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AKTYAJIbHICTb TEMU

3apaui anroputmis obcayroBysaHHs yepr 6ynn Ta 6yayTb aKkTyanbHOO
npobnemolo MoZeNtoBaHHA CUCTEM MacoBoro o6cyroByBaHHsA. oaeH
NpOeKT BE/NNKOI Mepexi 3i CK/JaAHOK TOMOJMOMiEld B JaHM Yac He
06xoaunTbeca 6e3 BUUEPNHOTO MoAEeNtOBaHHA MaikbyTHbOT Mepesxi.
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OB’EKT AOCNIAKEHHA

3 pO3BUTKOM HOBMX TEXHOJIOTIM, B HALLE KUTTA BBIlLWIO TaKe MOHATTA
AK  MoAenoBaHHA.  MopAentoBaHHA  BUKOPUCTOBYETbCA  TOAI,  KO/U
eKCnepuMeHTH 3 peanbHUmu o6'ekTamm abo cuctemamy Hemoxavsi abo
3aHafTo Aopori. [010BHOK BIAMIHHICTIO MOAENOBAHHA Big, iHWKWX MeToAiB
BMBYEHHSA CUCTEM € MOX/IMBICTb ONTUMI3aLLi cucTemn Ao ii peanisauii.

Yeprn BMHMKaOTb MPaKTMMHO Yy BCIX CUCTEMax MacoBOro
obcnyrosyBaHHsa (CMO) i Teopis macoBoro obcnyroByBaHHS (Teopisi uepr)
3aliMaETbCsl OLHKOI YHKLJOHYBaHHA CUCTEMM MpU 3aAaHUX MapameTpax i
MOLIYKOM NapameTpis, ONTUMa/IbHUX 33 AeAKUMU KpUTepiamu.
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META POBOTU

MeTolo MOAENIoBaHHA € BM3HAYEHHS OMNTUMANbHOI  TOMOAOTii,
aflekBaTHWU/ BUBIp MeperkeBoro 06/M1alHaHHA, BU3HAYeHHs poboumx
XapaKTEPUCTUK Mepexi Ta MOXIUBMX eTarniB MalibyTHbOro po3BUTKY. Afxe
MepeKa, 3aHafTo TOYHO OMTMMI3OBaHa A/ pilleHb 3aBAaHb MOTOYHOIO
MOMEHTY, MOXe 3a)KajaTu cepio3Hux nepepobok B MalkbyTHbomy. Ha
mozeni MoXHa BMMpobyBaTW BM/IMB CRJ/IECKIB LUIMPOKOMOBHUX 3anuTis abo
peanisysaTtn pexum Konancy (Ans Ethernet), Lo HaBpaA un XTocb Moxe cobi

[03BO/IUTU B NPaLLOOY0i Mepexi.
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Mpun BUpiLIEHHi 3aBaHb  ONMTMMI3auii  ynpaBAiHHA
BUPOGHULITBOM, iHPOPMALAHUMN MepeRamm, TPaHCTOPTHUMM
CMCTEMAMM 4aCTO BUHUKAE PAL OHOTUNHUX 3aB/1aHb:

® OLUiHKa NPOMNYCKHOI 34aTHOCTI KaHaniB 38’A3KY, CUCTEMU
ABTOMOGINBHUX i 3aNi3HMX AOPIr i T. N .;

* oujiHKa edeKTMBHOCTI po6OTH NiANPUEMCTBA, KOMM'IOTEPHOT
Mepexi;

® BM3HAYEHHA KiNIbKOCTI KaHaNiB 3B’A3KY i TPAHCNOPTHUX
WAAXIB CNOYYEHHA Ta iHW.

