K Bompocy o ApeBOBUIHOCTI ONTUMAIBHBIX
MH(POPMAIMOHHBIX CeTell BKIIOYAIOIIET0O
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2.9. lacanos, A.B. Kocomanos

B crarbe mokazaHo cyIiecTBoBaHWEe B OOIIEM CIydae TaKWX 33139
BKJIIOYAIOIIETO TMTONCKa, JJIvd KOTOPhIX ONITUMAaJIHBHBIE I/IH(bOpMa.L[I/IOHHBIe
ceTn HeapeBOBUAHLI. I 6o/tee y3KOro Kjaacca MHMOPMAITMOHHBIX Ce-
Teit, TaK Ha3bIBAEMBIX OECITOBTOPHBIX, JOKA3aHa APEBOBUIHOCTH OTITH-
MAaJILHBIX CeTeil BKJIIOYAIOIIEro IMONCKA.

1 Bseaenne

B npakrtuke madopManuoHHOTO MOUCKa HOJIBIIOE MECTO 3aHUMAIOT 3aJa4u,
B KOTOPBIX OTHOMIEHUS TIOUCKA SBJSIOTCS OTHOIIEHUSIMU YaCTHIHOTO MOPSII-
ka. Takue 3a7a9n MOMCKA BCTPEUAIOTCS MPAKTUIECKH BO BCEX CHCTEMax 0a3
JIAHHBIX ¥ B 3aBHCHUMOCTH OT MHTEPIPETAIME HOCAT Ha3BAHUE BKJIIOYAOIIETO
moncka [1], meckpunrTopHOro momcka |2, 3|, momcka mo KJIIOUEBBIM CJIOBAM,
3amaun o gomuHupoBanun [4, 5| u . n. Hawbosiee mHTEpECHBIM TPHMEPOM
381290 BKJIIOYAIONIEr0 MOMCKA HA OyJIeBOM Kybe SBISeTcs 3ajada MOUCKa C
eCTeCTBEHHBIM OTHOIIEHHEM YaCTHYHOTO MOPSJIKA, 33/1aBAeMOM Ha Oy1eBOM
KyOe, oTHOmeHneM "He MeHbIe mo-KommonenTHo' . ITpuBenem manbosee pac-
POCTPAHEHHYIO WHTEPIPETALNIO 38 a9 BKJIOUAIONIETO MOUCKA.
[TpeArnoaoKuM, 9T0 MBI OCYIIECTBJIsIEM MOUCK B JIECKPUITOPHBIX aBTO-
MATH3UPOBAHHBIX MHMOPMAIMOHHO-TIOMCKOBLIX cucTeMax [3, 6], To ecTh uH-
bopMaIMOHHBI MAaCCHB COCTOUT U3 JOKYMEHTOB, KayK /bl JIOKYMEHT OIUCHI-
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BAETCSl MHOYKECTBOM JIECKPUIITOPOB (KJIIOUEBBIX CJIOB), 3alPOC 3aaeT HEKO-
TOPYIO COBOKYITHOCTDb JTECKPHUITOPOB, U HEOOXOAUMO MEPEUUCJIUTh B HHMOP-
MAIMOHHOM MAaCCUBE BCE JOKYMEHTBI, COJIeprKalllie B CBOEM ONUCAHWH BCEe
JIECKPUIITOPBI, BXOJSINNAE B 3aMPOC. 3aHYMepyeM HEKOTOPBIM 00pPa30M MHO-
JKeCTBO BCeX JeCKpUNTOpoB (mezaypyc). Kax oMy TOKYMEHTY COMOCTaBUM
3allMCh, MPEICTABIAIONIYIO COOOU OyIeB BEKTOP JIUHBI, PABHOII MOIIHOCTH
Te3aypyca, B i-0if KOMIIOHEHTe KOToporo crout ) (HOJb) B TOM U TOJBKO B
TOM CJIydae, KOTJA i-blif JeCKPUITOP BXOJWT B ONMUCAHWE JAHHOTO JOKYMEH-
Ta. 3ampockl Oy/IeM OIHMCHIBATH AHAJOTHIHBIME BEKTOPAMHU, TO €CTh B i-Oif
KOMITOHEHTe 3aIrpoca, oyaer crosath (), ecian i-bIif JeCKPUITOP BXOIWUT B 3a-
npoc. IIpu mowncke ecim B i-0if KommonenTe 3ampoca crout 0 (To ecThb i-biif
JIECKPHUIITOP BXOJUT B 3alPOC), TO B i-0ff KOMIIOHEHTE MCKOMOil 3aliCH TOXKe
JoJzKeH crosATh 0 (TO eCTh 3alHCh J0JIZKHA COMEPKATD i-bIil J€CKPUIITOP), TO
eCTh Kark/Jasi KOMIIOHEHTA 3aIlpoca JIOJKHA ObITh HE MEHbBIIe COOTBETCTBY-
IoIeil KOMIIOHEHTHI 3amucu. TakuM oOpa3oM, Mbl UMeeM 3aJady MOUCKa Ha
OyseBoM Kybe ¢ OTHOIIEHHeM IOMCKa ''He MeHbIIe MO-KOMIIOHEeHTHO' .

B obmem ciydae BKIIOYAIONITI TOMCK BCTPEYAETCS BCET/1a, KOTIJIa deMeH-
Thl HHGOPMAIMOHHOIO MACCHBA 33IAI0TCSI MHOYKECTBOM CBOHCTB (B YacTHO-
CTH, B JECKPHUITOPHBIX ABTOMATH3MPOBAHHBIX WH(MOPMAINOHHO-TIONCKOBBIX
cucTeMax — CBOWCTBAMM HAJIMYHsI JIECKPUIITOPA B ONMUCAHWU JOKYMEHTa) W
HEOOXOIMMO TEPEIUCTUTh B 9TOM MACCUBE 3JEMEHTHI ¢ OIpeaeeHHBIM HA0O-
POM CBOICTB, 3aJaBAEMBIM 3aIIPOCOM.

