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83. TeopeTuko-rpadOBbLIE XapPaAKTEPUCTHKH YA3BHUMOCTH
U XKUByUYE€CTH MHOTIOIOJbB30BaTEJbCKHAX C€TEBbIX CACTEM

TeopeTuko-TpadoBble TOCTPOEHUS U KOHCTPYKIWHN OBITH, BUIWMO, TEep-
BLIMH MAaTeMaTHICCKUMHU MOMIEISIMA, KOTOPHIe TPUMEHIINCE M HOpMau-
3alW¥ TOHATHS VSI3BAMOCTY CeTE€BOW CUCTEMBI MWW TTPOTUBOMOJOKHOTO eMy
TOHATHSA XUBYIeCTH. B TepMWHAX HAHHOW TIAABHI MOKA3ATENHW, OTHOCAIIIHA-
ecs K XWBYUeCTH, XapakTepu3yioT cnocobuocTk MIl-ceTw mommepXkuBaTh
0. > 0 Ipu BO3MOXHOCTH Pa3pylIAIONIUX BO3IEUCTBUY U3 3alaHHOIO KJIac-
ca (Kak TpaBWJIO, TOJHOCTHIO BHIBOMAIINAX M3 CTPOS ONpPENeJeHHOe UHCIIO
pebep dusnveckoro rpada cetu). Ilpu TeopeTnko-rpadoBOM paccMOTpEHHA
CeTeBBIX 32729 3a9acTYIO He BLIMEIsSeT s CIeuaJbHoTO MHOXKeCTBA TATOTe-
IOIIAX Tap, T.€. CAUTACTCS, YTO Jr0Dasi Hapa MOXKeT ObITh TATOTEIoMeR. I To
COOTBETCTBYET YACTHOMY CIYYalo CeTH — C TOJHBIM TpadoM TATOTEHWH.
Hamee Ans cpaBHeHUs € TPEIJOXKEHHBIM B HACTOAIMIEH TIaBE NOMOKOEHIM
TOMXOMOM K aHAJU3y YA3BUMOCTH MpHUBeneM KPaTKUH 0630p OCHOBHLIX ITPH-
HATHIX B AATepaType MOCTAHOBOK, OTHOCIIIIAXCA K TeOpPeTHKO-TpadoBOMY,
wi xKombunamopromy nonxony. B orauune or qanuoli paboThl, TOCBAIIEH-
HOW JINIIb aHAJH3Y, & He CHHTe3y ceTel (cM. §1.1), 3mech HCMOTB3YIOTCS erre
¥ CTOWMOCTHBIE TTOKA3aTeJ .

Ilpw w3yuenuw KoMOGUHATOPHO-TPAOBHIX 3amad BCTaeT BOMPOC o6 MX
CIOXHOCTY C TOYKW 3PEHHS TOCTPOEHWS aJTOPUTMOB WX pemnenus. [lei-
CTBUTEILHO, Ji06as M3 DTUX 3alad MoXeT OLITEH pellleHa TyTeM MPsIMO-
ro mepe6opa, KOTOPLIH OfHAKO TpebyeT CIAUIIKOM GOJILIIOrO (9KCIOHEHIH-
aJTBHOTO) BpeMeHH. AJTOpUTMEI, He Tpebyioline nepebopa B TOW WK WHOR
dopMe, KakK TPABUIO, OKA3BIBAIOTCS dPHEKTUBHBIMA (MTOJHHOMUAAIBHBIMA ).
3agauamu, s KOTOPHIX MOMOOHBIX AJTOPUTMOB He U3BECTHO, 3aHUMAETCS
Teopus caoxHOCTH (cM. B [13, 63]). B wacTHOCTH, 1ot HUX MHOTIA yIaeT-
cs MOKa3aTh MPUHAMIEXKHOCTE Kiaaccy NP-tpyaunix uwaw NP-moauwix 3amad,
W TOTIa TPAKTUUECKW HeT IITaHCOB MOCTPOUTH AJTOPUTMEI WX PeIleHus B
obIlleM caydae, CYIIeCTBEHHO JyUIlIue, deM TepebopHble. Pe3yabTaTH Ta-
KOTO porna, XOTs 1 6e3 IpeTeH3WH Ha TOJHOTY, TakXke OYAYT TPUBOMUTLCI
IJIsT PAcCMaTpPUBAEMBIX TTOCTAHOBOK. OMOJHUTETHHO YKaXKeM Ha, MOBOJBHO



MPEICTaBUTENbHEIH 0630p [60] aJropuTMOB BHIUKCICHUS OCHOBHBIX TIpado-
BBIX XapaKTepPUCTUK, B TOM YUCJIE, CBA3AHHBIX ¢ TPOOJIeMaTUKONX XKUBYUYECTH,
B KOTOPOM TIpUBeNEeHbl TaKXe OIEHKM TPYIOEMKOCTH MMEIOIIUXCS aJTrOpUT-
MOB ¥ Pe3yJbTaThl IO CHOXKHOCTU COOTBETCTBYIOIIMX 3alay.

3.1. K-cBa3HOCTH Kak Mepa XuBydecTH. Hanbosee pacnpocTpamen-
HOW Mepod JKUBYUIeCTH W HAJEKHOCTH CETEBOH CHCTEMEBI, a ToUHee, HU3uUe-
CKOTO Tpada, OMPeNeIIoIero TOMOJOTHIO CETH, ABIAETCS €T0 CE8A3HOCTMb.

OnprenenenuE 1. HeopwenTuposanusiii rpad G = (V, R) HassiBaeTcs
K-CBSI3HBIM OTHOCHTEIBHO Taphl Bepiuh v', v € V| ecam mocie ynagenus
a0661x K — 1 pebep 06s53aTeNbHO OCTAHETCS TY Th, COSTUHSIONTHN BEPITHHEI
v m v"”. I'pad G maswiBaeTcs K-CBAZHBIM, eciu OH ABJIseTcS K-CBAZHBIM
OTHOCUTEIHHO KaXKIOW Taphl CBOMX BEPIITHH.

TrOPEMA 1 (Menrepa). B K-cea3nom epade dag 410601 napwvr sepuiun
cyuecmeyem ne menee K pebepno-uenepecexaowurcd nymet ur coedune-
HUA.