Bci Ui 3aBaHHA OAHOTUMHI B TOMY CEHCI, IO B HUX NPUCYTHIl
MacoBuii MONUT Ha OGC/IYroByBaHHA. B 3aj0BONeHHI UbOTO
nonuty Gepe yyacTb NEBHA CYKYMHICTb €/IEMEHTIB, L0 YTBOPIOE
cuctemy macosoro o6cnyrosyBaHHs (CMO)
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3a 03HaKamu, WO BM/MBAE Ha
dyHKuUjioHyBaHHA, CMO moxke
HasnexaTn A0 OAHOrOo 3 TUNis
BiANOBIAHO A0 HaBeaeHO!
KnacudikaLiieto

/|
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CMO 3 HEPIOIO

K nokasHuku edekTuBHOCTI CMO 3 O4iKyBaHHAIM, KPiM YXe BiAOMMX MOKasHWKIB -
abcontotHoi A i BiAHOCHOT () MPONYCKHOI 34aTHOCTI, MOBIPHOCTI BIAMOBU Py, CEPEHbOTO
yucna 3aliHATMX KaHanis k (Ans 6aratokaHasbHOI cuUCTeMM) BYAEMO pO3MIALATU TaKOK
HacTynHi:

®  Leyc - CEPEHE YMC/IO 3asIBOK B CUCTEMI;

® Teue - CEPEAHIN Yac nepebyBaHHA 3asBKU B CUCTEMI;
¢ Loy - CEpeHE YNC/IO 3asBOK B Yep3i (A0BXMHA Yepru);
* T,y - CEpenHin yac nepebyBaHHA 3aBKU B Yepsi;

® P, - IMOBIPHICTb TOTO, WO KaHa/ 3aUHATUN (CTYMiHb 3aBaHTaXEHHS KaHany).
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YEPTOIO

Ha npaktuui Yacto 3ycTpiyaloTbcs oAHOKaHanbHi CMO 3 HeobmexkeHoo
Yyeproto (Hanpuknag, TenepoH-aBTomMaT 3 opHoro 6yakoto). PosrmsHemo

3apauy.

€ oaHOKaHanbHa CMO 3 yeproto, Ha Ky He Hak/aZeHi Hifki 0bmexeHHs (Hi
no AOBXWHI Yepru, Hi 3a 4acom ouikyBaHHs). MMOTiK 3asABOK, WO HaAXoAATb B
CMO, Mae iHTeHcuBHiCTb A, a noTik 06c/NyroByBaHHI — iHTEHCUBHICTL U.
HeobxifHO 3HAWTW rpaHWYHi MMOBIPHOCTI CTaHiB i MOKa3HWKM ePpeKTMBHOCTI
CMO
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YEPTOIO

CucTemMa MOXKe 3HaxoguTUCA B OAHOMY 3 CTaHiB Sg,S1,S2, ..., Sk, MO uucny
3asBOK, WO 3HaxoAATbcA B CMO: Sy - KaHa/ BifbHUI; S; - KaHan 3alHATUIA
(obcnyroBye 3asBKy), YEPrM HEMAE; S, - KaHan 3alHATUI, OfHa 3aABKa CTOITb

B uepsi; Sy - KaHan 3anHaTmi, (k — 1) 3aaBoK cToATb B Yepsi i T.4.
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Lle npouec 3arnbeni i pO3MHOXKEHHS, afe 3 HECKIHUEHHUMM YMC/IOM CTaHiB,
B SIKOMY iHTEHCMBHICTb MOTOKY 3asiBOK AOPIBHIOE A, @ IHTEHCUBHICTb MOTOKRY
obcnyroByBaHHi .

Mepw HixK 3anucatm GopmMyin rPaHUYHUX WMOBIpPHOCTEW, HeobxiaHO ByTU
BNEBHEHUM Yy iX iCHyBaHHi, af)e B pasi, KoM vac t — 00, yepry Moxe
HeobmeeHo 3pocTaTtu. [loBeaeHo, Wo AKWo p < 1, To61o cepeaHe uucno
NpuXoasaTb 3afBOK MEHLIE CepeAHboro uucia obecnyKeHux 3asBokK (B
OMHWLIO uYacy), TO rpaHWUYHi MMOBIPHOCTI icHyloTb. fAlKwo p =1, uepra
3pocTa€ A0 HeCKiHYeHHOCTi.




