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JOTMKO-MATEMATWYECKME OCHOBH ITPOBJIEMH MO3
(Buuncnurexbﬂug CHCTEOMH)
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YIK 53.02+519.7+4519.812.2

YACJIOBOE, AAI'EBPAMMECHOE ¥ KOHCTPYKTUBHOE
[IPEACTARIEHASl OFHOR BMSUYECKOR CTPYKIVPH

E.E. Burses

BeeneHwuue

B TeopuM (MBMYECKMX CTPYKTYP Ha OCHOBAHWM NDUHIMNA (EHOMEHO-
JIOPMYECKO(t CHMMETPUH MOJYJUeHH UACHOBNE NpPeJCTaBieHMA BO3MOKHHX
fyHEameHTanbHX 3akoHOB [I-4]. Ilokasano, uro fyHOaMeHTalbHpe {u-
aMueckue 3aKOHH (KpOMe 3aKOHOB. CTATHCTUUECKOW (M3MKM M (USHKM BJe-
MEHTapPHHX YACTHI]), & TaKKe BXOAAWUME B HUX BEAUUMHH MOIYT OHTb BhH-
BElleHH M3 OTOr0 NPHHUMIA.

B Teopun uamepeHufi [5] usyuaercs Joruyeckoe npeAcTaBieHHe Be-
JAYMH U 3aKOHOB B BHJE SMNMPHUECKAX AJIreGPaHyeCKMX CHCTEM, YAOB -
JETBOPADLMX HEKOTODHM CHCTEMAM aKCuMOM, UMcAOBMe NPeRCTaBiEHUA AB~-
JAAOTCHA TOMOMODJHHMU OGPA3AMH OMIMPHUECKHMX CHCTEM B UMCAOBHE CHC -
reMu (HanpHMep, B NoXe BemEeCTBEHHWX wMces).

B paGore Ha npumepe gmsuueckoft cTpyxTypu paura (2,2) (sako-
HoB puga x(y) = R(x)- 8(z ), saxosw Hporona, Oma, I'yxa u T.8.)
[IOKAa38HO, UTO 3TH HBa NOJAXOAS K NPEJICTABICHHD BEJMYAH MU 38KOHOB
CBA3aHE Mexay cobo#. B §1 moxasano (reopema 1), uTo CHCTEM8 AKCH~
OM AJATHBHHX COEJUHUTENbHHX CTDYKTYD, ONMCHBADMAA B TEOPHH H3Me-
peHKft saxoHu supa x(y) = ox) « ¥(z), Burexaer K3 TpeGoBaHM)l Hpels-
ABNAEMEX K (M3MYECKHM CTDyKTypaMm paHra (2,2).

CucremMa aKcHOM ANNMTHBHO COEGOMHWTEALHOR CTDPYKTYDH CHABHO
BABHCHT OT NOJYYyaeMOrso U3 Hee UHCJOBOI'0 IPEACTABNEHHA - OHa JOJK-
H& 06ECNeunTh BJIOKKMOCTH ANGOH SANMTHBHOM COEIMHUTENBHO} CTPYKTY-
Pu B none peulecTBeHHuX uMcer (cM. TeopeMy B §I). Iloaromy B  Heft
€CTb AKCHOMH,OTDARANIME He SMIMPHUECkoe COJNepmaHWe 3aKOHOB x(y) =
= ¢{x) .+ ¥(z), a cBOMCTBA BemMECTREHMuX uMces (CM., HANPUMED, 8K ~
cHONY Apxumena). B CBA3H C B3TUM BHACHAETCH,KAKMC AKCHOME SBIAANTCH
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OCHOBHHMH JJIf 38KOHOB x{y) = q(x) $(z).B §I HOEA3AHO,UTO YCIOBHE

samnraHus ToMceHa, BXOAmUee B CHCTEMY AKCHOM ANAMTHBHHX COENMHH—

TEAbHHX CTPYKTYD,CAeJyeT U3 NDHHIMNG (BHOMEHONOTHUECKO!l CUMMETDHK

pamra (2,2). MoxHO 3aMeTHTb, WTO OCHOBY 3aKOHOB x(y) = o{x)e-¢(z)

COCTABJRET CXEM& COM3NEDEHHA M E3AHMOCEASH BEJHWHH, YAOBIETEO -

proman yciopup 3amuxaHWA TomceHa. B §2 Ha ocHOBe axcuoM oTHOmeHMa

SKBHBAJCHTHOCTH, 8KCHOM HEOTDAHMYEHHO!I DPASPEMMMOCTH ¥ YCHAOBHA 38w

mukaHua Tomcena ora cxewma fopmasmayerca. Taxum 06pasoM, CXeMa CO=-

M3MEPEHHA M B3AUMOCBA3M BEJHUMH OIMCHBAETCA TPEMH U3 COOTBETCTBYD-
IMX MeCTH AKCHOM SINIATHBHNX COEIMHMTENbHHX CTDYKTYP. ORHAKO Helb=

38 yTBEPEAATH, UTO YNOMAHYTHE TPH AKCHOMH ABAANTCA CIEICTBHOM CHCw-
TEMH SKCHOM SJJIATHBHHX COCJMHATE]BHHX CTDPYKTYP, TAK KaK OJHA K3

