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YpaneHue n3 cneundpmkaummn
HEeKOH(OPMHbIX Tpacc

Hzopw Bypoonos <igor@ispras.ru>, Anexcandp Kocaues <kos@ispras.ru>

Amnnoranus. Pabora mocssimeHa onTHMHU3aIUH TECTHPOBAHMS, IIOHUMAaeMOT0 Kak IIPOBEpKa
COOTBETCTBUS (KOH(OPMHOCTH) pean3aliy 3aJaHHOH Creu(UKaluy B IPOIECCEe TECTOBBIX
9KCTIepUMEHTOB. TecThl reHepupyIoTcs 1o TpaccaM cnerudukanun. OJHako, Kak MOKa3aHo B
JaHHOHM paboTe, HEKOTOPBIE TPAcChHl CHEHU(UKAIUK MOTYT HEe BCTpPEYaThCs HH B OJHOM
KOH(OpPMHOI peanusanuu. TecTbl, CreHepUPOBaHHbIE 10 TaKMM HEKOH(OPMHBIM Tpaccam,
3aBeIOMO «JIUIIHKE». [l03TOMy B IENAX ONTUMHU3ALMU TECTUPOBAHHMS BO3HHMKAET 3ajaya
yoaneHus u3 cnenubukanud  HeKoHGOpPMHBIX Tpacc. Jlng  3Toro  mpemaraercs
COOTBETCTBYIOIIEE NTpeodpa3oBaHue Crequ(UKaniy (KOTOPOe MBI Ha3BAIN V-TIONOTHECHUEM)
C JIONOJHUTEIbHBIM TPeOOBaHMEM: HE H3MEHSETCS KJIacC KOH(GOPMHBIX pealu3aluid u
COXpaHseTCd BO3MOXHOCTH TECTUPOBAaTh BCE TE€ pealu3aluy, KOTOPHIE MOXHO OBLIO
TECTHPOBaTh 10 HCXOAHOH cnenudukanuu. IIpennaraemple aarOpUTMBI MPUTOJHBI IS
IIMPOKOTO KJlacca OTHOIICHWH KOH(GOPMHOCTH, MapaMeTpU3yeMbIX TOH WIM HWHOH
CEeMaHTHKOH B3aMMOJCHCTBHS, OCHOBAHHOM Ha TECTOBBIX BO3JCHCTBUAX M HAOIIONCHUSX.
Jlns KOHEYHOW CEMaHTHKU M KOHEYHOH MCXOAHOW CHEeHU(UKALUK 3TH aJTOPUTMbI
BBINOJHAIOT Tpedyemoe mpeoOpa3oBaHME 3a KOHEYHOE BpeMs, M DE3yJbTaTOM SBIISETCS
KOHEeYHas crienuduKanys.

KitoueBpie cioBa: CemaHTHMKa B3aUMOJEHCTBUS, OTKa3bl, pa3pylIeHHE, IUBEPreHIUs,
KOH(OPMHOCTB, Oe3011acHOE TeCTUpOBaHue, Tpacchl, LTS, reHepamus TecTos.

1. Teopusi kKOHghopMHOCMU

1.1. CemaHTMKa B3anmogencTBma u 6e3onacHoe TecTUpoBaHue

Bepudukanus KOHPOPMHOCTH TOHHMACTCS KaK IMPOBEPKA  COOTBETCTBUS
HCCIIeyeMOil CHCTeMBbl 3aJaHHBIM TpeOOBaHHsAM. B MOAeIbHOM MHpe cucrema
oTOOpakacTCss B PCANM3AlMOHHYI0 MOIENIb (peanu3aiuio), TpeOOBaHHSI — B
cnenn(UKaMoOHHYI0 MOJENb (Cnenn(UKaIiio), a UX COOTBETCTBHE — B OMHApHOE
OTHOWICHHE KOHGOPMHOCTH. Eciam TpeOOBaHHMS BBIPAKCHBI B  TEPMHHAX
B3aWMOJICHCTBHS CHCTEMbI C OKPY)KAIOIMM MHPOM, BO3MOYKHO TECTHPOBAaHHE KaK
MpoBepKa KOH()OPMHOCTH B IMPOIECCE TECTOBBIX JKCIEPHMEHTOB, KOIZIA TECT
MOIMEHSIET CO0OM OKpyKEHHE CHCTEeMBl. B 3TOM cilyuae camMO OTHOIICHUE
KOH(GOPMHOCTH W €ro TECTUPOBAHHC OCHOBAHBI Ha TOH WIM HMHON MOICTH
B3aMMOJEHCTBUA.

MsI paccMaTpuBaeM CEMAaHTHKH B3aMMOJCHCTBHS, KOTOPBIC OMPEICIISIOTCS TOIBKO
BHEIITHUM, HAaOI0OJaeMbIM ITOBEICHHUEM CHCTEMBI M HE YYUTHIBAIOT e BHyTpEHHEE
YCTPOHCTBO, KOTOpOE Ha YPOBHE MOJIEIH OTOOpakaeTcs MOHATHEM COCMOosAHUA. MBI
MOXeM HaOII0JaTh TOJHKO TAaKOe IMOBEICHUE pealln3allid, KOTOPOE, BO-TIEPBBIX,
«CIIPOBOLIMPOBAHO» TECTOM (YIIpaBJICHHE) M, BO-BTOPBIX, HAOIIOJaeMO BO BHEIITHEM
B3auMoJiciicTBuu. Takoe B3aUMOJCHCTBHE MOXKET MOJCIHPOBATHCS C MOMOIIBIO,
Tak Has3blBaeMoM, MamuHbl TectupoBanus [7],[9],[10],[32],[33],[37]. Omna
MPEICTABISCT COOOM «UEPHBIN SIIMK», BHYTPU KOTOPOTO HAXOMUTCS peau3arius
(Puc. 1. ). YopasneHue cBOAUTCSA K TOMY, YTO ONEPAaTOP MAIIMHBI, BBIIOIHSS TECT
(TOHMMaeMBbIi KaK WHCTPYKIHS OIEPaTOPy), HAXKMMACT KHOIKHA Ha KIIABUATYpE
MaIIMHBI, «pa3pelias» Peaju3aldy BBIIOIHITh TC WIA HHBIC NCHCTBUS, KOTOPHIC
MOTyT UM Habmiomatbcs. HaOmionenns (Ha «OucIiee» MAIIWHBI) OBIBAIOT IBYX
TUTIOB:  HAOJNIOZACHHWE HEKOTOPOTO  6HewHe2o (Habarooaemozo)  Oeticmeusl,
Pa3penI€éHHOTO OMEePaTOPOM U BBITIOIHIEMOTO pean3aiued, 1 HabIoqeHue omKkasa
KaK OTCYTCTBUSA KakuX Obl TO HU OBIJIO HAOMIOJAaeMBIX NEHCTBUI M3 YHCIA TEX, YTO
paspelieHbl HaXXaToW KHOTIKOH.

AB,C,.cL  R={AB,.} Q={C,..}

Fe(c@= (-

Puc. 1. Mawuna mecmuposanus

TToguepkHéM, 4TO MPH YNPaBICHUH ONEPATOP Pa3pemiacT peaau3alliu BHITIOTHATh
MMEHHO MHOKECTBO JIEHCTBHIA, a HE 00s3aTebHO OIHO AEWCTBHE. bynem cumuraTs,
YTO KaXKIAOW KHOIKE COOTBETCTBYET CBOE MHOKECTBO pa3pelllaeMbIX ACUCTBUM, U
oreparop HaXXMMaeT TOJbKO OnHY KHOmMKy. ITocne naOmromeHus (AEHCTBUS WM
OTKa3a) KHOIIKa OT)KMMAaeTCsl, U BCE BHEIIHUE JEWCTBUs 3ampermatorcs. Jlaiee
OTepaTop MOKET HaXKaTh APYTyIO (UM TY K€ CaMyI0) KHOIIKY.

TecToBbIe BO3MOKHOCTH OMPCACIIAIOTCA TEM, KAKHE «KHOIMOYHBIC» MHOXECTBA €CTh
B MallMHC, a TaKXC IId KaKhuX KHOIIOK BO3MO>XKHO Ha6H}0,Z[eHI/Ie oTkaza. Tem
CaMbIM, CCMaHTHUKaA B3aHMOH€ﬁCTBHﬂ OIIPEACIIACTCA aﬂ(i)aBI/ITOM BHCIIHHUX HeﬁCTBHﬁ
L u JABYMsL Ha60paMI/I KHOIIOK MalIWHbI TECTUPOBAHUMA: C HaﬁJ’IIOZ[eHI/IeM

COOTBETCTBYIOIINX OTKa30B — cemeiictBo RCP (L) wu Oe3 HaOmomeHUs OTKaza —
cemeiictBo QP (L) . Ipeanonaraercs, uto RNQ=J u URUUQ=L. Takyio
CEeMaHTHKY MBI Ha3siBaeM R/Q-cemanTuxotii [7],[10],[12],[16],[20],[22],[23].

Kpome BHEmIHUX MACWCTBUI peanmu3aldiss MOXET COBEpIIATH BHYTPCHHUC
(HeHaOmrogacMble) OCHCTBHA, 0003Ha4YaeMble CHUMBOJOM T. OTH JCHCTBUS
CUMTAIOTCS BCETNla pa3peliCHHBIMH (TIPH HAXATHU JI000W KHONKH WIH TPH
OTCYTCTBUM HAXKaTOW KHOIKH).
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Jis BBIOJHUMOCTH JFOOOTO JEWCTBUS  (KaK BHEINHETO0, TaK U BHYTPCHHETO)
HEOOX0IMMO, 4YTOOBI OHO OBIJIO OMNpeAeNicHO B pealu3ali W pa3perieHo
orepatopoM. Ecam 3TOro ycimoBHS TakKe W AOCTaTOYHO, TO €CTh JII000€ AeHCTBHE,
YIOBJIETBOPSIONIEE STOMY YCJIOBHIO, MOKET OBITh BBIOPAaHO Ha BBITONHEHHE, TO
TOBOPSAT, YTO B CHUCTeMe HeT mpuoputeToB [33]. 3mech MBI OTpaHHYUMCS TOJBKO
cucreMamMu  0e3 MPUOPHUTETOB. TECTUPOBAHHME CHCTEM C IPUOPUTETAMH
paccMoTpeHo B Hammx padotax [11],[13].

Ipennonaraercs, 4to Jro0as KOHEYHAs IOCIIEIOBATEILHOCTh JTHOOBIX JCHCTBUI
(kak BHENIHWX, TaK W BHYTPCHHHWX) COBEpIIacTCS 3a KOHEYHOE BpeMs, a
OeckoHeuHas — 3a OeCKOHEYHOe BpeMs. Takke MpearnonaraeTcs, 4To «mepeaadar
TECTOBOTO BO3JCUCTBUS (HA)XKaTWe€ KHOINKH) OT MAaIIMHBl TECTUPOBAHUS B
peaM3aIuio U HAOIONCHHSI OT Pean3alyy Ha AUCIUICH MAIUHBI BHIMOJHSIIOTCS 32
KOHEYHOE BpeMs. OTH NPCINOJIOKCHUS TapaHTUPYIOT HAOJIOJCHUE BHEIIHETO
JIEHCTBUS, BBIMOJHSIEMOTO peaju3alueii, yepe3 KOHEYHOE BpeMs MOocie HamaTHs
KHOIIKH, pa3peluarouieii 5To 1eicTBue.

OTH Xe TPEANONOKEHUS YacTO HMCIONB3YIOTCS IS peanu3anuy HabmoaeHus R-
OTKa3a, HO B YCHJCHHOM BapHaHTC: BPEMs BBINIOJIHCHUS KaXJIOTO ACHUCTBUS,
pa3pemaeMoro KHOMKOW, BMECTE C BO3MOXHBIMH MPEIIICCTBYIONIMMUA CMY
BHYTPCHHUMH JICHCTBUSAMH HE TOJILKO KOHEYHO, HO U OrpaHH4YcHO. B 3TOM ciydae
BBOJIUTCS TaiiM-ayT, UCTCUCHHUE KOTOPOro 0e3 HAOJFOJCHUS NCHCTBUS TPAKTYeTCS
KaK OTKa3. BaxXHO OTMETHTh, YTO 3TO HEC EIMHCTBCHHBI BO3MOXKHBIH CIIOCOO
peam3anuy HaOJIIOJACHUS OTKa3a.

Ilocne nHaxatusi R-KHOTMKM dYepe3 KOHEYHOE BpEeMs OIEpaTop HAOMIOAAET WIIN
pa3pelieHHoe 3TOM KHOMKOW BHEUIHee JEHCTBUE WM COOTBETCTBYIOIIMHA OTKA3.
OpHako npu HaxaTuu (Q-KHOIKH, €CJIM B peaiu3allii BO3MOXXEH OTKa3, TO,
MMOCKOJIBKY 3TOT OTKa3 HE HAOII0JaeM, OlepaTrop HE 3HACT, HYXKHO JIM €My JKIATh
HAOIOZCHUS BHCIIHETO JCWUCTBHUS MM TaKOTO JCHCTBUS HE OYAET, MOCKOJBKY
BO3HUK OTKa3. [loaTOMy omepaTtop HE MOXKET HU MPOJOJKATh TECTUPOBAHUE, HHU
3aKOHYHUTH €TO.

Beckoneunass mocnenoBaTeNbHOCTh T-ACHCTBUM («3alMKJIMBAaHUE») HA3bIBACTCS
Oousepeenyueli 1 obo3HadaeTcs cuMmBoJioM A. JluBepreHims cama 1o cebe He
OllacHa, HO MPH MOMBITKE BBIXOJA M3 HEE, KOTAa omeparop HaxuMmaeT ooy (R-
win Q-) KHOIIKY, OH HE 3HACT, HY>KHO JIM JKJIaTh HAOOACHUS (BHEITHETO ACHCTBHS
win R-0Tka3a) win OCCKOHEYHO JOATO OyIyT BBHIMOJHATHCS TONBKO BHYTPCHHHE
nerictBus. [lodToMy omepaTop HE MOXKET HH TPOJODKATh TECTHPOBAHUE, HHU
3aKOHYHUTH €TO.

Kpowme atoro me1 BBomuM [6],[7],[8],[9],[10] criertmanbHoOe, Takke HE peryInpyeMoe
KHOIIKaMH, JCWCTBUE, KOTOPOE Ha3bIBaCM paspyuieHuem M 0003HAYaeM CHMBOJIOM

Y. OHO Mozmenmpyer mo00e TIOBeIEHHE peanu3alii, KOTOpoe HE TOJDKHO
JIOITYCKATHCS BO BPEMsI TECTUPOBAHHS.

TectupoBaHue, NpU KOTOPOM HE BO3HHMKACT Pa3pyLICHHS, IOMBITOK BBIXOAA W3
JMUBEPTEHIINY ¥ HEHA0JII01aeMbIX OTKa30B, Ha3bIBAETCS OE30TIACHBIM [7],[10].1

1.2. LTS-mopenb

B kadecTBe OCHOBHOW MOZENH peaNn3aliil M CICHU(HUKAINA MBI HCIIOIb3yeM
cucmemy nomeuennvix nepexooog (LTS — Labelled Transition System) -—
OPUCHTUPOBAHHBIA Tpad C BBHIICICHHON HAYalbHOW BEPIIMHOM, TYyrM KOTOPOTO
MOMEYEHbl HEKOTOpbIMU cumBojamu. PopmanbHo, LTS — 3T0 COBOKYHMHOCTH
S=LTS (Vg L,Eg,S¢), THE Vg — HEINYyCTOE MHOXECTBO COCTOSHMM (BEpIIMH
rpada), L - andaBur BHemHHMX gAeicTBUE, EgCVeX (LU{TY})XVg -—
MHO>KECTBO TIEPEXO0/I0B (TOMEUYEHHBIX AYT rpada), s € Vg — Ha4aIbHOE COCTOSHUE
(HavanpHast BepiunHa rpada).

IIpumep LTS npusenen Ha Puc. 2. cnesa.

s L={x,y,z} Sk
={d}.rme o6={y, z}

Puc. 2. Ilpumep LTS u ee R-mpacc2

MuoxectBo Bcex LTS B andaBure L o0603mauum LTS (L). Taxke BBemem
0003HaYCHHS 1JIs1 HATMYHUS/OTCYTCTBUS IEPEXOJIOB:

' B mammx 6onee pannux pa6orax [6][7][9][10] omacHoii cunTazach camMa JAMBEPTCHINS, 4 HE TOMBITKA
BBIXOJ1a M3 Hee.

2 HpI/I 3alMCHU PETYIIAPHBIX BLIpa)KeHI/Iﬁ 30€Ch U HUXKXE B TCKCTEC MbI JIs1 KPATKOCTH 6yz[eM OITyCKaTh
3HAKW KOHKATEHAIIUH «-» JIJISl TIOCTICIOBATEIbHOCTEH 1 MHOXKECTB HOCJ’ICHOB&TCJ’IBHOCTeﬁ, 3aIATBIC «, »,

pasaciadronme d3JIEMEHTBI IMMOCICAOBATCIIBHOCTH, YTJIOBBIC CKOOKH (<<>> u (<>>>, OTMCYAOMINE HaA4Yallo U

KOHEI TIOC/ENOBaTeNbHOCTH, a TaKke (HUTYpPHBIE CKOOKH «{» M «}» [ MHOXecTB. Hampumep,
peryispHoe  BBIpAKGHME HA JAHHOM DHCYHKE, 3allHCAHHOE B  KpaTKoi  (opMe  Kak
(8xy)"( 8 [x[z[A]]1] | xY ),BTONHOH (OpMe 3aMUCHIBAETCA TaK:

Q)Y - (x,oy)r )T C L@ z) (AT | ({x,7)) ).
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N A ~
s—z—s = (s,z,s )€Eg,
N A ~
s—z-»s = —i(s—z—s ),
A N N
s—z— = ds° s—z—s’,
A
s—z-+* = —(s—z—).

Tam, rae 3To He NPUBOIUT K HEAOPa3yMEHHSIM, MBI OyIeM HCIIONB30BaTh 3aIiCh
s—z—s  ia 0003HAaYeHUs caMoro mepexona (s,z,s ), a HE Kak MpeauKaT
(s,z,s" )€Es.

Mapmipyrom LTS Ha3zpIBaeTCsl MOCIEA0BATEIHLHOCTh CMEKHBIX MTEPEX0A0B: HAYAIO
KaXK/I0TO Iepexo/a, KpoMe IepBOro, COBIIAIAET ¢ KOHIIOM MPEIBIAYIIEro Iepexoa.

Brinonnenue LTS B MamimHe TeCTUPOBaHUS CBOJUTCS K MPOXOXKIACHUIO MapILIPyTa,
KaX/IbI MEepexo]l KOTOPOro pa3pemiaeTcs Ha)KaToil KHOMKOM C y4eTOM TOTO, 4TO
rocyie BBHITIOJIHEHHS Tepexo/ia 10 BHEITHEMY JEHCTBHIO, pa3peracMoMy HaXaToi
KHOIKOH, 3Ta KHOIKa aBTOMATHYECKH OTxuMaeTcs. llpu 3ToM T- U y-miepexoibl
BCETIa pa3peuICHEI.

CocrosiHME S°  OOCMUICUMO U3 COCMOAHUSL S, €CIM B S 3aKaHYMBACTCA
MapmipyT, HAUYWHAIOIIUACS B COCTOSHHUHM sS. Jlocmuowcumoe cocmosHue — 3TO
COCTOSIHHE, AOCTIKUMOE W3 HAYAIBHOTO COCTOSHHS S,. MHOXXECTBO COCTOSHHIA,
JOCTIDKUMBIX W3 COCTOSHHS s, Oymem o0Oo3HauaTh der(s). Onpenenum

der (S) &der (s,) .

IIpocmou mpaccon LTS Oynem Ha3pIBaTh MOCICAOBATEIBHOCTP G IOMETOK Ha
rnepexoax Mapuipyra ¢ mporyckom cumBosioB T. [Ipocras tpacca B andasure L
— 3TO mocienoBatenbHOCTh B anaBute LuU{Yy}. MHOXECTBO MPOCTHIX Tpacc,
HAYHMHAIOMIKUXCS (TO €CTh MAapIIPYThl KOTOPHIX HAYMHAKOTCSA) B COCTOSHHH S
Oynem obo3naudath T (s). Yepe3 s after 6 0003HaYUM MHOXKECTBO COCTOSIHUH, B
KOTOPBIX 3aKaHYMBACTCS MPOCTas Tpacca O©, HAYMHAIOMIASCS B COCTOSHHH S, TO
€CTh 3aKaHYHMBAKOTCS BCE MApUIPYTHl C MPOCTOW Tpaccoil O©, HAYMHAKOIIUECS B

COCTOSIHUM s. PacmpocTpaHuM Omeparop dafter Ha MHOXECTBO A COCTOSHUIA
A
OoOBIYHBEIM OoOpa3oMm: A after 6 = {s after 6|s€A}, pe3ylnbTaTOM SBISICTCS

MHOXecTBO MHOXxecTB coctosanid LTS. Tlo ymomdanuto, Oyaem cYUTaTh, 4YTO
mpocTasi Tpacca Ha4YMHAETCS B HavdaabHOM coctosanmu LTS, m o0003HauaTh

Safterc £ syafterc, T(S) £ T (s,).
Breaewm cnenyromniue 0003HaYEHUS ISl COCTOSSHUM S M S~ W TPacChl O

sS=s’ £ s'e(s after €),Tne e mycras Tpacca (Tpacca HyJIeBOU JJINHBI),

s=6=s5"2 s e (s after o), s=6#s £ —(s=6=s"),

s=6= £ 35 s=0=s", s=6# £ —(s=0=).

LTS odemepmunuposana, ecim Kaxmas mpocTas Tpacca 3aKaHYWBaeTcs He Oolee
YeM B OJHOM COCTOSHHU: VO |Safterc| < 1. OuyeBugHO, YTO B
nerepMuHupoBaHHoil LTS HeT 7T-mepexoioB U3 JOCTHXKMMBIX COCTOSHUM:
Vseder (S) s—T-».

CocrosiHne s mepmMuHaiIbHo, €CIIN M3 HEro HE BBIXOJAAT HHUKAKHWE NCPEXOOBbI:

VzeLu{ty} s—z-».

CocrosiHEEe S CcmabuibHO, €CIH U3 HETO HE BBIXOIAT T- U Y-TIEPEXOIBL: S—T—* &
s—Y-». Otkaz PeP (L) mnopoxxmgaercss cTaOWIBHBIM COCTOSIHHEM, W3 KOTOPOTO
HET Nepex0JI0B M0 ACUCTBUAM U3 P: VzePU({T,y} s—z-».

CocrosiHue s OyneM Ha3bIBaTh OugepeenmHulM W 0003HAYATH sT, €CIIH B HEM
HAYHMHACTCS OCCKOHEYHBINA T-MapUIPYT, TO €CTh MapIIPYT, COACPIKAIIUNA TOJIBKO T-
MEPEXOIbl; B MPOTUBHOM CITy4ae COCTOSIHUC KOHEEP2EHMHO, YTO 0003HAYACTCS sd.

Ecnu LTS HaxoauTcsi B KOHBEPreHTHOM COCTOSIHUM S, KOI/Ia HAKUMAETCsl KHOIKA
P, TO uepe3 KOHEYHOE BpeMsi JTHOO BBIMOJHSACTCS MEPEXOA IO JCHCTBHIO Z,
paspenraeMoMy KHOMKOH P, TO €cTh z€ P, 100 MPOUCXOANUT OTKa3 P. DTOT O0TKa3
P HaOmomaercs, eciiu Pe R. [ocKkoJIBKY T-Iepexoibl BCEra Pa3pelieHbl, MOXKET
0Ka3aThCsl, YTO MEPEXOA [0 NEHUCTBUIO Zz BBIIOJHAETCS HE U3 COCTOSHUS S, a U3

JIPYrOro COCTOSIHUSL S, JOCTHXKMMOTO U3 S M0 LENOoYKe T-IEepeXxooB (s=>s ).

AHaJOrM4HO, TMOCKOJBKY mpu Bo3HHKHOBeHMH R-otkaza P LTS pomxnHa
HaXOJUThCSA B CTAOMILHOM COCTOSIHHH, 3TO COCTOSIHHE COBIIaJIa€T C COCTOSIHUEM S
TOJILKO B TOM CJy4ae, KOTJa COCTOSIHHME S CTa0WIbHO, a B NMPOTUBHOM CIIydac
OTKa3 MPOUCXOJUT B CTAOMIILHOM COCTOSIHUU S, JOCTHKHUMOM M3 S TIO LEMOYKe

T-NePeXoJIoB (s=s ).

Ecnu coctosiHue s JIMBEPIeHTHO, TO TMOCJE HAaXKATUS KHOMKH P HHUKaKUX
BHEIIHUX JICHCTBUH U OTKAa30B MOXET HE OBITh, €CIIU OCCKOHEYHO JOJIro OymyT
BBINIOJHATHCS TONBKO T-NIEPEXOBI.

R-tpaccoit LTS Oyzmem Ha3bpiBaTh IOCIEIOBATEILHOCTh HAONIONCHUMA, KOTOpPAs
MOXeT OBbITh MmostydeHa npu B3aummozeictBuu ¢ LTS B R/Q-cemantuke, To ecTh
MOCJICIOBATENILHOCTh HE TOJNIBKO neicTBuil, HO W R-oTkaszos. Ilpu 3TOM Hac He
OyneT mHTepecoBaTh moBeneHue LTS mociie nuBeprennmu win paspymeHus. J{is
ompenenenus R-tpacc LTS S 100aBuM B KaXIOM €€ CTa0MIBHOM COCTOSHHH

BUPTYyaJIbHBIC NIETIIM S—R— S, TIOMEUYECHHBIC R-OTKa3aMI/I, MOPOKAACMBIMU B 9TOM

COCTOSAHHUH, ,Z[O6aBI/IM HOBOC TCPMHMHAJIBHOC COCTOsSIHME @, IICpCHAIIpaBUM B 3TO
COCTOSIHME BCE Y-TIEPEXOJbl, a TaKXE TMPOBEIAECM B HETO A-HepCXOZ[BI nu3
JAUBCPTCHTHBIX COCTOSIHUH. CDOpMaJ'ILHO JJIsL 1100010 3a1aHHOT'O ceMeicTBa
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MHOY€ECTB R 9TO peoOpa3oBaHue S—Sg JaeT LTS
SR=LTS (Vgu{®},LURU{A},ER,s(), TIe ®©&Vg, a MHOXECTBO NEPEXOJI0B Eg
oTpeJieNIIeTCT KaK MHUHHAMAJbHOEC MHOXKECTBO, IMOPOXKIAEMOE  CICTYIONTIMHU
TpaBUJIAMH BBIBOJIA:

Vs,s eVg VzeLu{t} VReR

s—z—s" F s—z—s",

VzeRU{T,Y} s—z—=» F s—R—s,

sS—y— F s—y—,

sT F s—A—o.

IIpumep LTS S,LTS Sk u muoxectBa R-tpacc LTS S npusenen Ha Puc. 2. .

R-tpacca B andaBure L — 310 mpocTas tpacca B andasute LURU{A}, TO ecTh
mocuenoBarebHOCTE B andasure LURU{A,y}. R-tpaccor LTS S Oynem
Ha3plBaTh mpoctyto Tpaccy LTS  Sg. MuoxectBo Bcex R-tpacc LTS,
HAYUHAIOMIUXCS (TO €CTh MAapUIPYThl KOTOPBIX HAYMHAIOTCS) B COCTOSIHUM S

oynem o6osnauate T (R,s). MnoxectBo T(R,S) £ T(R,s,) = T(Sg)
HaspiBaeTcsi R-MoJenpo Wi mpocTo mpaccosoi modenvio B andasure L, ecou
CEMENCTBO R monmpaszymeBaercs. 3ameTwM,  9TO T(D,s)=T(s) u
T(2,8)=T(s).

HJus R=P (L) R-tpaccei LTS Oynem HaspiBath F-Tpaccamu wiu mHOJTHBIMH
TpaccamMu, a MHOXECTBO BcexX Takux Tpacc LTS — F-momenbio wunmu nosawnoi
mpaccosoii modenvio B anpasute L. F-tpacca B andasure L — 310 P (L) -Tpacca
B andasure L, To ectb mpocras Tpacca B andasure LUP(L)U{A}, To ectb

MIOCIIEI0BATENBHOCTh B andasure LUP (L) U{Ay}. O6o03HaunM:

F(s) 2 T(P(L),s) — MHOXECTBO MOJHBIX Tpacc, HAYMHAIOMIMXCSA B

cocrosnuu s LTS s, F(s) = T(P(L),s) = T(P(L),so) = T(Spu,)-
[To ymomuanuto nox Tpaccamu Oynem nonumarsb F-tpaccsl.

Jnsa LTS S wn nonHol Tpaccel G omneparops! s after G, S after G 1 npeauKarsl
s=0=s, S=0+, s=0#s, S=0% OymeM  TOHMMATh  Kak
COOTBETCTBYIOIIHNE OTIEPATOPHI U peanKaTsl st LTS S,y .

CocrosiHuss s W s OyaeMm Has3bBaTh T-9keueanienmuvimu (IKBHBAJCHTHBIMU B
TPaccoBOM CMbICIIE) U 0003HA4YaTh S~1S , €CIM B HUX HAYMHAIOTCS OJIHH M TE€ JKe

noHble Tpacchl: F (s)=F (s ). MHoXecTBa coCcTOSHUH A ®m A  Oydem
Ha3blBaTh T-oxeusanenmuviMyu (IKBUBAJICHTHBIMM B TpPacCOBOM CMBICIE) U

0003Ha4aTh A~7A’, €CIH B UX COCTOSHHUSAX HAYMHAIOTCS OIJHH W T€ XKE TPACCHI:
U{F (s) |seA}=U{F (s ) |s €A }.

1.3. TpaccoBasa mogernb

Jns  B3aMMOJCHCTBHS, OCHOBAaHHOIO Ha  HAONIOACHHUSAX, CIMHCTBECHHBIM
pe3yabTaToMm TECTOBOTO JKCIIEPUMEHTA SIBJISICTCS yeperyromascs
MOCIICIOBATEIBHOCTh KHOTIOK (TECTOBBIX BO3ACUCTBHI) M HAOIIIOJCHUN, KOTOPYIO
OyneM Ha3biBaTh (TECTOBOH) ucmopuet. VicTopus, eci OHA HE IMycTas, JOJDKHA
HayuHAaTbCsl C KHOMKWU. JlMBepreHuus U paspyuieHHe CYHTAIOTCA YCIOBHO-
HaOJIIOTaeMbIMH JIEHCTBUSAMU: XOTSI OHU HE JOJDKHBI BO3HHKAThH MPH 0€3011acCHOM
TECTUPOBAHUHW, HO IS IIOJHOTHl MOJCIUPOBAHHSA JIOJDKHBI TPHUCYTCTBOBATH B
HCTOPHUAX, OTMEUAash T€ WX HHX, IMOCIE KOTOPHIX BO3MOXKHBI JUBEPTEHITHS WK
paspymienue. Tak kak HaC He UHTEPECYeT MOBEACHUE CUCTEMBI TTOCIIE JUBEPTEHITIH
WM Pa3pyIICHHs, CAMBOJIBI A ¥ Y MOTYT OBITh TOJIEKO TOCICIHUMU dJICMCHTAMH
ucropuid. Jltoboe npyroe HaOmomeHue u (BHemHee naelictBue wim R-oTkas)
paspeniaercs HENOCPEICTBEHHO MPEIIECTBYIOLEH eMy KHOMKOH P, TO €CThb u€ P
umn u=P mia PeR. [loanocnenoBarenbHOCTh UCTOPUU, COCTOSILIASL TOJIBKO M3
HaOmroneHuit (Bkmoyas A M 7Y), Kak pa3 M sBJISIETCS Tpaccoil (3TOH HCTOpUM).
3amMeTHM, YTO II0 3TOMY OIPENCICHHUIO JIO00H TpeduKC HUCTOPUH SBISIETCS
HUCTOpUEH.

Jns cucrem 0e3 NPUOPUTETOB BaXKHBI TOJBKO TPACCHI, MOCKOJIBKY BO3MOIKHOCTD
WJIN HEBO3MOXKHOCTH IOSIBJICHUS JAHHOTO HAOJIIOEHHS IT10CIe HEKOTOPOW Tpacchl
Ompenensercss TONBKO TeM, YTO Ha)XkMMaeMmas KHOIIKa pas3pemraeT IJaHHOe
HAOIOICHNE, W HE 3aBUCHT OT TOTO, KaKue elle HaOFOJeHHUS OHA pa3perracT U
3anpeniaer. Jis maHHOW TeCTUpPYeMOH CHCTEMBI O6€3 MPHUOPUTETOB MHOMXKECTBO €€
WUCTOpHUH OJHO3HAYHO BOCCTAHABJIMBAETCS MO MHOXECTBY ee Tpacc. IlosTtomy
TpaccoBas MOZIETh KaK MHOXKECTBO Tpacc, KOTOPBIE MOXKHO HAOIIOAATh MPH padboTe
C CHCTEMOM, SBISIETCS HaWOOJee €CTECTBEHHOW MOIEIBI0O TaKoil CHCTEMBI. B
YaCTHOCTH, OJIHOM U TOH k€ TPaccOBON MOJEIH MOXKET COOTBETCTBOBATH HECKOJIBKO
LTS ¢ omHuM M TeM € MHOXECTBOM Tpacc, U 3Tu LTS Hepasnmuuumsl mnpu
B3auMo/ieiicTBun ¢ HUMH B R/Q-cemanTnke.

KoHeuHasi 1OC/I€q0BaTeIbHOCTE G UIMHBI N B HEKOTOPOM aji(aBHTE — 3TO
OJTHO3HAYHOC OTOOpaKCHHE OTpe3Ka HATypalbHBIX uyucenl [l..n] B ampaBur.
ITosTOoMy mIst Tpacc, MapmpyToB (M BOOOIIE, JOOBIX MOCIEIOBATEIHBHOCTEH) MBI
OyZeM UCIOJIb30BaTh OOBIYHBIC JIJIsI OTOOpaKCHUI 0003HAUCHHUS:

Ked| — MOIIHOCTb MHOXKECTBA, KOTOPLIM ABJIACTCA MOCICAOBATCIBHOCTD
(MHO)KCCTBa nap <«WHACKC DJJCEMCHTA B NOCJIACAOBATCIBHOCTH, JOJICMCHT
HOCHCHOB&TCJ’ILHOCTI/I»), TO €CThb JJIMHa IIOCJICAOBATCIHbHOCTHU ('-II/ICJ'IO

JJIEMEHTOB OTOOpaKeHUs), MycTas MOCICIOBATCIEHOCTE € WMEET HYJICBYIO
JUTAHY,

Im (G) — MHOXeCTBO (pa3JIMYHbIX) 3JIEMEHTOB MOCJIEI0BATEIbHOCTH,



G (1) — 1-BIH DJIEMEHT IIOCIEA0BATEILHOCTH,

6 [i..j] — OTPE30K MOCIENOBATENLHOCTH, HAUXHASA C 1-0r0 W 3aKaH4yuBas Jj-
BIM DJJIEMEHTOM (ecnd 1>7j wWid 1>|G|, OTpPE30K SBISETCS IYCTOM
TOCJIEIOBATEILHOCTHIO).

Ha wMHOXecTBe mMOCICAOBATENBHOCTEH OyIEeM  HCIOJIB30BaTh  CICIYHOIIUC
npeghuxcHvle OTHOIICHUS:

u<oc £ 3i UW=c[1l..i], mOCIEROBATEIBHOCTD un SIBIISIETCSL  npeqhuxcom

II0CJICA0BATCIIBHOCTH O,

U<G £ U<G & U#C, TOCTENOBATENBHOCT WL SBJISETCS CMPOUM NPeduKcom

MOCIIEOBATENILHOCTH O.

Pre-OnIEpalMeii OyIeM Ha3bIBAThH ONMEPALIMIO B3ATHSA NMPEePUKCa IOCIIEA0BATEILHOCTH:
WA—p,,—L. DTa oTieparys 3aBUCUT OT JBYX MapaMeTpoB: WA u L.

3aMBIKaHWE TOCIEA0BATENLHOCTA G 10 ONEPAliH  Pr, TO €CTh MHOKECTBO
NpeQUKCOB MOCIENOBATENLHOCTH O, 0003HAYUM P, (C) .

MHOX€eCTBO MOCIIEI0BATEILHOCTEH, KOTOpO€ BMECTE c Ka 10
[OCJIE/IOBATEIFHOCTBIO G COJIEPIKHUT U BCE e HPeUKCHl U3 P, (G), Ha3bIBACTCS
npepuKC-3aMKHYMbLM MHOKECTBOM TPAcC.

[poekiumeil TOCIEN0BATENBHOCTH G Ha MHOXECTBO A OymeM HasbIBaTh
MOMOCIIEIOBATENILHOCT,  COCTOAILYK) M3 TE€X MW TOJBKO TEX DJIEMEHTOB
MOCIIEIOBATENILHOCTH O, KOTOpbIE IpPUHAMIEKAT MHOXecTBY A. Ilpoeknmeit

MHOXKECTBAa X TOCJIEIOBATCIBHOCTEH OyIeM Ha3bIBaTh MHOXKECTBO MPOCKIIMNA ITHX
TMOCJIEIOBATEILHOCTCH.

ola £ (6(i)|i=1.|0| & o(i)eh),

rla £ (clajcer).
B wuactHoctn, R-Tpacca — 3TO TpoeKIus TECTOBOW HWCTOPUU Ha andaBUT
LURU{AY}.

IToamocae0BaTebHOCT TPACCHl G, COACPIKAINYI BCC IEHCTBHS W3 TPACCHl M

TOJIBKO ux, 6yﬂ€M Ha3bIBaTb nompaccoi/i ﬂeﬁCTBHﬁ u 0003HaYaTh
A

6" £ ol (Lu{AY}).

Hns i=1..]6”~| i-oe geiicTBUE Tpacchl G, OYEBUAHO, paBHO G~ (1).

TloaTpaccy 0Tka30B MocCIe MOCAeAHEro AeHCTBUS (MM caMy Tpaccy, eCiiu B HEl HeT
JNeWcTBUH)  OyaeM  Ha3bIBaTh  nOCMuKkcom — omxa3o8 W 0003HAYaTh

Post(G) = (0(1) |i=1.|0| & G[i.|c]]eR").

MHO0XeCTBO OTKa30B, COACpIKAIIUXCA B HOCT(I)I/IKCG OTKa30B TpacChl O, 6yﬂ€M
Ha3bIBaTh NOCACOHUM MHONCECMBOM OMKA308 TpacChbl (¢} u 0003HAYATH

Ip () = Im(p,y(0)).

s 1=0..|6"| mnpedukc Tpacchl G, HEMOCPEACTBEHHO MPEAIICCTBYONMNA 1 +1-
OMy NIEMCTBHIO Tpacchl, €ciu 1<|CG”|, WM camy Tpaccy O, eciu i=|6"|,
OyzneM Ha3bIBaTh 1-blM HpehuKcom Tpacchl G W 0003HAYATH

6" £ (6(3) Ij=1.I0] & |o[1.31"I<i).

OueBuaHO, 4T0 G =c*".

Jns tpaccsl G 1-0it noompaccoii omkazoe OyieM Ha3bIBaTh MOCTHHUKC OTKA30B i-
ro mnpeuKca Tpacchl, TO €CTb TPACCY Posr (0°). COOTBETCTBEHHO, 1-BIM
MHO’KECTBOM OTKa30B Tpacchl G OyJeM Ha3blBaThb MHOXECTBO OTKa30B B 1-0i
MoJTpacce OTKa30B, YTO COBNAJaeT C MOCJICAHUM MHOXXECTBOM OTKa30B 1-TO
npeduKkca Tpacchl, TO €CTh MHOXECTBO Ip (6%).

Hoemopuvim omkazom B Tpacce G OyleM Ha3blBaTh Takod OTKa3 P=G (i),
KOTOPBIN MTPUHAUICKUT NOCT(HUKCY OTKA30B HEMOCPEICTBEHHO MPEALISCTBYIOIIETO
eMy npedukcy Tpaccel: 1>0 & Pelp(c[l..i-1]).
OmnpeenuM onepaiyy Haj TPACCAMHE:

d - ynanenune otkaza PeP(L): Ww-(P)-A—d—u-A;

omepanysi 3aBUCHUT OT Tpex mapamerpos: W-(P)-A, W u L,rme PeP(L).

r —noBropenue otkaza Pe P(L): W-(P)-A—r—u-(P,P)-A;

omepanys 3aBUCHUT OT Tpex napamerpos: W-(P)-A, W u L,rme PeP (L).

t — TepecTaHoBKa COCeIHUX 0TKa30B P,0e P (L): W-(P,Q)-A—f—U-(Q,P)-A;
orepanyst 3aBUCHT OT Tpex mapamerpos: W-(P,Q)-A, W u L,tme P,0eP(L).
i —BcraBka oTkaza ReR B Tpaccy WA mocie Tpacchl | NPH YCIOBHH, YTO

Tpacca |l 3aKaHYMBAETCS OTKA30M U HE MPOJOJIKAECTCS BO MHOMXECTBE TPACC
Y nuBepreHnyel, pa3pymeHueM U IeHCTBUIMA U3 R:

eCIU Pog (L) 7€ & WAEX & VzeRU{AY} U(z)¢X, ro WA—i—W-(R)-A;
oTiepaItis 3aBUCHT OT TIATH TTapametpoB: WA, W, R, X, R,rme ReR.

3aMBIKaHMEM Tpacckl G 10 Onepauud  OpeE {pP..d.rt} OyneMm Ha3bIBaTh
MHOXKECTBO Tpacc, MOJY4aeMbIX M3 TPacChl G BCEMH BO3MOXHBIMH KOHEYHBIMHU
LIETIOYKaMK IPUMEHEHHUS 3TOH onepalyu, 1 0003Hayate op (G) . DopmainbHO:

op (G) £ (¢ |3n J6,,0,,..,0, 0,=C" & G1—O0p—>C,—0p—>..—0p—>C, }.
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3aMBIKaHHEM Tpacchl G 1O omepanuu i OyaeM Ha3blBaTh MHOXKECTBO Tpacc,
MMOJTy4aeMbIX W3 TPACChl G C IOMOIIBIO BCEX BO3MOXKHBIX OL[HOBpeMeHHI)IX3
BCTaBOK JI00OTO (B TOM YHCJIE HYJICBOTO) YHCIa OTKa30B, U 0003HA4aTh i(C).
dopManbHO:

. A N

i(c) = {6 |dn Jug, ..,y IRy, .., R, O=lUp..-U,

& 0 =Up(Ry) MU (Rpo) Uy & Vie [1..n] O—d—> g wli 1-(Rs) Wi}

Tawm, rae MHOKECTBO 0TKa30B R He moapa3zyMeBaeTcs 10 YMOJIYAHHIO, MBI OyJIeM
0003HaYaTh 3aMBIKAHHE TPACCHI G TIO i-OTepalyu Kak ig (C).

PacmpocTpaHuM 3aMbIKAHHE I10 OIEPALUH OPE {P,..d,rti} Ha MHOXECTBO Tpacc
Y 0OBIUYHBIM 00Pa3OM: VIS OPE {Pre.d.rti}:

op (X) £ 4 op (G) | 6eX}, pe3yabTaTOM SIBJISIETCSI MHOXKECTBO MHOKECTB Tpacc.

3aMbIKaHHEM Tpacchl G MO TOCJIEI0BAaTENbHOCTH ONEpAlUi  Opy,...,0p,, TAE
{0p1,...,0p } C{Pred,r i} OyneM Ha3bpIBaTh MHOXECTBO TPAacC, MOJTYyYaeMBIX W3
Tpacchl G KOHEYHBIM YHCIOM NPUMEHEHUH KaKIOH omepauuu B 3aJaHHON
TTOCTIEIOBATEIHHOCTH OTIepalinii, 1 0003HA4YaTh 0p;...0p; (C). Hampumep, p,. (G),
d(c), rt(c) wim drt(c). I[lockombKy Kaxaas omepanus mnpeodpasyer OIHY
Tpaccy BO MHOKECTBO Tpacc, (opMalbHOE OIpeaesICHHE TaKOe:

0p10p;...0py_10py (C) £ wop; (Wop; (... J0py_1 (0P (C) ) ...) ).
JIro6as LTS BMecTe ¢ MONHOHU Tpaccoil G COIEPHKUT U €€ P, drtipy 1, -3aMbIKaHUE.

PacnipocTpannM 3aMbIKaHHE MO IOCJIEIOBATEILHOCTH Op1,...,0p, OIEpanui Ha
MHOJKECTBO Tpacc X OOBIYHBIM 00pa3oM:

op;...0p, (X) £ {op;...op, (G) |6€X}, pe3yabTaToOM SBISIETCS MHOMXECTBO
MHO€ECTB Tpacc.

B [10] mokaszano, uro MHOXecTBO R-Tpacc X sBIseTCS TpacCcOBOW MOJEIBIO B
andasute L (to ecth mMHOXecTBoM R-Tpacc mexoropoir LTS B amdpasure L)
TOrJIa M TOJIKO TOTJ/Ia, KOTJa OHO HE MYCTO, MpeUKC-3aMKHYTO U yJOBJIETBOPSIET
CJIeIYIOIINM TPeOOBAHUAM:

T1.m0mycTUMOCTB: BCE TpacChl GEX donycmumbl: AUBEPTCHIMS U Pa3pyLICHHE
00 HE BXOJAT B TPACCY, JIMOO SABJISIOTCS MOCICIHIM CUMBOJIOM TPACCHI:

Vi=l.|ol-1 o(i)¢e{AY};

T2.cornacoBaHHOCTE: BCE€ TpacCel OCEX  coenacosanvl: mobas HemycTas
MOCIICIOBATEIBHOCTh OTKAa30B B TPacce HE MPOJOIDKACTCS HU JAMBEPTCHIIMEH,

* Takoe onpeJiesicHUE 3aMbIKAHHS IO OTIEPALIH | C OHOBPEMEHHOI BCTABKOH OTKA30B HEOOXOAMMO i
MIPaBWIBHOTO ompeneneHus onepamuu Ext pacmupenus R-Momemn mno momHOH TpaccoBOM MopemnH,
KOTOpPOE JIaHO HHJKE B 3TOM HOJpasee.
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HU pa3pylnieHHeM, HH KaKUM-THOO BHEIIHHM JEHCTBHEM, IMPHHAIICKAITIM
KaKOMY-JIHOO OTKa3y, BXOSIIEMY B 3Ty IOCIIEIOBATEIILHOCTD:

Vie [2..|6|] VRelp(c[l.i-1]1) o (1)eRU{AY};
T3.KOHBEPIreHTHOCTh: BCE TPACChl X KOHGEP2eHmHbl: CCIIM Tpacca OCEX He
CONICPXHUT W HE MPOJOIDKACTCS pa3pyIICHUEM W AWBEPreHIMed, TO JUIs

KaxXaoro orkasa ReR Tpacca G MNOpOAOJIKACTCA B Y OTUM OTKa3oM R wuiIu
KaKMM-JIN0O BHEIITHUM ,HeﬁCTBPIGM, NpUHaJIC)KaIMM OTKa3y R:

VReR 6-(R)eX v JzeR o (z)el;

T4.3amkHyTOCTE: £ 3aMKHYTO 110 d-onepann: Ud (X) =X;
TS.nonHoTa: ¥ 3aMKHYTO 10 i-orneparuu BctaBku (R-oTka3oB): Ui (X) =X.
®DaKTHYECKH, 3TO YTBEPKICHHE JaeT WHTCHCHOHAIBLHOE ONPE/ICICHUE TPACCOBOM

MOJIC/IH, B OTJIMYHE OT €€ TeHETUIECKOTO OIMpPEae/ICHUs Kak MHOXKecTBa Tpace LTS.
MHOeCTBO BCEX TPACCOBBIX Mojenei B andasure L. o6o3naunm MODEL (L) .

Eciu R=P (L), To Takas TpaccoBas MoOJeNb Ha3blBaeTcs mnonHou. I[lonHas
TpaccoBasi MOJIeTb COBIAAAET C MHOXKECTBOM BCEX IMOJHBIX Tpacc HekoTopoit LTS.
Kak mokazano B [10], mis moboro RcP (L) mpoekius HOIHON TpaccoBoit

mozxenu Ha andaBur LURU{Ay} sBusercs R-MO,HGJ'ILIO4, u mobas R-monmens
MOXeT OBITh pacHimpeHa 10 TaKOH IMOJHOW TPacCOBOW MOEIBIO, YTO CTaHET ee
mpoekiueit Ha andasur LURU{A,y}. IlonHas TpaccoBast MO/ENb ONMCHIBAET KaK
YCTpOEHA CHCTEMa «Ha CaMOM JIeNie», a €€ R-Tipoekmust — 3To «B3TJIs1» HA CUCTEMY,
OTIpeNieIEMBI TECTOBBIMH BO3MOXHOCTAMHU IO YIPABICHHIO U HAOIIOICHHIO,
KOTOpBIE OMUCHIBAIOTCS R/Q-ceMaHTHKOM.

BooOmie roBopsi, MOTYT CYIIECTBOBAaTh HECKOJIBKO PA3HBIX MOJHBIX TPACCOBBIX
MoJeneld, Hpoekuuu Kotopbix Ha andasur LURU{A,y} naror ogny u Ty xe R-

mozens. B [10] onpeneneno pacmmpenune Ext (N) £ ud (Vip, (Le (N))) R-

mozenu N 10 monHOM TpaccoBoil Moxaenu, To ectb P (L)-moxenu. 3necy mox

oreparyeil e MOHMMAaeTCs BCTAaBKa MyCThIX OTKA30B B TPACCHI TOCIE MPEhUKCOB,
KOTOpbIC HE 3aKaHYMBAIOTCS W HE MPOJIOJDKAIOTCS JUBEPreHIIUeH, pa3pylieHueM U
OTKa3aMU (TO ecTh npeduKc TUOO MyCT, JINOO 3aKaHIMBACTCS IEHCTBUEM, H B 000UX
Cllydasix MPOJOJDKAETCSI TOJBKO JACHCTBUSMHU). 3aTeM NPUMEHSETCS i-3aMbIKaHUE

it Bcex oTkasoB u3 P (L) . U B koHue nemaercst d-3aMbIKaHHE.

Tpaccbet 6 m ©° Oyznem HasblBaTh T-doKeusaieHmubimMu M 0003Ha4YaTh G~1C
€Cli OHM HMEIOT OJHH M TE JKE IpPOJODKEHHS B TpPaccoBod Momemn X:
{LM|GA€X}={A|G -AcX}.

* B culy 3aMKHYTOCTH TpPAcCOBO MOJETH, TPOEKIMsS TMONHON TPAacCOBOH MOJETH HA andaBuT
LURU{A,y} coBmazaeT ¢ HOAMHOXKECTBOM €€ Tpacc B 3TOM andaBuTe.
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3ameuanue 1. JIge Tpaccel B LTS S T-skBuBaieHTHBI TOrJa U TOJBKO TOTJA, KOTAA
OHH  3aKaHYUBAKOTCS B T->KBHBAJCHTHLIX ~ MHOJKECTBaX  COCTOSHUIA:
soafter 6 ~r sqafter6° & o~16° . Eciu nBe Tpacchl 3aKaHYMBAIOTCS B OJHOM
M TOM JK€ MHOXECTBE COCTOSHHM, TO OHH, OYCBUIHO, T-9KBHUBAJICHTHBI:
soafter 6 = sgafter6© = o6~16 . OOpatHoe, BOOOIIE TOBOPS, HE BEPHO:
Tpacchl MOTYT 3aKaHYUBAThCS B T-DKBUBAJICHTHBIX, HO pPa3HBIX MHOMECTBaX
COCTOSTHUH.

1.4. RTS-mopenb

TpaccoBass Mozenb, WMeeT TO TpeumyinecTtBo nepen LTS-monensio, d9to He
COJICPKHUT HUYETO «JIHUIIHEro». ECIu mpu B3amMOACHCTBHHM HAOJIOJaEeMBI TOJBKO
Tpacchl, @ He COCTOSIHUSA, TO CyIIEeCTBYIOT pa3Hble LTS-monenu, Hepaznuaumbie mpu
B3aUMOJICHICTBAU ¢ HUMU. TpaccoBas MOJICNIb COOTBETCTBYET, (PAKTUYECKH, KIacCy
Takux HepazmmuuMmbix LTS-moneneit. C npyroit croponsl, LTS-monens Oosee
«HaTJISAHA», 9eM TpaccoBasi MoJenb. @opMaIbHO 3TO O3HAYAET, YTO JII000H Tpad ¢
BBIICJICHHOW HayaJbHOM BEpPUIMHOM W [yraMu, IOMEYEHHBIMM CHUMBOJIAMHU U3
andasurta LU {t,y}, sBiaterca LTS-momensio B andasute L. B To xe Bpems
Janeko He oboe MHOXxecTBo R-tpacc B andasure L (mocnenoBaTenbHOCTEH B
andaBure LURU{A,y}) sBIsSeTCS TpPacCOBOH MOJEIBIO, OHO JOJKHO OBITh
HEIYCTHIM, TPEHUKC-3aMKHYTHIM U JOJDKHBI BBIMOJIHATHCS YKa3aHHBIC BBIIIC ST
CBOICTB TPacCOBOM MOJIEIH.

BaxmHo taxxe To, uro LTS-Mozexnp sBisieTcst criocoO0M KOHEYHOTO NPE/ICTABICHUS
PETYIAPHBIX ~ TPacCOBBIX  MOJENIEH, TO €CTh  PETYIAPHBIX  MHOXECTB
MIOCIIE0BATEILHOCTEH, SBISIOMNXCSA TPAacCOBBIMH MOAETAMH. OJTOT CIOCOO,
OJIHAaKo, Oo0JIamaeT OJHHMM CYIIECTBEHHBIM HemocTaTkoMm: LTS-momenb, BooOIIE
rOBOps, HEAECTEPMUHHPOBAHA: Tpacca MOXKET 3aKaHUMBATbCd HE B OJHOM, a B
HECKOJIBKUX COCTOsIHMAX. PaboTtarh ¢ Takumu Tpaccamu Ha LTS HeynoOHo. B To e
BpeMsl O3TOT HEIETEPMHUHHM3M BOBCE HE SBISETCS HEU30EXKHBIM CIEICTBUEM
HeleTepMUHM3Ma MojenupyeMmoil cucremsl. Ilpuumna nHenerepmuuuizma LTS-
MOJIEIM B TOM, YTO HaOJIOAEHMS JeNsATCs Ha JBa BUJAA: ACHCTBUS M OTKasbl,
KOTOpBIE CYIIECTBEHHO Pa3IMYHBIM 00pazoM oroOpaxkatorcst B LTS-moxemmn. Eciu
Tpacca TPOJOJDKAeTCsl KakK OTKa3oM R, Tak W JIeWCTBHEM Zz€R, TO 3TH JBa
MIPOJIOJDKEHUST HE MOTYT OBITH OIPEAENIEHBI B OJHOM M TOM e coctostuuu LTS-
MOJENH.

C Japyro#t CTOpOHBI, Ui TPAaccoBOM Mozenu (Kak W Il JIIOOOTO MHOXKECTBA
TOCJIeA0BATENBHOCTEM) BCErla CYIIECTBYET JIETEPMUHHUPOBAHHBIN MOPOKIAIOIIUN
ee rpad. ITockonmpky TpaccoBas MoAenb MpedUKc-3aMKHYTa, CYIISCTBYST TaKOW
MopoXaarommid ee rpad, B KOTOPOM TOJILKO OJHA BEPIIMHA HadvalbHas, M BCE
BepUIMHBI KOHeuHble’. Ecim TpaccoBas MOJeIb pEry/ispHAa, TO TaKOH

> D10 ycnoBHE He TONBKO HEOGXOAMMO, HO M JOCTATOYHO JUI MPedHKC-3aMKHYTOCTH MHOXKECTBA
nocienoBareabHoctei [9][10].
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MopoXaamui rpad MoxkeT ObITh KOHEUHBIM. [lopoknmaromuii rpad), KOHEYHO,
toxe sBisiercs LTS, Ho He B ucxognom andasure L, a (mms R/Q-cemantuku) B
andasute LURU{A} K Kpome Toro, 3a neTepMUHNU3M MOJEITH TIPUXOIUTCS YEM-TO
«KeprBoBaTh»: He yobas LTS B andaBure LURU{A} sBisercs rpadowm,
MOPOKIAIOIIUM TPACCOBYIO MOJielb B R/Q-cemanTuKe.

Hus  nmanpreiimiero Ham motpeOyercs LTS, mopoxparomas HE BCE TpacChl
TpaccoBoi Mozenu X, a MOAMHOXECTBO X~ CX, d-3aMBIKaHHE KOTOPOTO JIaeT BCIO
TpaccoBylo Mojnenb: Ud (X )=X. JlononHuTespHO notpedyeM, 4ToOBl OTKa3am,
TIOBTOPHBIM B Tpaccax, B mopoxaaromei LTS cooTBETCTBOBAIM MepeX0abI-TIETIIH.
Omnpenenum RTS-modens (Refusal Transition System) Kak AeTepMHHHPOBAHHYIO
LTS s=LTS (Vg,LURU{A},Eg,s,), Tme RcCP (L), ¢ BbIIEIEHHBIM COCTOSHHUEM

M€ Vg, KoTOpas o0yiajaeT caeaylonMMH cBolicTBaMu: Vs,s €der (S) VR,R e€R

R1. gomyctrMocTh: mepexoa Mo JUBEPIEHITNH WM Pa3pyIICHUIO 3aKaHUYNBACTCS B
COCTOSIHUH @, B 3TOM COCTOSHUH HE 3aKaHYMBAIOTCS APYTHE NEPEXOMbI, H 3TO
COCTOSIHHE TEPMHHAIBHO:

s—A—s’ = s =0, VzeLUR s—z—s = s #0,
s—y—s~ = s =0, Vze LURU{A)Y} ©®—z-»;
R2

COTJIaCOBAHHOCTD: €CJIM B COCTOSIHUU OIpenesieH nepexoa-nemid no R-orkasy,
TO B COCTOSIHUHU HE OIpEeIeSiCHBl MepeXxoabl 0 TUBEPTeHINH, pa3pyIICHUIO U
JIEHCTBUAM, IPUHAMICIKAIIIIM ITOMY OTKa3y:

s—R—s = VzeRU{A)Y} s—z-»;

R3. KOHBEPIEHTHOCTh: €CJIH COCTOSHHE S#M, U B HEM HE OMpPEJEICHBI EPEXOIbI
[0 JMBEPreHIMU U Pa3pylICHUIO, TO JUIS KaXI0ro R-oTkasza B s ompejeneH
Mepexo/ Mo ITOMY OTKa3y WX 110 JSHCTBHIO U3 3TOr0 OTKa3a:

s20 & s—A-» & s—y» = s—R— Vv JzeR s—z—;

R4. xyMyJIATHBHOCTB: B KOHIIC MEPEX0/a MO OTKA3y ONPEACICH MEPEXOA-TICTs IO
9TOMY OTKa3y M IEePEXOIBI-IICTIH IO BCEM TEM OTKa3aM, 10 KOTOPBIM TaKHE
MEPEXOIBI-TIETIIA OMPE/ICIICHBI B HAYAJIC IIEPeXo/aa:

s—R—s’ = s —R—s & VR eR (s—R' —s = s —R —s);

RS. mosiHOTa: ecau B COCTOSHUU ONpefiesieH nepexo-neris no R-otkasy R u He
OTIpeJIeIICHBI TIEPEXO0IbI 10 AecTBUsIM 13 R-0Tka3za R, TO B 3TOM COCTOSTHUH
ONpeJIesieH NePeXoa-NeTas N0 R :

s—R—s & VzeR' s—z—» => s—R —s.

6 Jlnis monHoM TpaccoBoi mogemn R=P (L) .
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Ha Puc. 3. npusenen npumep RTS Sgrs, d-3aMblkaHHe MHOKECTBA IPOCTHIX TPACC
KOTOpoH coBnaznaeT ¢ MHoxkecTBOM R-tpacc LTS S, B3droii ¢ Puc. 2. .

L={x,y,z}
S R={d},rne 6={y, z} SRrTS
\L Q={{x}}
©) x

T(Sgrs) = (88'xy) (88 [x[z[A1]1] | [x[y)])
d(T(Sgrs)) = T(R,8) = T(Sp) = (8'xy) (8 [x[z[A1]] | xy)

Puc. 3. Ilpumep RTS u ee mpacc

MuoxectBo Bcex RTS B andasure L ob6o3naunmm RTS (L).

Omnpenenum  mpeobpa3zoBaHue L2R: LTS (L)—>RTS(L). Jna LTS
S = LTS (VgL,Eg,s0) MuHOkecTBO T (R,S) ee R-tpacc ompenmensieTcst kak
MHOeCTBO HpocThix Tpacc LTS Sg = LTS (VsU{®},LURU{A},Eg,s). LTS
SR €cCTh, MO CyTH, rpad, mopoxkmaronuii MHoxectBo 7T (R,S), B KoTopoMm
HauyajbHas BEPIIMHA — COCTOSIHUE S, U BCE BEPIIUHBI (COCTOAHMS) KOHEUHbIE. MBI
MPUMEHUM OOBIYHYIO TMPOLCAYPY MACTEPMUHU3AIMK IMOPOXKIAroIero rpada,
OCHOBaHHYI0 Ha mnoctpoeHun power-rpada [27]. CocrossHusME OyIoyT HEIyCThIC

monaMHOXecTBa coctossHuil LTS Sy, HaualnbHOE COCTOSHHE S dffer €, a epexof
A—z—B gna kaxgoro zeLURU{Ay} ompegensercs Torga, Koraa BO

MHOXECTBE A €CTh COCTOSIHHE, B KOTOPOM HAYWHAETCS Tpacca (z), © MHOXKECTBO
B — 3TO MHOJKECTBO KOHCYHBIX COCTOSIHHH BCEX TAKHX TPACC UL BCEX COCTOSHHIMA
u3 A, dopmalibHO L2R(S) = T = LTS (Ve,LURU{A} Esty), THE
Ve = P(Vsu{®})\{D}, t, = spaftere, a MHOXKECTBO IEPEX0OJ0B Erp

OIPCALCIIACTCA KaK HAMMCHBIIIECC MHOXKECTBO, NOPOKAACMOC CICAYIOIUM ITPABUIOM
BBEIBOJA:

VAa,BeP(Vsu{m} )\ {J} VzeLURU{A,Y}
B=U (A after (z)) #J F A—z—B,

rae oneparop after Gepercs mo LTS Sg.
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Teopema 1: O mpeodpazoBanmm L2R. [Ins nro6oit LTS S mnpeobpazoBanue
L2R naer LTS T=L2R (S), kotopas asisercs RTS u MHOeCTBO MPOCTHIX Tpacc
KOTOpO# coBmamaeT ¢ MHOkecTBOM R-tpacc ucxomunoit LTS: T (T)=T (R,S). [Ipu
9TOM €Cclii S HMeeT KOHEYHOe 4uciao cocrosguuii, To LTS T Taxke umeer
KOHEYHOE YUCJIO COCTOSTHUH.

JlokazarenbcTBO CM. Ha ¢TP.99

IIpeobpazoBanne L2R paer RTS, MHOXECTBO MPOCTHIX TPACC KOTOPOH SIBISAETCS
R-mogensro. Jlnst npomsBonbpHOit RTS MHOXECTBO ee MPOCTBIX Tpacc, BOOOIIE
roBops, He sBisercs R-mMonmenpro. OQHAKO MBI MOKAXEM, 4TO d-3aMBIKAHUE 3TOTO
MHOXecTBa siBisieTcss R-mopjenero. s 3TOro ™Mbl ompenenuM MpeoOpa3oBaHUe
R2L, xotopoe mo RTS crtpout LTS, mHOXkecTBO R-Tpacc kotopoii, To ecth R-
MOJIeITb, COBITATAeT ¢ d-3aMBbIKAaHHEM MHOKECTBA MPOCTHIX Tpacc ucxomuoit RTS.

Wnes npeobpazoBanns R2L: RTS (L) —LTS (L) 3akiodaercs B CIEAYIOMIEM.
Kaxxmast HemycTast [enovka MepexogoB M0 OTKa3aM, HAYMHAIOIIASCA B COCTOSHUH
0e3 merenp MO OTKa3aM, 3aMEHsETCS Ha T-mepexoi. Ilepexoi MO BHEIIHEMY
JICHCTBHUIO, 32 KOTOPBIM CJCAYET IEMOYKa MEPEXOJ0B MO OTKa3aM, 3aMEHIETCS Ha
MEPEeXoJ M0 3TOMY AeHCTBHIO. I[Iepexo Mo pas3pyIIeHUIO COXPAHIETCS, a IEPEX0
10 AWBEPTCHIIMK 3aMEHICTCS Ha T-MeTiio. KpoMe Toro, BBOIUTCS HOBOE HAYaIbHOE
COCTOSIHUE €, M KaxJasl (B TOM 4YHCJe, IycTas) IeMOoYKa IMepPexo0B M0 OTKa3aM,
HAYMHAIOIIAsACA B HavyalbHOM cocrossHuu RTS, 3amensercs Ha T-miepexoa u3
cocrostHust €. @opmambHo, st RTS T = LTS (Ve LURU{A},Eqty) LTS
R2L(T) = S = LTS ((Vpui{g})\{®},L,Eg,€), rme cocrosHue ¢€gVy, a
MHOXKECTBO TIEPEXOJI0OB Eg  OmpeneisieTcss Kak HauMEHbBIICE MHOXECTBO,
MMOPO’KAAEMOE CIICAYIOIIMMH IPABUIIAMH BBIBOIA!

VA,BeVy VzeL VPeR VpeR*

to=p=B F &—1—B,
A=p=B & p#ec & VRER A=(R)#%A F A—1—B,
A=(z)-p=B F A—z—B,
A—y—D F A—y—A,
A—A—D® F A—a—A.

Teopema2: O mnpeodpazoBanuu R2L. Jns moboit RTS T mnpeobpasoBaHue
R2I. paer LTS S=R2L(T), mHOxecTBO R-Tpacc koropoii coBmamaer ¢ d-
3aMBIKAaHHEM MHOECTBa MpOCThIX Tpacc ucxomnoit RTS: T (R,8)=ud (T (T)).
IIpu 3ToM eciiu T wWMeeT KOHEYHOE YHCIo cocTossHUM, To LTS S mMmeeT Takoe xe
YHCJIO COCTOSTHUM.

JokasarenscTBo cM. Ha cTp.101

16



JIrob6ast RTS T oxHOo3HauHO ompenensieT TpaccoByto R-monens (kak d-3amMbikanue
MHOXECTBa €€ NPOCThIX Tpacc). COOTBETCTBEHHO, MOKET OBITh HECKOJIBKO Pa3HBIX
MOJIHBIX TPAcCOBBIX MOAENEH, MOCTPOCHHBIX Kak pacumupeHue 3tod R-mopem.
OpqHoil u3 Takux Mozenel ssiasercs moaeias Ext (ud (T (T) ) ). Jlerko mokasars,
YTO 3Ta >KE IIOJHAash TpaccoBas MOJAEIb MOXET OBIThb IIOJIydeHAa C IOMOIIBIO
npeodpa3oBanuss R2L W B3sTHS MHOXECTBA €€ MOJIHBIX TPAcC.

Urax, Bce T1pu wMogemu: LTS-monmens, tpaccoBas wmoxens u RTS-mozmens
9KBUBAJICHTHBI B TOM CMBbICIIE, YTO MOTYT OBITH IpeoOpa30BaHbl OHA B APYTYIO C
COXPaHEHHEM MHOXKECTBA OIIPEAEIAEMbIX MU ITOJIHBIX TPacc.

Ha Puc. 4. NIPUBENICHBl  pe3yJibTaThl npeobOpazoBanuit L2R(S) wm
R2L (L2R (S)) nnsa LTS S c Puc. 2. . MoxHo yBuzaeTh paznuuue mexay RTS
L2R (S) u RTS Sgrs ¢ Puc. 3. . Xorsa st RTS ompenenstor ogHy U Ty XKe
TpaccoByto R-moznens T (Sg), MHOXECTBA MX HPOCTBIX Tpacc pazauuHsl. (i1 RTS
L2R (S) MHOXECTBO €€ MPOCThIX Tpacc yxe coBmamaer ¢ R-moxensto 7T (Sg),
CJIe/IOBATENILHO, d-3aMKHYTO, U €ro d-3aMbIKaHWE HUYEro He JoOasisieT. B To xe
BpeMs a1t RTS Sprs MHOXECTBO ee MpOCThIX Tpacc He sBnsercs R-moznensio, HO
ero d-3ambikanue copnazgaeT ¢ R-monensio T (Sg) .

L={x,y,z}
s R={8}.rme 6={y,z} [2R(s) R2L (L2R (S))

l Q={{x}}

X

T(R,R2L (L2R(S))) = T(R2L(L2R(S))r) = d(T(L2R(S))

*

)
= d(T(Sgrs)) = T(R,S) = T(Sg) = (8'xy) (8 [x[z[A1]] | xy)

Puc. 4. Ilpeobpasosanusi L2ZR u R2L

1.5. 'MnoTe3a o 6e3onacHocTU U 6e3onacHas KOH(POPMHOCTb

B cuny sxBuBanentHoctH TpaccoBod, LTS- u RTS-moxeneit Ham gocTatodHO
OTIPEJICIIUThH THIOTE3Y 0 0€30MacHOCTH U 0€30MacHyi0 KOHPOPMHOCTh TOJBKO TS
TTOJTHBIX TPACCOBBIX MOAENeH peanusanuu u crerudukannu. Korma ncnomp3yercs
LTS- wumu RTS-monenb, B COOTBETCTBYIOUIMX ONpEACNICHUSX TMPUMEHSIETCS
COOTBETCTBYIOIIAs STUM MOJENAM MOTHAs TPACCOBask MOJENb.
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BesomacHoe  TecTmpoBaHWe, TpeXAe Bcero, mnpeanojaraeT  (opManbHOe
ompeneNeHHe Ha YPOBHE MOJENH OTHONICHHWS OE30MacHOCTH «KHONKa P
Oe3omacHa B Mojenn M mocie Tpacchl O». [Ipu 6e3omacHOM TecTHpOBaHUM OyayT
HAOXUMAaThCS TOJNBKO O€30mMacHble KHONKH. OTO OTHOIIEHHWE Pas3iIdHO U
PeATM3AIMOHHON U CHICIIM(DPUKAIUOHHONW MOJICIICH.

Jnst mpon3BoIbHOTO MHOXKECTBA Tpacc N OyzaeM TOBOpUTH, YTO KHOMKA P mocie
Tpaccel GeN  Hepaspywarwas v o00603Hayath P safe,, N after 6, ecin ee
Ha)KaTHe HE MOXKET O3HA4aTh IMOMBITKY BBIXOJAa W3 IWUBEPreHIWH (Tpacca He
npomoinkaeTcst nuBeprennueid B N) W He MOXKET BbI3bIBaTh pa3pylleHue (Tocie
JIeHCTBUS, pazpenraeMoro kaonkoi). @opmaneno: VPe RUQ VoeN

P safe,, Nafter 6 = o-(A)¢N & VzeP o(z,y)eN.

B monnoii TpaccoBoit peammzamuu I oTHomeHue OezomacHocTH 0003HayYaeTCs
safein W O3HAaYaeT, BO-TIEPBBIX, YTO KHONMKAa P  TMOCIEé Tpacchl ©
Hepaspywlaiowdas. W, BO-BTOPBIX, HaKaTWe KHONKKM HE MOXET NPHUBECTH K
HeHabmoiaeMoMy oTKazy (eciu 310 Q-kHomka): VPe RUQ Voel

P safe in Lafter 6 = P safe,lafterc s (PeQ = o-(P)el).

B momnHoi#t TpaccoBoii crienudukanun ¥ OTHOMICHHE 0€30IacHOCTH 0003HAYaeTCs
safe by w omim4aeTcs TONBKO i Q-KHOMOK: MBI He TpeOyeM, 4ToOBI IMmociie
Tpaccbl G He Obuio Q-oTkaza Q, HO TpedyeM, 4TOOBI OBLIO XOTS OBI OIHO
nericteue ze€Q. Kpome Toro, ecnm jeiicTBue paspemiaeTcss XOTsS Obl  OJHOM
HEpa3pylIamell KHOMKOH, TO OHO JOJDKHO pa3pemarbcs KaKoW-HHOYIb
OezomacHoit kHomkoW. Ecmm 310 Hepaspymaromias R-kHOIKa, TO OHa e H
6e3omacHa. Ho ecnm Bce Hepaspymaromupe KHOIKH, pa3pellalomne ACHCTBHE,
SABISAIOTCST Q-KHOTIKAMHU, TO XOTsA OBl OJHAa W3 HUX JIOJDKHA OBITH OOBSBICHA
6e30macHO.

Takoe oOTHOIICHHE OE30MACHOCTH BCETJa CYIICCTBYET: JOCTATOYHO OOBSIBHUTH
0e30MmacHO KaXAyI Hepaspymammyo Q-KHONKY, pa3peliarollylo AeHCTBHE,
mpojopKaromiee Tpaccy. OIHAKO B IIEJIOM YKa3aHHBIC TPEOOBaHUS HEOIHO3HAYHO
OTIPENICNIAIOT OTHOIICHUE Sdafe by, v pu 3aJaHUK CTiCUPUKANMA X YKa3bIBacTCS
KOHKPETHOE OTHOIICHHE.

TpeboBaHus K OTHOIICHUIO Safe by 3amUCHIBAIOTCS TaK:
VReR VzeL VQeQ VoeX
1) Rsafe by X after 6 < R safe, X after G,
2) F3ueRUQ U safe, Lafter6 & zeU & 6:(z)eX
= JpeRUQ zeP & P safe by X after o,

3) Qsafe by Xafterc = Qsafe,Xafterc & IveQ o-(v)eX.
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BesomacHOCTE KHOMOK ompenaenseT Oe3omacHOCTh HaOmogeHuit. R-otkaz R
Oe3omaceH, eciau mocjie Tpacchl Oe3omacHa kHomka R. JleWictBue z 0e30omacHo,
€CJIH OHO Pa3pemaeTcsi HEKOTOPOH KHOIKOM, O€301MacHOM 1MOCie TPaccChl:

z safe in lafter c = IPeRUQ zeP & P safein lafter c.

A

z safe by ¥ after c = IPeRUQ zeP & P safe by X after G.

Tenepb MBI MOXEM OIPEeNeTUTh Oe3zonactvie R-mpaccor. R-Tpacca ¢ Ge3omacHa,
€CIIM 3Ta Tpacca ecTh B MOJEIH M 1) MOJesb He paspyliaeTcs ¢ caMoro Hadasa
(cpa3y mocie BKIIOYCHHUS MAIIUHEI elI¢ IO HAXKATHsI IEPBON KHOIKH), TO €CTh B HEH
HeT Tpaccel (Y), 2) KaxIblil CUMBOJI TPacchl 0E30MACeH MOCIe HEMOCPEACTBEHHO

MPEALIECTBYIOIIETr0 eMy npeduKca Tpacchl:

ocl & (Y)el & Vu Vu (u(u)<o = usafein lafter 1),

ocX & (Y)eX & VU Vu (u(u)<oc = u safe by X after ).

Jdns  nonpasymeBaemoilt cemaHTHKn R/Q  MHOXecTBO 0e30macHBIX —Tpacc
peamm3armu I o6oznaumMm  Safeln (1) . lns moxpasymeBaembix cemaHTHku R/Q
W OTHOIICHHUS safe by MHOXecTBO 0e30mMacHBIX Tpacc CchHemupukanud X
obo3nauum SafeBy (X) .

Jns moboit cienmpukanum X B obmem ciydae Safeln (X)#SafeBy (X), HO

HMeeT MECTO BiIoxeHHOcTh Safeln (X) cSafeBy (¥) .
JleficTBUTENILHO, €CIM MyCcTas Tpacca Oe3omacHa Mo safe in, To oHa Oe3omacHa
no  safeby. Tlycte Ttpacca o-(u)eSafeln(X). Torma o©-(u)eX,
o Safeln (¥) w Habmonenue u safein X after 6. Ecmm u - 3to R-oTKa3, TO
u safe by X after 6, Tak Kak Oe3omacHOcTh R-KHOMOK mocie  Tpacc
OTIpEJICIIICTCST OMHAKOBO Il Safe in u safe by. Ecnmu u — 310 neiicTBue, TO
HalileTcss Takas KHOmMKa P, uto u€eP wu P safein Xafter 5. Ho Torma
P safe, X after G, uto BMecte ¢ O-(u)EX BIEYET 10 BTOPOMY MpPaBHILY JUIs
safe by wHanuume KHOUKH P safe by X after 6  Takoif, dYro ueP’.
Cnenosarensho, u safe by L after 6 u o-(u)e SafeBy (X) .

3ameuanue 2. [Iycrass Q-kHOmka omacHa Kak mocjie Jo0oi Oe3omacHOW 10
OTHOIICHHIO Safe in Tpacchl M000i peanu3alyu, Tak U nocie 1000l 0e30mnacHom
1o J1I000My OTHOIIEHHIO safe by Tpaccel mo6oit cnenndukanuy. Takyro KHONKY
HUKOTJIa HEIb3sl HaXWMaTb IIpu 0Oe30macHOM TecTHpoBaHWH. IlosTomy B
JajpHelIeM OyeM CYMTaTh, YTO Takod Q-KHOIKH B ceMaHTHKe HeT: D¢ Q. B 1o
ke Bpems myctas R-xkHomka wmMeeT CMBICA: OHa Oe3omacHa Tociie JIto0oi
0e30macHO# Tpacchl, He MPOMOJDKAIONIECHCS TUBEPTEeHITNEH, a HAOIIOIeHHE ITyCTOTO
R-oTka3a o3HauaeT, 4YTO peanu3alys OKa3aaach B CTAOMIBHOM COCTOSIHUH.
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3ameuanue 3. OTHoIEHUE  Safe,,, BOOOLIE TOBOpS, HE YIOBIETBOPSET 3-eMy
TpebOBaHMIO K OTHOLIEHHIO Safe by. OnHaKo, ecnn Kax/jas Oe3omnacHas Mo safe,s
Tpacca Ul KaxJIoH Hepaspywaromed (6esomacHol mo safe,,) Q-kHoOmku Q
MPOJIOKAETCA KaKUM-HUOYAb NEeHCTBHEM z€Q, TO OTHOLIEHHE Safe,, Oyner
YAOBIIETBOPATH BCEM TPEM TpeOOBAHMSIM K OTHOIIECHUIO Safe by.
TpeboBanne 0e30macHOCTH  TECTHPOBAHMS  BBIICISIET  KJIacC  OE30MACHO-
mecmupyempix peaju3alyii, TO €CTb TaKHUX, KOTOpbIE MOTYT OBITH 0Oe30macHO
MPOTECTUPOBAHBI JJIsI TMPOBEPKHM WX KOH(GOPMHOCTH WIH HEKOH()OPMHOCTH
3aIaHHON crienuUKai. DTOT KJIACC OMPEACNCTCS CIENYIOIMeH eunomesou o
bezonacnocmu: peammzamust 1 6ezonacno-mecmupyema nns cneunpuxkanun X,
ecm:

1) B peanuzauuy HET pa3pylIeHUs C CaMOro Hayajla, €CJIM 3TOr0 HET B

crnienuduKamy,

2) mocne oOmeli 0e30macHON TpacChl peanu3alui U CHelU(pUKAIIN JTF00ast

KHOTKa, Oe30omacHas B crenuQukaimy, Oe3omacHa IOCie STOH TpacChl B

peanu3aiu:

Isafefor = ((y)eX = (y)el) & VoeSafeBy (X)Safeln (I) YPeRUQ

(P safe by X after 6 = P safe in 1after ¢) .

ITocne 3TOro MOXHO OIpPENCIUTh OTHOIICHUE (OE30MACHOM) KOH@OpMHOCHU:
peammsanus 1 6ezonacno xongopmua (WM mPOCTO KOH@OpMHA) cTie(pUKAIINN
X, ecim oHa Oe30macHa W BBIIIOJIHEHO mecmupyemoe yciosue: odoe HadoIeHue,
BO3MOXKHOE B pealiM3alliii B OTBET Ha Ha)kaTue Oe30macHoil (B crenu)uKaIium)
KHOTIKH, pa3peraercsi CunennupruKaiuei:

Isaco X = I1safe for *
& YoeSafeBy (L) NSafeln (I) VP safe by X after ¢ obs (6,P,I) cobs (6,P.X),

rae obs (6,PM) £ {ulc-(u)eM & (ueP v u=P & PeR)} — MHOXkeCTBO

HAOMOACHNH, KOTOPhIE MOKHO TIOJYYHTh HaJ IOJHOW TpaccoBOW Mopensio M
MPH HAXKATHUH KHOTIKK P TOCJE TPacchl .

Cnemyer OTMETHTH, 4YTO THIOTe3a O O€30macHOCTH HE TMpoBepsieMa IMpH
TECTHPOBAHUM M SBISACTCS €ro MNpPEAYyCIIOBHEM; TECTHPOBAHUEC MPOBEPSCT
TECTHPYEMOE YCIOBUE KOH)OPMHOCTH.

3amedanue 4. B onpenenennu runore3sl 0 0€30MacHOCTH W KOHGOPMHOCTH BMECTO
ycnoBuss € Safeln (I) nocratouno ycmosust el [10].

3ameuanue 5. I3 ompexneneHust OTHOIICHWH Oe3omacHocTH Ssafe by wu  safe in
BUIHO, 4TO Jis (pukcupoBaHHOH R/Q-ceMaHTHKH B ONpEACICHUSX OTHOIICHHMA
safe for u saco CylnecTBCHHBI HE MHOXKECTBA BCEX MOJIHBIX TPACC CHCIH(pHUKAIIN
Y wu peamm3anuu I, a ux mogmHokecTBa. s cnermudukanun X CyIIECTBEHHO
TOJIbKO MOJMHOXecTBO ee R-Tpacc vl (LOURU{V,A}), a ans peanuzauun 1 —
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Kkpome MHOXecTBa ee R-Tpacc I\L(LuRu{y,A}), ere WX MpoIMoJDKeHHUS Q-
0TKa3aMH, TO €CTh IMOJIMHOKECTBO MHOKecTBa RUQ-Tpacc Il (LURUQU{V,A}).
OnpezelcHHBIC BBINIC THIIOTE3a O OE30IMaCHOCTH W KOH()OPMHOCTh HA3BIBAKOTCS
TPACCOBBIMH, MTOCKOJIBKY OHH OCHOBAHBI TOJNBKO HA MONHBIX Tpaccax HaGmioaeHHMit.
LTS-cnenudukanus B 3TUX ONpeAeNeHUSIX CBOIUTCA K MHOXecTBY ee R-Tpacc.
CootBercTBeHHO, RTS-cnenudukamus B STHX ONpeAeNeHUsSX CBOIUTCS K d-
3aMBIKAaHMIO MHOXKECTBA €€ TPOCTBIX Tpacc, KoTopoe sBisieTcss R-momensbro.
3ametnM, uto B oTimure ot LTS B andasute L, KOTOpyrO MOXHO paccMaTpHBaTh
Kak cnemudukamuio B 000l R/Q-cemantuke, tme WRuuUQ=L, RTS-
cnenndukaims B andasure LURU{A} paccmarpuBaercs Tonbko B Takoid R™/Q"-
CeMaHTHKe, rae MHOXeCcTBO R HabmomgaeMbix 0TKa3oB ¢ukcupoBano: R'=R wu
UR'uUQ =L.

Tecmosoti mpaccou OyneM Ha3blBaTh 0E30MACHYIO TPAcCy WM Tpaccy O-(u), rie

Tpacca © Oe3omacHa B crneuupuKanuu, a HaOmMoIeHHe U  0e30MacHO B
cnemudukaun X mocne G (HO He 00sA3aTE€NbHO IPOAOIDKAET G B X):
ceSafeBy (L) & usafe by X after 6. [l nogpazymeBaeMbIx ceMaHTHKH R/Q wu
OTHOIICHHS Safe by MHOXXECTBO TECTOBBIX Tpacc crenudukanuu 0003HATHM
t#t(X). Ilpm Ge30macHOM TECTHPOBAHHHM MOTYT IPOXOAWUTHCS TOJBKO TECTOBBIE
Tpacchl.

1.6. CneundmkaunoHHbIe TPOMKN U OTHOLLEHUS1 Ha TPOMWKax

Jns TpaccoBeIX Mogelneil rumore3a 0 0e30MacHOCTH M KOH(OPMHOCTH 3aJaloTCst
cneyughuxkayuonnoti  mpoiikoi  T= (R/Q,X,safe by), TO ecTb CceMaHTUKOH
B3aumopeiicTBus R/Q, TpaccoBoli crienu(pUKaIMOHHOW MOJENBI0 X B andaBuTte
L=URUUQ u oTHOmIeHHeM 0e3011acHOCTH KHOIIOK safe by.

[Mockonbky MHOXKecTBa SafeBy (X) Oe3omacHbIX Tpacc U # (X) TECTOBBIX TPACC
crnemuduKaMy 3aBUCAT OT II0APa3yMEBAaEMbIX CEMAHTUKHM W OTHOLICHHS
0e30macHOCTH KHONOK, TaMm, TIJe Mbl OyAeM paccMaTpuBaTh —pa3iIMuHbIC
crenudrKalOHHbIE TPOMKH, MbI OyneM o0003HayaTh S3TH MHOXXECTBA Kak
SafeBy (T) o6e3onacuHbix Tpacc u #t (T) TecTOBBIX Tpacc, COOTBETCTBCHHO.

Crneundukannonnas tpoiika T= (R/Q,X,safe by) omnpenensier kiaccel 6e30macHo-
TeCTUPYeMBIX U KoH(popMHBIX LTS-peanuzanuii:

Safelmp (T) = (Ie MODEL (L) | 1safe for L},
ConfImp (T) £ {Ie MODEL (L) | Isaco X}.

7 Jlpyrum BUIOM KOH(GOPMHOCTH SBJISETCS CHMYINAIMS, OCHOBAHHASA, KPOME TOTO, HA COOTBETCTBHH
COCTOSIHUIT peanu3auuu M crnenupuxkanud. Bompocsl 0e30macHOM CUMYISIMH U €€ TECTHPOBAHMS
paccMOTpeHbl B Hanmx padorax [17][18][19].
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bynem o6osmauats  Ti= (R/Q;X;safe by;). Onpenenum Ha  MHOXECTBE
crenu(UKAIMOHHBIX TPOCK OTHOIICHHE MPEANOPSIKA «BIOXKCHHOCTH TPOCK»
T{<T, xak paBeHCTBO KJIAaCCOB KOH(POPMHBIX pealU3allii W BIIO)KEHHOCTh
KJIAaCCOB 0€30MaCHO-TECTUPYEMBIX PeaH3aiuii.

3ameuanue 6. Ecrm Tp < T, Tpotika T, MOXET HCHOJIB30BATHCS BMECTO TPOUKH
T;, MOCKOJBKY OHA IIO3BOJISIET OE30MaCHO TECTHPOBATh BCE TE pCANM3AIUH,
KOTOpbIE MOIJIM 0€301MacHO TecTUpoBaThes Mo Tpoiike Ty, XoTsd, OBITH MOXET,
MMO3BOJISICT TECTHPOBATh U JPYTUE peanu3anuu (Ki1acc Oe30MacHO-TECTHPYEMBIX
pean3anuii MOXKET PACIIUPUTHCS), HO B TO K€ BPeMs KOHPOPMHBIMH CUHTAIOTCS TE
U TOJIBKO T€ peau3aliuu, KOTopbie KoHGopMHBI ayist Tpoiiku T.

CHayana omnpeaenuM dSTOT TPEANOPSAAOK «<» IJs TPOeK B OXHOM andaBuTe
L=UR;uuUQ=UR,uUQ;:

T,<T, £ ConfImp (T,) = Conflmp (T,) & Safelmp (T,) c SafeImp (T,).

Ecnu andaButs! crienuduKannOHHBIX TPOCK PA3HBIC, TO KIACCHI peaTU3alfii TAKKE
paccMaTpUBalOTCS B pa3HbBIX al(haBUTaxX M, 4TOOBI MX CPABHUBATH, HYKHO MPUBECTH
HX K «EJAMHOMY 3HAMEHATEII0». TakuM «3HaMEHATEJIEM» MOXKET CIYXKHThb JIIO00M
«IIENIEBOM» KIIACC MHTEPECYIONIMX HAC peaM3allfii: BMECTO KIACCOB KOH(POPMHBIX
1 0€301acCHO-TECTUPYEMBIX PealM3aliid paCCMATPUBAIOTCS UX TIEPECEUCHHUSI C ITUM
«UEJNEBbIM» KJIAcCOM peanm3aimid. s Hammx [eneld IOCTaTOYHO B KadyeCTBE
TAKOTO «IIEJICBOTO» Kilacca OpaTh KJAacC BCEX MOJCNCH B HEKOTOPOM «IICICBOM>
andaswure.

OnpenenvM «mpuBeeHUe» K andaButy L paspyiieHus, TMBEpreHInu, JeHCTBYS,
MHOJKECTBA JCHCTBUH, ceMeicTB KHOMOK R; u Q;, Tpacchl G, MHOXECTBa Tpacc
I, cemeiicta K MHOXecTB Tpacc u LTS S=LTS (Vg,Lj,Eg,S0) :

A

w2 Y AL 2 Ajecmn ueki, 1o up £ uj;ecnm UCLy, 10 Uy £ UNL;

Ri £ {RLIReRi}; Qu = {0QL10€Qi};

4L

oL £ (o(i)pli=1..|cl); I £ {oplcel}; Ky £ {I.|IeK};

ecm EsCVeX (LU{T,Y})XVs, T0 S, 2 LTS (Vs,L,Eg,s0).