WccnemoBanne 3a/1a9u BKIIOYAIOINIETO MOMCKA B JAHHOM CTaThe TPOBOIHUT-
cst ¢ momoInbio nHGopMannoHHbX cereii ¢ mepexsodareasmu (MICIT), ko-
TOpBIe TPeACTABISAI0T CODO MHOTOMOIIOCHBIE OPUEHTUPOBAHHBIE CETH, BEp-
IMIHBI U pebpa KOTOPBIX HMEIT HEKOTOpPYIO Harpysky. Harpyska mosrocos
— 3TO eCTh MHOXKECTBO MCXOJHBIX JAHHBIX. ['pad cerm oTpazkaer CTpPyKTy-
pHU3AIMIO TaHHBIX. A Harpys3ka pebep W BHYTPEHHHX BEPIIHH 33JaeT Habop
cpescTB opueHTanun B gaHabiX. Cjydail, Korjga rpad ceTu siBIsieTcs Jepe-
BOM, y/I00€H W WHTEPECEH TeM, YTO CTPYKTYPHI JAHHBIX, COOTBETCTBYIOIIHE
JIEPeBbsIM, MPAKTUYHBI W WX TOpa3jo mpoiie pean3oBarh Ha IBM, kpo-
Meé TOTO B KJacCe JPEBOBUIHBIX CTPYKTYP ropaso Jierde MoIydaTh HUKHUE
OIIEHKH CJIOKHOCTH aaroputvmoB. Hambostee u3BecTHOi MOJETbIO, UCIOIB3Y-
eMOIi JIJIsl MCCJIeIOBAHUS CJIOKHOCTH AJTOPUTMOB, SIBJISIETCS GA2€0PAUYECKOE
depeso evuucaenud [7, 8, 9, 10]. PazHoBHIHOCTHIO aarebpanveckoro jgepeba
BBIYHCJICHUIT SIBJISIETCST TaK HasbiBaeMoe (ajrebpamdeckoe) depeso pewenud
nopaodka d [11]. B caygae korma d pasHo 1, moaydaercst aunetinoe depeso pe-



werudi, ¢ UCIOJIB30BAHNEM KOTOPOTO MOJYYeHbl TOKA3ATEeTHCTBA PsI/ia HUK-
HUX OIEHOK cyiokuoCcTH [8, 9, 12]|. Kak BuanM, BCe 9TH CTPYKTYPBI IPEBOBU/I-
uel. CeTeBble CTPYKTYPHI, UCHOJIB3YeMble B TEOPUH aJTOPUTMOB, TaKUe, KaK
craHzapTHbie cxeMbl iporpammbl [13]| win cern [Merpu (14, 15], npuvensitor-
¢S B OCHOBHOM JIjI MICCJIEJIOBAHNUS KQ9eCTBEHHBIX BOIPOCOB, TAKMX KaK K-
BUBAJIEHTHOCTH IPOTPAMM, TPoOIeMbl 0€30MaCHOCTH, OTPAHUIEHHOCTH, KOH-
CEepPBATUBHOCTH, YCTOMUMBOCTH, JOCTUKUMOCTH W T. I. Torma Kak aBTOpPOB
MHTEPECYIOT KOJIMIECTBEHHBIE XapPaKTePUCTUKHN TTPOTPAMM, TaKhe KaK BPeMs
paboThl n 06beM maMsaTi. YToObl MOHATH HACKOJIBKO OIPaBIaHO UCIOIH30BA-
HU€e IPEBOBU/IHBIX CTPYKTYP B KA9eCTBE MO/Ie/Ieil BRIYNC/TeHNit MpecTaBIsIeT
HHTepeC BBIIBUTHL TaKWe TUIBI 3aJad HH(GOPMAIMOHHOIO MOUCKA, KOTOPhIe
uMesin OBl JIPeBOBU/IHBIE ONTHMAIbHBIE HHMOPMAIMOHHLIE ceTh. Panee omy0-
JIMKOBAHHBIE PE3YJIbTATHI OJHOTO W3 aBTOPOB [16] roBopwIn B 1MOJIB3Yy TOTO,
JIIST 33J1a9 BKJIIOYAIONIEro MOWCKa, HanboJjiee BEPOSTHON SBJISIETCS JIPEBOBU/I-
HOCTH onTuMaJ/bHoI cetu. Ho B mannoit pabore sta runoresa ornpoBeprayTa.
b maiimenbl Takuwe 3a/1a9M BKJIIOYAIONIETO TMOWCKA, JIIS KOTOPBIX OMTH-
MaJbHble HH(MOPMAIMOHHBIE CeTH He SBJSIOTCS JApeBoBUAHbIMEH. C ApyTroit
CTOPOHBI OBLIT HaliAeH TaKoil mMoJKaacc HHMOPMAIMOHHBIX CeTell, B KOTOPOM
JIIST JTI000# 3a/1a49M BKJIFOYAIOIIEro MOUCKa ONTUMAaJIbHAas CeTh JIPEBOBU/IHA.
DTOT MOJK/IACC TOJYIU Ha3BaHWE OECIIOBTOPHBIX CETEil, MMOCKOJIbKY B HEM
BJIOJIb JTIOOOI OPUEHTUPOBAHHOI 1EIN, BeAyIel u3 KOPHs, He MOT'YT JBaKIbI
BCTPEeYaThCs CUMBOJIBI OJTHON U TOil »Ke HArpy304YHOil (DyHKIINH.

Asropsr Beipazkator Os1arogapuocts B.B.Kynpssuesy n A.C.ITogkomsuny
3a MOJJIEPKKY B padbore.

2 OcHoBHbIe TOHATHA U (OPMYJIUPOBKA Ppe-
3yJILTATOB

Mpbl GyJeM HCHOIB30BATH TEPMHHOJIOTHIO W 0003HadeHust w3 paborer [17].
Hamomuum nonsitre wHdoOpMaimonHoii cetn ¢ nepekmodaressvu (MCIT) u
JpyrHe HeoOXoauMble ToHaTns u3 [17].

