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I'PVYIIIIBI N3 8 9JIEMEHTOB

Teopema 1 (kraccuduraryst rpymi u3 8 sj1eMeHToB). Jlobas epynna
U3 8 INEMEHMOE USOMOPPHA 0OHOT U3 CACIYULUL:
1) Zs;
2) Ly © Zo;
3) Zo @ Lo ® Zs;
4) D47
5) Q

Hum%ue J6€ U3 NEPEUUCAEHHDIT BVIULE 2PYNT. HE USOMOPPHHDL OpYye2

dpyey.

Joxazameavcmso. Ilycrs |G| = 8.

Eciu rpynna G abejnesa, To oHa usoMopdHa OJHOI U3 IEPBbIX
Tpex Iepevun/IeHHbIX BhIIle IPYIII, I10 TeopeMe O KaccuuKalum Ko-
HeYHBIX a0esIeBbIX I'PYIIL. ZICHO, 4TO 3TU I'PYIIILI HEe H30MOPQHbI
JIPYT JIPYTY ¥ OCTABIIMMCS JIBYM IPYIIIIAM.

[Iycte Teneps G — Heabeliesa.

Ecin Ob1 B rpynie G umesicst Obl 9JIEMEHT IOPsiJIKa BOCEMb, TO OHA
OKazaJsach ObI MUKJINIECKOM, T.€. adesIeBOil, YTO HEBO3MOXKHO.

Ecian 6b1 B rpynne G Bce 3j1eMeHTHI UMeJIn Obl IOPSIIOK JBa, TO
oHa Takzke ObL1a Obl abesena.

Suauut, B rpyuie G Bce 3jIeMeHTbl UMeIOT JI00 HOPSIJI0K JIBa, JIU-
00 YeThIpe, IIPH ITOM €CTh XOTs ObI OJMH 3JIEMEHT IOPsIJIKa JeThIpe.
Ob6oszuaunm ero depes a. Ilogrpyima (a) cocTouT u3 deTbipex 3je-
MEHTOB.

[TycTh BHE 9TOi MOATPYIIILI UMEETCs JeMEHT b IopsijiKa, JIBa.



B sTom ciaydae Bce 37eMEeHTbI
', k=0,1,2,3, 1=0,1,

pazynuibl. Tak Kak UX BCEro0 BOCEMb, TO JIIOOOI 3JIeMEHT I'PYIIIIbI
npejcrasisiercs B suje atbl.

[Togrpymma (a) mmeer B rpymie G UHJIEKC JIBa, TO9TOMY OHA HOP-
MaJIbHa. SHAYUT,

bab~™' = dF.

10 o3Havaer, 4To J160 bab~! = a, ;mbo bab~! = a~!. Ilepswiit
cJIydail HeBOBMOKEH, TaK KaK I'pyliiia HeabejieBa. SHAYUT, BBIIIOJHEHO
BTOpPOE COOTHOIIIEHHE.

Takum obpasoM, JaHHas Ipyiia nzomopdna rpymamne Dy nBuxxe-
HUI KBaJIpara.

Terepb paccMOTPUM OCTABIIHUICS CJIydail: BHE MOAPYIILL (a) Bee
9JIEMEHTBI IMEIOT TIOPs1JIOK YeThIpe. PacecMoTpuM pOMU3BOJILHBII dJ1e-
ment b € G\ (a). Slcno, uto b? (Kak /1eMeHT HOpsIKa J1Ba) JI0JIZKeH
COBIIACTb ¢ a’. TakuM obpasoM, a® = b> = ¢ — 3TO 3JIEMEHT LIeHTPA
rpynn G. Kax n B npeapiaymeM caydae, bab™! = a™! = ca.

Ecim Mbl obosnauum ¢ depes —1, a — depes ¢, b — depes 7, a ab

— depes k, To nojydeHHasi rpyiiia coprajier ¢ Qs. []



ITOJIVIIPAMBIE ITPOU3BEJAEHNA I'PYIIII

Panee Mbl onuceiBaan cuTyanun, Korjaa B rpyime (G ecTb JIBe M0J-
rpynnsl — Ny 1 Ny, Takue, 9T0:

°® N17 N2 obe HOpPpMaJIbHBI B G;
e N1 NNy ={e};
o NlNQ =G (I/IJH/I ‘N1’ . ‘NQ‘ = ‘GD

B sTom ciyuae okasblBaJOCh, 9TO rpyina G sIBISIETCSI HMPSIMbIM
npouspeieaneM Ny X Ns.

Mpr ceitgac obcyium 4y Th OoJiee OOIIYIO CUTYaINIo — KOTJIa B TPYII-
e GG ectb jBe noarpyunbl N u H taxue, 4To:

e N nopmasibHa B (7
e NN H ={e};
e NH =G (wm |N| - |H| = |G)).

