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Annotanus. PaboTa mocBsIIeHa HcCleOBaHHIO (DOPMATBEHBEIX METONOB TECTHPOBAHMS
COOTBETCTBUS (KOH(MOPMHOCTH) HCCIEAYEMOI CHCTEMBbI TpeOOBaHUAM, 33TaHHEIM B (opme
crenudukarmy. Takoe TeCTHpOBaHHE OCHOBAHO HA CEMAaHTHKE B3aMMOJCIHCTBHUS, KOTOpas
oInpeziesisieT TECTOBbIE BO3MOXHOCTH [0 YNPaBICHHIO (3aJaHHBIA Ha0Op TECTOBBIX
BO3JICHUCTBUIA) ¥ HAOMIOACHHIO ACHCTBHI M OTKa30B (OTCYTCTBHE JAeicTBHil). JlomyckaroTes
Takke HeHaOmogaemele  (BHyTpeHHHe) JedctBusa. CeMaHTHKa — ITapaMeTpHU3yeTcs
ceMelicTBaMM HaOmIOJaeMbIX U HEHaOMI0JaeMbIX OTKa30B. BBoauTcs paspymenue —
3anpeniéHHOe AeiicTBUe, KOTOpOro cieayeT u3berath mpu Bzaumopeicteuu. Onpenensercs
HoHsATHE 6e30M1acHOr0 TECTHPOBAHUS, IIPH KOTOPOM HE BO3HHMKAIOT HEHAOJI0JjaeMble OTKAa3bl
U paspylIeHHe, W TECTOBBIC BO3IEHCTBHA HE IOJAIOTCS IPH AWBEpPreHnuH (OeCKOHEYHOM
[0CJIEZI0BATEIbHOCT HeHalmonaeMblx JeiictBuii). Ha »9Toif ocHOBe omnpexaenstorcs
peanu3allMOHHAs Trunoresa o Oe3omacHocTH U Oe3omacHas KOH(GOPMHOCTb, a TaKiKe
reHepanyst IOJIHOro Habopa TECTOB 10 CreH(HKALIIH.

B paGore wmcchemyoTcs pasinMYHbIE MOJENHM UL ONHCAHMS  CIeNU(HKAIMOHHBIX
TpeboBanuid. Hambonee pacnpocTpaHEeHHOH MOJENBIO SIBISETCS CUCTEMa IOMEUSHHBIX
nepexonoB — LTS (Labelled Transition System). B To ke Bpems i paccMaTpUBacMOi
CEeMaHTHKM B3aUMOJCUCTBUS  CYLIECTBEHHBI TOJNBKO Tpacchl (IIOCIEIO0BATEIbHOCTU
HaOmonenuii), Ho He cocrosiHus LTS. IToaToMy ecTecTBEHHOH OKa3bIBacTCs TPaccoBas
Mozens kak MHoxkecTBO Tpacc LTS. Takas cemaHTHKa MO3BOIAET OHPEEIATh TOJBKO
KOHGOPMHOCTH THUNA PEAYKLUHUM, B OTIMYME OT KOHGOPMHOCTEH THUIA CHUMYJIALUM, I
IPOBEPKU KOTOPBIX TpeOyeTcs JONONHUTEIbHAS TeCTOBAsk BO3MOXKHOCTb — OIIPOC COCTOSIHUS
peamuzauuu [10],[11],[12],[19],[22]. [Ipu Ge3omacHOM TeCTUPOBAHUM TECThl F€HEPUPYIOTCS
1o 6e30macHBIM TpaccaM cHeluduKanuy, Uil IPOX0XKICHHA KOTOPBIX UCHONb3YIOTCS TOJIBKO
0e30MacHbIC TECTOBBIC BO3JCHCTBUSL.

Llensto naHHOM paboOTHl sBIsIETCA BbIACICHHE IIOAMHOMKECTBA Tpacc cHeUU(UKALUHY,
JIOCTaTOYHOI0 1JIs FeHepaluy MOJHOro Habopa TecToB. Takoe MOJMHOXKECTBO MbI Ha3BaId
Gunanvroti mpaccoeoii mooenvio cneyugpuxayuu. C npyroii croponsl, LTS-mMonens ynoOHa
TEeM, YTO SBJIETCS. CHOCOOOM KOHEUHOTO MPEJICTaBICHH PEryIIPHBIX MHOXKECTB Tpacc. Jls
IpeJCTaBIeHUs (UHATIBHON TpaccoBOH Mojenu B paboTe NpeAnsaraeTcss pa3HOBUAHOCTh
LTS, na3annas ¢punansoit RTS (Refusal Transition System). [Tepexonsl no HabogaeMbiM
OTKa3aM 3aJaloTcsl SIBHO (3TH OTKa3bl BXonsaT B andaButr RTS). Takas moxpens obnamgaer
LEIbIM PSIOM MONE3HBIX A8 TeHepalldd TECTOB CBOWCTB: 1) OHa JeTepMUHMpPOBaHa, 2)
Tpacca HaOmroJeHui Oe3omacHa TorAa M TOJBKO TOIJA, KOIZla OHAa 3aKaHYMBAaeTCi B
HETEpMUHAIBHOM COCTOSIHUM, TJe HeT pa3pylleHus, 3) TecToBOe BO3JeHCTBHE 0e30macHO
HOCJIe TPAcChl TOrJa U TOJBKO TOIZa, KOTAa OHO 6€30MaCHO B KOHEYHOM COCTOSTHUH TPAacChl,
TO €CTb B 3TOM COCTOSHHM HET [HMBEPICHIMH, TECTOBOE BO3/CHCTBUEC HE BBI3BIBACT
pa3pylICHUs U HeHAaOMI0JaeMbIX OTKA30B.

B pabore mpeanoxkeHbl anroputMbl mpeobpasoBanust LTS-momenu B ¢unHampHyro RTS-
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MOJieNIb U ONPEJIENCHBl JOCTATOUYHBIE YCIOBUs moctpoeHus koHeuHod RTS 3a koneunoe
BpeMsl.

KmioueBble cnoBa: CeMaHTHKa B3aUMOJCHCTBHUSA, OTKa3bl, paspyIIeHHE, IWBEPTEeHINS,
KOH(OPMHOCTB, 6e30MacHOe TeCTUPOBaHKE, Tpacchl, LTS, renepamnus TecTos.

1. Teopusi kKOH¢hopMHOCMU

1.1. CemaHTMKa B3aumogencTBma U 6esonacHoe TeCTUpoBaHue

Bepuduxanuss koHQOPMHOCTH IOHMMAeTcss KaK MPOBEpPKa COOTBETCTBHS
HCCIIelyeMON CHUCTEMBI 3aJaHHBIM TpeOoBaHUsAM. B MojensHOM MHpe cucrema
oToOpaXkaeTcs B pealH3alHOHHYI0 MOAENb, TPeOOBAaHUA — B CICHU(UKANHOHHYIO
MOJIeNIb, & WX COOTBETCTBHE — B OWHapHOe OTHOIeHHe KoHpopMmHOCTH. Ecmu
TpeOOBaHMs BBIPAKEHBI B TEPMHUHAX B3aMMOJEHCTBHS CHCTEMBI C OKPYKAIOIIUM
MHpPOM, BO3MOXXHO TECTHPOBaHHE KaK MpoBepKa KOH()OPMHOCTH B TpoOIEcCe
TECTOBBIX KCIIEPUMEHTOB, KOT/a TECT MOAMEHseT coO00H OKpyXeHHE CUCTeMbl. B
9TOM Clly4ae caMO OTHOIIEHHE KOH(GOPMHOCTH U €ro TECTHPOBaHHE OCHOBAHBI Ha
TOW WJTM MHOM MOJICTTH B3aNMMOACHCTBHS.

Ms1 paccMaTpiBaeM CEMAaHTHKH B3aWMOMACHCTBUS, KOTOPBIE ONPENEIIAIOTCA TOIBKO
BHEIIIHUM, HaOJI0AaeMbIM MOBEJEHUEM CHCTEMbl U HE YUUTHIBAIOT €€ BHYTPEHHEE
YCTPOMCTBO, KOTOPOE Ha YPOBHE MOJIENH 0TOOpakaeTcsi HOHATHEM cOCMOsHUA. MBI
MOXEM HaOJIIofaTh TOJIBKO TAaKOe IOBEJCHUE pealn3allii, KOTOPOe, BO-NEPBBIX,
«CTIPOBOLIMPOBAHOY» TECTOM (yIpaBJIeHHUE) U, BO-BTOPHIX, HAOJII01a€MO BO BHELTHEM
B3auMoJieiicTBuu. Takoe B3aMMOJAEHCTBHE MOXXET MOJIEIUPOBATHCS C MOMOLIBIO,
Tak Ha3blBaeMOW, MamuHbl TectupoBanus [2],[4],[5],[20],[21],[23]. Omna
MIPEICTABIsIET COOON «UEPHBIN SIUKY», BHYTPU KOTOPOTO HAXOIUTCS pPean3alust
(puc. 1). YmpasneHue cBoguTCA K TOMY, YTO OIEPaTOp MALIMHBI, BBIIOJIHAS TECT
(ToHMMaeMbIii KaKk WHCTPYKIHS OIEeparopy), HAXKUMaeT KHONKH Ha KJIaBHATYype
MAIlIMHBI, «pa3pelias» peaau3aliy BBHIIOIHATh T€ WM WHBIE NEHCTBUS, KOTOpPBIE
MOTyT UM HaOmonathcs. HaGmroneHus (Ha «aucIiee» MalldHbI) OBIBAIOT JBYX
TUTOB: HAOJIOAEHHWE HEKOTOPOTO  GHewtHeco  (Habaodaemozo) — Oeticmeus,
pa3peuIEHHOro ONEepPaToOPOM U BBHIIOIHAEMOTO peaau3alueil, 1 HabloeHue omkasa
KaK OTCYTCTBHS KaKMX OBl TO HH OBIJIO HaOMIOJaeMBIX NEHCTBHI U3 YHCIIA TEX, YTO
pa3pelieHbl HaXaTol KHOKOM.

ITomguepkHEM, 4TO IpU YIpPaBJIEHUH ONEpPaTOp pa3pellacT peain3alid BBIIOJHATh
MMEHHO MHOYKECTBO JCHCTBUIi, a HE 00s3aTeNbHO OHO AelcTBHE. byneM cunTats,
YTO Ka)/JI0H KHOIIKE COOTBETCTBYET CBOE MHOXKECTBO pa3pellaeMblX IEHCTBHMA, U
OTlepaTop HaKMMAeT TOJIbKO ONHY KHOMKy. Ilocme HaOmomeHust (DEUCTBHUS WIH
OTKa3a) KHONKA OT)XKMMAeTCs, M BCE BHEIIHUE JCHCTBUS 3ampemarorcs. Jlanee
orepaTop MOXKET HaXaTh JPYTyIo (KK Ty e CaMyl0) KHOIIKY.

Kpome BHemHMX HEHCTBHII peamu3amus MOXKET COBEpINATh  BHYMPEHHUe
(Henabnr00aemvie) neficTBUs, 00O3HAYacMbIe CHMBOJIOM T, KOTOPBIC CUHTAIOTCS
BCeT/1a pa3peIICHHBIMH.
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ABC,.cL  R={AB,.} Q=(C,..}

Puc. 1.  Mawuna mecmuposarus

TecToBblE BO3MOKHOCTH OIMPEIEIIIOTCS TeM, KaKue «KHOTIOYHBIE» MHOXKECTBA €CTh
B MalldHE, a TaKKe JUIS KaKMX KHOIIOK BO3MOXXHO HAOIIOAeHHE OTKasa. Tem
caMbIM, CEMaHTHKa B3aUMOICHCTBU onpeaessieTcs andaBUTOM BHEUTHUX NEHCTBUI
L u nByms HabopaMu KHOIOK (COOTBETCTBYKOIIMX KM MHOXECTB JCHCTBHI)
MAaIlMHBI TECTHPOBAHUS: C HAOMIOJICHNEM COOTBETCTBYIOIIMX OTKAa30B — CEMEHCTBO
Rc (L) u 6e3 Habmronenus otkaza — cemeiictBo Q<! |(L). [Ipenamonaraercs, 4ro
LN (L)=J (meiicTBUsS U OTKa3bl «HE IYTATCS» MEKAY coboit), RMQ= (oTka3
0o HaOmonaemsblid, nub0 HeHaOmonaemsbii), WRWUQ=L (kaxaoe BHeuIHee
JIeHCTBUE pa3pelracTcss XOTs Obl OMHOW KHOMKOW M Kaxas KHOIKAa pa3pernraet
JIEUCTBUS TOJILKO M3 aidaBUTa BHEIIHUX JeHCTBHiA). Takyr CEMaHTHKY MBI
HasbiBaeM R/Q-cemanrukoii [2],[5],[7],[91,[131,[14],[15].

MHoKecTBO HaOJtOeHU (IEHCTBUI M OTKA30B), pa3pellacMbIX KHOMKOW P,
A
o6o3naunm obs(P) = P U {P|[PeR}. Hao60poT, MHOXXECTBO KHOIIOK, pa3penIatoniunx

HaGoneHNe U (IeHcTBHE U 0TKa3), 0603HauNM but(u) 2 {PeRUQueobs(P)}.

B kauecTBe mpuMepa MOXKHO MPUBECTH XOPOIIO HU3BECTHYIO CEMAHTUKY OTHOIICHHS
ioco [24],[25], B KOTOpO#l nmeHCTBUS NENATCS HAa CTUMYJBl W peakuuu. Kakmprit
CTUMYII X pa3perniaeTcs onHoN Q-KHOMKOM {X}, a Bce peakluu pa3penaroTcsi OJHOM
R-xHONKOM, 0003Ha4aeMOii &.

JIJIs BBITIOJTHUMOCTH JTIO00TO TEHCTBHS HEOOXOUMO, YTOOBI OHO OBLIO OMPEICTICHO
B pealu3allid M pas3pelieHo omepaTtopoM. Ecii 3TOro ycioBus Takke H
JIOCTaTOYHO, TO €CTh HAa BBINIOJHEHHWE BBIOMpAcTCs JII0O00E M3 TaKWX JEHCTBHH
HeJICTePMIHUPOBAHHBIM 00pa3oM, TO TOBOPAT, YTO B CHCTEME HET IPHOPHTETOB
[21]. 3necb MBI OrpaHHYMMCS CUCTEMaMH 0e3 IPUOPUTETOB. TecTHpOBaHHE CHCTEM
C IPHOPHUTETAMH PACCMOTPEHO B HaIMX padboTax [6],[8].

Ipenmonaraercs, 4To M00as KOHEYHAs IIOCIEIOBATEIBFHOCTh JIIOOBIX ACHCTBUIA
(kak BHEIIHUX, TaK M BHYTPEHHHX) COBEpINACTCS 3a KOHEUYHOE BpeMs, a
OGeckoHeuHast — 3a OeckoHeuHOe BpeMs. Takxke Mpearnoaraercs, 4yTo «epeaadar
TECTOBOI'O BO3JEHCTBUS (HakaThe KHOIKH) OT MAallMHbl TECTHPOBAHHUA B
peanuzanuio 1 HabIIOACHUS OT pealu3aluy Ha JUCIIeH MallMHBI BBITOJIHSIOTCS 32
KOHEYHOE BpeMs.

BeckoHewyHass TOCIEAOBATENBHOCTh T-ICHCTBHI HA3BIBACTCS OusepeeHyueli |
obo3Hayaercss cuMmBoiioM A. JluBepreHmus cama 1o cebe He OmMacHa, HO TpHU
MOTIBITKE BBIXOZA U3 HEE, KOrla OINepaTop HaKMMaeT JOYI0 KHOTKY, MOJy4YCHHE
HaOJIOICHUS HE TapaHTHPYETCs, MIOCKOIBKY peaTu3aIisi MOXeT OECKOHEUHO JTOJTO
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BBITIOJHATH TOJBKO BHYTpeHHHE (HeHaOMIomaemble) nelcTBus. [lostomy omeparop
HE MOXET HU IIPOOJIKATh TECTHPOBAHUE, HH 3aKOHUHUTB €TO.

IIpu orcyTcTBUM AMBEPreHUMH YKa3aHHbIE BBILIE MPEANOIOKEHUS TapaHTUPYIOT,
YTO €CIIM TIOCJI€ Ha)KaTWs KHOMKHU pealn3alusi BBIMOJHIET HEKOTOpPOE BHEIIHEE
JIECTBHE, pa3peliaeMoe 3TOM KHOIMKOM, TO 4yepe3 KOHEYHOE BPEMs 3TO EUCTBHE
OyzmeT HaOJIOAATHCS HAa AUCIUIEE MALIMHBI TECTUPOBAHNS.

OTH Ke MPEINOoI0KEeHUSI YacTO HMCIOJB3YIOTCS IS peanu3anuu HaOmonenus R-
OTKa3a TNpU OTCYTCTBUM JIMBEPrCHLMH, HO B YCHJICHHOM BapHaHTe: BpeMs
BBITIOJTHEHHS KaXKJIOTO JEHCTBUS, pa3pemaeMoro KHOIKOM, BMECTE C BO3MOYKHBIMHU
MPEeIUIECTBYIOIUMH €My BHYTPEHHHUMM ICHCTBUSIMM HE TOJbKO KOHEYHO, HO U
orpaHuueHo. B 3ToMm ciydae BBomuTcA TaiiM-ayT, HCTEUEHHE KOTOpOro 0e3
HAONIOACHUST JEHCTBHUS TPAKTyeTCs Kak OTKa3 (MPU YCIOBHH OTCYTCTBHUS
JUBEPTeHIINN). Ba)kHO OTMETUTh, YTO ATO HE €JAMHCTBEHHBIM BO3MOXHBIH CIIOCOO
peanuzanuu HabIIIOIEHUS OTKa3a.

B mobom ciydae mpenmoiaraercs, YTO IPU OTCYTCTBUM IUBEPreHLUM IOCTE
HaxaThs: R-KHONKKM d4epe3 KOHEYHOE BpeMs oOmepaTop HaOmomaer Win
pa3pellieHHOe 3TOW KHOIKOW BHEIIHee MEWCTBHE WM COOTBETCTBYIOIIMH OTKa3.
Opnako npu Haxarud Q-KHONKH, €CIM B pealu3allid BO3MOXXEH OTKa3, To,
ITOCKOJIBKY 3TOT OTKa3 He HaONoaeM, OrepaTtop He 3HAeT, HYXKHO JId €My JKIaTh
HAOIOEHUS] BHELIHErO NEeHCTBUS WM TaKOro NEeWCTBUS He OyIeT, MOCKONIBKY
BO3HHUK OTKa3. [loaTomy omepaTop He MOXET HM MPOAOJKATH TECTUPOBAHUE, HU
3aKOHYUTH €TO0.

Kpome storo msr BBOmum [1],[2],[3],[4],[5] cmenmansHoe, Bceraa pa3pelieHHOe
JeiCTBUE, KOTOpPOE HAa3bIBa€M paspyuieHuem W o0Oo03HadaeM cuMBojoM Y. OHO
MOJIJIUPYET J000€ MOBEJICHHE Pealn3alii, KOTOPOe He JODKHO JOMYCKaThCs BO
BpeMs TECTUPOBAHUS.

TectupoBaHme, MpU KOTOPOM HE BO3HHUKAET IMOMBITOK BBIXOJA M3 JAWBEPreHIINH,
HEeHAOITI01aeMbIX OTKa30B M Pa3pyIIeHHUs, HasbiBaeTcs bezonacnuiv [2],[5]'.

1.2. LTS-Momenb

B kauecTBe OCHOBHOW MOJETH MBI HCIIONB3YEM CUCHIEM) HOMEYEHHbIX Nepexo008
(LTS — Labelled Transition System) — opHeHTHpPOBaHHBIH Ipad C BBIICICHHOMN
HaYaJbHOW BEPIIMHOW, IYyId KOTOPOTO ITIOMEUYEHBl HEKOTOPHIMH CHMBOJIAMH.
®opmanbHo, LTS — 3ro coBokymHocte S=LTS(Vs,L,Es,s¢), rie Vs — Hemyctoe
MHOXKECTBO COCTOSIHMH (BepmmH rpada), L — ampaBuT BHEUIHHX AEHCTBUIA,
EscVsx(Lu{1,7} )% Vg — MHOXECTBO MEPeX0a0B (MIOMEYCHHBIX YT Tpada), Soe Vs —
HavyallbHOE COCTOSIHUE (HavyallbHasl BepIIMHA rpada).

ITpumep LTS (B ioco-cemaHTHKE) IPUBENICH HA PUC. 2 CIICBa.

" B mammx Gonee panHux paodorax [1][2][3][4] omacHOW cuuTanace cama

AUBCPTCHIINSA, a HE IONBITKA BBIXO/1a U3 HEEC.

236




L={x,y, 2z}

S Sgr
R={d}.rne d={y, z}
Q={{x}} i

O 0.

tr(Sg) = (8'xy) (8 [x[z[A]]] | xy)
Puc. 2. Ipumep LTS u ee LURU{Ay}-mpacc’

MuoxectBo Bcex LTS B anpasute L o6o3naumm LTS(L). Takke BBemem
0003HaYeHNUS 7151 HANUYHSA/OTCYTCTBUS IEPEXOJIOB:

N A \ A N
s—z—s = (s,z,8")eEg, S—7z-»8 = —(s—z—s"),

A N \ A
s—z— =35’ s—z—s’, s—z—+ = —(s—z—).
Tam, roe 5TO HE NPUBOJUT K HEAOpasyMeHUs M, OyleM HCIONb30BaTh 3aliCh
s—z—s' nans obo3HayeHHs camoro mepexoja (s,z,s’), a He Kak MNpeauKaT
(s,z,s")eEs.
Mapwpymom LTS Ha3pIBaeTCS MOCIEA0BATEIBHOCTh CMEXKHBIX TEPEX00B: KOHEI]
Ka)XJOro Mepexoia, KpOMe IOCIEIHET0, COBMAIaeT € HadaloM CIIeTyIOUIero
nepexona. B mammee TectupoBanms BeimosHeHHEe LTS cBOIUTCS K MPOXOXKICHUIO
MapuipyTa, Ka)/bplii Iepexoj] KOTOpOro paspelaeTcs Haxarod kHomkoil. ITocie
BBIIIOJIHCHHSL [EPeXoja [0 BHEUIHEMY JCWUCTBHIO, pa3peliacMOMYy HaXKaToi
KHOTIKOH, WM TOCJIe BO3HUKHOBEHMs R-0TKa3a KHOTNKA aBTOMATHUYECKU
omxuMaeTcs. [Ipu 3ToM T- U y-TIepexoIbl BCET/Aa pa3peleHbI.
CocrosiHHE S° 0OCMUMCUMO U3 COCMOAHUA S, €CIH B S’ 3aKAaHIMBACTCS MapIIpyT,
HAYMHAIOIIMICA B COCTOSHHM S. IIpocto docmuoicumoe cocmosnue — 3TO
COCTOSIHME, OCTHXKMMOE W3 HAYaJIbHOTO COCTOSHHS So. MHOXXECTBO COCTOSIHHIM,
NOCTIDKUMBIX M3 COCTOSIHHSA S, Oyaem o6o3Hauate der(s). Omnpenennm

A
der(S)=der(sy).

* Ilpu 3amKCH PETyJIAPHBIX BBIPKEHHIT MBI IS KPaTKOCTH Gy/IeM OMyCKaTh 3HAKH
KOHKAaTCHALUK «-» JUISl TIOCIIEI0BATEILHOCTEH N MHOXKECTB I10CIIE0BATEIbHOCTEH,
3AIITHIC «,», PA3JICISONINE HIEMEHTHI MOCIEI0BATEIbHOCTH, YTIOBBIC CKOOKH «(»
U «)», OTMEUYAOIINE HAYalo M KOHEI| [OCIEAOBATEIPHOCTH, a TaKXkKe (DUIYpHBIC
CKOOKHM «{» M «}» ;11 MHOXXecTB. Harpumep, peryiaspHoe BEIpa)XeHHE Ha JTaHHOM
pHCYyHKe, 3amHcaHHOE B KpaTkoil popme kak (8 xy)'( 8 [X[z[A]]] | xy ), B momHo#
dopwe sammessacren Tax: ({(3)} - {(xy)})' - ({(8)} L)L) LA | {{x)).
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CocTosiHUe mepMuHanbHO, €CIU W3 HEro He BBIXOAAT HUKAKHe MNepexofbl, U
cmabunbHo, eCIM W3 HEro He BBIXOMAT T- M y-mepexonsl. Otka3 P mopoxmaercs
CTaOUIBHBIM COCTOSIHHEM, U3 KOTOPOTO HE BBIXOJAT MEepexobl Mo AeiicTBusIM u3 P.
CocrosiHUEe OugepeeHmHo, €CIM B HEM HAYMHACTCS OECKOHEUHBIH T-MapUIpyT
(MapmpyT U3 T-IEPEX0A0B); B IPOTUBHOM CITy4ae COCTOSHHE KOHEEPSEHMHO.