Caenys [82], mpuBemeM MOCTATOYHO OOIIYIO MOCTAHOBKY 3a/ladd CHHTE-
3a Tpada MUHUMATHLHOW CTOMMOCTY TPH TAPaHTHM OMPEIeNeHHOTO YPOBHS
CBSA3HOCTH.

3aman rpad G = (V,R) (Bo3amoxHo, opuenTupoBanusi). llycts s, —
mera pebpa r € R. KpoMme aToro mis kaxmod maphl BEPITHH 3aHaH0 TEJoe
Heorpunateabroe gucao K(v',v"). Tpebyercs B rpade G HaiTu moarpad
MUHEMAJILHOR CTOMMOCTH, B KOTOpPOM s Jo6oi mapol y3ios v, v’ € V
cymiectByeT He Menee K (v',v") peGepHo-HemepeceKamIMXCs MTyTeHd UX CO-
eMUHEHUS.

B obmiem Bume chopmyawposantas zamada NP-Tpymua w He mommaeTcs
sdpdpexTUBHOMY peliteruio. B paGote [91] comepxkurcs obmmpHas GuGIHO-
rpadus ¥ MPUBOMMNTCSA aHATH3 HamboJee BaXHBIX MOMUMDUKATWHA TPOGIEMBI
cuaTe3a K-cBA3HBIX TpadoB. [las perrenus mpemaaraioch GOTBINOE KOJIH-
YeCTBO HBPUCTHUECKUX MeTomoB. B [104, 112] paccMaTpuBaoTCs METOE,
OCHOBaHHBIe Ha mobaBieHuy pebep. 3amada MOTONTHEHUS 3adaHHOTO Tpada
Mo TpexcBsizHOTO pemiatach B [161]. B paGore [124] uzywarack mpobiema
HOTOJTHEHHST OPUEHTHPOBAHHOTO flepeBa M0 K -CBI3HOTO OPMEHTHPOBAHHOTO
rpada. [as HeGoapimx 3nadennii K 3amada DOTOJTHEHUSA 3aMaHHOTO Tpadha
no K-cBs3HOTO (B IPENNONOKEHNN O HAJMIMK KaK OPHEHTHPOBAHHBIX YT,
TaK ¥ HeOPUEHTHPOBAHHBIX pebep) paccmaTpuBaiach B [109]. B paore [100]
coobtrtaeTcst 06 anroputMe ¢ TpynoemkocThio O(|V |4 |R|), mpennaznavenHOM
oI “HocTpanBaHusa”’ OPpUEHTHPOBAHHOTO Tpada M0 CHIABHO CBA3ZHOTO TyTeM



noGaBIeHNsT OPUEHTHPOBAHHBIX AyT. (OpHeHTHPOBaHHBIN I'pad Ha3BIBAET-
¢Sl CHJIBHO CBA3HBIM, €CJM CYIIECTBYET OPMEHTHPOBAHHBIN MyTh M3 JIOOOH
BEPIIAHBI B JTOOYI0 IPYTYIO.)

DdGHEKTUBHBIN aJrOPUTM MPEIJIOKEH TaKXKe s CACLyIOIero 4acTHOTO
cayvas: B Tpade G 3aman monrpad G' = (V, R'), Tpebyercs mocTpouTh ero
no K-cBsasuoro, 1o6aBuB MEHUMAIBLHOE YKHCI0 pebep, T.e. 8, = 0 masr € R u
se=1masir € R\ R ,aBce K(v',v") = K. KoMGuHaTOPHBIN METOIL TOTHOTO
peutenust 9ol 3amaun ¢ onenkoi caoxunocru O(K2|V|*(K|V|+|R]|)) ykazau
5 [159, 160].

B [34] mpuBemen 0630p pe3yJabTATOB MO CIOKHOCTH 3a0aUH O CBI3HOCTH
B TIOCTAHOBKE 3a7a9d aHaqu3a (MCCIenoBaTh 3aMaHHBIA Tpad Ha peGepHyIo
WM BepPIIUHHYIO K -CBSI3HOCTH), @ TaKXke psijia 000OIIeHN yKa3aHHON 3a1a-
M, B 9aCTHOCTH, KOTa TpebGyeTcs pasbuenne Ha HECKOTBKO (> 2) CBSI3HBIX
KOMIIOHEHT.

B mekoTopwix paboTax GOpMYIUPOBKHA TPobIeM ¥ METOILI pellleHus OKa-
3bIBAIOTCS OJU3KUMU 110 BHYTPEHHEMY CONEPXKAHUIO K 3ajauye O CBA3ZHOCTH,
XOTsI UX aBTOPHI MOJB3YIOTCS NPYTrodl colepXKaTeJbHOU WHTepHpeTaluei.
Hampumep, 3amadum Teopwn HaZeXKHOCTHW OYEHbH TECHO MPUMBIKAIOT K TPO-
61eMaM XWBYYECTH CeTeBBHIX cucTeM. MBI He 6ymeM oCTaHaBIWBATLCI HA
3THX BOIPOCAX — OHU TMOAPOGHO aHAJU3UPYIOTCS B KHUTE [24].

Amtopsr [28] mpenrarafoT TOHUMATH MO XKUBYIECTHIO CETH MUHUMAITh-
HYIO HaJEXKHOCTH NONrpadoB, MOJNYUEHHBIX BhIOpachiBaHMEM TTPOU3BOJNBHBIX
K pebep. llpuBonsTcs MeTOOLI BEIYUCICHYST BBeIeHHON TaKuUM 00pa3oM Me-
PHI XKuBydecTH. TakXke B TEOPUN HAMEXKHOCTH MIYUAIOTCS CIAYIONINE 3a1a-
UW: Ha 7 BEPIIXHAX TMOCTPOUTEH Tpad CTENeHN W CBIA3HOCTH K ¢ MAUHEMAJIh-
HBIM dnciaoM K-BepIIMHHBIX pa3pes3os [152]; mis 3amaHHOTO Ynciaa BEPITHH
u pebep MOCTPOUTEL Tpad MaKCUMATLHOU pebepHoil cBs3zHocTu K ¢ MUHH-
MaJbHBIM IHCIOM paspe3oB u3 K pebep (Tak HassiBaeMmblit rpad Xapapn)

[79].

