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JIOKAJIbHBIM TECT HA BKJIIOYEHUE B 3AJAYE O JOCTUYKUMOCTHU
JJI4 BITOJIHE CTPYKTYPUPOBAHHBIX CUCTEM HEPEXO,H‘OB1

. JI. Hybapos

§ 1. BBenenue

[Tporeypbl MOCTPOEHUST MHOXKECTBA JOCTUKUMBIX COCTOSTHUNA B CUMBOJILHOM IIPEJICTaB-
JIHUW HEPEJIKO MPUMEHSIOTCS JIJIsl AaHAJIN3a JUCKPETHBIX CHCTEM MEPEXOJIOB ¢ GECKOHEUTHBIM
qucsioM coctosinuii. CaMbIM IIPOCTHIM [IPUMEPOM SIBJISIETCsI MTPOIIE/Iypa MOCTPOEHUSs JiepeBa
nmocrmzkumoctu Kaprna nu Muuiepa, rjie HEKOTOPBIE Y3JIbI [IPEJICTABIISIIOT OECKOHEUHBIE MHO-
JKECTBa COCTOsiHUMN. B 00IeM cjiydyae aHAJOTUYIHbBIE TIPOIEIYyPbl CTPOSITCSI HA OCHOBE aBTO-
MaTHOTO IIPEJICTABJIEHHs PEryYJIsIPHBIX MHOXKeCTB [5]. OiHAKO, UX HNIMPOKOMY HPUMEHEHUIO
PENSTCTBYET OTCYTCTBHE IapaHTUil OCTAHOBKU M BBICOKAS BBLIYUCIUTEIbLHAS CJIOKHOCTD OT-
JIQJIbHBIX Ollepariuii.

Pertennio nepBoit mpo6ieMbl — MOUCKY KJIACCOB CUCTEM EPEXOJIOB /IS KOTOPBIX OTJIE b~
HBbIE 33JIa91 aHAIM3a Pa3PENIUMbl — IOCBAIIEHBI PA0OTHI O U3YYEHMIO BIIOJHE CTPYKTYPH-
POBaHHBIX CUCTEM Mepexojios (2, 4, 9].

O/MH BapuaHT peleHnst BTOpoii pob/IeMbl — yCKOPEHUsI OT/IEIbHBIX Ollepalnuii — B KOH-
TEKCTE CUCTEM MEPEXOJIOB, MPEJICTABIEHHBIX CUMBOJILHO C MTOMOMIBIO GECKBAHTOPHBIX (hOPMYJI
apudmeruku [IpecOyprepa, COCTOUT B IPUMEHEHHH JIOKAJIBLHOI'O TECTa Ha BKJIIOUEHHE BMECTO
6oJtee CHIIBHOTO, HO BMeCTe ¢ TeM 6oJtee CiroxKHOro recra |6, 14].

EcrecTBeHHBIM 00pa30M BO3HUKAET BOIPOC O TOM, COXPAHSATCS JIM PE3YJILTATHI O pa3pe-
HMIMMOCTH JIJIsI BIIOJIHE CTPYKTYPUPOBAHHBIX CHCTEM IIEPEXOJI0B IPH MOCTPOEHUH JIEPeBa, J0-
CTHZKMMOCTH C TIPUMEHEHUEM JIOKAJIbHOIO TecTa. B Hacrosiiel pabore OTBET HA ITOT BOIPOC
HOJTY9eH /IS 33191 O MOKPBIBAEMOCTH.

Jlns orBeTa Ha BOIPOC MOTPEOOBAJICH OJMH (DAKT U3 TEOPUH HETEPOBBIX IIPEJIIOPSIKOB,
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KOTODBIA He yJaJioch HAlTU B JiuTepaTrype. B craTbe NMPUBOAUTCS IMOJIHOE I0KA3aTEIHCTBO,

noJtyueHHoe MoudUKaIye 0[HOrO JJOKa3aTeIbLCTBa U3 KHUrd [1].

§ 2. Hcnoab3yemMmbie 0003HAYEHUSA

Mpr1 Oysiem rcmo1b30BaTh cieyiomtee corsairenne. [lepementbie n QyHKIIMOHAILHBIE CHM-
BOJIBI OyIyT 0603HAYEHBI OYKBaMU JIATHHCKOTO ajipaBUTa @, . .., 2 BO3ZMOXKHO C UHJIEKCAMU.
MHuozkecTBa OyIyT 0003HAYATHCS JIMOO 3arjaBHBIMEU OyKBamu A, ..., 7, JubO MPOIMUCHBIME
OYKBaMH IOJIY>KUPHOTO mpudTa X,y, z. CuMBOJIBI B KajaurpaduieckoMm Hanucanuu S,7 Oy-
JieM 0603HaYaTh aaredbpandeckue CTPYKTYPHI.

Ecmu p(x) asasercs dopmysioit B HEKOTOpOM si3bIKe L, comepkaiiieii ¢cBOOOIHOE BXOXK1e-
HUe IEePEMEHHON Z, a ¢t TepMOM TOro ke s3bIka, T0 ¢(x)[!/,] Oymer obosmadaTs dopmyiry
HOJIyYeHHYIO U3 () HOJICTAHOBKOI ¢ BMECTO BCeX CBOOOJIHBIX BXOXKJICHUN .