L-nabnooenuem Oynem HaspiBaTh aevictBus m3 andasura L (L-deiicmsus), Rj-
OTKa3bl, a TaKXKe AUBEPTeHINI0O A W pa3pylIeHHE 7, TO €CThb 3JIEMEHT MHOXKECTBa
LURU{A, v}. B o0mem clryuae oc (LURU{A, v}) ™ u
oLe (LLURLU{A,Y})", To ecTb B Tpaccax G M Op MOTYT BCTPEYAThCS
nevictBus He n3 andasura L. Tpaccy © Oyzmem HaseiBaTh L-mpaccoii, eciu Bce
ee neiicTBus u3 andasura L, kpome, OBITh MOXKET, JUBEPTCHIMH WU PAa3pyIICHHS
B KoHLe Tpaccel: G7e (LU{A, v} )*. Hubimu cnoBamu, L-Tpacca — aTo Tpacca
oc (LURJU{A, y}) ", aro skBuBanerTHO O (LUR;U{A, y})". L-Tpacca — 310
Tpacca, cocrosmas u3 L-rabmroneHui.
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Hus  3amamHoW  cnenudukanuonnoin  Tpoiiku  Tij= (Ry/Q;Lisafe by;)  mnoxn
peaM3aUsIMHK [0 YMOJIYAHUIO CUUTaroTCs Mojenu B andasute Li=UR;uULQ;. dus
TpaccoBoit peamm3anny I B obmem cmyuae Ipg MODEL (L), To ecTh HEKOTOpEIC
Tpaccel 3 I Moryrt comepkarb nedcTBus He u3 andasuta L, U, cnemoBaTenbHO,
I, He Oyner tpaccoBodi monenbto B andasute L. J{ns LTS-peamusamun S B
00IIIeM CITyyae MOXKET OBITh HE BBIITOJHEHO YCIOBUE «IIPUBEACHUSI» K andasury L,
TO €CTh HCKOTOPHIC MEPEXOJbl U3 Eg MOTYT OBITh MOMCUCHBI JICHCTBUSIMH HE W3

Lu{t,y}. Peammszanus (LTS mmm TpaccoBas), Bce Tpacchl KOTOpo# sBisitoTest L-
Tpaccamu, OyneM HasbiBaTh L-peanusayueii. Ecnmm peamusaums siBisercs L-
peanuzanueii, To 3To Takas tpaccopas peanuzauus I, uto Ipe MODEL (L), unu
takas LTS-peanuzanus S, uro onpeaenena LTS SpeLTS (L).

0O0603HaYMM MHOXeECTBa KOH(MOPMHBIX M 0€30MacHO-TECTUPYEMBIX TPAacCOBBIX L-
peanuzanuii:

ConfImp (T, L) £ {IeConfImp (T;) |I.e MODEL (L) },
Safelmp (T;,L) = {IeSafelmp (T;) |I.e MODEL (L) }.

MODEL (L;)
[ Safelmp ( Ti)\

( ConfImp (T;)
4 A

ConfImp (T;L)

\Safelmp (T;,L) j

MODEL (L
\_ UL Yy

Puc. 5.  Knaccvl be3onacno-mecmupyemvix u kougopmuuix (L-)pearuzayuii

MuosxecTBa Oe3omacHbIX 1 TecToBbIX L-Tpacc mist tpoiiku T; Oyzem o0o3HavaTh:
SafeBy (T, L) £ {ceSafeBy (T;) |6*eL’},
t (T, L) L (cett(T;) |c~eL’}.

Torma mpenmopsAoK BIOKEHHOCTH Ha TPOW3BOJBHBIX CIEHU(PUKAIIMOHHBIX
Tpoiikax Jjis 1eneBoro andasura L omnpenensercs Tak:
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T, < T, = ConfImp (T{,L) ConfImp (T,,L)

& Safelmp (T ,L);, < Safelmp (TL)y.
Jnst 3amannoi Tpoiiku T OTHOIIEHUE BIIO)KEHHOCTH OIPEIENSIeT BEPXHUMA KOHYC:
V(T ={TiIT <, Ti}.°
Kax 00BITHO, OTHOIIICHHE TIpEeATIopsI KA HHIYIAPYET OTHOIICHHSI
SKBUBAJICHTHOCTH. J[Be crienn(UKaIIMOHHBIC TPOUKH dK6UBAIeHMHbL (=1,), €CITA OHU

ONpPENENIAIOT OJHH U TE K€ KIAcChl KOH(MOPMHBIX U 0€30IaCHO-TECTUPYEMBIX
peanuzanuii:

T, =L T ST < T 6T, < Ty,

YTO DKBHUBAJICHTHO:

T, =, T, = ConfImp (T{,L);, = ConfImp (T,L),,
& Safelmp (T L), = Safelmp (T,,L).

IIpeobpazoBanue f crnenudUKAIMOHHBIX TPOCK Oy/IeM Ha3bIBATh BJIOKCHHBIM HJTH
9KBHUBAJICHTHBIM, ecin, coorBercTBeHHo: T <, f(T) wm T = f(T).

Pa3HbIc CeMaHTHKU ONPEACISIFOT, BOOOIIE TOBOPS, Pa3HBIC TECTOBBIC BO3MOKHOCTH
[0 YIPABJICHUIO pealin3allieii U HaOIIOJCHNIO 3a e moBencHueM. OIHAKO, eCIu
OTpaHWYUThECS peanm3anusMu B andasure L, To pasHeie cemantukd R/Q; u
R,/Q, ompenensioT oJHU TE K€ TECTOBBIE BO3MOXHOCTH TOT/Ia M TOJIBKO TOTA,
KOrZa KHOINKHA OJHON CEMAHTHKH OTJIMYAOTCS OT KHOIOK APYrod CEMaHTHKH
TOJIBKO <«JIHIIHUMM» JOCHCTBUSAMH, TO €CTh NCHCTBHSAMH, HE MPHUHAIICIKAIIAMH
andasuty L.

Eciu Ry = Ry, u Qi = Qy,, T0 Takue cemantukd R;/Q; u RyQ,,
OTIPENICIISAIONINE OJHU U TE )K€ TECTOBBIC BO3MOXXHOCTH JJIsl pean3aiuil B andaBure
L, Oymem wHaseBath L-sxeusarenmuvivu u o0003Hauath Ri/Q; = Ry/Q,.
IToagmHOXECTBO Tpoek W3 BepxHero koHyca V (T), ceMaHTHKH KOTOpHIX L-

SKBHBAJICHTHBI CEMaHTUKE HCXomHO# Tpoiike T, Oymem Has3wiBaTh L-xomycom u
0003HaYaTh:

V(T)L & {TieV(T) IR/Q; = R/Qj}.

8 OO0bIYHO (HO HE BCCFI[a) CUMBOJI «A» HCHOJB3YIOT IS 0003HaUCHHS BEPXHETO KOHYCa MHOXECTBA
3JIEMEHTOB YaCTHYHO-YITOPSJOYEHHOI0 MHOXKECTBA, @ CUMBOJ «V» — JUIS HW)KHErO KOHYyca. B nanHoi

paboTe MbI BBIOpAIH sl BEPXHEro KOHyca CUMBOI «V» MO JBYM NpHYHHAM. BO-NepBBIX, CHMBOI «A»

OYCHb II0XO0XX Ha CHUMBOJI (<A>>, O6OSHa‘IaIOHIPIﬁ JUBEPIrEeHINIO, YTO MOXKET BBECTH YUTATCIA B
3a6J’IyX(HCHI/IC. BO-BTOpBIX, U3 MHCMOHHYCCKHUX COO6pa)KeHPII>‘IZ MBI HCIIOJIB3YEM BerHI/Iﬁ KOHYC HE

MHOJKECTBA DJIEMEHTOB, KOTOPOMY COOTBETCTBYET HUIKHAA CTOPOHA CUMBOJIA «A», a OQHOTO JJIEMEHTA,

KOTOPOMY JIy4IlI€ COOTBETCTBYCT HUIKHSAS BEPLIMHA CUMBOJIA «V».

24



Juis cienudukanmii u3 L-koHyca MBI OrpaHHYMBAEMCSl PACCMOTPEHHEM TOJIBKO L-
peamm3zanwmii u L-Tpacc.

2. leHepayuss mecmos

2.1. AKTyanbHble TpaccCbl U OLWIMOKMU

Jnst tpoiikn T; Tpaccy OyneM Ha3bIBaTh aKmyaibHOLU, €CIIA OHA UMEETCS XOTs ObI
B OJHOW Oe3omacHo-tectupyemoii peanmuzauuu le Safelmp (T;) . L-axmyansuot
Tpaccoii Oyaem Ha3wpiBaTh L-Tpaccy, KoTopas BCTpedaeTcsi XOTsS Obl B OJHOM
6e3omacHo-Tectupyemorr L-peammzamun  Ie Safelmp (T;,L). Habmonenme u
nocine akryanbHOM (L-akTyasbHO#) Tpaccel G OylneM HasbIBaTh aKMYAlbHbIM
(L-axmyanenvim), eciii  OHO  OCTaBisseT  Tpaccy  O-(u)  aKTyaJbHOH

(L-akryampHoit). OueBumnHo, L-akryampHoe  HaOmonenume — sBiusercs  L-
HaOJIIOIEHUEM.

3ameuanue 7. L-akTyanbHas Tpacca siBisieTcsl akTyalbHOW L-Tpaccoil, Ho, BooOuie
TOBOps, HE HAOOPOT: akTyaibHas L-Tpacca MOXXeT He BCTpedaThcsi B O€30MacHO-
TECTUPYEMBIX L-peanm3anusx. Hammpumep, Ha Puc. 6. TUTST
Ti={R\Q;,F (Sy) ,safe in} H L=UR,uUQ={a, b, c,d} HAMEEM:
F (Sy) safe for F (Sy). L-tpacca ({a,b,c})eF(Sy,) © NO3TOMY SIBJISETCS

akTyanbHoit L-Tpaccoii. OpmHako HuM B Kakod Oe3omacHo-Tectupyemoit L-
peanusanuu 3Ta L-Tpacca BcTpeuaTbcd HE MOXeT, Tak kak B L-peamusauuu,

nockosbky de¢L, Hammume Tpaccel ({a,b,c}) BIeYeT HAJIHMYHE TPACCHI
({a,d}). A 3to Hapymaer runore3y o GE30MACHOCTH, MOCKONIbKY {a,d}eQ; u

{a,d} safe by F (S,) after c.

L={a,b}

so@
Riz{{alblc}}

Puc. 6.  L-akmyanvnocms u L-xongopmnocmo

JIrobast TecToBas Tpacca, B TOM uuciie akTyanbHas (L-akTyanbHas), Mo THIIOTE3E O
Oe3omacHOCTH 0Oe30omacHa B KaXIOH O€30MacHO-TECTUPYEMOUW  peamu3ariiu
(L-peanu3anui), B KOTOpOH oOHa BCTpedaeTcs. TOJNBKO TaKHE TPacchl MOTYT
HaOMIOMaThCs TpH  OE30IacHOM  TECTHPOBAHMU  0€30TMacHO-TECTHPYEMBIX
peanuzanuii (L-peanuzanmii).

3amernM, 4TO BE30IacHas Tpacca BCera COracoBaHa, HO TECTOBasi Tpacca G-(u)

MOKET OBLITh HeCOI‘HaCOBaHHOﬁ, €cCim u -— ﬂeﬁCTBHG, 3aIpCIICHHOC HOCT(I)I/IKCOM
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0TKa30B 0e30IacHoi Tpacchl G, To ecThb ue Ulp (G) . HecormacoBannasi TecToBast
Tpacca HeaKTyaJlbHasl, IIOCKOJIbKY HE MOXXET BCTPEYaThCs HE TOJBKO B OE30MacHO-
TECTUPYEMBIX, HO M B JIOOBIX peanuzanusix. Kak Oyaer mokazaHo HHMXKE, MOTYT
CYIIECTBOBATh COIJIACOBaHHBIC, B TOM 4Hcie Oe30macHble, HO HEaKTyallbHbIC
TecToBble Tpacchl (cM. mogapaszgen 2.4). Msbl onpenenuM HEOOXOAMMBIE U
JOCTAaTOYHBIE YCIIOBUS aKTYaJIbHOCTH KaK 0€30IacHOM Tpaccel, TaK U TECTOBOI, HO
He 0e301macHo# Tpacchl (cM. moapasaen 3.3).

TecroByio Tpaccy G-(u) OyneM HasblBaTh owiubKou (OWUOOUHOU MPACCOTL), eClU
HaOJIOJICHHe U OTCYTCTBYeT B crenudukanuu mocie 6: O-(u)¢X. Omubka
o-(u) HaseiBaercs axmyanvnoti (L-axmyanvhoil), ecnu Tpacca G-(u) axTyajbHa
(L-akryanpHa). BymeM roBOpHTB, 4TO 6 peanuzayuu ecmv owiubka G-(u), €CIn

criequduKanys onpenessier omuoky G-(u), a B peaansaluM ecTh Tpacca G-(u).

O‘ICBI/IL[HO, peainusanua HCKOH(I)OpMHa TOrJa U TOJIBKO TOI'Jla, KOraa B Hell ecTh
HEKOTOpad ommubka. Taxke OYCBUAHO, HYTO MJd IIPOBEPKU KOH(I)OpMHOCTI/I
J0CTAaTOYHO 06Hapy)KI/IBaTL TOJIBKO aKTyaJIbHbIC OIIHOKHU.

2.2. TecTbl

B TepMuHAX MamIMHBI TECTHPOBAHUS TECT — 3TO UHCTPYKIHUS ONEPATOPY MAIIMHEIL.
B ka)XJI0M MyHKTE MHCTPYKLUH yKa3bIBAETCS KHOIKA, KOTOPYIO ONEpaTop AOJDKEH
HAXXUMATh, M U KAXKIOTO HAOIIONEHUS — IYHKT MHCTPYKIHH, KOTOPBIN JOJKEH
BBITIOJTHATHCS CISAYIONIUM, WIW BEpIUKT (pass wim fail), ecnu TecTHpOBaHUE
HY)KHO 3aKOHYHTh. B TecTe mMmocie KHOMKA P JONyCKaeTcs TOJNBKO TaKoe
HaOJIOICHNE U, KOTOpOE pasperiaeTcs KHOMKOH P, To ecTh ueP v u=P & PeR.
Cpemu STHX HaOMIOJCHHUN O00s3aTENBHO JIOJDKHBI OBITH T€, KOTOPBIE MOTYT
BCTPEYAThCS B 0E30MACHO-TECTHPYEMBIX pealu3alisX I0Cie HaOoJaeMoil K
9TOMY MOMEHTY TPACCHI.

Tect MOXHO TOHUMATD KakK MPEPUKC-3aMKHYTOE MHOXKECTBO KOHEUHBIX UCTOPHH €
HA3HAYCHHBIMU BEPAUKTAMH, B KOTOPOM:

1) KaxxJasi MakCuMaJibHast UCTOPHS 3aKaHYNBACTCA Ha6J'I}0LleHI/I€M, u el IpUuIurcaH
BEPAUKT, HCMAKCUMAJIbHBIM UCTOPUA BEPJAUKTHI HC IIPUITHUCBIBAKOTCA;

2) Kaxdas  HEMakCUMajbHasi  HCTOpHUS,  3aKaHYMBAIOMIAsCS  KHOIKOM,
MPOJOJDKACTCS BO MHOXKECTBE TOJNBKO TEMHU HAOIIIOJCHUAMHU, KOTOPBIC
paspenrarTcs dTOM KHOMKOH (3TO CleayeT U3 ornpeneeHus uicTopuu B 11.1.3);

3) Kaxkaas HeMaKCUMaJlbHAs MCTOPHS, 3aKaHUMBAIOIIASACS KHOIMKOW, 00s3aTeILHO
MPOJOJDKACTCS BO MHOXECTBE BCEMH aKTYAIBHBIMH HAaONIONCHUSIMH, TO €CTh
TEMH HaOIOJICHUSIMHU, KOTOPHIC MOTYT BCTPEYATHCS B OC30MACHO-TECTHPYEMBIX
peanuzalusx mocie TPacchl 3TOM UCTOPUU.

Tect OGe3omaceH Torga W TOJMBKO TOTHA, KOTAA B KKIOW €r0 MCTOPHH KaxKmas
KHOMKa 0Oe30macHa B  CIHCHU(HUKAIMKA IOCIC TPACChl  HEMOCPEICTBEHHO
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MPEIIIECTBYIONMIET0 3TOW KHONKH NpeduKca HCTOpWUH. VHBIMH CIOBaMH, TECT
Oe3omaceH TOr/a M TOJNBKO TOTJA, KOTZA TPAcChl BCEX €r0 WCTOPHU SBISIOTCA
TECTOBBIMHU.

IMocne HaOmromeHusi, pa3perraeMoro KHOIKOM, Tpacca HCTOPUM MOXKET CTaTh
HEaKTyalbHOW (B 4YacTHOCTH, HecOrllacoBaHHOW). be3omacHelii Tect Oynem
Has3piBaTh akmyanvuvim (L-axmyanohvim), €ClId  TpPacchl BCEX €ro HCTOPHM
aktyasbHbl (L-akTyaabHbl).

OueBHIHO, YTO B JIFOOOM 0€30IacCHOM TECT€ €CTh MaKCHMaJIbHbIH (I10
BJIOXKEHHOCTH) akTyanbHbli (L-akTyanbHbIf) NOATECT, KOTOpBIA MOJydaeTcs
CleAyIoLel mpoueaypo:

1) VYnansamoorcs Bce UCTOPUHU C HE aKTyalbHbIMU (He L-akTyanbHbIMU) TpaccaMH.

2) Ilocne storo MOTyT 06paSOBaTI)C${ MaKCHUMaJIbHbIC UCTOPUH, 3aKaHIUBAIOIIUCCA
KHOIKaMHu. Bce Takme HUCTOPHHU TAKKE YIAIIAIOTCA.

3) TIlocie 3TOro MOryT 00pa3oBaThCs HOBBIC MAaKCHMAJIBHBIC UCTOPUH, KOTOPHIM
HA3HAYACTCSI BEPIUKT pass.

3ametnM, yto B [7],[9],[10] mom Tectom (mnms cucteM 0Oe3 TPHOPHUTETOB)
MMOHMMAJIOCh HE MHOXECTBO HCTOPHH, a MHOXECTBO TECTOBBIX Tpacc. Tect
HA3BIBAJICS YIPABISICMBIM, €CJIM OINEPaTOp MOT OJHO3HAYHO BBIOPATh KHOIIKY,
KOTOPYIO HYXHO Ha)XHMaTh IIOCIC HAONIOJCHUS HEMAaKCUMAILHOW TPAaCCHI.
ITockoabpKy MHOXECTBA HaOJIOJICHHUM, pa3peliacMbIX pa3HbIMU KHOIIKAMU, BCErIa
pa3iW4HBI, IS YOPaBIsAEMOCTH TeCcTa Kaxaas HEMaKCHMalbHas Tpacca
MPOJOJDKAJIACH B TECTE BCEMH HAONIONCHUSMHU, pa3pelIaeMbIMA HEKOTOPOit
KHOIIKOM, B TOM YHCJIC HECOTJIACOBAHHBIMH W HEAKTyaabHBIMH. ECiu TecT — 310
MHO’KECTBO UCTOPHI, OH aBTOMAaTHYCCKH YIIPABIISEM, IIOCKOJIBKY ONEPATOPY MPSIMO
YKa3bIBAETCS KHOIKA, KOTOPYIO HY)KHO Ha)KUMaTh. I103TOMY MBI MOXEM OOOWTHCH
0e3 HeaKTyaJbHBIX, B YACTHOCTH, HECOTJIACOBAHHBIX HAOJIIOACHHIA.

Peanuzanus npoxodum Tect, ecinu e€ TECTUPOBAHUE C TIOMOIIBIO 3TOTO TECTA BCETaa
3aKaHYUBACTCS C BEPAUKTOM pass. Peanuzanus mpoxoauT HaOOp TECTOB, €CIIA OHA
MPOXOTUT KaXAblii TecT W3 Habopa. HabGop TecToB s3mauumvli, e€ciy Kaxmas
KOHQOpPMHAs pealm3alus ero TNPOXOINT; UCYepnblearowulli, €CIu Kaxaas
HEKOH(OpMHAsI peanu3anus €ro He MPOXOIUT; HOJHbIL, €CIH OH 3HAYUMBIA H
ncueprsiBaromuid. JIjis onpenenenns KOHOOPMHOCTH WIIH HEKOH(DOPMHOCTH JIF000#
0e30MacHO-TECTHPYEMON pearn3aIliii CTAaBUTCS 3a/1a4a TeHEePaIiy ITOJIHOTO Habopa
TECTOB TI0 CIICIU(DUKAIIHH.

Cmpocum TecTOM OyAeM Ha3blBaTh TAaKOW TECT, B KOTOPOM BEPIUKT pdAss
Ha3HaYaeTCs MaKCHMAallbHOM HMCTOPWH, €CITM ee Tpacca ecTh B creruduKaiuu, a
BepauMKT fail — ecau HeT. Takwe TeCTHI, BO-TIEPBHIX, 3HAUYNMbIC (HE (QUKCHPYIOT
JIO’)KHBIX OITUOOK) U, BO-BTOPBIX, HE MPOITYCKAIOT 0OHAPYKEHHBIX OITHOOK.

2.3. MpyuMnUTUBHbIE TeCTbI

[TomusIit HAOOP TECTOB BCETAa CYIIECTBYET, B YACTHOCTH, UM SIBIIIETCS HAbOp Bcex
npumumuenvix TecToB [10]. [IpUMHUTHUBHBII TECT CTPOUTCS MO OJHOM BBIACICHHOMN
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HEMaKCUMaJbHOW (IO MNpe(UKCHOMY OTHOIICHMIO «<») Oe3omacHoii R-Tpacce
cnenudukanun  6=(u,us,..,u,) (Puc. 7. ). s 3TOro B Tpaccy BCTaBISIOTCS
KHOIIKH, KOTOpBIE ONEPaTop NODKEH HaXMMaTh: Iepel] KaXIbIM OTKazoM u;€R
BCTaBJIETCS KHOMKAa P;=u;, Mepex KaxiasiM aelictBueM u €L — xakas-HuOyIp
OezomacHasi (Iocie COOTBETCTBYIOIErO NpeduKca Tpacchl) KHOIKa P,
paspemaronas JeHCTBUE U, @ IOCJIE BCEH TPacChl BCTABISIETCS Jro0ast Oe30mmacHast
TI0CJIE HEE KHOTIKa P, ;.

pass pass pass pass

U1 Uy us

fail fail fail fail
Puc. 7. Ilpumumuenwviti mecm

B pesysbrate momydaercs tectoBas uctopus T=(Pi,u;,P,,uy,....Pp.1). OcTaibHbie
ucropun  T°  Tecta — O3TO cTporue mnpepuxkcel T <T WIH HMEIOT BHI
T =(P;,u;,Py,uy,.,Ps,u; " ), THe u; HaOJIOAEHUE, IPOJOIDKAIOIIEe TPaccy O
npu i=n+1, WIK OTBETBIISIONIEECT OT TPACCHI TP 1<n M U; #U;.

Msl OyneM paccMaTpuBaTh TOJBKO CTPOTHE MPUMUTHUBHBIC TECTBI, B KOTOPBIX
BEPAUKT pass HA3HAYaeTCsl MAKCHUMAJIbHOM HCTOpUM, €CIM €€ Tpacca €CTb B
crienuUKanny, a BepaukT fail — eciou HeT.

JmHoM TecTa OyneM Ha3bIBaTh MAKCHMAJIBHOE YHCIIO HAXKATUN KHOIOK (TECTOBBIX
BO3IEHCTBHH) 10 OKOHYAHHS TE€CTA, TO €CTh YUCI0 n+1.

BesomacHOCTE Tpacchl G rapaHTUpyeT O€30IaCHOCTh KHONKH Pi;=u; I
Kaxgoro otkaza u;€R, u qis kaxgoro aedcTBus uj€ L rapantupyer Hanuuue
paspemiaromei ero 0e30macHONH KHOMKH P;, a HEMaKCUMAJIBHOCTh 0€30IMacHOM
TpacCchl G TapaHTHPYET HAJMYUC MOCICIHCH KHOMKH P, ;. BeiOop kHOMOK P;
it u;eLl u kHOMKK P,,; MOXET OBITh HEOMHO3HAYHBIM: IO OJHOW Oe30macHoi
Tpacce cnenn(puKaIii MOXHO CTEHEpHUPOBaTh, BOOOIIE TOBOPS, HECKOJIBKO Pa3HBIX
MIPUMUTHBHBIX TECTOB.

Ecnmun HaOmrofieHWe, TMONYYEHHOE IOCIC HaXKATHS HEMOCICIHEH KHOMKA P,
COBMANaeT CO CIEAyIONMM B Tpacce O© HaOmomeHneM u; (mpoiaeHa
HEMaKCUMajJbHag B TECT€ WCTOpHA), TECT TpojobkaeTca. Habmromenwue,
MONTyYeHHOE IIOCTIe HaXKaTHs MOCIEeTHEH KHONKH P,.;, W nro0oe HabIomeHue,
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«OTBETBJISIONIEECSI» OT Tpacchl ©, IMOJNyUYEHHOE IOCIE HaXKaTUs HEMocClIeAHen
KHOTIKH, BCETJa 3aKaHYMBAIOT TECTHPOBaHWE (MPOWIEHAa MaKCHMallbHas B TECTE
HUCTOPHS).

JIrobo#t ctpormii Tect T (KaKk MHOXECTBO MCTOpUH) paBeH OOBEIUHEHHIO
HEKOTOPOTO MHOXKECTBA NMPUMHUTUBHBIX T€CTOB T1,T,,.... Kaxkaas mMakcumanbHas
ucropust Tecta T ABISIETCS MaKCHMalbHOM McTOpHEH XOTsS Obl  OJHOTO
MPUMUTHBHOIO TecTa T;. IlockonbKy TecT T M BCE NIPUMHUTUBHBIE TECTHI CTPOTHE,
3TOil mcropum B Tecte T M B KaKAOM INPUMHUTUBHOM TecTe T;, TA€ OHA
MaKCHUMallbHa, Ha3HAUCH OJAMH M TOT K€ BEPAUKT. Ecnu HeMakcuManbHas UCTOPUS
TecTa T SIBJISETCS MAKCHMaJbHOW MCTOpPHEN B HEKOTOPHIX MPUMUTHBHBIX TECTaX
T;, TO B K&KJIOM TaKOM TecTe T; el Ha3Ha4yeH BEpAUKT pass. Tem cambim TecT T
1 MHOXKECTBO TECTOB T1,T,,... OOHapyKMBalOT OJHU U Te ke omnOku. [ToaTomy B
JaHHOH paboTe MBI OrpaHMYMBAEMCS PACCMOTPEHHUEM TOJBKO HPUMHTHBHBIX
TECTOB: 110 YMOJYAHHIO MOJ] «TECTOM» Oy/IeM BCerja UMETh B BUY «IIPUMHUTHBHBIN
TECT».

[IpUMHUTHBHBIA TECT TaKXKe MOXET OBITh KaK aKTyallbHbIM, TaK W HEAKTyaJbHBIM.
OueBHIHO, YTO aKTyaJIbHBII MPUMHUTHBHBIA TECT CTPOUTCS TOJIBKO MO aKTyalbHOU
Oe3omacHoii Tpacce, HO, KpOME TOTO, B HEM BCE HaOJIOACHHS, OTBETBIISIOIIUECS OT
9TOH Tpacchl WM MPOIOIDKAIOIINE ITY TPACCY, AOJKHBI OBITh aKTyaJIbHBI.

Jasi MHMHAMHM3alMH TeCTOBOr0 Ha00pa HYKHO OrPAHMYHTBCH TOJBKO
AKTYaJIbHBIMH TeCTAMU.

Bynem roBoputs, 4To HaOOpP TECTOB I'eHEPUPYETCS MO AAHHOMY HaOOpy Tpacc, eciiu
KXl TecT U3 HabOpa TECTOB T€HEPUPYETCsl MO HEKOTOPOM Tpacce U3 JAaHHOTO
HaOopa Ttpacc. MHbIMEH cinoBamu, HabOp TECTOB SBIAETCA MHOAMHOXECTBOM
MHOXKECTBA BCEX TECTOB, F€HEPUPYEMBIX II0 TpaccaM W3 JaHHOTO Habopa Tpacc.
Hab6op Tpacc noanwlii, €cii o HEeMY MOXHO CT€HEPUPOBATH MOJIHBIA HAOOP TECTOB.
AKTyaJIbHBII TECT T'€HepHpYeTCs IO HEeMaKCHUMalbHOW Oe30MacHOi akKTyalbHOM
Tpacce O=(Uuj,Up,..,U,), U KAKI0E HAOMIOJIEHHE U; , IPOJIODKAIOIIECE TPACCy MPH

i=n+1, WIK OTBETBIISIONIEECS OT TPAacChl MpU 1i<n ® u; #U;, JOJDKHO OBITh
aKTyaJIbHBIM.

Ecnu cnienudukanust onpenesser omubky o-(u), To OyIeM TOBOPUTH, YTO TECT,
COOTBeTCTBy}omI/Iﬁ UCTOpHUU T:<P1,u1,P2,u2,...,Pn+1>, 06Hapy.7fcu6aem 0mu6i<y
c-(u), ecmt 6=(u;,us,..,u;), TAe i<n, a HAONIIOJEHHE U pa3pemaeTcsi KHOIKON
Pi,1, TO €cTb Uu€P;,; wmim u=P,;,; a1 P;,,€R. UaeiMu cinosamu, omuOka

6-(u) mOWKHA OBITH TPACCOM HEKOTOPOW (OYEBHUAHO, MAKCHMAIbHOM) HUCTOPHU

TECTA. HOCKOJ’ILKy TECT CTpOl"Hﬁ, ITOH HUCTOPUHN NOJIKCH OBITH MpUIucCad BCPAUKT
fall Bcee AKTYyaJIbHBIC 0HII/I6KI/I, O4YCBHUJHO, 06Hapy)KI/IBaIOTCH BCEMHU aKTyaJIbHbBIMU
TCCTaMMU.
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Habop akTyanbHBIX TECTOB, KOTOPBI OOHAPYKUBACT BCE OIIMOKH, ONPEACISICMEIC
cnenudukanuerd, monoH. OOpaTHOe, BOOOIIE TOBOpS, HE BEPHO: MOTYT
CYIIECTBOBATh IIOJIHbIE HAOOPBI AKTyaJbHBIX TECTOB, OOHAPYKUBAIOLIHE HE BCE
omuOKK; 3TO OymeT pacCMOTPEHO B CIEAYIONMX pasnenax. 3aberas Brepen,
CKaXeM, 4TO MPHYMHA 3TOr0 — B HAIMYMU B crenudukaiuyd Oe30MacHbIX, HO
HEKOH(OPMHBIX TPACC, TO €CTh TPacc, KOTOPbIC HE MOTYT BCTPEYATHCS HU B OITHOM
KOH(pOPMHOHN peanu3alny, B TOM YHCIC HEaKTyalbHbIX Tpacc. Habop TecTos,
3aKaHYMBAKOIIUX CBOI pabOTy ¢ BepAMKTOM fail cpasy mocjie MPOXOXKICHUS
HEKOH(OPMHOH Tpacchl G, MOXET OBITh IOJIHBIM, HO He OyaeT oOHapyXHBaTh

omnOky o-(u).

3aMeTuM, YTO ONMCAHHBIA BHIIIE CIIOCOO TEHEepalud TecTa OTIMYACTCs OT
nznoxxensoro B [10]. Tam Tect renepupoBaics no moOoil Ge3omacHOW Tpacce
cnemudukanuu X (BKIIOYas MaKCHMalbHBIC), HO IOCJE TPACChl HE BCTaBIISIACH
elle ofiHa KHOIIKa M (Iocie Hee) paspenaemble eto HaOmoaenus. M3-3a aToro onuH

TECT MOT OBITh CT€HEPUPOBAH IO JBYM Pa3HbIM TpaccaMm Buaa ©-(u) u G-(u’ ),

€CIlM HaxoJujach KHomka P safe by X after 6, paspematomas o0a HaOMOACHUS U
u u . Ilpm TOM ompeneneHUHM NTPUMUTHBHOTO TECTa, KOTOPOE JAHO B JIaHHOU
paboTe, MHOXKECTBA TECTOB, TEHEPUPYEMBIX TI0 pa3HbIM TpaccaM, He IepEeCEKaroTCsl.

2.4. HeakTtyanbHble 6e30onacHble U TeCTOBbIe TpacChl

TloBTOpHM, YTO aKTyaJIbHOM Tpaccoil Ha3bIBaeTCs Tpacca, KOTOpas BCTPEYaeTCs B
Oe3omacHO-TecTUpyeMbIX peanm3anusax. B [10] moka3aHo, 9To, €CiiM B CEMAaHTHKE
HeT Q-KHOMOK, TO crenupuKanms YyIOBIETBOPSET COOCTBEHHOW THITOTE3E O
oc3omacHocTH. [lodTOMYy JUIsi TakKMX CEMaHTHK BCe O€30IacHBIC TpPACChI
cnenuUKauu aKTyanbHbl. [Ipu Hamuauu Q-KHOMOK, BOOOIE FOBOpS, HE BCAKAs
Oe3omacHas Tpacca crenu(UKaIuy akTyalbHa.

~{a/b) 1={a,p}, R=({a,b}}, Q=({a}}

S=S; _ {a} safe by S after ¢
{a,b} safe by S after ¢
({a,b})eT(S1) Isafefors = ({a,b})eT(I) {{asp})eT(S2)

Puc. 8. HeaKmyaﬂbele be3onacHas u mecmosast mpaccul

[Ipumep npusenen Ha Puc. 8. . 3necy B LTS-cnemudukanum S;, n3o0paxeHHOM
cineBa, Q-kHomka {a} Oe3omacHa IOCIe MyCTOW Tpaccel, a Tpacca ({a,b})

Oe3omacHa. [lo rumoTe3e o 6e30MacHOCTH B 0€30MaCHO-TECTHPYEMON pear3aIiii
Tmocyie IMyCTOH Tpacchl He JODKHO ObITh Q-oTkaza {a}. OpHako, eciau B

peanu3anuu ecTb Tpacca ({a,b } >, TO XOTs OBl B OJTHOM COCTOSTHUH ITOCJIEe TTyCTOM
Tpaccel umeetcss R-otka3 {a,b}, a Torma B 3TOM COCTOSIHMM mMeeTcs Q-oTka3
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{a}. IlosTOMy B 6€30MaCHO-TECTHPYEMBIX PEaM3alUsIX HE MOYXET OBITh TPACChI
({a,b}), xoTst OHa siBIIsIETCST GE30MACHOM TPACCOi crieupUKALH.

IToHATHO, YTO [ TE€HEPALMH TECTOB JOCTATOYHO OTPAHUYMTHCS TOIBKO TEMH
0€30IMaCHBIMU TPACCAMH CIIELU(DUKALMH, KOTOPHIE aKTYaJIbHBIE.

TouHo Takxe TecTOBas, HO OTCYTCTBYIOIIas B CHeHU(HKAIMM, Tpacca MOMKET
OKa3aTbcs HeakTyalbHOW. IIpexxae Bcero, Bce HECOINIaCOBAaHHBIE TECTOBBIE TPACCHI
HeakTyaJbHbl. HO MOTYT OBITh M COTIaCOBaHHBIC HEAKTyaJbHBIE TECTOBBIC TPACCHI.
Ha Puc. 8. B LTS-cneundukaunu S,, n300paKeHHOH clpaBa, TECTOBas Tpacca

({a,b}) orcyrcrByer B crienu)MKAINK, COrIACOBAHA, HO HEAKTYyallbHA.

2.5. HekoHopMHbIe 6e3onacHble Tpaccbl
Huns tpoiiku T; Tpaccy OyzeM Has3bIBaTh KOHGOPMHOU, €CITH OHA UMEETCSL XOTs Obl
B onHOH KoH(opMHOHU peanmm3zanuu I ConfImp (T;) .

MHO0keCTBO KOH(I)OpMHI)IX 0e30IacHbIX Tpacc 0003HaYUM:

A

conf(T;) = {oeSafeBy (T;) |Jle Conflmp (T;) & oe€l}.

Ero moaMHokecTBO KOHPOPMHBIX L-Tpacc — 3To ciemyromiee MHOKECTBO:
{oeSafeBy (T;,L) | Jle Conflmp (T;) & oel} = conf(T;)N(LUR))" <
conf (T;) .

L-xongopmuoii Tpaccoit 6ynem HasbiBaTh L-Tpaccy, KoTopas BcTpedaeTcst XOTs Obl
B oxHO# KoH(popMHOH L-peanuzammu Ie ConfImp (T;,L) .

MHuoxecTBo L-KOHPOPMHBIX 0€30IaCHBIX Tpacc 0003HAYM:
conf(T,L) £ {oe SafeBy (T;,L) | 3le Conflmp (T; L) & cel}
c conf (T;) N (LUR;)

3ameuanue 8. L-kondopmuas Tpacca sBisercs KoHpopmHOM L-Tpaccoi, Ho,
BooOIIEe ToBOpsi, HEe HabopoT: koHpopmHas L-Tpacca MoXeT He BCTpeuyaThecsi B

koHpopmubix L-peanuzaumsx. Ilpumep TOT Xe, uro Ha Puc. 6. , KoTOpBII
nmoctpupoBan L-akryamsHocts (m.2.1). s  Ti={R;\QiF (Sy) ,safein} wu
L=URuuUQ={a, b, c,d} HMEEM: F (Sy) saco F (Sy), L-tpacca

({a,b,c})eF(Sy) u modromy siBisiercst KonpopmHuoii L-tpaccoit. Onnako sra
Tpacca He sBisercs L-kondopmHoil, moromy uro s Tpoiikm T; Her
koHpopMHBIX L-peanuzarnmii. [eiictButensHo, ecnu Obl Obula KoHpopMmHas L-
peaym3zanus, To B Heil Qj-kHomka {a,d} Obuia Obl Oe3omacHa mMOCHE IMYCTOM
Tpaccel (KaKk B CHCHU(HKAIMK), MOITOMY IycTas Tpacca NpOIoJDKaaachk ObI
neiictBueM ze€ {a,d}, HO nelicTBue a He KOH(opMHO, a neiictBue de L.

B [10] moka3aHo, 4TO, €CIM B CEMAaHTUKE HET (Q-KHOIOK, TO CHenu(UKAIUSL
Oe3omacHo-TecTHpyeMa u KOH(popMHA cama ceOe. [loaToMy sl TaKUX CEMaHTHK
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Bce OesomacHble Tpacchl cnerudukanuu koHGopmHbl. [Ipu Hammumu Q-KHOTOK,
BOOOIIIE TOBOPSI, HE BCsKas Oe30macHas Tpacca crenuduKanuy KoHpopmHa.

L={x,y}

R={d},rne o6={y}

Q={{x}}

IsacoSs = (8,%,8,x)eT(I)

= (8,%,0)¢T(I)

Puc. 9. Hexongpopmnas 6ezonacnas mpacca (0,x,0)

Kpome mpumepa Ha Puc. 6. , paccmorpum mpumep Ha Puc. 9. , sBustonimiics
Moaudukanue npumepa u3 [7],[9]. 3mecy ucnoab3yeTcss CeMaHTHKAa OTHOIICHHS
ioco [40],[41], B xoTOpOW NEHCTBUS AENSATCS HA CTUMYJbl M PEAKLMH; KaXKIbIi
CTHUMYJI X paspemiaercs onHoW Q-KHOMKON {x}, a BCE peaKIMU pa3peraroTcs
onHoit R-kHOMKOH, 0603Hauaemoii 8. B manHOM mpuMmepe B ajndaBuUTe HMEETCS
OMH CTHMYJl X W OJAHAa peakuus vy, nostomy O={y}. OTHOuIeHHE i0CO
MPEAIONAaracT BCIOAY-ONPEACIIEHHOCTh peTH3ali 10 CTUMYJaM, TO €CTh
oTcyTCTBHUE B Hell Q-0TKa30B. OTHOIIEHHE Saco Oonee nuOEpabHO, HO JaXKe IS
Hero B LTS-cnemmndukanmumn S; KHOnMKa {x} 1O 2-OMy MpaBWIy OTHOIICHHS

safe by nomxkHa ObITh 0E30MACHOM TOCIE TPacchl (X), TaK Kak paspylIeHHs H
JMBEPreHIMH HET U ecTh Tpacca (x,x). Ecnu B peamusauuu ects tpacca (9,x,0),
TO B Hed ecTthb W Tpacca (x), IOCIE KOTOPOW KHONKAa {X} II0 THIOTE3E O
0e30MacHOCTH JOJDKHA OBITh Oc3omacHOW 1o Safe in. A Torma KHONMKa {X}
GesomacHa 1o safein mocue Tpaccsl (0,x,0). ITockonbKy 310 Q-KHONKa, €e
0e30MacHOCTh Hocne Tpacehl (8,x,0) O3HAYaeT HAJIMYME B PEATH3ALMH TPACCHI
(8,x,0,x). ITockonbky O R-KHOIKA U B CHELMKALUKA HET Pa3pyLICHUs, 3Ta KHOIKa
Oe3omacHa moce 000l Oe30macHoi Tpacchl crelupUKanny, B YaCTHOCTH IOCIE
Tpacchl (x,X), & TOTJla B peaiu3aluy oHa Ge3omacHa Mo Ssafe in  mocie Tpacchl
(x,x) W, clemoBaTenbHO, Oe3omacHa 1o safein mocie Tpaccel  (§,%,8,x).
IMockoMbKY KHOINKA O paspeliacT TOJbKO JBa HaONoJeHWs: y W O, B
peanusaliy JOoJbKHA OBITh XOTs ObI 0fiHa U3 Tpace (§,x,8,x,y) wmm (8,x,0,x,d).

Ho torpa B peanusanuu ectb XoTs ObI oxHa U3 Tpace (x,0,x,y) wmm (8,x,x,0).
Kaxmas w3 9THX Tpacc SBIACTCA MPOIOJDKEHHEM  O€30MaCHOM  TPacchl
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crenu(UKauy HaOJIOJACHHEM, paspeliaeMbiM O€30IaCHOM KHOIKOM O, HO
OTCYTCTBYIOUIMM B CIENHU(UKAINK, YTO NMPOTHBOPEUUT TECTHPYEMOMY YCIOBHIO

kondopmuoctu. CremoBarenbHo, Tpacca  (9,x,0), Xors u Oe3omacHa B
crienuduKany, HO HEKOHPOPMHa.

L={x, vy}

R={48},rne 6={y}

Q=1{{x}}

IsacoS; = (8,%,8,x)eT(I)
= (8,x,8)eT(I)
= (3, x)eT I)
= (8)eT

Puc. 10. Hexongopmnas 6ezonacnas mpacca (0)

Hpyroii mpumep npuBeneH Ha Puc. 10. . DTOT mpumep oTiIMYaeTCs TEM, 4TO B
COCTOSIHHH 4 JUIs TOrO, 4TOOBI He OBLIO 0TKa3a O, BMECTO MepeXo/a Mo PEakiun v

BCTaBleH T-mepexoa. M3-3a storo yxke Gonee KopoTkas Ttpacca (O) W,
CIENOBATENBHO, BCE €€ HMEIOMIUECS IPOJOIDKEHMS HEKOH(POPMHBL — IJTO
OOBSICHSETCST TeM, YTO TochHe Tpacchl (8) B M000M peanm3amyi JOJIKEH
NPMHUMATBECA CTHMYJ X, MOCIE KOTOPOro KOH(pOPMEH TOJNLKO OTKa3 O, a Bce
peakiuu HeKOH(GOPMHBL. TeM caMbiM, Hamuude Tpaccel (8) B KOH(POPMHOI
pealu3aliy BICKIIO Obl HAHYUE B Hell HeKOH(OPMHOM Tpacchl (J,x,3).

L={x,y}

R={4d},rme d={y}}

Q={{x}}

I saco Ss 3,%,0,x)e¢T(I)
8,%,8)eT(I)

=
=
:>(6x>eT I)
= (3

)eT

= €e¢T(I)

Puc. 11.  Bce bezonachvie mpaccol HeKOHGOPMHbL
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Tpernit npumep, wusoOpaxenHeld Ha Puc. 11. , sBusgercs nanbHeHmeH
Moaudukanueit mpumepa Ha Puc. 10. : eme B OJHOM COCTOSHUHM — COCTOSTHHH 6 —
IUISL TOTO, 9TOOBI HE OBUIO OTKa3a O, BMECTO IIEPEeX0/a [0 Peakuud y BCTABICH T-
nepexon. Kak u B mpenpiyneM npuMepe B KOHPOPMHOH peasin3alliid HE MOXKET

ObITh Tpacchl (3). B To e BpeMs B Takoii pealm3aliy I0Clie IyCTOM Tpacchl He
JIOJDKHO OBITH AeWicTBUS y. Cle0BaTeIbHO, B KOHPOPMHOMN peann3alui He MOXKET

OBITH TycTOH Tpacchl. [IOCKONBKY ITycTast Tpacca SBISETCS MPEPUKCOM 000
Tpacchl, B 3TOH crienuuKaIy Bce 0e30TacHbIe TPACChl HEKOH()OPMHEI.

2.6. Knaccucpmkaums owmb0K n TMNOB TeCTUPOBaHUA

OmmobKy, ompeneneHHYI0 B Tompasziene 1.5 kKak mpomopkeHue Oe30macHo B
crienmupUKald Tpacchl G 0€30MacHbIM, HO OTCYTCTBYIOIIMM B CHEIH(UKAIUH,

HaOJIoJEHHEM U, TO eCcTh Tpaccy ©-(u), GyaeM Terepb Has3blBaTh owubKol 1-20

pooa. O4eBHIHO, OHA HE BCTpedaeTcs B KOHGOPMHBIX peanu3alusax. DTy OmHUOKy
Oynem HasbIBaThb NepsU4HOU, €CIM Tpacca © KOH(OPMHA, M 6MOPUYHOU — B
MIPOTHBHOM ClTy4ae.

Hannuwe B cnenndukanun HEKOH(GOPMHBIX O€30MacHBIX Tpacc caMo Mo cede He
co3/1aeT mpoOIeM, HO TaeT BO3MOXKHOCTh ONTUMU3AIMK TeCTUpOBaHus. Hanmuune B
peanm3zanu  HEKOHQOPMHOH O€30mMacHON B CHEIM(PUKAIUU TPaCChl BJICYET
HEKOH(OPMHOCTh  peanm3anuu. Quiubkou 2-eco pooa OyneM  Ha3bIBaTh
HeKOoH(OPMHYIO Oe3omacHyo (B crenuduKamuu) Tpaccy. OTy OMMOKY Oynaem
Ha3bIBATh NEPEUYHOL, €CIT BCE €€ CTPOTHe MpedHKChl KOHPOPMHBI, H 6MOPUYHOU —
B IIPOTHBHOM CIy4ae.

KOH(OPMHBIE HepBUYHAs OLINOKA BTOPUYHBIE OIIUOKU
Oe3omacHbIe Tpacchl 2-ro poaa 2-ro pona
. > P P > >y >
\\\ \\ \\ \\ \\\ \\
\
WO \ \ \ AXN \
(N \ \ \ W N
AEN \ N \ AN \
\\ \\ \\ \\ \\ \\ N \\
4 < 1 < D 4

TepBUYHBIE OMHUOKH 1-ro pona BTOPUYHBIE OIUOKH 1-Tr0 poma

Puc. 12. Tunwvr owubox

Ota KIaccuuKaus omnO0K MPOWUTIOCTpUpPOBaHa Ha Puc. 12. .

IMocmoTpuM, Kak BBITISAAT KOH(OPMHBIE Tpacchl M aKTyalbHBIC OIIMOKH
pa3auuHbIX BUAOB B mpumepax Ha Puc. 9., Puc. 10. , Puc. 11. . HeaxryanbHble
OLIMOKH B 3THX ITPUMEpax SBJISIOTCS HECOTJIACOBAaHHBIMH TPACCaMH, KOTa PeaKIHs
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y CJeIyeT HeMOCPEACTBEHHO MOCHe OTKa3a O, Kak Halpumep, B TECTOBOI Tpacce
(8, v).

B npumepe Ha Puc. 9. Bce Oe3omacHble Tpacchl KOH(POPMHBI, KPOME Tpacc,
3a/aBaeMbIX  PETYJSPHBIM  BhIpakeHHeM 00 %88,  KOTOpble  ABISAIOTCS
AKTyalbHBIMU OIMOKaMu 2-ro poja. M3 HUX Tpacchl BHAa OO X SBIAKOTCS
NEPBUYHBIMH ONIMOKAMH, & OCTAIBHBIC — BTOPHYHBIMU. AKTYaIbHBIMH OIIHOKAMH
1-ro  poma ABIAIOTCA TPAcChl, 3a/laBaeMble  CIEAYIOIMMU  PETYISPHBIME

BRIDOKEHUAME: VY, O xyy, x88'xy, 88'xx8, & xxyy’8. Bece sty omubku 1-
0 POia ABJIAIOTCS HEPBUYHBIMH.

B npumepe Ha Puc. 10. nexondopmua Ge3onacuas tpacca (8), KoTopas sBIseTCS
nepBUYHOH ommOkoi 2-ro poma. Bce ee Oe3omacHble B crienmuduKaIm
NPOJOKEHUS TAKKe HEKOH()OPMHBI M SBIAIOTCS BTOPHYHBIMH OINMOKAMH 2-TO
poma. AKTyalbHBEIMM OMIMOKAaMH 1-TO poja SABIAIOTCA TPACCHL, 3aJaBacMble
CIENYIOIMMH PETYISPHBIMH BHIPAKEHHAMH:  Vy, O xy, x00'xy, 88 xx8,
8 xxyy 0. U3 HUX TONLKO OIMOKH Yy, Xy, x00'xy M xxXyy O ABIAIOTCA
HEepBHYHLIMH, a OCTalbHble omHMOKH 08 xy, 88 xx8, 88'xxyy'8 sBorcs
BTOPHYHEIMU.

B npumepe Ha Puc. 11. HexonpopMHa Ge3omacHas ITycTas Tpacca, KOTOpas, TeM
CaMbIM, SBIISETCS MEPBUUHON OmMOKOM 2-ro poxa. Bee ocranbHble Ge30macHble B
cnenM(pUKAlME TPacchl SABIAIOTCA BTOPHYHBIMM OINMOKamMu 2-ro poja. Bce
TECTOBBIE, HO OTCYTCTBYIOIIHE B CHELHU(HMKALMH TPACCHI, ABISAIOTCS BTOPUYHBIMH
ommbKkamu 1-ro pona.

Jns cnenudukanmonnoit Tpoiikm T; MHOXecTBa OIpenensieMbIX €10 Tpacc
00o03HaunM (cM. Puc. 13.):

nepeudHsble mecmossvle mpaccol.!

pit (T;) £ (cett(T;) | Vu<o peconf(T;) } = perr (T;) uconf (T;),
6ce oumuoKu:
err (T)) £ 1t (Ty) \conf(T;) = err;(T;)Uerr,(T;),

nepeuuHvle OUUOKIL

perr (T)) £ ptt (Ty) \conf (Ty) = perr, (T;) U perr, (T),
owubku 1-20 pooa:

erry (T;) £ #(T;) \SafeBy (T;),

owubxu 2-20 pooa:

erry (T;) £ SafeBy (T;) \conf (T;),
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nepeuunvle owmuoky 1-20 pooa:
perry (T;) £ erry (T;) ptt (T;) = {ceerr; (T | Yu<oc peconf(T;) },
nepsuuHbie owudKku 2-20 pooa:
perry ('T;) £ erry (T;) nptt (T;) = {ceerr,(T;) | Vu<co peconf(T;) }.
Takxe umeem:
tt (T;) = SafeBy (T;)uUerr; (T;) = err(T;) uconf (T;),
conf(T;) = tt(T;) \err (T;) = SafeBy (T;) \err (T;).
7 @\ =y

" SafeBy .,
0. .‘0
o perr2 A

@=ptt C 1t
zv= SafeBy c tt

=79
.
*

== conf C ptt
oSG N\ - conr csupeny
perrl @:err:tt\conf
(D= errl = 1t\ SafeBy
ptt 7= err2 = SafeBy \ conf
errl err2 @= perr = ptt \ conf = err N ptt
—=perrl = errl N ptt

=

err ~= perr2 = err2 N ptt

Puc. 13.  Mnoowcecmea mpacc

L-owubxoti 6ynem Ha3pIBaTh Takylo TecToByI0 L-Tpaccy, kotopas He sBisieTcs L-
koH(opmHOH. COOTBETCTBYIOIIHE MHOKECTBA 0003HATNM:

nepguynvie mecmogule L-mpaccol:

ptt (T;,L) £ (ocett(T,L) | Vu<o peconf (T, L) } = perr (T;L) uconf (TiL),
sce L-owubru:

err (T, L) £ tt (T, L) \conf (T, L) = err(T;L) Uerr, (T;L),

nepeuunvle L-owubku:

perr (T L) 2 ptt (T, L) \conf (T L) = perr, (T,L) U perr, (T, L),
L-owubxu 1-20 pooa:

err (T,L) £ #(T;L) \SafeBy (T;L),
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L-owubxu 2-20 pooa:

erry(TL) £ SafeBy (T, L) \conf (T;L),

nepsuunvie L-owubku 1-20 pooa:

perry (T,L) 2 err (T;) nptt (TyL) = {oceerr; (T;L) | Vu<oc

peconf (T L) },

nepsuunvie L-owubku 2-20 pooa:

perr; (T;, L) £ err, (T, L) nptt (T;,L) = {ceerr, (T;,L) | Vu<o peconf (T;,L) }.
Taxxe umeeM:

tt (TiL) = SafeBy (T;L)u err; (T;,L) = err(T;L)uconf (T;L),

conf(T;L) = #t(T;L)\err (T;,L) = SafeBy (T;,L) \err (T;L).

Cnemyer 3aMeTHTh, 9YTO pOJ OMMOKA HE SBISETCA WHBAPHAHTOM IIPH
OKBHUBAJICHTHBIX M BIIOKCHHBIX IPEOOPA3OBAHUSAK CICHU(PUKAIIMOHHBIX TPOCK.
Bonee Toro, mpu Takux NpeoOpa3OBaHHUIX MOMKET HE COXPAHATHCS MHOMXKECTBO
AKTyaJbHBIX TECTOBBIX TPacC, TEM CaMbIM HEKOTOPBIC aKTYalbHBIC OINUOKH,
ompeieNiieMble OJHOW CIeNU(UKAIMOHHON TPOWKOH, MOTYT HE OBITh TECTOBBIMH
Tpaccamu (U, CIIeI0BaTENbHO, OMTUOKAMU) JUIS IPYTOH CHISIIU(PUKAITMOHHON TPOWKH.
OnHako TpU Takux MPeoOpa3oBaHMAX TMEPBUYHAs OIMMMOKAa HE MOXKET CTaTh
BTOPHYHONH W HaoOopoT. B cienyromem pasmene Mbl OmpefeniM SKBHBAJCHTHOE
mpeoOpa3oBaHME  IOTOJHEHHsS, KOTOPOE MJaeT BO3MOXKHOCTH  OIPEAETATH
HeaKTyaJbHbIE M HEKOH(QOPMHBIE TPACCHl, TEM CaMBIM IO3BOJISIA OOHAPYKUBATH
omuoKu 2-ro poja.

Eciu ommbka BTOpUYHAS, TO MO ONPEICIICHUI0 HEKOTOPBIM e¢ CTPOruil mpedukc
SIBIIIETCSl TIPBUYIHON OMMUOKOW 2-r0 poza. [1o3ToMy sl MONHOTHI TECTHPOBAHHMS
JIOCTaTOYHO OOHAPYKUBATH MEPBUYHEIE OIMMOKY 1-T0 U 2-TO POJIOB.

TectupoBanne, He OOHapyKuBaroliee OMMOKKM 2-TO  pojga, TO  €CTh
OPUCHTHUPOBAHHOC HA OOHApYXKCHHE OIIMOOK TOJBKO 1-ro poma (He paznuyas
TIEPBUYHBIE ¥ BTOPUIHBIE ONTUOKH) ¢ TeHepalel TeCTOB, OMMMCAHHOM B TIOpa3aese
2.1, OymeM Ha3wsIBaTh mecmuposanuem 1-eo pooa. Tecmuposanuem 2-20 pooa
OyneM Ha3bIBaTh TECTHPOBAHKE, OOHAPYKHUBAIOIIEE TOJIHKO TIEPBUIHBIE ONMTHOKH 1-
TO ¥ 2-TO pofa, 9TO JOCTATOYHO JUIS IOJTHOTHI TECTHPOBAHUS.

HOCKOHLKY poa OIIMOKU HE SIBIISIETCS HWHBAPUAHTOM IMIPpU SKBHUBAJCHTHBIX U
BJIOJKCHHBIX npeo6pa30BaH1/I${x CHGHI/I(i)I/IKaIII/IOHHLIX TPOCK, HC ABJIACTCA TaKUM
VHBAPUAHTOM U THUII TCCTUPOBAHU.

ITonsTHO, YTO OmmMOKa 2-TO poja BIICYET HAJIWYHWE B pealu3alliu KaKohW-HUOYIb
om0k 1-ro poma, HO TECTUPOBAHUE 2-TO POJIa, BOOOIIE TOBOPs, OOHAPYKUBACT
HEKOH(OPMHOCTE OBICTpEE, YeM TeCTUPOBaHUE 1-T0 poja.

st npumepa Ha Puc. 9. npu oOHapyxeHuu Tpacchl (0,x,0) MOKHO 3aKaHYMBATh
TECTUPOBAaHUE C BEPAMKTOM fail, a He pass Kak npu TecTHUpoBaHWM 1-ro poma. st
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npumepa Ha Puc. 10. TecTHpoBaHME MOXHO 3aKOHYUTH €IIE€ DPAaHBINE: IPHU
oOHapyxenun Tpaccel (8). Hakowmewu, st npumepa Ha Puc. 11. TecrupoBaHme
BOOOIIIE M3JIUIIHE, ITOCKOJBKY IycTas Tpacca HEKOH(OPMHA: Takas Tpacca ecTb B
0001 peanu3anud, cieJoBaTelIbHO, UL 3TOW crelu(UKaluu HET KOH(OPMHBIX
peanu3anuil. OTOT HECKOJIBKO KypbE3HbI NpHUMEp IIOKa3bIBA€T, HACKOJIBKO
TIOJIE3HBIM MOXET OKa3aThCsl aHAIN3 HEKOH(GOPMHBIX Tpacc. /s cienupukanny u3
3TOTO IIpUMepa MOJTHOE TECTHPOBaHKE 1-ro ponxa OyaeT OECKOHEYHBIM, MOCKONBKY

UMeeTcsl IUKI [0 AEHCTBUIO y mocie Oe3omacHoil Tpacchl (8,X,x) H, TeM

CaMbIM, MMEETCS OECKOHEYHOE 4YHMCIIO OE€30MacHBIX Tpacc BHaa 00 xxy |
aKTyaJIbHBIX, HO OIMMOOYHBIX (BTOPUYHBIX 1-r0 poja) TECTOBBIX Tpacc BHUIA
33'xxy"8. B TO e BpeMss TeCTMPOBAaHME 2-TO pojAa BOOOWIE HE OYyIET
TIPOBOUTHCH.

OnHako cieyeT OTMETHTh, 9TO JJIsl OOHapy)KeHUs OMMOOK 2-TO pona TpedyeTcs
aHamu3 KOH(GOPMHOCTH O€30MaCHBIX Tpacc CHEHU(BHUKAIMH, YTO MOXET OBITh
HeTpUBHAILHON 3anaueil. Harpumep, ecnu B cienm¢ukanusax Ha Puc. 9., Puc. 10.
Puc. 11. nmepexolpl M0 x W3 COCTOSIHUM 4 U 7 3aMEHSIOTCS Ha IIETIOYKH ePeX010B
0o X JUIMHBL n, TO HeKOH(OPMHOCTH Tpacchl (§,x,0) Ha Puc. 9., Tpaccer (d)
Ha Puc. 10. wmm mycroit Tpaccel Ha Puc. 11. , MoxeT ObITh OOHapyXeHa TOIHKO
nocje aHamusa JIByX Tpacc (§,%,X,...x,y) H (x,0,x,..,%,0) mmubl n+3. Obiee
pelIeHue 3TOM MPOOIIEMBI MBI PACCMOTPHM B CICAYIOIIUX Pa3Jieiax.

IToce ommOku 1-To poma TecT HE MOXKET MPONOKATheS (Jr00asi KHOMKA MOXET
OBITh OTIACHOW B pealiu3allih), TO €CTh JOJDKEH BBIHOCHUTHCS BEPIUKT. VHBIMH
CJIOBaMH, MHOXXECTBO OIMOOK 1-ro poma oOpa3yeT aHTHIIECNh IO OTHOUICHHIO «<»
Ha MHOXECTBe BceX Tpacc. CTpOrocTp TecTa O3HA4YaeT, YTO TPU OOHAPYKCHUU
OIMOKH TECT BRIHOCHUT BepAUKT fail, a He BepaukT pass. [Ipu TectupoBanuu 1-ro
pOJla 3TO SAMHCTBCHHBIN CITydall BRIHCCCHUS BEepAUKTa fail.

IIpu TecTupoBanum 2-r0 pojia BOZMOXKEH JPYTOi CIIydaid, KOTIa Imociie HabIroaeHIs
u KoH(popMHas Oe3omacHas B CrielU(UKAIIMKA Tpacca G CTAHOBHUTCS OE30MaCHOM,

HO HEeKOH(OPMHO# Tpaccoil G-(u), TO eCTh NepBUYHOMN ommOKoi 2-ro posa. [Tocie

TakoW OmMUOKH MOTYT OBITh Oc30macHbple B CHeNU(UKAIUM KHONKH, |
TECTHPOBAHUEC MOXKET MPOJODKAThCs. OMHAKO s MOJHOTH TECTHPOBAaHHUS 3TO
JIUIITHEE, TaK KaK J0as MOJy4YeHHAs IIPU 3TOM Tpacca OyIeT BTOPUIHOMN OIMIMOKOM:
2-ro win 1-ro poxa. [ToaTtoMy OT cTpororo Tecrta 2-ro poja MbI HOTpeOyeM IUis
MEPBUYHBIX OMIMOOK 2-TO poJa BEIHECEHWS BepAWKTa fail, mocie 4Yero TecT
3aKaHIMBACTCS. 3aMETHM, YTO MHOXKECTBO IMEPBUYHBIX OMHUOOK 00pa3yeT aHTHIIETh
10 OTHOIICHHIO «<» Ha MHOYECTBE BCEX TPacC.

Jlnst TecTUpoBaHus 2-TO pojJa MBI, KaK U paHbIlle, MOKEM B JIOOOM 0e301acHOM
TECTE BBIJICIIUTh MAKCUMAITLHBIN (110 BIIOKCHHOCTH) aKTYaJIbHBIN TIOATECT.
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3aMeTuM, 9TO HabOp TECTOB 1-T0 pola, CreHEPUPOBAHHBIN TOIBKO O KOH(POPMHBIM
TpaccaMm CHeIU(PHUKAIUN, TO €CTh OOHAPYKUBAIOIIUN TOJILKO TIEPBUYHBIC ONTHOKH
1-ro poma, BooOme TOBOpsA, HE SBISECTCA TOJHBIM. boylee TOro, CymiecTBYIOT
crienuUKanny, Uisl KOTOPBIX B JIFOO0H 0€30MacHO-TECTHPYEMOH peain3aii HeT
MEPBUYHBIX OMHUOOK 1-r0 poja. ITo WLTIOCTpUpyeTCs mpuMepoM Ha Puc. 11., roe
JUISL Criel(UKAMU UMEETCsl SAMHCTBCHHAS MCPBUYHAS OIIMOKA — IycTas Tpacca,
KOTOpasl SIBISCTCS OMIMOKOH 2-ro poa.

2.7.OnTumMM3aumMa TeCTMpPOBaAHUA Ha OCHOBe  aHanusa
KOH(POPMHOCTMU U aKTyanbHOCTU Tpacc

Xots HabOp BCeX MPUMHUTHUBHBIX TECTOB SBJIIETCS ITOJHBIM, 3TO HE O3HAYAET, YTO HE
CYyIIECTBYET APYT'HX, MEHBIINX, TIOJTHBIX HAOOPOB MPUMUTHBHEIX TECTOB.

OnTumuzanus TECTUPOBaHUS peliaeT JBe 3afaud: 1) ynpolleHHe Ka)KAOro TecTa
yIAJCHHUEM U3 HETO «JIHIIHETO», 2) YMEHBIICHHE TECTOBOTO Habopa yoaJeHHEM M3
HETO «JIHITHUX» TECTOB.

IlepBass 3amaua pemaercs yAal€HHEM U3 TPOrpaMMbl TecTa peakuu Ha
L-HeakTyanbHbIC HAONIOACHUS, TOCKOJIBKY HMX BCE PAaBHO HE MOXET OBITh NP
TECTHPOBaHUM Oe30macHO-TecTUpyeMbix L-peanmusanmii. Ecnu cama Tpacca, mo
KOTOpPOH TreHepupyercs TecT, L-HeakTyambHa, TO TaKOW TECT MOXHO YIAUTh
LIETUKOM, YTO peIIaeT y>ke BTOPYIO 33434y, HO TOJIBKO OTYACTH.

it penreHust BTOPOM 3agadyd MbI MOTJIM OBI HMCIIOJB30BaTh TECTUPOBAHHE 2-TO
pona, ommparomieecs Ha aHAIM3 KOH(POPMHOCTH OC30MACHBIX TPacC HCXOTHOM
cnenupukanuu. TecThl TeHEPUPOBAIKUCH ObI TOJMBKO Mo L-KOHPOPMHBIM Tpaccam
9TOM crierudukanuu. BMecTo 3TOro Mbl OmpenenuM BIOKEHHOE MpeoOpa3oBaHuUe
crienuUKaIlyy, IMOCIe KOTOPOro B HOBOW crnernudukanuu Bce Oe3omacHble L-
Tpaccel OynyT L-koHbopmHBL. )1 3TOH HOBOW cHelM(UKAIN TeCTUpOBaHue 1-T0
1 2-TO poJia COBIAJAOT.

Crnenyer OTMETHUTh, UTO ATO HE PELIAET BTOPYIO 33Jauy IMOJIHOCTBIO, a ABISETCA
TOJIBKO TIEPBBIM, HO HEOOXOIUMBIM, NPHOJIMKEHHEM K ee pelieHHio. JlanpHeimne
BUJIBI ONITUMU3ALNH OYIyT paCCMOTPEHBI B HAIIUX JAJIBHEHIINX paboTax.

3. Tpaccoeoe nononHeHUe mpaccoesol cneyugukayuu

3.1. OnpegeneHue V-Tpacc u V-nonosiHeHus

B noapaznene 0 0bUIO CKa3aHO, YTO OMIMOKA, PO ONIMOKU W THUI TCCTUPOBAHUS HE
SBIISIOTCSI MHBAPUAHTAMH IIPU BIIOKEHHBIX MPE0Opa30BaHUAX CHEIN(UKAITHOHHBIX
tpoek. L-xoryc V (T) COCTOUT U3 TeX U TOJILKO TeX CMEMUPUKAMMOHHBIX TPOCK,
KOTOPBIC OMPEHACIAIOT T€ JKE CaMbIC TECTOBBIC BO3MOXKHOCTH TECTUPOBAHHS IS
knacca L-peanusanuii, uto ucxoanas tpoitka T (To ecTh Tpoek B cemaHTHKax, L-
OKBHUBAJCHTHBIX HCXONHOW CEMaHTHKE), W TMPU OTOM COXPAHSIIOT KJACC
MpHUBEJCHHBIX K andaButy L koHpopMmHBIX L-peanusanuii u He CyXarT KIIacc
npuBeAcHHBIX K anpaButy L Oe3omacHo-TecTupyembix L-peanmzarnuii. Ecnu math
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onpenenenne omubku yepe3 L-konmyc V(T)y, To Takas ommOka Oyner
VHBapUaHTHO.

Ilycth 3amana wucxomnas crenudukanuoHHas tpoiika T=(R/Q.Xsafeby) wu
L=URuUUQ.

V-mecmosoii mpaccou 6yneMm Ha3bpIBaTh NMPHUBEACHHYIO K ayndaBury L TecToByro
L-tpaccy kakoit-HuOyns Tpoiikn u3 L-xomyca V (T)p. V-tecTtoBble Tpacchl
nensares Ha V-owubxu, cpeid KOTOPBIX BBIACIIOTCS nepsuunvie V-owudbxu, u V-
KOHGQhOpMHble mpaccyl B 3aBUCUMOCTH OT TOTO, OMPEICISIOTCS 3TH TPacChl KaKou-
HuOyns Tpoiikon m3 L-konyca V (T)p Kkak omuOK{, NMEPBUYHBIC OIMUOKH WK
Oe3omacHble KoH(pOpMHBIE Tpacchl. llepBuuHble V-ommOkn W V-KOH(POpPMHBIE
Tpaccel O0pa3ylOT MHOXECTBO IIEPBHYHBIX V-TECTOBBIX Tpacc. Baenem
0003HauCHHS IJIs1 BCEX 3TUX MHOXecTB V-Tpacc (cM. Puc. 14.):

A

V-1ecToBBIX: Vit (T) = u{(T,L) 1 TiEeV(T) L}
=Verr(T)u Vconf(T),

V-omn6ox: Verr (T) = Uferr (TyL) I TieV(T) L}
=Vt (T)\ Veonf(T),
nepsuunbix V-omu6ok: Vperr (T) £ U{perr (T;,L) 1 Tie V (T) 1}

{oceVerr (T) | Vu<c pue Veonf (T) },
V-KOH(OPMHBIX: Veonf(T) £ U{conf(TyL) | TieV(T)L}
=U{ (&t (T,L)\err (T;,L) ) I T;EeV (T) .}
=U{ (SafeBy (T;,L) \err (T;,L) )| T;e V(T) 1}
= Vit (T)\Verr (T)
= Vptt (T) \Vperr (T),
nepBuYHBIX V-TecToBBIX:  Vpitt (T) ENV) {ptt (T;,L) 1 T;eV(T) L}
= Vperr (T) UVconf (T)
= {ceV# (T) |[Vu<c pueVeonf(T) }.

Umeem: Vperr (T)cVerr (T), Vptt (T)cVit (T), Vperr (T) "Veonf(T)=0 u
Verr (T) NnVconf (T)=2.

3amedanue 9. MHOXKECTBO TMEPBUYHBIX V-OIIMOOK 00pasyeT aHTHUIEeNh IO
OTHOIICHHUIO «<» Ha MHO)KECTBE BCEX V-TECTOBBIX Tpacc. JleHCTBHTENBHO, BCE

cTtporre TpedUKCH TMEepBUYHONH V-ommOku V-KOHPOPMHBI, a MHOXECTBA
MepBUYHBIX V-0mHO0K 1 V-KOH()OPMHBIX Tpacc He MepeceKaoTCs.
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Vit @ =Vt
@=VNptt ¢ Vit
Vperr ~=Veconf < Vptt

@E=Verr = Vtt \ Vconf
@ = Vperr = Vptt \ Vconf

/ f

Verr Vptt

Puc. 14. Mmnoowcecmea V-mpacc

MHoxecTBO V-KOH(QOPMHBIX Tpacc COBIMAAAaeT ¢ MHOXXECTBOM KOH(MOPMHBIX V-

TECTOBBIX Tpacc.
JeiicTBUTENBHO, €CIU Tpacca Gy, V-KOH(QOPMHA, TO OHa V-TecToBas, HO HE V-
omuOKa, TO €CTh Ui HEKOTOpPOW Tpouku u3 L-koHyca Tpacca G SBISIETCS
TECTOBOM, HO He ommOouHOW L-Tpaccoi, To ecth kKoH(pOpMHONH TecToBOW L-
Tpaccol, a Torma Tpacca Oy KoHpopMmHas V-tectoBas Tpacca. Ecim V-
TecToBas Tpacca Oy, KoH(OpMHA, TO Tpacca G HE MOXKET OBITh ONTUOKOW HU
Ul KakoW Tpouku u3 L-kKoHyca, TO ecTh Tpacca ©Op HE TPHHAIJICKUT
Verr (T), cnenoBarensHo, npuHamnexut Veonf (T), a torma tpacca o V-
KoH(OpMHA.

Bynem rosoputs, uro Habmonenue V-xongopmuo nocie V-koHpopMHOI Tpacchl,
€CIIM Tpacca, MPOI0JDKEHHAsS 9THM HaOIoieHHeM, ocraercst V-KoHpOpMHOIi.

Crnemndurannonnyo Tpoiiky  Tij= (Ri/Q;.X;,safe by;) Oymem HaspBath V-
nononnenuem Tpoiiku T, eciy BHITIONHEHBI CIIEAYIONINE YCIOBHS:

1) cemantuku L-skBuBanentasl Ry/Q; =1, R/Q;

2) TiEeV(T) w1

3) Bce mpuseneHHsle K andasuty L Oesomacusle L-Tpaccel, onpexaensemble

tpoiikoit T;, V-xoudopmusr: SafeBy (T;,L), < Vconf(T).

[IpeobpazoBanne T — T; Oyzmem HazbBaTh npeobpaszosaruem V-nonoiHeHus.
(umm pocto V-nonoanenuem tam, Te 3TO HE IPOBOAUT K KOH(IMKTAM).

Teopema 3: O cBoiictBax V-momonnenusi. V-mononnenue T; oOmanmaer
CIIEAYIOIIUMHU CBONCTBAMM:

1) Bce L-ommbku, ompenensembie Tpoiikoir T, sBmstorcs mnepBudnble L-
omubkamu 1-ro pona: err (TiL); = perr (T;L) .
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2) Bce npuBeneHHble K andasuty L L-ommbku, ompenensiembie Tpoiikoit Tj,
SBIISAIOTCSI IepBUYIHBIMU V-ommmOkamu: err (T, L), < Vperr (T);

3) Bce nmpuBeneHHBIC K andaButy L TectoBble L-Tpacchl, onpenaenseMble TPOHKOM
T;, sBnstoTest nepBuuHbIME V-TecToBEIME Tpaccamu: # (Ti,L), < Vptt (T).
JoxkasarenscTBo cM. Ha cTp.107

Teopema 4: O cymecTtBoBaHUH V-TIONMOJHEHHS. V-TIOMOJHCHUE HE CYNIECTBYET,
ecnu Ut ucXoHou Tporiku T HeT KOHPOPMHBIX peau3aIiuil.

JoxazarenbctBo cM. Ha cTp.108
Besomnacubie Tpacchl V-IOMOTHEHUS IO ONPEICICHUI0 KOHPOPMHBL. 3aMETHM, YTO
OMacHbIC TPAcChl V-MOMOJIHCHMsI He 00s3aTeibHO KOH(OpMHEL bonee Toro, B

HEKOTOPBIX CIy4asX J00oe V-IOMOJHEHHUE COACPKUT HEKOH(QOPMHBIC OMACHBIC
Tpacchl (HIxke Teopema 7).

V-nononHenue Ti 6y;[eM Ha3bIBaTh MAKCUMATIbHbIM, €CIIA BMCCTO BJIOKCHHOCTH
HUMECT MECTO PaBCHCTBO:

1) mMHOecTBO mpuBeaAeHHBIX K andaBury L OesomacHeix  L-Tpacc,
onpenensieMbix Tpoiikoi Tj, coBmagaer ¢ MHOkeCTBOM V-KOH()OPMHBIX Tpacc:

SafeBy (T;,L) . = Vconf(T);

2) MHOXECTBO mTpuBeleHHBIX K andasury L L-ommbox 1-ro pona,
omnpezensemMbix Tpolikoi T, coBnagaer ¢ MHOKECTBOM IEPBHYHBIX V-0OIIHOOK:
erry (T;,L), = Vperr(T);

3) MHOXECTBO NpHBEIEHHBIX K andaButy L TecToBBIX L-Tpacc, onpenenseMprx
tpoiikoit Tj, coBnamaer c MHOKECTBOM NMEPBUYHBIX V-TECTOBBIX Tpacc:
tt(TyL)y, = Vptt(T).

OueBugHO, 4YTO It TPEX YCIOBUH MaKCUMAaJbHOIO V-IIONOJHEHUS KaXKaoe

SBIISICTCS CIIEACTBHEM JIBYX JIPYTHX.

Hama eJb — IOCTPOUTHh MaKCUMAaJIbHOC V-nononueHnue.

3.2. Mpobnema V-nononHeHns 6e3 U3MeHEeHUs1 CEMaHTUKN

[Ipexne Bcero, mokakeM, YTO B OOINEM CIydae HE CYIIECTBYET V-IIONOJTHEHHS B
ToH ke cemaHTuke. [ 3TOoro paccMorpuM mpumep Ha Puc. 15. cnesa. 3xecs B
LTS S¢ mnepexon mo peakuuu y BeAeT B HauanbHoe cocTosiHMe LTS Sg,
coBMaaromei co cnenudukanuei n3 npuMepa va Puc. 11. .

Teopema 5: O V-momo.iHeHWH B TOif ke cemaHTHke. /i1 crernUKaMOHHON
tpoiikn Te= (R/Q,Xq,safe by) B npumepe Ha Puc. 15. cymecTByloT KOHDOpPMHBIE
peann3aiyy, HO He CYIIECTBYET V-IIONOIHEHUS B TON K€ CEMAaHTHKE.

JoxazarenbcTBO cM. Ha cTp.108
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I

5

Se

O% |
X
X
L‘:{lela}

I

L={x,y}

0

I,
R={6,J},rne d={y} R'={du{a}, D}, rne d={y}
Q=1{{x}} 130—@ Q=Q={{x}}

I,

safe by = safein
26=F (Se)
Te= (R/Q,2Z¢.safe by)

Y { ) safe by" = safein
" Ze =F(S¢")

Te'=(R/Q".Z¢" ,safe by")

Puc. 15. Omcymcemeue V-nononuenus 6 mou dce cemManmuxe
U onacHvle HeKOHGopMHbIe mpacchl V-nonoanenus

DTy TeopeMy MOKHO YCHIIUTD.
Teopema 6: O cemaHTHUKAX M V-NONOJTHEHHAX B ITHX ceMaHTHKAaX. J[71s1 mo0oit
cemanTku R/Q, B xoTtopoii 1) ecTh X0oTs Obl iBe R-KHOMKK R #R, U 2) XOTS OBI
omHa Q-kHOmKa Q, paspemaromas AeHCTBHE x¢ R;UR,, CYIIECTBYET TaKas
cnemudukanonnas tpoiika T=(R/Q.Xsafe by), nnsi KOTOpOH CyYIIECTBYIOT
KOH(OPMHBIE peai3aliii, HO He CYIIEeCTBYET V-TIOTOTHEHHS B TOH K€ CEMaHTHUKE.
Joka3arenscTBo cM. Ha cTp.110
3aMeTUM, YTO 3TH YCJIOBHUS HE BBIMOJIHICTCSA JUII CEMAHTHKH OTHOIICHUS I0CO:
XOTS KOKIBI CTUMYJI X pa3pemaeTcs eIMHCTBEHHOW Q-KHOMKOH {x}, TO €cTh
BBIMOJTHSACTCS YCJIOBHE 2, HO HMMEETCS TOJNBKO onHa R-kHOmMKa mpuema Bcex
peakuuil, TO ecTb He BbINOJHsETCS YycioBue 1. U pgeiictButensHO, AN i0co-
CEMaHTHKH YJAeTCs MOCTPOUTH V-TIOTIOTHEHHE 0e3 N3MEHEHHUSI CEMaHTHKH [24].
B crnenyromeli TeopeMe OymeT Aoka3aHO, YTO IS MpuUMepa Crenu(puKarmOHHON
tpoiiku T ma Puc. 15. cuneBa B V-momosnmennn T , m3o0pakeHHOM crpasa,
cymiecTByeT omacHas Ttpacca (J,x,Y), He BCTpedaromascs B KOH(GOPMHBIX

peanmsanusx. bonee Toro, OyneT mokasaHo, 4TO Takas Tpacca UMeercs B jrodom V-
TIOTIONTHEHUH JUTs crienuKanuonHo Tporiku T.

Teopema 7: O HekOH(OPMHBIX ONMACHBIX Tpaccax V-nononaHenus. CymecTByeT
Takas CHCHU(UKAIIMOHHAS TPOWKA, JUIsl KOTOPOH CYIIECTBYIOT KOH(GOPMHEIC
peammzanui, HO B JIOO0OM V-TIONOJIHEHWH €CTh OIACHBIE TPacchl, HE
BCTpPEYAOIIHECS B KOHQOPMHBIX peau3aliusx.

JloxazatenbcTBO cM. Ha cTp.110
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3.3. Onepauus i". AKTyanbHOCTb Tpacc

ITycth 3amana R/Q-cemantmka. OmpenenuM oreparnuio BCTaBKH oTKaza ReER B
Tpaccy O=W-A MoOcCiie Tpaccsl |l TpPH YCIOBHH, YTO Tpacca |l 3aKaHIMBACTCS
OTKa30M, a Bce AeiCTBUA U3 R 3ampelieHbl MOCTHUKCOM OTKa30B Tpacchl [

eCd Pog (W) € & RCUIp (L), 10 WA—i"—>U-(R)-A.

Kak 06I)I‘IHO, Mbl MOXEM ONPCACIUTh 3aMbIKAHHEC TpacChl G KaK IO HOBOI1

omepanuu %, Tak M 1O HaOOpy omepanui, BKIIOYAIONMX OJTy OIEpalny.
Hanpumep, i"(c), di"(c). 3amerum, 4TO, B OTIMYHE OT omepanuu i (C)
omepanysi i~ (G) HE 3aBHCUT OT MHOXECTBA TPACC, a TOINBKO OT CAMOH TPaccel ©.
OueBUIHO, YTO i” (G) Ci(G) U p,drt (C) Cp.di” (6) Cp,di ().

OmnpenenuM Uit cOriacoBaHHOM M jpomyctuMoil R-tpaccel 6 B andasure L
(nmocnenosarenbHocT B andasure LURU{A,y}) L-mozens, Tpacckl KOTOpOil —
9TO BCe JOMYCTHUMBIC COIJIACOBAHHBIE Tpacchl BHOa |'A, rme Tpacca
UEp,di” (G ), Tpacca G TMOIy9daeTcs W3 TPAcChl G BCTAaBKOM IyCTOTO OTKaza
rnocie Kaxnaoro mnpedukca Tpacchl O, KOTOPhIH HE 3aKaHUMBAaeTCsl M He
[POIOJDKACTCS B PaMKaX © OTKa3aMH, a Tpacca A HE COIEPXKUT HEMyCTBIX

0TKa30B, To ecth A€ (LU{D}) ", n mubo mycta, mubo (A (1) )gp,di" ().
Mel onpenenum Takyro Monens kak LTS-momens I (o) (cm. Puc. 16. ). Ilycts
noarpacca L-neiicTBuil Tpaccel G MMEET AJIMHY N, TO €CTh n= | olL |.
Cocrostussmu LTS I (0) Oynyr Bce npedukcsl moarpacchl L-nelicTBuii Tpacchl
O, TO €CTh TPAcChl BHAa G~*, Te i=0..n, a TaKXKe JONOJIHATENBHOE COCTOSHHE L.

B kaxgoMm cocrossHUU G/\i, KpOME TIOCJICTHETO COCTOSIHUS G°, TIpOBeIeM
CIIEYIOIINE TIEPEXOBI:
mepexon B credylomee cocTosHme o' mo  cmemyromemy IeHCTBHIO
G (i+1);
Mmepexoa B COCTOSHME ¢TI0 KaxaomMy apyromy L-geiictBuio z, He
3ampemaeMoMy TOCT(HKCOM OTKa30B TPacChl G, TO €CThb MO KakKIOMY
neiicteuio ze (L\{c6” (i+1) })\ulp (c%).
B nocnemnem cocrostHuM 6" MPOBEAEM CICAYIONIHE TEPEXOIbI:
nepexoa B COCTOsiHME ¢ 1o Kaxaomy L-neificTBuio z, He 3ampenaeMomy

MOCTPUKCOM OTKa30B Tpacchl G° TpH YCIOBHHM, 4YTO Tpacca G He
3aKaHYMBAETCS JUBEPreHIUeH HIIH Pa3pyLICHUEM;

MEPEXO-TIETIII0 10 T, €CJIM Tpacca G 3aKaHUYMBACTCS AMBEPICHIHEH;

? (Ionmas) Tpacca G He obs3aTeNbHO ABNAETCA R-Tpaccoii, HO omepauus i~ BCTaBjseT TONBbKO R-
otkassl. Eciu -Tpacca, To onepanus i~ mopoxzaaeT Toxe R-tpaccy.
E ¢ R R
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ICPEXOA-IICTIIO IO 7Y, €CJIM TpacCa O 3aKaHYMBACTCs PA3pyLICHHUCM.

T0 rapaHTHUPYET HANMYHE B KAXKIOM COCTOSHHH G BCEX OTKA30B, BIOKCHHEIX B
Ulp (6'), m TOmbKO TakMX OTKa3oB. Kpome Toro, ecnmu Tpacca G- He
3aKAHYMBAETCS OTKA30M, B COCTOSIHMM G * peanusyercs TONbKO MyCTOH OTKA3.

B cocrostanm ¢ mpoBeneM mepexobI-TIeTIH Mo BeeM neiicTBusaM u3 L.

G = PoZ1P122P222P3Zn-1Pn-12nPn
un G = PoZi1P1Z2P222P3.Zn-1Pn-12nY
un G = PoZ1P1Z2P222P3 Zn-1Pn-12ZnA
rne z;ell, piERik ecruc (|o])=y

Z1 Z; Zn-1

zel
ZFZy
zgUlm (p,-;)

zeL
Z#Z,
zegulm (p;)

zeL
Z#EZq
zeulm (pg)

ecruc (o) e&{A,y}

Puc. 16. [locmpoenue modenu I (0) no mpacce ©

dopmasibHO MHOXKECTBO mepexonoB LTS I (G) ompeaesnsieTcss Kak HaUMEHBIIEE
MHOXECTBO Tpacc, MOPOKAAEMOE CIECAYIONIMMHU TpaBUiaMd BbiBoga: Vi=0..n
VzeL

i<n F 6% 07 (i+1) 0N,
i<n & zeUlp (6') & z#06" (i+1) F ori—z—t,

|6”|=n & ze¢Ulp (c") F o~t—z—t,

|6M|#n & ©” (n+l)=A + o~"'—a—0o"",

|c"|#n & 6" (n+l)=y F o""—y—oc"n.

3ameTnM, 4TO |G |#n TOrHa W TOJHKO TOTJA, KOTJa Tpacca G 3aKaHIMBACTCS
JMBEpreHImeii uin paspymenneM (mockonsky n=|cdL|). B aTom ciaydae Tpacca
G” uMeeT IIMHY n+1 U TOXKe 3aKaHUMBAETCS AUBEPreHIMEH WU pa3pyLICHUEM.
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Jlemma 1: JInst Toro, 4ToOBI Jir00ast MOJENb BMECTE C TPaccod G couepraia u
Tpaccy W, HEOOXOIMMO M JOCTaTOYHO, YTOOBI Tpacca | Oblna p,.di”-moarpaccoit
Tpaccel G, TO ecTh WEp, di” (C).

JoxkazaTtenbcTBO cM. Ha cTp.111
Hccnenyem Bompoc 00 L-akTyanbHOCTH TECTOBBIX Tpacc.
Jlemma 2: Jlns aroboit tpoitku  Ti= (Ry/Q;,Xi.safe by;) , cemantuka koropou L-
JKBHBAaJICHTHA ceMaHThKe ucxonHoi tporiku T= (R/Q,Xsafe by), nycras Tpacca
L-aktyanpHa.

JlokxazaTenbcTBO cM. Ha cTp. 114
Jnst  nanpHeWniero HaM ToHamoOuTcs MomudukanupoanHass LTS I (o),
KOTOpylo obOo3HaumM I, (G) (Puc. 17. ). Monmuduxamnms 3akiovacTcs B
CHeMyIOmEM: B KaXIOM COCTOSHMM G”', rge i<n, yJaauM BCE HEPEXOJbI,
BelyIlHE B COCTOSHHE £, M N00aBUM Iepexoj O~ —7T—t, eco Tpacca G- He
3aKaH4YMBAaeTCs OTKa30M. OYeBHAHO, 4YTO mocie TakoW wmomupukamuu B LTS
I,(0C) B KaXIOM COCTOSHUU 6~' 3aKaHYMBAIOTCS TOJNBKO Tpacchl U3 dai” (Gi) ,a
Tpacca G COXpaHSETCs.

2eL G = PoZ1P1Z2P2Z2P3Zn-1Pn-1ZnPn
um G = Poz1P122P222P3Zn-1Pn-12n7Y
wi G = Poz1P122P2Z2P3- Zn-1Pn-1 Zn A
- rre zieLl, pieR;
eciu eciu eciu eciu
Im (p,) =0 Im(p,) =2 Im(p, .)=0 Im (p,) =0 eciu
c(lol)=y
eciu
c(lol)=A
zeli (2} zeL\(z:}) zeLl\(z,) zeL
zeVlm (po) zgUlm (p,) zeUlm (p,-,) zgUlm (p,)
ecnu ecnu ecnu ecnu
Im (p,) #2 Im (p,) #D Im (p._,)#D c(lol) eg{A,v}
u Im(p,) =D
zel

Puc. 17. [locmpoenue modenu I; (C) no mpacce ©

Teopema 8: L-akTyanabHble HA0JII0/IeHH. ITycts 3a/1aHa Tpoiika
Ti= (R/Q;,X;,safe by;) , cemanTika K0TOpoil L-3KBHBaNCHTHA CEMAHTUKE UCXOIHOM
TPOMKH T=(R/Q,Xsafe by). Jna toro, uroOb HaOmomenue ue LUR,,
6e3omacHoe nocie L-akTyanpHON Oe3omacHO#l Tpaccel G, 0bUIO L-akTyanbHBIM,
HEOO0XOIUMO M JO0CTATOYHO, 4TOOBI KOO 1) HaOmogeHHe u OBLIO ACHCTBHEM,
OCTABISIFOIMM TPaccy O-(u) COINacoBaHHOM, To ecTh ug Ulp (0), mubo 2) it
T; HaGmiogeHue u ObIO Rj-0TKa3oMm, m Kaxknaas kHomka Qe€(Q; Takas, 4TO
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QrLcupwUIp (61,) , omacHa mociie Kaxaon 6e3onmacHoit L-Tpaccer W, mist KOTopoi
WnLe dai” (oL <UL> ).