B pa6ore [103] BBenen Tepmun ILFI-cern (isolated line failure immune).
Ilo onpenenennto ILFI-ceTh ocTaeTcs cBA3HONW TIPH BHIXOME U3 CTPOS J060T0
napocoderTanus. B [103] mpusenenst mpumepst ILFI-ceTeit, cpenu wux: ao6oi
TPUAHTYIUPOBAHHBIN Tpad, TPEYTOTBHBIN KaKTyC ¥ T.1. TaMm xe mpenioxe-
HBI adropuTMbl cuHTe3a ILFI-ceTelt u3 MEHMMaJIBHOTO UHUCIa pebGep TIPH 3a-
HaHHOM MHOXECTBe BEpPIIWH W aJTOPUTMbI HOTOJHEHUS 3aIaHHOTO IepeBa 1o
vuHEMaJdbHOW ILFI-ceTn. Hannueiitnee uzyuenve ILFI-ceTeit mpomoxkerno B
[149].



3.2. 2KuBydecTb M nuamMeTp. B ceTsAX CBA3M YaCTO MPUCYTCTBYET
orpaHHYeHre Ha YKCJIO MepelrprueMoB coobienus. B Momenu Takoi ceTeBoi
CUCTEMbI OYIYT CYATATHCSA CBA3HBIMH TOJBKO Te Mapbl Y3J0B, MEXKIY KOTO-
PBIMHU CYIIIECTBYET MY Th, MMEIOIIUH IJUHY He 6oJee 3amanuoi. [Ipu anaanse
STHUX CETEBBIX CHCTEM MCIOJb3yeTcs MOHSTHe AraMeTpa rpada.

OnprenenenuE 2. Ilycts B rpade G waimensr L(v',v") — mawnbr kpat-
qalnmx myTeld Mexny BceMu mapamu BeptwH v, v € V. Torma Beawawnny

def
L= max L(v',v")
%

(MaKCHMAThHYIO W3 [JIWH KPaTYAWIINX TyTel ) Ha3blBAIOT NHAMETPOM Tpa-
da.

B pabote [86] B KauecTBe XapaKTepUCTHK Tpada, OTPAKAIOIIAX €T0 K-
BYYeCTh, ObLIU BBEIEHbI: MUHUMAIbHOE YUCJIO BEPIIWH, YAaJeHne KOTOPHIX
yBeamuuBaeT nuameTp (node-persistance), ¥ MEHEMAIBHOE THCIO YT, Yia-
JeHne KOTOPHIX yBennunBaeT muameTp (line-persistance). ABTopsr [86] omu-
OOYHO YTBEPKIAIU, YTO MMeeT MECTO CIeAYyIOIui aHajor Teopembl Men-
repa: mycTh hA(v',v”) paBHO MaKCHMAJBHOMY YHCIY BepIIMHHO- (pebepHo-)
HeTepeceKatoInXCA TyTeH OT BepPITHHEl v’ K BepiTuHe v, MINHBI KOTOPBIX
He TPEBHIIA0T [; TOrna MHHUMAJbHOE YKCI0 BeplinH (pebep), ymajeHue
KOTODBIX YBeJIHUMBAET TraMeTp rpada, paBro MuaumMmymy h(v',v"), B3sTomy
o BceM mapam BepiiuH. B obiem caydae chopMyIupoBaHHOE YTBEPKIEHUE
HeBepHO, omHako B pabore [101] mokasano, ¥To aHasor TeopeMbl Menrepa
umMeeT MecTo st caydas L < 4 ¥ TOJTBKO JIJis BEPIIIHHHO- HEIIEPECeKAOITUXCS
myTeir. ABTOpHI [88] MOCTPOUIN KOHTPIPUMEDPHI IJsi BEPIIUHHOTO U pebep-
HOTO BapWaHTOB aHaJora Teopembl Menrepa mpu L > 4.

B [122] uccremyercst mpobieMa CIOXHOCTH OOINEH 3aladd OTHICKAHWS
MaKCHMAJBHOTO UHCJIa BePIIMHHO- (peGepHO-) HelepeceKalolnxes Iy Ter
orpanuyenton nawubl L. [lokazano, uro npu L > 5 3amava OTHICKAHUS MaK-
CUMAJBHOTO Yncia peGepHO-HellepeceKaoIIuXes My Tel MJIUHBL, He GoabIiel
L, sBasercs NP-Tpynnoit, onwako npu L < 3 perraercs 3pdekTuBHO (/1715
L = 4 noxasatenbcTBo NP-TpynHOCTH OTCyTCTBYET ). DBpHCTHYECKHE METO-
IbI, TTO3BOJSIOIIHE CTPOUTH HETIEPECEKAIOIITHECS TTYTH OTPAHMYEHHON JIUHBI,
MOXHO HaiTu B [147].

IIpu amanmze KUBYYECTH CETEBBIX CHCTEM UCIONB3YIOT TAKXKE CIEHyIO-
Ie BepXHUe W HUXKHUE OIeHKH nuamMeTpa rpada.

ycts rpad G umeer cBsiznocts (K + 1) w mmamerp L. llyers Lyx —
nuameTp nounrpada Gg, morydenHoro mytem ynadenuss K peGep u3 rpada



G. O6osnaunm
(K, L) % max Lg

(MakcMMaThHBIN U3 nuameTpoB Ly 1o Bcem TakuM monrpadam Gy ). Us-
BECTHBI IBYCTOpOHHHUe oneHKH [140]:

(K+1)(L-2)< LK, L)< (K+ 1)L+ K upu L >4,

3V2K —3< L*(K,3) < 3V2K +4, L*(K,2)=A4.

B pa6ore [140] paccmaTpuBaeTcs TakXKe aHATOT YKa3aHHON 3a0ady ISl OPH-
enTHpoBaHHOTO Tpada. [lokassBaercs, ato ynasenme K myr u3 (K + 1)-
CBSI3HOTO OPMEHTWPOBAHHOTO Tpada MPUBONUT K YBETWUIEHUIO THAMETpPa A0
BeJMUHIBL, He npesbimaomieit (|V| — 2K 4 1).

B cTaThe [92] uzyvaeTcs caemytolas 3anavya CAHTE3A CETH MUHAMATHHO-
TO MWaMeTpa C YIeTOM XWBYUeCTH: KaKoe MUHUMAJIbLHOEe IUCI0 pebep moJ-
XeH WMeTh n-BepIIVHHLIN Tpad muameTpa L, 9Tobbl ymagenue Jd00bx K
pebep mpuBogmIo 6B K Tpady ¢ IUaMeTpoM, He TMPEBHITIAIONINM 33 aHHON
BeawuwHbl Ly? B pa6ore [151] uccrenyercs samada nocTpoenus: K -CBSI3HOTO
rpada ¢ MUHIMAILHBIM YUcTOM pebep W muamMeTpoM L; oTMeTHM, ITO TOU-
HOe pellleHre YKA3aHHOM 3a0add MOXKeT OLIThL MOJYYeHO JUIML TPH MadbIx
KulL.