[Tycth X — MHOXKECTBO 3aIPOCOB, IpuYeM Ha X ONpPeJIeIeHO BEPOSITHOCT-
Hoe mpocrpancTBo (X, 0, P), r1e 0 — anreGpa moaMHOXKeCTB MHO)KecTBa X
P — BepositHOCTHAsT Mepa Ha 0; Y — MHOXKECTBO 3amuceil (00beKTOB TTonC-
Ka); p — GunHapHoe oTHOmeHue Ha X X Y, Ha3pIBA@MOe OTHOIIEHHEM TTOUCKA,
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tpoiiky S = (X,Y,p) (wmu narepry S = (X,Y,p,0,P), eciiu Mbl X0TUM
HOTIEPKHYTH KaKOe NMEHHO BEPOSITHOCTHOE MMPOCTPAHCTBO HaL X HCIOIL3Y-
ercsi) OyJeM Ha3bIBATH MUNOM WIH WHOTAA GoJiee PA3BEPHYTO MUnom 3a0a4
ungopmayuonnozo noucka; tpoiiky I = (X, V,p), tne V. — nexoropoe Ko-
HEYHOE MOJAMHOYKECTBO MHOYKecTBa Y, B JlaJibHeiIeM Ha3biBaeMoe OubAUO0-
mexkot, OyJeM Ha3pBaTh 3ajadeil uudopmanuonuoro moucka (3UIT) Tuma
S =(X,Y, p) (wmu 3UII, npunayiexareii tumy S, u obo3uadars I € S), u
Oyznem caurath, 9to 3agada I = (X, V) p) cocront B nepedncaeHun st mpo-
U3BOJILHO B34TOrO 3anpoca & € X BceX TexX W TOJBbKO Tex 3amuceit u3 V', Ko-
TOPBIE HAXO/IATCSI B OTHOIIIEHUH ) C 3AIIPOCOM T, T.e. YIAOBJIETBOPSIOT 3aMPOCY
z;0(y,p) ={r € X :xpy} —renp3amncu y € Y; Ny = {w € X : f(z) =1},
rie [ — OJHOMECTHBIN mpeaukatr, onpeenenusiii va X, t.e. f: X — {0,1};
Xyp : X —{0,1} maxas, uro N, = O(y, p) — xapaxrepucrudeckas (QyHK-
st 3amucu §; F' — MHOKeCTBO CHMBOJIOB OJJHOMECTHBIX MPEIUKATOB, OMPeIe-
JIEHHBIX Ha, MHOXKeCTBe X, Ha3bIBaeMOe 0a30BBIM MHOKECTBOM IIPEJINKATOR;
(G — MHOXKECTBO CHMBOJIOB OJHOMECTHBLIX MEPEKTI0UATeNel, OIpeIeTeHHbIX
Ha MHOKecTBe X . [log mepekmodarensmu OyaeM MOHUMATh (DYHKIAH, 00./1a-
CTHIO 3HAYEHMIT KOTOPBIX SABIAIOTCA KOHEUHBIE TOJIMHOKECTBA HATYPAJIHHOIO
psa.

[Tapy F = (F,G) na3zoBeM 6a30BBIM MHOZKECTBOM.

Ecu n — HaTypajabHOe Iucio, a ¢(r) — HeKUil TepeKII0UaTe/lb, TO 1epes3
£y () obo3HAIMM TIpeIuKaT, onpe/ieiennbil Ha X , Takoi, 4To

Nen = {2 € X : g(x) = n}.

Ob6o3HAYIM

@:{fg:geG,nEN}.

Omnpenenenne noustusa VICII pazduBaercs Ha aBa srana. Ha nepBom stare
PACKPBIBAETCS CTPYKTYpHAs (CXeMHAs) YacTh ITOrO MOHATHS, HA BTOPOM —
dyHKIHOHATbHASI.

Onpenenenne VICII c Touku 3peHnda ee CTPYKTYPBHI.

[IycTh HAM IaHa OpHEHTHPOBAHHAS MHOTOIOIIOCHAS CETh.

Brigeum B Helt OiH MOJTIOC 1 HA30BEM €0 KOPHEM, 8 OCTAJIbHBIE TTOJTI0CA
HA30BEM AUCTDAMU.

Brigenum B cetn HEKOTOpBIE BEPITUHBI U HA30BEM UX MOYKAMU NEPEKAIO-
wenusd (MOJTICa MOTYT GBITH TOYKAMHE TEPEKTIOUEHN ).

4



Ecan 8 — Bepmuna ceTu, To 4epe3 13 0003HAUUM NOAYCMENEHL UCT00q
BEPIIUHEL [J .

Kaxkmoit Touke mepek/iroueHusi (3 comoctaBuM Hekuit cumBos u3 (G, Ta-
KOif, 9TO MaKCHMaJIbHOE 3HAYEHNE TMEePEKTI09aTe s, COOTBETCTBYOIIErO ITO-
My CHMBOJIY, He TIPEBBIMIAET )g. DTO COOTBETCTBHE HA30BEM HAIDY3KOIl TOUEK
HePeKTI0TCHHS.

JLna Kazk 10 TOUKH nepekaodennda [ pedbpaM, u3 Hee UCXOASIINM, TOCTa-
BIM BO B3aMMHO OJHO3HAYHOE COOTBETCTBHE UHC/IA W3 MHOXKecTBa {1,5}.
DT pebpa HA30BEM MEPEKTI0YATETHHBIMHI, 8 3TO COOTBETCTBHAE — HATPY3KOi
epeKIIJaTeIbHbIX pedep.

Pebpa, He aBJISIONIIECcsS MTePEKTI0YATETHHBIMI, HA30BEM NPeduKramHbLMU.

Kazk oMy npeaukaTHOMY pebpy CeTH COMOCTABUM HEKOTOPBI CHMBOJT U3
MHOKecTBa F. DTO COOTBETCTBHE HA30BEM Ha2py3k0T npedukammoiy pebep.

CormocTaBuM KazK/IOMY JIHCTY CETH HEKOTOPYIO 3allUCh M3 MHOXKeCTBa Y.
DTO COOTBETCTBUE HA30BEM HA2PY3KOU NUCNBES.

[Tosryaennyto HArPYZKEHHYIO CETh HA30BEM UHPOPMAUUOHHOT CEMBIO € Ne-
pekaowamenamu naja 6azoseim Muoxecrsom F = (F,G) .

Onpenenenne dyuknuonupoBauusa VCII.

[Tycts mam mama VCII U .

[Toce0BATEILHOCT OPUEHTHPOBAHHBIX pebep cetn (g, ag), (ao,as),

(1, 4p) HA30BEM 0PUEHMUPOBAHHOT U4ENBI0 OT BEPIIHHBI (7 K Bep-

IITTHE (.

Eciu ¢ pebpo ceru, 1o uepes [¢] 0603HATUM €ro HArpY3KY.

IIposodumocmuvio pebpa (v, 3) HA30BEM TpeauKarT, paBHbIH [(«, ()], ecau
pebpo mpeauKaTHOe U fg(a’ﬁ)], eciu pedpo MepekJroJaTeTbHOe, TIe ¢ — Tepe-
KJII0YaTe/Ib, COOTBETCTBYIOIINNA BepIIUHE (.

