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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 finte collection of relation structures. We
study some of it 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 said
proprty. Further 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 said property. 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, COXPaHsisd MHOIME UX TEOPEeTUKO-MO/EbHBIE CBOICTBA. B 9T0i1 cTarshe
Mbl BBEIEM OJIM3KMI 110 J1yXy, W, B HEKOTOPOM CMbICJE, 0000Iaomuil s31u
OpPUMEpPHI, COCOO TPEJCTABUTL 3aMaHHYI0 CTPYKTYPY B BHUIE HEKOTOPOTO
obbekTa, 00pa30BAHHOIO APYTUMU CTPYKTYPAME, U PACCMOTPUM KAaK 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 IIPEJIOZKEHNHT 3.8 TIOKa-
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 CJIyYae OIMPEJIETUMBbIX MHOMXKECTB (PUHUTHAHA 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, KOTOPHIMU OH MOPOXKIEH, B TeopeMe 5.15 mokasbIiBaeTcH,
9TO CBOYICTBO CTPOTOrO KOMILIEKCA OBITH ATOMHBIM BJIEIET ATOMHOCTH BCEX
CTPYKTYD, KOTOPBIMU OH TOPOXKJIEH, B TeopeMme 5.19 mokasbIiBaeT, 9TO 3TH
CBOMCTBA COXPAHLAIOTCI MPU HEKOTOPHIX ODOTANEHUAX KOMILIEKCA.

2 CornarmeHus 1 yCJOBHBIe 0003HAYEHUS

Cumsonavu C, M, ... byayT obo3HayaThcsd cTpyKTyphl. Hocureau cTpyk-
Typ OyayT oboznauarbes cumBosamu C, M, . ... CooTBETCTBYONINE 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
COKPAIIIEHUS 3AIUCU, €CJU T U § — KOPTEXKU JJIMHHBI N, OyJIeM IHCaTh
R(z,y), nmes B Buny, R(x;,y;) masg Becex 1 < i < n. Ecom ¢(Z) — Heko-
Topas GopMyJia, BBEIEM COKpANIEHHOE 0D03HAMEHNE

Iz ¢(x) :=321,..., 2 N\ -RE@Z)A N\ @)

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

Bammce IXT ¢(Z) Oymer 0603Ha9ATH COBOKYIHOCTE opmyn {FT ¢(T) [ n €
w}. Ecin B KavecTBe OTHONIEHNSI 9KBUBAIEHTHOCTH R BBICTYAeT PaBeHCTRO,
To Gyjem mucarh npocto 3T ¢(Z) n I°T G(T).

CumBojiom Ll Gyzmem 0D03HAYATH OMEPATOP JUIBIOHKTHOTO OObEMHEHWST
MHOXKECTB.

ToBopst, 9TO JiBE CTPYKTYPHI SKBUBAJIEHTHBI Mbl OY/I€EM MUMETh BBULY, UTO
OHU B3aMMHO OIPEJEIUMBbI, T.€. WX MOXXHO OOOraTUTh ONPEeIETUMBIMU CHM-
BOJIAMHU 10 M30MOPGHBIX CTPYKTYP.

3 DBa3zoBag cTpyKTypa KOMILIEKCA

3.1. Ilycte My, My — mapa CIPyKTYp AU3DBIOHKTHBIX IPEeIUKATHLIX S3LI-
KOB L, u Ly, coorBercTBenno. 3adurcupyem 6M; C My u Ma C My —
HEKOTOPEIE [TOJAMHOMKECTBA B COOTBETCTBYIOIINX CTPYKTYPaX U HEKOTOPOE OT-
womrenne F, 3amanmoe va My L § My, Takoe, 9T0:

(1) Ya,b E(a,b) — a € M1,b € 6Mo;

(2) YVa € My 3b E(a,b);

(3) Vb € dMs Ja E(a,b);

(4) Yai,az,b, b [E(al, ) A E(GQ, ) — [ (al,b’) — E(ag, b/)]]

(5) Vbl, bQ, CL,CL/ [ (CL bl) A E(a bg) [ (CL/, bl) — E(a/, b2>]]

BamanHoe TakuM 00pa30M OTHOINEHHE IIPeACTaB/IsgeT co00# IBYIOILHBIH
rpad, ABIAONMNACA HECBSI3HLIM O0beIMHeHneM HOJHLIX JABYIOJILHLIX I'pa-
$0B. DTO OTHOIIEHNE TaK¥Ke MOMKHO IPEICTABUTL KaK Iapy OTHOIIEHHA K-
BuBasieHTHOCTH E)p, n Eyy,, Ha MHOKecTBax 0M; u 0 My COOTBETCTBEHHO,
BMecCTe ¢ GHueKIneil MexX 1y MHOXKECTBAMHU KJIaCCOB SKBUBAJIEHTHOCTH 10 3THM
OTHOIIIEHUSIM.

Bamernm, aro ycaosus (1)—(3) mo3Bossor paccMarpuBaTh F Kak IOIMHO-
skecTBO § M7 X 0 Mo, HaKpBIBaIoIee KaxkI0e 3 MHOKeCTB d M; mon aeiicTBreM
€CTeCTBEHHBIX IIPOEKITHI.

Bwmecre ¢ ornomennem E GymemM paccMaTpuBaTh MOCTPOSHHYIO MO HEMY
crpykTypy ['g, apasiontyioca pébepunim rpadom rpada, 331aHHOTO CTPYK-
Typoii E, ¢ pédpaMu OKDAIEHHBIMU B JBA I[BETA, COOTBETCTBYIOINE TOITM
oM;.

3.2. TToctponm cTpykTypy C MpeAMKaTHOTO 93bIKa Le Takyio, 9To:
(a) Le = Lag, U Ly U {6M; €, 6Mp%, My ©, Mo s
(b) Hocurens C moxkHO oroxaectButh ¢ (M1 \ OMy) U (Mg \ 6Ms) U E;
(c) §M;¢ — oTHOLIEHNE SKBUBAJICHTHOCTH Ha F, OTOXKIECTBIISIONIEe BCe
ssemenTol (a,b) € E ¢ 0muHAKOBO# MepBOii KOOPJANHATOIA;



KOMIIJIEKCHI TPEANKATHBIX CTPYKTYP U MX CBOMCTBA 147

(d) 0MyC¢ — ornomenne sxBuBanenTHOCTH HA | 0TOXK IECTBIISIONIEE BCE
ssiementol (a,b) € E ¢ 0nuHakoBOi BTOPOi KOOPAMHATOI;

(e) M1 — ommomectHpiit mpeaukar peyenmomit (M \ 6M;) U F;

(f) My® — ommomecrbiit mpemukar Boigesomit (Mo \ 6My) LI E.

Bamernm, uro u3 ycaosnit (b), (e), (f) ciaemyer, aro MHOXKecTBO E MOMXKHO
ppytemth Kak MY A My®, a yenosus (c), (d) sagaror Ha MHOMKecTBE
CTPYKTYpY 9KBuasieHTHyt rpady ['g.