Hoist aHa u3a KXUBYUECTH TPAHCTOPTHBIX CETEBBIX cHcTeM aBTopamu [90]
BBemeHO 06OBITIeHHOe TIOHSITHE AUAMETPA

I max p(z,y),

rfie ,y — TMPOM3BOJBHBIE TOYKM Ha pebpax ceTw, a p(z,y) — MIWHA TYyTH
B rpade Mexny dTUMU TOYKAMHU.

O6paTuM BHUMaHWe YuTaTeNs Ha pabory [84], rme mpuBOmUTCS OGIIHD-
Hast Gubauorpadus MO OlEHKAM XWBYUYECTH CETEBBIX CUCTEM Ha OCHOBE BHI-
YUCIEHUS TUaMeTpa cooTBeTCTBYOIUX rpados. He ocTranapiuBasich Ha 10-
OpOBGHOCTSAX, YKaXeM ertle psifi paboT, B KOTOPBIX NPUBIEKAETCS MNOHSTHE
nmameTpa Tpada: [87, 89, 141, 150].

3.3. YcaoBHas cBa3HOCTD. Cpenu pasiudHbIX MOHeJed MpeIbiIyIiero
pasiesa ObLIU PaCCMOTPEHbI MOCTAHOBKY, MOTUPUIIUPYIOIIAE TIOHITHE CBA3-
HOCTH: BEPIUIMHBI CUMTAIOTCS CBI3HBIMU, €CJAU JIJUHA COETUHSIONIEr0 UX TY-
TH He TPEBOCXONUT 3aJaHHON BeawunHBl. Kpome Toro, mMeeTcs oBGITUPHBIN
KJIacC TIOCTAHOBOK, B KOTOPHIX CBA3HOCTH MOHUMAETCIS B OOLIYHOM CMBbICJE,
HO HaJaralTcs AONOJHUTENbHbIE YCJIOBUs Ha KOMIIOHEHTHI, oOpasyiolmecs



B pe3yIbTaTe HAPYIIEHUs CBI3HOCTH. ¥ Ka3aHHBIH Kiaacc B Hambogee o6IIeH
dopue omucan B pabote [115], HazBanWe KOTOPOH WCIONB30BAHO B KadeCTBe
3aT0JOBKa HACTOSIIIETO Pa3aena.

PopmynupoBka 3amgaun: u3 rpada G Tpebyercs ynaduTh MUHUMAIHHOE
qrcsio pebep (MM BEPINWH), ITOOBI IPH HTOM KaXK/Ias BO3HUKAIOIIAS KOM-
TOHEHTA CBI3HOCTH 06Jagata 66 CBOUCTBOM T, KAK TO: T — IIaHAPHOCTD,
T — OBYHOOJBHOCTE, T — 3aJaHHas CTelleHb BepIINH W T.TI.

B pamkax mamno# GOpMYIUPOBKH MOXKHO TTOCTABUThH, HATTPUMEpP, TaKyIO
3a/avy anaJdu3a yA3BUMOCTH Tpada: Kak yIAJUTh MUHUMAIbLHOe YUCIO pe-
6ep, uTOOBI B KaXA0W obpasoBaBlleiics KOMIIoHeHTe 6b170 He BoJee 1y Bep-
IWH.

B paGote [162] uccaenyercs BOIpoc 0 HOCTHXKUMOCTH 3a[TaHHOTO CBOW-
cTBa 7 TyTeM ymajenus pebep, B [163] — ymasenus Bepiwn rpada, a B
cTaThe [154] aHATM3UPYIOTCS BO3MOXKHOCTH CTATHBAHUS pebep s MOCTH-
XKeHUS TOCTABJICHHOW TeJau. B TMpenmosoXkeHnn, YTO WCXOMHBIH Tpad mMme-
eT CTPYKTYPY /lepeBa, 3amada yoadeHus: Bepiint (nin pebep) musydaercs B
[116]. 3amaua pasbuenus rpada Ha “OnMHAKOBBIE” KOMIOHEHTHI PACCMATPU-
BaeTcs B [164].

3anava o6 ynaseHny MUHAMATBEHOTO YHCaa pebep MJs TOCTHXKEeHNS CBOM-
cTBa 7 siBaseTcss NP-TpymHO# MJIsh MHOTMX KOHKPETHBIX CBOCTB (T — IBY-
NOJTBHOCTD, T — IUIAHAPHOCTH ¥ 1p.) [153, 158]. B sTux paborax Takxe
u3yvdaroTcs Bompockl NP-moanoThHl 3a7ad 06 yIaJeHuy BepIIuH U CTATHBA-
oy peGep. Koneuno, clioXKHOCTE pellleHus 3amad obIllero BUIa He 03HAYAeT,
UTO IS CTIEMAATBHEBIX TPadOB WK OIS KaKUX-HAOYIE WHTEPECHBIX CBOUCTB
T He CYIIecTBYeT 3bDEKTUBHLIX AJTOPUTMOB, OTHAKO DTO YKa3biBaeT Ha
TPYIHOCTH, KOTOPLIE MOTYT BO3HUKHYTEL IIPH TOMOOHOM TIOAXONe K aHadu3y
VSI3BUMOCTH CETEBBIX CHUCTEM.

3.4. Croukocts (strength). Paccmorpuwm cessusiit rpad G = (V, R),
Ha pebpax KOTOPOTO 3afaHbl HEOTPHUIATESbHBIE BEJWYMHBLI (., MMEIOIINE
CMBICJT 3aTpaT, HEOOXOMUMBIX s ynasdenus pebep r (r € R). O6osna-
yuM vepes w(A) UMCITO HOBBIX KOMIIOHEHT CBA3HOCTH, OOPA30BABIIUXCS TO-
clie yIOaJeHds HeKOTOPOTo MHOXecTBa pebep A C R, obIlee 4MCIO KOMIO-
HenT OyneT pasHo w(A) + 1. Ilycrs

QA EY g
reA

— cyMMapHble 3aTpaThl Ha yrajeHue peGep MuoxectBa A. Torma cpenuss
CTOMMOCTB CO3TaHUS OIHOW HOBOM KOMIOHEHTHI cocTaBuT QQ(A)/w(A).



