJib, UTO JIJISI HUX MUCIOJIb3YETCS ClelHaJbHOe Ha3BaHHUE.



II1.5 AobeneBbl (KOMMyTaTUBHbIE) FPYMIbI

Onpenenenue 7. Ipynna ¢ kommymamusHot epynnosotl onepa-
yuer Hazvl8aemcs KOMMYTaTUBHOW rpynnou uau abenseBou rpyn-
nowu.



II1.5 AobeneBbl (KOMMyTaTUBHbIE) FPYMIbI

Onpenenenue 7. Ipynna ¢ kommymamusHot epynnosotl onepa-
yuer Hazvl8aemcs KOMMYTaTUBHOW rpynnou uau abenseBou rpyn-
nowu.

He Bce rpynmnbl KOMMYTaTHBHBI.



II1.5 AobeneBbl (KOMMyTaTUBHbIE) FPYMIbI

Onpenenenue 7. Ipynna ¢ kommymamusHot epynnosotl onepa-
yuer Hazvl8aemcs KOMMYTaTUBHOW rpynnou uau abenseBou rpyn-
nowu.

He Bce rpynmnbl kommyTtatuBHbl. Hanpumep, muoxectBo {«, 3,7, 0, ¢, (}
ola B v d €

C onepauded o, 3aJaHHOM TabJHLEeH , SABJISACTCH

Mm Sy D 2 W
SHhoy O & O 2
2 @O e >
O O W M o |y

2 L O
Y 2 o O
RO 2 >y M

HEKOMMYTAaTUBHOU I'PYIIIION.



[11.6 HeaOeneBbl (HEKOMMYyTaTUBHbIE) FPYNMbI
Onpenenenue 7. [pynna ¢ kommymamusHot epynnosot onepa-
yuer Haavl8aemcs KOMMYTAaTUBHOW Tpynnou uau abeneBou rpyn-
nomu.

He Bce rpynnbl kommyTtaTuBHbl. Hanpumep, muoxkectBo {«, 3,7, d, ¢, (}

ola B v 0 € (
ala B v 0 € (¢
Bl v ae o

C ornepauued o, 3aJaHHON TabJguued |v|v a [ ( O €| saBAsgeTCS
0|0 C e avy
ele 0 ¢ B avy
(1 €0 v f a

HEKOMMYTATUBHOW rpynnon. MoxKHO 3Ty rpynimy 3aj1aTh HHAUe.



[11.6 HeaOeneBbl (HEKOMMYyTaTUBHbIE) FPYNMbI

ola B v 0 ¢ (
ala v 0 € ¢
BI6 vy ae (o0
MoxxHOo HHaue 3aaaTth rpynny |y |y a B ¢ 0 ¢
0|0 C e ay
ele 0 C B avy
(l¢eodnrBa

PaccMOTpUM MHOXKECTBO BCEX B3aMMHO OJHO3HAUHBLIX OTOOpaXKE€HHH
MHOXKecTBa {1, 2,3} Ha cebsl.



[11.6 HeaOeneBbl (HEKOMMYyTaTUBHbIE) FPYNMbI

ola fy 0 € ¢
ala v 0 € ¢
BI6 vy ae (o0
MoxxHOo HHaue 3aaaTth rpynny |y |y a B ¢ 0 ¢
00 ¢ ¢ ay B
ele 0 C B avy
(l¢eodnrBa
[Iyctb (3 0603HauaeT oToOpaxKeHue, 3aaHHOE TaOJULIEH z 129
’ Blx)|2 3 17
M 0 obGo3HauaeT oToOpakeHWe, 3aJaHHOe TaOJMLen z |12 3.
’ o(z)1 3 2
B kauectBe omnepauuMud o Bo3bMeM cyneprnosuuuto Gyuakimin. To-

raa J0CTaTtouHo MoJoxuTh «a(x) =z, y(z) = (B0 f)(z) = B(8(x)),

e(x) = (Bod)(x)=0((x)), ((x) = (Gofod)(x)=0d(0(5 )

N~—



[11.6 HeaOeneBbl (HEKOMMYyTaTUBHbIE) FPYNMbI

ola B v 0 ¢ (
ala v 0 € ¢
BI6 vy ae (o0
MoxxHOo HHaue 3aaaTth rpynny |y |y a B ¢ 0 ¢
0|0 C e ay
ele 0 C B avy
(l¢eodnrBa

MoOXKHO  NpPeAIoKUTh W JIDYTHE  UHTEpIpeTaldd  3JIEMEHTOB
a, 3,7,0,e,( ¢ TeM, UTOOBI OJYUUTh TY K€ TPYIIIOBYIO OMEPaLHUIO.