[image: image11.png]BATATOKAHAJ/IbHA CMO 3 HEOBMEEHOIO
YEPTOIO

Po3risHemo 3aaaudy. € kaHanbHa CMO 3 HeobmexkeHoto yeproto. MoTik
3aABOK, WO HaaxoaAaTb B CMO, Ma€ iHTEHCUBHICTb A, @ NOTiK 06c1yroByBaHHi
- iHTEHCUBHICTb Y. HeobXiAHO 3HANTK rpaHUYHI MMoBipHOCTI cTaHiB CMO i
MOKa3HMUKM il epeKTUBHOCTI.
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YEPTOIO

Cuctema MoXKe 3HaxoguTucA B OAHOMY 3 CTaHIiB Sg,S1,52, ) Sk v Spy oen
HyMepoBaHMX MO UUC/Y 3afBOK, WO 3HaxoaaTbca B CMO: Sy - B cuctemi
HeMae 3asBOK (BCi KaHa/u BiNbHi); S1 - 3aMHATUIA OAWMH KaHas, iHLWI BiNbHI; Sy
- 3alHATI ABa KaHaAuW, iHWi BiNbHi; ...,Sp - 3akHATO k KaHanis, iHwWi
BifbHi; ..., S, - 3aWHATI BCi n KaHaniB (Yepr Hemae); S,,.1 - 3aWHATI BCi N
KaHasniB, B 4Yep3i ofHa 3asBKa; ...,Spy, - 3aWHATI BCi n KaHanis, r 3asBOK
CTOiTb y uepsi, i T.4.
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YEPTOIO

3BepHeMo yBary Ha Te, Wo Ha BigMiHy Bia nonepegHboi CMO, iHTEHCUBHICTb MOTOKY

o6cyroByBaHHI HE 3aNMILAETLCA MOCTINHOL, a B Mipy 36inblueHH:A Yncna 3a8BOK B
CMO Big O ao n 36inblUyETbCA Bif BEAMYUHM U A0 NYL, TaK AK BigNOBIgHO
36inblIyeTbCa YMCIO KaHaniB obcnyrosyBaHHs. Mpu uncni 3aaBok B8 CMO 6inbwomy,

Hi’K M, IHTEHCUBHICTb NOTOKY 06cnyroByBaHHi 36epiraeTbes piBHO0 NU.
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CMO 3 OBMEXEHOIO HEPTO1O

CMO 3 0bMeKeHOI0 Yeproio BiAPI3HAIOTLCA Bif, PO3MIAHYTUX BULLLE 3aBAaHb
Ve TUM, WO YUC/IO 3aABOK B Yep3i oOmexeHa (He MoXe mepesuLlyBaTU
AesAKoro 3ajaHoro m). fIKWO HOBa 3asBKa HaAXOAWUTb B MOMEHT, KO/MU BCi
Mmicus B yepsi 3alHATI, BOHa 3anuwwae CMO HeobcnykeHHOW, TO6TO oTpuMye
BigMOBY.

QueBnAHO: AnA 0BUNCIEHHSA TPAaHUYHMX MMOBIPHOCTEM CTaHIB i MOKa3HMKIB
edektnBHocTi Takux CMO moKe 6yTM BMKOPUCTaHMI TOM Ke nNiaxia, wo

BULLE, 3 TiEW Pi3HULEI, WO NiACYyMOBYBaTH Tpeba He HeCKiHYeHHY nporpecito
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CMO 3 OBMEXEHUM HYACOM OYIKYBAHHA