Jlemma 1. IIpu maxux ycarosuax 110600 anemenm g epynno. G- 00-
Ho3nauHo npedcmasasemcs 6 eude g = nh, eden € N, h € H.

. I =1
Hoxasameavcmeo. HelictBurenbao, eciim nh = n'h’, to n' n =
h'h=1, T e. smement us rpymnel H paBen si1eMeHTy u3 rpynmsl N.
Tax Kak 9TH I'PYIIILI [16PECEKAIOTCsI TOJILKO 110 €JIUHUIEe, Mbl HMeeM

n'n=Whl=e Orcioman=n',h="Hn. O



Jlemma 2. B onucannoti eviue cumyauut CYwecmeyem 20MoMop-
Pusm

w: H— Aut N

u3 nodepynno. H 6 epynny asmomoppusmos epynnove N makoti, wmo
onsa mobwr g =nh, ¢ =n'h', nn' € N, h,h' € H, svoinoanero

g9’ = nhn'K = n(p(h))(n)hk .

Taxum obpasom, epynna G noanocmuvio onpedesiemcs nodepynnamu
N, H u 20momoppuzmom p.

Jloxasameavemeo. HeitcrBurensno, nyers g = nh, ¢ = n'h’. Toraa
gg' = nhn'h' = n(hnh Y )RH .

Tak kax noarpymma N wopMmaiabha B G, To hnh™' € N. $cno, uro
T Kaykjioro h € H orobpazkeHue, conocTaBiIdoliee KaxKIoMy n €
N snement hnh™! € N, apagerca aBTOMOPMOU3MOM.

DTO O3HAYAET, IYTO MbI MOXKEM ITOCTPOUTH oToOpazkenue ¢ : H —»
Aut N, conocrasiistoiniee KaxkjaoMmy h € H COOTBETCTBYIOIINIT aB-
ToMOPPU3M. £ICHO, UTO 3TO OoTOOparKeHue sIBJsieTcss TOMOMOPQU3-
MOM. ]



Jlemma 3. Ecau duxcuposanv, dse epynnoe — N u H — u nexo-
mopoiti 2omomopdusm @ - H — Aut N, mo no num odnosnauno (c
mounocmuvio do usomopdpuama) cmpoumes epynna G, codeporcauan
nodepynnol, uzomopprvie N v H maxumu, wmo N<1G, NNH = {e},
NH =G, das scex g =nh, g'n'h

gg' = nhn'h = n(o(h))(n)hh'.

Hoxazameavemeo. CHadasia JIOKarKeM, 4TO Takasl I'PYIIIa BCerja Cy-
IECTBYET.

HeiictBuresbHo, rpymny G MOXKHO 3aJlaBaTh KaK COCTOSIIYIO U3
nmap (n,h), n € N, h € H, ¢ 3aKOHOM yMHOKEHUSI

g-g = (n,h)(n, 1) = (n(p(h))(n), ).

HamMm tpedyerca nokazaTh, 9T0 TaKOi 3aKOH 3a/1acT IPYIILY, TO €CTh
IIPOBEPUTH ACCOIUATUBHOCTD, CYIIECTBOBAHIE €JUHUIIbI 1 CYIIEeCTBO-
BaHUE 0OPATHOTO.

o Accouyuamusrocmo.

((n1, ha) - (n2, ha)) - (n3, hs) = (na(p(ha))(n2), hihs) - (n3, hy) =
= (n1(¢(h1))(n2)(p(hihe))(ns), hihahs) =
= (ni(p(h1))(n ( (h2))(n3)), hihahs) =

= (n1, 1) - (nalp(he))(n3), hahs) = (n1, ha) - ((n2, he) - (ns, hs)).

o Hetimpanrvrolli snemenm.

(61\77 GH) ' (nv h) - (6]\7(@(6[{))(%), eﬂh) - (TL, h)
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e Haiuvue obpamnozo.

(n,h) - (e () (n 1), ) =
= (n- (p(h) (@~ (W)(n"1), hh™") = (nn", e) = (e, em).

Taxum obpazoM, MCKOMOE IOJYIPsIMOe NIPOU3BEICHIE BCErJa Cy-
IIECTBYET.

OueBu/IHO, YTO MOCTPOEHHAS I'PYIIa €JMHCTBEHHA C TOYHOCTHIO
710 m30MOp(dU3Ma, TaK Kak ee Tab/ImuIa YMHOKEHN (KaK Mbl BHJIC/TH
BBIITIE) 38/1a€TCsT OJIHO3HATHO.

[]



I'PVYIIIBI U3 12 9/JIEMEHTOB

Tenepnb 1ocTaBuM 3a/1a4y HAMTH Bce IPyIIIbI U3 12 371€MeHTOB.