1.3. TectoBble nctopum n Tpaccoi LTS

Tecmoevie ucmopuu

J1s  B3aMMOJCHCTBUS, OCHOBAaHHOTO Ha  HAaONIOJCHUAX, CIMHCTBEHHBIM
pe3ynbTaToM TECTOBOTO JKCIIEpPUMEHTA SIBIISIETCSI gepeayroascs
MOCNIEI0BATENBHOCTh KHOMOK (TECTOBBIX BO3JEHWCTBUI) M HAOMIONECHUH, KOTOPYIO
OyneM Ha3bIBaTh (TECTOBOH) ucmopueti. JIMBEpreHINs U pa3pyIlICHHE CUATAIOTCS
YCIIOBHO-HAOIIOaEMBIMH JCUCTBUSAMH: XOTS OHU HE JOJDKHBI BO3HHKATH IIPH
0e30macHOM TECTHPOBAaHMHW, HO [N MONHOTHL MOMAENHPOBAHUS  JOJDKHEI
IIPUCYTCTBOBaTh B HCTOPHAX, OTMeHas Te HMX HHUX, ITOCIE KOTOPBIX BO3MOJKHEI
JVUBEPreHIMs WK paspylieHue. Tak Kak HAC He MHTEpECyeT IOBEJCHHE CHUCTEMbI
IOCJIe UBEPreHINH WIN Pa3pyIICHHs, CUMBONBI A M Y MOTYT OBITH TOJBKO
TIOCJIETHIMHA dJIeMEHTaMH ¥cTopuil. Jlloboe npyroe HabOmroneHHWEe U (BHEIIHee
JieiicTBHe 381051 R-oTka3) JIOJKHO pa3pemarbcs HEIIOCPEACTBEHHO
TIPEANIECTBYIONIEH eMy B HCTOPHH KHOMKOW Pebuf(u). 3amernm, 4To mo 3TOMY
ONpe/eIeHHIO JI000H pehHKC NCTOPHU SBISETCS HCTOPUCH.

IMoxnocnaenoBaTeIbHOCT UCTOPHH, COCTOSIIAS TOJIBKO M3 HAaONIONCHUH (BKIIOYAs
A u ¥), Ha3BIBaeTCA mpaccotl (3Toi uctopun). B obmem cnydae OyneM Ha3bBaTh A-
Tpaccoil mocnenoBaTeabHOCTh B andaBure A. Tpacca ucropuu — 310 LURU{A, Yy} -
Tpacca.

Jis cucrem 0e3 MPHOPUTETOB BaXKHBI TOJIBKO TPACCHI, TOCKOJIBKY BO3MOXKHOCTH
WM HEBO3MOXKHOCTH TOSIBJICHHUS JAHHOTO HAaOMIONEHHS TOCIE HEKOTOPOH Tpacchl
ompeieNsieTcs TOJbKO TEM, 4YTO Ha)KMMaeMas KHOIMKa pa3peliaer JaHHOE
HaOJIIO/ICHUE, U HE 3aBHCUT OT TOTO, Kakue elle HAOIOACHUS OHa pa3peniaeT HiIh
3ampeniaer. s JaHHOW TECTHPYEMOW CHCTEMBI 0e3 TPUOPUTETOB MHOMKECTBO €€
HCTOPUN OHO3HAYHO BOCCTAHABIMBAETCS [0 MHOXECTBY €€ Tpacc.

Kaxk Obu10 cka3zaHO BbIlIE, B MalllMHE TECTHUpOBaHUs BbIMosHeHue LTS cBoguTcs k
MIPOXOXKACHUIO MapUIpyTa, KaXKIbIH Mepexol KOTOPOTO pa3pelaeTcs HaXaTou
KkHOMKOH. [Ipy 5TOM Ha AWCIUIee MalIMHBI MBI HaOJIIOJaeM MOCIeNOBATENbHOCTD
BHEUIHUX JICHCTBUH, KOTOPHIMH TIOMEUYECHBI BBITIOJNHSAEMBIC TEPEXOMAbI, |
Bo3HHKammKe R-oTkasel B crabuibHBIX cocTosHMsX. Ecaum LTS nHaxomurcs B
KOHBEPIeHTHOM COCTOSHHU S, KOTJIa Ha)KUMaeTcsi KHomMka P, To uepe3 KoHeyHOe
BpeMst OO0 BBHIMONHAETCS Mepexon mo aeiictBuio zeobs(P), To ects zeP, aubo
npoucxonaut otkas P. Otor orka3 P Habmomaercs, To ecth Peobs(P), ecniu PeR.
ITockonbky T-miepexobl BCETJa pa3pelieHbl, MOXKET OKa3aThCs, YTO MEPEXOJ IO
JIEHCTBUIO Z BBINIONHACTCS HE W3 COCTOSHHS S, @ W3 APYroro COCTOSHHS S,
JIOCTHKMMOTO M3 S TI0 IENOYKe T-TNIePeX0J0B. AHAJOTHYHO, IMOCKOJBKY IpH

238




Bo3HuKHOBeHMM R-oTkaza P LTS pomkHa HaXOOWTBHCS B CTAOUIBLHOM COCTOSHUH,
3TO COCTOSIHUE COBIIAJIAET C COCTOSHUEM S TOJBKO B TOM CJy4ae, KOI/la COCTOSHUE S
cTaOWIbHO, @ B IPOTUBHOM CIIy4ae OTKa3 MPOMCXOJUT B CTAOMIBHOM COCTOSIHUM S,
JIOCTHKUMOM M3 S IO Lenovke T-nepexonoB. Eciu cocTosHue s AUBEPreHTHO, TO
I10CJI€ HAXKATUS KHOIKKA P HUKaKHX BHELIHUX JEHCTBHM U OTKAa30B MOXET HE OBITH,
ecyii 0ECKOHEYHO JOATO OYAYT BHIOJTHATHCS TOJIBKO T-IIEPEXOIBL.

IIpocmuie mpaccel LTS

Ilpocmoit mpaccoii LTS S OyneM Ha3bIBaTh MOCIEIOBAaTENLHOCTh G MOMETOK Ha
nepexojax MaplpyTa ¢ HOpoIyckoM cumBoioB T. Ilpocras tpacca LTS — 3t0
Lu{y}-Tpacca. MHOXECTBO MPOCTHIX TPAcC, HAYMHAIOIIUXCS (TO €CTh MapUIPYTHI
KOTOPBIX HAYMHAIOTCS) B COCTOSHUM S OyzieM 0003HadaTh #7(s,S).

Uepes s after ¢ 0003HAaUUM MHOKECTBO COCTOSIHUH, B KOTOPBIX 3aKaHYHBAETCS
mpocTasi Tpacca G, HAUMHAIOIIASCS B COCTOSHHH S, TO €CTh 3aKaHYHMBAIOTCSl BCE
MapuIpyThl C MPOCTOM TPaccod G, HAUMHAIOIIKECS B COCTOSHUM S. PacmpocTpanum
ormepaTop  after Ha  MHOXECTBO A COCTOSIHMII  OOBIYHBIM  00pa3oM:
A after 6 £ {s after |s€ A}, pe3yIbTaTOM SBIAETCS MHOXECTBO MHOMXECTB
coctostHuit LTS. Ilo ymomganuto, OyaeM cuuTaTh, 9YTO IPOCTas Tpacca HAUMHACTCS
B Ha4aIbHOM cocTostHun LTS, 1 o6o3HauaTh S after 6 £ s, after o, tr(S) £ tr(s,,S).
Beenem cienytome 0003Ha4eHUS IS COCTOSIHUM S U S° M TPACCHI G:

s=0=-s" £ s'(s after G), s=0#%s" £ —(s=6=3"),

s=s' 2 s=e=>s’, TJIe € mycTas Tpacca, s%5° = —(s=s"),

s=0= 2 35" s=0=3", s=0% £ —(s=0=).

PacnipoctpanuM 3T 0003HAYCHHSI HA MHOXKECTBA COCTOSIHUNA A U A’;

A=c=A" £ A'=(A after 6)#J, A=c-A" = ~(A=c=A"),

A=A 2 A=e=AN ABA 2 (A=A,

A=c= £ 3A  A=c=A", A=0* £ (A=0=>).

LTS demepmunuposana, eciu xaxaasi ee mpocTasi Tpacca 3aKaHYMBaeTCsS POBHO B
0HOM cocTossHMM. OueBUIHO, 4TO B AeTepMuHUpoBaHHOU LTS HeT T-nepexonoB u3
JIOCTI>KUMBIX COCTOSTHUIM.

LURUA y-mpaccot LTS

[MocnenoBaTennbHOCTh HAOMIOACHWH, KOTOpas MOXeT OBITb TOJy4YeHa IIpH
B3aumoseiicTBun ¢ LTS B R/Q-ceMaHTHKE, TO €CTh MOCIEI0BATEIIBHOCTh HE TOJBKO
neiictBuii, Ho u R-otkazos, sBmsgercs LIURU{A,y}-Tpaccoii. s onpeneneHus
takux Tpacc LTS S 1006aBuM B KaXJOM €€ CTaOMJILHOM COCTOSIHUM BUPTYaJIbHBIC
netnu s—R—s, momMeueHHble R-0TKazamu, MOPOXXJIAEMBIMH B OTOM COCTOSHHH,
J00aBUM HOBOE TEPMUHAIBHOE COCTOSHHE (), IEPEHANIPABIM B 3TO COCTOSIHHE BCE
Y-TIepEeXOIbl, @ TaKXKe MPOBEIEM B HEr0 A-Nepexoabl U3 IUBEPreHTHBIX COCTOSHHU.
dopmanbHO I TH000TO  3amaHHOro cemeiictBa MHOXecTB Rc /(L) 3T0
npeobpazoBanne S—Si nmaet LTS Sg=LTS(Vsu{w},LURWU{A} ER,sg), TIe 0& Vg,
a MHOXECTBO mepexofoB Egr ompenenseTcs Kak MHHAMAIBHOE MHOXECTBO,
MOpO’KAaeMoe CIICAYIOIUMH IIPaBIIaMH BEIBoza: V's,s € Vg VzeLu {1} YReR
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s—z—8§' F s—z—s,
VzeRu{ty} s—z+» F s—R—os,
s—y— F s—y—o,
S ougepeeHmHo F s—A—o.

IMpumep LTS S, LTS Sk u MHOKecTBa LURU{Ay}-Tpacc LTS S mpusenex Ha puc.
2.

®opmansro LURU{Ay}-Tpaccoit LTS S Oynem Has3wiBaTh mpoctyro Tpaccy LTS
Sgr. MHuoxecTBO #(SR) Bcex LLURU{A,y}-tpacc LTS S HaszviBaetcs (mpaccosoii) R-
MoOenbio, KOTa II0 YMOJTYAaHUIO MpEAIoNaraeTcs 3aJaHHbM andaBut L, wmm
IIPOCTO MpACCcoB8oll MOOenbio, KOTJa 10 YMOTYaHHIO TPEATONaralnTcs 3aaHHbBIMI
kak andasutr L, Tak u cemeiictBo Rc!(L)). Jns R='I(L) nomydaem nonwuyio
mpaccosylo MoOdelb — OHAa COAEPKHUT BCE OTKa3bl, MOPOXKIACMBIC CTaOMIBHBIMU
coctrostHusMHU. [lonHas TpaccoBast mozmens (kak u LTS) ommceiBaeT kak ycTpoeHa
CHCTEMa «HA caMoM Jjene», a moamuHoxkectBo ee LURU{Ay}-tpace, To ecTh
TpaccoBass R-Monenb, — 3TO «B3INSI» Ha CHCTEMY, OIPENCNSeMBI TECTOBBIMU
BO3MOKHOCTSIMH I10 YIIPABJICHHIO W HAOJIIOAEHHUIO, KOTOphIe OMHChIBalOTCI R/Q-
CEeMaHTHKOH, ¥ 0e30mMacHOCThI0 TECTUpOBaHUS (OTCYTCTBHA B  Tpaccax
HEHaOJII0ITAEMBIX OTKAa30B).

Pacnipoctpanum LTS-o603HaueHusi, ucnonp3yromue Ttpaccbl, Ha LURU{AY}-
Tpaccel. Takumu 0003HAYECHUSIMH SIBISIIOTCA: S=G=>S , a TaK)Ke MPOU3BOAHBIE OT
3TOro 00O3HAYCHUS S=0=>, S=C+£S, S=0+, s dfter ¢ u S after . O003HaYCHHE
S=0=-S’ UMeeT OJuH U TOT ke cMblca Juid LTS S u Sg, eciu Tpacca ¢ cogepxur
TOJIBKO BHEIIHWE NIeHCTBUA. Eciam G COAep)KUT OTKa3bl WM 3aKaHYMBaeTcs A-
CHUMBOJIOM, JIBOWHAs CTpelka, oueBUIHO, mpuMmeHsieTcs K LTS Sg, mockonbky B LTS
S HeT mepexoioB Mo A-CHMBOJY M OTKa3aM. J[BYCMBICICHHOCTh BO3MOXKHA JIWIIH B
TOM cllydae, KOTAa G HE COJEPKHT OTKAa30B M CHMBOJIAa A W 3aKaHUYUBAETCS
paspyleHreM Y, 4TO MPOUCXOOUT H3-3a TOTrO, yTo Bce Yy-mepexonasl B LTS Sy
MIEPEHATIPABISIIOTCS B COCTOSIHHE (. MBI OyneM CYHMTaTth, 4TO B 3TOM CIIydae
umeercs B Bungy LTS Sg. Tem cambiM, MBI mepeornpenessieM IBOMHYIO CTPENKY
$=0=-s" W TIpou3BoAHbIe oOo3HaueHus Mg LTS S um Tpacc 6e3 oTka3oB u A-
CHMBOJIa, 3aKAaHYMBAIOIIUXCS pa3pYIICHHEM.

CocTostHUS S M S’ HA3BIBAIOT HKGUBAIEHMHbIMU, €CITH B HUX HAYMHAIOTCS OHU U T€
e TPOCThle Tpaccwl: #r(s,S)=tr(s’,S). MHoxecTBa cocTostHMET A m A’ Oymem
Ha3bIBaTh OKEUSANEHMHbIMU W 0003Ha4aTh A~rA', €Clii B HX COCTOSHHUAX
HA4MHAIOTCA OJTHH U T€ e NpocThle Tpacchl: U {tr(s,S)|se A}=u{tr(s’,S)|s'eA’}.

1.4. TpaccoBas mogenb

Cpaenenue LTS-mooenu u mpaccosoit mooenu

CpaBauM LTS-Mozens u TpaccoByro MOJIeNb, OIPEIEICHHYIO BbIIIe KaKk MHOXKECTBO
LURU{Ay}-tpacc LTS. LTS-moznens Gonee «HArIsqHA), YeM TPaccoBas MOJEIb.
@dopmanbpHO 3TO 03HAYALT, UTO JIF000M Tpad) C BEIEICHHON HaYaIbHO BEPIINHOI 1
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JlyraMu, IOMEYEeHHbIMYU cUMBOJIaMu U3 andasura L {1,y}, seiserca LTS-moznensto
B andasure L. B To ke BpeMs nmaneko He moboe MHOxecTBO LIURU{A,y}-Tpacc
SIBIISICTCS TPACCOBOM MOJENbIO: KaK OyAeT IOKa3aHO HIJKE, OHO JIOJDKHO 00JanaTh
onpeieIeHHBIM Ha0opoM HeTpUBMaNbHBIX cBOHCTB. Kpome toro, LTS-monens
SIBIISICTCS CITOCOOOM KOHEYHOTO TPEJICTABJICHHS PETYISAPHBIX TPACCOBBIX MOJIEIEH,
B TOM 4HCIIe OECKOHEYHBIX, TO €CTh PETYISIPHBIX MHOXECTB MOCIIEI0BATENEHOCTEH,
SIBIISIFOIINXCS TPACCOBBIMU MOJIEIISIMHU.

Ho ¢ nmpyroif cTtopoHsl TpaccoBas MoJelb UMeeT TO HmpeumyiiecTBo mepex LTS-
MOJIENBIO, YTO HE COAEPIKUT HUYETO IHIIHEr0», MOCKOJIBKY MPENCTaBIsIeT co00i
MHOXECTBO TpPacc, KOTOpble MOKHO Habuonath mpu pabote ¢ cuctemoil B R/Q-
cemaHTHKe. [loaToMy TpaccoBass MOJENb SBISETCS HaWOOJee eCTECTBEHHOM
MOJIETIBIO TAKOW CUCTEMBI. B 4acTHOCTH, OJTHOW U TOM K€ TPACCOBOI MOJENIN MOXKET
COOTBETCTBOBAaTh HecKobko LTS ¢ omauM n Tem ke MHOkecTBoM LURU{AY}-
Tpacc, u 3tu LTS Hepaznuuumel pu B3auMoieiicTBIM ¢ HUMH B R/Q-cemaHTHKE.

B sToM moxpasznmene mbl naauMm HezaBucumoe oT LTS ompenenenue TpaccoBoii
MOJIENIN KaK MHOYKECTBA TPAcC, YAOBIETBOPSIONIEI0 HEKOTOPOMY HabOpy CBOWCTB.
WHbIMH cllOBaMH, MBI TIOKa)X€M, YTO MHOXKECTBO TpacC SBISETCS TPacCOBOM
MOJIEITBIO TOTJIAa ¥ TOJILKO TOTJa, KOTJIa OHO YIIOBIETBOPSIET 3TOMY HabOpY CBOKMCTB.
CHauasa JaJuM HECKOJIBKO ONpeneIeHIH 1 0003HAYCHUH.

Ceoiicmea mpacc u onepayuu Hao0 mpaccamu

IMycts Rc! /(L) mpon3BoibHOE CEMEHCTBO MMOAMHOXKECTB ali(haBUTA.

Tpaccy Oyzaem Ha3bIBaTh 0onycmumoli, €CIii Bce ee dJIeMEHTHI, KpoMe, OBITh MOXKET,
TIOCJICTHETO, OTIMYHBI OT TUBEPTEHIINH U Pa3pyIICHHS.

Tpaccy Oyaem Ha3blBaTh CO2NACOBAHHOU, €CIU TOcie JII00OW  HemycTou
MOCIICIOBATEIBHOCTH OTKAa30B B Tpacce HE CIEAYyeT HU AWBEPreHIMS, HU
paspylieHHe, HU Kakoe-THOO BHELIHee NeiiCTBHE, MPHHAICKAIIECe KaKOMY-JTHO0
0TKa3y, BXOJSIIEMY B 3Ty ITOCIICIOBATEIBHOCTD.

Tpaccy Oynmem HasbiBaTh R-xomgepeenmmoii BO MHOXKECTBE Tpacc X, €CIH OHa
COJEPKUT WM TNPOAOIDKAeTCs B X paspylleHHEM WM JUBEPreHuuel, a B
MPOTHUBHOM ClTydae A Kaxaoro R-oTkasza mpomomkaercs B X 3THM OTKa30M HIIH
KaKUM-JTH0O0 BHEITHUM JCHCTBHEM, IIPHHAUICKAIIAM STOMY OTKAa3y.

OmnpenenyM TpH oNepanuy Hajl TPACCAMH.

Omneparus p,, — B3ATHE TIpedUKca Tpaccsl: H-A—p,—>|l. BBemem oTHomeHne
«aBnsieTcss mpedukcoM»: P<e = 3L o=p-A. MHOKecTBO Tpacc OymeM Ha3bIBaTh
npeghuxc-3aMKHymeiM, €CIM OHO BMECTe C KaKHoi Tpaccoil colnepKuT Bce ee
HpedUKCH], TO €CTh BCE TPACChI, NOJIy4aeMble U3 JaHHOH IO p,.-omnepanusM. UYepes
Pr(G) 0003HaUMM TpedHKC-3aMbIKAHHE TPACCHl G KaK MHOXECTBO BCEX €€
npedUKCoB, TO €CTh 3aMBIKaHUE TI0 OTIEPALUH P, (P .-3aMBIKaHHE) KaK MHOXKECTBO
Tpacc, MoJIy4aeMbIX U3 TPacChl G BCEMU BO3MOKHBIMH MPUMEHEHUSIMU ONEPaLHH:

Pre(0) = {pusc} = {plo—pr—u}.
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PacnpoctpanuMm omepauuio p,, Ha MHOXECTBO X TpacC OOBIYHBIM 00Opa3oM:
P22 {p,(C)GET}, pe3ynpTaTOM TaKOHl ONEpALMH  SBIACTCA  CEMEHCTBO
MHOXXECTB Tpacc. MHOXECTBO Tpacc X p,-3aMKHYTO TOT/a M TOJNBKO TOTJa, KOT/a
Upr(Z)=Z. Bornee Toro, 1 m000r0 MHOKECTBA TPACC X MHOMKECTBO \JPo(X) Pre-
3aMKHYTO ¥ SBISIETCS HAWMEHBIIMM (IO  BIOXXEHHOCTH)  p,,-3aMKHYTHIM
MHOXECTBOM, COJAEpXKAIIUM Z.

Onepaunst d — ymanenme R-otkaza P m3 tpaccsr p-(P)-A: p-(P)-A—d—p-A.
MHoxecTBO Tpacc OyIeM Ha3blBaTh d-3aMKHYmMbIM, €CITA OHO BMECTE C KaKIOH
Tpaccol COIEPXKHUT BCE Tpacchl, MOTydyaeMble U3 JaHHOH mo d-omepauusMm. Yepes
d(c) o0o3HauMM 3aMbIKaHWE Tpacchl © Mo omepanuu d (d-3aMBIKaHUE) Kak
MHOXECTBO TpPAacc, MOIYy4aeMbIX U3 TPAcChl G BCEMH BO3MOXXKHBIMUA KOHEYHBIMU
[ETOYKaMH IPUMEHEHUS onepanuu d:

d(6) £ {c'[3n 36,,0,,...,00 6,=6" & 6,—d—0,—d—>...—d—c,}.
PacnpocTpanuMm omepannio d Ha MHOXECTBO X Tpacc OOBIYHBIM 00pa3oM:
d(Z)2 {d(c)|ccX}, pe3yabTaTOM TaKOil ONEpAlMH SBJISETCS CEMECTBO MHOKECTB
tpacc. OObEIMHEHHUE MHOXKECTBO JTOro cemelcTBa o0003HauuM D(Z)=d(X).
MHosecTBO Tpacc Z d-3aMKHYTO TOTJa U TOJIbKO Torna, korga D(X)=2. bonee Toro,
UL JI00Or0 MHOXeECTBa Tpacc X MHOXecTBO D(X) d-3aMKHYTO W SIBISIETCS
HAaNMEHBIIINM (IO BJIOYKEHHOCTH) d-3aMKHYTHIM MHOKECTBOM, COJICPIKAIIUM X.