JlokxazaTenbcTBO cM. Ha cTp.114

3.4. ~Tpacchbl

V-tpaccer (V-TecToBble Tpacchl, V-omHOKH 1 T.1.) B oapa3zzaene 3.1 onpeaensorcs
gepe3 L-xonyc V (T)y. B aTom noapasmene Mbl 1aguM cHadana KOHCTPYKTHBHOE
OIlpeZieJIeHNe Tpacc, KOTOpble MBI Oy/leM Has3bIBaTh ~TpaccaMH, 4epe3 TPacchl
HCXOJHOM cnenn@ukannoHHoi Tpoiiku T u B cieayromux nojapasenax noKaxeMm
CBsI3b V-Tpacc W ~Tpacc, ONpeieNIMM ~IIOII0JIHEHHE Ha OCHOBE ~Tpacc, U aanee V-
TIOTIOJTHEHHE Ha OCHOBE ~IOIOJIHEHHSI.

Jnst 3amanHON cnenudukauoHHoi Tpoliku T ~b6e3onacuvimu 1ocie Tpacchl ©
OyneM Ha3bIBaTh:

Q-kHoOmKy Q€ Q, eciu oHa Oe30MacHa Mociie HeKOTOPOH di™-MOTPACCHI TPACCHI
C, 6e30macHoil B crieruUKanuu:

Q safe~by T after c = 3Fuedi” () NSafeBy (X) Q safe by T after |;

mycroid R-oTkas, ecnmu e R u mycToit oTka3 6e3omaceH mocie HeKoTopoi di”-
MOJTPAcCHl Tpacchl G, Oe30macHoi B crienuduKamm:

@ safe~by X after c = Juedi” (c) NSafeBy (L) O safe by X after ;

neiictBue ze€ L, ecinu oHO Ge30MacHO Mocie HEKOTOpOoH di”-NOATPACCH! TPACCHI
o, O6e30macHOl B CHIeTMUKAIINH:
A

z safe~by X after c = Juedi” (6) NSafeBy (X) =z safe by X after |,

uemycroii R-otkaz Re R\{J}, ecnu kaxoe ero aeiicTeue ~6e30MacHo:

R safe~by L after 6 = VzeR z safe~by L after G;

R-kHonky ReR, ecnu ~6e3omnacen otkas R.
3amerum, yto myctoii R-oTka3z Oe3omaceH mociie 0€30MacHOW TpacChl TOTAA H
TOJILKO TOT/Ia, KOT/Ia 3Ta Tpacca He MPOJ0DKACTCS JUBEPTCHIUCH.
Jlnst 3amaHHOl crienuUKAIMOHHON Tpoiiku HaOmoneHue (nericteue wim R-oTka3z)
OyneM Ha3bIBaTh ~ONACHLIM TIOCIIE TPACCHl G, €CIIM OHO HE SBISAETCS ~De30NaACHbIM

mocue Tpaccel ©. Tarke OyaeM cuUWTaTh, YTO pa3pylIeHHE W JHUBEPTEHITHSL
~OMACHEI MOCIIe IFO0O0H TPaCcCHI.
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Jlemma 3: ~6esonacnocms nocie omkaza. YPeRUQ VReR Vi VA
(P safe~by L after ¢-L = P safe~by L after x-(R)-A).
Joka3zarenbcTBoO cM. Ha cTp.116

OO6parHas UMIUTHKaIusi, BooOIe roBopsi, He BepHa. [Ipumep Ha Puc. 18. .

L={x,y}, R={{y}}, Q={{x}}
safe by = safein

{x} safe~by F (S) Z after ¢
{x} safe~by F (S) after ({y})

Puc. 18. Ilpumep P safe~by Xafter x-(R)-A = P safe~by Xafter kA

Jnst 3amanHoi crienmukanmonHoi Tpodiku T R-Tpaccy © OyneM Ha3bIBaTh
~mecmoeotl, ECIN

1) mycras Tpacca 6e3omacua s T, u

2) KaxKIbIi CHUMBOJI Tpacchl ~0e30macex nocie HETIOCPEICTBEHHO
MPEIIIECTBYIONIEro eMy npedukca.

N3 ostoro cnemyer, 4YTO ~TeCTOBasi Tpacca HE COAEPKHUT [AUBEPICHLUHH U
paspymeHus. Takke W3 OINpeNeslieHNs] HEMOCPEACTBEHHO CleAyeT NpeduKc-
3aMKHYTOCTh MHOYKECTBA ~TE€CTOBBIX TPacC.

OnpenenyiM HEOOXOAUMBIC YCIOBUS TPONOJDKEHUS V-KOHPOPMHOHW Tpaccel V-
KOH(pOPMHBIM HaOJIOJICHHEM (J0KA3aTEILCTBO HEOOXOIUMOCTH CM. HHXKE JICMMY
6). Jlns 3amanHOl crienn()UKAIIMOHHOW TPOHKH ~KOHGDOPMHbIMU TIOCTE ~TECTOBOM

tpaccel o€ (LUR) ™ Oynem Ha3bIBaTh:

1) ~6e3zomacHoe neiictBue ze€ L, eciy BHIOJHEHBI ABa JONOIHUTEIBHBIX YCIOBUS
~KOH(OPMHOCTH:

a) Z HE€ 3anpeuacTcsa HOCT(i)I/IKCOM OTKa30B TpacCcChl,

b) kaxmas OeszomacHas di”-moATpacca, TMOCie KOTOpoH =z 0e30macHo, UM
MPOIOIIKACTCS:

z ~confX after 6 =  z safe~by ¥ after ¢

& zeUlp (o)
& Vuedi® (6) NSafeBy (X)

(z safe by L after u. = n-(z)eX);
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2) ~6esomacubiii Hemyctoii R-otkaz ReR\{J}, ecnu BbINONHEHBI JBa
JIOTIOJTHUTEIIBHBIX YCIOBUS ~KOH()OPMHOCTH:

a) Kaxmas Q-KHOTIKA, BCe ACWCTBHSA KOTOPOH 3aIperieHbl MOCTHUKCOM OTKa30B

Tpaccel G-(R), omacHa Mocie Kaxkaoi OesomacHoil di”-moArpacchl TPacchl
o(R),
b) mna xaxkzporo R-oTkasa, Bce IEHCTBUS KOTOPOro 3alpelleHbl MOCTHUKCOM

0TKa30B Tpacchl O-(R), Kaxnas OesomacHas di”-moprpacca Tpaccsl G-(R),

MOCJIC KOTOPOM 3TOT 0TKa3 0e30MMaceH, UM MPOJIOKACTCS:

R ~conf X afterc = R safe~by X after ¢

& VQeQ Vuedi” (6-(R)) NSafeBy (X)
(oculp (6-(R)) = Qsafe-by X after 1)
& VPeR Vyuedi” (6-(R)) NSafeBy (X)

(Ppculp (6-(R)) & P safe by T afterp = W-(P)eX);
3) ~0e3omacHblil MycTOH OTKa3:
@ ~conf T after 6 = O safe~by X after G.
Jns 3apanHoit cneumdukanuonnoi tpoiiku T R-tpaccy © Oynem Ha3bIBaTh
~KOHpOPMHOLUL, eCITU
1) mycras Tpacca 6e3onacha st T, u

2) kaxnoe HaOmIoeHWE B Tpacce ~KOH(GOPMHO TIOCIE HENOCPEICTBEHHO
MIPEIIIECTBYIONIET0 eMy peduKca TPacchl.

W3 ompeneneHuss HENMOCPEACTBEHHO CIEAYET MpeduKc-3aMKHYTOCTH MHOXKECTBA

~KOH(OPMHBIX Tpacc.

ITockonbKy yCIOBHS ~KOH(GOPMHOCTH HAONIONCHHS IOCIE TPACCHl BKIIIOYAIOT
yCIIOBHUSL ~0€30MMaCHOCTH HAOMIONCHNUS, ~KOHPOPMHAs Tpacca SIBISIETCS ~TECTOBOH.
ITepBu4HOI ~TeCTOBOW Tpaccoi OyJeM Ha3bIBaTh ~TECTOBYIO TPACCy, BCE CTPOTHE
npe(UKChl KOTOPOH ~KOH()OPMHBI.

Beeaem 0603HaueHUS 7151 BCEX MHOXKECTB ~Tpacc:

~TECTOBBIX: ~tt (T),

~KOH()OPMHBIX: ~conf (T),

~OIINOO0K: ~err (T) £ ~#t(T) \~conf (T),

TIEPBUYHBIX ~OITHOOK: ~perr (T) £ {ce~err (T) | Vu<c pe~conf(T)},
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MEePBUYHBIX ~TE€CTOBBIX: ~pit (T) £ ~perr (T) U~conf (T)

= {oce~tt(T) |Vu<c pe~conf(T) }.

OTH MHOXXECTBa ~Tpacc u300paxeHsl Ha Puc. 19. , xoropslii coBnagaer ¢ Puc. 14.
TIPH 3aMEHE CUMBOJIOB “‘~"¢>*“V”’,

@ =~
E=~ptt C ~tt
a=~conf c ~ptt

=~err = ~tt \ ~conf

@ =~perr = ~ptt \ ~conf

Puc. 19. Mnoowcecmea ~mpacc

Jlemma 4: Voe ~conf (T) VPeR (Ip (6)#J & PcUIp (G) = P ~conf L after G) .
Jloka3zarenbcTBO cM. Ha cTp.116

B aroit nemme ycimosue Ip (0)# Tpebyercst mist ciydass P=J, Tak KaKk HHa4e
9TO YCJIOBHUE CIIEAYET U3 APyroro ycinosus PcUIp (C).

Jlemma 5: [Ina mo6oit mcxonHo# cnemudukanuu: 1) Kaxmas TecToBas Tpacca
~TecToBas, 2) Oe3omacHas Tpacca ~KOH(POpPMHA TOTJa W TOJILKO TOTa, KOTJa OHa

aKkTyanbHa, 3) Kaxuas omubka 1-ro poga 6-(u) He ~koHGOpPMHA.

Joka3arenscTBo cM. Ha cTp.119
CooTHomienne V-tpacc W ~Tpacc OTpakaeT CJICAYyIOLIee YTBEpPXKICHUE
(He00XOMMOCTh YCIIOBUiT ~KOH(DOPMHOCTH 1151 V-KOH(POPMHOCTH).
Jlemma 6: 1) Vptt (T)c ~ptt (T) u2) Veonf(T)c ~conf(T).

Jloka3arenbcTBO cM. Ha cTp.122

3.5. ~[MlononHeHune

Bynem wHaswBath ~nononnenuem tpouky Ti= (Ry/Q;X;safe by;) =, T B L-
DKBMBAJICHTHON  CEMaHTHKE R/Q; = R/Q, nans KoOTOpoH  MHOXECTBO
npuBecHHbIX K andaBury L Oe3omacHbix L-Tpacc coBmagaeT ¢ MHOMXKXECTBOM
~KOH(OPMHBIX Tpacc, a MHOXKECTBO TpUBEIAeHHBIX K andaButy L TtectoBwx L-
Tpacc — C MHOJKECTBOM TIEPBHYHBIX ~TE€CTOBBIX TPACC:

SafeBy (T;, L) =~conf(T) wu tt(T;L) =~ptt(T).
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Teopema 9: OcHoBHOe  cBoiicTBO  ~momoJHeHus. Eciu  cymectByer
~nonionnHenne Tj, To conf (Ti,L)y, = Vconf(T) wu perr (T;L), = Vperr(T).

Joka3zarenscTBO cM. Ha cTp.129
B »stom mompazmene Mbl  onpenenuM — L-dKBUBAJCHTHYK)  CEMAaHTUKY
R/Q" ~, R/Q wu mnocrpoum -~nomonuenne T =(R¥/Q" X" safe,), a B
CJICAYIOIIEM MOJpa3/ielic TTOKaXEeM, YTO eClId yIaiuTh u3 X~ Bce Oe3omacHbie L-
Tpacchl, He sBistonuecs: L-KOHPOPMHBIMH, TO TMOJYIUTCS V-TIOMOTHEHUE.

Pacmiupum andaBur L HOBBIMH NEHWCTBUAMH: UISI Kaxaod kHomkn PeRuUQ
J100aBUM JICHCTBHUE, Ha3bIBacMOE He-omKka3 P W 0o003Hauaemoe kak £. Besne, rae
MBI OyJIeM HCIIONIb30BaTh 0003HaUCHHE £, MBI Oy/IeM UMEeTh B BUaY, uTo Pe RUQ.
[peanonaraercs, uyro VABERUQ A#B = A#B. B KakxIyl0 KHOIKY
PeRUQ goGaBngercs He-oTkaz 2. (O003HAYMM KHOMNKH C HE-OTKa3aMH,
PACIIMPEHHYI0 CEMAHTHKY (CEeMEWCTBA KHOIOK C HE-OTKa3aMHU) M PACIIUPEHHBIN
andasur: VPeRUQ P' £ pPu{R}, R* £ (rR*|ReR}, Q' £ {0"|0eQ},
L* £ L U {2|pPeRUQ}.

Ouepunno, utro R*/Q* = R/Q. 3amerum, uto orobpaxenue «'» mma kHOMOK

ABJIAETCA B3aMMHO-OHO3HAuHbIM. J{na L-peiicTuii onpenenum otobpaxkenue «*»

# A

Kak ToxaecTBeHHoe: Vzel =z z.

Tpaccy, nmonyuennyto u3 R-Tpaccbl G, He 3aKkaHUMBAIOUIECS OUBEpPreHUued u
paspylieHueM, M00aBJICHHEM B KaXKIbld BCTpedaromuiics B Hel oTrka3 ReR

COOTBETCTBYIOILETO HE-0TKAa3a, TO €CTh 3aMeHol R Ha R*, Gyngem o6os3mauats G*.

®opmansio ais o€ (LUR) ™ 6 £ (6(i)*|i=1..|c]). Besne, rue Mbl 6yaem

0003HauaTh Tpaccy Kak G, MbI OyeM UMeTh B BHAY, uTo Tpacca o€ (LUR) ™ u
SBIISICTCS.  COTJIACOBAaHHON Tpaccod. OHa Takke JOMyCTUMA, IIOCKOIBKY HE

COZIEPKMT JMBEPreHLMM M paspylieHus. PacnpocTpaHuM otoOpaxkenue «'» Ha

* N
muokectBo Tpacc Nc(LUR)™: N* 2 (6*|c6eN}, pesympratoMm Takoro
OTOOpaXKeHMsI SABISETCS MHOXKECTBO TpacC. Jms Tpacc M MHOMKECTB Tpacc
oTobpasxenue «'» HHBEKTHBHO.

OueBugro, urto L™ = UR'UUQ* u R*NQ*=D, 1o ectb MBI MOXEM
paccmarpuath R*/Q*-cemantuky nnist andasura L.

Taxoke 0O4EeBHIHO, YTO OTOOPAKEHHUE «p» 0OPATHO K 0TOOpakeHHI0 «*» 1 KHOMOK,
ceMeHCTBa KHOTIOK, TPacC 1 MHOYKECTBA Tpaccm:

P#szv R#LzRv Q#LzQ’ G#L:G’ N#LzN'

1% Orobpaxenne «,» 06paTHO K OTOOPAXKEHHIO «'» TONBKO HA OBIACTH 3HAUEHHH OTOOPAKEHHS «'»,

KOTOPOE€ ABJIACTCA IOAMHOXKECTBOM obnacti OnpeacICHUA 0T06pa)KCHI/I$( «L».
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~ghunanvioti mpaccoii GyjeM Ha3bIBaTh Tpaccy G', rae © ~KoH(pOpMHas Tpacca,
a TaKKe €€ IPOJOJDKEHHS HEe-OTKa3oM £, 3a KOTOpbIM ciexyer Jmbo 1)
JVBEPTeHINs, €CIIM KHOTIKa P ~0e30macHa U He Bce JCHCTBHA M3 P 3alpeleHs
MOCT(GHUKCOM OTKa30B TPAacChl WM ITOT MOCTPUKC SBISIETCS IIyCTOW Tpaccoil (3To
BaXHO i1 P=J), 100 2) paspylieHue, eClid KHOIMKa P ~omacHa. Eciam ke
KHONKa P  ~0e3omacHa, HO BCE [ICHCTBMA M3 P 3ampelieHbl HemyCcThIM
MOCT(GHUKCOM OTKa30B TPACCHI, TO MPOAOJDKEHHE 3TONH TPAacChl HE-OTKA30M £ He
ABJISIETCS ~(UHAIBHON TPAcCOii.

®opMasibHO MHOKECTBO X’ ~(pUHAIBHBIX Tpacc onpeaeuM kak XX =r’~ux!s,

rie  X%=~conf(T)*, a X' —HauMmeHbllee MHOXKECTBO, IOPOKIAEMOE
CJICAYIONIMMY TIpaBwiamMu BeiBona: Voe ~conf (T) VPe RUQ

e¢ ~conf (T) FeeX! & (y)eX',,

P safe~by X after ¢ Fof(r)eX’ s o' (Ry)e X,

P safe~by ¥ after 6 & (Ip (6)= v PZUlp (6)) F o' (R)eX' & o' (RA)eX™

3ameuanue 10. Ouesugno,uro Ip (6)=0 & Ip(c*)=0
u VAcL. Aclp(c) <&  Aclp(c').

Ucnosnb3yst onpeneneHue ~KOHQOPMHOH Tpacchl, MEpEenuIIeM —OIpeieseHue
MHoxkecTBa X' B cremyromeM Buse: Vo Vue RUL VPe RUQ

1) e¢SafeBy (¥) F eeX' & (y)eX',

2) ecSafeBy (X) F eeX®,

3) 6'eX® & u~confXafterc F o' (u)ex®,

4) c'eX®™ & P safe~by Lafterc F o' (B)eX! & o' (ryeX',

5) o'eX® & P safe~by L after ¢
& (Ip (6)=@ v PZUlp (0)) F o' (r)eX? & o' (RA)eX!

Muoxectso X°'™ — a0 MHO)ecTBO Rf-Tpacc B andasure L*. Ero moagMHoxecTBo
X% coBmagaeT ¢ MOJAMHOKECTBOM TPAacc, HE 3aKAHYMBAIOLIUXCA M HE

MPOJOIDKAIOLIMXCS IUBEprenuueil u paspyuenrem. Eciun  (y)e X, To mycras Tpacca

OmacHa B UCXOHOM criermdukanun L 1 MHOXKecTBO XL°"=X'"={¢, (Y)} cocrour

u3 IBYX ~(GuHAIBHBIX L-Tpacc. B mpoTHBHOM citydae MHOKeCTBO ~(PUHAIBHBIX L-
Tpacc coBNajaeT ¢ MHOKecTBOM X°~, TO eCTh Tpacc BUaa G'.
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Bynem naswiBath Q-ceoticmeom wmuoxectBa N Rf-tpacc B andasure L*
crelyrolee CBOMCTBO: JiroGast Tpacca O MpogO/KaeTcss He-OTKa3oM €  uis

no6oit knonku Qe Q. ®opmanbHo: Vo'e N VoeQ of-(@)eN.
Bynem HassiBaTh R-ceoiicméom wmuoxectBa N Rf-tpacc B anpasure L*

cleyrolee CBOWCTBO: Juls J00OOH Tpacckl ©' u moboil kHomku ReR
BBITIOJIHSIOTCS CJIETYIOLINE CBOMCTBA:

1) Tpacca o' me MPOAOIKAETCS HE-OTKa30M & TOrJa M TOJBKO TOT/Ia, Koraa
Ip (0)#0 & RcUIp (0).

2) Ecmu Tpacca o' He mpomomkaeTcs He-OTKa3oM R, TO OHA TNPOOIDKAETCS
otkazom R

dopmansho: Vo'eN VReR
(6" (R)¢N & Ip(0)#D & RcUlp(6)) & (6'(R)gN = o' (R")eN).

Bynem HasbiBath Ay-ceoiicmeom MmHoxectBa N Rf-tpacc B andapure L*
cienyroliee CBONUCTBO:

1) N={¢,(y)} mbo N comepxut Toibko Tpacchl Buga o', o'-(B), o' (R, A)
u ¢'-(B,y) (rne PeRUQ);

2) mocine He-0TKa3a 00s3aTeNbHO CIeIyeT 00 NUBEPreHIws, Ju00 pa3pyllcHue,
00 M TO U IPyToe.

dopmanbHO:

1) N={¢,(y)} v VneN\ (LUR")" 3o 3B e {c"(R),c" (R, A),c" (B, V)},
2) Vo'eN Ve (6" (®)eN = (6" (®,A)eN v 6" (®,7)eN)).

WHBIMH CJIOBaMH, Tpacca HE COICPKHT M HE IMPOMOIDKACTCSA TUBEPICHIIMCH WIIH
paspylIeHHEM TOT/IA M TOJIBKO TOT/Ia, KOrja 5To 6 Tpaccau N#{e, (Y)}.

Jlemma 7: ~gunansuvie mpaccwi: Q- R- u Ayceovicmsa.

Jliist MHOKeCTBa ~(DHHAIBHBIX TPACC BITOJHEHBI CICIYIOIINE CBOMCTBA:

1) ecin Tpacca ote ZO", kHonka Qe Q u Qculp (o), T0o Q safe~by X after o,

2) Q-CBOICTBO;

3) R-CBOMCTBO;

4) AY-CBOMCTBO € [ONOJHUTENBHBIM YCJIOBHEM: IIOCIE€ HE-OTKa3a HE MOTYT
CIIeZIOBaTh W AUBEPTEHIINA U pa3pyIICHHUE:

Vo'eN Ve (o' (,A)eN = o' (®,7)¢N).

JoxazarenbcTBo cM. Ha cTp.130
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Jlemma 8: MuoskectBo X" ~(huHAIBHBIX Tpacc 061agaeT BeceMu cBoiicTBamu R -
MOJIEIH, KPOME, OBITh MOXET, 3aMKHYTOCTH (110 d-oniepanum).

JokasarenscTBo cM. Ha cTp.131

Jlemma 9: d-3ambikanne  Ud (N) coxpansier Q-cBoiicTBO M  AY-CBOICTBO
MHoOkecTBa Tpacc N.

JlokxazaTenbcTBO M. Ha cTp.133

3ameTnM, 9T0 R-CBOHCTBO MOXKET HE COXpPaHATHCSA NpH d-3aMBIKAHUH, HO OHO HaM
JUTs d-3aMBIKaHUS W TIOCJICAYIOUIETO PACIIMPECHUS 10 TOJTHON TPacCOBOM MOJCTH U
He TTOHaI00UTCS.

Jlemma 10:  Ecim mHOkectBo N Tpacc o0iagaeT BceMH CBOMCTBAMH TPAacCOBOM
MOJICNH, KpOME, OBITh MOXKET, 3aMKHYTOCTH (110 d-omeparuu), To ero d-3aMbIKaHUE
wd (N) sBisieTcst TpacCOBOM MOJIEIBIO.

Jloka3zarenscTBO cM. Ha cTp.134

Jemma 11:  MmuoxkectBo ud (X°'") 1) sBmsercs R*-momensio, 2) oGmamaer
Q-cBoiicTBoM, 3) obnamaeT AY-CBOMCTBOM.

JoxazarenbcTBo cM. Ha cTp.134
CornacHo 3ame4anuto 5 B 1m.1.5 oTHOIIEHHE OE30MACHOCTH KHOIOK IOCIE Tpacc
nocratouHo onpeaeauts Ha Rf-momenm  wd (X°'7). Bribepem oTHOmIEHHE
0€301aCHOCTH KHOTIOK  Safe s, TO €CTh 00BABMM 0€30MaCHOM MOCIIE TPACChI KAk LYo
Hepaspymamomy kHonky. Ilo 3ameuanmto 3 B m.1.5 Takoe OTHOIIEHUE
Oe3omacHOCTH OyIeT YIOBJICTBOPSATH BCEM TpPeOOBaHUS, NPCABABISCMBIM K
OTHOIIEHUIO Ssafe by, ecnn xaxnas GesomacHas 1Mo safeys Tpacca s Kaxaod
Hepaspymaromei (6ezonacHoit no safe,y) Q-KHOMKKM Q TPOJOIIKAETCS KaKUM-
HnbOyns geiicteuem ze Q. TlokaxeM, uTo 5710 BhmonHeHo ans R-momenm
ud (X°1) .

JeitcTuTensuo, no Ay-ceoiictBy Rf-mogemn ud (2°%7) (nemma 11) Takumu
TpaccamMm MOTYT OBITH TOJNBKO Tpacchl Buma 1) o' wm 2) o'(R) npm
ycnopun  6'-(B, )¢ ud (E°17) . Kaxmas tpacca Buma 1 no Q-csoiicty RY-

Momemu Ud (X°%7) (nlemma 11) MPOAOJKAETCS HE-OTKA30M S€ ot mns moboit
kuonku QeQ. A Tpacca Buma 2 mo Ay-ceoiictBy Rf-momenun wd (X°')
(nemma 11) mpopomxaeTcsi NHMBEpPreHIMEN, CIeJOBaTEIbHO, IMOCIE HEe BCe
KHOIIKHY pa3pyIlaroiiye.
O6o3HauuM uepes X~ mobGoe pacumpenue Rf-momenn wd (E°*) no mommoii
MOJIENH, HAIlpUMep, ¢ moMosio onepamun Ext: £~ = Ext (ud (£°7) ). Teneps
cneundukannonnas tpoiika T™= (R*/Q* X" safe,,) onpeneneHa KoppeKTHO.
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3ameuanue 11. PacmupeHue 10 MONHOM TPaccoBOl MoJENU MO OMNPEAEICHUIO
coxpansier MHOXKecTBO Rf-tpacc. Otciona Taxxke ciexyer, uto Q-CBOHCTBO U Ay-
CBOWCTBO COXPaHSIOTCS, MOCKOJIbKY OHH KacaroTcs ToJbko MHoskecTBa Rf-Tpacc.

Jlemma 12:  Jlns ucxomHoW crenuduKanud X HEOOXOJMMBIM H JTOCTATOYHBIM
yCIIOBHEM ~0€30MacHOCTH HAOJIOACHUS U TOCIE TpPacchl G  SBJISACTCS
CyIICCTBOBAaHME TaKOW KHONMKKA P, KOTOpas paspemaer HaOMIOACHWE U W
~0Oe3omacHa mocie 3Toi Tpaccel: Vue LUR
u safe~by X after 6 <& JPecRUQ (ueP v u=P & PeR) & P safe~by X after G.
JlokaszarenscTBO cM. Ha cTp.134
Ilpu d-3amplkaHUM MHOXKECTBa ~(pHUHAIBHBIX Tpacc, B pe3yibTaTe KOTOPOTO
nonyuaercs Rf-monmens, HexoTopble ~(huHANBHBIE L-Tpacchl IIPOAOIKAIOTCS

HOBBIMH L-Ha6J’IIOL[eHI/IHMI/I. O[[HaKO, KaK MOKa3bIBACT CJICAYyrollas JeMMa, BCE OHU
OIIaCHBI IMTOCJIC COOTBETCTBYIOIIUX TpaccC.

Jemma 13: ~gunanvrnvie mpaccuoi: O 6ezonacnocmu L-nabaiooenutl.
Ecim  Tpacca k*eX®,  L-nmabmonenue u*e LUR* U Tpacca
k' (uf)e (ud (£°77) ) \X°", 10 u' safe, X" after x".

HoxazarenbcTBo cM. Ha cTp.135

Crnenyromas jieMMa JaeT MPOCTOS MPABHIIO ONMpPEICIICHUs 0E30MacHOCTU KHOTIOK
JUIsl MHOXecTBa Tpacc ¢ Ay-cBoiicTBoM. Ilockonbky mo jemme 7 MHOXECTBO
~(pUHATBHBIX Tpacc 00namacT AY-CBOHCTBOM, 3TO MPAaBHJIO NPUMEHHUMO M IS
MHO€eCTBa ~()HHATHHBIX Tpacc.

Jlemma 14:  Ecmm muoxkectBo N Tpacc obmamaer AY-CBOHCTBOM, TO IJISL TOTO,
uToGbI KHONKa P Gblia Ge3omacHa MO OTHOLICHHIO Safe,y TMOCIE TPacchl G,

HEOOXO0IMMO U JIOCTATOYHO, uToObl G'-(R,Y)¢ N.

JoxazarenbcTBo cM. Ha cTp.136

B ob0mem cinywae Ay NpOW3BOJIBHOTO MHOXKecTBa N  Tpacc KHOIKA, KOTopas
OesomacHa 1o safe,, TOCIE TPACChl, MOXKET CTaTh OMACHOI o safe,, mocne 3Toi
Tpaccel B pe3ynbTare d-3amMblkaHus MHOxecTBa N, TO €CTh BO MHOXECTBE
wd (N). Ognako, cliefyromas JieMMa TI0Ka3bIBaeT, 4TO 0€30MacHOCTh KHOIIOK IO
safe,, coxpaHsercs Nnpu d-3aMbIKAHMU MHOKECTBA ~(HHATBHBIX TPacc.

Jdemma 15:  VpteE® (u*(@1eX’ o phEyeud (Z°)).

JlokazaTenbcTBO cM. Ha cTp.137

B pesymprare mpocroe IpaBWwIO oONpenesieHus Oe30MacHOCTH KHOIOK IIOCIe
~(HHATBHBIX Tpacc (TOJBKO MO MHOXXECTBY ~(MHAJBHBIX TPACC) COXpaHSIETCS B
UTOrOBOM MOJIHOM TpaccoBoi mogenu X
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Teopema 10: ~(puHajabHbIe Tpacchbl: be3onacHOCTh KHOMOK.
Vu*e £ vPeRUQ (P’ safe, X" after i < p'-(Ry)eX').
JlokazaTenbcTBO cM. Ha cTp.137

Jlemma 16:  ~gunanvusie mpaccol: Bezonacnocme nocie omkasa.

VPeRUQ VReR VK VA

(" (R)A*e X% & P safe, X after <"\' = P*safe, L~ after k- (R*)-A") .
JloxazaTenbcTBO cM. Ha cTp.138

Teopema 11: ~puHanabHble Tpacebl: besonacubie L-Tpaccsl.

Mhuoxectso SafeBy (T",L)=X°" u oqHO3HA4YHO ONpeseseTcss MHOMKeCTBOM X°1~
~(UHATBHBIX TpacC.

HoxazarenbcTBo cM. Ha cTp.138
Teopema 12: ~duHanbHBbIEe TPaccehl: L-akTyajlbHble HA0MI0IEHUSA M TPacChl.
1. IOna T~ Bce Tpacchl u3 MHOxkecTBa L°” L-aKkTyanbHbL
2. Jlna T~ L-mabmonenne u'e LURY, 6e3omacuoe mocne tpaces o'e X, L-

aKTyaJIbHO TOTJa W TOJBKO Torja, korma nuoo 1) uel m ueuUlp (6), mubo
2) ueR wm musa xaxmodt kHOmkM Q€ Tako#l, uto QcuuUlp (G), Tpacca

u'- (e, y)e L' mns kaxnoit tpaccer p'e X% Takoi, uro pedi” (6-(u)).
JlokxazaTenbcTBO M. Ha cTp.139

Jemwma 17:  JInsg  cnemmdukanmuonnoid Tpoiikm  T™  Ha  mOAMHOXKECTBE

OesonacHbIX L-Tpacc oTHOleHMe Safe,, cOBNanaeT ¢ OTHOIIEHHEM safe~by Ha
9THX )K€ Tpaccax, MPUBEIACHHBIX K andasury L:

Vo'eSafeBy (T",L) VPeRUQ (P* safe,, X~ after 6* < P safe~by L after o).
JoxazarenbcTBo cM. Ha cTp.140
Jlemma 18:  SafeBy (T",L) y=~conf(T) wu #(T",L) =~ptt(T).
JlokaszarenscTBo cM. Ha cTp.141
JJemma 19: T = T.
JlokazarenbcTBO M. Ha cTp.141

Teopema 13: O -~nomoaHenuu. CrnenupuxanwonHas Ttpodka T~  sBiseTcs
~mnonoTHeHneM Tporiku T.

JloxazarenbcTBO CM. Ha cTp.145

3.6. OT ~nononHeHusa K V-NoNnornHeHuro

V-gunanvroii Tpaccoii 0ynem Ha3piBaTh L-KOHPOPMHYIO ~PUHAIBHYIO TpacCy O, a
Takxke ee ~puHaNbHBIC He L-MpoaomKeHns, TO e€CTh MPOJOJDKCHUS HEe-0TKa3aMu U
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Janee JMBEpreHnueil wumM paspyiieHueM. MHoxecTBO V-(HHAIBHBIX Tpacc
v
0003Ha4nM Kak X°'" 1 QOpMaIbHO OpPEIETHM:

2% 2 conf(T",L),
TV 2 (- (B)AeX 6eX® & PeRUQ} U {GeXY| (y)eX},
S AT

v
Muoxecteo  X°*Y - orto MmHoxectBo Rf-tpacc B angasure LY. Ero
v

HOJMHOXKECTBO X°' COBNAAAET C IOJAMHOKECTBOM TPACC, HE 3aKAHUMBAIOIINXCS H
HE MPOJIODKAIONINXCS TUBSPICHIUCH U pa3pyICHUEM.

Ecimm mns wcxomgHo crnerudukaimu Y HET KOH(POPMHBIX pealn3anui, To

v
MHOkecTBO X°'" V-(DHHANIBHBIX TPACC MyCTO.

Ecinu xoH(pOpMHBIE peaan3alun €CTh, TO BO3MOXKHBI [Ba BADHAHTA.
1) Ecmu  (y)eX, To mycras Tpacca ONacHa B HCXOAHON crenubuKanuun X,

MHOkecTBo X01V=y1V=y0l-_yl~_ (¢, (Y)} cocrout u3 nByx V-unanbHbix L-

Tpacc, a MHOXecTBO L-KOHGOPMHBIX Oe30MacHbIX ~(PUHAIBHBIX Tpacc
~ v

conf (T" L) =X°"=0.

2) Ecim (Y)¢X, To mycras Tpacca Ge30lacHa B HCXOAHOW crenudurannu X, a
MHOXecTBO V-puHaIBHBIX L-Tpacc coBmagaeT ¢ MHOXECTBOM L-KOHPOPMHBIX
6esonacHbIX ~puHanbubix Tpace conf (T~ L) =X #J, 10 ecTb V-(HHATBHBIX
Tpacc Buaa oF.

Cnenyromass nemma Ui V-QUHAIBHBIX Tpacc aHaJNOTHYHA JieMMe 7 JUIst

~(pUHAJBHBIX Tpacc U yTBepkIact, uto Q-, R- u Ay-cBoiicTBa coxpaHSIOTCSA U IS

v ~
noaMHoxkecTBa X0V X0l

. v
Jemma 20:  Vempaccwi: Q- R- u Ayceoiicmsa. Muoxectso X°YY  V-(QuHaIbHBIX
Tpacc o0J1agaeT cIeIyIoIUMI CBOIICTBaMU:
1) Q-cBoiicTBO;
2) R-cBoiicTBO;
3) AY-CBOWCTBO C JOINOJHHUTEIBHBIM YCIOBHEM: IIOCIC HE-0TKa3a HE MOTYT
CJICZIOBATh M JUBEPTCHIIHS U pPa3pyIICHHUE.
JoxazarenbcTBO cM. Ha cTp.146

Cnenyromass nemMma i V-QUHAIBHBIX TpPacC aHAJOTHYHA JieMMe 8§ JUis
~(UHATBHBIX TPacC W YTBEPXKAAET, YTO, MPH YCIOBHU HATWYHS KOH(DOPMHBIX
peanusanmii s ucxoxHoi Tpoiiku T, Bce cpoiictBa R*-momenn, xpome, GwITh
MOJXKET, 3aMKHYTOCTH (IO d-omepariu), COXPaHSIOTCS W Ui TOJIMHOKECTBa
201VC201~.
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3amerum, 4TO eciu A ucxoaHod Tpoiku T HeT KOHPOPMHBIX pealn3anui, To
mHOXKecTBO X%V V-(hHHAIBHBIX TPAcC IYCTO U, TEM CaMBIM, €ro d-3aMBIKAHHE HE
MoxeT ObiThb RY-Mozenblo, NOCKONBKY TOe IIyCTO, XOTS OOIafaeT BCeMH
ocTalbHBIMU cBoiicTBamMu R-Mozenu.
Jemma 21:  Ecmm mnst ucxoxnoi tpoviku T ecTh kKOHGOpPMHBIE peanu3ariu, TO
MHOXkectBo X% V-(uHanbHbIX Tpace obuanaer Bcemu cBoiictBamu R'-mosenu,
KpoMme, ObITh MOXKET, 3aMKHYTOCTH (TI0 d-oTiepaiium).

JlokxazaTenbcTBO M. Ha CTp. 148
Taxoke pH yCJIOBUW HANHYUsI KOHQOPMHBIX peanu3amui 1 ucxoqnoi tpoiku T,
cleAyromas JiemMMma i V-(QHUHANBHBIX Tpacc aHajJoruyHa Jjemme 11 s
~(MHAIBHBIX TPAcC M YTBEPHKAAET, 4To d-3aMblKaHHE MOAMHOXKecTBa XOt'CXOM
sBisiercss R*-Moznensio n o6mamaer Q- Ay-cBOWICTBAMH TaK ke, Kak d-3aMBIKaHUE
MHOxkecTBa X7,

Jlemma 22:  Ecmm mis ucxonuoit tpoiiku T ecth kKoH(OpMHBIE peann3aluu, TO
MHOKeCTBO Ud (E°1V) 1) sBasercs R*-monensio u 2) o6manaer Q-cBoiicTBoM, 3)
obmagaet AY-CBOHCTBOM.

JoxkazarenscTBO cM. Ha cTp.150
ITycth miis ucxonuot Tpoitkn T ecTh KOHPOPMHBIEC peanu3anuu. Toraa mo jeMme
22 wud (2°Y)  sBsiercs tpaccoBoif R*-monensio. Cornacuo 3ameuanuio 5 B m.1.5
OTHOIIEHHE GE30MACHOCTH KHOIOK MOCHe TPAacC JI0CTaTOYHO onpeienuTh Ha R-
mozemn Ud (£°7) . BbiGepem oTHOLICHHE GE30MaCHOCTH KHOIOK  Safe,s, TO eCTb
00BsIBIM 0€30MacHOM Mocie Tpacchl KaXAYI Hepa3pymaonrylo KHomky. Ilo
3amedaHuio 3 B 1.1.5 Takoe OTHOIIEHHE OE30MaCHOCTH OYJET YAOBIETBOPSATH BCEM
TpeGoBaHMs K OTHOINEHHIO Ssafe by, ecnu kaxnas OezonacHas 1o safe,, Tpacca
I Kaxaod Hepaspymaromei  (OesomacHoit mo  safe,n) Q-kHomkum - Q
HpoJoJKaeTcss KakuM-HuOy b neficteueM ze QY. TlokakeM, YTO 3TO BBINOIHEHO
st Rf-monemn wd (2°1Y)

JleiictBuTenbHO, mo Ay-cBoiicty Rf-momemn ud (£°1Y) (nemma 22) Takumu
TpaccaMH MOTYT OBITH TOJBKO Tpacchl Buma 1) o' wm 2) o'-(R) npu
ycinosun 6" (B, 7)¢ ud (£°%) . Kaxnas Tpacca Bujga 1 no Q-cpoiictey Rf-
MOJIeU ud():°1v) (memMma 22) mpoaoiKaeTcs He-0TKa3oM 9€ ot mns mo6oit
komki Qe Q. A Tpacca Buma 2 mo Ay-coiictBy Rf-momemn  ud (£°%Y)

(memMma 22) mpoAopKaeTcs OUBEpreHIUel, cleioBaTelbHO, IOCie Hee Bce
KHOIIKH pa3pyuiaromue.

OGo3naunm uepes L' mobGoe pacumpenne Rf-momemn ud (£°YY) 1o mommoit
MOIeJTH, HanpuMep, ¢ nomousio oneparmu Ext: £¥ = Ext (ud (£°*Y) ). Teneps
I ciydasi, Korja s ucxonHoi Tpoiiku T ecTh koH(OpMHEIE peanm3aium,
crierdrKaoOHHas TpoiKa TV = (R#/Q#,Ev,safe%) oIpezesieHa KOPPEKTHO.
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3ameuanue 12.  AnHanmorumuHo 3aMedaHuto 11 pacmumpeHue 10 MOJHOU TpaccoBoil
MOJIENH COXpaHsAeT MHOXkecTBo Rf-Tpacc, 4to Biewer coxpanenne Q-cBoiicTBa 1
AY-cBOICTBA, TOCKONILKY OHM KacaroTcs ToJbko MHosxkecTBa Rf-Tpacc.

[ockombky mno semme 20 MHOXeCTBO V-(QHUHANBHBIX Tpacc obOiamaer AY-
CBOMCTBOM, 10 JleMMe 14 MBI IMeeM NPOCTOE MPaBHIIO ONPEAEICHHs 0e3011aCHOCTH
KHOIIOK II0 OTHOIUEHHIO Safe,, Ha MHOxecTBe V-(puHanbHBIX Tpacc. Chenyromas
JeMMa aHaJIOrHYHa JIeMMe 15 M MOoKa3bIBAET, YTO 6E€30MaCHOCTh KHOIOK 110 Safe,
coxpansiercss Tpu d-3aMBIKaHUW MHOXeCTBa V-(QUHAIBHBIX Tpacc, TO €CTh
6e30MacHOCTh KHOIOK mocie V-(uHazbHBIX Tpacc Bo MHOxectse Ud (X°1)
OTIPEEISCTCS TO-IPEXKHEMY TONBKO [0 MHOXKECTBY V-(pHHATBHBIX Tpace X0,

Jemma23:  vpter® (wh(eyert’ o phEeyeud (E7Y)).
JoxazarenbcTBo cM. Ha cTp.150

Cnenyromas Teopema aisi V-GUHAIBHBIX Tpacc aHajnoruyHa teopeme 10 mis
~(QUHATBHBIX TPacC W YTBEPXKAAET, YTO TIPOCTOE NPABWIO OMNpPEACICHUS
0C30MacCHOCTH KHOMOK Tocie V-(QUHAIBHBIX TpacC (TOJIBKO MO MHOXECTBY V-
(hMHATBHBIX TPACC) COXPaHAETCS B UTOTOBOW HOJTHOM TPacCOBOH MOAEIH AR

Teopema 14: V-Tpaccol: Be3onacHocTh KHOMOK.
vute 2% VPeRUQ (P*safe, XY after it < pt(By)er).
JlokxazaTenbcTBO cM. Ha cTp.150

2'01V

Jemma 24:  OtHomeHust safe,, Ha MHOXECTBE 1 Ha MHOXecTBe XOM”

COBMAJIAIOT HA IOIMHOXKECTBE V-puHabHbIX L-Tpacc.
JlokxazaTenbcTBO cM. Ha cTp.150
Crnenyromas Teopema uist V-(QUHAIBHBIX Tpacc aHaJorudHa Teopeme 11.

Teopema 15: V-tpaccei: bBe3omacubie L-tpacebl. Ecim  nmns ucxonmHow
cnemudukanronHod Tpoiikn T ecTb KOHPOPMHBIE peanu3aliy, TO MHOXXECTBO
SafeBy (T',L) =X°" ¥ OHO3HAYHO ONPENENACTCS MHOKECTBOM V-(DHHAIBHBIX
tpacc X°V.

JlokaszarenscTBo cM. Ha cTp.151

Crnenyromass TeopeMa s V-(QUHAIBHBIX TpacCc aHaJOTMYHA Teopeme 12 st
~(HUHATBHBIX Tpacc.

Teopema 16: V-tpaccsi: L-akTyajabHble HA0II0eHHSI U TPACCHI.

Ecmu nns ucxomnoit tpoiiku T ecTh KOHPOPMHBIC peai3alii, TO:
\% v

1. Ina T' Bce Tpacchl U3 MHOXKeCTBAa X°' L-akTyasbHbL.

2. Juis TV L-unabmonenne u'e LUR', 6esomachoe nocne tpacesr 6'e X, L-
aKTyaJbHO TOTJIa W TOJBKO TOTHa, Korma moo 1) uel u ueUlp (G), mubdo

59

2) ueR wu mng xaxmod KHOMKKM Q€ Q Takoil, uto QcuuuUlp (G), Tpacca
ut(e, v)eXZ? s kaxnoit paccei ufe X rtakoit, uto pedi” (c-(u)).

JlokxazaTenbcTBO M. Ha cTp.151
Jemma 25:  Ecmm mns ucxoxnoi tporiku T ecTh KOHGOpPMHBIE peanu3ariiu, TO
SafeBy (TV,L) =conf (T",L) wu erry (TV,L) =perr (T",L) .

Jloka3arenbcTBO cM. Ha cTp.152
Cnenyromas JiemMma Uil V-QUHAIBHBIX TpacC aHaJOTHYHA JiemMMme 19 s
~(uHAIBHEIX Tpacc, HO Tonbko BMecto T = T~ yreepxmaercs T <p T".
Jemma 26:  Ecmm mnst ucxoxnoi tporiku T ecTh kKOHGOpPMHBIE peanu3ariiu, TO
TeV (T) .

Jloka3zarenbcTBO cM. Ha cTp.152
Cnenyromas yemMma JUis V-(QUHAIBHBIX TpPacCc aHaJoOruyHa Tteopeme 13 s
~(UHATBHBIX Tpacc, HO TONbKO, ecnu T~ sBIAETCS ~IOIMOJHEHUEM, TO TV
SIBIISICTCSL V-TIOTIOJTHEHUEM, TIPUYEM MaKCHMATbHBIM.
Teopema 17: O V-nomoanennu. Ecin 11 ucxonHoW crienn(UKAMOHHON TPOHKH

o v
T ectp KOHpOpPMHBIE peann3auuy, To Tpoiika T sBIseTcs MakcMMaiIbHBIM V-
nonosnHeHueM Tpoiku T.

Jloka3zarenbcTBO cM. Ha cTp.154

3ameuanue 13. TecTupoBaHHe M3IUIIHE B JBYX ciydasx: 1) korma Her
KOH(OPMHBIX peanu3anuii, 2) Bce peanmsanud KoHopmHBL. B ciydae 1 mo
Teopeme 4 V-IIOMOTHEHUE HE CYIIECTBYET, & B CIIydae 2 OHO COCTOUT M3 JIBYX TPacc
{e, (Y)}. B oboux ciyuasix (1 TONBKO B 3THX ciydasx) mHoxectso conf (T,L)
MycTO. DTHU JIBa CIIyYasX Pa3lIM4aloTCs MEKAY COOON HATHMYUEM WM OTCYTCTBUEM
paspylieHuss B Havyayie HUcXonHOW crnenudpukanuu. KoHeuHOo, B cilydae, Korma
MHOXecTBo conf (T™,LL) He mycTo, TECTUPOBAHUE TAKKE MOXET OBITh M3JIMIIHE,
eclii Bce 0e30macHO-TeCTHpyeMble peanusaiuu koHGopMHBL. Hampumep, eciu B
HCXOMHOW crnenupuKaly ¢ CaMOro Hadajia HeT pa3pylIeHHs, HO eCTh
JIUBEPTCHITHSL.

3.7. ~nononHeHue n V-nonosiHeHne npu pacwmpenun Ext
Jemma 27: Pacmmpenue Ext (N) coxpanser Q-coiictBo MHOxkectBa N R¥-
Tpacc.

JlokazaTenbcTBO M. Ha cTp. 154

Teopema 18: O ~momoaHeHuu ¢ pacmupenuem Ext. Ilpu wcmonbp3oBaHumM
pacmmmpenus Ext 1) ~momommenme X~ He comepxur Qf-otkasos, u
2) safeys = safein.

Jloka3zarenbcTBO cM. Ha cTp.154
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Teopema 19: O V-nmonmoanenun c¢ pacmupenuem Ext. Ecnu ans ucxonHoi
cnenuukanuonHon Tporiku T  ecTh KOHGOPMHBIE peanau3allid, TO MPH
WCIIONIb30BaHUK pactupenuss Ext 1) V-nomonnenne vV He comepxur QF-
OTKa30B, 2) safe,, = safein.

JlokxazaTenbcTBO CM. Ha cTp.154

3amernM, uTo QF-0TKassl GymyT OTCYTCTBOBAaThH B MOJIHOH TPAacCOBOH MOJIENH HE
npu mo6om pacumpennu Muoxkects  Ud (£°07) u ud (X°1) . TIpumep npusenes
Ha Puc. 20. . 3nechk mnst ioco-cemantuku R/Q wm3obpaxkena LTS-cnenudukarms
S, coCTOSIIasl U3 OJTHOTO TEPMHUHAIBLHOI'O COCTOSIHUSI, MHOXECTBO €€ MOJHBIX Tpacc
F (S). MuoxecTBO ~(huHaNBHBIX Tpacc F (S) %1% He memsieTcs npu d-3aMbIKaHAH
wd (F (S)°Y7) =F (8) °*". R*-monems Ud (F (S)°YY) = Ud(F(S)°") 3amama
B Buge R*-tpacc LTS A. Muoxectso F (A) nomseix Tpacc LTS A cosmagaer c
~nonondenneM crnenudukamun  F (S), nomydennsiMm mw3  ud (F(S)%™) ¢
nomoteto pacumpenuss Ext. B 1o ke BpeMs MHOxecTBO F (B) MOJHBIX Tpacc
LTS B Takxke sBisieTcs ~IMOTOMHEHUEM crieiupukanud F (S), HO MOJyIeHHBIM
w3 wd(F(S)°") ¢ nomouplo pacmmpenus, omimdHoro ot Ext. MoxHo
3aMETUTh, 4YTO B F (A) Tpaccel He coaepxar Q#-OTKEBOB, aB F(B) ecrtb Tpacca

({x,%}),rme {x}€Q.

T T
L={x,y} N N
R=(8),rme 8=({y}  °° A B
Q={{x}} T
Fa)d (L'UR'U(AY}) = FB)V(L'URU(AY}) = F(s)” = F(s)’
F(s)™ = F(s)” = T(R'A)

Puc. 20. Q*-omxaze npu pacuupenuu 00 ROIHOLU MPAccoE0Li MOOenU

BnepBrie nonoHeHNE, aHATOTHYHOE ~TIOMOJTHEHHTO, ObLJI0 onpeeneHo B [10]. Jlns
MOJTHOW TPACCOBOW MoIenu creuupuKanuu X  ONPEACsLIIOCh MHOXECTBO
~(UHATHHBIX (OHM HA3BIBAJNCH NMPOCTO (hPHHAIBHBIMHU) Tpacc final (¥), HO He Ha
OCHOBE 0e30macHbIX di”-MOATPacC TpacC UCXOMHOW crienupUKAIMK KaK Ui ~Tpace
npu ompenenenun  X° B 3.5, a HA OCHOBe 0€30MACHBIX drf-MOATPACC Tpacc
HUCXOMHOW crenudukanyy. [lamee aHATOTHYHO MOKAa3BIBAIOCH, YTO d-3aMBIKaHUE
wd (final (L)) ssngerca R*-moznensio. Tlociie 3TOro NpUMEHANIOCH paclIMpEHHE
Ext. B pe3yabTare MOJTy4aJIOCh MOTIOJTHECHHE:

Comp (X) = Ext(ud (final (L)) ).
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Ha Comp (X) onpenensnock orHoueHue safe by = safein, xotopoe upu
orcyrctBud  Qf-0TKa30B KOPpEKTHO, TO €CTh YHOBIETBOPSET BCEM TpeM
TpeOOBaHUAM, IPEABSIBISIEMBIM K OTHOIIICHHUIO Sdfe by.

B [10] nOmOMHHUTENBEHO JOKA3bIBANOCH, YTO, €CIIM IOJYYCHHYIO CICHUPUKAIIIO
Comp (¥) wu otHOmeHue safe by = safein  paccmatpuBath He B L-
skBHUBaneHTHOH cemantuke RY/Q*, a B (BooOme roops, e L-3kBuBaneHTHOI)
cemantuke R*UQ'/D, To Takas cmemupukamuoHHas TpOHKa NPUHALIEKHT L-
kouycy V (T)p wucxomHo#l cneundukanuonHoit tpoiiku T, To ecTh coxpaHsiercs
Kiacc KoHGopMHBIX L-peanm3anuii u He cykaeTcs Kiacc 0€30MacHO-TECTHPYEMBIX
L-peanu3anuit (X0TsI MOXKET pacIUPATHCS). DTOT Pe3ynbTaT JIETKO NEPEHOCUTCS Ha
~ ¥ V-TIONOJIHEHHE, HO 3TO BBIXOJUT 32 PAMKH JaHHOW PaOOTHL.

3.8. KoHcTpykTUBHOE onpeaerneHne KOH(POPMHbIX Tpacc
LICJ'IL OTOT'0 moApasiciia — KOHCTPYKTHUBHO OIPCACIIUTL MHOKECTBO L-KOH(I)OpMHI)IX
~puHanbHbIX Tpace conf (T™,L).

Ecmu (y)e X, To mycras Tpacca onacHa B HCXOJHOM crieludpuKanun L, MHOXKECTBO

2OV_ylV_yol~_3l*_ (¢, (y)} cocromr mu3 aByx V-puHampHbix L-tpacc, a

MHO>X€CTBO L-xoHpOpMHBIX 0e30macHBIX ~(uHATHHBIX Tpacc
~ v
conf (T"L)=X""=0.

B nansueiinem Gynem npeamonarars, 4to (Y)e X.

3.8.1. L-nexonsepzenmuocmos u L-nenonnoma.

MEI moKakeM, 4TO €CTh TOJBKO JBE MPUYHMHEI cyrmecTBoBaHUs L-HekoH(OPMHBIX
Tpacc: L-HeKOHBEpreHTHOCTh U L-HenonHoTa.

L-HEeKOHBEPreHTHOCTh O3HAYAaeT, 4To Juisi KHOmkW P', GesomacHoii B
cnenuduKanuy I0cCIe HEKOTOpoil GesomacHoi Tpaccel Wf, cmenumduxanus ne
oTpeieNIsIeT HUKakoro KoHpopMmHOro L-HabmiogeHus u, TO €CTh TaKOTO U, YTO

ueP mwm u=P* (eciu PeR).

3aMeTHUM, YTO TIOCKOJbKY B  CHCHU(DHUKAIMOHHOW MOJEIU BCE TPACChI
KOHBEPreHTHBI, CIICHU(HUKALIUS OIPeIesieT eANHCTBEHHOE HAOMIOCHHE — He-0TKa3
B, KOTOPBI, OJTHAKO, HE sABIseTCS L-HabmoaeHneM.

ITonsTHO, 4YTO, ecnu B KaKoW-HHOyAb Oe3omacHo-TecTHpyeMoil L-peanmsarum
uMmeercs Takas Tpacca W', To mpu TectmpoBaHuu Haxkartue kHonku P mocme pf
MOXeT 1aTh ToJbko L-HaOmiozeHue, a Bce Takue HaOMIOACHUS HEKOH(MOPMHBI. A
3TO O3Ha4aeT, 4To Jrodas L-peanusanus, cojaepxainas Tpaccy W', HekoHpOpMHAa.
CrenoBartensHo, Tpacca W' L-HekoH(OPMHA, XOTS UMEETCS B CIIEIU(pUKALIHN.
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L-senonnora. Ilycts nns xmomku P¥, GesomacHoif B cHenupuKauuum mocue
HeKoTopoii GesomacHoit Tpaccel WY, 3akaHmumBaromeiics oTkazoM, crnenudUKAIMS
HE oTmpeelsseT HUKakoro KoHpopMHOTO L-nefictus ze€ P.

3aMeTHM, 4YTO TIOCKOJIBKY B  CHEIU(PUKAIMOHHOW MOJEIM BCE  TPacChl
KOHBEPI'CHTHBI, CIICHU(UKAIMS OMPECISICT B KaueCTBe KOH(YOPMHOTO HAOIFOICHHS
6o He-oTka3 B, mubo otkaz P, mu6o u To u apyroe. B mepBom ciyuae, koraa
OTIPEJICIIICTCSI TOJMBKO HE-0TKa3 &, uMeeM CHUTyanuio L-HeKoHBepreHTHOCTH. Bo
BTOPOM CIlyuyae, KOrja OmNpejenseTcs ToIbko oTkas P¥, mo monHore
crienmupUKAIMOHHON MOJIENIN TIOBEeHHE (MHOMXKECTBO Tpacc) CreupUKAIUN TTOCIe

tpacc w' m p'(P*) omumakosoe. ITo mpaBunaM BbIBOJA ~(PHHATBLHBIX TPACC HE-
OTKa3 B OTCyTCTByeT mocie tpaccel W' Torma m Tombko Torma, korna Ip (W) #J

& PcuUlp (1) .

Ocraercs TpeTHil ciyuaii: mocne Tpacchl W' crenupukanus ompemenseT Kak He-
oTka3 B, tak u orkaz P'. B arom ciy4yae TMoBeJeHHEe (MHOXECTBO Tpacc)
pearmzanuu nocne tpace W m put-(P*) moxer 6bITh pazmmunbIM. B TO K Bpems,

ecniu L-peanusanus xondopmHa u B Heil ecTh Tpacca W, To oma He MoxeT
MPOAOIDKAThCA HEKOH(POPMHBIMH JeiicTBusMH z€P. [losTroMmy mo monHOTE

peaNM3aliMOHHOW MOJENM B HEW MoJDKHA OBITH Tpacca ]ﬂ-(P#), M TIOBEICHHE

(MHOecTBO Tpacc) peanusanuu nocie tpacc W' u u'-(P*) onunakosoe.

3ametuM, uTo, eciu B crnemudukarmu nocie W-(P*) ecth Gezomachas L-tpacca

Af, To mo d-3amkmyTOCTM ChenmdUKAaIMOHHON MOJenHu Takas L-Tpacca ecTb u
nocne Tpaccel [, XoTsS oHa MoeT ObITH OmacHOM. VIHBIMM CIOBAMH, pPa3IHuMe

nosesienus cneuudukamuu nocne tpace W u u'-(P*) mosxker 3akirouartses munin
B TOM, 4TO B crenuduKanuu umeercs Hekotopas tpacca W'AY, mo Her Tpacchl
#
0
SIBIISTFOIIIAIACST OIIMOKOM 1-r0 poja, onpeaenseMon crienndruKanmen.

«(P*)-Af. B aTom ciywae y tpaccer - (P*)-A' umeercs npepukc pt-(PF)A, 7,

Ecnu sta Tpacca u*Af Gesonacha B cnenudukaiuu, To B 1060 koHpopmHOii L-
peanusanuu, B KoTopoii ecth Tpacca W'Af, nomkHa ObITh Tarkke M Tpacca

u'(P*)-Af, uro npotmopeunt KoH(pOpMHOCTH peammsamuu.  CleI0BATENBHO,

tpacca W'A' L-nekondopmua, xoTs umeercs B cneuupukanuu. Takyro Tpaccy
u*A* Gymem HasbiBaTh L-HEMOIHOI.

3.8.2. Yoanenue L-nexkoneepeenmmuuix u L-nenonnvix mpacc.

Omnpenennm L-HeKOHBEpreHTHOCTH U L-HenmosHOTY opMabHO.
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Bynem rosoputs, uto L-tpacca W'e N  P-nexonsepeenmmna BO MHOXKECTBE Tpacc
N, rne PeRUQ, ecmn p*- (R, Y) N, Ho kaxmoe L-Habmonenne u, paspemaemMoe
9TO# KHOTIKOM, TO ecTh ue PU{P"}, OTCYTCTBYIOT B N TIOCIIE 3TOM TpaccChl:

ana pteN u PeRUQ:

u* pP-nexonsepeenmna ¢ N 2 pt(2,1)eN & VuePU{P*} pu-(u)eN.

[I>

w' p-xonsepeenmna ¢ N (2, y)eN v Fueru{P} u'(u)eN.

Bynem rosoputh, uto L-tpacca M'e N L-uexonsepeenmna Bo MHOXeCTBE Tpace
N, ecni ona P-HekoHBepreHTHa B N 117151 KakoH-HHOyab kKHOIKH Pe RUQ:

ans pteN:

w* L-uexonsepeenmna e N = Ipe RUQ p' P-unexonsepeenmna ¢ N.

u* L-xonsepeenmna e N~ 2 VPeRUQ W' P-xonsepeenmna 6 N.

Rf-orkas P*eR* Gynem HasbBath ocobwvivm nocne tpacehl W'e N Bo MHOKecTBe
tpace N, ecn W'-(B, )N, Tpacca U' 3akaHUMBAaETCS HEKOTOPHIM OTKa30M M BO

MHOXecTBe N He IpoxoibKaeTcss HUKakuM L-gedicTBueM z, pa3pentaeMbIM 3TOH
KHOIIKOH, TO ecTb z€ P:

mis w'eN u PeR:
p* ocobwiii nocre W 6N = Ip ()20 & u'(2,v)eN & VzeP u*(z)eN.

L-tpaccy u'A'e N Oynem naswiBath P-nenonnoti mocne W'eN Bo MHOMeCTBe
tpacc N, rae P'eR", ecnu nocne ee npeduxca p' ects ocobblii otkas P*, mocne
KOTOpOTO HeT Tpacchl A':

mis phAfeN u peR:

wt A P-nenonna nocne W e N = P* ocobwuii nocie p*f ¢ N & p*-(P*)-AfeN.

whA* P-nona nocre u* e N = P* ocobuiii nocne ut e N = pt-(p*)-AfeN.
L-tpacca p'A*eN L-uenonna nocre W' Bo mHoxectse Tpacc N, eciu oHa P-
HeronHa ocie W B N ayis kakoit-nubyas R-kHonku P:

ana ptAteN:

uwhA* L-uenoana nocne p* ¢ N 2 3peR p* A P-uenoana nocne p* 6 N.

A

w*A¥ L-noana nocne p* ¢ N vrPeR u* A P-noana nocne n* 6 N.

L-tpacca 6'eN L-uenoana Bo MHOXECTBE tpacc N, ecnu ona L-HenonHa nocine
HEKOTOpOTo cBoero npedukca B N:
mist oteN:
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o' L-nenonna e N 2 3u*<c* o' L-uenonna nocre p' ¢ N.

[I>

o* L-nonna 6 N vu'<c* o' L-noana nocne u* ¢ N.

Pasymeercsi, ecim Tpacca L-nHekoHdopmHa, TO Bce €€ mMpomospKkeHus Takxke L-
HekoH(popmHBL. [ToaTOMy BMecTe ¢ kaxaoi L-HexonBeprenTHO# mwin L-HenonHo#
TPACCOW MBI IOJDKHBI YAIUTh M BCE MX MPOJOJDKCHUS, B TOM YHUCIIC TPOIOJDKCHUS,
He sBisomnecs L-tpaccamu (3akaHYMBAIOLIMECs HE-OTKAa30M WU CIEAYIOLIIUMH
TOCJIe HETO AUBEPIreHIIUEH UITH Pa3pyILIEHUEM).

Ynaneane L-HeKoOHBepreHTHBIX W L-HEMOJMHBIX TpacC MOXKET TPHBECTH K
MOSIBJICHUIO HOBBIX L-HekoHBepreHTHhIX M L-HemonmHbix Tpacc. Hampumep, mycTb

* HaGmromenme u  sABISETCA

ynansetcst tpacca W (u). Ecim mocne Tpacchl
€IMHCTBEHHBIM L-HabmoieH1eM, pa3pelaeMbIM HEKOTOPOl Ge3onacHoit nocae '
kHomkol P*, To ymanenme tpaccel W'-(u) mnpuBemer k Tomy, uto Tpacca *
CTaHOBUTCS P-HECKOHBEPICHTHOM, clienoBareibHO, L-HekoHBepreHTHOW. Ecmm,

kpoMe u, Tpacca W' mnpomomxaercs eme oguum L-nabmonenueMm — Rf-oTkazom
P*, 1o ymanenme tpaccer W'-(u) mnpuBemeT K TOMYy, 4TO OTKa3 P’ craHOBHTCH

0COOBIM TI0CJIE Tpacchl ¥, a 3TO MOXET NPUBECTH K TOMY, YTO HEKOTOPbIE TPACCHI
suga U*A' craHoBaTCs P-HemomHbIMH, cleA0BATENbHO, L-HEMOMHBIMYL

IToaToMy obmiee onpenenenue L-HeKOHPOPMHBIX TpacC HHIYKTUBHOE.

3ameuanue 14. Bwmecto ynamenus L-HemosHBIX Tpacc MBI MODIM OBl TIPH
TCHepaluy IOJIHOTO Habopa TECTOB MPOCTO YYHTHIBATH OCOOBIC OTKa3bl. Tect

reHepUpoBANICs ObI TOJBKO MO TaKOii Tpacce, y Kotopoii et npedukca W' (u), rae

U He sBJIsETC 0cOObIM OTKa3oM nocie W', Ho mocie W' cymiecTByeT HeKOTOpBIH
ocobblii oTkaz P¥. Bce, 4To mpoBepseT TECT, CreHEpHpPOBAaHHBIA IO Tpacce

u-(u)-A*, nposepsier Tect, cremepupoBanubii no Tpacce W-(P*, u)-Af. Ommako

TaKas FeHepaus TECTOB HE SIBIICTCS CTaHAAPTHOH, B cnenuduKauu octaroTcs L-
HENOJHBIC W, CleaoBareiabHO, L-HeKOH()OPMHBIE Tpacchl, TO €CTh Takas
crierudukanys He Oyaet V-ToMmoTHeHnEM.

IlIycte 3amano wmHOxecTBo Tpacc N. Ompenenum noaMmHoxecTBO X (N)
MHOkecTBa N ciienyromuM oopa3om.

1. JAns kaxaoro opauHaia ¢ OMPEIeTuM MHOXECTBO X (N).

1.1. Ecmm o=0, TO:
0. F x,(N)=02.

1.2.  Ecimm >0 He npenenbHbl opAMHAl, TO Xo(N) ompeaensercs Kak
HauMEHbIIIee MHOKECTBO, IIOPOXKAAEMOE CIICAYIOIUMHU PaBUIaMU BBIBOJA:
Vo VU VA VK
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1. oexy 1 (N) F oex, (N),

2. p'keN\xq_; (N)

& W' L-nexonsepeenmmua 6 N\xq_1 (N) F ufxexqy(N),

3. uf A keN\xq 1 (N)

& WHAF L-uenonna nocie p' ¢ N\xo_1 (N)  + u'Afkexq (N).

W, yautsiBas onpenenceHus L-HekonBepreHTHOW n L-HemonmHOM Tpacc, B
SKBHUBAJICHTHOM BHJIE:

Vo VU VA Vx VP
1. cexy 1 (N) F cex, (N),
2. u*keN\xq,; (N) & PeRUQ

& ph(® 1eNxe . (N)

& VuePU{P'} u'(u)gN\x, 1 (N) F ufxexy (N),
3. u*AfkeN\xq 1 (N) & PeR

& p(®, 7)eN\xq 1 (N)

& VzeP p'(z)eN\x, . (N) & Ip(n)#D

& p(PH)AMeN\xq 1 (N) F ufAfkexy (N).
1.3. Ecmm o mpenenbHBI  OpAuHAN, TO X (N) omnpenenseTcs Kak
oopenuHeHne Xo (N) = U{xg(N) [B<a}.

2. Omnpenenum x (N)=x,(N),rme o Takoe, uto Xq(N)=xq,; (N).
TTokaskeM, 94TO TaKOE O BCETAa CYIICCTBYET.

JlefcTBUTENBHO, KajKIO€ MHOMECTBO MOXKHO BIIOJIHE YNOPAJOYHUTh
(3anymepoBats)''. Cnemaem 310 i muoxkectBa N. CyliecTByeT Takoii
opauHan (), KOTOPBIA OOJIbILIE, YEeM BCE HCIIOJIb30BAHHBIE IPH TaKOM
YIOPSAAOYMBAHUY OPANMHAIBI (B IPOTUBHOM ClIydae MHOXKeCTBO N OBUIO
OB B3aMMHO-OJHO3HAYHO COIOCTAaBICHO KJIACCy BCEX OpPIUHAIOB,
KOTOpBIM He sBJSETCS MHOXeCTBOM). byneM HymepoBath Tpacchl B
X0 (N) ciaexyonuM  oOpazoM.  [TockoibKy xo, (N) =0 o
OINpEeNeNeHUI0, CHaYala 3aHyMepyeM Bce Tpacchl B X (N) . ITo cBolicTBY
BIIOJIHE-YIIOPSZIOYEHHOTO MHOXECTBa OyJeT CyIIeCTBOBaTh CaMbli
MaJIeHbKUI OpAMHAJ, KOTOPBIH MBI He Ucnonb3oBanud. Hauunas ¢ sToro

" Mpr ommpaemcs ma NBG (Heiiman, Bepmaiic, 'efleib) akCHOMAaTHYECKYIO TEOPHIO MHOMKECTB C
npasinemenTamu (ot Hemerkoro Urelement) [25].
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opauHaia OymeM HyMmepoBaTh Bce Tpacchl B X, (N)\x; (N). U Tak
nmanee. Kaxnplii pa3 y Hac OyIQyT KMCHOJIB30BATHCS OPIMHAJEBI, KOTOPHIC
MeHbIIE ¢. 3HAUUT X4 (N) =x4,1 (N).

O603maunm X' = X%\x (%) m X¥, = X% \xq (X0%).
IMockonmbky x (X°1) X% m x4 (Z°Y) =20,
nmeeM x (Z%17) = XOI\IF u x,(X°) = EOIM\X%.
Take X' (LURF)" = X% = X%\x (X°") — mommHoxkecTBO L-Tpacc
MHOXECTBA X,
Jdemma 28: Tlycts (y)¢X. MuoxectBa X'y U Xo(Z°Y™) amsa kakaoro
opaMHana O 00JafaroT CIeLYIOLIUMU CBOMCTBAMU:
1) T5cE%: oeX’, Bueuer ceX®";
2) MHOXeCTBO L', Npe]uKC-3aMKHYTO: O-KE X', Bieder o0€X’y;
3) MHOMKECTBO X4 (X°'™) BMecTe ¢ KakI0ii Tpaccoil CoNepUT ee MaKCUMAbHBIH
L-npedukc: ecin pu'-(B)-me X% n pfe X'y, to p'-(B)-ne X’
HoxazarenbcTBoO M. Ha cTp.155
Jemma29: Ecmm  (Y)2X, 1o Bce Tpaccel MHokectBa x (X°) me L-
KOH(OPMHBI.
HoxazarenbcTBO M. Ha CTp.155

PaccmoTpum crenyromee d-ceoticmeo MHoxkecTBa Tpace NCX°'™: mpu mepexogme
"N BMecTe ¢ KakI0i y/anseMoil Tpaccoil yalsioTcs | BCe €€ HaATPacchl, TO
€CTb TPACCHI, B d-3aMbIKAHUH KOTOPBIX OHA HAXOIUTCS:

ecin pied (o'), u'eX’\N u ¢'eX’, 10 6'eX’"\N,

YTO HKBUBAJIEHTHO!

eciu pted (o*), pn*eX® u o*eN, 10 pfeN.

Jlemma 30:  Ecim (Y)¢X, o MHOXecTBa L', AU K&KIOrO OpAMHANA O W X'
0011a1a10T d-CBOICTBOM.

JlokazaTenbcTBO CM. Ha CTp.158

3.8.3. L-peanuzayusn r, cooeprcawan ece L-konghpopmnwie mpaccol
ITokaxkem, uro Bce ~(uHanbHBIe L-Tpaccel, ocraBmmecs mocie ynanenus L-
HEKOHBEPreHTHBIX U L-HernomHbIx Tpacc, sisores L-kondopmubivu. Ecin (Y)g L

U MHOXXECTBO X' MyCTO, TO yTBEPXKIECHHUE OUCBUIHO, U KOH(GOPMHBIX peann3arnii

Her. B panpHedimem OymeM npeanonaratb, 49ro X' #J. Mbl  moCTpoUM
v

koudopmuyio L-peanmuszaimio I, comepkantyro Bce L-tpaccsl u3 L.
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Mpb1  ompenenuM MHOXECTBO —Tpacc I' u IIOKaXeM, YTO OHO oO0Onajgaer
CIIEAYIOIIUMHU CBONCTBAMM:

1) comepxxuT TosbKO L-Tpaccel, TO €CTh €ro Tpacchl HE COEpKaT HE-0TKa30B,

2) comepxut Bee L-Tpacchl U3 MHOKeCTBA X', TO €CTh, Exﬁzo"glv,

3) sBiIseTCS MOJIHON TpaccoBol Moxenbio B andasure L7,

4) sBuseTcs  0€30MaCHO-TECTUPYEMOW  peayiu3amueid Ui ~ITOTIOJHECHWSI:
I' safe for £~

5) He CONCpPXHUT OIMMOOYHBIX TPACC, OMPEACISIEMBIX ~IOMOJHEHHEM, TO €CTh
KOH(MOPMHO ~nononsermo: I’ saco X~

Muoxectso 1V onpenenum kak Ext-pacumpenue Rf-mogemn IN B andasure L*
N . v R

JI0 ToJIHOM TpaccoBo monenu: 1" = Ext(I).

Cravana He()OPMAIBHO PACCMOTPHM, KaK MbI OyeM CTPOHTH MHOXKeCTBO IX.

Ilpexxae Bcero 3ameruM cleayomee. Bo MHOkecTBe X BCE  TPaccChl

KOHBEPTeHTHBI U MOJHEI ((popManbHO 3TO cienyeT U3 AOKa3aHHOW HIDKE TEOPEMBI

20 1 aHaIOrMYHOTO cBolicTBa V-(huHaIBHBIX Tpacc JeMmbl 21). OxHako, eciu B3sTh

MOIMHOXKECTBO L-Tpacc MHOecTBa X', TO €CTh MHOXKECTBO Tpacc X MX°”, To

CBOMCTBA KOHBEPTEHTHOCTH U MOJIHOTHI MOT'YT OBITh HAPYIICHBI.

B 1o e Bpems u3 L-xouseprentHoctd W L-monHotsl L-tpacc mHoxkectBa X°

CJICOYyCT, 4YTO OTHU TPACChl KOHBEPICHTHBI W IIOJHBI IIO 0C30IMacHBIM KHOIIKaM.

#

Hosicaum  s10. Ecrm p* (B, y)¢X*, 1o Tpacca W' P-koHBeprentHa wu,

cllel0BaTeNIbHO, KOHBEPreHTHA B L MX’” 1o kHomke P*: mpomomkaercs KakuM-
unbyns L-nabmopennem  zePU{P'}. Ecm u*(B,y)¢X’, tpacca p

3aKaHYMBACTCSI KAKUM-HUOYIb OTKAa30M W HE MPOIOJIKACTCS ACHCTBUSIMH ZE P, TO
mob6as umeromascs L-tpacca p'AY P-monma u, clenoBaTenbHO, BBITOIHEHO
TpeOoBaHKMe MONHOTHI B X 'NX’” nna xHonku P*: mms mo6oit umeromeiica L-

tpaccer WHAY umeercs tpacca pf-(P*)-Af

ClleI0BaTENBHO, MPH [OCTPOCHMH MHOKeCTBa IN HAM JOCTATOYHO OBECIEUMTH
KOHBEPIeHTHOCTh U MOJIHOTY TOJIBKO II0 OIACHBIM KHOIIKaM, TO €CTh KOrja
u' (2, y)eZ*. Jlnsa oToro Mbl 106aBUM K MHOMKECTBY X' HEKOTOPOE MHOKECTBO

Tpacc Y Tak, 94ToOBI 00ecnednTh KOHBEPTEHTHOCTh M IIOJHOTY B d-3aMBIKaHUH
moaMHOXecTBa L-TpacCc NONY4eHHOrO0 MHOXECTBAa, TO €CTh BO MHOXECTBE

ud ( (Z'UY) N (LUR) ), koTopoe n 6yzer MuO)ecTBOM IN.
Honnora. Ecmm  p* (B, y)eX* mu Tpacca W' 3akamumBaercs OTKa3oM W He

npogomkaercs L-gelicTBUsAIME  z€P, HO MPOAOIDKACTCS KAKHUM-HHOYIh TaKUM
neiicteuem B Ud (X¥), To mns Hee mo xHomke P' He TpeGyeTcs monHoTa B I®
ITosTOMY AJIS TONHOTHI TPacc M3 X', 3aKAaHYMBAIOMIUXCS OTKA30M, MBI JIOJDKHBI
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MPOBEPATh OTCYTCTBHE NPOMODKEHMS TPAcCHl NCHCTBHMEM 2zEP BO MHOXKECTBE
wd (), nobaensisn B oToM ciydae tpaccy W' (P*)-A* Bo muOkecTBO Y M

kaxnoil umeromeiicss Tpaccer WH-A'. TTocne storo Bce Tpacehl u3 X'UY GyayT
nomusr B 1N,

Konseprenrnocts. Ilycth m1si  Tpaccel u#e IR, 3aKaHYMBAIOIICHCSA OTKAa30M,
BBITIOJTHEHO TpeOOBaHWE TIOTHOTHI BO MHOMKECTBE I®: ecm tpacca U’ He
HpoJOJKAeTCs ASHCTBUAME U3 KHONMKKM P, To as mo6oit Tpacesr uHA* umeercs

tpacca W' (P*)-A*. Torna BemosnHeHo u TpeGoBaHHe KOHBEPreHTHOCTH Tpacchl |L*

Bo MHOxkectBe IN: mms kamoit R-xwomku R Tpacca W' nmbo mpomomxaercs
JeHcTBHeM U3 R, 00, B TPOTHBHOM CIIydae, IO MOJHOTE MPOJOIIKAETCS OTKa30M
R

[osTomy mist obecrieueHss KOHBEPIeHTHOCTH JOCTaTOYHO PACCMaTPUBAThH TOJIBKO

Tpacchl, HE 3aKAHYUBAIOIIMECS HMKAKMM oOTKasoMm. Ilycte Tpacca W' He

3aKaHYMBAETCS HUKakuM otkasom, W'-(B,y)eX’ wu tpacca W' npomomkaercs
KakuM-HuOynb L-nabmonennem uePU{P'} B wd(X’). Torma tpacca u'
GyLeT KOHBEPIeHTHA 10 3Toil KHomke B IN. TI03TOMY /Ui KOHBEPreHTHOCTH MBI
JOJDKHBI IPOBEPATH OTCYTCTBHE NPOJOIKEHHUs Tpacchl HabmoaeHueM uePU{P*}
B MHoxectBe \Ud (). Jlanee, eciu Tpacca W' mpopomkaercs kaxum-HuGYAb
otkasoM B Ud (X¥), To OHa, OUEBHIHO, IPOOIKAETCS KAKUM-HHOYIb oTKa3zoM R*

B X*. Ecm Ml oGecriednM B IN MONHOTY Tpacchl u'-(R"), To, Kak ckazaHo BbIIIE,

MBI 0becreunM KoHBepreHTHocTh Tpacchl W' (Rf) u Tem cambiM MBI 0Gecneumnm
KOHBEPreHTHOCTh Tpacchl M.

CrenoBaTesibHO, JUls  OOeCieYeHHs] KOHBEPTEHTHOCTM 10 KHomke P! Ham
JIOCTATOYHO paccMaTpuBaTh Tpacchl W'e I, He 3akaHuMBaKOlIMECs OTKAa3aMu U B
wd (X¥) He NpoJoIDKAIOLINeCs HUKAKAM NefCTBHEM ZEP U HUKAKHMH OTKa3aMH.
B 5TOM citydae Mbl JI0JKHBI IPOIOJIKUTE Tpaccy W' kakuM-HuOyb HaGIIOAEHHEM

ue PU{P*}. Jlna Toro, 9To6bI IpH 3TOM NONYYHIACh MOJAENh U He OBIIO 100aBIEHO
JIMIITHKUX TPacc, Mbl OyaeM J00aBJISATh BO MHOXECTBO X' T€ M TOJBKO T€ TPACCHI,

kotopsie umetot Bua W' (P*)-A*, rie tpacca pt-A* yxe Obula B I

IMocne no6aBneHKs yKa3aHHBIX TPACC MBI OyeM AelaTh d-3aMBIKAHME H JOKAXKEM,
9TO TOTyYeHHOe MHOXecTBO Tpace IN=ud ( (Z°UY) N (LUR") ") seusercs R-
MoJienbio B andasure L.

R
Teneps onpenenum MHOXKecTBO I (hopmanbHo.

ByneM roBopuTh, 4To 0TKa3 P ueobxooum nocne mpaccor W', eciu BHIIONHEHbI
CIICYIOIIHE yCIOBHUS:

1) orkas P* omacen mocye Tpacce W'
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H#' <9r Y>E Ex’
2) Tpacca W' He mpomomkaercs AeicTBUAMU U3 P B d-3aMblKaHUM X'

vzeP u'(z)eud (L),

3) Tpacca u# MO0 3aKaHYMBAaeTCsS KaKUMH-HHOYIb OTKa3oM, JuO0 He

3aKaHYMUBACTCA OTKAa3OM W HE HNPOAO0JIKACTCA B d-3amblkaHuu Y HUKaKMMU
OTKa3aMMu:

Ipw#2 v Ip(n)=2 &« VReR p'(RH)eud (L)).

Otkasbl, HEOOXOAUMBIE T0CIE Tpacchl W', — 3T0 Kak pa3 Te OTKa3bl, KOTOPBIE MbI
Oy/ieM BCTaBIATh 1OC/IEe Tpacchl W' mHepes KaxibIM ee IPOJoIKEHHEM B X° Juls
o6ecrieyeH s KOHBEPTEHTHOCTH | MTOIHOTHI MHOXKeCTBA LN,
Bynem roBopuTk, 4TO Tpacca G© noyuaemcs 6CMasKou HeobXo0OUMbIX OMKA306 6
mpaccy U, ecimm  Tpaccy c MOKHO  NPEICTaBUTL B BHJE
# ~# # ~F# # ~# # # # #

o= p o P P A, THE  p=poTep, 1, A, Tpacca p*; cocTouT W3
R¥-otkasos, to ectb p*;e R*", u xaxmpiit otkas Pfelm (p*;) neobxomum mocne

. #
TPaCChl [lo [y - lLs "

Avg v
OnpenenumM Omepanuio i 8Cmasku HeobXooumblx omkazos 6 mpaccy W. i (JL)
— MHOXKECTBO BCEX TPACC, KOTOPHIE TIOJYYAKOTCS BCTABKOM HEOOXOIUMBIX OTKA30B B
Tpaccy L.
v

PacrnipocTpanuM OIepanuio i Ha MHOXKECTBO Tpace X' 0OBIYHBIM 00pa3oM:
Avg vV
i) = {i (W) | neX'}, pe3yabTaToM SBJIAETCS MHOKECTBO MHOKECTB TPACC.

Ui (£¥)  — 9TO MHOKECTBO BCEX TpacC, MONYYaeMbIX H3 Tpacc XL° BCEMH
BO3MOJKHBIMHM BCTaBKaMU HEOOXOMUMBIX OTKa30B. MHOXKECTBO uiv (E)\X* kak
pa3 u Oynetr MHOXecTBOM Y J00aBIIsSEMBIX TPACC.

Just moctpoenus R*-monenn I? crauana BeIONHUM oIepanuo i¥. 3arem YAQIUM
BCE Tpacchl, cojepxkallue He-OTKa3bl, TO ecTh Bce He L-Tpaccel. Hakownern,
BBIMOJIHUM d-3aMBIKaHUE IMOJYYCHHOTO MHOXKECTBA TPACC. 3aMETHM CIIe Pa3, YTo
BCTaBKU HEOOXOIUMBIX OTKA30B HYXKHBI JUIi OOECHCUYCHUS KOHBEPTCHTHOCTH H
[OJNHOTHI MHOKecTBa IX.

Onpe,uem/[M Oorepanurro l yAajJaeHus HE L-Tpacc 13 MHOXKECTBA TpaccC N:

I(N) £ Nn(LUR")".

Onpenenum GopmanbHO MHOXKeECTBO Tpace IN £ ud (I (Ui¥ (Z%))).
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Jlemma 31:  ITycts tpacca o'eIX. Torna maiinyrcs Takume Tpaccsl G;' u G,°,
aro 1) o,'e¥’, o.'ci’(0,') u o'ed(c.'), u 2) ecom tpacca o' s
HekoTopoil R-kHonkm Pe R He mpomomkaeTcss JEWCTBUSAMH zE€P BO MHOJKECTBE
I®, o Tpacca ©," me mponomkaercs melcTBHAME z€P BO MHOXKecTBe Ud (XF).
JlokazaTenbcTBO CM. Ha CTp.163
Jdemma 32:  Tlycte X'#0. Torma MHOXKECTBO I®  sBnsercs R*-Mozmensio B
andasure L*, u ero Tpaccel He coepKaT AUBEPTECHIMN U Pa3PyIICHUSL.
JoxazarenbcTBO cM. Ha cTp.166

Jemma 33:  Ilycre X'#&. Torma MHOXECTBO I' obnamaer CIEAYIOLMMU
CBOMCTBAMMU:

1) comepxxuT TosbKO L-Tpaccel, TO €CTh €ro Tpacchl HE COEpKaT HE-0TKa30B,
2) comeprut Bee L-tpaccs m3 MuOXkecTBa X, T0 ecth, LNEC"CI',
3) sBisETCS MOJIHON TpaccoBoW Mozensio B andasure L7.
Jloka3zarenscTBO cM. Ha cTp.174

Jlemma 34:  JTioGas tpacca 6'eIN\E* umeer npeduxc Buma u*-(u*), rae tpacca

LL# Oe3omacHa B ~IIOINOJIHCHHUH, a Ha6n}oaeHne L‘l# OIIaCHO B ~IIOIIOJIHCHUH ITOCJIC

tpaccel W'
JlokaszarenscTBo cM. Ha cTp.175

Crenctaue. 13 9T0l neMMBI HEMOCPEICTBEHHO CIIEAYET, uTo Tpacca G'e I’\Z* ne
MOXXET OBITh Oe30macHoOil Tpaccoil ~momonHeHus. [lockonbky mo Teopeme 11
SafeBy (T" L) =X, a x (X)X, umeem o'ex(X'"). CnemoBaTensHo,
MHOXeCTBO IN He COEPIKHT TPACC, KOTOpbie ObUIH YIaJeHbl TPH IEPEXoie OT
2k % Irw (E0) =@.
Jlemma 35:  Tlycrs T"#Q. Torna IV safe for £~

Jloka3zarenscTBo cM. Ha cTp.176
Jlemma 36:  Ilycts X'#@. Torma IV saco X"

JoxkazaTenscTBO cM. Ha cTp.177
Takum 00pa3oM MHOXKECTBO I' sBisercs koHpopmHOil  L-peannzanuei,
coneprkaie Bce L-Tpaccel u3 MHOKecTBa X'

Jemma 37: Tlycts X'#&. Torma Bce Tpacchl MHOkecTBa X NI’ L-
KOH(OPMHBI.

JoxkazaTtenbcTBO cM. Ha cTp.177
Jlemma 38:  MHOXeECTBO x (%) SBIIETCS MOCTHOHUKC-3aMKHYTHIM
MOJIMHOKECTBOM MHOKeCTBA X°'” M BMECTE ¢ KaXIOH Tpaccoil COIEpKHT ee
MakcuManbHbIi L-npeduke (MakcumanbHbIA npedukce, spisroniuiicst L-Ttpaccoii).

JokasarenscTBo cM. Ha cTp.177
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Teopema 20: O KOHCTPYKTHBHOM oNpe/iejieHHH KOH(GOPMHBIX Tpacc:

~ \% ~ \% v
Iycts X2, T'NX0=X%, E'nxl"=x! n r*=r°",

JoxkazaTtenbcTBO cM. Ha cTp.177

Crnenyromas JieMMa TOKa3bIBaeT, 9YT0 L-HEeKOHPOPMHBIE TPAcChl MOXHO YIAISTh B
HECKOJIbKO 3TanoB. Ecnu u3 MHOXecTBa Tpace N yAajduTh MO MpaBHIaM BBIBOJA
L-nexondopmHubIx Tpacc He Bce L-HEKOH(pOPMHEBIC TPacChl, @ TOJIBKO HEKOTOPOE
MOJMHOXECTBO X TaKUX Tpacc, TO ocraBimuecs L-HeKoH(DOPMHBIE TpacChl
MHOXecTBa N Tarke yAansioTcs Mo MpaBWiiaM BbIBosa L-HEKOHPOPMHBIX Tpacc,
MIPUMEHSEMBIX K MHOXECTBY ocTaBImHXcs Tpacc N\X. 3amMeTnMm, 9TO Kaxaoe
MpUMEHEHHE TpaBmiia BeiBOJa L-HEKOHPOPMHBIX Tpacc M00aBIsAET K yAaIIeMbIM
TpaccaM MOCT(HHUKC-3aMKHYTO€ MHOXXECTBO Tpacc, KOTOPOE BMECTe C KaKmoil
Tpaccol COAEPKHT €€ MakCUMaIbHbI L-tpedukc (MakcuManbHBIH Tpedukc,
sstrornuiicst L-tpaccoit).
Jemma 39: Eciu NcZ, Xcx (N) u MHOXeCTBO X MOCT(hUKC-3aMKHYTOE
MMOJIMHOXECTBO MHOKecTBa X (N) ¥ BMECTE€ C KaXIOH Tpaccoil COINCPKHT ee
MakcuMmanbHbeli L-npedukc (MakcumanbHbIN npedukc, sisrommiics L-tpaccoii),
10 X (N)=XUx (N\X).

JokaszarenscTBo cM. Ha cTp.178
Jns nanpHelIero Ham MoHagAo00UTCsl OTHOIICHHE «<3» Ha L-Tpaccax npu 3aganHoM

muokectBe NcX°'”. Otmernm, uto L-Tpaccel, CBA3aHHbIE 3THM OTHOLIEHHEM HE
obs3atensHo npuHamiexat N. Jnga PeR u npomssonsubix L-tpacc pf, Af, of
u ¢ ompenenum:

WAt < ut (PHAF & P ocobbui nocie pt e N,

#

of<,6°* £ ot=0c"* v of<,0°*.

OTHOIICHUE RET OIIPEACIIACTCA KaK TDAH3UTUBHOC 3aMbIKAHUEC OTHOIICHUA <.

Jlemma 40:  OTHOILIEHUE «=<\» ABJIAETCS YACTUYHBIM MOPSIKOM.

