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NMpob6aema orpaHnyeHHocTm ceten lMeTpmn
|_|O3I/ILJ,I/I9I MapKI/IpOBaHHOI7I ceTun ﬂeTpm OrpaHM4eHHa, ecan Kon4ecTtBso
de/ILLIeK, JNiexawnmx B 3TOM nos3numm B JOCTUXNMbIX Pa3METKaX, OrpaHN4YeHo
CBEpXy
CeTb [NeTpu orpaHn4deHHa, ecam Bce eé no3nuum orpaHu4eHHsbl

Hanpumep, cnegytowiasn cetb MeTpu HeorpaHnyeHHa:
. I

[Tpobnema orpaHn4eHHOCTN O0ObIKHOBEHHbLIX ceTel [leTpu dhopmMmynnpyeTcs
TaK: Aas1 NPOU3BOJIbHON 3aaHHOV MapKNPOBAHHOK ODObIKHOBEHHOI CceTu
[MeTpy npoBepuThL, ABNSIETCS NI OHA OrpaHUYeHHOI

B 6noke 3 ObII0 NOKa3aHo, YTO OrpaHNYeHHOCTb ceTu [leTpu paBHOCKIbHA
KOHEYHOCTUN MHOXECTBA [JOCTUXKUMbIX Pa3MeTOK 3TOW CETU — HO OAHOro
HeJOCTAaTOYHO ANs peLleHns 3a4a4qu
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NMpob6aema orpaHnyeHHocTm ceten lMeTpmn

Mo3nums MapKMpoBaHHOW ceTu eTpn orpaHnyeHHa, eciy KOMMYecTBO
duLLek, nexawimx B 3Tol NO3nLUN B AOCTUXNMbIX Pa3MeETKaX, OrpaHn4eHo
CBepXy

CeTb [1eTpun orpaHnyeHHa, ecnv BCe €€ MOo3uLMK OrpaHNYeHHbI

Hanpumep, cnegytowiasn cetb MeTpu HeorpaHnyeHHa:

i .
[Tpobnema orpaHn4eHHOCTN O0ObIKHOBEHHbLIX ceTel [leTpu dhopmMmynnpyeTcs

TaK: Aas1 NPOU3BOJIbHON 3aaHHOV MapKNPOBAHHOK ODObIKHOBEHHOI CceTu
[MeTpy npoBepuThL, ABNSIETCS NI OHA OrpaHUYeHHOI

B 610ke 3 ObIJI0 NMOKa3aHo, YTO OrpaHUYeHHOCTb ceTn [eTpu paBHOCU/IbHA
KOHEYHOCTU MHOXECTBA [JOCTMXKNMbIX Pa3METOK 3TOI CETU — HO OAHOTO
HelOCTaTOYHO AN pelleHnst 3aja4u
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NMpob6aema orpaHnyeHHocTm ceten lMeTpmn
Jlemma (o HeyObiBatowen uenun pasmeTtok). B nioboii 6eckoHeqHo
nocnepoBaTesibHOCTM pa3meTok My, My, M3, ... nobon cetn Metpn
cyuwiecTByeT 6eckoHe4Hasi MOHOTOHHO HeyObiBaloLLas
noanocnepoBatenbHocTb: M, < M, <M, < ..., rtpe 1 < h <k <...
Jloka3aTenbCcTBo.
[pon3BOALHO YNOpAAOHUM NO3MUMK paccMaTpusaemoli cetu: {p1, ..., pn}
Bblgennm us nocnegosatensHoctn o = (My, Mo, M3, ... )
noanocneaosaTensHocTs Ki, K2, K1, ..., Takyto uto
Ki(p1) < Ki(p1) < Ki(p1) < ..., cneaytowmm obpasom:

> K{ — niobas pasmetka M n3 a ¢ HaumeHbwM 3Hadernem M(p;)

