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Abstract: We introduce the notion of a complex of relational
structures, which is a new structure satisfying certain conditions
with respect to the given finite collection of relation structures.
We study some of its model-theoretic properties in relation with
base structures, and show that, mostly, in order for the complex
to have some property it should be generated by structures having
given property. Furthermore, we introduce the notion of finitely
equivalent sets of the structure, and based on it introduce properties
of regularity, strictness, and properness, that allow us to guarantee
that the complex generated by a collection of structures having
certain model-theoretic properties will also have these properties.
We show that the structure of the complex and its properness and
strictness are preserved under expansions of the structure by new
relations satisfying certain conditions.
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1 Bsegenne

Jlst m3ydeHusi TEOPETUKO-MOMENbHBIX CBOMCTB HEKOTOPOI asjrebpamde-
CKOM CTPYKTYPBI yI00HO TPeaCTaBAAThL €€ B BHUE 00pa3a AefiCTBUI HEKO-
TOPOTO AOCTATOYHO XOPOIIEro OMePaToOPa Ha APYTHE aJredPanvIecKue CTPyK-
TYPBI X U3y4YaTh CBOMCTBA y>Ke 9TUX CTPYKTYP M CBONCTBa 9TOr0 OIepaTopa.
Hawubosee mpocTeiM mpuMepoM TaKuX OMEPATOPOB ABJIAETCH AU BIOHKTHOE
obbesuaerne crpykTyp (cM., Hanpumep, [1]).

B kagectse 60see CT0XKHOTO TPUMEPA MOYKHO PACCMOTPETH KOMITO3UTIAN 1
KOMOUHAIMK CTPYKTYD, U3ydaemble, Haupumep, B [2] u [3]. Bo Bcex s1ux upn-
Mepax OIEePATOP OJHO3HATHO COMOCTAB/IAET HAOOPY CTPYKTYD HOBYIO CTPYK-
TYPY, COXpaHsis MHOTHE WX TEOPETUKO-MOJebHbIe cBOiicTBa. B 310l CcTa-
The Mbl BBeJAEM OJIM3KUN [0 JyXy U, B HEKOTOPOM CMbICjE, 000bmaronmit
9TU TPUMEPHI CIIOCOO TPEACTABUTD 33JAHHYI0 CTPYKTYPY B BUI€ HEKOTOPOTO
obbeKTa, 06PA30BAHHOTO APYTUME CTPYKTYPAMU, U PACCMOTPUM, KAK HEKO-
TOPBIE TEOPETUKO-MOJIETbHBIE CBONCTBA 9TOT0 0OBEKTA 3aBUCAT OT CBONCTB
CTPYKTYDP.

Crarhst uMeeT CJIEAYIONIYI0 CTPYKTYDPY: B pasyese 2 (uKCUpyTca 0bo-
3HAYEHUS, UCIIOJIb3yEMbIE B CTAThE; B pa3jieie 3 OnuchiBaeTcd Ha3oBasd CTPYK-
Typa KOMILIEKCA, TTOPOZKJIEHHOT'O TIApOil CTPYKTYP; B IIPEJIOZKEHNH 3.8 TOKa-
3BIBAETCH, YTO CBOMCTBO KOMILJIEKCA OBITH HACBHIIIIEHHBIM WM MUHUMAJIBHBIM
WX UMETH MaJIyI0 MK CTADW/IHLHYIO TEOPUIO BJIEYET aHAJIOTHYHBIE CBOIICTBA
BCEX CTPYKTYD, KOTOPBIMH OH TODOXK/IEH; B paszjyeie 4 BBOAUTCS BCIOMO-
raresibHOEe MMOHATHE (DUHUTHOM SKBUBAJEHTHOCTH MHOXKECTB; B Teopeme 4.3
[I0KA3bIBAETCs, YTO, B CJydae OIPEIeSINMbIX MHOXKECTB, (PUHUTHAS SKBUBA-
JIEHTHOCTB BBIJIEPYKUBAET OCHOBHBIE JIOTUYECKHUE TIEPEXO/IbI; B pa3esie b BBO-
JIATCs YCJIOBUS MPABUJIBHOCTH, PECYJISPHOCTH U CTPOrOCTH KOMILIEKCA, I03-
BOJIATOIINE TAPAHTUPOBATEH COXPAHEHNE KOMIIIEKCOM TEOPETHKO-MOJETBHBIX
CBOMCTB CTPYKTYP, KOTOPHIMHU OH MOPOXKIEH; B TeopeMe 5.15 mokaswIiBaeTcH,
9TO CBOYICTBO CTPOTOrO KOMILIEKCA OBITH ATOMHBIM BJIEIET ATOMHOCTH BCEX
CTPYKTYDP, KOTOPBIMU OH TIOPOXKIAEH; B TeopeMe H.19 mokaswIiBaeTcd, 9TO 3TN
CBOMCTBA COXPAHLAIOTCI MPU HEKOTOPHIX ODOTANEHUAX KOMILIEKCA.

2 CornarmeHus 1 yCJOBHBIe 0003HAYEHUS

Cumsonavu C, M, ... byayT obo3HayaThcsd cTpyKTyphl. Hocureau cTpyk-
Typ ByxyT oboznauarbes cumposiamu C, M, ... CooTBeTcTBYIOIINE CTPYKTY-
pamM curHaTypbl OyayT obosuauatsed Le, Ly, - . ., a TEOpHH, COOTBETCTBEHHO,

Th(C), Th(M),...

Bynem rosopurs, uro HeKoTopas dopmysia siasercs L a-dopmysioit, eciau
oHa HamucaHa Ha d3bike Laq. BEcan A C M — HeKoTOpoe MHOXKECTBO, OymeM
rOBOPHUTH, YTO HekoTopas dopmyaa seasgercs Lag(A)-bopmyioii, ecin ona
HalMcaHa Ha sA3bike Ly ¢ Tapamerpamu u3 MHOXKecTBa A. YTBep:KIeHUe
0 ToM, 4To HekoTopas dopmyna asagerca L't (A)-dopmyioii, Gymer o3ma-
9aTh, UTO MBI pacCMaTpUBaeM 3Ty GOpMyJTy Kak (GOpMyay OT 1 CBOOOIHBIX
epeMeHHBIX.
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IMycrs R(x,y) — dopmyna, 3aaam01as OTHOIEHUE SKBUBAJICHTHOCTH. 151
COKPAIIEHUsI 3AIIUCH, €CJIU T U § — KOPTEXKU JIuHbL N, Oyaem nucars R(T, ),
nmest B Buny R(x;,y;) ns Beex 1 < i < n. Ecim ¢(T) — mekoropas dbopmyia,
BBEIEM COKpAIIEHHOE 0003HAYEHIE

BT ¢(E) =321, 2 N R@Z)A N\ @)

1<i<j<n 1<k<n

Bamuch IFT ¢(T) 6yaer 0603HAYATH COBOKYIHOCTH opmyT {IEZT ¢(T) | n €
w}. Ecoim B KagecTBe OTHOIIEHUS S9KBUBAJEHTHOCTH R BBICTYNAET PABEHCTBO,
To Gyznem mucarh mpocto 3T ¢(Z) u 3T ¢(T).

CumBosnom U 6yneMm 0b603HAYATH OMEPATOD JUIBIOHKTHOTO OObETHHEHUS
MHOYKECTB, KJIaCCUIeCKH onpejensieMblit kak UcrA; := {(a,i) : a € A;,i €
I'}. PaccmarpuBaeMblie HaMK CBONCTBA He 3aBUCAT OT HyMepaiun | U BHYT-
peHHel CTPYKTYpPBI MHOXKECTBA LljcrA;, TO9TOMY MBI Oy1eM HEesIBHO OTOXK-
JIeCTBIATh MHOXKECTBa, A; ¢ acCONMMUpPOBAHHBIMU IOAMHOXKecTBaMH A =
{(a,i) : a € A;} C UierA;, a TakxKe, He yKa3blBas HyMepaIWio, THCAThH
AU BUC nnonarars, wto AUBUC =(AUB)UC =AU (BUC).