TPeX AHCHOM ~ AKCHOMA HEOIDBHWYEHHO} PaspElHMOCTH - CHJIbHES  8K-

CHOMH OT'DAHHYEHHOJl PE3PEWMMOCTH, BXONAKef B CHCTEMy BKCHOM SJUM -

THBHHX COEMIHNTENbHHX CTPYKTYD. YCHJIGHME SKCHOMH DA3DPEUMMOCTH [0-

TpeGoBaIoCh LA MpeJCTABACHUA CXOMH CONIMEDEHHA M BIAMMOCBASH Be=

JAYMH C NOMOWBD &CEMeBMX I'pynn. OTO NpeAcTABNEHHEe HA3BSHO aarel -

paKuecKu™ npeacTasieHHeM 3aKOHOB x(y) = ¢(x) - ¢(z). B Hem Beamuu-

HH NPEACTABNANTCH BOENEBHMK IDYNNaMu,M30MODJHNME Mexny coGoft, &

3aKOHOMePHAH CBA3b — I'PYNNOBO} onmepauMeft. [ia noayyemHoro airet -

PaMuecKoro mMpefiCTABJEHHA B OOWeM CIyuae HeNb3f MOJNYYHTh UHCAO=

BOe NpeRCTaBIeHHe B MOJe BENOCTBEHHHX WHCeX. A KOHeWHO-TIOpOXHeH=
HHX aCeNeBHX I'DYNN MOXHO NOAYUMTb KOHCTPYKTMBHO® NDEACTABIEHHE B

BUJle NMPAMOH# CYMMH GECKOHEUHHX IMKJUUECKHX TPYNN NEeANX YHCeA B NpH-
MaDHHX IMKJIMYECKMX TPYTN BHYETOB LeJkX wMcea. Bup aToro mpefcrap-

JIeHHE 8HANOTHYEH BHAY MCXONHOTO S8KOHA y = x.z, TONBLKO BMECTO Be-
WECTBEHHHX WACEN H YMHOMEHHA MCIOJNb3YDTCA COOTBETCTBEHHO D—KH 1o~

AHX YMCEJ W T'DYANOBaA ONEepauMA.

§I. CooTHomeHHe MemAy (UIUUECKON CTPYKTYpO#H
patra (2,2) u apMTHEHO! COEMHWPEABHO# CTPYKTYpOH

I. Hparro cgopuymupyem NMOSXOJ K 8HANM3Y 3AKOHOB, PASBHBAEMMN
B TEOPMH (MSMYECKMX CTPYKTYP. llycTo manw HABa MHomecTBa 772, u pe-
WeCTBeHHO3HAyHAR (yHKMA (M3MepHTeNbHAs Nponenypa)

a: 2x 72 » Re, a(i,a) = a,, €Re, 1 ¢®, a € %,

Ha Mlioxecrsax 7u 77 sanaua (usKMueckas CTPyKTypa paHra {(m .n)
(2], ecan cymecemyer 8HANMUTHUECKAN (YHKIMA & OT m.n NepeMeHHHX,
onpefieseHHaa B o6racT¥ E c Re™™ Takam, yTo -

41



v&1’12"“’in'“1"'.’un“ai“a“’al“az"“. ,a‘-an ) =0 (1)

PR L L, e I €T 0y g®ypene s, €7, ByHxpa © Ha E JOMKHR YROB-
JeTBOPATH TAKXE HOKOTODHM JDYTHM YCJOBHAM [2]. TpeSomatme (I) cuu-
FaeTCH TIABHHM W HASHBAETCH MDUHIMIOM (EHOMEHOJIOPHUECKO} CHMMET -
pun {I]. ror nmpUHUEMN BHpaXaeT paBHOMpaBde o6nexToB B3 X ¥ I 1O
OTHOWEHHD K (JYHKIMOHAJBHOW 3aBUCHMOCTH (I). B Treopun  (MIUUECKMX
cTpyKTYp Aoxasweaercs [2], 4ro (usMvECKUe CTPYKTYPH paHrop m-n =2
(xpome cayuas m =4, n=2) He cymecTsyor. Jia paHroB m-n<1 ¥ paH-
ra (4,2) Hat\ileHW BupaxeHRs IAa §yHxME & ¥ a. 3T BHpameHUs Ofl-
pefensor Baj YHAAMERTANLHOTO 38KOHA COOTBETCTBYWUErO paHra.

2. PaccmorTpuM mofpoSHee ¢uaMueckyD CTPYKTYPY paHra (2,2) [4].
Jns Hee npUHIMN (EHOMEHONOIMUECKOH CHMMETDUH HMEET BUA

Vi,j ’a’B(Q(aux’aLB’ajm'aJB) =0), (2)

rge i,j € 97¢, «,p € . B {4] morasaso, uTO CYmECTBYOT MOHOTOHHNE
¢yHKDMA R,S M CTPOTO MOHOTOHHAA (QyHKIMA X Tamde, dTo

