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onpedenerus 2 X 0 x ... X ) obaracms 3navenutl Komopotl exarovaem-

-~

n MHOAHCUMENEN

cA 6 €.

O0OBIYHO 00pAa3 3jIeMeHTa & OTHOCUTE/IbHO omepalun f 0bo3HATal0T Ue-
pe3 f(x). st GuHapHBIX aaredpantdeckKnx oreparnuii 00bIMHO HCIOJIb3Y-
0T JIPYTOit criocob obosuadeHust obpasa: BMecTo f(x,y) ero obo3HadaAI0T
qepes x * y, T1e * — obo3HaueHne ajaredpandeckoil onepamnun. Hampumep,
Mbl IAIIEM T + Y, T Y, T — Y U T.II.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJ1 BBIIOJIHAECTCS TOXKJIECTBO T * Y = U * &I

ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

3aMeTiM, 9TO cefiqac Mbl OCYIIECTBUIN KAUECMEEHHVT CKAYOK B Ha~
meM pasBuTuu. B camom Jiejie, JI0 CUX 1[OP B BBIPAyKEHUsIX THIIA
(x *y)* 2z =x% (y*2z) MBI paCCMATPUBAJIA B KaIeCTBe TePEMEHHbBIX



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

3aMeTiM, 9TO cefiqac Mbl OCYIIECTBUIN KAUECMEEHHVT CKAYOK B Ha~
meM pasBuTuu. B camom Jiejie, JI0 CUX 1[OP B BBIPAyKEHUsIX THIIA
(x *y)* 2z =x% (y*2z) MBI paCCMATPUBAJIA B KaIeCTBe TePEMEHHbBIX
TOJIBKO OYKBBI X,%, 2, TipudeM cantajn ux duciamu. Ceidqac Mbl yrKe
MOYKEM CUYHUTATh, UTO X, Y,z — He obsizarebHO 4ncia. Ho riaBHoe 10-
CTHKEHUE COCTOUT B JIPYTOM.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

Jlo cux 1nop B BhIpayKeHUsiX TUIA (X * ) * 2 = X * (Y * z) MbI paccMar-
pUBaJIi B KA9eCTBE MEPEMEHHBIX TOJILKO OYKBBI X, Y, 2.
Hadunas ¢ aToro mMecta Mbl B Ka9ecTBe IIepeMeHHO MOXKeM paccMaTpH-
BaThH 0003HAYEHUE ONEPAULUL *.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

J1o cux 1op B BbIpayKeHUAX TUIA (X * y) * 2 = X * (Y * 2) Mbl paccMar-
pUBAJIM B KAUeCTBE [EePEMEHHBIX TOJILKO OYKBLL X, U, 2.
Haunnas ¢ 3Toro mMecra Mbl B KQ4eCTBe [ePeMEeHHOM MOyKEeM PacCMaTpu-
BATb 0003HAMEHUE ONEPALUL *.
Hampumep, ToxiectBo (T y) * 2 = x * (y * 2) OyJer CrpaBe/InBbIM, eC-
T X, 7, Z Teble 9iCIa, a [0J] Olepalieil * MOHMMAeTCd CyMMUPOBAHIE
qUCeI.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

J1o cux 1op B BbIpayKeHUAX TUIA (X * y) * 2 = X * (Y * 2) Mbl paccMar-
pUBAJIM B KAUeCTBE [EePEMEHHBIX TOJILKO OYKBLL X, U, 2.
Haunnas ¢ 3Toro mMecra Mbl B KQ4eCTBe [ePeMEeHHOM MOyKEeM PacCMaTpu-
BATb 0003HAMEHUE ONEPALUL *.
Hampumep, ToxiectBo (T y) * 2 = x * (y * 2) OyJer CrpaBe/InBbIM, eC-
T X, 7, Z Teble 9iCIa, a [0J] Olepalieil * MOHMMAeTCd CyMMUPOBAHIE
qUCeI.
OHO OCTaHeTCsT BEPHBIM, €CJIM BMECTO * IOJCTABUTDL OIEPAINIO YMHOMKE-
HIIE YUCEIL.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

J1o cux 1op B BbIpayKeHUAX TUIA (X * y) * 2 = X * (Y * 2) Mbl paccMar-
pUBAJIM B KAUeCTBE [EePEMEHHBIX TOJILKO OYKBLL X, U, 2.
Haunnas ¢ 3Toro mMecra Mbl B KQ4eCTBe [ePeMEeHHOM MOyKEeM PacCMaTpu-
BATb 0003HAMEHUE ONEPALUL *.
Hampumep, ToxiectBo (T y) * 2 = x * (y * 2) OyJer CrpaBe/InBbIM, eC-
T X, 7, Z Teble 9iCIa, a [0J] Olepalieil * MOHMMAeTCd CyMMUPOBAHIE
qUCeI.
Ho ono mapyiaerca, ecin * MHTEPIPETUPYETCsT KaK



