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I'maBa 7. 3amaya HOpMATHBHOTO AHAJU3A yA3BUMOCTH
MHOTONPOAYKTOBOHM IIOTOKOBOHM CETH
§2. HekoTopble npuMephbl pellleHus 3agadu

2.1. Ilpumep CpaBHHTEJBLHOTO aHAJH3Aa YA3BHUMOCTH TPEXMIPO-
OYKTOBLIX CETEH C pa3juuHLIMHA ¢H3ndyeckuMHu rpadamu. Paccmo-
TPUM W CpPaBHUM [Ba IpocTedtnnx npuMmepa MII-ceTel, KoTophie, ogHaKO,
TMO3BOJISTIOT TPOJEMOHCTPHPOBATH HEKOTOPHIE OCOGEHHOCTH BBEIEHHBIX ITIO-
HITHHA.

Ha mHOXecTBe U3 Tpex y3J0B MOCTPOUM JBE PANWIHBIE CETH S B So,
dusndeckne Tpadbl KOTOPHIX TpelcTaBieHbl Ha puc. 13. Homepa Bepiuu
MPOCTABJEHBI B COOTBETCTBYIOMINX KPYXKKaX, a MAPPHI psaoM ¢ pebpamu
VKa3bIBAIOT HA BEJWUNHY MX MCXOTHOU TPOMYCKHOU CIOCOGHOCTH.

Puc. 13

Ilycts TpeboBanus Ha Tepegady TMOTOKOB, T.e. TATOTEHUS, B CeTAX S U
Sy SBIASIOTCS ONMHAKOBBIMU M COCTABISIOT: MEXIY Y3JIaMu v; U vy dy = 10,
MEXIY y3JaMu v; U vz dy = 20 W, HakoHell, MEXIY vy B vz dz = 30
(rpad TsroTenmi coBnamaer ¢ rpadom cetu Sy). Herpynuo ybenuThes, 9TO
TaHHble TpeGOBaHUS MOXHO 06ecleuuTh W B CeTH S, © B CeTH Sy, IpUUeM
65(c°,d) =1, My(c®,d) = M B o6enx cersx.

Hamee wa puc. 14 — 17 mpuBeneH®sl paziWdIHbIe BAPWAHTHI COCTOSHUHN
ceTel S; ¥ Sy ¥ TOCTPOEHBI THATPAMMBI VSI3BUMOCTY AJS Pa3zpyIIeHUH pas-
HOW MorrHOCcTH: ¥ = 0.2, 0.4, 0.5 w 0.6 (cm. pasm. 1.3). Hamomuwm, wTo
Tmocyie pa3zpyUIaoniero BO3MEHCTBHUS C TApaMeTPOM 7y OCTATOTHAS CyMMap-
Hasl TPOIYCKHAs CIOCOOHOCTE pebep ceTw ompenesnsiercs mo dopuyre (6.2)



Kak E ¢ = (1 = 7)eg, Tme ¢g — WCXOMHAsE CyMMapHas IPOIYCKHAS CIIO-
kCE
cobHOCTE pebep, KOTOpas COCTABAAET: IS ceTH S; co; = 70, m mas S,

Cpy = 60.

Kaxngwrit u3 puc. 14 — 17 cooTBeTCTBYeT OMHOMY 3HAUEHUIO Y, BCe PH-
CYHKM TIOCTPOEHBI MO OJWHAKOBOMY IPUHIIUIY, MOITOMY PaccCMOTPUM IIJs
mpuMepa TOJbKO puc. 15. B BepxHelr 4acTdH PHUCYHKA TPUBENEHO UUCICH-
mnoe 3nadenue v = (.4. YKazano, 4To JeBHIH cToJOEN NHATPAMM OTHOCUTCS
K ceTH S;, a MpaBBil — K CeTH Sy, 7aJjee TPUBOAITCSI COOTBETCTBYIOIINE
3HAUEHUS OCTATOUHOW CYMMAapHOW TPONYCKHOW CIIOCOOHOCTH: IS CeTH S