B4 T x(R(a“‘o)- S(atoa ),

e, %1225 ) = X e, ) x-1(aJB) -
- x'"‘(ais) x—"(aja) =0,

— - Y F

Ecau 0603HAWATb ¥, o3 X (&, ), X ¥ n(aw0 ) z ¢ s(atoa),
TO MOXyuMM OCHUHOE BHDaKEHHE 38KOH& y, = X, +Z, (sakonn HeoTOHA,
Oma, I'yxa # gp.). Ecik BMecTO JyHKUMM X NOJCTABKTL CTDOTO MOHOTOH=—

Hyo gyHKpMw  x'ln, TO NMOXyusM Apyroe BupaxeHHe jpan (uaHueckoi
cTpykryps paxra (2,2) (3]

a, = x'(R'(awo) + s'(aioa)), 3)
é(aw,ats,aw,aw) = (x')—1(axa) - (x')-1(a16) -
- (x')‘.'“(aja) + (X')—1(aﬁ3) = 0. (4)

3. Moramem, uTo (MaMUECKas CTPYKTypa paHra (2,2) momer OHTD
ONMCAHA CHCTEMOP AKCHOM AINUTHBHHX COELMHUTENbHHX CTDYKTYP TEOPHH
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namepeHnit . Mogenp (2x 97, <) Hasupaercsa ARNMTHUBHO!l COEIMHHTENbHON
crpykrypo [51, ecam £ B, ¢ # 6, a~b 2 asbgb<ak Ma M-
OEX 1,35,K,.0.€%0 o, B,Y,00+€7 BHIOKHEHH CREAyOIHE AKCHOMH:

I) < - caabuft IMHEeNHH# MOPAROK,

2¢) Fi(i,o) < (i,8) = Vi(i,® =< (3,8,

3) (3,00 ~ (1,8) & (x,8) ~ (3,v) = (k,0) ~ (1,7),
4*) (1,0) < (j,) < (1,v) =»3e(i,e) ~(3,8),

5*) 31, j (i, £ (J,0),

6) ecim 3i (i,x) ¢/ (i,8) ¥ onpelelNeHa OorpaHMuEHHas fnocie -
ZOBATENBHOCTD 1 ,i,,...€M (1,0 < (j,v), ¥1.2,..., Takas,uro
(i ,0) ~(1,,8), (iz,a) (1,,8) o1, ,0)~1,,8) ..., 70 OHa KOHeuHa.

AXCHOMH, OTMEUCHHHe 3BE3J0uKOfi, CHOPMYIMPOBAHH OTHOCHTENLHO
SJEMEHTOB MHOKECTB& 777, AHAJOIAYHWE AKCHOMH JONEHH  BHOONHATHCH
OTHOCKTENbHO SJIEMEHTOB MHOXecTBa 77 . Bropas aKCHOMA MO3BOJAET ONl-
pefieMMTh OTHOWMEHMA NMOPAfKE HA MHORecTRAX 2 M 7 . Tperbs akcuo -
ma, HasHBaeMad ycropMeM SamuraHMs ToMceHa, COOTBETCTBYeT NDHHLMIY
(JEHOMEHONOIHUECKOH CHMMETDHU ¥ CyReT ofcymieHa Hume. Uermepras ax-
CHOMA OFPAHMYEHHOJ DASPENHMOCTH TIapaHTUPYeT CYWecTBOBAHHNE HEOC-
XOQINMHX OAAN [OCTDOEHUS 8ieMeHTOB. [laPas akcuOMA rapaHTHpyeT HeBH-
LORAEHHOCTb MOofeiM. llecTas aKCHOMA ABIAETCA BADMAHTOM AKCHOMH Ap-
XHMeJa.

UncroRHe NpPEeRCTABNEHUS ALUMTHBHHX coe,n,mm-re.um CTPYKTYD Ofi=
pefienseT CreRypLas

TEOPEMA [5,¢.257]. Ecan momear (IWxF; <) ABARETCH SJIMTHB -
HOMt COeMMHMTENBHOR CTPYKTYPON, TO CYWEeCTBYOT JVHKIHK o 7% - Re,
$:72~ Be, yHOBAETBOPADEME AIA JOOHX i,j €93 o,B € 7% _COOTHOmE =
B

(1,0) < (5,B) » i) + o) < o(3) + &Kp). _ (s)

Ecix ' ¥ ¢' - ApyrMe (yHxmuH, yAosrersopmompe (5), To cymecrsy-
pT € > 0, x_,xg Re TaxKe, UTO @' = s+ X, ¢' = €h+ X,. ‘

lycrs B Mojfienu (M x 7, <) OTHONEHHMe NODALXE 3AJAETES COOT -
HomeHHeNM

(L, S(j,a) wa,, S8, . (6)
TEOPEMA I. D yers» pmas

Mopgenu xRy <) BH-
nNoXHeHOo coorHoOomMeHMe (6) ¥ Ha MHOXKE-
crpax 7,7 s3apaHm $r3MuUuecKasns CTPYy kK-
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Pypa panra (22). Torpaa 3T7a MOJeEeND
AsBIReTCSHE SAAMTHBHOMN coefUHUTEND -
Ho# crpykrypok ¥ Axsx yHEDHR R', 8'
K3 (3 cymecrBYyDT €>0,%,,X €BRe TakKue,
ar o R'(ali,n)) = efi) + x,, s'(a(i,,@)) = e + x, -Ans
9 un ¢ mns (5.