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

J1o cux 1op B BbIpayKeHUAX TUIA (X * y) * 2 = X * (Y * 2) Mbl paccMar-
pUBAJIM B KAUeCTBE [EePEMEHHBIX TOJILKO OYKBLL X, U, 2.
Haunnas ¢ 3Toro mMecra Mbl B KQ4eCTBe [ePeMEeHHOM MOyKEeM PacCMaTpu-
BATb 0003HAMEHUE ONEPALUL *.
Hampumep, ToxiectBo (T y) * 2 = x * (y * 2) OyJer CrpaBe/InBbIM, eC-
T X, 7, Z Teble 9iCIa, a [0J] Olepalieil * MOHMMAeTCd CyMMUPOBAHIE
qUCeI.
Ho ono mapyiaerca, ecin * MHTEPIPETUPYETCsT KaK
BLIYUTAHUAE YUCEJL.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

Cuieyronuil peruTe/IbHbIN 11ar, KOTOPbI MbI CIAEJIaeM CYIIECTBEHHO
MI03/1Hee, COCTOUT B IPEBPAIEHNH B «IIepeMEeHHYI0» 0003HaUYeHUs OTHO-
IIEHUS, HAIIPUMEP CUMBOJIA =.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

Cuieyronuil peruTe/IbHbIN 11ar, KOTOPbI MbI CIAEJIaeM CYIIECTBEHHO
MI03/1Hee, COCTOUT B IPEBPAIEHNH B «IIepeMEeHHYI0» 0003HaUYeHUs OTHO-
IIEHUS, HAIIPUMEP CUMBOJIA =.

Brepsrie ¢ sToil cuTyanueil Bul BeTpedasnch elie B cpeiHeil mKoie.



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

Cuieyronuil peruTe/IbHbIN 11ar, KOTOPbI MbI CIAEJIaeM CYIIECTBEHHO
MI03/1Hee, COCTOUT B IPEBPAIEHNH B «IIepeMEeHHYI0» 0003HaUYeHUs OTHO-

[IeHUs], HAIIpUMED CUMBOJIa =.
Brepsrie ¢ sToil cuTyanueil Bul BeTpedasnch elie B cpeiHeil mKoie.
Hamnpumep, paBeHCTBO TPEYTOJbHUKOB — 9TO BCE-TaKH «HE COBCEM Pa-

BEHCTBO» .



II. Hekorophle Tumnbl ajgredbpamdeckKmx orepariii
Bunapnas ajiredpanmdeckasi orepalins * Ha3bIBaeTCs

KOMMYTATUBHOM, €CJIN BBIIOJHAETCA TOXK/JIECTBO & * Y = Y * T,
ACCOIUATUBHOM, CCJTN BBIMOTHSICTCS TOZKIECTBO (X * Y) % 2 = X * (y * 2).

Cuieyronuil peruTe/IbHbIN 11ar, KOTOPbI MbI CIAEJIaeM CYIIECTBEHHO
MI03/1Hee, COCTOUT B IPEBPAIEHNH B «IIepeMEeHHYI0» 0003HaUYeHUs OTHO-
[IeHUs], HAIIpUMED CUMBOJIa =.

Brepsrie ¢ sToil cuTyanueil Bul BeTpedasnch elie B cpeiHeil mKoie.

Hanpumep, paBeHCTBO TPEYTOJIBHIUKOB — 9TO BCe-TaKM «HE COBCEM Pa-
BEHCTBOY !

MHOT I8, BayKHO, HAIIPUMeEp, 2de HApPUCOBAH TPEYIOJbHUK, a He TOJILKO €ro
reOMEeTPUYECKNE XapaKTEPUCTUKH,



I11. HekoTophle KiaaccudecKne aJjreodopbl

Omnpenesienne 2. Ajredbpoii (6 wupokom cmoicae) Ha3veaemes ynopa-
dovwernas napa A = (A, F), ede A — nexomopoe nenycmoe MHOHCECTNEO,

nazvieaemoe HocuTeaeM anzebpo. A, u F — mmooicecmso onepayuli an-
eeopur A, onpedenennoir na A.



I11. HekoTophle KiaaccudecKne aJjreodopbl

Omnpenesienne 2. Ajredbpoii (6 wupokom cmoicae) Ha3veaemes ynopa-
dovwernas napa A = (A, F), ede A — nexomopoe nenycmoe MHOHCECTNEO,
na3visaemoe HOCUTEJIEM anzebpvl A, u F — muooicecmeo onepauut an-
eeopur A, onpedenennoir na A.

Ha onHoM 1 ToM 2Ke HEeImycTOM MHOYKECTBE MOYKHO OIPEIeTUTh pas3/ind-
HbIE aJIreOphI.