ToBopst, wTo mBE CTPYKTYPHI 9KBUBAJEHTHBI, MBI Oy€M UMETh BBUJY, UTO
OHU B3aMMHO OIPEJETUMBI, T.e. UX MOYKHO 0DOTaTUTEH ONMPEAETUMBIMU CHM-
BOJIAMHU 110 W30MOPMHBIX CTPYKTYP.

Ham wacto monamoburca paccMaTpuBaTh pa3indHble 06bLEKTH B CTPYK-
Typax My, ..., M,, nopoxganommx KoMiiaeke C, BMECTe CO CBA3AHHBIMU C
HUME O00beKTaMU B KOMILIeKce. 1lo 9To#l mpuunHe, ec/in 3aaH HEKOTOPBI
cumBOs S, onmchIBaOmmMii 06bEKT B OFHONH u3 cTpykTyp M; (Hampumep,
9JIEMEHT, MOAMHOKECTBO MJIn HEKoTopas (hopmyJia), s 0003HAYEeHUsT COOT-
BETCTBYIOIIEro eMy 00bekTa B KoMiiekce C Mbl Oy1eM UCIOAB30BATE CAMBOJI
SC. Konkperusiii cMbici cumposa SC Beerya GyeT HOSICHEH WM TOHSTEH
13 KOHTEKCTa. B Teopuu MHOXKECTB Jijist 0003HAYEHUS MHOXKECTBA, (DbyHKIUT
u3 Y B X IPHHSTO MCIOAB30BATH MOXOZKee obozHadenne XY | TeM He MeHee
HUTJIE B cTaThe mo00HOe 0003HAYMEHNEe He UCTOJIB3YeTC s, U BEPXHUI WHIEKC
C Bcerna CBUIETENBCTBYET O PACCMOTPEHUN HEKOTOPO NHTEPTIPETAIIUN CHM-
BoJ1a S B KOMILIEKCE.

3 bBazoBag cTpyKTypa KOMILJIEKCA

3.1. Ilycte M1, My — mapa CTPYKTYpP AU3BIOHKTHBIX TPEIUKATHBIX A3bI-
kOB L, u Lg, coorBercrBenno. 3acdurcupyem 0M; C My u Mo € My —
HEKOTOPBIE TOJMHOYKECTBA B COOTBETCTBYIOMINX CTPYKTYPAX U HEKOTOPOE OT-
womenue F, sanannoe va dMq U dMs, Takoe, uro:

(1) Ya,b E(a,b) - a € IM1,b € dMs;

(2) Ya € 0M; 3b E(a,b);

(3) Vb€ 0Ms 3a E(a,b);

(4) Yay,as,b,t/ [E(a1,b) A E(az,b) — [E(a1,b') — E(ag,V)]];
(5) Vby,ba,a,a’ [E(a,b1) A E(a,b2) — [E(d',b1) — E(d’,b2)]].
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BajianHoe TakuM 00pa30M OTHOIIEHUE MPEACTAB/IIET CODOH JBYI0IbHbBIM
rpad, ABILAIOMMICH HECBA3HbIM O0bEIMHEHUEM IIOJIHBIX JIBYIOJBHBIX I'Da-
¢oB. DT0 OTHOIIEHEE TAKKE MOKHO MPEJCTABUTL KaK Tapy OTHOIIEHUH 9K-
BUBaJIEHTHOCTH E), u Ejy, Ha MHOXKecTBax 0Mp m dMs cOOTBETCTBEHHO,
BMeCTe ¢ BueKIneil MexK Iy MHOKECTBAMHU KJIACCOB SKBUBAJIEHTHOCTH TI0 3TUM
OTHOIIEHUSIM.

Bamernm, aTo ycaosus (1)—(3) mo3Bosstror paccMaTpuBaTh F Kak MOIMHO-
sKecTBO 0 M X 0 Mo, HaKpBIBaIOIee KaykI0e U3 MHOKeCTB d M; mon geiicTBreM
€CTECTBEHHBIX POEKITHii.

Bumecte ¢ ornomennem E OyneM paccMaTpUBATh HOCTPOEHHYIO MO HEMY
crpykTypy ', apasgionyiocs pébepabiM rpaoM rpada, 3aIaHHOTO CTPYK-
Typoit F, ¢ pébpaMu, OKpalleHHBIMA B JIBa [IBETa, KOTOPbIE COOTBETCTBYIOT
noJiaM O M;.

3.2. ITocrpoum crpykTypy C NpeJIuKaTHOrO sa3biKa Le Takyto, 9To:

(a) Le = L, UL, U{SMC, 60 My, M, )

(b) mHocmTens C MoxKHO oTOXKIecTBUTH ¢ (M1 \ 6 M) U (M2 \ 6M2) U E;

(¢) 6M,© — ornomenue skBuBaneHTHOCTH Ha E, OTOMK 1ECTBISIONIEE BCE
ssiemenThl (a,b) € E' ¢ 0MHAKOBON 11epBOii KOOPIMHATON;

(d) §M>% — oTHOIIEHNE SKBUBAICHTHOCTH Ha F, OTOXKIECTBIISIONIEe BCe
snemenThl (a,b) € E ¢ 0muHAKOBON BTOPOIi KOODNHATOIA;

(e) M;© — oIHOMECTHBIN IPeIUKAT, BBLICISIOMUT (My \ 6My) U E;

(f) My® — ogmomecrnbiit mpegukar, Boiensomuii (Mo \ 6Ms) LI E.

Bamerum, uro u3 ycaosuii (b), (e), (f) cneayer, uro muoxkecrBo E MoxHO
peienTh bopmyaoi M1C A MyC | a yenosus (c), (d) zagaror ma MEOMKECTBE
FE crpykrypy, sxBuBasienTtayio rpady ['g.

B saganHoit Takum o6pasom crpykrype C €CTEeCTBEHHO OIPEeessiioTCs
CIOPBEKTHBHBIE OTOOPAKEHUS

C C
7TA113M1 —>M1 u 7T]\42:M2 —>M2

KaK (PaKTOP-0TOOPaKEHUA 110 OTHOIIEHUSIM M, ¢ u 6MsC coorsercrrenHO.
Bynem ropoputs, uro Takas cTpyKTypa C SBISETCS KOMNAEKCOM, NOPOHC-
dénnvm cmpyrmypamu M1 uw Mo u epagpom I g, ecan:

(gi) mna xaxgoro R € Ly, ero uarepuperanus Re B crpykType C onpe-
nenena Toanko Ha M, mpmaém romomopdmbiii 06paz (C | L) |

M;€ non neficteruem Ty, u3oMopden M.
BamMernm, YTO 9TO YCJIOBHE 03HATALT, ITO s 060N HOPMYIIBI ¢, HATTHCAH-

HOIT Ha A3BIKe L Aq;, COOTBETCTBYIOMIEH eff (hOPMYJIBI ¢ u mobeix & € M;©
BBIIIOJTHEHO!

_ C /-
Mi | ¢(mu;(€)) = C =97 (),

e bopmyia ¢C mosryuaercs uz hopMyIIH ¢ 3aMenoit Beex npeaukaTos R(T)

Ha POPMYITBI Hfg[/\j (5Mio(:cj, yj) A R(y)], a Takxke Bcex KBaHTOPOB V& 1 Iz

ma Ve € M;¢ uw 3z € Mic, COOTBETCTBEHHO.