Omnepauns ig — BctaBka R-oTkaza P B Tpaccy |I-A mocie Tpacchl L IpU YCIOBUH, YTO
Tpacca |l 3aKaHYMBAaeTCsl KaKUM-HUOYAb OTKa3oM M HE MPOJOJDKAETCS BO
MHOXECTBE Tpacc X [UBEPreHIUEH, paspylleHueM U JAelcTBuaAMU u3 P
pA—ig—>u-(P)-A. MHOXecTBO Z Tpacc OyaeM Ha3bIBaTh IR-3aMKHYMbIM, €CIIH OHO
BMECTE C KaXI0il Tpaccoil COAEP)KUT BCE TPacChl, MOMydaeMble U3 JAaHHOH MO ij-
onepanusaM. Yepes ir(G) 0003HaYMM 3aMBIKAaHUE TPACChl G 10 ONEpaluH ig Kak
MHOXXECTBO Tpacc, MOIy4aeMbIX M3 TPAcChl G C IIOMOIIBI0 BCEX BO3MOXKHBIX
OJTHOBPEMEHHBIX BCTABOK JIFOOOTO (B TOM YHCIIE HYJIEBOTO) YHCIa OTKA30B!

ir(0) £ {630 3o, .1y IRy, Ry 6=Llg-.. .-ty

& 6" =po-(Ry) ... (Rp) -y

& Yie[l..n] 6—ig—>to ... i (R L. .}
PacnpoctpanuM omnepanuioo ig Ha MHOXKECTBO X Tpacc OOBIYHBIM 00pa3oM:
ir(X)E {ir(0)|c€X}, pe3ynIbTaTOM TaKOil OIEPALMH SBIIACTCS CEMEHCTBO MHOXECTB
Tpacc.

3ameTHM, YTO ig-Orepanusi HaJ TPAcCOW, B OTIMYUE OT P, U d-onepanuii, 3aBUCHT
HE TOJBKO OT O3TOH Tpaccel, HO M OT MHOXECTBa Tpacc X, KOTOPOMY OHa
MPUHAJICKUT. Tak ke, Kak Uil p,- U d-onepanuid, MHOXECTBO Tpacc X ip-
3aMKHYTO TOTJ/Ia M TOJBKO TOTJa, Korjua \Jig(X)=Z. Taxke s 1000ro MHOXKECTBa
Tpacc X MHOXKECTBO WiR(Z) ir-3aMKHYTO, OZHAKO, BOOOIIIE TOBOPSI, OHO HE SIBIISAETCS
HE TOJILKO HaWMEHBIIMM, HO W MHHUMAJIBHBIM IR-3aMKHYTBIM MHOXECTBOM,
comepxxammM X. B kauecTBe mpmMepa paccMOTpHM MHOXeCTBO A=Up,({G,0,}),
rae 61=(A,x,A,b,A), 6,=(A,B,x,A), A={a}, B={b} u R={A,B}, Q={{x}}. Torma
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ir(c)) u igr(c,) 5TO MHOXeEcCTBa Tpacc, KOTOpblE MOTYT OBITh 3aluCaHbl
perymapubiMu  BeipakeHmsME  A(AB)'xAAD  u  A(AB) B(AB)xA(AB)’,
COOTBETCTBEHHO. MHOKecTBO A=  Up,(ir(51))= [A(AB) [X[AA'[b[A]NN]
COZIEP’)KUT MHOXKECTBO A U IR-3aMKHYTO, HO He coaepkHuT Tpaccel ABXAB,
npuHaaiexameil ir(c,) U, ciaegoBaTeNbHO, IpUHALIeKaei U ig(A). Tem caMbiM
UiR(A)ZA,.

MoxHo ObII0 OBl BEIOpaTh APYTrOH, BTOPOH, CrOco0 OmpeieNeHus ir-3aMBbIKaHUS
TpPacchl G KaKk MHOXXECTBO TPAcC, IMONy4aeMbIX M3 TPAacChl G C MOMOUIBIO BCEX
BO3MOJKHBIX OJMHOYHBIX BCTaBOK OTKa30B. OJHAKO B 3TOM CIy4ae MHOXECTBO
[;=UiRr(Z), XOTS M COAEPKUT MHOXKECTBO X, HO MOXET OBITh HE IR-3aMKHYTO.
Hanpumep, ecin R={{a}} u Z={({a})}, TO OAMHOYHBIC BCTaBKH IaIyT TOJIBKO
onHy HoByIo Tpaccy ({a},{a}). [ToiyueHHOE MHOKECTBO, COCTOSILIEE U3 IBYX TPACC
({a}) u ({a},{a}), He ig-3aMKHYTO, TIOCKOJILKY HE COIEPKHUT Tpacchl ({a},{a},{a}),
XOTSI OJJHOBPEMEHHAs BCTaBKA HECKONBKHX OTKAa30B JaeT TaKylo Tpaccy (Kak u
TPAacChl C TFOOBIM HEHYJIEBBIM YHCIIOM OTKa30B {a}).

[TosTOMy mpHM OIWHOYHON BCTaBKE OTKAa30B HYXKHO CHOBA B3ATh iR-3aMBIKaHUE
L=Uir((Wir(X))), u Tak panee. Ilpu 3TOM MBI MOJIYYHM, BOOOIIE TOBOPS,
0OECKOHEUHYIO IIOCIIEJOBATEIBHOCTD pacImupsiomuxcs MHoxectB I,chc.... [ns
TOro, 4TOOBl OKOHYATENHFHO MOJYYHTh IR-3aMKHYTOE MHOXKECTBO, COZEprKaliee
HCXOJTHOE MHOXKECTBO X, HY>KHO B3ATh IPeeJ 3TOH MOCIe0BaTeIbHOCTH, TO €CTh
obbennHenne U{I;n=1,2...}. Pesynprar Oyzmer TOT *e, 9TO NpH MEPBOM crocode,
TO €CTh IpPU OJHOKPAaTHOM IR-3aMBbIKAHUM MHOXECTBA X C OJHOBPEMEHHOMU
BCTaBKOW HECKOJBKUX OTKa30B. [IOHATHO, YTO MEPBBIi CrIOCOO MPEearoYTUTENIbHEE,
MO3TOMY MBI €T0 H BBIOPAIH.

MHOeCcTBO BCEX OTKa30B B KOHIIE TPACCHI G (TO €CTh OTKA30B, IIOCTE KOTOPHIX B &
CIIEAYIOT TOJIBKO OTKa3bl) Oynem o0o3Hayate Ip(o).

Xapakmepucmuueckue c60licmea mpaccogoit mooenu

Teopewma 1: MuoxectBo LURU{A,y}-Tpace X sBiseTcs R-monensio (To ectpb
MHOXxecTBoM LIURW{A,y}-Tpacc Hekotopoii LTS B andasute L) Toraa u Toibko
TOTAa, KOTJIa OHO HE IYCTO, NpeduKc-3aMKHYTO Up,(X)=Z W yHOBIETBOPSET
CIICAYIOLINM TPEOOBAHUSM:

® JIONYCTUMOCTb: BCE TPACCHI X IOMYCTUMBI,

® COIJIACOBAHHOCTH: BCE TPACCHI L COTJIACOBAHBI,

R-KOHBEPIreHTHOCTh: BCe Tpacchl £ R-KOHBEPreHTHBI B X,

3aMKHYTOCTE: X d-3aMKHYTO: D(Z)=%,

R-nonHora: ¥ ig-3aMKHYTO: UiR(Z)=E.

[1Jloka3aTenbCcTBO 3TOTO YTBEPXKIACHUA CM. B [5], Teopema 14.

B nmampHeiimem i 3amaHHOW R/Q-ceMaHTHMKM B KadeCcTBE TPACCOBOH MOMIEIH
cnenuuKkanu Mbl OyIeM HCHONb30BaTh R-Mozenb, a B KadecTBE TPacCOBO
MOJIENIN peann3aliii Mbl OyIeM HCIob30BaTh RUQ-Moemns.
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1.5. Be3onacHoe TecTupoBaHue U 6e3onacHas KOH(POPMHOCTb

[Ipn Ge30macHOM TeCTUPOBAHUHM OyIyT MPOXOIUTHCS TOIbK0 LiUR-Tpaccs, mpuaeMm
Ha)KUMaTbCs OyIyT TONBKO KHOINKHU, KOTOPbIE CUMTAIOTCS O€30MaCHBIMU TOCIE HUX.
D10 mpenmnonaraet (opMaIbHOE ONpEIEICHHE Ha YPOBHE MOJEIHM OTHOIICHUS
6e3omacHOCTH «KkHONKa P GesomacHa Bo MHoxkecTBe Tpacc N mocie LUR-Tpaccs
o».

Hpou:mom;noe omHouwienue dezonacnocmu

Iycte 3amanel R/Q-cemanTHKa, HEMYCTOE MPE(HUKC-3aMKHYTOE MHOXKECTBO Tpacc N
1 npousBoibHoe otHomenue relc(RUQ)xX(NN(LUR)"), cBsi3bIBaoliee KHOMKH C
LUR-Tpaccamu u3 N, koTopoe OymeM Ha3bIBaTh OTHOIICHHEM O€30MacHOCTH.
3ammmce P rel N after ¢ autaercs kak «xHonka PeRUQ 6e3onacna no omnowenuio
rel B N mocine Tpacchl G.

Bynem rosoputs, uro otka3z PeR 6ezonacen no omuowenuro rel B N nocie tpaccsl
o u tmcatb P rel N after 6, ecnin kHomka P GesomacHa mo oTHomeHmio rel B N
mnocie G.

Bynem roBoputs, uto aeiictBue zeL 6Oezonacno no ommowenuio rel B8 N mocie
Tpaccsl ¢ U nucartb zrel Nafter G, ecnu OHO paspeliaeTcd TaKoH KHOIKOH
Pebut(z), ato P rel N after .

CooTBeTcTBEHHO, OyneM TOBOPUTH, YTO KHOMKa win HaOmonerne ueLURUQ
onacHsl 1o otHouleHuto rel B N nocne LUR-Tpacesl ceN u nucats u #ef N after o,
€CJIM OHM He SABJISAI0TCS Oe30IacHbIMU 0 oTHoLIeHuIo rel B N nocie 6.

Bynem cumrtath, 4TO, KpOME OTHOWICHHA Frel, yKa3aHO, SIBISIETCS IycTas Tpacca
6e3onacHoii iy onacHoil. Torna MHOXkecTBO Becex LUUR-Tpace no otHouieHuto rel
pa3buBaeTCs Ha TPU MHOXKECTBA Tpacc: 0€30MacHBIX, OMTACHBIX U OCTaJIbHBIX.
LUR-tpaccy oceN Oynem Ha3bIBaTh 6e30nacHoll no omHouienuto rel, ecu mycTas
Tpacca OesomacHa U i Kaxzgoro mpedukca U-(u)<c Habmonenue u rel N after |.
MHoxecTBO ©0e30macHBIX II0 OTHOIICHHIO Fel Tpacc, Kak TIIpaBwiIo, Oynem
o6o3Hayate Rel(N). DTo MHOXXECTBO Tpacc, OUeBHIHO, IpePHKC-3aMKHYTO H ITyCTO,
€CJIU IIycTas Tpacca onacHa.

LUR-Tpaccy ¢ OyzneM Ha3bIBaTh ONACHOU NO omHouieHuio rel, ecu mycras Tpacca
oflacHa WM Tpacca ¢ mMmeeT BUI o=M-(u)-A, Tme HeRel(N), a urel N after .
3aMeTuM, YTO 10 3TOMY OIPEIEICHUIO OllacHas Tpacca MOXKET KaK IpUHAJJIeKATh,
TaKk ¥ He MpUHAAJeKaTb MHOKecTBY N. MHOXECTBO OMACHBIX 1O OTHOILIEHHIO rel
Tpacc, Kak mpaBuio, 0yaem obo3nadate UnRel(N).

Ecnm mycras Tpacca omacHa, TO BCE TPacChl OMACHBL. B MpOTHBHOM ciydae MOTYT
OBITB eIIe TPACCHl, KOTOPbIC He OE30MacHBIC W HE ONAcHbIC, TAKUE TPACCHI HMCIOT
BHA [-(u)-A, roe tpacca peRel(N), u rel N after |1, Ho p-(u) N.
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Ommnowenue nepaspyuiaemocmu

IIpu tectupoBaHuM Oe3omacHas KHOIKAa — 3TO, MPEXIE BCETO, Hepaspyularouas
KHOITKa, TOJA KOTOpPOH MBI MOHMMacM KHOIKY, HakaThe KoTopodl mocie LR-
TpacChl HE MOXKET NPHBECTH K TIONBITKE BBIXOJAa M3 AWBEPIeHONH WM K
PaspyLICHUIO IOCJE BBHIMOJHEHHUS Pa3peIlaeMoro 3TOW KHOMKOHM aeicTBus. DTo
OTHOIIEHHEe 0e30MacHOCTH 0003HAUUM uepe3 safe,, U OmpeienuM ero (hopMaibHO
JUIs TI000T0 HEeMyCTOro npedrKc-3aMKHYTOr0 MHOXKeCTBa Tpace N:

vPeRUQ YoeN~(LUR)'

P safe,, N after ¢ = c-(A) N & VzeP o-(z,y)N.
ITyctyio Tpaccy OyneM cumTaTh Hepaspywiaromiei (GesomacHoii mo safe,), eciau
paspylleHre HeBO3MOXHO C caMOoro Havana, To ecth () N. Kaorky, Habmonenne
unu Tpaccy OyneM Ha3bIBaTh Hepaspywiaiowumu (paspyularowumu), €CId OHHU
GesomacHbl (OMacHB) HO OTHOIUGHUIO Safe,,. MHOXKeCTBa HepaspyIIAOINX H
paspymaromux Tpacc o6ozHauuM Safe,(N) u UnSafe,(N), COOTBETCTBEHHO.

Ommnowenue 6e3onacnocmu 6 peanuzayuu

Temeps omnpenenM OTHOIICHHE OE30IaCHOCTH KHOMOK i peanu3auuu. Takas
KHOTIKa, BO-TIEPBBIX, JOJDKHA OBITh HEpa3pyLIaoIIei U, BO-BTOPHIX, €€ Ha)XKaTue He
JOJDKHO TIPHBOIUTH K BO3HHKHOBEHHIO HEHaOIojaeMoro otkasa. s modoro
HEITyCTOro MpeduKCc-3aMKHYTOr0 MHOXECTBA Tpacc I MBI ompenennm 6e30macHOCTh
KHOIIOK TOJBKO IIOCIEC HEpa3pyIMIAloUX TPacC 3TOTO0 MHOXKECTBA, KOTOpPBIE IO
onpenenenuto apisatoTcs LUR-Tpaccamu:

VPeRUQ VoeSafe, (1)

P safeinlafterc = P safe,1after o & (PeQ = c-(P)gl).
ITyctyro Tpaccy Oynem cuuTaTh OE30IacHOI! 1O safe in, eciau OHA HepaspyLIAoIIas
(6esomacHa mo safe,s), To ecth (y)&l. MHOKecTBa GE30MaCHBIX W OMACHBIX IO
safe in tpacc obo3naunm Safeln(I) u UnSafeln(l), cootBeTcTBeHHO. OYEBUIHO,
Safeln(I)cSafe, (I), HO, BOOOIIE TIOBOpPS, 3TH MHOXECTBA HE paBHBL ITO
OOBSCHSETCS TEM, YTO JACHCTBHE MOXKET OBITH HEPA3PYILIAIOLIMM, HO OMACHBIM 10
safe in, ecyi OHO pa3pelIaeTCs TOJBKO OMACHBIMU MO Safe in Q-KHONKaMU U XOTS
OBl OmHa W3 HHUX HepaspylIalolas, TO eCTh OmacHas Ho safe in m3-3a Q-0TKasa,
MPOJOJDKAIONIETO TPACCy.

Jna  3amanHOi R/Q-ceMaHTHKM B KadecTBE MOJCNH pealn3alun  OyneMm
paccmarpuBaTh TpaccoByrd RUQ-Monesnb, KOTOpas MO OINpeAeiCHHIO HEIycTa M
npeduKc-3aMKHYTa, TO €CTh Ha HE MOYKHO paccMaTpUBaTh OTHOILLICHHE Safe in.
OmHnowenue 6e3onacnocmu 6 cneyugukayuu

Tenepb omnpenenuM OTHOLIEHHE OE30MACHOCTH KHOMOK i crienudukanuu. s
MIPOU3BOJBHOTO HEMYCTOr0 MpPe(UKC-3aMKHYTOTO MHOKECTBAa Tpacc X MBI Oynem
onpeenaTh 0e30MacHOCTh KHOIMOK TOJBKO TMOCIE Hepa3pyUIaroIIUX TPacc 3TOro
MHOXKECTBA, KOTOphle 1O ompeneneHuto sapisitorcas LUR-tpaccamu.  Taxoe
oTHomeHHe Oe3omacHOCTH 0OO03HaudaeTcst safe by m MoxeT OBITH OIPENENeHO,
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BOOOIIE TOBOps, Pa3iU4YHBIM 00pazoM. Mbl chOpMYyIUPYEM TOJIBKO OCHOBHOE
yCJIOBHE, KOTOPOMY OHO JOJKHO YIOBIETBOPATH: A) safe by coBnanaer c safe,, s
R-xHOTIOK, TO ecThb safe by ormmuaercs oT safe in Tompko anst Q-xHOMOK, B)
MHOXeCTBO 0€30MacHBIX MO0 Safe by Tpacc, MpUHAANEKAINX X, TOHKHO COBIIAAATh
C MHOXECTBOM Hepa3pyIlIAloIIkX Tpacc, MpuHamtexammx X, C) eciim KHOMKa
OesomacHa 10 safe by mocne Tpaccel, TO OHa JOJDKHA pPa3peliaTh HEKOTOPOE
HaOMI0IeHNe, MEoIeecs B X MOCIIe 9TOH Tpacchl.

IonycmoBue A 0OBSACHAETCA TEM, UYTO, MOCKONBKY R-0Tka3el HaOmomaemsl, mpu
HaKaTUM R-KHOIIKM OMACHOCTH MOTYT IPECTABIATh COOOH TOJIBKO AWBEPTeHINSA U
paspylieHue 1ociae JAeHCTBMA, paspemaemMoro kHonkoil. Ilomycnosue B
OOBACHSETCS TEM, YTO MBI XOTHM HCIOJIB30BATh CIICIIH(UKAINIO «II0 MAKCHMYMY»:
€CIIM ee Tpacca pa3pymIaronias, To, KOHEYHO, OHa He MOXKET OBITh NpoiaeHa IpH
0e30macHOM TECTHPOBAHHM; HO JIF00as Hepaspylaromas Tpacca, IpHHAIeXKaIas
cerupUKanuy, MOXKET OBITH TIpOiifieHa TpPH OE30IIaCHOM TECTHPOBAHHU.
MmHoecTBa 0e30TacHBIX M ONACHBIX MO safe by tpacc obo3HaunMm SafeBy(Z) u
UnSafeBy(Z), cootBerctBeHHO. Torna SafeBy(Z)=Safe,(X), HO, BOOOIIE roBops,
UnSafeBy(Z)#UnSafe,(X), mnockoibKy HaOmI0JeHHe, Hepas3pylaooliee Iocie
TPAcChl, HO OTCYTCTBYIOIIEE B X, MOXKET OBITH ONAacHBIM 110 safe by. Iloxycnosue C
HYXHO JUI1 TOTO, 4YTOOBI OE30MacHOCTh MO safe by KHONKM TapaHTHpOBaia
BO3MOKHOCTB ITOJYYEHHS XOTS OBl Kakoro-HHOyIh KOH(MOPMHOTO HaOMIOAEHUS, a
TaKMMH HAOJIOJCHMSAMHM, Kak OyJeT OIpeAeNeHO HIXKe, SBISIOTCS TOJBKO Te
HaAOJIOIeHUS, KOTOPbIe UMEIOTCS B CIICU(HUKALINY.

s BBIMOMTHEHHS 3TOrO OCHOBHOTO YCJIOBUSI OTHOUICHUS Safe by HeoOXOIUMO U
JIOCTaTOYHO MOTPeOOBaTh BBIOJHEHUS CIEIYIOUIMX CBOMCTB oTHOomeHus. 1) R-
KHOITKa Oe3omacHa Mo safe by Torna u TONBKO TOT/a, KOTJla OHA Hepa3pyIIaromas,
YTO COBIAJAeT C OTHOLICHUAMH sdafe in u safe,, 01 R-xHonok. 2) Eciu nefictue
paspemiaercss XOTsi Obl OJHOH Hepas3pyllaloUIe KHOIMKOH, TO OHO JIOJIKHO
paspemiathcsi KakoH-HMOynb Oe3omacHoW mo safe by xHomkoi. Ecmm  ato
Hepaspymratomas R-xHomka, To oHa ke M Oe3omacHa mo safe by. Ho ecim Bce
HepaspylLIaloNIie KHOMKHU, paspelaroliye aeiicTBue, SBIAI0TCS Q-KHONMKAaMH, TO
X0Ts1 Obl OJIHA M3 HUX JOJDKHA ObITh 00BsiBIeHa OezonacHoOW mo safe by. 3) Ecnu
KHOIIKa Oe3omacHa 1o safe by Tmocie Tpacchl, TO Tpacca IIPOIOJDKAaeTcs B
cneunpuKau XoTs Obl OJHUM HAOMIOJEHHEM, pa3peIlacMbIM 3TOH KHOIKOM.
Kpome Toro, mycras Ttpacca cuutaercs Oe3omacHoil 1o safe by, eciu oHa
Hepaspy1uaromas (6e3onacHast 1o safe,,), To ectb (Y)&X:

eeSafeBy(X) < ecSafe,(L).

3anunreM >tu TpeboBanus hopmansHo: YRER VzeL VPeRUQ VoeSafe,(X)

1) R safe by Z after ¢ < R safe,, T after o,

2) o-(z)eX & JAebut(z) A safe, T after c = IBebut(z) B safe by X after o,

* B mammx npenpaymux padorax [8][15][17] aToT QakT He oTMeHaycs, XOTs
(dopmanbHOE ompeienenne TpeOOBaHUI K OTHOIIICHUIO Safe by ObLIO TeM xke.
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3) P safe by T after ¢ = P safe,, X after ¢ & Iveobs(P) 6-(v) €X.

Takoe oTHoOmICHHE safe by cymecTByeT TOrga W TOJNBKO TOTJa, KOTAAa BCE
Hepaspymaromue Tpacchl 2 R-koHBepreHTHbL. JlefCTBUTENIBHO, €CIIM  €CTb
Hepaspylaromas He-R-koHBeprentHas Tpacca, TO s Hekotopoil R-xkHomku P
Tpacca He TpojpoipkaeTcss HaOmoneHmsMu w3 obs(P), Ho P Hepaspymaromas wu,
cienoBaTenbHO, Oe3omacHast 1o safe by mocne Tpaccel. Tem caMbIM, HE MOXKET OBITH
BBIIIOJTHEHO TPEThe MPaBUIIO OTHOIIEHHs safe by. O6patHo, eciu Bce Tpaccsl X R-
KOHBEPTeHTHBI, TO HepaspymamoIias Tpacca MpoaoDKaeTcs KaKHUM-HHOYIb
HabmroneHneM u3 kaxaoil R-kxomku. [loaToMy JO0CTaTouHO OOBSABUTH O€30MacHOR
no safe by xaxnyo Hepaspywammym Q-KHOMKY, pa3peualuyo neicTeue,
npojoipKatomee 3Ty Tpaccy. OfHako B ILEIOM yKa3aHHblE TpeOOBaHUS
HEOJHO3HAYHO OIPECISAIOT OTHOWICHUE safe by, w mipn 3amaHun crienuduKanuy
yKa3bIBaeTCs KOHKPETHOE OTHOIICHHE.

Jnsa 3aganHOl R/Q-ceMaHTHKM B KadecTBE MOIENM CHenupUKalmu OyaeMm
paccMaTpuBaTh TpaccoByl0 R-Monmens. JTa MOIENb IO ONpENeNICHHIO HEIycTa,
npeduKc-3aMKHYTa M Bce e Tpacchl R-KOHBEPreHTHEI, ITOTOMY Ha HEH MOXET
ObITh 3amaHo oTHouieHue safe by. Kpome Toro, B cuiny R-konBeprentHoctu R-
MOJIETH TpeThe IpaBWIO Safe by nocraTtouHo copMynupoBaTh TONBKO It Q-
kHonok: VQeQ VoeSafe, (X)

3) Q safe by X after c = Q safe,, T after c & IveQ c-(v)€X.

Hnsa 3apannoit R/Q-cemantukn B andasure L=URULUQ crnemudukanms
MTOJTHOCTBIO 3aJIaeTCsl TPACCOBOM R-MOENbI0 M OTHOIIEHHEM 0€30MaCHOCTH KHOIIOK
safe by.