B rpyrime u3 12 s1eMeHTOB 9HCI0 N CUTOBCKUX 2-MOArPYII (13
YeTHIPEX JIEMEHTOB) MOYKET OBITh PABHO €JIMHUIE UM TPEM, a THC-
JI0 M3 CHUJIOBCKUX 3-MOArPYMI (M3 TPeX 9JeMEHTOB) — OJIHOMY WJIN
gerbipeMm. Ciydait 1 : 1 o3Hagaer, 4To 00€ MOATPYIIILI HOPMaJIbHbI,
TO ecTh rpyiia (G ecTb IpsIMOe IIPOU3BEJICHIE CBOUX CUIOBCKUX 110/~
rpymin. Tak Kak T'pynnbl U3 TpeX M YeTbIpeX 3JIeMEHTOB — abejie-
BbI, TO MbI IIOJIyUl B pe3yjbTaTe abejieBy I'PYIILY, T.€. OJHY U3 JIBYX:
Z4 D Zg ~ Zlg NJIN ZQ D ZQ D Zg.

[IycTh Teneps rpyiia He ABIsgeTCd NPAMBIM IIpon3BeaenneM. /s
HavaJia IPeJIIoJ0KIM, YTO Ny = 3, ng = 4.

B sToM cirydae MBI UMeeM YeThIpe TPYIIILI 13 TPeX 9JIeMEHTOB, I1e-
peceKaromiuecs TOJbKO M0 eINHUYIHOMY. TaKuM 00pa3oM, 3JIeMEeHTOB
HOpsiJIKa TPU JIOJIKHO ObITh BoceMb mTyK. Ocrtaercss Bcero 4 siie-
MeHTa, KOTOpbIe MOI'yT 00pas30oBaTh He DoJiee OJHON I'PYIIILI IOPSIKA
geTbipe. SHAUUT, TAKON CIydail HeBO3MOYKEH.

OcraeTcst YeTbipe caydas:

e HOpMaJIbHA MOJArPYIIa Hopsijika Tpu (m3oMopdHast Zg), a moji-
I'pyIIIa TOPAIKa deThbipe N30MOpPdHa Zy;

e HOpMAJIbHA TOJArPYIIa MOpsAKa Tpu (n3omopdHast Zg), a mo/-
I'PYIIIa IOPAaKa deThbipe n3oMopdHa Vy;

e HopMAaJbHA MOATrPYIIIa MOPSIKa YeThbipe, n3oMopdHas Zy;



e HOpMaJIbHA MOATPYIIIIA HOPsIAKA YeThipe, n3oMopdHas V4.

B niepBoM ciydae MblI ToJiydaeM TOJTYIIPsIMOe ITPOU3BeJIeHNe TPYII-
bl Zg Ha rpynny Zy, T.e. Tpynna Zy JeiiCTBYeT CONPsKEHUAMU Ha,
rpyiy Zs. 3HaUuT, TpedyeTcs MoCTPOUTh (HETPUBUAJBHBIN) TOMO-
MOPQU3M I'pyIIbl Zy4 B TPYIITY aBTOMOP(MOUBMOB I'PYIIIEL Z3.

['pynia aBromopdusmoB rpytiibl Zs nsoMopdua Zsg (euHCTBEH-
HbIM HETPUBUAJIbHBIM aBTOMOPMU3MOM SIBJISIETCSI IIePECTaHOBKA, dJIe-
MeHTOB 1 1 2 B Zg3).

lIMmeHHO B 5TOT aBTOMOPMUBM MOXKET 0TOOpa3UTbhCsl 00pa3y IOl
13 Z4.

Taxum obpazom, rpyuna G B JaHHOM CJIydae 3aJ1aeTcsl CJie 1y oIu-
MU 00pa3yIoIMIMI U COOTHOIIEHUSIMMU:

a,b; ad=bt=e¢, babl=a"l.

Haspanus y jgaHHoil rpymiibl HeT, ee IeHTp COCTOUT U3 JIBYX 3Jle-
MeHToB: {b%, e}, KOMMYTaHT HOPOKIaeTCsl SJIeMEHTOM .

Bo BTopoM cirydae Mbl ITOJTydaeM MOJIyTPSIMOe ITPOU3BeIeHIE TPYII-
bl Z3 Ha TPpymIiy Vg, T.e. Tpymna Vg JeficTByeT CONpszKenngaMn Ha
rpyiy Zs. 3HaUuT, TpedyeTcs MoCTPOUTh (HETPUBUAJBHBIN) TOMO-
MOPQU3M IpyIIIbl V4 B IPYIIy aBTOMOP(MU3MOB I'PYIIIEI Zs.

Ecin obo3naunTh obpasytomniuii rpynibl Zg 3a @, HeTPUBUAIbHBII
aBTOMOP(U3M 3TOI I'PyHIIbl - 3a &, oOpa3yioliyue Ipynnbl V4 — 3a
b u ¢, To BUIMM, 9TO KayKjasl 13 obpasyomux b u ¢ orobparKaeTcs
mbo B &, ubo B e.