HoxazarenbcTBo cM. Ha cTp.185

#

Jlemma4l: Ecmm o*<c' ¥, 6'eN u o *¢N, 10 o*ex (N).

HoxazarenbcTBo cM. Ha cTp.185

4. KoHeyYHble: ceMaHmMuKa, crieyughukayusi, NornosiHeHue

HOZ[ KOHEYHOI CEMaHTUKOM 6y;[eM NNOHUMAaTh CEMAHTUKY C KOHCUYHLIM aﬂ(i)aBI/ITOM.
O‘{CBI/IZ[HO, YTO B KOHEYHON CEMAaHTHUKE YHCJIO KHOIIOK M KaxJasd KHOIIKa TOXKE
KOHCYHBEI.
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ITox koHE4HO MOJIENBIO OyIeM MOHUMATh TaKYI0 MOJETh B KOHCYHOH CEMaHTHKE,
KOTOpasi MOKET OBITh 3a/laHa KOHEYHBIM criocobom. TpaccoBast R-monens X — ato
mHOXecTBo R-tpacc nekotopoit LTS S, 1o ecth T (R,S)=X. TpaccoByio R-
Mozmens X  OymeM Ha3plBaTh KOHEYHOH, €CIH CYIIECTBYeT KOHEYHBII
MOPOKAAIONINIA ee Tpad), YTO Mo cyTu o3HauaeT koHeuHocth LTS Sy. LTS u RTS
KOHEYHBI, €CJI Y HUX KOHEYHOE YHCIIO COCTOSHUN M TTEPEX0I0B.

ITo teopeme 1 u teopeme 2 LTS u RTS anropurmudeckn npeobpasyroTcs Apyr B
npyra (mpeobpazoBanusiMu L2R w R2L) ¢ COXpaHEHHEM COOTBETCTBYIOIICH UM
TpaccoBoi R-monenu (T.e. MHOXecTBa R-Tpacc aTHX Mojene), mpudeM Mmpu TakoM
peoOpa30BaHNH COXPAHAETCS KOHEYHOCTh YUCIIA COCTOSHHMH.

Uro kacaercs umcna nepexonoB LTS u RTS, 1o uymcino mepexomo LTS S
KOHEYHO, eCJI KOHeuHO 4uciio nepexonoB LTS Sy, HO o6paTHOE, BOOOIIIE TOBOPS,
He BepHO. Takke W3 KOHEYHOCTH umciia mepexooB RTS T ciieqyer KOHEYHOCTh
yucia nepexogoB LTS S=R2L (T). Oanako, st LTS S ¢ KOHEUHBIM YHUCIOM
nepexonoB RTS T=L2R (S) (u mobas RTS, onpenenstomnias nocine d-3aMbIKaHHS
TO e MHOXecTBO R-Tpacc), BooOIIe roBopsi, MOXKET MMETh OCCKOHEYHOE YHUCIIO
MePexo0B. DTO pa3liuuue CBs3aHO ¢ TeM, uro B LTS S mepexonsl mo oTkazam
BuptyansHele, a B LTS Sg u RTS — sBHble. B TO e Bpems A KOHEUHOU
CEMaHTHKH KOHEYHOCTh umcia nepexonoB LTS S, LTS Sz u RTS T=L2R(S)
JKBUBAJICHTHEL.

B sTOM paszene MBI HE CTaBUM IIENb MCCIIEIOBATh HEOOXOIMMEIE M JTOCTATOYHEBIE
YCIIOBHSA, KOTOPBIM JIOJDKHBI YIOBIETBOPSTH UCXOMHAS CHeNU(UKAIIMOHHAS TpOiika
JUISL TOTO, YTOOBI CYIIECTBOBAIM KOHCYHBIC ~ITOMOJIHEHHE W V-TIONOTHCHUE H/HITH
OHM MOTJH CTPOWTHCS AITOPUTMHYECKH. DTOT BOIPOC JOCTaTOYHO CJIOXKCH, a
YCIIOBHS QJITOPUTMHU3AIMH, KPOME TOrO, 3aBHCAT OT Choco0a IMpencTaBICHUs
OCCKOHCUHBIX CCMAHTHKHU W/WIN CHCIU(HUKALNY, B YACTHOCTH, OT 3aJIaHUsI TEX WIH
HWHBIX aJITOPUTMOB TIEPCUUCIICHUS U Pa3PEIICHUS TSI CEMAHTHKHU U CHICIA(UKAITIH.

B osTrom pa3mene MBI IOKakeM, YTO JOCTATOYHBIMH YCIOBHSAMH SBISIOTCS
KOHEYHOCTh HCXOTHOW CEMaHTHKH W WCXONHOW crhermpukanmy, a Takke
OoTpaHMUYEHHE Ha OTHOIICHHWE Oe3omacHocTH Ssafe by, chopMynmHpoBaHHOE B
cienyroneM mojapaszaene. Mexoanyro crenudukanuio OyaeM CYHUTaTh 3aJlaHHON B
Bune LTS S. Bynem ctpouts ~mononaeHue B Bune RTS S™ u V-momonnenue B
puze RTS S'. KoHeyHOe TOMONHEHHE MOXHO 3a KOHEYHOS BpeMst

aIropuTMUUecKH npeodpaszosath (R2L) B koneunyro LTS.

4.1. OrpaHuyeHue Ha safe by.

Ceifuac MBI BBeJEeM OrpaHWUYCHHE Ha OTHOIIeHWE Safe by, koTtopoe moTpedyer
COBMAJCHUS MHOXECTB O€30MacHBIX KHOIOK Tocie Oe30macHBIX — Tpacc,
3aKaHYMBAIOIIMXCA B OJHOM MHOXecTBe cocrossHui LTS-cnenudukanuu.
ITockoaBKyY IS KOHCYHOW CIICIU(UKAIIMYA TAaKUX MHOXXECTB COCTOSHUI KOHEYHOE
YHCIIO, 3TO MO3BOJHUT HAM CTPOUTH KOHEYHOE ITOTIOTHEHUE.
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Hcnonp3yem nanHoe B mojpasaene 1.3 oTHomreHue T-3KBUBaJIEHTHOCTH Tpacc
(Tpaccel T->KBHBaJE€HTHBI, €CIIM B CIEHU(HUKAINA OHH HMEIOT OJMHAKOBBIC
MHOXecTBa npojoinkennii). Ecmu B LTS-Monenu Tpacchl 3aKaHYUBAIOTCS B OJTHOM
MHOJKECTBE COCTOSIHHH, TO OHHM T-3KBHBaJICHTHBI, HO 0OpaTHOE, BOOOIIE TOBOPS, HE
BepHO. [ToTpedyeM, 4TOOBI OE30MACHOCTh KHOMOK OMPECIIIach OIMHAKOBO TIOCIIE
T-3KkBHBaNCHTHBIX Tpacc. B TpaccoBoll Teopuu 3TO OyAeT 03HAYaTh, MO CYTH, YTO
0€30MaCHOCTh KHOIOK OMPENEeNsIeTCsl Ui MPEPUKC-3aMKHYTOI'O MHOXKECTBa TPacc
X, KOTOPBIM SIBIISIETCSI MHOKECTBO TPACC, MPOJOJDKAIOIINX HEKOTOPYIO 6€30TIacHYI0
Tpaccy L.

OOBIYHBIE OTHOIIEHUST 0€30MTACHOCTH B PeaTM3AIMK U CIIeIU(DHUKAIINH OTIPEACIISIOT
0C30MMaCHOCTh KHONKH B 33JaHHOM MHOXKECTBE TpacC IIOCIE HEKOTOPOH ero
3aJJaHHOM TPACCHI, TO €CTh UMCIOT BUJ:

«KHOnka» safe in/by «mnoocecmseo mpacc» after «mpacca.

OtHomieHuss 0E30MaCHOCTH KHOIIKU JJIsL Hpe(i)I/IKC-SaMKHyTOI‘O MHOXecTBa X
TpaccC, MpoaOoLKAOMIUX 3aJaHHYIO TpacCy B 3aJaHHOM MHOXKCECTBE Tpacc, 6yﬂyT
HUMCTb BUJ

«KHONKa» safe in/by «npeguxc-3aMKHYymMoOe MHONCECBO NPOOOINCEHUL MPACCHL 80
MHOICECTBEe MPACC».

BesomacHoCTh B TpaccoBoi peaym3amyu L
Onpenenum: VPe RUQ VX

Psafe,X = (A)gX & VueP (uy)eX,

P safe in X

Psafe,X & (PeQ = (P)eX).

Ouesuono, umo: P safe inlafter c = P safein X, rne X={\A|c-Acl}.
Be3omacHOCTE B TpaccoBoii cnenupukamu Y.

Onpenennm: VReR VzeL V0eQ VX

1) Rsafeby X < Rsafe,n X,

2) JueQ Usafep,X & zeU & (z)eX = TFPeRUQ zeP & PsafebyX,
3) OsafebyX = Qsafep,X & IveQ (vieX.

s ozpanuuennozo omuowenus 6ezonacnocmu 6 cneyuurkayuy nompebyem:
P safe by X after 6 = Psafeby X, rne X={A|c-AcX}.

B LTS-Teopuu MbI OyaeM HCIOJIb30BaTh Oojiee ciaboe OTHOIIEHUE 0€30MacHOCTH,
OCHOBAHHOC HE HA MHOXKECTBE MPOJODKCHHUN TPACCHI, & HA MHOXECTBE COCTOSHHIMA
MOCIIC TPACCHI.

BesomacHocth B LTS-peanuzanpu I.

Onpenenum: VPe RUQ VacVv;
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P safe, a 2 Viea il & Vzep i=(z,y)#,
Psafeina = Psafepa & (PeQ = Viea i=(P)#).

QOuesudno, umo: P safein F (I) after 6 = P safein (I after o).

ITo onpenenenuto: P safey & n P safe in O.

Besonacnocts B LTS-cnenudukanyu  S.

Onpenennm: VReER VzeL VQeQ VacvVg
1) Rsafeby a < Rsafey, a,
2) JueQ Usafeppa & zeU & dsea s=(z)=
= JPeRUQ zeP & Psafeby a,
3) Osafebya = Qsafepa & IveQ Isea s=(v)=.
s oepanuuennoco ommowenus besonacnocmu 6 cneyudukayuy nompeodyem:
P safe by F (S) after 6 = P safe by (S after ¢).

ITo onpenenenunto it RER Bcerma Rsafe by O, a s Qe Q Q safe-by .

Kak o0brunHo, R-0TKa3 R 0e3omaceH BO MHOXECTBE COCTOSIHHM, €CJIA B 3TOM
MHOXKECTBEe Oe3omacHa KHomka R. JlelicTBme =z 0€30macCHO BO MHOXKECTBE
COCTOSTHUH, €CITM OHO pasperraeTcs HEKOTOpPOW KHOIKOH, Oe301acHO B ATOM
MHO>€ECTBE COCTOSIHU:

z safe by a = IPeRUQ zeP & P safe by a.

HamomHauM, 4TO OTHOIICHHWE affer pacnpoOCTPaHSETCsS HAa MHOXKECTBO COCTOSHHIA
acVg cuepyromuMm oOpa3oM: adfter 6 = {safter 6|s€a}, pe3yinbraToM
SIBJISIETCSI MHOKECTBO MHOKECTB COCTOSIHUM.

Ilo onpenenenunto, O after c = <.

3ameTuM, 4TO JJIsi KOHEYHOU cemaHTUKH R/Q ¥ koHeuHOU crienu(UKannOHHON
MOJIEIM S OrpaHWMYEHHOE OTHOIICHWE Sdafe by MoxeT OBITh 3a7aHO KOHEYHBIM
CIIOCOOOM: JUIS KaKIOr0 IIOJAMHOKECTBA COCTOSHUN (TaKUX IIOJMHOXKECTB
KOHEYHOE YHCJIO, a JUIS OTIPENeICHUs Safe by NOCTaTOYHO MOJAMHOMXECTB B KOHIIAX

Tpacc) YKa3bIBarOTCs 0e30IMacHbIe KHOIKH Kak IIOJAMHOXKECTBO (KOHC‘IHOI‘O) qucjia
KHOIIOK.

Crnemmndurannonnyo tpoiiky T=(R/Q,L.safe by) Oynem Ha3bIBaTh KOHeUHOL,
€Clli KOHeYHa ceMaHThka R/Q, mosiHasi TpaccoBas MOIENIb X 3ajlaHa KOHEYHOM
LTS win RTS, a otHomenue safe by orpaHudeHHoe.

4.2. TpaccoBoe ~nonosnHeHue LTS-cneuncmkaumm

[epenuimem onpeneneHne TPacCOBOTO ~IMOMOIHEHHUS JUI CIydasi, KOTJa UCXOAHAs
cnerudukanys 3agana B Bune LTS S u F (S)=X. D10 onpenenenue 6asupyercs
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Ha ompeJelieHnH ~()UHAJBHBIX TPAcc, KOTOPOE, B CBOIO OYepe/b, Oazupyercst Ha
OTIpEJICICHNH OTHOIICHHI ~0€30MacHOCTH W ~KOH(POPMHOCTH HAOIIOACHHUN ITTOCIIe
Tpacc. DT OTHOIIEHUS IJIS TPAacChl G 3aBHCAT OT MHOXECTBa ee di”-TioaTpacc,
TOYHEE, OT TOr0, KAKHE KHOIKU U HAOIIOICHUS OS30MAaCHBI IMOCIE ITUX MOATPACC U
KaKUMH  HAOJIOJCHUSAMH 3T TOATPACCHl  MPOJOJDKAIOTCS B HCXOIHOM
crnenmudukanyy. [l orpaHMYEHHOTO OTHOIIEHUS Safe by 5TO OXHO3HAYHO
OTIPEICIISIETCS MHOXKECTBOM COCTOSIHU MOCIIE TIOATPACCHI.

Teneppr BMECTO KaXIOW Tpacchl |I HWCXOMHOW CHCHU(HUKAIMKA MBI MOXEM
KCIIOJIb30BaTh MHOXKECTBO S affer |L COCTOSHMI B KOHIIC 3TOW TPAacChl, KOTOPOE
ompeieNisieT Kak 0€30MacHOCTh KHOMOK IIOCJIE€ TPAacChl, TaK W MPOIOJIKEHHS ITOU
TpacChl B HWCXOAHOW  crenu(ukaIum. Bmecro  mHOXecTBa  Tpacc
di” (6) NSafeBy (F (S)) OyneM HCIONB30BaTh CEMEHCTBO MHOXKECTB COCTOSHHH,
KOTOpoe 0003HaunM: As={S after |L| uedi” (G) NSafeBy (F (S)) }.

Kpowme 3T0r0, OTHOIIEHHE ~KOH(POPMHOCTH TIOCTIE TPACChl G 3aBUCHUT OT OTKA30B B
KOHIIE Tpacchl, TOYHEE, OT MHOXXECTBAa NEUCTBHH B 3THX oOTKazax. O003HAYMM
ro={Ulp () |Ip (6)#J}. 3amerum, 9T0 rs; — 3TO JAHOO IMYCTOE MHOXKECTBO,
JU00 CHHIJIETOH, T.€. MHOXCCTBO COCTOSIICE M3 OJHOIO 3JIEMEHTa, OTUM
DJIEMEHTOM SIBJIIETCS MHOYKECTBO JeHCTBUI. TakkKe 3aMETHM, 4TO ro={J}, ecin
MOCTPHUKC OTKA30B TPACCHI G HE IYCT, HO COAEPKHUT TOJHKO ITYCThIE OTKa3bl, U
ro=, ecimu MOCTHUKC OTKA30B TpacChl G mycr. Mrak, Npu MOCTPOCHUH
TOTIONTHEHHUSI BMECTO Tpacchl G OyaeM UCIONb30BaTh Mapy (Agrg). Hamumem
ornpeneNeHus ~0e30MacHOCTH U ~KOH()OPMHOCTH MOCIIC TAKOH Maphl.

~0e3011aCHOCTb.
s Qe Q: Q safe~by s = JacA; Qsafe by a;
s DeR: @ safe~by Ay = Jachr,; @ safe by a;
s zel: z safe~by Ay £ Jac A, z safe by a;

ans ReR\{D}:  Rsafe~by A; & VzeR z safe~by A,.
3ameuanue 15. VYuwuteBasg nemmy 12, Vue LUR

u safe~by b, & FPeRUQ (ueP v u=P & PeR) & P safe~by 2.

~KOH(OPMHOCTB.
s zel: z ~conf (Re,rs) = z safe~by D

& z&Urs & Vaeld, (zsafe~by a = U (aafter (z))#D);

ams ReR\{D}:  R~conf (Asrs) 2 Rsafe~by B
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& VQeQ Vaed; (QCUrsUR = Qsafeby a)
& VPeR Vaed; (PCUr,UR & Psafeby a = U (aafter (P))+D);

s JeR: D ~conf (Re,rs) = O safe~by Ag.
Teneps onpenenenue ~GUHATBHBIX TPACC BBITJISIUT TaK:
Vo Yue RUL VPeRUQ

D se=(7)= FeeX' & (Y)eX',
2) sp=(y)# FeeX®,
3) c*eX® & u ~conf (A rg) Fof-(uf)ex,

4) 6*eX’ & P safe~by Ay kot (R)e X & o' (Ry)e X",

5) 6'eX% & P safe~by B & (ro=0 Vv PZuUrs) o' (R)eX! & o' (RA)e XM

4.3. ~dumHanbHaa RTS (~nononHeHue B Buage RTS)

[Mo-nmpeskHeMy OyIeM CYMTATh, YTO UCXOIHAS CreHU(UKAIIMOHHAS MOIENb 3a1aHa B
Buge LTS S, ucxomnas cneuudukamumonnas tpoiika T=(R/Q.XZsafe by), rae
Y=F (8S).

RTS S~ OyneM Ha3biBaTh ~IIOMOJHEHHEM, €CJIM MHOKECTBO €€ IMPOCTBIX TPacce
COBMaZaeT C MHOXECTBOM ~(QuHambHBIX Tpacc T (S™)=X°'". Torma
ud (T (S™))=ud (£°*") u npu mo6GOM paclIMpeHHH [0 IIONHOH TpaccoBoii
Mozenn OyOeT MOIydaThCsl TpaccoBoe ~TomoiHeHHe X~. B pesymerate Oymet
noctpoeHa crnenmukanuonnas tpoiika T~= (RY/Q" X" safe,n) ~mnononnenus.

Hns mocrpoenust RTS S~ 3ameruM, 4TO B OmpenelicHHH ~(UHAJIbHBIX TPacc B
HpeabLIyIeM noapaszieie ~(puHanbHble TIPO0KeHUs ~puHanbHoi L-tpaccer o
3aBUCST TONBKO OT mapel (Asrs). HaM HyXHO Takke BBIICHHTH, Kak IS

~KOH()OPMHOTO HAONFOEHUSI U CBS3aHBI MApbl (Ag,rg) H (As.uyLou)) -
Jst mpon3BonbHBIX ACP (Vg), zeL m ReR o6o3naunm:

(A,r) safter z = ({U(aafter (z)) |acA & zsafebya}, D),

(A,r) safterR £ ({U(aafterp)|ach & Vi=1..|p]|

p(i)CUrUR & p(i) safeby w(aafterp(l..i-11)}, {UrUR}).
Ecnu z peiictue, u z safeby (A,r), 10 (A,r) safterz = (3,D).
Ecmu z nelictBue, u z safe by (A,r),Ho z eonf (A,r),
T0 (A,r) safterz = (A ,D),rne Jeh’.
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Ecmm R otkas,u Rsafeby (A,r),T0 (A,r) safterR = (J,{UrUR}).
Ecmm R otka3, u Rsafe by (A,r),H0 Reenf (A,r),
T0 (A,r) safterR = (A" ,{UrUR}),rne JeA" .
Jdemma 42:  Jlna npowusBonsHeX L-tpacesr ¢* u mabmonenns ue LUR umeer
MeCTO:  (AgupLow) = (AsLc) safter u.
JloxazaTenbcTBO M. Ha cTp.186
Jlemma 43:  VYcmoBue RCUrs BieUeT (Ag,rg) Safter R = (AsTg).
JlokxazaTenbcTBO cM. Ha cTp.187

Mpb1 Takke xoTmM mipu moctpoennn RTS S™ pasmuunte L-akTyanpHble W He
L-aktyanpaple L-HaOmomenuss cpeau 0Oe3omacHbIX, HO He L-KOHPOPMHBIX,
L-nabmronennii mocie Tpacchl. Chenyromas JeMma aHajiormdHa teopeme 12 o L-
aKTyadbHOCTH IS ~(HUHAIBHBIX Tpacc, HO TOJBKO YycioBus L-akTyanmpHOCTH
repeOpMyITMPOBAHEL B TEPMUHAX Ag H Ig.

Jemma 44: Hab6mopmenne u*e LURY, 6e3omacHoe (1o safey,) mocne Tpaccel
co*eX®, L-akTyanpHO TOrAa M TOJNBKO TOrAa, Koraa nau6o 1) uel u ugurg,

6o 2) ueR wu kaxkngas kHomka Qe€(Q Takas, 4TO QCUre (), OMAacHa B
MCXO/IHOH crienupuKanui S B KaXIOM MHOXKECTBE COCTOAHUH a€ Ag. ().

JokasarenbcTBo cM. Ha cTp.187

CormacHo 3TOH JieMMe AJId IPOBCPKU L-aKTyaJ’ILHOCTI/I HeﬁCTBHH, 0e30I1aCHOr0
TOCJIE TPACChl G#, JAOCTATOYHO MHOXKECTBA IYs, a AJIsI HPOBCPKU L-aKTyaJ’ILHOCTI/I

Rf-orkaza R, GesomacHoro mocie Tpaccsl G*, 10CTaTOYHO Mapsl  (Ag.(x)Lo.(x)) -
Cormacno nemme 42 (Rg gy, ror) = (AsTs) safter R.

O6o3naunMm w1t ReR:

A

R act (A,r) = VQeQ (Qcur’ & aehA’ = Qsafebya),

rae (A ,r’)=(A,r) safter R.

O6oznaunm: R (L) £ {@}u{{x}|xcL}}. DIeMeHTh TOr0 MHOXKECTBA —

9TO IyCTO€ MHOXXECTBO W BCE CHHIVIETOHBI {x}, TAe x  TpobOeraer Bce
MOJJMHOKECTBA (B TOM 4YHclie ITycToe) andasuta aedcteuii L.

OnpenemuM  ~guuanvuyto LTS 8"=LTS (Ve.,L*URYU{A},Eg.,57), TIue
MHOXECTBO Vgs. COAEPKUT BBIAEIEHHBIE cocTosHUA Y, A, A", ® u Bce

BO3MOXHBIE Tapbl (A,r), e ACP(Vg) um reR (L), HavanbHOE COCTOSHHE

sTo=({{Saftere}},D), ecm s,=(Y)#, wm s"=Yy, ecmu s,=(y)=, a

Mepexo/Ibl OMPEEIISIOTCS IPABUIIAMH BBIBOJIA, aHAJIOTMYHBIMU MPaBUJIaM BBIBOJA
JUTST ~(pUHATLHBIX Tpacc:
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VACP (Vs) VreR (L) VueLUR VPeRUQ V0eQ VReR

IR) so=(y)= Fy—y—o,

2R) u ~conf (A,r) F (a,r)—u*— (A,r) safter u,
3R) P safe~by A F (Ar)—2—y—y—O,

4R) Q safe~by A F (Ar)—e—A—A—D,

5R) Rsafe~by & & (r=0@ v RZuUr) & Ract (A,r) F (Ar)—R—A—A—D,

6R) Rsafe~by A & (r=0@ v RZuUr) & Raet (A,r) F (Ar)—R—A —A—-D.

I[OCTI/I)KI/IMOG COCTOsIHUE BUAa (A,r) 6yﬂ€M Ha3bIBaTh L-cocTosiHHEM.

3amedanue 16. Ilo moctpoennto mis ~puHanpHOH LTS BBIMONHEHO clemyromiee
CBOMCTBO, KOTOpOE OyZieM Ha3bIBaTh AY-cBOWCTBOM: Va, beVg VPe RUQ Vu

1) mepexojsl O HE-OTKa3aM BEIYT TOJIBKO B COCTOSIHUA Y, A, A™,
1 B 9TH COCTOSIHUS BEZYT TOJBKO MEPEXOBI TI0 HE-0TKa3aM:

(a—R2—>b=>be {V,A, A" }) & (a—u—b &be{y,A, A"} =3IF0eRUQ u=);

2) 13 COCTOSAAHHA 7Y BEIACT TOJIBKO MEpPEXo[d mo 7,
M IIEPEXOJ 10 Y BEACT TOJIBKO U3 COCTOSAHUS Y B COCTOSHHE :

(Y—u— = u=Y) & (a—Y—b = a=y & b=0);

3) m3 cocTtossHUI A, A” BEIyT TOJIHKO MEPEXOBI IO A,
M Tiepexon mo A BeleT TOJbKO U3 cocTosiHni A, A° B cocTosiHre :

(ae {A, A} & a=—u— = u=A) & (a—A—b = ace{A, A"} & b=0);

4) BcocTosHHE ® BeHyT TOJBKO MEPEXOABITIO Y U A,
M COCTOSIHME @ TEPMHHAJIBHO:

(a—u—® = ue{y,A}) & D—u-».

ITo moctpoenuto LTS S™ u nemme 42 s Jir000H Tpaccel o', 3akanunBaromeiics
B L-cocrossHun (A, r), umeeM A=As={S after L|Ledi” (G) NSafeBy (F (S) ) }
u r=rg={Ulp (o) |Ip(c)#J}. B uactHocTH, ecim r#{, To Tpacca G
3aKaHYHMBAECTCS OTKA30M.
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Teopema 21: O ~punanpHoii RTS. 1) Ecnu nycras tpacca 6e3omacHa B UCXOAHOM
LTS-cnemu¢ukamuu S, TO Kaxnas mpocras L-tpacca of LTS 8~
3akaHunBaetcs B L-cocTosiHUU (Ag,rs); 2) MHOXKECTBO mpocThix Tpacc LTS S~
ABIAETCA MHOXKECTBOM ~(uHAmbHBIX Tpacc T (S™)=X°'", rme X=F(S); 3)
~t¢unanpHas LTS S~ smmstercs RTS.

JlokxazaTenbcTBO cM. Ha cTp.189
3ameuanue 17. U3 teopemsl 21 u npasui BbiBoAa ~puHansHOH RTS cnenyer, 4ro
1) muoxectBo mnpocthix Tpacc RTS S7, 3akanuuBaromuxcs B L-cocTosHHSX,
COBMAZaeT C MHOXecTBOM X°°, a 2) MHOXECTBO IIPOCTHIX Tpacc RTS 87,
3aKaHYMBAIOIIMXCS B OCTaJbHBIX COCTOSHHUAX, TO €CTh COCTOSAHUAX 7V, A, A° u ®,
COBIA/Ia€T C MHOXKECTBOM X1~
Tewm cambiMm, L-cocrostus ~punanpaoit RTS — 3T0 BCe COCTOSIHUS, TOCTHKUMBIC IO
6ezomacubiM (B T™) mpocteim L-Tpaccam, u TOIBKO OHH.
3ametuM, 4TO mpocTas L-Tpacca HUKOTAa HE MOXKET 3aKaHUMBATHCS B COCTOSIHUSIX
A m A", M MOXET 3aKaHYMBATbLCS B COCTOSIHUSIX Y M O TOJIBKO B TOM Cllydae,
KOrja mycras Tpacca omacHa B ucxomHod LTS-cmenmudukammum S, TO ecTh

se=(Y)=. B mocnensem ciyyae HMEIOTCA TOJIBKO 1BE ~(HUHATBHBIE TPACCHl € U
(), xoTopsie sBistoTCst L-TpaccaMu, HO OMACHBL.

Wrak, MHOXeCTBO MpocThIX Tpacc ~¢uHanbHOH RTS coBmamaer ¢ MHOXecCTBOM
~puHanbHbIx Tpacc. Ilepedopmynupyem B TepmmHax RTS yrBepkaenus o
6e3omacHocTH KHOTIOK (Teopema 10) u o 6e3omacubix L-Tpaccax (teopema 11).

Teopema 22: ~punanabnas RTS: BesonmacHocth kHomok. B ~dunansnoit RTS
S” kHomka P' (esomacHa N0 OTHOWIEHWIO safe, TOCIE MPOCTOI Tpacchl,

SaKquHBaIOHICﬁCH B L-cocrossnun S, TOrJia ¥ TOJBKO TOT/Ja, Korga s—=a-~7.

HoxazarenbcTBO M. Ha cTp.195
Teopema 23: ~punanbHass RTS: Besomacusie L-tpaccsl. L-tpacca u3 d-
3aMBIKaHHSI MHOXKECTBa MPOCTHIX Tpacc ~(puuampHOW RTS S~ 06e3omacHa 1o

OTHOIICHHIO saerA TOraa W TOJBKO TOorga, Korja OSTO IIpoCTas Tpacca,
3aKaH4YHMBaKwmasAcs B L-cocTosuuu.

HoxazarenbcTBO M. Ha cTp.195
VYrBepxkaenne o L-akryanbHeIX HaONMIONEHHMSAX W Tpaccax (Teopema 12)
nepeOopMyIMPYyEeM C YIE€TOM BBEAECHHOT'O AOTIOJIHUTEILHOTO COCTOSTHIA A’

B ~¢unampHOi RTS g coctosHMs s 0003HAUMM uepe3 r(s) MycToe
MHOJKECTBO, €CII B COCTOSHHM S HE ONPEICICHBI MEPEXO/IbI-IIETIIH 0 OTKa3aM,
WIA OIHODJIEMEHTHOE MHOXECTBO, cojepxkaiiee OObEeJUHEHHE OTKa30B, IO
KOTOPBIM B COCTOSIHMM S OIPEIEIICHBI IePEXOAbI-[IeTIIH:

r(s) 2 {U{ReR|s—R'—s}|drReR s—R'—>5s]}.
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Jlemma 45: JIns L-coctosums  (A,r)  ~¢dunansHoii RTS wumeer mecrto
r((Ar))=r.

JlokxazaTenbcTBO M. Ha cTp.195
Teopema 24: ~¢punanbnas RTS: AkTyanbHble Hadaonennst u L-Tpaccel.
1) Bce mpocteie L-tpaccet RTS S™ L-akTyanbHb.

2) Ha6monenne u*e LUR*, Gesomacnoe 1o safeyy, B L-cocTosHMM s, TO €cTh
mocie Jo0OW TPacChl, 3aKAHYMBAIOIICIHCS B 3TOM COCTOSIHUM, L-akTyaibHO
TOrJga W TOJABKO TOorga, korga maubo 1) uel & ugur(s), aubo

2) ueR & s—=a»A".
JoxazarenbcTBo cM. Ha cTp.196
3amernm, uro wii ueR m3 u'safe, s cuenyer s—e—»y. TlosTomy ycnosue
s—a—»A" DBKBUBAJICHTHO yCIOBUID S—&—+* V s—a—A.

Teopema 25: O KOHEYHOCTH ~(pUHAIBHOI RTS. [as KOHEUHOH
cnemudukanonnoi tpoiiku T= (R/Q,F (S) ,safe by) ~punamsnas RTS S~
KOHEYHAa, M €€ MOXHO QJITOPUTMHYECKH IIOCTPOUTH 3a KOHEYHOE BpEMs.
CrenudukannonHas Tpoika ~momnoyHeHus T = (R#/Q#,E~,saerA) ,rne X=F(S),
KOHEYHa.

JlokxazaTenbcTBO M. Ha cTp.198

Jnst manpHEWIero HaM TMOHAAOOMTCS eIle Ps ONpeAeNieHHH W YTBEpKISCHUH O
~punanbHoit RTS.

Jlemma 46: B S~ g kaxporo L-cocrostuust (A,r) HMEET MECTO:

A={U (x dfterp) | xer & Vi=l.|pl|

(r#0 & p(i)cur & p(i) safeby U (xafterp[l..i—-11))1}.
JoxazarenbcTBO cM. Ha cTp.199

3ameuanue 18. U3 »5Toif JneMMBI HENOCPEACTBEHHO cleAyeT, 4ro B S™ i
kaxporo L-cocTosHus (A,r) KaXJI0€ MHOXKECTBO COCTOSHUI U3 A UMEET BUJ

U (x after p). Tlockonpky (U (x after p)) after e = U (x after p), Kaxmoe
MHOXXECTBO COCTOSHMM W3 A  3aMKHYTO IO T-TIepexojaM, TO ecCTb
A={U (x after c¢) | xeAP}.
Jlemma47: B S gna kaxknporo L-coctosHuss a u Kaxaol kHomku PeR
UMeeT MecTo a—R-» < a—Pf—a.

HoxazarenbcTBo cM. Ha c¢Tp.200

OnpenenM OTHOLIECHHE:

(Ar)S(A ,r') £ AchA” & (r20 = r #0) & urcur’,
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rme A, A", r U r CeMeHcTBa MHOXECTB.

B uacTHOCTH, Takoe OTHOIICHHE OIpPEIeICHO Ha MHOXecTBe L-cocTosHuit
~(hunanpaOl RTS.

Jlemma 48:  OtHoIEHHE «<» SBJISETCS YACTUUHBIM MOPSIIKOM.
HoxazarenbcTBo cM. Ha c¢Tp.200
Jemma49: B S° mna moObix L-cocTossHuii a uW b, W 11000f KHOIKHU

PeRUQ wumeer Mmecto a—R—+ & a<b = b—R-».

HoxazarenbcTBo cM. Ha cTp.200
Jlemma 50: B S” miua mo0eix L-cocrosiHmii a ®m b, W 1000l KHOIIKHA
PeRUQ wumeer MecTo b—R—Y & asb = a—R—7.

JoxazarenbcTBO cM. Ha cTp.201
Jemma 51: B S jmns moOwix L-cocTostHuii a u b, u 1r000# Tpacchl 0TKa30B
peR" nmeer Mecto a=p'=b = a<h.

JoxkasarenscTBo cM. Ha cTp.201
Jlemma 52: B S™ s moObix L-cocrosuuii a u b, u o6oro L-Ha6mronenus
ue LUR wumeer mecto a<b & a—uf—a" & b—uf—=b” = a'<b’.

Joka3zarenbcTBo cM. Ha cTp.202

Paccmotpum npounsBonsHyio LTS B anpasure L*UR*U{A} u ee cocrosnue s.

Bynem roBopuThb, uTO KHOnka P' yonacmaes, ecnu (B,Y)eT(s), uHaue
kHonka P* y6esonacua e s.

Bynem rosoputh, uto omxaz P! yronacen s, ecmu xmomka P* ¥onacmas s,
uHaue omkas P* y6eszonacen 6 s.

Hdus oeticmeus zeL. Oymem TOBOPUTH, YTO 2z JONACHO 8 S, €CIH B 3TOM
COCTOSIHUU }+OTIaCHA KaXKIash KHOIKA, KOTOPOW 3TO JCHCTBHE MPUHAJICKHUT, HHAYC
Oeticmeue z Y-6e30NACHO 8 S.

3ametuM, uto gni  ~¢uHaneHOM RTS  orHomenme  P* Y6e3onacha 8 s
SKBUBAJIECHTHO OTHOIUEHHIO P safe, {s} mna moboi LTS, MHOxeCTBO R*-tpacc

KOTOPO, COBIIa/IaeT C MHOKECTBOM Tpacc ~¢uHansHoi RTS (Hanpumep, mst LTS
R2L (S7)).

Jlemma 53: B S s mo0Obix L-cocrosauii a u b, u noboro L-nHa6mronenus

ue LUR wumeer Mmecto b—uf— & a<b = u’ ponacnosa v a—u*—.

HoxazarenbcTBo cM. Ha cTp.203
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4.4. NoctpoeHune V-nononHeHus B Buge RTS

[Mo-npeskHEMy OyeM CYMTaTh, YTO UCXOHAS Criel(UKAIIMOHHAS MOJIeIb 33a1aHa B
Bune LTS S, ucxomnas cnemmuduxanuonnas tporika T=(R/Q,L.safe by), rne
X=F (S).

Ecnu W3 HA4albHOTO COCTOSHHS HCXOJHOW crenupuKandd S JOCTHKHMO
paspylieHie, To ecTb So=(y)=>, TO Ha4allbHOE COCTOsIHHE ~(uHAIBHOH RTS

s”o=Y, Bce peaimm3anuud KOH()OPMHBEI, TECTUPOBAHWE H3JIMUIIHE M V-TIOTOJIHEHHUE
CTPOUTH HE HY>KHO.

B nanpHelmem Oyaem cauTaTh, 94TO sO:<y>¢> B MCXOJHOW crierupuKanul S.

RTS sY 6ymem HasbiBaTh V-IOMOJHEHHEM, SCIIH MHOJKECTBO €€ IPOCTHIX TPACC
COBNAamaeT ¢ MHOXecTBOM V-(uHampHbix Tpacc T (S')=X°"Y. Torma
wd (T (8Y))=ud (£°*Y) u nupn nO6OM pPACIIMPEHHH 1O MOJNHOH TPACCOBOM
Mozenu GyieT MoydaThes TpaccoBoe V-momonHenne X'. B pesymbrate Gyxer
nocTpoeHa crienuduKanHonHas Tpoiika T' = (R#/Q#,Zv,saerA) V-NOMNO0HEHHUS.

CormacHo Teopeme 20, IUIsi 3TOTO HaM HYXXHO W3 MHOXECTBA MPOCTBIX Tpacc
~(¢unanpHor RTS ymamuth Bce Tpaccel m3 MHOXecTtBa X (X). Kak mokaszano B
noapasnene 3.8 ectb aBe mpuduHbl L-HekoHpopMHOCTH: L-HEKOHBEPTEHTHOCTD U
L-nenonHOTa. MBI paCCMOTPHUM J1Ba TIOCIIEA0BATEIbHBIX MpeobdpasoBanust C; u C,,
MepBOe U3 KOTOPBIX yaaisieT L-HeKoHBepreHTHbIE Tpacchl, a BTopoe — L-HernonHbie
Tpaccel. B 00oux ciydasx ynpansieMoe MHOMXECTBO TPAacC SBIISIETCS MOCT(HKC-
3aMKHYTBIM IOJMHOKeCTBOM MHOXecTBa X (N) W BMecTe ¢ KaxIOH Tpaccoit
COJIEPKUT ee MaKkCcuMabHbIH L-npednkc (MakCHMAaIbHBIN Tpe(HKC, SIBISIONTHIACS
L-tpaccoit). [loatomy, cormacHo nemme 39, mocie 3TOro JIOCTaTOYHO CHOBA
ynanuTh Bce L-HexoHBepreHTHBIE Tpacchl u L-HemomHble Tpacchl. OTHAKO, BTOPHIE
yke ynanensl omnepaimeit Cp;. Mbl HOKaXeM, YTO MOCJIE IOCIEeI0BATEIbHOCTH
oneparuit C;,C, He TOSABISAIOTCS HOBbIE L-HEKOHBEPTeHTHBIE TPacChl. TeM caMbIM
OyZeT MOKa3aHo, YTO YAAJICHBI BCE TPACCHI U3 X (X) | TOJBKO OHHU.

4.4.1. Onepayusn C; — yoanenue L-nexkoneepzenmuslx mpacc.

CocrosiHue a OyneMm Ha3bIBaTh P-uexousepeenmuvim, Tae Pe RUQ, ecmu oto L-

COCTOSIHHE (IIOCTIDKMMOE COCTOSIHME BHAa (A,r)) ©W B HEM HeE-OTKaz £

HEpa3pyLIAIIUI, U HET MepexoJoB Mo L-HaOmoaeHnsIM, pa3peiiacMbIM KHOITKOH
#

P":

a P-nexonsepeenmno = a L-coctosiHue & a—R-»Y & Vue PU{P} a—u'».

A
a P-xoneepeenmmno = a P-nexonsepeenmito.

Cocrossnne a  OymeM HaswiBaTh  L-mexousepecemmmuvim, e€cnium OHO  P-
HEKOHBEPTeHTHO ISl HEKOTOpo# KHOMKH Pe RUQ:
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A
a L-uexonsepeenmno = IPeRUQ a P-nexonsepeenmmo.

A
aL-KOH@epZGHmHO = a L-Hﬁf@ﬁ&eﬁ-&e]ﬂ‘!ﬁ@

OmpenenvM  omepanuio  ¢; Kak yAalleHue Bcex TIepexoioB Bo Bce L-
HEKOHBEPreHTHbIC cocTosiHus. Onepanuto C; omnpenenuMm Kak IOBTOPCHHE €; [0
TEX MOp, MOKA YAAISIOTCS KaKUe-TO mepexojbl. [T0CKONBKY YHCIO MEpexoioB B
koHeyHoid RTS konewyHo, Takoe omnpenenenue omepaud C;  KOPPEKTHO.
O603HaYNM S"1=CI (87). 3aMeTnM, 4TO S”l, oueBnaHoO, ssBisercss LTS. Huxe Mbl
MOKa)keM, 4TO OHa sBjseTcs Takke RTS.

dopmanpHOE oTIpeJieNieHNe ¢;(S™)=LTS (Vs.,L'UR*U{A},E,s™)), riue
E=Es.\X, a X ompeaensieTcsi Kak HaUMEHbIIEe MHOMXECTBO, IOPOXKIAEMOe
CJIeIYIOIIMM MPaBWJIOM BbIBoJa: Va, beVg. Vue LUR

a—u*—b & b L-uexonsepzenmmno F (a,u’,b)ex.

O6o3HauuM c¢;" (S™) £ ci(cy(..(c;(S7))..)), rne onepauusi ¢; NOBTOPSAETCS
A

n pas,u C;(87) ¢/5(8”),rme ¢;f(8”)=¢c;"1(8").

Jlemma 54: Omepanuss  ¢;” angd  Joboro  n  obnajgaer  CleAyIOUIMMHU
CBONMCTBAMH:
1) He nosBnstirorcst HOBBIX L-cOCTOSIHUI (JIOCTHKUMBIX COCTOSHUN BHaa (A,r) ).
2) He noGamnsiroTcst mepexonsl U Tpacchl, B yactHoctu: T (¢;" (S™) )X u
~1 -
T(s™')cxo.
3) He ypansitorcs mnepexoipl-MeTiM B oOcTaromuxcs L-COoCcTOsSHUsIX, TO €cTb
COCTOSIHUSIX BUJIa (A,r ), KOTOPBIE OCTAIOTCS JOCTUKUMBIMU.
4) Coxpansiercsi AY-cBoicTBO (3aMevanue 16).

5) Ecnm BemonHEHO AY-CBOMCTBO, TO HE YAAISAIOTCA IEPEXOIBI II0 HE-OTKa3aM B
ocraomuxcst L-coCcTOAHUAX, TO €CTh COCTOSHMSX BuUAa (A,r), KOTOpbIe
OCTaIOTCSI JOCTIKUMBIMH.

JlokazarenbcTBO cM. Ha cTp.203
Jlemma 55:  Bce coctosust LTS S™' L-KOHBEpreHTHbI.

Joka3arenscTBo cM. Ha cTp.204
Jlemma 56: LTS ¢;”(S™) sBmsercs RTS.

JloxazatenbcTBO cM. Ha cTp.205

Jlemma 57: O xoneunocmu RTS S™'. Jins xoneuHol crienudUKauoHHO TPOHKH
T=(R/Q,F (S) ,safe by) RTS s™! KOHEYHa, U €€ MOXHO aJTOPUTMUYECCKU
MIOCTPOUTB 32 KOHEYHOE BPEMS.

JoxazarenbcTBo cM. Ha cTp.206
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Jlemma 58:  Omnepanus c¢;” yaaaseT TOJNBKO T€ TPacChl, KOTOPbIE MpUHAATIEkKAT
x (X%, 1o ectb XO'"\T (c;”(S7))cx (X°*). MuoxectBo X°*™"\T (¢;”(S™))
YAAISIEMBIX TPacC SBISETCS IMOCT(HUKC-3aMKHYTHIM ITOJIMHOXXECTBOM MHOXKECTBA
X% u BMecTe ¢ KaxIOi Tpaccoll cOepXHT ee MakcumalbHbli L-npedukc
(MakcuManbHbBIH Tipedukc, sBistonuiicsa L-Tpaccoii).

JoxkasarenscTBo cM. Ha cTp.207
Crnenyromas JieMMa aHajorundHa jemme 47 mist ~punanpHoi RTS.
Jlemma 59: B ¢;"(S”) nmna xaxgoro L-cocrosHus a u kaxknou kHomku PeR

HMEeT MeCT0 a—R—» < a—P'—a.

JoxkasarenscTBo cM. Ha cTp.207

ITockonbky RTS ¢;"(S™) wuMeeT TO *e MHOXeCTBO cocTosiHuid, uto RTS S~
(XO0TA, BO3MOXXHO, IPYTro€ MHOYXECTBO JOCTHKUMBIX COCTOSIHHM), OTHOIIEHHUE «<>»,
ompeneneHHoe Ha cocTtosHusIXx RTS S7, coxpansercs m mns cocrosHuil RTS
¢;" (87) . Crenyromue JJeMMbl aHATOTUIHBI JieMMaM 49+53.

Jlemma 60: B ¢;”(8™) g mo0bix L-cocTtossHnii a u b, U 11000M KHOIIKH

PeRUQ wumeer Mmecto a—R—+ & asb = b—R-».

JloxazatenbcTBO cM. Ha cTp.207
Jlemma 61: B ¢;”(8™) g mo0bix L-cocTossHnii a u b, U 11000M KHOIIKH

PeRUQ wumeer MmecTo b—R—Y & as<b = a—R—7.

HoxazarenbcTBo cM. Ha cTp.208
Jlemma 62: B ¢;"(S”) ans moObix L-cocrosHuii a u b, u mo0oi Tpaccel

£
oTkaszoB PpeR  wumeer mecto a=p'=b = a<b.

HoxazarenbcTBO cM. Ha cTp.208
Jlemma 63: B ¢, (8™) g mo0bix L-coctostnmii a uw b, um moboro L-
nHabmogenus ue LUR umeer mecto a<b & a—uf—a’ & b—u—b =
a <b".

HoxazarenbcTBo cM. Ha ¢Tp.208
Jemma 64: B ¢;"(S”) gus mobbix L-cocrosuuii a u b, u mgoboro L-
nHabmozenus ue LUR wumeer mecto b—uf— & a<b = u' yonacnoea v

a—u#—n

HoxazarenbcTBo cM. Ha ¢Tp.208

Ecnmn B pesynbrate mnpeoOpazoBanuss C; HawanpHoe cocrosiHue RTS s
oKazajoch L-HEeKOHBEPreHTHBIM, TO 3TO 03HAYAET, YTO BCE ~(HHANBHBIE Tpacchl L-
HEKOH(QOPMHBI. B 3TOM cilydae TecTHpOBaHUE W3JHIIHE U V-IIOIOJHEHNUE CTPOUTH
HE HYXXHO.
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B nmanbHelilmeM 0ymeM CYATATh, YTO HadajdbHoe cocrosinme RTS s! L-
KOHBEPreHTHO.

4.4.2. Onepayusn C, — yoanenue L-nenonnvix mpacc.

Iepexon mo otkasy s—P*—s’ Gynem Ha3BIBATE 0COGBIM NEPEXOOOM, ECITH:

1) sTOT mepexox BeAET B APYroe COCTOSHUE,
2) BCOCTOSHHHM S €CTh IEPEXOM-TIETISI IT0 KaKOMY-HHOYIb OTKa3y H

3) B COCTOSHMM S HET MEPEXOJIOB IO IEHCTBUAM U3 P:
N v A ~
s—P¥—s" ocobuii £ s #s & JReR s—R'—=s & VzeP s—z-».

Jlemma 65: B S™' orkaz P* ocoGsiit mocne Tpacesl W' TOraa m Toabko Torna,
korna Tpacca W' 3akanumBaeTcs B L-COCTOSHMH, B KOTOPOM €CTh TIEPEXOA-METIIS
UM 0cobbIi epexos no otkasy P

JlokxazaTenbcTBO M. Ha ¢Tp.210

Tpaccy p* Oymem HaswBaTh ocoboii 6 cocmosuuu s U 000O3HAYATH
p' ocobas ¢ s, ecnu B 3TOM COCTOSHUM €CTh MApIIPYT ¢ 3TOM Tpaccoif, cocrosuii
U3 0COOBIX TEPEX0J0B. 3aMETHUM, YTO 0co0asl Tpacca sBISETCS TPACCOW OCOOBIX
OTKa30B, HO He JIto0as Tpacca 0COOBIX OTKA30B SBISIETCS 0C000H Tpaccoil, a TOIBKO
Takasi, KOTopast sIBISIETCS] TPACCON MapIIpyTa, B KOTOPOM BCE MEPEX0/ibl 0COObIe, TO
€CTh HET MEeTeJb [0 0COOBIM OTKA3aM.

Tpacca ocobast B COCTOSHHUM S MAKCUMAIbHA, €CIIA OHA HE SIBJISAETCS CTPOTHM
npeUKCoOM HHKaKOil Tpacchl 0cO00H B S, TO €CTh 3aKaHYMBAETCSI B COCTOSIHUM, B
KOTOPOM HET 0coObIX NepexofoB. bByaem o6o3Hauath: p' maxcumanvnas
0cob6as 8 s.

Jlemma 66: B S™' Bce TPAcChl, SIBJISIONIMECS MaKCHUMAJIbHBIMH OCOOBIMH B
OJTHOM U TOM K€ JOCTHXHMMOM L-COCTOSHIM S, 3aKaHYMBAIOTCA B OJHOM U TOM XK€
L-cocrostHnn s .

JlokazaTenbCcTBO CM. Ha cTp.212
Onpenenum onepanuo  C: SV=02 (S”l) =LTS (VSV,L*UR#U{A},ESV,SVO), rIe

MHOKECTBO COCTOSHHH VgV= (Vg-XVg~) U{Y,A, A" ,®} comepXuT BBIICICHHBIC
cocrosiHus Y,A,A°, 0 U MHOXECTBO Bcex nmap (a,b),rae a,b —cocrosHus S,

v - ~ ~ ~
Ha4valabHOE COCTOAHUE S o= (S g, S (), € S ( — HAYAJIbHOE COCTOsAHUE S~,

MHOXECTBO IIEPEXOO0B EgV OIpeACIACTCA KaK HaAWMMCHBIICC MHOXCECTBO,
IopoOXKAACMOC CICAYIOINMHU TpaBUJIaMU BI)IBO,HaIZI

12 B n1eBoit yacTH NpaBHI yKa3bIBAIOTCA Tiepexonbl B RTS S
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Va,b,a ,b ,b,eEeVs VueLUR Vp

1. a=u*—=a" & b—u*—b, & b,=p=b"

& P maxcumanvhas ocobas 6 b, (a,b)—u’—(a’,b"),

',
2. a—2—y—y—0 F (a,b)—2—yr—y—0,
',

3. &R A—A—-D (a, b)—R—A—A—D,

4., a—2 A" —A—D F (a,b)—R—A"—A—D.
L-cocrosausamu LTS sV OyieM Ha3bIBaTh JOCTH)KMMBIE COCTOSTHUS BUAa (a, b),

TO €CTb COCTOSIHUSI OTJIMYHBIE OT cOCTOsIHMI Y, A, A" u ®.

3ameuanue 19. U3 mpaBus BbIBOJIa HEMOCPEICTBEHHO CJEAYET BHIMIOJHEHUE AY-
coiictBa B S.

Jemma 67: B sV g kaxxnoro L-coctostHus (a,b) B COCTOSHHM b B s
HET 0COOBIX NEPEX0a0B U a<b.

JlokazaTenbcTBO CM. Ha CcTp.215
Jemma 68: B sV st kKaxaoro L-cocrosHus (a,b) mpaBwio BbBoma 1
SKBUBAJICHTHO CIIEAYIONIEMY MTPABIITY BBIBOJIA!

la.u® p6esonacno 6 a & b—u'—b, & b,=p=Db"

& P MaxcumanvHas ocobas 6 b, F (a,b)—uf—(a’,b).
JlokazaTenbCcTBO CM. Ha CcTp.215

Jemma 69: B sV 1) xaxnoe L-cocrossaue (a,b) L-KoHBEpreHTHO U 2) Bce
npocthie L-tpaccel L-KOHBEPTEHTHBI.

Jloka3arenbcTBO cM. Ha cTp.216
Jlemma 70: LTS 8" smusercs RTS.

Jloka3arenbcTBO cM. Ha cTp.216
RTS 8" Gyxem HasbiBath V-(uuanbHoi RTS.

Jemma71l: Ecms 8V L-tpacca 3akaHuMBaeTcst B COCTOSHUU (&, b), TO B s~!
TakKas Tpacca TOKe €CTh U OHa 3aKaHYHBAETCS B COCTOSIHUU a.

JlokazaTenbcTBO CM. Ha CcTp.218

v
Jdemma 72:  Ecom L-tpacca ¢' mmeercs B S', To Bce ee NPONOIKEHHsS He-
o ~ v
OTKa3aMH U Jajiee pa3pyIIeHUEM WK JUBEPIECHIMEH OJHHAKOBEI B S ''ug 8",

JlokazaTenbcTBO CM. Ha cTp.219
Jlemma 73:  TIpeoOpazoBanue C, He mobaBiseT HOBBIX Tpacc: T (SV)gT (S”l).

JlokazaTenbcTBO CM. Ha cTp.219
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Jlemma 74:  Ecau tpacca of B 8Y 3akamumBaercs B cocTosHUM (a,b), T0B
st CYIIECTBYET TakKasi Tpacca G ', KOTopas 3aKaHUMBAETCA B COCTOSHHUM b, U
of<o *.

JlokxazaTenbcTBO M. Ha cTp.219

Jlemma 75: TIpeobpazoBanme C, ymanseT Tonbko Te L-Tpacchl, KOTOpbIe
npuHaanexar x (T (S"l) ).

JlokazaTenbcTBO M. Ha cTp.220

Jlemma 76: 1) IlpeobpazoBanme C, ymajaseT TOJBKO T€ TPacChl, KOTOPHIE
MpUHAUIeXKaT X (T(S"l) ), TO €CTh T(s™ \T(SV) cx (T (s™)). 2) MHOXeCcTBO
T(sH\T(s) yAISIEMBIX Tpacc SIBJISIETCS MOCT(PHUKC-3aMKHY THIM
MOJAMHOXECTBOM MHOXkecTBa T (S"l) U BMECTE C Ka)JIOH Tpaccoil COOEPKUT ee
MakcuManbHbI L-npeduke (MakcumanbHbIN npedukc, spiustonuiicsa L-Tpaccoii).

JlokxazaTenbcTBO M. Ha cTp.220

Jemma 77:  Jnst mo6oro L-coctossus (a, b) B sV
(a,b)—P*—(a",b") ocobbui = a<a’ & b=b’.
JlokazaTenbcTBO CM. Ha cTp.221

v N
Jemma 78:  Jlns mo6oro L-coctosinust (a,b) B S, moboro L-cocrosHus a
B S™! umo6Goro ue LUR:

f>(a,, b, = Ja,” (a ,b)—u*—(a," ,by) & a<a,

a<a’ & (a,b)—u

JlokazaTenbCcTBO CM. Ha CTp.222
Jlemma79: B 8" Bce mpoctsie L-tpaccst L-momHsL.

JlokazarenbCTBO CM. Ha cTp.222
Teopema 26: O V-unamsnoii RTS: T (sY)=x*=x°".

JlokaszarenbcTBO cM. Ha cTp.223

v
Teopema 27: V-punanbuas RTS: O 6esonacnocTn knonok. B S* kmonka P*
Oe30macHa 1o OTHOIIEHHIO Safe,, IOCIe NpocToii L-Tpaccel, 3akaHunBaromeics B

COCTOAHHMHU s, TOTOa U TOJIBKO TOrJa, Koraa S—P—H'Y.

JlokazaTenbCcTBO CM. Ha cTp.224

Teopema 28: V-¢punansnass RTS: Besonmacubie L-tpaccer. B S'  L-tpacca

Oe3omacHa 10 OTHOIICHMIO Sdfey, TOrZJa M TOJBKO TOrJA, KOIZAAa 9TO MPOCTas
Tpacca.

JlokazaTenbCcTBO CM. Ha CTp.224
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Jlemma 80:  CmoiicrBo R¥-nerean: B sV misg L-coctosuust  (a,b) wuMeer
#

MecTo Ur((a,b))=Ulp(CG) mis moOoW Tpacchl G, 3aKaHYMBAIOIICHCS B
COCTOSIHUM (a, b).
Jloka3arenbcTBO cM. Ha cTp.224

v o .
Jemma81l: B S' s moGoit Tpaccel Gf, 3akaHuuMBaromieicsi B COCTOSHHM

(a,b), ycnosue L-akryamsnoctn R*-otkasa P*, Gesonacnoro no safe, mociue
Tpacchl o', skBuBaneHTHO (a,b)—R-»A".

JlokaszarenbcTBO M. Ha cTp.225
Teopema 29: V-pmnansnas RTS: L-akTyanbHble HA0II0€HHSI U TPACCHI.

1. Bce L-tpacceiuz T (SV) L-axTyanbHbl.

2. L-nabmognenne u'e LURY, Gesonachoe no safe,, B L-cocTosHun s, TO eCTb
nocne moboi Tpacchl, 3aKaHUMBAIOMIEHCS B 3TOM COCTOSHHH, L-akTyanbHO
TOrJla W TOJNBKO Torda, korma maumbo 1) uel wu ueur(s), ambdo

2) ueR & s—=a»A".
JlokazaTenbCcTBO CM. Ha CTP.226
3ametnm, ut0 U3 u’safe,n s cnenyer s—e—»Yy. [lootomy ycnoBue s—a—»A
9KBUBAJICHTHO YCIIOBUIO S—&— V s—a—A.

Teopema 30: O  konHeuHoctH  V-punaasnoii RTS. [Ing  xoHeuHO

. . v

cnerudukanuonroi Tpoitku T= (R/Q,F (S) ,safe by) RTS S’ koneuna, u ee

MOXKHO aJTOPUTMHUYECCKH IMOCTPOUTH 3a KOHEWHOEe BpeMs. CrnenuukaruoHHas
. v

Tpoiika T'= (R#/Q#,Ev,saerA) SBIIIETCS KOHEYHBIM MAaKCHMAaJbHBIM V-

nonoynHeHueM Tpoiku T.

JlokazaTenbCcTBO CM. Ha CTp.227

4.4.3. Ocoodvie omKazvl u 3a86UCUMOCHIL MEHCOY OUIUDKAMU.

31ech Mbl PacCMOTPUM ONTUMM3ALUIO0 T€HEpalUi TECTOB, OCHOBAHHYIO Ha yyeTe
0cobbIX 0TKa30B. B crermdukammn S° orkaz RY ocoGeii mocme tpaccel G
3aKaHYUBAIOLICICS B COCTOSHUM S, €CIU B 3TOM COCTOSHUHM HMEETCs Mepexoj-

netnss s—R'—s, wmu ocoObrit nepexon s—R*—s' BcocrosHHe s #s.
IIpexxne Bcero, 3amMeTuM, YTO JJIs TOJHOTHI TECTOBOrO HaboOpa JOCTATOYHO
v
TCHEPUPOBATh TECTHI TOJBKO IO TEM MPOCTBIM TpaccamM RTS S', mapuipyts
KOTOPBIX HE COJNEpKAT IMETeNb MO OTKa3aM. JIefcTBUTENBHO, eCliu B sV npocras
Tpacca G' 3akaHuMBAaeTCA B COCTOSIHMM S, IJI€ MMeeTCA MeTis 1o oTkazy R*, To

(8 cumy nerepmunusma RTS) tpaccet o' u o' (R') T-oksuBanenTHs (cM.

3aMCYaHue 1) OHHU UMCHOT B SV OJJMHAKOBBIC MHO>KCCTBA HpO,HOJ'DKeHPIfI. H03TOMy
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cnenndukanus onpenenser ommbky o*-A'-(u*) Torma m Tonbko Torna, korna ona
onpenenstet ommoky G'-(R*)-A*-(u*). Crnenosatensno, 10CTaTOMHO MCKATH TONBKO
omn6ku Buna 6'-Af-(u*) u ne uckare omubkn Buna o'+ (RF)-AF-(uf).

Eciu xe Tpacca ©F 3akaHumMBaeTcs B COCTOSHMH S, IJe MMEETCs IIepexof

s—R*—s" no orkasy RF, HO Bemymmii B apyroe cocTosHue s #sS, TO MO JEMME

80 RZUIp (G). B arom cayuae tpaccst 6° u 6*-(R), BooGwe rosops, ue T-

SKkBUBAIEHTHBL. Crienmudukanus MoxeT onpenearts ommbky o' -Af(u*), Ho me
onpenenats ommbky of-(RF)AF-(u'); B cnemuduxamum moxer nake He OBITH
tpaccer 6" (R*)-A'. Tawke m HaoGOpOT: crenudUKANMA MOKET ONMPEAENATH
oumbky o (R*)-Af-(u*), no ne ompenensate ommbky of-A'-(u”), xors mo d-
3aMKHYTOCTH cHemu(uKanum nokHa ObiTh Tpacca o'-Af. Bo-mepseix, Tpacca
o Af-(u*) mMoxeT He GBITH TECTOBOH TPaccoli U, ClIEIOBATENBHO, ONIMOKOH (Tpacca

*  Moxer OBbITH

o' Af MoxeT He OBITH Ge30mMacHON Tpaccoi, MM HaONIOAEHHE U
omacHeIM mocne Oe3omacHol Tpaccel G6'A"). Bo-Bropeix, Tpacca ofAf-(u*)

o o v
MOXeT OBITh MPOCTOH Tpaccoi cnenudukamuu S° H, CIeI0BaTEIbHO, HE OBITh
ommbOKkoii. Tem campIM, BOOOIE TOBOPS CJIEAyeT HCKaTh ONIMOKM Kak BHUAA

o' Af-(u*), Tak m Buma o*-(R*)-A"-(u").

Oco6rlii cimyuait — xorga mepexofi, s—=Rf—s’ ocobslii. B atom ciayuae mo L-
nonHoTE, ecnum cnemudukanmms onpenenser ommoky oAf(u*), To omna
onpenensietcss u ommbky o'-(R*)-A*-(u”). HaoGopor, ecnu umeercs ommbka
o' (R")Af-(u*), 1o Tpacca o"A"-(uf) me moxer ObITH mpoCTON Tpaccoil

v o o
CHGIII/I(i)I/IKaIII/II/I S, HO OHa MOXET HE OBITH OHII/I6KOI/I, €CJIM HEC ABJISICTCA TCCTOBOU

tpaccoii (tpacca o'-A* me GesomacHas Tpacca, mnu HabmogeHme u'

nocne 6esonacHoii Tpacchl 6*-A"). Tem cambIM, B 3TOM 0cO60M Ciyyae JOCTATOUHO

OITaCHO

uckath Tonbko oumbOku Buma o' -(R*)AF-(uf), u me wuckath ommbOku Bupa
of A (uf).

Ecnu B cocTosHMM S HMeeTcst 0coOblil mepexos no oTkasy R, To mbl Beerma
JIOJDKHBI  BHIOMPATh JTOT MEPEXOJ, TO €CTh TEHEPHPOBATH TECT IO TPACCE
o' (R")-A"-(u"), a me Tpacce ¢"A"-(u). B cocTostHUM s MOXET OBITH HECKOIBKO

0COOBIX IEPEXOJIOB, HO IO JieMMe 66 Bce MaKCHMajlbHBIE OCOOBIE MapIIPyThI
(cocTosmme U3 0COOBIX OTKA30B), HAUMHAIOIIKECCS B COCTOSIHUU S, 3aKAHYUBAIOTCS
B OZJHOM W TOM JK€ COCTOSIHUH. HaMm 10CTaTOYHO BBHIOMpATH JTFOO0H TaKoW MapIipyT,
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u Tpaccy G' mnpomomxath Tpaccoit pf 3Toro mMapuipyra, To €CTh reHEpUpPOBAThH
TecT 1o Tpacce Buga o'-p*-Af. B menom nocraTtouno reHepHpoBaTh TECTHI TOJIBKO
M0 TaKUM TpaccaMm, B KOTOPHIX TIOCIE KaXJOTr0 TpeduKca CcIeayeT Tpacca
MaKCHMaJIbHOTO 0coboro MapuipyTta. VIHBIMH CIIOBaMH, TECT TCHEPHPYETCS TOIBKO
[0 Tpacce TaKOro MapIIpyTa, B KOTOPOM IIOCIE KaXAOTO MpeQuKca ClIeayeT
MaKCHUMaJIbHBIH 0COOBIH MapUIpyT (BO3MOKHO, ITyCTOH).

B menoM MOXXHO CKa3aTh: MOJHBIH HAa0Op TECTOB MOXET OOHApYXHUBaTh HE BCE
OmMOKHU, OmpeaesieMble crenupuKanuen, aake eCiM Takod cruenuduranueit
seisiercss RTS 8", B koropoii Bce GesomacHsie Tpacchl L-koH(GOPMHBL AHAIH3
9TOW TIPOOJIEMBI JTOJDKEH ONMHUPAThCS Ha (MHOYKECTBEHHYIO) 3aBHCHUMOCTH MEXIY
omuOKaMu.

Bynem roBopuTh, 4TO U3 MHOXECTBA OMIMOOK A ClIEAyeT MHOXECTBO OIIMOOK B,
ecM B KaxJoi Oe3omacHo-TecTUpyeMol L-peanu3aiuu, B KOTOpOH €CTh Kakas-
HUOYIb OIMOKa U3 A, UMEeTCsl TaKXKe Kakas-HHOyap ommOka 3 B. HabGop tectos
TTOJTHBIH, OYEBHIHO, €CIM W3 MHOXECTBA OOHAPYKMBAEMBIX MM OIIHOOK CIEHyeT
MHOXECTBO BCEX OIMMOOK, ONpeAeisIeMbIX crenudukanueii. 3amada MOCTPOCHHS
IOTHOTO Habopa TECTOB € MHHHMAJIBHBIM (HampuUMep, 110 OTHOIICHHIO
BJIO’)KEHHOCTH) MHO>KECTBOM OOHapY>KUBAEMBIX OIIMOOK BBIXOAMT 38 PAMKH JIAHHOH
paboThI ¥ SABJISAETCS NPEIMETOM AATbHEHIIMX UCCIIEI0BAHHH.

4.5. O 6e3onacHbIX Tpaccax KOHPOPMHbIX peanusauun.

HWrak, MBI mOCTpomiIM MakcuManbHOe V-nononHenue B Buae RTS-cnenudpukamum
v
S": MHOXeCTBO ee mpocThix L-Tpacc, nmpuBeaeHHBIX K andaButy L, coBmamaer ¢
v
MHOKeCcTBOM V-koH(popMHBIX Tpace: (T (S7)N (LUR*) ") = Veonf (T).

Hanomuum, uro V-kondopmuas tpacca (tpacca u3 Veonf (T) ) — 1o Takas Tpacca
OL, KOTOpas ToJjly4aercsi npuBejeHueM K andasuty L Tpaccsl G, KoTOopas, BO-
nepBbiX, L-koHpopMHa, TO e€CTh BcTpedaeTcs B HEKOTOpod koHpopmHoU L-
peanm3anyM, W, BO-BTOPBIX, SBIsieTcs O€30MacHOM Tpaccol  HEKOTOPOM
cnenudpukarun u3 L-konyca V (T) . Takas tpacca G Oe3omacHa (o safe in) B
K0 KoH(DOPMHOH (ake B KaKI0W Oe3omacHO-TecTupyeMoit) L-peanmuzanuu, B
KOTOPO#1 OHA BCTpEYaAETCSI.

OO6parHoe, BOOOIIE TOBOpsl, HE BEPHO: MOXET CYIIECTBOBAaTH Takas Tpacca ©,
koTopasi L-koHpOpMHa, TO ecTh BCTpedYaeTcss B HEKOTOpOH KoHpopmHOH L-
peanuzanuy, U Oe3zornacHa B Kaxaol KoH(popMmHOW L-peanusannu, B KOTOpoi oHa
BCTpeuaercs, HO Tpacca oOp¢ Veonf(T). B oarom cinywae s Kaxmoi
cnemudukanonnoid tpoiikn TieV (T)y MOXHO paccMOTpeTh MaKCHMalIbHBIH
mpepukc W Tpaccel G Takoi, uro Upeconf(TiL)y, TOo ectb B 23TOi
crierduKay ecTb Oe3omacHas Tpacca | Takas, 4to |hp=Mr. [lockonbky Takoi
npedukc L CTpOTHii, 32 HUM B Tpacce G wuMeeTcsa HabmoxeHue u. IlockombKy
CEMaHTHKH CIEHU(PUKAIMOHHBIX TpoeK n3 L-koHyca L-3KBUBaNeHTHBI, cCeMaHTHKA
R\Q; omnpenmensier (ObITh MOXET HE EIWHCTBEHHOE) COOTBETCTBYIOIICE
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HaOJIOICHWE Uu; Takoe, 4TOo Ujp=up. JIs Kakaoro Takoro HaOJMIOICHHS U
IOKHO ObITh Ui (u;)2 X;. TIOHATHO, 9TO 3TO HAONIOAEHHE U; JMOJDKHO OBITh
omacHbIM B crnenmdukanumu Y; mmocie |, TaK KaK B IPOTHBHOM cClydae
cnenuuKanus ompepessia  Obl  ommbKy Wy (uj), 4ro nporuBopedynt L-
KOH(OPMHOCTH TPACCHl G.

Jnst ucxomuo#t tpoiikn T 0003HAYMM MHOMKECTBO TPacc, KOTOPHIE BCTPEUAIOTCS B
KOH(OPMHBIX peanm3anusax u 0e30macHbl BO BCeX KOH(POPHBIX pealiu3alusix, B
KOTOPBIX OHH BCTPEYAIOTCS:

A

Safe (T) = {oceuConfImp (T) |VIeConfImp (T) (o€l = oceSafeln (1)) }

= U{Safeln (1) |Ie ConfIlmp (T)} \ U{I\Safeln (1) |Ie ConfImp (T) }

Torna moxHo 3amucath: Veonf (T)cSafe (T) .

Ipumep tpaccet Gy, Safe (T) \Vconf(T) npusenen nwa Puc. 21. . 3nech
Go=({a}, {b}). g cemantnku R/Q,rme R={{y}, {a}, {b}} u Q={{x}},
€MHCTBCHHO BO3MOJKHBIM OTHOIICHWEM Safe by sBIseTCS OTHOIIEHHE, KOTOPOE
00BsBNseT Q-KHOMKY {x} O0€e30macHON IMOCie Tpacchl TOTAa W TOJBKO TOTHA,
KOorja Tpacca MpoJoDKaeTcsl HepaspyllaromuM aeifctBuem x. B LTS-
cnemudukauu S, JAEHCTBME X HE SIBISIETCS paspyllalolMM HH B KaKOM
cocrostauu. B atoii LTS wmcnonb3oBana LTS Ss w3 mpumepa ma Puc. 11. , Bce
Tpacchl KOTopol HekoH(popMHBI. 13-3a aToro B RTS S;” mepexonsl, noka3aHHbIe
IyHKTAPOM, BeOyT B L-HeKOHBEepreHTHOE COCTOSHME — HadajabHOEe cocTostHre RTS

~ v
Ss”. VYmamsas st mepexonbl, moimydaemM RTS S;° (L-HemoJgHBIX Tpacc HE
BO3HMKAeT, Mo3ToMy omepanuss C, He MeHseT MHOxecTBa Tpacc). B atoit RTS

Tpacca ©," omacHa: mocie Tpacchl <{a}#> nabmonenue {b}" onacmuo,

IOCKOJIBKY IIOCJE mepexona Io {a}t wumeercs nepexoa mo =He<-, BeaylIud B
cocrosaue Y. Umeem Gy Veonf (T;).

LTS I, - mpumep 06e30macHO-TECTHPYEMOH, HO HEKOH(QOPMHOW peanu3anvu (B
Heit umeercst ommoOka (y)). B atoit LTS mocne tpacet ({a}) Habmoxenue {b}

OIaCHO, MMOCKOJIbKY MEPEX0A M0 JEHCTBUI0 b pa3pyIlIaroniui.

B 10 e Bpems B j1060# KOHDOPMHOM peanu3aluu nocie tpacchl ({a}) KHOMKa

{y} nomkHa OBITH O€30TacHA, & €AMHCTBEHHBIM KOH(QOPMHBIM HAOJIIOICHUEM IO
JTOW KHONKe sBisercs oTtkaz {y}. CremoBaTenpHO, B IHO0OH KOH(POPMHO#

peanuzalu OTKa3 {y} BCTaBIAETCS i-omepanueil mocjie Tpacchl ({a}} B
mobyro Tpaccy Bupa ({a})-A. IlosTomy, ecmu Obl KHOnKa {b} Obula B
KOH(DOPMHOM peam3ali oracHa mocie Tpaccel ({a}), To Obuia ObI Tpacca

({a},b,Y), a Torma 6euta 6bl u Tpacca ({a},{y},b,Y), 4TO IPOTHBOPEUHUT

92



TUTIOTE3e 0 OE30MMaCHOCTH, MTOCKOJIBKY B crienuduKanuy KHomka {b} Oe3omacHa
nocne Tpacebl ({a}, {y}). CnenoBarenbHo, B Ir000i KOHGOPMHOI peanu3anuu, B
KOTOpO¥ ecTh Tpacca G, 3Ta Tpacca O6e3omacHa o safe in. Umeem: o.€ Safe (T) .
L={x,y,a,b} R={{y}, {a},{b}} Q={{x}}
{x} safe by S; after p < p-(x)eT(Sy)

(v)eT(I1) = I;saeoSs I, saco Ss

BRTS s,;” omymensr:

- IETJIM 10 OTKa3aMm, Tpedyemble cBocTBOM KymyisiTuBHOCTH RTS,

- TIEPEX0/IbI IO He-0TKa3aM B COCTOSTHHE A H

- IePeXOo/Ibl 0 4=+ B COCTOSIHHE Y M3 BCEX COCTOSIHHH, Il HET Mepexoa Mo x.
RTS s," MOJlyJyaeTcs u3 S, yOaJIeHHeM MepexXo0B, MTOKA3aHHBIX MyHKTHPOM.

Puc. 21.  Ipumep mpaccer ({a}, {b})eSafe (T) \ Veonf (T)

AHaJOTHYHYIO CHTYallMI0 UMeeM ¢ Tpaccoit o,=({a},x, {b}), eciu B LTS S,
J00aBUTH IEPEXO/IbI, OKA3AHHBIE IITPUXOM.

Oty aBe Tpaccel G, M G; Ha Puc. 21. IeMOHCTpPHPYIOT IBa Ciydasi, KOTAa B
KOH(pOPMHOHN peanu3alid OTKa3 OKas3bIBacTCs OE30MacHBIM 10 Sdafe in  1mocie

TpaCcCbl W BCTABJIACTCA IIOCJIC HCC i-onepauneﬁ, X0Tsd B CHCHI/I(i)I/IKaIII/II/I OTKas
OIlaceH IIoCje JTOM TpaccChl. DTO CBSI3aHO C HAJIMYHEM OCOOBIX OTKa30B, Koraa

nocie Ttpaccel W'(PP)-A* ¢ ocobeim orkasom P* mekotopwii orkaz R

Oe3omnaceH, a MOCIE TOH XKe Tpacchl 6e3 0cobOro OTKa3a, TO €CThb MOCIE TPACCHI
u*A* orkaz R' omacen. Takoii otka3 R' MoskeT ObITH OmaceH Mocjie TPacchl
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u*A*  Tompko B Takoli  6€30MACHO-TECTUPYEMOM  pealuszalud, KoTOpas
HekoHpopMHa. MMmeHHO mosToMy mnpu moctpoeHnHn B 3.8.3  KoH(OpPMHOI
peammsanmn  1', comepkamieil Bce V-KOH(pOPMHBIC Tpacchl, MBI Takue R-0TKa3bl
Jenany 0e30IacHBIMM U BCTaBIISUIM MX B TPAcChl Kak HEOOXOMMbIE OTKa3bl. MIHBIMU

CIIOBAMH, TOCKONBKY 9Ta peanmsaius koudopMua, Muoxectso Safeln (I') ee
0e30MacHBIX Tpacc BKIIOYAET HE TONbKO MHOXecTBO Vceonf (T) V-koHpopMHBIX
Tpacc, HO W MHOXkecTBO Safe (T) (a Takke, OBITh MOXET, HEKOTOpHIE
JIOTIOJTHUTENbHBIC O€30IaCHBIE TPACCHI).

5. 3aknroyeHue

5.1. Utormn

Urorom sroil paboOTHI SBISETCS aJrOPUTM IOCTPOEHHS 110 KOHEYHOW MCXOJHOM
cneruukannonHoir tpoiike T=(R/Q,X.safe by) crenupukannoHHOW MOJIEIH,
3ajganHOil B Buie KoHeunoii RTS SV, u COOTBETCTBYIOIEHl KOHEYHOH TPOHKHU
T'= (R*/Q" X" safe) .

DTO maeT NeNbIH psAI CBOWCTB MOJIG3HBIX ISl ONTUMHU3HPOBAHHOW TEHEpaIuu
MIOJIHOTO TECTOBOro Habopa. HamomHMM, 4TO TOJIHBIA HAOOp TECTOB JOCTATOYHO
reHepupoBath no Oe3onacHbIM L-koHpOpMHBIM Tpaccam. B kaxnom Tecte mocie
MOJTY4EHHs] TPACChl, HAXKMMAETCsl KHOIIKa, Oe30macHasi 1ocie 3TOoi Tpacchl, U A
kaxnoro L-akTyanbHOro HaOJIIOCHUS, ONPEEeNIieMOro STUMHU TPACcCO U KHOIKOH,
B TECTE IOJDKEH JINOO BBIHOCHUTBCS BEPAMKT, JTMOO MPOJOKATHCS TECTUPOBAHUE
(ecyn Takoe HaOJIOIEHNE TPOOIDKAET TPACCY, MO0 KOTOPOH CTeHEPHPOBAH TECT).

1. Bce 6e3onacubie L-Tpaccol L-kongopMHBI.

2. Bbezonacubie L-Ttpaccel. B RTS s’ rakumu TpaccaMu SBIISIOTCS IIPOCTBIE
Tpaccel, 3aKkaHuMBaromuecs B L-COCTOSIHUSAX, TO €CTh COCTOSHUSX, OTJIMYHBIX
oT cocTosiHui V,AA°,B.

3. JderepmunmnsMm. RTS nerepMmunupoBaHa, cliefoBaTeNbHO, Kakaas Tpacca, I0
KOTOPO HY>KHO T€HEPHPOBATh TECTHI, 3aKaHUYMBACTCS B OAHOM COCTOSIHUH.

4. Bbe3onmacubple KHonkH. KHomka p* O6ezomacaa mocne  L-Tpacchl,

SaKaHQHBaIOHlefICH B COCTOSIHUM a, TOrJa M TOJbKO TOIJa, Korga a—=E-»1Y.

5. AkryaiabHble HaOmogenus. L-mabmonenne u’e LUR*, 6Gesomacmoe mocie
TPacChl, 3aKAHYMBAIONICIHCS B COCTOSHUM &, L-aKTyaJbHO TOTJa M TOJBKO

Toraa, korga mbo 1) uel & ugur(s),mbo2) ueR & s—wa»A".

6. OnTUMH3AIUA «0CO0bIe O0TKAa3bD». J[JI1 TOro, 4TOOBI MOJIHOCTHIO BBIMOJIHUTH
ONTUMU3AIMI0 «OCOOBIE OTKa3bl» JOCTATOYHO KAXKIBIA TECT T'CHEPHPOBATH
TOJIBKO IO TaKOW Tpacce, MapIIpyT KOTOPOH, BO-IIEPBBIX, HE MPOXOIUT depe3
METJIN O OTKa3aM, M, BO-BTOPBIX, MPOJOJKAETCS MOCIE KaKIOrO CBOETO
npedukca MaKCHMAaIbHBIM OCOOBIM MapIIPYTOM (BO3MOKHO, ITYCTHIM).
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5.2. HanpaBneHnAa ganbHeMWUX nccrnegoBaHUm

5.2.1. Kpumepuu «npasuivHvix» cheyuguxayui

Koneunast RTS-criermbukanust S MOXeT GbITh MOCTPOCHA U3 000 HCXOTHOM
crienuduKanuy, 3ananHoi B Bune koHeunodt LTS (wm RTS) S. B cBs3u ¢ 3TM
BO3HUKAET E€CTECTBCHHAs 3ajaya C(HOpPMYJIMPOBATh KPUTEPHH, KOTOPHIM JIOJDKHA
ynoBieTBopsTh ucxonHas RTS-crneunduxanns S, 4roObl ee npeoOpazoBaHKe B
RTS 8" me tpebosamocs. KOHEUHO, B KauecTBE TAKOTO KPHTEPHS MOXKHO
HCIIOJIB30BaTh TpeoGpasoBanne ucxoxroit RTS S B RTS S, a 3atem mpoBepky
«IKBUBAJIEHTHOCTH» NOCTpoeHHOW u wucxogHoi RTS. TIlonsatHo, 4rO TaKoi
KpUTEpUil Majlo MNpHUrofieH Kak IPaKTH4YEeCKOE PYKOBOJCTBO pa3pabOTUHMKy
crienuduKami.

Ilenpio mampbHEHIIUX HCCICNOBAaHUN MOT OBl CTAaTh IOWUCK TaKWX MPAKTHICCKH
YIOOHBIX, JIETKO MPOBEPSICMBIX KPHUTEPHUEB, KOTOPHIC TOKa3bIBAIXA OBbI, YTO
cnenuduKanus 00Ja1aeT YKa3aHHbIMU B 11.5.1 (MM aHAJIOTUYHBIMU) CBOMCTBAMU, U
KOTOPHIMH ~MOT OBl  HEMOCPEICTBCHHO  PYKOBOJCTBOBAThCS  pa3pabOTUYHK
cnenudukauii. [Ipobiema 31ech B TOM, Y4TO MPOBEPKA HAIMYHS WM OTCYTCTBUS B
cnenupukanuu L-HeKOHPOPMHBIX Tpacc, CKOpee BCEro, MPUHIUMUAIBEHO HE MOXKET
OobiTe TpocTor aust LTS- wnmm RTS-mopenu. Ilpuumaa B TOM, 9TO 3TH MOJAETH
MTOCTPOCHBI Ha JIOKAITBHBIX OMHUCAHUAX TIEPEXOIOB U3 TOTO WIM WHOTO COCTOSIHHS, &
aHanmm3 ©Oe3omacHeiX L-HEeKOHGOPMHBIX Tpacc TpeOyeT TJI00aIbHOTO YydeTa
MHOKECTBa PA3IMYHBIX COCTOSIHMH W TEepeXxoJoB. Bo3MoXxHO, 31ech moTpedyeTcst
Kakasi-TO HOBas MOJEIb, B Heaje MOJIECIb NOKHA OBITh TaKOW, 4TOOBI B HEH
BOOOI1IE HENb3s Ob1I0 onucath L-HekoH(opMHbIe 6e3011acHbIE TPACCHI.

5.2.2. beckoneunvle u KoHeuHble NOJIHbIE HAOOPBI MECH 06

Ecnu monHel HaOOp TECTOB sl JaHHOW crenuUKaly OCCKOHEUEH, TO 3ajadya
TeHepalny TECTOB CBOIUTCA K NEPEUMCIICHUIO TECTOB ATOro Habopa. Ilpm Takom
TIEPEYNCICHAN KaXIbI TECT NOJDKEH OBITh MONyYeH depe3 KOHEYHBIH HHTEepBaj
BPEMEHHM TI0CIIe MPEIbIAYLIEro (MM OT Hayaia TeHepaluu sl iepBoro tecra). Bee
BO3MOJKHBIE ONTHMH3ALUN TEHEpAllMd TECTOB MOTYT YMEHBIIATh TOJBKO 3TOT
KOHCUHBI WHTEpBAJl, HO 00IIee BpeMsl I'eHEepalud TECTOB BCE PABHO OCTACTCS
0CCKOHCYHBIM.

ITorToMy, B mepByH odYepelb, CTAaBUTCS 3ajJadya ONpENENICHUs VYCIOBUH Ha
cnenn(UKaIMio, MpU KOTOPBIX CYIIECTBYeT KOHEYHBIN IOJMHBIN HA0Op TECTOB.
3aMeTM, 9YTO JUITI HEKOTOPBIX CIenu(HUKanmuii MOTYT CYIIECTBOBAaTh Kak
OeckoHEeUHBIe, TAK M KOHEYHBIE MOJTHBIE HAOOPHI TECTOB, YTO JENaeT pelIeHUe 3TOH
3amayu emre 0oJiee aKTyaabHBIM.

5.2.3. Munumanvnsie muoicecmea oumuookK

Kak yxe 3ameueno B 1.4.4.3 mosHbIil HaOOp TECTOB MOKET OOHAPY)KMBATh HE BCE
OmMOKHU, OIpeaesieMble CcrenupuKanuen, aake eCiM Takoh cruenudukanueit
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seisiercss RTS 8", B koTopoii Bce GesomacHsie Tpacchl L-koH(GOPMHBL AHaIH3
9TOW MPOOJIEMBI JOJKCH OMUPAThCS Ha (MHOXECTBEHHYIO) 3aBHCHMOCTH MEXKIY
omuOKkaMu. 3ajgaya 3aKIIOYaeTCs, B TEPBYK OYepelb, B  HAXOXKICHHUH
KOHCTPYKTHUBHBIX KPUTCPUCB 3aBUCHUMOCTH MEXKIY MHOXKECTBAMH OIITHOOK.

ITocie 3TOro HEOOXOOWMO pEIINTh 33aJady KOHCTPYKTHBHOTO ITOCTPOCHHS
MUHUMAJIBHOTO (TI0 BJIOXXEHHOCTH MHOXECTB) MHOXKECTBA OIIMOOK, M3 KOTOPOTO
ciefioBaio Obl MHOXECTBO BCEX ONIMOOK, OMNpPENeNIIeMbIX —CcreluduKanueii.
VYcnoBUs CyNIECTBOBaHMS KOHEYHOIO IIOJHOTO HA0Opa TeCTOB, (PaKTHYCCKH,
CBOIATCS K YCIOBHSM CYIICCTBOBAaHHMS KOHECYHOTO MHHHMAIBLHOI'O MHOKECTBA
OIINOOK.

Takux MHUHAMAJIBHBIX, B TOM YHCJIC KOHCYHBIX, MHOXECTB OLIMOOK MOXXET OBITh
HECKOJIbKO (MOXKET HE CYIIECTBOBATh HAMMEHBIIEIO MHOXECTBa OIIMOOK). Brioop
TOTO WM WHOTO MHHHMAJIbHOTO MHOXKECTBA OIMMOOK [UIA TeHepanuu Habopa
TECTOB, WX OOHApY)XHMBAIOUIETO, MOXET OIPENEeNATHCS IOTOJHUTECIHHBIMHI
KputepusaMu. [IpumepamMu Takux KpUTEPHEB MOTYT OBITH YHCIIO Tpacc, CyMMapHas
JUTMHA TPacc, B3BEIIEHHAs CyMMapHas JJIMHA Tpacc (KOTAa s KaXKI0TO TeCTOBOTO
BO3JICHCTBUS 3a]aH €r0 «BEC»), U T.IL.

5.2.4. Pass-mecmul u KOHEYHOCMb 6PEMEHU 2CHEPAUUU MECM 08

BeckoHeunblli Ha0Op TECTOB TpeOyeT, €CTECTBEHHO, OCCKOHEYHOTO BpPEMEHH
rerepanui. KoHeuHBIH HaOOp TECTOB XOTEIOCh Obl MCHEPHPOBATH 33 KOHEYHOE
Bpems. Kak 310 cnenats?

IIpoGnema B TOM, 4TO KOHEYHOCTh MUHUMAJIbHOI'O MHOXKECTBA OIIMOOK HE 03HAYACT
KOHEYHOCTH MHOXKecTBa 0E30MacHbIX TPAcc, a reHepallys TECTOB OCHOBaHA KakK pa3
Ha MEPEYMCICHUH 3TOr0 MHOXKECTBA TPACC U QHUIBTPALMH TIOIYUYAIOUIMXCS TECTOB.
OTOpackIBarOTCS T€ TECTHI, KOTOPhIE MOXXHO OBbLTO OBI 3aBEpIIWTH PAHbIIE: Kak
TOJBKO HCYE3aeT HEOINPEACICHHOCTh B BO3MOXXHOM BEpAUKTE. IJTO TakKue
«JIMIIHKE» TECThI, B KOTOPBIX ITOCIE HAXKATHUS MOCTICJHEH KHOIKH BO3MOXKEH TOJIBKO
BEPIUKT fail WM TONBEKO BEPIVKT pdss.

Jail-tecter. Ecnu mocne monydeHust Tpaccsl G M Ha)kKaTHs HEKOTOPOW KHONKH P
BO3MOXEH TOJHKO BEPAUKT fail, TO 3TO 03HAa4aeT, 4To Tpacca G L-HexondopmHa.
3a cuer L-HeKOH(OPMHBIX Tpacc MHOMXECTBO BCEX OIIMOOK, OMNpEIEISIeMbIX
cnenuduKaneld, MOXeT ObITh OECKOHEYHBIM, XOTS MHHHMAaJIbHOE MHOXKECTBO
omMOOK KoHeuHO. [lo3TOMy TecTsl HY)KHO TeHepHpoBarb Toibko 1o L-
KOH(OPMHBIM TpaccaM, a JUIsi 3TOTO WX HaJO BBIICIUTH W NEPEUHCIATH TOJIBKO
TaK{e TPacChl JJIs TeHEepaIliy TECTOB. JTa 3ajada pelieHa B HAcTOsmIeH paboTe ¢
MTOMOIIBIO BJIOYKEHHOTO TpeoOpa3oBanus HcXomHou crenupukamuy S B RTS-
crienuduKamo s, s KoTOpoil Bce Oe3zomacHble Tpacchl L-koHpopmHBL s
cnemuukanun  S'  TecTHpoBaHMs 1-ro M 2-r0 poxa coBmagaioT. TecTsl
TeHEpUpYIOTCsT  TOJNbKO 1O L-koHQOpMHBIM Tpaccam, a mnoiydeHue L-
HekoH(popMHOTO L-HabmoneHus: o3HadaeT BepIuKT fail.