3ameuanue o nycmoix KHonkax

[Tycras Q-kHOMKa omacHa Kak IMocje JitoOoH Oe30MacHoOil Mo OTHOLICHHIO Safe in
Tpacchl JFOOOH peanu3anuu, Tak W Iocie 0ol Oe3omacHOi 1o JoOoMy
OTHOIICHHIO Safe by Tpaccel moOoit crnermdpukanuy. Takyro KHONKY HHKOTZAA
HeImb3sl HAXHMaTb MpU OE30MacHOM TECTHPOBAHUH: MOCKONBKY (Q-OTKa3bl
HeHaOuro1aeMbl, a mycrast Q-KHOIKAa He pa3pellaeT HUKAKUX BHELIHUX JICHCTBUM,
Hakatne Q-KHONKHM JMOO O3HA4aeT TONIBITKY BBIXOAA W3 IWBEPreHINH, JHOO
HOPUBOAXT K BO3SHHKHOBEHMIO HeHaOiomaeMoro orkasa. I[osTomy B mambHeHIneMm
Oy/leM CUUTATh, YTO TaKol Q-KHOIKM B ceMaHTHKe HeT: D¢ Q.

B To xe Bpems mycrtasi R-kHOIka MMeeT cMbICI: OHa Ge30macHa Kak 1o safe in, Tak
u 1o safe by, mocne mo060i Hepaspymamomel TPacchl, HE INPOAOIDKAIOIICHCS
JUBEpreHiuen, a HabmomeHue mycToro R-oTka3a o3HauaeT, 4To peanu3alus
0Ka3a11ach B CTAGHIILHOM COCTOSHUH .

T'unomesa o 6e3onacnocmu u 6e30nAcHaAA KOHPOPMHOCHb

TpeboBaHme 0€30MaCHOCTH  TECTHPOBAaHMS  BBIACISACT  KIAcC  0e30MacHo-
mecmupyemvlx Ppealu3alyif, TO €CTh TAaKHX, KOTOpble MOTYT OBITH 0e30MacHO

* B [21] Takoe HaGIoAeHIE 0603HAYCHO CHMBOIIOM S.
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MIPOTECTUPOBAHBI [T IPOBEPKU MX KOH(OOPMHOCTH 33TaHHON CIIer(pUKanni. ITOT

KJIacC  OmpefesieTcss  CIeAyIomed eunome3oi o  OesonacHocmu: Ui

cnenupukanonHoit R-momenrn X ¢ 3agaHHBIM  OTHOIIEHWEM  Safe by

peammsanmonHas RuQ-momens 1 6Oezonacno-mecmupyema, €cid BBIIONHECHEI

CIEIYIOLINE YCIOBHUS:

1) ecnm myctas Tpacca Oe3omacHa 1o safe by B cnenudukanuy, To oHa Oe30macHa
1O Safe in B pealli3aliy, YTO SKBUBAJICHTHO: B PeaN3allii HET Pa3pyIICHUs C
caMoro HaJaya, eCJIM 3TOT0 HeT B CHEeU(HUKAIIH;

2) mocme oOmel Oe30macHOW TpacChl pealM3ald W ClerupUKanuy Jrodas
KHOTIKa, Oe3omacHas 1o safe by B cnenudukanuu, 6e3omnacHa 1o safe in mnocie
3TOH Tpacchl B pean3aluH:

Isafe for T = ((y)2X = (y)el) & YoeSafeBy(X)Nl YPeRUQ
(P safe by £ after c = P safe in 1 after c).
OO6o3HaumM  Kyacc  OE30MAaCHO-TECTHPYEMBIX — peaim3alliid  UI1  JaHHOM
cnenudukanyuy X ¥ JaHHOTO OTHOLICHUS safe by:
Safelmp(Z safe by) = {11 safe for Z}.

Teneppr MOXXHO ONpEACTUTH OTHOUICHWE (Oe3omacHoOW) KoHpopmHOCmuU: I
crnenupUKalMi X C 3aJaHHBIM OTHOUICHWEeM Safe by peammsanus 1 6ezonacho
KOH@opmHa (WA TPOCTO KOH@POpMHA), €Clnu OHa Oe30MacHO-TeCTUpyeMa H
BEIIIOJIHEHO ~ mecmupyemoe  yciogue: JT00Oe HAONIOJCHHE, BO3MOXHOE B
peanm3aMy B OTBET HA HakaThe Oe30macHON B cenu(UKAINHY 110 safe by kHOTKH,
paspemiaercs crerubuKanueii:
Isaco X & I safe for £

& VoeSafeBy(Z)NI VP safe by X after c  obs(c,P,I)cobs(c,P,L),
rae  obs(c,P,M) £ {ulc-(u)eM} M obs(P) MHOKecTBO HaGMOAEHNUH, KOTOpbIE

MOYKHO MOJYYUTh HaJl MHOXKECTBOM Tpacc M mpH HakaTuH KHOIIKH P mocie Tpaccel
c.
OO6o3HaunM Kiacc KOH(GOPMHBIX peanm3aluii AIs JaHHON crnenudukanuu X u
JTAHHOT'O OTHOILIEHUS Safe by:

ConfImp(Z,safe by) = {I]l saco X} .
3amerum, uro, eciu Isafe forZ, oceSafeBy(Z)nl, P safe by X after 5, TO
0bs(c,P,1)NQ=. Tloatomy, eciut u€obs(c,P,I) u u=P, to PeR.
Crnexmyer OTMeTHTh, YTO THIIOTe3a O O€30IIaCHOCTM HE MpoBepseMa MpH
TECTHPOBAHMM H SBJISICTCS €ro MPEAyCIOBHEM; TECTHPOBAHUE MPOBEPSIECT
TECTHPYEMOE YCIOBHE KOHPOPMHOCTH.
OmperneneHHble BBINE THIOTE3a O 0E30IMACHOCTH M KOH()OPMHOCTH HA3BIBAIOTCS
TPAcCCOBBIMH, TIOCKOIbKY OHHM OCHOBAaHBI TOIBKO Ha Tpaccax Habmozxenmii.” Ecinm

5

Jpyrum BHIOM KOHGOPMHOCTHU SIBISETCS CHUMYJISLHUS, OCHOBaHHas, KpOME TOro,
Ha COOTBETCTBHHM COCTOSHHI pealn3alii U cnenuduxamud. Bonpocs! 6e3omacHoi
CHMYJISIIIH U €€ TECTUPOBAHMS PACCMOTpPEHHI B Hammx padorax [10][11][12].

248




MOJIeNTN peann3anuu u cnenudukanun 3anansl B Buae LTS 1 u S, To ucnonp3yrorest
MmHoxecTBa tr(Igr_q) 1 tr(Sr) Tpacc aTux LTS.

1.6. CtaHaapTHas reHepauuAa TecToB

TecTrpoBaHre OCHOBAHO Ha, TaK HAa3bIBAEMOW, mecmogoti cunomese [18], cornacHo
KOTOpO#l y peanum3aluu eCThb MOJeib, aJCKBAaTHO OIKCHIBAIOMAS TOBEIACHUE
peanmauml B MallluHEC TCCTHpOBaHI/ISI. HpI/I 9TOM CcaMa MOJCJIb peanmaunn MOXKET
6LITI> HCHU3BECTHA, npeunonaraeTCﬂ JINIIIb €€ CyH.IeCTBOBaHI/Ie. I[J'I)I 6C3OHaCHOFO
TECTHPOBAHHUs Mbl JOMOJHHUTENLHO TPEANOIaracM BBITIOTHEHHE THUIOTE3Bl O
6€e30I1acHOCTH.

Jns cnenmdukanyu X ¢ 3alaHHBIM OTHOIIIEHUEM Safe by mecmogoil Tpaccoi OyneMm
Has3bIBaTh 0E30IAaCHYI0 Tpaccy, IPOAOJDKCHHYIO O€30mMacHBIM IIOcie Hee
HaOJIIO/ICHIEM, TO eCTh Tpaccy o-(u), e ceSafeBy(Z) & u safe by I after . llpu
0€30I1aCHOM TECTHPOBAHHH ITPOXOJSITCS TOIBKO TECTOBEIEC TPACCHI.

BesomacHble TPacchl TECTOBBIC, HO MOTYT OBITh M JPYTHE TECTOBBIC TPACCHI, SCIIH
o-(uygX. Takne TecTOBBIC TpacChl, OTCYTCTBYIOLIME B creludukaiuu, Oynem
Ha3blBaTh owwbkamu (owubounvivu mpaccamu). BymemM TOBOPHUTB, 4YTO &
peanusayuu ecms owudka G- (u), ey cnenuduKaus onpenenser omuoky o-(u), a
B Peann3allii ecThb Tpacca G-(u). O4eBHIHO, 6€30MacHO-TeCTHpYeMas peann3arus
KOH(OPMHA TOTJa U TOJBKO TOTa, KOT/Ia B Hel HeT OmHOOK.

B TepMHHaX MamMHBI TECTUPOBAHMS TECT — 3TO MHCTPYKLHS ONEPATOPY MAIIHHBL.

B kaxJ0M MyHKTE MHCTPYKLMH yKa3bIBACTCSl KHOIKA, KOTOPYIO OMEeparop AOJKEH

HAa)XUMAaTh, U UL KQXIOT0 HAOMIOACHUS — IMYHKT MHCTPYKIWH, KOTOPBIH IOJDKCH

BBIMOJHATHCS CIICAYIOLINM, HJIH BEPAUKT (pass win fail), ecin TecTHpOBaHUE

HY)XHO 3aKOHYUTh. TeCT MOXHO MOHHMATh KaK Mpe(UKC-3aMKHYTOE MHOXECTBO

KOHEYHBIX UCTOPHI ¢ Ha3HAYEHHBIMH BEPJUKTAMH, B KOTOPOM:

1) kaxzmas MakCHMajbHasl HCTOPHUsI 3aKaHYUBACTCS HAOMIOACHUEM, U e pHIHCaH
BEP/MKT, HEMaKCHMAJbHBIM HCTOPUSIM BEPAUKTHI HE IIPUMHCAHB;

2) Kaxnas HeMakCHMallbHasi HCTOPHS, 3aKaHYHNBAIOLIAsICS KHOMKOM, MPOI0JDKACTCS
BO MHOXXECTBE TOJBKO TEMH HAaOIIOACHUSIMH, KOTOPBIC DPasperlaloTcst JTOH
KHOITKOH (3TO CIIeAyeT U3 OIpeeeH st HCTOpHH B 11.1.3);

3) kaxknas HeMakCHUMajbHas HCTOPHS, 3aKaHYMBAIOIIASCS KHOIKOM, 00s3aTeIbHO
MPOIOIKACTCS BO MHOXKECTBE BCEMH HAONIONCHHUAMH, KOTOPBIE MOTYT
BCTpEeYaTbCs B 0OE30MACHO-TECTUPYEMBIX peaH3alUiX IOCIe TPacchl ITOMH
HCTOPHH.

Tect Ge3omaceH Torna M TOJIBKO TOT/A, KOTJIA TPACCHI BCEX €r0 MCTOPHUIl SIBIISIOTCS

TECTOBBIMU. Peanusauust npoxooum TecT, eciu eé TeCTUPOBAHHE C MOMOIIBIO 3TOTO

TeCTa BCEr[a 3aKaHYMBACTCS C BEPAMKTOM pass. Peanuszanus mpoxomut HaGop

TECTOB, €CIIM OHA NPOXOAUT KaXABIH TecT M3 Habopa. Habop TectoB swauumubiii,

ecM Kakaask KOH(GOpPMHas pealu3alis ero MPOXOIHT; UCUEPNblealowjuil, eCIH

Kak[as HeKOH(OPMHAs PeaNn3alusi ero He NPOXOIHT; NOJHbII, €CITH OH 3HAYMMBIN

W ucyepnsiBatoiuid. st onpeneneHuss KOHGOPMHOCTH WM HEKOH(GOPMHOCTH
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000 06E30MaCHO-TECTUPYEMON peanu3alii CTaBUTCS 3a/laya TeHepalyy MOJHOTO
Ha0Opa TECTOB MO CIICUPUKAIINH.

Cmpoeum T1ecToM OyIeM Ha3bIBaTh TAaKOW TECT, B KOTOPOM BEPIUKT pass
Ha3HAYaeTCsd MAaKCHMalbHOW HWCTOPUH, €CIU ee Tpacca He SBISIETCS OIMIMOKON
(umeercs B cneuudukau), a BEpAUKT fail — ecnu ee Tpacca SIBISETCS OMIMOKON
(otcytctByer B crmernuduranuu). Takue TecTbl, BO-TIEPBBIX, 3HAYMMBIC (HE
(UKCHPYIOT JOXHBIX OIIMOOK) M, BO-BTOPBIX, HE IPOIYCKAIOT OOHAPY>KCHHBIX
omun60oK. Mbl OyJ1eM paccMaTpUBaTh TOJIbKO CTPOTHE TECTHI.

[TonHbI HAOOP TECTOB BCeTaa CYNIECTBYET, B YACTHOCTH, MM SIBJISIETCS HA0Op BCEX
npumumusHvlx  TectoB  [5]. IIpUMUTHBHBIH TecT CTPOMTCA IO  OJHOU
HEMaKCHMaJlbHOI Oe3omacHoil Tpacce crenubukanun 6=(u;,uy,...,U,). st 9T0ro B
Tpaccy BCTaBJISIIOTCS KHOINKH, KOTOpBIE OMNEPaToOp JOJDKEH Ha)XKMMAaTh: TIepes
KaX/IBIM HaOJIIOJICHUEM U; BCTABJISIETCS Kakas-HHOYIb Oe3omacHas mocie npedukca
(up,uy,...,u;) kHOTKA P;ebut(u): ecmm weR, to P=u;, nnaye u;eP;. [ocne Beeit
Tpaccel G BcTaBiseTcs Jrobast Ge3omacHas mocie Hee kKHomka P.i. B pesynbrare
nonyyaetcst TecroBas uctopusi T=(P,uy,Py,uy,...,Pyi). Jlrobas npyras ucropus T
Tecta — 310 crporuii mpedurc ucropun T wim umeet BuA T =(P,uy,Ps,u,....Puu’),
rae v HaOmoJeHue, IpoaoJDKaloliee Tpaccy G MpH i=n+1, WM OTBETBIAIOLIEECS
OT Tpacchl IpH i<n M u; #u;. BesomacHOCTh Tpaccel G Ul KaXIoro orkasza u;eR
rapaHTupyer 0e30macHOCTh KHOMKH Pi=u;, W g kaxmgoro ngeiictBus wel
rapaHTHpyeT HaaW4due paspemaromei ero Oe3zomacHOW kHonku Piebuf(u;), a
HEMaKCHUMaJbHOCTh 0€30MacHOil Tpacchl G TapaHTUPYeT Haluuue MocaeaHel
kHOTMKH P..;. BwiOop kHOmok P; mis uwel w kxHomku P, MoxkeT OBITh
HEOJHO3HAUHBIM: MO0 OJHOW 0Oe30macHOil Tpacce CHeMUPHUKANUA MOXKHO
CTeHEepUpOBaTh, BOOOIIE TOBOPSI, HECKOJIBKO Pa3HBIX MIPUMUTHBHBIX TECTOB.

JIto0o# cTporuii TeCT Kak MHOXKECTBO HMCTOPHH paBeH 00BbEIWHEHUID HEKOTOPOTO
MHOXECTBAa MPUMHUTHBHBIX TECTOB (B OOBCAMHECHHUH MaKCHMAIbHBIE HCTOPUHU
COXpaHSIOT T€ BEPAMKTHL, KOTOphIE OBUTM MM NPUIHCAHBl B OOBEAMHIEMBIX
MPUMHUTHUBHBIX TecTax). [loaToMy Takoi cTporuii TectT 0OHAPYKUBAET TE KE CAMBbIC
OMMOKH, YTO W COOTBETCTBYIOIIEE MHOXECTBO MPUMHUTHBHBIX TeCTOB. [loaTomy
OOBIYHO pacCMaTPUBAIOTCS TOJIBKO IPUMUTHBHBIC TECTHI.

2. QuHanbHbIe Modenu cneyuguKkayuu

W3 ompenencHus OTHOIICHWH Safe by, safe for v saco BUIHO, YTO HE BCE TPACCHI
creruUKaMd  HYXHBI A7 ONpEJAeNicHHus  Oe30MacHO-TECTHPYSMOCTH U
koH(popMHOCTH. Kpome Toro, oTHOIIEHHE safe by PUXOTUTCS 3a7aBaTh OTIACIBHO
OT CHEIU(PUKAIIMOHHOW MOJISITH.

B sTOM pasgene MBI ompenenM TaKoe MHOXKECTBO Tpacc Ui CHeNU(pUKAINH,
KOTOPOTO JIOCTATOYHO JJIsl ONPEACTICHUS dTUX OTHOIICHUH ¥ KOTOPOE B HEKOTOPOM
CMBICIIE «MUHUMATBHO». DTO MHOXECTBO OyZeM Ha3blBaTh (DMHAJIBHON TpaccoBOM
Mozenbto crenudukanuu. PazHeIM OoTHOWEHUSAM Safe by s omgHO# u To# ke R-
Mozenu crneuudukanyu OyayT COOTBETCTBOBATh pa3Hbie (DMHAIBHBIE MOJEIN
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crnerudrKanyuy, Ha KOTOPHIX ATH OTHOIICHUS Safe by coBMamaroT ¢ OTHOIICHHEM
safein. VlHpIMH cClIOBaMHU, IIOCKOIBbKY Safe in omnpefensercs OJHO3HAYHO,
(uHanpHAst MOZEND criel(UKAUN OTHOBPEMEHHO 33/1aeT KaK HY>KHOE MHOXECTBO
Tpacc crienuuKaluy, Tak 1 OTHOLICHUE Safe by.

Msb1 onpenmenum mpeoOpasoBaHus R-monmenmu crenubuKanuy B - (HHATBHYIO
TpaccoByl0 Mozenb chenudukanuu. Taioke ONpeaenuM XapaKTepUCTUYECKUe
CBOMCTBa (PUHATBHOW MOJENH, TO €CTh HAOOp CBOWCTB, KOTOPHIX HEOOXOIMMO U
JIOCTaTOYHO JJIsI TOTO, YTOOBI MHOXKECTBO Tpacc OBIIO pe3ylbTaToM TaKOTo
peoOpa3oBaHusl.

B sToM monpasnene Oynem cuurtaTh, 4TO 3amaHbl R/Q-cemanTuka B andasute L u
R-monens cnemudukanun X. DuHanbHas MoJelb OyJIeT MHOXECTBOM Tpacc
Oc(LURUQU{AY})". Byzem 0603HauaTh MOIMHOXECTBO ero Tpacc 0e3 Q-
otkazoB depes Qp=QN(LURU{AY})".

Ms1 ompenenyM 1Ba BHUJA TPAaCCOBBIX MoJelel clenupUKanuu: IpeapHHAIBHYIO
(TpaccoByl0) MoJenb, KOTOpYIO OyneM Ha3bIBaTh pP-MOJIEHbI0, M (HHAIBHYIO
(TpaccoByio Mozens), KOTopyto OyneM Ha3biBaTh f-Momensio. B mocnenaem pasnmene
paccMOTpUM IpeACTaBICHUE 3TUX MOJENed B BUAE AeTepMUHHpoBaHHBIX LTS B
angasure LURUQU{A}.

2.1. dnHanbHbIe TpaccoBble MoAenun
@Dunanvhsie cyppuxcel u npodonxcenus mpacc

.
IMycts WYo(LURUQU{A,y}) HemycTroe mpeduKc-3aMKHYTO€ MHOXKECTBO Tpacc.
Qunanvnvim cypghuxcom tpacceel eV Bo mHOKecTBe ¥ OyneM Ha3bIBaTh TaKyIO

tpacey A, urto W-AeW u 1) A=¢, 2) A=(A), 3) A=(z,y), 4) A=(z) u p-(z,y) €W, umu 5)
2=(Q), rre QeQ & Qsafe, ¥ after p. B cinysae 5 Oynem HaseiBath A Q-

¢uHATBHBIM cyQdukcoM. MHOXecTBO (GHUHATBHEIX CY()(OHKCOB TpacCHl L BO
MHOXxecTBe W 0003HaunM fs(\W,11).

Qunanvhvim npodomdicenuem tpacchl LeW Bo MHOxkectBe W OyneM Ha3bIBaTh
HIPOJODKEHHE TPACCHl KaKUM-THOO ee (HUHAIBHBIM cypdrkcoM, TO ecTh TaKymo
Tpaccy LA, uto Aefs(¥,1). [Ipogomkenne Tpaccel ee Q-QuHATBHBIM cyphUKCOM
Oymem HaspiBaTh Q-pHUHATBHBEIM IpoxoDKeHHEM WM Q-QUHAIBHONH Tpaccow.
MHokecTBO (PMHANBHBIX IIPOJODKEHHUH Tpacchl L 0003HaumM fx(‘W,11). OruHanbHEIE
Ccy(hOUKCH ¥ TPOIOIDKEHNUS TPACCHI, 0YEBUIHO, CBA3AHEI CIEAYIONTIM 00pa3oM:

SCE = (HAREACEI} 1 SO= (M defe(Poa).
Ilpeogpunansvnvie mpaccol u npedgunansvhvie mnoxcecmea
Tpaccy u3 Hemycroro npedukc-3aMkHyToro Muoxkectsa Wo(LURU{A,yY}) Gyaem
HAa3BIBATh Nped@uHanbHOI, eCITA 3TO MycTas Tpacca €, Tpacca (y) Win (HHHAIBHOE

IPOJODKEHHE Hepa3pyIlarome Tpacchl. 3aMeTHM, YTO B TakOoM MHO)kecTBe ¥ Her
Q-oTKa30B, MoO3TOMY y ero tpacc HeT Q-¢puHanbHBIX cyddukcoB. PopmansHO
MHOX€ECTBO MpeAPHHANTBHBIX TPacC OMpeAesIeTcs Tak:
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pir(¥) £ {e,(1)} ¥ U U {fe(Y.0)[o e Safe,(P)}.

Teopema 2: [ycts muoxkectBo WC(LURU{AY})  Hemycro um  mpedukc-
3aMKHYTO. Toraa:
Safe,\(¥) = Safe,\(ptr(¥),
VoeSafe,(¥Y) VPeRUQ (P safe,, V¥ after ¢ < P safe,, ptr('P) after G).

(1263
Ouesunno, uro ptr(W)cW. Bynem rosoputs, 9to MHOXecTBO W mpeddunansro,
€CJIM OHO COBIIAaeT C MMOJIMHOXKECTBOM ero npeaduHanbHbIX Tpace: ptr(W)="¥.

Teopema 3: Ecm muOXecTBO W npedgunanvno, TO TOAMHOXKECTBO €ro
HepaspyLIaloMUX TPacC COBMAJAET C MOJMHOMXKECTBOM €ro TPacc, He COAEpKaLIUX
JUBEPTEHIMU U pa3pyLICHUs U HE IPOJOJDKAIOIIUXCS Pa3pyLIEHUEM:
ptr(P)=¥ = Safe,(¥)={ce¥P(LUR) |- (7) g ¥}.
Ecmu tpaccel u3 W momycTUMBI M HOCIE OTKa3a B HUX HET pa3pyIleHHs (IacTb
yCJIOBHS COITacOBaHHOCTH), TO:
pr(P)=¥ = () 2¥ & Safe (¥)~{ceWN(LUR)[o-(7) e ¥} V ¥={c,(1)}.