[Tyctb b orobpazkaercs B €. Torna eciu ¢ orobpazkaercst BE, To be
oTobparKaeTcs B €, a ecjii ¢ oToOparkaeTcs B €, To bc oTobparKaeTcs
B £. Oba Takme roMoMOpU3MBI 1aJlyT B Pe3yJbTare M30MOpPQHBIC
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I'PYIIIbI, TaK KaK 3aMeHa MecTaMi ¢ 1 bc — 9T0 aBTOMOPQU3M IPYIIIILI
V.

SHAYUT, PACCMOTPUM T'OMOMOPU3EM
b— &, crre.
On 3ajact rpynny G B BIje 00pa3yommuxX U COOTHOIIEHUIL:
a,b,c; d=b=c=e be=cb ac=ca, babt=a"".

Cpasy BuJHO, 4TO HOArpyIa (MopsijKa JBa), MOPOXK/IeHHAST JJ1e-
MEHTOM €, KOMMYTHPYET CO BCEMH OCTaJbLHBIMHU 00pa3yIoNUMHI, T.€.
BbIJICJISETCS MPSIMBIM CJIAraeMbIM.

Ob6pasytomue b u a nopoxkpator rpyuny Dy = S3. Takum obpasom,
MBI TtoJtydaeM rpyiny Dg & Zo = Dy

Bo TperheM ciaydae Mbl HOJIydaeM HOJIYIIPAMOe ITPOU3BeIeHNe IPYII
bl Zy4 Ha Tpynny Zsg, T.e. Tpynna Zsg AeficTByeT CONPsKEeHUsIMHU Ha
rpyiy Zj. 3HaUuT, Tpedyercs MoCTPOUTh (HETPUBUAJBHBIN) MOMO-
MOPMU3M TPYIIIBI Z3 B TPYIILY aBTOMOP(MU3MOB IPYIIILI Ziy.

Y rpymibl Zy ecth (Kak 'y Zs) JUIIb OJUH HETPUBHAJIBHBII aB-
TOMOPU3M, ITPU KOTOPOM 1 U 3 MEHSIOTCS MecTaMi. DTOT aBTOMOP-
bu3M nMeeT MOPsII0K JBa.

OJ1HaKO MBI HE MOYKEM MOCTPOUTH HETPUBUAILHBIN TOMOMOPMOU3M
3 TPYIILI Zg B TPYIITY Zo, TTOSTOMY HUKAKOI'O HETPUBUAJIBLHOTO 10~
JIYIIPSIMOT'O NIPOU3BEICHUS He MOYKET BOBHUKHYTD.

Bo nociieinem cirydae Mbl IMeeM MOy TIPSIMOe ITPONU3BeIeHIE TPYII-
bl V4 Ha rpynny Zsg, T.e. Tpynna Zs3 JeficTBYeT CONPSKEHNAMI Ha
rpyiiny V4. 3Hadut, Tpedyercs MoCTpOUTh (HeTPUBUHAILHDII) TOMO-
MOP@U3M I'pyIIIbl Zg B IPYIIY aBTOMOPMOU3MOB I'PYIIIEI Vy.
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Kak MbI moMHUM, I'pyIa aBroMopdu3M rpyiibl V4 m3oMopdHa
S3 (MOYKHO TIPOM3BOJIBHBIM 0Opa30M T€PeCTaBUTh TPH HeeIMHUITHBIX
9JIEMEHTA), TT09TOMY HETPUBUABHBIH TOMOMOPMU3M 13 Zs MOYKHO
VCTPOUTh, TIepeBe/id 00pasyoliuii 9Toi TpyIbl (0003HATNM ero ue-
pe3 a) B “IUKJI JUINHBL TPH .

B Buze obpasyiommx u cOOTHOIICHUI 9T0 Oy1eT 03HAYATh CJICTY-
foIee:

a,b,c; a® =

bc=cb, aba'=c, aca'=be, albc)a' =0.

Jlerko jokazaTh, 9To 9Ta rpyima n3omopdua Ay (a — (123), b —
(12)(34), ¢ > (14)(23)).

Taknum 00paszoM, MbI JOKA3aU CJIEIYIONLYIO TEOPEMY:

Teopema 2 (knaccudukanus rpyi u3 12 sjgementos). Jlobas epyn-
na u3 12 asremenmos udomoppra 00not us cAeoyroUUT

1) 212;

2) Ly ©® Zs;

3) (a,b|a® =0b'=e, bab™! =a™1);

4) Dg;

5) Ay.