2 3
Z ¢y =42, a nag S, Z ¢, = 36. Ha puc. 15a u 15b uzoGpaxenbl pesyibTu-
k=1 k=1

pyIOIliMe TUarpaMMbl YS3BUMOCTH COOTBETCTBEHHO ceTelt S u Sy. 3nech mo

OCH OPIWHAT OTJIOXKEHB! 3HaUeHNUs 0., & 0 ocH abcmuce — 3HadeHus () (cM.
puc. 11 u3 §1). Psimom ¢ nuarpaMmamu, 4To6bI He 3aIlPOMOXKIATEH PUCYHOK,
IPUBEIEHBl YUCICHHbIE 3HAUYEHHUs BBHICOT CTYNEHEK HA JAHHOM HuarpamMe.
YKa3aHHBIe 3HAYEHUS SBISIOTCS TOTHBIMA TapPaHTHPOBAHHBIMA (HIKHUMHY )
OTeHKaMHU JIJIsi 00eCTIe9eHHOCTH COOTBETCTBYOIIEH ([ — pj_;)-# 4acTu To-
TOKOBBEIX TpeGOBaHUH B ceTAX S U S,.

HuarpamMma ysS3BUMOCTH Ha puc. 15b moaydena nis ceTu Sy B pesyib-
TaTe TepeceveHus “JeceHOK” (MM TMOCTPOEHWS HIWKHEH OTHOAIOIed) s
nrarpaMM obecredeHHOCTH TpeGoBanui (cM. puc. 11) MO BCEBO3MOXKHBIM
¢ € C[y] — Bosmytenusim ¢ v = 0.4. Ha puc. 15d,f;h mpuBenensr B ompese-
JEHHOM CMBICJIe HAMXYIIINe BAPHAHTH TaKUX BO3MYIIEHUH (COCTABISIONINE
mHOXecTBO C*[0.4] mist paccmaTtpuBaemoir MII-cern).



Puc. 14 Puc. 15

Pacemorpum puc. 15h. CnpaBa-BBepxy u306paxeHa ceTh, BO3HHUKIIAS
noce Bo3MmyieHus. Ilpomyckubie crnocobHOCTH pebep (OmpenessioTes co-
OTBETCTBYIOIIMM ¢*) yKa3aHbl Ha pucyHKe. CumTaeM, 94TO BeJIWIAHBI d;
TATOTEHWH — TakKWe Xe, KaK B MCXONHOU ceTH. I[pu cymepKOHKYpeHTHOM
pacipeneseHnd TOTOKOB (cM. T, 2) 6ymeT mosydeHa nuarpamma obecire-
JeHHOCTH TpeboBanuil, n3obpakenHas Ha pUCyHKe cieBa. [lo ocm opomnat
(cM. puc. 4) oTKIanbIBAOTCS 3HadeHus §; (TOJyUYeHHbIe U3 pellleHus 3a1ad
(1.3.11),(2.1.3), (2.1.5) u T.11.), @ IO O0cK ABCIUCC — BEIUUHUIBL {4, KOTOPbLIE
BBIYKCISIIOTCS TI0 popmydie K puc. 4 (cM. Takxke B pasm. 1.2), T.e.

- 3 /Y d; ¥I=0,1,...,L.
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Hatst cetn wa puc. 15h 3navenne Oy(c,d) = 0.2, u OHO SBJASETCS HAMXYIITAM
B TOM CMBICIe, 9TO TpH maHHOoM v = 0.4 He CyIIECTBYEeT TaKOTO BO3MY-
menns (takoro ¢ € C[v]), npu kotopom 6y(c’,d) okaxercs MeHBIIe, deMm
0.2. AHaJOTWYHBIM CBORCTBOM OBJIATAIOT BCE CETH, M300paKeHHbIE Ha PHUC.
14-17 caMbIM¥ HUXKHUMU, OHU GOPMUPYIOT HUKHUME CTYIMEHBKU MUarpamm
VA3BUMOCTH U NatoT 3uavenus ... Caenyiomiue crynenbku 8., 0,5 ¥ T.1. BO
BCEX PACCMOTPEHHBIX IMpuUMepax (CM. TakKe B pasil. 2) TOXKe 3aMal0TCs 3Ha-
wennsamu 0y. B wactnocty wa puc. 15d,f 6y(c*',d) = 0.4, 8y(c*?,d) = 0.514.
IIpu >Tom me cymecTByeT Takoro ¢ € C[v], aro 6y(¢,d) okaxercs MeHbIme

0.4 mpu Z d; > 40 uau menbure 0.514, npu Z d; = 60. Bompoc, Bcerna

1€Moo 1€Moo
JX AuarpaMMa YA3BUMOCTH COCTOUT JIUIIL U3 HAXKHUX CTYIICHEK HEKOTOPBIX

muarpaMm obecnieueHHocTH TpeGopanuit, T.e. 0., = Oo(c*',d) Vi, na nanmbrit
MOMEHT SIBIASETCS OTKPBITHIM.