I11. HekoTophle KiaaccudecKne aJjreodopbl

Omnpenesienne 2. Ajredbpoii (6 wupokom cmoicae) Ha3veaemes ynopa-
dovwernas napa A = (A, F), ede A — nexomopoe nenycmoe MHOHCECTNEO,
na3visaemoe HOCUTEJIEM anzebpvl A, u F — muooicecmeo onepauut an-
eeopur A, onpedenennoir na A.

Ha ojHOM 11 TOM 2Ke HeIllyCTOM MHOYKECTBE MOYKHO OIIPEJIe/INTh Pa3/Ini-
HbIE aJIreOphI.

Ha wMHOXkecTBe HaTypasJbHBIX YHCEJT MOXKHO OHPEJIEIUTh aaredpy

(N, {+1}), a moxxno — anredpy (N, {- 1}).



I11. HekoTophle KiaaccudecKne aJjreodopbl

Omnpenesienne 2. Ajredbpoii (6 wupokom cmoicae) Ha3veaemes ynopa-
dovwernas napa A = (A, F), ede A — nexomopoe nenycmoe MHOHCECTNEO,
na3visaemoe HOCUTEJIEM anzebpvl A, u F — muooicecmeo onepauut an-
eeopur A, onpedenennoir na A.

Ha ojHOM 11 TOM 2Ke HeIllyCTOM MHOYKECTBE MOYKHO OIIPEJIe/INTh Pa3/Ini-
HbIE aJIreOphI.
Ha MHOXKecTBe HATypaJIbHbIX YHCET MOYKHO OIPEJIe/InTh ajredpy
(N, {+}), a moxno — anredpy (N, {-,1}).

MoxkHOo pacemoTperb n «bojiee GoraTyro» (B CMbIC/IE MHOXKECTBA Olle-
paruit) anreopy (N, {+,-,1}).



I11. HekoTophle KiaaccudecKne aJjreodopbl

Omnpenesienne 2. Ajredbpoii (6 wupokom cmoicae) Ha3veaemes ynopa-
dovwernas napa A = (A, F), ede A — nexomopoe nenycmoe MHOHCECTNEO,
nazvieaemoe HocuTeaeM anzebpo. A, u F — mmooicecmso onepayuli an-
eeopur A, onpedenennoir na A.

Ha ojHOM 11 TOM 2Ke HeIllyCTOM MHOYKECTBE MOYKHO OIIPEJIe/INTh Pa3/Ini-
HbIE aJIreOphI.
Ha MHOXKecTBe HATypaJIbHbIX YHCET MOYKHO OIPEJIe/InTh ajredpy
(N, {+}), a moxno — anredpy (N, {-,1}).

MoxkHOo pacemoTperb n «bojiee GoraTyro» (B CMbIC/IE MHOXKECTBA Olle-
paruit) anreopy (N, {+,-,1}).

3aueM »Ke paccMaTpUBaThL «OeHbley aaredphl, eCIu ecTh Takas «bora-
Tasgy aareopa’ Hurke Mbl IIpuBeieM HEKOTOpPBIE OTBETHI HA 9TOT BOIIPOC.



I11.1. I'pynnnoun g

Ompenesierne 3. [[ycmv A — nexomopoe HENYCMOE MHOHCECTNBO, * —

burapras onepavus na smom muodicecmee. Toeda anzebpa (A, {*})
HA3DIGAETNCA TPYIIIIONIOM.



I11.1. I'pynnnoun g

Omnpenesienne 3. [Tycmv A — HEKOMOPOE HENYCNOE MHONCECMBO, * —
burapras onepavus na smom muodicecmee. Toeda anzebpa (A, {*})
HA3DI6AEMNCA TPYTIIHOUJIOM.

[pynmougamu  asisitoress anredper (N, {+}), (Z,{-}), (Z,{-}),

(Q, {max}), rie max — GuHapHast olepallnst, BRIONPATOIast 13 9JIEMEHTOB
T,y MaKCUMaJIbHDLIN, 1 T.II.



I11.1. I'pynnnoun g

Omnpenenenne 3. [lycmv A — nexomopoe HENYCMOE MHOHCECTNBO, * —
burapras onepavus na smom muodicecmee. Toeda anzebpa (A, {*})
HA3bIEAEMCA TPYIIIIOUIOM.

[pynmougamu  asisitoress anredper (N, {+}), (Z,{-}), (Z,{-}),
(Q, {max}), rie max — GuHapHast olepallnst, BRIONPATOIast 13 9JIEMEHTOB
T,y MaKCUMaJIbHDLIN, 1 T.II.

Hamomumm, 970 376Ch 0003HAUEHIE * PACCMATPUBALTCS, KAK NEPEMEH-
HaA, HO, B OTJIMYNE OT IIEPEMEHHBIX T, 1, . .., 3HAUEHUEM TTePEMEHHON *
MOXKET OBITH TOJILKO OMHAPHAST OllePaIINs.