148 N.A. EMenbsiHEHKOB

3.3. Ilpumep. Haubosiee npocroii criocod 3amarsk oTHOIIEHNE F, OTInaHOe
o1 My X d Mo, 310 3apuKCUPOBATH HEKOTOPOE CIOPBLEKTUBHOE 0TOOPAKEHNE
f: My — My (wm f: My — M) n nomoxuts E(a,b) <= f(a) =0b (nm
f(b) = a, coorBercrBenno). Byaem 0603HAYATE MOJYUYEHHOE TAKUM 0Opa30M
ornomenne B

He cioxXHO 3aMeTUTD, UTO, 33 MCKIIOYEHNEM HEKOTOPBIX CIYJaen, CyIIe-
cTBYIOT cTpYKTYphl C1 1 Co, KOTOPBIE OJHOBPEMEHHO SIBJISIOTCS KOMILIEK-
caMM, TIOPOXKJIEHHBIMU CTPYKTypamu M; u rpadom ['g, HO mist KOTOPBIX

C1 % Co.

e [Iycts M — mpowsBosbHAsT CTPYKTYpa U Mo — MHOXKECTBO C TIy-
cro#t curnarypoit, 0My; C M; — TpPOU3BOJBHOE TOAMHOXKECTBO W
f:0M; — My — ciopbeknus. Torga e uHCTBEHHAS CTPYKTYypPa, sIB-
JISTEOTTIASCS. KOMILJIEKCOM, TTOPOXKAEHHBIM ITUMHU CTPYKTYPAMU U OT-
womenmem FJ — 910 crpykTypa, 9KBHBaJEHTHas CTPyKType M,
00OTAIEHHON OTHOIIEHNEM SKBHBaJIeHTHOCTH Ey/ .

o [Iycte M — npousBoJibHasi CTpYyKTypa U Mo — MHOXKECTBO KOH-
crapT, 0M; C My — npomssosbHOE MOAMHOXKeCTBO M f @ 0My —
My — croopbernust. Torma cTpyKTYpHI, SIBJSIIOIIAECST COOTBETCTBYIO-
TMAMEA KOMILTEKCAMH, TOMYJIalOTCs ¢ MOMOIIBI0 pa3bueHuit MHOXKE-
cTBa 0 M1 Ha KJIACCHI 9KBUBAJIEHTHOCTH U BBIJETEHUST B KAYKIOM KJTac-
Ce 9KBUBAJEHTHOCTH HEMYCTOTO TMOAMHOXKECTBA ¢ TIOMOIIBIO OTJIE/hb-
HOTO TIPEJNKATA, B JACTHOCTH, TaKas CTPYKTYpa TOJYyIaeTCI MPH
OKPAITTNBAHUY BCEX K/IACCOB 9KBUBAJECHTHOCTH B PA3JIUIHBIE T[BETA.

e [Iycts My u My — TIpOUBBOJILHBIE CTPYKTYPHI ¢ HEEPECEKATOIIN-
mucs curHarypamu, 0M; C My n 0 My C My — HekoTOpBIE TIOJMHO-
wectBa u f 1 OMy — My — Gueknug. EqwHcTBeHHAST CTPYKTYpA,
SABJIAROIIASCS KOMILJIEKCOM, TOPOXKIEHHBIM HMHU — 3TO CTPYKTYPA,
sxBHBaTeHTHAs cTPyKTYpe (M1 LUMs)/ES, oboramémmoit omromect-
HBIMU TTPEANKATAME, BbIIeIaommMu obpaser My u M.

e [Tycts My m My — TpPOM3BONBHBIE CTPYKTYPBI ¢ HEMTEPECEKAIOITH-
MUCSI CUTHATYPaMU, U OTHOIeHre F 06pas3yer MOJHBINH JBYIOIbHBI
rpad, T.e. E = Mj X Ms. Torga B KauecTBe KOMILTEKCOB MOYKHO Pac-
cmarpuBaTh Kommozunun Mi[Ma], Ma[M;] (cm., nampumep, [3] n
[4]), cnabxéHuble HEJOCTAIOMUMYI OTHOIICHUSIME SKBUBAJICHTHOCTH,
OTOXKJIECTBJISIIOIUMU 3/1eMEHTHI (@, b) ¢ OMHAKOBBIME KOOPAMHATA-
MU.

3.4. 3ameuyanue. OCHOBHOI CMBICJ HAJIWYUA OTHOIIEHWI SKBUBAJEHTHO-
ctu 6M;C B oupe/eeHII KOMIUIEKCA COCTOUT B TOM, YTOOBI TapaHTHPOBATh
OIIPeNIeTMMOCTD TpoeKIuit 7y, CTPYKTypy KOMILTEeKCca MOXKHO Jajee 0000-
ATh, CMsArdas yeaosus Ha orsomenus 0M;C. 1o mex mop, MOKa IPOEKIHK
T, OYLYT OIpefeInMbl, OYIyT UMeTh MECTO Bce JaJIbHEHINe pe3yIbTaThl.
OnHako, MOYXKHO 0cjIabuTh TpeOOBaHUS €I CUJIbHEE, KaK, HAITPUMED, B Olpe-
JIeJIEHUU KOMIIO3UIIUN CTPYKTYD, TJI€ OIPEIeJeHO JIUIb OJTHO U3 OTHOIIEHU N
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O M;, u, COOTBETCTBEHHO, JIMIIb OJIHA, W3 NPOEKINI, a Bropasi 3aMEeHEHa BO3-
MO2KHOCTBIO 9JIEMEHTAPHOI'O BJIO2KEHNA B OI'DAHUYCHUE CTPYKTYPbBI Ha KazK-
JIBIN KJTACC 3KBUBAJEHTHOCTU. B OOJBINTUHCTBE CJIyYIaeB, MHOTHE W3 IIPE/I-
CTaBJEHHBIX HUKE PE3Y/JIbTaTOB OYAYT B HEKOTOPOM BHUJE TEPEHOCUTHCS Ha
Takue 0CJIab/IeHus.

Taxeke npeJCTaBICHHYIO 3/16Ch CTPYKTYPY MOXKHO 060611aTh, 0CIabuB Tpe-
boBaHUe HA NU3BIOHKTHOCTH CUTHATYD. B TakoMm ciyuae 6yaer HeoOX0IuMO
u3MeHnTh TpeboBanus (g; ). BeposaTHO, 9T0 MOXKHO ¢/IeJIATh € TOMOIIBIO HEKO-
TOPBIX YCJIOBUI, KOTOPBIE IIOMOTYT Pa3JIMdaTh, C KAKOW U3 CTPYKTYP [IPUIILIO
3aJlaHHOe OTHOIIeHne R, 1mMog06HO TOMY, KaK 9TO JIeJaeTcs B KOMIIO3UIUIX

CTPYKTYD.
3.5. Onucanmnyio BBIIIE CTPYKTYPY KOMILIEKCA MOYKHO €CTeCTBEHHBIM 0Opa-
30M 0000OIMTH Ha IPON3BOJBHBIE KOHeUHBIe HAOOpbl M = (My,..., M,)

CTPYKTYP HOIApPHO JU3BIOHKTHBIX IPEJAUKATHBIX A3BIKOB L A4,, 3aMeHUB Ou-
HapHOe oTHoIleHne F Ha aHAIOrW4YHOE N-apHOe OTHOIIEeHHe, KOTopoe Oy-
JIeT TIPeJICTaBJIATE coboil runeprpad. Hecnoxkuo 3aMeTuTh, 9TO CTPYKTYPHI,
ABJIAIOIMNECA KOMIIJICKCAMM B TaKOM O606H.LéHHOl\/I CMBICJIE, SKBUBAJECHTHBI
CTPYKTYpPaM, SBITIONINMCS KOMIIJIEKCAMH, TTOPOXKAEHHBIMT KOMTIJIEKCOM, TTO-
POXKJIEHHBIM MeHbIIMM HabopoMm crpykTyp (M, ..., My,_1) u crpyKTypoii
M,,. Unmesa 310 BBUAY, B AajbHeifieM GymeM roBOPUTH, UTO CTpyKTypa C
ABJIETCH KOMIIJIEKCOM, TTIOPOXKIEHHBIM ﬂ, €CI €€ MOYKHO TPEICTaBUTH KaK
KOMILTEKC, aHAJOTHIHBIM 00Pa30M TOCIe0BATETHHO MTOPOKISHHBIN CTPYK-
TypamMu M3 9TOro Habopa.

3.6. IIpennoxenue. [Tycmy C — Komnaerc, noposrcoénmut M.

1) Ecau s : C' — C — ssaemenmapHoe 64001CeHUE, MO CYULECTNEYIOM
/ c M .
cmpyxmypo. M; u anemenmaprvie erodcenus s; @ M; — M;, ma-
xue, wmo C' — womnaexc, nopoorcdénnmi (M, ..., M)). IIpuném
onsa secer 1 <1 < n umeem Mecmo PABEHCMEO Ty O S = §; 0 .
T 7

2) Ecau s : C — C' — asemenmapnoe 6a0dicenue, mo Cywecmesyom
cmpykmype M, u snemenmapnsie saoocenua s; @ M; — ML, ma-
kue, wmo C' — xomnaexc, nopoorcdénnmd (M, ... ,M)). IIpusém

ons ecex 1 <1 < N uMeem Mecmo PaseHcmeo Ty © S = S; O L. .
1 1

Jlokazameavemeo. PaceMoTpuM TOBKO caydaii 1), caydaii 2) 10Ka3bIBAETCsT
AHAJIOTUTHO.