Ilpw cpaBHenUy mUarpaMM ysI3BUMOCTH, TPUBEIeHHELIX Ha puc. 14-17 cie-
Ba W cIpaBa, obpalatoT Ha cebs BHUMaHWe cienyioliue ocobenrocTu. s
ceTu S; 3HaveHus f,, OKA3bIBAIOTCI MEHBIIIE WU PABHBIMUM COOTBETCTBYIO-
IITAM 3HAYEHUSIM LIS ceTH Sy (T.e. JieBas KpaWHss CTYNEHbKA AT PaMMB
HJs ceTH S; OKa3bIBAaeTCs HUMXKE WJM COBIANAET C COOTBETCTBYIOIIEH CTY-
MEeHBKOH 17t Sy). leficTBATENBHO, TP PA3PYIIEHUH CETH CO CTPYKTYPOi
TUma “AepeBo” Jerde HAPYIIAIOTCS CBI3M MEXIY Y3JaMu, ¥ TTOITOMY He BCe-
ria MOXHO TapaHTHPOBATH Cpa3y JJs BCEX TATOTEIONIUX Hap OIUH U TOT
Xe ypoBeHb obecriedenHocTu Tpebopanuit. C Apyroil CTOPOHBI, caMas TpaBast
CTYIEeHBKA Ha HUarpaMMax [IJs ceT S; Bhlllle, UeM Ha MAarpamMMax mjs Ss,
T.e. CTPYKTYPa “IepeBo” B KaKOM-TO CMbICJe Jydlle (0 KPUTEPHIO HEYs3-
BHMOCTH ), 4eM HoJHbIH rpad. Ilocaennee BEI3BaHO Kak OCOGEHHOCTSIME Ce-
TH, TaK ¥ TPEeNIaraeMbIM TPABUIOM TlepepacipesiesieHus TOTOKOB (BEIGOPOM
CYTIepKOHKY peHTHOTO petterus). [[pu paspyirennu cetu Tuma “nepeso” He-
CKOJBKO TIOTOKOB TIPUXOMUTCS MepenaBaTh M0 CHIBHO pa3pylleHHOMY peGpy
CeTH, HO B IPYTOi YacTH CETHU MOTYT COXPAaHUTHCs pebpa ¢ GOabINON Mpo-
MYyCKHOW CIIOCOGHOCTBIO, YTO MO3BOJUT TOUYTH TMOJHOCTHIO YIOBIETBOPUTH
TpeBOBaHUSM OCTABIIUXCS TATOTEIONIUX Hap, T.e. MOIYIUTh OTHOCHTEIHHO
boubitine 3Havenus B, .. B ceru Sy 3a cuer cBsizHOCTH Trpada npu pacmpene-
JEeHWW TIOTOKOB yiaeTcs 6ojiee PABHOMEPHO (MJIsi TATOTEMOIINAX Map) pacipe-
HEeJUTH OCTABIIYIOCS MPOMYCKHYIO CIOCOOHOCTE U MOJYUYUTE OTHOCHTEIHHO
boubitine 3Hauenus 6,,. Ho umenno sTo Gosee paBHOMepHOE pacipeneseHne
IPUBOIUT K TOMY, 9TO TOCTENYIOIne 3HadYeHus 0., (BKIOUYas MOCIenHee
f.1-) He Tak CHIBHO OTJINIAIOTCS OT ..



Puc. 16 Puc. 17

Taxum o6pazoM, MOXKHO CKa3aTh, YTO TOTHOCBA3HAS CETh ABIAETCS “paB-
HOMPOYHOU” IS BCEX TATOTEIOIIUX Map B IEJOM, HO HEJb3s CKa3aTh, YTO
oHa BOOOITE “MeHee yI3BHMa” , MOCKOJALKY B CeTH THIa “HepeBo” Bcerma Ha-
XOAATCS TATOTEIOIINE TaPhI, IJs KOTOPHIX YIaeTCs TOJYYUTh CPABHATEIBHO
BBICOKYIO CTeNeHb 00eCIedeH s NX MOTOKOBBIX TpeboBanuii (6obioe 3Hade-
H#e §, ;. TOKAa3BIBAET, YTO HEKOTOPAS Mapa OCTACTCS MOUTH “HEYSI3BUMOR ).
Hamomuum Taxxke nokaszanHoe B Koute pasi. 6.2.1 cooruoienune 8, ;. < 1—7,
T.e. HA CeTH S| peasu30BaJach BEPXHSS IPAHUIA O, .