B s3amannoit Takum o6pasom cTpykType C €CTECTBEHHO OIPEeessIoTCs
CIOD'BEKTHBHBIE OTOODaKEHHUST

C C
7T]y[1:M1 —>M1 u 7T]y[2:M2 —>M2

KakK PaKTOP-0TOOPAXKEHHU TI0 OTHOIIEHUAM M€ u 6MsC coorsercreenHo.
Bynem ropoputs, uro Takas cTpyKTypa C SBISIETCS KOMNAEKCOM, NOPONHC-
dénnvm cmpyxmypamu M1 u Mo u epagom g, ecoiu:

(gi) mna xaxgoro R € Ly, ero uarepuperanus Re B crpykType C onpe-
nenena toabko Ha M;C . mprwaém romomopdmbIit 06pas (C T Lm,) T
M;€ non neficterem 0, u3oMopden M.

3aMernM, 9TO 3TO yCJIOBUE O3HATAET, ITO s 0001 HbOpMyIIBI ¢, HATTHCAH-
HOI Ha sA3BIKe L pq,, COOTBETCTBYIOMIEH eif hOpMyJIBI ¢ u mobeix & € M;¢
BBITTOJTHEHO:

M;  d(mu;(€) <= CE (@),
e dpopumyta ¢C mosyaaercs m3 GOPMYIBI ¢ 3AMEHOMH BCEX TPETHKATOB R(z)
na popmyssr YA SM;C (x5, y;) A R(Y)], a Takxke Bcex kBanTopos Vo u I
ra Ve € M;¢ w3z € Mic, COOTBETCTBEHHO.
3.3. Ilpumep. Hawubosiee npocroit criocod 3amarsk oTHOIEHNE F, OTanYHOE
o1 §My X d Mo, 310 3apuKCUPOBATH HEKOTOPOE CIOPHLEKTUBHOE 0TOOPAKEHNE
f: My — My, (wmm f: My — M) u nonoxurs E(a,b) <= f(a) =0 (num
f(b) = a, coorBercrBenno). Byaem 0603HaUaTH MOyUEHHOE TAKUM 0OPa30M
orHoenne FY .

He cmoxmo 3aMeTuTh, 9TO 38 MCKAIOYEHNEM HEKOTOPBIX CIYYaeB, CYIIe-
¢rByOT ¢TpYKTYpbl C1 u Co, KOTOPbIE OJHOBPEMEHHO SIBJISIFOTCSI KOMILIEK-
caMu, TOpPOXKIEHHbIMU CcTpyKTypamu M; u rpadom 'y, HO st KOTOPBIX
Cy # Cs.

e Ilycre My — mponsBosibHas cTpykTypa m My — MHOXKECTBO C ITy-
cro#t curHarypoit, 0My; C M; — TPOU3BOJBHOE TOAMHOXKECTBO W
f:0M; — My — ciopbeknus. Torga euHCTBEHHAS CTPYKTypa, sB-
JISTIOTTIASICS KOMIIJIEKCOM, TTIOPOXKJAEHHBIM 3TUMHU CTPYKTYPaMHW M OT-
womtennem Bf , 9TO CTPYKTYypa, IKBUBAJEHTHAS CTPYKTYpe My, 060-
Fal@HHO OTHONIEHNeM SKBUBAJTEHTHOCTH Ey ) .

o [Iycte M| — mpousBoJibHast CTPYKTypa U Mo — MHOXKECTBO KOH-
crapt, 0M; C My — npomssosbHOE IMOAMHOXKeCTBO M f : OM7 —
My — croopbernust. Torma ¢TpYKTYPBI SIBISIONTHECST COOTBETCTBYIO-
TIIAME KOMTIJIEKCAME TTOJTYIai0TCs ¢ TIOMOITBIO Pa3bneHu#i MHOKEeCTBA
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5M1 Ha KJIACChI 9KBUBAJICHTHOCTH U BbIJCJ/ICHUA B KA2KJA0M KJIaCCE 9K-
BUBAJIEHTHOCTH HEIYCTOrO IOJMHOXKECTBA, C IOMOIIBIO OT/E/IbHOIO
TMPEMKATA, B YACTHOCTH, TAKOBBIM SIBJISIETCS] OKPAIIMBAHNE KJIACCOB
SKBUBAJEHTHOCTH B PA3JUYHBIE T[BETA.

e [Iycts My u Mo — TIpOM3BOJNLHBIE CTPYKTYPHI ¢ HEMTEPECEKATOIIN-
Mucsa curaarypamu, 6My C My n §Ms C My — HEKOTOPBIE TIOIMHO-
xectBa u f 1 OMy — My — Gueknusa. Enuncrsennast cTpyKTypa,
SIBJTSTIOTIASICS KOMITTEKCOM, TIOPOKIEHHBIM UMY, 9TO CTPYKTYPa SKBHU-
BasienTHas CTPYKType (M1 UMs)/EY | oforaménnoit ommoMecTHBIMIT
IpeIruKATaMK BBIACSIONuME 06pas3bl M1 u Ms.

e [Iycts My u Mo — TIpOM3BBOJIBHBIE CTPYKTYPHI ¢ HEMEPECEKATOIIN-
MUCsI CUTHATYpaMu, U OTHOIIeHre F obpasyer moJHbIH JABYI0IbHBII
rpad, t.e. £ = My x Ms. Torma B KauecTBe KOMILIEKCOB MOXKHO Pac-
cmaTpuBath Kommosumun My [Ma], Mo[Mi] (cum., manpumep, [3] u
|4]), cHabkEHHbIE HEZOCTAOIINMY OTHOIIEHUAMH SKBUBAJIEHTHOCTH,
OTOKIECTBJISIIONIAME 3JIeMEHTHI (a,b) ¢ OMMHAKOBBIME KOODIHHATA-
MMH.

3.4. 3ameuganne. OCHOBHON CMBICJ OTHOIICHHUH 3KBUBAJEHTHOCTH (5Mic
B OIIpeJIeJIEHNU KOMILTEKCa 3aKJ/II09aeTCs B OIPEeIeTMMOCTH IIPOEKIU Ty, .
CTpyKTypy KOMILIEKCA MOXKHO Jlajiee 000011aTh, CMArdasi yCJAOBUA HA OTHO-
wrerust 0M;C . ITo Tex mop, mOKa MPOeKIUH Ta, OyLyT oIpeneanMbl, OyIayT
MMeTh MECTO BCe JlaJibHelitine pe3yabTaThl. O HAKO, MO2KHO OCJIabUTh TPebho-
BaHWA €IMé CUIbHee, KAK HAIPUMEp B ONPEIeIeHNH KOMIO3UINN CTPYKTYD,
rJle ONpeIesIeHO JIUIIL OIHO M3 OTHOIIEeHuH dM;, M, COOTBETCTBEHHO, JIWIIhH
OJlHa M3 MPOEKIAH, a BTOpas 3aMeHeHa, BO3MOXKHOCTHIO 9JIEMEHTAPHOTO BJIO-
KeHnd B OTPaHUYEeHnEe CTPYKTYDPBHI Ha Ka?K,Z[LIﬁ KJIaCC 9KBUBAJICHTHOCTH. B
6OJ'[I)H_[I/IHCTBQ CJIy4daeB, MHOTHTE M3 NPEACTABJIECHHBIX HUXKE PE3YJIbTAaTOB 6y-
JIYT B HEKOTOPOM BHJIE MEPEHOCUTHCS HA TaKue OCaabJIeH s

Takke TpeaCTaBAEHHYIO 31€Ch CTPYKTYPY MOXKHO 00001MaTh, 0caabus Tpe-
fboBaHue HA JINIBIOHKTHOCTH CUTHATYD. B TakoMm ciyuyae Oyier HeoOX0MMO
u3meHnTh TpeboBanud (g;). BepoaTHo, 9T0 MOXKHO CIE/IATH C MOMOIIBI HEKO-
TOPBIX YCJIOBUI, KOTOPBIE IOMOTYT Pa3/nvaTh, C KAKOW M3 CTPYKTYP IPHUIILIO
3azanHoe orHOIeHre R, momobHO TOMY, KaK 9TO [1e/1aeTCd B KOMITO3UITHASIX
CIPYKTYP.