I11.2. Iloayrpymma

Omnpenesienne 4. I'pynnoud (A, {x}) nazweaemcs MOSyTpymnoii,
eCAU * — ACCOUUAMUBHAS ONEPAUUS, MO ECMb



I11.2. Iloayrpymma

Omnpenesienne 4. I'pynnoud (A, {x}) nazweaemcs MOSyTpymnoii,
eCAU * — ACCOUUATMUBHAA ONEPAUUSA, MO ECTND
BUNOANACTNCA TOodCecmBo (T % Y) * 2z = X * (Y * 2).



I11.2. Iloayrpymma

Omnpenesienne 4. I'pynnoud (A, {x}) nazweaemcs MOSyTpymnoii,
eCAU * — ACCOUUAMUBHASA ONEPAUUS, MO eCTb
BUNOANACTNCA TOodCecmBo (T % Y) * 2z = X * (Y * 2).

Nuorna rosopar, uro A — moJyrpyniia OTHOCUTEJIBHO OIlepaliu
. [Ipu srom paBeHCTBO (T % y) * 2 = & * (Y * 2) HA3BIBAIOT AKCHMOMOM
HOJIyI'PYTIIBL.



I11.3. I'pynna

Ompenesierne 5. [lycmv A — HEKOMOpoe HENYCMOe MHOHCECMBO, *
— OUNAPHAA ONEPAUUA, ONPEJENEHHAA WA IMOM MHodCEcmee, e — (-
mecmuas onepauus na A, mo ecmv e — nexomopwuiil anemenm u3 A.
Aneebpa (A, {x, e}) nasvisaemcs TPYUIIONR, ecau 6bNOAHANOMCA CACY-
uue ymeepocdenus (AKCUOMBbI TPYTIIbI )

Gl. (xxy)xz=x*(y*2), mo ecmbv * — ACCOUUAGMUCHAA ONEPAUU.

G2. zx e =exx = x (aKcuoma cyuwecmeosarus HETUIMPaAbLHO20 Ie-
MEHMG,);

G3. dana xaocdozo anemenma x € A cyuecmseyem maxotll snemenm I,

YMO T % T = T * T = e (aKCuoMa cyuecmeosaHus 06pammHozo aie-
mMenma,).

IIpu smom onepavus * nasveaemca TPYNIOBOI olepalueii.



I11.3. I'pynna

ZAcno, 9To rpynna sSBasgeTcs MoJIyTPYIIION.



I11.3. I'pynna

fero, aTo Tpytia SBISETCs MOIYTPYIIION.

MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).



I11.3. I'pynna

fero, aTo Tpytia SBISETCs MOIYTPYIIION.

MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).

Bo MHOXKeCcTBe HATYPAJILHBIX YHCEIT ¢ Ollepaliueil CJIOKeHNsT HeT «Hefi-
TPAJTBHOIO» 3JIEMEHTa, [OITOMY I'PYIIIONH OTHOCUTE/BLHO OlEepaliu CJIo-
»KeHust MHOZKecTBO N He siBJIsteTcs.



I11.3. I'pynna
fero, aTo Tpytia SBISETCs MOIYTPYIIION.
MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).
Bo MHOXKeCcTBe HATYPAJILHBIX YHCEIT ¢ Ollepaliueil CJIOKeHNsT HeT «Hefi-
TPAJTBHOIO» 3JIEMEHTa, [OITOMY I'PYIIIONH OTHOCUTE/BLHO OlEepaliu CJIo-
»KeHust MHOZKecTBO N He siBJIsteTcs.
Ho nostyrpymmoit MmaoxkectBo N OTHOCHTEIBHO OLEpAIN + SIBJIAETCSI.



I11.3. I'pynna

fero, aTo Tpytia SBISETCs MOIYTPYIIION.

MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).

Bo MHO)KeCTBe HATYPATBHBIX YHCET OTHOCUTETHHO OLEePAIN YMHOMKe-
HUsI HETPAJIbHBIM 3JIEMEHTOM SIBJISIETCS, OUEBHIHO,



I11.3. I'pynna
fero, aTo Tpytia SBISETCs MOIYTPYIIION.
MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).
Bo MHO)KeCTBe HATYPATBHBIX YHCET OTHOCUTETHHO OLEePAIN YMHOMKe-
HUsI HETPAJIbHBIM 3JIEMEHTOM SIBJISIETCS, OUEBHIHO,
yncsio 1, tak Kak n -1 =1-n =n.