Tax xak C' = C B crpykType C' TakzKe onpeIeuMbl COOTBETCTBYIOIIIE
nogmuoxkectsa M;C u oTobpaskenust (paKTOPH3AIME 110 COOTBETCTBYIOIIAM
oTHOMmeHIAM sKBuBaseHTHOCTH 0M;C . Bo3bMEM B KauecTse M, cTpykTypBI
((C' 1 Laa,) 1 M) /0MC.

O603uauny dpaxropusamun o 0M;¢ B crpykrype C’ qepes T Orobpa-
Kenust s; : M] — M; 3aganum o npasuiy s;(a) = TI'MZ.(S(TF]T/[li/ (a))). Taxas
KOHCTPYKIIHST KOPPEKTHO OMpeeseHa, TAK KaK S sIBJISIETCA 3JIEMEHTAPHBIM
BJIOYKEHUEM, a TOJIHBIN 11poobpas F]T/[l, COCTOWUT U3 JIEMEHTOB, SKBUBAJJIEHT-

i

HBEIX 10 oTHOMmenno 0 M;C.
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Hecnoxkuo 3aMeTnTh, 9TO TMOCTPOEHHOE TaKUM 00pa3oM oToOpaKeHme S;
ABJIACTCA 9JICMEHTAPHBIM BJIO2KEHHUEM, TaK KaK J1J1f J'[IO6OFO 9JIEMEHTA @ € M’/L
naitngres ¢ € C', rakoit, uro myy(c) = a m m(s(c)) = si(a), a Takxe, uz-3a
Toro, 4ro Jyist Bcex ¢ € C' u m1060ii dhopmyssl ¢ s3bka L g, MMeeT MecTo
CTeTyIoIee:

M | ¢(ma(€) <= C'F ¢“(0) —
= CE¢9(s(0) <= M; E ¢(mu,(5(2))).

13 mocrpoenust crpykryp M caenyer, aro C' — nopox AéHHBLH ©ME KOM-
nekc (coorsercryiomee oraomenne £’ soccranasiusaercs mo M;C u (5M,»C).

O

3.7. B gasbHeileM, MpoHOCS KAKUE-TO 00BEKTHI MEXKTY KOMILTIEKCOM C, TIO-
POKIEHHBIM M, 1 cTpyKTypamu M; ¢ TOMOIIbI0 0ToGpazkenuit 7y, 6yaem
TOBOPHUTEH O TOIHEMAX, €CTH MBI COTIOCTABIsIEM 00beKTY m3 M; 0ObeKT u3
C, m cruyckax, ecji Mbl conocraBisieM obbekTy n3 C obbekT n3z M;. Tak
HanpuMep, ectu ¢ — Lag,-dopmymna, To eé noabémoM MBI OyzeM Ha3bIBATH
cooTBeTCTBYION0M0 €if hopmyny ¢C, wim, ecim snementsl a € M; u b € C
TaKOBbI, 9TO Tz, (D) = @, T0 By |eM rOBOPUTH, YTO DJIEMEHT @ ABJISETCS CILyC-
KOM 3J1eMeHTa b, a 3JieMeHT b aBJseTcs MO IbEMOM IJIEMEHTA G.

3.8. IIpeasioxkenue. [ycmy C — xomnaerc, noposcoénnvti M, mozda cae-
dyrougue csoticmea cmpykmypoe: C cnyckaromea do ceoticme cmpyxmyp M, :

(1) nacvryennocms;

Jokazamensvemeo. Ilycts p — wekoropsrit Tun reopun Th(M;). Ero
MOYKHO TOIHSTE 0 HETTOJHOTO THUTIA pC reopun Th(C), 3amenns Bce
dbopMysl ¢ € p Ha coorBercTByIOmIe UM hopmynsl ¢C. 13 Hach:-
menaocTH C CIeAYEeT, ITO STOT TUT peagn3yercs B C HEKOTOPBIM KO-
TeXKeM C, & M3 CBOICTB Ty, CIEIyeT, ITO KOPTeX T, (C) peaan3yer
TUI p B M, 9T0 03HA9AeT HACHIEHHOCTDL Mogean M. O

(2) mMunumasvrOCMD;

Jlokasamenvcmeo. Ilycrs ¢(Z,y) — upoussosbnas L ag,-dbopmyiia, u
a € M; — mexoropsrit koprex. Torma ¢p(M;, a) = 7. (¢9(C, €)), rae
¢ € C — mpom3BOJIbHBIN KOPTEXK, Takoii, ato myy, (¢) = a. Tak xak
cTpykrypa C MuHEMAIbHA, To MHOKecTBO ¢C(C,E) MO0 KOHEUHO,
60 KOKOHeUHO. Tak Kak 7y, — CIOPBEKIHs, TeM YK€ CBOHCTBOM
obamaer u MHOKECTBO (M, a). O

(3) cuavnas MuUNUMAALHOCTID;

Joxasamesvemeo. CuibHash MUHUMATILHOCTD 9KBUBAJICHTHA MEHU-
MaJIbHOCTHU KaxK /107 JOCTATOUHO HACBIIIEHHO CTPYKTYPBI, Y4TO JIETKO
caenyer u3 myHkros (1) u (2). O

(4) manocmv meopuu;
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Hoxasamesvcmeo. Ouesuyino, 4ro ajist 11000t Loy, -Dopmysibl ¢ MHO-
wecrsa (@) (C) m =¢%(C) cosnamator, a 3naunT, ecin Teopus M;
HE dBJIAETCA Ma.HOI'}'I7 T.€. UMeEeT HeCLIéTHOG MHOZKeCTBO THUIIOB, TO T€O-
pust Th(C) mmeer HeCTETHOE MHOXKECTBO TOTTAPHO HECOBMECTHBIX HEITOJI-
HBIX THUIOB, moJgHUMaionux Tunsl Teopun Th(M;), u, kak caencreue,
TAK>Ke He FABJISIeTCs MAJIOit. O

(5) k-cmabuavrocmy

Hoxasamesvcmeo. Ilycts HekoTopast M; He SBISETCH K-CTaOUIBHOA.
Torna Haiinérces muoxkecreo A C M; takoe, uro |A| < k u Sy, (A) >
k. BaduKcHpyeM IpOU3BOILHOE ToHsTHE 3T0r0 MHOKecTBa AC C C
u paccmorpum moguatus Ly, (A)-dbopamyt, B KOTOPBIX KazK1as KOH-
cranTa a 3aMmensercs KoHcTaHToil a®. OdeBHWIHO, UTO PA3IHIHBIE
Ttunsl p u3 Sy, (A) mOJHNMAIOTCH 70 PA3IUIHBIX HEHOJHBIX THIOB
p©, a suaunr Se(AY) > k. O

B obmiem ciyuae, Hu OfHO M3 9TUX CBOMCTB HE MOJHUMAETCA CO CTPYKTYP

M; n rpada I'g 1o crpykrypsr C.
3.9. IIpumep. IIycte My — cuérnas crpykrypa curHarypsl (<, P), rae
< — IJIOTHBIH JTUHENHBIN TTOPII0K 663 MAKCUMA/IBbHBIX U MUHUMAJIbHBIX /16~
MEHTOB, & P — OJHOMECTHBII TIPEINKAT, OKPAIUBAOMIMI BCE IJEMEHTHI, U
Mo — cuérroe MHOXKeCTBO ¢ mmycToit curaarypoit. [lycrs f @ My — My —
CIOPBEKIINS, TaKasl, YT0 npoodpaz Jirodoro 31eMeHTa COCTOUT POBHO U3 JBYX
snementoB. OdgeBusiHo, 910 00€ CTPYKTYPHl My m Ma, a Takxke rpad ['gy
HACBIIEHBI, CUETHO KATETOPUYHBI U UMEIOT MAJIble TeOPUN.