3.5. Ommcannyio BBIMIE CTPYKTYPY KOMILIEKCA MOYKHO €CTECTBEHHBIM 00pa-
30M 060GIIUTEL Ha IIPOU3BO/IbHbIC KOHeuHble nHabopsl M = (M, ..., M,)
CTPYKTYPD LIOHIAPHO JU3BIOHKTHBIX LIPEJIUKATHBIX sA3bIKOB LAq,, 3aMeHuB Ou-
HApHOE OTHOUIeHWE F Ha aHAJOTHYHOE N-apHOe OTHOINEHWEe, KOTOpoe Oy-
JIeT TpeJCTaBIAThL coboii runeprpad. HeclmoxHo 3aMeTUTh, 9TO CTPYKTY-
PBI, SIBJISTIOTITAECST KOMILTEKCAMY B TAKOM OBOIIEHHOM CMBIC/TE, SKBUBAJICHTHEI
CTPYKTYPaM, SABJISIONIUMCST KOMILTEKCAMHU, TIOPOK IEHHBIMU KOMILIEKCOM, TI0O-
POXKJIEHHBIM MEHBIUM HabOpoM CTpyKTYp (M1, ..., Mpy_1) U CTPYKTYpOi
M,,. Vimest 310 BBUAY, B JAJbHEHIIEM GyIeM TOBOPUTH, 9TO CTPyKTypa C
SBJIAETCS KOMILIEKCOM, TTOPOKIEHHLIM M, ecoii eé MOXKHO IIPeJICTaBUTh KaK
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KOMILIEKC, AHAJOTHIHBIM 00PA30M MOCJIE0BATETHHO TOPOKIEHHBIN CTPYK-
Typamu U3 9T0oro Habopa.

3.6. IIpengoxenue. [Tycmy C — Komnaerc, noposcoénmod M.

1) Ecau s : C' — C — saemenmapHoe 6A0%CEHUE, MO CYULECTNEYIOM,
cmpykmypee M, u aaemenmapnoe saoocenua s; : M, — M; ma-
xue, wmo C' — womnaexc, nopoorcdénnm (M, ..., M)). IIpuném
ons ecexr 1 <1 < n umeem MeCmo paseHcmeo M, ©8 = 8;0 M.

2) Ecau s : C — C' — anemenmaproe 6.4001CEHUE, MO CYU,LCMEYIOM,
empyxkmypwe M, u anemenmaprwe eaoocenus s; : M; — M, ma-
kue, umo C' — xomnaerc, nopoocdénnwt (MY, ..., ML). Ipuném

ona ecexr 1 < i < n uMeem Mecmo PABEHCMBO Ty © S = 8§ O T -
1 K2

Aokazameavcmeo. PaccmoTpum ToBKO carydaii 1), caydait 2) 10Ka3bIBACTCs
AHAJIOTUYIHO.

Tax xak C' = C B crpykrype C' TakzKe onpesemMbl COOTBETCTBYIONIIE
MMOJIMHO>KECTRA, MZ-C 7 oTobOpakenust (PAKTOPUIAINH M0 COOTBETCTBYIOITUM
orHOImeHusAM sKBuBatenTHocTH 0M;C . Bo3bMEM B KauecTse M, cTpykTypEI
((C' T L) T M;©) /oM .

O6ozmammv daxropmsar mo §M;C B crpykType C' wepes - OTobpa-
xenust s; : M — M; 3agaaum no npasuy s;(a) = mWi(s(WX/é,(a))). Takas
KOHCTPYKIUA KOPPEKTHO OIIpeaejieHa, TaK KaK S ABJACTCA IJIEMCHTAPHBIM
BJIOJKEHWMEM, a TOJHBIH mpoobpas 7T]T41, COCTOWT M3 DJIEMEHTOB, SKBUBAJICHT-

k3

HBIX 110 oTHOMmeHno 0 M;C.

Hecnoxuo 3aMeTnTh, 9TO TTOCTPOEHHOE TaKWM 00paszoM oTobpaskeHme S;
SIBJISIETCSI 9JIEMEHTAPHBIM BJIOXKEHNEM, TaK KaK JIst JH000ro saementa a € M,
naitagres ¢ € C' takoit, aro myy (c) = a n m(s(c)) = si(a), a Takxe uz-3a
TOro, 4ro Jyuist Beex ¢ € C' u m1060ii hopmyssl ¢ a3bika Lyg, MMeeT MecTo
CTIeTyIOTIee:

L Eé(m (@) <= C E¢%(e) —
— CE¢%(5(0) = M = d(mar, (s(2))).

13 mocrpoenust crpykryp M caenyer, aro C' — nopox A¢HHBLH HME KOM-
mekc (coorsercrByorue oraomenns E' Boccranasmsaorcs o M;C u (5Mic).

O

3.7. B gasbreiineM, mpoHOCS KAKUE-TO 00HEKTHI MEXK Ty KOMILIeKCOM C, T0-
POKASHHBLIM M, 1 cTpyKTypamut M; ¢ TOMOTITHIO 0TOOparkenit 7y, , Gymem
TOBOPUTH O MOABEMAX, €CJTU MBI COTIOCTaB/IsAEM 0OBeKTY n3 M; 00bekT u3
C, m cuyckax, ecqm MbI comocTaBisieM o0bekTy n3 C obbekT n3 M;. Tak
HanpumMep, ecan ¢ — Lag,-dopmymna, To eé mogbéMoM MBI OyieM Ha3bIBaTh
COOTBETCTBYIONTIOW0 eif hopmyny ¢, mm, ecan saementsl a € M; u b € C
TAKOBBI, ITO Tz, (D) = @, TO OyJeM TOBOPHUTH, UTO SJIEMEHT ¢ SIBJISETCS CIIyC-
KOM 3JIEMEHTA b, a 3/IeMeHT b SBASETCS MO TbEMOM DJIEMEHTA, a.
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3.8. IIpeasioxkenue. Tycms C — xomnaexc, noposcoénnvt M, mozda cae-
dyrowue ceoticmsa cmpyxmypvs C cnyckaromes do ceoticme cmpyrmyp M;:

(1) nacvryennocms;

Jloxasameavcmeo. Iycrs p — mekoropsrit Tun reopuu Th(M;). Ero
MOZKHO TIOJHATH 70 Heroasoro Tuma pC reopun Th(C), 3amenus Bce
bopmyIsl ¢ € p Ha coorsercTryfone wM dopmyas ¢C. N3 mach-
menrocTr C CIEAYET, 9TO 9TOT TUT peasm3yercsa B C HEKOTOPBIM KOP-
TEKEM C, & U3 CBOMCTB Ty, CJIEJIyeT, 9TO KOPTEeXK Ty, (€) peasusyer
U p B M;, 9T0 03HAYAET HACKIIIEHHOCTH Mojean M. ([