I11.3. I'pynna
fero, aTo Tpytia SBISETCs MOIYTPYIIION.
MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).
Bo MHO)KeCTBe HATYPATBHBIX YHCET OTHOCUTETHHO OLEePAIN YMHOMKe-
HUsI HETPAJIbHBIM 3JIEMEHTOM SIBJISIETCS, OUEBHIHO,
yncsio 1, tak Kak n -1 =1-n =n.
OHAKO 00paTHBIN 371eMEeHT



I11.3. I'pynna
fero, aTo Tpytia SBISETCs MOIYTPYIIION.
MHOXKeCTBO HEJIbIX YUCeT SIBJISIETCS IPYIIIONH OTHOCUTEIbHO OlepaIii
ciaozkenns u aucia 0, To ecTb rpymioii ssiagercs aaredpa (Z,{+,0}).
Bo MHO)KeCTBe HATYPATBHBIX YHCET OTHOCUTETHHO OLEePAIN YMHOMKe-
HUsI HETPAJIbHBIM 3JIEMEHTOM SIBJISIETCS, OUEBHIHO,
yncsio 1, tak Kak n -1 =1-n =n.
OHAKO 00paTHBIN 371eMEeHT
cyliecTByer He Jiist Jjiroboro uncia u3 N (umeercst B By 0OpaTHbI 3J1e-
MEHT, SIBJISTIONIICA HATYPATBHBIM THCJIOM ).



I11.3. I'pynna

Omnpenenenune 6. I'pynna ¢ KommymamusHoU 2pynnosoti onepa-
yueti na3vieaemcs KOMMYTATUBHOM T'PYIIIONI w.iu abeeBoil rpym-
IO .

Paccmorpum nipumepsbi?



I11.4. O6 orpanuvdeHuu ornepanuy Ha MOIMHOXKECTBO
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Bepraemcs K rpymnmonjaM paccMOTpeHHoro rpumepa. B rpynmonge

a a a a

(A,{©}) onepanust «ovenb ojHOOOpa3HASIY: 9TO (Y HKIINSI-KOHCTAHTA,
KazKJIoil 1ape sjeMeHToB u3 {a,b,c} crapsinasg B COOTBETCTBHE OJIMH-
e/TMHCTBEHHBIN 9JIEMEHT a.



II1.4 OO6 orpaHuYeHNU onepamnuy Ha IIOJIMHOXKECTBO

+la b c| |[*xla b c| |©&la bc| ©®la b c
ala b c| |lala a a ala a a ala ¢ b
bl|b c al |bla b ¢ bla a a bl|b a c
clca bl |cla ¢ b cla a a cle b a

B rpymmnowye (A, {®}) onepaiuss ® obsajaerT OJHIM MOJE3HBIM CBOM-
CTBOM: JIJIsl JIIOOBIX JIBYX 9JIEMEHTOB u,v € {a,b,c} paspemmmbl ypas-
HEHUST 4 O X =0 U Yy O U = v OTHOCUTEJLHO INEPEMEHHBIX T,¥y. 3/1eCh
YMECTHO IIOJYEPKHYTH, 4T0 B Ipyiie akcuoMbl G2, G3 HIUPOKO UCIIOJIb-
3YIOTCA MMEHHO JIJIsl PelleHnsl TakuX ypaBHeHnnitl 9To cBoiicTBO «poji-
auTy rpyrmnons (A, {®}) ¢ rpyimoii, XoTs 9TOT TPYIIION] He SBJISETCS
HE TOJILKO I'PYIIION, HO JaKe He SIBJIAETCs [0JIyTPYIIION.



II1.4 OO6 orpaHuYeHNU onepamnuy Ha IIOJIMHOXKECTBO

+la b c| |[*xla b c| |©&la bc| ©®la b c
ala b c| |lala a a ala a a ala ¢ b
bl|b c al |bla b ¢ bla a a bl|b a c
clca bl |cla ¢ b cla a a cle b a

Ho ocobwrit unrepec mpejicrasiser st nac rpymmons (A, {*}). Pacemor-

puMm noaMuoKecTBO B = {b, ¢} n orpanuvenne

i

C

[IOJIMHOZKECTBO: | b
c

o oo

c
b

IPYIIION.

! % omeparun * Ha 3TO

. Herpynno nonsts, aro ({b, ¢}, {*, b}) asasercs

1I‘I&HOMHI/IM7 9TO OI'paHMYCHHUEC * IIOJIydaeTCd U3 *, €CJU MbI «3&6yﬂeM>>, KaK ,HeﬁCTByeT * Ha BCe
QJIEMEHTDBI, HEC IIPpUHAJ/JICZKaIIINe B. I‘Ial'IpI/IMep7 cxb=cxb= C, a BOT C* a HeOIIpeesieHa, TaK KaK

a¢ B.



II1.4 OO6 orpaHuYeHNU onepamnuy Ha IIOJIMHOXKECTBO

B GoJibIHCTBE cIydaeB BBejeHIe HOBOIO CUMBOJIA, HAIIPUMED, * JIJIs
obo3HaveHUst OTpanntierus x Ha {b, ¢}, IpeICcTaBIsieTcs] HEKUM <3/
MIEeCTBOM», T.K. JIJI JIIOOBIX 9JIEMEHTOB T,y € B 10 ompejie/IeHIIo orpa-
HUYIeHns uMeeM & x4y = x * . [lo3ToMy OOBIYHO BMECTO CHUMBOJIA *
MOZKHO I10JIb30BAThCsI IIPEXKHUM CUMBOJIOM *. 110 9TOMY 1OBOJIy MBI IIpU-
MeM CIIelUa/IbHOe COrJIallleHHe.