Huxaxue dse u3 nepenuciennvie sviuie 2pynn He usomopihro. opye
dpyey.
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OINPEAEJIEHNE KOJIBITA

ONPEAEJEHUE 1. MuoxectBo R ¢ omnepamusMu CIOKEHUS + 1
YMHOYKEHUST + Ha3BIBAETCH KOALUOM, €CJIN OTHOCUTETHBHO CJIOYKEHUS
9TO MHOXKECTBO ABJIsIeTCsT a0eJIeBOil IPYIIIOii, a CJIOXKEHKNE C YMHOKe-
HUEM CBSA3BIBACT 3aKOH JIUCTPUOYTUBHOCTH

Ve,y,z€ R x-(y+z2)=zy+azz, (x+y)z=u1xz+yz

Ecin onepanus yMHOXKeHUs 00J1ajIaeT CBOMCTBOM acCOIlUaTHBHO-
CTHU, TO KOJIbIIO HA3BIBACTCS GCCOUUAMUBHBILM. B OCHOBHOM, MBI Oy1eM
paccMaTpuBaTh acCOIMaTUBHbBIE KOJIbIIA.

Ecin B Kosblie R cojiep:KuTcs HERTpaIbHBIN 110 YMHOXKEHHIO dJIe-
MeHT (eguHUNA 1), TO KOJIBIO HA3BIBACTCS KOALUOM ¢ eOUHUYET.

Ecnn olepalnd YMHO?KEHUA B KOJIBIIE R KOMMYTaTHBHa, TO KOJIBITO
Ha3bIBaACTCA KOMMYMATMUECHHIM.

ONPEJIEJEHUE 2. AcconnaTuBHOE KOJILIO C eJUHUIEH, B KOTOPOM
KazKJIbIIl HEHYJIeBOW 3/IeMeHT nuMeeT oOpaTHbIil (T.e. MHOXKecTBO R\
{0} ¢ omeparueit yMHOXKeHUsI SIBJISETCST TPYIIIION) Ha3bIBACTCA Mme-
NOM.

OIPEJAEJIEHUE 3. KoMMyTaTUBHOE TE/I0 HA3BIBACTCHA NOAEM.
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ITPUMEPBI KOJIEILL

1. Jlioboe n3 npusbrunbix Ham nodteit Q, R, C, Z,, asiserca Kosb-
ITOM.

2. Camblil pacipocTpaHeHHbIII IIpUMeDP KOJIbla, He SIBJISIOIIEIOCs
oJIeM, — KOJIBIIO TEJIbIX dncen Z.

3. Eciim R — KoMMyTaTHUBHOE acCOIUaTUBHOE KOJIBIO ¢ eIuHuIei
(mosie), To R|x| — KOJIBIIO MHOTOWIEHOB HaJi R 0T 0jiHO#T IIepeMeHHO,
Rlz1, 29, ..., 2, — KOJIBIIO MHOTOWIEHOB HAJT R 0T MHOTHX (KOMMY-
TUPYIOIIUX MePEeMEHHbBIX ). TaKkke MOKHO PacCMOTPETh KOJIbIO MHO-
I'OYJIEHOB OT 7 HEKOMMYTHUDPVIOIINX II€PEMEHHBIX L1, ..., T,. 1TOOLI
He IIyTaTh €ro ¢ OOBIYHBIM KOJIbIIOM MHOTOYJIEHOB, Oy1eM 0003HAYATH
ero depe3 R(xy, o, ..., T,).

4. IlpumepoMm KosbIia, OJarojapss KOTOPOMY KOJIbIla MMEHHO TakK
MMEHYIOTCH, SIBJSIETCA KOJbIIO BRIYETOB 1O MOJYJIIO N — Z,. dannoe
KOJIBIO cocTouT u3 octatkoB {0,1,2,...,n — 1} or jgenenus Ha n,
olepaIuy CJI0XKEHNSI U YMHOXKEHUsT ITPOBOJSITCS 10 MOJYJIIO 1. ZlcHO,
9TO IIPU COCTABHOM 7T TAKOE KOJIbIIO He OYAeT SIBJIATHCS MOJIEM:

Ecmm Ob1 Koutb1io Z,, = iy, SIBIASLIOCH 1IOJIEM, TO B HEM OBLIN ObI
NeJINTeJ I HyId k 1 m, a B [IoJle He MOXKEeT OBbITh Jie/InTe el HyJlsl.

C Jpyroit CTOPOHBI, €CJIU N — 3TO IPOCTOE UUCJI0, TO KOJbIO Zy,
SIBJISIETCS TIOJIEM:

Y1o0BI 5TO TIOKa3aTh, HAM JOCTATOYHO MOKa3aTh, YTO Y KayKJ0r0
HEHYJIEBOI'O 3JIeMeHTa B Z, eCTb obparTHbIil. /leiicTBUTE/NIbHO, MYCTh
m € Z,,. Torna uncia

m-1,m-2,....m-(n—1)
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9TO pas/IndHble HEHYJIEBbIE 3JIEMEHTHI B Z,, TaK Kak npu ml = mk
mod n Mbl otygaem m(l — k) peures Ha m, 9TO HEBO3MOXKHO, Tak
KaK 7 [MPOCTO. SHATWUT, CPEJIN MePeInC/IeHHBIX THCe/T eCTh eJNHUIIA,
TO €CTb DJIEMEHT 1M 00PATUM.