IIposodumocmuviro opuenmuposanHot ueny Ha30BeM KOHbIOHKIHIO TPOBO-
JIIMOCTel pebdep 1ernmn.

Ecan 3adukcupoBars 3alpoc I, TO Iellb, TPOBOAUMOCTL KOTOPOii Ha 3a-
mpoce x paBHA 1, HA30BeM npogodauieti uenvio Ha 3ampoce .

B NCII no anaiornu ¢ KOHTAKTHBIMI CXeMaMK BBeJIeM /I KAayKI0i mapbl
Bepmind o u 3 dynryuro nposodumocmu  fnz OT BepUIIHHBl (v K BepluuHe [3
CJIEIYIOIIUM 00Pa30M:

eccma=/(,70 fos(z) =1 (x € X) ;



e ccu o # ( u He cymecrByeT B VICII opueHTHpOBAHHBIX Temeil OT a K

B, 10 fap(z) = 0;

® eciu (v # 3 U MHOXKECTBO OPHEHTHPOBAHHBIX Ielell OT o K [ He IyCTo,
TO fo3(%) PABHO JU3BIOHKIMA TPOBOJMMOCTEH BCEX OPHEHTHPOBAHHBIX
nereit ot a K f3.

Oyuknuto nposogumoctu ot Kopust VICII k mekoropoit Bepmmue [ CII
HazoBeM @yrkyued Guaivmpa BepmmHbl [ n obo3nadnM @g(T) .

Yepes R(U),P(U), L(U) (wma mpocto R, P, L) 0603HAUAM MHOXKECTBA
BEpIINH, TOUEK IEePEeKTIOUEHUs U JUCTHEB ceTH U COOTBETCTBEHHO.

[Tycrs N — HekoTopasi mojacerh (T.e. POM3BOJBLHOE MOIAMHOKECTBO BEp-
muH 1 pebep) UCIT U. Yepes (N) 0603HaIMM MHOKECTBO 3aITUCEil, COOTBET-
CTBYIOIIUX JINCThSIM 3TON MOJCETH (B YACTHOCTH, €CJH (v — HEKOTOPBIIl JIHCT
ceru U, 10 oz (o) 6yJeM MOHUMATB 3aMKUCh, COOTBETCTBYIONIYIO JTUCTY (¥).

Bynem rosoputh, uro UCII U peammsyer dynkmmo J : X — 2Y, nasnr-
Baemyto (ynkmeii orsera cern U U ompenenseMy0 COOTHOIIEHUEM :

J (@) = ({a € L) : palz) = 1}).

[Torsrre VICII moaHOCTHIO ONpeIeIeHo.

B cnyuae, korma 6a3oBoe MHOXKECTBO mHepeksodareneir G mycrTo, T.e. B
cerax Her mepekmodareseii, To VCII Has3bpBaOTCT UHEGOPMAUUOHHBLMU CE-
mamu ¢ dybauposanuem sucmoes (MICI).

B nannoit ctarbe MBI OyZeM B OCHOBHOM uccieaoBath umenno MC/I.
Ckazkem, uro UCIT U paspemaer 3UIL I = (X, V, p), ecau gns Vo € X

J(x)={y €V :xpy}.

Caootenocmoro UCIT U ma 3anpoce © Ha30BEM UUCTIO

TU,z)=0b- Y tg-pslx)+a-Y ps(x),

BER\P BEP

rJe KOHCTAHTA ( XapaKTepU3yeT CJIOXKHOCTb BBIUUC/ICHHS OTHOTO MEepPEeKJIo-
JaTesist, a KOHCTAHTa b — OJHOTO MpPeINKATA.

Jlasee Bcroy OyaeM mpenoararh, 9TO Mbl HAXOJAUMCS B YCJIOBUSIX JIEM-
mbl 1 u3 [17], Te. Bygem cantarTh, 9TO ajnredbpa o COMEPIKUT BCE MHOXKECTBA
Ny, toe fEFU@.



[Ipu srux yenopusx T'(U, x) — caydaiinas BeJUYUHA 1O T, U MOYKHO BBe-
CTH TMOHSTHSA CTOXKHOCTH CeTH U CJIOKHOCTH pedpa CeTH.
Caooscrnocmuio UCII U HazoBeM MaTeMATHIECKOE OXKUIAHNE BEIUIHHDI
T(U,x), T.e. qucmo
TU)=MT(U,z).

Ecin (B, a) — pebpo NCIIL, To caoorcrocmuvio amozo pebpa Ha30BeM THCIIO
e b-P(N,,) — ecmm (B, ) — npemukaTHOe PeOPO;
e a-P(N,,)/¢s — eciu 310 pebpo mepekouaTeIHHOE.

Jlerko Buzerh, uro caoxkuocth MCIT paBHa cymme cioxkuOCTel pebep

NCII, Te.
TU)=b- > YsP(Ny,) +a- > P(N,,).
BER\P BEP
Jlamee Bcromy OyaeM mpejmosararb, 9to a = b = 1.
[Tycts mam mana wekast SUIL 1. Caoorcrocmoio sadavwu I npu 6a306om
MHootcecmee F HA30BeM UIHUCIIO

T(I,F) = inf{T(U): U € U(I, F)},

rae U(I, F) — muoxkectso Beex NCIT nag 6a30BbiM MHOMKECTBOM F, paspe-
maromux 3UII 1.

Cxkazkem, 910 6a30B0O€ MHOXKECTBO JF MOJIHO /I THIIA S, eC/In st JTI000i
BUIT I tuna S U(I,F) # 0.

Ecnun cymecrsyer takast VICIT U € U(I,F), aro T(U) = T(I,F), 10
NCII U 6ynem naswsiBaTh onmumanrvhot mas ST T,

Cxaxkem, uto wekas Beprmmaa VICIL docmuotcuma u3 xopHnsa wam mpocTo
docmustcumas, ecan HYHKIUS (DUIbTpa TOH BEPITUHBI HE paBHA TOXK/Ie-
CTBEHHOMY HYJIIO, B IIPOTHBHOM CJIy4ae BEPIIUHY HA3BIBAEM HEJOCMUNCUMOT.