II1.4 OO6 orpaHuYeHNU onepamnuy Ha IIOJIMHOXKECTBO

Coryamenue 1. J[as ymenvuenus Koausecmea 0603naienuti Mo 6Mme-
CNO CUMBOAA, 0003HANAIOUWE20 O2PAHULEHULE ONEPALUL HA NOOMHOIICE-
CMB0 (Hanpumep, cumeosa x, 0003HAAIUWE20 Oeparuverue * Ha {b,c})
OydeM UCTOAB30BAMb CUMBON UCTOOHOT ONEPALUL (6 PACCMAMPUBLEMOM
npumepe 3mo x ).



II1.4 OO6 orpaHuYeHNU onepamnuy Ha IIOJIMHOXKECTBO

Coryamenue 1. J[as ymenvuenus Koausecmea 0603naienuti Mo 6Mme-
CNO CUMBOAA, 0003HANAIOUWE20 O2PAHULEHULE ONEPALUL HA NOOMHOIICE-
CMB0 (Hanpumep, cumeosa x, 0003HAAIUWE20 Oeparuverue * Ha {b,c})
OydeM UCTOAB30BAMb CUMBON UCTOOHOT ONEPALUL (6 PACCMAMPUBLEMOM
npumepe 3mo x ).

DTO coryialleHne Io3BOJISIeT He BBOJUTD HOBBII CMBOJI 1 HCIIOJIB30BATH
BMECTO HETro CUMBOJI, 0003HAYAIONIMI NCXOMHYIO orepalinio. B mpuMene-
HUU K PacCMaTPUBAEMOMY IIPUMEPY Mbl OYJIeM MOBOPUTHL 00 Olepalnun
na nodmmosicecmee B, xoTs x — onepaliust Ha A, 1, cTporo roBopsi, HaJi0
rOBOPUTH O * Ha MHOXKecTBe BB. «['paMmaTnveckue BOJBHOCTHY TaKOT'O
poJla MOTYT IPUBECTU K CEPbE3HBIM HEJIOPA3YMEHUAM, HO B CUTYAIASX,
KOTOPBIE MBI OyJIeM pacCMaTpUBaTh, 3TOI'O HE IIPOU30MJIET.



II11.5 /IucTpubyTuBHOCTD

+la b c| |x|la b c| |&la bcl |®la b c
ala b c| |lala a a ala a a ala ¢ b
b|b c al |bla b ¢ bla a a blb a c
clca bl |cla c b cla a a clc b a

Ho camoe naTepecHoe cocTouT B TOM, YTO Ollepaliuil + U * CBOeoOpasHO
«B3ANMOJIHCTBYIOT» MeXK/Ty CODOi. A IMEHHO, HECJIOYKHO TIPOBEPUTH (T1e-
pebopom 27 BapuanToB), 9to Ha A = {a, b, ¢} BBIIOTHSIIOTCA TOXKIECTBA
a*x(b+c)=axb+axcu(b+c)*xa=>bxa+ cx*a. D1 HopMyJibl Ha-
3BIBAIOTCS JUCTPUOYTUBHOCTBIO.



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

I.x4+y=y+2T (KOMMYMAMUEHOCING <CAOAHCEHUAY );



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

lLx+y=y+=x ( KOMMYMAMUBHOCTND « CAOAHCEHUA );
2.2+ (y+z) = (r+y)+ 2 (accoyuamusrnocms <caoscenus );

Suavur, (K, {+}) — mosyrpymnna



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

lLx+y=y+=x ( KOMMYMAMUBHOCTND « CAOAHCEHUA );
2.2+ (y+z) = (r+y)+ 2 (accoyuamusrnocms <caoscenus );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

lLx+y=y+=x ( KOMMYMAMUBHOCTND « CAOAHCEHUA );
2.2+ (y+z) = (r+y)+ 2 (accoyuamusrnocms <caoscenus );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);

Buaunrt, (K, {+}) — moayrpymia ¢ HeATPAIbHBIM IJI€MEHTOM
(c «egmuHUIIE> ).



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

lLx+y=y+=x ( KOMMYMAMUBHOCTND « CAOAHCEHUA );
2.2+ (y+z) = (r+y)+ 2 (accoyuamusrnocms <caoscenus );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);

4. Ons mobozo T uz K cywecmeyem maxot asemenm (—x), wmo
(—x) + 2 =0 (2aemernm, npomueonosoHcHvil T );

Suauur, (K, {+}) — rpynma.