Ajrebpanyeckue cTpyKTypbl Oyzem obo3HauaTh Kak mnapy S = (S;X), cocrosiyo u3
HocuTe st S U curHarypbl 2. Ecim ¢ — dopmyna curHaTypsl Y, a § — uHTepIperaius ee
CBOOOJIHBIX MEPEMEHHBIX, TO CUMBOJIOM S, § |= ¢ Oynem 0603HAYATH BBIIOJTHUMOCTH (hOPMYIIBI
(o Tpu uHTEpIpeTanun 6.

[Tycre R(z,y) — Gunaphoe oTHOIIeHHe Ha MHOXKecTBe S, a X — HOJMHOXKECTBO B S.
ITpoobpasom X 1o ornomennto R Oyjem HasbiBaTh MHOXKeCTBO prep(X) = {z | R(z,y) mnia
Hekoroporo y € X}. Tam, rje oTHOIIEHHE MOYKHO OJHO3HAYHO OIPENEJUTh U3 KOHTEKCTA,
HIDKHUH WHIEKC OyieMm omyckarb. Korma obosnadenne pre(X) ucnosb3yercs: 6e3 HUXKHETO
uHjekca, Oyuem nucarb pre*(X) Bmecro preg.(X) mis npoobpasa 1o OTHOIIEHUIO K pediiek-

CUBHOMY U TPAH3UTUBHOMY 3aMBbIKaHUIO OTHOIIECHUA R.

§ 3. CumMBoJIbHOE IIpeICTaBJIEHUE JIJIsi CUCTEM IIepPeXO/I0B

Cucmemoti nepexodos Gynem HasbiBaThb CTPYKTYpy S = (S;{--+}) ¢ HOCuTenem S wu
CUTHATYPO#l, cofepKalleil CHMBOJI ODMHAPHOTO OTHOIIeHUs --+. MHOXKecTBO S Ha3bIBaeTCs
MHOHCECTNEOM COCMOAHUT CHCTEMBI IIEPEX0/I0B, & OTHOIIEHUE --+ HA3BIBACTCS OMHOWEHUEM
nepexooa.

IIpu nHeobxoauMoOCTH MBI OyJ/ieM JO0ABJIATH B CUTHATYPY HOBBIE CHMBOJIBI, TIOJIyYas TaKUM
00pa30oM CUCTEMBI IEPEXOI0B ¢ Oojee HGoraroit cTpyKTypoit. Paciupenne curoarypbl MO3BO-
JIsIeT TaK»Ke U3ydaTh CHCTEMbI [I€PEXO/I0B B CHUMBOJIBHOM IMpEJCTaBIeHUU. B mpojionkenne
9TOTO pasJiesia Mbl OIPEJIEJINM CHUMBOJIBHOE IIPEJICTABICHIE CHCTEM [IEPEXOJIoB, cieryst |14].

[Mycrs X = (X; X)) aBisiercst CTPYKTYPOIi ¢ cUrHATYpOIt X, He cojiepzKalieii CuMBOJIa ——+.
Bynem roBoputh, 4T0 3a8HO0 CUMBOJIBHOE IIPEJICTABJIEHIE CUCTEMBI IIEPEX0IOB S Ha X, ecyin
3ajano orobpaxkenne v : S — X" u dopMmyna ¢ co cBOOOTHBIMUA IEPEMEHHBIMUA 1, ..., Ty
u ry,...,x}, Takas 910 ecau O, 5, — HHTEpIpeTAllsi, KOTOpas HEPEMEHHOIl T CTaBUT B

COOTBETCTBUE 3HaUYeHMe V(S1)1, IEPEMEHHOIl o CTABUT B COOTBETCTBHE 3HAUeHUE V(S1)2 U

89



. JI. Uybapos

TaK Jajiee, U aHAJOIUYHO IIePEMEHHON X, COOTBETCTBYeT 3HavdeHue v(s2);, TO
§1 --* S, ecyu u TOJbKO ecin X, 0, o, = .

Bynem rooputh, uto opmysia ¢ onpesessieT OTHOIIEHHE TIEPEX0/I0B.

Ecmu s € § — ajieMeHT MHOXKECTBa COCTOSTHWIA, TO 1IyCTh 5 0003HAYAET HEKOTOPYIO WH-
TepPIPEeTAINIO, KOTOPasi CTABUT IIEPEMEHHBIM I1, . . ., Ly, B COOTBETCTBHE 3HAYEHUsI V(S)1, . . .,
v(8)n. ByleMm roBopuThb, YTO MOJMHOMXKECTBO Z, COJEDIKAINEECS B MHOMKECTBE .S, OIIPE/IC/ICHO

dopmyI10ii ¥ co CBOOOIHBIMU ITEPEMEHHBIMU X1, . . . , Ly, €CIA
s € Z Torma m TOJBKO Torja, Korma X, 05 = 1.

Ilycts L — mmHOXKECTBO (OPMYJI CUTHATYPBI >, 3aMKHYTOE OTHOCHTEIBHO 3aMEHBI IIe-
PEMEHHBIX M KOHBIOHKITMH, TAKOE YTO OTHOIIEHUE IIePEXOJOB OIPEJIEIIeTCs U3 bIOHKITNEN

dopmyn uz L. Torma mmeer MecTo ciieayioliee yTBEPXKICHUE.