JIOKABATEIBCTBO, Axcuome I ciemyeT ua (6). Nockoabky QyHEUMA
x' B (3) cTporo MOHOTOHHA, TO '

a, _ <a

m nR'(amo) + s'(asoa) < R'(amo) + s'<aioB)'(7)

ip
HeTpymso npoBepHTh, uTO aKCHOMH 2°*, 3 # 6 crenypT M3 (6),(7) Ak -
cuomy 5° caenyoT us TpeGopaHus B (em. [4]) Ha quamveckyn cTpyxTy-
py pasra (2,2): MHOXECTBO BCEX TOUEK (am,ais, 800 858 ) € Re*,
1.,j €M, o,B € ofpasyer OTKPHTOS OTHOCHTENLHO M MOIMHORECTBO M
(M - wHORecTBO HAGOPOB B Re®, yNOBNETBOPANEMX NPHHIMIY (feHOMEHO -
zormueckoft cummerpux (2)). s moxasaTeabcTBa AKCHOM 4% BOCHOND -
ayemcs ycaosuem I' (cM. [4]): mna moOux x,y,yA0BISTBOPAOIMX ypabB—
HEHHD di(am,ats,x,y) =0,1eM; a pe,cyqecroyer Jje Taxoe,
yro a, =X, 8,=¥; & Takke [ud M6HX X ,¥,yROBIETBODHOUMX YPaB—
Hero Na, . X,8,,,3) = 0, 1,J€% o €7¢, cynecrsyer dXeMeHT B €
| Taxoft, uTO 8,g = X, 8,5=7. IlycTh BHNOXHEHO YCHOBHE AKCHOMH 4%,
(i,0) < (3,8)<(i,y) A1 oxeMeHTOB MHO®ecTBa 7. BosbMeM 3ieMEHTH
a,gs8,p ¥ SHAUCHHE X =& o, s (4) caeayer, 4To JyHNIMS & OFHOBHAU-
HO pPA3pemMMa OTHOCHTEJAbHO JOGOI0 CBOEr0 ApryMeHTa, TOBTOMy cyme-
CTByeT ©IMHCTBEHHOE 3HAYeHHe y TaKoe, UTo i(aw,x 8407 }= 0.
Tor',u,a,fxo yeaopun I, cymecTByeT € €4 Tax0e, W0 X = 8, . ,J= a“.S‘ro
naeT Ham TpeGyemuft snemeHt (i,e ), AR KOTOPOro (i,ei ~{i,B) B
CHIy DaBeHCTB& &, = X = & ,g. AHONOTHUHO AOKasHBaercs axcuoma 4*
LA BNIEMEHTOB MHOKECTB& 77 . Takum 06pasoM, MOmenb (#/x X,<) AB-
JfeTCH aiNATHBHON COEIMHHTEABLHO! CTDYKTYPOi#. Torna, B CHIy Teope-
wu us [5], cymecTByr oTOGpaxeHUA ¢ H ¢, y,u.osnérsopmxnue (8). B
cuny (6),(2), oro6paxerus R*(a(ipg )): /W +Re, aeZ, s*(a(i ,o):
#+Re, 1, €7/, raxke yROBIETBOPADT (5). Orcomia,s cHIy TeOpeMH U3
(5],cymecTBynT € > O ,x, X, € Re Takue, yro R'(a(i,0))=celi)+x,
s'(a(i ,x) = edla) + x, O.

4, llpoaHayM3upyeM TJyGKe COOTHOmMEHHE MEELy 3THMH EByMsi Opef-
crapaesnama. Hs (4) caegyer, uro {yHKIMS @ paspemMMa OTHOCHTEJb-
HO NepBOTO APTyMeHTa M, CJIENOBATENbHO, CyuWecTsyeT fyHKkpa I
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Vij,e,8a,, = T(a,g.8,,8,0)). ’ (8)

Hpome roro, xax sKmmo us (4), ¢yHKImMH £ yROBJIETBOPAET YCHOBHL
Viu'j ’a’ﬁ(f(alﬂ’gda’adﬁ) = f‘ada'alﬁ'a,\!ﬁ))' : (9)

YTBEPEJIEHUE 1. EcnM BHNOJHeHN COOTHOmMEHMs- (8),(9) mna HeroTo-
po#t dyHxkimuu £ ¥ coorHomeume (6), cBasnBanmee fyHkuuio £ ¢ Mogeabw
@x 72,<), TO Ha DTOM MOJENH BHIIOAHEH& axcuoma 3 (ycnosue Tou =
CeHa). }

JIOKABATEIECTBO. Myers (J,a) ~ (1,p) u (x,8) ~ (J,y) (puc.I).

Torgpa 8o = 8p M8 g = 2,y llopcrasue 8 (8)

-(__.‘

N Y BMECTO a, MNOXyuUMM 8y = f(axa,a”, 2, ).