(264
W3 30l TeOpeMBI cAedyeT, UTo, ecii Tpacchl U3 W 1omycTUMBI U TOCIIE OTKa3a B
HUX HET pa3pylLIeHus (4acTh YCJIOBHS COIJIACOBAHHOCTH), TO:

ptr(P)=¥ & (1) e¥ & Safe,(¥)={cePN(LUR) [o-(7) eW} V ¥={c,(y)}.
Hezamknymocms u punanvho-3amMKHymocmep

s 3ananneix andasura L u cemerictBa Rc! /(L) MHOXecTBO, 00Ianaronee BCeMu
cBoiictBamu R-Mozenu, kpome 3aMKHYTOCTH, OyneM HAa3bIBATh HE3AMKHYMOU
(mpaccosoii) R-modenvio.
Teopema 4: Ecmu X neszamkaytass R-moznens, To MHOXecTBO D(Z) siBisieTcst
(3amknyTOI) R-MOAETBIO.
1266

MuoxxectBo W OyzaeM Has3bIBaTh (PUHANILHO-3AMKHYMbIM, €CIHM TIOCIE yIAICHUS
OTKa30B W3 HEpa3pyLIalIIel Tpacchl momydaeTrcs JuOO paspyliaromias Tpacca,
00 HepaspymIarmas Tpacca ¢ coxpaneHueM (GpuHaIBHBIX cyhdukcos:

VoeSafe,(Qr) Vied(c)

(neUnSafe,(Qr) v neSafe,(Qr) & f5(Qr,0) C f5(Qr,10)).
W3 ¢duHanbHO-3aMKHYTOCTH CcleyeT, 4To, ecin GeSafe(Qr), Hed(c) u
pneSafe,(Qg), To 1s Kax104 kHOmKu P

P safe,, ¥ after c = P safe,, 'V after |1.
P-mooens

HesamkryTyo R-monens W OyneM Ha3bIBaTh p-modenbio, €CIIN OHa TpeaQUHaIbHA
n ¢(uHaNBEHO-3aMKHYyTa. IHBIMH CIIOBaMH, p-MOJENb — 3TO HEMyCToe, MpeuKc-
3amMkHyToe ~ MHOXectBo  LURWU{A,y}-Tpacc,  obmagatomee  cBoiicTBamu
JOIyCTUMOCTH, COIJIaCOBAaHHOCTH, R-KOHBEPreHTHOCTH, (HMHAIEHO-3aMKHYTOCTH,
R-nonHOTH M IpenduHansHOCTH.
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Teopema 5: MmuoxecTBo ptr(Z) npendunanbHbix Tpacc R-moxenu X siBisercs p-
MOJIEIBIO.
[1266
Teopema 6: d-3ampikanue p-monenu ¥ sBisetcs R-mMozpenpro, MHOXKECTBO
npeapUHATBHBIX Tpacc KOTOPOH COBMAAAET ¢ UCXOTHOMN p-mMoaenbio: ptr(D(W))="F.
1269

F-mooenn

U3 Teopemsl 2 ciieqyeT, 4To MHOXecTBO ptr(X) npeaduHanbHbix Tpacc R-momenn
cnenuduKanuy X OJHO3HAYHO OIpelesieT OTHOLICHUE Safe,, U MHOXKECTBO
Hepaspymaromux Tpacc Safe,(Z)=Safe,(ptr(X)). MuoxectBa pfr(X) TaKke
JIOCTaTOYHO IUIS ONpeNeNeHHs OTHOIIeHHs safe by. Ilo Teopeme 5 MHOMXecTBO
ptr(Z) ABISETCA P-MOJIETIBIO.

Mgl 6ynem paccmarpuBaTh OTHOIIEHHUE safe by Ha npousBosibHOM p-moaenu W. Ono
JIOJIKHO yJIOBJIETBOPSATH MIPABHIIAM OTHOILECHUS Safe by:

VReR VzeL VPeRUQ VoeSafe, (\V)

1) R safe by X after G < R safe,, T after G,

2) o-(z)e¥ & JAebut(z) A safe,, ¥ after c = IBebut(z) B safe by \¥ after o,

3) P safe by W after c = P safe,, ¥ after c & Iveobs(P) c-(v)eV.

[Mockombky 3TO OTHONIIEHWE OIHO3HAYHO ompenensercs ansd R-KHOMOK u
paspymaroiux Q-KHOIOK, JOCTATOYHO JOONPEICIUTh 3TO OTHOIICHHE TOJIBKO IS
Hepaspymaromux Q-KHOIOK Tmocie Hepaspymamommx Ttpacc. OHO  JOIKHO
VIOBJIETBOPSTh BTOPOMY W TpEeTheMy NpaBWIIaM OTHOIICHUS Safe by, KOTOpbIe
MO>KHO 3alKcath B cienyomeM suge: VzeLl VQeQ VoeSafe, (V)

2a)0-(z) €Y & JAebut(z) A safe,, ¥ after c = IBebut(z) B safe by ¥ after o,
3a) Q safe,, ¥ after c & Q safe by ¥ after c = IveQ o-(v)e¥.

Jns toro 4uroOpl M300pa3uTh Temepb BBIOpAaHHOE OTHOLIEHUE Ssafe by B Mopaenu
J00aBUM B p-MOJENH MPOAODKEHHE KaXKIO0H HepaspyIIaromeld Tpacchl G KaskIbIM
Hepa3pyIIaloniM, HO ONAacHBIM Mocje Hee Mo safe by Q-otkazom Q, TO ecTh
nobasum Tpaccy 6-(Q). obasnennas tpacca 6-(Q) — 310 Q-uHanbHas Tpacca, TO
€CTh HepaspylIawlas Tpacca ¢, IponoiukeHHas Q-dunambubM cydourcom (Q).
Hanee gpunanvuvimu mpaccamu 6yneM Ha3bplBaTh NpeAduHaibHble 1 Q-QUHATIbHBIC
Tpaccel. s cnenudukanuy, 3anadHoil B Buae R-moxenu X win p-mozaenu W, u
OTHOIICHUST Safe by, MHOXeCTBO (MHAITBHBIX Tpacc o0o3HaumM fir(Z,safe by) u
ftr(W,safe by), COOTBETCTBEHHO.

Takoe MHOXKECTBO (DPHHAIBHBIX TPACC ONPEICIIseTCs TaK:
ftr(¥ safe by) = ¥
U {o-(Q)|ceSafe,(¥) & QeQ & Q safe-by ¥ after c & Q safe,, ¥ after c},
ftr(Z.safe by) = fir(ptr(Z),safe by).
Hna p-mogenn W o6osnauum Q=fir(\Y,safe by). OueBunno, Safe, (Q)=Safe, (V).
Bropoe u TpeTbe mpaBuia OTHOLIEHHs Safe by Tenepb MOXXKHO IIOHHUMATh Kak
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TpeOoBaHMs K Ao00aBieHrnio Q-0TKa30B Tocie Hepaspymaroumx tpace: Vzel
¥QeQ YoeSafe, (Q)
2b)o-(z)eQ & 6-(z,7) 2Q

= 3Pebut(z) P safe,, Q after c & (PcQ = c-(P)2Q),

3b)Q safe,n Q after 6 & 6-(Q)2Q = IveQ o-(v) e
Hanee 3amumeM (GpopMalibHO MPABHIIO, COTTIACHO KOTOPOMY MBI TOOABJISIEM TOIBKO
Hepaspymratonire Q-oTkasbl TOJBKO TOCHE HEpa3pylIarolluxX Tpace U mocie Q-
OTKa30B HUYETO He JOOaBIseM:
4b)VPeQ V- (P)-LeQ neSafe,n(Q) & P safe,, Q after | & A=c.
HaxkoHer, 3amuiiemM yCciIoBHE TOTO, Y4TO BCE M00aBIseMbIC Tpacchl coiepkar Q-
oTkasel: W=Q, T1e QR:QF\(LURU{A,Y})*.
Hrak, eciu Qc(LURUQU {A,y})* n W=Qg p-mozensb, To ycnoBus 2b), 3b), 4b)
skuBasieHTHBI Q=fir(W,safe by).
Iycts MuOKecTBO Tpace Qc(LURUQU{AY})  Hemycro u npedHKC-3aMKHYTO.
Bynem rosoputs, uto Q ¢unansho, eciu
1) £Q & Safeln(Q)={ceQ(LUR) [c-(7) £Q} V O={c,(1)}.
Bynem rosoputs, uto Q Q-donycmumo, eciu
VPeQ V- (P)-AeQ ueSafeln(QQ) & P safe,, Q after 1 & h=e.

Teopema 7:  Iyers Qc(LURUQU{AY}) 1 W=Qg p-mozxens. Torxa ycroBus
2b), 3b), 4b) SKBUBaJICHTHBI CICTYIONIHM TPEM YCIOBHSIM:
2¢) QQ punanBHO,
3c) Tpaccel u3 Qg Q-KOHBEpreHTHHI B L2,
4¢) Q Q-nmomycTUMO.
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Ouesunno, Safe(Q)=Safe(Qr). OueBunHo Taxxke, uro, ecaum ¥ p-monens u
Q=ftr(¥ safe by), To Y=CQk.
MuoxectBo tpace Qc(LURUQU{AY})" GyneM HasBBaTh f-M00ensio, €CIH 3TO
HemycToe, mpedrKc-3aMKHYTO€ MHOXKECTBO Tpacc, obiamaroliee CBOHCTBaMU
JOIYCTAUMOCTH, Q-IOIyCTUMOCTH, COIJIaCOBAaHHOCTH, RWUQ-KOHBEPreHTHOCTH
Tpacc m3 Qg B Q, GpuHATHHO-3aMKHYTOCTH QR, R-110THOTE Q) ¥ PUHATEHOCTH.
Teopema 8: Ilycte Ha p-mogenu W 3anaHo otHoweHHe safe by. Torna MHOXeCTBO
Q=ftr(¥ safe by) sensercs f-monensio. [Ipu aToM
Safeln(Q)=Safe,(Q)=SafeBy(Q)=SafeBy(¥)=Safe.(¥)=Safeln(\V').

(273
Teopema 9: Ilyctp Q f-momens. Torma Qg p-mMozmenb, OTHOLIEHHE Safe in Ha (),
B3iToe i Tpacc W3 (g, YHOBICTBOpSACT IpaBWIAM OTHOIICHHA safe by, u
Q=ftr(Qgr.safe in).

(274
O003HauNM KJ1acc 6€30MacHO-TECTUPYEMbIX peanu3anuit s f-monenn Q:
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Safelmp(Q) = Safelmp(Z,safe by), rne Q=ftr(Z,safe by).
00603Ha9NM KJIacC KOHPOPMHBIX peanu3armii ast f-moaemu O

ConfImp(Q) = ConfImp(Z safe by), tne Q=ftr(Z,safe by).
f-mo0env u V-nononnenue

f-Mozenp B 00mieM ciiydae MOKET COAEpKaTh Oe30MacHbIe TPACCHl, KOTOPHIE, TEM
HEe MEHee, He HYXXHBI JJIsI TeHEepaIll TECTOB, IIOCKOJIBKY OHH HEKOH()OPMHEL, TO
eCTh HE BCTpPEYaloTcs B KOH(GOPMHBIX peammsamusax. B [17] ompenmemnsercs
npeoOpa3oBaHUE TPACCOBON CIeNU(UKANUY, LETbI0 KOTOPOTO SBIACTCS yOaleHUe
3 crnenuduKanuyu HEKOH(QOPMHBEIX Tpacc. Pesynmprar Takoro mpeoOpa3oBaHUS
Ha3bIBaeTCs V-IMOMOJHEHWEM (TO, YTO MBI 3/eCh Ha3blBaeM V-TIOIOJHEHUEM
ucxoaHod R-momenu X B [17] obo3HauaeTcs Kak Zm\:). B obmem cinywae V-
HONONHEHne B ucxogHoi R/Q-cemaHTHke MOXeT He cyuiecTBoBaTh. IloaTomy V-
TOTIOTHEHHE CTPOMTCA HE B MCXOAHONH R/Q-cemanTtnke, a B pacmmpentoii R'/Q™-
CeMaHTHUKe, KOTopas MoiayJaeTcs Ao0aBleHHeM B KaXkAyro KHONKY P ¢ukTuBHOrO
JIEWCTBHS, KOTOPOE Ha3bIBaeTCs He-O0TKa3oM M obosHauaercs B. TecTupoBaHue B
TaKOH CEMaHTHKE OHKBHBAJICHTHO TECTHPOBAHUIO B HCXOIHOW CEMaHTHKE [UIS
peanm3ammii B ucxoxHoM andasute L, To ecTh peann3ammii, B KOTOPEIX HE-OTKa3bI
He BCTpeuaroTcs. B Tpaccax V-TIOMONHEHHWs He-OTKa3bl (M TOJNBKO OHH)
HETOCPEACTBCHHO IPEIIICCTBYIOT TUBEPICHIMN WM DPa3pyLICHUIO, TO €CTh He-
OTKa3bl IpeJHA3HAYEeHbl TOIBKO Ui MHAMKALUU 0e30MacHOCTH KHOIOK IIOcie
Tpacc. Knomka P Ge3omacHa mocne Tpaccel, €ciaM Tpacca HE MPOAOJDKAETCs He-
OTKa30M P, 3a KOTOPBIM clledyeT paspymieHHe (mbo He mpopoipkaercss B, mmbo
nocine R qusepreHnus).

3aMeTuM, 4TO V-IOMOJHEHHWE MOXKET OBbITh IIyCTBIM, YTO O3HAYaeT OTCYTCTBHUE
KOH(QOPMHBIX peanu3anmii. Jlanee OyneM cUUTaTh, YTO TAKHE PeaTU3allui eCTh U V-
IIOTIOJIHEHHE HE IYCTO.

V-TI0II0JIHEHHUE HE SIBIISIETCS R#-MOIICJII)IO, HO ero d-3ambikanue smisercss RP-
MOJIENIBIO, TIPUYEM MHOXKECTBO O€30MAacCHBIX TPacc 3TOM R*-monenu coBmamaer ¢
MHOKECTBOM BceX Tpacc 0e3 He-0TKa30B V-IOMoIHeHusI.

V-nononHeHne CTpoMTcs B JIBa dTama. Ha mepBoM JrTame B ClieHU(HKALUIO
J0OABIIAIOTCS BCE TPACCHI, O KOTOPHIM MOYKHO BECTH 0Oe30IacHOEe TECTHPOBaHHE
BCEX peanm3almui M3 Kiacca 0e30MacHO-TECTHPYEMbIX peanm3aliid HCXOTHOM
cnennpukanyu  Safelmp(Z.safe by). Ito 3HAUUT, YTO TPUMHUTHUBHBIA TECT,
CTeHEepPHUPOBAHHEIH 0 Takoil Tpacce, OymeT Oe30macHBIM JUTs JIF000H peann3aliy U3
9TOrO Kjacca. 3aMeTHM, 4TO TaKhe TPAacChl MOTYT M HE MPUHAIJIEkKATb MCXOIHOU
cnemudukanuu. Ha Bropom sTame u3 crenupUKai YAAIOTCS HEKOH(POPMHBIC
Tpaccel. [loaToMy, x0T Bce Oe3omacHble Tpacchl 0e3 HEe-0TKa30B V-TONOJHEHHS
KOH()OPMHBI, OTHAKO HEKOTOPBIC U3 HUX OTCYTCTBYIOT B HCXOIHOMU crerudukanmy,
MOCKOJIBKY OBLTM [100aBlieHHl Ha MEpBOM JTale IONOJIHEHUs U OKa3alucCh
KOH(QOPMHBIMHU.

Taxue mo0GaBJICHHBIE TPACCHl MOYKHO OBLTO OBl yIaNuTh U3 V-IIOMOJIHEHHS, OCTaBUB
TOJILKO Te Oe30macHble Tpacchl 0e3 He-0TKa30B, KOTOpble ecTb B f-mMopaenu
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HNCXOOHOW crenm@uKamuu. OTo TepBas 3amada. MOXKHO IIOCTaBHTh M BTOPYIO
3amaqy: yAaJauTh U3 f-Momenn HeKOH(OpPMHEIE TPACChl, HCIONB3Ys V-IOIOIHEHHUE,
TO €CTh YIAJIUTh Te Oe30MacHbIe TPACCH, KOTOPEIX HET B V-TIONOIHEHNH.

Ilpn pemennn o0ewx STHX 3agad TeCTHl I peamusauud B andasure L
TeHEPHPYIOTCA 1O OTHUM M TEeM JKe TpaccaM: 0e30IacHBIM KOH(GOPMHBIM Tpaccam
HCXOIHOU crienu@puKanuu (I, 4To TO ke camoe, ee f-monenu). OTauuue TOIbKO B
TOM, Kak OIpenensercs Oe30HmacHOCTh KHOIOK IIocie 3THX Tpacc: mo V-
MIOTIOTHEHHMIO K T f-Momenn.

OmmeM perreHns 3TUX 3a1a49 GopMabHO.

Iycts Q f-Monens, a E V-nonojgHeHue.

Ilockonbky € u E 3afaHbl B pa3HbIX CEMAaHTUKAX, CHayala OIpEAEIUM IEpPEBOJ
Tpacc U3 OHON CEMaHTHKH B JIPYTYIO.

Ipeobpasopanue u3 R/Q-cemantuxu B R'/Q"-cemantuxy. Ecnu MbI GepeM Tpaccy
6e3 He-0TKa30B GeL), To eif cootBercTByeT Tpacca B R'/Q"-cemantike, koTopas
CTPOHTCS CIEIYIOIMUM o0pa3oM: B Kaxiaelii R-oTkaz B Tpacce o mobaBisiercs
COOTBETCTBYIOIIMK eMy He-0TKa3. B pesynbTrare Oyaer moinydeHa Tpacca, KOTOPYIO
6yaeM 06o3HauaTh Kak 6. Popmanseo: YPeRUQ VzeL Voe(LUR)'

P" 2 PUR}, 7' £ 7, 6" £ (o(i)fi=1..o]).

Ipeo6pasosanne u3 R*/Q"-cemantikn B R/Q-cemantnky. Ecin Mbr Gepem Tpaccy
0e3 He-0TKa30B GEXE, TO el cOoOoTBeTCTBYeT Tpacca B R/Q-cemaHTHKe, KOTOpas
CTPOMTCS CIEAYIOMMM 06pasoM: m3 kaxaoro R-oTkasa B Tpacce ymamsercs He-
OTKa3, TO €CTh OCTABIIIOTCS TONBKO fnercTBus U3 L. B pesynbrate OyzeT momydeHa
Tpacca, KOTOpylo OyaeM 0003HauaTh Kak op. Popmambno: VPeR’ Vzel
Yoe(LUR")'

P, £ PNL, 71, £ 7, o1, 2 (o(i)L)i=1..|o]).

IlepBas 3agaua. J{ns perieHus nepBOW 3alad MbI JIOJKHBI, BO-IIEPBBIX, B3ATb BCE
Tpaccel u3 E, KoTophle BeTpeuatores B . D10 GyayT Gezonackbie 1 KOHPOPMHEIE
Tpacchl, KOTOpble €CTh U B X, U B Q. Bo-BTOpBIX, MBI JOIKHBI B3STh BCE HMX
MIPOAOIDKEHUST HE-0TKa3aMU U Jlajiee pa3pylleHHeM WX AUBEPreHIuei, KOTOpbIe
ecTb B E. B pe3ynbraTe NOIy4uTCs CeIyIolee MHOXKECTBO:

EOQ 2 ENQ" U {u-(B)-AueENQ’ & PERUQ & p-(R)-LeE}.

[Ipobiema 31ech B TOM, YTO TECThI, creHepupoBanHbie Mo EZMQ MOryT JOBUTH
WIOXKHBIE» OMIMOKH. DTO 00BACHACTCS TeM, uTo ocTaBirasics B EOQ Tpacca Moxer
HE MPOIOJDKATHCS HAOIIOICHUAMHE, KOTOPbIE ObLTH B =, HO yaaneHsl u3 EOQ. Eciu
yZIaJeHbI BCE TaKWe HAONIOAEHHS U3 HEKOTOPOH (Q-KHOIKHM, KOTOpasi OblIa OIacHOM
B f-Monenmn, Ho Oe3omacHa B V-TIONOJIHEHHWH, TO ITOCIE HaKaTHS TaKOW KHOITKH
OyZeT JJIOBUTHCS «IOKHAs» OLIMOKA.

IIpumep npuBeneH Ha puc. 3. 3nech Bce Tpacchl LTS-cnermdukamuu S 6e30macHsl,
mosToMy Bce OoHHM OyayT B ee f-momenmum €. Taxoke Bce 3TH Tpacchl KOH(GOPMHBI,
mo3TOMy Bce OHHM OymyTr B V-momonuenmn =. Ho B E nobaBmsercs mHepexof,
n300pakeHHbIH myHKTHpoM. B 3TOoM mnpumepe umeeMm Safe, (Q)c(Safe,(E))L.
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Kpome Toro, 1o0aBmisroTcst He N300pakeHHBIE IEPEXOAbl 0 He-0TKa3aM, BeXyIne
B COCTOSIHHE, TJIe €CTh IMBEpreHIMs (M HeT paspylleHus). B cocrosHusx, mocie
Tpacc, 3aKAHYHMBAIOIIUXCS OTKa30M & (3TH COCTOSHHUS IOMEYCHBI CHMBOJIOM ),
HPOBOASATCS MEPEXOJIBI TOJIBKO MO HE-OTKA3Y 4%k, a B OCTAIBHBIX COCTOSHUSX — I1I0
oGonm He-oTKazaM 4%t u . Bee noGapnennbie Tpacchl 88 X80 X(xa)  KOH(DOPMHBL
[Mocie ynanenus stux Tpacc B EOQ kHomnka {x} ocraércs Ge3omacHOM mocie
Tpacchl 8xd, MOCKOJbKY MO-IIPEKHEMY HET Tpacchl Oxd4ky. B moboii Ge3omacHo-
TECTUPYEMOH peall3alliy MOCIe TPACChl 0Xd HOJDKHO OBITh JSHCTBHE X, OTHAKO
Termepb OHO OTCYTCTBYeT B crenndukannn EOC U, caenoBaTeNbHO, CUUTASTCI
ommOKo#. B ncxomnoit cnennduxamim S (u B ee f-Moxenn Q) xkHOMKa {X} omacHa
nocie Tpacchl 0x3, MOITOMY NEHCTBHE X IIOCIE 3TOM Tpacchl HE CUUTAETCS
ommOKo#. I3-3a »3TOro peammsamus MoOXeT OBITH KOH(GOPMHA HCXOIHOI
crnienndukannu S (u ee f-monenu Q) u HekoHpopmua EDQ.

Puc. 3. EOQ

Bropas 3ajaga. [l pelienus BTOPOHM 3alayd Mbl JOJIKHBI, BO-IIEPBBIX, B3STh BCE
Tpacchl 0€3 He-0TKa30B M3 Ej, KOTOpble BcTpeuatores B (. O1o OymyT Oe3omacHbie
KOH()OPMHBIE TPACCHI, KOTOPEIE eCTh U B =, U B {2. BO-BTOPBIX, MBI JOJDKHEI B3ATh
BCE HMX IPOJOJDKCHUS (pUHATBHBIMU cyddrkcamu, koTopsre ectb B . [TockombKy
MyCTasi Tpacca TOXe SBIACTCS (UHAIBHBEIM CY((OHKCOM, JOCTATOYHO TOJIBKO «BO-
BTOPBIX». B pe3ynbraTe moIy4InTcst MHOXKECTBO:

QOE 2 {LMueQNE; & Aefs(Qu)}.

MHoxecTBO 0Oe3omacHbIXx Tpacc MHOKecTBa (Q@E coBmagaeT ¢ MHOXKECTBOM
GesomacHbIx Tpacc 0e3 He-oTkaszoB MHoxkectBa ZDC. B o6oux ciyuasx 310
Oe3omnacHble KOH(GOPMHBIE Tpacchl HMcxonaHOoW crnenudukanuu. OmHAKO Tenepb
6€30MacHOCTh KHOMOK TOCHE ATHUX TPacC OMpeeiseTcsi o MHOKeCTBy Q@E, To
ecTh 1o ux GpuHaIbHBIM cyddukcam B Q@E, koTopsie Takue ke, kak B f-monenn Q.
ITosTomMy HabOp TECTOB, CrCHEPUPOBAHHBINM MO BCeM Oe3o0macHbM Tpaccam QOE
SIBJISIETCS TIOJTHBIM U151 UCXOAHOM criennpukanyu (1 ee f-monenu ).