> KJ1+1 — pa3meTka M, cneaytoulast B o 3a Kj1 N MEeLAst HaMeHbLLee

3HaveHne M(py1) cpean BCex TaKMX pa3MeTok

AHanorvnyHo nocnegosatensHo ans £ € {1,2,...,n— 1} MOXHO 13
nocneposaTensHocTn K¢, K%, K%, ... BbIZEANTb NOAMNOCIELOBATENBHOCTb
KEFL KETE KETL L akyio uTo K (pes1) < K3 (pev1) < K3 (pey1) < ...
Mo noctpoennto, K{', KI', KJ,... — 3To nckomas noanociefoBaTeNbHOCTb
My =My, <My, =...V
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NMpob6aema orpaHnyeHHocTm ceten lMeTpmn
Bynem rosopuTb, 4To pa3MeTka K CTpOro nokpbisaeTt pasmetky M
(M < K), ecnn Bepho M < K u M # K
Teopema (kpuTepuii HeorpaHudeHHocTu cetu lMetpum)
Cetb NMetpu m = (P, T, E, W, My) HeorpaHn4eHHa < CyLLeCTBYIOT
pa3meTtku M; n Mo, Takme 4to My 1>* M l>* Mo wn My < My
[okazaTenbcTBo. (<)
V3 M1 < M> cnepyeT, 4TO CyLleCTBYeT pa3MeTka K, Takas 4To:

> My =M +Kn
» pa3meTka K HenycTa: CyLIeCTBYeT nosuuus p, Takas 41o K(p) >0

Ansa pasmetkn M n yncna n € INg 3anucbto NV 0b603HaUYUM pa3MeTKY,
onpezensiemyto paseHctsom (nM)(p) = n- M(p)

3 moHoTOHHOCTY ceTell [eTpn cnepyeT, 4TO B T 13 pa3MeTKn BUAA
M + nK, rae n € INg, goctmxuma pasmetka M + (n+ 1)K
CnepoBaTenbHO, B T JOCTUXKUMbI BCe pa3meTkun Buga Mp + nK

Mpn atom (M + nK)(p) = M(p) + n- K(p) > n, a 3Ha4uT, nosnums p

HEOrpaHn4eHHa
Brok 4
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NMpob6aema orpaHnyeHHocTm ceten lMeTpmn
[okazaTensctBo. (=)
(m= (P, T,E, W, M) neorparusenta = My = My 5 My My < My)
Ecnn ceTb T HeorpaHunyeHHa, To B €€ rpade A0CTIKIMBIX pasmeTok I
COAEPXKNTCSl BECKOHEYHO MHOMO BEPLLVH
Mpy 5TOM KOAVYECTBO Ayr, NCXOAALLMX U3 KaxKAOR BepluHbl I, He
NPeBOCXOAUT HUC/a NEPEXO]OB CETU T
Mo ﬂeMMe KéHura, B F cyllecTByeT HECKOHEYHbIN NyThb
Mo 2 MY 25 m2 2y

Mo nemme o HeybbIBatOLLEA Leny pa3smMeTok, U3 3TOro NyTu MOXXHO
BblAENINTb I'IO,JJ,I'IOCJ'Ie,D,OBaTefIbHOCTb pa3MeTOK cne,qyrou.l,ero Buaa:
MO —> Kl —> K2 —> K3
Ki 2 Ko 2 K3 =

T * T *
DTO 03HayaeT, B 4YacTHoCTh, 4To My = Ki — Ko n K1 X K>

OcTaTok [j0Ka3aTeNbCTBa A5 Pa3MbllLUIeHnl: | @ Kak B 3TUX PaCcCyKAeHWsaX
MOXHO MOJYy4YUTb < BMeCTo =7 V
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HdepeBo nokpbiTnsa pa3mertok cetu lMeTpm

KpuTepuii HeorpaHU4eHHOCTN ceTu [1eTpu NeXXUT B OCHOBE
«KJTACCMYECKOrO» peLleHuns npobiembl orpaHndeHHocTn cetu MNetpn