Cxkazkem, aro pedpo VCII necywecmsenmoe, ecam BHIMOJTHSIETCS XOTS ObI
OJIHO U3 CJIEAYIOIMNUX yCJIOBAN

® OHO MCXOJUT W3 HEeJOCTU KNMOW BEePITUHDI,

® OHO SIBJISIETCSI MMPEJINKATHBLIM W BXOJHUT B KOPEHb WJIN B HEJOCTUKUMYIO
BEPIHAHY,



® OHO SIBJIFETCI MePeKTI0vaTe/IbHbBIM, H YUCI0, IPUIUCAHHOE STOMY Peb-
py, 0OJbIIe MaKCHMAJIbHOIO BO3MOXKHOTO 3HAUEHHSA MEPEKTI0TaTe s,
COOTBETCTBYIOIIEI0 HavYaJIy 9TOro pedpa,

e HAYAJI0 U KOHeI pebpa COBIAIAOT.

B nporuBHOM ciiydae pebpO HA3BIBAEM CYULLCMBEHHDLM.

JIerko 3amMeruTh, 9TO yaajleHHe HECYIIEeCTBEHHBIX pedep M3 CeTH He W3-
MeHsIeT (DYHKINOHNPOBAHUS CETH W HE YBEIUUHUBAET €€ CI0:KHOCTL. Ilodro-
My Bcerja B jajibHeiiem Mbl Oynem pacemarpuBarh VICII ¢ TourocThio 10
HECYIIIECTBEHHBIX pebep, a TouHee OyaeM camTarh, 9To Bee pedbpa B VICIT —
CYTIECTBEHHBIE.

Teopema 1 (0 cymiecTBOBaHNU ONTHMMAJIBHBIX cereit) [fycmv S =
(X,Y,p,0,P) — makoti mun, wmo mmosxcecmseo 3anpocoé X Konewno, o
— MHoxcecmeo ecexr nodmmoosicecms X, P — makas sepoammnocmnan me-
pa, wmo daa mobozo B C X P(B) > 0. Tozda, ecau 6a3060e mHotcecmeo
F = (F,G) noano dan muna S, u mmnoocecmso F U G KOHEYHO, MO 0AA
moboti SUIT I muna S cyuwecmeyem onmumanvran UCII.

PaCCMOTpI/IM THUII 3aa4 BKJIIOYaIOIIEero IoucKa.:

b
Sb = <Bn7 Bna =, 0, P>7
e B" — edunuunniii n-meproit xyb, TO eCThb

B" = {(a,...,ap): «; €{0,1} (i =1,n)},

b
> — OoTHOIIIeHue noucka Ha B™ X B", onpee/isieMoe CJIeAyIONINM COOTHOIITe-

HUEM b
(«Tla"'axn)i(yla"'ayn) T Z Ys, Z:L—na

o — anrebpa TOIMHOXKeCTB B™, mpeactapisionas co00il MHOKECTBO BCEX
nojiMHoXkecTB B", P — paBHOMepHasi BepOsSiITHOCTHAsI Mepa Ha 0, TO €CTb
Takast Mepa, 9ro mias Vo € B" P(x) =1/2" u VA C B" P(A) = |A]/2".
HamoMuuM, 4TO B cooTBeTcTBUE ¢ TepMmuHosorueii [18] dopmyna
wit&af?& .. &air, toe & - smak kombiomknmu, o) € {0,1}, 2} = Ty,
xi = iy, i, € {1,2,...,n}, k= 1,2,...,r (r > 1 un > 1), nassBaercs
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Konstonkyuetd nad mroocecmeom nepemennor X" = {xy, xq, ..., 1, }. Ecam
T, # Ty, UPU J F# k, TO KOHBIOHKIHUS HA3BIBAETCA 2AEMEHMAPHOL. DTeMeH-
TapHas KOHBIOHKIUS HA3BIBACTCS MOHOMOHHOT, €CJTH OHA HE COIEPAKUT OTPH-
L[aHHfI IepeMeHHbIX. MHO)KGCTBO dJIEMEeHTapHbBIX MOHOTOHHBIX KOH’bIOHKHI/Iﬁ
OT N TMepeMeHHBbIX OyaeM 0b03HavaTh depe3 .

DOynknus anrebpsl Joruku f (1, ..., T,) HA3BIBACTCA MOHOMOHHOU, €CITH

JIIS JTIOOBIX JIBYX HAOOPOB v U 3 m3 B™ TakuX, ITO aéﬁ, HMeeT MeCTO Hepa-
BeHCTBO f(av) > f(/3). M3 bIOHKIMST 3IeMEHTAPHBIX MOHOTOHHBIX KOHbHIOHK-
nuii ectb MOHOTOHHAsT (PYyHKIUsA. MHOXKECTBO MOHOTOHHBIX OYJIeBBIX (DYHK-
il OT N MepeMeHHBIX OyaeM obo3HadaTh depe3 M™.

PaccMoTpuM mpon3BobHY0 3anuch y € B™. Ilycts {iy, ..., i} ecTh MHO-
JKeCTBO HOMEPOB KOODJMHAT BEKTOpa ¥, KoTophbie papubl 1. HerpyaHo 3ame-
THTb, YTO

X o (T1,. ) =0 &x,& . &y,
(Nl
T.€. XapaKTepucTuiecKas (bYHKIUS 3aIUCH { ABJILETCA dJIeMEHTaPHON MOHO-
TOHHOII KOHBIOHKIIHEI.

Orcrona cormacHo |17, Teopema 1| ceThb, paspeniaoriasi HEKOTOPYIO 33129y
BKJIIOYAIOIIEro MOKCKA, IPEACTABILET COOOI CeTh, PeaTH3yIOILy 0 HEKOTOPYIO
CHCTEMY 3JIeMEHTAPHBIX MOHOTOHHBIX KOHBIOHKIMH. OTKyma cornacuo |19,
TeopeMa 2| creayer, uTo Kaxkaoe u3 6a30BbIX MHOZKeCTB (M™ (), (K" () n
(X" () sBasiercst HOMHBIM jijist TUTIA S).

JIerko BHAETDH, YTO TUI BKIIOUYAIOIIErO MOUCKA 1 JTI000e 13 6a30BBIX MHO-
xeers (M™ (), (K™, 0) u (X" 0) yroBreTrsopser ycioBusaM TeopeMmbl 1, u
S3HAYUT JIJIs1 JTFOOOM 3218491 BKJIIOYAIONIETO MOUCKA CYIIECTBYET ONTHMAIbHAS
nH(GOPMAIMOHHAS CETh.

CupaBeI/TUBBI CIEAYIONINTE TeOPEMHI.