OnpenenenuE 3. Croikocrsio (strength) rpada G naspiBaeTcs Besu-
qHA

o(G) < min Q(4)/=(4)

AC

(T.e. CTOMKOCTH IMCIEHHO paBHA HAMMEHBIIIEH CPeTHeH CTOMMOCTH CO3/IaHMS
OJTHOW HOBO# KOMIIOHEHTHI CBSI3HOCTH ).

IIpoGaema BhIUMCIEHUS CTOUKOCTH M3YYaJach PA3IMUHBIMU HMCCIEIOBA-
ressivu. OmHY U3 TMEePBBIX MOCTAHOBOK MOXHO HaiT# B [93], rie paccMaTpu-
BaeTCs CTOUKOCTH CETH MO OTHOIIEHUIO K yajeHuto Bepiiud. lanbHelinue
MCCTEeNOBAHUS TOKA3ATIH, YTO 3a0a49a aHAJIM3a CTOMKOCTY IIPU yIAJEeHUH Bep-
LIIHH CYIIECTBEHHO CIOXKHee, YeM MPH yiajeHunn pebep, OMHAKO He CYIIECTBY-
eT nokazareidbcTBa NP-TOMHOTH yKa3aHHOW 3a0a4H.

B crarse [110] paccmaTpuBaiach BO3MOXHOCTD yIaJeHUs] TOIBKO pebep
M 3aTPaThl HA yAaJeHue ogHOro pebpa mojaraiuck paBHbIMEU equnuile. [Ipu
TOM TPENNoJOXeHUr Oblia H0Ka3aHa CJAenyoIast

TEOPEMA 2. Ecau cmotxocmy epagda o(G) > oy, mo epag G codep-
Jdcum He menee oy PebePHO-HENEPECERAIOUUTCT OCMOGHBIL JEPEEHES.

Joka3aTeThcTBO OCHOBAHO Ha pe3yiabTaTax pabor [136, 156].

CdopuynupoBanHas TeopeMma Mo3BoJsieT HaiTH Benuuuuy [o(G)] (1e-
JYI0 9YacTh 3HAYEHWS CTOAKOCTH), TOCKOJBKY MeTOIBI, OIMCAHHBIE B
[99], maroT BO3MOXHOCTH 3P(HEKTUBHOTO OIpPENeNeHns] Ynucia peGepHO-
HeTlepecekaoIInXcsi OCTOBHBIX jepeBbeB. OTMeTUM, YTO 3ala9a ITOUCKA MaK-
CUMAJBHOTO YhCIa peGepHO-HelepeceKaloIuxcss OCTOBHBIX ePeBbeB BO3ZHU-
KaeT ¥ B TEOPHUU HANEXKHOCTH — cM. [37].

B pabote [94] cToWKOCTh paccMaTpWBaIach TP TPOU3BOIHHBIX CTOU-
MocTsX Ha pebpax rpada. 3amaua BEIYUCIEHUsS CTOUKOCTH OblTa CBeleHa K
MOUCKY

min{Q(A) - fw(A)} mpn § = const. (8)

Mpu sTom suavenne o((G) paBHO MakcuMagdbhoMy (3, mpu Koropom A = ()
BCe ellle sBisieTcs perrenneM 3anadd (8). B [94] mpemnaraooTes shdekTHs-
HBle TOJNMATPOUIHBIE ¥ TOTOKOBHIE aJTOPUTMBI pelllenus 3amadn (8). Dd-
(deKTWBHDBIE METOMbI TPENJMKEHbl B [94] U s pellleHus Takod 3amadu: B
OPUEHTUPOBAHHOM Tpade G BBIIETEHA HEKOTOPasS BEPITHHA ¥ ¥ 3aIaHBl Beca
BCEX BEPIIWH, HATATAIONINH CTPEMUTCS MaKCHMU3UNPOBATH OTHOIIEHNE CYM-
MBI BECOB BEPIITWH, OTAEIEHHBIX OT BEPUINHBI ¥, K CYMMapHBIM 3aTpPaTaM,
HeOOGXOMUMBIM MIJIsl TAKOTO OTeeHus. Kpome Toro, B [94] chopmyampoBata
M pellleHa CIeOyOmas 3amada “3aimuTHuka” ceTu. IllycTh s, — 3aTpaTh,



HeOOXOMMMble 3aIlIATHAKY s YBEeJIWUeHWs 3HAYEHUs ¢, (3aTpaT Hamamao-
I1eTo Ha ynaJenue pebpa r) Ha enmuuiy. [lycTs 0y — TpebGyemas CTORKOCTH
ceru. Kakue MUHMMaIBHEIE 32TPAaThl Ha YKpeIleHHe IOTPeOyOTCS 3allluT-
HUKY, YTOOBI 00€CIeYUTh 3a0aHHbIA YPOBEHb CTOXKOCTH

Jsis BBIYMCIEHUST CTOMKOCTH ceTu B pabore [111] mpumensiercs cmenu-
AJbHO Pa3spabOTaHHBIA aJrOpPUTM BBIUKUCIEHHS MaKCHMAaJbLHOTO IIOTOKa Ha
nBynoasHoM rpade. Kpome Toro, aBTopsl HalllU ellle OZHO HHTepECHOe
IIDUJIOJKEHUE CBOEr0 aJlOPUTMa: BbIYMCIEHHE TaK Ha3blBaeMOH IJIOTHOCTH
rpada.

OnprenenenuE 4. Illycrs G' = (V/, R') — nonrpad rpada G. IlaoTHo-
ctio p(G') monrpada G’ Ha3bIBaeTCS OTHOIIEHNE MOIITHOCTH MHOXECTBA €T0
pebep K MOIIHOCTU MHOXKECTBA €r0 BepIIUH

7y def / !
p(G") = [R']/]V'].

Oka3zajock, 4TO 3amada OTHICKaHUs “Hauboiee mioTHOTO” mOoATrpada B
rpade G 3ddeK TUBHO pelraeTcs MeTOIaMi TOTOKOBOTO TPOTPAMMUPOBAHUS.