DTO peLLeHne 3aK0YAETCS B NOCTPOEHUN AepeBa MOKPbITUS — KOHEYHO
«CBEPTKUY rpacha JOCTUXKUMOCTH, cofepallieli UHOPMaLMio O HEKOTOPbIX
AOCTVXKMMBbIX Pa3MeTKax CETW 1 O HEOrPaHUHEHHOCTN HEKOTOPbIX NO3MLNiA
OTHOCUTENBHO HEKOTOPbIX Pa3MeTOK

Mo cpaBHeHMIO C rpacdhoM AOCTUXKMMOCTW, B AEPEBE MOKPbLITUS BMECTO
06bI4HbIX PA3METOK NCMOb3YIOTCS NpefeibHble Pa3MeTKN

lMpefenbHas pasmeTka OTANYAETCA OT 0ObIYHOM Pa3METKN TEM, HTO Hapsay
co 3HaveHusmn M(p) € INg gonyckaeTcs Takxke 3HadeHne M(p) = oo
3Havenne M(p) = co 0bo3Ha4aeT BO3MOXKHOCTb HEOrPAHUHEHHOrO
HaKoMAeHNs pULLIEK B MO3NLNN P

Ans pasmeTtok My, My, Taknx 4to My < Ms, 3anuceto [My, Mo| obosHaunm
npefenbHyto pa3MeTKy, YCTPOEHHYIO Tak:

[ Ma(p).  ecru My(p) = Ma(p)
(M, M2](p) = { 00 NHave
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HdepeBo nokpbiTnsa pa3mertok cetu lMeTpm
[epeso nokpbiTusa I MmapkupoBaHHoW ceTun [NeTpn m — 370
OPUEHTUPOBAHHOE KOPHEBOE pa3MeYdeHHOe AepeBO CAeayHOLLEro BMAA

BepwuHbl [ noMeyeHbl pa3ameTKaMy 1 NpeaesbHbIMU pa3MeTKaMu CeTu
KopeHb NomMedeH HauyanbHOW pa3meTKoli ceTu

Bce BHyTpeHHMe BePLUNHBI NOMEYEHbI pa3MeTKaMu

BeplinHa v, noMeyeHHas pasmeTkoit M, saBnseTcst AMCTom &

> Pa3METKa M TYNMKOBaA NN

> Ha NyTW U3 KOPHS B V CTb BEPLUNHA, MOMKUMO V, MOMeYeHHas
pa3meTkoii M
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HdepeBo nokpbiTnsa pa3mertok cetu lMeTpm
[epeso nokpbiTusa I MmapkupoBaHHoW ceTun [NeTpn m — 370
OPUEHTUPOBAHHOE KOPHEBOE pa3MeYdeHHOe AepeBO CAeayHOLLEro BMAA

Ayrun, ncxoasuine n3 BHyTPEHHER BepLUMHBLI C NOMeTKol M, nomedeHsi
nepexofamn CeTu, akTUBHbIMU B M, pa3Hble AYr — pa3HbIMU Nepexomamm

Lt~ o .
ns gyrn v — v, Takol 4TO v nomMeveHa pa3meTkon M n K — pe3ynbraTt
cpabaTbiBaHus nepexoga t B M, BeplUMHaA vV nmoMe4eHa cheaytoLueli
npenensHol pasmeTkon M:

» Ecaum HM ofHa BEpLUMHA Ha NYyTU U3 KOPHSA B V He MOMeYeHa pa3MeTKol
M, Takoii uto M < K, To M = K

> Vnaue M = [M', K], roe M" — nocnegHssi pasmeTka Ha NyTu U3 KOPHS
B v, Takas uto M’ < K
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HdepeBo nokpbiTnsa pa3mertok cetu lMeTpm