B kadecTBe mpHMepa MOXHO paccMOTpeTh crenupukanuoo Ha puc. 4. 371ech
MYHKTHPOM OTMEUEHBI NEePEXONbl W COCTOSHUS, yJajseMble B V-TIONONHEHNH =:
Tpacca dxd HekoH(popmHa. HexoHdopmuble Tpacchl ynamstores u u3 f-monmenu Q
npu nocrpoennn QQ@E. B stom npumepe nmeeM Safe, (Q)>(Safe,(E))L.
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Puc. 4. QQ@E

[Tpo6Giema nMIIb B TOM, KaKHe Kiacchkl Oe3omnacHo-TecTUpyeMbiX Safelmp(QQE) n
korpopmubIX Conflmp(Q@E) peanusanuii onpenessier caMo MHOXeCTBo QQ@E.
Kmacc 0e301acHO-TECTUPYEMBIX peanm3anuit HE cyXKaercs:
Safelmp(Q)=Safelmp(Z safe by)cSafelmp(QDE). D10 00BACHACTCA TEM, dYTO,
ynamsis Tpaccel u3 0, Mbl ocTaBiseM Bce (HHaIbHBIE CY(POUKCHI OCTAOMINXCS
Tpacc. TeM caMbIM, MBI, OBITh MOXKET, TOJIEKO OCNA0IsIEM TpeOOBaHUS K Peau3au
mo Oe3omacHocTH. TakKe OYEBHAHO, YTO HE MEHACTCS IMOJMHOMKECTBO
KOH(OPMHBIX peaH3aliii MHO)KECTBa 0E30IIaCHO-TECTUPYEMBIX pealn3alys Uil
ucxonuoii cnetmdpukanuu: ConfImp(QOE)Safelmp(Q)=ConfImp(Q). Ocraercs
OTKPBITBIM BOIPOC O TOM, HE MOSBISIIOTCS B PACLUIMPEHHOM Kilacce Oe30I1acHO-
TECTHPYEMBIX pean3aliii HOBbIC KOH(DOPMHBIC pealnu3aliu:

(Safelmp(QOE)\Safelmp(Q))N\Confilmp(QOE

= ConfImp(QQE)\ConfImp(Q) = &1?

31ech cieayeT OTMETHTh, YT0 MHOXecTBO QQ@E B obleM ciydae He sBisiercs f-
MOZENIBI0. DTO CIIEJCTBHE TOTO, YTO V-TIONONHEHHE B McXoxHOI R/Q-cemaHTHKe
MOXET HE CyIIeCTBOBaTh. B 4acTHOCTH, MOXeT ObITh HapymieHa R-mosiHoTa
MHO)ecTBa (Q@E)g B Q@E: Moryt He COXpaHsIThCsl GUHANBHBIE CyH(OHUKCH TIpH

BctaBke R-oTkaza ig-omepanueii (mpumep B [17] Ha puc.15). Dro sBisercs ere
OITHOH MPOOIIEMOH.

2.2. RTS-mogenu cneuyndpukauum

Kak Obpimo ormeueno B 1.0, LTS-monmens sBisieTcss Hauboyiee «HATrJISIHON»
monenbto.  Kpome Ttoro, LTS-mozens siBisieTcs  crmocoOOM — KOHEYHOTO
MIPEICTaBJICHHS PETYJISPHBIX TPACCOBBIX MOJIENCH. DTOT Crlocod, ojHaKo, 00IanaeT
OIHUM  CYIIECTBEHHbIM  HemocraTkom: LTS-momenb, BooOme  roBops,
HEJICTSPMUHHUPOBAHA: Tpacca MOXKET 3aKaHUYMBATHCS HE B OJHOM, & B HECKOJBKUX
cocTostHUAX. PaboTats ¢ Takumu Tpaccamu Ha LTS Heyno6HO. B TO e Bpems 3TOT
HEJICTEPMUHI3M BOBCE HE SIBJIICTCS HEM30EKHBIM CIICJICTBUEM HEICTCPMUHU3MA
Mozenupyemon cucremsbl. [lpuunnHa HemerepmuHusma LTS-momenu B TOM, 4TO
HaOJIIOJICHUST JENIATCS Ha JBa BUJA: JCWCTBUS U OTKAa3bl, KOTOPHIC CYIICCTBEHHO
paznu4HbIM 00pa3zoMm otoOpaxatorcsi B LTS-monenu. Ecnu Tpacca npomomxaercs
KakK 0TKa3oM R, Tak u gelictBueM z€R, TO 3TH ABa MPOJOIDKEHHUS HE MOTYT OBITh
orpeziesieHbl B OTHOM U TOM Xke cocTosHuu LTS-moznenu.
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Iopoorcoarowyui zpagh

C npyroii CTOpOHBI, JJIsi JFOOOr0 MHOXKECTBA IMOCIIEAOBATEIBHOCTEH (B TOM YHCIIE
JUTSL TPAcCOBOM MOJENIN) BCEerJa CYIIECTBYET MOPOXKIAIOIMINN eTo Tpad, B KOTOPOM
BBbIJICJIEHBl MHOXKECTBa HAayalbHBIX M KOHEUHBIX BepIIMH. Takoil rpad Bcerna
MO)KHO TIOCTPOMTb C OJHOM HadaJbHON Bepmm-loﬁ6. IloaToMy ero MokHO
paccmatpuBath kak LTS, ecnu Bepuunsl rpada Ha3zBaTh cocTossHusAMu LTS, nyru —
IepexosaMy, a IMEepexoAbl, COOTBETCTBYIOILME HENOMEYEHHBIM OyraM, IOMETUTb
CUMBOJIOM T. bynem cuuraTh, yTo mopoxparomuid rpad 3agan mapoit: LTS u
MHOXECTBO €€ KOHEUHBIX COCTOSIHUH.

MHOXeCTBO TOCJIe0BaTeNFHOCTEH MpPe(UKC-3aMKHYTO TOTJa M TOJBKO TOTIA,
KOTJa CYIIECTBYET MOPOXKIAIOMHUN ee rpad, B KOTOPOM BCE BEPIIMHBI KOHEUHBIE.
Takoit rpag Oynem 3amaBathk Tonmbko LTS, mopoxxmaemMoe MHOXKECTBO — 3TO
MHOJKECTBO MPOCTHIX Tpacc 3Toit LTS.

JIro6oit mopoxnaromuii rpad MOXHO JIETEPMHHU3UPOBATH, TO €CTh MPEOOpPa3oBaTh
B JerepMuHHpoBaHHyl0 LTS ¢ BBIIETEHHBIM MHOXECTBOM €€ KOHEYHBIX
coctostHUIL. [IpH 3TOM coXpaHseTCss MHOXKECTBO TOpoXkIaronux Tpace. [Iponexypy
JIETepMHUHU3AINH MBI OIHIIEM HIDKE.

IMockonpKy Kakmas paccMaTpHBaeMas HAMH BBIIIE TPAcCOBas MOJAENb IpeduKc-
3aMKHYyTa, TOPOXKIAIOMHNI ee rpad MOXKHO 3amaTh oxHoi LTS, HO He B MCXOTXHOM
andasute L, a (a1 R/Q-cemantukn) B andaBute LURWU{A}.

HerepmunnpoBannyo LTS B andasure LURU{A} Gynem HassBate RTS (Refusal
Transition System).

HyxHO OTMeTHTh, HYTO 3a [ETEPMHUHHU3M MOJAEIH TPUXOTUTCA UYEM-TO
«kepTBoBaTh»: He mobas LTS B andasure LURU{A} sBusercs rpadom,
MOPOXKIAIOIIMM TpaccoBylo Mozaenb B R/Q-cemaHTuke. XapakTepHCTHYECKUE
cBoiictBa RTS 3aBuCAT OT THIIa TPACCOBOM MOEIIN, MHOXECTBO TPAcC KOTOPOM OHa
MPE/ICTABIISCT.

Jnsa cnierudukanuy MBI pacCMaTpUBAIIM TPU BUAA TakWX Mojenei: R-monens, p-
Monens u f-mozmenb, mpuueM JUIs MEpPBBIX JABYX MOZENeH OTIEeNbHO 3aJaeTcst
OTHOLIEHUE safe by.

Ommnowenue safe by

OtHowenue safe by onnoznauHo onpenaensetcs s R-kHomnok u pazpymaromux Q-
KHOTIOK, TO ecThb BbrHcisercs mo wonenu (R- wmm p-mogemum). Ilostomy
JIOCTaTOYHO OINPEACIUTh TOJBKO Te (Q-KHOMKH, KOTOPHIC HEpa3pyILIAmoIue, HO
omnacHble 1O safe by mocie Kakaod Hepaspywalomed Tpaccel 6. DTo 3amaercs

MHOKECTBOM Tpacc Buaa o+(Q), rme ¢ Hepaspyliaromas Tpacca crienubHuKannm, a

QeQ xHomka, Hepa3pyLIalmas, HO omacHas Ho safe by mocne . [lns Takoro

6
HOCTaTO'-IHO I[O6aBI/ITI> HOBYIO Ha4aJIbHYIO BCpHIMHY W IIPOBECTH H3 HEC
HETIOMEYCHHBIC TYTU BO BCC CTAPBIC HAYAJIbHBIC BEPIIUHBI.
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MHO)KECTBA TOXE CYIIECTBYET HOPOXKIAIOIIHNH Irpad, HO TOIBKO B HEM MOTYT OBITH
y’Ke He KOHEYHbIE BepIIUHEL. [10CKONbKy Hepa3pyIIalomue Tpacchl He cogepikar Q-
OTKa30B, Bce KOHEYHBIC BEPIIUHBI ATOTO Tpada TepMHUHAIIBHEIE.

Bynem roBOpUTH, YTO OTHOILICHHE Safe by peryispHO, €CIM 3TO MHOXECTBO TPacc
PETYJSPHO, TO €CTh CYIIECTBYET KOHEYHBIH mopoxkmaromuii rpad. B [17] Obuto
BBEJICHO MOHSTHE OTPaHUYEHHOTO OTHOILECHHUS Safe by, koraa 6e30MacHOCTb KHOTIOK
OJIMHAKOBA TOCIIE TPacc, 3aKaHYMBAIOIINXCS B OJHOM MHOXKecTBe cocTostHuil LTS-
crierudukanuy (3TH Tpacchl 3aKaHUMBAIOTCS B oxHOM cocTostHnM RTS, xotopyro
MBI HIDKe octpouM o LTS-cneundukanmm). dns koneunoi LTS cienmudukanun
OTpaHUYCHHBIN Safe by peryisipHbIi, XOTs 0OpaTHOE, BOOOIIE TOBOPSI, HE BEPHO.

Jlemepmunuzayus nopoxcoarouezo zpaga

CHavana ompeaeauM (GOpPMajbHO TPOLEAYPY METEPMHUHHU3AINK TTOPOXKIAIOIIETO
rpada, 3agannoro LTS T=LTS(Vr,Lt,Et.ty) 1 MHOXECTBOM KOHEUHBIX COCTOSHUH
Fc V1. Ota mpouenypa determ(T,F) ctpout nerepmunupoBannyto LTS ¢ Tem xe
MHOXecTBOM TpocThix Tpacc: LTS(U/(Vr),Lt,Ety after ¢), thne wMHOXECTBO
nepexomoB E ompenensercs Kak HaMMEHbIIEE MHOXKECTBO, IOPOYKIAEMOE
CIeAyIomuM npaBmioM BeiBoaa: VA,Be |(Vy) VueLy

B=U(A after (u))#& F A—u—B.

Cocrostane A atoit LTS o0bsaBsiercst KoHeUHBIM, eciin ANF#E. Ecn F=V 1, T0 Ha
STOM TIpollelypa JAeTePMHUHU3AINH 3aKaHuuBaeTcs. [Haue, HaM HYXXHO YJaJIUTh U3
moctpoerHoid LTS Bce cOCTOSHUS, W3 KOTOPBIX HEIOCTHXKAMO XOTs OBl OJHO
KOHEYHOE COCTOSHHE; eCTECTBEHHO, BMECTE C YAAIIEMBbIM COCTOSIHUEM YAAISIOIOTCS
1 BCE BXOASIIME B HETO U BHIXOASAIINE U3 HETO MEPEXOIBL.

Mpbl TOCTPOMM JETEPMUHHPOBAHHBIA TOpokaaromuii rpad a1 R-momenu, p-
monmemm u f-momenn. TlockonmbKy Bce 3TH MOJAENH Npe(HKC-3aMKHYTHI, OyaeT
cTpouThest ToJbko RTS, Bce ee COCTOSHUS CUMTAIOTCSI KOHEUHBIMHU.

RTS ona R-mooenu

[octpoum RTS mns R-momenu X, 3amanHoil kak MHOXecTBO LIURU{Ay}-Tpace
LTS S B andaBure L. DOty RTS o00603HauMM r£s(S). HamomumMm, uTo st
OIIpeeNICHUS LURU{A,y}-Tpacc LTS S CTPOUTCS LTS
SR=LTS(VSR,LuRu{A} sEsg-80)- [l 9TOr0 106ABISIOTCS B KAKIOM CTaOHIBHOM

cocrosHuu LTS S metiim s—R—s, nomedyennsle R-oTkazaMu, mOpoKAaeMbIMU B

9TOM  COCTOSHHH, J00aBiIieTCSs  HOBOE  TEPMHHAIBHOE  COCTOSHHE (),
MIEPEHATIPABIISIOTCS B 3TO COCTOSHHE BCE Y-TIEPEXO/bl, a TAKKe MPOBOAATCA B HETO
A-Tiepexoibl U3 JMBEPreHTHHIX cocrostani. [lo ompenemenwro Z=tr(Sg). s
mocTpoeHns r£s(S) BEITONHAETCS TpeoOpasoBanue nerepmuHm3anuu LTS Sg:
rts(S)= determ(Sy).

RTS rts(S) Oyner koHEUHOH TOTJa U TOIBKO TOTAa, Korna koHeuHa LTS Sg. A st
3TOr0 JIOCTaTOYHO KOHEeuHOCTH ucxogHoi LTS S u cemeiictBa R (mockosbky B Sg
J00aBJISIOTCS TeTIH 10 R-0TKa3am).
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RTS ona p-mooenu
[Mockonbky mrobass RTS U — ato gerepmunupoBanHas LTS, xaxxaas ee Tpacca &
3aKaHYMBAETCSI TOJBKO B OJTHOM COCTOSIHUH S, M JUISI BCEX TPACC, 3aKaHIMBAIOIITIXCS
B S, 0€30I1aCHOCTh KHOIIOK IIOCIE€ HUX IO OTHOLICHHUIO Sdfe,, 3aBHCHT TOJBKO OT
storo cocrosiHus. Onpenenum: VseVy YPeRUQ Yue LUR

P safe,, s = s—A—» & VzeP s=(z,y)=,

u safe,s s £ IPebur(u) P safe,, s.
OueBngHo, ecu U after 6 = {s}, T0:
P safe,, tr(U) after c < P safe,, s, u safe,, tr(U) after c < u safe,, s.
Onpenenum npeodpazoBanue 000t RTS, 1O ecth nmerepmuuHupoBanHoir LTS
T=LTS(Vy,LURU{A},E1,ty), KOTOpOe OCTaBISET TOJBKO TIEPEXOIBI IO
pa3pylICHHIO, TI0 IUBEPreHUUH IIPU OTCYTCTBHM pa3pyIICHHs, MO NCHCTBHIO C
MOCJICAYIONIMM pa3pylIeHHEeM, a TakkKe [0 Hepa3pyLIaonuM HaOJIIOICHUAM:
delete(T)=LTS(V1,LURU{A,y},E.ty), raie MHOXecTBO mepexonoB E omnpenensercs
KaK HanMEHbIllee MHOXECTBO, MOPOXKIAEMOe CIEAYIOMIMMHU IMpaBUIaMU BBHIBOJA!
Ya,beVt YVueLUR

a—y—b F a—y—b,
a—y-» & a—A—b F a—A—b,
a—y-» & a—A-» & a—u—b & b—y— F a—u—b,

a—y» & a—A» & a—u—b &usafe,a + a—u—b.
C momoineio 3Toro mpeodbpasoanuss RTS mns p-momenu ptr(X), tae Z=tr(Sg),
ctpourtcs tak: pres(S)=delete(rts(S))=delete(determ(Sy)).
Ecnu rts(S) xoneuna, to pres(S) xoneunas. O6parHoe, BooOIe TOBOps, HE BEPHO,
MIOCKOJNBKY B r£s(S) MoxeT OBITh OECKOHEYHOE YHCIIO IEePEXOI0B, HO TOJBKO
KOHEYHOE YHUCIIO X JIOKHUT Ha MapIpyTax ¢ npeaduHaIbHBIMI TPACCAMHU.
RTS ona f-mooenu
Temeps moctpoum RTS mnsa f-momemm fir(Z,safe by), tone Z=tr(Sg). Oty RTS
o00o03HaunM frts(S,safe by) u Oynem Ha3biBaTh puHanbHOM RTS. Io ompenenenuro
ftr(Z,safe by) = fir(ptr(X),safe by). Bynem cuurath, 4To y Hac yxke noctpoeHa RTS
P=prts(S) mna p-momemn ptr(X). Taxxe Oymem cUMTaTh, 9TO OTHOIICHHUE Safe by
3amano mapoit (G,F), rne G RTS, a F MHOXecTBO ee KOHEUHBIX COCTOSHHUHU.
Omnpenennm mnipeobpaszoBanue final(P,G,F), xortopoe ctpoutr HOBylo RTS F B
andasure LURUQU{A}. Cocrosumsamu RTS 6ynyt Bce mapsl cocrosauit P u G, a
TaKKe JIBa HOBBIX BBIACICHHBIX COCTOSHHS: TEPMHHAIBHOE COCTOSIHHE () H
COCTOSIHHE Y C CIMHCTBEHHBIM BBIXOSIIAM IEpexonoM f—y— . HavaiapHoe
COCTOSIHUE — MTapa HayaJIbHBIX COCTOSTHHU.
@opmansao F=LTS( (VexVg)u{m,y}, LURUQU{A}, Ep, (po.g) ), rame
MHOJXECTBO TepexoJioB Ex — HanMeHbIIee MHOXECTBO, TOPOXKIAEMOE CIEAYIOIIMI
mpaBuiIaMu BeBoja: VpeVy VgeVg YueLUR VQeQ
I p—u—p &g—u—g F (pg—u—=(p.g)
2. p—A-p F (p.gr—A—o,

261

3. pu—p &p—y— F (@g—u-y,

4. F or—y—o,

5. g Q—g = (p.g—Q—o.

[IpaBuio BeiBoza 1 rapantupyet Hanuune B RTS Bcex 6e3omacHbIx Tpace. [IpaBuia
BbIBOZa 2,3 W 4 coxpaHsAIOT Bce ¢uHambHBIE Cy(h(UKCH Oe30macHBIX Tpacce,
KOTOpBIE ObLTH B p-MoJeIH. TeM caMbIM, TEepBbIe YeThIpe MPaBUIa COXPAHSIIOT BCE
Tpacchl p-mozenu. [IpaBuio BeiBoja 5 nobasister Q-¢puHanbHble cyhhHUKCH Tpacc,
3ajaBacMble OTHOILCHHUEM safe by. 3ameTum, 4To B mpaBmie 2 p'={®}, a B mpaBuie
5 cocrostHue g KOHe4HOe. COCTOSIHUS, HE JOCTHKHMBIE 10 (PMHAIBHBIM Tpaccam,
OyIyT HEIOCTIKHUMBI, TO €CThb MBI HomyuyuM RTS, MHOXECTBO HPOCTBIX Tpacc
KOTOpOH siBisieTcst f-Mozienbio, a 310 U ecTh puHansHas RTS.

Bce coctosaus RTS P OyayT BXoAuTb B JIEBble YacTU Map, NMPeACTaBIIAIOIIUX
noctmxumele coctosHuA RTS F (kpome coctostHus {®}, BMecTOo KOTOporo Oyner
COCTOSIHHE (), M HadaJ y-Iepexom0B, BMECTO KOTOPBIX OyneT cocrosHue ¥). Taxke
Bce coctosHMs RTS G OyayT BXOAWTH B NpaBble YAaCTH Tap, IPEICTaBIITIOIINX
noctmxnmele coctosHUS RTS F (kpome KOHEUHBIX COCTOSHHM, BMECTO KOTOPBIX
OyZeT COCTOsTHHE ().

ITockoneky RTS — 510 nmerepmunupoBanHas LTS, kaxmas ee Tpacca ©
3aKaHYMBACTCS TOJILKO B OJJHOM COCTOSIHUY S, ¥ JUIS BCEX TPACC, 3aKAHIMBAFOTITIXCSI
B S, 6€30MaCHOCTH KHOMNOK IOCJI€ HUX IO OTHOIUGHUIO Sdfe,, 3aBHUCUT TOJHKO OT
aToro cocrosiHusl. B ¢unansHoit RTS oTHomenue safe by ompenensieTcs paBHBIM
OTHOLICHUIO Safe in, 1 0€30MacHOCTb KHONKHU IO Safe in Iocjie TPacchl 3aBUCUT
TOJIBKO OT COCTOSIHMS B KOHIIe Tpacchl. Onpenenum: VseVy WVPeRUQ : P safe in s

£ P safe,ns & (PeQ = s—P—»).

OuesunHo, eciu F after ¢ = {s}, 10 P safe in tr(F) after c < P safe in s.

Hccnenyem Bompoc o xoHeuHOCTH (puHampHOH RTS fres(S,safe by). locrarounsiM
YCJIOBUEM SIBJIICTCS] KOHEYHOCTD KayK/I0TO I1ara HOCTPOCHHUS:

S—x—>Sg—determ—rts(S)—delete—prts(S)—final— fits(S,safe by).

s xoHeuHnoctu pres(S) nocratoyHo KoHeuHocTH McxoaHoit LTS S (koHeuHOCTH
MHOXXECTBA JOCTIDKHMBIX IiepexonoB) u cemeiictBa R. Ilpm s3tux ycmosmsax mis
KOHEYHOCTH fits(S) IHOCTaTOYHO KOHEYHOCTH PEryJIIPHOCTH OTHOILUEHHS Ssafe by.
3ameTHM, 4TO MBI He TpeOyeT KoHe4HocTH aidaBuTa L M KOHeYHOCTH ceMeicTBa

Q.

3. 3aknroyeHue

B pabGote wuccnemoBaHbl pa3IMYHBIE MOJIENW clenupuKanuu. B kadecTBe
pe3yabTaTta npeaiokeHsl puHanbHble TpaccoBbie W RTS-momenu, nocneanue Aar0T
BO3MOXHOCTbE KOHCYHOTO HpeI[CTaBJ'IeHI/ISI perHSIpHI)IX q)I/IHaJ'H)HI)IX TpaCCOBBIX
MOJCIICH.
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O®unanpHas RTS kak mMozpens crnenudukanuu 00JaaeT IENIbIM PAIOM TOJE3HBIX
JUIsL TECTUPOBAaHUS CBOMCTB, BBITOJHO oTiMyaromux ee oT LTS-monmenu, R- u p-
Mozenei, a Takke or RTS ms R- u p-moneneii:

1. JderepmuuusMm. RTS nerepmunupoBana, cieJoBaTelbHO, Kaxaas Tpacca, 10
KOTOPOH HY>KHO T€HEPHPOBATh TECThI, 3aKAHINBACTCS B OJJHOM COCTOSHUH.

2. Besomacuble Tpacchl. be3omacHele Tpaccel crnerupUKanuum — 3TO BCE €€
MPOCTEIE TPACCHI, 3aKAHINBAIOIINECS B COCTOSHUSX, OTIIMYHBIX OT O H Y.

3. Be3omacusie kHOnkH. KHonka P Ge3omacHa mo safe by B ¢unansrOM RTS F
noclie Hepaspyllamomieil Tpaccl G TOrJa M TOIBKO TOIAa, KOrja OHa
Oe3oracHa 10 safe in B KOHEYHOM COCTOSTHHUM TpaccHl s: P safe by tr(F) after ¢
& Psafein s, rne F after 6 = {s}.

Tarke TNpeaIokKEeHBl AITOpUTMBI TpeobpasoBanms LTS-mozmenn ¢ 3azaHHBIM

oTHoLIeHueM safe by B punanpHyio RTS-monens. Eciu koneuna ucxonnast LTS S u

cemeiictBo R, a oTHomeHue safe by perymspHo, To ¢puHanbHas RTS koneuna u

CTPOUTCS 32 KOHETHOE BPEMSI.