(2) munumaavrocmy;

Joxasameavcmeo. Ilycrs ¢(Z,y) — upoussoasnas Lg,-dbopmyiia,
u a € M; — mekoropriit Koprex. Torma ¢(M;,a) = mar, (6% (C,¢)),
rje ¢ € C — npou3BOJIbHBIA KOPTEXK, Takoil 4ro myy, (¢) = a. Tak kax
crpykrypa C MuHEMAIbHA, To MHOXKecTBO ¢C(C,E) MM60 KOHEUHO,
60 KOKOHedHO. Tak Kak 7y, — CIOPBEKIHs, TeM YK€ CBOHCTBOM
obazaer u MHOKECTBO ¢(M;, a). O

(3) cuavHas MURHUMAALHOCTIL;

Aoxasamenvcmeo. CuibHAs MUHEMAIBHOCTH SKBUBATEHTHA MEIHU-
MaJIbHOCTH KazK/[0#1 JOCTATOUHO HACHIIEHHO! CTPYKTYPBI, ITO JIETKO
caenyer u3 myHkros (1) u (2). O

(4) manocmv meopuu;

Jloxazamenvcmeo. OueBujHo, 9To Ajis ar000it L pg,-PpOpMYIIBI ¢ MHO-
wectsa (—¢)¢(C) n ~¢®(C) copmanaror, a 3HAYHT, ecau Teopusa M
He [ABJISEeTCI MaJjoii, T.e. HMeeT HeCIETHOe MHOKECTBO THIIOB, TO TEO-
pus Th(C) mmeer HeCUETHOE MHOYXKECTBO TIOTTAPHO HECOBMECTHBIX HEITOJI-
HBIX THUIIOB, TOAHUMaOMuX Tunbl Teopun Th(M;), n kax ciaencrsue
TaKXKe He FBJIZETCS MaJIOi. O

(5) k-cmabuavrocmy

Hoxazameavemeso. Ilycrs HekoTopas M He sBJisteTcs K-CTabHUIBHOL.
Torga naiigérca muoxecrso A C M; takoe, uro |A| < k u Sy, (A) >
k. BaduKCHpyeM IPOU3BOIbHOE TTofHsTHE 3T0ro MHOKecTBa AC C C
u paccMorpuM TofaaTHS Ly, (A) dopMmysn B KOTOPBIX KayK/1asi KOH-
cranta a 3amensiercst KoucranToii a®. OueBWJHO, Y9TO Pas/IMUHBIE
runbl p u3 Spq, (A) HOJHUMAIOTCH [0 PA3JIMUHBIX HELOJHBIX TULIOB
p%, a smaunt Sp(ACY) > k. O

B obmiem cydae HU OJTHO W3 STUX CBOWCTB HE MOJHUMAETCS CO CTPYKTYD
M; u rpada I'g 1o crpykrypsl C.
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3.9. IIpumep. IIycte My — cuérnas crpykrypa curHarypsl (<, P), rae
< — IWJIOTHBIHN JUHENHBIN TTOPsI0K 0€3 MAKCUMAJIbHBIX U MUHUMAJIbHBIX 1€~
MEHTOB, & P — OJHOMECTHBI! TTpeIUKAT, OKPAIIUBAOIINI BCE 3JIEMEHTRI, U
My — cuérHOoe MHOXKeCTBO ¢ mycTo#t curaarypoit. Ilycts f: My — My —
CIOPBEKIUS TaKas, 9To Mpoobpas JIFboro 3ieMeHTa COCTOUT POBHO U3 JIBYX
snemenToB. QUeBHIHO, UTO 00e CTPYKTYPH M u Mas, a Takxke rpad ['gy
HACBIIEHBI, CYUETHO KATETOPUYHBI U UMEIOT MAJIble TEOPUU.

Paccemorpum, nopoxk aéHHBIN UMU KOMILTEKC C TaKo#, YTO HHTEPIPETAInst
< coBmaaeT ¢ orHOmIeHmeM <O, HOJHATBIM ¢ M1, U €CTh BO3PACTAOIIAL
HEOTPAHUYEHHAS [IOCJIE/IOBATEIBHOCTh JIEMEHTOB ap, € M Takas, 4T0 B
npoobpazax Mo JelCTBUEM Ty, ¥ KaxKJIOTO U3 HUX IpeaukaTroM P oxparren
JINIIb OJIMH 3JIEMEHT, a B Tpoobpazax BCEX OCTAJBHBIX 3JIEMEHTOB OKPAIIIEeHbI
0b6a smementa. OQUeBHIHO, 9TO 3Ta CTPYKTypa, sKBuBasenTtHa (Q, <,N) —
MHO2KECTBY PaITMOHAJBHBIX YUCE/I CO CTAHIAPTHBIM HOPSIKOM U IPEJIUKATOM
OKPAIIUBAIOIINM HATYPaAJbHBIE UUC/IA, KOTOPasi, KAK U3BECTHO, HE SBJISETCS
HACBIINEHHON U UMeeT KOHTUHYYM THUIIOB.

4 PuHNTHAA 35KBUBAJEHTHOCTh MHO2KECTB

4.1. Ilycts M — mexoropas ctpykrypa, A C M — Opom3BoJbHOE MHO-
JKecTBO. BBesiéM OTHOIIEHNE YaCTUIHOTO TPENOPSIKa Ha MOJIMHOKECTBAX
U,V.C M", roops, uto U <gn V ecmm mna moboit L, (A)-dpopmynst n u3
KOHeuHOCTH MHOKecTBa 17(M )NV cienyer KoHedHOCTH MHOKecTBa 1)(M)NU.
Bynem TakKe paccMaTpUBaTh YCHJIEHHYIO BEPCHIO 3TOTO OTHOIIEHHS, TOBO-
pa, ut0 U <gn V, ecmn U <gn V 1 amxa moboit LY, (A)-dopmyner 1 us3
nM)NV =& creayer n(M)NU = 2.

4.2. Bynem ropoputh, uro muoxectsa U, V C M"™ dunummno sxeusasenmmo
(omnocumenvno A) u ucats U =g, V, ecrim U < V u V <gy U. Bame-
THM, 9TO0 3TO yCIOBHE SKBUBAICHTHO TOMY, 9T0 J/1d m060it L'} (A)-opmysr
1 muOKecTBO 7)(M) N U GeckoHedHO TOrIa W TOTHKO TOT/A, KOTJA MHOXKe-
crBo (M) NV Beckoreuno. s ymobersa, Tosops o L't (A)-dbopmynax,
oynem mcats U =g, ¢(T) u ¥(T) =gy ¢(T), nves B sugy U =g, H(M)
u P(M) =fn ¢(M), coorercreenno. Taxxe z3amerum, uro amsa L7 (A)-
dopmysr buHUTHAS SKBUBAJIEHTHOCTh O(T) =g, ¥ (T) MokeT ObITH 3anmcana
B BHIE

M = 3%2[n(2) A o(2)] = M= 3%2n(T) A ()]

4.3. Teopema. Ilycmo ¢(Z),v(Z) — L'} (A)-popmyavi, onpedensrougue bec-
Koneunve muoocecmsa. Ecau ¢(T) =an ¢ (T) v (T) =qn ' (T), mo:

(1) ¢(2) Np(2) =6in &' (2) N (2);

(2) ¢(z) VY(Z) =n ¢'(Z) VY'(T);

(3) —¢(Z) =gn ~¢'(Z);

(4) Jyd(y, T) =an Fyd'(y, T);

(5) Yyd(y, T) =an Yyd'(y, T);

(6) ecau ¢(T) Frnaqgy Y(T), mo ¢ =gn @AY u ) =g ¢V .
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Jlokasameavemeo. (1) Eciu muoxecrBo pertenuit dbopmysbt A (¢ A1) Ko-
HEYHO, TO U3 KOHEYHOCTH MHOXKECTBA permennii popmyibt (n A1) A ¢, cieny-
eT KOHEYHOCTh MHOXKeCTBa perneruit hopMyast (n A ) A ¢, u, anamoruano
KOHEYHOCTh MHOXKeCTBa pemenuit hopmyiast (n A ¢') A ', T.e. Koneunocts
MHO)KeCTBa perternii popmysst A (¢ A ).