Mpumep
t1
b1 @ I %)
P3 Pa
153 t3

JepeBo NoKpbITUS 3TOW ceTu:

H1,0,0,0\&]0,1,1,0%0,1,0,1%1,0,0,00
51
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HdepeBo nokpbiTnsa pa3mertok cetu lMeTpm

Opyroin npumep

t
|
p1| @ P2
|
to Ps t3

JepeBo NoKpbITUS 3TOW ceTu:
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HdepeBo nokpbiTnsa pa3mertok cetu lMeTpm

TpetniA npumep

p1 P2

[

P3 Pa
tr t3

[epeBo NoKpbITUS 3TOI ceTu:

H1,0,0,0\@]0,1,1,0@40,1,0,1\

Bnok 4
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HNepeBo nokpbiTus pa3metok cetu MeTpn
Teopema (0 aepeBe NOKpbITUS pa3meTok). [Ans noboi
MapkuposaHHoii cetu MeTpn 7 n ero aepesa nokpbins pasmeTok
BEPHO C/IeAyIOLLEE:

1. OepeBo [ koHe4HO

2. CeTb T orpaHuyeHHa < B aepeBe [ HET HM OQHOW BEPLUWHDI,
NOMEYEHHOW npeaesibHONM pa3MeTKon

Jloka3aTenbCcTBo.

1. lpennofioXXum oT NPOTUBHOIO, 4TO AepeBo [ beckoHe4YHOo

Mo nemme Keénura, B I cywlecTByeT HECKOHEUHbIA NYThb, UCXOASALINA N3 KOPHS

Mo nemme o Hero3pacTatoLlell Lenu pa3MeTok, B NOCNeAoBaTeNbHOCTH
M1, Mo, M3, ... pa3MeToK, NOMeYaroLLnX BePLUMHbI 3TOro NyTuW, HaliayTcs
pasmeTkn M; u M;, Takne 4to | <j u M; X M;

2TOro bbITb HE MOXET M0 3aJaHNIO AepeBa NOKPbITUA
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HNepeBo nokpbiTus pa3metok cetu MeTpn
Teopema (0 aepeBe NOKpbITUS pa3meTok). [Ans noboi
MapkuposaHHoii cetu MeTpn 7 n ero aepesa nokpbins pasmeTok
BEPHO C/IeAyIOLLEE:

1. OepeBo [ koHe4HO

2. CeTb T orpaHuyeHHa < B aepeBe [ HET HM OQHOW BEPLUWHDI,
NOMEYEHHOW npeaesibHONM pa3MeTKon

Jloka3aTenbCcTBo.
2. (=)

Ecnn B [ ecTb BeplunHa, noMedeHHasi NpefenbHol pa3MmeTkoli M, To, no
3a7aHVIO AepeBa NMOKPbLITUS, CYLLECTBYIOT AOCTMXUMbIE pa3MeTkn M n K,
Takne 4yto M < K u M = [M, K]

Torga, No KpUTEPVO HEOr paHUYeHHOCTI ceTr [1eTpy, ceTb T HeorpaHnYeHHa
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HNepeBo nokpbiTus pa3metok cetu MeTpn
Teopema (0 aepeBe NOKpbITUS pa3meTok). [Ans noboi
MapkuposaHHoii cetu MeTpn 7 n ero aepesa nokpbins pasmeTok
BEPHO C/IeAyIOLLEE:

1. OepeBo [ koHe4HO

2. CeTb T orpaHuyeHHa < B aepeBe [ HET HM OQHOW BEPLUWHDI,
NOMEYEHHOW npeaesibHONM pa3MeTKon

Jloka3aTenbCcTBo.
2. (¥)

Ecnun Bce nuctest [ nomedeHbl 0bbIYHBbIMMN pa3METKaMun, TO, Mo 3a4dHNO
[lepeBa MoKpPbITUSA, B HEM COAEPXKATCS BCE LOCTMXKMUMbIE PA3METKN CETH