Huarpamusr, nomedennbie 6ykBamu ¢ u d, Ha puc. 14-17 cooTBeTcTBY-
0T CTPEMJIEHUI0 MPOTUBHUKA PABHOMEDPHO MOHU3UTH 3HAUYeHWsS obecrneuyeH-
HocTu TpeboBanui Bcex Tsroretorux nap B MIl-cetu. B Tako#i nmocranos-
Ke — BIOJIHe OOOCHOBAHHOW IJsi TPOTHBHUKA (B POJM KOTOPOTO, KaK YXKe



MOMYEPKUBAJIOCH, MOXKET BBICTYIATh W HEONpeleJeHHbIH (akTop), He WH-
(HOPMUPOBAHHOTO 06 OTHOCHTEIHLHON BaXKHOCTHU TATOTEIONIAX Tap WA 00 NX
B3amMoO3aMeHseMocTH, — ysa3BumocTh MIl-cetn S; (¢ dpusmaeckum rpadom
THma “mepeBo”) Mensbire, deM ysa3BuMocTh MIl-ceru S, (wa mommoCBsI3ZHOM
dusmaeckoM rpade). YKazaHHBIH GaKT TPOTHBOPEIUT TEOPETHKO-TPADYOBBIM
mpencraBienusiM o kuBydectn MIl-cereit (cm. masee B §3), X0Ts MoneTbHEIE
TPENTONOKEHNS, 3aJ0XKEHHDIE B OCHOBY TEOPETHKO-TPa(POBLIX TOCTAHOBOK
3a71ad 3a TPOTHBHUKA (“HAMaIAoONIero” — pa3pylIaioIero ceTh), BIu3Ka K
BRITIEYTTOMSHY TOH KOHTIETIIIHY PaBHOMEPHOTO TomaBienns. U3 sToro mpume-
pa BUIHO, YTO TEOPETHKO-TPa(OBHIH MOMXOM B HEKOTOPHIX CIYUasIX OKa3BIBa-
eTcsl CTUITKOM TPYOBIM — He OTCIEXUBACT BAXKHBIX KATECTBEHHBIX CBONCTH
CETEBHIX TMOTOKOBBIX CHCTEM, CBA3AHHEBIX C BO3MOXKHOCTBHIO TIepepacirpenese-
HUA TOTOKOB TOCJE PA3PYIIAIOINIEro BO3AeHCTBHS. TeM caMbiM, erre pas MpH-
XOMUM K HEeOOXOMAMOCTH M3YUEHWS TMOTOKOBBIX TOCTAHOBOK. B caemyrtorem
pasmese OymeT maH eIe ONWH MPUMep Pasiuuds pe3yabTaToB MPAMEHEHU
TEOPETHKO-TPaAPOBOTO ¥ MTOTOKOBOTO TOAXONOB K MCCAETOBAHNIO YI3BUMOCTH,
KOTOPBIH, KPOMe TOTO HITIOCTPAPYET MPOTHBOPETUBOCTE KPUTEPUER Y I3BHU-
MOCTHW ¥ CTOMMOCTH Tpu cuuTeze MII-ceTei.