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

1. x+y=y+2T (KOMMYMaMuUeHoCMb «CAOHCEHUAS );
2.x+ (y+2) = (r+y)+ 2 (accoyuamusnocms «CAOAHCENUA );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);

4. Ons mobozo T uz K cywecmeyem maxot asemenm (—x), wmo
(—x) + 2 =0 (2aemernm, npomueonosoHcHvil T );



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

1. x+y=y+2T (KOMMYMaMuUeHoCMb «CAOHCEHUAS );
2.x+ (y+2) = (r+y)+ 2 (accoyuamusnocms «CAOAHCENUA );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);

4. Ons mobozo T uz K cywecmeyem maxot asemenm (—x), wmo
(—x) + 2 =0 (2aemernm, npomueonosoHcHvil T );

3uaunt, (K,{+}) — abeneBa (KoMMyTaTuUBHAs) rpymIia — a/i-
JUTUBHASI TPYNIIa KOJbIIA.



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

lLx+y=y+=x ( KOMMYMAMUBHOCTND « CAOAHCEHUA );
2.2+ (y+z) = (r+y)+ 2 (accoyuamusrnocms <caoscenus );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);

4. Ons mobozo T uz K cywecmeyem maxot asemenm (—x), wmo
(—x) + 2 =0 (2aemernm, npomueonosoHcHvil T );

S5.0-(y-2)=(x-y)- 2z (accouuamuenocmsd <YMHONCEHUA );



I11.6. KoJapio

Onpenenenne 7. KoablioM %.4u acCOIMATHBHBIM KOJBIIOM HA3bl-

saemcesa anreebpa (K, {+,-,0}) dasa xomopot evinoansatomesn caedyrouue
ymeepoicdenus, (AKCMOMBI KOJIBIIA ):

lLx+y=y+=x ( KOMMYMAMUBHOCTND « CAOAHCEHUA );
2.2+ (y+z) = (r+y)+ 2 (accoyuamusrnocms <caoscenus );

3. 6 K cywecmeyem snemenm, xomopoil mow 0003Hawum 0, marot, wmo
daa 1106020 x uz K evinoansemea coommowenue x + 0 = x (nasuvue
HYACB020 INEMEHMNG);

4. Ons mobozo T uz K cywecmeyem maxot asemenm (—x), wmo
(—x) + 2 =0 (2aemernm, npomueonosoHcHvil T );

S5.2-(y-z)=(x-y)- 2z (accouuamuenocms «ymmorHcenuns );

Suayur, (K, {-}) — nmoayrpymra.



I11.6. KoJapio

Onpenenenne 7. KoablioM u.4u aCcCOIMATHBHBIM KOJBIIOM HA3bl-

saemesa anzebpa (K, {+,-,0}) das xomopotil ewnosnaomes caedyrouyue
ymeepocdernus (AKCUOMBI KOJIbIIA ).

lL.x+y=y+=x (%()M./wymamuenocmb «c,/L09+ceHu,ﬂ>>);
2.2+ (y+z) = (r+y)+ 2z (accoyuamusrnocmsv <caoscenuss );

3. 6 K cywecmeyem asemenm, xomopuiti Mo, 0003navum 0, marxot, 4wmo
oas mobozo x u3 K evnoansaemes coomuowenue r + 0 = x;

4. 0as moboeo x uz K cywecmeyem maxot onemenm (—x), 4mo
(—x) + 2 =0 (2nemenm, npomueonosodHcHvll T );

b.x-(y-z)=(x-y)- 2z (accouuamueHocmv «YMHONCEHUAS );

6.x-(y+z)=x-y+x-2, (y+z2)-x=y-x+z2-x (1e6a1 u npa-
a4 QUCPUOYMUGHOCTU,).



I1I1.6 Koapno

HacTo 910 onpegeneHue (GopMyIUPYIOT CJIEIYIOMIIM 00PA30M: KOALUOM
HA3DIBAETNCA HENYCMOE MHOKHCECNBO I ¢ onepayuamu, KOmopvie Mol 000-
BHAYUM + U -, 68 KOMOPOM UMEEMCA IAEMEHM, KOMOPLHIT MbL 0003HA-
YUM CUMBONOM ), NPUYEM BBINONHANMCA NPUBLIEHHDIE BbIULE AKCUOMDBL
KOADUQ.

(K,{+,0}) HasbiBaercsi a/IMTUBHON T'PYIIIOH KOJIBIIA.
(K, {-}) nHasbiBaercst MyJIbTUIIIIMKATABHO MOJIYTPYIINO# KOJIBIIA.



I1I1.6 Koapno

NHoryia B onipejieieHin KOJIbIia OTKA3bIBAIOTCsT OT aKCUOMBI 5 (acco-
[MUATUBHOCTb «YMHOYKEHUSI» ) U 3aMEHSIIOT ee KaKoii-HuOy/ b JIPYTOii.
B sTom cirydae roBopsaT 0 HeaCCOIMATUBHBIX KOJIBITAX.

Brmonnenne akcuom 2-4 TOBOPUT O TOM, UTO K SBAsSETCS I'PYIIION
OTHOCHUTE/IHLHO CJIOYKEHHUs, a BBIIIOJTHEHNE ITPH 9TOM aKCUOMBI 1 TOBOPUT O
TOM, 9TO 3TO abejieBa WM, UHBIMHI CJIOBaAMH, KOMMYTATHUBHAsS TPYTI-
mna.