(2) Ecnu muOkKecTBO pertenuit hbopMysbl A (¢ V 1)) KOHETHO, TO KOHEUHBI U
06a MHOKeCTBa pemenuit hopMy nA@ 1 A1), a 3HAYNT KOHEIHBI MHOKECTBA
pemenwnii hopmya nA¢’ u nAY’, T.e. KOHETHO MHOKECTBO pemenuii (popMyJIbl
nA (@ VY.

(3) Ecm muOXKecTBO periernit (GopMysisl 1 A —1¢p KOHEIHO, TO KOHEIHO U
MHOKeCTBO perternit popmynnt ) A ¢ A ¢/, npu srom n A —¢' = (n A —¢p A
=)V (nAPA—¢'), a MHoKecTBO pemtenuit bopmysibl ¢ A ¢ KOHEdHO U3 KO-
HEYHOCTH MHOXKECTBa pemenuit popmynbl ¢’ A =@/, T.e. MHOXKECTBO pelenuii
dopmynsr n A ¢’ Koreuno.

(4) B cuny Toro, 4To MHOXKECTBO pernenuii bopmyasl =g A ¢’ KOHEYHO, ec/iu
M = Iz n(z)AJyo(y, T)], T0 cymecTByeT 6ECKOHEUHO MHOT'O KOpTeXkKeil a1d
takux, ato 1(a) A ¢(ay,a) A ¢ (a1,a), a smaanr M = I¥2n(zT) AJyd'(y, T)].
(5) Ouernano caenyer uz (3) u (4).

(6) OgermHO, TAK KAk B 9TOM CIydae ¢ =ry(pmq) PAY 1Y ZErpag) ¢V, O

4.4. BamegaHue. 3aMernm, 4TO TEOPETUKO-MHOXKECTBEHHbIE AHAIOTH Ty HK-
T0B (2) 1 (6) BepHBI 1 /7T IPOU3BOJILHBIX MHOXKECTB, B TO BPEMs KaK aHaJI0I |
nyukToB (1) u (3) moryr me BRIMOTHATHCH. Hanpumep, ananor myakra (3)
ue omosaen, eciu M = (Q,<), A= M u U u U’ — gonoHenns K mocye-
JIOBATEJLHOCTSM CXOJSIIUMCS K PA3JIMYHBbIM 9UCIaM. TakKe OTMETHM, 9TO
aHaJsior nmyHKTa (1) BBIIOJIHEH B HEKOTOPOM YaCTHOM CJIy4dae, & UMEHHO, eCJin
U =4, V — HEKOTOpBIE MHOXKECTBA U ¢ =gy, ¥ — HEKOTOPbIE (DOPMYJIbI, TO
UNao =g, VN

Bamerum TakxKe, YTO OTHOLICHUE =fn OTOXKJIECTB/IAET My coboil Bce
KOHEUHbIE MHOXKECTBA, & TaKzKe OTOKJIECTB/ISET MKy CODON BCe KOKOHEU-
HBIE MHOXKeCTBa. Bojiee Toro, MHOKeCTBO U KOHEUHO TOTJA ¥ TOJBKO TOTIA,
korma U =g, @ OTHOCHUTENBHO &, OTHAKO AHAJOTHYHOE YTBEPIKJEHUE s
KOKOHEUHBIX MHOXKECTB HE UMeeT MecTa, HampuMmep muoxectsa U n U’ u3
OPEIBIAYINEro 3aMevYanust (PUHUTHO SKBUBAIEHTHBI M, XOTS U HE SIBJISIFOTCS
KOKOHEUHBIMH.

Takzke BazKHO OTMETHTH, 9TO, XOTs MYHKT (5) MOKA3BIBAET, 9TO (DUHUT-
Hasl SKBUBAJIEHTHOCTD BBIJECPIKUBACT OTOpachiBaHue (DUKTUBHBIX CBOOOTHBIX
EePEeMEHHBIX, OHA, MOXKET He BBIJIEPXKNBATH BBE/ICHNE HOBBIX (DUKTHBHBIX TIe-
PEMEHHBIX.

5 Kommiekcsl, J0NyCKAoIue CiryCkK (popmyt

5.1. Ilycte C — KoMmILIeKC, MOPOKIAEHHBIN cTpyKTypamu M. Pacemorpum
muoxkecTso C". KaxKmoe 13 MHOXKECTB Mic 3a7a6T eCTEeCTBEHHOEe pa3bueHne



KOMIIJIEKCHI TPEANKATHBIX CTPYKTYP U MX CBOMCTBA 153

C™ na 2" onpeeuMbIX JU3BIOHKTHBIX CE2MEHIMOE € TOMOIIBI (hOPMYII
O(7) -— C C

AL(T) == Ngry=1 Mi™ (x) A Nsgry—o 7M™ (1), tae 6 € 27,

Ecmn ¢ — L3 (C)-dopmyna, bysem 0603Ha4aTh CHMBOIOM ¢f e€ cermenT
o N )\f. Bynem o6o3HavaTs ¢ mOMOIBIO |0| 9UCIO KOODIUHAT, IPH KOTOPBIX
i(k)=1.

Eciun £ € C™ — HeKOTOpBIt KOPTEK, TO T° — MOAKOPTEX JJIHHBI |§| KOp-
TexKa T, COCTOAIINI U3 9JIEMEHTOB T, Takux 410 d(k) = 1.

Kaxapiit n3 cermenTos )\f(C) MOYKHO €CTECTBEHHO CIPOEKTHPOBATH Ha

§

Mil(s‘, 3a0bIB TIPO KOOpAMHATHI, B KOTOpHIX d(k) = 0, m mojeiicrBoBaB Ha
OCTaBITIIEC KOOPIMHATHI OTODpasKeHneM myy,. B manbreiimem, Korma Ml Oy-
JIeM TIPUMEHSITh 77, K KaKoMy-mb0 nmoamuozkecTBy C" ) 11€7IMKOM JIesKareMy
B OJTHOM W3 CETMEHTOB, MBI Oy/IleM WMETh B BUY UMEHHO TAKYH TTOKOODINH-
TAHYIO MTPOEKITATO.

Bamernm, uto ecau p € S™(Th(C)) — mexoToOpLIi n-TUI, TO ATt JFOOOTO 7
CYIIECTBYET POBHO OJiuH uHJeKc 0;(p) € 2" Takoii, 4To /\fi(p ) € .
5.2. Byaem rosoputb, uro Komitekc C npasuavhoud, eciu A a00oi Lj-
bopMyIIBL @ U JIFOOOTO €€ cerMeHTa gbf obpas ompeseasieMoro UM MOAMHOXKE-
crBa ¢0(C) C O™ mop feficTBHEM KasKjoro u3 OTOOpakemmil 7y, (hUHHTHO
3KBUBAJIEHTEH HEKOTOPOU L‘/f/'ti—CbOpMYHe .