3.4. MUHMMAJBbHLIA MHOTONPONYKTOBLIM pa3pe3 KakK XapakKTe-
puctuka ysassumoctu MII-ceTu. B paGote [81] paccMaTpuBaercs urpo-
Bas MOCTaHOBKA KOMOMHATOPHOM 3aadd aHaJdu3a ysS3BAMOCTH, KOTJa HMe-
eTCsl UTPOK-HAIIadalolWi, KOTOPLIA CTPEMATCS Pa3ieJuTh BCe TATOTEIONINe
mapbl (vs,,v;;) (¢ = 1,m). BBomuTcs moHsTHE MHOTONPONLYKTOBOTO paspesa
(MII-pa3spesa): MHOXKeCTBO pebGep TaKuX, 4TO UX yAaJeHWe U3 CETH Paspy-
HIaeT Bce IIyTH COSMMHEHMS IJs BCeX TATOTeImMX map. Ilpomycknas crmo-
cobrocTh MII-paspesa — cyMMa IIPOIMYCKHBIX CIIOCOGHOCTER BCEX BXOMSIIINX
B Hero pe6Gep. Munmmaabubii MII-paspes — pa3pes ¢ MUHHMAJILHOH IPO-
IyCKHO# crnoco6uocThio. [Ipeanonaraercs, 4To 3aTpaThl, HEOOXOTUMEbIE LIS
yiagenus pebpa u3 MII-ceTu, paBHBI €ro IIPOIY CKHOM CIIOCOBHOCTH, O3TOMY
HallaJafolIni UTPOK CTPeMUTCS HaiTn MuHuMaabubii MII-paspes.

Cuaenyer o6paTUTh BHUMaHKe, YTO TOCTaBJICHHAS 3alada ABJIETCS 6O-
Jee KOMOMHATOPHO-TpadoBoii, 4eM ceTeBoii. B camoM nese, XoTs (hopMaJbHO
peub uaeT 06 MII-ceTn, BeTMuMHLI TOTOKOB He paccMaTpuBaioTcs. Takxke He
IPUHMMAIOTCS BO BHUMaHWe BEJMYMHBI TpeGoBaHWi Ha Iepemady HOTOKOB.
C npyro#l CTOPOHBI, B TAHHOW 3a71ade (B OTJIWYIKE OT 3a71ad, PACCMOTPEHHBIX
B IPEIBILYIINX pasjiesax) YIUTHIBACTCS MHMOPMAIUS O MHOXKECTBE TSATO-
TEIOIIMX TIap, ¥ 3THM OHa OJM3Ka K IMOCTAHOBKAM IIPeNbIAYIINX Haparpa-
¢dos. Kpome 5TOro, m3BecTHO, YTO MPOMYCKHas CIOCOGHOCTH MUHUMAJILHO-
ro MII-pa3spesa sBJIgeTCS OLEHKOH CBepXy /IS MaKCHMaJbHOTO 3HAYCHUS



CYMMBI TOTOKOB (KOMIIOHEHT MYJhTHIOTOKA) B CETH, T€M CaMbIM BO3HUKA-
€T BO3MOXHOCTE TOJAYUEHUs ONeHOK 3aBUCUMOCTH BEIUUHHBI MaKCUMATBLHO-
ro cymmaptoro MII-noToka oT MOITHOCTH BO3nedcTBUsS. 3aMeTUM, OMHAKO,
YTO BLIYMCAWTENbHBIE TPYIHOCTH, CBA3AHHBIE ¢ TTOCTenHed 3amgadei, MOXo-
XU Ha obcyxXmapuimecs B pasnm. 6.2.2 ¥ 4To wcKaTh MuWHUMAITbHBIN MII-
paspe3 He TpoIle, YeM WCKAThL MUHWMAJTLHBIE MAKCUMUHHBIE paccedeHusd,
TAIOIIHe OTEeHKY CBEPXY IJIs MaKCUMAILHOTO 3HAUEHWS YPOBHSA O.1.T., KOTO-
PHIF paccMaTpHUBAETCS B JAHHON MOHOT paduy BMECTO TPATUIITMOHHON CYMMBL
moTokoB. [lompo6GHee 0 MAaKCHMUHHBIX paccedeHusX (MO PA3HBIMU HAXMEHO-
BaHWIMH) ¥ O 3amade WX moucka cM. B [120, 138, 85, 45, 19, 43, 127].

B crarwe [81] mpemgaraeTcs mBa MeTOMa PEIIEHUS 3alady MOUCKA MU-
aumagabnoro MII-paspesa. IlepBoiii MeTonm mpemcTaBiaseT coboil BaphaHT
MeTona BerBe# u rpanull. CxeMy BTOPOrO MeTOHA MBI OIUIIEM 3[€Ch He-
cKoIBKO Horee momppo6uo. Cuauatga dopmupyercs Jo — Habop pebepHo-
HeTepeceKaloInXes My Tel Mexny Bcemu (v, , vy, ). Habop mosmken GBITH Kak
MOXHO 60Jee TOMHBIM. [laee perraeTcs 3amada o0 MOKPHITHA: CTPOUTCS MHO-
XecTBO pebep ¢ MUHAMAJIBHOW CYMMAPHOW ITPOMYCKHOW CHOCOGHOCTHIO Ta-
Koe, YTOOHI eTo yHaJeHne pa3phiBalo Bce My TH, BXoaAlIne B Habop Jy. Eean
ToJTyJYeHHoe TOMMHOXKecTBO pebep obpasyer MII-paspes, To ucxognas 3ama-
Ja peliiena. Ecam Xke HeT, TO WITYTCA OPYTHe MYTH, COeAUHSIONINE UCTOU-
HUKW € COOTBETCTBYIOITUMY CTOKaMU: HaWdeHHbLIe MYyTH BMeCTe C TMYTAMHI
M3 MHOXecTBa Jy BKJIIOUYAIOTCS B HOBHIH (paciimpennsrii) Habop J;. Ha Ha-
6ope J; BHOBL pelllaeTcs 3amada O MOKpHITHH. IIpolecc mpomomxkaeTcs A0
noayuenus MII-paszpesa.

IIpensoxentbie adTOPHTMEBI He SBAATOTCS dhPeKTUBHLIMA. Hampumep,
BO BTOPOM M3 HUX MPUXONUTCS MHOTOKpPATHO pellfaTh NP-moxmyio 3amagqy o
TOKPBHITUHA, TPUIEM PA3MEPHOCTEH 3TOW 3a0aU¥ Ha KaXKIOM IIfare yBeIWInBa-
eTcs.