Paccmorpum mopoxkaénsbIil uMu KoMmiLieKe C, Takoil, 9TO WHTEpIIpeTa-
nust < COBIATAET ¢ OTHOMeHMeM <, MOAHATBIM ¢ M, I eCTh BO3pacTa-
IOIAs HEOTPAaHWIEeHHAs TOCIEI0BATE/bHOCTE JIEMEHTOB a, € My, Takas,
YTO B Mpoobpaszax, IMoJ NEHCTBUEM Ty, YV KaXKJIOTO U3 HUX TPETUKATOM
P oxkpallieH JIUIb OJIMH JIEMEHT, & B IIP000pa3ax BCEX OCTAJbHBIX JIEMEH-
TOB OKpallieHbl 06a 3jieMenTa. O9eBUIHO, UYTO 3TA CTPYKTYPA SKBUBAJIEHTHA
(Q, <,N) — MHOXKECTBY PAIMOHAJBHBIX YHCEJT CO CTAHIAPTHBIM MOPSIKOM U
[PEJUKATOM, OKPAIUBAIOIIUM HATYPAJIbHBIE YUCJIA, KOTOPas, KAK U3BECTHO,
HE SIBJISIETCS HACHIINEHHONW U UMeeT KOHTUHYYM THUIIOB.

4 PuHNTHAA S5KBUBAJEHTHOCTh MHOXKECTB

4.1. Ilyctb M — nexotopas ctpyktypa, A C M — npou3BOJBHOE MHO-
JKECTBO. BBeIéM OTHOIIEHnE TaCTUIHOrO MPEAIOpIIKa Ha MOIMHOKECTBAX
U,V.C M", roBops, uto U =g, V, ecu ma sxoboit L, (A)-dopmyner n n3
KOHeuHOCTH MHOKecTBa 17(M )NV caenyer KoHewHOCTH MHOKecTBa 1)(M)NU.
Bynem Tak:ke paccMaTpuBaTh YCHJIEHHYE) BEPCHIO 3TOIO OTHOIIEHUS, TOBO-
pe, uto U <gn V, ecmn U <pn V 1 gma moboit LY, (A)-dopmyner 1 u3
n(M)NV =& creayer n(M)NU = 2.
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4.2. Bynem ropoputh, uro muoxectsa U, V C M™ durnummo sK6usaAeHMHbL
(ommnocumenvno A) u nucars U =g, V, ecoin U < V u V =gy U. Bame-
THM, YTO 5TO YCIOBHE SKBUBATCHTHO TOMY, UTO A/1d M000it L'} (A)-opmysr
1 MuHOXKecTBO 1)(M) N U 6eCKOHEYHO TOrAa W TOJHKO TOTIA, KOTJA MHOXKe-
crBo (M) NV Geckoreuno. s ymobersa, Topops o L't (A)-dopmynax,
Oynem mmcare U =g, ¢(Z) u Y(T) =gn ¢(Z), umes B suay U =g, (M)
u Y(M) =gan ¢(M), coorercreenno. Taxxe zamernm, uro g L7, (A)-
dopmysn buHUTHAST SKBUBAJIEHTHOCTD ¢(T) =gy ¥ (T) MoxKeT ObITH 3ammcana
B BHUjIE

M | 3%zn(z) A d(T)] = M = 372[N(T) A ()]

4.3. Teopema. ITycmov ¢(T)
KONEUHDBIE MHONCECTNEA. EC./L

(1) 6(2) A (2) =g ¢(2)
2) $(2) V$(2) =g ¢(2)
=

z) — L?VISA -popmyani, onpedeasrousue bec-

Y(
qb(i') nqﬁ( ) u(Z) =g, Y'(Z), mo:
/\
\/

(
—¢(Z) =g ¢/ (T);
yo(y, ) =ain Iy’ (y,2);
Vyo(y, ) Zgn Vy(b’(y, T);
ecat ¢(Z) Frnay P(T); mo ¢ Zgn @AY u Y Zhn ¢V Y.
Aokazameavcmeo. (1) Ecou muOX)ecTBO perternit hopmyssl ) A (¢ A1) Ko-
HEYHO, TO, U3 KOHETHOCTH MHOYKECTBa, permenuii hopmysl (n A1) A ¢, ciaey-
eT KOHEYHOCTh MHOYKECTBa pemtenuii hopmyasl (n A Y) A ¢, u, anajornduo,
KOHEYHOCTh MHOXKeCTBa pemenuii hopmyiast (n A ¢') A1, 1.e. Koneunoctsb
MHO)KecTBa pemnteruil popmysnt A (¢ A').
(2) Eciim MuOXKecTBO perteruii hopmysisl 1) A (¢ V ) KOHEYHO, TO KOHETHBI
n 06a MHOYKecTBa pernernit hopMyst n A ¢ u n A, a 3HAYNT, KOHEYHBI MHO-
’KecTBa pemenuii hopmyn n A ¢’ un A, T.e. KOHEIHO MHOXKECTBO pelleHuii
doputyst 7 A (6 1),
(3) Ecam muOXkecTBO pertennii (popMysbl 1) A —i¢p KOHETHO, TO KOHEIHO U
MHOKECTBO perenuit hopmysr ) A —d A =@, ipm arom n A —=¢' = (n A —d A
=@ )V (NAPA—@'), a MHONKECTBO pemennit bopMynbr ¢ A —¢ KOHETHO, U3 KO-
HEYHOCTH MHOXKeCTBa, pernenuit popmynbsl ¢’ A ¢/, T.e. MHOXKeCTBO pelenuii
dopmymsr ) A —¢' KoHETHO.
(4) B cumy Toro, uTO MHOXKECTBO permenuii (hopmynbl = A ¢ KonedHo, ec-
m M = 3%z[n(z) A Jyp(y, T)], 10 cymecrByer GECKOHEUHO MHOTO KOPTe-
xKeil a1a, takux, 9ro 1(a) A ¢(ar,a) A ¢'(a1,a), a snaunt M = I°Z[n(z) A
e/ (y, )]
(5) OueBnpano cieayer us (3) u (4).
(6) OuesmHO, TaK Kak B 9TOM CIydae ¢ =y PAY 1Y Srpag) ¢V, O

4.4. 3ameganue. 3aMeTnM, UTO TEOPETHKO-MHOXKECTBEHHbIE AHATIOTH Ty HK-
T0B (2) u (6) BepHBI 1 /T IPOM3BOJIBHBIX MHOYKECTB, B TO BDEMsI KaK aHAJIOTH
noyexToB (1) u (3) Moryr He BeIMOIHATHCS. Hanpumep, ananor myskTa (3)
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ne soinosinen, eciu M = (Q,<), A= M u U u U’ — gonouenns K 1mocje-
A0BATECJIBHOCTAM CXOAAIUMCA K PA3/IMYHBIM YUCJIAM. TaK)Ke OTMETUM, 49TO
amasior myHKTa (1) BBITIOJIHEH B HEKOTOPOM YAaCTHOM CJIYYae, & UMEHHO, eCJIh
U =fn V — HEKOTOpBIE MHOXKECTBA U @ =gy, 1) — HEKOTOPBIE (DOPMYJIBI, TO
UNo =g, VN

SaMeTuM Tak:Ke, 9TO OTHOIEHWE =g, OTOXKICCTBIITIET MEXIy CoOOi BCe
KOHETHBIE MHOXKECTBA, & TAKIKE OTOXKJIECTBIISIET MEXK Ty coDON Bce KOKOHEU-
Hble MHOXKecTBa. Bosee Toro, MaOKecTBO U KOHEIHO TOT/IA W TOJIBKO TOT/IA,
korya U =g, @ OTHOCHTENHLHO &, OJHAKO AHAJOTHIHOE YTBEPKJIEHHE IS
KOKOHEYHBIX MHOYKECTB HE MMEET MecTa, Hanpumep Muoxecrsa U u U’ us
OPEIBIIYINEro 3aMedanns (DUHUTHO IKBUBATEHTHB! M, XOTs W He SBASIOTCS
KOKOHEIHBIMI.

Takzke BazKHO OTMETHTH, 9TO, XOTdA MYHKT (5) MOKA3bIBAaET, 9TO (DUHUT-
HasT SKBUBAJEHTHOCTE BBIIEPKUBAECT OTOpACHIBAHNE (PUKTUBHBIX CBOOOTHBIX
MePEMEHHBIX, OHA MOYKeT He BbIIEPKUBATH BBEICHUE HOBBIX (DUKTUBHBIX IT6-
PEMEHHDIX.