IIpennoxenue 1 [14|. Ilycrs Z — HEKOTOPOE HOJMHOXKECTBO MHOXKECTBA COCTOSIHHIA, OIpe-
geqaumoe ¢opmysioit u3 L, Torma mpoobpa3 Z OTHOCHTEIBHO --+ SIBIASIETCS OObEIHHEHHEM

KOHEIHOI'O IHC/Ia MHOXKECTB, OIIPEAeTUMbIX popmytamu u3 L.

FEcan ornomenune nepexoma onpeensieTcs: Mu3bIOHKIeH hopMysl a3bika L, TO COBOKYII-
HOCTb MHOXKECTB OIpEIeNUMBIX (POpPMYJIaMu sI3bIKa L 3a7aeT abcmpakxmuoe npedcmasierue
CHUCTEMBI TIEPEXOJIOB.

IIpuBenemM HECKOJILKO IMPUMEPOB CUCTEM IIEPEXO0JIOB, MMEIONINX CUMBOJILHOE IIPEICTaBIC-

HUue.

§ 3.1. Cucrembl mepexo0B C KOHEYHBIM YUCJIOM COCTOSTHUE

Paccmorpum cucreMy mepexonioB (Sp; {--+p}) ¢ KOHEUHBIM MHOXKECTBOM cocTosiHmil. B
9TOM CJIyYae CUMBOJIbHOE HPEJCTABICHNe MOYKHO IIOJIYYIUTh, BBEJsl JUIsl KAXK/O0TO JIeMEHTa
s € Sp B s13bIK npeaurarsl Ps(x), Takue 4ro 6 = Ps(x) ecim u Tosibko ecin 0(x) = s.

S3BIK cocTaB/IeHHBIH U3 aTOMOB Ps U WX OTPUIAHUN, OYEBUIHO YIOBJIETBOPsET TpeboBa-
HUIO 3aMKHYTOCTU OTHOCTUTEILHO KOHBIOHKIMU U TPEOOBAHHIO OLPEIETMMOCTH OTHOIICHHUST

[IEPEXOJIOB.
§ 3.2. 43pIKM NpOrpaMMHUPOBAHUS B OrPAHUYECHUSIX

Pacemorpum cucremy nepexonioB (Sc; {--»¢}) u curaarypy X, UMEIONLYIO CUMBOJIbHOE
npejicTaBaeHne HaJ CTPYKTypoit X curnarypst . MuoxkectBo L hopMysr CUTHATYPBI X sIB-
JIAETCA SI3BIKOM IIPOTPAMMUPOBAaHUs B OIPAHMYEHUSIX, eC/in L 3aMKHYTO OTHOCUTEHHO 9K3U-
CTEHIMAJIbHOM KBaHTH(hDUKAINN, KOHBIOHKIUA U [IePENMEHOBAaHNS IlepeMeHHbIX |[11].

PaccemorpumM cOBOKYIHOCTD Z BCEX MOAMHOYKECTB MHOXKECTBA S, OIIPEIeTMMbIX (DOPMYJIa-
mu s13b1Kka L. I[Torpebyem momo/THITE/IbHO, 9TOOBI OTHOIIEHNE ITEPEX0/1a, - -+ OBLIO OIIpeIe/ -
MO JIM3bIoOHKIHEH dhopmyst a3bika L. B aroMm ciaydae Z 3amaer abcTpakTHOE IpeICTaBICHIE

CHCTEMBI IIepexXOo/J0B B COOTBETCTBHUHU C OIIPpEAe/ICHUEM.
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§ 3.3. MoHoTOHHBIE CUCTEMBI TEPEXOI0B

Pacemorpum cucremy niepexosios (Sy; {--»17, 3}), oboramentyo pedJieKCUBHBIM U TPaH-
SUTUBHBIM OMHAPHBIM OTHOIIEHUEM 3. Beprrum wowycom ssemenma s € Sy Ha3bIBAETCSI
MHOXKecTBO {t | § = t}. OObeauHeHne BEPXHUX KOHYCOB JIEMEHTOB HA3bIBACTCSH GEPTHUM

KOHYCcoOM.

Byjem roBopuThb, 9TO OTHOIIEHHE IEPEXOJO0B COBMECMHO C OTHOIIEHHEM S, €CJId JIJIst
JIIOOBIX JIEMEHTOB X, Y,z € Sy, TaKUX, 9YTO T --+y Y U T 5 2z HAHJIETCS SJIEMEHT W, TaKon
910 Yy S w U 2 --+y w. CUCTEeMBI IEPEXO/IOB, B KOTOPBIX BBIIOJIHSIIETCSI YCJIOBHE COBMECTHOCTH
Ha3bIBAIOTCS MOHOTOHHBIMU.

PedexkcuBrnoe n TpaH3uTUBHOE OUHAPHOE OTHOIIEHUE SIBJISIETCS HEMEPOSHIM NPEeOnopAl-
KOM, €CJII OHO HE COJIEPYKUT OECKOHEUHBIX yOLIBAIOMIMX Iereil U He COMEePKUT DECKOHETHDBIX
anTurenel. B aTom cityuae Beakuil BepXHUit KOHYC sABJISETCs 00bEIMHEHNEM KOHETHOTO IHCJIa
BEPXHUX KOHYCOB 3JIEMEHTOB.