Teopema 2 Ecau n > 9 u 6a3060€ MHONCECMBO €CMB MHOHCECTNBO NEPE-
mennoz (X" 0), mo cywecmeyem makas 3UIT muna Sy, das xomopot on-
mumanvras HCIT nad (X™, () ne aseasemca depesom.

Teopema 3 Ecaun > 26 u 63060 MHOHCECMBO ECMb MHONCECTNEO INEMEH-
MaAPHvLET MOHOMOHKUE Konstonkuul (K™, 0), mo cywecmsyem maras 3UTT
muna Sy, das Komopot onmumanvras UCIT nad (K", 0) ne asasemes depe-
GOM.



Bompoc 0 IpeBOBIHIHOCTH ONTHMAJBHBIX ceTeil /11 6a30BOr0 MHOXKECTBA
(M"™ () MOHOTOHHBIX OyIeBBIX (DYHKIHUH OCTAETCS OTKPBITHIM H3-3a TI'PO-
MO3/IKOCTH BBITHCJIEHUH, KOTOPbIe HAJI0 MPOU3BECTH MPU JOKA3ATETHCTRE.

Bynem roBoputhb, 9T0 JiBE 3/IeMEeHTAPHBIE MOHOTOHHBIE KOHBIOHKITUU 1€~
PeceKaloTCs MO MepeMeHHBIM, eCad B (POPMYJIax, OMUCHIBAIONINX 3TH KOHb-
IOHKITIH, BCTPEYAIOTCS OJUHAKOBLIE ITepEeMEHHBIE.

[Tox 6ecnosmoprvimu cemamu 6ymnem noaumarsh C]I #ax 6a30BBIM MHO-
xkecrsoMm (K™, () nmum max 6asoBbiM MHO)KecTBOM (X™, (), B KOTOpBIX JiIst
JII000i#1 e HATPY3KH JTIOOBIX JIBYX PAa3/JTHYHBIX pebep 3TOi Ienn He mepece-
KAIOTCS 110 TIePEMEHHDIM.

CrpaBeinBa, cjieIyIomasi TeopemMa.

Teopema 4 Ilycmv F odno us dsyz Gasosvir mmoocecme (K", 0) wuau
(X™, 0y, moeda dan awoboti BUIT I muna S, cemv nad 6a3068vM MHOIICE-
cmeom F, ABAANOWAACA ONMUMAILHOT 6 KAacce DecnosmopHur cemet 0aa
sadayu I, umeem sud depesa.

[Tycts M wekoropoe muO)KecTBO. Uepes | M| 0603HAYNM YHCIIO JIEMEHTOB
BO MHOXKecTBe M, Ha3bIBaeMOe MOIITHOCTHIO MHOXKecTBa, M.

3 CymecTBOBaHUE ONTUMAJILHBIX ceTeii

B namnom pazmene mokaswpiBaeTcs TeopeMma 1
Bozbmem nmpoussosbayio 3UIL I tuna S. [lockoabky F momaHO 71 THOA

S, 1o cymecrByer VCIT U’ naj 6a3oBbiM MHOKeCTBOM JF, pasperiaroriast
SUII I. OueBumHO, 9TO

T(I,F) = inf{T(U) : U € U, F)} = inf{T(U) : U € U'},

tneld ={U eU(I,F):T(U) <TU)}.

JLnst okaszarebCcTBa CymecTBOBaHus onTuMasbHoii ceru st SUTT I nam
JIOCTATOYHO TOKA3aTh KOHEYHOCTh MHOXKecTBa U'.

[Iycts |F U G | = n Ilyctb M — MHOXKECTBO BCEX OTJIMYHBIX OT TOXKJIE-
CTBEHHOT'O HYJISI IPEJIMKATOB, MOJTYYEeHHBIX U3 IPEJIMKATOB MHOXKecTBa, F’ UG ¢
IOMOIIIBIO OTepaInii KOHBIOHKIUS 1 an3bioHKIHs. [TorsTHO, uto |M| < 22"
[Tyctn ;Iéi]\I}P(Nf) = r. CormacHo yciaoBuio teopembl r > 0. Ilycts m —

MaKCHUMaJIBHO BO3MOXKHO€ 3Ha4YeHUe HepeKJIIO‘{aTeJIeﬁ us3 G. HOCKOJIbe JLJIA
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moboit UCII nag F dyuknun (buibTpoB BepIInH, U3 KOTOPBIX HCXOST KAKHe
b0 pebpa, IpuHAIIeKAT MHOXKECTBY M, TO CTOXKHOCTH JTIOOOTO TTpeIuKaT-
HOTO pebpa ceTn HaJL F He MEHbIIeE, 9eM I, & CJI0KHOCTh JI000T0 MepeK/Irova-
TeJILHOTO pebpa He MeHbIie, deM 7/m. Orciona B ao6oit ICIT u3 maoxkecTBA
U’ aucio pebep ue 6osbire, gem T(U')-m/r. TlockoabKy 13 KOHEYHOCTH MHO-
xectBa F'U G clleyeT KOHETHOCTD WHC/IA PA3THIHBIX HATPY30K CeTeil, To,
3HAYHUT, MHOKECTBO U’ KoHedHOe.
Yro u J0Ka3bIBAET TEOPEMY.

4 O HeIpeBOBHMIHOCTU ONTUMAJBHBIX MHEOP-
MAaIIMOHHBIX CeTeil BKJIIOYAIOMIEro IIONCKA

[Ipexme ueMm HOKa3BIBATL TEOPEMBI 2 U 3, JOKAZKeM IBa IMOJIE3HLIX CBOUCTBA.

CsoiictBo 1 Ilycmv U npoussoavran UCI/ nad 6a306biM MHOHCECMEOM
(M™ D), (K™ 0) uau (X™ 0), paspewarowas nexomopyro sadaywy muna Sp.
Tozda aoboe (cywecmeennoe) pebpo cemu U umeem caonchocms, we MeHb-
wyro, wem 27",

Joxaszamenvemeso. Tlockonbky modast pyakmnust u3 muoxkects X", K" u M"
npuHIMaeT 3Hadenne 1 wa 3ampoce Buga (1,1,...,1), To 3ampoc (1,1,...,1)
npoiizer B m00yio Bepmiuny ceru U. CrenoBaTesibHO, CIOKHOCTH JTFOOOTO
pedpa cerun U He menbine, vem 2° ™. UTo u TpeboBAIOCH JI0KA3ATH.