96



pass-tectbl. Eciu B cnenugukanuu Tpacca G, M0 KOTOPOH I'€HEPHPOBAJICS TECT,
MPOAOIDKACTCA KaXIbIM L-aKkTyaabHBIM HAONMIOACHHWEM W3 MHOXecTBa PpU{P}
it PeR wmu w3 MHOKecTBa Py, it Pe Q, To MOCIE MONyYeHHs TPAcChl G U
Ha)XaTUS KHOIKM P  BO3MOXEH TOJBKO BEpAUKT pass. Takol TecT Toxe
OKAa3bIBACTCSI «JIUIIHAM»: HY)KHO TCHEPUPOBATh TECT 10 MAKCHMAaIBHOMY IpeUKCY
Tpaccel G, MOCcJe KOTOPOTO HET OJHO3HAYHOCTH BEPAHMKTA. 3aMETHUM, 4TO, BOOOIIIE
TOBOPSI, €CJIM TECT «IUILIHUK» MO0 BEPAUKTY pass, TO ITO HE 3HAUUT, YTO «JIUIIHHE»
BCE €ro mpomobkeHus. IlodToMy Tpm TeHepamud TECTOB MOXHO IIPOCTO
OT(UITBTPOBBIBATH TAKHE PASS-TECTHL.

OcoObIii ciTydail BO3HHUKAET TOTJIA, KO/ MOCIIe JI000ro MPOA0IDKEHHS A TaKoro,
yro Tpacca O-A GesomacHa, ar06oe Oe3omacHoe L-akTyanbHOe HaOIIOIEHUE
nMeercss B crennpukanu. VHBIMA CI0BaMH, IOCIIE TPAacChl O CHeHU(UKAIUSL
JIOMTyCKAaeT MPOU3BOJILHOE, C YYETOM Oe30MacHOCTH, MmoBeaeHue L-peanu3anuu.
Takue Tpaccsl G OymeM Ha3bIBaTh JEMOHUYECKUMHU . ITockonbky Oe3omacHoe
MPOJOJDKCHUE  JIEMOHHMYECKOH  Tpacchl 10  ONPEACICHHUI0  JIEMOHHYECKOE,
¢wnbTpanus Oyner padoTaTh «BXOJOCTYHO» Ha BCEX JCMOHHYECKUX Tpaccax,
nperKCOM KOTOPBIX SIBJISIETCS JaHHas IEMOHHYECKas Tpacca G. Bmecrto aTtoro
HY>HO OBUIO GBI IPOCTO IPEKPATHTH TEHEPUPOBATH TECTHI IO TPaccaM BHIA G-A.
OCOOCHHO 3TO BaYKHO B TOM ClIy4yae, KOT/Ia CYIIECTBYET KOHCUHBIN MMOJHBIA HA0OP
TECTOB, HO JEMOHHYECCKHX Tpacc OCCKOHEYHO MHOTrO: 0e3 ydyeTa IEMOHHUYECKHX
Tpacc TeHepalus 3TOro KOHEYHOro Habopa TeCcTOB MNOTpeOyeT OCCKOHEYHOTO
BPEMECHHU, BIYCTYIO MOTPAYEHHOIO Ha (PHIBTpAIHIO. ITO MOXKET OBITh AXKE B TOM
cilydae, KOIZa MHOJKECTBO BCEX OIIMOOK, OMPEOCIIEMBIX CHeHU(UKAIIUCH,
KOHEYHO, HO MHOXeCTBO L-KOHPOPMHBIX Tpacc crienmuduKauy 0ECKOHETHO.

BozHnkaer 3amada mpeaBapuUTENFHOTO BBIACICHHUS CPEAHM BCEX OE30IMacCHBIX Tpacc
cnenuuKanuu sV HeeMOHHYCCKHX Tpacc U MEPEUUCICHUs TOJBKO TaKUX Tpacc
JUTS TeHEPAIlu TECTOB.

MO>KHO BBICKA3aTh CICIYIONIYI0 TUIOTE3y: ECIU CymecTByeT KOHEYHBIN MOJHBIN
Ha0Op TEeCTOB JuIs Kiacca BCeX Oe30MacHO-TECTUPYEMbIX peali3anuil, TO st
KOHEYHOH crenu(uKanud B KOHEYHOW CEMAHTHUKE €ro MOXKHO IOCTPOUTh
AITOPUTMHUYECKH 32 KOHEYHOE BPEMsi C MOMOIIBIO TPEX ONTUMHU3ALMN, OCHOBAHHBIX
Ha 1) ynanmennn L-HekoH(OPMHBIX Tpacc (d4eMy TOCBSIIEHA JaHHAs padora), 2)
yueTe [eMOHHYECKHMX TpacC M 3) MHOXKECTBEHHOM CIIEIOBaHHHM OIIUOOK
(BBLICTICHUH KOHEYHOTO MHHUMAIILHOTO MHOKECTBA OIIHOOK).

5.2.5. Munumu3zayua noKkpstmusa oumudoK mecmamu

l'enepanus (MIPUMHUTUBHBIX) TECTOB, OMKMCAHHAS B JaHHOW paboTe, Mpeamnojiaract
TeHEepaluio 1Mo OJHOM Tpacce BCEX BO3MOXKHBIX TECTOB. B To ke BpeMs Kaxabli
TECT, KaK MpaBmio, OOHApYKMUBAeT HE OIHY, a MHOKECTBO OLIMOOK, B TOM YHCIIE

1> Hazpauue «/ieMOHHMYECKOE» BHIOPAHO MO aHAJIOTHH C «IEMOHHYECKHM» MOTIOJHEHHEM CreUbHKALNY,
OIpEeAEIAOIINM Por3BoJbHOE noseneHue [29][30][34][38].
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MPUHAAIC)KAINUX  BBIOPAHHOMY MHHUMAQJIBHOMY MHOXKECTBY  OINMOOK, Ha
oOHapy)XeHHEe KOTOpBHIX HalleJeHa TeHepalus TecToB. MHOXeCTBa OIIHOOK,
00Hapy)KUBaEMbIX Pa3HBIMH TECTAMH, CTEHEPHUPOBAHHBIMU IO Pa3HBIM TpaccaM HITH
Jlayke 1o OAHOM M TOM e Tpacce, MOTYT nepecekaTthes. [loaTomy Bo3HMKAET 3a1aua
MUHUMH3ALUS TOKPHITHSA TECTaMHU (TOYHEE, MHOXKECTBAMH OOHAPYKHUBACMBIX UMU
omu0OO0K) BEIOPAHHOTO MUHHMAJIBHOTO MHOKECTBA OIIHOOK.

5.2.6. I]enesvie nooknaccel peanusayui

Jo cux mop peuys nuia 0 TEHepaluu IMOJHOTO Habopa TEeCTOB i Kiacca BCEX
0C30MacCHO-TECTUPYEMBIX ~ peanu3anuii. Ecioum TecTHpoBaHWE HAICICHO Ha
0oOHapyXeHHE OIMMOOK B TOM MM MHOM MOJKJIACCE Pean3aluii, TO BO3SHHKAIOT
JIOTIOJTHUTEIbHBIC BO3MOXXKHOCTU ONTHMU3AIMH TECTHPOBaHUA. B wacTHOCTH, s
TAKUX [EJIEBBIX IOJAKIACCOB MOTYT CYIIECTBOBATh KOHCYHBIC MOJHBIC HAOOPEI
TECTOB, XOTA JUIS BCETO Kitacca 0€30MacHO-TECTHPYEMBIX peali3aliii BCe MOTHEIC
HabOpEl TecToB OeckoHEeuHBle. HampuMep, OZHMM W3 €CTECTBEHHBIX IIETICBBIX
TIO/IKJIACCOB peanu3anuil spisercss MHOXkecTBo LTS-peanmsaruii orpaHUYeHHOTO
pasmMepa (c orpaHHYEHHBIM YHCIIOM COCTOSTHUN U Tiepexo1oB) [26],[28],[35].

WHuorma roBopst o kiacce omuOOK, Ha OOHAPYKCHHE KOTOPBIX HAICICHBI TECTHI.
[loHATHO, YTO 3TO SKBHMBAJCHTHO TEHEpAIMX IIOJHBIX HAOOPOB TECTOB I
MOJIKJIacca peann3alyii, B KOTOPBIX HET IpyTrux ommuoOok. Takwe TecTvl, KOHEUHO,
MIPUMEHUMEBI U JJIS1 IPYTUX 0€30MIaCHO-TECTHPYEMBIX pealii3alliii, HO I HIX OHHU
TOJIBKO 3HaYUMBbI€, HO HE TIOJIHbIE.

5.2.7. Koneunocmv 6pemenu mecmuposanusn: O0PAHU4eHUs Ha
HedemepMUuHU3IM

OnHolt u3 poOsieM TecTHUpPOBaHMS (JaXke IJIT KOHEYHOTO TOJHOT0 Habopa TEeCTOB)
SIBIISICTCST OCGCKOHEYHOCTh BPEMCHM TECTHPOBAHWS, KOTOpas BO3HHKACT W3-3a
HEJCTCPMUHU3MA pealn3aluu. B To ke BpeMs MpH HEKOTOPBIX OrPAaHHYCHHSX Ha
BO3MOXXHBII HEACTEPMHHHU3M peaiM3aliii MOJHOE TECTUPOBAHHUE MOXKET ObITh
KOHEe4YHbIM. Hampumep, 4acTo OrpaHMYMBAIOTCS MOAKIACCOM JACTEPMUHHPOBAHHBIX
peammzanmii [39]. JIpyrum mpuMepoM MOKET CITyKATh 0oJiee IHUPOKHHA MOIKIACC
peanu3anuii ¢ orpaHMYeHHBIM HegeTepMuHu3MoM [14],[15],[21].

5.2.8. Zlonwmumenbnbte mecmoebvle 603MO2ICHOCMU. onpoc
cocmosanusa peaiusauuu

ﬂO CHUX IIOp MBI Ipeamojarajin, YTO TCCTOBBIC BO3MOKXHOCTH HE BBIXOOAT 3a PaMKH
MalurHbl TECTUPOBAHUA: Mbl MOXKEM TOJIBKO HAXWUMATb KHOIKHU (OCYHICCTBJU{TL
TCCTOBBIC BO3[[CI7[CTBI/IH) u Ha6moz[an, BBIITIOJIHACMBIC peanmauneﬁ BHCIUIHUC
[[eﬁCTBHH NI Ha6J'IIO,HaeMLIe OTKa3hbl. ﬂOHOJ’IHI/ITeHLHHe TCCTOBBIC BO3MOXHOCTH
MOTYT IO3BOJIUTH JOMOJHUTCIBHYIO OIITUMU3AIIUIO TCCTUPOBAHMA.

OnmHUM W3 TIPUMEPOB TAaKOW TECTOBOW BO3MOXKHOCTH SIBISIETCS OTPOC TEKYIIETO
COCTOSIHUSI peanu3aluu («status message» [36]). Pazymeercs, 3TOT ompoc MOXKHO
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(dbopmamu3oBaTh B MallMHE TECTHPOBAHMS, BBEIS COOTBETCTBYIONIYIO KHOTKY |
JIEACTBUSA-OTBETHI KaK BCE BO3MOXKHBIE COCTOSHUS peanu3anuu. OgHaKo cam Io
cebe OmpoC COCTOSIHWSI MaJlo IIOMOTaeT, €CIU €ro TOXe HYXHO TECTHPOBATH.
ITosTOMy OOBIYHO TpEIIONAraeTcs, 4YTO OMPOC COCTOSHUS AocToBepeH («reliable
status message» [36]): peanu3aius B KaXKJOM CBOEM COCTOSIHUHM COOOIIAeT UMCHHO
ero.

Ecmm ompoc cocTrosHHMA peanm3aldd JTOCTOBEPEH, YHAeTCS IPOBECTH IOITHOE
TECTUPOBaHWE  JIIOOOH  KOHEYHOW  peanm3alid  3a  KOHEYHOE  BpeMs
(1LI2L[31.[41.[51,[14],[15],[21],[31].

6. Jokazamenbcmea ymeepxoeHul

6.1. [NokasaTenbcTBO Teopembl 1

1. Cuauana mokaxkem, uto T —oto RTS.

1.1. T —»510LTS.
[lo mocTpoeHHI0O MHOXECTBO COCTOSHUH Vyp HE IIYyCTO, HalpHMep,
COJIEPKUT COCTOAHUS {So} U {®}.
ITosTomy T —»5t0 LTS.

1.2.  deTepMHHHPOBAHHOCTE.
Mo moctpoenmto LTS T - 3to merepmunmpoBanHas LTS B andasure
LURU{A}.

O6o3HaunM O={®}.

Hawm ocranocs mokasarts, uto st LTS T BeimonHeHsl Bce coiictBa R1+R5
RTS-monenmu.

1.3.  R1 JIomycTUMOCTE.

B LTS Sk mnepexoisl mo AMBEPreHLMU U pa3pylIEHHIO 3aKaHYMBAIOTCS B

TEPMHHAJIFHOM COCTOSHHM (), B KOTOPOM HE 3aKaHYMBAIOTCSI HHUKAKHE
JpyTue nepexosl.

To xe camoe, oueBUAHO, OyneT mMeTh MecTo B LTS T s cocTostHHS
O={m}.
1.4. R2 CornacoBaHHOCTb.

Ilepexon-netnst mo otkazy A—R—A omnpegemsiercs B LTS T Torma u
TOJIKO Torna, korma B LTS Sg B KaKIOM COCTOSHUM SEA OIpeaeicH
MEePEXOn-TIETIIST s—R—s.
Ho Ttorma B LTS Sg B KaXIOM COCTOSSHUM SEA HET MEPEXOIO0B IO
JUBEPreHIUH, pa3pyLICHUIO U ICUCTBUSAM U3 R.
CraenoBaTenbHO, 3T0 uMeeT MecTo U B LTS T 1i1g cocTosHHs A.
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1.5. R3 KoHBEPreHTHOCTb.

IIycte BLTS T cocTosiHue A#D.
Torpa, mocKonbKy A HE IMyCTO, B HEM JOIDKHO HAHTUCH COCTOSTHHE S#.

Ecou B LTS T B cocrosHMM A HE OIpeneseHbl MNEpexXoJlbl I0
JIUBEpPreHuuy U paspylienuto, To B LTS Sg B cocTossHUM SEA HE MOTYT

HauMHATHCS Tpacchl (Y) u (A).

CnepoBareiibHo, B LTS S Haiinercsa Takoe cTa0MILHOE COCTOSIHUE S €A,
4yTO S=S .

B Takom coctosinuun s ans kaxgoro R-otkaza R B LTS Sy nmomxen
OBITh OTPEICIICH MEPEXO/I IO OTKAa3y R HIIM IO JCHCTBUIO ZER.

Tem cambiM, Takoi nepexon Oyaer onpeneneH u B LTS T B cocTosHum A.

1.6. R4 KyMyJasTHBHOCTb.

Ecmu 8 LTS T onpeaenen mepexoa mo orkasy A—R—B, To B — 3T0
HEIyCTOe MHOXKECTBO COCTOSIHUM U3 A, B KoTopbix B LTS Sg ompenenenst
TIePEeXOBI-TIETIIN 10 OTKa3y R.
A TormaB LTS T ecth nepexonm B—R—B.
Ecrm B8 LTS T B cocrossHMM A HWMEETCS MNEpPeXOoA-TeTIss o OTKa3y
A—R"—A, 10 BLTS Sk B KaxI0M COCTOSHUM U3 A ONpEIeNIeH NeEPexol-
MeTJIsl 0 OTKa3y R, B TOM UHKCJE B COCTOSIHUSX U3 BCA.
CnepnoBarensHo, B LTS T ectb nepexon B—R™ —B.

1.7. RS [omHoTa.
Ecmu B LTS T onpexneneH nepexon-merias mo orkasy A—R—A, TO Bce
COCTOSIHUS 13 A CTaOWJIBHBI B S.

Eciu B A He ompeneneHbl iepexo bl 1o aerctBusM u3 R-oTkaza R, T0 B
LTS Sk Takux nepexoJ0B HET HU B OJTHOM COCTOSIHUU SE€E A.

CnepoBarenbHo, B LTS Sk B KaXIOM TaKOM COCTOSHHMM SEA eCThb
MepexoA-MeTis Mo OTKazy R .

Tem cambiM, B LTS T ecth mepexon A—R™ —A.

2. Bropoe  ycioBue T(T)=T(R,S) BBITIOJTHEHO  TI0  OMPEICIICHUIO
npeobpazoBanus L2R xak nperepmuam3anuu [27] LTS Sg, MHOXeCTBO
MIPOCTBIX Tpacc KOTopoil paBHO MHOkeCcTBY R-Tpacc LTS S mo onpenenenuro
mHoxecTBa R-tpacc LTS. Mb1 okaxkem 3To yTBEp>KACHHE HE3aBUCHMO.
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2.1.  JleficTBUTENBbHO, MycTas Tpacca MPUHAUICKUT Kak T, Tak U Sg, NIpUYEM

T after ¢ = {Sgrafterc}.
Janee npuMeHsieM HHAYKIHMIO.

2.2. CHagaia IoKakeM, 4To

ectu 6€T (Sp)NT(T), o-(u)eT (Sg) u (T after ) ={Sgafter 6},

o O-(WeT(T) u (T after 6-(u)) ={Sgafter c-(u)}.
JleicTBUTENBHO, B 3TOM CiIy4ae

U ( (Sgafter ©) after (u)) = (Sy after 6-(u)) #J,

qTo BJICUET HaJINYHe B LTS T rnepexoja

(Sg after 6)—u—U ( (Sg after G) after (u)) = (Sy after 6-(u)).

Orciona u w3 gerepmunmsma LTS T  wumeem o-(u)eT(T)

(T after 6-(u)) ={ Sg after 6-(u)}, 4T0 1 TPeOOBAIOCH JI0KA3AT.
2.3. Temneps mokaxxeM, 4TO

ectu 6€T (Sp)NT(T), 6(u)eT(T) u (T after 6) ={Sgafter G},

0 O-(u)eT (Sg) U (T after 6-(u))={Sgafter 6-(u)}.

HewictButensHo, B d3ToM ciydae B LTS T eCTb  Tepexo

(Sr after 6)—u—U ( (Sgr after G) after (u)) = (Sy after 6-(u)),

uto Bieuer (Sg after 6-(u)) #J.

Orciopa o-(u)eT(Sg), u B cuny pgerepmunusma LTS T wumeem

(T after 6-(u)) ={ Sy after G-(u) }, 4T0 1 TPEOGOBAIOCH HOKA3ATh.

3. Ilokaxxkem, yuto RTS T wnMmeeT koHe4yHOe 4HCIO cocTosHHM, eciim LTS S

HMeeT KOHSYHOE YUCJI0 COCTOSHHMIA.

JHetictButenbHo, eciin LTS S mmeeT |Vg|=n COCTOSHHIA,
1o LTS Sy ummeer |Vgu{®} |=n+1 cocTosHHE,

uLTS T umeer |Vel=] P(Vsu{®})\{D}|=2""-1 cocrosHuil.

6.2. [JokasaTtenbCTBO TeopeMmbl 2

1. Cuauana mokaxem, uto S —orto LTS.

I[HH 3TOr0 JOCTATOYHO MOKA3aTh, YTO MHOXKECTBO €€ COCTOSIHUM HE IIyCTO.

A 3TO clemyeT U3 Toro, uto Vg= (VoeU{€} )\ {®}, a €0 (Tak kKak WEVy U

€& Vo).

2. Teneps mokaxem, uro T (R,8)=ud (T (T)).

2.1.
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Cuauaia nokaxeMm, uto T (R,S)D>ud (T (T) ).

ITockonbky MHOXecTBO R-tpacc T (R,S) 3amkHyTO 1O omepaunuu d,
JIOCTATOYHO noka3ath, uto T (R,8)2T (T).

Mpbl MOKaXkeM, 4YTO, KpOMe TOro, Juiss Kaxmoi tpaccel GeT (T), He
3aKaHYMBAMOLICWCS  IUBEPreHIME W  pa3pylIeHHEeM, HMEEeT MeCTO
(T after 6) C (S after G) .

Bynem BecTH 10Ka3aTeNIbCTBO MHIYKITMEH IO TipocToi Tpacce RTS T.

ITycrast Tpacca €, oueBunHo, umeercst B LTS S.

ITockonbky B RTS t =t,, mo nmpaBmiam BeiBosa B LTS e—t—t,,
41O BIIe4YeT {t,}C (S afterec).

Iockoneky RTS T nerepmunupoBana, (T aftere)={t,}.
CnenoBarenbHo, (T after ¢) C (S after €) .

Ilycts o-(u)eT(T) wu mis moboit Tpaccel U<o-(u) Ttpacca UeT (R,S)
u (T after L) C (S after L) .

HyxHo nokasats, uto 6-(u)eT (R,8) wu

ecn u#y u u#A, 10 (T after o-(u)) (S after 6-(u)).

. Iycte u=Y. HyxHo nokasarts, uto 6-(Y)e T (R,S).

B cuny perepmunusma RTS wumeercs cocrosHme A Takoe, 4YTO
{A}=(T after c) .

Torma B RTS A—y—®.
[TockonbKy 1O MPEATOIOKEHUIO Iara MHAYKIMKH A€ (S after ©),

Mo mpaBuiaM BeiBoga B LTS A—y—A,

uro Bieder G-(Y)eT (R,S).

. Iyere u=A. HyxHo nokasars, uto 6-(A)e T (R,S).

B cuny perepmunusma RTS wumeercs cocrtosHme A Takoe, 4YTO
{A}= (T after o).

Torma B RTS A—A—®.

[TockomnbKy 10 MPEATIONOKEHUIO Iara MHAYKIMKA A€ (S after ©),



o npasuiam BeiBoAa B LTS A—1T—A,

uro Bieder G-(A)eT (R,S).

. Iycts uelL.

HyxHo [10KAa3aTh, 4TO c-(u)eT(R,S) u
(T after 6-(u)) < (S after 6-(u)).

B cuny perepmunusma RTS wumeercs cocrtosHme A Takoe, 4YTO
{A}= (T after ).

Torma B RTS A—u—, TO eCThb CyIIECTBYET COCTOSHHE B Takoe, 4TO
A—u—B.
[TockomnbKy 1O MPEATNOIOKEHHIO Iara MHAYKIMKH A€ (S after ©),

1o mpasuiam BeiBoaa B LTS A—u—B,

uro Bieuer {B}= (T after 6-(u)) C (S after 6-(u)) u o-(u)eT(R,S).

. Iycts ueR.

B cuny perepmunusma RTS wumeercs cocrosHue C Takoe, 4TO
{C}=(T after o).

Torma B RTS C—u—, TO ecTh CyllecTBYeT COCTOSIHUE D Takoe, 4TO
C—u—D.

Tpaccy G MOXHO NPENCTABHUTH B BUIE G=[L-P,s (C) .

B cuny nerepmumamsma RTS wumeercss cocrosHme B Takoe, 4TO
{B}= (T after ) .

Torma B RTS B=p,s (G) =C (ecnu p,g(0C) =€, TO B=C).
Cnenosaresnbo, B RTS B=p, (0) -(u)=D, u B cuiy aerepmuHuzma RTS
{D}= (T after 6-(u)) .

[To mpennosnoxeHuro mara UHIAYKOUU {B}=(T after W< (s after W u
ueT (R,S).

ITo kymymstuBaoctd RTS mius kaxmoro orkasa Pelp (6-(u)) B RTS
uMmeer Mecto D—P—D,

YTO TI0 MpaBWJIaM BbIBoja BiedeT B LTS cTaGMIbHOCTH cOCTOSIHHS D.
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ITo cornacoBanuoctu RTS st kakmoro otkaza Pelp (6-(u)) u Kaxmaoro

nevictBust ze P B RTS umeer mecto D—z—,

4TO BieueT D=(z-p)#> U KAKIOrO PE R

Orcroga no npaBwiaM BeiBoja B LTS B cocTossHUM D MOPOXKAAIOTCS BCE

orkaszel Pelp (o-(u)),

10 ectb B LTS D=p,y (G) -(u)=-D.

ITycts p=e.

Torga B=t, wu, ciuenoBarenbho, B RTS t,=p,q(0)-(u)=D,

YTO TI0 MpaBmiIaM BbeiBoja Bieder B LTS &—1—D.

Orciona B LTS, OCKOJBKY D=p,y (G) -(u)=-D,

umeeM {D}=(T after 6-(u)) C (S after 6-(u)) u o-(u)eT(R,S).
IIycts pe.

Torga Tpaccy | MOKHO NpPEICTaBHTh B Bujie U=A-(z),tme zeL,
YTO BJICYET JJISI HEKOTOPOro coctossuuss A B RTS ty=A=A wu
A—z—B,

410, HOCKOJIBKY B RTS B=p,, (C) -(u)=D,

BieueT B RTS A=(z) P,y (G) -(u)=D.

Orcroga B LTS 1o npeanonoKeHnIo mara HHAyKIHA €=A=>A,

10 IIpaBMJIaM BBIBOJAa A—z—D,

qro BIeder €=A-(z)=D.

A torga B LTS, mockoisky D=p,y (G) -(u)=D,

umeeMm {D}=(T after 6-(u)) C (S after 6-(u)) u c-(u)eT(R,S).
Teneps nokaxem, uto T (R,S)cud (T (T) ).

ITycras Tpacca ¢ mmeercs B RTS u, cnegoBarensHo, eeud (T (T) ).

ITo npaBunam BeiBoga B LTS Tonbko mycTas Tpacca ¢ 3akaHYMBaeTCS B

coctossHuu €. [loaTOMYy HaM AOCTaTOYHO J0KAa3aTh, UTO IS JIEOOOH TPACCHI
peT (R,S), 3akanuuBawmasica B LTS B cocrosiHum s#€, HailneTcs Takas



2.2.1.

2.2.2.

mpoctasg Ttpacca G RTS, uro ped (o). Msl gokaxem Oojee CHIIBHOE
YTBEpKJCHUE, JOMOJHUTEIBHO TOTpeboBaB, uToObl Tpacca G B RTS Toxke
3aKaHYMBAJIACh B COCTOSIHUU S.

Bynem Bectu noka3aTenbcTBO HHAYKIMEH 1o Tpacce LTS S.

ITo mpasunam BeiBoaa B LTS mycras Tpacca € 3aKaHYMBACTCS B COCTOSHUHM
S#€ TOJBKO TOrna, korga B RTS t,=p=-s,rme pe R

Umeem: peT (T), se (Tafterp) u esd(p).

Ilo IpaBujiaM BbIBOJa B LTS B cocTosiHMH € 3aKaHYMBACTCS TOJIHKO mycTas
Tpacca. H03TOMy HaM JOCTATOYHO NOKa3aTh CIACAYIOLICC:

Ecmm p-(u)eT (R,S), pewd (T(T))

n Vse (Safter )\ {e} JoeT(T) {s}=(Tafterc) & ued(o),
0 o (WeT(T) W, ecau uzy U u#A,

TO Vsu€ (S after u-(u)) J6,eT(T) {s.}=(T afterc,) &
w-(u)ed (o).

ITycts u=Y. HyxHo nokasats, uto G-(Y)e T (T).

Wmeem i HEKOTOpOTO cOCcTOSHUS s€E (S after L) \ {€} BLTS s—y—.
[To mpeamnonokeHuto mara UHIyKIMY Haiaercs Tpacca o€ T (T) Takas,
yro {s}=(Tafterc) u Led (o).

Torpa no npasuiam BeiBoga B RTS s—y—,
uro Bieyer G-(Y)eT (T).

ITycre u=A. HyxHo noka3ats, uro G-(A)e T (T).

HeiictButensHo, B LTS HekoTtopoe cocrosHue se (S after L) \ {€}
IUBEPTeHTHO, TO €CTh B HEM HAaYMHAeTCs OECKOHEYHas IIerovka T-
MIEPEXO/I0B.
B LTS t-nepexol U3 COCTOSIHHA, OTIMYHOTO OT €, MOPOXKAAETCS IBYMS
TIpaBUJIAMH:

1) A=p=B & p#e¢ & VRER A=(R)#A,2) A—A—D.

2.2.2.1. TlpaBumo l: A=p=B & p#e & VReR A=(R)=A.

Torma, MOCKONBKY pP#€, HaWAeTcs Takoit R-otkasz R,

9TO MO0 KyMyJIATUBHOCTH RTS B—R—B,
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a Tora 1o npaswiaM BeiBoAa B LTS u3 cocTossHus B HET T-IIEPEXO/IO0B.

IToatomy T-miepexon OECKOHEYHOH IIEMTOYKH HE MOXKET 00pa30BaThCs IO
MEPBOMY HPaBHIIY.

2.2.2.2. TIlpaBuno 2: A—A—D.

2.2.3.

2.2.4.
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ITo cormacoBanHocT RTS mnepexon mo AMBEPreHIMA MOXET OBITH
TOJIBKO TAKOM COCTOSIHUM A, B KOTOPOM HET IEeTeJNb [0 OTKa3aM.

A Torjga mo kymynaTuBHOCTH RTS B coCTOsIHUM A He 3aKaHUMBAIOTCS
HUKAKHUE MEePeXoIbl 0 0TKa3aM,

HTO IJIA LTS 03HA4YaeT, YTO B COCTOSIHUU A HE 3aKaHYUBAIOTCSA HUKAKUE
T-IICPEXO0Abl, KPOME T-IICTIIH.

Orciona A=s u s—A—D.

Ilo npeamosnoxxkeHwro Imara WHAYKIOWW Haiiaercs tpacca o©eT (T)
TaKas,

yto {s}=(Tafterc) u NLed(0C).

Nmeem 6-(A)eT(T).
IIycts ueL.
Hysxuo mokaszats, uto 6-(u)eT(T) u
Vs.€ (Safter u-(u)) 36.€T(T) {s,}=(Tafterc,) & W(u)ed(c,).
JleficTBUTENBHO, JUIS HEKOTOPOrO cOCTOsiHUS s€ (S after L) \ {€} B LTS
s—u—s,.
[Mo mpeamnonokeHuto mara UHIyKIMy Haiaercs Tpacca o€ T (T) Takas,
gyro {s}=(Tafter ) n ned (o).

Torna o npasunam BeiBoga B RTS s=(u)-p=s,,

uyro Biaeuer o-(u)eT(T), o,=0-(u)-peT(T), {s,}=(Tafterc,) wu
- (u)ed (c,).
IIycts ueR.

Torma s Hekoroporo cocrosHus  se€ (Safter ) \{e} B LTS
s=(u)=s,, Ile S,=S,TO €CTh S—T—+ & VzEU S—z—".

Mo npearnonoKeHUIO mara HAYKIUU Hainercs tpacca 6e T (T) Takas,
gro {s}=(Tafter ) u NLed(0C).

[Mockonbky B LTS Vzeu s—z—»,



o mpasuiaM BelBoga B RTS Vzeu s—z—».

B RTS 1o KOHBEPreHTHOCTH sS—U—sS .
Ecau 061 B RTS B cocTosiHuu s He OLLIO IETEb 110 OTKA3aM,
TO 10 TipaBwiiaM BeiBoga B LTS Obu1 OBI Mepexos; s—T—s ~, 4TO HE BEPHO.
3HauuT B RTS B cOCTOSIHUM S €CTh METJIs MO 0TKa3y,
a Toraa, mockoibky B RTS Vzeu s—z—»,
o nojguore RTS s=s".
B pesynbrare B RTS s—u—s,
uro Biaeder G-(u)eT(T), 6,=0-(u)eT(T), {s,}={s}=(Tafterc,) u
u-(u)ed (c,).
3. TlokaxeM, uro ecan T HMEET KOHEUHOE YMCIIO cocTosAHmi, To LTS S mmeer

TaKOE K€ YHCIIO COCTOSTHUH.

IIycts RTS T umeeT kOHEYHOE YUCIO |Vy|=n COCTOSIHHA.

Torma mo ompenenennto LTS S wumeer Takoe ke | (VouU{€})\{®}|=n
YHCIIO COCTOSTHUM.

6.3. [okasaTtenbcTBO Teopembl 3

1. Tlo ompenenenuto V-momosHeHus: Bce OezomacHbie L-Tpacchl V-nomonxHeHHs
nocie mnpuBeneHus k andasuty L V-koHQOpMHBI H, clegoBaTeiIbHO,
KOH(pOPMHEI [yt ucxoxHow Tpoiiku T.

A, nockonmbky Tie V (T) 1, Takue tpaccel L-kondopmas mus T;.

OTcro71a HETIOCPENCTBEHHO CIIEAYET, 9TO BCe L-OMMOKYU ABIAIOTCS IEPBUYHBIMH
L-ommbkamu 1-ro pona.

2. Tlo noxazanHomy L-ommOka sBusercs mnepBuyHoit L-ommbkoii B V-
TIOTIOJIHCHUH.

A Torma, TOCKOJNbKY V-TIOTIONTHEHHWE TMPUHAMISKHAT L-KOHYCYy HCXOMHON
crienuduKaIyy, 3Ta OUIMOKa SBISIETCS IEPBUYHOM V-0IIHOKON.

3. TecroBas L-tpacca — 3To 6e3omacuas L-tpacca uimu L-ommbka 1-ro poxa.
ITockonbky O6e3omacuas L-tpacca V-nononaenus V-koHpopMmHa,
OHa sBJIsIeTCs V-TecTOBO Tpaccoi.
Taxoke no nokazanHoMy L-ommbka 1-ro poaa sBiseTCss IepBUIHON V -OITHOKON
H, CIICIOBATEIIBHO, SBISCTCS V-TECTOBOU TPACCOH.

Tem cambiM TecToBas L-Tpacca siBisieTCs IepBUIHON V-TeCTOBOM TpacCou.
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6.4. [okasaTtenbCTBO TeopeMbl 4
JelicTBuTenbHO, eciau At ucxoqHoi Tporikn T HeT KOHPOPMHBIX peanu3auni,

TO TycTas Tpacca OINpeaemseTcs] UCXOMHONH TPOHKON Kak MepBHYHAs OIMMOKa 2-TO
pona.

Iockoneky TeV (T)y, B V-nomonHeHnH, eciii ObI OHO CYIIECTBOBAJO, IyCTast
Tpacca J0/pKHa Obu1a Obl OBITH OIIMOKOM.

A Torma mo teopeme 3 (yTBepxkaeHue 1) mycrtas Tpacca IOJDKHA Obuia ObI OBITH
omuOKOo# 1-T0 poma, 9TO HEBO3MOKHO IS ITyCTON TPACCHI.

6.5. [JokasaTtenbcTBO TeopeMbl 5
KOH(i)OpMHaH peajm3anusd CymeCTBYCT, HAIIPUMED, CIO ABJIACTCA pCain3alus Io.

Homyctum, duto cymectByeT crnenudukanionnas tpoika Ti=(R/Q,X;safe by;)
Takas, 4TO B cHenupUKAlMu X; Bce Oe30macHble Tpacchl KOH(MOPMHBI U
Ts <1 T

1. Tlokaxewm, uto e€SafeBy (T;) u O safe by; X; after e.
Homyctum, 3T0O HE Tax.
PaccmoTpum peanusanio I;.
Mockonbky O safe by Xg after e, wo O safein F (I,) after e, umeem
F (1) safefor Xe.
CnenosarensHo, F (I;)-sace Xg.
[o momyieHNI0 BO3MOXKHBI IBa BAPHAHTA.

1.1. Ilycras tpacca omacHa B X;, 1o ecTh €& SafeBy (T;) .

Torma Bce peanmzanmuu KOHPOPMHBI crenuHUKAMKM X;, B TOM YHCIE
F (I,) saco X;, uaro npotusopeunt Te < T;.
1.2.  TIlycras tpacca Oe3omacHa ecSafeBy (T;), HO mocne Hee B X; omacHa

nycrtas KHonka & safe-by; X; after c.

Torma mocnme mycToW Tpacchl B X; OMNAcHBl BCE KHOMKH, W TOTAA
KOH(OPMHBI BCE pealIM3allii, B KOTOPBIX HET Pa3pyIIeHMsI C CAaMOTo HaJaa,
B ToM uucie F (I;) saco X, uro npotuBopeunt T¢ <p Ti.

ENMHCTBEHHBIM HaONIONEHHEM, BO3MOXKHBIM MOCIE ITyCTOM R-KHONKH SBISETCS
nycroii otkas. [loatomy O safe by; X; after ¢ Bneuer (J)e SafeBy (T;) .

2. Tlokaxem, uto {x} safe-by; X;after ¢ u {x)} safeby; ¥ after (D).

Homyctum, 3T0O HE Tax.

Paccmotpum peanmuzanuto I,.
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Nwmeem F (I,) safe for L.

Ho no nonymenunto F (I,) safefor X, uto npotusopeunt Te < T;.
3. Tlokaxem, uto O safe by; L; after (D).

Jomyctum, 3TO HE Tak.

Torma, tak kak & R-kHomka, B X; moinkHa ObITh Tpacca (J,v.Y),

YTO IO 3aMKHYTOCTHU MOJAECJIHN BJICUCT HAJININUEC TPACCHL <y,’Y>,

TO ecTb O safe-by; X; after e.
PaccmoTpum peanuzanuio Is.
IMockoabky d safe by X¢ after e, HO dsafein F (1) after e, umeem
F (1) safefor L.
Ho, nockosnbky no monymieHuto O safe-by; L; after (J) v 1o CIeicTBui0 us3
nonymienus O safe-by; Liafter e, F (I3) sacoX;, UT0 TPOTHBOPEUHUT
Ts <o T

4. Tlokaxewm, uto y&obs ((J),0.%;) .
JlomycTM, 3TO HE TaK.
TormaB X; ectsb Tpacca (y).

Ho mnockonbky X; V-mononHeHuwe, B HelW HET HEKOH(POPMHBIX Tpacc,
cleoBaTeNbHO, Tpacca (y) JODKHA ObiTh KOHpOpMHA B X, TO €CTh

BCTpeYaThCsi B HEKOTOpoil koHpopMHOl X; peanuzaunu L.
IMockosbKy B S5 Bce Tpacchl HeKOH(OPMHBL, Tpacca (y) HekoH(opmHa B Xg.
Ho torma peammzanns 1 #exonpopmua Xg, uto mpotuBopeuutr Tg <p Ti.

TeM caMbIM, €IMHCTBCHHBIM HAOIOICHHEM, BO3MOKHBIM B X; mocie Tpacchl ()

npu Haxxatid R-kHonku & sBisercs oTkas d.
MMoatomy (J,8)e SafeBy (T;) .
5. Tlokaxem, uto {x} safe by; L; after (J,5).

I[OHYCTI/IM, 9TO HC TaK.

PaccmoTpum peanuzanuio I,4.
TockonbKy {x} safe by X¢ after (8), o {x} safeirn F (I,) after (3), umeem
F (1,) safefor L.
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Ho, mockoneky mo 1.2 {x} safe-by; Liafter ¢ u {x} safeby; L after (3) u
Mo  JIOMYIICHUIO {x} safeby; L after (3,0), F(I,) saco X,  uro
npotusopeunt Tg < Ti.
IMockonbky {x} Q-KHOINKa, U3 ee Ge3omacHocTH mocie Tpaccel (J,0) ciemyer
(mo 3-emy mpaBuiny s safe by) nannuue B X; Ttpaccel (J,8,x) W orcyrcTBHE
tpaccsl (J,0,x,Y).
B TO e BpeMmsl, MOCKOJIbKY NEHCTBHE xX pa3pemraeTcs TOJbKo Q-KHomkoW {x},

JoKa3zaHHoe B 1. 2 ycioBue {x} safe-by; X after (J) Bieuer
nu6o 1) orcyrerue Tpacesl (J,x),

160 2) Hammaue Tpaccsl (J,x,Y).

IlepBoe 10O 3aMKHYTOCTH TPAaCCOBOI MOJAEIH MIPOTHBOPEUUT HANWIHIO B X; TPacChl

(D.5,%).

Bropoe, nockoinbky Tpacca () He mpomoipkaercs mo .4 peakuusmu (y) H3
KHOIIKM O, BJICUET I10 TIOJHOTE TPACCOBOM Moenn Hammaue tpacchl (J,0,x,Y), 9To
MPOTUBOPEUYUT OTCYTCTBUIO 3TOM Tpacchl B X;.

MBI IPUILTY K IPOTUBOPEUHIO, H, CIICAOBATEIBHO, ISl CIICIIM(DUKAIIMOHHON TPOHKH
T¢ He cymectByet cnenndukannonnas tpoiika Ti= (R/Q.X;safe by;) Taxas, aro
cemuuKanus X; HE COACPKHUT HEAKTyalbHBIX M HEKOH(OPMHBIX Tpacc |
Te < T

6.6. [okasaTtenbcTBO Teopembl 6

[Ipumep Ha Puc. 15. cneBa jerko npumeHseTcs Ajist 1I000H CEMaHTHKH, B KOTOPOH
1) ectb x0T ObI 1Be R-kHONIKM R #R, H

2) xoTst Ob1 07iHA Q-KHOTIKAa Q, pa3peliaromias JeHCTBUE X& R{UR,.

JloctaTouHo depe3 y 0003HAYUTH ACHCTBUE, KOTOPOE Pa3pemiaeTcsl OJHOM U3 ITUX
R-xHOTIOK (7711 ompeaeNeHHOCTH, R,) W He paspemaercs apyroi R-kHOmKOM
(COOTBETCTBEHHO, R;).

Torma B noka3aTeslbCTBE TEOPEMBI 5 BMECTO OTKaza {x} THIIEM KHOMNKY OQ,
BMECTO OTKa3a & — OTKa3 Rj, a BMECTO OTKa3a O — OTKa3 R,.

6.7. [NokasaTenbCTBO TeOpeMbl 7

Jnst npumepa Ha Puc. 15. cneBa cymectByeT V-nononaenue (Ha Puc. 15. cmipasa)
T¢=(R/Q',F (S¢ ) ,safe by") B pacumpennom aiadapure L'=Lu{a} u
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paclIMpEeHHOM ceMaHTHKe, B KOTopoi R-oTkaz & 3ameHsieTcs Ha oTka3 OU{a}:
R'={8u{a}, D}, Q=Q={{x}},rme 6={y}.

CrenudukannoHHas Mojeib V-momnoiHeHuss Sg . B 3T0#t Momenu ecth Tpacca
(D,%,Y), KOTOpasi He MOKET BCTPEUYaThCsl B KOHOOPMHBIX PEaan3anusx, IOCKOIbKY

B TAKUX peajU3allUsaX IOCIE MyCTOro 0TKAa3a 00A3aTeNIbHO JOJKEH OBITh OTKa3 O, a
TOCJIE HETO AEWCTBUE X HOJDKHO OBITH OE30I1acHO.

[Mokaxxem, 4To 3Ta cUTyalMsl UMeeT MecTo st oboro V-nononnenust T

Huns tpoiiku T; paccmorpum peanuzauu I, u I, B andasure L

Iocne mpuBenenns k andasuty L oHM CTaHOBATCS pealn3alMsAMU U HCXOIHOMH
TPOMKHU.

B T; pgeiictBHe x IOJDKHO OBITH OMACHBIM MOCIE Tpacchl (), Tak Kak B
NIPOTUBHOM cilydae peanusauusi I, He Oyaer OezomacHo-tectupyemoit st T;, HO
peamm3anms I, Oe3omacHO-TecTUpyeMa JUisi WcXomgHoW Tpoiikun Tg, dTO
MIPOTUBOPEUYNUT HE CYXKEHHIO Kiacca 0e30MacHO-TeCTHpYyeMbIX L-peanmsanuii npu
V-nononuaennn.

Taxke B T; zaelictBue x HODKHO ObITH Ge30macHO mocie Tpaccsl (), Tak Kak

nHadye peasmsamus I, Oynmer xonpopmHa mist T;, HO peamusamus I, He
Oc3omacHO-TeCTHpyeMa |, ClieloBareidbHO, He KoHpopmHa it Tg —9TO

MIPOTUBOPEYUT COXPAaHEHUIO Kilacca KOHGOpMHBIX L-peanuzaumii npu V-
TIOTIOJTHEHHH.

Ho torna, mockoneky B T¢ neiicTBue x paspemactcs SAMHCTBEHHOHN Q-KHOIKO#
{x},B T; nmelictBue x IOJDKHO pa3pemiaTbCs TOJBKO TaKMMHU Q-KHOTKamMu Q,

yro QNL={x}. [Tostomy B T; momxua GbiTh Tpacca (§,x), YTO BICYET B HEH

Hanu4ue Tpaccel (J,x).

Cnepnosarensho, nockosbky B T; neiictBue x omacHo mocie tpaccel (&), OHO
paspyaroniee mocie Tpaccsl (), to ectb B T; umeercs tpacca (J,x,Y).

Ho sTta omacHas Tpacca OTCYTCTBYeT B JIFOOOH peayin3anuyd KOHPOPMHOM UCXOTHOM
tpoiike Te.

6.8. [JokasaTtenbcTBO Nemmbl 1

1. JlocTaTO4YHOCTb.
Ilyctes pep,di” (G).

Iockonbky p,di” (G) Cp.di (G), a Mouens p,di-3aMKHYTa, NOCTAaTOYHOCTH
yCIIOBUS I0Ka3aHa.
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2. Heo6x0aMMOoCTb.

Ecnu Tpacca © He sBiseTrcsa AOMYCTUMOW W COTJIACOBAaHHOM Tpaccoi, TO
HUKAaKasi MOJIEJIb HE COJIEPKUT TpacCy O©, U YTBEP)KIACHHUE JIEMMBbI OUEBHUJTHO.

Ilycts Tpacca G mOmMyCTHMAa M COTJIAcOBaHa, HO WUEp,di” (G).

Hawm nocrarouno nmoctpouts LTS-monens I, B KOTOpO# Oyaer Tpacca G H HE
Oyzmer Tpaccel L.

Bo3sbmem 3a ocHOBY LTS-Monens I (G).

Tpaccy |L MOMHO MPEACTaBUTH B BHAE WU=[;-(u)-lL,,

rae |, MakCHMaJbHBIN npedukc Tpaccsl |, IpUHAMISKAMMN p,di” (C)
(Takoii mpeduKC Becerna CyniecTByeT, Tak Kak €€ p,di” (G) ).

ITockonBpKY MOMBEPTEHIMS W pa3pylmIeHHe MOTYT OBITh TOJIBKO B KOHIIE
JOITyCTUMOMN TPAcChl ©, U3 YCIOBUS W EP,di” (G) chemyer, 4To, €ciu Tpacca

[l; 3aKaHYMBACTCs AMBEPIEHLMEH WM paspylleHHeM, TO Tpacca H=l;-(u)-ll,
He jomyctuMa (TI0Ciie TUBCPICHLIUU WIH Pa3pYIICHUS HMECTCS HaONIOJCHHE
u). A TakoW TPacchl HE MOXET OBITh B MOJICIH, B YACTHOCTH, €€ HET B MOJICIH
I (0), U YITBEpKACHUE NOKA3aHO.

B nmanmpmedimiem Oymem cumTaTth, YTO Tpacca [, HE 3aKaHUYMBACTCA
JIUBEPTEHITUEHN WITH pa3pyIICHUEM.

ITycts moaTpacca AeHCTBUM Tpacchl [l; MMEET JUIMHY 1.
Torma Tpacca W, 3akaHumBaercs B LTS I (C) B cocrosHum ot m,
nockosibky LTS mo mocTpoeHHIO OeTepMUHUPOBaHA (B KaKIOM COCTOSHUH

OMpeNeNiecH0 He Ooyiee OJHOTO Mepexolna MO KaxJAOMY ACHCTBUIO, W HET T-
TepPexX0I0B, KpOMe, OBITh MOXKET, T-TIETIIN), TOJBKO B TOM COCTOSHUH.

PaccMoTpuM Bce BO3MOXKHBIC CIydyan B 3aBHCHUMOCTH OT TOTO, KaKUM
HaOJIIOICHUEM SIBIIsETCs HAONIoNeHre U. B KaXaIoM u3 3THX CIydaeB Mbl OPH
HeoOxoquMocTH Tak Moauduuupyem LTS, 4ro0bl OHa, BO-NEPBBIX, IO-
MPeXKHEMY CcOJepXkaja Tpaccy O, BO-BTOPBIX, Tpacca |, MO-TIIPEKHEMY
3aKaHYMBANACh B COCTOSIHMM G"*, U, B-TPETbUX, B COCTOSHUM O"® He ObLIO
Tpaccsl (u).

2.1. u#d HemycTO# OTKa3.

Momudukauuu LTS He TpeOyercs, moaTomy Tpacca G coxpansiercst B LTS.
IMockonmbky Wi-(u)gp,di” (G),0Tka3 u He BIoXkeH B UIp (G*).

IMosTOMy B cOCTOSHMH G** ecTh mepexon no geicrsuio u3 u\Ulp (¢%),
MOCKOJIBKY U — 9TO HEIyCTOH OTKa3, KOTOPHIil He BioxkeH B Ulp (G%) .
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2.2.

2.2.1.

22.2.

2.3.

24.

24.1.

24.2.

2.5.

Crie/10BaTeNbHO, B COCTOSHUM G~ HET OTKa3a U W, CJIEJ0BATENBHO, HET
Tpaccel (u).

u=Z mycroii oTKas.

Bo3MO0XHBI /1Ba MOCTyYas.

i<n wmM i=n U |G |=n.

Monudukamus: 106aBUM NePexoA-NeTmo 6" —T—G"

Tpacca © ocramercs B LTS, Tpacca W, mo-mpexxHemy Oyner
3aKaHYMBAETCS TOJBKO B COCTOSHMU G”*, HO B 3TOM COCTOSIHMM HE OyjeT
IyCTOrO OTKa3a H, CIIe[0BATENIbHO, He OyzeT Tpaccsl (u).

i=n u |G6" |#n.

Mopandukanuu LTS He TpeOyercs, moatomy Tpacca G coxpansiercst B LTS.
B cocrosiHnu G*" uMeercs T-METNSI WM Y-TIETJsl, CJIEJ0BATENLHO, HET
IyCTOTO OTKa3a M Tpacchl (u).

u jeiicteue u ue Ulp (6*).

Momudukamuu LTS He Tpebyercs, mosToMy Tpacca G coxpansercs B LTS.
TMockoneky ueUlp (G), B coctosuun G~' HeT mepexoja 10 JAEHCTBHIO
U |, CIICJI0BATENBHO, HET Tpacchl (u).

u jeiicteue u ug Ulp (6*).

Torna BO3MOXXHBI J1Ba MMOJCTyYasl.

i<n wmM i=n U |G |=n.

IMockonbky ugUlp (G1), B paccMaTpuBaeMOM CJIydae MMEETCS IEPeXo/

ot i —u—t.

Momnduranus: yaaimM 3TOT Iepexol.

Tpacca © ocramercs B LTS, Tpacca W, mo-mpexxHemy Oynmer
3aKaHYMBAETCS TOJBKO B COCTOSHMU G”*, HO B 3TOM COCTOSIHMM HE OyjeT

Hepexo/ia Mo JACHCTBHIO U U, CIIe0BATEeNbHO, He OyzeT Tpaccsl (u).
i=n u |Oo"|#n.
Mopandukaunu LTS He TpeOyercs, mostomy Tpacca G coxpansiercst B LTS.
B coctosHMM ©"" WMeeTcs TOJNBKO T-TIETJISI MIIM Y-IIETHIA, CIEOBATEIbHO,
HET [epexo/ia o IeHCTBUI0O U | HET Tpacchl (u).
u=y wim u=A.
Torna BO3MOXXHBI J1Ba MMOJCTyYasl.
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25.1. i<n wimm i=n u |G"|=n.
Mopandukaunu LTS He TpeOyercs, moatomy Tpacca G coxpansiercst B LTS.
B cocTosHuM G"' HET AMBEPIEHIMH W Pa3pyLICHHUs, CIIEIOBATENLHO, HET
Hepexo/a Mo ACHCTBHIO U W HET Tpacchl (u).

25.1.1. i=n m |0"|#n.

Momudukamuu LTS He TpeOyercs, mo3ToMy Tpacca G COXPAHSIETCS B
LTS.

B cocTossHun G*" ecTh AMBEPIeHIMS WU pa3pylieHue u .
Ecou u#u’, TO B COCTOSHHHM O©"' HeT JMBEPreHIMH U pa3pyILCHHUS,

CIIE/IOBATENBHO, HET Mepexo/ia Mo ACHCTBHI0 U M HET TPacchl (u).

Ecim ke u=u’, 10 W;(u)EP,di” (G), YTO NPOTHBOPEUUT TOMY, UTO

W MaKCHMaJbHBIN MPeQUKC TpacChl W, IPUHAICKAMIH P, di” (G) .

6.9. [JokasaTenbCTBO NeMmbl 2

W3 ompenenenus oTHOmICHHWS Safe for cruemyeT, 4TO, €CIM B peaqu3alid HET
JOCTIDKUMBIX TUBEPTCHIMN W pa3pymeHus u Q;-0TKa30B, TO OHa Oe30IacHo-
tectupyema ans Tpoitku T

Taxkas peanuzanus Bcerja cymectByer. Hanpumep, nocratouno paccmorpers LTS-
peammzanuio B andaBute L, B KOTOpOH B HAYalbHOM COCTOSHHHU OIPEJICIICHBI
NepexoabI-IETIH MO BceM JeiicTBusIM u3 andasuta L, m apyrux nepexonoB HeT.

6.10. [lokazaTenbLCTBO TeopeMbl 8

1. Heo0X0aMMOCTE.
JomycTuM npoTUBHOE.

Torma B Hexoropoit Ge3omacHo-TecTHpyemoit st Tpoiiku T; TpaccoBoit L-

peanuzaumu 1 ectb Tpacca Oyp-(uy), HO YCIOBHE TEOPEMbI HE BBITOIHEHO.

Tpacca ©y-(u) cornacoBaHa kak tpacca mogenu L.

HOSTOMy HapyHIeHUE YCJIOBUA TCOPEMbBI BO3MOXKHO TOJILKO B TOM CJIy4dac, Korjia
u OTKa3, HO CYIIECTBYIOT TakMe KHomka Q€Q; w  Tpacca
ne (LUR;) ‘NSafeBy (L),

yro QrcupUUIp (o), Upedi™ (op-(ur)) u Q safe by X; after L.
Torma op-(up)el u QucurLUIlp (o) Bieuer Gp-(ur, Or)el
Hanee ppedi” (op-(uy)) Biueuer Wy (Qr)edi” (or-{ur, QL)) .

A Torza no emme 1 pg-(Qp)el.

114



Orcrona, mockonbky I L-peamusanus, W-(Q)el,

yTo Biieuer Q safe-in I after |,

YTO IPOTUBOPEYUT TUIOTE3E O OE30IIACHOCTH.

. JIOCTaTOYHOCTS.

ITockonbky Tpacca G Oe3omacHas, a HaOmOAeHHE U 0e30mMacHo Tocle O,

Tpacca G-(u) TECTOBas W, CIICJOBATENBHO, JOIIYCTUMASL.
[To ycnoBHIO TEOPEMBI 3Ta Tpacca TAKKE COTIACOBAHHASL.

IMo3TOMY MBI MOXEM PacCMOTPETh peanu3auio I; (or-(ur)).

B 9T0# peanuzanuu B cocTosIHEE  (Gp,(uy,)) " 3aKaHYUBAIOTCS TOJIBKO TPACCHI

u3 di” (or-{uy)), ¥ peanusanus COAEPKUT Tpaccy Or-(ur).

IMokaxem, yro Takas peanmsaumus I, (Op-(ur)) Oe3omacHoO-TecTUpyeMa JJist
tpoiika T;.
JelcTBUTENIBHO, B O3TOM peanu3alvi HET AWBEPreHIMH W pa3pylIeHUsd,

mockosbky u€eLUR;, TO ecth up He SBIAETCA JUBEPrEeHIUCH WU
paspylieHHeM.

HOSTOMy OIMMaCHOCTb MOTYT NPEACTABJIIATH o000 TOJIBKO HeHa6H}O,HaeMLIe
OTKa3hbl.

B cocTosHMM ¢ NPOBEEHBI NEPEXOABI-TIETIIH 10 BCEM AEHCTBHAM U3 L,
MO3TOMY B HEM €CTb TOIBKO ITyCTOM OTKAa3, HO OH He sBIsieTcs Q-0TKaszom.
ITockonbky Jr060# Q;-0TKa3 B mepeceuenuu ¢ L maeT Q-oTkas,

B cocTossHUM ¢ HeT Q;-0TKa30B.

Ecnu Obl HeHabmrOJaeMblii OTKa3, HApPYINAIOIIMH TUIIOTE3y O OE30MaCHOCTH,
NOPOYXKJIAICS He MOCIEAHUM cocTosiHueM (O {u)) ~*, rne i<n=|oy-(up)l,
TO, TIOCKOJBKY TaKOW OTKa3 HUMeeTcs B 1000 peamu3allud  II0CIIE
COOTBETCTBYIOLIETO NpeduKca Tpacchl Oy, HUKaKas O€30IacHO-TECTHpyeMas
peanusanys He MOIJIA Obl COAEPHKATh ITOT MPE(PHKC, YTO TPOTHBOPEUUT TOMY,

4YTO JIFO0OW cTporuii mpeuKc Tpacchl Gj, aKTyaleH, TO €CTh BCTPEYacTCs B
HEKOTOPO# 0€30MacHO-TECTHPYEMON pean3aliny.

CnemoBaTenbHO, TakOW  HApyMIAKOIIUH  TUMOTE3y O  0e30HacHOCTH
HEHAONIOaeMbId  OTKa3 Qp, MOXET TOPOXKIATBCS TOJBKO IOCICIHUM
cocrosiHieM (Gy-{ur)) ~™

Torma u — 310 OTKa3,

QucuLWUlp (o)

U I HekoTopol Tpacesl [le (LUR;) "NSafeBy (X;) Taxoi,
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gt0 Q safe by X; after . u

B peammsaimu I (Op-(un)) Tpacca |L 3aKaHYMBAETCS B COCTOSIHHH

n

(or-(uL)) ~™

Ho, xak cka3ano Bbiwe, Toraa Uy edi” (oy-(ur)), a TOraa HapyIaercs yCIoBHe
TEOPEMBI.

MBI NIpULLIM K TPOTUBOPEYHIO, CIIEAOBATENLHO, THIIOTE3a O OE30MACHOCTH HE
Hapylnaercs, W peamusamus I, (Op-(uy))  GesomacHo-TecTHpyemas Uit
tpoiiku T;.

IMockonbky 310 L-peanusauust u comep:kut Tpaccy Op-(ur), Tpacca Oy-{ur,)
L-akryansHasi, 9T0 U TpeGOBANOCH JOKA3ATh.

6.11. JokaszaTtenbCcTBO NemMmbi 3

1.

Ecmu PeQ, to

P safe~by X after K-\

= Juedi” (x-A) NSafeBy (X) P safe by X after 1

= Juedi” (x-(R)-A) NSafeBy (X) P safe by X after u

= P safe~by L after - (R)-\.

Ecmn P=, 10

P safe~by X after x-A

= 3Juedi” (x-A) NSafeBy (¥) P safe by X after 1

= 3Juedi” (x-(R)-A) NSafeBy (X) P safe by X after

= P safe~by X after - (R)-A.

Ecmu PeR\{J}, TO

P safe~by X after K-\

= VzeP =z safe~by X after x-A

= VzeP 3Fuedi” (xA) NSafeBy (L) =z safe by L after |1
= VzeP 3Juedi” (x(R)-A) NSafeBy (¥) =z safe by X after L

= VzeP z safe~by X after x-(R)-A = P safe~by X after x-(R)-A.

6.12. [loka3zaTenbCTBO NeMmmbl 4

Iycte PeR, Ip(c)2d u PcUIp (0).
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Hyxno nokazats, uto P ~conf X after G.

PaccMoTpuM /1Ba BO3MOXKHBIX Clly4asi B 3aBUCMOCTH OT TOT0 P= uin P#.

1.

1.1.

1.2.

2.

pP=(@.
B stom cityuae ycioBue P ~conf L after 6
JKBUBAJICHTHO yciioButo O safe~by L after G.

Tak kak Ip (
PeR.

0)#JJ, Tpaccy G MOXHO MPEACTaBUTh B BHAE O=K-(R),
[ockonbky o€ ~conf (T), umeem R ~conf X after K,
41O BiIe4eT R safe~by X after K.
PaccmoTpuM aBa BO3MOXKHBIX Moacaydas: R=J u R#J.
R=0.
Torna O safe~by X after ,
yro Biaeyer Juedi” (k) NSafeBy (L) O safe by X after |,
qT0, MOCKOJIBKY di” (K) cdi” (K-(R)) u o=k (R),
NSafeBy (L) O safe by X after |,
uto Bieuer O safe~by X after G, uto u TpebOBAIOCH JOKA3ATh.
R#D.

Bieuer Juedi” (C)

Torna R safe~by X after ¥

BieueT VzeR z safe~by X after G, uto, MOCKOIBbKY R#J,
Bieuer JzeR z safe~by X after o,

4TO BiedeT Qe RUQ zeQ & Q safe-by X after o,

yto Biieuer JUedi” (k) NSafeBy (¥) O safe by X after |,
yro BaeuerT Jpedi” (K) NSafeBy (X) O safe,, X after 1,
yro Bieder JUedi” (k) NSafeBy (X) W-(A)e X,

gro Biieder Jpedi” (k) NSafeBy (X) O safe, X after 1,
yro Biaeyer JUedi” (k) NSafeBy (L) O safe by X after |,

4TO, MOCKONEKY di” (K) Cdi™ (K- (R) ) u o=k(R),
) NSafeBy (L) O safe by X after |,

yto Bieder O safe~by L after G, uto u TpebOBaIOCH JOKA3aTh.
PzD.

Bieuer Juedi” (

rae
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B stom cityuae ycioBue P ~conf L after ¢

OKBHUBAJICHTHO KOHBIOHKIINH

CIIEAYIOIINX YCIOBHIM:

1) P safe~by X after G,

2) Y0eQ Vuedi” (o:(P)) NSafeBy (L

3) VReR Vuedi”

(Qculp (6:(P)) = Qsafeby X after ),
(c-(P)) NSafeBy (X)

(RcUlp (6:(P)) & RsafebyXafterpn = p(R)eX).

JlokaxeM BBITIOJTHEHUE 3TUX YCIOBHH.

2.1.

2.2.

118

JlokaxeMm BBITIOJIHEHUE YCIOBHS 1.

ITockombky PcUIp (6), VzeP JR,eR zeR, & R,elp(0C).

Torma mms KaxJI0ro TaKOro z€P TpacCy G MOXKHO HPEJCTABUTh B BHIE
o=t (R,)-p,rae peR’.
ITockonbky o€ ~conf(T), umeem R, ~conf X after X,
YTO BIICUET R, safe~by XL after K,

qTO, IIOCKOJIBKY z€R, H, CI€I0BATECIbHO, R,#D,
BieueT z safe~by L after K,

gto Bieuer 10 RUQ zeQ & O safe~by X after x,
YTO  BIEYET JF0e RUQ zZ€EQ & Juedi~ (x
Q safe by X after |,

aro, nockonbky di” (k) cdi” (1-(R)-p), peR” u o=K-(R-p),
NSafeBy (L
gto Bieder 30 RUQ zeQ & Q safe~by X after G,

) NSafeBy (¥)

Biaeder 30 RUQ zeQ & Juedi” (o) ) Q safe by X after |,
4TO BIICUET z Safe~by X after G.

[TockonbKy 3TO BEpHO JUIS KQXI0T0 z€P,

umeeM P safe~by X after G, 4to u TpeOOBANOCH JOKA3aTh.

JlokakeM BBITIONIHEHHUE yCIOBUM 2 U 3.

Ilycte Qe RUQ, uedi™ (o:(P)) NSafeBy (£) nu QcUlp (6-(P)).
Ham Hy»XHO 10Ka3aTh:

2)ecmu Qe Q, To O safe-by X after |;
3)eciu QeR wu Qsafe by X after 1, o L-(Q)e X



ITockoaeky PcUIp (G) u PzJ,

Tpaccy G MOXHO HPEACTaBHTh B Buae O=K-(P,)-p,

rie P.eR\{D} u pe{D}".

Hockonbsky PcUIp (G6) u pe (D),

ycnosue QcUIp (o-(P)) Biewer QcUIp (k-(P,)).

IMockonbky Uedi™ (0-(P)),a PcUIp (G), umeeM Uedi™ (O).

A Torja, ocKoIbKy O=K-(P,)-p, rae pe (D}, umeem uedi” (x-(P,)).
Urak, pedi™ (k-(P1)) NSafeBy (£) n QcUIp (x-(P.)).

IMockonbky - (P,)-p=0€ ~conf (T), nomkuo Obite P, ~conf X after K.

A TOrAaa, NOCKOJIbKY Plig, JOJIDKHBI OBITH BBIMOJIHEHEI yciaoBus 2u3 JUJIA
OTKaza P; mocie TpacChl K:

2)ecmu Qe Q, To Q safe-by X after |,
3)eciu QeR wu Qsafe by X after 1, 1o p-(R)eX.

Yt0 1 TpeOOBAIOCH TOKA3ATh.

6.13. [JokaszaTenbCTBO NeMMbI 5

1.

1.1.

1.2.

ITokaxkem, 4TO KaXkJasi TECTOBasi Tpacca ~TeCTOBAsI.
IlycTtb Tpacca G TecToBasl.

ITo ompeneseHnIo ~TeCTOBOM TPACCHI HAM HYKHO I10Ka3aTh, Y4TO

1) nycras tpacca 6esonacna B cienupukamum,

2) ecin p-(u)<G, To HAGmMOKEHHE U ~BE30MACHO MoCHe L.
ITycras Tpacca 6e3omacHa B ciel(MKAIUK, IOCKOJIBKY Tpacca G TECTOBas.
JloxaxkeM cBOMCTBO 2.

IIycte u peiicTBHE.

Torma HyKHO TIOKa3aTh, 4YTO OHO 0€30MAacCHO IOCiIe HEKoTopoul di™-
montpaccel W edi” (W) NSafeBy (X) .

ITockosbKy 3TO BEpPHO IJIsl cCaMOM Tpacchl [L, SBJISIOLIEHCS OJHOW U3 TaKUX
di"-noarpacc, yTBepkKACHUE TOKA3aHO.

IIycte u HemycToOM OTKa3.

Torma Hy)XHO TTOKa3aTh, 9TO KKAOE NeiicTBHe z€u ~0e30macHo mocie L.
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1.3.

IMockonapky u 0e30macHO TOCE TPacchl [, KaXJaoe ICHCTBUHE zEU
0e30macHo mociie [, 94TO MO JOoKa3aHHOMY I.1.1 BiedeT ~0e30macHOCTh z
mocyue |, a 3TO BJIeYeT ~Oe30MMacHOCTh OTKa3a u.

YTBepKIEeHUE JOKA3aHO.

IIycte u mycroit oTkas.

Torma HyXHO ©OKa3aTh, YTO XOTS OBl IMocie OJHOW di™-OATPACCHI
L edi” (L) NSafeBy (¥) B crnenuduKaiuy HET JUBEPTCHIIHH.

ITockoapky u 0€30macHO MOCIHE TPACCHl L, MOche | HET TUBCPrCHIUH, U
Tpacca |l sBISETCA OOHOW W3 TakWx di”-TIoATpacc, a dTO BIEYET
~0€30acHOCTh IIyCTOr0 OTKa3a u.

YT1BepxkaeHue J0Ka3aHo.

2. Tlokaxem, yTo Oe3omacHas Tpacca ~KOH(POpPMHA TOTJa W TOJBKO TOT/A, KOTAa
OHA aKTyaJbHa.

2.1.
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CHauana TIOKaxeM, 4YTO KaxJas akTyalbHas Oe3omacHas Tpacca
~KOH(OpPMHa.

HyCTL Tpacca O aKTyalibHas Oe3omacHas Tpacca.
Toraa OHa TECTOBAs U MO JOKa3aHHOMY m.1 ~tecToBas.

Hawm ocrtanock rmokasath, 4TO
ecmu W-(u)<o, TO HAGMIOEHHE U ~KOH(MOPMHO Tociie L.

IIycts u peiicTBHE.

Torga Hy)XHO MOKa3aThb BBINOJHEHHE JOIMOJIHUTENbHBIX YCIOBHH a) U b) B
.1 onpeneneHust ~KOHPOPMHOCTH.

a) ugUlp (1).

D10 creayeT U3 TOro, u4To Tpacca W-{u) — Oe3omnacHas , CICJOBATEIBHO,
COIJIacOBaHHAs Tpacca crelu(UKaIiH.

b) Kaxmas monrtpacca W edi™ (W) NSafeBy (¥), mocie KOTOpOH u
Oe3omacHO, WM TIPOJNOJDKAETCS, TO ecThb u safe by X aftern° =
u-(u)eX.

JeticTBuTeNnBHO, 1O TeMMe 1 [-(u)eX Brmeder W' -(u)eX mist Kaooi
Tpaccel U .
IIycte u HemycTOM OTKa3.

Torga Hy)XHO MOKa3aThb BBINOJHEHHE JOIMOJHUTENBHBIX YCIOBHH a) U b) B
1.2 onpeieNieHnst ~KOH()OPMHOCTH.



a) Kaxnas kHomka Q€Q Takas, yro QcCUIp (U-(u)), omacHa mocie
Kax10i noarpaccel W edi” (U-(u)) NSafeBy (¥) .
Homyctum, 3T0 HE BEpPHO.

Torma mocme HEKOTOpOH Tpaccel |  KHOmMKa Q ©Oe3omacHa B
crnieudukanmy.

IMockosbKy Tpacca G akTyanbHast, ee npedukc |L-(u) TOKe akTyaleH

U, CIIeZIOBATENIbHO, BCTPEYALTCS B HEKOTOPOH 0e30MacHO-TeCTHPYEMOi
peanuzaiuu.

Ho Toraa B 3701 peanuzanuy no cBONCTBaM MOJIHON TPacCOBOM MOAENTH

ecTh Tpacca W-(u, Q) ® mo Jemme | B 3TOl peam3ali ecTh Tpacca

W -{(Q)edi™ (u-(u, Q)) , 4TO MPOTHBOPEUHT IUMOTE3E O OE30MACHOCTH.

b) Hus xaxnoit ksomku ReR  Takoit, yro RcUIp (U-(u)), kaxnas
noxrpacca W edi” (U-(u)) NSafeBy (L), mocie KOTOpO#l KHOmKa R
Oe3omacHa, MpoJ0JIKAETCS OTKAa30M R.

JeiicTBUTENBHO, W-(u)EX BIEYCT IO CBOMCTBAM MOJHOW TPaccOBOH

mozenu W-(u, R)EX,

uto 1o temme 1 Bieder W' -(R)EX st KaKIOW Tpaccel W .

2.1.3. Ilyctp u mImycToi OTKa3.
Torma, mMOCKONBKY OH ~0e30maceH, OH ~KOH(pOPMEH MOCe TPAcChl [L.

2.2. Temepp mokakeM, 4TO KakJas Oe30macHas HEaKTyalpHas Tpacca G HE
~KOH(pOpMHA.

JIeHCTBUTENIbHO, TOCKOJIBKY Tpacca G Oe3omacHas, OHa TecToBas W,
CJIeIOBaTEINIbHO, 10 I0Ka3aHHOMY ~TECTOBas.

IMockonbpky ycnoBus ~KOHGOPMHOCTH BKJIIOYAKOT B ce0s  yCIOBHSA
aKTyaJIbHOCTH 10 TeopeMe 8§, IJIsl HeaKTyallbHOUM Tpacchl G OTH YCJIOBHS HE
BBITIOJTHEHEI, IO3TOMY 3Ta Tpacca He ~KOH(pOpMHas.

3. Tlokaxem, 4To Kaxas ommbka 1-ro pona G-(u) He ~KOH(POpPMHA.

Ilo JOKa3aHHOMY, €CJIM TpacCa O HE akKTyajlbHas Tpacca, TO OHa HC

~KOH(OPMHA |, CIIeI0BATENBHO, Tpacca G-(u) He ~KOH(MOPMHA.
Teneps mycTh Tpacca ©-(u) omubKka 1-ro posa, rae G akTyajibHas Tpacca.

Tor;[a Tpacca G-<u> TECTOBasA U, CIICA0BATCIBHO, Tpacca O Oe3ormacHasl.
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Mo noxazaHHOMY Tpacca G ~KOH(OpPMHas, a G-(u) ~TecToBas.

Hawm mano nokasats, 9To HaOMIONEHNE U HE ~KOH(POPMHO mocie L.
3.1. Ilycte u geiictBue.

Torpa oHo Ge3omacHoO mocie Tpaccsl G, HO Tpacca G HE MPOJOJKACTCS
UM, TO €CTh HApPYIICHO JOIMOJHUTEIbHOE ycioBue b) B m.1 ompeneneHus
~KOH()OPMHOCTH.

3.2. Ilycte u HemycTOH OTKa3.

Torma on Oe3omaceH mocie Tpacchl G, HO Tpacca G HE MPOJODKACTCS MM,
TO €CTh HApYyLICHO IOMOJIHUTENBLHOE YCIOBHE b) B M.2 omnpejeneHus
~KOH()OPMHOCTH.

3.3. Ilycts u mycTo# OTKa3.

Torma u3 ero 0E30MacHOCTH TOCTe TpacCel G CICAYCT OTCYTCTBUEC
JUBCPICHIOMHU II0CJIC TPACChI O.

A TOrma 1Mo KOHBEPI'CHTHOCTH MOIEIH Tpacca G IMPOIOIKACTCS MyCTHIM
OTKa30M B CTICIH(DUKAITHIH.

WupMu ciioBamu, 3TOT0 cirydas HE ObIBaeT.

6.14. JokaszaTenbCcTBO NeMmbl 6

Ecmm nist tpoiiku T mycTast Tpacca onacHa B crienu(pUKaIyH,

TO HET ~TECTOBBIX U ~KOH(OPMHBIX Tpacc.

B orom ciydyae rtakxke L-peammsanus, cocrosiuas u3 OAHOM Tpaccel (),
0e3omacHo-TecTUpyemasl.

st mro0oii Tpoiiky, B criennuKanuy KOTOpoii mycras Tpacca 6e3onacHa,

9Ta peayin3anus He SBISIETCS] 0€30MacHO-TECTHPYEMOM.

CrnenoBarenbHO, B M000# Tpoiike n3 L-koHyca (He cykaromiel kiacc 0e301macHo-
TECTHPYEMBIX Peai3allMii) MycTas Tpacca ormacHa.

A Torja HeT HU oHOU V-TecToBO# H, TeM Ooiiee, V-KOH(DOPMHOMN TpacChl.
Tenepb Oynem mpemanonararh, 4To mycTas Tpacca 6e3onacHa ajs Tpoiiku T.
Bynem moka3siBaTh HHAYKIKMEH 110 Tpacce G CICAYIOIIEE YTBEPKICHHE:

1) ceVptt (T) = oce~ptt(T),

2) ceVceonf(T) = oe~conf(T).

HOCKOJ’ILKY Oe3omacHas myctasgs Tpacca ~KOH(1)OpMHa${ H, CJICO0BATCIIbHO,
nEpBUYHAA ~TECTOBAA, I HEC YTBCPIKIACHNUE TOKA3aHO.

[TycTb Tpacca ¢ V-koH(opMHA U ~KOH(POPMHA.

1. Cuauaia J0KaKeM, 4To, eciii Tpacca G-(u) V-TecToBas, TO OHa ~TECTOBAs.
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IMockonbKy Tpacca G V-koHpopMHas, a Tpacca G-(u) V-tecToBast,

cymiectByer Tpoiika T eV (T),

B crienu(UKau KOTOpoi ecTh Oe3omacHasi Tpacca G Takas, 4T0 G =0,

M eCTh HaOmoaeHne u ', 0e30macHoe Mmociae G, TAKOE, YTO U 1=U.

Taxke cymecTByeT koHpopMHas peanmm3anusi I B ampabure L, comeprkarias
Tpaccy O.

1.1.

PaccMmoTpumM ciyuaif, korna u aeiictaue.

Torma u=u".

Hy>xHo moKa3aTh, 4TO IeHCTBHE U ~0e30IMacHo MocJe TPacChl O.

IIycts ueUlp (o).

Torna Tpaccy G MOXHO HPEJICTaBHUTh B BUAe 0=G;-(R)-p, e ReR, ueR
u pe R".

ITockonbky Tpacca G ~KOH(GOPMHA, OTKa3 R ~0e30ImaceH mocie C;.

Ho Torma Bce ero neicTBHs, B TOM YKCIIE U, ~O€30MMaCHBI IIOCIE Oj.

DTO0 3HAYMT, 4TO JACUCTBHE U OE30MacHO B UCXOIHOU CIIEITU(PUKAIIAN TIOCTIE
HEKOTOpO#i Tpaccel Pedi™ (G;).

[Tockonbky peR*, di” (6,) cdi” (o), cnepoBarensHO, Uedi™ (C).
A Ttorga u ~0€30I1acHO Mocie O.

Ilycts Teneps ug UIp (0).

Jomyctum, 4To IEHCTBHE U ~OMACHO MOCIE TPAcChl C.

ITockonpky Tpacca G BCTpedaeTcs B Mojend I, OHa IOMyCTUMA H
COTJIacoBaHa.

A Torma, mockonbky ugUIp(C), Tpacca ©-(u) TOXKe MHOIyCTHMAa H

COTJIACOBAHa, U, OCKOIBKY U IEHCTBHE, JOIyCTHMA U COTJIACOBAHA Tpacca
c-(u, ).

IMosToMy MBI MOXEM B3sITh B KauecTBe peanusanuu LTS I, (6-(u,7)).

B 5T0il peanmusanum B KaxI0M cocTosHMH (G-(u)) ~' 3aKaHYMBAOTCS
TONMbKO Tpaccel M3 di”((06-(u))'), W peanmzamMs CONEPKUT Tpaccy
G- <u ’ Y>-

IMokaxkem, uTo peanmusanust I;(0-(u,y)) Oe30MacHO-TECTHpyeMa JUIs
ucxonHoi Tpoiiku T.
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JeiictBuTenbHo, B peayimsauuu I (0-(u,?y)) mmoboii Q-orkas Q He
MOJKET OBITh B COCTOSIHUU ¢, TO €CTh MOKET OBITh TOJIBKO B COCTOSHUM BHIA
(o-(u)) ~=(c~(u)) Y, rme i=0..n.

Ho B cocrositun  (G~+(u)) "™ UMeeTcst TOJIbKO Y-TETIIs.

CrenoBatesbHO, OTKa3 Q MOXET OBITh TOJLKO B COCTOSHHU BHA
(6~(u))*, Tme i<n, aBoToM ciaydae (6”-(u)) *=6"".

B 3TOM COCTOSTHUY 3aKaHUMBAKOTCS TOJIBKO TPACCHl UEP,di” (G) .

OTka3 Q HMeeTcs Mocje TOM TPACCHl TOJIBKO NPH yeloBuu QCUIp (W) .
ITo nemme 1 Takas moarpacca L Oyner u B peanusanud I, MOCKOJIBKY B
Hell ecTh Tpacca G, uB I Toxke mocie W Oymer Q-oTkas Q.

CrnenoBatenpHO, ecii [L Ge30IacHa B MCXOIHOW Cenn(pUKAIIH,

TO Takoi Q-0TKa3 HE MOXET ObITh 0E30MACHBIM B UCXOHOM crieiuUKaIuu
nocie U,

TaK KaK 3TO TPOTHBOPEUMIO ObI 0€30MaCHO-TECTUPYEMOCTH KOH(POPMHOM
peanuzanuu I ans ucxoxHoil tpoiiku T.

Mpbl nOKa3aid, YTO HapylLIEHHE THIOTe3bl O OE30IIaCHOCTH HE MOJXKET
NPOHUCXOJIUTh M3-32 (Q-0TKa30B, TO €CTb MOXET OBIThb TOJBKO U3-3a
JIMBEPTeHLIMH WM pa3pyLICHUSL.

Ho B peammsamuu I, (c-(u,7y)) HET [AUBEPreHIMH, a pa3pyIICHHE
BCTPEYAETCsI TOJIBKO II0CIIE Tpace u3 MuoKecTBa di” (G-(u)) .

DTO 3HAYMT, YTO TUNOTE3a O OCE30MacCHOCTH Ui HCXOAHOH Tpoiiku T
MOXeT OBITh HapylieHa TOJIBKO B TOM Clydae, Korja ITOocie HEKOTOpO
Tpaccel Uedi” (6) NSafeBy (T) B cnenmupukanmm Oe3o0macHa KHOIIKA,
pasperiaronas aeicTeue u.

Ho rtorma gmeiictBme u ObulO OBl ~0E30MACHO MOCIE TPAcChl G, YTO
MIPOTHBOPEYHT AOMYIICHUIO.

Mb! mokasanu, uTo peanmzanus I, (6-(u,?y)) 6e3omacHo-TecTUpyema s
ucxonHoi Tpoiiku T.

Onnako peanmuzanuss  I; (G-(u,Yy)) He YyIOBIETBOPSET THUIOTE3E O
GesomacHOCTH i Tpoliku T°, MOCKOJBKY pealu3alys CONEPKHUT TPaccy
G-(u, Y), a MOCKOIBKY 3Ta TPOIKa OmpeesieT Tpaccy G -(u), rae G =0,
KaK TECTOBYIO.

A 9TO IPOTHBOPEYHUT YCIOBHUIO HE CY:KEHHS Ki1acca 0€30IaCHO-TECTUPYEMBIX
peanusanuii s Tpoiiku T eV (T) .



1.2.

1.3.

1.3.1.

Mbl OpUlLIM K MPOTHBOPEYUIO W, CJIEJOBATENbHO, HAIE JOMYIICHHE He
BEPHO, U JACHCTBHE U ~0E30IacHO MOCje TPAcChl O.

PaccMmoTpumM ciydaif, korna u Hemyctoi R-oTkas.
Torma u=u" NL.
Jlokaxem, 4To OTKa3 u ~0e30maceH mocie Tpacchl G.

JleiicTBUTENBHO, TOCKOJIBKY Tpacca G -(u” ) TecroBas s Tpoiika T,

ZI7IS1 9TOUM TPOMKHU ABJISIIOTCA TECTOBBIMU BCE TPACCHI BUJA © ~<z>, e zeu.

Ho torma mo mokazannomy m.1.1 Bce 3TH ACWCTBUS z ~0€30IaCHBI MOCIE
Tpaccol O©.

A 910 1 03HavaeT ~bOe3omacHOCTh HemycToro R-oTkaza u mocne Tpaccsl G.
Paccmorpum ciydaii, koraa u=< mycroit R-otkas.

Tornpa D=u" NL.

Jlokaxxem, 4TO IMyCTOM OTKa3 ~0E30MAaCEeH MOCIE TPACCHl C.

Ilycth Tpacca © 3aKAHYMBACTCSL OTKA30M, TO €CTh MMEET BUIl O0=C1-(R),

rne ReR.

1.3.1.1. Tlycte R=CJ mycroi oTKa3s.

Torna, NOCKOJIbKY Tpacca G ~KOH(OpPMHA,
MyCTO#t 0TKa3 ~Oe30maceH mnocie G;.

A 310 O3Hauaer, 4To HeKoTopas Tpacca Hedi” (G,) NSafeBy (T) B
crenuQUKay He IPOJI0JDKAETCsl JUBEPreHINEH.

[Mockonbky G6=0G;-(R), umeeM Uedi™ (G),

YTO O3HAYaeT ~0e30MacHOCTh IIyCTOr0o OTKa3a 1 I0CJIC TpacChl O.

1.3.1.2. TIlycts R HEmMyCTOH OTKa3.

Torna, MOCKONBKY Tpacca G ~KOH(OPMHA,
Halijercs neficTBue z€ R, KOTOpoe ~0e30MacHo mocie O;.

A 3TO O3HaYaer, 41O rnocie HEKOTOPOi Tpacchl
Ledi” (6,) NSafeBy (T) nelictBue z 0Oe30macHO B crelu(UKaLUM.

Ho Torma Tpacca L He TmpoAoKaeTcs B - Creru(HuKanuu
JIUBEpreHuue.

IMockonbky G6=G;-(R), umeem Uedi™ (G),

YTO O3HAYaeT ~0e30MacHOCTh IIyCTOro OTKasa " I10CJi¢ TpacCol O.

1.3.2. Ilycth Tpacca G He 3aKaHYHUBAETCS OTKA30M.
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ﬂOHyCTI/IM, qTo HYCTOﬁ OTKa3 ~OIIaCCH MOCJE TpacChl O.
HOCKOJ’ILKy Tpacca O BCTPEYACTCS B MOJCIIHU I,
OHa AOITyCTUMaA U COorjlacoBaHa.

A Torma, MOCKOJIBKY Tpacca G HE 3aKAHYMBAETCS OTKA30M,

Tpacca G-(A) TOXe JOMYCTUMA U COTTIACOBAHA.

IMosToMy MBI MOXEM B3sITh B KauecTBe peanmsanuu LTS I, (G-(A)).

[Tokaxem, yTo OHa Oe30MacCHO-TeCTUpyeMa JIsd NCXOqHOU Tporiku T.
Ananormgno 1.1.1.2 HapyIneHwe TUNOTE3bl O OE30MacCHOCTH HE MOXKET
MIPOUCXOIUTH M3-3a Q-0TKA30B.

IeiicrButenbHo, B LTS I;(0:-(A)) moGoil Q-0TKa3 Q He MOXeT OBITh B
COCTOSIHUM f, TO €CTh MOXET OBITh TOJBKO B COCTOSHUU BHUIA
(6-(A) “=(6"(A)) f,tne i=0..n u n=|c"-(ANL].

A 7T0 cocTosiHUA BUma G/

B 3TOM CcoCTOSHIM 3aKaHIMBAIOTCS TOJBKO TPacCchl UEp, di” (G).

OTka3z Q MMeeTcs Mocie STOH Tpacchl TOJIBKO MpH ycloBun QCUIp (W) .
ITo nemme 1 Takast monTpacca L OyzaeT u B peanmuzanuu I,

MMOCKOJIBKY B HEl ecTh Tpacca O, U B I Toxe mocie [ Oyner Q-otkas Q.

CrnenoBarenbHO, ecii [L Ge30IacHa B MCXOIHOW CIeNN(UKAIIH,

TO TakoW Q-0TKa3 He MOXKET ObITH OE30MaCHBIM B UCXOJHOM crielinUKanuu
mocue U,

TaK KaK 3TO TPOTHBOPEUMIO ObI 0€30MacCHO-TECTUPYEMOCTH KOH(POPMHOM
peanuzanuu I ans ucxoaHoil tpoiiku T.

Mpl mokazand, YTO HapyIIeHHE TUIOTe3bl O Oe30IacCHOCTH HE MOXKET

NPOHUCXOJUTh M3-32 (Q-0TKa30B, TO €CTb MOXET OBITh TOJBKO U3-3a
JIMBEPTeHIIMH WM pa3pyLICHUS.

B LTS I,(0-(A)) Her paspylicHus, a JUBEPICHIUS BCTPEUAETCS TOIBKO
TocJie Tpacc U3 MHOkecTBa di™ (C) .

DTO 3HAYMT, YTO TUNOTE3a O OE30MacHOCTH Ui HCXOAHOU Tpoiiku T
MOXET OBITh HapyllIeHa TOJIKO B TOM cllydae, KOTJa HEKOTopas Tpacca
uedi~ (o) NSafeBy (T) B crierupuKanuu HE TIPOTOJIKACTCS
JIUBEpTeHLUeH.

Ho Torma myctoii oTka3 ObuT OBl ~0e30maceH Tocie Tpacchl C, YTO
MIPOTHBOPEYHT AOIYIICHHUIO.



MpbI mokasanu, 4ro peanuzanud  I; (6-(A)) Oe30macHO-TeCTHpyema IUIst
ucxonHoi Tpoiiku T.

Opnako peamusaumst I (G-(A))  He YAOBJIETBOPSAET THUIOTE3E O
6e3omacuoctu st Tpoiiku T, TOCKOJIbKY 3Ta TPOHKa OMpEAENSET TPaccy
6 -(u’) Kak TecToBYyIO.

A 3TO IPOTUBOPEYHT YCIIOBUIO HE CYXKEHHS Kacca 0e301MacHO-TECTUPYEMBIX
peanmusanuii 1y Tpoiiku T eV (T) L.

Mbl mpuliIM K MPOTHBOPEYUIO M, CJIEJOBATENbHO, HAIE JOMYyIICHHE He
BEpPHO, U IYCTOM 0TKa3 ~0Oe30maceH nocjie Tpaccsl G.

2. Temepp jgoKkaxeM, 4To, eciu Tpacca O-(u) V-KOHpOpPMHA, TO OHa

~KOH(pOpMHaSI.

IMockonbky Tpacca G-(u) V-xkoHpopMmHas,

cymectByer Tpoiika T eV (T),

B crieHKaLMU KOTOPOit ecTh Oe3omacHast Tpacca G -(u’ ) Takas,

qr0 ¢ 1=C M u p=U.

Taxoke cymecTByer koHpopMHas peannzanus I B andasure L,

conepainas tpaccy o-(u).

2.1.

2.1.1.

PaccMmoTpumM ciayuaif, korna u aeiictBue.
Torma u=u".

TockosbKy MBI yiKe IOKa3ajd, 4TO NeicTBHE u ~0e30MMacHo Mociie TPacChl
G, HaM HYXHO II0Ka3aTh, YTO OHO YJIOBJICTBOPSICT JOTOJHHUTCIHHBIM
YCIIOBUSAM ~KOH()OPMHOCTH.

VcaoBue a: u He 3anpenaercs HocTGUKCOM 0TKa30B TPACCHI.
ITockonbKy Tpacca G-(u) BcTpedaercs B Mogenn I,

BBITIOJTHEHO YCJIOBUE COTJIACOBAHHOCTH 3TOM Tpacchl ug Ulp (C) .

VYcnoBue b: xaxnas moarpacca Uedi” (6) NSafeBy (X), mocie KOTOpoit
JelcTBre u 0e301acHO, IIPOIOJDKACTCS STHM JICHCTBUEM.

JeiicTBUTENBEHO, ecii OBl JJIsi KAKOW-TO Tpacchl |l 3TO OBUIO HE TaK, TO
cymiecTBoBasia ObI KHONIKA P, Oe3omacHas B X mocie | W pasperraromas
neiicTBue u, W Tpacca |l He MpojaoipKaiach Obl B ¥ neiicTBHeM u.