B Us pasencrs a @ = 8ipr 3,p = 8,y CAefyer, uTO
« > (a, ,a”,ajs)’ = f(\j g8y 7.]43 (9) caeny=
. er? aw,akﬁ,ads) = f?a ,a %) =a . Or-

8%
175k  kymaa,_ =a ¥ (1,9 ~ (k,a)’
Puc. I 5. Taxnm oGpasom, npwHmmn ¢ferHoMeHOIOr MY e
CKO}t cuMMeTpHK (2), yCHISHHHY CBOBCTBAMM (8),
(9), maer Ham ycnosue samuxanum Tomcena. dror NpMHIMI, & TaKKe yC-
. aosMe ToMceHa aBAAOTCH OCHOBHEMM XapaKTepHCTHKAMA 34KOHOB  BUjA’
Y=x+z. ECIM MN BO3bMEM MPOM3BONBHHE AB& SJeMeHTa i, € #Z M Bae~ i
MEHT o €7 M nojGepen BieMeHT B¢ 7% TaKoM, uTo 8,p~ 2,470 pas-
JHUME MEXIy SNeMEHTAMH i M j NP 38JAHHOM a, ONDENlENAEMOE SHa-
: UeHHAMM &, , 8, , CYyReT DaBHO PaBAMUMO MER-
} Ay oM B npH salaHHOM i, onpenenseMomy
SHAUCHAMMM a, .8, o (pue.2). Tax, Graromaps
M3MEPUTEeNbHO Nponenype a, MH NOXEM COH3 -
MepATH OCGBeKTH JABYX DPasSHHX MHOXecTB 72 u 7,
lloaTomy cam daxr cymecrsomamus SKCHEPHMEH -

a - T&, NO3BOJANMEro MPOMIBOJLHNM ABYM OUEEKTEM
.. i€ n o€ conoccrapnsrsy HEKOTODO® ywHCHO

i3 T (i) = a 1q TOSBOXROT COM3MEDATH OODBEKTH
Prc. 2 STHX LBYX MHOXECTE, llponeaypy’ cousmepenus

MOEHO npogoimars (cM.puc.2),qro,B mpuHIpne,
NO3BOKNET BBECTH HEKOTCDYD BeJMUMHY H& MHOXeCTBe 72 u HEeKOTOpyD
BeJNYMHY Ha MHO®GCTBe 2. 3HauyeHKe a 1q MOEeT 'xjoma OHTL He-
kOTOpo# ¢yHKIMelt BTUX [ABYX BENMYMH M BNDAXATH HEKOTODHM 38KOH. Bup
SAKOH& M CBOACTBA BEJHUNH 3ABMCAT OT BIAHMOCBASH ONMMX AponeAyp
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* COM3MepeHMA C APYTWMM NDM Da3AWYHOM BuGope 1€77, ae #. dra B3&NMO~
CBA3b M ONpefeineTcs NPMHIMMONM JeHOMEHOAOIHUECKOR CHMMOTDHK ¥ yC-
noeuen ToMceHa. B SaKOHAX ,NONYYENEKXCA TAKHMH NPONEAYPaMH yfyHKipo=
HANDHAA S&BHCEMOCTh M BXOJAUME B Hee BEIHWAHH HEPA3DWBHO CBA3AHH
M onpejeiswT Npyr Apyra. MoxHO noxasaTb, WTO MHOTHe (yHIAMEHTANb-
Hhe {M3MyecKHe BAKOHH OCJAJANT ITHUM cioficreom [5,6].

§2. Mredpﬁnuecuoo u xoxc'rpyxruauoe npegcTaBieHHS
cTpyxTyp paHra (2,2)

I. loaywun axreSpauyeckoe npeAcTanjeHne NpPOUEAyDP COH3MEPEHHA
M CBASHBAHWA BeJMYMH, JCKAMX P OCHOBaHWK (YHIAMGHTAJNBHHX 3&KOHOMB
panra (2,2).

Pacemotpum Mopens (Mx i~y , M # B, 7 # B, yROBIETBOPANEYD
cllefyouelt aKCHOME. ,

Axcuowma I. ~ - OTHOWGHH® 3KPMBANEHTHOCTH,

Onpesesus Ha 77¢ u 92 OTHOWEHAR JKBUBAJIEGHTHOCTH

1§ 2Ve(i,e) ~(J,0)) 0~ a:Vi(i.a) ~(i,pB). " (10)
OTH OTHOREHMA NO3BOXADT ONPEAENUTH OTOSpaxeHHe
2 x R fo W xfo, 2([1],[a]) = [1,0], (11)

rae [1],[e], [i,x] - KAACCH SKBHBAJEHTHWX SJEMEHTOB B O/, ¥/~
UM x7/~ . OnpegeneHMe xoppexTHO, TaK Kak,B cuay (I0),us ite [1],”
«'e [x] caepyer (1, ') ~ (1,a') ~ (i, ). OTHOWOHHN OKBHBAAGHT-
HOCTH GYRYT COTAACOBAHM, €CJHM BHTIOJIHEHH CAGAYDUHE AKCHOMH MONCTA-
HopowHocTH [5]¢

Agcuommu Il

(1,0) »(1,8) @ (3.«5 ~ (3,8,
(i,0) ~ (3,0 »(1,8) ~(3,p.

JEMMA I, M3 axcuowm IJl caepnyerwm, uTo
8) 0T OGpPAROHNSN Ly 1Ih/m=J2tXR/~, £, ([i])=

=1, «l, ueﬂnaauuﬂo-onuoaﬂaquu
6G)orob6paxenun f :HallxW/~, t, ([a])=[i°.¢].