3Ha‘~II/IT, MHOXECTBO BCEX AOCTUXNMbIX PA3METOK CETU T KOHEYHO

Mo OJOKa3aHHOMY B Onoke 2, KOHEYHOCTb MHOXECTBA OOCTNXKUMbBIX PAa3METOK
O3HA4a€eT, YTO CETb T OrpaHM4eHHa V¥
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np06J'IEMbI OrpaHn4yeHHoCTn, 6e3onacHoCcTu ” apyrume

Cnencreue. lpobnema orpaHN4YeHHOCTN 0ObLIKHOBEHHbLIX ceTei MeTpwu
anropuTMMYECKN paspeLunma

TpyoHas 3a7a4a: | KAKOBa CJI0XKHOCTb aNropuTMa NpoBepKu
OrpaHn4YeHHOCTU ceTun [1eTpu, COCTOSALEro B NOCTPOEHUN U aHann3e aepesa
nokpbITUA?

HanomMunHaHwne:

» [lo3uuust mapkupoBaHHoli ceTu MNeTpu 6e3onacHa, ecnm BO BCEX
JOCTUXNMBIX KOHMUTYpaUnsX B HeEll NexnT He Bosiee ogHOl hULLIKK

» Cetb [leTpun 6e3onacHa, ecnm Bce eé nos3nLum 6e3onacHsbl

[Tpobnema 6e3onacHOCTU 0ObIKHOBEHHbIX ceTelt [leTpu opmMynupyeTcs Tak:
N1 TPOU3BOJILHON 3ajaHHO MapKUPOBAHHOW 0BbIKHOBEHHOW ceTu [MeTpu
NMPOBEPUTb, SIBASIETCA N OHa HGe30nacHoiA

Cnepncteue. lNpobnema 6e3onacHOCTU 0ObLIKHOBEHHLIX ceTel [eTpnm
anropuTMMYECKN paspeLunma
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np06J'IEMbI OrpaHn4yeHHoCTn, 6e3onacHoCcTu ” apyrume

VIHorna okasbiBaeTCst BaXKHO OOHAPY»XNUTb He TOJIbKO HEOrpaHUYeHHOCTb
cetn lNeTpun B LUENOM, HO 1 HEOTPAHNYEHHOCTb KOHKPETHbIX €€ NMO3uLnii

B aepeBe nokpbiTus (B TOM ero BapuaHTe, KOTOPbINA U3I0XKeEH Cerfqac)
MOXET N HEe 0KA3aTbCs HY>KHOW nHopMaLunn

SO

t1 to

Hanpumep:

JepeBo NoKpbITUS 3TOW ceTu:

[lo nepeBy nMOKpbITUS BUAHO, HTO NO3ULMNS Po HEOTPAHUYEHHA
HeorpaHuyeHHoW siBRsieTCs v NO3UUUSA p3, HO MO AEPEBY 3TOrO HE BUAHO
[MocTpoeHne NyTu B OepeBe 3aBepPLUAETCS NpY NepBOli BCTpede npenefibHol
pPa3MeTKU, MO3TOMY He BbILLIO OBHAPYXUTb HEOrPAHUYEHHOCTb P3
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NMpo6nembl orpaHnyeHHocTn, 6e3onacHocTu n apyrme
MocTpoeHne AepeBa MOKPbLITUS MOXHO MPOAOIKUTL, €C/IN NCNOJb30BaTb
3HaYeHNe 0o Kak beCKOHEeYHO bosbLLoe Yuco: anst ntoboro n € Wy

> n < oo ans moboro n € Ny

> co=00 U oo L oo

> oco+n=n+00=00—N=00
Toraa MOXHO aHaoMMYHO UMEKOLLMMCS] MOHSTUSIM OMPEeAeNnTs AN
nepexofa t u npenenbHol paametku M