2.2. TIpumMep aHasu3a yI3BUMOCTH TPEXMPOAYKTOBOU CETH ¢ PH-
3mdeckuM rpadomMm tumna “spesga’. llpu pemennn 3amaum cuaTesa MII-
ceTeil 3a9aCTyIO HCIOTB3yeTcs (BO3MOXKHO B Ka4ecTBe KOMIOHEHTHI) CTPYK-
Typa THma “3Be3ma”’, KOrma Bce Y3JIBl JOTHIECKOTO Tpada (MCTOIHWKEA 1
CTOKH) COENMHSIOT (PU3MIECKUMA PeOpaMy ¢ eIWHCTBEHHBIM TPAH3UTHBIM
y3joM. DTOT y3ed ob6bIYHO pacnogaratorT B T.H. “rouke llreiinepa”, cym-
Ma PACCTOSHUN OT KOTOPOU /IO OCTATbHBIX BEPIIMH MWHUMaJbHA. [lom06-
Hasl CTPYKTYPa MO3BOJSET MUHUMHU3UPOBATE 3aTPATHl HA MPOKJIAIKY JUHUH
cBsi3u Oe3 yuyeTa CTOMMOCTH CAMUX KAHAJOB CBS3M W NMPUMEHSETCS, B 4acT-
HOCTH, B TEIJOCETAX, IPU ITPOEKTUPOBAHUN JIUHUHU DJIEKTpolepenadu u T.1.
Ecau noctpours nonobuyio ceTh nis rpada TATOTEHHH, PACCMOTPEHHOIO B
MpenbIIyIeM pasjelie, TO TPU YCIOBUU [ONYCTUMOCTU ceTu 6e3 U3GhITKa
nporyckuoi cnocobroctu (6y(c®,d) = 1, My(c®,d) = M) nonyunm pusude-
ckuit rpad, nzobpakenusii Ha puc. 18. Jlorwaeckuit rpad (rpad TAroTeHuit)
coBmanaer ¢ rpapom cetu S,. Oboznauum noayuentnyio MIl-cers Ss.



Puc. 18

Hamee wa puc. 19 m3o6pakensl TUarpaMMBl VSI3BUMOCTH CETH Sz aHAJO-
IHYHbIE muarpaMmam a u b ¢ puc. 14-17, a Takxe s cpaBHEHUS TpPUBe-
JIEHBI COOTBETCTBYIOIINE THATPAMMBI (IOCTPOEHHBIE B Pa3il. 1) IJIs ceTH co

CTPYKTYPOH THla “AepeBo” — IITPUXOBasL JUHUS — U OJs TOJIHOTO Tpada
— TYHKTHpPHAI.

Puc. 19

OueBnmno, 9TO ceTh S3 (co CTPYKTYpoit “3Be3ma”) Gosee ys3BUMA, deM
m S, nS,, — ee MHarpaMMBl YA3BUMOCTH HUXKE MPYTUX MPHU BCEX 3HAUE-
HUSX v, a yoapa ¢ v = 0.6 nas Hee yxXe IOCTATOYHO, YTOOBI JUITHIUCH



CBSI3M Bce TsAroTeoIre napbl. Tem He MeHee, TPOYUTAB CJAENYIONIANA Tapa-
rpad, ynTaresb yOeaUTCS, YTO HUKAKUE TEOPeTHKO-TpadgoBbie paccykie-
HYs He TMOMOTYT TIPENNoYecTh CTPYKTYPY “mepeBo” (ceTh S;) mccaemyemoin
CTpYKType “3Be3ma”. leHcTBUTEABbHO, MJs 060uX TpadoB yHaJeHre OTHOTO
pebpa HapylIiaeT CBA3HOCTH, a IBYX — pas3feiseT Bce TATOTEINe Maphl;
MUHUMAJbHBIM pa3pes U3 pas3ielsiolnX Bce Maphbl U TaM U TaM UMeeT IIPOo-
nyckayio crnocobuocTh 30+40=70. Taxum obpasom, ceTeBas CTPYKTYpa, CO-
3[aHAE KOTOPOU MOXKeT MOKa3aThes Hojee MPeNnoYTUTENbHBIM 0 SKOHOMH-
YECKUM COODPaXKEHUsIM, OyrneT o0aagaTh XyJAIITUMU CBORCTBAMY YA3BUMOCTH,
HO 4TOOBI 5TO BBISICHUTH, IPUIETCS TPOBECTU UX MOMPOCHBIN aHATIU3 € yue-
TOM BO3MOXHOCTH Tepepacipesenenus MoTokoB. llocientsis BO3ZMOXHOCTD
He TPUHUMAETCS BO BHUMaHUE TEOPETUKO-TPADOBBIM MOIXOHOM, OTHAKO B
CUJTY TITUPOKOM PACIPOCTPAHEHHOCTH TAKOTI0 Cocoba yueTa HeolpeleeHHO-
cru B MIl-ceTsx, ymeaum U eMy HEKOTOPOE BHUMAHHUE.