B TO xe Bpemsi MHOXeCTBO (DMHAIBHBIX TpPacc, XOTsS M JOCTaTOYHO, HO, BOOOIIE
TOBOPS, HE HEOOXOAUMO UIS TEHEPAIlH TECTOB. DTO OOBICHICTCS TEM, YTO CPEeIu
0e30MacHbBIX Tpacc CIEU(PHUKAIIMA MOTYT BCTPEUaThCs HEKOH(OPMHBIE TPACCHI, TO
€CTh Tpacchl, KOTOPBIX HE MOXET OBITh HU B OAHON KOH(OPMHOU peann3amuu.
TTOHSTHO, YTO MO TaKUM TpaccaM HE HY)KHO TeHEPUpPOBaTh TeCThl. Takue Tpacchl
MOXHO YJQJIUTh W3 MHOXKECTBa TPAacC, MO KOTOPBIM TEHEPHPYIOTCS TECTHI C
noMoIbp V-niononHeHus. MceinenoBaHnio HEKOHPOPMHBIX Tpace CrielupHKaul U
MOCTPOCHUIO alTOPUTMOB, VYIASIIONIMX TaKWe TPacchl U3  chenudukamnum,
MOCBALIEHBI Haty padotsl [16],[17].

Hokazamenbcmea ymeepxoeHul

Hoxkazamenvcmeo Teopema 2:
1. TIIycrs (y)e'P.
Torna () eptr(¥). Umeem Safe, (V)=C=Safe,\(ptr(¥)).
VYTBepKAeHHE TOKA3aHO.
2. Iycts (y)eW.
Bynem Bectu noka3aTenbCTBO HHIYKIMEH 110 Tpacce o.
2.1. baza uHmyKIINH.
13 (y) eV crenyer ceSafe, (V).
13 (y)eW¥ crenyer (y)eptr(\P), uto Bieuer ecSafe,\(ptr(¥)).
2.2.  Hlar uapykuun. [Tycts oeSafe (V)NSafe,(ptr(¥)) u PeRUQ.
2.2.1.  [HoxaxeMm, uto P safe,, ¥ after c = P safe., ptr(\V) after c).
Jonyctum obpatroe. Toraa mi6o o-(A) eptr(¥), mubo o-(z,y) eptr(V) nis
Hekotoporo zeP. Tlockombky ptr(W)cW, umeem o-(A)e¥, mubo
c-(z,y)e¥ mns Hekotoporo zeP. Ho 3TO NpOTHBOPEUYHT YCIOBHIO
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P safe,, ¥ after . CrnepoBaTenbHo, Hallle MONYIIEHHE HE BEPHO, U
MAMIUTAKAIHAS JOKa3aHa.

2.2.2. JoxaxeM, uro P safe,, V¥ after ¢ <= P safe,, ptr('\V) after ).
Homyctum  obparnoe. Torma mubo o(A)e¥, mubo o-(zy)e¥ mu
Hekotoporo zeP. Ilockonsky GeSafe, (¥), umeem 6o (A)efs(¥,0),
6o (z,y)efs(¥,6) mis Hekoroporo zeP. Ho torma mbo o-(A)eptr(P),
mbo o-(z,y)eptr(¥) mist Hekotoporo zeP. Ho ato mpormBOpednt
ycnosuto P safe,, ptr('W) after c. CnenopatenbHo, Halle JONYIIEHHE HE
BEPHO, U 00paTHast HMILTHKAIIUS TOKa3aHa.

2.23.  Jms ueLUR poxaxeM o-(u) eSafe,(¥) = o-(u) eSafe, (ptr(¥)).
IMockoneky — ©-(u)eSafe, (V¥), walimercs Takoe Pebuf(u), uro
P safe,, ¥ after 5. Tlo noxazanmomy B 1m.2.2.1 P safe, ptr(\V) after o).
IMockonbky ©-(u) eSafe,(¥), umeem o-(u)eptr(¥). CuemoBarensHo,
o-(u) eSafe,\(ptr(¥)).

2.2.4. st ueLUR pokaxeM o-(u) eSafe, (V) < o-(u) eSafe,(ptr(¥)).
[ockonbky ©-(u)eSafe, (ptr(¥)), Haiinercs Ttakoe Pebut(u), uro
P safe,, ptr(‘¥) after 6. Ilo noxazannomy B m.2.2.2 P safe, ¥ after ).
IMockoneky ©-(u) eSafe(ptr(¥)), umeem o&-(u)eptr(¥). Ilockombky
ptr(¥)C¥, nmeeM o-(u) €. CrnenoBareinsro, 6-(u) e Safe, (V).

/lokazamenvcmeo Teopema 3:

1. Ilpsmas ummnukauus. Ilycts pr(W)="F.
Jlokaxem, uto Safe,,(¥) = {ce WN(LUR) |o-(y) ¥} .

1.1. Ecm (y)e¥, 10 ptr(¥)={c,(y)}. Torma W={e(y)} u yTBepxICcHHE
OYEBHUIHO.

1.2.  Iycrs (y)g¥. Io onpenenenuto o eSafe, () Biaeder ceWn(LUR)".
Mockonbky () 2fs(\W,6), a ptr(¥)="¥, umeem c-(y) ¢P.
Crenosatensho, Safe, (V) < {ce WN(LUR) [o-(y) ¥}.
TTokaxeM OOpAaTHYIO BJIOKEHHOCTb. JIOMYCTUM MPOTHBHOE: CYIIECTBYET
tpacca 6e WN(LUR)" Takas, uto 6-(y) ¥, Ho G &Safe,\(\P).
IMockombky (y)eW¥, umeeM eeSafe, (V). CiienoBaTenbHO, Y TPAcChl G €CTh
npeduxc [1-(u) Takoit, uto peSafe, (\P), Ho p-(u) gSafe,(\P).
CnenosarensHo, 1160 u=A, m6o u=y, 160 ueLUR nu safe, ¥ after |1
CrydaeB U=A H U=y 6bITh HE MOXeT, TaK Kak [i-(u)<ce(LUR) .
Crenosarensno, ue LUR u u safe,, ¥ after 1.
Eciun  p-(u,y)g¥, 1o (u)efs(¥,n), nosromy L-(u)eptr(¥)=¥, uro
HPOTHBOPEYHT Hpedurc-3aMkHyTocTH W, TOCKOJIBKY M- (u)<ce'P.
Ecmu p-(u,y)e¥, To Bo3MOXHBI jBa Bapuanta: 1) p-(u)=c u 2) p-(u)<e.
Cnyuaaii 1 mporuBopeunt o-(y)gW. B ciyuae 2 maiinercs takoe ve LUR,
aro  U-(u,v)<c. Ho (u,v)efs(¥,n), mosromy U-(u,v)eptr(¥)=¥, uro
HPOTHBOPEYHT npedurc-3amMmkHyTocTd W, TOCKOJBKY - (U,v)<ceW.
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2.1.

2.2.

3.

3.1.

3.2.

3.3.

MBI NpHILTH K IPOTHBOPEYHIO, CIICI0BATEIbHO, HALllE JOMYIICHAE HE BEPHO
1 oOpaTHas BIOXEHHOCTH JTOKa3aHa.
O6patHas uMIuTHKaust. IlyCTh BBIIOIHEHBI YCIOBUS 00OPAaTHOM NMILIAKALIIHH.
JHoxkaxewm, uto ptr('¥)="Y.
ITycts (y) eW.
Toraa W={e,(y)} u ptr(¥)={e,(1)}.
ITycts (y)e¥.
Torma Safe?,._\(‘l’):{GE\PM(LUR)*M-(Y) gW}, tpaccel u3 W momycTuMmbl U
TIOCJIe 0TKa3a B HUX HET pa3pyIICHHUS.
IMockonpky mo omnpexnenenuto ptr('¥)cW, HaM HyXHO JO0Ka3aThb OOpaTHYIO
BJIOKEHHOCTb. J[OMyCTHM, 3TO HE TaK: CyllecTByeT Tpacca o €W takas, 4to
ceptr(\P). ITockonbky o OIIPEICICHUIO npeAdGUHATBHOCTH
Safe (V)cptr(¥), umeem oeSafe (V). Ilockonsky (y)e¥, nmeem
eeSafe, (). CinenoBaTenpHO, TPACCy G MOXKHO MPEICTABUTH B BHAC G=|I'A
TakoM, u4To HeSafe (V) MakcuManbHBI Oe30macHBI IpeuUKC ©, HO
refs(¥.u).
IMTockonbky Bce Tpacchl u3 ¥ 10MyCTUMBI, BO3MOXKHBI TOJBKO CIEIYIOIIHE
ciaydan: 1) A=A;-(A), mu6o 2) A=~;-(y), mubo 3) A=A,, tme A, e(LUR)".
[Tockonbky Safe:,,._\(‘}’)={GE‘Pr"\(LuR)*b-(y>e‘P}, B JTHX CIydYasX HMeeT
mecro: 1) Aj=e u A=(A), 2) A=e u A=(y), 3) A=(u), rme ueLUR u
n(uy) e
Ciyuait 1 nporuBopeunt A=(A) gfs(¥,L).
B ciyuae 2 Tpacca L He MOXeET OBITh IyCTOM, Tak Kak (Y)W, u He MOXKeT
3aKaHYMBATHCS OTKA30M, TaK Kak B Tpaccax u3 W mocie OTKasa Her
paspymenus. CremoBaTenpHO, Tpacca |l 3aKaHYMBACTCS [CHCTBHEM, 3a
koTopeiM B W cienyeT paspylieHue, 4To NpoTHBOpednT [LeSafe, (V).
Paccmotpum ciyuwait 3. Ilockonmbky B Tpaccax u3 W mocie oTka3za HeT
paspyenus, 1omkHO 0bih ue L. Ho Torma A=(u) efs(¥,|1), 9TO HEBEPHO.
MBI NPHILTH K TPOTHBOPEYHIO, CIIEI0BATEIBHO, HAllle JOMYIICHAE HE BEPHO
1 oOpaTHas BIOXEHHOCTH JTOKa3aHa.
HeobxomnMmocTs  ycnoBHM — TeopeMBl Il  OOpaTHONH  MMILIMKAIUN
MOKAa3bIBACTCS CICAYIOIUMHU TMpUMepaMu. B KaXIoM H3 STHX MPUMEPOB
HapyIICHO TOJBKO OHO YCIOBUE OOPAaTHON MMILTUKALIUH.
BrImosTHEHBI BCe YCIIOBHS, KPOME YCIOBHS Ha MHOKECTBO HEPa3pyIIAOIINX
Tpacc mpu (y) V.
[pumep W={¢,(P),(z),(z,y)}, rne PeR u z€P.
Safe,(¥)={c} # {,(P)}={ce¥N(LUR) |o-(v) ¥},
pir(P)={e.(2).(z)} # .
BoinonHeHsl Bee yeiosus, kpome yenosust W={¢,(y)} npu (y)e¥.
[pumep W={¢,(y),(u)}, rae ue LLURU{Ay}. ptr(¥)={c,(y)} # V.
BrImoTHEHBI Bee YCIOBHSL, KPOMeE JIOITYCTHMOCTH TPAace.
Ipumep 1 ¥={e,(A),(A,u)}, tme ue LURU{Ay}.
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Safe (W)={oPA(LUR) [o-(y) ¥} ={c}, pir(¥)={c. (A)}.

[pumep 2 W={¢,(z),(z,Y),(z,y,u) }, rme ze L m ue LURU{A,y}.
Safe,\(¥)={ce¥(LUR) |o-(y) e W} ={c},
prr(P)={e.(z),(zy)} # V.

3.4. BbIIONHEHBI BCE yCIOBUS, KPOME OTCYTCTBHUSL pa3pyLLIEHHUsI IOCIIE OTKa3a.

Ipumep W={¢,(P),(P,y),(z),(z,y)}, rne PER u z€P.
Safe,(¥)={ceP(LUR) [o-(y) ¢ W} ={c},
pir(P)={e.(2). ()}

Hoxazamenvcmeo Teopema 4:

1. Hemycrora MHOXxecTBa. [TockonbKy d-3aMBIKaHNE TOIBKO JOOABIIACT TPACCHL, d-
3aMbIKaHUE HEMYCTOr0 MHOXKECTBA HE MyCTO.

2. Ipedukc-3amkHyTOCTh. [lOCKONBKY mpH d-3aMBIKaHUM OTKa3 P ynamsercs
IocJie TPacChl | Mepes KaXIoW MpoJoDKaromeld ee Tpaccoi A, d-3aMbIKaHHE
npeduKc-3aMKHYTOTO MHOKECTBA MPe(HUKC-3aMKHYTO.

3. Honyctumocts. [TockonbKy mpu d-3aMbIKaHUM TOJIBKO YAQISIOTCS OTKa3bl U3
Tpacc, d-3aMBIKaHHE MHOXECTBAa JIONMYCTHMBIX Tpacc I00aBIse€T TOIBKO
JIOIYCTUMBIE TPACCHL.

4. CornacoBaHHOCTb. IT0CKONIBKY MpH d-3aMBIKAaHUH TOJBKO YIANSIOTCS OTKA3bl U3
Tpacc, d-3aMbIKaHHE MHOXXECTBA COIVIACOBAHHBIX TpPacc J00aBJISET TOJBKO
COTJIACOBAHHBIE TPACCHI.

5. R-xonBeprentHocThb. [Tockonbky mpu d-3amblkaHuM 0TKa3 P ymamsercs mocine
Tpacchl |l Iepel KaKIOoW IMpojospKawomeid ee Tpaccod A, d-3ambikaHue R-
KOHBEPT€HTHOTO MHOXeCTBa R-KOHBEpreHTHO.

6. 3amknayTocTh. Il0 ompenencHuro d-3aMbIKaHHE TI000r0 MHOXKECTBA Tpacc d-
3aMKHYTO.

7. R-nonsorta. [Tockonbky npu d-3aMblkaHMU OTKa3 P ynanseTcs mocnie Tpacchl L
mepen KaXJI0M NpoAoIDKarollell ee Tpaccoil A, d-3aMbIKaHME IIOJIHOTO
MHOX€ECTBA TOJIHO.

Joxazamenvcmeo Teopema 5:

Ecnu (y) €Z, T0 Safe, (£)=, nosromy ptr(Z)={e,(y)} ¥ BHIIOIHEHNE BCEX CBOICTB

p-Mozenu oueBuHO. Janee OyneM cuurath, uto (Y) g X.

1.  Hemycrora MHOXecTBa. [TockodBKy TpaccoBas MOAENb HE MycTa M MpeduKc-
3amMKHyTa e€X. [loaToMy 1o ompeneneHnio npendHHAIBHBIX Tpace e€ptr(X),
clIe10BaTeNIbHO, MHOXKECTBO ptr(X) HE MyCTO.

2. Ilpebukc-zamkHyTOCTb. MHOXECTBO Safe, (L) mnpedHKC-3aMKHYTO IO
ompeznenenuo. [lo ompenmenennto npedukc (GUHATBHOTO TIPOMOIDKCHUS
Hepas3pymIaomeil Tpaccsl ABIAeTCA IH00 MpeHKCOM 3TOH Tpacchl, b0 ee
(MHANBHBIM TPOJO/DKEHHEM. TeMm caMbiM MHOXECTBO pfr(X) mnpedukc-
3aMKHYTO.
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3.

5.1.
5.1.1

5.2.

6.1.

6.2.

6.3.

6.4.

Jonyctumoctsb. Bee Tpaccsl TpaccoBOi MO AOMYCTUMBI, B TOM YHUCHE U €€
npendUHATBEHBIE TPACCHL
CornacoBaHHOCTb. Bce Tpacchl TpaccoBOi MOJIeM COTJIaCOBAHBI, B TOM YHCIIE
U ee npeaduHaIbHBIE TPACCHI.
R-konBeprenTHocth. Ilycth © mnpeaduHanpHas Tpacca. Paccmorpum nBa
cIryJast.

ceSafe(2).

. Ecnu R-xHomnka P paspyuiatomas B X nocie 6, 1o 6-(A) X win 6+(z,Y) €X

st Hekotoporo zeP. A rtorma o-(A)eptr(X) wmu o-(z,y)eptr(T) mwisn
HeKkoToporo zeP.
Ecin R-xkHonka P Hepaspymaromas B X mocie ©, To 1o R-
KOHBEPI'€HTHOCTH TPACCOBOM MOJENU B X UMEETCsl NPOJOKEHUE TPACChl
¢ HepaspymarommMm Habmonernem ucobs(P), u Tpacca o-(u)
Hepa3pymIaas 1, CIeI0BaTeIbHO, IpeA(HHATbHAS.
B o6oux ciyvasx tpacca ¢ R-koHBepreHnTHa B ptr(X).
ceSafe(X).
Torma mo omperneneHHio (MHAIFHOTO MPOJOIKEHUS Tpacca o OO
3aKaH4YMBAETCSl IMBEPreHIMEHd WM pa3pyLICHHEM, JHOO0 MPOIOJDKASTCS
paspyleHueM U, ciefoBaTenabHo, R-koHBeprenTHa B prr(X).
R-nonsora. Ilycts Tpacca p-Aeper(E), Tpacca | 3aKaHYMBACTCS HEKOTOPHIM
OTKa30M M He Tmpojoinkaercs B ptr(X) neiictBusMH 3 oTkaza P. HyxHo
nokasark, uto U-(P)-Aeptr(Z).
IMoxaxem, urto Tpacca peSafe(X).
Tpacca | kxax mpedukc mnpenpUHATBPHOM Tpaccsl |-A IO JTOKAa3aHHOH
npeduKc-3aMKHYTOCTH Takxke npenduHaibHa. A TOraa, MOCKOIbKY Tpacca L
3aKaHYMBAeTCs Ha OTKa3, II0 OMNpEACICHHI0 MpeAdUHAIBHBIX Tpacc
pneSafe,(X).
IMokaxem, uto P safe,, Z after |\. JIeicTBUTENILHO, B IPOTHBHOM CIIy4yae B Z
uMmenach Obl 160 1) npeadunansas Tpacca U-(A), mubo 2) npeadpuHambHast
Tpacca U-(z,y) mus Hekotoporo z€P. Ciyuas 1 He MOXeT OBITh, TaK Kak
Tpacca |l 3aKaHYMBACTCS OTKA30M U IO COIJIACOBAaHHOCTH R-Monennm He
MOJKET IPOJOJDKAThCs B X AuBeprenuuei. B ciydae 2 |-(z,y) eptr(Z), dyero
OBITH HE MOXKET, TaK KaK Tpacca Ll He IIPOoIoJDKaeTes B ptr(X) NeHCTBUAMU U3
oTkasa P.
Ioxaxkem, 4To Tpacca |l He IPOJOKAETCA B X JEUCTBUAMU U3 OTKa3a P.
HeiicTBuTenbHO, MOCKONBKY P safe,, X after ||, Takue TpoJNOIKeHHs ObLIN
Obl Hepa3pymlaloUMMH B X W, CJICAOBATENIFHO, (UHATBHBIMHU, YTO
IIPOTUBOPEYHT TOMY, UTO Tpacca Ll He NMPOJOIDKaeTcs B prr(X) melcTBUSAMHA
u3 oTkKaza P.
ITokaxem, uro [1-(P)eSafe,(T). Tlockonpky ¥ R-KOHBepreHTHa U Tpacca |1
HE IPOJOJDKACTCS B L ACHCTBHSIMH M3 OTKasza P, momkHO ObiTh [-(P)eX.
ITockonsky P safe,, T after |1, |- (P) e Safe, ().
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6.5.

6.6.

7.

7.1.

7.2.
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ITockonmbky LeSafe,n(Z), y mnpeadusHampHOW Tpacchl WA HMeeTcs
MaKCUMAJIbHBIA Hepa3pyIIAIONIHNA TPEPHUKC LI-A;.
IMokaxem, uto U-(P)-A; eSafe,\(T).
IMockomeky M-(P)-LeX, mo mpedurc-3amkuayTocTH R-Momenmn p-(P)-h; €Z.
Homyctum  p-(P)-A eSafe,n(Z). Torma, mockombky -(P)eSafe(Z), y
Tpacchl A, uMeercst Takoii mpeduxc Ap-(u), uro u-(P)-AeSafen(T), a
p-(P)-Ay-(u) g Safe,n(E). Orcroma, mockoneky L-(P)-AeZ u, ciaemoBaTensHO,
pe(Py-dy-(u) e Z, umeem, nubo u=A, mbo ue LUR u u safe,, T after |1-(P)-L,.
[Tostomy B X wmmeercs Tpacca W-(P)-h+(A) WM Ui KakIod KHONKH
Rebut(u) umeercs tpacca L-(P)-A,+(z,y) must Hekoroporo zeR. Ho Torma mo
3aMkHyTOCcTH R-Monenu B X umeerca Tpacca ].L-)Lz-(A> WIA I KaKIou
KHONKU Rebuf(u) nmeercs tpacca W-A,(zy) Wi Hekoroporo zeR, uro,
HOCKOJBKY [-Ap+(U)<|-A;, IPOTHBOPEUUT TOMY, 4TO L-A; ESafe,(T).
ITockonbky HeAy MaKCUMaJIbHBII Hepa3pyLIaomui npedukc
npeaduHaNbHON  Tpaccel LA, Tpacca LA sBIsieTcss  (DMHAIBHBIM
MPOMOIDKEHNEM Tpacehl Whp: 1) WwA=p-A;, wim 2) wA=p-i;-(A), wim 3)
wA=py-(z,y), win 4) pA=p A -(2) 1 ph () €5, S) pdmds-(Q),
rae QeQ. Cnyyast 5 ObITh HE MOXeT, Tak kKak R-mozxens X He comepxur Q-
OTKAa30B.
IMockonbky H-AEX M Tpacca Ll 3aKaHINBACTCSl OTKA30M U HE IPOIODKASTCS B
Z peiictBusMu u3 oTkaza P, mo R-momHOTE TpaccoBoir Mmoxpenm: 1)
w(Pyi=p-(P)€Z, wm 2) w(P)A=p-(P)-A(AYEE, wnm 3)
w(P)yA=p-(P)A(zy)eX,  mm  4)  p(P)i=p-(P)-A(z)eX  m
p(P)-di-(z,y)€Z. Tlosromy, mockoneky I-(P)-A eSafe,n(E), BO Bcex
ciaydasx Tpacca W-(P)-A sBusercs (UHAIBHBIM NPOJODKEHHEM TPAcChl
p-(P)-A;. CienoBaressHo, [-(P)-Aeptr(Z), uTo 1 TpeOGOBAIOCH 10Ka3aTh.
npenduHaNEHOCTE: ptr(ptr(X))=ptr(Z).
Mo ompenenenuro mnpenduHaneHEIX Tpace ptr(ptr(Z))cptr(Z). Ham
JIOCTaTOYHO MOKa3aTh, 4To ptr(ptr(X))optr(X). PaccMotpuM Tpaccy ceptr(X).
ITo onpexenenuio npeapuHaNIBHBIX TPACC GEX 1 BO3MOXKHBI IBa BapHAaHTA.
ceSafe(X). IlokaxeMm, uto ceSafe,(ptr(X)), u3 4yero OyAeT cCIeIOBaTh,
uro G eptr(ptr(X)).
Jomyctum npotuBHOE. Torma, MOCKOIBKY (Y) X, y TpacChl & UMEETCS TaKON
npeduke p-(u), uto peSafe(ptr(X)), a p-(u)eSafe(ptr(X)). Iockonsky
ceptr(Z), w(u)epr(X). CnemosarenpHo, Uu=A wm ueLUR
u u safe, ptr(Z) after . Torna B ptr(X) mbo numeercst Tpacca [-(A), 1160
IUI Kakmod KHOmKM Rebut(u) mmeercs Tpacca -(z)Y) IUIsL HEKOTOPOTO
zeR. Ho torga takue Tpaccel €CTb U B X, 4TO NPOTHUBOPEYUT TOMY, UTO
ceSafe,(X). CnenosarenbHo, o eSafe,(ptr(X)).
cgSafe,(X).




Torma, mnockonbky (Y)g%, © sABwseTcs (UHAIBHBIM [POJODKCHHEM
HEKOTOpoi Hepaszpymaromeid Tpaccsl 1. Ilo nokxasannomy peSafe(ptr()),
910 BIeueT G eptr(ptr(X)).

8.  ¢mHambHO-3amkHyTOCTB: IlycTs W-(P)-AeSafe,(ptr(X)), rae PeR. HyxHo

Jokasath, uto  W-AeUnSafe,(ptr(Z)) wm  p-reSafenptr(Z)) nu
S (E).p-(P) Nf(per(S).u-h).
Mockonsky -(P)-AeSafe,(ptr(T)), umeem p-(P)-heptr(Z) u p-(P)-AeZ. Ilo
samkHyToct R-mozmenu p-AeX. Tockonsky W-(P)-Aeptr(T), mo mokazaHHOIM
npedukc-3amkuytoct -(P)eptr(X). A Ttorma, mockombky PeR, momkHO
Obitb p-(P)eSafe,n(E), nockonsky tpacca W-(P) 3akamumBaercs R-orkasom.
ITo npedurc-3aMKHYTOCTH HepaszpylIaloIMX Tpacc HMeeM [eSafe,(Z).
Janee paccMOTpUM JBa CIydasi.