[Tycrs Gazosoe muOKecTBO nMmeer Bug F = (M™ (). Ilycrs U — NC]]
Ha 1 6aszoBbiM MHOKecTBOM F. [TonmuoxkecrBo {1, ..., By} Bepmun cetn U
m

HA30BEeM TaPaKMEPHBILM, €CJIA CYIIECTBYET TaKas 3aluch a € X, 94T0 \/ ©p, =
i=1

K,.

[Iycre U — UC] nax 6azosbiM MuOKecTBoM F = (M™ (). Ilycrs
B={p,...,Bm} — xapakTepHOe MOJIMHOKECTBO BepiuH cetn U Takoe, 9To
m
\/ pp;, = K,. Ecm B cetn U cymecTByeT Takas Iellb, Belyllad U3 KOPHS

i=1
B KaKy[0-THOO BEPIIHHY MHOZXKECTBA [, YTO MPOBOJAMMOCTD STOM IEnn paBHA
K,, 10 3Ty 1enb Ha30BeM 24a8H0U UENDBIO TAPAKMEPHO20 MHoMCecmsa B.

Kaxk mokazano B [16], cipaBeiuBbl ciiejiyomnue TeopeMa u e CTBHIE.
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Puc. 1: ®parment cetn U

Teopema 5 (0 cymiecrBoBanuu riaasHbIX memneit) [Tycmo U — npous-
soavraa UCI nad bazosvim mmoscecrneom F = (M™ Q). ITyems B — npo-
u380AbHOE Tapakmeproe nodmmosicecmso sepuun cemu U. Tozda 6 cemu U
CYWECMBYEM 24068HAA UENL MHOMHCECMEa B.

b
Caencreue 1 ITycmo [ = (B™,V, =) — 3UII muna Sy. [Tyecms U — HCJT
nad 6azoevim mmosncecmeom F = (M™ D), paspewarowas 3UII I. Tozda dns

0601 3anucuy € V maxot, wmo O(y, é) #+ 0, 6 cemu U cywecmeyem yens,
6edYULaA U3 KOPHA 6 KaKyto-Aub0 eepuiuny mroscecmea Ly (y), makas, wmo
NPOBOJUMOCTIL IMOT UENU PasHa X b

Y.
CsoiicTBo 2 Ilycmv U npoussosvhas HCI Had 6a306biM MHOHCECTIEOM
(M™ D), (K™, 0) uau (X™, 0), paspewarowas nexomopyro sadawy I muna Sy u
uMenuLas 6ud depesa, 8 Hexkomopotl 24a6H0T UENU 3aNUcCy KOmopot cmpe-
waemea 06a PaAsHuLT pebpa, KOMOPbLM NPUNUCGH 00UH U MO HCE CUMBO.
Tozda cemv U ne moorcem 6vums onmumasvnoti das sadavwu 1.

Joxazameavcmeo. CormacHo yceaoBuio cerb U comep:KuT parMentT, H300-
pakeHHBIl Ha pucyHke 1, To ectb U cOmep:KUT TJIaBHBIM TyTh HEKOTOPO
3alMCH, B KOTOPOM BCTPEYAIOTCS JIBa pedpa, KOTOPHIM MPUITHCAH OAUH W TOT
ke cuvBoal f. ObosHaunM mepBoe pebpo, KOTOPOMY HpUIHcan cuMBoa f, (Ha
pucynke 1 — HUZKHee) depes ¢;, a BTOpoe pedpo, KOTOPOMY MPUITHCAH CHMBOJ
f, (Ha pucynke 1 — Bepxuee) — depes cs.
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Puc. 2: Bamensirommuii pparmesT

Tak kak cerb U apeBoBHIHAM], TO K KaxKJI0# BEepIINHE BEJIET TOJIBKO OTHO
pebpo (¢ ydgerom TOro, 9TO B CETH HET HecyllecTBeHHBIX pebep). [Tosromy
BCe IEIH, TTPOXO/IsIe depe3 pedbpo ¢y, mpoxoasaT u depe3 pebpo c¢;. Cie-
JIOBaTe/IbHO, BBIOpachIiBaHUE pedpa c; He U3MEHUT (PYHKIUNA TPOBOIUMOCTHI
nemeif, KoTopble MPOXOIWIH depe3 cp. OTCroma clIeayeT, 9YTO eCau 3aMeHUTh
¢dparmenT, n306pazkeHHbI Ha pucyHke 1, Ha (parMeHT, n300parKeHHbIH Ha
pucytnke 2, To ¢pyHKIMOHUPOBaHue cetu U He M3MEHUTCS, a CJIA0KHOCTH CO-
[JIACHO CBOHCTBY 1 yMeHBIUTCS. DTO O3HAYAET, 9TO ceTh U He Moria ObITh
onTuMaJbHO#. YUTo



























Puc. 10: Cers Us

Eciu riaBHble 1enu mepecekaioTcs, Kak B caydae (9) ¢ pucynka 8, To
eJIMHCTBEHHBIH KaH/IUJIAT Ha ONTHUMAJIbHOE JIePeBO MMeeT BU, W300parKeH-
HbIil Ha pucynke 10. 9to mepeBo obo3zuauuMm 4depes Us.

[Toncunraem cioKHOCTL aepeBa Us.

1 1
TUs) = 3+6'2_m = %2itm

X (3 X 22[+m 4 6 A 22[)‘

Torna

1
T(Us) —T(Us) = e (2%Fm 4 6. 2% — 6. 2™ 3.2 1 3.2 1 6).

Orcrona, manpumep, npu [ > 2 nmeem T'(Us) > T(Us).

Takum 06pazoMm, ecaun B3aTh [ > 2 um > [+ 1 (a mpu n > 26 5T0 MOXKHO
cAlesaTh), TO Jist Ji0boro nepesa, paspemiatomiero SUIT Iy, ero cioxkuOCTH
oyaer boJbiiie ciokHocTH cetu Us, 9TO M JOKa3bIBAET HEIPEBOBUIHOCTH OTI-
tuMaJibHOi cern jiist SUIT I,

5 O ApeBOBHMAHOCTH OITUMAJIbHBIX MH(pOpMAa-
IIMOHHBIX ceTeil BKJIIOYAIONIEro IIONcKa B
KJIacce ODeCIIOBTOPHBIX ceTeit

Hpe,ILBapI/ITeJIbHO JOKazKeM [IBa BCIIOMOI'aTeJIbHBIX YTBEPXKICHUA.