:Lelknaaxuuo-o,u.aosnauuu,

B)B oro6paxenun £ (II) xaaccwm (1],
[ix] OoORAHOSHAYHO ONpPpeAReAADT Rxacc
()]s @ xRacecw [a],[i,@] ~xxacc[i].
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,lIOKA.’iATEHLCTBO OroGpaxeHus £, ,t‘ " € i € M, B3auMHO-O]~

HOSHAWMM,. TAR RaK, B CHAy axcuom I, us (i ®,) ~ (1',2,) caemyer
Voli,x) ~ (i) B [1] = [1' ], & us (1, ,a) (1, ,a") caenyer .
¥i(i,0) ~ (1,08 [a] = [«' ] . Ecam f([i] [cz']) [i, «] ]
2([1],{«)) = [1,a], 10 (1,a')~(i,a) ¥ MO nepsot M3 akcuom I
[«'] = {«]. EnuncTBeHHOCTh Kaacca [i] moxaswmaeTca aHaxoruwMo [J.

Tax rax £, WL - B38KMHO-ONHO3HAWHH,T70 CYWECTBYOT 0Gpar-

0 O
HHe OTOGpaxeHis £ , 27’ , onpemezexmse cooTmercTReHHO Ha w, 2
2 (ﬁt’/a-) " 22 f (97 /~ ). Onpemienum Ha MHOXeCTBe », ??
0
onepamm
[i &, ] [io ’“] 2 f(f;;([i ’ao] of::([io la])) = [i ,a]. . (12)

Ve

Ecan mHomecTRa M’ ,ﬂl_ COBNAJADT CO BCEM MHOXeCTBOM MLx 7Y/~

n onepampa (IR) odpama CNPABA ¥ CNEBA, TO MH MOAYQHM KB&SHrpyn-
Ays OTH TDEGOBAHMA BHNOJHADTCA, €CHH HMeeT MECTO CXeRyDuas

A xcnowna ll.HeorpannuenHas paspemmmoc?s: Ras JOGHX TPEX
W3 WOTHDeX OJCMEHTOB i,j€¥%; «,8 €7 ueTBEPTHN MOXHO NOMOGPATH
Tax, uwro (i,a) ~ (j,8).

- JEMMA 2, U3 axcHoOM Il creaye®™ uWTO
onepangusa (I2) onpe.n.e.xaer‘na M x 9~
KBa3Hrpynny.

AGKASATEILCTBO. [Jlas JoxasaTexbcTsa JeMMy HAJ0 [OKAa3aTh
Dz, (M/..) =1, (72'/~) Tt/ prn 0OMX 1R, o, €. 2) ran -

Oux maccoa [+ ,a] [;j] CymecTByer emMHCTEeMMui xxace [p]  rakoft,
wro £((3],[#]) = [1,s], & M1a mGux xaaccos [1,s], (8] cymecenyer
eMHCTBeMHut Kaacc [J] raxoft, wro £([j],[8]) = [i,e].
I. Bosbwen [1,u] € WY x%/~. U3 axcuos Ul cxepyer, wro sas im-
6ux i€/, a €7 cymecrsynr 1 ,a' (i %) ~ (L,a) ~ (i,,a' ). Or-
i;‘ ([i ]) z, ([a']) {1i,a].

, 2. Jlu mobux [d] 1,a] cymecrsyer B,(1,a)~ (J,p) ,ur0 Ao~
er £([3],[8]) = [t,x]. EmmncreemHocTs kxacca [ 8] cuenyer us nem-
M 1. AHanormuHO AOKA3NBAGTCA CymeCTBOBaMME KAACCA {i] Azs xxac-
cos [i,a],[p] O.
OGosHawnm noAyweHHyD KBAa3UrpynNy uepes -
(Qse ), Q@ M x7Y~,"." ~ onepamsa (12), (13)

3ra KBA3NTpYNNa ABASETCH JAYNOH C eAMHALER e & (i,, o 1. Jefterau~
TENLHO, €CAR q - uexo‘ropun anemeHT u3 Q, To,no axcuowe ll,cymecr-
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ByoT ie M, ac X, [i,x,)=[1,,2] = qa. Torma [L,e,]e[1,,0,] =
= [1,a,], [ig,0,1°[%, o = [i,,x] u, cregosaresbHo, eq = ge = q.
2. Herpymso muaers (cM.pHC.2), UTO SKCHONH I-I1 HeoSxonyMu AN
NOCTPOSHHA NpPoNefyP COMIMEPEHHS BeJUuMH 3 77 B JU Ja axcuom Il
CleflyeT, UTO B3SUMOCBASb BOMUMH 7/~ W 9 /~, OCymeCTBIfEMEN OT=
o6paxenvem (II), MoXeT OWTb NpefCTaBieHa Iymofl ¢ onepammes (I2).
Bojlse TOUHO BKJ, 38BUCHMOCTH MeX[y BeIMUuHHAMM OINpPEfeJiNeTCA yCIOBH~
em TomceHa.
JEMMA 3. s ycxosusa TomceHa BHTEKE~
YT aKcHOME nopmcrTaHoBOwHOCcTH I
JIOKABATEJECTBO. Iyets (i,o) ~ (i,8) M AaHO mpomssoabHoe jeN
(puc.3). Hepo poxesars, wro (j,a) ~ (j,p). To
AKCHOME HeOrpaHMueHHO# paspemumocTd, mis (i ,a)