CHHTAKCHYECKH ITO YCJIOBUE MOYXKHO COPMYJINPOBATH B CJEIYIONIEM BU-
zie:
Juts J11060it Lﬂi—(bopMyﬂbl 7) BBIIIOJIHSETCS:

Th(C) F 33,26 (2) An“(2°)] = Th(C) F 33,2 (2°) Ay© (@),

5.3. Byzgem rosoputh, 40 KOMILIEKC C CUADHO NPLEULLHVLL, €CIIr s JTF00T
Lt -dopmyist ¢, moboro m-ruma p € S™(Th(C)) u moboro ungexca § € 2"

|6]4]9;
M;

Haligércsa L (p)‘—cbopMyﬂa ¥ Takast, uro juis aroboro thna ¢ € S(Th(C))

. |0]4]6:
u J06oit L|/\/|lj| (q)|—(bopMyﬂbI 7) BLITTOJTHSIETCST:

Th(C)Up(H) Ua(2) = 335,20 (7,9) An“ (2, 2%7)] =
< Th(C)Up(y) Uq(z) F H?Mij[wc(jajg&(p))/\nc(jéjzai(q))].

CeMaHTHYIECKH 9TO yCIOBHE O3HAYAET, UTO [7Ist JH060oro Koprexa ¢ € C pe-
amusyrommero Tan p MHOKecTBo T, (¢2(C), €) dunnTHO SKBHBaMEnTHO (OT-
HOCHTETBHO M, WK, TOBOPS WHAUE, OTHOCHTEIHHO JI000r0 MOJIMHOKECTBA
A C M;) L, (mar,(8%P)))-cbopmyre 1b.

OquI/I/:[HO, YTO CUJIbHAA MMPAaBUJIBHOCTH KOMILJICKCA BJIEUET €I'0 IpaBUJIb-
HOCTb.
5.4. ITycrs Teneps C — (CuiibHO) HIPABUIBHBIHA KOMILIEKC.

Ounpenesum orobpazkenue Ty, conocras/stowee Le-opmyne ¢ u un-
nekcy 0, (a TakXkKe THIY p, B CIydae CHJIbHO} NPABHJIBHOCTH) MHOYKECTBO
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T, (¢,0) (mma 7y, (6, p,6)) Beex Lag;-popmyn ¥, xkoropbim dbunuTHO 9K-
puBasenTHbl mpoextn Tz, (¢0(C)), a Taxike oTobpaskerue T}y, COTIOCTAB-
agromee UM MHOKeCTBO Ty (¢, 6) C mhp (¢, 0) (amanoruumno 7y, (¢, p,6) C
T, (@, p, 8)) Tex opmym 9, 1TA KOTOPBIX Ty, (62(C)) <gin ¥, 1. Tar, (2(C)) C
(M;). Ecin u3 KOHTEKCTA TOHSITHO, 0 KAKOM HHJAEKCE O (1 KaKOM THIIE D)
n8T peub, Gyem omyckaThb ero B sanucu my, (@) u 7y (¢) coorseTcTBeHHO.
Jlerko BHzeTh, UTO, TaK Kax T} (¢) TpencTapiger coboil MBI =fy-

kyace, eciu my (@) Ny, (V) # D, 10 mhy (@) = mhy (V).

5.5. IIpeanoxkenue. Ceolicmeo Komnaerca Ouims (CusbHO) NPABUALHBIM

COTPAHAENCA NPU NEPETOJE K IAEMEHMAPHO FKEUBAAEHMHBIM CIMPYKMYDAM,
* . %

bosee o020, OMOBPAdNCERUA Ty U Ty HE BABUCAT OM 6H100PA CMPYKMYPOL.

Jlokazamensbemeo. ITO OUEBUIAHO CACAYET W3 CHHTAKCHIECKUX (hOPMYTHPO-
BOK, TAaK KAK OHH HE 3aBUCAT OT BHIOOPA CTPYKTYPHI. ([

5.6. ITycrs A C C' — npousBoJibHOE HOAMHOXKeCTBO u p € S™(A) — Heko-
TOpBI n-Tun. PacopocTpanuM oToOpasKeHms 7y, U 7y, HA THIL TEOPHH
K2 T
Th(C), monoxmue 7y, (p) == U¢ep T (@) 1 Ty (p) i= U¢ep T, (6)- )
HecsioxkHO 3ameruTh, 4T0 B C/Iydae, KOIjla BCe MHOXKECTBA WMi(qﬁil(p ) 0))
* ok
GECKOHETHBI, IMEEeT MeCTO PABEeHCTBO Ty (p) = 7y (P)-

5.7. Ilpennoxenue /Jaa ao6ozo muna p € S™(A), mnoocecmso 7y (p)
asazemesa |0;(p)|-munom meopuu Th(M;) nad mp, (AN ME), npuuém daa
a106020 Kopmenica ¢ € C peasusyrowezo mun p, ezo npoexyus mr, (¢%P))
peaausyem mun 7y (p).

Aoxasameavemeo. llycts ¢1,¢2 € p, u 1 € Ty, (1), Y2 € 7y (d2). Tak
KaK ¢1 A ¢ € p m w3 BBIGOpa ; caedyer, aTo ¢1 A ¢a(C) C ¥ A Y§(C),
mveem ¢ A ¢S € p. Ho mar (W A 9§ (C)) = 1 A ¢ha(M;), Te. b1 1 o
COBMECTHBI 1 Y1 A 9 € 7y, ().

C napyroit cTopomsl, 3adukcnpyeM Heroropoe momaarie A C A wmmo-
weersa my, (A N ME). Ilyets ¢ — mpomssosbHAS L'/(\S/i((ip”(WMi (AN MEY))-
bopmyran ¢€ — eé mogusTie ¢ mapamerpamu u3 AC, Torga mto ¢€ (2% P)) e
p, mabo —¢C(z%P)) € p, Ho oueBmAHO, UTO P € ﬂ/[i(gﬁc(i:‘si(p))) n - €
iy, (2% (2%(P))), me. qmbo ¢ € 7}, (p), GO —¢ € 7}y (p)- O

Bamernm, 9TO B Ciydae, KOIVIA OJHO M3 MHOXKECTB 7TM1.(¢fi(p ) (C)) xomeu-

HO, MHOXKECTBO 7. (p) TIpesicTapiser coboii obbenunenne 7y, (p) ¢ Kraccom
anredbpamgeckux GopmyIt.
5.8. 3adukcupyem HeKOTOPBIe HAOOPHI WHIEKCOB 0 € 2" u 67 € 2™ Taxme,
aro |6} = 62|, rae 1 < i < |M|. Bysem rosoputs, uro L%(A)-bopmyna ¢
u Lg'(A)-bopmyna ¢ npoexmueno sK6usaAEHMHY (6 HANPLEAEHUAL 523) "
nmcath ¢ =5 v, ecau 7y (41, 5 = T, (B2, 62) noa eex 1 < i < |[M|.
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Jlerko BUIETH, UTO €CAU ¢ =g, YW, TO ¢ =; ) B JIOOBIX HAIPABIECHUAX

51 = o2

i — 9

5.9. Byznem rosoputh, 9T0 THIE P1, P2 € S(A) npoekmusno sxeusarenmiol
U THACATb P| =, P2, €CIU JJIs1 JIOOBIX POPMYI ¢ € p1 U ¢ € po HANUTYTCS
bopmysel ¥y € p1 U P2 € pa TakUe, UTO Q1 =; Yo U P2 =x 1.