JomyctuM, 9TO yCJIOBHE€ COBMECTHOCTHU BBITIOJHSETCS, TOTJA MHOYXKECTBO BCEX BEPXHUX
KOHYCOB 3aMKHYTO OTHOCUTEJILHO Tpoobpasa. JlomycTtum, KpoMe TOro, YTo OTHOIIEHUE TIepe-
XOJIOB CaMO SIBJISIETCsI BEPXHUM KOHYCOM B JIEKAPTOBOM Iipom3BejeHuu S X S. Torma BhIIOJ-
HsI€TCS M YCJIOBHUE OIPEJIETUMOCTH OTHOIIEHUS [€PEXOI0B B aOCTPAKTHOM IIPEJICTABJIEHUN,
COCTOSIIIEM U3 COBOKYITHOCTH BCEX BEPXHUX KOHYCOB 3JIEMEHTOB.

IIpumepoM MOHOTOHHBIX CHCTEM IIEPEXOIOB SIBJISIOTCs ceTu lleTpu ¢ OTHOIIEHHEM TOKOM-
TTIOHEHTHOT'O NOPs/IKa Ha pa3dMeTkax. Jlpyrme BapmaHTBl OonpellesIeHns COBMECTHOCTH, TO3BO-
JISIOIIME BKJIFOYUTD B KJIACC MOHOTOHHBIX CUCTEM PsIJl MHTEPECHBIX IIPUMEPOB, HE SIBJISIONIIXCS
MOHOTOHHBIMHU B YKQ3aHHOM BBIIIIE CMBICJIE, PACCMATPUBAIOTCsE B cTarbe [9]. st Takux cucrem
BO3MOXKHO C HE3HAUYUTEJIbHBIMU U3MEHEHUAMU IIePEeHECTH IIPUBEJICHHYIO 3/1€Ch KOHCTPYKIIUIO

a6CTpaKTHOFO opeacTaB/JICHUA.

§ 4. HOCTpOGHI/Ie MHO2>KeCTBa JOCTU2KHMMBbIX COCTOSTHU

Mpbr mocsie1oBaTe/IbHO PACCMOTPHUM [IBa, OIMHCAHUS HPOIELYPhI IMOCTPOSHUsT MHOYKECTBA
JIOCTUKUMBIX cocTosinmii. [lepBoe onmcanue sBseTcs TPAIUIIMOHHBIM U B OOIINUX YEPTAX CJIe-
ayer padore [9]. pyroe onucanue jaercs B TEPMUHOJIOTUE aOCTPAKTHOTO MPEJICTABJICHHUS
onpenenennoit Boime. [locennee onucanue nMeeT HECKOJIBKO TAPAMETPOB, U3MEHsA KOTOPHIE,

MO2KHO IIOJIYYIUTHb HOBbIE€ BapUaHTbI TpaﬂHHHOHHOﬁ IIponeayphl.

§ 4.1. /IBa BapmaHTa mpoIieaypbl

Paccmorpum cucremy mepexonos S = (S;{--»}) u mommuO)KecTBO X B MHOXKECTBE CO-
croguuil. Ilosmoxkum Iy = X 1 paccMOTPHM BO3PaCTAIOLIYIO 1I0C/IEJ0BATEIbHOCTD MHOXKECTB

Iy, I, ..., noxyuennyto no upasuiy I; 1 U pre(l;). ITocienoBaresbHOCTb 00pBIBAETCS HA 1A~
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re n, ecsitn Iny; = I,. Ecam nocsejioBaresibHOCTb 0OpBIBaeTCA HAa HEKOTOPOM INare 71, TO
I, = pre*(X), Takum 06pa30M MMOCTPOEHO MHOYKECTBO BCEX 9JIEMEHTOB B S U3 KOTOPBIX J10-
CTUXKUM HEKOTODbIN 3JIEeMEHT MHOXKecTBa X B pe3yJibrarTe KOHEUHOH MOCJIe0BATEIBHOCTH
[IEPEXOJIOB.

B mpumenenuu 310it iporte/1y pbl BOSHUKAIOT JBE TPYIHOCTH. BO-1I€PBLIX, IPU BHIYUC/IEHUN
poobpasza HeOOXOANMO M30eKaTh TOBTOPHOTO BBITIOJHEHUST OJTHUX W TeX YK€ BBIYUCICHUN B
CBSI3U C TE€M, YTO KayKJ[0€ BHOBb ITOCTPOEHHOE MHOXKECTBO COJEPKUT Hpebiayinee. [ljist Toro,
9TOOBI OITUCATD IPOIELYPY 0OJIEe TeTATBHO, MbI OYIEM MIPEIITOaraTh, 9TO CUCTEMA IIEPEXOI0B
nMeeT abCTPaKTHOE TPECTABICHIE COBOKYITHOCTHIO MHOYKECTB /.

[Iycts X — Takoe MOAMHOXKECTBO MHOXKECTBA S, ITO CYMIECTBYET KOHETHOE TIOJMHOXKECTBO
J=A{z1,...,2,} B Z, Takoe uro X =z U...U z,.