S“ ¥ j cymecrsyer y, (i,a) ~ {(3,y). Torma (i,v) ~
« - ~{1i,p). Mopcrapnas 5 ycaosune TowceHa i BMeCTO
¥ \ j, j BMecTo i M Xk, & c,B,y BMECTO w,y,B, [0~
+ T aywmm (§,0) ~ (j,8 ) . Bropas uz axCHOM NOACTS~
i “ . HOBOYHOCTH JIOKASHBA&ETCA aHaJorwyHo O.
Puc. 3 > Onpegennn, Kak GyneT GOPMyAMPOBATHCH YCJHO-
sue Tomcena B ayne ( Q; ). [lpepcrapum xiaccH
(3,01,(5,8],(x,B], [3.v].[k o), {i,v] Kax pe3ylbTAT [PHMEHEHNA
OnepamM¥ K HEKOTODHM JPYTHM KISCCAM [d,0]e[ig,0] = [3, o]y

[i,0,][1,,8] = [£,8] ® r.n. Ecam [§,«] = [1,8] u [k,B] = [3,v],
10 (5,0) ~ (i,p) u (k,B) ~ (§,y) u,mo ycxopmn Tomcena,(k ,c)~(i,y)
n(k,e] = [L,v]. Tak xak i,j ,k,x,8,Y — NPOM3BOJNDHHE DAEMEHTH MHO-
xecTe 7 w7, o kaacew [3,0,],(1,,0],(1,0,],[1,,8] H TR =
NpOM3BOJIbHHE BNeMeHTH Q. [lodroMy yciopue Tomcena B (Q; + ) Oyner
HMeTb BHJ CIeJlyDmel axCHOMH.

Akcuowma IV. U p,.q, = P,-9, ¥ p,-q, = P,-q, CINy~
€T D,°9, = P9, .

JEMMA 4 [7]. Mo me ab (Mx?~) ,MEQ, WEP, ynos -
nerpopapyas arxcuowmam LI u yCRITOBHUDB
ToMmceHa, onpepensetr abenesy TIrpyn -
ny ¢ onepanuen (I2). '

LOHASATEILCTBC, Ma semmu 3 crefyeT, UTO HA MOJEJH BHIOJHEHH
axcuomn U. U3 newmwu 2 caesyeT, urc Ha mojeiu onpefemame ayna (I3).
Ha nyne sunosmmeno ycaosue Tomcena (axcuoma IY). [oramem, uro nyna
xomMyTaTHBHa. llofcrasum » axcuomy 1Y efMHUUHH[! BJEeMEHT € BMECTO
BIEMSHTS p1~.ﬂonm, UTO €CAM Q, = P,*Q, M Py+Q, = G,,TO D 9, =
= pchz }78:1°4
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p,*(p,,q,) = p,°(p,,q,)- , (14)

Topcrasue q, = e , MOAYWHM D eP,= P,°P, .JOKAXEM ACCOIMATHBHOCTE,
Us (I4) K xoMMyTaTHBHOOTH CieAyeT p,-(a,-P,)=p,-(p,:a,)=p (P, q,F
= (pch1) «p, . OGpETHHM DIEMEHTOM X DJIEMEHTY 1 ,ao] ABAACTCH die-
MEHT [io ,tx'i , B KOTOPOM «' OMpefieifieTCA MO PASPERMMOCTH M3 SKBH=-
panentHocT® (1i,a') ~ (i, «,). Torga (1,0,] [ig,2'] = [ ,atl =
= [1°v “o] 0.

llo nemme 2, f%(???/a-) =f to(??/~)=771x9?/~. Torpa onepamp (I2)

MORHO NPEOGpa3oBAHKAMK £, ¥ £
0

72 /~. Nomyaum oneparpu '
(11-[37 2 f;:(fao([i])-fao([j])) = f;:([i,ao].[j,ao]);

NepeBecTH Ha MHOXeCTB& 7 /w~,

(15)
[«]-[B] 2 f;:(ftot[a]>-f‘°([s])) = f:: ([14,01:[1,,8]).

3tu onepampn Ha W/~ u ¢/~ onpefensnT afereps TPYNNH, #3OMOpJHLE
aGenesott rpynne (I3). TyHkipoHansHas sapucumoctd £ (II) onpeseas-
erca onepamyedt (I2) aroi aleiesojt rpyniH. ‘

OIPELENEHUE, AnreSpasueckuM NpeACTABICHUMEM 3BAKOHOB  paHra
(2,2) GyneM HasuBaTh MOZeNb (A X 7 j~), YAOBAETBODAOUYO AKCHOMAM
Il u ycnosuw TomceHa. BenuunHamu Gyfem HasuBaTh aGeJeBH TI'pymMH
2~y 0y o B~y o) o B x K[ my2) € OTIEDALMAMH (15) u (I2), usomopd-
HHE MeRgy cofoft. 3e JHOMepHO# CBA3BHN MeXIy BeTMuMHAMA OyleM HasH-
path onepaym (I2). '