Ha npakmmui 4acto 3ycrtpiyaiotbcs CMO 3 Tak 3BaHMMM "HeTeprisunmmu’”
3asBKamu. TaKi 3asiBKM MOXYTb MiTM 3 4YEepru, SKWO Yac OuviKyBaHHs
nepesuLLye AesAKy Be/NNUYMHY. 30KpPEeMa, Takoro POy 3asiBKM BUHMKAOTb B
Pi3HMX  TEXHOJIOFIYHMX CUCTEMAX, B SKUX 3aTpUMKa 3 [OYaTKOM
06c/yroByBaHHA MOMe MPU3BECTM A0 BTPaTM AKOCTI MPOAYKLi, B cucTemax
OrMepaTMBHOMO YNpaBJ/liHHA, KO TEPMIHOBi MOBIZOM/IEHHA BTpaYaloTb
UiHHIiCTb (aBO HaBiTb CEHC), AKWO BOHM HE HaAXOAATb Ha OBC/IYroByBaHHA
MPOTATOM MEBHOTO Yacy
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Ha 3aKiH4eHHs BiA3Ha4YMMO, LIO Ha MNpPaKTWLj YacTo 3yCTpiYaloTbCA 3aMKHYTI CUCTeMuU
06C/IyroByBaHHs, y AIKUX BXiZAHWI MOTIK 3asABOK iCTOTHO 3a/EeXWUTb Bif, cTaHy camoi CMO. fk
NPUKNaA MOXHa HaBEeCTU CUTYaLlito, KON Ha PEMOHTHY 6a3y HaaXxoAATb 3 MicLb eKcnayaTauji
LeAKi MalMHKU: 3pO3yMiio, WO YMM 6Binblue MaliMH 3HaXOoAUTbCA B CTaHi PEMOHTY, TUM
MeHLe iX NPOJOBXYE EKCMAyaTyBaTUCA i TUM MeHLIE IHTEHCMBHICTb MOTOKY TUX, XTO
B/IALLTOBYETbCA HA PEMOHT MalUUH. [18 3aMKHYTMX CMO XapaKTepHUM € OOMeXeHe 41co
[UKepen 3asBOK, MPUYOMY KOXHe mpkepeno "G/oKyeTbcA" Ha 4Yac o6CAyroByBaHHs WHOro
3aABKM (TO6TO BiH He BMAAE HOBMX 3afABOK). Y MOAIGHMX cuCTemax MpW KiHLEeBOMY 4uchi
ctaHis CMO rpaHW4Hi MMOBIpHOCTI 6yayTb icHyBaTM npu 6yAb-AKMX 3HAYEHHSAX
iHTEHCMBHOCTEN MOTOKIB 3aBOK i 06GC/yroByBaHHi. BOHM MOXyTb 6yTM O6YMC/EHi, AKLLO
3HOBY 3BEPHYTUCA 4O NpoLecy 3arnbesi i PO3MHOXKEHHS
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KinbKicTs KaHanie

TKa uYacy MPoCTolo KaHasie

IMOBIpHICTS BinMOBM

IMOBIPHICTS 06CyToBYBaHHS
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BUCHOBKU

[JaHHa nporpamHa peanisauis He OXOMJE BCi MOX/IMBI  BapiaHTU
obcnyroByBaHHA Yepr Ta moaenioBaHHA CMO, ane Ha niacTasi BiAOMUX Ham
JaHuX (sKi 6ynuM 3HaMAeHi 33 AOMOMOrol AaHoi Mporpamu), MU MOMKEMO
po3paxyBaTu OAHi 3 rofIoBHUX XapakTtepuctnk CMO.

Mpobsemun Yepr e AOBIMI Yac ByayTb (AXiNJECOBOK M'ATOK» CUCTEM
MacoBoro 06cnyroByBaHHsA. Ta AKLIO BAACTHCA 3HAUTU METOA, YHUKAHHA Yepr,
TO Lie CYTTEBO 3MiHWUTb CaMe CPUMAHATTA CUCTEM MacoBOro 06C/lyroByBaHHS.
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