5. Eciu R — 3T0 HEeKoTOpoe accouaTuBHOE KOJbIO ¢ €JIUHUIIEH,
n > 1, o M,(R) — kosbio marpui Haj R. Ilpu n = 1 ono cos-
najgaeT ¢ KoJablioM R, Ipu n > 2 0HO 00s3aTe/IbHO HEKOMMYTaTHBHO
(manpumep, EioFoy # Fa1E1o) 1 coiepKuT HeoOpaTiMble HEHY/IEBbIe
9JIEMEHTHI.

6. s s10boro acconmuaTuBHOIO KOJiblla R ¢ eIuHHIEeH MOXKHO
PACCMOTPETD KOJIBIIO (POPMAALHLL cmenenmbir pados R][x]] oT ogroit
epeMeHHOM (TakzKe 110 aHAJIOTHH BBOJUTCS KOJIBIIO

R[[Qfl, . ,J?n]]

(bOPMAJIBHBIX CTEIEHHBIX PSIJIOB OT MHOIHX TTepeMEeHHBIX ). Kaxkplii
9JIEMEHT 3TOTO KOJIbIa — (pOpMasIbHBIN Psjl

(0.9)
Z TiSIJi.
i=0
Ba pana
0.} 0
Z Til’i n Z Sjil?j
i=0 5=0

CKJIA IBIBAIOTCS TIOUICHHO, a IPU YMHOXKEHUH JIAIOT Pl
(0.8}
Z upx”,
n=0
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rje
n

Uy = E TkSn—k-

k=0

7. Ecom R u S — aBa xosibla (¢ KAKUME-TO CBOFICTBAMHU), TO X
npamas cymma R @ S cocTouT u3 1ap

R S={(rs)|reR,seS}

rje CJA0YKEHUEe YMHOXKEHHUE OIPEJIEIA0TCSA TTOKOMIIOHEHTHO.

AHAJIOrIIHO BBOJAUTCS NPAMAA CYMMG TPOU3BOJIBHOIO KOHETHOI'O
qucya KoJsell. [psmMast cymma O€CKOHEUHOIrO 4Kcia KoJlell ope/ies-
eTcs KaK MHOXKECTBO TOC/Ie/I0BaTe/IbHOCTE (MOYKeT OBbITh, HECUYeT-
HBIX ) 9JIEMEHTOB COOTBETCTBYIOIINX KOJIEI, TJIe JIUIh KOHEUHOe THC-
JIO OTJIMYHO OT HYJIA. 3aMEeTUM, 9TO JIaXKe eCJIM UCXOIHbIE KOJIbIa BCe
OBLIN KOJIbIIAMU C €IMHUIICH, TO TaKas IpsMasi CyMMa eIUHUIBI He
COJLEPIKUT.

IIpsamoe npoussederue GECKOHEUHOIO YUC/Ia KOJIEIl COCTOUT U3 IIPO-
U3BOJIbHBIX I10CJI€10BATE/IbHOCTEl 3JIEMEHTOB, IJle KayKJIblil 3J1eMeHT
MPUHAJIEKUT COOTBETCTBYIOMIEMY KOJBILY. f1CHO, UTO JIJ1s1 KOHEYUHO-
ro 4ucJja KoJiell psMas cyMMa U IIpsiMOe TPOU3BeIeHNE JIal0T OJIHO
1 TO »Ke.

Ecin Kosiblla n3Ha4YAIbHO BCe OBLIM KOMMYTATUBHBI, TO IX IPSIMOE
Ipon3BeAeHNe TOXKe KOMMYTATUBHO. Ec/n Bce KOIbIa NMeIN eIUuHz-
LI, TO eJIMHUIENl IIPAMOro IPOU3BEAEHUs ABJIAETCS 110CIe10BaATE b
HOCTb, COCTOSIIAas U3 BCEX €JIMHUIL COOTBETCTBYIOIIMX KOJIEIL.
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AEJINTEJIN HYJIA, HUJIBITOTEHTHDBIE,
OBPATVMBIE 9JIEMEHTDBI

ONPEJAEJTEHUE 4. Djement r # () acconuaTuBHOro KoJjibiia R (He
0053aTeJIBHO C eJINHITIEH ) HABBIBACTCS ACBVIM 0CAUMENEM HYAA, €CITH
cymectsyer 0 # s € R Takoii, uro rs = (. AHAJOIMYHO BBOJIATCS
NPaeoli 1 JIBYCTOPOHHUI JTeJIUTE/I HYJIS.

1. B nosie Her penutesteit nyssi: ecan rs = 0 u r £ 0, TO CyLIIeCTBY-
et obparmbtii snement 1/r. Torna 1/r-rs = 1/r-0, orkyna s = 1/r-0.
Omuako r +x-0=x(1+0)=x-1=x orkyna , x - 0 = 0. SHauur,
s = 0, T.e. B 10Jie HET Je/UTes el HyIs.