5 Komimiekcol, J0NyCKawIue CiryCkK (popmy.i

5.1. IIycts C — KOMILTEKC, HOPOXKIEHHEIN cTpyKTypamu M. Paccmorpmv
muOoKecTBo C™. Kaxkmoe u3 muoxkects M;~ 3amaéT ecrecTBeHHOE pasbuemnmne
C™ ma 2" ompenenuMbIX MU3BIOHKTHBIX CE2MEHMOE C TIOMOIBI0 (POPMYIT
N(Z) = Nggrymr Mi€ (@) A Nggaymo ~Mi (2x), T 6 € 2™,

Ecmn ¢ — L3(C)-dopwmyna, 6ymem 0603HaUATE CHMBOIOM ¢ eé cerment
¢ A NJ. Bysiem 0603Ha4aTE C HOMOMIBIO |§| HHC/IO KOODIMHAT, DU KOTOPHIX
i(k) =1.

Ecmm & € C™ — HekoTopbIit KOpTek, T0 T° — MOAKOPTEX JIuHbBI |§| KOp-
Texka T, COCTOAIINI U3 9JIeMeHTOB T, Takux 4ro d(k) = 1.

Kaxkap1it m3 cermeHTOB )\?(C) MOYKHO €CTeCTBEHHO CIPOEKTHPOBATH HA

)

MZ-I(S‘, 3a0BIB [TPO KOOPJMHATHI, B KOoTophix d(k) = 0, u mojeiicTBoBaB Ha
OCTaBIINeCA KOOPAMHATEHI 0TOOpazkenueM 7y, . B nanbueitiem, korjga Mbl 0y-
JIeM IIPUMEHSTD 77, K KaKoMy-n60 noaMHoKecTBY C”, IeJIMKOM JIesKaleMy
B OJIHOM W3 CETMEHTOB, MBI OyJeM WMeTh B BHIY MMEHHO TaKyIo MOKOOP/IH-
HATHYIO TIPOEKITHIO.

Bamernm, ato ecan p € S™(Th(C)) — mekoTopSIit n-THI, TO M1 JIEOGOTO
CYIIECTBYET POBHO OimH uHjeke 0;(p) € 2", Takoii, 410 )\fi(p ) € .
5.2. Bygem rosoputs, uro KoMmtere C npasuavroil, ecin ajg aoboi Lj-
GhopMyIBI ¢ U AI000TO €6 CerMenTa (bf obpaz ompeIeasIeMoro UM TTOAMHOKe-
CTBa gf)f(C) C C™ nox geficTBHeM KazKI0ro W3 oToOpazkeHnit mys, QUHUTHO

SKBUBAJICHTEH HEKOTOPOI L‘(SI
poit L -bopmyite .

.
CHHTAKCHYECKH ITO YCJIOBUE O3HAYAET, UYTO JAJis Jito0oi L Mi—CbOpMyJIbI n
BBITTOJTHSIETCST

Th(C) F 334,267 (2) An(2°)] = Th(C) F 33,2[¥" (%) Ay© @),
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5.3. Byzgem rosoputh, ur0o KOMILIEKC C CUADHO NPGEULLHVLL, €CJIr s JIFOD0T
L™ -dopmyist ¢, moboro m-ruma p € S™(Th(C)) u moboro ungexca § € 2"

Hal1éTCa Lﬂjléi(” ”—(bopMyﬂa 1, Takas, uro jus joboro tuna g € S(Th(C))

u J1I0601H Lﬂj'ai(qﬂ—(bOpMyﬂbI 7) BLITTOJTHSIETCST:
Th(C) Up(y) Uq(2) + 35,26 (2, 5) AnC (@0, 25(@)] «—
< Th(C)Up(H) Uq(z) F 33,202, 5% P) Ay (@, 2@)).

CeMaHTHYECKH 9TO YCJAOBUE O3HAYaeT, 4To st Jiioboro Koprexa ¢ € C, pe-
ATU3YIONIEro THIT P, MHOKeCTBO T, (69 (C),€) dunnTHO SKBUBATEHTHO (OT-
HOCHUTEBHO M, Wan, TOBOPS WHAYE, OTHOCUTEIHHO JIIOOOr0 MOAMHOKECTBA
A C M) Ly, (7, (€%P))-dbopmyie 1.

Od9eBnIHO, YTO CUJIbHAS MPABUIBLHOCTH KOMILIEKCA BJIEYET €r0 MPaBUIb-
HOCTbD.

5.4. Ilycrs Teneps C — (CHIBHO) MPABUJIBHBINH KOMILIEKC.

Onpeznesnm orobpazkenue 7, , conocrasisouee Le-popmyne ¢ u uh-
mekcy 6, (a TakyKe THIY P, B CJIydae CHIbHOW HPABUIBLHOCTH) MHOMKECTBO
T, (@,0) (mm 7y, (6, p,8)) Beex Lag,-bopmyn b, xKoTophiv buHETHO 9K-
BUBAJICHTHBI TTPOEKIIAN WMi((Z)?(C)), a TakyKe 0TOOpazKeHme 7y, . COMOCTaB-
JAroee MM MHOXKeCTBO Ty (¢,6) C myy (¢, 0) (amamornwawo 7y, (¢, p,6) C
T, (¢, P, 0)) Tex bopMmya 1, 1719 KOTOPBIX T, (qﬁf(C)) <fin ¥, Te. T, (02(C)) C
(M;). Ecm n3 KoHTeKCTa MOHSTHO, O KAKOM HHJEKCe 0 (M KaKOM THure p)
nAET pedh, GyIem omycKaTh ero B sarmmch my, (@) w 7y (¢) cooTBeTcTReRHO.

Jlerxo BuzeTs, uto, ecmu i, (@) N7y (V) # D, 1o myy (¢) = 7y (), Tak
Kak ﬁ/li(gb) npejicraBiser coboil 1eblit =gn-KJacc.

5.5. IIpeanoxkenue. Ceolicmeo Komnaekca Obims (CusbHO) NPABUALHBIM

COTPAHAENCA NPU NEPETOJE K IAEMEHMAPHO SKEUBAAEHNHBIM CMPYKMYDAM,
* %k

bosee Mo20, OMOBPANCERUA Ty U Ty HE BABUCATN OM 6HIO0PA CMPYKMYPOL.

Jlokazamensbemeo. ITO OUEBUAHO CACAYET W3 CHHTAKCHIECKTX (hOPMYTUPO-
BOK, TAaK KAK OHH HE 3aBUCIT OT BHIOOPA CTPYKTYPHI. ([

5.6. ITycrs A C C' — upousBojibHOE HOAMHOXKECTBO U p € S™(A) — Heko-
TOpbIil n-tun. Pacopocrpamum oToOpaskeHms 7y, U 7y, Ha THUIILI TEOPUU
K2 K2

Th(C), monoxue 7y, (p) == U¢€p T, () 1 Ty (p) i= U¢€p T, (6)-
5:(p)
HecnoxHo 3aMeTuTh, 4TO B ClIydae, Korja Bce MHOXKecTBa 7y, (¢, (C))
6ECKOHEUHbI, IMEET MECTO PaBEHCTBO Ty, (p) = 7y (P).

5.7. Ilpensoxenue /as a0bozo muna p € S™(A), mmoowcecmeo 7y, (p)
asaaemea |0;(p)|-munom meopuu Th(M;) nad mp, (AN ME), npuuém daa
106020 Kopmeoica ¢ € C, peausyowezo mun p, ezo npoexyus myr, (¢ P))
peaausyem mun 7y (p).

Aorasamenvemso. Ilyctb ¢1,¢2 € p, m 1 € Ty (d1), Y2 € Ty (¢2). Tak
KaK ¢ A ¢ € p m m3 BBIGOpa ; caedyer, uTo ¢1 A ¢a(C) C ¥ A Y§(C),



KOMIIJIEKCHI TPEANKATHBIX CTPYKTYP U MX CBOMCTBA 155

mveem Y A S € p. Ho may, (W A G (C)) = b1 A aha(M;), me. b1 u 1o
COBMECTHBI 1 Y1 A g € 7y, (p).