I1.7 O6 orpaHMyeHuH onepauuy Ha NOJIMHOXECTBO

+la b c| |xla b c| |Sla bcl ©la b c
ala b c| |ala a a ala a a ala ¢ b
blb ¢ a bla b c bla a a blb a c
clca bl |cla c b cla a a clc b a

Bepuewmes k rpynnonaam rnpumepa 1. B rpynmnoune (A, {©}) onepauus
«OueHb 0JIHO0Opa3Hasi»: 3T0 (HYHKIMS-KOHCTAHTA, KaXI0H nape 3Je-
MEHTOB U3 {a, b, c} cTaBsilas B COOTBETCTBHE OJIMH-€JMHCTBEHHBIN 3J1e-
MEHT a.



I1.7 O6 orpaHMyeHuH onepauuy Ha NOJIMHOXECTBO

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

B rpynnoune (A,{®}) onepauus © obJjanaer oJHUM MOJE3HLIM CBOMH-
CTBOM: JIJIs JIIOOBIX JBYX 3JIeMEHTOB u,v € {a,b,c} paspelimMbl ypaB-
HEHUS] 4 ® X =V M y ® u = v OTHOCHUTEJIbHO TepeMeHHbIX T,y. 3eCh
YMECTHO MOAUEPKHYTh, UTO B rpymnne akciombl G2, G3 1LIKPOKO HUCITOJb-
3yIOTCSl HMEHHO JIJI51 pellieHUs] TAKUX ypaBHEHU#! DTO CBOMCTBO «pOAHUT»
rpynnous (A, {®}) ¢ rpynmno, XoTs STOT rPYNMOU]] He SIBJISIETCS He TOJb-
KO IPYIINOH, HO JlaxKe He ABJACTCHA MMOJYTPYIIIOHN.



I1.7 O6 orpaHMyeHuH onepauuy Ha NOJIMHOXECTBO

+la b c| |xla b c|l |[©labcl |[®la b c
ala b c| |ala a a ala a a ala ¢ b
blb c a bla b c bla a a bl|b a c
clca b cla ¢ b cla a a clc b a

Ho ocobbifi unTepec npencrapssier aasi Hac rpynnoun (A, {x}). Pac-
cMOTpuM noaMHoKecTBO B = {b, c} u orpanuuenne! x onepauun * Ha
x|b c
3TO MOJAMHOXKECTBO: | b | b c¢|. Herpyano nousts, uto ({b,c}, {x,b}) siB-

cle b

JII€TCS TPYIITOH.

'HanoMHuM, 4TO OrpaHUUEeHHE * TOJYyUaeTCsl U3 *, €CJIH Mbl «3a0ynemM», Kak JIeHCTBYET * Ha BCE 3Je-
MEHTBI, He TIpuHaiexaine B. Hanpumep, ¢ x b = ¢ x b = ¢, a BOT ¢ x a HeoTpeJieJieHa, Tak Kak a ¢ B.



I1.7 O6 orpaHMyeHuH onepauuy Ha NOJIMHOXECTBO

B 60/bLIMHCTBE CJlyuaeB BBEJAECHHE HOBOTO CUMBOJIA, HAMIPUMED, * JIJIs
o603HaueHust orpaHuuenns * Ha {b, c}, mpeaCTaB/seTCs HEKUM <U3JIH-
LIECTBOM», T.K. JiJIsl JIIOOBIX 3JIEMEHTOB X,y € B 110 onpeae/ieHnuto orpa-
HUYEeHUsT UMeeM x xy = x * . [lo3ToMy OOBIYHO BMECTO CHMBOJIA *
MO>KHO T0JIb30BATHCS MPEKHUM CUMBOJIOM *. [ 1o 3TOMY MOBOIy MBI TPpH-
MeM CreuraJJbHOoe CorJiallleHue.



I1.7 O6 orpaHMyeHuH onepauuy Ha NOJIMHOXECTBO

Coraawmenue 1. /[1a ymeHvulenus Koauuecmsa 0003HAUEHUL Mol
BMECMO cumgoaa, 0603HaAUAIOUWeco0 OzpaHu4derie onepayul Ha
NOOMHOMcecmBo (Hanpumep, CUMBoa *, 0003HaAUAOULe20 02PAHU-
werue * Ha {b,c}) 6ydem ucnosvzosame cuUMBOA UCXOOHOL Onepa-
uuu (8 paccmampusaemom npumepe 3mo x).