[Ipotnetypa mMoOCTpOEHMST MHOXKECTBA, JTOCTUZKUMOCTH OMEPUPYET KOHETHBIMH TIOIMHOMKE-
crBamu Z. Koryia HOBoe TIOJMHOXKECTBO @ KOHCTPYHUPYETCsT TIOCPEICTBOM O0beIMHEHUsT IO/
MHOXKECTB @1 U G2, MPOIEIypa JIO/KHA n30eraTh yOupoBaHusi. BO3MOXKHO MpPUMEHEHUE
Pa3/IMYHbIX KPUTEPUEB I/I36bITOLIHOCTI/I7 KOTOPbIE€ BJICKYT pPa3/IMYHbICE KPUTEPUN OCTaHOBKHU.
Orneparuio 06beIMHEHUS ¢ TPUMEHEHUEM KPHUTEPUsi M30BITOYHOCTUA OyieM 0DO3HAYATh KakK

a = O'((Il, (12). E,ILI/IHCTBGHHI)IM ycjoBueEM, KOTOPO€ HaKJIQJIbIBa€TCd Ha OIIEPAIlUIO 0 ABJISACTCHA

Ua(al,ag) :Ua1UUa2

B cjaeayromeMm 1moapasaesjie Mbl paCCMOTPUM /JIBa PA3JIMYHBIX KPpUTEPUA I/I36I)ITO‘IHOCTI/I, a

cJIeIyIoniee:

TEKYIIUNA pas3jes 3aBePIINM OIUCAHUEM IIPOIE/LY Pl IOCTPOEHUST MHOXKECTBA JOCTU2KUMOCTH.
Crenyromuii BapuaHT MTPOIELY Pl IIOCTPOEHNUST MHOXKECTBA JOCTUKUMOCTHA CTPOUT TOC/IE-
JoBaTeabHOCTL Py, Pi, ... KOHEUHBIX HOAMHOXKecTB B Z. Ilycte Py = X u nycts 09 = Fp.

MuoxkectBa Py, Po, ... cTpodTCs CAeAyIONUM 00pa30M.

Ha kaxkmom miare mporenypbl 00beIMHEHNE BCEX MHOXKECTB, cofepzkaiiuxcs B P; coBma-
JaeT ¢ MHOXKeCTBOM I;, OIIpeJieJIeHHOM B IIEPBOM BapuaHTe Hpoleaypbl. Takum obpazoMm, B
cilydae, ecJi BTOPOH BapHaHT IIPOIe/yphbl OCTaHaBIUBaeTcs Ha mare n, to | J P, = pre*(X).

§ 4.2. Kpwurepuu u36bITOIHOCTH

HpI/IMeHeHI/Ie Kpurepus U30LITOYHOCTU MOXKET OBITh HAmOOJee BBLIYUCIUTEILHO MHTEH-

CHUBHOI 9aCThIO MPOIEAYPHI, TIOCKOJBKY OIepalldsi ¢ BBIUMUC/ISIETCST Ha KaKI0¥ mreparun. B
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cydae, KOrga MHOYXKECTBA COBOKYITHOCTU Z 3aJaHbl JIMHEHHBIMU HEPABEHCTBAMHU B PaIlO-
HAJIbHBIX YncsIax, B pabore [15] npuBeseHbl HECKOILKO BADHAHTOB KPUTEPUsT U30bITOUHOCTH
U COOTBETCTBYIOIINE OIEHKH CJIO2KHOCTU. BapuwaHThI, IIpeJJIOKEHHbIE B 9TO# paboTe, MO3BO-
JIAIOT TOJIyIuTh 60j1ee 3hDEeKTUBHYIO MPOIEAYPY BBIUUCICHUA KPUTEPHUS 3a CUET IOTEPU B
[IOJTHOTE.

CranmapTHbIl KPUTEPUT H30BITOYHOCTH MOXKHO C(OOPMYIUPOBATH CJIEIYIONUM 00pa30M:

o(X,Y) =Y \{y|y<c|Jx} (1)

Jpyroii, 6oJiee cabbIii KpuTepuit Mbl OyIeM HA3bIBATH JOKAJILHBIM KPUTEPHEM H30bITOY-
HOCTHU
02(X,Y) =Y \{y | y € x s nekoroporo x € X }. (2)

HpI/H\IeHeHI/IG JIOKAJIbHOT'O KPpUTEPHA TapaHTHUPYET BBLIIIOJIHEHUE CJIEIYIOINX yC.HOBI/Iﬁ Ha

Ka2KJIOM HIare 1mnmponeaypbl IIOCTPOEHUA MHOXKeCTBa JOCTUZKUMBIX COCTOSHUI:

(1) UP1=UPRUUaw
(2) MuoxectBo P41 He COJIEDPXKUT JBYX JEMEHTOB X U Y, TAKUX UTO X Uy PA3JIMIHBI, U

xCy.

Kpurepuit o9 cnabee, yem kpurepuit 1. Takum obpaszom, IpoIeaypa, UCIOJIB3YIOMAs
KPUTEPHU 03, MOXKET HE OCTAHOBHUTHCS 33 KOHEYHOE YHCJ/IO ITAroB, B TO BpeMs KaK IPOIE/Ly-
pa, UCIOJIL3YIONAs 01, OCTAHABIUBAECTCS. B IPOIO/I2KEeHNe 9TOI CTATbU MbI Oy/1eM Ha3bIBATh
BapUAHT MPOIEILYPHI C KPUTEPUEM T2 NPOUECIYPOl ¢ AOKAALHOIM KPUMEPUEM UODIMOYHOCTNU.

OIHUM Ba)XHBIM KJIACCOM 3aJ1ad, Ha KOTOPOM IPOIEaypa IMOCTPOEHUsI MHOXKECTBA JI0-
CTUXKUMBIX COCTOSTHUI OCTaHABJIUBAETCS, ABJIAETCS BBIUYHUCJEHUE MHOYXKECTBA, JIOCTUKIMOCTHU
JIJ1si BEDXHUX KOHYCOB JIJIsI BIIOJTHE CTPYKTYPUPOBAHHBIX cHCTEeM. MBI 3aBepIInM 3TOT pasjies

OITMCaHueM ITOI'0 KJjlacCa 3a/ad4v.