» akTuBHOCTb t B M: Eyy (@, t) = M

» pesynstat cpabatbiBarus t B M: (M — Eyy (e, t)) + Ew(t, ®)
MosHOe AepeBo MOKpbLITUS pasmMeTok ceTu [eTpn T oTaMYaeTcs oT

HEeroIHOro AepeBa NMOKPbITUA TEM, YTO NpefefibHble PAa3MeTKM CHUTAIOTCS
0b6bI4YHbBIMU:

» OHW MOrYT ObITb BHYTPEHHUMMN BEPLUNHAMMN
> KpuTepuii IMCTa pacnpoCTPaHAETCS U Ha NpefefibHble Pa3MeTKM

> ayrun, ncxoasilime N3 BHYTPEHHEN BepLUUHbI C NPeAeNbHON Pa3METKON,
ONPeAeNstoTCs TaK XXe, Kak U 4151 BEPLUUHbLI C 0ObIYHOM pa3MeTKOA
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np06J'IEMbI OrpaHn4yeHHoCTn, 6e3onacHoCcTu ” apyrume

Mpumep
p1 P2 p3

[TonHoe nepeBo [‘IOKprTI/Iﬂ 3TOW ceTu:

1,0,0 1ooO}—>{10000}—>{10000‘
! It

’1,00,0‘ ’1,00,00‘

Teopema (0 NnosiHOM aepeBe NOKPbITUS pa3meTok). Ons noboii
MapkupoBaHHoi cetu lMeTpu 7, ero NnosnHOro gepeBa NOKpbInS
pa3meTok [ m gnsa moboi no3munum p ceTn T BEPHO clenyloLee:
1. OepeBo [ koHe4YHO
2. Mo3unumsa p ceTn T orpaHNYeHHa < B gepeBe [ HET HM oaHOW
BEPLUMHbI, MOMEYEHHOW NpeaesbHON pa3meTkon M, Takol 4TO
M(p) = oo

Fleska33Ten=CTRO ‘ MonpobviaTe CﬁMOCTOﬂTenhHo‘ 18/19




np06}'IEMbI OrpaHn4yeHHoCTn, 6e3onacHoCcTu ” apyrume

[Mepexon t B ceTu [MeTpn T Ha3bIBAaeTCA MEPTBLIM, €CAN OH HE aKTUBEH HU B
OAHOW AOCTUXKUMOI pa3MeTKe CeTu

ViHbiMK cnoBaMu, MEPTBLIN nepexol « (PUKTUBEHY, HU pa3y He cpabaTbiBaeT
HW B OAHOM BbIYNCIEHUN CETK

Teopema (o mépTBbix nepexonax). lNepexopn t MapkMpoBaHHOW ceTn
MeTpn ™ MEPTB < HM ofHA Ayra B NOJIHOM O€EPEBE MOKPbLITASI CETU T
He nomMme4deHa nepexogom t

JlokazaTenbCcTBO. ‘ [MonpobyiiTe Cal\/IOCTOFlTCJ'IbHO‘

‘Banawa (He o4eHb TpyaHas): ‘ npeasioxunTe (C 0boCHOBaHMEM) aNropuTMm
NPOBEPKN TOr0, YTO B 3a[aHHON NO3ULMN p 3a4aHHOV MapKUPOBAHHOW CeTU
[MeTpy T xOTs Obl B OAHOW AOCTUMXXUMOW pa3MeTKe NeXUT XOTs Obl 0gHa
uika

‘Bagaqa (ToXe He o4eHb TpyaHast): ‘ npeanoxunte (C 0bocHOBaHMEM)
aNropuTM NPOBEPKM TOrO, HTO 3aJaHHbIA Nepexoa t MoXeT cpaboTaTb
HEOrpaHN4YEHHO MHOTO Pa3 B OAHOM BbIHUCIEHWV 3aaHHON MapKNPOBaHHOM
cetn lNetpu T
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