Mo nemme | u3 Hanuuus B peaiusauuu I Tpacchl G-(u) CIEAyeT HaTuYHe

B Heit Tpaccel [-(u)edi” (G6-(u)).
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2.2.

2.2.1.

22.2.

2.3.
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IMockonbky peanmnzamms I koH]opMHA, OHA Oe30IacHO-TECTUpyeMa JUIs
ucxoxHou tpoiiku T, ciemoBarensHO, KHOlKa P Oe3omacHa B I rocie

W.

Ho mpu HakaTuu 3TOW KHONKH B peanm3anmud I MOXeT HaOJIHNaThCs
neiicTBre u, KOTOPOTO HET Imocjie | B crenudukanuun X.

A 3TO MPOTUBOPECUUT TECTHPYEMOMY YCIOBHIO KOH(GOPMHOCTH I.
PaccmoTpumM ciydaif, korna u Hemyctoi R-oTkas.

Torma u=u" NL.

TTockoybKy MBI yXKe JOKa3ajd, 9TO OTKa3 u ~0e30maceH mocie Tpacchl O,
HaM HYXHO IT0Ka3aTh, YTO OH YJOBJIETBOPSET JOTOJHUTEIHLHBIM yCIOBHUIM
~KOH()OPMHOCTH.

VenoBue a: kakgas kKHonka Q€Q Takas, yro QCUIp (6-(u)), omacHa B
HCXOIHOM cnenuduKanuu mocie KaxK 101 Tpacchl
uedi~ (c-(u)) NSafeBy (¥) .

JleiicTBUTENBHO, 1O JieMMe | W3 Haluuus B peanuzand I Tpaccel G-(u)

CJIelyeT HAJIMYNE B HEHW TPACCHI L, KOTOpask TaKKe MPOIOIDKACTCS OTKA30M
Q.

Ecmm 6w kHOTIKAa Q ObLIa B MCXOMHOW crierUdUKanuyd Oe30macHa Mocie
Tpaccel |, TO peamu3anms I He YyIOBJIETBOpsUia Obl THIIOTE3e O
0e30macHOCTH  JUIi HWCXOJHOW  CHelM(HUKANWU, YTO MPOTHBOPCUHT
KOH(OPMHOCTHU peanuzanuu I.

Venosue b: s kaxporo R-otkasa RcUIp (0-(u)) kaxmas moirpacca

pedi” (6-(u)) NSafeBy (£), mnocie Kotopod R  GesomaceH, UM

TIPOJIOJKAETCSL.
JeiicTBUTEnbHO, 10 jleMMe | U3 Hamuyus B peanusaiuu I Tpaccel G-(u)
cliellyeT HamM4Me B Hed Kaxnoil tpaccel Uedi” (6-(u)) NSafeBy (X),
KOTOpasi POJIOJKAETCSl OTKa30M R.

Eciu Obl B ucxonHoW cnenudukanuy KHOmKa R Obuia Oe3omacHa mociie
HEKOTOPO# Tpaccel |, KOTOpas He MNpoJoJpKaiack Obl OTKa3oM R, TO
peammzanst I HE YOOBJIETBOPsUIa OBl TECTUPYCMOMY  YCIIOBHIO
KOH(OPMHOCTH JIJIsl HCXOAHOM crieriuduKanum.

PaccmorpumM ciydaii, koraa u=< mycroit R-otkas.
Torma @=u"NL.

MEI yke ToKa3ainy, 94To MyCcTOH 0TKa3 ~0e30IaceH mocje Tpacchl C.



HOCKOHLKY JJIsL ~KOH(1)OpMHOCTI/I OycToro oOTKasa JOMNOJHHUTCIbHBIX

YCIIOBHH HET, OH ~KOH(OPMEH IOCIIe TPACCH G.

JlemMa moka3aHa.

6.15. [lokasaTenbCTBO TeopeMbl 9

1. Toxaxewm, uto conf (T;L)y < Vconf(T).
ITo ompenenenuto Veonf (T) = u{conf(TiL)|TieV(T)L},
Hanee Tiy=,T Buneuer TieV (T)y.
Moaromy conf (T;,L);, < Vconf(T).

2. Tlokaxewm, uto Veonf (T) < conf(T;L); (cMm. Puc.22.).
Io onpenenenuto ~nononuenust T; umeem SafeBy (Ti,L) = ~conf(T).
ITo nemme 6 Veonf (T) < ~conf(T).
CrnenosarensHo, Veonf(T) < SafeBy (T;L)L.
Ilo onpenenenuro Verr (T) = U{err (T;,L) I TjeV(T)L}.
Hanee Ti=, T Bacuer TieV (T)L.
Cnenosarensno, err (T;,L)y < Verr(T).
Hanee, nockonbky SafeBy (T, L) \conf (T;L), < err(T;L),,
umeem SafeBy (T, L) \conf (T;L);, < Verr(T).

Hockonbky Verr (T)NVeonf(T) = @ u Veonf(T) < SafeBy (T;,L)

to Veonf(T) < conf(T;L)y.

Ve ™ Verr (T)
SafeBy (T;,L) 1 \conf (TiL)

SafeBy (T,L)

N

:_> Veonf (T) J

(S /

Puc. 22. Veonf (T) < conf (T,L)

>

h N = J
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3. Tlokaxewm, uto perr (T;L), < Vperr(T).

ITo onpenenenuto Vperr (T) = U{perr (T;,L)L | TieV(T)p},
Hanee Tiy=,T Buneuer TieV (T)y.
[oaromy perr (T;,L), < Vperr(T).

. Tlokaxem, uro Vperr (T) < perr(T;L).

ITo onpenenenuto ~nononuenust T; umeem # (TL)y = ~ptt(T).
ITo memme 6 Vptt (T) < ~ptt (T).

CnenoBarensHo, Vptt (T) < tt(TL)L.

ITo onpenenenuro Vptt (T) = Vperr (T)UVconf (T).

Taxxe Vperr (T)NVeonf(T) = Q.

CrnenosarensHo, Vperr (T) = Vptt (T)\Vconf(T).
Cnenosarensno, Vperr (T) < tt (TiL)\Vconf(T).
Iockonbky MBI yxe nokazany, uto Veonf (T) = conf(T; L)y,
umeem Vperr (T) < tt (TiL)\conf (T;,L), = err(T;L).
ITyctb Tpacca o< Vperr (T).

Ecmu 6b1 Tpacca oeerr (T;L)\perr (T;L), To y Hee Obul ObI CTpOTHIA
npeduKe, IBISIOMUNACSA OMMOKON U, CJIeIOBATENBHO, OB OBl CTPOTHI TipeduKc
WL, SIBJISTFOLITMIICS NEepBUYHOM ommOKoi: WU<G u peperr (TiL) L.

Ho mo noxazannomy perr (T;, L), < Vperr(T),3nauur pe Vperr(T).

Torpma y mepsuuHOi V-ommOKkn G ObIA ObI CTpOTHiA IpeduKe L, IBISIOMIANACS
MEepBUIHON V-OImMMOKOM, Yero ObITh HE MOJXET, MOCKOJLKY IO 3aMedaHuio 9
nepBuYHbIE V-0MHOKH 00pa3yIOT aHTHIICIH 10 OTHOIICHUIO «<».

CnenosarensHo, ceerr (T, L) u oceerr (T;L)\perr (T,L)y,
gto Bieuer oeperr (Ti,L) L.

Tem cambim, Vperr (T) < err (T;L)y Bueuer Vperr(T) < perr(T;L)y.

6.16. [JokazaTenbCTBO NeMmbl 7

1. Tlokaxkem, 4TO eciau Tpacca G#EZO~, kHonka QeQ wm Qculp(6), TO

Q safe~by L after G.

JIoIyCTHM, 9TO YTBEPIKIEHUE HE BEPHO:
o'eX™, 0eQ, oculp (6),Ho Q safe~by X after G.

Torma mo ompeneneHnio ~6e30macHOCTH Q-KHOMKH IMOCIE HEKOTOPOM TPacchl
Ledi” (6) NSafeBy (¥) Q-xHomka Q Oe3omacHa.
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2.1.

2.2.

3.

Ho rtorma, nockonbky QCUIp (G), Tpacca © 3aKaHYMBA€TCH OTKA30M, Ui
KOTOPOTO HAPYIIAETCS YCIOBHE ~KOH(POPMHOCTH, YTO MPOTHBOpednt G'e X

Jlokaxem Brimonuenne Q-croiicta: Vo'e X" vVoeQ of-(g)e Xt

Ecnu ~huHanpHas Tpacca He 3aKaHUMBAETCS U He MPOJOJKACTCS AUBEpreHIueit
U pa3pylleHHeM, To 3To Tpacca G'e X0,

[Iycte Q safe~by X after G.

Tora no npasusiam BeiBoga G'-(g)e L™
Ilycte Q safe~by X after G.

Torza 1o 10Ka3aHHOMY yTBePKACHHIO | nanHON teMMbl QZUIp (O) .

A Torna 1o npaswiam BeiBofia G- (€)e I
Jlokaxkem BbimonHeHne R-cBoiicta: Vo'e X' VReR
(6" (R)gX" o Ip(0)#0 & RcUIlp(0)) &
(Ip (6)#J & Rculp (6) = o' (RHeX").
CHauasta okaxem, uto ecmu 6" (R)g X', 1o Ip (6)#J & RcUIp (0).

210 HEMOCPCACTBCHHO CJICAYCT U3 IIPABUJI BbIBOJA.

Teneps mokakem, uto eciu Ip (0)#J & RcUIp (G),

10 1) 6" (R)eZ u2) o' (R")eX’.

Hockonbky Ip (6)#J & RcUIp (G), no ntemme 4 R ~conf X after G.
VYcnoue R ~conf X after 6 Bneuer R safe~by L after G,

Yro BIIEYET MO MPaBUJIaM BbIBOAa G (R)¢ 1™, TO €CTh BBINOJIHEHHE YCIOBHA 1.
Taksxe yciosue R ~conf L after G 1o npasunam BbiBojia Bieder o' (R¥)e X0,

TO €CTb BBIINTOJHCHHUE YCIOBUA 2.

Brinonnenne A’Y-CBOﬁCTBa C JOHNOJIHUTCIIbHBIM YCJIOBHUEM HCIOCPCACTBCHHO
CJICAYCT U3 MpaBUJI BbIBOJA.

6.17. JokaszaTenbCTBO NeMmbl 8

Ecmn (Y)eX, 1o EZ°*"={¢, (Y)} ¥ mpoBepka BBHINOJHEHHS CBOWCTB TPACCOBOIL

Mojienu TpuBHaibHa. Jlanee Oyer npeamnonarars, uro  (Y)¢ L.

1.

2.

Henycrota M mnpedMKc-3aMKHYTOCTb MHOXKecTBa X" HemocpeicTBEHHO
CJICIYIOT U3 IIPAaBUI BBHIBOA.

EOHYCTHMOCTL.
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Ecinu tpacca 6'€ X%, To Tpacca G ~KoH(OpPMHas, ¥ OHa 1O ONPEJIENECHUIO HE
COJEPKUT AUBEPIreHIMU U pa3pyIICHUsL.

Tpaccel MHOXecTBa X'~ 10 MNpaBMIaM BbIBOJA MOTYT —COZEPXaTh
JIUBEPreHIUIO U Pa3pyLICHUE TOJbKO KaK [IOCIICTHUE CUMBOJIBL.

CornacoBaHHOCTb.

Ecmm Tpacca O ~KOH(1)OpMHa, TO OHa CorjlacoBaHa, TaK Kak,

BO-TICPBBIX, 110 ONPEACICHUIO ~KOH(QOPMHOCTH ACHCTBHS IOCIE TPACCHI 3TO
JICHCTBUE HE 3alpeIIaeTcs MOCT(PUKCOM OTKa30B TPACCHI, U,

BO-BTOPbLIX, JAUBCPICHUHA W PA3pyHICHHUEC HE ABJIAIOTCA ~KOH(1)0pMHI)IMI/I
POAOJIKCHUAMMU.

CorlacoBaHHOCTh TPAacC M3 MHOXkecTBa X°° CielyeT W3 COIVIACOBAHHOCTH
~KOH(OPMHBIX Tpacc.

[MokaxkeM, 4YTO NpPONOKEHME Tpacchl G'eX’”  He-0TKazoM B  Takxke
cornacosauo: eciu 2eUlp (6*), 10 ot (R)g X',

Heitctutensuo, ecmu ReuUlp (6*), 10 Ip (6c")2D & Prelp (c*), uro
Biaeuer Ip(6)#<J & PcUlp(cG). A Ttorma mo R-cpoiictey (temma 7)
o' (B)e X"

JIMBepreHuy ¥ pa3pylIeHNIO B ~(QHHAIBHBIX TPACCaX MOTYT HpPeIIecTBOBATH
TOJIBKO HE-OTKas3bl, TO €CTh HE OTKA3BL.

KOHBEpPreHTHOCTb.

~(uHanbHas Tpacca, He COepKallas U He MPOOJKAIOIIACS BO MHOKECTBE
~(MHAIBHBIX TPACC pa3pyLICHHEM U JUBEPreHLuel, — 3To Tpacca 6'e X0,

Paccmotpum npousBosbHelif oTkaz ReR.

Ham [0oCcTaToOYHO MOKa3aTh, dYTO BO MHOXKecTBe X°-~ Tpacca o
HpoJo/KAaeTes OTKa30oM R miam He-oTkasom R, mockonbky ReRF.

Ho sto cnenyer us R-cpoiictea (nemma 7): ¢*-(R)g X' = o' (R")e X,
TlonHoTa (3aMKHYTOCTB IO i-OTIEPALIH).

IMycTs uMeeTcs ~puHANBHAS Tpacca BHAA

o =utAf, umm

o,=p" A" (R), nm

os=p A (RY), unu

o,=pu A (B,A) (zamerum, uto (W) F=ptA).
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Ilycts Taxke Tpacca W' 3akaHuMBaeTcs OTKa30M, M NSl HEKOTOPOTO OTKA3a
R*eR" me mnpopomkaercs Bo MHOXKeCTBE ~(HHANBLHBIX TPAcC HUKAKUME
neiictBusmu u3 R

Hy»HO NoKa3aTk, UTO TaKke ~(QHHAIbLHA Tpacca
o, =p" (R, wmm
uh(RY)A"-(2), mn
W (R AL @), mom
)

o, =p'(R")-A*-(R,A), cooTBeTCTBEHHO.

Tpacca u' me mpojomkaercs He-0TKa30M R, HOCKOIbKY Re R,
CnegnoBarenbHo, o R-cBoiicTBy (Jiemma 7) RcUIp (W) .
Otcroga crnenyer, uTo,

BO-IIEPBBIX, di” (W-(R)-A)=di” (WA) wu,
BO-BTOPBIX, PCUIp (L-(R)-A) < PcUIp (LA).

OTH yCIOBUS OJHO3HAYHO OTPEEISIIOT HATIMYUE WM OTCYTCTBUE MPOIOJIKEHHS
~(huHanpHON L-Tpaccel HaOmIOCHIEM, HE-0TKA30M H Jajiee TUBEPTEHITUECH WITH
pa3pylICHUCM.

[TosToMy M3 Hanmuuust ~pUHATBHOM Tpacchl G; CJEAyeT HAIn4ue ~(pUHAIBHON
Tpaccel GO; -
6.18. [loka3zaTenbCcTBO NeMmMbl 9

Ilpexxne Bcero, 3amMeTuM, 4TO, €CIIH ned(c#), TO CYLIECTBYET Takas Tpacca
pe (LUR) ", uto mt=pt,
1. Toxaxem coxpaHenue Q-cBOHCTBa.

Iycts QeQ u ped (o).

Torna no Q-ceoiicTBy MHOXkecTBa G- (©)e N.

A Torma, mockonmeky Wed (o) Bnewer p'-(g)ed(c'(8)), uro Bueuer
ut-(e)eud (N).

2. TlokaxeM coxpaHeHue Ay-cBoiicTBa.
Iycte wd (N)#{¢, (Y)}, To, oueBunno, N#{e, (Y)}.
A Torma mo Ay-cBOMCTBY MHOXeCTBa N OHO COIEPKHMT TOJNBKO TPAcChl BHIA
of, o (B), o"(B,A) u o' (2,Y).

OueBuano, uTo Ud (N) TOXE COICPKHT TOIBKO TPACCHI TAKOTO BHJA.
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Ecmn 6" (R)e ud (N), 10, 04eBHIHO, HaiineTcs Takas Tpacca 6 ' (R)eN, uro
ofed(c*).
Ho Torma mo Ay-coiictBy MuOkectBa N umeeT mecto 6 (B, A)eN wm

o (&, yeN.

Ho torna o*-(R, A)eud (N) nm o' (B, y)eud (N).

6.19. JokasaTtenbcTBO Nnemmbl 10

CoxpaHeHHE CBOWCTB Npe(UKC-3aMKHYTOCTH, IOITyCTHIMOCTH, COTJIACOBAHHOCTH,
KOHBEPT'CHTHOCTH W TIOJTHOTHI IPH d-3aMBIKaHUH JOKA3bIBACTCS TPUBUAIBHO.

CBoHCTBO d-3aMKHYTOCTH TI0CTIe d-3aMBIKaHHUS TAKKE, OUESBHUIHO, BHITIOTHAETCS.

6.20. lokazaTenbcTBO Nemmbl 11
YTBepxaeHue 1 HenocpeaCTBEHHO ciexyeT u3 Jemm 8 u 10,

ayTrBepxkaeHus 2 u 3 —wu3 leMMm 7 u 9.

6.21. [JokaszaTenbCcTBO NeMmbl 12
1. Heo0XoaumMocTs.
Ilycte u safe~by X after G.
1.1. IIycte ueR.
Torma mnst kHonku P=u umeeMm P safe~by ¥ after G.
1.2.  Iycrs uelL.

Torna o OIPEICIICHUIO ~0€30MacHOCTH IEUCTBUA HUMeeM
u safe by X after |\ nns HekoTopol Tpaccel Uedi” (6) NSafeBy (X

Ho torma mans wHekotopoii kHonku Pe RUQ Takoif, uto u€eP,
uMmeet Mecto P safe by X after L.
1.2.1. Ilycte PeQ.

Torma mo onpexnencHuto ~0Oe3zomacHoctd Q-kHOmKU P safe by X after L
BicueT P safe~by X after G.

1.2.2. Ilycts PeR.
Torma P safe by X after . Bneder VzeP z safe by X after |,
YTO BJICUET MO ONPECICHUIO ~0€30I1aCHOCTHU JIeHCTBUS
VzeP z safe~by X after G,

4YTO BJIEYET 1o OTIPENIEIICHUIO ~0€e30I1aCHOCTH R-xHomnkn
P safe by X after .
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2. [locTaTo4HOCTS.
Iycte ueP wimm u=P u PeR, u P safe~by L after G.
2.1.  Ilycts u=P.
Torma u safe~by X after G.
2.2. Ilycts ueP um PeR.
Torna mo onpenenenuio ~6e3onacHoctn R-xHOTKH
VzeP =z safe~by X after o,
B TOM umnciie u safe~by X after G.
2.3. Ilycts ueP m PeQ.

Torna o onpenenenuro ~6e3onacHoctn Q-xkHonku Q safe by X after L nist
HEKOTOpoit Tpaccel Uedi™ (G) NSafeBy (X) .

Ho torma u safe by X after |,

YTO 10  ONpEICNICHHIO  ~0e30MacHOCTM  JCHCTBUS  BICUYET u
safe~by X after G.

6.22. loka3aTenbCcTBO feMmbl 13
1. CHaqana JOKaXEM CJICAYIOIIEC BCIOMOT'aTCJIbHOC YTBCPIKACHUC!

Ecmu naGmomenne u ~KOH(QOPMHO TOCIE Tpacchl G, HO HE ~KOH(OPMHO
nocie Tpaccsl Ked (G), TO OHO He ~0€301acHO I0Cie TPacChl K:

ked (6) & u ~conf X after G & u ~eonf X after <K = u safe~by X after K.
Homyctum obpatHoe: u safe~by X after .

ITockonpky u ~eenf X after K, nist HaOMIONEHUST U TOCJTE TPacchl G HMEET
MECTO HapYIICHUE TOTMOJHUTEIBHBIX YCIOBHH ~KOH()OPMHOCTH.

1.1. Ilyctes u neiictBue.
Torma 6o
a) ueUlp (o), mudo
b) mns HekoTopolt Tpaccel  Uedi” (K) NSafeBy (¥) uMmeer MecTo
u safe by X after |, Ho W-(u)z L.
Torga, MOCKOJNBKY Ked (G), uMeeM uedi"(c) H, CJIEI0BATEIbHO,

HAPYIICHBI YCIOBHS ~KOH(QOPMHOCTH NEHCTBUS U TOCIE TPAcCchl G, YTO
MPOTHBOPEUYUT u ~conf X after G.

1.2.  Ilycre u Hemycroil R-oTkas.
Torna 6o

135

1.3.

a) s HeKoTopol Tpaccel Medi” (k-(u)) NSafeBy (L) wu HekoTopoii Q-

kHonKH QCUIp (G-(u)) wumeer mecto Q safe by X after |1, nu6o

b) s Hekotopoii Tpaccel Uedi” (k-(u)) NSafeBy (X) wu Hexotopodl R-
kHomku ~ RCUIp (6-(u)) mmeer wMecto R safe by X after i, O
p(R)eX.

Torga, nockonbky ked (G) u, cinepoBarensho, K-(u)ed (c-{u)), umeem

puedi (c-(u)) W, CIeNOBATENBHO, HAPYIICHbI YCIOBUS ~KOH(GOPMHOCTH
memycToro R-oTkasa U mocme  Tpaccel G, 4YTO  IPOTHBOPEYUT
u ~conf X after G.

IMyctp u mycroii R-oTkas.

Toraa 1ONOMHUTEIHHBIX YCIOBHUI HET.

Wrak, MBI TIPUIIUIA K IPOTUBOPEUHUIO H, CIIEOBATEILHO, HAIlle IOMYIICHHE HE
BEPHO, U BCIIOMOTaTeIbHOE YTBEPKACHHUE JOKA3aHO.

2. Tenepb JOKa’KEM OCHOBHOC YTBCPIKACHUC.

Ilycte  Tpacca k'eX®,  mabmonenne u*e LUR? U Tpacca

K .

(ufye (ud (Z°17) ) \Z°.

Ham Hy’kHO TI0Ka3aTh, uto u* safe, L~ after k.

Hockombky K*(u*)eud (£°%7),

Haiinercs takas tpacca 6'-(uf)e X%, uto «*(u*)ed (o' (u')).

IMockonbky Takxke k'-(u*)g X,

10 TIpaBHUJIAM BEIBOa nMeeM: u ~conf X after G, HO u ~eorf L after .

[To BcriomMoraTensHOMY YTBEpXKICHHUIO U safe~by X after K.

Otrcioma mo nemme 12 g kaxnod kHonkn PeRuUQ, paspemaromeit
HaOrofeHne U, MeeT MecTo P safe~by X after K.

Toraa o npaBuWjaM BbIBOAA I Ka)K,ZLOﬁ KHOIIKH P, pa3pen1a}omel71

HabJofeHMe u, MMeeT MecTo K'-(R,y)e I,

OTcrofa s KaKI0W KHOMKK P, pa3peniaroniel HaOMoAeHne u, UMEEeT MECTO
p* safe L~ after K.
Orcrona u’ safey L™ after k*, uto 1 TpeGOBAIOCH JOKA3AT.

6.23. [JokasaTenbCcTBO NemMmmbl 14

1. HeoGxomnmocThb.
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Iycre 6*eN, PeRUQ u P’ safey N after o.
Umeem: P*safe,s Nafterc = o' (A)gN & VzeP' o' (z,y)eN.
IMockonbky BeP’, umeem o*-(2,y)N.

2. JlocTaTO4YHOCTb.
O6parHo, nycts 6" (2,y)& N.
Torna no Ay-ceoiictey 6*-(A)¢N & VzeP 6'(z,y)¢N.
A torna, nockonbky Pf=PU{R} u o' (Ry)¢N,
nveem 6" (A)gN & VzeP* o' (z,y)eN.
uto Beyer P’ safe, N after G.

6.24. lokasaTenbCcTBO NemMmbl 15

1. Tokaxewm, uto p'(By)eud (£°) = p'(By)eX!
3T0 caeayeT u3 Toro, uto L < wd (X017,

2. Toxkaxem, uto U*(By)eX™ = u'(2y)eud (£°).

Jlomyctum yTBepkaenue He BepHo: W (By)g X", o p'(Ry)eud (X°1).

Torna Haiinercs Takas Tpacca 6'€ X%, uto o' (R y)eX'™ u ped (o).
Hanee W' (R,y)¢ X' Bneder mo npasuiam BeIBOja P safe~by T after |,

a o'-(Ry)eX' Bneuer P safe~by I after o.
OpHako 1o 1eMMe 3 3TO IpOTHBOpednT Ued (C).
MbI npULLTH K POTHBOPEUHIO U, clieioBatensho, W-(2y)eud (Z°),
9TO U TPeOOBAIOCH TOKA3aTh.
6.25. [lokasaTenbcTBO TeopemMbl 10
p* safe,, L~ after 1*
< mo 3amedanuro 11 u memme 14
uh(2yer”
& 1o 3aMevanuio 11
uh (By)eud (£°1)

& 1o JeMMme 15
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uh(Eyert.

6.26. [loka3zaTenbcTBO NeMmbl 16
p* safe, L~ after x*-\*

=> TIO ONIPEACICHUIO saerA, TIOCKOJIBKY &€& P#,

k' AL (By)er”

=> IO 3aMKHYTOCTH TpaccoBoil Moxenu X~

k' (R) A (B 2 X~

= mnockonbky X' < X”

k' (RN A (By)e Z

= Ttak kak K" (R*)-A*e X%, mo Teopeme 10

p* safen L~ after k- (R)-A") .

6.27. [lokazaTenbcTBO TeopeMbl 11

1.

[Iycts mycTas Tpacca omacHa B HCXOOHOH crierudukanuu X.

Torzaa mo mpaBuIaM BbIBOjIa MHOXKeCTBO  (Y)e X%, cnenoBarensho, (y)eX’.

B osTomM cinysae B X° Her 0e30macHBIX Tpacc, M IIYCTOE MHOXXECTBO
SafeBy (T",L) 0IHO3HaYHO ONpPENEISIETCS MHOKECTBOM ~(HHAIBHBIX TPacc

{e, (1)}

2. Ilycte mycras Tpacca Oe3omacHa B HCXOAHOH cnenuukanuu X.

2.2.
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CHavana mokKaxem, 4To 0e30MmacHOCTh ~(uHANBHBIX L-Tpacc 0JHO3HAYHO
OTIpeNIeNIAETCS] MHOKECTBOM ~(HHAIBHBIX TPacc.

ITo teopeme 10 mocne tpacchl 6'eX® knonka P GesomacHa Torza u
TONBKO TOTZA, Korga o -(Ry)¢X'”, uro OJHO3HAYHO ONpEAENSIETCS
MHOKECTBOM ~(HHANBLHEIX TPACC.

Teneppr moOKaxkeM, 4YTO Bce ~¢uHanmpHBIEe L-Tpaccel 0Oe30macHBl 1O
otHouennio safe,: X°"cSafeBy (T",L).

I[.]'IS[ 9TOT'0 HYKXHO I1OKa3aTb, YTO

1) mycTas Tpacca Oe30macHa B ~IIOIONHEHUH, U
2) s mo6oit ~punansHoit L-tpaccsr 6*-(u*)

Habmoznenue u’ safe, X~ after 6*.



2.2.1. Ilycras tpacca Oe3omacHa B ~IIOIOJHEHUH, IOCKOJIbKY OHa Oe3oracHa B
HNCXOOHOM cmenudukanuu u, CIEJOBATENbHO, IO MpaBWIaM BBIBOJA

(y)g £, uto Breuer (y)¢X".

2.2.2. Tokaxkem, uto i ~huuansHoit L-tpaccer o'-(u) umeer wmecro
u’ safe, I~ after c*.
[To mpaBmiam BeIBOAa u ~conf X after ¢
H, CJICIOBATENbHO, U safe~by X after G.

ITo memme 12 u safe~by ¥ after G BiedeT CyIIeCTBOBaHHE TaKOH KHOIKH
P’
KOTOpas pa3perraer HaOmonaeane u u P safe~by X after G.

Torpa kaonka P* paspemaer nabmonenne u®

¥ 10 NpaBMJIaM BbIBOZIA G (B,y)¢ I1™.

Orcrona o Teopeme 10 st kHonkn P umeem P safe,, ™ after 6°.
Tem cambiv, u* safe,, I after *.

2.3. Temepr mokaxem, 4Tto Bce L-Tpacchl 0e30mMacHbIE 110 OTHOIICHHIO IIO
OTHOIIEHUIO Safe,,, ABIAI0TCS ~puHanbupiMu. SafeBy (T7,L) X,

Iockonsky SafeBy (T~ L) conepxur Tonsko R*-tpaccel, snsiomuecs L-
Tpaccam, HaM HaJI0 MOKa3aTh, 4TO Kaxaas He ~punanpHas L-R¥-tpacca k'
BO MHOXkecTBe Ud (E°'7) oOmacHa [0 OTHOIUCHHIO Safeqs.

Taxas Tpacca k' noGasmserca 8 ud (X°'”) mnpu d-3aMbIkaHnmy.
HaM 10CTaTouHO J0Ka3aTh ONACHOCTb TPACCHl k' MMHUMANBHOM JIHHEL

IMockonpky mmycrass Tpacca Oe3omacHa B X, OHa ~KOH(GOpMHa H,
CJeIoBaTeNIbHO, ~(pHHAbHA.

CrenosatenbHO, Tpacca K' MUHMMaTbHOW MIMHBI nMeeT B K =i, " (u®),
rae Tpacca k;' ~duHanbHa.

Torma o semme 13 u safey X~ after ,*, 410 BieYeT OMACHOCTH TPACCHI

K.

6.28. [lokasaTenbCcTBO TeopeMbl 12
1. oxaxeM yTBepskaeHue 1: Bce Tpacchl u3 MHOXeCTBa X°” L-akTyanbHbl.

DTO HEMOCPEICTBEHHO CIIEAYET M3 TOrO, YTO BCE TPACCH M3 MHOXeECTBA X0~
SIBJISIFOTCSI ~KOH(DOPMHBIMU TPACCaMH, a YCIOBHE ~KOH(QOPMHOCTU BKIIIOYAET B
cebs ycnoBue L-akTyanbHOCTH U3 TEOPEMBI 8.
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2. JlokaxeM ytBepkaenue 2: L-nabmonenne u'e LURY, Geszomacnoe mnocie
Tpacchl cfex’, L-akTyanpHO TOT[]a M TOJIBKO TOT/a, Koraa iubo 1) uel u
ugUlp (6), mubo 2) ueR w mid kaxnod kHOMKM Q€Q Tako#, dro
Qcuuulp (6), tpacca W' (e, y)eXr™ mna kaxmoi tpaccel W'eX® Taxoi,
uro pedi™ (c-(u)).

Io noxasanHomy yTeepkaenuto 1 Tpacca 6'e X% L-akryansHa.

ITo Teopeme 8 ms Toro, uroOwl Habmoaenne u'e LURF, 6esomacnoe mocie L-
aKTyanbHOI Tpaccel G, 6bu10 L-akTyansHeM,

HEOOXO0UMO U JOCTATOYHO, YTOOEI JIHOO
1) uveL u ueuUlp (o), mubo

2) ueR wu ans kaxmoit kHomku Q€Q Takoil, uro QCuUUIp (G), KHOIKA
0" Obuta omacha mocne kaxmoi GesomacHoit B L-tpaccer W', ais kotopoit

puedi (6-(u)) .

ITo Teopeme 11 Tpacca W' sBnsercsa GesomacHoii L-Tpaccoii Torna u Toabko
toraa, korna we X,

ITo Teopeme 10 xuonka QF omacHa mocne Tpacchl L. TOrAa M TONBLKO TOLJA,
xoraa tpacca (g, y)e X

OTCI0/1a HETTOCPEICTBEHHO CIIENYET YTBEPKIACHUE 2 TEOPEMBI.

6.29. lokazaTenbCcTBO NemMmbl 17
Ecmm mycTas Tpacca omacHa B HCXOAHOM crienudukanuu X,
TO B X~ HeT Oe30IacHBIX TPACC MO MPaBHIaM BBIBOJIA.

B mnporuBHom ciyuae mo Teopeme 11 Oesomacusle L-tpaccer L™ — 3T0 ee
~(punanbHble L-Tpaccel, To ecTh Tpacchl u3 MHOkecTBa X" =~conf (T) *.

Paccmotpum L-tpaccy 6", koTopas ~{uHnanbHa, To €cTh Tpacca G ~KOH(OPMHA.

ITo mpaBuiam BeIBoma misi Tpaccel O©€ ~conf (T) wm moboit kHOokm Pe RUQ
HMEET MECTO:

P safe~by L after 6 < o' (Ry)eX'".

L-Tpaccel u3 ¥~ He IIPOOIKAKOTCS JUBEPTEHIME U paspyLIEHUEM, IOITOMY:
o' (BY)eX" & P’ safe, X after o'

B pesynbrare:
P safe~by ¥ after 6 < P’ safe,, X~ after 6*.
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6.30. Joka3zaTenbcTBO NeMmmbl 18

1.

2.

CHauana nmokaxeM BeinojHeHue paBercrsa SafeBy (T, L) =~conf (T).
Ecnu nmycTas Tpacca onacHa B HCXOAHOM crienudukanuu X,
TO ~KOH(QOPMHBIX Tpacc HeT U B £~ HeT 0e30TMacHBIX Tpacc.

B npoTHBHOM ciiydae 1o npaBHiIaM BbIBOJA MHOXeCTBO ~(huHaipHbiX L-Tpacc,
npuBeAcHHOE K andaButy L, coBmamaeT ¢ MHOXXECTBOM ~KOH(POPMHBIX Tpacc:

2%"=~conf (T)*, T0 ectb X" =~conf(T).

ITo teopeme 11 MHOXkecTBO ~(uHANBHBIX L-Tpacc coBmagaer ¢ MHOXECTBOM
Oe3omacHbIX Tpacc X

X%=SafeBy (T",L).
Tem cambiM, SafeBy (T",L) =~conf (T).

Teneps Bomnonnenue pasenctsa # (T, L) =~p#t (T) cnexyer us nemms! 17.

6.31. JokaszaTenbcTBO NemMmmbl 19

1.

1.1.

CHayama TMOKaXeM, 4YTO ~IIOTOJHEHHEe He CyXaeT Kilacc 0e30macHo-
TecTUpyeMbIX peanusanuii: Safelmp (T) < Safelmp (T",L) .

Jomyctum, 3TO HE Tak.

Torpa cymecTByroT

takas peanmzanus le Safelmp (T),

takas Tpacca o€l, uto c*eSafeBy (T"L) ,

¥ Takas kKnonka Pe RUQ, uro P* safe,, I after ¢,

HO P safein lafter c.
Ilo nemme 17 ycnoeue PF safe, X~ after G°  dKBUBANEHTHO yCIOBHIO
P safe~by X after G.

IIycte P — 3710 Q-KHOMKA MM mycTas R-kHOMKA.

Tornma ycnosue P safe~by ¥ after ¢ o3nauaer,

YTO JJIs1 HEKOTOpOit Tpaccel Uedi™ (G) wmmeeT mecto P safe by X after |L.

B T0 xe Bpems ycnoBue P safein lafter 6 o3Hawaer Hanmnume B
peamu3anu I XOTs OBl OJHOTO U3 CICIYIOIIUX MPOJIOJKCHUN TPacChl G:

JUBCPICHINHU, pa3pyHIaromiero HeﬁCTBHﬂ WIIn HeHa6J’HO[[a€MOFO OTKas3sa.

Ho torma mo nemme 1 Takoe mpomoipkeHHE €CTh M MOCJE TPacchl [, 4TO
Bieuer P safe-ir lafter L.

Tem CaMbIM, HApyHIaCTCsA IT'UIoTe3a O 0e30IMacHOCTU JUJIA CHCHI/I(i)I/IKaIII/II/I E,

yro nportuBopeunt Ie Safelmp (T).
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1.2.

IIycte P —oT10 HemycTast R-xHOMIKA.

Tornma ycnosue P safe~by ¥ after 6 o3nauaer,

YTO KaXJ0¢ JICHCTBHE z€E€P ~0e30macHo mocie o,

TO €CTh Oe30MacHO B X IOCIie HEKOTOPO# Tpacchl W,edi” (G),
YTO O3HAYaeT HAJMYUE TaKkoi KHOmkH P,e RUQ,

yto z€P, u P, safeby X after |L,.

B 1o xe Bpems ycnoBue P safe-ir I after 6 o3nauaer, 9To
Tpacca G MPOJODKACTCS AUBEPTCHIMEH

WK HEKOTOPOE JACUCTBUE z€ P pa3pyliaroliee Mocie Tpacchl G.
Ho torna no nemme 1 Tpacca [, TOXe

MIPOA0JKACTCS TUBEPreHIUCH

WJIH 3TO JIEHiCTBHE z pa3pylIaromiee Mocie TPaccsl |,

4TO B 000MX Cllyuasx Bieuer z seafe-in 1after |,.

Ortciona cienyer, uro P, safe-ir L after 1,.

TeMm cambIM, HapyIIaeTCs TUITOTE3a O OE30TMACHOCTH TS CIIeNn(UKAa X,

gro npotuBopeunt le Safelmp (T) .

2. Temepb TmOKaXXeM, YTO ~IONOJHEGHUE HE paciuupsieT Kiacc Oe30macHo-
TecTUpyeMbIX peanusanuii: Safelmp (T) O Safelmp (T",L) .
Jomyctum, 3TO HE Tak.
Toraa cymecTByroT
Takas «HoBas» peanusanus Ie Safelmp (TL),
takas Tpacca O€ SafeBy (T)
u Takas kHomka Pe RuUQ,
gyto G€ly, P safeby X after G,
HO P safein Iy after ¢, uro sxsupanentno P! safein I after o'
2.1.  Tloxaxem, 4TO BCeraa MOXKHO BBIOpATh TaKylo Tpaccy G aKTyaJbHOM.
Ecmm © He akryampHas, TO, MOCKOJNBKY IO JeMMe 2 IIycTas Tpacca
aKTyallbHas, y Tpacchl G HAMIETCs HeaKTyalbHbIH npepuxc [L-(u), e W
aKTyaJbHas Tpacca.
IMockomnbky W-{u) Kak npehuKc 6e30MacCHON TPAcChl G, ABISETCS TECTOBOM
Tpaccoit, mo Teopeme 8 (mnsa T;=T) u orTka3, m HaligeTcsl Takas Tpacca
W edi” (u-(u)) NSafeBy (T) n  Q-xHOmIKa Qcuuwulp (W),  uToO
Q safe by ¥ after |L" .
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Ho oely, Bmewer p-(u)ely, urto P* safe, I~ after ¢*,

a KHOTIKa P paspemiaeT HaOJNIOJCHUE U, TO €cTh UEP min PeR u u=P.
gro BMecTe ¢ QCcuUUIp (1) Bieuer W-(u, Q)elp.

IMockonbky Tpacca 6" (u*) L-tpacca,
A Torpa, mockonbky W edi” (U-(u)) Bieder W -(Q)edi” (L-(u,Q)),

u3 yenosuit 6'-(u*)eerr; (T",L) =tt (T",L) \SafeBy (T",L),
nMeeM 1o temme 1 1 -(Q)ey,

yTO BiieueT Q safe-inr Iy after | .

Tem cambiM, BMECTO TpacCBl G W KHONKA P MBI MOJXEM B3ATh

a Taxxke 110 nemme 18 SafeBy (T~ L) =~conf (T)* u tt (T~ L)=~ptt (T)*
cienyeT, uto u safe~by X after o,

HO u ~eonf XL after G.

aktyanbHyto Tpaccy W (W €lp, tak kak W -(Q)eIp) u kHOIIKY Q.
CrenoBatesbHO, HE BBIMOJIHSIOTCS JOTOJIHUTEINIBHBIE YCIOBUS ~KOH(OPMHOCTH

2.2.  Wrak, OyneM cumMTath, 9TO G aKTyalbHas Oe30ImacHas Tpacca. JIEHACTBUS TIOCJIE TPACCHI.
Torga mo eMme 5 Tpacca G ~KOH(OPMHA, PaccMOTPUM JIBa BO3MOMKHBIX CITydas.
cl1e0BaTeNbHO, Tpacca O Ge3omacHas Tpacca ~MONOIHEHHUS. 3.1. u€eP nelcTBHE.
2.2.1. Mycte P —3r10 Q-KHONKA MM mycTas R-kHOMKa. a) ueulp (o).
Torna, nockoinbky cedi™ (0), D710 NPOTHBOpPEYHT ycnoBuo G-(u)el,
u3 ycnosus P safeby T after 6 cnenyer P safe~by I after o. HOCKOJIbKY B MOJIEJIH BCE TPACCHI COITIACOBAHHBIE.
2.2.2. lyets P —oro nenycras R-knorka. b) CymectByer  Takas  Tpacca uedi” (6) NSafeBy (£),  utO
Torna js kaxaoro aeiicteus ze P umeeM z safe by T after G. u safe by T after p n p-(u)gX.

Orcrona, MoCKOIbKy O€di”™ (0), o N
a Y (o) Torna ans HekoTopoit kHonku P € RUQ

nmeeM z safe~by ¥ after G 11 Kaxmoro zepP, umeer mecto P safe by T after L u uep" .

4TO BiedeT P safe~by ¥ after G.

A Toraa B 060 fc ya fo ove 17 IMockonbky Uedi™ (o) Brueder W-(u)edi” (c)-(u), mo memme 1 u3
TOTa B 00OMX CIyYastx Mo JIEMM

yenosue P safe~by T after 6 Bneder P* safe, I~ after 6" o-(wel crenyer p-(ujel

Ommaxo, nockomsky P safe-in 1 after o*, Ho sto nporusopeunr ycnosuto Ie ConfImp (T) , nockonbky W-(u)e X.
AMEET MECTO HapYIIIEHHE TUITOTE3bI O O€30MaCHOCTH IS ~ITOTIOTHEHHUS, 3.2. PeR u u=P oTKas.
uro nporusopeunt Ie Safelmp (T7.L). a) CymectByror Takas Tpacca Medi” (0-(u)) NSafeBy (¥) u Takas

3. Tlokaxem, 4TO ~MOMOJHEHHE HE CYKaeT Kiaacc KOH(GOPMHBIX peann3aluii:
ConfImp (T) < Conflmp (T"L) .
JTomycTHM, 3TO HE TaK. Tockonbky 6-(u)el u QcUlp (6:(u)), 10

kHonka Q€ Q,uro QcUIp (6-{(u)) u Q safe by X after L.

Toraa cymectayior pedi- (-(u)) Bieder w-(Q)epdi~(c-(u,0)).

takas peanmzamus Ie ConfImp (T)

CrnemoBarenpHo, o Jemme 1 U-(Q)eL
u takas Tpacca o'-(u*)eerr; (T",L),

Tewm cambiM, I Safelmp (T),

uto G-(u)el. gto npotuBopeunt ycinosuo Ie ConfImp (T) .

Tornma cymecTByeT Takas kHonka Pe RUQ,
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b) CymecrBytor Takas tpacca WUedi” (6-(u)) NSafeBy (L) u TaKas
kHonka ReR,uto RcUlp (6-(u)), Rsafe by X after 1, no p-(R)gX.

IMockonbky ©-(u)el u RcUIlp (c-(u)), T0
pedi” (6-(u)) Bieuer W-(R)ep,di” (G-(u,R)).
CnenosarenbHo, o jgemme 1 W-(R)el

Ho sto nporusopeunr ycnosuto Ie ConfImp (T) , nockonbky W-(R)eX.

4. TlokaxeM, YTO ~IOIOJHCHHUE HE PACIIMPSCT KIacC KOH(POPMHBIX peaTu3allHii:
ConfImp (T) 2 ConfImp (T",L) .

HomycTum, 3TO HE TaK.
Torpa cymecTByroT

takas peanusaius Ie ConfImp (T",L)
u Takas Tpacca 6 -(u*)el,
aro o-(u)eerr; (T).

MBpI Bcerja MOXeM BBIOpATh TpacCy © aKTYyaJIbHOM.

Torna mo emme S Tpacca o€ ~conf (T) (yrBepxacuue 2),

aTpacca o-(u)e~#t(T) ~rtecroBas (yrepxaeuue 1),

HO O-(u)¢~conf (T) (yrBepkueHue 3).

Orcrona cnenyet, urto o-(u)e ~ptt (T) \~conf (T).

ITo nemme 18 SafeBy (T~,L) =~conf (T) wu tt (T L) =~ptt (T), nosromy
c-(u)ett (T" L) \SafeBy (T",L) 1,

c (T ,L)\SafeBy (T L))y = erri(T",L)L.

D10 03HauaeT, yto &' (u”) sBasercsa L-omubkoii 1-ro poma ais T~

Ho, nockonbky o' (u*)el, aTo npotusopeunrt ycinosuto Ie ConfImp (T",L) .

MpbI npulLy K IPOTUBOPEUHIO U, CIEI0BATENbHO, HAILlE IOMYIEHUE HE BEPHO, a
YTBEpKICHHUE JOKA3aHO.

6.32. lokasaTenbCcTBO TeopeMbl 13

Io onpenenenmo onepamuu «'» R¥/Q* = R/Q.

Io nemme 11 wd (X°*") R*-momens,

Ce0BATENbHO, X~ IO €€ OHpeENeHHUIO SBISeTCs MONHOM TPAcCOBOM MOEIEIO.
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Ilo onpenenenuro OTHOIIEHUS  safey,, OHO YNOBJETBOPSET BCEM TPEM
TpeOOBaHUAM, IPEIBIBISIEMBIM K OTHOIIICHHUIO Safe by,

MNOCKOJIbKY I1O JIEMME 77 BBIIIOJIHEHO Q-CBOI7[CTBO.

Tem cambiM, T7=(R*/Q* X" safe,) sBusercs cneuudukaunoHHON Tpoiikoii B L-
9KBHBAJICHTHOM CEMAHTHKE.

Ilo nemme 19 T~ = T.
ITo nemme 18 SafeBy (T~,L) =~conf (T) wu tt (T L) =~ptt(T).

Tem caMblM, TIO ONpEAENCHHUIO ~IOMOJNHEHWs Tpohika T7  gBmsercs
~TIOTIOJTHCHHEM.

6.33. [loka3zaTenbcTBO NeMmmbl 20

v o v v
Ecnu ans ucxonnoit Tpoiiku T HeT koHPOPMHBIX peanusauuil, MHOkecTBO X%
V-¢buHaipHbIX Tpacc MyCTO, U YTBEPIKACHHE JIEMMbI OYEBHIHO.

1. Q-coiicteo: VofeX® VoeQ ot (g)ex®.
Mycts ofe £,
Toraa no onpeznenenuio V-puHanbHeIX Tpacc 6'e X0
Torna no nemme 7 (yrBepxkaenue 2) Voe Q of-(@)e X0,
Toraa 1o onpezenennio V-puuansHex Tpace 6'-(g)e X0V,
2. R-cpoiicteo: Vo'eX® VReR (6 (R)eX% < Ip(0)#JD
& Rculp(6)) & (6*(R)eL = o' (R")eX®).
Mycrs c'eX®Y.

Tora no onpenenenuto V-puHaibHbix Tpace o'e X0,

Torna no R-cBoiicTBY (1emMma 7)

VReR (6" (R)gX & Ip(0)#D & RcUIp (0))

& (6" (R)eX = o' (R")eX™).

Jlns 6'e X% no onpenenenmio V-pUHATEHEIX Tpace

o' (R)eI o o (r)er’.

Tem cambiM, VReR (6*(R)gX%Y & Ip(0)#@ & RcUIp (0) ).
Takke o' (R)eZY = o' (R)eX"

v
Hawm Hazno nokasare, uto o' (R*)e 01",
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3.

3.1.

3.1

3.2.

JIiis 3TOTO OCTATOYHO MOKa3aTh, yTto oTKa3 RY ocraBnser tpaccy o (R*)

L-xondpopmuoii mins T~
JleiicTBUTENBHO, MOCKOBKY G- (R)g XYY Bieuer of (R)e X%,
o reopeme 10 R* safe,, X~ after c*.

Oxnako, Iockonsky RCUIp (G) , o, ecii 661 6*-(R)g XY, y tpaccer 6* e
6610 Ob1 L-KOH(MOPMHBIX NPOJODKEHUH, paszpenraeMbix OeszomacHoi mius T~
KHOTKOH RY.

IMockonbky Tpacca ©' L-koHpOpMHA, OHa BCTpeyaeTcsi B HEKOTOpPoH L-
koHpopmHOit peanuzanmn L.

Ilo rumoTe3e o Ge3omacHOCTH B peammsamuu 1 mocne Tpaccsl GF  momkHa
ObITh Oc30macHa KHOMKAa R'.

Ilo xonBeprenTHOCTH peamusanuu I B Heii mocne Tpaccel G' uMeeTcs XoTs
0b1 onHO L-nabmaronenue.

Ho rorma sro L-nabmonenue He L-xoHdopmHOo, uto nporuBopeuut L-
KOH(pOPMHOCTH peanu3anuu I

Ay-CBOWCTBO:
D XV=(¢, (1)}
v VreX®V\ (LURY) " 36* 3ene (6" (B), 6" (B, A), " (B, 1)),
2) Vo'exr®VW ve
(c*(®)er = (c"(2,A)eX v o' (2, y)exr’)).

ITokaxem BblIOJIHEHUE 1-011 yacTu Ay-CBOMCTBA.

.1. Tlo ompenenenuto V-QpUHANBHBIX Tpacc, €CIM IyCTas Tpacca ONacHa B

ucxoaHoit crenudukammn X, 0 X%V ={¢, (y)}.

.2. Tenepb paccMOTpUM cilydail, Korjga Irycras Tpacca 0e3omnacHa B MCXOJIHOM

crienupuKanim X.
Mycts meX*V\ (LURY)".

Torna no ompexenenuto V-QuHambHbix Tpacc T=0"-(R)-Ae X", rTae
6'eX® u PeRUQ.

Mockomeky o'eX®  Brmewer o©'eX®, mo Ay-coiictBy (1emma 7)
muokectBa X0 nmeem Ae {¢€, (A), (Y)}.

CnenoBarensho, ne {c'-(B), c*-(B, A), o™ (2, 7)}.

INoxaxkeM BbIIOTHEHUE 2-011 yacTu AY-CBOICTBA.
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3.3.

2'01V #

Mycrs o'e u o' (R)e XY s HekOTOPOrO He-OTKaza 2.

Tora no onpenenenuto V-punanshbix tpace o'e Z° u of-(R)e 2.
CreoBaTenbHO, o AY-CBOMCTBY (JleMMa 7) MHOKeCTBAa X0'~ uMeeM
o' (B, A)eX?" v o' (B, y)eX".

v
Ho Torma, mockonbky o'eX®Y, no ompenenenuio V-(uHaIbHBIX Tpacc
uMeeM

v v
o (2, A)eX’ v o (g, y)eX’".
[lokaxeM BBINOJIHEHUE [IOTOIHUTENLHOTO YCIOBUS: TIOCIE HE-OTKa3a He
MOTYT CII€/IOBATh U TMBEPIEHIUs U PA3PyLICHHE.

[To nemme 7 3TO yCIOBHE BBHIIIOJHEHO A ~(HUHANBHBIX Tpacc. A Toraa mo
ornpeneNeHuro V-(GUHAIBHBIX TPACC OHO BBIMOIHCHO U IS HUX.

6.34. loka3zaTtenbCcTBO NeMmbl 21

Ectu  (Y)e€Z, 1o ZXV=X"=(¢, (1)}

W TIPOBEpPKAa BBIITOJHEHHS CBOMCTB

TpaccoBOi MojieNn TpuBHaibHa. [anee Gyzuer npeanonarars, uro (Y)& L.

1.

Henycrora muoKecTBa X120,
Tak kak (Y)gX, 1o e X%
To ycloBHIO IEMMBI Tpacca € KOH(OPMHA.

v
[Mostomy e X",

v
HDed)I/IKC-SaMKHVTOCTL MHOXCCTBa 201 CJICAYCT K3 €ro OIpCACTICHUA U

npedukc-3aMkHyTOCcTH MHOXKecTBa conf (T™ L) u muoxectBa X% (nemma
8).
JLOITyCTHMOCTD M COTJIAaCOBAaHHOCTb.

DTO CBOMCTBa OTACJIbHBIX TpACC.

Hockombky X°VCX™, u 5TH CBOWCTBA BBINONHEHBI s Tpace w3 X°~
(JlemMa 8), OHU COXPAHSIOTCS ISl TPACC U3 oY,

KOHBEpPreHTHOCTB.

IMockosbky 10 AY-cBOHCTBY MHOXecTBa X°'” ~(uHAIbHBIX Tpacc (JemMma 7)
MOJIMHOXECTBO €ro TPacc, He COJIEPYKAIMX M HE MPOJIOJKAIOMIHUXCA B HEM
JMBEPTEHIMER W PaspylIeHUEM, 3TO MHOKECTBO X°7, TO MO ONpPEIEICHHIO
V-uHanbHas Tpacca, He COfepiKalas ¥ He MpOIOJIKAKONIAACS BO MHOMKECTBE
$°% paspymienuem u JuBepreHuueii, — 570 Tpacca 6'e X°.

Paccmotpum npousBosbHeIif oTka3 ReR.
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Ham joctatouso mokasate, 4To BO MHOXectBe XV Tpacca o
npojomkaercs oTkazoM R umm He-oTkaszoM R, mockonmbky ReRY.

Ho 1o cienyer u3 R-coiictsa Muoxecta X%V (iremma 20).

ITonHOTA (3aMKHYTOCTH TI0 i-OTIEPAIIHH).

ITycTth mmeercs V-puHabHAs Tpacca BUIa

o =uhAf,

o,=pu" A (R), nnn

os=p A (R)y), unu

o,=u A" (B,A) (zamernm, uto (W) F=ptA").

[MycTs Takxke Tpacca W' 3akaHuMBaeTCs OTKA30M, M JUIS HEKOTOPOTO OTKA3a
R*eR" He mpomomxaercs Bo MHOXecTBE V-(HMHANBHBIX TPACC HUKAKUMU
neiictusmu u3 R,

Hy>xHo nokasath, uTo Takke V-puHambHa Tpacca

o, =p" (R, umm
i (RT)A

o5 =u' - (RH)A'(RY), wm
)

f(R), umm

u'(R*)-A*-(R,A), cooTBETCTBEHHO.

Tpacca u' me mpojomkaercs He-0TKa30M R, HOCKOIbKY Re R,
CnepnoBarenbHo, o R-cBoiicTBy (Jiemma 20) RcUIp (W) .

ITockobKy MHOKECTBO ~(DHUHATBHBIX TPACC 3aMKHYTO TI0 Z-OTeparuu (Jemma 8)
u i"Ci, Tpaccel G; ~(QUHAILHEIL.

ITo nokazanHoMy Tpacca G; ~(HUHAIbHA.
ITokaxxem, uto oHa Takxe L-koH(popmHAa.

HetictButenbho, L-koH)OPMHOCTh Tpacchl G, 03HAYAeT, YTO OHA BCTPEUACTCS
B HEKOTOpOH KoH(popMHOH L-peanmuzanun.

Ho u3 i-3aMkHyTOCTH MI000¥ peanmn3anmu U i"Ci ClleAyeT, 4To Tpacca O
TakKe BCTpedyaeTcs B 9Toi koHpopmHO L-peanuzanuu, To ecth L-koHpOpMHA.

Tem cambIM, Tpacca G, V-puHAIHHA.
ITo noxazanHOMY Tpaccel G; ,Tme i>1, ~(HUHAIHHBL

Takke OHM NPUHAIEKAT MHOKECTBY X'~, M MPOJOIKAIT V-(QHHAILHYIO
Tpaccy ©;  He-0TKa3oM £ u jainee, OBITH MOXET, AWBEpreHIMEH U
paspylIeHHEM.
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v ~
TTo onpe/ie/IeHHIO MHOXKECTBA X'' TaKue Tpacchl O  Takke V-(QUHAJIbHBL

6.35. [loka3zaTenbCTBO NeMMbl 22

YTBepxkneHue 1 HenmocpeACTBeHHO clieayeT u3 jemm 21 u 10,

a yrBepxaeHus 2 u 3 — u3 gemMm 20 u 9.

6.36. [loka3zaTenbCTBO NeMmbl 23

1. Tlokaxewm, uto u*-(By)eud (Z°%Y) = p*(2y)ez?.

Aro cnexyer u3 Toro, uto LY < wd (X°Y).

2. Hoxaxem, uto pi-(By)eX? = u*(By)eud(Z°).
JleicTBUTENBHO, 110 ONPEACICHUIO Y, nockoneky e 2%, umeem
uhEyerty = uhEyer
Mo nemme 15 p(By)eX™ = p'(By)eud (Z°7).

Hockombky X%V < X umeem wd (2°Y) < ud (£°V), mostomy

uhEyeud (2°) = pt(eyeud (Z°).

6.37. [lokazaTenbCcTBO TeopeMbl 14

Pt safe,, L after 1t
& 1o 3aMedanuio 12 u o semme 14

u(ey)er’

& M0 3aMeYaHuto 12
ut(2y)eud (£°Y)
& no nemme 23

uh(y)ext’.

6.38. [lokaszaTenbCcTBO NeMmbl 24

o o v v
Ecnu ans ucxonsoit Tpoiiku T HeT koH(MOPMHBIX peanusaluil, MHOKeCTBO X%
V-puHaNBHBIX Tpacc MycTo, TeM 0o0Jiee IyCTO €To MOAMHOXECTBO V-(prHanbHBIX L-

TpaccC, U YTBEPKACHUEC JICMMbI OUYCBUIHO.

1. IlycTs mycTast Tpacca omacHa B HCXOJHOH criennpuKanuy X.
Torma Z°V=E°"={¢, (Y)} u yTBepHKICHHE JIEMMbI OUCBHIIHO.

2. Ilycts mycras Tpacca 6e30omacHa B HICXOAHOH criennpuKanuy X.

\4
Toraa muOXecTBO V-(punansHex L-Tpace — 310 MHOXKecTBO X°' %0
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Mycts ofe X,

ITo Teopeme 10 (0 6e30MACHOCTH KHOIIOK)

p* safe,, L~ after 6 < o (By)e X'

Io omnpenenennio V-puHansabIx Tpace 1t 6'e X% umeer Mecto

ot (By)eIt o o' (Byert.

Tockonmbky o€ X%, no reopeme 14 o*-(B,Y)¢ XY & P safen L after 6.

Tem camev, P' safe, E” after 6 < P* safe, IV after o*.

6.39. lokasaTenbCcTBO TeopeMbl 15

1.

ITycTh mycTas Tpacca onacHa B UCXOAHOM crienuUKauu X.

Torga V-dunansusie L-Tpaccel — 310 mycras Tpacca € W Tpacca ().
MuoxecrBo SafeBy (TV,L) =0

Y OIHO3HAYHO OMPEEIISIETCS MHOXKECTBOM V-(HHANBHBIX Tpace {€, (Y)}.

Ilycte mycTas Tpacca Oe30macHa B UCXOIHOW CieU(pUKAIIH X.

Torna no Teopeme 11 MHOKeCTBO O€30MaCHBIX 110 OTHOIIEHUIO safey, L-Tpacc
cnenuuKamuy X~ COBMAgacT C MHOKECTBOM ~(pHuHAIBHBIX L-Tpacc.

ITo ompenenenuro V-QuHATBHBIX TpacC OHU SBISIOTCA ~(UHATLHBIMHU
Tpaccamu.

Orcrozia, MOCKONBKY MO eMMe 24 OTHOLIEHUS Safe,n Ha MHOXKECTBE 0V oy
Ha MHOKeCTBE X°'” COBNAJAIOT HA NOAMHOXKECTBe V-(puHANbHBIX L-Tpacc,
SafeBy (T' L) Oe3omacHbix  L-Tpacc
cremmukaun XY coBIAaeT ¢ MHOKecTBoM V-dunanbhbix L-tpacc X°V.

CICayeT, qTo MHO>XECCTBO

v v
Muosxkectso  SafeBy (T',L) 01HO3Ha4HO ONpejenseTcsi MHoxkecTBoM X°
V-¢punanpneix Tpace no reopeme 14.

6.40. [lokazaTenbCcTBO TeopeMbl 16

1.

2.

Yr1BepxkaeHnue 1.
v ~
HenocpencTBeHHO cieyeT u3 Toro, uto )2 2l

a 1o TeopeMe 12 tpaccsl u3 X% L-akTyanbHsL.

YTBepxkaenue 2.
BbesonacHble HAOIIOACHUS MOTYT OBITh TOJBKO B TOM CIydac,

KOTZIa HeT Tpacchl (7).
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v .
ITo nemme 24 oTHomeHus: safe,, Ha MHOXecTBe X°'' U Ha MHOXecTBe YOt
YA
v
COBMAJAIOT Ha Mo MHOkeCTBe X’ V-(punanbubix L-Tpacc.

Ilo Teopeme 12 Gesonmacnoe nabmonenue u'e LURY L-akryansno mocie
Tpaccsl 6'e X% Torma u TONBKO TOrAa, KOTaa JIoo

1) ueL u ueulp (c), mubdo

2) ueR w mia kaxaoW kHOMKH Q€ Q Takoi, yto QCuuUUIp (G), Tpacca
u'-(e, y)e X' ana kaxnoit tpaccel e X° Takoil, uto pedi (o-(u)).

ITo onpenenenuro V-puHamBHBIX Tpacc,

ecrmu Her Tpacehl () uTpacca pu'eX®,

T0 preX®

utpacca W'-(g,y)e X' Torma u Tomsko Toraa, korma p'-(g,y)e X,

OTcrona crieayeT yTBepKIeHne 2 TeOpEMEI.

6.41. JokaszaTenbCTBO NeMmbl 25

ITo onpenenenuto szconf (T",L).
Io teopeme 15 X£°'=SafeBy (T",L).
Tem cambiM, SafeBy (TV,L) =conf (T"L).

Orcrona u o jemme 24 err; (TV,L) =perr (T",LL) .

6.42. [loka3zaTenbCTBO NeMMbl 26

1.

CHayana TIOKaXkKeM, 9TO Kiacc Oe3omacHo-TecTHpyeMbiX L-peanmusanuii He
cyxaercs: Safelmp (T) < Safelmp (TV,L)L.

ITockonbky mo nemme 19 T"=; T, Ham [I0OCTaTOYHO TMOKa3aTh, YTO KIACC
Oe3omacHo-TecTHpyeMbIxX L-peanusanuii He cyxkaercs mpu nepexoae or 1™ k
T Safelmp (T",L) |, < Safelmp (TV,L) L

IIo nemme 25 SafeBy(TV,L):conf(T”,L) H errl(TV,L):perr(T",L).
Mockoneky conf (T™,L)ctt (T", L) u perr (T~ ,L)ctt (T L),

a 1t (T",L)=SafeBy (T",L) Uerr; (T",L),

umeem #t (TV,L) ctt (T"L).

Otcrona, oueBuano, cnenyet Safelmp (T~ L) cSafelmp (TV.L) 1.
Tenepb nokaxkem, uto kiiacc koHpopmusix L-peanuszanuit He pacumpsercs:
ConfImp (T) 2 ConfImp (TV.L) .

Iockonsky no nemme 19 T~ = T,
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HaM JIOCTaTOYHO TII0Ka3aTh, 4YTO KJIAacC KOHPOpMHBIX L-peanmusanmii He
~ \%
pacmmpsiercs npu nepexonae or T™ k T:

ConfImp (T~,L)  © Conflmp (T",L) .

JomycTtum npoTHUBHOE.

Torma HalgeTcsa Takas peanuzanus Ie ConfImp (TV,L) Lo 4To
I¢ ConfImp (T",L) ..

Torpa (Mcnosib3ysi OHATHUE TECTUPOBAHUS 2-TO poja) HAHAyTCs

Tpacca o€l, knomka Pe RUQ wu HaOmoneHHe u TaKHe, 4TO

c-(u)el & (ueP v u=P & PeR),

atawke oeconf (T L), P*safe, X~ after o,

Ho o-(u)eperr (T",L).

Io nemme 25 umeem: o< SafeBy (T'.L) wu c-(u)eerr, (TV,L).

Ilo nemme 24 P* safe,, IV after o.

Ho »st0  (ucmonp3yss MHOHATHE TECTUPOBaHUS |-rO0 pojaa) MNPOTUBOPEUUT
Ie ConfImp (TV,L) L-

. Haxowner, mokaxem, 4To kiacc KoHQOpMHBIX L-peanusanuii He cyxaercs:
ConfImp (T) < ConfImp (TV,L) L-

Ilo nemme 19 T = T,

MMO3TOMY JOCTaTOYHO II0Ka3aTh, 4TO KiacCc KOHGOpMHBIX L-peamusamuii He
~ v
cyxkaercst ipu iepexoge or T~ k T

ConfImp (T",L) 1, < ConfImp (TV,L) L

Jomyctum npoTuBHOE.

Torma HalgeTcs TaKas peanuzanus Ie ConfImp (T",LL) , qTOo
I¢ ConfImp (T' L) 1.

Torpa (ucnosib3ysi OHATHE TECTUPOBaHU 1-To poaa) HallayTCs

Tpacca o€l, knonka Pe RUQ wu HaOmomeHne u Takue, 9To
c-(u)el & (ueP v u=P & PeR),

aTakke oeSafeBy (T',L), P*safe, X' after o,

HO G-(u)eerrl(TV,L).

ITo nemme 25 umeem: ceconf (T L) u o-(u)eperr (T"L).

o nemme 24 P* safe,, X~ after G.

153

Ho 310  (ucmonmb3ys MHOHATHE TECTUPOBAHUA 2-TO POAA) MPOTHUBOPEUHT
Ie ConfImp (T" L) 1.

6.43. [lokasaTenbCcTBO TeopeMbl 17

ITo onpenenenmo onepamnu «*» R¥/Q* = R/Q.

[Mockonbky anst ucxoxHoi Tpoiiku T ecTh KOH(QOPMHBIE peann3aiuy, 1o JeMMe
v .
22, muoxectBo Ud (X°') saBnsercsa Tpaccosoit R¥-monensio.

v > o
CrnenoBarenbHO, X' SBISETCS TIOTHOW TPACCOBOW MOMIEIBIO.

INlo nemme 20 BBIMOAHEHO QQ-CBOWCTBO, TMO3TOMY OTHOLIEHHE  Safe,s
YIOBJICTBOPSICT BCEM TPEM TPEOOBAaHUSIM, IPEIbSBISCMBIM K OTHOIICHUIO Sdfe by.

CrenoBaTenpHO, TV crienuprKanrnoHHas Tpoiika B L-OKBUBaNeHTHON CEMaHTHKE.
To nemme 26 T eV (T)y.

ITo nmemme 25 SafeBy(TV,L) =conf(T L) un errl(TV,L) = perr (T",L).
ITo Teopeme 13 T~ sBisercs ~monoiaHerneM Tporku T.

ITo Teopeme 9 conf (T, L), = Vconf(T) wu perr (T~ L), = Vperr(T).
CraenoBaTeNnpHO: SafeBy(TV,L)L = Veonf(T) u errl(TV,L)L = Vperr(T).

\% o
Tem CaMbIM, IJIA T" BBINOJIHEHBI BCE CBOWCTBA MAKCHMAJIBHOTO V-TIOMOTHEHHS.

6.44. [loka3zaTenbCTBO NeMmbl 27

Q-CBOICTBO, OYECBHAHO, COXpAHACTCS NpPHU BCTaBKE IIYCTBIX OTKa30B, TPH i-
3aMBIKaHHH, U, TI0 JIOKa3aHHOMY B JieMMe 9 npu d-3aMbIKaHUH.

Iockonbky pacmmpenne Ext (N) =ud (Uipp, (e (N) ) ),

Q-cBoticTBO coxpansieTcs npu pacmupennn Ext (N) .

6.45. [lokazaTenbCcTBO TeopeMbl 18
1. Io memme 11 ud (X°') o6magaer Q-CBOHCTBOM.

2. Tloatomy, nockoneky X =Ext (ud (X°%)), mo nemme 27 X ob6umagaer Q-
CBOMCTBOM.

3. Orcioga ciexyer yTBepskaeHue 1, mockonbKy QFf-0Tkassl MOryT BCTaBIATBCS
TOJIBKO I-OTepallell Mmocie TPAcC, He MPOAOJDKAIOIIUXCS JCHCTBUAMU U3 3TUX
OTKa30B.

Orcroza ¢ y4eToM onpesieNieHus safe,, CIenyeT yTBEpKIeHuE 2.

6.46. [lokaszaTenbCcTBO TeopeMbl 19
1. Tlo memme 22 wud (2°*Y) o6Gnangaer Q-cBOiCTBOM.

2. Orcrona o temme 27 XY obnagaer Q-cBoticTBOM.
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3.

OTcrola HETOCPEACTBEHHO CIIEIYeT YTBEPXKACHUE 1, M C y4eTOM OIpeAeiICHUS
safey, cnenyroT yTBEpiKICHHE 2.

6.47. JokaszaTenbCcTBO NeMmbl 28

1y

2)

3)

4)

IMokaxeM, uto XXM

IMockomeky XFo=X°2"\x, (£°"), umeem X X"
TTokaxeM, 4YTO MHOKECTBO L'y NPedHKC-3aMKHYTO.
Muoxectso X°Y” npedukc-3aMKHYTO 110 JIeMMe 8.

Jlnsi HenpenenbHOTO OpAMHANA O, TI0 IpaBmiiaM BeiBoga 043 BMecTe ¢ Kakmoit
Tpaccoii, moMenaeMoi B X, (X°27), Tyza MOMEIAIOTCS U BCE € MPOJOIIKEHHS,

a ISt MIPEAETBHOTO opAnHaIa o 1o OTIPEIETICHUIO
01~ 01~

Xo (E27) =U{xp (Z777) |B<a}.

[TosTOMy MHOXKECTBO X, (E°'")  ymanseMbIx Tpacc sBiseTcs HOCT(HKC-

3aMKHYTBIM TIOIMHOKECTBOM MPE(UKC-3aMKHYTOTO MHOKeCTBa X0,
[MosTomy pasnocts X=E°*"\x, (X°Y") mnpedurc-3aMKkHyTa.

MHoKeCTBO X4 (X°'”)  BMecTe C KakIOH Tpaccoil CONEpKHT  ee
MakcuManbHbIi L-ipedukc.

u'xeX*, Brewer p'eX’,, mockonbky MHONXecTBO X% mpeduKC-3aMKHYTO
o JeMMe 8 W Ul HempenelbHOTO OpAMHaja O 1o mpaBmiaM BeiBoga 0+3
BMECTE C KaKJOM TPacCcoii, MOMEIaeMoil B X (X1, TyJla IOMELIAITCS U BCE
ee TMPOJOJDKCHHS, a i1 TPESACIBHOTO OpJHHAia O MO0 OINpPEICICHUIO
Xo (Z0F7) =U{xp (£°%7) [B<at}.

Ecm  p*(2)meX®™ u pleX’, 1o ph(B)meX’, mnockombky s
HETpeNeNbHOr0 OpJuHaNa ¢ 10 TpaBuiaM BbiBoAa (0+3 BMecTe ¢ Kaxmaon
Tpaccoi, MoMeIaeMoil B X, (X0, Ty/a IOMELIaeTcsl U ee MakcuMaibHbId L-

Hpe(i)I/IKC, a JUIIsL npeacIbHOTO opAuHaJa o 10 OIPCACIICHUIO
Xq (Z%7) =U{xp (Z0%7) |B<a}.

6.48. [lokazaTenbCcTBO NeMmbl 29

IMockonbKy mo ompefenenuio x (X°1) =x, (X°') ans HexkoTOporo opauHana o,
HAM JIOCTATOYHO J0KA3aTh YTBEPXKACHHE JIEMMBI Ui KakIOTO OpAMHAJNA: BCE
Tpacchl MHOKECTBA X, (X°7) He L-KoH(pOPMHSBI IS KaXI0T0 OpIMHANA O

ByneM nokaselBaTh He L-KOHMDOPMHOCTH BCEX TpPAacC U3 KaKIOrO0 MHOMKECTBA
Xo (Z°Y)  TpaHcUHMTHON MHAYKUHUEH.

IMockonbKy X, (£°*") =, nns opaunana =0 yTBEp:KIEHHE OUEBHIHO.

[IycTs yTBEepKAEHHWE BEPHO TSI KaXKIOTO OpIAWHATAa [B<O, W JOKaXKeM ero s
opauHana o>0.
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1. Ilycts O HempenenbHbIN OpIUHAIL.
Ham pgocrarouno  moka3aTh, dTo  Kak;as Tpacca M3  MHOXECTBa
Xo (Z°7) \xo 1 (2°%) me L-xondopmaa.
Takas Tpacca mosrydaeTcs 1o paBuiiaM BeIBoJa 2 wiH 3.
1.1. TIycrs Tpacca W'k  mnodyuaercs 1o mpaBudy BeBoja 2 Kak
P-HEKOHBEPIeHTHAS Tpacca:
u keX, ; &« PeRUQ & p' (B, Ve X', , & VzePU{P'} u'(z)e X", ..
ITo nemme 28 (1) ke X", uto aeuer ansa L-tpaccer pfe X%,
4TO 1o Teopeme 11 Biaeuer
OezonacHocTh Tpacehl W B ~(puHANIBHOI crenu@uKanuy.
ITo nemme 28 (2) p'eX’, 1,
uto BMecTe ¢ W (R, Y)g X, . Bieuer no nemme 28 (3) ut (R, y)g X,
A Torpga o Teopeme 10
knonka P* 6Gesomacma mocne tpaccel W' B ~duHanbHOIM cnenuduKanyy.
JHonycTuM yTBepsIeHHe He BepHO U Tpacca W'k L-koHpopMHa.
Torza cymecTByeT koHpopMHas L-peanusanus, cofepxariuas tpaccy UK.
ITo npedukc-3aMKHYTOCTH TPACCOBOK MOJIEIIH,
B 2TOIl peanu3aluy ecTh 1 Tpacca L.
ITo runote3e o0 0€30IMACHOCTH KHOIKAa P* pomxHa ObITH GesomacHa (IO
safe in) nocne Tpacchl W' B 3TOi peanuzanuu.
Venosue pf(z)g Xy 1=E°2"\x, (£°'") OSKBMBAJEHTHO IM3BIOHKIMH JIBYX
yCIIOBUH
1) u'(z)eX" u
2) w(z)exq , (E°).
Knonka P* GesomacHa nocne GesomacHoil Tpaccel W' B ~(puHambHOI
criemupUKaly, CIEA0BaTeNbHO, KaXaoe HaOIoaeHue zePU{P"}
Oe3onacHo B crieluKaluy nocie tpaccol .
1.1.1. Coyuaii 1: p*-(z)e .
HaGmonenne z  mocne Ttpaccl W' orcyreteyer B XY m,
CJI/I0BATEIIBHO,
o iemMme 13 oHO 60 omacHO B ~WHANBHON CHEIM(UKAIINHN, YTO HEBEPHO,
00 OTCYTCTBYET B HEH, HO TOT/Ia OHO HE KOH(OPMHO U, CIIEI0BATEILHO, HE
L-xondpopmHo.
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1.1.2. Cnywaii 2: p*(z)exq , (E°).

1.2.

Habmopenue z ue L-xondpopmuo mocie tpacesl W' mo mpeamonoxenuto
mara HHIYKIUH.

Wrtak, B 060MX Cilyyasx B KOH(GOPMHOI peanusanuu nocie Tpaccel W' Her
kOH(OPMHBIX L-Habmonenuii, pasperiaeMblX 0€30macHON KHOMKo# P,
4ero OBbITh HE MOXKET.

MpbI npunLIv K IpOTUBOPEUHIO, CIIEOBATEILHO, HAIlIE JOMYIIEHUE HE BEPHO,
U YyTBEpXKICHUE B paccMaTpuBaeMoM ciydae 1.1 qokaszaHo.

Iycts Tpacca p*-Af-x mnomyuaercs mo mpasuny BeIBOAA 3 KaK P-HEMOJIHAS
Tpacca nocne W'

urAfkeX, . & PeR & ph(B, Vel

& VzePu'(z)eX'y, & Ip (n) =D

& uh(PHAeZ .

Io nemme 28 3) p' (2, y)& X', Buewer p* (B, 7)e X"

A Torma mo Teopeme 10 kmonmka P* Gesomacma mocme Tpacch W' B
~(puHATBHON crieruduKanum.

Honyctum yTBepskaeHue He BepHo u Tpacca W Af -k L-konpopmua.

Torma cymectByetr KoH(popmuas L-peanusanusi, cojaepxamias Tpaccy
At

Mo npeduKc-3aMKHYTOCTH PeaTU3alMOHHON MOJIEIH,

B Heli ecth Tpacca UW'A' u ee npepuxc pf.

ITo rumore3e o0 0€30IMAaCHOCTH KHOIKa P* pomkHa ObITH GesomacHa (IO

safe in) nocne Tpaccel W' B 3TOM peanuzanuu.

Kak u B mokazannom ciydae 1.1 kaxmoe neiictBue z€P He L-kordopmHo,
H, CJIeIOBATENIHO, €T0 HE MOXKET OBITh B KOHPOpMHOI L-peanuzanuu nocine
Tpacce .

Ho Torma mo momHOTE peann3allMOHHOM MOJENY HaJIM4he B HEW Tpacchl
u*A*-x Bneuer manmuue B Heit Tpacenr W (PF)-A*k u, cnemosarensuo, M0

npeUKC-3aMKHYTOCTH peau3alnoHHoil Mojenu ee npepukca - (P*)-AF

Venosue pf-(PH)-Afg I¥, =22 \x,_; (£°'") OKBMBaJEHTHO JU3LIOHKIUH
JBYX YCIIOBHUH

1) ph(PHAeX® u
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1.2.1.

1.2.2.

2) uwh(PHAex, ; (Z0).

Cayuyaii 1: p-(PH)-Afg £01,

Mol MoskeM BbIOpaTh Hambosbmuit mpeukc W' (P*)-A,*  Tpaccw
u*(P*)-A*, mmerommiics 8 X°'", mocne koroporo B Tpacce p*-(P*)A*
clieyeT HaOMoIeHne U, OTCYTCTByIomee B X0~

Tpacca u'(P*)-A,* Gesomacma B crnenudukanmm no Tteopeme 11, a

HaOmomeHne u 0e30IMacHo Mocie ATOH TPACCHl B CTICU(DHUKAITUIY TI0 JIEMMe
16, mockoneky tpacca WHA* Gesomacma u, crnemomarembHo, Ge3omaceH ee
npedukc p'A;* u mocne sroro mpedukca GezonacHo HabmoAeHHE U, a

sta Tpacca WA, * momywaercs uz tpaccer pf-(P*)-A* ynanenmem orkaza
p*.
Ho Torma nabmonenue u nocie tpacchl W' (P*)-A* orcyrcTByer me

Tonbko B X°'", HO M B ~(uHATBHOH crenudUKamuy 1o JeMme 13, mostomy
OHO HE KOH(POPMHO U, cleoBareinbHo, He L-KoH(pOopMHO.

Tewm cambiM, He L-kondopmnua tpacca p'-(P*)-Af,
Coywaii 2: p*-(P*)-Afexq , (X04).
Tpacca p*-(P*)-A* ne L-xoH(OpPMHA MO MPEATONOKEHHMIO AT HHYKIIUH.

Hrak, B obomx ciy4asx B KOHPOpPMHOW peamusanud umeercss He L-

koHdopmuas Tpacca W' (P*)-A¥, uero ObITh He MOKeET.

MB!I npumiIy K NPOTUBOPEUUIO, CIEI0BATENBHO, HAllle AOMYIIEHUE HE BEPHO,
U YTBEPXKAECHUE B pacCMaTpUBaeMoM citydae 1.2 noxasaHo.

Tem cambIM, OHO 0Ka3aHO B ciiydae | (HempenenbHbIi OpAUHAI).

2. ITlycte O mpenenbHbI OpaUHALL

Torpa ans moboit Tpacchl Gexy (X°'™) Haiinercs Takoil opauHan B<o, 4To
oex, (X%,

OTcro/a Mo NpeanoIoKEHUIO IIara MHAYKINA Tpacca ¢ He L-koHpopMHa.

6.49. [okasaTenbcTBO Nemmbl 30

1. CHauana JOKaXeM yTBEpKIEHME i MHOXKECTBA X', JUIS KaKIOTO OpAMHAIA
O, YYUTBIBafA, 4T0 Xq (X°1)=X9"\X*.: ecmum o'exy (Z°*), o *eX® u
ofed(c %), 10 0 fex, (X°).

Bynem BecTH 10Ka3aTeNbCTBO TPAHCHUHUTHOW WHIYKIIHCH.

IMockonbKy X, (%)=, nns 0=0 yTBepKAEHHE OYEBHIHO.
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HyCTL YTBECPIKACHUC BECPHO AJIA KaXXAO0T'0 Op/IMHAlia B<(X, U JOKaXCM €ro Ijid
opauHaia o.

1.1.

. Ilycts Tpacca

Ilyctb O HempenenbHbIN OpAUHAL.

HaM [OCTATOMHO MJOKa3aTh, 4TO €CIH O exy (X°7) \xo , (Z°Y)
ofed(c "), 10 0 *fexy, (X°1).

Ecnu o *¢X*, ., 1o ycnoue ¢ *eX" Bnewer ¢ fex, , (X°'7),

4TO No TpaBuiy BeBoza 1 Biever 6 fex, (Z017).

[Toatomy B nanmpHeimem OyaeM CYUTaTh, YTO G e Xt .

Takas Tpacca G' monydaeTcs mo mpaBuIaM BeIBOAA 2 uiu 3.

of=u'x nonyuaercs mo mpaBumy BeIBOma 2 As
P-HeKOHBepreHTHOro npedukca W'

puhxeX &« PeRUQ & (B, Ve X'y |, & VzePU{P'} u'(z)e X% ;.

# #

Torga Tpaccy G =u %, rme
# ~

wedu ").

Mpb1 foKa)keM BBITIOJIHEHHWE MJii KHONMKH P W Tpaccel u‘#-K‘era,l
CJIEYIOUINX YCIIOBUH IpaBmia BEIBOJA 2:

D p @ e,

MOXHO MNOpE€ACTaBUTbH B BHJIEC G

2) VzePU{P'} W *(z)eX%% ;.

1.1.1.1.  Jloxaxem, uto W' (2, V)& X% ..

TTo nemme 28 (2) p'eX’, 1,
uto BMecTe ¢ W (R, Y)g X, ; Bieder no nemme 28 (3) ut (R, y)e X0,

Iostomy 1o Teopeme 10 xuonka P* GeszomacHa B ~momomHeHHM HOCIE
Tpacce .

A Torpa, nockonbky W'ed (u ), mo nemme 16 knonka P Gesomacha
nocne tpacchl W B ~nomonHeHuu, oTKyza mo Teopeme 10 ciemyer,
yto W' (2, y)g Z°%, uro Breuer W (B, 7)EXF, =X \xy ; (Z01).

1.1.1.2.  Jlokawkewm, uto Vze PU{P'} W *(z)gX", ..

Venoue P (z)e Xy 1=E°""\xq 1 (£°7) OKBMBAJEHTHO NU3BIOHKIIMH
JBYX YCIIOBHUH

1) u'(z)eX" u
2) w(z)exq ().
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Knonka P* Gesomacha nocne 6e3onacHoii paccsl W' B ~monosnnenuu,
clenoBaTebHO, Kakaoe HaOmojgenne zePU{P'}  GesomacHo B
~MHOMOJIHEHUH Hocle Tpacehl W,

1.1.1.2.1. Cnuyuqait 1: p*(z)g X",

Habmonenne z mocine tpacekl W' orcyrcrByer B X% m,

clenoBaTeNlbHO, MO JieMMe 13 oHO nuO0 omacHo B ~(uHAILHOU

crenu(uUKaIum, 4To HeBEPHO, MO0 oTcyTCTBYET B Hell u-(z)g X~

ITosTtomy 1o
Obith W - (z)g X", uro Brewer W f-(z)g X0,

d-3aMKHYTOCTH  TpPacCOBOH  MOIENIH  JIOJDKHO

uto Brieuer W F(z)g Xy =X \xq 1 (Z°17).

1.1.1.2.2. Cayuaii 2: u*(z)exq , (£°).

Mockomeky P'ed (W *) Brnewer p*-(z)ed(u *(z)),

110 TIPEINOJIOKEHHIO mara MHAyKun W *(z)exy 1 (E017),
yto Breuer W F(z)g X, ;=X \xq , (E°17).

Urak, Mbl IoKa3anu, uto VzePU{P'} w *(z)e X%, ..

Tem cambIM, MBI JOKa3alu, 4TO Ui oTKasa P M Tpacchl W FK eXy ,
BBITIOJTHEHBI YCJIOBMS TIPaBUIIa BBIBOJIA 2, MO3TOMy G f=° F-k> e x4 (%),
9TO W TPeOOBATIOCH TOKA3aTh.

. Tycte tpacca of=p*A'k nomywaercs no mnpasuny BeBoma 3 s

npeduxca p'Af P-memonnoro mocie p':
pAf ke, . & PeR & pi (e, v)eX"
& VzePu'(z)eX'y, & Ip (n) =D

& M#'<P#>'7~#€ zx(x—l-
Torma tpaccy o * Moxno mpencrasuts B Buge o f=p Ak, e
pedw ) n AMed(M").

PaccMoTpuM [Ba clydasi B 3aBHCHMOCTH OT TOTO, P-KOHBEPreéHTHa Tpacca
W' wunm Her Bo MHONKecTBE X'y ;.

1.1.2.1. Tpacca U P-HEKOHBEPreHTHa B X'y ;.

Torga mo goxaszanHomy B 1.1.1 o fex, (Z°*), 4to u TpeGomanock
JIOKa3aTh.

1.1.2.2. Tpacca u' P-koHBepreHTHa B X'y ;.
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1.1.2.2.1.

1.1.2.2.2.

1.1.2.2.3.

1.1.2.2.4.

Torma p*(P*)eX’, ..

Joxkaskem, uto W (2, e X%, 1.

o nemme 28 (1) p*-(P*)eX’, , Bnewer u*-(P*)ex*.
CrneoBaTeNbHO, O  NpAaBWIaM  BbIBOJA  ~(UHAJBHBIX  TPacc
uh(2, ez’

A torna ananornano 1.1.1.1 p *(8, y)e X ;.

[ockonbky Mbl yske mokazamu, uto W'(2,v)¢Z*", 1o anasoruuno
1.1.12 VzeP p *(z)gX% ;.

UTak y HAC BBINOJHEHBI YaCTh YCIOBMH P-HEKOHBEPIEHTHOCTH TPACCHI
W * umm P-nenonnotsl Tpacesr A" ¥ mocne tpaccer p

M\ #'<;,'Y>szu,1 u VZEP u\ #'<Z>€Exa,l.

Janee Bo3moxxHbl aBa ciydast (1.1.2.2.3 u 1.1.2.2.4) B 3aBUCUMOCTU OT
Toro, npojoJkaercs Tpace: W' orkasom P* B X¥,_;, uiu Her.

Coywaii 1: p *(PHeX’, ..
B stom cinywae ans tpacehl WA fx” u kmonku P* nmocme utf

BBITIOJIHEHBI BCE YCJIOBUSI P-HEKOHBEPIrE€HTHOCTH TPACChI LL\ #, TO €CThb
ycCJ0BUs IpaBuJjia BbIBOJA 2:

e e, & VzeP pf(z)eli% . & uH(PHeX .
CnepoBatenbho, 6 fexy (X°'"), uTo u TpeGOBATOCH AOKA3ATS.

Comywaii 2: p *(PHeX’, ..

IMokaxem P-nenonnoty Tpaccel W A ¥ mocne tpacen W ¥, To ects
BBINOJIHEHUe s (ocoboro) orkaza P¥ u tpacem W A fxeXf

BCEX YCJ'IOBI/Iﬁ IpaBujia BbIBOAA 3.C YUYETOM YIiKE JOKa3aHHBIX YCJ'IOBI/Iﬁ
HaM OCTaJIOCh IMOKa3aTh CJICAYIOINEC YCIIOBUA:

D Ip (n*)#3,

2) W (PHA e Xt L.

[epBoe ycnoBue cneayet u3 ycnosust Ip (L) #J.
JlokakeM BBITIOIHEHUE BTOPOrO yCIOBHUSI.

3/1ech BO3MOYXKHBI JIBA BapMaHTa B 3aBUCHMOCTH OT TOTO, MMEJACh JIH
tpacca u'-(P*)A" B X", wm mer.

161

1.12241. ph(p*)Afexol

Torna, nockonbky W (PH)-AfeX*, ,,

nmeem W (P*)Afex, ; (Z°0).

Orcioza, nockoneky Wred (W) u AMed (M)
umeem W' (PH)Afed (u - (PH)A ).

OTcIoza TI0 TIPEAIIONOKEHHUIO Mara HHAYKINH
W (PFYA Fexy 1 (E00).

Otcrona no npasuity BeiBoga 1 umeem W *-(PF)-A> Fex, (Z°17) .

Cnenoarensho, W *(PH)-A fgX* ;.

1.12242. ph(p*)Afexol

Bribepem nanGombmmii mpeduke W (P*)-A " tpaces pt-(P*)-AF,
umerommiics B £°”, mocie kotoporo B tpacce W' (P*)-A' cmemyer
HaOMIoeHNe U, OTCYTCTBYyomee B L0,

Tpacca p'-(P*)-A;* 6Gesonacna B cnenudukanuu no teopeme 11, a

HaOIoIcHUEe U 0e30MacHO MOCIE ITOM TPAcChl B CriCIM(UKAIINHI 10
nemme 16, nockonbky Tpacca W'A' Gesomacha u, cnemosaTensHo,
Gesonacen ee npedukc WA, " u nocne sroro npeduxca 6esonacHo
mabmogenue u, a sta tpacca W'A,* momywaercas w3 Tpaccer

u'(P*)-A,* ynanennem orkaza P*.