§ 4.3. BmoJiHe CTPYKTYpPHUPOBAHHBIE CUCTEMbBI IIEPEXOIOB

B ciyuae ecoim cucrema nepexosioB S sIBJISIETCsT BIIOJIHE CTPYKTYPUPOBAHHON CHCTEMON
IIePEX0JIOB, 8 MHOXKECTO X SIBJIFETCA BEPXHUM KOHYCOM, IIPONEIYPa MOCTPOCHUST MHOXKECTBA,

JIOCTHZKMMOCTH OcTaHasauBaercs [4, 9, 10].

Onpepesienne 1. Monoronnast cucrema mnepexoqoB S = (S;{--»,3}) sBusiercs snoamne
CMPYKMYPUPOBAHHOT cucmemotls neperodos TOrja U TOJBKO TOIJA, KOIja OTHOIIEHHE = sIB-
JISIETCSI HETEPOBBIM IIPEJIIIOPSJIKOM, TO €CTh IPEJIOPSJIKOM, He COJEePIKAIUM OECKOHEUHbIX

aHTUIIENel 1 OECKOHEYHBIX yYObIBAIOIIMX IIEIIEIA.

Hpoueﬂypa IIOCTPOEHUA MHOZKECTBa JOCTHUZKMMBIX COCTOAHUI JJIsA BIIOJIHE CTPYKTYPH-
POBaHHbIX CUCTEM II€PEXO0B OIIpeae/IdeTCd B a6CTpaKTHOM npeacTaB/JIEHNN COBOKYITHOCTBIO

BEPXHUX KOHYCOB 3JIEMEHTOB.
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IIycts X — Bepxamit KoHyc B S. Bylem roBopuTh, 9TO CHCTEMA IEPEXOJIOB ¢ HAYAJIBHBIM
COCTOSIHHEM S( YJIOBJIETBODSIET €80UCMBY nokpwuisaemocmy X, €Ciau HadaJIbHOE COCTOSHUE
MIPUHAJJIEXKUT MHOXKECTBY JOCTH2KUMBIX COCTOSTHUI MHOXKecTBa X .

B kauecTBe mpumepa 3a/1ad, B KOTOPBIX TpeOyeTcsl IIPOBEPKA CBOMCTBA HMOKPHIBAEMOCTH
JIJISE BIIOJIHE CTPYKTYPUPOBAHHBIX CUCTEM II€PEXO/I0B, MOXKHO YIIOMAHYThH IIPOIEAYDPY /IS aHa-
Jin3a CBOHCTB GE30IIaCHOCTH IIPOTOKOJIOB C ITUPOKOBEIIATEIbHBIMY TOCHLIKAME, ITPEJIJI0XKEH-
HyIO B pabore [7].

JlokazaTeabCTBO OCTAHOBKY IIPOIEAYPHI IIPU IPUMEHEHUH KPUTEPHUS 01 XOPOIIO U3BECTHO
U OCHOBAHO Ha TOM (paKTe, YTO TOKOMIIOHEHTHbIH MOPSIIOK HA MHOXKECTBE k-MePHBIX BEKTOPOB
C TIOJIOYKUTEJIBHBIMU TIEJIBIMA KOMIIOHEHTAMHE SIBJISETCS HETEPOBBIM PEAIopsiikoM. CuTyariust
C JIOKQJIbHBIM KPUTEPHEM HECKOJIBLKO ciIoxKHee. J[71g Toro, 4Tods! JO0Ka3aTh OCTAHOBKY B 3TOM

caydae, HaM HOTPeOyeTcs CJIEe/YIONias TeopeMa.

§ 5. OmHa TeopeMa O HETEPOBBIX IPEIIIOPSIKAX

B stom pasnesne npuBomuTcs T0KA3aTEILCTBO YTBEPKICHUS O TOM, YTO MHOYKECTBO BEPX-
HUX KOHYCOB B HETEPOBOM IPEIIIOPsiKe 00pa3yeT HEeTEPOB IPEIIOPIIOK 10 BKIIIOUCHUIO.

Cravajia JIOKaXKeM CJIETYIONTYIO JIEMMY.

Jlemma 1. Ilycth o = @, (g, . .. SBJISETCS MOCACAOBATEIBHOCTHIO 9JIEMEHTOB B HETEPOBOM
npegnopsiike A = (A; <), a = (1,02,... ABIIETCSI MOCIEOBATEILHOCTBIO 9JIEMEHTOB B
npexgnopsijike B = (B; <), Takasi 4T0 HOCJ€JI0BATEIBHOCTD [3 COAEPIKUT BO3PACTAIOILYIO O/
[OCJIE/[OBATEILHOCTD, TOIJIA OCIEe40BATE/ILHOCT y = (a1, 1), (a2, 52), . .. B AXB comepkur

BO3PaCTAIONIYIO MOIIOC/IE0BATE/THHOCTD.