I11.7 Teno
Omnpenenenue 8. [lycmv A — nenycmoe mroscecmeso, +, - — onepayuu
na muoocecmee A, u 0,1 — anemenmor muoscecmea A. Toeda aneed-
pa (A, {+,-,0,1}) Haswseaemcs TeaOM mozda U Moavko moezda, Kozda
BUNONHAIOMCA CACOYIOUUE YMBEPAHCOCHUA (AKCUOMDL TMEN,):

1. (A, {+,0}) — abesesa (KommymamusHas) pynna;,
2. (A\{0},{-,1}) — epynna (so0bwe 2060ps, HEKOMMYMAMUBHAA);

3.a-(b+c)=a-b+a-c u (b+c)-a=b-a+c-a — 3axonvl
ducmpubymuerocmu.
Ipu smom epynna (A, {+,0}) Hasweaemcs amaATUBHON TPYIIOi

tena, a epynna (A\{0},{-,1}) naswseaemcs MyJIbLTUNIUKATUBHOM
I'PYIIIION TeJia.



I11.8 1IloJie

Urak, Mbl nmeem Takyio aiaredpy (A, {+,*,a,b}), aro + n * — Ta-
Kie KOMMYTATHBHbIE oreparuu, 9to, Bo-nepebix, ({a,b,c},{+,a}) u
({b,c}, {*,b})? — abesesbl (TO ecTh KOMMYyTATUBHBIE) IPYIIIbLL, IPHYEM
JUTS %, + BBIIIOJIHIETCS JUCTPUOYTUBHOCTD. Takue aaredpbl UIParoT 0Co-

OyI0 pOJIb B COBpEMEHHOI MaTeMaTuke. Takast ajredpa HA3bIBACTCS [OJIEM
(B areOpanaeckoM CMbICTE).

2MBI BOCIIOJIB30BAJIMCEH COLJIAIIEHIEM 17 IIOCKOJIbKY, CTPOI'0 roBop#d, Ha/J0 T'OBOPUTDL 00 am‘e6pe

({b,c},{x,b}), ameo ({b,c},{xb}).



I11.8 1IloJie

Onpenenenne 9. [lycmsv A — nenycmoe MHONCECTNGO, +, - — ONEPAUUL
na mnoorcecmee A, v 0,1 — aaemenmovr mrosicecmea A. Tozda anzeb-
pa (A, {+,-,0,1}) nazwsaemesa moaem mozda u moavko mozda, koz2da
BUNONHAIOMCA CACOYIOULUE YMBEPAHCICHUA (AKCUOMBL NONA):

1. (A, {+,0}) — abesesa (KommymamusHas) pynna;,
2. (A\{0},{:,1}) — abenesa (KommymamusHnas) epynna;

3.a-(b+c)=a-b+a-c u (b+c)-a=b-a+c-a — 3axonvl
ducmpubymusHocmu..

IIpu smom epynna (A, {+,0}) Hasweaemcs aqAUTUBHON TPyIHOit
noJist, a epynna (A\{0},{-,1}) wmasweaemcs MyJILTUNLINKATUBHOM
rpynnoii nmoJjist. Caedys dusuveckols mpaduyuu, ssemermot noas 0y-
dem Ha3vieamsb CKAJISIPAMI.



I11.8 TIloae

[ToMIMO paccMOTPEHHOTO BBIIIE IPUMEpPa I10JIs MOZKHO IIpUBecTn 6oJ1ee
BasKHbIE IPUMEpHI: ToJie parmoHaJbHbIx yncesn (Q, {+,,0,1}), moste
neficrBuresibHbIX yncesi (R, {+, -, 0, 1}), u paccmoTperHoe HIKe TT0JIe
komrtekcHbix uncen (C, {+,-,0,1}).

IlepeiiTn K JeKuyM 110 MaTpuIHOI ajredbpe?

IlepeiiTu K JleKimum mo MHoOToO4YJIeHaM?



II1.9 O6 maenTuduUKanUu ajaredpnl IO ee HOCUTEJIO
Coraantenue 2. Hepedkxo npu nposedenuu ar2edbpauveckusr uccaedosa-
Huti Habop onepavull, ONPedeseHHbT HA OJAGHHOM HOCUMEAE, ACEH U3
KOHMeEKCma. Imo no3sossem UleHmuduuuposams ar2edpy no ee Ho-
cumento. Iloamomy 6 dasvHetiwem 6 cumyauyuu, %0206 U3 KOHME-
cma ACHO, Kaxue umenno onepavyuu fi, fo,... onpedeserovr Ha MHOIMCE-
cmee A, mour Hepedko Oydem nucamv <anzebpa A» emecmo <anzedbpa

<A7 {fh f2, . }>>>



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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