I1.7 O6 orpaHMyeHuH onepauuy Ha NOJIMHOXECTBO

Coraawmenue 1. /[1a ymeHvulenus Koauuecmsa 0003HAUEHUL Mol
BMECMO cumgoaa, 0603HaAUAIOUWeco0 OzpaHu4derie onepayul Ha
NOOMHOMcecmBo (Hanpumep, CUMBoa *, 0003HaAUAOULe20 02PAHU-
werue * Ha {b,c}) 6ydem ucnosvzosame cuUMBOA UCXOOHOL Onepa-
uuu (8 paccmampusaemom npumepe 3mo x).

DTO corJiallleHHue MO3BOJISIeT He BBOJAUTb HOBbIH CUMBOJI U HCIOJIb30-
BaTb BMECTO HEro CUMBOJI, 0003HAYAIOIINNA UCXOHYIO onepaluto. B npu-
MeHEeHHUH K paccMaTpUBaeMOMy MpUMepPY Mbl OyJieM TOBOPUThL 00 onepa-
LMK * HQ NOOMHONcecmae B, xoTs « — onepauusi Ha A, U, CTPOro roBo-
psl, HAJI0 TOBOPUTH O * HA MHOXKeCcTBe B. «[paMMaTHuecKue BOJIbHOCTH»
TAKOro pojia MOTYT MIPUBECTH K CEPbE3HBIM HEJIOPA3YMEHHSAM, HO B CUTY-
auusix, KOTopble Mbl OyJIeM pacCMaTPUBATh, TOTO HE TPOU30HJIET.,



I1I.8 ducTtpuOyTUBHOCTD

+la b c| |xla b c| |Sla bcl ©la b c
ala b c| |ala a a ala a a ala ¢ b
blb ¢ a bla b c bla a a blb a c
clca bl |cla c b cla a a clc b a

Ho camoe nHTepecHoe COCTOUT B TOM, UTO OTepalliu + U * CBoeobpas-
HO «B3aMMOJIEHCTBYIOT» MeXy cOO0H. A UIMEHHO, HECJIOXKHO MTPOBEPHUTH
(nepebopom 27 BapuanToB), uto Ha A = {a, b, ¢} BBIMOJHSAIOTCS TOXKIE-
ctBaax* (b+c)=axb+axcu(b+c)xa=>bxa+ cx*xa. ITu popmy-
JIbl Ha3bIBAIOTCS AUCTPUOYTHUBHOCTDIO.



I11.9. Koabuo

Onpenenenue 8. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

.o +y=y+x (KOMMYMAMUBHOCTIb <CAONCCHUSLY );



I11.9. Koabuo

Onpenenenue 8. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

.o +y=y+x (KOMMYMAMUBHOCTIb <CAONCCHUSLY );

204 (y+2) =(x+y)+ 2z (accoyuamusrocmo «CAOMEHUY);

3uauur, (K, {+}) — noayrpynna



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-

emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.z4+y=y+x (KOMMYMamusHoOCmob «CAOHCEHUAY);
2.2+ (y+2) = (r+y)+ 2z (accoyuamusrocnb <CAOHCHURY );

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-

emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.z4+y=y+x (KOMMYMamusHoOCmob «CAOHCEHUAY);
2.2+ (y+2) = (r+y)+ 2z (accoyuamusrocnb <CAOHCHURY );

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);

3Hauut, (K,{+}) — noayrpynna ¢ HedTpajbHbIM 3J€MEHTOM (C
«eJUHULIEN»).



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-

emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.z4+y=y+x (KOMMYMamusHoOCmob «CAOHCEHUAY);
2.2+ (y+2) = (r+y)+ 2z (accoyuamusrocnb <CAOHCHURY );

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);

4. 0aa nmoboeo x u3 K cywecmsyem makoil 3semenm (—x), 4mo
(—z)+ x =0 (9nemenm, obpammuoLll OMHOCUMENLHO +);

3uauur, (K, {+}) — rpynna.



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-

emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.2+y=vy+x (KoMmymamusHocmo « CAOHEHUAY);
2.2+ (y+2) = (r+y)+ 2z (accoyuamusrocnb <CAOHCHURY );

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);

4. 0aa nmoboeo x u3 K cywecmsyem makoil 3semenm (—x), 4mo
(—z)+ x =0 (9nemenm, obpammuoLll OMHOCUMENLHO +);



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-

emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.2+y=vy+x (KoMmymamusHocmo « CAOHEHUAY);
2.2+ (y+2) = (r+y)+ 2z (accoyuamusrocnb <CAOHCHURY );

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);

4. 0aa nmoboeo x u3 K cywecmsyem makoil 3semenm (—x), 4mo
(—z)+ x =0 (9nemenm, obpammuoLll OMHOCUMENLHO +);

3Hauur, (K, {+}) — abesaeBa (KoMMyTaTMBHas) rpynna — ajaiu-
TUBHas IPYMNMNa KoJblia.