5.10. Byznem roBoputh, 9T0 (CHIBHO) TpaBUILHBIH KOMIUIEKC C pezyaapen
€CJTU KOJIMIECTBO 3JIEMEHTOB B J1I060M Habope monapHo (bUHUTHO HE SKBUBA-
JIEHTHBIX HO TPOEKTUBHO SKBUBAIEHTHBIX (POPMYJ OT 7 TIEPEMEHHBIX OTPa-
HUYEHO CBEPXY KOHCTAHTOMH k(n), 3aBUCAINEH OT YUCIa TePEMEHHBIX.

5.11. Teopema. Ecau C — peeyasaphvili (Cuabho) npasusvhvili KOMNAEKC,
MO WUCAO IAEMEHTNOE 6 A1000M Habope ne2aashur (had A) npoexmusno k-
BUBAAEHTMHBLT N-MUNOE He npesocxodum k(n).

Jokasameavcmeo. 1lycts p1, ..., py — HAOOP U3 MPOEKTUBHO SKBUBAJECHT-
HBIX HEMJIABHBIX N-TUMOB. 3adUKCUPyeM TPOU3BOJIBHbIN HAO0D AN3BHIOHKT-
HBIX DOPMYIT @1, . . . Py, TAKHUX, ITO @P; € p;. TaK KaK TUIBI P; HETJIABHBIE, JJIsT
ka0 13 POpMYT ¢; x0Ta 61 oHO M3 MHOKeCTB T/, (¢;(C)) Geckoneqro.
ITpu 3TOM, Tak KAk TUMBI P; TPOEKTUBHO 3KBUBAJEHTHBI, MOXKHO CYUTATH,
|TO JIS KasKJI0TO j BCe MHOXKecTBa T, (¢i(C)) KOHeIHB! MM GeCKOHEUHBI
OJTHOBPEMEHHO.

O6ozHaumy MHOKECTBO MHJEKCOB j TaxkuX, uro mar, (¢i(C)) Geckoneunsr
gepe3 J, u BbibepeMm yd KaxkJIoro ¢; n j € J npousBosibHYIO QopMyITy
bij € W}'(\/[j(ﬂﬁl) OueBujHO, 4TO /\jeJ (bZ-C:j € pi A xoboro k. Paccmorpum

bopmynsr ¢ := /i (dr A —~(Ajes ¢fj)) V ¢

Jlerko BumeTn, 4TO WMj(gbg(C)) =an Ug M, (0r(C)) = 71'M].(\/,C or(C)) must
BCEX j, T.e. ¢ =p ¢ mpu Beex 1 < i,k < m. C mpyroif cropons! ¢ #gn ¢},
upu i # k, Tax xax ¢ A ¢; A (/\jeJ (bg’j)) € p; U, KaK cjeicrsue, 6eCKOHeYHO,

HO ¢ A @i A (N\jes gbkCJ)) mycro. A sraunt, m < k(n). O

5.12. Caencreue. Ilycms C — pezysaproili Npasuisvhbili KOMNAEKC, NO-

pooicdénnvitc M. Toeda meopusa Th(C) masa, ecau u MoAbKO €CAU MAAB
ece Th(M;).

5.13. Caencrsue. lycmv C — pe2ysapHuli CULLHO NPABUNLHBIT KOMNAEKC,
nopostcoénnuti M. Toeda C k-cmabuaen, ECAu U MOALKO ECAU K-CTMAGUALHDL
sce Th(M,;).

5.14. Bynem rooputh, uro Kommieke C cmpozud, ecaun jijisi r060# dopmy-
JIBI ¢ 1 TI06OT0 HHIEKCA § CYMECTBYeT MUHUMAIbHAs (hopMyITa 1) Takast, 9T
71, (2(C)) <gin . 31€CH MUHIMATLHOCTE 6EPETCA OTHOCHTEIHHO Frh(M)-
BLIBOJIMMOCTH, T.e. s Jo60it dopmynsr o, ecmm maz, (¢2(C)) <gn ¥/, TO
Th(M;) b Va[p(z) > /(7))

Jlerko BUJETH, UTO CTPOTOCTH KOMILIEKCA HE TEPSeTCs TIPH Mepexofe K
97IEMEHTAPHO SKBUBAJEHTHBIM CTPYKTYPaM.

AHaJOrHIHO CUILHON TMPABUIBHOCTH, OyIeM TOBOPUTH, 9TO KOMILTEKC C
cuavbHo cmpozud, ecau Jiid Jitobol hOpMyJIBL ¢ ¢ TapaMeTpaMu ¢ U Jboro
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UHJIEKCA O CYIIeCTByeT MUHUMaJbHas Gopmy/a ¢ ¢ uapamerpamu may,(€),
3aBHCAITASA TOMLKO oT Tma tp(€) m Takast, ato s, (40 (C)) g .

5.15. Teopema. Ecau cmpozuti xomnaexc C, noposcdénnni M, asasemcsa
aMoOMHBIM, MO U 6ce M; ABAANOMCA AMOMHBMU.

Jloxasameavcmeo. Ilycts a € M; — HEKOTODBIN KOPTEXK, BO3BMEM IIPOU3-
BOJIBHBIN KOpTex ¢ € C Takoit, 410 7y, (€) = a. 113 mpoctorer C cienyer,
970 CyIiecTByer mosiHas (opmyaa ¢ takas, aro C = ¢(¢). Ilokaxkem, aro
MEHEMaIbHAA bopmyia ¢ ¢ yeaosueM s, (¢(C)) <ap ¢ ABISETCH IVIABHOM
dopmyiioii.

BamMernmM, 9TO0 MUHUMAJILHOCTH (POPMYJIBI ¢ 03HAYAET, UTO MHOYKECTBO
n(M;) N7 (¢(C)) mycro, TOra U TOTBKO TOT/A, KOTAA 1 =1y(Aq,) N A Y-

ITycrs 7 — npoussonsuas Lag,-bopmymna. Ecau n(M;) Ny, (¢(C)) memy-
cro, To M3 moiHOTH ¢ cieayer, uro ¢(C) C n°(C), a smaumr —n(M;) N
7, (¢(C)) mycro, u, Kak creacTBre —n A1 mycto. Anasorndao ecan 7(M;) N
7, (¢(C)) mycro, To MHOKecTBO pemtenuit (hopmynsl —n A ¢ mycro. Takum
obpazom dopmyna ¢ onHa u M; = 1(a), a 3HAUUT, B CUITY TPOU3BOJIBHOCTH
BBIOOpA KOpTEXKA @, MOJIeS b M, ABJIgeTCsa aTOMHOIA. O

5.16. Ilpeasioxkenune. Ecau xomnaexc C, noposicdénnot M, asasemcs cunb-
HO cmpozum, a e20 obozawenue nexomopvim kopmesicem (C,¢) Asasemca
amomrwim, mo u ece obozaujenus (M, Ty, (C)) A6AAOMCA AMOMHBIMU.