JOKABATEJIBCTBO. Ilycre mocienoBareabHOCTD by, bi,, ... sIBJIsieTCsl BO3pacTaolei
HOJIIOC/Ie/[0BaTeIbHOCTEIO B 3. B cumity Toro, uro A sBiisieTcss HETEPOBBIM IIPEIIOPSIIKOM,
HO/IIOCJIEIOBATEILHOCTD @, , Ujy, - - - B CBOIO OY€PEIb COMEPZKHUT BO3PACTAIONILYIO HOIIOCIEI0-
BAaTEIbHOCTD (j, , (j,, - - .. TAKHM 00Pa30M, MOCIEI0BATENBHOCTD (aj,, bj,), (@jy, bj,), . . . SBIIsA-
eTCsl BO3pACTAIOIIel MO/II0C/IeI0BATEIbHOCTIO B 7.

HanomunM, 9T0 BEPXHIM KOHYCOM B IPE/IIOPsIIKE HA3BIBAETCH JTI000€ MHOKECTBO KOTOPOE
CO BCSIKIM 3JIEMEHTOM COJEPXKUT U BCe OOJIBIIIE €ro 3jIeMeHTEL. Tereph MbI MOXKEM JOKA3aTh

CJIEJIYIOIILYIO TEOPEMY.

Teopema 1. Jlobas 6eckoneunast mocsenoBaTeibHOCTb X1, X3, ... BEDXHUX KOHYCOB B He-
TEPOBOM MPEIOPSI/IKE COJEPXKHUT HEKOTOPYIO HOJIIOCIeA0BaTebHOCTE X O X;, 2O ..., co-

CTOAIYIO U3 BJIO2KEHHbIX BEPDXHUX KOHYCOB.

JIOKA3ATEJIBCTBO. lomycTuMm, 9TO CymeCTBYeT TOCTIEI0BATEIHLHOCTD BEPXHIX KOHY-
COB, He cojieprKaliast 6eCKOHETHO MO/ ITOCIeOBATEILHOCTH BIOXKEHHBIX KOHyCcoB. Cpen Bcex

TaKuX MocjegoBarebHocTeit Ay, As, ... BeIOEpEM Ty, B KOTOPOIl MHOXKECTBO Ap COIEpKUT
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HaUMEHbIIEE YNCJI0 MUHUMAJILHBIX 9J1eMEHTOB. Takoil BLIOOD BO3MOXKEH B CHJIy TOI'O, UTO B
HETEPOBOM IIPEIIOPSIKE JII0O0O! BEPXHUN KOHYC COJIEPXKUT JIUITb KOHETHOE YHCJIO0 MUHUMATTb-
HbBIX 3JIEMEHTOB.

MHOXKecTBO MUHUMAJIBHBIX 3JIEMEHTOB B KOHyce A; obo3HaunM kak B;. B kaxaom us
MHOXKeCTB B; B CBOIO ouepejib BbIOEpEM IO OJHOMY 3JIeMeHTY a; u Iycrb C; 0bo3HavIaeT
KOHYC, MUHUMAJILHBIME 9JIEMEHTAMI KOTOPOTO SIBJISIOTCS 9JIeMeHThl MHOXKecTBa B; \ {a;}.

Yucsio MUHMMAJIBHBIX 3JIEMEHTOB B BepxHeM KoHyce (| CTPOro MEHbINEe YUCIa MUHU-
MaJIbHBIX 3JIEMEHTOB B BepxHeM KoHyce Aj, ciieroBaTesibHO mocaeaoparenbHocTh Cp, Co, . ..
COJIEPZKUT IIO/IIOCJIE/I0BATEILHOCTD, COCTOSILYIO U3 BJIO?KEHHBIX KOHYCOB.

OmpenesinM Ha MHOYKECTBE BEPXHUX KOHYCOB MpEANopsaoKk T Tak, uto A C B Torma u

TOJILKO TOra, Kormua B C A.

K nocnenosarensuocram Cy, Co, ... u ai,as, ... IPUMEHUMA JEeMMa, 1, CJIe/I0BATE/ILHO 110-
caeoBaresnbHocTh Y = (C1,a1), (C2,a2), . .. COMEPKUT BO3PACTAIOIIYIO TOKOMIOHEHTHO MOJI-
[I0CJIEI0BATEILHOCTD.

Bamernm, uro eciin C; C Cj n a; 3 aj, o Aj C A;. Takum 06paszoM 11ociie/10BaTeIbHOCTh
BEPXHUX KOHYCOB A;, COOTBETCTBYIOIIAS BO3PACTAIOIIEH TOKOMIIOHEHTHO ITOIIOCIEA0BATE b

HOCTU B 7y ABJIACTCHA IIOAIIOCJIETOBATE/IbHOCTBIO BJIOZKEHHBIX KOHYCOB.

§ 6. OcraHOBKa OPOIE/yPHI C JOKAJIbHBIM KPUTEPUEM 3aIIUATHI

oT aybJsimpoBaHUS

Paccmorpum BriosiHe cTpyKTypupoBanHyio cucremy repexoinos S = (S;{--+, 3}). Ilycrs
Z 00603HAYAET COBOKYITHOCTD BCEX BEPXHUX KOHYCOB 3JIEMEHTOB HaJ S, a X sIBJIsIeTCS BEPXHUM
KOHYCOM, TO €CTh, B CHJIy HETEPOBOCTH NPENOPSIJIKA S, SBJISIETCS] 00beIMHEHNEM KOHETHOTO
YUCJIa BEPXHUX KOHYCOB 3JIEMEHTOB.