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-
emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.z4+y=y+x (KOMMYMamusHoOCmob «CAOHCEHUAY);
204 (y+2) =(x+y)+ 2z (accoyuamusrocmo «CAOMEHUY);

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);

4. 0aa nmoboeo x u3 K cywecmsyem makoil 3semenm (—x), 4mo
(—z)+ x =0 (9nemenm, obpammuoLll OMHOCUMENLHO +);

b.x-(y-2)=(xr-y)- 2z (accoyuamusrocmo « YyMHONEHUAY );



I11.9. Koabuo

Onpenenenue 8. KoabLOM 11 acCOLMATUBHBIM KOJbLOM HA3bl80-
emcs areebpa (K, {+,-,0}) 049 komopoil 861noAHAIOMC CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

l.z4+y=y+x (KOMMYMamusHoOCmob «CAOHCEHUAY);
2.2+ (y+2) = (r+y)+ 2z (accoyuamusrocnb <CAOHCHURY );

3. 8 K cywjecmsyem saemenm, komopoiii moL 00o3nauum 0, maxkod,
umo 044 A060eo x u3 K soinoanaemces coomuowenue v+ 0 = x
(Haauuue HYreso2o anemenma);

4. 0aa nmoboeo x u3 K cywecmsyem makoil 3semenm (—x), 4mo
(—z)+ x =0 (9nemenm, obpammuoLll OMHOCUMENLHO +);

b.x-(y-2)=(xr-y)- 2z (accoyuamusrocmo « YyMHONEHUAY );

3uauur, (K, {-}) — noayrpynna.



I11.9. Koabuo

Onpenenenue 8. KoibloM 111 accOUMATUBHBIM KOJbLOM HA3blBA-
emcs areebpa (K, {+,-,0}) 049 komopoil 8binoiusiomes ciedyro-
wue ymeepucderus (aKCUOMbI KOJbLA):

[.x+y=y+x (KOMMYymMamusHoOCmMb «CAOHCEHUY );
2.+ (y+2)=(r+y)+ 2z (accoyuamusrocmo «CAOHEHULY);

3. 8 K cyujecmsyem aaremenm, komopoiti mol 06osnauum 0, maxotl,
umo 0as 110600 x u3 K soinoansemcsa coomuouterue x + 0 = x;

4. 0aa noboeo x u3 K cywecmsyem makoi aremenm (—x), 4mo
(—x) + 2z =0 (91emenm, 06pammoLi OMHOCUMEAbHO +);

b.x-(y-z)=(x-y)- 2z (accoyuamusHocnio KYMHONCEHUSS )]

6.x-(y+z)=x-y+x-2 (yY+z)-x=y-x+z2-x (1e6aq unpa-
sas ducmpubymusrHocmu).



I1.9 Koabuo

Yacrto 370 omnpeneneHue GOPMYJUPYIOT CJAEAYIOIIMM 00pPa3oM:
KOAbLOM Ha3bleaemcs Henycmoe MmHodicecmso K ¢ onepayusmu,
Komopole Mol 0003HAUUM + U -, 8 KOMOPOM UMEeNCS 3NeMeHM,
Komopuoltl Mol 0603HaUUM cuMmB0OAOM (O, npUUemM BbLLOAHSIOMCSI NPU-
Be0eHHbLE BbLULE AKCUOMbL KOAbYA.

(K,{+,0}) Ha3bIBaeTcs alAMTUBHOW IPYNNON KOJAbLA.
(K, {-}) Ha3biBaeTcs MyJbTUNJIMKATUBHOW NOJYTPYNNoi KOJblia.



1.9 Koabuo

Muorna B onpejeseHun KoJiblia 0TKa3bIBAIOTCS OT AKCMOMBI & (acco-
LIMATUBHOCTb KYMHOXEHUSI» ) U 3aMEHSIIOT ee KakoH-HUOY b Apyroi. B
3TOM CJlyuae roBOPSIT O HEeaCCOUMATUBHBIX KOJbLAX.

Brinosnenne akcuom 2-4 roBopuUT o ToM, 4To K SIBJSIETCS TPYyNIou
OTHOCHTEJIbHO CJIOXKEHMS, a BbITIOJIHEHHE MPU TOM aKCHOMbI | TOBOPUT O
TOM, UTO 3TO abeJieBa UJIM, UHBIMU CJIOBAMH, KOMMYTAaTUBHAs rpyIna.