C npyroit croponb, 3acdukcapyem Hekoropoe momgmarue AC C A wmo-
wecrsa my, (A N ME). Ilyers ¢ — mpomssosbHAs L!/(\Sjl(p”(WMi (AN MEY))-

bopmytan ¢€ — eé mogusare ¢ mapamerpamu u3 AC, Torga mto ¢€ (2% P)) e
p, mabo —¢C (z%P)) € p, Ho oueBmAHO, UTO P € #X/Ii(géc(a’:‘si(p))) n - €

i, (20 (z%P)), Te. mbo ¢ € ihy. (), mbo =¢ € 7/ (p). O

5
BamernM, 9TO B CIydae, KOIJa OJHO U3 MHOXKECTB 71'Mi(gbil(p ) (C)) xoueu-
HO, MHOXKECTBO 7}, (p) mpeacrasisgeT coboit oobeaunenue mr, (p) ¢ KIaCCOM
K2 7
ayiredpandeckux hopMyJ.

5.8. Badukcupyem HEKOTOPBIE I HaOOPBI UHIEKCOB 51-1 €2"n 61-2 € 2™ Takwme,
aro |0}] = 62|, tie 1 < i < |[M|. Byaem rosoputs, uro LE(A)-bopmyna ¢
m J
u Lg'(A)-dbopmymna oo npoe%’mllwno 37{76U6(IJL62H1’7’LH?)L (s HANPABAECHUAT 6 ) u

— * _ * .
mucath ¢ =q ¥, ecmm wy, (¢1,6;) = mhy (P2, 67) mra Beex 1 < i < [M.
JIerko BHOETDH, 9TO €Cliu ¢ =g, ¥, TO ¢ =, Y B JIOOBIX HAIPABICHUIX
51 = 62
i — %
5.9. Byzem roBoputk, 9TO THIHI p1,p2 € S(A) npoexmueno sxsusasermmvl
U UCATb P| =, P2, €CIU s JIOOBIX DOPMYIT ¢ € p1 U ¢ € py HANIyTCH
bopmyIbl ¢y € p1 1 Y € p2, TaKKE, UTO @1 =x P2 U P2 =x Y1.
5.10. Byznem roBoputh, 9T0 (CHIBHO) MpaBUIbHBIH KOMILTEKC C pezyaapen
€CJIU KOJIMYECTBO 3JIEMEHTOB B J1I060M Habope monapHo (DUHUTHO HE SKBUBA-
JIEHTHBIX, HO IIPOEKTUBHO SKBUBAJEHTHBIX (DOPMYJI OT 1 MEPEMEHHBIX OI'pa-
HIYEHO CBEPXY KOHCTaHTOM k(n), 3aBHCSINE OT YHCIa MepeMEeHHbIX.

5.11. Teopema. Ecau C — peeyasaphvili (Cuabho) npasusvhvili KOMNAEKC,
MO WUCAO IAEMEHTNOE 6 A1000M Habope Hezaashux (had A) npoexmusno k-
BUBAAEHTNHBLL N-MUNOE He npesocxodum k(n).

Jloxasameavcmeo. Ilycts p1, ..., pm — HAOOP U3 TMPOEKTUBHO SKBUBAJIEHT-
HBIX HErJIABHBIX N-THUNOB. 3abUKCHPYeM MPOU3BOJIBHBIA HAOOD JU3BHIOHKT-
HBIX POPMYIT @1, ... Jmy, TAKUX, UTO ¢; € p;. Tax Kak THUMBI p; HETJIABHBIE,
TS Kazk 7101 13 hopmyst ¢; XoTa OB 0110 w3 MHEOKECTB T/, (¢4(C)) Geckoned-
Ho. [Ipu 3TOM, Tak KakK TUIBI P; TPOEKTHBHO SKBUBAIEHTHBI, MOKHO CIUTATH,
9TO 771 KazK7I0TO j Bee MHOXKeCTBa Taf, (¢i(C)) KOHEYIHB! Ml 6ECKOHETHDI
OJTHOBPEMEHHO.

O60o3HaumM MHOMKECTBO WHEKCOB j TaxuX, 4To maf, (¢i(C)) Geckonednsr
uepe3 J, u BbibepeM i KaxkJIoro ¢; u j € J mpousBojibHYI0 HOpMYITY
®ij € FTV[j((bi). OueBuHO, ITO /\jeJ qﬁgj € px g oboro k. Pacemorpum

dopuyier ¢ = /i (o A ~(Ajes 655)) V b

Jlerko Buzers, aro 7z, (5(C)) =an Up, s, (0k(C)) = mar; (V4 ¢1(C)) mns
BCex j, T.e. ¢ =p ¢ npu seex 1 < i,k < m. C gpyroit croponst ¢ Zgn ¢},
npu i # k, Tax xax ¢ Ao A (Njes qﬁ,?j)) € p; W, Kak CIeacTBne, 6eCKOHeTHO,
HO ¢ A @i A (N\jes gbgj)) nycro. A snaunt, m < k(n). O
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5.12. CaexncrBue. [lycmos C — peeyaaproili Npasusvhbili KOMNAEKC, NO-

pootcdénnvit M. Toeda meopus Th(C) masa, ecau u moavko ecau maiv
ece Th(M;).

5.13. CaeacrBue. Ilycms C — pe2ysapuviti CULbHO NPABUALHBIT KOMNAEKC,
noposicoénnmti M. Tozda C k-cmabuaen, ecau U MOADKO €CAU K-CTMAGUALHDL

sce Th(M;).

5.14. Bynem roBoputh, uro Kommiaeke C cmpozud, ecau 1jist ar060# dopmy-
JIBI ¢ B AI060T0 UHAEKCA 0 CYIIeCTBYeT MUHIMAaIbHad (popMyIa 1), TaKasl, 9TO
71, (02 (C)) <gin . 37eCH MUHIMATBLHOCTD 6EPETCA OTHOCHTETHHO Frh (M)
BBIBOJAMMOCTH, T.€. st Jji060it dopmyist ¢, ecin maz, (¢2(C)) <gn ¥/, 1O
Th(M;) = V2[p(2) — ¢'(2)].

Jlerko BHETH, YTO CTPOrOCTH KOMILIEKCA HE TEPSIeTCs TPHU MePexojie K
97IEMEHTAPHO SKBUBAJEHTHBIM CTPYKTYPAM.

ITo aHasoOTMM ¢ CHIBLHOM MPABUIBLHOCTHIO, HY/IEM TOBOPHUTE, UTO KOMILIEKC
C cuavro cmpozud, ecau Jjist 10601 HOPMYJIBI ¢ ¢ apaMeTpaMu ¢ U JH0T0
HHJEeKCa § CyIIeCTByeT MUHHMaJIbHAs (GopMyTa ¢ ¢ mapamerpamu may,(€),
3aBUCAMAs TOILKO OT Thia tp(€) u, Takas, 4ro 7oz (69 (C)) <gn -

5.15. Teopema. Ecau cmpoeutd xomnaexc C, noposcdénnoitd M, asasemcs
aMmoOMHBIM, O U 6ce M; ABAANOMCA AMOMHBLMU.

Hoxaszameavemeo. Ilycre a € M; — HEKOTOPBIT KOPTEXK, BO3BMEM MPOU3-
BOJIbHBIN Koprexk ¢ € C, takoif, uro my,(¢) = a. VI3 upocrorsr C cienyer,
aTo cymecrByer nojHas gopmyna ¢, rakaga, uyro C | ¢(c). Tlokaxem, aro
MuHUMaIbHAsE dhopmydta 1 ¢ yeaosueMm Tz (¢(C)) <an ¢ ABJISIETCS IVIABHOM
dopmyoi.