2. B KoJiblle HesbIX 4nces HeT JeJIUTeseii HyJs.

3. Ecin B xonmbue R He ObLio AenuTesnieil HylId, TO U B KOJIbIE
MHOTOUJIEHOB (0T JTF0OOr0 THeia epeMeHHbIX ) HaJl R HeT jesinre/ieit
HYJIS.

4. Kax MBI y2Ke BHJECIN, B KOJbIE BBIYETOB Z;, €CTb HCIUTEIIN
HYJISI, €CJIM M — He IPOCTO. DTUMU JIE/JIUTE/ISIMU sIBJISIIOTCS JTI0ObIe
quciaa B Z,, KOTOpble HE B3aMHO IIPOCTHI C N.

5. B MaTpuaHOM KOJIBIE JICUTE/ISIMUA HYJId SABJISIOTCA BCE BHIPOK-
JleHHble MaTpullbl. JeficTBUTeIbHO, ecii IPeJICTABUTL MATPUILY KAK
JIMHEHHBIN ollepaTop Ha BEKTOPHOM IIPOCTPAHCTBE, TO BBIPOZK ICHHBIE
MAaTPHILI — 9TO POBHO T€, Y KOTOPLIX 00Pa30M ABJISIETCS HE BCE [IPO-
CcTpaHCTBO U (W/IK) s1/Ipo HeHyseoe. IlycTs oneparop A jeficTBoBad
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na npocrpancre V, ker A = U # 0, ImA = W # V. Paccemor-
puM orepaTop B, 06pa3oM KOTOPOIo sIBJIsSeTCsl MoAIpocTpancTso U,
1 orzepaTop C', SIPOM KOTOPOI'O SBJISIETCs HOIPOCTpancTBo W

Torna AB = CA = 0, t.e. A — u 1upaBblii, 1 JIEBBI JeJIUTEIb
HYJISI.

6. Ecim xonbo R ne mMeno jenureseil HyJisd, TO KOJbIO PAIOB
TOXKe He OyJeT UX COolleprKaTh.

7. lpsimas cymma (mpousBeierne) AByX u 6oJiee KoJiel BCerjia co-
JIEPYKUT JIeJITeNIN HyJisT — Harnpumep, jiist saementa (a,0), a # 0,
MokHO B3Th (0,0), b # 0.

ONPEJAEJTEHUE 5. Djement r # () acconuatuBHoOro KoJjibiia R (He
00513aTeJIbHO ¢ eJINHUIEH) HA3bIBACTCA HUALNOMEHMHbIM, €CJIN Cy-
mecTByeT 1 € N Takoe, uto r" = 0.

AcHo, 9TO MI000IT HUIBIIOTEHTHBIN 3JIEMEHT ABJIACTCI JIeJIITEIeM
HYJIS, TIO9TOMY €CJIN B KOJIbIIE HET JICJINTEEH HYJI, TO HET U HUJIBIIO-
TEHTHBIX 9/1IeMeHTOB. TakuMm o0pa3oM, U3 HaIIUX IPUMEPOB PacCMOT-
PUM TOJIBKO T€, TJle BCTPEYaJUCh JACJIUTE/N HYJIS.

1. PaccmoTpuM KOJIbIIO BBIYETOB Zy,, IIYCTh N = plfl ... prm_ TTio6oi
JIeJINTEb HYJIsI B 9TOM KOJIBIIE JIOJYKEH JETUTHCI XOTh Ha KaKOe-TO 13
JUCETT P1, - -« P OJHAKO JIJIST TOIO, UYTOOBI SABJISITHCS HUIBIIOTCHT-
HBbIM, YHCJIY HYYKHO JIeJINTbCsl Ha BCE Pi,...,Pm, T.€. OHO JIOJKHO
OBITH PABHO P1P3 . . . Py - . B/ aucsio n 661710 ¢cBOOOIHO OT KBaJipa-
TOB, TO HUJIBIIOTEHTHBIX 3JIEMEHTOB B KOJIbIIE HET.
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2. B MaTpuaHOM KOJIbIIE JIAJIEKO He KaxKJasl BHIPOXK ICHHAST MaTpPU-
a ABJIAETCS HUIbIOTEHTHOH. Kcau, HanpuMep, MbI paccMaTpUBacM
MaTpUIIbl HaJl KOMIIJIEKCHBIMU YUCJIaMU, TO HUJIBIIOTEHHBIMU MaTpU-
IaMU IBJISIIOTCSI T€ ¥ TOJIBKO T€ MATPHUIIbI, Y KOTOPBIX BCe COOCTBEH-
HbI€ 3HAUYEHNS PaBHBI HYJIIO.