Jlemma 1 Ecau UCJT U 1ad odnum us mpex 6aszosux mrostcecms (M™, (D),
(K™, 0), (X", 0) asasemes onmumanvrol das wexomopoti S3UIT muna Sy, mo
cemu U 6 a100y10 sepwuny, Gyrukuus dursompa xKomopot ecmov aremenmap-
HAA MOHOMOHHAA KOHBIOHKUUA, 8L00umM He boaee 00H020 pebpa.
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Jokxazamenvcmeo. JlokazarenbecTBO Oy1eM BecTH OT npoTtuBHOTO. I1peamoo-
KM, 910 B ceTu U cytecTByeT BepinuHa (3, hyHKINA GUIBTPa KOTOPOii eCTh
9IeMeHTapHasi MOHOTOHHAS KOHBIOHKIUSI 1 B KOTOPYIO BXOJIUT HECKOJIBKO pPe-
oep. Tak kak pyHKIHS DUIHTPA BEPIIUHBI [ SIBJISETCS 3JIeMEHTAPHO MOHO-
TOHHOI KOHBIOHKIIHEI, TO BepInHa [ 00pa3yeT XapaKTepHOe MOAMHOKECTBO,
W, CJIeJIOBATEIBHO, COTJIACHO TeOpeMe 5 CYIIECTBYeT IIaBHasl menb (00603Ha-
anM ee Cg) 31oit Bepmuubl. [IycTh depes BepmmHy [ MPOXOTUT HECKOIb-
KO TJIABHBIX Terneil 3amuceit, kotopsie obosunaunm C1, ..., C,,. IlorsTHO, ¥TO
m > 0, Tak KaK WHa4Ye BEPIINHY [ BMECTe C BXOJSIINMUI B HEE M UCXOIATNMA
u3 Hee pedpaMu MOKHO ObLJIO Obl BHIKMHYTH, a B CHUJIy ONTUMAJIHLHOCTH CETH
U u3 Hee He/Mb3s BHIKUHYTH HUA OJTHOTO pedpa.

[ycrs C; = C}C2(i = 1,...,m), rae C} - wactp nenu C; 0T KOpHS JI0
Bepunubl 3, a Cf - wactb nenn C; nocje BepunHbl [ 10 COOTBETCTBYIONIEH
3aIUCH.

[TockombKy dyHKIUA GuIbTpa (g BepHUHB [ paBHa IPOBOIUMOCTU
ern Cg, TO, CJIEJIOBATENBHO, (g HE 3aBUCHT OT mpoBogmmoct neneii C'
t = 1,...,m Orcioga Mbl MOKeM O0bABUTH BMecTo memneit C; B KadecTBe
rnasupix neneii nemu C = C3C? (i = 1,...,m) nocae wero, yaaams pebpa,
He TPUHAJIEZKAIINE HOBBIM [VIABHBIM IMeNsaM (B YACTHOCTH, YAAISIOTCS BCe
pebpa, BXOJAINKME B BEPIINHY (3, 32 UCKIIOUEHHEM pedpa, MPUHAIIEKAIIET0
nernn Cg), noayunm VCJI U, koropas paspemnraer ucxoxamyio SUIT, u B co-
orsercreun ¢ jgemmoii 1 T(Uy) < T'(U), 910 mpOTHBOPEYUT ONTHMATLHOCTH
cetu U, 1 TeM caMbIM JIOKA3bIBAET JIEMMY.

Jlemma 2 Ecau UCI U nad odnum u3 dsyx basoswix mmoscecme (K™, 1),
(X", 0) asasemes onmumasohol 6 Kaacce 6eCnosmopHuT cemeli Oas HEKo-
mopot SUIT muna Sy, mo pynxyus duisvmpa a0boti sepuwuns, cemu U sa6-
AACMCA INEMEHMAPHOT, MOHOMOHKOT KOHBIOHKUUEU.

oxaszamensvcmeso. JlokazareabcTBo Oyaem Bectu or nporuBHOTO. [lycTs [ —
BepInHa, (GpyHKIUS GUILTpa KOTOPOil HE €CTh dJeMeHTapHas MOHOTOHHAS
KOH'BIOHKISA. B CHIy ONTHMAIBLHOCTH CeTH CYIIECTBYET JICT (v, TAKOM, ITO
cytecTByeT pebpo (uim 1enb pebep), coeaunsionee o u 3 (ecau cymecTByer
enb pedep, To 6e3 orpaHuYeHnst OOIHOCTH cauTaeM, 9T0 [ — OanzKaiiimas
K (v BepiinHa, GpyHKIus GUIbTpa KOTOPOW He SBJISETCH JJIeMEHTAPHOW MO-
HOTOHHO{I KOHBIOHKIIHEN).
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OboznaynM dbyHKIu0 nposogumoctu oT 3 K « uepesd K. Ilyctb g =
Ky V...V K, Tak KaK @, IBIgeTCI 3TeMeHTapHONl MOHOTOHHOW KOHBIOHK-
nueif, To B CHIy JiIeMMbl | U onpeje/ieHust BEPITUHBL [3

Vo= K1 =K, - (KyV...VKp,).

Ho K; - (K3 V ...V K,, He MOXKeT ObITh 3JIEMEHTAPHONH MOHOTOHHOI KOH'b-

IOHKIIMEl, TaK KaK B CHJIY OECIOBTOPHOCTH CETH KOHBIOHKIUS K| He MOKeT

coJiepzKaTh MepeMeHHbIX, MTPUHA/JIEKAMNX KOHbIOHKIAM Ko, ..., K.
[TonyuenHnoe MpoTHBOpEYNe U TOKA3BIBAET JEMMY.

Zoxazamesvcmeo meopemuwr 4. Ilycrs U — ontumasibHasi 6eCrioBTOpHAst
ceTh HaJI 0a30BBIM MHOKecTBOM F st 3agaqu [. CoracHo jgemme 2 hyHK-
nus puabrpa Ja000it Bepimunabl cetn U SIBJIsSIeTCsT 3J1eMeHTapHOW MOHOTOHHOM
KOHBIOHKITHEll, cae10BaTeIbHO, B COOTBETCTBUH C JeMMOil 1 B KaK/Iyi0 Bep-
muny VMCJ U BxoauT He Gojee ogHOTO pedpa, UTO O3HAYAET, UTO ceTh U
uMeeT BUJ JepeBa.

Yro u TpebOBaIOCH I0KA3ATD.
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