B pa6ore [80] mist petrenns 3anauy o norcke MuanMasbroro MII-paspesa
npenJaraeTcs MCIOJb30BATEH NEJOUYUCICHHOE TPOTPAMMUPOBAHUE U METOI
NIEKOMTIO3UITHH, a B cTaThe [123] — MomuduuumpoBanubii MeTom ['omopu.
bawmskwe mo cMBICTy TOCTAHOBKY 3a7ad¥ aHAJHW3a YA3BUMOCTH PACCMATPH-
BatoTcs B [83, 106].

Temepns paccMoTpuM TOAXOA K OTHICKanuo MuHIMadsHoro MII-pazpesa,
OTJIWYATONTUICS OT M3JIMKEHHBIX BEIIe. B 06IeM caydae W dTOT MeTOd He
6ymeT >pPeKTUBHLIM, OMHAKO BLICKA3aHHLIE Jajee cOOOPaKeHus MOTYT OKa-
3aThes mode3nbiMu Tpu anagduse MII-ceteir cnenmansroro Buma. Caenys [31],
BBemeM

OnPEnENEHUE 5. Aunrukaukoir MII-cetu (G, P), rne G = (V, R), naso-



BeM TPOU3BOIBHYIO CBS3HYIO TOACETH, COCTOSMINYIO U3 TIONAPHO HETATOTEe-
IIUX y3J0B.

CupaBenyuBo yTBepXieHue: ecin MHOXecTBo nyr J C R sBasercs MII-
paspesom, To rpad G = (V, R\ J) npencraBiseT co6oil oGbenTnHEHNE HEKO-
Toporo HaGopa aHTUKIUK. HekcTBuTENbHO, eciu Gbl 3TO OBLIO He TaK, TO
HEKOTOpas KOMIIOHEHTa CBS3HOCTH B Tpade (G comepxkata Obl mapy TATOTe-
TOITUX Y3J0B W, cledoBaTeldbHo, J He sBasiaoch 661 MII-pazpesom.

TroPEMA 3. lIyemy J* — munumasvuvri MII-paspes na cemu c epagon

G = (V,R). To2da G~ def (V,R\ J*) npedcmasagem cobot maxcumaibroe
o6vedunenue GHMUKAUK.

IIpennoxkennas KOHCTPYKIIUMS B HEKOTOPBIX CIHEIUAIBHBIX CJIYUasX MTO3BO-
JisleT CBECTH MPobJeMy TOUCKAa MUHUMAJIBHOTO paspesa K CPaBHUTEIBHO POo-
CTHIM KOMOMHATOPHBIM 3anadaM. [[pousmocTpupyem yKa3zaHHble BO3MOXKHO-
CTH Ha IpUMepax.

ITpumEP 1. llycTs B MII-cetn (G, P) Bce mapsl y3/10B, KpOMe CMEXHBIX,
SBIASIOTCS TAroTemMu. B sToM cayvyae aHTHKJIMKaM¥u OYHyT OOBIYHBIE
KIUKK B TEOPETUKO-TPa(OBOM CMbICTe, T.e. MOJHBIEe Toarpadsl rpada §.
IIpoGaema orwvickanus munumMadbioro MIl-paspesa B nannoM ciayuae GyueT
PABHOCHJIBHA OTBHICKAHUIO MaKCHMMAJIbHOTO “mo Becy” ceMedcTBa Hemepece-
KaloImuxes KJauk B rpade G, T.e. sBaseTcs 060OIIIEHHON 3alaueil 0 Tapoco-
yeTaHUAX.

IIPuMEP 2. B ycaoBusx nmpumepa 1 npemnosoxum, 4To B rpade G ot-
CYTCTBYIOT TpeyroabHbie nonrpadsl. Torga Beskas aHTUKIUKA COCTOUT U3
onxoro pebpa. CienoBaTenbHo, HOUCK MuHUMaabHoro MII-paspesa cBonuTcs
K OTBICKQHUIO MAKCUMAJIBLHOTO TapocodeTanus 1 3pHeKTUBHO pelliaeTcs, Ha-
npuMep, MEeTOIOM yBeluuyuBalommxcs meneit. Takum obpazom, XoTs obIas
3agada o MII-paspesax NP-mosra yXe 0Js Tpex TATOTEOIINX Tap, TaHHBINA
npumep naer nonkiacc MIl-cereit, mis KOTOPBHIX 3ajada MOIAUHOMHUATIHLHO
paspeluma.

IIpenaoxkentsie MmeTonsl 6e3 Tpyna obobiaioTces va MII-ceTu, B KoTOpBIX
TATOTEIONUMHA ABIAIOTCS Takhe U TOJIbKO TaKue Maphbl Y3J0B, YTO PACCTOs-
HUEe MEXIY HUMM GOJIbIlle HEKOTOPOH 3alaHHON BEJTUIUHBI.

PaccemoTpentbie mpuMephl He TPETEHIYVIOT HA OOIITHOCTD, & INEMOHCTPH-
pyIOT Jullb TOT GakT, 4To 3amada o munumarbuoMm MIl-paspese u neko-
TOpbIE BApMAHTHI 3a0aun 00 ONTUMATIBLHOM yaaJgeHuu pebep miast psma MII-
ceTell MOTYT pemnraThes d3hPeKTUBHO.

IlpuBenem erme omuy mocTanoBKy. llycTh “Hamamalolliui UTPOK” MOXKET
yaaauTh ToabKo 1’ pebep n3 MIl-cern (G, P) (1 3amano). lleas nananmatorme-
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TO — TaK pa3pylUIuTh CeTh, ITOOLI CyMMapHas TPOTNYCKHASA CTTOCOGHOCTE AYT
vuaEMarbroro MII-paspesa mpunsaa 66l HauMeHbIIIee U3 BO3MOXHBIX 3HAUE-
Huit. ComepX)aTeIbHBIH CMBICT 3a/1a4¥ COCTOUT B CIAEMAYIOIIEM: MUHUMAJb-
uerit MII-pazpes sBaseTcs OIEHKON cBepXY AIS MAaKCHMAJBHOTO 3HAUCHU S
cymmaproro MII-moToka B cetn (G, P), moTOMY HaNaIaloMIni CTPEMATCS
MWHIMH3APOBATE TapaHTHPOBAHHYIO ONMEHKY CBepXy Ha CYMMAapPHBIM TOTOK
B pazpyurennoi ceTw. Ecaw B mamnoi 3amade mepertu orT MIIl-paspesa x
€ro MOMOJTHEHWIO, TO TpobieMa CBOAUTCI K TOUCKY TAKOTO OOBHeTUHEHHS
HEIepeceKaolMuxcs aHTHKINK, 9TO ero “cobcTBeHHBIH Bec” maooc Bec 1
MaKCUMaJbHBIX pebGep, He BOIIEAIIAX HY B OOHY W3 aHTWKJIWK, TPHHUMAET
MaKCUMaJbHO Bo3Moxuoe 3uadenne. las MII-cetn u3 mpumepa 2 ykazannas
3amada 06 onTHMATLHOM yaageHun 1’ pebep cBOMUTCS K TOWCKY MAapoCcoveTa-
HUS, BeC KOTOPOTO B cyMMe ¢ BecoM T MaKCUMAaIbHBIX pebep, He BOIIEAITAX
B 5TO TTapocodeTaHue, TPUHUMAET MaKCUMaJTbHOe 3HATEHHeE.