3. B npsimoit cymme (mipousBejieHnn) AByX u 6oJiee KoJiel HIJIbIO-
TeHTHbIE 3JIEMEHTHI €CTh TOT'a U TOJILKO TOT/a, KOI'Ja OHU €CTh XOTS
OBl B OJIHOM U3 CJIaraeMbIX KOJIeTl (COMHOYKHUTEIeii-KoIern).

OIIPEAEJIEHUE 6. DJIeMeHT r acCOUMaTUBHOTO KOJblla [ ¢ equHu-
1eil Ha3bIBACTCA 00PaAMUMbBLM CAEBa, €CIN CYIIeCTBYeT S € R Takoii,
q10 sr = 1. AHAJOINYIHO BBOJUTCA 00PATUMOCTE ClIpaBa. DJIeMeHT T
HA3bIBAETCS 00pamumMbviM, €CJIn OH 00paTUM cjeBa U cipaba. B sroum
ciydae oOpaTHBIN 9/IeMEHT €JIMHCTBEHEH.

1. B nose, Kak MBI 3HaeM, BCe HEHYJIEBBIE 3JIeMEHTHI 00OpaTHMBL.
2. B kosbIe nebix auces obparuMbl TOJIBKO 1.

3. B Ko/bI1ax MHOTOUJIEHOB 0OPATUMBIMU MOT'YT OBITH TOJIHKO KOH-
CTAHTBI, TaK KaK Yy MHOIOYJIEHOB IIPU YMHOXKEHUU CKJIaJbIBAIOTCS
crenenn. COOTBETCTBEHHO, OOpATHUMBIMK 3JIEMEHTAMU SIBJISIOTCS 00~
paTuMble KOHCTAHTHI KOJblla K.

4. B KoJblie BBIYETOB Z, OOPATUMBIMH $IBJISIIOTCS BCE OCTATKHU,
B3aUMHO IIPOCTBIE ¢ n. Takum obpasoM, B JAHHOM KOJIbIE KarKJblil
9JIEMEHT /00 00paTuM, OO0 ABJAETCd AeJIUTeIeM HYJIs.
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5. B marpmunoM KoJblie 0OpaTuMOil SBISETCs J100as HEBLIPOK-
JleHHas MaTpuia. TakuM oOpa3oM, KaK W B HNPEJbIIYIIeM pUMeEpE,
KayK Il 9JIEMEHT KOJIbIIa SIBJIACTCS WM OOPATUMBIM, WK JICTUTE/IEM
HYJIS.

6. B kosbiie psajgos R[[x]] oOpatnMbIMu sIBISIIOTCST T€ W TOJIBKO Te
PAABI, Y KOTOPBIX 00paTuM KO3PPUIIUEHT TP HYJIEBOI CTEIICH.

oxazamenvcmeo. 1lycrs y psja

ro HeoOpaTHM, HO y HEro CyIIecTBYeT 0OpaTHBIN psil

o0
/_E: e
z = S;T”.
J=0

Torpa, ¢ olHON CTOPOHBI, ¥ TMPOM3BE/ICHNE JTOJIKHO ObITH paBHO psi-
ay 1, ¢ 1pyroit cTopoHbl, y IPOU3BeEIeHN TaKUX PAI0B KO dumesT
IPU HYJIEBOII CTEIEHU X PaBeH TSy, T.€. Iy OOPATUM.

Hamnporus, nmycThb y psjga

KoapunmenT ry obparum. byjaem mckarb obpaTHBIH psiji B 00IIEeM
BHUJIE



Torjia MBI TOJIyUUM CUCTEMY yPaBHEHMNI:

(

1 = 1050,

0 = r9S1 + 150,
) 0 = 19S2 + r151 + 2980,

.o e i e s e e e e 3

0 =T0Sp + T1Sp—1 + -+ -+ 151 + T'nSo,
\. . . e i e e e e

MbI BujinmM, 4To so = 7| ' (eymecTByer n 0/HO3HAMHO OIIpe/IesICHO ),
s1 = (—riso)ry! (TakuKe cymecTByeT W ONHOZHAMHO OMPEJEICHO),
—1 ~1
Sog = (—T181 —1280)T0 -y Sp = (—T1Sp—1 — = — TSo)Tg - - -
Taxum obpazoM, Kazkabiil KoaPUINEHT S; OJHOZHAYHO OIIPe/Ies-
eTcst 10 KoaddunmeHTam Tj ¥ TIPeJIBI LY LM Ko PUIIEHTAM S, . . . , Sj_1.
SHAUUT, Psiji z ObLI 0OPATUM. []

7. B mpssMoM niponsBeieHnn JTI000T0 KOJIMIECTBa KOJIell ¢ ¢ UHATICH
00paTUMbBIMU SBJIAIOTCST T€ U TOJBKO T€ 3JEeMEHTbI, KayKaasd KOMIIO-
HEHTa KOTOPBLIX 0OpaTuMa B COOTBETBYIOIIEM KOJIBIIE.
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