Ho Toraa no nemme 13 nabmonenne u nocne tpaccsr W-(P*)-A,*
M0 OMACHO, YTO HEBEPHO, JIMOO OTCYTCTBYET HE TONBKO B X°X, HO
u B ~nononsernn U (PF)A, " (u)g X", uro Buewer pf-(P*)-Afe X",
yto Beuer W' (P*)-Afeud (Z°7).

[osToMy 1o d-3aMKHYTOCTH  TpPAacCOBOH  MOJENH  JOJIKHO
obite W (PN feud (201,

yto Breder W ()L fFe Z0T,

uto Brever W F(PF)A Fe ¥, =X \xq o (E017).

Wtak, MBI TTOKa3ald BHITONHEHHE IS (ocoboro) oTkaza P u Tpacchl
w A eX 1 Beex ycnosuii npaBuna BeiBoaa 3.



1.2.

2.

CnepmoparensHo, 6 f=pu " A *1 exy (Z°'), uro u TpeboBamock
JIOKa3aTh.

Wrtak, as BceX cIydaes Mbl Hokaszanu, uto ¢ '=p " * A" i exy (Z00).
TeM caMbIM, YTBEpKACHHUE JOKA3AHO IS HENPEAETLHOIO OpAHHANA.

ITycte O mpenenbHbIN opauHAIL

Torna ans mo6oii Tpacesl G'ex, (E°”) Halinercs Takoii opaunan B<a,
urto o'exp (Z01).

OTcIoAa 1o MPEANOI0KEHHIO ITara MHYKIHH,

ecmn o'ed (%), 10 6" exp (E0),

4T0 No npaBmiy BeiBoaa 1 Biever ¢* ex, (X°1).

VTBepkKIeHHE I MHOKECTBA X HEIOCPEACTBEHHO CIENYET U3 YTBEPKACHUS
1 u onpenenennst x () =xq (L), TOe O Takoe, yTo Xq (X') =Xq.1 (X).

6.50. Joka3zaTtenbcTBO NemMmmbl 31

1.

Jloxaxem yteepxaenue 1: [Tycts Tpacca 6*eIX. Torna Haitaytes Takue Tpacchl
o,' u o,% uro o,'e¥*, o,'ci'(0,") u o'ed(c,’).

Ecin o*eI®, o naiinercst takas tpacca o, 'el (Ui’ (X¥) ), uto o'ed (o.").
IMockonbky onepanust [ He 100aBIIICT HOBBIX TPACC, = uiv (x").
CriefioBaTelIbHO, HaliieTcs Takas Tpacca G,'e XY, urto o,%ei’ (6.").

Jloxaxem ytBepxaenue 2: ITycts Tpacca o'l ams mexoropoit R-kHomkm
PeR He mpomomkaercs OEHCTBUSIMH ZzZEP BO MHOXECTBE IR, o,teX’,
o.'ei’ (6,") u o'ed(o,'). Torma tpacca o©," He mupomomkaercs

nelicTBUsIMU z€P Bo MHOxkecTtBe Ld (XF).

HOCKOHLKY Tpacca G# HE OPOAOLKACTCS ﬂeﬁCTBHHMH Zz€P BO MHOXECTBE

I*, o'ed(c.) u o.fel(Ui¥(Z")), tpacca o,' He mpomomkaercs
IEHCTBUSIMH ZEP BO MHOMKECTBE l(uiV(Ex) ).

[ockoneky onepamus [ ynanser Tombko L-Tpacchl, a mis mo60ro aeidcTBus
zeP Tpacca ©,"(z) sBngerca L-Tpaccoif, Tpacca o, He mponomxaercs

NEHCTBUSIMH zZEP BO MHOXKECTBE ui¥ (x".
HomycTum yTBep:KIeHHE 2 HE BEPHO: 62#-<Z>E wd (') 1ust HeKoToporo ze P.

Torya Haiinercs Takas Tpacca 6, '-(z)e X', uto o,'ed (0, ).

IMokaxeM, 4TO Tpaccy G, ' MOKHO BHIOpaTh TAaKOM, YTOOBI HAILIACH TaKas

tpacca o, 'ei’ (0, "), uro o.fed (o, ).
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I[J'IS[ 9TOro A0CTATOYHO IIOKa3aTb, 4YTO I000H OTKa3s, BCTaBJISICMBIN apu

nepexone oT Tpacchl O, k Tpacce o.f, n1mb6o MmoxkeT OBITH BCTaBIeH B
COOTBETCTBYIOIIEE MECTO Tpacchl G,  '+(z) W pH 5TOM TOMydHuTCsS Tpacca u3
T*, 1160 HeoOXOAUM MOCIe COOTBETCTBYIOMIErO Ipedukca Tpacchl O, ', To

~ o oV
€CThb MOYET ObITh BCTaBJICH B Tpaccy O, '-(z) omnepauuei i .
bV ok
Wrer (U") Hu
v
w A fei’ (' A%), To ects ortkaz R*eR* BcraBmsercs B Tpaccy o.f

nocine Tpacchl W,*. CrenoBaTenbHO, BBINOJHEHBI YCIOBHS HEOOXOIMMOCTH
orkaza R' mocne Tpaccer 1,

9] HZ#'<%1 ’Y>€Zx’
2) VzeR uz#'<z>€Ud(Ex)’

Mycte o' =p, " RHMLF v  of=p, N5 e

3) Ip(u)#2 v (Ip (W)= & VTeR w,'(THeud (X¥)).

~# ~#

Tpaccy ©, MOHO MpENCTaBUTH B BUIe O, '=W, "X, rTme

whred (u, ") u Afed (A1),

Ham pmocratouno mokasate, uro smbo W, *(RF)-A, F(z)eX’, mmbo

W R A (z)ed (o P (z).

Tak kak W,*ed (U, ), ycnosue 2 HeobxoaumocTu oTkaza RY mocne Tpacchl
W,"  BemomHeHo W ans Tpacehl W, i Tpacca W, ' He mpomomxaercs

NEUCTBUSIMU U3 R B d-3aMbIKaHUHU X .

PaccmoTpuM 1Ba BO3MOXKHBIX cirydas (2.1 u 2.2).

2.1. Tpacca W, " ne zakanmumsaercs otkazamu: Ip (W, )=0.
Torna, nockonbky W,'ed (u,”*), tpacca W," Toxe He 3axaHmumpaercs
otkazamu: Ip (U,) =3.
Mockonbky Ip (W;) =, u3 ycioBusi 3 HEOOXOAUMOCTH HEOOXOAMMOCTH
orkaza R mocne tpaccer W," cnemyer, uto Tpacca W,* He nponomkaercs
HUKAaKUMU OoTKazamMu B Ud (X) .
Orcroza, nockonsky Wy*ed (u," ), Tpacca u," * Toxe He mpomomxaercs
HUKAaKUMU oTKazamMu B Ud (X) .
TeM caMbIM, BBIIOJIHEHO YCJIOBHE 3 HEOOXOAUMOCTH OTKaza R' mocie
Tpaccel W, F.
Venosue 2 neobxoaumocTu oTkasa R* mocre tpacesl U, * o3mauaer, uto
Tpacca W, ' He mpomomxaerca neidcTBMAMM zZER BO MHOMKECTBE
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2.2.

2.2.1.

2.2.2.

wd ('), Tem Oomee OHA HE IPOJOJDKAETCS OTUMHU JACHCTBUSMH B
MOJAMHOXECTBE X

Iockonsky Tpacca M, "

muoxectBe Ud (), OHa He TIpojo/KaeTcs oTkasoM R' B moamHoxkecTBe
Ex

CrnenmoBatensHo, Tpacca [,'f He mpojomkaercs HUKakumMu L-
HaOMIOAEHNSAMH, pa3pelaeMbIMI KHONKOH R, Bo MHOKecTBe XF.

HEC MOPpOAOIKACTCA HHUKAKMMHU OTKa3daMHu BO

IMosTomy, eciu 661 ycnoue 1 HeoOxoammocTu oTkaza RY mocie Tpaccsl

4
22
BBIMOJIHEHBI BCE YCIIOBHSI R-HCKOHBEPIEHTHOCTU TPAaCChl [l
HE MOYET, OCKOJIbKY B L' Bce Tpacchl L-KOHBEPTeHTHBbI.

He ObLIO BBINOJHEHO, TO €CTh ObLIO Obl W, " (R, ¥)¢ I¥, T0 Obutu ObI

* 4ero OBITH

CrienoaTesibHo, ycioBue 1 HeobxomumocTn oTkaza RY mocme Tpaccel
W, ¥ BeInONHEHO.

UTak, y Hac BBITIOJHEHBl BCE TPH YCJIOBHS HEOOXOAMMOCTM OTkKasa R'
nocine Tpacchl M, F.

CrnenoBatenbHo, yenosue (L, A, F-(z)e ¥

Bieuer TpeGyemoe yemosue W, F-(RF)A, F(z)ei” (A, F(z)) .

#

Tpacca W, " 3akaHumBaeTcs oTkazamu: Ip (W, ) #D.

Torza BHIIOJNHEHO YCIOBHE 3 HEOOXOAMMOCTH OTKaza R' mocme Tpacchl
o

PaccmoTrpum nBa cirydas (2.2.1 u 2.2.2).

HZ\ '<%r Y>€Zx-

DTOT Cilyyail 03Ha4aeT, YTO BHIIONHEHO yCI0BHME | HEOOXOIMMOCTH OTKa3a
R* mocne tpaccw W, "

TeM caMbIM BBITIOJHEHBI BCE TPU YCJIOBUS HEOOXOAMMOCTH OTKasa R’

nocsie Tpacchl ;" "

CrenosatenbHo, yeiosue W, "A, *(z)e ¥

Bieuer TpeGyemoe yemosue W, (R4, F(z)ei” (" FA, F(z))

Mo '<%r Y>E .

Takxe, MOCKOJNbKY BBITIONHEHO YCJIOBHE 2 HEOOXOAMMOCTH OTkasa R'

nocne Tpacchl L, ¥, To ecth Tpacca W, * me mpomomkaercs nelcTBUAME
zeR BO MHOXecTBe Ud (XF), TO 5Ta Tpacca HE HPOAOIDKAETCS JTHMH

NEfCTBUAMA B IOAMHOKECTBE L°: VzeR W, *(z)g X'
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Urak, R'eRf, W, (R, 7)¢X’, VzeR W, *(z)eX', Ip (W, )#J, uro

o3Hauaet, uto otka3 R ocoOwlil mocne Tpacesr LW, ¥
[ostomy, mockonbky B X' Bce Tpacchl L-monmbl,  ycnosue
uo F A F(z)=0," F(z)eX" Bmewer W,  *(R*)A, F(z)eX', uro m
TpeboBaIOCh J0Ka3aTh.

Utak, ™Mbl nokasanm, 4ro ambo W, F(RP)A,F(z)eX',  mmbo

W R (z)ed (o P (z).

Cie10BaTeNbHO, MBI TOKA3aJd, YTO TPaccy O,
N vV N
4TOOBI HALITACK Takasd Tpacca G, 'ei’ (0, *),uro o,*ed (0,

*  MoxHO BHIOpaTH TaKoM,

\#)'

. . v
Ho o, "(z)ex* BIICYET o, "(z)eui' (X*), uro  Bueuer

o, *(z)el (Ui¥ (EY) ), uto Breuer o*-(z)eIX, uto HeBepHO.

CHC[[OBaTeJ'ILHO, Hame JOMyIIEHHEe, YTO JUII HEKOTOpPOro z€P HMEET MECTO

0,"(z)eud (X¥), He BepHO, N IeMMa JIOKa3aHa.

6.51. JokaszaTenbCcTBO NeMmbl 32

[Mo moctpoennio MuOkecTBO 1IN  comepxur Tpaccel B andasure LUR':
MHOXECTBO X° CONEPXKHT L-Tpacchl W TpPacchl ¢ He-OTKAa3aMM, ONEepaius i’
nobasmnsieT L-Tpaccel u Tpacchl ¢ He-0TKa3aMHu, orieparnus [ ymanser Tpacchl C He-
OTKa3aMHu, orepanusi d, mpuMeHeHHas K MHOecTBY L-Tpacc, mobasmnseT Toipko L-
Tpacchl, IO3TOMY OcTaroTcsl Tonbko L-Tpaccsl, To ecth Tpaccsl B andasure LURF.
TTo5TOMy, eciTi MBI ZOKaxeM, uto MHOXKecTBo IN smmsercss Rf-mozensio, To 510
oyzner R*-moznens B andasure L.
CHavama MOKaXXeM, 4YTO TPacchl MHOKecTBa I He COmepKaT IMBEPreHIHMH 1
pa3pymeHus.

HeiicTBuTenbHO, 1O AY-cBOMCTBY MHOxecTBa X°'”  [uBepreHuus u

pa3pyIeHne MOTyT OBITh TOJIBKO MOCIE He-OTKAa30B.

IMockoneky mo nemme 28 (1) X*cX®", B Tpaccax MHOXecTBa X

JIUBEPTEHINS U Pa3pyLIICHUE TaKKe MOTYT OBITh TOJIBKO ITOCJIE HEe-OTKA30B.

.V
Onepanyiss i° TOJBKO BCTaBISET B YK€ CYIIECTBYIOLIME TPACCHI OTKAa3bl
mocne ux L-mpeduKkcoB, TO €cTh HE BCTABISET OTKA30B IIOCIIE HE-OTKA30B.
.V
ITostoMy B Tpaccax MHOXKecCTBa Ui (X°) IMBEpreHUHMs W paspylleHde
TaKXKE MOTYT OBITh TOJBKO MOCIIC HE-OTKA30B.

Hanee, mockonbpKy L-Tpaccel He conmepkaT He-OTKa30B, TOcCie omepanud [
(ymanenue He L-Tpacc) He ocTaeTcst Tpacc ¢ IUBEPreHINEH U pa3pyIIeHHEM.
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1.

Oneparys d-3aMbIKaHUSI HE JOOABISCT NUBEPTCHIIMIO U Pa3pyIICHUE, SCIH MX
He OBLIO.

Tem cambiM, Tpacchl MHOXectBa IN = wd (I(Ui' (£¥))) He comepar
JHMBEPTCHIVH U Pa3pyIICHHUS.

Henycrora.

W3 yenosus XA u npeMKC-3aMKHYTOCTH MHOXKeCTBa X' (Jemma 28 (2))
CIIEIyeT, uTO €€ X', TOCKOJIBKY IyCTas Tpacca SABIAETCS NpeduKcoM 000
TPACCHL

A Torna, MOCKOJIEKY OTepaIyu iV, I m d me ymamsror L-Tpaccel, a mycras
Tpacca sBisercs L-tpaccoit, umeeM e€ d (1 (ui¥ (%) )=IR.

Tem cambiv, IR#QD.

HDed)I/IKC -3aMKHVYTOCTb.

ITo nemme 28 (2) MuOXeCTBO X° Mpe(UKC-3aMKHYTO.

Omeparusi  Ui', NpHMEHEHHAsS K Hpe(HKC-3aMKHYTOMY MHOXKECTBY, IaeT
npeduKc-3aMKHYTOE MHOXKECTBO, TOCKOJIBKY, €CIH Tpacca C IOJIydaeTcs
BCTaBKOW HEOOXOIAMMBIX OTKa30B B Tpaccy [, TO Jr00oil mpepukc Tpaccsl ©
TaKXKE MOJy4aeTCss BCTaBKOW HEOOXOIMMBIX OTKAa30B B HEKOTOPBIH mpedukc
Tpacchl |L.

Oneparnuss I (ymanenume He L-Tpacc), mpuMeHeHHas K HpedHKC-3aMKHYTOMY
MHOXECTBY, TaeT MpePUKC-3aMKHYTOE€ MHOXKECTBO, TOCKOIBKY mpedukc L-
Tpacchl sBiseTcs L-Tpaccoi.

d-3ambIKaHue npeduKc-3aMKHYTOrO MHOXKECTBa npedukc-3aMKHYTO,
MMOCKOJIBKY, €CJIM Tpacca C TOJY4aeTcs YNAICHUEM KAaKUX-TO OTKa30B W3
Tpaccel |, TO J000# mpeduKC Tpacchl G TakkKe MOIYJYaeTcs yOaJcHHEM
COOTBETCTBYIOIINX OTKA30B M3 HEKOTOPOTO Mpe(UKca TPACCHI LL.

Crnenosarensho, muoxectso I8N = wd (L(Ui¥ (£))) mpedHKc-3aMKHYTO.

EOH YCTUMOCTb.

ITo TOKA3aHHOMY BBILIE TPAcChl W3 MHOecTBa IR He ComepkaT AMBEPreHIHN
¥ pa3pyLICHHUS, a BCE TaKHUE TPACCHI IOITYCTHMBI.

CornacoBaHHOCTb.

Ilo nemMme 8 Tpacchl U3 MHOKECTBA X°*™ COINIACOBAHEL
TeM caMbIM, COTJIACOBAHBI TPACCHI €r0 MOAMHOKECTBA X' = YOI\ x (X017,

Otkas P' Heobxoaum mocie tpaccel W', ecin, B uacTHOCTH, Tpacca W' He
npojo/Kaercs gedcTBuAMH M3 P B d-3aMbikammu X', IlodTomy mocie
.V o
Omepami Ui’ Tpacca G MOMKET OBITh HECOTJIACOBAHHONW TONBKO B TOM

ciydae, korma ona umeer Bux o=W'-(P*)-p*(R)A, Tne p* Tpacca orkazos.
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TeM cambiM, MOCJE ONEpALUU Ui’ HECOTIacOBaHHBIMU MOTYT OBITh TOJBKO
TPacChl, COACPIKAIIMe HE-0TKa3bl, TO €CTh He L-Tpacchl.

Takme HecormacoBanHsle He L-Tpaccel OyayT yaAajdeHsl IOCIEAYIOMIEH
omeparnueii I (ynanenume He L-Tpacc), mocie KOTOPOH OCTaHYTCS TOJBKO
COTJIACOBAHHBIE TPACCHI.

HpI/I d-3aMbIKaHUH COTIACOBAHHOCTE Tpacc, O4YEBUAHO, COXPAHICTCA.

TlosTomy BCce Tpacchl MHOKECTBA ® = ud (1 (uiV(Ex) ) ) COTJacoBaHbI.
5. KoHBEpreHTHOCTS.
Ecnu tpacca nponomxkaeTcs neictBueM ze€P amis HekoTopoil R-xkHomku P BO
muoxkecTBe IX, TO OHA KOHBEPIeHTHA 110 9TOI KHOIIKE.
Pacemorpum tpacey ote I¥, kotopast He ponomKaeTcs IeHCTBHSAME zZEP U
HexoTopoii R-xmomku P Bo muoxkectBe IN. Tlockombky mocie omepamun [
HET IUBEPTCHIINHU, Pa3pyIIeHUs U He-0TKa30B, HAM JOCTATOYHO JOKa3aTh, YTO
tpacca ' mpomomkaercs B IY Rf-orkasom P*.
Torga mo nemme 31 HaiimyTcs Takme Tpacchl G©.' u o,%, uto o,*eX’,
v N
61#61 (62#) u G#Ed(cl#) , 1 Tpacca (52# HE MPOJOJDKAETCS NEUCTBUSIMU
zeP Bo MHOxkecTBe Ud (X').
PaccmoTpum nBa Bo3MOKHBIX city4as (5.1 u 5.2).
51. o, (B, y)eX"
Torna BBITTOIHEHBI Bce, KPOME OJTHOTO, YCIIOBUSI P-HEKOHBEPTCHTHOCTH
tpacee 6," B X PeRUQ & 6,°eX’ &« o, (B, 7)eLX & VzeP
o, (z)e X"
He BBINONHEHO MOKET ObITH TONLKO yciioBhe ©," (P*)g X,
Ho, nockonbky Bee L-tpacchl B L' L-KOHBEPreHTHBI, 9TO YCJIOBHUE M HE
JOIDKHO OBITH BBIONHEHO: G, (P¥)e I,
Arorma o' (PHeui’ (L),
# # .V X
yro Bieuer G, -(PHyel (Ui’ (X7)),
uto Bieuer o' (P*Yeud (I( Ui (£5)) ) =I®, uro u TpeOGOBAIOCH IOKA3aTh.
52. o, (B, y)eX”.
Torna Bo3MOXHBI ABa cirydas (5.2.1 u 5.2.2).
5.2.1. BbinonHeHo 3-¢ yci1oBUe HeOOXOAMMOCTH OTKa3za P mocie Tpaccsl ©,":
Ip(W#3 v (Ip(n)=D & VReR u*(R")eX").
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B 5ToM clyyae BBITIONHEHBI TAKXKE IEPBhIE JBA YCIOBUS HEOOXOIUMOCTH
orkaza P mocne tpacce "

1) o,"(&, 7)eX’,

2) VzeP o,"(z)eud (X").

CHGHOB&TGHLHO, OTKa3 P# HeO6X0[[I/IM TOCJIC TPACChl 62#.

Mostomy o.*ei’ (6,*) Buewer o,*(P*ei’ (6,%),

uaro Brever o, (PHeui’ (XY,

aro Breer G,"-(PHel (Ui’ (X¥)),

aro srever 6'-(PHeud (I(Ui¥ (X¥) ) ) =IX, uto u TpeGoBamOCh JOKA3ATS.

5.2.2. He BbINnojiHEHO 3-¢ ycloBHE HEOOXOAMMOCTH OTKasa P! mocie Tpacchl

G,

¥ Ip(6,)=0 & JreR o6, (R)eX".

Venoue VzeP 6, (z)gud (Z') Bueuer

BBITIONIHEHHE ycnnoBus VzeP o,% (R)-(z)gud (X).

PaccMoTpuM nBa BO3MOXKHBIX cirydas (5.2.2.1 u 5.2.2.2).

5.2.2.1.

o, (R") (&, V)e X"

Torza BEIONHEHDI BCe, KPOME OJIHOTO, YCIIOBHS P-HEKOHBEPTEHTHOCTH
tpacen 6,"(R*) B I': PeRUQ & o, (RH)eX’ &

o' (R")-(B, 1)eX" & VzeP o,"(R")(z)eZX".

He BBINONHEHO MOKET ObITH TONLKO yciioBre o, (R*)-(P*)g E¥.

Ho, nockosbky Bce L-tpaccsl B X L-KOHBEPIreHTHBI, 3TO YCIOBHE U HE

JOIDKHO OBITH BBIMONHEHO: G, (R¥)-(PF)e I,
Mockoneky 6,°ei’ (6,%) Buewer o,*(RY)-(PHei’ (6, (R")-(PY)),
umeem o' (RF)-(PHeui¥ (Y,

aro Brever G, (R*)-(PHel(ui¥ (X¥)),

aro srewer o -(RY)-(PHeud (1 (Ui¥ (Z¥)) ) =T,
aro Breuer o' (PHeud (I(Ui' (£)))=I, uro u tpebosanock
JIOKA3aTh.
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5222, o,"(rR") (&, y)eX".

Tor,ua BBITIOJIHEHBI BCC TPU YCJIOBUSA H€06X0[[I/IMOCTI/I OTKa3a P# nocie

tpacce G,"(R):

) o."(rR")-(B, y)eX,

2) VzeP o,"(R")-(z)eud (XY,

3) Ip (0,(R))#D.

CnenoBarenbHo, otkas P' neobxoaum mocie tpaccs 6, (RF).
IMostomy yenosue 6, '-(R)ei' (6,"(RY))

sreuer o, (R*)-(P*)ei’ (6, (RY)),

garo Brever o,*(RY)-(PHeui’ (ZV),

gro Biever o," (RY)-(PH)el (Ui’ (L)),

aro Brewer o-(RY)-(PHeud (1(ui' (Z¥))),

aro Breuer o' -(PHeud (I(Ui¥ (X)))=I}, uro u TpeGoBanock

J0Ka3aThb.

6. 3aMKHYTOCTb.

d-3aMbIKaHHE MHOXECTBA Tpacc d-SaMKHyTO 0 OIPCACJICHULO.

TlosToMy MHOK€ECTBO - ud(l(uiv(}:,x) ) ) d-3aMKHYTO.

. IomHoTA.

Ilycte Tpacca u#e I’ sakanuumBaercs oTkazoMm, To ectb Ip (W) #J, KHOMKa

PeR, VzeP u'(z)el® u p'Afel®.

HysxHo nokasats, uto pt-(P*)-Afe IR,

Ecn of=pfAfeI®, 1o mo nemme 31 (1) maiimyrcst Takme tpaces 6,' u G,

uto o,'e¥’, o,%¢i’ (0,") u o'ed(o,?).

Torma Tpaccy ©," MoxHO mpeznctaButh B Buge o=, "M *, rme pted (u,*)

u Med(M*).

Taxxe Ttpaccy ©," Moxuno mnpencraBute B Bume O,'=p,"A,f, rae
# 2V # o -V s

H"er (Up") | ATer (A7)

IMockosbky nemMMe 28 (2) MHOKECTBO X' mNpe(uKc-3aMKHYTO, O,'eX’ wu

02#=H2#'7\42#, UMEEM u2#€ Zx.
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Tockonbky BimonHenbl yenosus VzeP ph(z)eIX, a rakxe p'ed (w,*) wu

v .
wfei’ (u,*), mo memme 31 (2) tpacca W,* me mpomomkaercs npelicTBUAME
zeP Bo MHOxecTBe wd (XF).

VYenosue Ip (L) #D Brneder Ip (W) #, uro Bieder nubo Ip (U,)#D, mmubdo
Ip (u,) =3. Paccmotpum aBa atux ciay4as (7.1 u 7.2).

7.1.

7.1.1.

Ip (uy) =J.
3meck Bo3MOXxHBI 1Ba moxachydas (7.1.1 u 7.1.2) B 3aBUCHMOCTH OT TOTO
wh (e, Ve’ wm pt (e, y)er’.

# x
w2, ek’

B 5TOM ciydae BBINONHEHBI BCE YCIOBHA TOTO, 4To OoTKa3 P! sBmsercs
0COOBIM OTKa30M MocJle Tpacchl ;"

IMockonbky W,"A,*=6,7€X*, a Bce Tpaccel muoxkectBa XF  L-nosHsl,

10IKHO ObITh W, (P*)-A, e X .
M1 sokaskeM, uto Wy - (PF)-Afei” (uy*-(PH)-A,0) .

Jlnst STOro JOCTAaTOYHO [AO0KA3aTh, YTO ecld Tpacca A,' Moxer ObITh
npenctabnena B Buge A=A, *A,*  um mexoropeii Rf-otkaz R*
HeobxoauM mocie Tpacchl M,"A,:f, To mubo B XF cymectyer Tpacca
W (PHY A F (RT)-A,,", mmbo otkaz  R*  HeoOxomum mocie  Tpacchl

ot (P*)-As .

IMockonbky oTka3 R Heobxomum nocne tpacehl W,*A,, ", aTa Tpacca ne
npojoKaeTcs acicTBusMu u3 R B Ud (XF) .

Ho torna tpacca W, (P*)-A,;" Taxske e npomomkaercs nelcTBUAMEU U3 R
B ud(X").

Paccmotpum nBa Bapuanta (7.1.1.1 m 7.1.1.2) B 3aBHCHUMOCTH OT TOTO,
Ip (W, (P)Ay1) 2D nnm Ip (W (P)-Ay ) =2

3necb BO3MOXHBI 1Ba mnoxaBapuanta (7.1.1.1.1 wu 7.1.1.1.2) B
3aBHCHMOCTH oT TOTO W (PHA (R, V) E* WIN

o' (B Ao " (R, y)E T
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7.1.1.1.1.

7.1.1.1.2.

7.1.1.2.

7.1.1.2.1.
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# # # X
Hz <P >'7\,21 <§, 'Y>EE .
Tor,ua BBITNIOJIHEHBI BCE€ YCJOBUSA TOT'O, YTO OTKa3 R# OCO6LIﬁ I0CJIC

tpaccer W,"(PF)-A,, .

Hockombky " (PF)- Ay P A =" (PF)-A,fe ¥, a  Bce Tpaccel
MHO)ecTBa X' L-mosubl, gomkHo ObITh W, (PF)-A, . " (RF)-A,,fe B,
9TO U TPeOOBATIOCH TOKA3aTh.

o' (PF) Aot (R, y)e X

Torna BHITIONHEHBI BCe YCIOBHSA HEOOXOOMMOCTH oTKaza RY mocie

tpacewl W, (P*)-A,1", uto M Tpe6GoBanock nokazars.

Ip (W, (P)-hs1) =2
710 yenosue Bieder Ip (Uy-Ayy) =D,

Torza, nockonbky otkas R Heobxomum mocne tpacen W,*A,, ", ata
Tpacca He [POI0JIKAETCA HUKaKuMK oTKaszamu B Ud (X) .

Orcroza crexyer, 9to Tpacca [,(P)-A,; HE NPOAOIKACTCS HUKAKUMH
otkazamu B Ud (X) .

3necb BO3MOXHBI 1Ba mnoxaBapuanta (7.1.1.2.1 wu 7.1.1.2.2) B
3aBHCHMOCTH oT TOTO wr-(PHA (R, V) Z* WIN
o' (B Ao " (R, y)E T

wo-(P)Ass (R, V)E X"

Torza BHIMOJHEHBI BCE, KPOME OJHOTO, YCIOBHSA R-HEKOHBEPIEHTHOCTH
tpacce W,"-(PH)A,1" B E% ReRUQ & W, (P*)A,feX &

o' (P Aor ™ (R, V)L & VzeR W' (PF)Ay " (z)e "

He BBINOIHEHO MOXKET ObITH TONBKO yciioBue W,* - (PF)-A,, - (RF)g I¥.

Ho, nockosbky Bce L-tpaccsl B £° L-KOHBEPre€HTHBI, 9TO YCIOBUE U HE

JIOIKHO ObIT BhIONHEHO: L, (PF)-A,, *(RF)e T .

Ho sto nporuBopedur Tomy, u4to Tpacca My (P)-A,; HE MPOIOIDKAETCS
HUKAaKuUMH oTKazamu B Ud (X') .

CrnenoBatenbpHO, pacCMaTpUBAEMBIH ITOIBAPHAHT HEBO3MOKEH.



7.1.1.2.2. HZ#.<P#>.7\’21#.<§’ ’Y>€ Ex.

7.2.

Tor,ua BBITIOJITHEHBI BCC YCJIOBUA H€06XOL[I/IMOCTI/I OTKa3a R# mocJie

Tpaccsl W, (P)-A,;, 9TO U TPEOOBAIOCH IOKA3aTh.
Wrak, M1 gokazami, uto [y (P Afei” (u,f-(PF)-A,%) .
Torma w,*(P")-A feui’ (X9,
aro srewer W, "-(PH)-Afel (L' (XF)),

aro  mmever pH(PH)Aeud (L(UiY (£F)))=I%, uro u TpeboBamoch
JIOKa3aTh.

w8, y)eZt

Torza BbIIONHEHBI BCE YCIOBMA HEOOXOAMMOCTH OTKasa P mocie Tpacchl
W,, 9TO B TPEOOBAIOCH JOKA3ATh.

A torma yenosue Wy FAfei’ (uotALt)

sreuer W' (PH)A fei (u,f ALt

Torma w*(P*)-A feui’ (X9,

aro suever W, *-(PH)-Afel (Li' (ZF)),

aro mmewer p'(PH)Ateud (1(UIY (ZF)))=I%, uro u TpeboBamoCh
JI0Ka3aTh.

Ip (n,) =2.

IMockomeky Ip ()20 u pted (,*), momxno 6wite Ip (W, ) 2D.

Ho Torzma oTka3sl B KOHIIE Tpacchl ;" BCTaBIeHsI IpH mepexonme oT W," K
1 2
W, ", To ecTh XOTs ObI OJMH OTKA3 HEOOXOUM Hocne L,".

Torna, nockoneky Ip (U,) =, Tpacca l-lz# He npogomkaerca B Ud (XF)
HHUKaKMMH OTKa3aMH.

Taxxke mnoBTOpUM, uTO Tpacca W,* He mpomomxaerca B wd (ZF)
JNEUCTBUSIMU U3 P.

PaccmoTpum JBa nojiciydas () B 3aBUCUMOCTH OT Toro ' (B, V)¢ X' wm

HZ#'<9r Y>€Ex-

173

72.1. wt(B, et

IMockombky Tpacca [, He mnpomomxaercas B wd (XF)  HuMKaKMME
OTKAa3aMH, OHA He MPOJIOIKAETCA HUKAKMMM OTKa3aMH B X', B TOM 4HCIE U
otkaszom P

Ho Torja BBINONHEHBI BCE YCIOBUS P-HEKOHBEPTEHTHOCTH Tpacchl |L,' B
T¥, 4ero OBITH HE MOKET, HOCKOJBKY BCE TPACCHI B B X' L-KOHBEPreHTHBI.

CHG,I[OB&TGHLHO, OTOT HO,Z[CHy‘-I&ﬁ HCBO3MOXCH.

722, Wt (2, y)er’.

Torzna BHITIONHEHE! BCE YCIOBHS HEOOXOMUMOCTH OTKaza PY mocme Tpacchr
Mo.

v
A torma yemosue o tA feit (potALt)

sreuer W, *-(PH)Afei (ot ALt
Torma w*(P*)-A feui’ (X9,
aro suever W, *-(PH)-Afel (Li' (ZF)),

aro  mmewer p'(PH)Ateud (1(UIY (ZF)))=I%, uro u TpeboBamoch
JI0Ka3aTh.

Wrak, mbi nokazami, uro pf-(P*)-Afe IR, Tem campiv 10Ka3aHO BBITIONHEHHE

CBOMCTBA MONHOTH B N,

JlemMa gokazaHa.

6.52. [lokazaTenbcTBO Nemmbi 33

1.

MuoxectBo I' comepkut ToNbKO L-Tpacchl 1Mo MOCTPOSHHIO: MHOXKECTBO X
comepkut L-Tpacchl M Tpaccel ¢ He-OTKasaMu, omepamusi i°  aobasisier L-
TPacChl ¥ TPACCHI C HE-0TKa3aMu, onepauusi | yaaiseT Tpacchl ¢ He-0TKa3aMH,
omeparusi d, TMpUMeHEeHHas K MHoxecTBY L-Tpacc, mobaBnser Tombko L-
TPACCHL

Muoxectso 1" coiepuT Bee L-Tpacchl U3 MHOKECTBA X' MO MOCTPOCHUIO:
orepanus iV me yaajseT Tpaccel M3 X', onepanus I ypanser Toibko He L-
Tpacchl, a onepanuss d He yJaiseT TPacChl.

MuoxkectBo 1Y  sBusleTcst MOTHOM TpaccoBOi Mojaensio B andasure L,
MOCKOJIEKY OHa SIBJIIETCS paCIIUPEHHEeM [0 TIOJTHOH TpPacCOBOM MOJCIH
MHOJKECTBa IR, koTopoe 1o JemMme 32 sBisiercst Rf-monensio B andasure L*.
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6.53. [loka3zaTenbcTBO NeMmmbl 34

Iycts Tpacca cfe IR\E".

Torma mo nemme 31 (1) HaiimyTcs Takue Tpaccel G.' u o,%, uto ©,'eX,
o,'ei¥ (0,%) u o'ed(o,?).

PaccMOTpHUM fBa CIyyas.

1. Bce oTKa3bl, KOTOpBIE ObLIM BCTABIEHBI IPH Tepexosie oT 6," k o,%, ynanens:
npu nepexone ot ;' x o'

Torma o*ed (6,").
Torma mu6o ote X%, mubo ofe X0,
1.1. oteXx®
Toraa o nemme o d-cBoiicTse (memma 30) o*eX’, uTo He BepHO.
DTOro cayyas ObITh HE MOYKET.
12. ofex®
IMockonsky 6,*e X, mo nemme 28 (1) umeem o, e X0~
Mockonbky o'ed (o,"), umeem ofeud (Z°).
CrepoBaTensHo, ofeud (X017) \X°~.

Ilo Teopeme 11 Bce Tpaccel m3 ud (X°) \X°" sBnsioTcs OmacHBIME
TpaccaMy ~IIOIOJIHEHHS.
Crenosatenbho, Tpacca o wumeer mpedukc W' (u*), roe tpacca pf
Ge3omacHa B ~IOMOJHEHUH, a HaOmojeHHe u' omacHo B ~IOMONHEHUH
nocne Tpacchl W, uTo u TpeGoBanock K0KazaTk.

2. Tpacca 6" comepxut o0TKa3, BCTaBIeHHHII NpHU mepexone oT G," k o'

BribepeM nepssiii Takoit otkasz Pfe RF.

Torpa y tpace o', o,*

u o," ectb mpepurcer Pt (PH)<ot, w,*(P*)<o,* n
w*<o,* Takme, wro WX’ wt(PHei' (wt) wm pt(PHed (Wt (P*), u
orka3 P* HeoOxomum mocse Tpacchl .

Venosue pt(PHed (u,*(P*)) Brewer pfed (u,*).

Torza o mepBoMy U3 yCIOBHI HEOOXOIMMOCTH OTKaza |, (&, y)e I'.

Torma w," (2, y)e X" no nemme 28 (1),

gTo 1o Teopeme 10 (6€30mMacHOCTh KHOIOK B ~(HMHAJIBHBIX Tpaccax) BJEUET
P’ safe, L~ after |1,".
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IMockonmeky W,'eX® u p'ed(w,*), no nemme 16 (6ezomacHocTh ToCiE
oTkasa B ~puHANBHBIX Tpaccax) P safe, X~ after .

Hanee mubo W'e X, mibo pte X0
2.1, pfexo,

IIo Teopeme 11  SafeBy (T~ L)=X°, cnemoBarenpHO, Tpacca [l
0e3omacHa B ~IOMOJTHCHUH.

#

[ockonbky Taxxke W'(P*)<c* u P safe, X~ after nu*, tpacca ' nmeer

#

mpepuxc ' (P*), rme tpacca W' Gesomacma B ~momonHenwwn, a

Habmogenue P omacHo B ~nomonHeHuu nocie Tpaccel W', uro wu
TpebOBaIOCh J0Ka3aTh.

22, ufer®
TMockosbky W,*e X¥, mo nemme 28 (1) umeem p,*e 0.
IMockomeky M'ed (W,*), nmeem pfeud (£2°07).
Crnenoparenbho, W'eud (Z°7) \Z"

Ilo teopeme 11 Bce Tpaccel u3 wd (X°%7) \X%'" saBnsioTcs OmacHBIMU
Tpaccamu ~IOMOJHCHUS.

Cnenosatenbho, Tpacca W' wumeer mpeukc k'-(u*), rae tpacca k¥

Oe3omacHa B ~IIOIIOJIHCHHH, a Ha6.]'HO,H€HI/I€ L‘l# OIIaCHO B ~IIOIIOJIHCHHH

nocne Tpacchl k.
Hockombky p'-(P*)<o®, a «'-(u*)<u’, tpacca «*-(u*) saBnsercsa Taxke

npeduKcoM Tpacchl G', 9To M TpeOOBATIOCH 10KA3aTh.

6.54. lokazaTenbCcTBO NemMmbl 35
ITo nemme 32 Tpaccsl MHOXKECTBa I® me COJIEpIKaT JTUBEPICHLIMH U Pa3pyLICHHUS.

Torma Tpaccel MHOXECTBa IV = Ext(IR) TaK)Ke€ HE coJepiKaT OAUBEPTCHINU U
paspyLueHuUs.

CHC[[OBaTeJ'ILHO, CUII0TE3a 0 0€30IaCHOCTH MOKET OBIThH HapylicHa TOJIbKO H3-3a
HeHa6J’HO,HaeMLIX OTKa30B.

~ %
ITycts Rf-tpacca of GesonacHa B cneuupukanuu X, uMeeTcs B peanusauuu I,
aorkas Q*e Q' Gesomacen mocne ¢* B X

Hawm nyxHo nokasats, uto Qf safe in I after c*.
Venosus 6'eSafeBy (T",L) u o'el’ Biekyr no nemme 34 c'e X,

Toraa mo nemme 28 (1) cfe X0~
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[TosTomy 1o Teopeme 10 (6e30macHOCTH KHOMOK B ~(pHHAIBHBIX TPAaccax) yCIOBHE
Q' safe, T~ after 6 Bnever o'-(g, y)e X,
yTo 110 iemme 28 (1) Biever o' (g, Y)e L.
Bce tpaccel B ¥ L-KOHBEPIEHTHBbI.
TMockosbky ©'eX¥, ona L-koHBepreHTHa U, CIIE0BATENLHO, Q-KOHBEPIEHTHA.
A Torma, mockoibKy O'-(g,Y)2X’, NOWKHO HaHTHCh Takoe HaOIOIEHHE
ueQuU{Q"}, uro of-(u)eX”.
Ilo npaBunam BEIBOJA ~(PUHANBHEIX TPAace B 3THX Tpaccax HeT QF-oTkasos,
CIIe0BATENBHO, X HET B Tpaccax u3 X', mockonbky X 'cX’™ mo memme 28 (1).
CraenoBarenpHo, u€ Q.
2% . %
Ho torma o (u)el’, uto Bnewer O safein 1" after 6*, uto m TpeGoBanock
JIOKA3aTh.
6.55. [loka3zaTenbCcTBO NeMmbl 36
v ~ 2% ~
ITo nemme 35 I safe for ¥~. loxaxem, uto I" saco X~.
Iycts Tpacca o' Oesomacna B X~, mabmogenue u GesomacHo B XL~ moclie
2%
Tpaccel 6°, mTpacca o*-(u)el’.
Torna no nemme 34 o' (u)e X',

ut0 1o nemme 28 (1) Bieuer of-(u)e X,

uTO BiieueT ©'-(u)e L, uTo M TPeGOBANOCH JOKA3AT.

6.56. [loka3zaTenbcTBO NeMmmbl 37

v v v
ITlo nmemme 33 muoxectBo I° sBisercst L-peammsanmei, comepkameir Bce L-
TPacChl U3 MHOXKECTBA L.

ITo temme 36 sTa peanmzanus KOH(OPMHA.

CrnenoBarenbHO, Bce ee Tpacchl L-koHhopmHBI, B TOM uucie Bce L-Tpacchl u3
MHOKECTBA X, TO €CTh TPAcchl U3 MHOXKeCTBa X MEC™.
6.57. JlokaszaTenbcTBO NemMmmbi 38

YTBep)KZ[eHI/Ie JICMMBI HCIOCPCACTBCHHO CIICAYCT U3 IMPpaBUJI BbIBOJA.

6.58. [lokazaTenbcTBO TeopeMbl 20
1. Tokaxewm, ato LN =x°.

ITo teopeme 11 SafeBy (T",L) =X°",
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a o onpenenenuio conf (T;, L) wumeem conf (T;L)cSafeBy (T",L).
Cnenosarensno, conf (T;L)cX.
Orcroza 1o nemme 29 conf (T~,L) X% \x (X°17).
Mockoneky E*=X%"\x (X°%%), umeem EZ*NEZ%"=X°"\x (%),
teM cameiM, conf (T~ L) X Nz,
Ilo nemme 37 E*NE%"cconf (T™,L).
Tem cambiM, Z'NE%"=conf (T",L).
Io onpenenennio X°° =conf (T,L) .
Crnenosarensho, LNE =X,
2. Tlokaxem, uto L*NE~=x’.

TMockonbky X'#J, nomkHO ObITh (Y)& X.
A Torja o omnpeneneHuo V-(puHATBHBIX TPAcC
IV={c-(B)AeX |6eX® & PeRUQ}.
Hanmee I'NE"=(X0\x (£°) ) nE'~.
Ortciona no emme 38 E'NEM"={c-(R)-Ae I |6e Z'NE® & PeRUQ}.
ITockoubKY 110 fokasaHHOMY L NE® =X mmeem T*NEP"=r'Y.
3. Tlokaxem, uto X*=x°.
Hmeem XX’ mo nemme 28 (1).
A torma, mockombky X°V=X°VUX', a mo mokazammomy X NI =X u
TAZ =2, mmeem E'=x°%V.
6.59. [loka3zaTenbCcTBO NeMmbI 39

1. Crauana gokaxeMm, 410 Xq(N\X)cx (N)\X, ucnons3ys TpaHCHUHUTHYIO
WHAYKIUIO.

1.1.  Hna opJuHaia o=0 YTBEPKICHUE BEPHO, TaKk KaK
xo (N\X) =dcx (N) \X.

1.2. Ilycrth yTBepsKICHHE BEPHO Uil BCEX OPAMHANOB (<0 W HOKAKEM €ro s
opAuHana Oo.

1.2.1. Caayana gokaxxeM yTBepXJAeHUE IJis IPEeIbHOro OpAuHaia ol.
Io onpenenennio x (N\X) =U{xp (N\X) |B<at}.

IMockomeky s P<O 1O  TMPEANONOKEHHIO  Iara  WHIYKIHH,
xp (N\X) cx (N) \X,
AMeeM:
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Xo (N\X)
= U{xg(N\X) |B<a}
c U{x (N)\X|B<a}
=x (N)\X.
1.2.2. JlokaxkeM yTBep KICHHWE JJIs1 HEMPEISITHHOTO OpANHANA (.
ITycth Tpacca c€xy (N\X).

Hawm namo nmokasare, uto 6ex (N) \X.

Bo3moxxHBI TpU BapuaHTa B 3aBUCUMOCTH OT TOro, IO KaKOMY MpaBUI1y

BBIBOJIa Tpacca G IOMalia BO MHOXECTBO X (N\X).
1.2.2.1. Tlpasuio BeiBOja 1.
YcaoBue 3Toro mpaBmwiia: GE X, 1 (N\X).
Torna mo npeanonoxeHuto mara HHAYKIUA cex (N) \ X.
1.2.2.2.  TlpaBuio BbIBOjA 2 /ISl P-HEKOHBEPreHTHOM Tpacchl: o= K.

VYcnosue 3Toro npaBujia:

uhxe (N\X) \xo 1 (N\X) & PeRUQ & u' (B, 1)e (N\X) \xq
L (N\X)

& VzePU{P*} p'(z)e (N\X) \xq 1 (N\X).
JlomycTiM, YTBEp KIeHHE JIEMMbI He BEpHO, To ecTh W' kg x (N).
1.2.2.2.1. Eciu pf-xe (N\X) \xq1 (N\X), 10 pi-keN.
Torpa uf-keN\x (N).
1.2.2.2.2. Eciu M-(Q, v (N\X) \xq 1 (N\X), TO BO3MOXXHBI TPY BapHAHTa:
1.2222.1. p' (2, y)¢N.
Torma p'-(2,y)eN\x (N).
1.22222. ' (g, yex.
Torma, mockoneky Xcx (N), p' (2, y)¢ N\x (N).

122223, ph(®, y)exq . (N\X).

Torza o mpeAnoNoKeHuIo mara nHaykuun (2, y)ex (N) \X.

Torma p'(2,y)ex (N).
Torma p'(2,v)eN\x (N).
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1.2.22.3. Bem  pf-(z)¢ (N\X) \xq 1 (N\X) s Npou3BOJBHOTO ZEP, TO

BO3MOIKHBI TPU BapraHTa:

122231, p*(z)eN.

Torma p'(z)e N\x (N).

12223.1.1 ph(z)ex.

Toraa, mockonsky Xcx (N), p'(z)eN\x (N).

1222312 ph(z)exq . (N\X).

1.2.2.3.
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Torza no mpeanonokenunio mara uaaykuun W(z)ex (N) \ X.
Torma p'(z)ex (N).
Torma p'-(z)¢ N\x (N).

Hrak, MbI UMeeM:

PeRUQ & phkeN\x(N) & p' (2, v)eN\x(N)

& VzePU{P*} pu*(z)eN\x (N).

Mo onpenernennio x (N) cymecTByeT Takoi opauHan [3, ato

x (N)=xg(N) u xg(N)=xp,1 (N).

CrnenoBarenbHO:

PeRUQ & p*keN\xg(N) & p*(2,7)eN\xp (N)

& VzePU{P"} u*(z)e N\xp (N).

Ho torna p*-ke¢xg (N) 1o npasuiy BeiBoga 2 U -kexg,; (N).
Ho st0 mpotusopeunr pasenctBy xp (N)=xp,1 (N).

CrnenoBarenbHO, Hallle AOIYIIEHHE HE BEPHO, U u#xex (N),dron
TpebOBaIOCh 10Ka3aTh.

IIpasuso BeBoaa 3 a1s P-HenonHoi Tpaces: nocne p': o=pt Atk
Vcnosue sToro npasuna st (ocoboro) otkaza P

PeR & pfAfke (N\X)\xq 1 (N\X) & Ip(W)=D

& uh(B, e (N\X) \xq 1 (N\X) & p'(PH)Afe (N\X) \xo 1 (N\X)

& VzeP u'(z)e (N\X) \xq 1 (N\X).

Homyctum, yTBep>KIeHHUE JIEeMMBbI HE BEPHO, TO €CTh u#?»#-KeEx (N).



1.2.2.3.1. Ecin pfAfke (N\X) \xq 1 (N\X), 10 pf-AfkeN.
Torma uf-A*keN\x (N).
1.2.2.3.2. Amanornuno 1.2.2.2.2 p*-(2, )¢ N\x (N).

1.2.2.3.3. Ananoruuno 1.2.2.2.3: VzeP p'(z)gN\x (N).
1.2.2.3.4. Bcmn p*-(P*)-Afe (N\X) \xo 1 (N\X), TO BO3MOXKHBI TPH BAPHAHTA:
1.2.2.3.4.1. p'(P*)A*eN.
Torma p*-(P*)-Afe N\x (N).
122342, pt(pt)Atex.
Torna, mockonbky Xcx (N), p'-(PH)-AfeN\x (N).

122343, ph(PH)Aexe (N\X).

Torna no npeanonoxenuto mara uaaykuun W (P*)-Afex (N) \x.

Torma p'-(P*)-Afex (N). Torna u'-(P*)-Af¢ N\x (N).
Hrak, MbI UMeeM:
PeR & p'AfkeN\x(N) & Ip(p)=#2
& uhe,NeN\x(N) & p'(PH)AfeN\x (N)
& VzeP p'(z)¢N\x (N).

ITo onpenenenuto x (N) cyliecTByeT Takoi OpAMHAT @, UTO
x (N)=x,(N) n x¢(N)=x4.1 (N).

CrenoBaTenpHO:

pPeR & pfAfxkeN\xy(N) & Ip (n)#

& e, NeN\xy,(N) & ph(P")-AfeN\xy (N)

& VzeP u*(z)eN\x,(N).

Ho rorna p*Afkex,(N) uno npasuny BeiBoga 3 W'A*-kexy,: (N).

Ho 310 npoTHBOpEYUT paBEHCTBY Xo (N) =X¢+1 (N).

CreoBaTenbHO, Halle Jonylienue He BepHo, 1 UWAf-kex (N), uto u

TpeOOBaIOCh I0KA3aTh.
[ar HHIYKIMK IJT HEMPEISIbHOTO OpAMHAA JOKa3aH.
lar uHIYKIMHA JOKa3aH.

Bnoxennocte x4 (N\X)cx (N) \X mgoka3ana.
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2. Temepp nokaxem, uto X (N\X)Dx,(N)\X, HCHONB3ys TpPaHCHUHUTHYIO
WHAYKIUIO.

2.1.

2.2.

2.2.1.

2.2.2.

Jlnst opoviHana O=0 yTBEPKICHUE BEPHO,
Tak Kak X, (N) \X=G\x=Ocx (N\X).

ITycTs yTBEpKACHUE BEPHO IUTA BCEX OPAMHATIOB [<O U JOKaKEeM €ro st
opauHama O.

CHauana JokakeM yTBEpKIACHHE JUTsl MPEAeTLHOTO OpArHaIa O

ITo onpenenennto xq (N) =U{xg (N) |B<a}.

[Mockonbky  auns B<a 0 MPEAIOJIOKEHUI0  I1ara  HMHAYKIWH,
x (N\X) oxp (N) \X,

HMEEM:

X (N)\X

= Uf{xg(N) |B<a} \X

U{xp (N)\X|B<a}

c U{x (N\X) |B<a} =x(N\X).

I[oxaxceM YTBEPXKACHUC IJIA HENIPECACIbHOIO OpAuHaia .

ITycts Tpacca Gexy (N) \X.
Hawm Hano mokasatk, uto Gex (N\X).

Bo3MoHBI Tpu BapuaHTa B 3aBHUCHMOCTH OT TOrO, IO KaKOMY IpaBUILy
BBIBOJIA Tpacca © TMOMNaja BO MHOXKECTBO X (N).

2.2.2.1. TIlpasuno BeiBoma 1: o=L.

VYcnoBue sToro nmpaBmia: PUexy 1 (N).

Torma 1o IpeAroNoKeHHIO Mmara HHAYKIUH Hex (N\X).

2.2.2.2. Tlpasuso BbIBOjia 2 /Ul P-HEKOHBEPIeHTHOMN Tpacchl: O=[L" K.

Venosue storo npasmwia: Wke N\xq_; (N) & u#~<P,Y>EN\xa,1(N)
& VzePU{P*} u'(z)eN\xo 1 (N).

JomycTuM, yTBepKIeHUe TeMMBI He BepHO, To ecTh U kgx (N\X).

2.222.1. Ecmu pu*keN\xq, : (N), 10 pu*keN.

IMockonbky W' K=0€x4(N)\X, u' ke N\X.
IMockonbky W' kegx (N\X), umeem U'-ke (N\X) \x (N\X).

2.2.2.2.2. Ecin M-(Q, v)&N\x,_ 1 (N), TO BO3SMOXKHBI IBa BAPUAHTA:

222221, pt(2,7)eN.
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Torna p'- (2, y)e (N\X) \x (N\X).

222222, pt(R,y)exqe . (N).

2.2.2.2.3. Ecimn u’*-(z)eEN\xa,l(N) JUI TIPOU3BOJIBHOIO zEP, TO BO3MOXHBI

Torza o mpeAnonoKeHuIo mara nHaykuun W(2, y)ex (N\X).

Torma p*-(2, y)& (N\X) \x (N\X).

J(Ba BapuaHTa:

222231, ph(z)eN.

Torma p(z)e (N\X)\x (N\X).

22223.1.1 p*(z)exq, (N).

2.2.23.

Tora no npenonoxkenuio mara uHaykuun W-(z)ex (N\X) .
Torna p'(z)e (N\X) \x (N\X).
Hrtak, MbI UMeeM:
PeRUQ & pfxe (N\X)\x (N\X) & p'(B, y)e (N\X)\x (N\X)
& VzePU{P*} pu*(z)e (N\X) \x (N\X).

o onpenenenno x (N\X) CyIecTByeT Takod opauHai [3, 4to
x (N\X) =xg (N\X) m xg(N\X)=xg,1 (N\X).

CrnenoBarenbHO:

PeRUQ & pfke (N\X)\xg(N\X) & p'(B,y)e (N\X) \xp (N\X)
& VzePU{P*} u*(z)e (N\X) \xg (N\X).

Ho Torma u#-KeExB(N\X) U TI0 TIPaBHITY BEIBOJA 2 u#-KexBﬂ(N\X).
Ho 510 npotusopeunt paBeHcTBY Xp (N\X) =xp.1 (N\X).

CrnenoBarenbHO, Hallle JOYIIEHNE HE BEPHO, U u#xex (N\X),grto n
TpebOBaIOCh 10KA3aTh.

IIpaBuno BeBoaa 3 a1s P-HenonHoit Tpacesl nocne p': o=pf Atk
Vcnosue sToro npasuna st (ocoboro) otkaza P

PeR & pAfkeN\x,; (N) & Ip(u)#D

& ph(®, 1eN\x, 1 (N) & p'(P*)-A'eN\x, . (N)

& VzeP }.L#-<Z>E N\xq: (N).
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Homyctum, yTBep>KIeHHUE JIEMMbI HE BEPHO, TO €CTh u#-M-Kex (N\X).
2.2.2.3.1. Ecmn ufA"keN\xq_; (N), 10 phAf-keN.
Mockombky WHAfk=cex, (N)\X, ptAf-keN\X.
IMockombky pHAfxgx (N\X), umeem pf-Af-ke (N\X) \x (N\X).
2.2.2.3.2. Amanormuno 2.2.2.2.2 p*(2, y)g (N\X) \x (N\X).
2.2.2.3.3. Amanornuno 2.2.2.2.3: VzeP p'(z)e (N\x) \x (N\X).
2.2.23.4. Ecu pf(P*)A*&N\x, 1 (N), TO BO3MOKHBI /B2 BADHAHTA:
222341, ph(pH)AeN.
Torma p'-(P*)-Afe (N\x) \x (N\X).
222342, ph(PH)Afexos (N).
Torna no npeanonoxkenuto mara uaaykuun W (P*)-Afex (N\X) .
Torna p'-(P*)-Afe (N\x) \x (N\X).
Hrtak, MbI UMeeM:
PeR & p'Afke (N\X)\x(N\X) & Ip(n)zJ
& uh(®, e (N\X) \x (N\X) & ph(P*)Afe (N\X) \x (N\X)
& VzeP p'(z)g (N\X)\x (N\X).

ITo onpenenenuto x (N\X) cymiecTByeT Takoil opauHaI Y, 4TO
x (N\X) =xy, (N\X) 1 xy (N\X)=xy,1 (N\X).

CrenoBaTenpHO:

peR & pfAfxe (N\X)\xy (N\X) & Ip(n)#J

& uh(B, Ye (N\X) \xy (N\X) & p'(P*)-A'e (N\X) \xy (N\X)
& VzeP p'(z)e (N\X) \xy (N\X).

Ho torna p*Afkex, (N\X) wu 1o npasury BbiBoxa 3

wrA kexy.: (N\X).

Ho 510 mpotuBopeunt paBeHCTBY Xy (N\X) =xy,1 (N\X).

CirieioBaTesIbHO, Hallle JonylieHue He BepHo, 1 W' Af-kex (N\X), 4o
" TpeOOBAIOCH T0KA3aTh.

lar uHAYKIMH U1 HEMPEISIEHOTO OPAMHANA JOKA3aH.
lar uHIYKIMHA JOKa3aH.
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Baoxennocts x (N\X)2x, (N) \X moka3ana.
3. Teneps gokaxkeM yTBepkaeHue JJeMMbl: XUx (N\X)=x (N).
MEs1 uMeeM A1 KaKI0T0 OpAnHANA O
xo (N\X)cx (N)\X 1 x (N\X)2Dxo (N) \X.
ITo onpenenenuro x (N) cymecTByeT Takoi opaunan @, uto x (N) =x, (N)
u Xy (N)=x4,1 (N).
ITo onpenenernnio x (N\X) cymecTByeT TakO¥ OpaWHAN Y, UTO
X (N\X) =xy (N\X) # xy (N\X)=xy.1 (N\X).
Bribepem U3 opauHAIOB @ W Y HaWOOJBIINI OpAWHAIN, KOTOPHIH 0003HAYNM
7. OueBnpHO, 4T0 X (N) =X (N) =x¢,1 (N) Bueder x (N)=x,(N)=x,(N), u
x (NAX) =xy (N\X) =xy.1 (N\X) Breder x (N\X)=xy (N\X)=x;(N\X).
Torma  x;(N\X) cx(N)\X n x (N\X)2x;(N)\X.
Torma x (N\X) cx(N)\X m x(N\X)2x (N) \X.
TeMm cambiM, x (N\X)=x (N) \X.
Otcrona, mockoibky Xcx (N), umeem x (N) =xXux (N\X).

JlemMa JokazaHa.
6.60. Joka3zaTenbcTBO Nemmbl 40

[lo ompeneneHuio OTHOWICHHE «=<{» O0JIaZaeT CBOICTBAaMM PEQICKCHUBHOCTH M

TPaH3UTUBHOCTH. Ham ocranmoch mokasaTs ero AHTUCUMMCTPUYHOCTD:

of<6't & o g6’ = ot=c"*.

JlefcTBUTENBbHO, YCIOBUE o'<c' ' & o <o’ Brneuer

#

CYILECTBOBAHHME MOCNEN0BATENLHOCTH O'=0,"%,..%,0,'=0" X .5 0,'=6".

# # #

Ho, nockonsky 6'=<,6"* mo onpenenennio o3nauaer o'=c"* v o'<,6°% ams

6:%=<.6:,." cnenyer, uto Tpacca ©..," nnummee Tpacce G;*

TaKas nocjeJ0BaTCIbHOCTL BO3MOYKHA TOJILKO B TOM Cliy4ae,

# #

xorna o'=c,*=.=0,'=c"*=..=0,*=c", uro Bneuer o'=c"*.

6.61. JokaszatenbcTBO Nemmbl 41

W3 ycnoBuii 1eMMBI CleyeT, YTO HalIyTCsl TaKUe N W m, YTO

#

6'=0,"'%,0,"<,..5,0,,"<,0,/%...<.0,=6" ", tne 0, ."eN u o,"e¢N.

Torma mo mpaBmTy BEIBOJA 3 IMeEeM:
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G,..'ex; (N), o,,'ex, (N), ..., o,%ex,., (N), oo'ex, (N).
IMockonsky 6¥=6,%, umeem otex, (N).

Iockonsky X, (N)cx (N), umeem ctex (N).

6.62. [lokaszaTenbCcTBO NeMmbl 42

1. Ilycts ueL.
Torma

Aoy = {Saftern,|n.edi” (6:(u)) NSafeBy (F(S) )}
= {U((Safter n) after (u))
| nedi” (c)NSafeBy (F (S)) & usafe by F (S) after L}
= {U(adafter (u)) | achs & usafebya}.
Takxe req.=9.
Tem camMbiM, (Ag(uyTow) = (AsTc) safter u.
2. Ilycte ueR.
Torma
Aoy = {Safter n,|n.edi” (6:(u)) NSafeBy (F(S)) }
= {U((Safter ) afterp)
| uedi” (c)NSafeBy (F(S)) & Vi=l.|pl|
p(i)CUrcsUR & p(i) safeby F(S) after w-p[1..1-11}
= {uU(a afterp)
| aeA(o) & Vi=l.|pl
pP(1)cCUrsUR & p(1i) safeby U (aafterp(l.i-1])}.

Taxke row={UrsUR}.

Tem cambiM, (RAg. ) Tow) = (BsTs) Safter u.
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6.63. [loka3zaTenbcTBO NeMmbl 43

ITo ntemme 42 umeeM (Ags,rg) Safter R =

(Ag.(r)Lozr)) -

Io onpezenenuio rqz=1{{VIp (6:(R)) } |Ip (6:(R)) #D}={Ulp (6-(R)) }.

Eciu RCUrs, 10 ro#2d U ro={Ulp () }={Ulp (c:(R)) }.

CrenoBarenbHo, o ry=Co.

Io onpenenennio Aqxy = {S after u|uedi” (6-(R)) NSafeBy (F (S)) }.

Ecmn RCUrg, 10 ro2d u re={Ulp (G) }, cnenoBarensno, RCUIp (G).

A rorna di” (0-(R))=di" ().

CrenoBaTenpHoO, Ao = (S after L | uedi” (6) NSafeBy (F (S) )} = A,

6.64. [lokaszaTenbCcTBO Nemmbl 44

1.

2.1.

Cnyugaii 1: uel.

VYTBepxIeHUE JEMMBI CIEAYET U3 TeOpeMbl 12 u paBeHCcTBa Ur=UIp (G).
Cnyuaii 2: ueR.

Iycrs 6'€ X% n u’ safey I~ after "

IMockonbky ue R, umeem Ip (G-(u)#J.

ATorma re.={Ulp (c-(u)) }={uuulp (G) }.

Crenoarenbho, yenopue QCuUUIp (G) DKBHBAICHTHO YCIOBHIO QCUT .y

Jormyctum, yTBEepKICHNE IEMMBI HE BEpHO. Toraa BO3MOXKHEI [1Ba MTOICITydasl.
#

IMoncnyuait 1: Habmopmenme u* L-akryansHo mocte o, HO s

HEKOTOPOro Q€Q Takoro, 4to QCUTre. (), M HEKOTOPOTO A€ A, UMEET

MecTo Q safe by a.
IMockonsky ©*e X%, mo Teopeme 12 (1) Tpacca 6" L-akryanbHa.

A Torpa, nockonsKy Habmogenne u' L-akTyansHo nmocie G,

tpacca o-(u) L-axtyanbha.

Toraa 9Ta TpacCa BCTPEHACTCA B HeKOTOpOﬁ 6630HaCHO-TeCTI/Ipy€MOﬁ I

~nonoHeHns L-peammzamun I
Ie Safelmp (T"L) n o"(u*)el
Ie Safelmp (T",L) Bneuer Iy eSafelmp (T"L)y.
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2.2.
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Ilo nemme 19 T =, T, vuro BIeuer Safelmp (T",L), =
Safelmp (T,L) .

Hanee Safelmp (T,L); = Safelmp (T).
TMostomy Iy eSafelmp (T), a o-(u)el;, To ecTpb sBISETCS AKTYalbHOM

Tpaccoi It UCXOAHOH crienuduranun X.

ITo ompenenenuto As.(,y UMEEM
a=(Safter L), rne ULedi” (c-(u)) NSafeBy (X).

ITo memme 1 ycnosust pUedi™ (6-(u)) u  o-(u)ely Bmekyr uel, To ectp
Tpacca [l SIBJISICTCS aKTyaJbHOM Tpacco JUis UCXOAHOMW crienupukanuy X.

A Torpma, mockonbky UeSafeBy (X), mo nemme 5 (2) Tpacca U
~KOH(OpPMHa.

Crenosatenbho, pie X

IMockonbky a= (S after 1),

ycioBue Q safe by a Bneuer Q safe by (S after ).

Ilo onpeaeeHu0 OrpaHUYCHHOTO OTHOILCHUS Safe by:

Q safe by (S after L) = Q safe by X after |\.

Torma no omnpenencHuto ~0€30MACHOCTH KHOTIOK Q safe~by X after L.

Torna mo npaBuiy BeIBOJIA ~puHANBHBIX Tpace - (8,y)e I
Tlockonbky ycnoBuss QcuuUUIp (G) u OCUr gy IKBUBAJIEHTHbI,

QCUrg y BiEYET ocuuwulp (o).
HTak MBI TOKa3aju:

ocuuulp (6), pedi” (o-(u)), u'eX’, p'(eyer'.

Ho Toraa mo teopeme 12 (2) nabmonenne u* me L-akryansHo mocie o,

YTO MPOTHBOPEYMT ero L-aKkTyalbHOCTH B paccMaTpUBAEMOM MOJCIydae
2.1.

MBI OpHILIK K IPOTHBOPEUHIO, CIEA0BaTENbHO, Iocaydas 2.1 He ObIBacT.
IMoncnyuaii 2: Habmonenne u' me L-aktyamsno mocne of, mo ma
Kaxkaoro Qe Q Takoro, 4To qur6.<u>,141<a>1<z[0ro ae A(S-(u) HUMEET MECTO

Q safe-by a.

IMockonbky Habmoaerne u' me L-akryansHo mocne 6*, mo teopeme 12 (2)
HaljeTcss kKHomKa Q€ Takas, uto QcuuUUIp (G), W Halimercs Tpacca

#

uedi” (o-(u)) Takas, uto pwreX’ u p'(g,y)eX'.



[To mpaBunaM BEIBOJa ~(WHAIBHBIX TPACC Mpl OyzeM HCIoIb30BaTh onpejiesieHne ~(pHUHaAIBHBIX Tpacc U3 rnoapaszena 4.2,
~ KOTJla ICXOHas crnenndukanys 3anasa B suae LTS S.
ycnoue W(g,Y)g X' Bueder Q safe~by X after . A A muican A A
. PaccmoTpuM /1Ba BOSMOXKHBIX CIy4as B 3aBUCHMOCTH OT TOTO, JOCTI)KHMO WIIH
A TOrJia MO ONpEJENeHUI0 ~0e3onacHocTy Q-KHONOK HaizieTcs Tpacca HeT pa3pyIleHHe i3 HAYATbHOTO cocTosmms LTS S.
kedi” (L) NSafeBy (¥) Takas, uto Q safe by X after K. "
2.1, se=(y)=.
U3z kedi” (L) u pedi”(o-(u)) cuepyer, yro kedi” (c-(u)).
Torna Bce Tpaccel LTS S™ momywaroTcs 1O npaBUIly BBIBOJA!
TTockonbky Takke ke SafeBy (L), umeeM kKedi™ (6-(u)) NSafeBy (X) .
g ey ) Safely IR) s0=(1)= b ¥,

A TorJa no ornpeneaeHuIo Agy HMEEM a= (S after x) € Ag.uy- a BCe TPacCHI ¥OIv o TPABHITY BEIBOJIA:

VYcnosue Q safe by X after K 10 onpeAeiICHUI0 OTPAHUYCHHOTO OTHOIICHHS ) se=(1)= F eI & (y)eX.

safe by Bineder Q safe by (S after ), uTo SkBHBanNcHTHO Q Safe by a, 4to

MPOTHBOPEYHT YCIOBUIO PACCMATPHBAEMOTO TOACTydas 2.2. B o6oux ciryqasx moyqaeresi OfHO M TO K€ MHOKECTBO Tpacc {€, Y}.
MBI IPUILTK K IPOTHBOPEUHIO, CIIEAOBATEIBHO, TIOACTyYast 2.2 He ObIBAET. 22, so=(y)%.

Wrak, MBI IpUIIIH K TPOTHBOPEUYHIO B 0OOMX paccMaTpHUBaeMBIX MOICITydasx

21mu 22, CJICA0BATCIbHO, HAIC JOMYIICHUE O TOM, YTO YTBCPKIACHUC JICMMbI I[OKaSaTCHLCTBO 6y,I[CM BECTH MHAYKIMCH 10 Tpacce.

HE BEPHO B Cliy4ae 2, He BEPHO U B ITOM ClIydae JIEeMMa TakxKe J0Ka3aHa. OueBuyHo, €'=eeT (S™) NZOM".

6.65. [lokasaTenbCTBO Teopembl 21 Iycts Tpacca 6'e T (8™) N,

1. JlokakeM yTBepkaeHHE | HHAYKIIHEH IO Tpacce. Torga mo pgokasaHHoMy yTBepkaenmo 1 B LTS S~ rtpacca of
Ecmu mycras Tpacca Oesomacra B wmcxomHoil LTS-cmemmdukammu S, TO 3aKaHYMBACTCA B COCTOSIHUU  (Ag,Tg) .
5o=(Y)#>, 2 HAYAILHOE COCTOSIHHE — TO COCTOSIHUE S o. PaccMOTpHM BO3MOJKHBIE IIPOLOIIKEHHs 3T0H Tpaces B LTS 8™ ne X0

2.2.1. Tlpomomxkenne L-nabmonennem u.

I[OKa)KeM YTBECPIKACHUC IS HYCTOﬁ TpaccChbl €.

. Tpacca o*-(u*) momywaercs 8 LTS S~ mo mpasuny BoiBoga: Vue LUR
ITockonbky B LTS S mno mocTpoeHUro HET T-MEepexoJ]oB, IycTas Tpacca p (u’) Y P Y A

3aKaHYMBAETCS B COCTOSIHUH S . 2R) u ~conf (Rgrs) F (Rgrs)—u'— (Agrs) safter u,
Hmeem s™o=({{Saftere}},D)=(RA,r,). aB X% — o mpasuny BeIBoga: Vue RUL
Iycts Tpacca O 3aKkaHUMBAaeTCS B COCTOSIHUM (Ag,Tg), W PACCMOTPUM 3) 6'eX®™ & u~conf (Rsrs) F (5#-<u#>620~,

tpaccy o'-(u).
pacey G7-(u’) Tem cambiv, 6*-(u*)eT(8") & o' (u*)eX

Taxast Tpacca MokeT OBITh ITOJTy4eHa TOJIBKO 110 paBmiy BeiBojga: Vue LUR
2.2.2. TlpopomxeHue HE-0TKa30M £ U aajiee pa3pylICHUEM.

2R) u ~conf (2, F (A,r)—u'— (A,r) safter u,
)u J (Bx) F(Rr) i (Ar) safteru Tpacca G- (B,Y) Bmecte ¢ ee mpedpukcom ©'-(R) momywaercs B LTS S~

ITo 1emme 42 (AG-<u)’r6-<u) ) = (Ac,rﬁ) Safter u. T10 TPaBUJTY BBIBOJIA! VYPe RuQ

CnenoBarenbHO, Tpacca G#-<u#> 3aKaHYMBACTCS B COCTOSHUU  (As.(u),Lo(u)) » 3R) P safe~by As F (Asrs) —2—T—y—0,

49TO U TPeOOBAJIOCH TOKA3aTh. aB X% _ o npasmty BeBoma: VPe RUQ
2. JlokaxeM yTBepKIeHue 2.
4) 6'eX® & Psafe~by A, - o' (BR)eX' & o' (RY)eX'.
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Tem cambim, 6"-(B,Y)eT (S™) & o' (RY)eX"

2.2.3. TlpomomkeHue HE-0TKa30M B U jajee NUBEepreHIneH.

3.
3.1

3.2.

Tpacca o' (B,A) Bmecte ¢ ee npedukcom G'-(R) mnonyuaercs B LTS S~

o mpaBujiaM BeiBoga: VQeQ VReR

4R) Q safe~by Bs; F (Rsrs) —2—A—A—D,
5R) Rsafe~by B; & (ro=JvREUrs;) & Ract (Rgre)
F (Rrs) —R—SA—A—-D,
6R) R safe~by B; & (ro=JvRZUr,;) & Reaet (Rgre)
F (RAgrs) —R—A"—A—B.
IMockonbky re={Ulp (G) |Ip (G)#D}, nist Qe Q Bceraa Qg_ur(,.

Tem cambIM, 00IEe yCIIOBHE MPOOIKEHUS Tpacchl G' HE-0TKa3oM B u
nanee nuseprennueit B LTS 8™ VPe RUQ

P safe~by By & (ro= v PZUr,).
B X% Ttpacca o'-(RA) BmecTe c ee npepukcom o' (R) momyuaercs no
nmpaBmwiIy BeiBoga: VPe RUQ
5) 6'eX® & Psafe~by Ao & (ro=0 v PZUr,)
F o' (r)eX! & o' (RA)eX
Tem cambiv, 6'-(B,A)eT (S”) & o' (B,A)eX?"

Joxaxem, uto ~puHanbHass LTS S~ ssrnsercs RTS.

. E CTCPMUHU3M.

Mo mnocrpoennto ~¢unansHas LTS nerepMuHHpOBaHa, IOCKOIBKY T-
Mepexo0B HET, ¥ B KaXIOM COCTOSHUHM OIpENeNICHO He OoJsiee OJHOTO
nepexoa Mo KaxaoMy CUMBOJILY.

BrigenenHnoe cocrossane ® WMEETCs o TIOCTPOCHUIO.

Ham ocTanocs mokasate, uro miast LTS S™ Bremmoanens! cBoiictBa R1+R5 RTS-
MOJEIH.

JlokazaTenbcTBO MOKHO BECTH, ONHPAACh TOJIBKO HA MPaBHJa BBIBOJA, HO VIS
Oonpmie HATJAOHOCTH MBI OyZeM HCIONB30BaTh yXKe JIOKa3aHHBIE
nerepMuHMpoBaHHOCTh LTS S™ u pasenctBo T (S™)=E°*". Hmxe Mbl Oygem
HO0JIb30BaThCA TEM, YTO IO JIEMME 8 MHOXKECTBO X°' ~(UHAIBHBIX TPace
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obnagaer Bcemu cpoiictBamu R¥-Mozmenn, xpome, 6BITH MOMKET, 3aMKHYTOCTH
(10 d-oneparnn).

ITo mpaBuiam BbIBOAA Tiepexon0B ~puHabHOU LTS 1) moboii mepexox mo He-
OTKa3y 3aKaHYMBACTCS B COCTOSHUM Y, A wimm A", 2) B 3THX COCTOSHIIX
OTIpEJICNICHBI TOJILKO TIEPEXOJIBI 10 Pa3pyIMIEHUIO WIH JUBEPTECHIINH, 3) KOHIIOM
MEepPexXoJ 0B 10 Pa3pyIICHHIO W JUBEPTeHIMH SBISIETCS TEPMUHAIBHOE
cocrossaue ®. Tem caMbIM, U3 KOHIIA MEPEexXoja 10 HEe-0TKa3y HE JAOCTHIKUMBI
cocTossHUA BUaa (A,r). Taxkke TOJIBKO COCTOSHHE BHOA (A,r) MOXKET OBITh
HavajoM mnepexona mo L-nHaOnroneHuro u'e LUR". CnenoearenbHo, B
JIOCTIKAMOM Haualne miepexoja 1o L-mabmogmenmo u’e LUR*  moryr
3aKaHIMBATHCS TOJIbKO L-Tpacchl.

JlonmycTuMOCTh R1 BEIIONHSETCS 110 MOCTPOCHMUIO.

ComacoBanHocth R2.

[Iycte B ~¢unansHoii LTS B HEKOTOPOM MJOCTIKUMOM COCTOSHMH S
OIIpENICICH NEPEX0A-IETIA s—R#—>s, rae ReR. Ham HY)XHO JOKa3aThb,
YTO B COCTOSIHUM S HET NIEPEXO/Ia 1Mo cuMBosiaM ¥, A m ueR’.
ITockonabky cocTOsiHME S JOCTHXKHMMO, B HEM 3aKaHUMBACTCA HEKOTOPad
Tpacca G, KOTOpas 10 JOKa3aHHOMY yTBEPXKICHHUIO 2 ~(uHaIbHa.

HOCKOHLKy S—R#—>S, B COCTOAHMHU s 3aKaHYUBACTCA TaKKE Tpacca

o-(R"), KoTopas no J0ka3aHHOMY YTBEPKIEHHUIO 2 TOXKE ~(PHUHATBHA.

s mo6oro  HUMEIOUIErocs Iepexoia s—u— 110 JOKa3aHHOMY
yTBepKaeHuto 2 Ttpacca ©-(R') mocme TpoONOMKEHMSs CHMBOJIOM U
octaercs ~(hUHAIHHOU.

W3 cBoiicTBa COTIacoBaHHOCTH ~(uHANBHBIX Tpace T (S™)=X°'" cruenyer,
4yto Uy, u#zA u ugRF.

CrnenmoBaTenbHO, B COCTOSHMM S HET Iepexoja 1Mo CHMBOJIaM 7Y, A u
ue R¥, uTo 1 TpebGoBanOCh TOKA3ATE.

Konsepreurnocts R3.

[Tyctb B ~punansuoit LTS umeercss nocTikuMoe coctosHue s#®, U B HEM
HE ONpEIeNeHbl NMEepexosl MO AMBEPTEHIMH M paspymeHuto. Ham Hano
JOKa3aTh, 4TO Ui Kakporo R-oTkasa B s ompezneneH mepexof 1Mo 3ToMy
OTKa3y WU 110 AEHCTBUIO U3 3TOTO OTKa3a.

ITockoNMbKY COCTOSIHME S JOCTHIKMMO, B HEM 3aKaHYMBAETCS HEKOTOpPas
Tpacca G, KOTOpas IO IOKa3aHHOMY YTBEPKACHHIO 2 ~(hHUHAIbHA.

ITockonbky ~dpunansHas LTS nerepMuHUpOBaHa, Tpacca G 3aKaHIMBACTCS
TOJIBKO B COCTOSTHUH  S.
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3.6.

OTtcroma ciengyer, 4To MOCKONBKY s—A-» W s—fy-», Tpacca C 1O

JOKa3aHHOMY YyTBEPXKICHUIO 2 HE MPOJOIDKAETCS BO MHOXKECTBE
~(HHATBHBIX TPACC JUBEPIreHIUEH 1 pa3pyIICHHEM.

IMockonbKy s#M, Tpacca G He COAEPKUT AUBEPTEHLMH U Pa3pyIICHHUS.
TTo3ToMy 10 CBOMCTBY KOHBEPreHTHOCTH ~(UHanbHBIX Tpacc T (S™)=X°"
Tpacca G Ui Kak[IOro OoTKaza RER mpomomkaercs BO MHOXKECTBE

~(pUHAJIBHBIX TPACC OTKAa30M R#, KaKuM-1100 JelCTBUEM 2zER WM He-
OTKazoM =.

A Torma W3 [OKa3aHHOTO YTBEPXKICHHS 2 M JCTEPMHHHUPOBAHHOCTU
~punanbHoit LTS crnexyer, 4To B COCTOSHUM S JOJDKEH OBITH HEpexo[

s—R—, s—z— umm s—=R—, uTo U TPebGOBATOCH JOKA3ATh.

Kymynstusnocts R4.

[Iycte B ~¢unansHoii LTS B HEKOTOPOM MJOCTIKUMOM COCTOSHMH S
ompenened mepexon s—R'—s’, rme ReR. Ham Hajo 10Ka3aTh, uTO B

COCTOSIHUU S~ OIIPEZICTICH IEPEXOA-TIETNIA MO OTKazy R W NEpexoibl-
NOeTJIN IO KaXAOMY OTKasy R’ , IO KOTOpPOMY CCTb ICPEXOA-TICTIA B
COCTOAHHUHU S.

HOCKOHLKY COCTOAHUE S JOCTUIKUMO, B HEM 3aKaHYMBACTCA HEKOTOpas
Tpacca, KOTopas no J0Ka3aHHOMY YTBCPIKIACHUIO 2 ~(1)I/IHaJ'ILHa.

[TocKOIBKY 3TO COCTOSTHHE SIBIISICTCS HaYaIoM Tepexosa no L-rabmonenunto

s—R*¥—s", no nokasanHOMY BBIIIE DTa Tpacca sBiusercs L-tpaccoii o,

Takske U3 JOCTH)XUMOCTH COCTOSHUS S M Hanuums nepexoga s—R'—s”
[0 MpaBWIaM BBIBOJA CleAyeT S,=(Y)#, a TOrga MOMXHO HPUMEHSITH
JIOKa3aHHOE BBIIIE YTBEpxKAEHHUE 1.

IMockonbky s—Rf—s>, B cocrosuun s  3akaHumBaercss L-Tpacca

o'-(R"), KoTOpas M0 M0Ka3aHHOMY yTBEPIKIECHHIO 2 TOKE ~(DHUHAJIbHA.
ITosTOMY 1O HOKa3aHHOMY YTBEpXKIeHUIO | s = (Ao (ryLor)) -

Ecmu tpacca 6+ (R*) ~¢unanbnas L-tpacca, tpacca o'-(R¥, R*) rarke
~punanbuas L-tpacca (MOCKONBKY MO JIEMME 8 MHOXKECTBO ~(DMHANBHBIX
Tpacc ~ 00Onazaer  CBOMCTBAMH  COIVIACOBAHHOCTH — €ro  Tpacc U
KOHBEPTEHTHOCTH).

A Torzma mo MOKa3aHHOMY YTBEPKACHHIO 2 W TI0 JCTCPMHHHUPOBAHHOCTU
~punampHoit LTS B cocrosHum s’ ecTb mepexog 1o R
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3.7.
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3aKaHYMBAIOIIUIICS TI0 JOKAa3aHHOMY YTBEPXKIEHHIO | B COCTOSHHH

(Ag®rpL o (RR)) -

Tak KaKk Tq.rpry=Co.r U MO IPaBHIaM BBIBOIA ~¢punanpHOM LTS u nemme
43 Asrr=Rsr),TO S’ —R*—>s".

Ecmu B ~punansroii LTS onpenenen nepexon s—R* s, tme R eR,

TO B COCTOSHMM s 3akaHumBaercs L-tpacca o' (R'*), a Ttorma B

cocrosHuu s 3akaHumBaercs L-tpacca o' (R™*R"), kortopas mo
JIOKa3aHHOMY  yTBepXkJIeHHWI0 2 ~(duHampbHa, a 1O JOKa3aHHOMY

YTBEPXKACHUIO 1 5™ = (Ao r' rpLor 7)) -

Ecmu tpacca 6*(R* *,R") ~¢unansnas L-tpacca, tpacca ¢*-(R* *,R* R )
Takke ~¢uHanmbHas L-Tpacca (IIOCKONBKY IO JIeMME & MHOYECTBO

~(UHATBHBIX Tpacc 00JamacT CBONHCTBAMH COTJIACOBAHHOCTU €r0 TPacc u
KOHBEPTEHTHOCTH).

A Torja Io JI0Ka3aHHOMY YTBEP)KAEHHIO 2 W II0 JETepPMHHHUPOBAHHOCTH
~punansHoit LTS B cocrosumm s’ ecThb mepexox mno RF,
3aKaHYMBAIOLIMICS 110 JOKa3aHHOMY YTBEpXKAEHHIO | B COCTOSHHMH

(Ao@ zr pLo® &R)) -
Tak Kak re.(z' zr")=To.(r',xy H IO NpaBuUiIaM BbIBOAA ~(puHanbHOd LTS u

nemme 43 Agr rr)=Ror g TO S —R’ s,

Mbl f0Ka3any Hajdudue TpeOyeMbIX HepexojoB-merens s —Rf—s™ u
s'—R f—=s".

HomnHoTa RS.

Ilyctb B ~dunamsHoit LTS B HEKOTOPOM HOCTHKMMOM COCTOSIHUH S
onpenened nepexon-neris s—R*—s, rie ReR, u 114 HEKOTOPOro OTKa3a

R eR BcOCTOSIHUM S HET MEePeXoOB MO ACUCTBUSIM z€E€R’ U HE-0TKa3y
R=—. Ham Hazmo noka3aTh, YTO B COCTOSIHUM S ONPEIENICH Mepexo-NeTis

s—R f—s.

TTOCKOJbKY COCTOSIHUE S JIOCTHKMMO, B HEM 3aKaHUMBAETCS HEKOTOpas
Tpacca, KOTopas 0 J0Ka3aHHOMY yTBEpIKIEHHIO 2 ~(uHabHA.

[TOCKOJIBKY 3TO COCTOSHHME SBJISETCS HAYANOM Tepexofa no L-nabmonennto

s—R*¥—s, no nokaszanHOMY BBIIIE 9Ta Tpacca sBuseTcs L-tpaccoit G



Taxoke M3 JOCTHKHMOCTH COCTOSIHMA S M HanWums mepexoja s—R'—s

[0 TMpaBWiaM BBIBONA CIEAyeT S,=(Yy)#>, a TOrga MOXHO I[PHUMEHSITH
JIOKa3aHHOE BBIIIE YTBEPKIACHUE 1.

TlosTomy no nokazaHHOMY YTBEPKACHUIO 1 s= (AgTg) .

ITockoabKy B COCTOSHHUM S HET NEPEXOJOB MO ACUCTBUSM z€ER™ U He-
OoTKazy R=, 10 JOKa3aHHOW KOHBEpreHTHocTH ~(uHanpHOH LTS

s—R fos",

Torna B ~QuuanbHoii LTS wumeercs L-tpacca o'-(R'¥), xortopas
3aKaHYMBAETCA B COCTOSIHHMM S M IO J0KAa3aHHOMY YTBEpXKIEHUIO |
s =(Asr pLor)) -

IMockonbky s—R'—s, B cOCTOSHMM S 3aKaHYMBAaeTCsA TaKke Tpacca
o"-(RY), uto Bieuer ro=rq R #D.

ITosToMy OTCYTCTBHE IIEpEeXOfa MO He-0TKa3y R— B COCTOSHHM S BIEYET
T10 IIpaBHUJIaM BBIBOJA Nepexo 0B ~puHanbHoi LTS R CuUrg.

A B OTOM Clly4ae T )=Cc W IO TPaBWIaM BbIBOAA ~uHANBHOH LTS 1
memMe 43 Ag g y=Rg, UTO BIEYET S =S.

Cre10BaTeNbHO, B COCTOSIHME S HMeeTcs mepexo metns s—R ™ f—s, uro
" TpeOOBAIOCH T0KA3aTh.

6.66. [lokazaTenbCTBO TeopeMbl 22

Cnenyet u3 Teopemsl 21, 3ameuanus 17 u Teopemsi 10.

6.67. [lokazaTenbCTBO TeopeMbl 23

Crnenyet u3 Teopemsl 21, 3amedanus 17 1 Teopemsl 11.

6.68. [lokaszaTenbCcTBO NeMmbl 45

ITo mpaBunam BwIBOAa mepexonoB ~¢uHanmpHOW LTS cocrosame Buma (A,r)
JIOCTIDKUMO TOJBKO B TOM Cilydae, KOTJa IycTas Tpacca Oe30macHa B HCXOIHOM
LTS-cnemudukamuu S.

A Ttorma mo teopeme 21 (1) B JOCTMKUMOM COCTOSHUU (A,r) 3aKaHYUBAETCS
Takas npoctas L-Tpacca G#, 40 (A,r) = (AgsYg) -

Tlo onpenenenuro
r(s) = {{U{ReR]| (Asrs)—R*—s}}|IReR s—R —s},
a ro={Ulp (o) |Ip (c)#J}.
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Mostomy r(s)#d = JReR s—R'—s,

U ro#J = JrReR RcCUr,.

[ToaTOMY HaM J0CTATOYHO J0Ka3aTh CIAEAYIOLINE Ba YTBEpkaeHus: VReR
1) r(s)20 & (Rgrg)—Rf— (Bgrs) = rea#d & RCUrG,
2) re#d & RCUrgy = r(s)z0 & Agrg)—R'— (A rs).
1. Mycts r(s)#d, ReR u (Rgrs)—R — (A Tg).
Ham Hy>XHO 10Ka3aTh, 4T0 re#d M RCUTS.
Ecimm (Ac,rc)—R#H(AG,rG), TO B COCTOSSHUU (AgsTYg) 3aKAHYMBACTCS
Takxke Tpacca o' (R").
A torza o Teopeme 21 (1) (Rs,T6) = (AsrpLox)) »
4TO BIEUET To=Tgq.(x)»
qT0, TOCKOJIBKY Ip (G-(R)) #J, Bieuer rqo#d u Ulp (6)=Ulp (6-(R)),
4yTO BlIeUeT ro={UIp (G)} u RcUlp (o),

YTO BJIEYET RCUry.
2. Ilycte rqo#0, ReR u RCUrS,.
Ham nyxHO noKazatb, 4To r(s)#zJ u (Ac,r(,)—R#—>(A(,,rG).
ITockobKy ro#J, umeem Ulp (0)#D u ro={Ulp (C) }.
Torpa ycnoBue RCUrs Bieuer RcUIp (0).
Yenosue Ulp (6)#0 & RcUIp () mo nemme 4 Bieyer R ~conf X after G,

4TO BIICYET R ~conf (Rs,rs),

YTO BJIEYET 110 NTPAaBUJIaM BBIBOJIA Tepexo10B ~¢puHansHoH LTS
(ApTs) —R — (Bg,r,) safter R.
VYcnoBue RCUr mo emme 43 BiaeueT (Ag,rg) safter R = (Agrg),

YTO BJICYET (AG,rG)—R#H(AG,rG) U r(s)zd, 4ro u Tpe60BaHOCL

J0Ka3aTh.