Otmeruwm erme pabory [114], B KoTopoi n3ydaercs mpobiema OTHICKa-
HUS Ha CeTH MUHMMAJIBHOTO (10 TMPOMYCKHON CIOCOGHOCTH) paspesa M3 Mu-
HUMaJbHOTO Yucaa pebep. IlpencTaBiaseT mHTepec HCTOTL3yeMas aBTOPOM
KOHCTPYKIHS: TTPONYCKHEIE CTTOCOOHOCTY W TOTOKH SABIAIOTCS He YWCIAMM,
a BekTopamu m3 R", BBoOWTCS TOHATHE JEKCUKOTPahUUIECKOTO TOTOKA U
VCTaHABJIWBACTCSA AHAJOT TeopeMbl O MAaKCUMAILHOM MOTOKE W MUHHMAJh-
HOM paspese. B [139] mpemiaraeTcs paccMaTpUBATh CBI3HBIE PAa3pesbl, T.e.
paspesbl, KOTOPBIe TPEACTABIAIOT U3 cebs cBiI3HbIe monrpadsl. [IpuBoguT-
csl conepKaTesNbHas MHTEPIPeTANUs TaKod TOCTAHOBKM. 3a1a4a OThICKAHUS
MePBBIX ¢ MHHUMAJBHBIX pa3pe3oB perraiach B [113].

Hambueiiliee pa3BuTHe OMUCAHHON B Hadase pasiesia UTPOBOHM MOCTAHOB-
KW TPOBENEHO B cTaThe [82], The mccaemytoTes TpoOIeMbl “HAXITYUIIEH 3a-
AT ceTh (CHHTe3a ceTH ¢ yaeToM KuBydecTH ). ComepKaTeabHbIH CMBICIT
3a/laYd COCTOUT B CIEAYIONIEeM: 3aIlTUTHHK CUYATAET, UTO HATAHLATONIAS CTO-
pora BBIGepeT cambiii caaburi MII-paspes. Ilo ycaoBuio 3alliUTHHK AejaaeT
CBOW XOII TEPBBIM M YKPEIJIseT ceTh. JAlllMTHUK OTPAHUUYEH B CPEACTBAX
7 O Mepe CBOMX BO3MOXHOCTeW ThITaeTcs cmedaTh Bce MII-paspessr pas-
HOTPOYHLIMY. [pyruMu cIoBaM¥, 3ajada HAWIYUIled 3allUTHI CBOTUTCI K
OTLICKAHUIO TAaKOTO MOMYCTUMOTO VKPEIJIeH s, A KOTOPOTO BeTUInHa MU-
auMagabaoro MII-paspes3a B ykpenaenHo# ceTn ObLia GBI MakcuMaTbHa. s
MOMCKa HaWIydllied 3amuThl B [82] mpemiaraeTcs MeTON, OCHOBAHHBIH Ha
MHOTOKPATHOM peIleHuH 3aJaUd O TOKPLITHH CO BCe BO3PACTAIONIHM UH-
CIOM OTPAHUIEHUH.

HexoTopnie Bompochl, cBsI3aHHBIE C TIePeTPACCUPOBKON MOTOKOB HA MHO-
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TONPOAYKTOBOM CeT¥ TOocjae BLIXOAa W3 CTPOS OTHeTLHBIX pebep, paccMa-
TpuBatoTcs B [95, 121]. BapuaHT 3amaun cHHTE3a MHOTONPOLYKTOBOH CETH
¢ y4eToM XuBydecTH paccMoTpeH B [134] (em. Takxke B [51]) u [19].

B memom ciemyeT oTMeTHTH, UTO 3amadud BBEIUYWCIECHUS Ha Tpadax To-
KazaTeJel, TaK WKW WHade XapaKTepu3yIolnX XUBYIECTh, B GOIBITHHCTRE
cBoeM sBasgoTcs NP-Tpyauabivu. [lodToMy HeT ocHOBAHUHN TPENIoUecTh IT'pa-
$HOBBIe TOMXOMEI TOTOKOBBIM € TOUKH 3PEHUS] BO3MOXKHOCTEH MPaKTHIECKOTO
cyeTta. YTo KacaeTcs cOAepXKaTeTbHOM CTOPOHBI TMpemaaraeMbiX B TeOpUH
TpadoB TOCTAHOBOK, TO WX HEMOCTATOUHAS aIeKBATHOCTH MPOABISIETCS ykKe
Ha TpuMepe mpocTedmux cered (cm. § 2). B § 1 6bur mpemioxken agbTep-
HaTWBHLIN MOOXOA K aHAIN3Y VSI3BUMOCTH ¥ XXKUBYUECTH CETEBEBIX CHCTEM —
TTONMXOM, YIATHIBAIONINY BO3MOXHOCTY allOCTePUOPHOTO Tepepacipeneaenus
MOTOKOB B CEeTH TOCJe YMeHbIIeHUs (M OGHYJIEHWs ) TPOMYCKHOR CIOCOGHO-
CTH Kakux-11ubo ee pebep. ABTOPHI HAlEIOTCS MPUBJIEYL K HEMY BHUMaHWE
rcciaenoBaTeed ceTeBBIX CHCTEM, ¢ TeM YTOOR WHUIAAPOBATE pa3zpaboTKy
MeTONIOB PellleHus BO3ZHWKATONTNX HOBBIX 337184 CeTeBOW OMTUMUBAIAN.
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