[11.10 Teaqo
Onpenenenne 9. [lycmov A — Henycmoe mHoNcecmso, +,- — one-
payuu Ha mHooxcecmsee A, u 0,1 — anemenmor mroncecmsa A. To-
eda arcebpa (A, {+,-,0,1}) naseisaemcsa Tenom moeda u MOAbKO
moeda, Koeda 8olnoAHAOMCA caedyroujue ymeepucdenus (akcuo-
MbL meaa):

1. (A, {+,0}) — abeaesa (kommymamusnas) epynna;

2. (A\{0},{:,1}) — epynna (soobuje eosops, HekoMMYymMamus-

Had);
3.a-(b+c)=a-b+a-c u (b+c)-a=b-a+c-a — 3akoHbl
ducmpubymusnocmu.

[Ipu amom epynna (A,{+,0}) Hazvisaemcs anIMTUBHOW TPYNMNON
Teaa, a epynna (A\{0},{-,1}) Haseiaemcs MyabTUNIMKATUBHOM
rpynnou reJa.



[1.11 Tloae

Hrak, Mbl umeem Takyio anrebpy (A,{+,*,a,b}), uto + n * — Ta-
Kre KOMMYTaTHBHbIEe OfepalluH, uTo, Bo-nepsblX, ({a,b,c},{+,a}) u
({b,c}, {*,b})? — abGeneBbl (TO €CTb KOMMYTaTHBHbIE ) [PYIIILI, IPUUYEM
IS %, + BBIMOJIHSETCS TUCTPUOYTUBHOCTh. Takue anreGpbl HTPalT 0Co-
Oyl0 poJib B COBPEMEHHOH MaTeMaTHke. Takasi ajqre6pa Ha3blBaeTCsl MO-
JieM (B ajre6pauueckom CMbICJIE).

2Mbl BOCMOJIB30BAJUChL COIVIALLIEHHEM |, MOCKOJBKY, CTPOro roBopsl, Hal0 TOBOPUTb 06 aJjredOpe

({b,c},{x b}),aneo ({b,c},{x,b}).



II1.11 TIloae

Onpeneaenne 10. [ITycmo A — Henycmoe mHONMCECMBO, +, - — One-
payuu Ha mrooxcecmsee A, u 0,1 — anemenmor mroncecmsa A. To-
eda areebpa (A, {+,-,0,1}) nHaseisaemcs noaem moeda u MoabKO
moeda, K020a 86lNOAHAIOMCA cAedyrouue ymaepicoeHus (aKcuo-
MbL TOAA)

1. (A, {+,0}) — abesesa (kommymamusnas) epynna;

2. (A\{0},{-,1}) — abeaesa (kommymamusnas) epynna;

3.a-(b+c)=a-b+a-c u (b+c)-a=b-a+c-a — 3aKOHbL
ducmpubymusnocmu..

[Ipu amom epynna (A,{+,0}) Ha3vieaemcs anAMTUBHON TPynnou
noasi, a epynna (A\{0},{-, 1}) Hazvisaemcs MyJabTUNJIUKATUBHOW
rpynnoi noas. Caedys gusuueckoi mpaduyuu, 31emeHniol noAd
Oydem Ha3vl8aN1b CKAJSIPAMMU.



[1.11 Tloae

[TomMuMO paccMOTPEHHOTO Bhillle TIPEMepA T0Jist MOXKHO MPUBECTH 60-
Jlee BaKHble TPUMepbl: MoJe pauroHasbHbix uucea (Q,{+,-,0,1}),
noJje aeidctBuTedbHbiX uncea (R, {+,-,0,1}), u paccMoTpeHHOe HHXKe
noJe KkomniaekcHoix uncea (C, {+,-,0,1}).

[lepeiiT K JleKLIMM MO MaTpUUHOM aaredope?

[lepeiiT K JIeKLIMM MO MHOTo4YJeHam?



[11.12 O6 npentudukauru aared6pbl No ee HOCUTENIO
Coraawmenue 2. Hepedko npu nposedernuu arcebpauvecKux uccie-
dosanutl Habop onepayuil, onpedeseHHovlx Ha OAHHOM Hocumee,
ACeH U3 Konmexcma. Imo no3soasen udenmupuyuposamo areed-
py no ee nocumeanro. [losmomy 8 dasvHetiuiem 8 cumyauuu, Koeoa
U3 KOHmecma ACHO, KaKue umeHHo onepayuu fi, fo, ... onpeodenerol
Ha MHoNcecmae A, moL Hepedko bydem nucameo «areebpa Ay smecnio

«aneeopa (A, {f1, fo, ... })».



Cnacub6o

3a
BHUMAaHUue!

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

BepHyTbcCsl K CIUCKY Npe3eHTauun?
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