PaccmoTpum mocienoBaTeibHOCTL MHOXKECTB, Py, P, . .., KOTOpasg CTPOUTCS JIOKAJIHHBIM
BapUaHTOM IIPOIELyPhl IOCTPOEHUST MHOYKECTBA JOCTUXKUMBIX 3JIEMEHTOB. Kpurepuit n3obi-
TOYHOCTHU TapaHTUPYET, YTO B ITON MOCJIEIOBATEILHOCTH HE BCTPETUTCH Hapa MHOXKeECTB Pj
u Pj, Takas uro i < j u HaiijyTcsa BepxHUe KOHYCH X; € P u x; € P;, Takue 4to x; C ;.

B cuny teopembr 1. Takas mocyieoBaTeIbHOCTh HE MOXKET ObITh OecKoHeuHOi. Takum
00pa3oM JJ0Ka3aHa OCTAHOBKA IMPOIIE/LYPbl TOCTPOEHUS MHOXKECTBA JOCTHKUMBIX COCTOSHUN

JJIA 3a1a9i O ITIOKPbIBAEMOCTU J1JIgl BIIOJIHE CTPYKTYPUPOBAHHBIX CUCTEM II€PEXOI0B.

§ 7. Hcropudyeckasi cupaBKa

Psan 0Ka3aTeIbCTB HETEPOBOCTH JIJISI PA3JIMUHBIX IIPEJIIOPSIKOB coOpaHbl B KHure [1].
[IpuBenenHoe IOKa3aTEILCTBO TEOPEMBl 1 OCHOBAHO Ha MOAMMUKAIIMU OJHOIO U3 JI0KA3a-

TeJILCTB, U3 sroil kuuru. Teme uccJjieJ0Banugdg CBOICTB HETEPOBLIX IIPEAIIOPAJIKOB ITOCBAIITCH
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eIl psiji cTaTeil, MHOIME U3 KOTOPBIX YIIOMsIHYTHI B 0030pe [12].

IIporenypa mocrpoenust AepeBa JOCTUKUMOCTHU C JIOKAJbHBIM TECTOM Ha BKJIFOUEHHE TIPH-
MEeHSIeTCsI B psijle CHCTeM Julsl poBepku Mojeseil [6, 13]. JlokaubHbIil TecT Ha BKIIOYEHHE

TakKe IPUMEHSIeTCsl B KOHTEKCTe IPOrPaMMUPOBAHUs B OrpaHndeHusax [15].

[TonsiTHe BHOJIHE CTPYKTYPUPOBAHHBIX CUCTEM IIEPEXOJIOB IPE/JIOZKEHO HE3ABHCHMO B Pa-
6orax [4] u [8]. U3yuennto sroro kiacca cucreM mnocssiensl Kuuru [2] u [3|. B srnx kunrax,
B YACTHOCTH, Pedb WJET O IPOBepKe Mojesieii Jijisi GoJiee CJIOXKHBIX CBOICTB, YeM CBOHCTBO
HOKPBIBAEMOCTH, TAKIX KaK CBOMCTBA, ONUCHIBACMBIC TEMIIOPAJIBHBIME JIOTHKAMH JTHHEHOTrO

1 BETBAIIETOCA BPpEMEHU.

§ 8. 3BakJrmoudeHue

MpbI okazaJjiu, 9TO OIMMCAHHAS MPOIEeIypa MOCTPOCHUST MHOXKECTBA JIOCTHUXKUMBIX COCTO-
SHUI ¢ JOKAJBHBIM KPUTEPHEM U3OBITOUHOCTU SIBJISIETCSI Pa3pelraroleil mporemypoit st

3a/1a491 O IMOKPbLIBAEMOCTH /I BIIOJITHE CTPYKTYPUPOBAHHBIX CUCTEM IIE€PEXOJIOB.

B obmiem ciyuae npuMeHeHne JIOKAJILHOTO KPUTEPHs [TO3BOJISIET HOJIYIUThL Oosiee 3hdek-
TUBHYIO PEAJU3AIMIO MIPOIEYPHI 38 CUET IIOTEPU B MOJIHOTE KpuTepusi ocranoBku. Ciemyer
3aMeTUTh, YTO JJIsI 38J[a"1 O TIOKPBIBAEMOCTH JIJIsI BIIOJIHE CTPYKTYPUPOBAHHBIX CUCTEM IIepe-
XOJIOB CTAHIAPTHBIN KPUTEPUl N30BITOTHOCTU MOXKET OBITH peasin30BaH TakxkKe 3pdHeKTUBHO
KaK ¥ JIOKAJbHBIA DU YCJIOBUHU, 9TO MUHUMAJILHBIE SJIEMEHTHI BEDXHUX KOHYCOB MOT'YT ObIThH

3 DHEKTUBHO BBIYUCIICHBI.

C Apyroii CTOPOHBI, CYIIECTBYIOT CUTYAIIMH B KOTOPBIX JIOKAJbHBIA KPUTEPUT H30BITOTHO-
€T MOXKET ObITh Peajn30BaH 3HAYUTEIbHO ObicTpee. OmuUcaHne HEKOTOPBIX TAKUX CUTYAIIHIT
U BO3MOXKHOCTEH MCIIOJIb30BAHUS HEIOJHOI'O METOJ[a MOYXKET ObITh IIPEIMETOM IAJIHLHEHITNX

HCCIEIOBAHUI U 9KCIEPUMEHTOB.
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