SaMeTnM, UTO MUHUMATBHOCTL (POPMYJIBI ¢ O3HAYUAET, UTO MHOMKECTBO
n(M;) N7 (¢(C)) myero, TOraa U TOTBKO TOTAA, KOTAA 1 =1y(Aq,) —N0 A Y-

Ilycrs n — npoussoabHas Lag,-bopmyma. Eciu n(M;) Ny, (¢(C)) memy-
cro, To W3 moaHOTHL ¢ creayer, wro ¢(C) C n©(C), a zmaumr —n(M;) N
7, (6(C)) mycro, u, Kak caepcreue —n A mycro. Anasorunduo ecau 7(M;)N
7, (¢(C)) nycro, To MHOXKecTBO pemtenuit hopmysbl = A 1 nycro. Takum
obpasom dopmyna ¢ nonna u M; = 1(a), a 3HauuT, B Custy NPOU3BOJIBHOCTH
BBIOOpA KOPTEXKA @, MOJE/Ib M sIBISETCs] aTOMHOTA. U

5.16. Ilpeagyoxxenue. Fcau xomnaexc C, noposcoénnuiti M, asasemcs cunb-
HO cmpozum, a e20 obozawenue Hexomopwvim xopmeosicem (C,C) ABaseMCA
amommvim, mo u ece obozawernus (M, T, (€)) ABAAOMCA GMOMNBIMU.

Hoxazameavcmeo. J1oKa3aTeabLCTBO MTOBTOPSET JIOKA3aTEIBCTBO TEOPEMEL 5.15.

O
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5.17. Ilpumep. Ilycrs Bce cTpyKTypbl M; TAKOBBI, YTO YUCI0 KOHEUHBIX
OlLIPEJE/IMMbIX 1OJAMHOXkKeCTB M’ OrpaHMYeHHO CBEPXY KOHCTaHTaMu, 3aBU-
CAMUMY OT N 1 ¢, ¥ C — NPABUIBHBIN KOMILIEKC, TOPOXKIEHHBIN STUMEI CTPYK-
TypaM® Takx, 9To 7y, (¢, 0) # & ast Beex i, ¢, §. Torma kommiexe C sBsieTcs
CTPOTHM.

Hoxazameavcmeo. efCTBATENBEHO, KOHEYHOCTD YHCJIA OIPEAEIUMBIX IIOJ-
MHOZKeCTB M’ 03HaTaeT KOHEUHOCTD YHUCJIa, OLIPEIEIUMBIX MHOXKECTB B KazK-
IOM =gp-Kiacce. Tak KaK MHOXKECTBO 7'77\42_(d>) OYEBHIHO 3aMKHYTO OTHOCH-
TeJIBbHO KOHBIOHKINYN (hOPMYJI, B 7%;41,(@ Haiimérca popmysia, 3aIar0IMas MU-
HUMAJILHOE OLPEIe/IMMOe MHOMKECTBO. O

5.18. IIpepnoxkeunune. [lycms C — cuabho npasusbHvlli KOMNAEKC, NOPOHC-
dénnndi cmpyxmypamu My u Ma, maxot, wmo epagp I'p ne npedcmasas-
emca 6 gude Qu3BIOHKEMH020 006eIUHEHUS F% L F}E KOHEUH020 2pada FOE u
noanoeo epagpa UL, a mawoice ne cywecmeyem dopmyave ¢(Z,y) u muna
p, makuzx, wmo ¢(Z,p) = —¢(x,p). Tozda C (cusvno) munumarvra, ecau
(cunvro) murumasvrv, cmpyrmypv M; u 2pad Tp.

Hoxaszameavemso. Tlpenosioxum, aro crpykrypa C He siBJASeTCs MUHUMAJb-
HO#1, TOTIA cymmecTByer dhopMyna ¢(x, ¢), Takas, aro oba MHOKecTBa P(C, )
u —¢(C, ¢) 6eckoneunsr. Tak kak rpad ['p MUHUMAIEH 1, W3 YCJIOBUSI, HA OJI-
1o u3 ornouternii 6 M;C He oToxkIECTBIsET IOYTH BCe eMenTsl F, To mpn
J11000M OTOOPazKeHHH! T )7, Y KazKIO0T0 SJeMeHTa MOXKeT OBITh JIAIIb KOHETHOe
9uCI0 TPOOOPa30B, a 3HauuT, npu joboM ¢ € {1,2} muoxecrsa mar, (¢(C,a))
u T, (—@(C, a)) 0HOBPEMEHHO GECKOHEUHBI.
* * .
TMo yemormio, mhy (¢) # mhy, (7¢) A1t HEKOTOPOTO 4.
C nmpyroit cTOPOHBI, B MUHUMAJBHON CTPYKTYpe J11060e HeCKoHeTHOe TIO/T-
MHOYKECTBO TIJIOTHO OTHOCUTEJILHO JIF000I KOKOHEUHOM POpMyJIbl. A 3HAYUNT,
* ok
Ty, (@) = Ty, (4¢), ITO HEBOZBMOKHO TIO YCIOBHUIO. O

5.19. Teopema. IIycmv C — womnaexc, noposicdénnviii M, u cmpyxmypa
C' = (C, Pa)acA=A,--LA, — maxoe obozawenue cmpyxmypo, C cemeticmeom
npeduramos, wmo P, C (Mic)deg Pa dpa scex a € A;. Toeda C' — xomnaexc,
nopoosicdénnut cmpykmypamu (M, Po)aca,, 20e Py, cnyweno, co cmpyxmy-
poe C', npuném:
o ccau Komnaeke C npasuavhvil, u das xasicdozo P, cywecmeyem ce-
meticmeo Le-dopmya ¢; o(Z,7), makuz, wmo Py (Z) =an ¢a(Z,9), u
Py (Z) =fin ~¢a(T,7), mo xomnaexc C' — npasusvhoud;
ecau npu amom komnaexe C — cmpoeut, a Py (T) = ¢o(T), mo xom-
naexc C' — empoaudi.
o ccau Komnaekxc C CusbHO NPasuabhoitl, U das wascdozo P, cyuwe-
cmeyem cemeticmeo Le(C)-gopmyn ¢o(T, Y, Cq) ¢ napamempamu Cq,
maxux, 4mo Py(T) =gy ¢a(T,7,Ca), "Pul(Z) =fin 0a(Z,7,C0a), u

. _ /
eCce munvt T tp(c G,/L2€6 auvecrue, mo KoMnAekc C —
Do 10(00)) asedpaniccre
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CUABHO NPAGUALHBIT;
ecau npu amom Komnaeke C — cuavho cmpoeud, a Py (T) = ¢o (T, Co),
mo komnaexc C' — cuavno cmpozudi.

Jloxazameavcmeso. Tor dakt, aro crpykrypa C' aBIgeTcs KOMILIEKCOM Ode-
BUJIEH.

Tak ®ak P, =fin 0a(C) 1 7Py =an —¢a(C), MHONKECTBa, BbIIeASEMbIe
npegukaroM P, un bopMynoit ¢, oranuarorcs He HoJiee UeM HA KOHEUHOE
YUCJIO JIEMEHTOB, a 3HAUNAT, AHAJOIUIHO Teopeme 4.3, yirobas Le/-dopmyita
) buHUTHO SKBHUBaJEHTHA (hopMyse 1, TMOJTyIEHHON 3aMEHON BXOXKIEHUIT
npenukaroB P, Ha GopMyasl ¢,. B cuiy Toro, aro npoeknnyu (GpUHATHO K-
BUBAJICHTHBIX MHOYKECTB (PUHUTHO 3KBUBATEHTHBI, 3TO JOKA3BIBAET CIydail
MPABUIHHOTO KOMILITEKCA.

B cryuae cuibHO TPaBUABHOTO KOMILIEKCA, B CUIY aIreOpamIHOCTH TH-
ma #TMZ-, Paoca, (tp(Ca)), ecTh n30sMpyIOMIast ero anrebpandeckasi ¢hopmyJa

o (Z), Torma mobyto Ly, (M;)-bopmyny ¢(Z, ¢, ), 3aBUCSIIYIO OT KOPTEKa
¢, = mar(Co) MOKHO 3aMEHATH HA COOTBETCTBYIOILYEO L, Poyaca, (Mi)-
dbopmyiy g[o(Z, §) A e ()], He 3aBucsmyio ot Koprexa ¢, HO UMEILY 0
TOKE MHOXKECTBO PEIIeHUil. DTO JOKA3bIBAET CAydail CHIBHO IPABUILHOTO
KOMILIEKCA.

CTporocTh KOMIIJIEKCOB B COOTBETCTBYIOIIUX CUTYAIUAX TPUBHAJbHA. [
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