8.1. p-heSafe(2).

Torma mo  nokazamHomy B 1.7.1  p-AeSafe(ptr(Z)). Ilycts
Kefs(ptr(Z),u-(P)-1). Torma 1) k=¢, unu 2) k=(A), unu 3) k=(z,y), 4) k=(z)
u U-(P)-A-(zy) eptr(T), unu 5) p-r=p-1-(Q), rue QeQ. Cuyuast 5 ObITh He
MOXeT, Tak kKak R-Mozens £ He copepkut Q-oTka3oB. [lockonbky ptr(X)CZ,
X d-zsamxayTOo, HMeeM KefS(Z,u-A). Ilockonmbky p-AeSafen(X), umeem
Kefs(ptr(Z),1-)). Cnenosarensho, fs(ptr(Z),u-(P)-L)fs(ptr(Z),p-1).

82. p-AgSafe(X).

Torma, mnockombky [-(P)-AeSafe,(ptr(Z)), umeem peSafe,(ptr(Z)).
[TostoMy y Tpaccel A  Haiimercs Ttakod mnpedukc Aq-(u), dTO
p-A eSafe,\(ptr(T)), HO H-A -(u) gSafe,(ptr(T)).

CnenosarensHo, u=A umum ueLUR u usafe,, X after pu-A,. Ilockoneky,
W (P)-A-(uy<p-(P)-AeSafe,(ftr(Z)), Ttpacca -A-(u) sBisercss  LUR-
Tpaccou, cieIoBaTeNIbHO, ciry4ast u=A ObITh He MoXeT. [Toaromy ue LLUR u
u safe,, X after p-A,. Torna mu6o p-Ai-(A)eX, mbo 11 Kaxkmoil KHOIKH
Rebut(u) numeercs tpacca |-Ai+(z,y)€Z s HekoToporo zeR. A Torma mo
onpejeneHuo npeaguHANBHBIX Tpace JHb0 W-Ai-(A)eptr(T), muGo s
Kaxnoii kHomkM Rebut(u) wmeercs Tpacca W-Ai(zy)eptr(E) mwin
HekoToporo  zeR.  CremoBatensHO, B 00oMX  ciydasx  Tpacca
p-ie UnSafe,(ptr(Z)).

okazamenvcmeo Teopema 6:

1.  Cuagana nmokaxem, uro D(¥) sBisieTcs R-mMozmenbio.
Ilo ompenenenuto p-monenu W oHa sBisercs He3aMKHYTOM R-mopnensro.
[Toatomy o Teopeme 4 D(W) siBnsiercst R-mozensio.
2.  Teneps nokaxem, uto ptr(D(¥))="F.
2.1. Iycre (y)e¥W. Torma mO ONpemeiCHUIO NpenpUHATBHBIX  Tpacc
ptr(P)={¢,(y)}. Tlo ompenenchuio p-monenu, Y=ptr(¥)={c,(y)}. Ilo
onpenenennto  d-sambikanus  D(P)=WP={e(y)}. Tlo ompeneneHuro
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2.2.

2.2.1.

CrnenoBaTeabHO,

npeadUHATBEHBIX Tpacc ptr(D(¥)={e,(y)}.
ptr(D(W)={e,(v)}="¥.

Iycts (y)eW¥. Torma mo cormacoBanHocTH p-momenu (y)gD(¥). A torma
ecSafe (‘W) u eeSafe, (D(P)).

CHnayvaia nokaxem, uro ptr(D(W))cW.

2.2.1.1.  Ilokaxem, uto Safe(D(¥))=Safe, (V).

ITycts Tpacca ceSafe, (D(W)).

Honyctum npotusHoe: 6 &Safe, (V). Ilockonsky eeSafe,,(V), y Tpaccsl
© Haitgercs npeduxc p-(u) Takoit, uto peSafe,(¥), a - (u) gSafe,(P).
IMockonbky ceSafe(D(W)), a p-(u)<o, uMeeM U#A U u#y, TO eCTb
ueLUR u u safe,, ¥ after 1.

A Torma mubo Tpacca p-(A)eW, mmubo s Kaxkaoi KHOMKHM Rebut(u)
umeetcst Tpacca -(z,y) €W mus Hekotoporo zeR. A Torma p-(A) e D(W),
6o st Kaxaoi KHOKH R ebut(u) umeercst Tpacca p-(z,y) e D(¥Y) mst
Hekotoporo zeR. CrnenosarensHo, usafe,n D(W) after 1. Ho »5t10
IPOTHBOPEYHUT TOMY, 4TO M-(u)<c u ceSafe,(D(¥)). Mbl npuuum K
NPOTUBOPEUMIO, clefoBaTenbHo, GeSafe (W), uro u TpeboBanoch
JIOKa3aTh.

2.2.1.2.  Iloxaxewm, uto ptr(D(W¥))\Safe,(D(¥))c'F\Safe, (V).

2.22.

ITycte Tpacca ceptr(D(W))\Safe,(D(V)). Torna Tpacca ¢ sBisercs
¢unansHBIM npopokenueM B D(W) HexoTopoii Tpaccsl LeSafe, (D(\V))
u o#. Torna mo noxaszanHomy LeSafe, (V). Ham Hago nokaszats, 4to &
ABJsieTcsl (huHANBHEIM Npojo/nkeHreM U B W u o ¢Safe (V).
ITockoNbKY G#ll, MO ONpeAeNeHUuI0 (UHATBHOTO TIPOJOIDKEHHS H
OTCYTCTBHIO B p-Mogenu (Q-0TKa30B BO3MOXHBI TPH BapHaHTA:
Do-pw(A)eDW), 2 o-wiz))eD¥). 3)o-u(eD¥) u
“'<Z"Y> GD(%
ITo ompenenenuto d-3aMblkaHMs HaiigeTrcs Takas Tpacca W €W, uto
uedw) u D p-(A)e¥, 2 u-zpel, Hu-e¥ u w-zyed.
Orcrozia no cpoiictBy npeadunansHoctn W Tpacea p' eSafe, (\V).
A Torma no ¢unanpHO-3aMKHyTOCcTH ¥ M0 1) pe UnSafe (), mubo
2) neSafe,(¥) n (Y. )f(T.1).
Ciyuaii 1 nporuBopeunt peSafe,(¥). CnenoBarensto, 1) o=p-(A)e'P,
2) o=w-(z,y)e¥, 3) o=p-(z)e¥ u p-(z,y) e'¥.
CrenoBarenbHO, G ABISETCS (PHMHAIBHBIM IPOIOIDKEHHEM L B P,
Bo Bcex aTHX ciydasx Takke ceSafe, (V).

Teneps mokaxkem, uro ptr(D(V))oWV.

22.2.1. Tlokaxewm, uto Safe(D(V))=Safe,.(\V).
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ITycts Tpacca ceSafe, (V). Torna ce¥ u, cnenosarensno, ceD(W).
Jomyctum, yreepxeHue He BepHo: 6 e D(W)\Safe, ,(D(V)).
IMockonbky eeSafe,(¥), y Tpaccsl ¢ Haiinercs npedukc p-(u) Takoi,

uro peSafe (D(Y)), a p-(u) gSafe,(D(F)).




ITockonbky ceSafe,(¥), a p-(u)<c, umeeM u#A u u#y, To ectb ueLUR
u toraa u safe,, D(\VY) after 1.
CnenoBatensho, m6o 1) p-(A)eD(¥), mu6o 2) mus Kaxmaod KHOIKH
Rebut(u) nmeercst Tpacca -(zg,y) € D(¥) mist HekoToporo zgeR.
Torpma no onpeneneHuto d-3aMbIkaHusi TuO0 1) HalijeTcs Takas Tpacca
W e, uto ped(p’) u w'-(A) eV, mibo 2) st Kaxmaoi KHOTKA R €but(n)
Hainercs Takast Tpacca [r' €W, aro ped(ur’) 1 uR'-(zp,Y) €.
o ceoiictey npendunansrocti W 1) tpacca |’ eSafe, (V) umm 2) Bce
Tpacchl [ eSafe(P).
IMockoneky peSafe,(D(W)), mo 1.2.2.1.1 peSafe,(‘P).
A torga mo ¢uHansHO-3aMKHYTOCTH ¥ HMeeM 1) (A) efs(\W, 1 )SfS(\P,1L)
60 2) (zg,y) Efs(¥, R )CS(W,1) 171 KaKI0i KHOMKH R.
CnenoBatenbho, 1) Tpacca p-(AYeW 6o 2) 1 KaxIoW KHOIKA
Rebut(u) tpacca p-(zp,y) €.
Tem cambiM, u safe,, ¥ after |1, 4TO, OCKOJBKY |I-(U)<G, MPOTHBOPEUNT
ceSafe (V).
WTak, MBI IPUILIA K IPOTHBOPEUHIO, CIEAOBATEIFHO, HAIIE JOMYIICHAE
He BepHO U ceSafe,(D(W)), uro 1 Tpe6OBaIOCh JOKA3aTh.

22.22. Ilokaxewm, uto ptr(D(W))\Safe,(D(¥))2¥\Safe,,(\V).
ITycts Tpacca ce¥\Safe, (V). Torga Tpacca G siBnsercs (UHAIBHBIM
nponoskenneM B ‘W HexoTopoil Tpaccel neSafe, (V) u o#u. Torga mo
m.2.2.2.1 peSafe(D(¥)). Ham Hajgo mnokasaTh, 4TO G sBIAETCS
¢bunanbHBIM IpofokeHneM | B D(W) u ceSafe (D(V)).
ITockosbKy G#ll, MO ONpEAeNeHUI0 (HUHAIBHOIO MNPOAODKEHUS U
OTCYTCTBHIO B p-Moaenu (Q-0TKa30B BO3MOXHBI TPH BapHaHTa:
1) o=u-(A) e, 2) o=p-(z,y)e¥, 3) o=p-(z) e¥ n p-(z,y) €Y.
Torna 1o OIIPENIEJICHUI0 d-3aMbIKaHus 1) o=p-(A) eD(P),
2) o=p-(z,y) eD(¥), 3) o=p-(z) e D(¥) u p-(z,y) e D(¥).
Torpa, nockomsky LeSafe (D(WV)), Tpacca ¢ sBnsercd (HHAIBHBIM
npogobkerneM | B D(W), BOo Bcex OTHUX CIIy4asx TaKxe
cg¢Safe (D(W)), uro u TpebOBANOCH TOKA3ATh.

Hokazamenscmeo Teopema 7:

IMycts Qc(LURWQWU{ A,Y})* n W=QR p-Mozenb.

O6o3naunm A={ceQ(LUR)'|o-(y)2Q}.

Tockonbky W=Qpg, nvmeem A={ce ¥Y(LUR) |o-(y) ¥} .

VYenosus 4b u 4c copmapator, ecimu Safeln(Q)=Safe,(Q). Ilockonpsky W=Og,
umeeM Safe(Q)= Safe (V). Ilockonmeky W p-monens, oHa mnpeiduHanbHa,
nostoMy mo Teopeme 3 Safe (W)=A. CnenoBarenbHo, Ui 9KBHBaJICHTHOCTH
ycnoBuii 4b u 4c mocratouno Safeln(QQ)=A. OueBuano, Safeln(Q)CA, nostomy
JloctaTouHo ycnous Safeln(Q)DA.

1. IIycts BemonHens! ycnosus: VzeLl VQeQ VoeSafe, (Q)
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1.1.

1.2.

2.1.

2.2.

272

2b)6+(z)eQ & 6-(z,y)2Q
= 3Pebut(z) P safe,, Q after c & (PcQ = c-(P)2Q),

3b)Q safe,, Q after ¢ & 6:(Q)2Q = IveQ o-(v)eQ.

4b)VPeQ V- (P)-LeQ neSafe(Q) & P safe,, Q after | & A=e.

Joxaxem, uto Safeln({2)>A 1 BBINIOJIHEHBI YCJIOBUS 2¢ U 3C.
Iycrs (y)eW.
Toraa mo onpenenenuto p-mogenu Y={¢,(y)} u Safe(¥)=J. Ilockombky
Safe,(Q)=Safe,(\¥), no npasuny 4b HU ogHA Tpacca He COIEPKHUT Q-
otkazos. CrenoBarensto, Q=Qp=¥={c,(y)}, M03TOMY BBHIIOIHEHBI YCIOBUSI
2¢ u 3c. Taxxe A=C, cienoBatensho, Safeln(Q)DA.
ITycrs (y)gW.
Bynem Bectu fokasaresbcTBo o nHAykimu. 13 (y) g W cienyert, uro ()€€,
nodtomy ecSafeln(Q)). Taxxke ceA. Ilycte mna  oceSafeln(Q)NA
yTBepkaeHne BepHO u mycTh o-(uyeA. Torma ceSafe,(Q). ITockoasky
Safe,\(Q)=Safe (¥)=A, umeem o-(u)eSafe, (). Ilostomy, eciu ueR, o
c-(u)eSafeln(Q)). Ecmu ueL, 1o o-(u,y)2Q. Ilostomy no mnpasmity 2b
u safe in Q after . CnenoBarensHo, 6-(u)eSafeln(€)). Utak Mbl 1oKa3an,
yro Safeln(QQ)DA. U, nockoneky Safeln(Q)cA, numeem Safeln(Q)=A, to
ecTh yclloBHe 2¢ IokazaHo. Tarke mo mpaswiy 3b, ecim Tpacca G He
npogowkaeTcs Q-oTkazoM, To OO 3TOT Q-0TKa3 pa3pyMIAOIIMH ITocie
Tpacchl, MO0 OHa MpOoJOJDKaeTcs neiicTBueM u3 3toro Q-orkasza. Ecnm Q-
OTKa3 pa3pylIaoUIMid MOCNe TPacchl, TO Tpacca MNPOJAODKAETCS JHOO
JTUBEpreHImel, oo aeiictBueM u3 Q-oTkasza (U manee paspynienueMm). Bo
BCEX CJIy4asiX BBINOJHEHO CBOMCTBO 3¢ (Q-KOHBEPrEHTHOCTH Tpacc U3 Qg B
Q.

[TycTh BRIIONHEHEI YCIIOBHS:

2¢) (y) £Q & Safeln(Q)={ceQ~(LUR) o-(y) 2Q} V Q={e,(y)},

3c) Tpaccsl u3 Qr Q-KOHBEPTeHTHHI B L2,

4¢c)VPeQ V- (P)-ALeQ neSafeln(Q) & P safe,, Q after | & A=¢.

Jokaxem, uto Safeln(2)>A 1 BBITIOIHEHBI yCiIoBUs 2b 1 3b.
Iycts (y)eW.
Torma Q={¢,(y)}, uto Breuer Safe,(Q)=Z u, cnenoBaTEIBHO, BHIIOIHEHBI
npasuna 2b u 3b. Taxke Oyner A=, cienosarensho, Safeln(Q)DA.
Iycts (y) &P
Torna Safeln(QQ)=A, cJIeOBaTEIbHO, Safeln(CQY)DA. Taxoxe
Safe,(Q)=Safe,(¥)=A. IlycTb BBINOJHEHO YCIOBHE JIEBOH 4YacTu
HMIUIMKAUH B npasuiie 2b: zeL, ceSafe,n(Q), 6-(z)€Q, 6-(z,y) Q. Torna
o-(z) € A=Safeln(Q)). CrienoBaTenbHO, BEIIOIHCHO YCIOBHE B TPABOM 4acTH
HMMIUTMKAIMY TIpaBuia 2b, To ecTb npaBuiio 2b qokazano. [1ycTs BEIMOTHEHO
yCIIOBME JIEBOH 4YacTH HMIUIMKaluu B npasuie 3b:  ceSafe(Q),
Q safe,, Q after 5, c:(Q)2Q. Torna mo Q-KOHBEPreHTHOCTH BBIIOIHEHO




YCJIOBHE B IMPaBOM YacTH HMIUIMKALMU IpaBwia 3b, TO ecTh npaBuiio 3b
JIOKa3aHo.

Hokazamenvscmeo Teopema 8:

1.

2.
2.1.

2.2.

2.2.1.

22.2.

2.2.3.

2.24.
2.2.5.

2.2.6.

2.2.7.

2.2.8.

2.29.

Ilycts (y)e¥. Torma Q=¥={¢,(y)}. JIoKa3aTeNbCTBO YTBEPKICHUS B ITOM
cllydae TPHBHAIBHO.
ITycts (y)&P.

CHavanma [JOKaX€M 4YacTh YTBEP)KICHUS, CBSI3aHHYI0 C MHOXXECTBAMHU
6e3omacHbIX (TI0 pa3HBIM OTHOILIEHHUSIM) Tpacc.

ITo onpenenenuio oTHOLIEHUs safe by umeet mecto: Safe,(Q)=SafeBy(Q) u
SafeBy(\V)=Safe, (V). Ilockonbky Tpaccel u3 p-moaenu W He comepxar Q-
oTka30B, uMeeM Safe,(\V)=Safeln(\V).

o teopeme 3 Safe,(¥)={ce¥N(LUR) [c-(y)g¥}, a mo mpasmiy 2c)
Safeln(Q)={ceQ(LUR) [o-()£Q}. CrenoBarensHo,
Safeln(Q)=Safe ().

IMTockonbky W= g, umeeM Safe,(Q)=Safe, (V). 3 oTHX paBeHCTB clieqyeT
JIOKa3BIBaEMOE YTBEpIKICHHE!

Safeln(Q)=Safe.(Q)=SafeBy(Q)=SafeBy(¥)=Safe (¥)=Safeln(\¥).

Tenepsb nokaxkeM BhinosHeHUe cBoicTB f-monenu misa Q=fir(W,safe by).
Henycrora. Iockonsky W p-monens, WD, CiemnoBareiibHO, HOCKOIBKY
YO, Q=0
[pedukc-3amxHyTOCTh. [TocKONMBEKY W P-MOIEND, OHA MPEePUKC-3aMKHYTA.
ITo Teopeme 7 m mpaBminy 4c) Tpacchl u3 Q\W — 310 Q-(uHATBHBIE
npoaokenus tpace u3 . I[loaTomy npeuKc-3aMKHYTOCTh COXPaHSETCSI.
Jonyctumocts. [lockoneky W p-mozens, Bce ee Tpacchl fomycTumsl. [lo
Teopeme 7 u mpaBuiy 4c) Tpaccel m3 QW — 310 Q-uHaANBHBIC
npojoibkeHus Tpacc u3 W, TO ecThb Tpacchl, 3akaH4YHMBarommecs Q-
oTkazamu. [103ToMy OITyCTUMOCTB COXPaHSETCS.

Q-I101TyCTUMOCTB. DTO CEAYeT U3 TeOpeMbl 7 U cBOicTBa 4c¢).
CornacoBanHoctb. [Tockonbky W p-mMozenb, Bce €€ Tpacchl COINIAaCOBAHbI.
Ilo Teopeme 7 m mpaBmry 4c) Tpaccsl m3 O\W — Q-duHATBHBIE
npoaomkenus Tpace u3 ‘¥. IloaToMy cornacoBaHHOCTb COXpaHsIEeTCsl.
RUQ-konBeprentHocTh Tpace us Qg B Q. Tlockonsky ¥ p-monens, Bce
Tpaccel u3 QQp R-xoneeprentHel (g, cienoBaTenbHO, OHM R-
KoHBepreHTHH B Q0Qg. [To Teopeme 7 m mpasuiy 3c¢) Tpaccsl u3 Qr Q-
KOHBEpreHTHbI B (2.

¢busanbHO-3aMKHYTOCTE Qg. Ilockonsky W p-Mmonens, oHa QuHaIbHO-
3amkHyTa. [Tockonpky W=Qg, IMeeM GUHATEHO-3aMKHYTOCTE Q.
R-nomnora Qg. Ilockomeky ¥ p-momens, ona R-momnasg. ITockombky
Y=, umeeM R-nionHOTY R

(QHHANTEHOCTB. DTO CIENYET U3 TEOPEMBI 7 U CBOMCTBA 2¢).
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/lokazamenvcmeo Teopema 9:

1. Iycts (y)eQ. Torma Q=Qp={€,(y)}. J0Ka3aTeabCTBO YTBEPXKICHUS B 3TOM

clly4ae TPHUBHAIIBHO.

2. Iycts (y)eQ.

2.1. Cuayana nokaxem, 4to £ p-MOJEIb.

2.1.1.  Aundasur. [lo onpegencuno Qrc(LURU{AY}) .

2.1.2. Hemyctora. Tak kak €2 He mycTo H TNpePUKC-3aMKHYTO, €D
CrienoBaTeNbHO, TIOCKONBKY (Y) 22, e€Qyg, TO ecTh Qg HE MyCTO.

2.1.3. pedwukc-3amxayTOCTh. [ToCcKonbky € f-Monmens, oHa MpeuKCc-3aMKHYTA.
Taxxke npedukc-3amkuyto MHoxkectBo (LURU{AY}). Orciona Qg
npeduKc-3aMKHYTO KaK IepecedeHie NpepruKC-3aMKHYTHIX MHOKECTB.

2.1.4. [Homycrtumocts. ITockompky € f-mMonens, Bce ee TpacChl MOMYCTHMBL
ITockonbky QprC€), TOYCTUMOCTb COXPAHSETCSI.

2.1.5. CornacoBanHocTb. [Tockonbky € f-mMomens, Bce ee Tpacchl COrIacOBaHHI.
ITockonbky QgrC(2, COrIacOBaHHOCTH COXPAHSIETCS.

2.1.6. R-xonseprentHocth Qg. Ilockonsky € f-monens, Bce Tpacchl u3 Qr R-
KOHBEPI'eHTHHI {2, CIIeJOBaTENbHO, OHU R-KOHBEpreHTHBI B Q.

2.1.7.  ¢unanpHo-3aMKHyTOCT Qpg. Ilockomeky Q f-monens, Qg dunaneHo-
3aMKHYTA.

2.1.8.  R-momnora Qg. [Tockonsky Q f-Moaens, Qg R-nonnas.

2.1.9. mpendunanbHocts. Ilo onpenenenmo Safeln(Qg)c=Safe,(Qg). Taxoxe
oueBnnHO Safeln(Qg)=Safeln(QY). ITockomsky Q f-monens, Q ¢puHANBHO,
4TO O3HAYAeT BBHIIONHEHHE CBOMcTBa 2¢ i caydas  (y)eQd:
Safeln(Q)={ccQ(LUR) [c-(y)£Q}. o OTIpeIeICHUIO
Safe,\(Qr)c{c€Qr(LUR) [o-(y) £ Qr}
={c6eQN(LUR) |o-(y)2Q}.

CrnenoBatenbho,  Safe,n(Qr)={ceQr(LUR) [o-(y)¢Qg}.  TTosTomy,
YYUTBIBasi, 9TO IO JIOKa3aHHOMY Bce Tpacchl W3 Cdg JOMYCTHMBI U
cornacoBaHsl, a () £Q, mo Teopeme 3 Qg npenduHATEHO.

2.2.  [lokaxeMm, 4YTO OTHOWIeHUE safein Ha €}, B3sToe s Tpacc U3 Qg
yIOBJIETBOPSICT MpaBuiIaM oTHoIeHus safe by. [lockombky Q f-Monens, oHa
Q-morryctrMa M ¢uMHAIBHA, a Bce Tpacchl W3 Qg Q-KOHBepreHTHH B €.
[osToMy To Teopeme 7 BBIIIOJMHEHHI ycioBusi 2b), 3b), 4b) . Ycnosus 2b),
3b) 3KBUBAJCHTHBI YCJIOBUSM Ha Safe by, ecnmu Q-kHomka Oe3omnacHa 1o
safe by nocie HepaspyIaromeil Tpaccel TOrJa M TOJBKO TOTNA, KOrJa OHa
Hepaspymaromas U HeT Q-oTka3a nocie Tpaccel. Takoe oTHoueHue safe by
COBIIAJIaeT ¢ OTHOIIeHUeM safe in u Q=fitr(Qg,safe in).
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