Hoxazameavcmeo. 1oKa3aTeabLCTBO MTOBTOPSET JIOKA3aTEIBCTBO TEOPEMEL 5.15.

0

5.17. IIpumep. Ilycts Bce cTpyKTyphl M; TaKOBBI, YTO YUCI0 KOHEUHBIX
OIPEJEeTUMBIX TOJIMHOXKecTB M OrpaHHYeHHO CBepXy KOHCTaHTaMHU, 33BH-
CAMUME OT N U ¢, ¥ C — NPABUIbHBIN KOMILIEKC, TOPOXKIEHHBIH STUMEI CTPYK-
TypaM® Takx, 91o 7y, (¢, 0) # & auist Beex i, ¢, . Torna kommiexe C saBisieTcs
CTPOTHM.

Hoxaszameavemeo. JeficTBUTETFHO, KOHEIHOCTDb YHCJIA OMPEISTUMBIX TTO-
MHOzKeCTB M 03HaaeT KOHETHOCTb YHC/Ia OTPeIeTUMBIX MHOKECTB B KaxK-
JoM =gp-Kyacce. Tak Kax MHOKECTBO 7y (¢)) 0UEBHJIHO 3AMKHYTO OTHOCH-
TeJIbHO KOHBIOHKITNH (HOPMYJI, B ﬂ/[i(gﬁ) HadiéTcd popMya, 3a/1a0Mas Mu-
HUMAJIbHOE OIIPEJIeIUMOE MHOXKECTBO. O

5.18. IIpeanoxkenne. Iycmsv C — cusbHO NPGEUALHVIT KOMNAEKC, TOPOXHC-
dénnnt cmpyxmypamu My u Ms, maxot, wmo epagp I'p He npedcmasas-
emca 6 6ude dussronkmmuozo obsedunenus % U T'L xonewnozo epagda T'% u
noanozo epaga T, a maxoce ne cywecmeyem dopmyave ¢(Z,4) u muna
p maxuzx, wmo ¢(T,p) = —¢(z,p). Toeda C (cusvno) munumanrvna ecau
(cuavro) murumarons, cmpyxmypoe M; u epad I'p.

Jloxasameavcmeo. TIpeanonokum, 4o cTpykTypa C He SIBISeTCS MEHAMATb-
HOi1, Torzma cymectByer dbopmyia ¢(z, ¢) Takast, uro oba muoKecTBa ¢(C, €)
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u —¢(C, ¢) 6eckoneunnr. Tak kak rpad ['p MuHuMaien u, u3 ycioBust, HU OJI-
HO 13 orHOmeHuH dM;C He OTOXKECTBISET IOUTH BCE SIEeMEHTH FE, To ipn
JII000M OTOOPazKeHUN T )7, ¥ KaKIOT0 SJIeMeHTa MOXKeT OBITh JIAIIb KOHETHOE
9UCII0 TPOOOPa30B, a 3HAUUT, npu JoboM ¢ € {1,2} muoxecrsa mar, (¢(C,a))
u 7, (—¢(C, a)) oaHOBpEMEHHO DECKOHETHEI.
* * o
o ycnosuto, my, (¢) # 7y (7) suia mexoroporo i.
C npyroii cTOpOHBI, B MUHUMAJILHOW CTPYKTYpe Jitoboe HeCKOHEUHOe T10/1-
MHOYKECTBO TIJIOTHO OTHOCUTEJILHO JIF000H KOKOHETHOW POpMYJIbl. A 3HAYUNT,
* ok
Ty, (@) = Ty, (4¢), TTO HEBOZMOKHO TIO YCIOBHUIO. O

5.19. Teopema. IIycmov C — womnaexc, noposicoénnsiti M, u cmpyxmypa
C' = (C, Py)acA=A,L--L1A, — 0bo2auwenue cmpyxmypu C cemeticmeom npedu-
Kamoe maxum obpasom, wmo P, C (Mic)deg Fa Opa scex a € A;. Toz0a C' —
KoMnAeKc, noposcoéunmi cmpykmypamu (M, Po)aca,, 2de Py cnywenvs co
cmpyxmypve C', npuuém:
o ccau Komnaekc C npaguavnoil u das xascdozo P, cywecmeyem ce-
meticmso Le-dopmyn ¢i o(Z,y) maxuz, wmo Po(Z) =an ¢a(Z,7) u

“Po(Z) =in 0o (T, 7), mo xomnaerc C' — npasusvnviii;
ecau npu amom Komnaexce C — cmpoeut, a Py (T) = ¢o(Z), mo xom-
naexc C' — cmpoaudi.

o ccau Komnaekc C CusbHO NPasusvbHul U 0as Kaxcdoeo P, cywe-
cmeyem cemeticmeo Le(C)-dpopmya ¢o(T, Y, Cq) € napamempamu Co
maxux, “4mo Pa(j) =fin Qba(j’@ éoz)z ﬁPoz(j) =fin ﬁQZ)a(fEaga Ea) Uu
6ce munwl F(*Mi,Pa)aeAi (tp(Ca)) ascebpauneckue, mo xomnaekxe C' —
CUABHO NPABUALHBIT,
ecau npu amom Komnaeke C — cuavho cmpoeutd, a Py (T) = ¢o (T, Co),
mo xomnaexc C' — cuavho cmpozud.

Joxazameavcmeso. Tor dakt, aro crpykrypa C' aB/isercsa KOMILIEKCOM ove-
BUJIEH.

Tak kak P, =fn ¢a(C) nu =P, =an —¢a(C), MHOXKeCTBA, BbIJIEAsIEMbIE
npegukarom P, m dopmyiioit ¢, oramuarorcs ne 0oJjiee 9eM Ha KOHEHTHOE
YUCIO FTEMEHTOB, a 3HAUNT, aHAJOTUIHO Teopeme 4.3, mobas Le-dopmyna
) bUHUTHO SKBHBaJEHTHA (bopMyse v, TMOSTyIeHHON 3aMEHONH BXOXKICHUIT
npeaukatoB P, Ha GopMysbl ¢n. B cuiy Toro, uTo npoeknuu (hbUHUTHO K-
BUBAJICHTHBIX MHOYKECTB (PUHUTHO 3KBUBATEHTHBI, 3TO JOKA3LIBAET CIydait
MPABUILHOTO KOMILITEKCA.

B crayuae cmabHO TIPaBUABHOTO KOMILIEKCA, B CHUIY aareOpanIHOCTH TH-
na #Z‘Mh Pu)oca, (tp(€q)), ecTh m30MMpyIOMIAs ero ajrebpandeckas HopMyia
o (T), Torma ar0byto Ly, (M;)-bopmyny ¢(Z, ¢, ), 3aBUCSIIYIO OT KOPTEXKA
., = 7 (Co) MOKHO 3AMEHUTH HA COOTBETCTBYOILYTO LM, P e, (M;)-
dopmyny IG[d(T, §) A e ()], He 3aBucsmyio ot Koprexa ¢, H0O UMEILY 0
TOXKE MHOYKECTBO PEIeHni. DTO JOKA3BIBACT CAyYail CHILHO TPABUILHOTO
KOMILTEKCA.
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CTporocTh KOMIJIEKCOB B COOTBETCTBYIOIIUX CUTYAIUIX TPUBUAJBHA. [
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