3. HocTpouM WMCIOBOE NPEACTABACHHE MOIYUEHHOI'O &JreCpantecro-
ro npeAcTaBNeHMs. UMCIOBOEe MpeicTaBieHue B AEVICTBUTENBHHX UACJEX
(BrOKeHMe B WACJOBY® cucTeMy J2 = (Re*,Q )) Hanarae? onpejiereHH:e
OPPAHHUEHHA Ha ajrefpaHueckue CHCTEMH (rpe6ypTCs BKCHOMH JMHEHON
yIOPEACUEHHOCTH, ApXMMEZge M HBp.), KOTOpHe He BCerja OTIPSBIAHE 9M—
nupuyecku. [109TOMy MOJYUHM KOHCTDPYKTHBHOE NpESCTaBIEHAE, MCIOJb~
ays HaTypaibHne uMcia. OHO He npempABAseT MONOIHHTENLHHX TPeGo-
BAHKE K aireSpaMuecKHM CHCTEMaM M, KPOMe TOTro, ABIAETCA S(JeKTHBHEM,
YTO BAXKHO OIS MamMHHOH ofpadoriu.llomyunM KOHCTDYKTMBHOE IpEACTaB-
JEHME WA KOHEUHO-TODOMAEHHHX a0eleBWX Trpynll. /A TNPOM3BOJBHEX
a6eNeBHX TpYNN BONPOC O HOCTPOGHHM XOHCTPYKTMBHHX UMCJOBHX Open -
CTaRJAEHK{! OCTAETCR 0% XPHTHM.

TEOPEMA 2. Mo neap (#x8;~), yKoBAeTBOD A~
pRmyo axcuomam LI # ycnosup Tomce -
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H8 KOHEUHO-~-NOPOXAEHHYD OTHOCHTEGAX b
Ho onepanuu (I2), moxHO oToG6pasmrs »
IPAMYD CyYMMy OECKOHEUHHNX HUKXKAKNYE -
CKHX rpynn DeAHX YHCO6A M NDEMAD -
HHX QHEKIHYECKHX TPynn BHYUETOB xe-
IHX YHCeER z=z1@..@z.@zf‘@..ezf"rax. uro
BeEXIHWUHHH, nNpepncrasteHHHe A6eNEBHMEYu
PPYyDDawm (M), @U/~se) o XA/~ 30), Gymyew
M3O0MODGHN Z, 8 3aKOHOMEDHASA CBAS b,
TpPeRcrTaBpareHHas onepangunesn (I2), mepe fle
AeT B onepanpgup CACXEeHHA B 2. Toy=
Hee, CygyrT CYBecTBOBATH N3 OMODGHS -
ME Qa/~ =25 @0/~ 285 2 xW /oo~ T, CBA3AHHNG"
COOTHOMEHNEGM ' '

X[1,a]) = [1]) + K[a]), -(16)
rpe "+"- onepangus » 3. ‘
HBOKASATEIBCTBO. Mo semwe 4 u YCJHOBUD TeopeM,B MORENM (NxH;
~ ) onpefenHMa KOHEeuHO-fIOpoXNieHHAA alenesa rpynna (I3). Hapeerno
{8], uro Taxue aGenemu PPYNMH UBOMOPIHN NPAMOft CyMMe GeCKOHeHIX
IMEAHUSCKUX IPYNN UOAHX WACEN M NPUMAPHHX I'DYnN BHYETOB HeJHX YH-
ced. Ilyers x: (W x¥/aye) =2 - raxon H3oMODMaN,IHie "." ~ onepamms
(I2). Torga '

x([L,a))

XLy ]*[4 0] = (4 ,43,1) + x([2, pal) =

x(fao ((11)) « x(fto([a])),

rRe 1,€%, w €a,"+"- caomenne 2 3.0

4. AxreCpasueckoe mpeficTaBACHHE BAKOHE panra (2,2) B pasHmx
O0ASCTAX SHAHHA MOXET JOTIONHATHCA PasHuMM axcHoMamM. B gmauxe,
NOCKOALKY HCHOXb3yeMwe Tau (MBHUECKMEe B@IMWMHN AMHERHO YNOPARO -
UCHH N 8pXHMOMOBH, MOI'YT NOCABIATBCA AKCHOMw THna I-6°. B RPYTHX
OCASCTAX TAKNX,XAX SKOHOMHKS, COLEONOTHS , [iCHXONOTHA K T0f, AORK~
HH MCHONb30OBATLCA HE TONBKO JMHEHHNEG NODARKK M AKCHOMA Apxumeps,
HO M Golee eioxuwe nopagxn (RacTHwHWe, Aepesbs; CTPYKTYPH K T.X.)
H HOADXNMEJOBH AXCMOMM.

YdcaoREM HpERCTABNCHMOM 3AX0HOB parra (2,2) B stux o6nacTmx
MONOT CHAYNNTbL YTIOMAHYTOE KOMCTDYKTMBHOE WHCHOBOE npefcTaBAeHKe
HAN XaKOE-NHGO RPyroe WHCAOBGS® NDPEACTABAGHME aAreSpauyecxoro npefi-
CTABIeHHS, PACEMPEHHOTO COOTBETCTBYNIMMM AXCHOMAMMN,
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