6.69. [lokasaTenbCTBO TeopeMbl 24
2. YtBepxkaenue 1.
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3.

3.1.

3.2.

3.2.

3.2.

32

Ecnu mpoctas L-tpacca 3akanumnBaercs B L-cocTosHHM, TO 10 Teopeme 21 (u
3amedanuio 17) oHa sBisgeTcs ~KoHGopMHOW L-Tpaccodt (mpHHAIISKUT
MHoxkecTBY X°7), a Toraa no teopeme 12 ona L-akTyanbHa.

Ipocrast L-tpacca He 3akanuuBaercs B L-COCTOSIHUM TOJILKO B TOM cCiy4ae,
KOI]a UMEIOTCS TOJIBKO JIBE€ ~(UHAIBHBIC TpacChl € U (Y), KOTOpPbIE B 3TOM

cinydae L-akTyanbHbL.

YTBepxknenue 2.
Ecnu B uicxomHoit crienudukanyn S HET 0e30MacHBIX TPACC, TO MO MPaBUIaM
BBIBOJIA UMCIOTCS TOJBKO JIBa JOCTHKUMBIX COCTOSIHUAS Y H .

IMoatomy, eciu s L-coctostaue, 10 s¢ {V,A,A°,®} | JOCTHKUMO.

A Torma B ucxomHoW crmenudukanmym S ecTh Oe30macHbIe TPACChl, M IO
Teopeme 21 B TaKOM COCTOSHHM S 3aKaHYMBAeTcs HEKoTopas Tpacca G'e X%~
n s= (AG’r G) .

#

A Ttorma mo nemme 44 mabmomenme u' L-aktyamsno mocne of Torma m

TOJIBKO TOT/Ia, KOTIa JTH00

1) uel u ue¢urg, mubo
2) ueR wu kaxnas kHonka Q€ Takas, 4TO QCUT 6.y, OTIACHA B UCXOJAHON
cnenuuUKalud S B KaXKIOM MHOKECTBE COCTOSHUN a€ Ag. 1.

INoxaxxem, uTo ycnoBue 1 S5kBUBajeHTHO ycaoButo uel & ugur(s).

DTO HEMOCPEICTBEHHO CIIEIYET U3 JIEMMBI 45.
[Tokaxxem, 94TO YCIOBUE 2 DKBUBAJIEHTHO yCIOBUI0O UER & s—a»A".

ITo onpeneneHnIo OTHOIICHUS act W 10 JeMMe 42 yciaoBHe 2 SKBUBAJICHTHO
ycioButo ueR & uact (Asrg).

1. Toxaxem, uto s ue R ycmoBue uact (Asrs) BaedeT s—a—»A.
DTO HEMOCPECTBEHHO CIIEyeT U3 MPaBWII BeIBOIA ~(huHaIpHOU RTS.

2. Tloxaxewm, urto misi ue R ycmoBue s—a—»A" BiedeT uact (Agrg).

Io Teopeme 22 u3 u’ safe,, s ciaenyer s—a—-Y.

Paccmorpum aBa ocraBmuxcsd ciyvast 3.2.2.1 u 3.2.2.2.

2.1, Ilycte s—a—».

Toraa mo mpaBuiaM BbIBOAa NepexonoB ~puuanpHOit RTS ro#0 &
uCcuUre.

Artorma Ip (0)#0 & ucUlp (G).
A torma o nemme 4 u ~conf X after G.
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CrnenoBaTenbHO, 10  [paBUJIaM  BbIBOJAa  ~(HHAIBHBIX  Tpacc
of-(u*)ex®.

A torna o Teopeme 12 tpacca 6*-(u*) L-akryannHa,

#

YTO BJICUECT L-aKTyaﬂLHOCTL Ha6J'I}O[[eHI/I${ U’ IMOCJI€ TpacChbl G#,

4TO [0 JOKA3aHHOMY BBIIIE BIIEYET U Act (AgsTg) .

3.2.2.2. TIlycth s—a—A.

Torma mo mpaBuiaamM BbIBOJa MepexofoB  ~duHampHOW RTS
uact (Agrg).

Wrak B 0060oux cinydasx uact (AgYg), 9TO H TPEOOBAIOCH J0KA3aTh.

6.70. [JokaszaTenbCTBO TeopeMbl 25

1.

Koneunocts RTS-moaemnmu.

Ecnm 4ncno cocTosiHM MCXOMHOW crienu@uKanuu S KOHEYHO W PaBHO n, a
andaur L comepxuT KOHEYHOE YUCIO k JACHCTBHIA, TO YUCIO COCTOSIHUN
RTS S” Buma (A,r) KOHEYHO U HE MPEBOCXOAUT umciaa 2" ( 25+1), a
oOIIIee YNCII0 COCTOSHUM — 9nciaa 4+2° (25+1).

B kaxnom cocrosamu RTS S™ Buga (A,r) 1O KaxIOMY HAOIIOICHUIO
ue LURY onpeneneno ne Gosiee 0IHOTO MEPEX0/1a, a B KAXKIOM U3 COCTOSHMIA
Y, A, A", ® ompenencHo He OoJiee OHOTO Mepexoaa (TIepexo. Mo pa3pyLUICHHUIO,
Tepexo/1 M0 TUBEPTECHIINN WIIH HET TIEPEX0JIOB).

Ecnmu  cemanTHka KOHEYHAa, TO YHCIIO HAONIOJACHWH TOXE KOHEYHO,
CJICZIOBATENIFHO, B KOXKAOM cocTtosHud RTS S omnpenencHo KOHEYHOE YHCIIO
TepexX0I0B, M 00IIee YHMCIIO MEPEXOI0B BO BCEX COCTOSTHUSIX KOHEUHO.

AJITOpUTMHYECKOE MMOCTPOCHHUE 38 KOHEUHOE BPEMs.

Bo3moxxHOCTh anroputMudeckoro moctpoerus RTS S™  HemocpeacTBeHHO
CleAyeT U3 MPaBHII BHIBO/IA.

JelicTBuTensHO, A KOHeYHOW ucXomHou LTS-cnemmdukanum u KOHEYHOH
CEMaHTHUKHU IS KaXKIOTO COCTOSHHS (A,r) KOHEYHBI CEMEMCTBO A, KaXKI0e
MHOXECTBO a€A M MHOXECTBO Ur.

Ortcrona cienyer, 9To BeIYMCIeHUe ~conf (A,r), P safe~by, (A,r) safter u
u R act (A,r) MOXHO BBIIOJHATH 3a KOHEUYHOE BpeMms ([Ji1 MPOBEPKHU
(A,r) safter u B cnyuae ueR* pocratouno paccmaTpuBaTh TONBKO Takue
TPacChHl OTKAa30B P, B KOTOPbIE KaXIBI 0TKa3 BXOIUT He OoJiee OHOTO pasa).

CrnenoBarenbHO, OJHOKpAaTHOE TMPUMEHEHHWE Ka)IOr0 TIpaBujia BBIBOJAA
BBITIOJTHSIETCS 32 KOHEYHOE BpEMSI.
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3.

A d4HCIO TaKux HpI/IMeHeHI/Iﬁ IpaBUJI BbIBOAAa KOHCYHO, IMOCKOJIbKY KOHCYHa
RTS s”.

KoneuHoCcTh crienuguKamoHHON TPOUHKH.

CrenudukannoHHas TpoiiKka ~IOMOJHCHUS KOHCYHA, IOCKOJIBKY KOHEYHBI
cemantuka R*/Qf, RTS S, a orHOmeHHe safeys, Kak JIETKO II0Ka3aTh,
orpaHuyeHHoe Ha mio6oii LTS-momenu, muoxkectBo Rf-Tpacc koTopoit
cosmnazaer ¢ MHoxkecTBoM R¥-tpacc RTS S~

6.71. JokaszatenbCcTBO NemMmmbl 46

PaccmoTpuM 1Ba BO3MOXKHBIX CITydasi.

1.

r=0J.

ITo mpaBuiam BeiBOAa mepexonoB ~(uuanbHo# LTS cocrosHue Buma (A,r)
JIOCTHYKUMO TOJIHBKO B TOM cllydae, Korza IycTasi Tpacca 6e3omacHa B UICXOHON
LTS-cnenmudukamuu S.

A Torma mo Teopeme 21 (1) B JOCTHKMUMOM COCTOSIHMM (A,r) 3aKaHYHUBACTCS
takas npoctas L-tpacca 6%, 4o (A,r) = (RAsTs).

A torma As={Safter | \edi” (G)NSafeBy (X) }.

Ilo onpenencuuto after umeem (S after \\) after ¢ = S after L.
CrnenoBarenbHOo, A={U (x after ¢) | x€A}.

Otcroma, MOCKOJIbKy r=U,

A={U (x afterp) |xeA & Vi=l..|p|

(r#0 & p(i)cur & p(i) safeby U (xafterp[l..i-11))1},
49TO U TPeOOBAIOCH TOKA3aTh.

r#Q.

ITockonbky cocTosiHue (A, r) MOCTHKHAMO, IO JieMMe 45 r(a)=r.
CrenoBarenbHo, At HeKOTOporo R-oTkaza RCUr UMeeTCs Hepexoi-NeTiis
a—Rf—a.

ATtorma (A,r) = (A,r) safterR.

CnenoBaTelbHO,

A={U (x dfterp) |xer & Vi=l.|pl|

(p(1)CUrUR & p(1i) safeby u (xafterp[l..i-11))}.
Otciona, MoCcKoNIbKy RCUr u r#dJ,

A={U (x dfterp) |xeA & Vi=l.|pl|

(r#0 & p(i)cur & p(1i) safeby U (xafterp[l..i-11))},
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49TO U TPpeOOBAIOCH TOKA3aTh.

6.72. lokaszaTenbCcTBO NeMmmbl 47

1.

Iokaxem, 4T0 a—R—» = a—P'—a.

[To npaBunam BeIBoAa mnepexonoB ~¢uHansHoi RTS, ecomm a—=—», To L-
COCTOSHME a uMeeT BUI a=(A,r) U r#J & PcCur.
ITockonbky a L-coctosHue u a= (A, r),nojemme 45 r(a)=r.

A Torma no corntacoBanHoCTH ~(puHaNIEHOH RTS (Teopema 21 (3)) B cocTossHuN
a HeT INepeXO0JI0B M0 ACHCTBHIM U3 PCUTr.

CrenoBarenbHO, Y4uThIBass a—=—, 10 KOHBEPreHTHOCTH ~(uHanibHOW RTS
(teopema 21 (3)) a—P*—b.

A Torja 1o omnpesieNieHuIo safter, umeeM b = (A ,r’ ) = a safter P.
IMockonasky PcuUr, mo nemMe 43 b=a.

CnenosarensHo, a——P*—a, 4To n TpeboBanOCH J0KA3aTh.

IMokaxeMm, 4T0 a—R—» < a—P'—a.

ITo cornacoBannoctu ~dunanbHoit RTS (Teopema 21 (3))

a—P*—a Brneyer a—2-».

6.73. [JokazaTenbCcTBO NemMmbl 48

PeduiekcuBHOCTS.

IMockonmbky ACA & (r#0 = rzd) & UrcuUr,umeeM (A,r)<(A,r).

TpaH3UTUBHOCTD.

Mycre (Ay,r;)<(Ar,) U (Ayr,)<(Asrs).

Torma A,Ch, & (r#90 = r,2J) & Ur,CUr,

u AChA; & (r,20 = rs#d) & Ur,CUrs.

ATtorma ACA; & (r#0 = ry#zd) & Ur,CUrs,

qT0 BiaeueT (Aq,r;)<(A3rs3).

6.74. loka3zaTenbCTBO fieMMbI 49

Ilycte a=(A,r,), b=(B, ry).

ITo npaBunam BeIBOJA MepexooB ~puramsHOM RTS

a—=2-—» Biaeuer PeR & Psafe~bynr & r. 720 & PCUr..

Iockonmbky a<b, umeeM ACB & (r 20 = r#zd) & Ur,CUr,.
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CieoBarenbHo, rp,z20 & PCUr,.

VYcnoBue P safe~by 2 Bineder VzeP z safe~by B,

yro Bieyer VzeP JxeA z safe by x,

YTO, IOCKOJIbKY ACB, Biieuer VzeP JxeB z safe by x,
4ro BiIeueTr VzeP z safe~by B,

4TO0 BieveT P safe~by B.

Urak, umeeMm PeR & P safe~by B & r, 20 & PCUr,.

Ortcroza 1o npaBuiIaM BBIBOJIA ITEPEX0/10B ~puHaNbHOI RTS b—R—».

6.75. loka3zaTenbCcTBO fieMmbl 50
Ilycte a=(A,r,), b=(B, ry).
Torma a<b Biedyer ACB.

I[lo npaBunam BeIBoja mnepexonoB ~¢uHanbHod RTS wu  ompenenenuro
~0e30MacHOCTH UMEEM:

1. Ina PeQ wmu P=LJeR:
VYcnoBue b—=R—y Bieuer P safe~by B,
4TO BlieueT VaeB P safeby a,
4TO, TIOCKOJIBKY ACR, Biieder VacA P safeby a,
9TO BIIEUET P safe~by A,
YTO BIICYET a—ER—Y.
2. Ilna PeR:
Ycnosue b—E—7Y Biueder P safe~by B,
4ro Bieyer JzeP z safe-by B,
4yTO BiieueT dzeP VaeB z safeby a,
YTO, IOCKOJBKY ACB, Bieuer JdzeP VaelA z safeby a,
4TO BlieueT JzeP z safeby R,
YTO BIIEUET P safe~by A,

4TO BJICUET a—E—Y.

6.76. [lokazaTenbCcTBO NeMmbl 51
CHayana JokakeM, 4To a<b JJIs OJHOTO Mepexoaa Mo OTKazy.
Iycts a—P*—b,rne PeR u a=(A,r,) u b=(B,ry).
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ITo onpenenenuio safter nmeeMm

B={U (x after p) |xeA & Vi=1l..|p]|

p(i)curuP & p(i) safeby U (xafterp(l.i-1])}

D {U(xaftere) |xeh}.

Io 3ameuanuto 18 (k nemme 46) {U (x after €) | xeA} = A.
CnepoBarellbHO, ACB.

Taxske o onpejeneHuo safter umeem rp={Ur UP}#J u Ur,CUry,
4To Bile4eT (r, 20 = r #d) & Ur.CUr..

TeMm campiM, a<b.

Venosue a=pf=b Bieder HaguMuMe LEMOYKHM MEPEXOJOB IO OTKA3aM
a—P1#—>a1—P2#—>a2—P3#—>...an,1—Pn#—>an:b.

ITo nokazanHomy umeeM a<a;<a,<..a, ;<a,=b,

YTO BJICYET 0 TPAH3UTUBHOCTU OTHOLIEHUS «<» (1eMMa 48) a<b.

6.77. JokaszaTenbCTBO NeMmbl 52

Ilyctb a=(A,r.), b=(B,ry), a =(A",r, ), b’ =(B ,r, ).
U3 a<b ciaenyer ACB u (r #20 = r#zd) & Ur,CUry.

Io ompesesneHuro safter iMeeM clieyromiee.

¥ neitctBue.

1. Ilycts u
Torma r, =r, =0, noatomy (r, #J = r, #J) & Ur, CUry, .
Take A ={U (x after (z)) |xeA & z safe by x}

u B ={U(x after (z)) | x€B & =z safeby x}.
ITosTOoMy ycnoBue ACB BieueT A CB'.

2. Iycts u*

OTKa3.
Torma r, ={ur,Uu} u r, ={Ur,Uu}.
Iostomy ry, #J W Ur,CUr, Bieder Ur, CUry ,
yro Bieuer (r, #8080 = r, #J) & Ur, CUr, .
Take A  ={U (x after p) | xeA & Vi=l..|p|

p(i)cur,uu & p(i) safeby U (xafterp[l..i-11)}
u B ={U(xafter p) | xeB & Vi=l.|p]|

p(i)curyuu & p(i) safeby U (xafterp[l..i-1]1)}.
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Tlostomy ycnoBuss ACB W r,Cry, BIEKYT A CB' .

Hrak, B 000uX CiTydasx MbI IOKa3aJid, 9TO

A'CB' & (r, #0 = r, 20) & Ur, cur,,

4TO BiiedeT a <b’, 4TO U TpeOOBaJIOCh JOKA3aTh.

6.78. loka3zaTenbCTBO fIeMMbI 53

Ilycte a=(A,r,) u b=(B,ry).

Venosue a<b Baeuer ACB & (r,z20 = r#zJ) & Ur,CUr,.

ITo npaBunam BIBOA Mepexoa0B ~huHanpHOU RTS,

ecmmB S8 b—uf—, 10 U ~confb.

Omnwmpasich Ha OnpeeNicHre U ~conrf b, pacCCMOTPUM TPH BO3MOXKHBIX CITydasl.

1.

ueL.

Torma u safe~by B & ugUr, & VxeB (usafe~by x = U (x after (u))#J) .
ITockonbky ACB & Ur.CUr,, UMeeM u ~conf A, ecnu u safe~by A.
ueR\{J}.

Torma usafe~by B & V0eQ VxeB (Qcur,uu = Q safeby x)

& VPeR VxeB (PcUr,uu & Psafeby x = U (xafter (P))=J).

IMockombky ACB & Ur,CUry,, uMeeM u ~conf A, ecian u safe~by A.
u=JeR.

Torma u ~conf 2, eciu u safe~by A.

Hrak, Bo Bcex ciydasx u ~conf A, eciu u safe~by A.

Tlo 3ameyanuro 15

u safe~by 2 < FPeRUQ (ueP v u=P & PeR) & P safe~by A.

[TosToMy 1o mpaBmiIaM BeIBOJIA MTEPeX010B ~puHanbHOI RTS

u safe~by A SKBMBAJICHTHO TOMY, 4to u' ¥6eszonacno 6 a.

Tem cambiM, eciu  u' ¥besonacno 6 a, TO U ~CconfA W, CIENOBaTEIHHO,

#

a—u'—, aunaue u* yonacno ¢ a.

6.79. [loka3zaTenbCTBO NeMmbl 54

1.

ITokaxkem, yTO moOcne omepauuu c¢;" He mosBIseTcs HOBbIX L-cocTosHuit
(IOCTHIKUMBIX COCTOSSHUM Buaa (A,r)).

o onpezencHuIo onepanus ¢; He T00aBIISICT IMEPEXOI0B, IOITOMY COCTOSHHE,
KOTOpO€ JOCTHXKUMO TIIOCJ€ ONEpalyu, ObUIO JOCTHXKHMBIM U JO HEe.
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CrnenoBarenbHO, COCTOSIHUE, sBIstomeecs: L-cocTossHUeM 1ociie onepanuu ¢j,
SBIISIIOCH L-cOCTOSIHMEM U 1O OTIEpAaIIHH.

n

HOCKOJ’ILKy ornepauuda ¢; OIpCACiICHAa KaK IOBTOPCHUE oOllepaluu ¢y,
JOKa3bIBACMO€ CBOWCTBO BEPHO M IJId HEC.

2. TlokaxkeM, 4To oreparnus ¢;” He T00aBIIsIET MEPEXOIbI U TPACCHI.

ITo ompeneneHuro onepanus ¢; He T00ABISIET MEPEXOABI U, CICIOBATEIBHO, HE
JI0OaBISAET TPACCHI.

ITockobKy omepamust ¢;” Ompeac/icHa Kak IMOBTOPCHHE OICpAalHd €7, OHA
TOKE HE JOOABISACT MEPEXOIbI H, CIICAOBATEIBHO, HE JO0ABIISICT TPACCHI.

3. TlokaxeMm, 4TO omepauusi ¢;" HE yTAISCT MEPEXObI-NeTIH B ocTaromuxcs L-
COCTOSIHUSIX, TO €CTh COCTOSIHMSAX BHAA  (A,r), KOTOPhIE OCTAIOTCS
JIOCTHXKUMBIMHU.

Ilo onpemencHuio, eciau omepanus ¢; YAAISLCT MEPEXOA B HEKOTOPOE
cocrosiue (L-HEKOHBEPreHTHOE), TO OHAa YOAIAECT BCC MEPEXOABI B ITO
cocrosiaue. [loatomy, ecnmu L-cocTosiHEE MOCTHXKUMO TOCHE ONEpalud €7, TO
9Ta Omepanys He yaaauia epexobl-TIeTIIH B 3TOM COCTOSIHHU.

ITockoJBKY omepamust ¢;” Ompeae/icHa Kak IOBTOPCHHE OICpAalHd €7, OHA
TOKE HE yIaJISIET MEPEXOabI-TICTIH B ocTaromuxcs L-cocTossHusX.

4. TlokaxeM coxpaHeHHE AY-CBONCTBA.

Cocrosinus 7y, A, A°, ® He uMeroT Buga (A,r), MO3TOMY He sBisitoTcs L-
COCTOSIHUSIMU U, CJIeI0BATENbHO, L.-KOHBEpre€HTHBI.

ITockonbKy omepanus ¢; He ymajseT mepexojsl, Beaymue B L-KoHBepreHTHBIE
COCTOSIHUSL M HE J00aBISCT HOBBIX IMEPEXOJOB, IMEPEXOIbl, BEAYIIHE B
cocrosiHust Y, A, A, ®, 10 U moclie onepauuu ¢; OIHU U Te ke. [[ocKoIbKy
TakKe TePEeXObl, BEAYIINE U3 dTHX COCTOSHHM, HE BEAYT B APYTUE COCTOSHUSA,
9T TIEPEXO0JIbI TAKXKE J0 U MOCIe ONEpaud ¢; OJIHU U Te ke. ClemoBaTenbHo,
AY-CBOICTBO COXpaHETCSI.

[ockonbKy omepauust ¢;” oOIpeaeneHa Kak NMOBTOPEHHE OlNepanud €z, OHa
TOKE COXpaHsieT AY-CBOMCTBO.

5. TlokaxkeM, 4TO, €clid BBIIOJHEHO AY-CBOMCTBO, TO omepauus ¢;” HE ynajiseT
MepexoAbl Mo He-0TKazaM B ocTarolmuxcs L-COCTOSHUSIX, TO €CTh COCTOSIHUSAX
BUIa (A,r), KOTOPbIE OCTAIOTCS JOCTHKUMBIMHU.

Ecnu BbimosiHeHO AY-CBOHCTBO, TO MEPEXOJbl M0 HE-OTKa3aM BEOYT TOJBKO B
cocrosiHust Y, A, A, KOTOpble, Kak CKa3aHO Bbllle, L-KOHBEpreHTHBHI.
CrnenoBatebHO, 3TH MIEPEXOIBI HE YAASIOTCS onepaueit ¢;".

6.80. [lokaszaTenbCcTBO NeMmbl 55

ITo ompenenenuto S"1=C1 (8™) m ¢;(C;(87))=C;(87). Ilocaeanee BO3MOKHO
TOJIBKO B TOM cityuae, korma B C; (S™) Bce cocTossHUs L-KOHBEpreHTHBI.
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6.81. loka3zaTenbCTBO fieMMbI 56

ITo memme 54 omepamusi c¢;” He mobaBiseT mepexoinl. [103ToMy HapyIIUTHCS
MOTaM OBl TONBKO TE€ CBOMCTBA, KOTOpHIE TPEOYIOT HANMYUS TEX WIA HHBIX
TEePEX0/I0B MPHU HEKOTOPBIX YCIOBUSAX. TakuMH CBOWCTBAMHU SBJISIIOTCS CBOMCTBA
KOHBEPTCHTHOCTH, KYMYJISITUBHOCTH H MTOJTHOTHI.

1. KOHBEpPreHTHOCTb.

Ilycth cocTosiHME s#O TOCTHXHMO B ¢;°(S”), © B HEM HE OIpEIEICHBI
EPEXObl 10 IUBEPICHIIMN U Pa3pyLICHUIO.

ITockonbky, 1o teMMe 54 onepanust ¢;” HE J00aBISCT MEPEXObl, B COCTOSHUH
s WB S” He OBUIO MEepPexX00B MO AUBEPTEHINH U Pa3pyIICHHUIO.

CrnenoBarenbHO TI0 MpaBUiIaM BEIBOJA MepexoaoB ~huHambHONH RTS cocrosHne
s Obu10 L-cocrosinnem B ~¢puHanpHoi RTS.

A Toraa no aemme 47 sl Kaxknoro PeR B coCTOSHUM s WMeICs Mepexo 1Mo
HE-0TKazy £ WU IIEPEXOa-TIETIIA 10 OTKa3y j=A

ITo 3ameyanuio 16 B S™ BBINOJIHEHO AY-CBOICTBO.

IToaToMy o Iemme 54 omeparuisi ¢;" He yJanseT MepexoJbl o He-0TKa3aMm, a
TAKXKe MEPEXOAbI-TIETIIN 10 OTKA3aM B OCTAOIIUXCS L-COCTOSHUSIX.

CrnenoBareibHO, B COCTOSSHUM S B ¢; (S™) HMeeTcs mepexoll o He-0TKa3y
£ WM nepexoa-TmeTiis Mo 0TKa3zy pt.

Tewm cambiM, koHBepreHTHOCTh B LTS ¢;" (S™) coxpaHurcs.

2. KyMyJsTUBHOCTbD.
DTO CBOWCTBO TpeOyeT HAMHYUS B (IOCTHIKMMOM) COCTOSIHUU S, SIBIISIOIIEMCS
KOHIOM mepexoga s —P*f—s mo orkasy P* m3 moctmxmmoro cocrosHms

s, Hepexoja-NeTd Mo 3TOMy OTKasy P¥ U IepexojoB-NeTelb 10 BCEM TeM
0TKa3aM, 110 KOTOPBIM TaKUe NEPEXOIbI-TIETIH ONPECICHbI B S .

IMockonbpky, 1o emMMme 54 omeparus ¢;” He JH00aBISCT MEPEXOIbI, COCTOSHHE
s, KOTOpOE JOCTWKUMO B ¢;" (S™), MOCTHXUMO U B S~, TIe TaKKe UMEETCS

s —pP*—s. Orcroma CJIeIyeT, YTO COCTOSIHUE S JIOCTHXKUMO B S™.

ITockonsky mo teopeme 21 S™ saBnsercs RTS, B Hell BBINOIHEHO CBOWUCTBO
KyMYJIITUBHOCTH M, CIJIEIOBAaTENIbHO, B JOCTIDKUMOM COCTOSHUM S OBII
MEPEXO-TIETIIS 10 OTKa3y P’ W Mepexompl-NeTIn 1Mo BCEM TEM OTKa3aM, MO
KOTOPBIM TaKHe NePEeXO0/IbI-NIETIH ONPEAEIEHb] B JOCTHKUMOM COCTOSHUU S .

[lo mpaBmiam BbIBOAa mepexoqoB ~¢uHansHOH RTS nmoctmwkuMerii koner
repexoja Mo oTKa3y sBisiercst L-cocTosiHneM.

ITo nemme 54 omepanus ¢;” He yJaJseT Mepexoibl-NeTan B ocratommuxcs L-
COCTOSIHUSIX H, CJIEJJOBATEIbHO, COXPAHSIIOTCS BCE MMEBIIMECS EPEXOIbI-METIH
0 OTKa3aM B COCTOSIHUH  S.
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A HOBBIX IEPEXOJIOB-TICTEIh B COCTOSIHUM S KYMYJSITUBHOCTH HE TPEOYeT, Tak
KaK TaKue MEPEXOMABI-TICTIIM HE MOSBISIOTCS B COCTOSIHUM S, IMOCKOJBKY MO
nemme 54 onepanms ¢;” He 100aBISAET MEPEXOIbl.

CrnenoBarenbHO, B ¢;"(S”) B COCTOSHHUM S HMEIOTCS Bce TpeOyeMble
KYMYJSITHBHOCTBIO TIEPEXOABI-IICTIIN 110 OTKA3aM.

CnenoBarenbHO, KyMyJasiTUBHOCTB B LTS ¢;" (S™) coxpanuTcs.
3. Ionnora.

DTO CBOWCTBO TpeOyeT HAIM4YUS B JOCTH)KAMOM COCTOSIHUHM S, B KOTOPOM
onpefeneH Hepexof-MeTns mo oTkasy Pf, mepexoma-mernum mo oTkazy P ¥
HpHU YCJIOBMH OTCYTCTBMS B 3TOM COCTOSIHMM [IEPEXOIO0B 110 jeiicTBusam u3 P F,

ITockonbky, o memMme 54 omeparus ¢;” He M00aBIsAET MEPEXObl, COCTOSHUE
s, KOTOPOE JOCTIKAMO B ¢;” (S™), MOCTH)XKMMO U B S”, U B HEM OIpeaesieH
Hepexo-NeTns o otkasy P,

[To mpaBmiam BbeIBosja nepexonoB ~¢uuansHoi RTS cocrosiHue, B KoTOpoM
HMeeTcs Iepexoa-NeTis o 0TKa3y, sBusgercs L-cocTosiHueM.

CrnenoBarenbHO, cocTosiHue s siBisieTcs L-coctosiHuem B ~dunansHOU RTS.
ITo 3ameuanuto 16 B S™ BBINOIHEHO AY-CBOWUCTBO.

ITosToMy 10 IeMMe 54 omeparnusi ¢;” HE yAaIsSeT MepeXxosl 0 He-0TKa3aM B
ocratomuxcsa L-cocTosHnsx.

CrnenoBateibHO, TOCKOJIBKY B €;" (S™) B COCTOSIHMHM S HET Mepexoja Io He-
oTkazy P=~eP * B S” BcCOCTOSHMH S TOXKe HET HTOTO NMEPEXO/A.

A torga mo nemme 47 B COCTOSSHUM S HMENCSI B S~ TepeXo-TeTis M0 0TKa3y
p

ITo nemme 54 omepauusi ¢;" He yJajiseT nepexoibl-NeTiau B ocratommuxcs L-
COCTOSIHUSIX.

CrnenoBarenbHO, B ¢;"(S”) B COCTOSIHUM S OCTaeTCs MEPEXON-TIETIIS IO
orkasy P '

CrnenoBarenbHo, oaHoTa B LTS ¢;" (S™) coxpaHHTCA.

6.82. [loka3zaTenbCTBO NeMmbl 57

ITo teopeme 25 RTS S” koHe4Ha, U €€ MOXKHO AJITOPUTMUYECKU IOCTPOUTH 3a
KOHEUHOE BpeMsl.

Onepauus C;, npumensiemasi kK koHeuHoit RTS S”, oyeBuaHO, 3aKkaHYMBAETCS 3a
KOHEYHOE BpeMsl.

[To nemme 54 oneparust C; He 100aBIsET EPEXOMBI.

IHoatomy RTS S™' «koHeuHa, M ee MOXKHO JITOPUTMUYECKU IIOCTPOUTH 3a
KOHEUHOE BpeMsl.
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6.83. [loka3zaTenbCcTBO NeMmbI 58

ITockonbky RTS nerepmunupoBaHa, eciu cocTosiHue L-HEKOHBEPTEHTHO, TO JT00ast
Tpacca, 3aKaHYMBAKOIIASCS B 3TOM COCTOsIHIH L-HEKOHBEpreHTHA.

IlosTomMy W3 ompeneneHus omepanuud c¢;" CJIEAyeT, YTO YAAIIIOTCA TONBKO L-
HEKOHBEPI€HTHBIE TPACCHI.

Tem cambeiv, X2\ T (¢, (S™) ) cx (X°17).
Taxye OYEBUIHO, YTO BMECTE C TPACCOH YAANIIOTCA U BCE €€ IPOAOIIKEHHS.

Tem camblv, MHOXECTBO XoY"\T (¢;"(S7)) yAaIseMBIX Tpacc SIBISIETCS
HOCT(HUKC-3aMKHYTHIM TIOAMHOKECTBOM MHOKECTBa X1~

[To npaBunam BbIBoga mepexonoB ~¢uHanbHOW RTS (wm mo Teopeme 21 m
3amedanuto 17) mpocras Tpacca ~dunanpHOW RTS, He sBnstomascs L-tpaccoi,

# 3akaHunBaeTcs B L-

umeer Bu1 6 (B), o'(R)Y) wm o' (RA), rie tpacca ©
COCTOSIHUM.
ITo 3ameyanuio 16 B S™ BBINOJHEHO AY-CBOICTBO.

ITosToMy o nmemme 54 omepanus ¢;” He yAalsieT MepexoIbl Mo He-OTKa3aM B
ocrarormuxcs L-cocTosHusX.

IMockonbky coctosiHus 7Y, A, A°, ® L-KOHBepreHTHHI, Jir00as U3 TPacc G#-<§>,
o' (By) wm of-(RA) ynansercs ToJbKO B TOM Cllydae, KOr/a yaajseTcs Tpacca
o'

CnenoBatensHo, MHOXecTBO X°1™\T (¢;"(S™)) YAQISIEMBIX Tpacc BMeECTE C
KOKIOW Tpaccol CONEpPKHUT ee MakcuMaidbHbld L-mpedukc (MakcHMallbHBII
npedukce, spisronmiics L-Tpaccoii).

6.84. [loka3zaTenbCTBO NeMmbI 59

Tlo nemme 47 310 cBOMCTBO BHINOAHEHO 11t RTS S~

ITo nemme 54 Bce L-cocrosaus RTS ¢;" (S™) ssisrores L-cocrosausamu RTS S,
ITo 3ameuannio 16 B S™ BBIIOIHEHO AY-CBOWCTBO.

ITosToMy o nemme 54 omepamus c¢;" He yoaiaseT Mepexoabl MO He-0TKa3aM, a
TAKXKE MMEPEXOIBI-MIETIIN M0 0TKAa3aM B JOCTIKUMBIX L-COCTOSIHUSAX, U HE N00aBIsICT
MEPEXOIbl, B TOM YHCJIE, IEPEXO/IbI [0 HE-0TKa3aM M NEPEXOABI-IICTIIN IO OTKA3aM.

CrnenoBartenbHO, TpeOyeMoe cBOUCTBO coxpansercs ainsi RTS ¢;” (S7).

6.85. [lokazaTenbcTBO Nemmbl 60
ITo nemme 49 310 cBOiicTBO BhINOMHEHO A1t RTS S~
Ilo nemme 54 Bce L-coctostaust RTS ¢;" (S™) saBnstores L-cocrosausimu RTS S™.

ITo 3ameyanuio 16 B S™ BBINOJHEHO AY-CBOICTBO.
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HOSTOMy mo memme 54 onepanunda Cln HE yAaJsACT IMEPEXOJbl MO HE-OTKa3aM, a
TAK¥XKC HC ,HO6aBJ'I$I€T TaKueC NepeXoabl.

CnenoBarenbHO, TpeOyeMoe cBOUCTBO coxpansercs ainsi RTS ¢;” (S7).

6.86. [JokaszaTenbcTBO Nemmsbl 61

ITo nemme 50 310 cBO¥icTBO BEIMONHEHO A1t RTS S™.

Ilo nemme 54 Bce L-coctosinust RTS ¢;" (S™) saBnstorces L-cocrosausimu RTS S™.
ITo 3ameyanuio 16 B S™ BBINOIHEHO AY-CBOICTBO.

ITosToMy mo nemme 54 omepamus c¢;° He yJauseT Mepexoabl MO He-0TKa3aM, a
TaKKe He 00aBISIET TAKUE [IEPEXOIbI.

CnenoBartenbHO, TpeOyeMoe cBOUCTBO coxpansercs ainsi RTS ¢;” (S7).

6.87. JokaszaTenbCcTBO NeMmbl 62

ITo nemme 51 310 cBOiicTBO BhINOJMHEHO A1t RTS S~

Ilo nemme 54 Bce L-coctosinust RTS ¢;" (S™) saBnstorces L-cocrosausimu RTS S™.
Taroke no iemme 54 onepanust ¢;” He J00aBISIET TPACCHI.

CrnenoBarenbHO, TpeOyeMoe CBOMCTBO coxpansercs 1t RTS ¢, (S7).

6.88. [loka3zaTenbCcTBO NeMmbl 63

ITo nemme 52 310 cBO¥CTBO BhINOJMHEHO A1t RTS S~

ITo nemme 54 Bce L-cocrosaus RTS ¢;" (S™) ssusrores L-cocrosausamu RTS S,
Taxoke o temme 54 omneparust ¢;” He H00aBISIET MEPEXOIbI.

CrnenoBarenpHO, TpeOyeMoe CBOMCTBO coxpansercs 1t RTS ¢, (S7).

6.89. [loka3zaTenbcTBO NeMmmbl 64

Bynem Bectu 1oka3aTenbCTBO MHAYKIUEN TTO N.

Jna n=0 umeem c;° (S”)=S", u yIBep)IAeHHE BEPHO MO JeMMe 53.
ITycTh yTBepKIeHUE TOKA3aHO I N ¥ JOKaXeM ero ISl n+1.
Jomyctum npoTuBHOE.

Torma B RTS ¢,**'(8") b—u'—b" & a<b & u' pybesonacnosa s«

a—u#—ﬁ.

ITo nemme 54 Bce L-coctostHms RTS ¢! (8™) sBistorces L-cocrostamsvu RTS
¢;" (S”), clemoBaTeabHO, COCTOSHHSI a, b U b~ saBisgiorcs L-cocTosHuSIMU B
Cln (S~) .

ITockonbky 1o JemMme 54 omeparusi ¢; He mpoOaBiseT nepexonsl, B RTS ¢;" (S™)

TaK)Ke UMEETCA IIEPEX0] b—ut—b".
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Urtak, B ¢;*(S”) a u b ssmaores L-cocrosamsmu, a<b, b—u’ ¥—.

CrnenoBartenabHO, IO TIPEIITOJIOKEeHHIO mara nHAyknuu B RTS ¢;" (S™) wumeem

u® yonacnoea v a—uf—a’.

ITockoJBKY MO JieMMe 54 ormepaist ¢; HE YOauseT MEePEexXOosl M0 He-0TKa3aM W3
ocraommxci L-cocTostHMi,, w3 Toro, 4ro B RTS ¢;"*'(S~) HabmoneHue
u' ¥besonacHo 6 a, crnepyer, uto B RTS ¢;"(S”) Ttakke HaOmomeHne
u* p6esonacno ¢ a.

Cnenosarensho, B RTS ¢,”(S”) nmeercs nepexonq a—u'

—a ,Hh a SaBIgeTcsa
L-cocrossauemM B ¢;" (S™).

IMockonbky mepexoma a—u‘—a’ wmer B RTS ¢,"*'(S”), oH ynansercs

omneparuei ¢;. CienoBaTeiabHO, COCTOSSHHE a  L-HEKOHBEPreHTHO B ¢;" (S7), a
TOrIa OHO P-HEKOHBEPI'CHTHO JJIsl HEKOTOPO# KHOMKH Pe RUQ.

Tormpa a ™ —2-»7.
U3 a<b, b—u*—=b’ u a—u*—a" cuoemyer mo nemme 62 a <b".

Iockompky a~ m b~ sBmtores L-coctosHusMu B ¢;" (S™) m a —R-—»Y, 1o

aemme 60 b —R-»7.

Iockonsky B RTS ¢;"*' (S™) wumeerca mepexox b—u’—b", cocrosnue b’
JIOJKHO OBITh L-KOHBEPTreHTHBIM, B TOM YHUCJIe, P-KOHBEPTEHTHBIM B ¢;" (S™) .
[MosToMy HaiizeTcs Takoe Habmonenue u’ ', paspemaemoe kHomkoit P*, uto
b —u .

Urak, B ¢;*(S”) a’ u b ssisuores L-coctosamsimMu, a <b', b —u" f—.
CrnemoBaTtenbHO, IO MPEATIONI0KEHHUIO [Iara MHAYKIHA B ¢;" (S™)

u * yonacnoea’ v a’—u .

ITockonbky a’ —R-—»Y, uMeeM uf ¥6esonacno ¢ &~ .  CrnenoBaTenbHO,
a’—u"*—, 4ro mnpoTMBOpeUMT P-HEKOHBEPreHTHOCTH COCTOSHHA a B
c In ( S~) .

MBI mpunun K MPOTHBOPEYHIO, CIEI0BATENBHO, HAIlle JOMYIICHWE HE BEpHO, Iar
WHAYKIUYU TOKa3aH, ¥ JeMMa J0Ka3aHa.
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6.90. [loka3zaTenbCTBO NeMmbl 65

1. Tokaxem, uto ecm B S~ otkaz P* oco6srii mocie tpaccsr pf, o Tpacca '
3aKaHYMBACTCS B L-COCTOSHMH, B KOTOPOM €CTh IIEPEXO-TIETIS MM OCOOBIi
nepexon 1o oTkasy P*.

Tlo ompenenenuio, eciau oTkas P' oco6blif mocie Tpaccsl W', To BbIMONHEHO
CIICAYIOIIEE YCIOBHE:

PeR & Ip(W)#D & p' (B, y)eT(s™) & Vzer p'(z)eT(s™).

Eciu tpacca ' 3aKkaHumMBaeTcs B COCTOSHMM S, TO, BO-TIEPBBIX, 9T0 L-
COCTOSHHME, a BO-BTOPBIX, monycioBue Ip (W)#C, y4yuTbIBasg CBOWCTBO
kymynstusHocTH RTS s™' (memma 56), SKBHBANCHTHO noxycnosuto 3P.eR

s—PS#—>s.
Ioxycnosue M-(Q,y}eT(S"l) BJIEYET S—B-AY.

IMoxycnosue VzeP U (z)e T(s™') Brnewer VzeP s—z-».

A Ttorpa, nockonbky Bce L-coctosnus RTS st L-xoHBeprentHs! (JiemMma 55),
JOJDKHO ObITh s—P*f—s* 1711 HeKOTOpPOro cocTosHUA s .

B nenom nonyuaem:

PeR & IP.eR s—P.*—s & s—Pf—s" & VzeP s—z-».

Tlepexon s—pP* s saBmsercs MePEeXOIOM-TIETIIEH, eclM s =s, U 0COOBIM
MEPEeX00M B MPOTUBHOM CITydae, 4YTO U TPEOOBAIOCH JOKA3aTh.

2. TlokaxkeM, 4TO €cCiau B s™! Tpacca u# 3akaH4yuBaercsa B L-cocTossHnu s, B
KOTOPOM €ECTh Nepexoi-netns s—P'—s wmm ocobwiii mepexogq s—Pf—s”
no otkazy P*, 1o otkas P' oco6wlii nocsie Tpacenr pf.

ITockonbky s L-cocTosiHue, OHO UMEET BUI S= (A,r).

IMockosbky Tpacca W' 3akaHumBaeTcs B L-cocTosHuum s, mycras Tpacca
Oe3omacHa B ICXOAHOM cnienudukanuy (nHade HeT L-cocTossHuit) U 1o Teopeme
21 mmeeM (A,r)=(A,ry) u r=r,={Ulp (L) |Ip (n)#J}.

PaccmoTpuM aBa BO3MOXKHBIX CIIydast.
2.1. Umeercs nepexon-nerns s—P—s.

B stoMm ciiygae B RTS s™! umeer mecto r(s)=#D.

ITockonbky mo nemme 54 omeparuss C; He ygauseT W He JOOaBISET
MepexobI-METIN M0 OTKazaM B ocTaromumxcsi L-coctosHusx, B RTS S~
HMeeT MecTo I (s)#J.
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2.2.

A Toraa, mockonbKy 1o jemme 45 r(s)=r BRTS S”, ycinosue r(s)zJ
Bieuer Ip (L) #D.

ITo croiicTBy cornacoBanHOCTH RTS s (lemma 56) nmeem:

s—R» U VzeP s—z-».
Vcnosue s—e—» Breder pf-(B,y)eT (™).

Vcnoue VzeP s—z— Bieder VzeP u*-(z)ET(S”I).
Hrak, umeem:
PeR & Ip(W)#D & pu' (&, YeT(s™) & Vzep p'(z)eT(s™),

4TO O3HAYAET, uTo 0TKa3 P 0coOwrii mocne Tpaccer W, uro u TpeGopanocs
JIOKa3athb.

HUmeetcs ocobblii mepexon s—Pf—s*.

ITo onpeneneHno 0cob60To Epexoia IMEEM:

s'#s & dP.eR s—P.*—s & VzeP s—z-».

Venopue IP,eR s—P *—s Bueuer r(s)#0 BRTS st

Iockonpky mo nemme 54 omepamms C; HE ynauseT U He J00aBiseT
MEPEXOIbI-METIN MO OTKa3aM B ocraroumxcs L-cocrosuusx, r(s)#J B
RTS s~

A Torma, mockoJeKy 1o jemme 45 r(s)=r BRTS S7, ycnosue r(s)#J
Bieuer Ip (L) #D.

Mockombky s—P*f—s", umeem p'-(P*eT(s™).

Torna no nemme 54 p-(PHeT (S7),

YTO 110 MPABHJIAM BbIBOZA ~(pUHAIBHBIX TPACC BieYeT P ~conf (B,,ry),
utTo Bieuer P safe~by A, uto Breuer W'-(2,7)eT(S7).

A toraa o temme 54 ut-(2, e T (s™).

Vcinosue VzeP s—z— Bieuer VzeP ' (z)eT( sy,

Hrak, nmeem:

~1

PeR & Ip(W)#D & p' (&, y)eT(s™) & Vzer p'(z)eT(s™),

4TO O3HAYAET, 4To 0TKa3 P 0co6blii mocie Tpacchl W', uTo u TpeGopanock
JI0OKa3aTh.
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6.91. loka3zaTenbCTBO fieMMbI 66

OdgeBuaHO, 4TO JrO0ast ocobas Tpacca, HauMHAromascs B L-cocrosHuw,
3aKaH4yMBaeTcs ToXke B L-COCTOsSHMHM, B TOM 4KClIE U MakcHMaybHasg ocobOas. Ham
HY)KHO JIOKa3aTh, YTO TaKHE MAaKCHMAaJbHBIC OCOOBIC TPACCHl 3aKAHUMBAIOTCS B
OJHOM U TOM K€ COCTOSIHUH.

JomycTum, yTBEp>KIeHHE HE BEPHO.

Torna maiinercs Takas Tpacca W, koTopas B s™! 3akamunBacrcs B L-cocTosHun
S, B KOTOPOM HAYUHAKOTCS JIBE MAKCUMAJIbHBIC 0COOBIC TPACCHI, 3aKAHYUBAFOIIIHUCCS
B 8! B PAa3HBIX COCTOSTHUSX.

Ha3zoBem cocmosanuem e6emeénenus Takoe COCTOSHHE, KOTOPOE MAOCTIXKHMO W3
COCTOSIHHSL S TIO OCOOBIM TpaccaM, M TaKOe, UTO Yepe3 HeTo MPOXOIT Mo KpaiHen
Mepe JABE MaKCHUMajJbHbIE OCOObIE Tpacchl, HAYMHAIOMKECS B S |
3aKaHYMBAIOLIUECS B PA3HBIX COCTOSIHUAX.

Takoe cocrosiHHE BETBIIEHUS, TO-NEPBBIX, BCErJa CYLIECTBYET, MOCKOJbKY WM
SBIISICTCS CAMO COCTOSTHHE S, M, BO-BTOPHIX, sBJsIeTcs L-cocTosHIEM.

Paneom coctosiHAS BETBICHHS HA30BEM MAaKCHUMAaJbHYIO UTMHY 0CO0O0H Tpacchl,
HayMHAIOICHCA B S W 3aKaHYMBAIOILEHCS B JAHHOM COCTOSTHUM BETBJICHUSI.

PaHr cocrosiHus BETBIIEHHWS KOHEYEH, TaKk Kak 110 jJeMme 57 xoHeuna RTS S"l, a

ocobas Tpacca He MOXKET CoJiepkaTh MUKIOB (B RTS 1uki mepexomoB Mo oTKazam

MOXET COCTOSITh TOJBKO W3 TIEPEXOJOB-TETENb, & OHH HE SIBISIOTCS OCOOBIMH

TIepEexX0IaMH).

Cpenu BceX COCTOSHUIM BETBIICHHS BBIOCPEM COCTOSIHUE S C MaKCHMAJIbHBIM

paHroM u 0cobyio Tpaccy ¥, HaumHaroIyIOCS B S, 3aKAHUMBAIONIYIOC B S° U

HMMEIOIIYIO 3TOT MAKCUMATBHBIN paHT.

ITockonbky m00yI0 0COOYIO Tpaccy MOXKHO TIPOJOJDKUTH JIO MaKCHMAIbHOH,

OpOJOLKUM Tpaccy T, 10 Takoif MakcumanbHOM ocoboif Tpaccel p.*, To ecTh
# #

T, "<p,".

Torna HaiiieTcs MakcuMalbHas ocobas Tpacca p,', KOTopas IIpOXOOMT depe3

COCTOSIHME S, TO €CTh Y Hee umeetcs npepuke T, <p,*, koTopeil 3axanunBaercs

B s ,uTpaccel P m p,* 3aKkaHUMBAIOTCA B PA3HBIX COCTOSHHUSX.

HOCKOJ’ILKy pl# u Pz# MaKCHMaJIbHEIE 0COObIE TpaCcCbl U 3aKAHYMUBAKOTCA B
Pa3HbIX COCTOAHUAX, HA OHA U3 HUX HC MOXKCT 3aKaHYMBATHCA B COCTOSITHUN S T,

CrnenoparensHo, T, '<p,* u m,'<p,’, u cymecrylor cnemyromume nocne stux
npepurcos otkasel: T,'-(P:")<p.* wm m,"(P,")<p," Takme, uro nepexomnt

s'—P,*—s;, w s°—P,*—s, ocobse.
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ITockoJBKY paHr COCTOSIHUSL S~ MAKCUMAJbHBIH, TOJDKHO OBITh S #S;, TAK KaK B
MPOTHBHOM CJIy4ae COCTOSIHHE S;=S, OBUIO OBl COCTOSHHEM BETBICHHS C PAHTOM
OONBIINM, 9eEM y S, UTO MIPOTUBOPEUYNT MAaKCHUMAIBHOCTH paHra s .

ITo nemme 54 B 8™ Toxe umeercs Tpacca W'-m,*, koTopas Toxe 3akaHuMBaeTcs B

COCTOSIHMH S;, M TOXeE UMeroTcs mepexoanl s —P f—s, n s'—P,f—s.,.
Torma mo teopeme 21 tpaccer phm *(P.*) w phm*(P,*) ~dunanerer n
apysoTca L-Tpaccamu.

Torma, mo Teopeme 11 Tpacca p-m,*-(P,*) Geszomacha.

Torma P," safe, I~ after u' -, ".

Torna no siemme 16 0 6e30MaCHOCTH TOCIIE OTKa3a

p," safe,, X~ after u*-m,*- (P, *).

Torna no teopeme 10 o 6ezonacnoctu knomok W7, (P, *)- (B, y) ¢ T,

Torpa o Teopeme 21 B 8™ s,—R,»Y.

Tlokaxxem, uT0 B S~ s,—72z— I 11000r0 AEHCTBUSA Z€E P,.

JlelicTBUTENbHO, B MPOTUBHOM ciiydae 1o Teopeme 21 tpacca p'-m,*-(P,*)

mpoaoJIKaIach OBl BO MHOKECTBE ~(1)I/IH2L]'H)HLIX TpacC HEKOTOPbIM JIEUCTBUEM
ZEP,.

Artorna p'm*(z)eud (Z°).
Ecmu 661 pf-m,*-(z)2 X%, to no nemme 13 o Gesonacnoctu L-HabroneHuit
b0 661 2" safe,n L™ after u'-m, .
Ho 510 npotusopeunt Tomy, 410 zEP, u P, safe, X~ after p*-m,*.
Crenosatenbho, W m,*(z)e X",
Ho Torma mo teopeme 21 mmeeTcs mepexoll s —z—, YTO MPOTHBOPEUHT
TOMYy, uTO Iepexon s —P,*—s, 0coOsii.

Urak, B 8™ s—R,»Y U S—z— A5 11000T0 IEHCTBUA ZE P,.

Torma mo aeMMe 54 3TO UMEET MECTO U B s,

Ecnu 661 s,—P,* -, cocTosnue s; 65110 661 L-HEKOHBEPTEHTHO B s,

4ero OBITh HE MOXKET TI0 JIeMMe 55.

Crnenosarensho, B 8™ s —P,*—s1, maTOT MEepexom 0COObIIA.

213

B cHily CHMMETpHH aHAJIOTHYHO MOKa3biBaeTes, 9o B S~ s,—P f—s,, martor
TePeX0] OCOOBIH.

Torxma o temme 54 B S8~ Toke s—P,'—s,, u s—P,f—s,..
Urak,B S~ umeem: s —P,*—s,—P,*—s, u s"—P, s, —P,f—s,..
Mockomsky B S™' rtpacca ' sakamumeaercs B L-cocrosamm s, a Tpacca '

HauMHaeTcs B S M 3aKaHuuBaercs B s, Tpacca W'm,¥, Haummaromascs B

HayaJbHOM COCTOSHWM, 3aKaHYMBaeTcss B s, a Tpaccl O=W-T-(P;,P,)
G =W, (P,, P;) 3aKaHYMBAIOTCS B COCTOSHUAX Si; M S;1, COOTBETCTBEHHO.
Torpa no Teopeme 21 s1,= (Agrs) U Su=(Ags,Tg ). Hanee:

Aq={S after M| \edi” (G) NSafeBy (F (s™")) },

Ay ={Safter A\|\edi” (G ) NSafeBy (F (s™")) },

re={Ulp (o) |Ip (0) 2D},

ro={VIp(c) |Ip (0)#D}.

Ho, oueBumno, di”(6)=di" (¢~ ) u Ip(c)=Ip(c’).

IlostomMy S1,=S51.

Ho Torma B COCTOSHHM S,,=S,; B S 3aKaHUMBAIOTCS BE OCOOBIC TPACCHI
(P ) (PF) 1o (PR (P ).

ITpoIo/KMM  3TH  0COOBIE TPAacchl 0 MakcHMalbHbIX: T, (P.*)-(P,")<p,* wu
mH(Po) (P f)<p.t.

Ecmu 681 Tpaccsr p,f m ps* saxamumBammcs B S™' B pasHBIX COCTOSHHSX, TO

COCTOSIHUE S, OBUIO OBl COCTOSHHMEM BETBICHHS, HO €r0 paHr OoJIbIe paHTa
COCTOSIHUSL S, 4ero OBITh HE MOXKET.

Ecnu 661 Tpaccel p;* u p," 3akanumpanuce B s B PasHBIX COCTOSHHUSX, TO
COCTOSTHUE S1,=S,; OBLIO OBl COCTOSIHUEM BETBIICHUS, HO €r0 PAaHT OOJIbIIE paHTa
COCTOSIHHSL S, Yero OBITh HE MOKET.

Ecmu 6ol tpaccsr p,' u p,' 3axamumBamuce B S™' B pasHIX COCTOSHHAX, TO
COCTOSIHHE S, OBLIO OBl COCTOSIHUEM BETBJICHUs, HO €ro paHr Ooublle paHra
COCTOSIHMSL S, 4ETO OBITh HE MOXKET.

Ho Ttorma momywaercs, uTo Tpacchl P, wu p," 3akaHumBaroTcs B OmHOM

COCTOSIHUU, YTO TOKE HE BECPHO.

MBI IpHUIIUTH K TIPOTUBOPEUHIO W, CIEJAO0BATEIbHO, HAIe JOMYIIEHHE HE BEPHO, U
YTBEPKICHHUE JIEMMBI JOKa3aHO.
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6.92. [loka3zaTenbCTBO NeMmbl 67
1. TlokaxeM, 4T B COCTOSHHH b B S™' Her 0coObIx MEPEX0/10B
v . - -

Havanbueim cocrosinuem RTS S°  sBnsercst mapa (s™y, sy), rae s™g —
HayaJIbHOE COCTOSIHUE S~.
o onpenenenuto ~punansHoit RTS s™0=({ {S after ¢} },D).
A 1o ompenencHHIO Saffer B 3TOM ciiydae B COCTOSHMH s~ B S~ HeT
MepPex0A0B-NeTelNb M0 OTKa3aM.
Tem caMbIM, B 3TOM COCTOSHHHM B S~ HET 0COOBIX IEPEXO0/IOB.

ITockonbky 1o snemme 54 omepamms C; He H00aBISET MEPEXOJbI, B st g
COCTOSIHUH S~ TaKXe HET MEePEXOMOB-TETEb 0 OTKAa3aM M, CIICAOBATEILHO,
HET 0COOBIX EPEXOIOB.

ITo pedrekcuBHOCTH OTHOMIEHUS «<» (lemMa 48) s™;<s”.

v
Jlist mo6oro Ipyroro JOCTHXKUMOTO B S* COCTOSHUS (a, ) B COCTOSIHMH b
B S Her 0coBbIx [epexoJ0B MO ompeAeNeHuto (B b  3aKkaHYMBAaeTCs
MaKCHMaJIbHasl Tpacca 0COOBIX MEPEX0JI0B).

2. Tlokaxem, uto a<b.

DTO JIeTKO JOKa3bIBaCTCA I/IH,HYKIII/ICﬁ o MapupyTy, BEAyHieMy B JOCTUKUMOC
COCTOAHNEC U3 HAYAJIBbHOT'O COCTOSHHUA.

baza unnykuun: s”y<s”, 4TO JOKA3aHO BHIIIIE.

JlokazarenbcTBO MIara HHAYKIMH HEMOCPEICTBEHHO CIEAYeT U3 JIEMMEI 63.

6.93. [lokazaTenbCcTBO NemMmbl 68
IlycTb cocTosiHue (a,b) AOCTHKHUMO.
Torma mo nemme 67 a<b.

1. IlycTb BBINOJIHEHO yClOBUE NpaBuia la:

u® yéesonacnoea & b—u'—b, & b,=p=b & pmakcumarbnas
ocobas 6 by,.

Torxaa mo nemme 64 a—uf—a’.
CrnenoBartebHO, BBITIOJTHEHO YCIOBHE TipaBuia 1:

a—uf—a" & b—u'—b, & b,=p=b’ & pmakcumanvuas ocobas é b,.

2. HaoGopor, ImycTh BBIIIOJIHEHO yciioBHe npaBuia 1:

a—ut—a’ & b—u*—b, & b,=p=b’ & pmakcumanvuas ocobas é b,.

Tor/a no mpaBuiIam BbIBOJIA Tlepexo10B ~punanbHoi RTS u' pkbesonacno 6 a.
CrenoBatenbHO, BBITIOJHEHO YCIIOBHE TpaBria la:
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u® yéesonacnoea & b—u'—b, & b,=p=b & pmakcumarbnas
ocobasi 6 by,.

6.94. [loka3zaTenbCTBO NeMmbI 69

1. CnHauvana moxaskem, 4To B sV kaxxgoe L-cocrosinue (a,b) L-KOHBEpPreHTHO.
JonycTuM IIPOTUBHOE: HEKOTOpas KHomka P' y6esonacua e (a,b), To ecTh
(a,b)—R-»Y,H0 YuePU{P} (a,b)—u=.
Torma mo mpaBmiTy BEIBOZA 2 a—R-»7.
Torma YuePU{P} u' y6esonacno ¢ a.
CrnenoBarteibHO, UCHOIB3Ys IeMMy 68,

10 NpaBUJIy BBIBOJA la YuePbPU{P} b—uf-».

[Hockonapky a—=R—»Y u 1o gemMme 67 a<b, mMeeM 1o Jemme 61 b—2-».

A torma B S™' jmoctmkumoe coctosnine b L-HEKOHBEPreHTHO, UTO HEBEPHO
JUIL PacCMaTpPHBAEMOro Clydas, KOIJa HadaibHoe coctosame RTS s™' L-
KOHBEPI'eHTHO.

MpbI npuIUIM K IPOTUBOPEYUHIO, U, CIIEJOBATENBLHO, Hallle JOMYIIeHHE He BEPHO,
a yTBEpXKIECHHUE JIEMMEI BEPHO.

v
2. Teneps mokaxkeM, uTo B S* Bce npocThie L-Tpacchl L-KOHBEpreHTHEI.

IMpoctas L-tpacca ' 3akaHumBaeTcst B COCTOSIHMM BUAa (a, b), KOTOpOE MO
JI0Ka3aHHOMY L-KOHBEpreHTHO:

VPeRUQ (a,b)—R—y v FJuePU{P} (a,b)—u’—.
CrenoBaTenpHO,
vPeRUQ u'-(B,y)eT(8Y) v Fuepu(p} p(u'eT(8"),

4TO 1 03HauaeT L-koHBeprenTHOCTL Tpacehl W'

6.95. [loka3zaTenbcTBO NeMmmbl 70
1. JerepMuHuU3M.

LTS sV JIETEpPMHUHUPOBAHA 0 IIPABUIAM BBIBOJA U JieMMe 66.

2. Andasur.

LTS s¥ ompenernena B andasure L'UR'U{A}.

3. BrigenenHoe coctosgHue @.

v
BLTS S" wumeercs cocrossHue ® IO OMPEICIICHUIO.

4. EOHYCTHMOCTL CJICOYCT U3 IIPaBUJI BBIBOJA.
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5. CornacoBaHHOCTb. prever (a',b’)—Rf'—(a",b").
[lycte B cOCTOSHMM  ompeieneH  mepexox-meras 1o Rf-orkasy ]
(a,b)—P'—(a, D).

ITonmoTa.

Iycts (a,b)—R*—(a,b) u VzeP! (a,b)—=z-»,rme R,PeR.
Torzma B 3TOM COCTOSHMM HET MEPEXOJOB [0 PaspyLICHHIO W AUBEPIEHLHHU 10
N #
3aMedaHuio 19, HOCKOJIBKY TakHe MepexoJibl BEAYT TOIBKO U3 COCTOSHUN 7Y, A Ham ny»xHo nokasate, uro (a,b)—P"'—(a,b).

um A°. "
ITo mpaBuiny BeiBoga 1 umeeMm a—R"—a

Ilo npaBunam BBIBOJA UMeeM a—P*—a.
U, TIOCKOJbKY HE OBIBaCT LHMKJIOB U3 TEPEXOJOB MO OTKAa3aM, OTIMYHBIX OT

A Ttorza 1o cornacosanroctd S~ (lemma 56) B a Her aeiictBuii u3 P TePEX0I0B-TIETENh, a IEPEXOABI-TICTIIN HE SBJISIOTCSI OCOOBIMHU ITEPEXOTaMH,
4TO 110 MPABUIAM BBIBOJA BIICUET OTCYTCTBHE AekcTBuii u3 P* B (a,b). mmeeM b—Rf—b.

6. KOHBEPIe€HTHOCTD.

ITockonbky Re P#, uMeeM (a,b)—=a-»,
Jns kaxmoir kHomkm PeR  nmbo mmeercs mepexom Mo He-0TKazy 2 B

COCTOSIHME Y, MO0, B MPOTHBHOM ciiydae, 1o L-kouseprentHoctu (ieMma 69) 4TO 110 IPaBUIIaM BbIBOJA 2,3,4 BlieueT a—R—»,
UMeeTcs nepexo no L-Habmoienuo, pa3pemaeMomy KHONKol P,

7. KymMyJnaTuBHOCTD.
Iycts (a,b)—P*—(a ,b ), rne PeR.

4TO0 110 TeMMe 59 Breuer a—P*—a.
Taxke a—R—» Bieuer Vz€EP z ¥6e30nacHo 6 a.

A Torga, mockosibky VzeP (a,b)—z-»,

Ham HyXHO 10Ka3aTh, uto (a” ,b” )—P*—=(a’,b"),

N NN HCIONB3Ys JIeMMy 68, 1o mpaBuiy BeIBoJa 1a uMeeM VzeP b—z-».
atakke VR'eR ((a,b)—Rf—=(a,b) = (a',b )—R'—=(a",b")). M y P y o
. oo Io nemme 67 a<b.
VYcnosue (a,b)—P"—(a’,b’) mno npaBuiy BeiBoaa 1 BieueT
ITosToMy a—=-+ BiedeT 1o JieMme 60 b—2—.
a—Pt—a’ & b—P'—b, & bo=p=b’ & pMmaxcumansHas ocobas & by.
i CrnenoBareibHO, IOCKOIBKY VzZEP b—z—,
CrnenoBarebHO, IO KYMYJISITHBHOCTH S~ (JemMMa 56) nMmeem

2P a & b P, no nonHore S (1lemma 56) umeem b—pf —b.
a tarke YRR A Torja no npaBuiy BeiBoja 1 1
H, TIOCKOJIBKY 110 JIeMMe 67 B COCTOSSHUM b B S™ HET 0COOBIX MEPEX0I0B,
((a—R*—»a = a°—R*—>a') & (b—R'—=b = b "—R'=b")).
" uMmeeM (a, b)—P#—> (a,b), 9To U TPeOOBAIOCH TOKA3ATh.
Torna no iemme 67 B cocTossHME b~ B S™ HET 0COOBIX MEPEXOJIOB,

TOATOMY IO TIpaBUiITy BbiBoaa 1 mveeM (a” , b” )—Pf > (a>,b). 6.96. [lokasaTenscTBo nemme! 71

Tatoxe o mpasmy Besoa 1 nMeem JlokazaTenbcTBO OyZieM BecTH HHAYKIHeH mo L-tpacce.

v “~ -
Ilyctass Tpacca B S’ 3akaHUMBaeTcsi B COCTOSHUU (S7y,s™g), rae sy —

vrR*eR ((a,b)—Rf'—(a,b) = a—R'—a & b—R'—>Db). 1 1
HauyanbHOE COCTOSHME S~', B KOTOPOM 3aKaHUMBAETCA MycTas Tpacca B S™.

N # N N # N
A torga o goxasaHHoMy a —R'—a’ & b'—R'—Db’, IlycTh yTBEpIKHEHHE IOKA3aHO JUIS TPAacChl O©' M JOKAaKEM €ro il TPacchl
9TO MO mpaBuiTy BbiBozA 1 of-(uf).

~1

H, TIOCKOJIbKY B COCTOSIHUM b~ B S™ HET 0COOBIX MEPEX0JI0B, TycTs B s’ Tpacca G' 3aKaHUMBAaeTCS B COCTOSHUH (&, b).
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Toraa 0 MpCANOJIOKCHUIO HIara MHAYKIIUNU B S~1 Tpacca G# 3aKaH4YHMBacCTCs B

COCTOSAHHUHA a.

U3 mammums B S'  Tpacchr o'-(u*) B cmmy nerepmumrmsma RTS (nemma 70)

crienyer (a,b)—uf—(a’,b").

Hawm focraTo4no nokasars, uto a—u'—a’ .

Ho sto CJICAYCT U3 IPpaBUJI BbIBOJA.

6.97. [loka3zaTenbCTBO NeMMbl 72

YTBepkKIEHUE HEMOCPEACTBEHHO CIeayeT W3 JeMMbl 71 W TpaBWi BBIBOJA
npeobpazoanus C.

6.98. lokazaTenbCcTBO NemMmbl 73

YTBepkIieHne HETIOCPEACTBEHHO ClIeAyeT 13 JeMMbI 71 (He no0aBsiroTcst HOBbIe L-

Tpacchl) W JeMMbl 72 (mpomospkeHus oOmmx L-Tpacc He-oTkazamMu u Jasee
N ~ v

JIMBEPreHIueii ¥ pa3pylIeHIeM OqiHakoBEI B S B SV).

6.99. lokazaTenbCTBO NeMmbl 74

By,ueM BCCTHU N0KA3aTCIILCTBO HH[[yKIIHeﬁ o Tpacce G#.

v - - -
Ilycras Tpacca € 3akaHuuMBaeTcsi B S B COCTOAHMM (s™g,s™p), a B S 1 B

COCTOSIHUU S g.

O4YeBUIHO, UTO €€.

IlycTh yTBEpKACHHE JAOKA3aHO I Tpacchl O©' U JOKaXeM €ro Jjisi TPacchl

o'-(u"), rne ue LUR.

v
ITycts Tpacca o' B S’ 3akanumBaercs B cocTosHMM (a,b).

Tor/a 1o MpeIoNoKEeH IO ITara MEAYKIMA B S~ CyIIecTByeT Takas Tpacca G,

KOTOpasi 3aKaHYMBAETCS B COCTOSHUM b, n o'<c’ ¥

W3 mammupst B S°  Tpacchl o' (u*) B cumy nerepmunmsma RTS (nemma 70)

crienyer (a,b)—uf—(a’,b").

Io npaBunam BeiBoga npeoGpasosanus C, B S~ mMeercs nepexon b—uf—b,
u b,=p=Db’,rHe p maxcumarvras ocobas 8 b,.

#

TTo ONpeETeHnIO OTHOIIEHHS «=» ycnoBue 6'<6” " Brewer o (u)<o™ *(uf).

ITo nemme 65 B Tpacce 6 *-(u”)-p mocrduke p — 310 Tpacca 0cOOBIX OTKA30B.
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[TosTOMY 1O ONpEIENeHHIo OTHOmEHUs «<» 6 " (u*)<c™ - (u*)-p.

ITo TpaH3UTHBHOCTH OTHOIIEHHUS «=<>» (emma 40) umeem o' (u*)<o™ - (u')-p.

N v N
Tpacca ¢ *(u*) B S’ 3akanumpaercs B coctostHmmM (a , b ),

atpacca ¢ *-(u*)-p 3axamumeaercs B ™' B cocTostHEEM b

6.100. [OokasaTtenbcTBO NemMmbl 75
ITycras Tpacca umeercs kak B SV, takuB S\

v .

Iycrs Tpacca 6" umeercsiB S ue 8™, a s L-na6bmogenns u', rie ue LUR,
1 v

tpacca o'-(u') umeercaB S™', Ho oTCyTCTBYETB S'.

# ~1

Cormacuo nemme 41, ecmn ot (u*)<o.f, o (uf)es™ u o,'es™,

10 o' (uf)ex (™).

TT05TOMY HaM J0CTaTOYHO HaiiTh Takyo Tpaccy G,'¢S™, uto ot (u*)<c. .

v
ITycts Tpacca o' B S’ 3akanumBaercs B coCTOSHMM (a,b).

Torna mo nemme 74 B S™' maiizercs Tpacca G ¥, koTopass 3akaHumBaeTcs B

coctositnu b, u o'<c*.

ITo nemme 71 Tpacca o* B S™! 3akaHUMBACTCS B COCTOSIHHH a.
B0 ~1 v
IMockonbky Tpacca G"-(u*) umeercs B S™, HO OTCYTCTBYeTB S,
#

~1 v
toB S a—uf—,aB 8' (a,b)—u’».

A Torna, MOCKOJLKY B JIFOOOM COCTOSIHUM €CTh MaKCHMallbHasi oco0asi Tpacca, Imo

npasuy BeBoga 18 8™ b—ut—.
Crnenosarenbho, B S~ mer tpacest 6 - (ut).
Uz o'<c’* cnenyer, uto o-(uf)xo - (uf).

Jina o,'=c"*(u*) umeem: 8 S mer tpaccer 6,f u o' (u*)<o.*,

9TO U TPpeOOBAIOCH IMOKA3aTh.

6.101. [OokasaTtenbcTBO Nnemmbl 76
1. ¥YTBepxkaenwue 1.
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2.

DTO yTBEpKICHHE HEMOCPEICTBCHHO CIEIyeT M3 JIEMMBI 75 (HE yIaJsIOTCS
«mamrHue» L-Tpacchl) u nemmbl 72 (pogoibkenus oomux L-Tpacc He-oTkazamu
U Jlajiee pa3pyuieHUeM U JUBEPreHIMeNd OJTMHAKOBHI).

YTBepxneHue 2.

Ecom OBl MHOXECTBO yHamsieMbIX Tpacc He OBLIO TOCT(HUKC-3aMKHYTHIM
MOJIMHOXKECTBOM MHOecTBa I (S”l), TO MHOXecTBO T (SV) OCTaBILIUXCS
Tpacc He ObIIO OBl IPEePUKC-3aMKHYTHIM.

Ho sto npotuBopednt emme 70.

BwmecTte ¢ xaxmoi Tpaccoi ymanseTcs ee MaKCHMalbHBIA L-ipeduke cormacHo

nemme 72 (mpomospkeHus oomux L-Tpacc He-0TkazaMu U ajiee pa3pylmieHueM 1
JIUBEPreHIueN OJUHAKOBBI).

6.102. [dokasaTtenbCTBO NemMmbl 77

1.

ITokaxxem, uto a<a .

Hockomeky B 8 (a,b)—Pf—(a*,b"),
10 110 npaBuy BeiBoga 18 S a—Pf—a”,

a torma mo jJeMMme 62 a<a .

Tlokaxem, uto b=b".

N3 a—P"—a" cuenyer, uto kHonka P p6esonacna ¢ a,

uro Bieder B S”! z ¥6e30onacro ¢ a U1 BCEX NEHCTBUU z€P.
Taxxke (a,b)—P'—(a’,b’) 1o npaBmTy BeiBozA 1
preuerB 8™ b—Pf b,

Hockonbky B 8" mepexon (a,b)—Pf—(a’, b’ ) 0cobbIi,

B COCTOSIHUU (&, ) OTCYTCTBYIOT MEPEXOMbl MO ACUCTBUSM Z€ P.
A TOTr1a, TOCKOJBKY JJISl BCEX 3TUX ACHCTBUHA z }#0e30ndacHo 6 a,
HCIIONIB3YS JeMMy 68, TIo TIpaBmITy BeIBOJa 1a

B S™! Bcocrosuun b OTCYTCTBYIOT ME€PEXOABI MO ACUCTBUSIM zEP.
v N N .
Hanee, nockoiabky B S° mepexon (a, b)—P*—(a>,b") ocobsli,
v
B S’ uMeercs IeTid 10 OTKazy (a, b)—R#—> (a,b),

4TO BiIEUeT 1o npasuny BeiBoga 1 b—R*—by u by=p=Db,

YTO, IMOCKOJIbKY IHUKIIOB MEPEXOA0B MO OTKAa3aM, KPpOME IMCPEXOAO0B-IICTCIIb, HE
6I>IB3.CT, a ocoObIe nEPEXOAbl HE ABJIAIOTCA IEPEXOTaMU-TIETIIAMHU,
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Beuer b—R'—D.
A ToTJa M3 NOKa3aHHBIX YCIOBUH JJIsl COCTOSIHUSL D CIIEIYeT, 4To,
€CITU TIEpeXo]] b—P*—b" He sBIsIeTCS METIEH, TO OH OCOOBIIA.

OnHako mocieHee HEBO3MOXKHO, TaK Kak Mo jeMMe 67 B COCTOSHHH b HeT
0COOBIX IIEPEXOI0B.

CnenoBaTtellbHO, b=Db".

6.103. [OokasaTtenbcTBO NemMmbl 78

1.

CHavana  TIOKaXXeM, 4YTO  HaHmercs ay Takoe, 4YTO B S

(a’,b)—u—(a,", by).
Ecmu B SV (a,b)—u#—>(au,bu),To 0 MmpaBuily BeiBoja 1 B S"1

a—u*—a,  b—uf—=b, u b, =p=b, TOE P MAKCUMANLHAA
ocobas e b, .

U3 nanuuus nepexoja a—u'—a, ciegyer, 4To

Habmozienue u' pbesonacno 6 a.
ITosTOMy, yauThIBas, 9To a<a , mo jJemme 61

Habmozenue u' pbesonacuo 6 a’ .
A Torpa, yautsiBad, uto b—uf—b," u b, =p=b,,

TIe P MaKcumanibHas 0cobasn 6 by,
HCIOJB3Ys 1eMMy 68, 1o npasuiy BeiBoAa 1a

o N v N N
Haugercs a, Takoe,4YToB S (a ,b)—u#—>(au , bu).

Tenepp mokaxkeM, 4to a,<a, .

Io 1OKa3aHHOMY B IPEABIAYIIeM myHKTe B S~ a—uf—a,,.

Taxxe, IOCKONBKY B S° (a”,b)—u'— (a,", bu),

TO TI0 TIpaBHUITYy BBIBO/A 1 B s! a —uf—a, .
Taxxe O yClIOBUIO IeMMBbl a<a .

CrenoBarenbHO, 0 JemMMme 63 a <a, .

6.104. [dokasaTtenbCTBO NemMMbl 79

v o
PaccMoTpum B S° npousBonbHylo Tpaccy W' u otkas Pfe R* ocoblil mocne

TR
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Ham HyXHO J0Ka3aTh, 4To s jro0oi Tpaceel W' AfxeT (s¥) mmeer mecto
uh (PH A ke T (8Y).

B crmy nemmbr 72 3TO JOCTAaTOYHO JOKa3aTh Jis cirydas L-tpacc, korma k=e.

ITycts Tpacca u# 3aKaHYMBAETCH B COCTOAHMU (a, b).

IMockosbky oTkaz P! ocobblii mocne W', mo memme 65 umeercs mnepexon
(a,b)—P*—(a",b"), KOTOPBI SBJISIETCS JIMOO TEPEXOJOM-TICTIICH, eciu
(a,b)=(a" ,b" ), 00 0cOOBIM IEPEXOJIOM B IIPOTUBHOM CIIydae.

HaM Hy»KHO H0Ka3aTh, YTO AIi M060# Tpaccel A ¢ HauazoM B COCTOSHHU
(a,b) wumeercs Tpacca A' ¢ Hauanowm B coctosHUE (a , b’ ).

st cnyyas nepexona-netiy, korga (a,b)=(a’ , b’ ), yrBepKIeHUE OYEBUIHO.
PaccmoTpum citydait, korga nepexon (a, b)—P*—(a’,b’) sBISETCS OCOOBIM.
Mpe1 nokaxem 0oJiee CHIIBHOE YTBEPKIECHUE:

ecim Tpacca A' ¢ Hawamom B cocTosHmMHM (a,b) 3aKaHYMBAeTCA B COCTOSIHHU
(ax, by), TO Tpacca A" ¢ mawasom B cocrostHuM (& ,b’) 3aKaHYMBAETCS B
cocTosHUU (a 3, b)) m a <ay .

JlokaszaTenbeTBO Oy/1eM BECTH MHyKIHeH no Tpacce A'.
Ham nocraTouHo noKa3aTh ABa YTBEPIKICHHS:
1) 6a3a unayKuMu: 1715 myctoit Tpacel A': a<a® wu b=b;

2) mwar MHAYKOUH: ecli  (ay, by) —uf— (ay,, b)) ¥ ax<ay’,

N # N N
TO (a lek)_u _)(a- Aur b}m) n aj Saku .

YTBepxnaenue 1 caexyer us geMmsl 77, a yTBEpKICHHUE 2 — U3 JEMMBI 78.

6.105. [okasaTtenbcTBO TeopeMbl 26

IMo nemme 73 T (SY) T (s™).

Ilo nemme 54 T (8™') =X~

Orcioma T (SY) X%,

Mo gemme 58  MHOkectBo XM\ T(s™) MNOCTGUKC-3aMKHYTO |

TN\ T (8™ cx (2°7) u BMecTe ¢ KaxIoil TPAcCOi COAEPKUT ee MAKCHMAIBHBIH
L-npeduxc (MaxcuMmalbHbIH npedukce, sBistonuiics L-tpaccoii).

CrienoBaTenbHo, Mo Jemme 39 x (X°17) = (Z\7T(s*!)) u x (T (s™!

)).

Ilo memMme 76  MHOXECTBO T (S”l) \T (SV) MTOCTPHUKC-3aMKHYTO |
T(sH\T(8V)cx(T(s™)) u BMmecte ¢ Kakuoii TPaccoil COIEPKUT ee
MakcuManbHbIH L-npeduke (MakcumanbHbIA npeduke, spisronuiicst L-Tpaccoit).
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~1 v

) =(T(s"H\T(s")) U x(T(s
) ) =.

Mostomy x (T (8™')) =T (s"H\T(s").

Atorma x (%) = (ZN\T(s™)) U (T(s"H\T(s")).

Hockombky T(SY) T (8™') X%, umeem x (X°17) =X \T(sY).
CrenoBatenibno, ©° = X0\x (X°1%) = xo~\ (x\7(s")).
[ockomsky T (S') X%, umeem £° = T(8Y).

ITo Teopeme 20 L*=x°,

v v
Hrak, T (S")=X*=X""", uro u TpebOBaANOCH NOKA3ATE.

CraenoBarensHo, 1o emme 39 x (T (S
v

)).
ITo memme 69 u nemme 79 x (T (S

6.106. [dokasaTenbCcTBO TeopeMmbl 27

Io Teopeme 26 T (8Y) =X".

Io teopeme 20 L*NEZ-=X°, £*nZi-=x?V u r*=x°.

Ilo reopeme 14 YuteX® vPeRUQ (P*safe, XY after ' o p'-(2y)er’).
[ostomy Vpte T (8Y)NE®” VPeRUQ

(P* safe, XY after ' < pt-(2y)eT (sV)NEY).

Tpacca u#e T ( SV) MX%" TOrma M TONBKO TOTHA, KOTAA 3TO npocras L-Tpacca.
Jlanee, ouesumno pH-(ByY)eT (8Y)NEY & s—R-»7.

Orcrona CJICAYCT YTBCPIKACHNUEC TCOPECMBI.

6.107. [okasaTtenbcTBO TeopeMbl 28

Io Teopeme 26 T (8Y) =X".

ITo eopeme 20 Z*NE%=x°,

B paccmarpuBaemoM ciydae (€cTh KOHPOPMHBIE pean3aln) 1o Teopeme 15
SafeBy (T" L) =x°".

[ostomy SafeBy (TV,L) =T (s¥) NE’".

Tpacca p'eT(8Y)NE® Torma u Tomsko Tora,

Koraa 9to npocras L-tpacca (HalloMHUM, YTO MBI pacCMaTpUBaeM Cilydyaid, KOTaa B

HCXOJHOM Crielu(pUKauy HeT Tpacchl (Y)).

Orcrona CJICAYCT YTBCPIKACHNUEC TCOPCMBI.

6.108. [dokasaTtenbcTBO Nemmbi 80

o temme 71 B S™ ects Tpacca G' M OHa 3aKaHUMBAeTCs B COCTOSIHHHU a.
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ITo temme 54 oneparust C; He 700aBISIET TPACCH.
IosToMy B S~ TOXKE €CTh Tpacca G' U OHA 3aKAHUMBAETCS B COCTOSHUU a.
Io temme 67 a<b U B COCTOSHHH b B S~ HeT 0COBBIX MEPEXOJIOB.
VYcenosue a<b Bieuer Ur(a)cur(b),

~1
rie r(a) u r(b) omnpenemnsrorcs mo RTS S™.

~1
U3 ycnoBus Ur(a)cur(b) no cormacosanHoctu RTS S™ cnenyer, uro nis
moboro Rf-otkasa Pf, mo kOTOpOMy ecThb Nepexoj-NEeTis B COCTOSHHU a, B
COCTOSIHUM b HET MEePEeXo/10B MO AeHCTBUSIM U3 P.

v
ITockonbky (a,b) sBmsgercs L-coctosHueM B S', U3 MpaBWI BBIBOJA CIIEAYET,
ut0 b seusercs L-coctosamem B S

ITo temme 55 cocrostHre b L-KOHBEpreHTHO U, CIEI0BATENbHO, P-KOHBEPTEHTHO.
[MostoMy b—2—y wim b—P —b".
Ecmu 661 O0b10 b—2—7, T0 1m0 Nemme 61 ObuT0 OB a—R—7, 4TO MO JeMMme 59

npotuBopeunt a—P*—a. Cnenosarensno, b—P* —b".

A TIOCKOJIBKY B b HET 0COOBIX MIEPEX0/I0B, b—Pt—b.

Orcioza crenyet, uto VPeR (a—Pf—a = b—Pf—b).

Torna, Tak Kak B b HET 0COOBIX TIEPEX0I0B, 0 MpaBuiaM BeiBoAa st RTS sV
vPeR (a—P'—a = (a,b)—P'—(a,b)).

Taxoxe no npasunam BeiBoja Anst RTS s’

vPeR (a—P*'—a <« (a,b)—Pf'—(a,b)).

CrnenoBarenbHO, Y COCTOSIHMM (a,b) M a OJMHAKOBBIC METIH MO OTKa3aM, YTo
BJIcUeT Ur((a,b))=ur(a).
Ho BRTS 8™ ur(a)=Ulp (o) mno nmemme 45 u Teopeme 21.

Tewm cambiM, B sV umeer Mecto U ( (a,b))=Ulp (o).

6.109. [OokasaTtenbcTBO Nemmbl 81

o temme 71 B S™ ects Tpacca G' M OHa 3aKaHUMBAETCS B COCTOSIHMH a.
[To nemme 54 oneparuss C; He 100aBISIET TPACCHI.
ITosTOMy B S TOXE €CTh Tpacca G' M OHa 3aKaHYMBAETCS B COCTOSHUM a.

ITo npaBunam BeIBoAa 11 oneparu C, wMeeM

(a,b)—2»A" B sV @ a—2~»A" B 8L
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IIo nemme 54 onepanus CI HC [[06aBﬂ${eT nepexobl 1 HE YAAJACT MEPEXOAbl IO
HC-OTKa3aM.

IToatomMy (a,b)—R—»A" B s¥ & a—2»A B S
ITo Teopeme 27 0 6€30MACHOCTH KHOIIOK B sV R*-orkaz P* Gesomacen mo safey

OoCJI€ TpacChbl G#, KOTOpas 3aKaH4YMBACTCAd B COCTOSIHHUU (a,b), TOorma u TOABLKO

Toraa, korma (a,b)—R-»7.
ITo mpaBunam BeiBoga onepauuu C, uMmeeM (a,b)—R-»Y & a—R-»Y.

A no Teopeme 22 B S° a—R-»Yy TOrma U TONbKO Toraa, korna Rf-orkas P¥
Ge3omaceH 1o safe,, 1ocie Tpacchl G, KOTOPas 3aKAHYNBACTCS B COCTOSIHUH &

v
Tem cambiM, B S' R'-orkas P* Gesomacen no safe, mnocme Ttpaccsl G,

KOTOpasi 3aKaHYMBAE€TCS B COCTOSHMM (&, ) Torza W TOJBKO TOorga oH B S~
0e30maceH 10 saerA I10CJI€ TPACCHI o', KOTOpas 3aKaHYUBAETCS B COCTOSIHUM a.
ITostomy mo Teopeme 24 a—=R-»A" B S” TOorga M TOJBKO TOrJa, KOraa

BBIIIOJIHEHO ycroBue L-akryansHoctn Gesomachoro mo safe,, Rf-orkasa pP*
nocine Tpacchl G*.

OTC}OHa CJICAYCT YTBCPIKACHNUC JICMMBIL.

6.110. [dokasaTenbcTBO Teopembl 29
Io Teopeme 26 T (SY) =X".

ITo Teopeme 20 Z*NE%=x°,

ITo Teopeme 16

1. Bce tpacchl n3 MEOXKecTBa X° L-akTyambHBL

2. L-ma6mogenne u'e LUR', 6esomacuoe mocne tpaccsr 6'eX°, L-akryansHo
TOTAA M TOJBKO TOrna, korma mubo 1) uel u ugulp (6), 6o 2) ueR u

JuIst Kot kHonkH Q€ Q Takoi, uto QcuULlp (G), tpacca uf-(g, y)e XtV
st kaxoii pacest Wfe X takoit, uto pedi (6-(u)).

Tpaccsr n3 MEOXKecTBa X°° — 310 L-Tpaccsim3 T (SV).

OTcrona cieayeT nepBoe yTBEPKACHNE TEOPEMBI.

JlokaxxeM BTOPOE YTBEPIKACHUE TCOPEMBI.

IIycte Tpacca o' 3akaHuMBaeTCs B COCTOSIHUM S= (a,b).

Torma no nremme 80 Ur(s)=Ulp (6), a no nemme 81 ycrnosue L-akTyansHOCTH

Rf-orkaza P* mocne Tpaccel 6* skxBuBanmentHO (a,b)—2-A".

OTcroza ciexyeT BTOpoe YTBEPKACHUE TEOPEMEI.
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6.111. [OdokasatenbcTBO Teopembl 30

[lo nemme 57 RTS S™' koHeuHa, M ee MOXHO aIrOPHTMHYCCKH MOCTPOUTH 3a
KOHEYHOE BpEeMs.

v .

ITo npaBunam BeBoja anst RTS S° onepanus C,, npuMmensemas k koneuHoit RTS
~ v

s™!, 3akanumBaeTcs 3a KOHeuHOE BpeMs u pesysbrupyiomas RTS 8" koneuna.

v
Tem cambiv, RTS S* KkoHe4YHa, U ee MOXHO AJITOPUTMUYECKH TIOCTPOUTH 3a
KOHEYHOE BpeMs.

o v
Crneundukanmonnas tpoiika T sBiusercs MakCHUMaJbHBIM V-TIOIOJHEHHUEM
tpoiiku T mo teopeme 17.

~ \4 v
Cremmdurannonnas tpoitka T  KkoHedHa, MOCKOIBKY CEMaHTHKAa KOHEYHa, X~ —
v o v v
sto pacmupenue Rf-monemu wd (E°') no momuoit momenn, T(S")=X’" u
v
RTS S* koHeuHa, a OTHOLIEHUE Safe,n OTPAHHYEHHOE.
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Nonconforming traces elimination from specification

Igor Burdonov <igor@ispras.ru>, Alexander Kosachev <kos@ispras.ru>

Abstract. The paper describes the optimization of testing as checking the correspondence
(conformance) of implementation to the given specification during test experiments. Tests are
generated from specification traces. However, as this paper shows, some traces in the
specification do not occur in any conforming implementations. Test generated from such
nonconforming traces are knowingly “redundant”. So, for test optimization purpose, there is a
task to eliminate nonconforming traces from specification. To do that, we propose the
corresponding transformation of the specification (we call it V-completion) with additional
requirement: the class of conforming implementations is unchanged and there is still
possibility to test all implementations that could be tested against the initial specification. The
proposed algorithms are suitable for the wide range of conformance relations parameterized
with some interaction semantics based on test stimuli and observations. For finite semantics
and finite initial specification, these algorithms perform the required transformation in finite
time and result in a finite specification.

Keywords: interaction semantics, refusals, destruction, divergence, conformance, safe
testing, traces, LTS, test generation.
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