B.M. IlocTtHHKOB

Kypc Jaexkuui
no gucuumianHe “Ikcrayaranusa ACOUnY”

Moayns 1
Br10op, ycTaHOBKA, MOHTaX U AKCILTyaTallUs
texHuueckux cpeacts ACOUnY

MockBa
2021



IIpenucaosue

B coBpeMeHHBIX YCIOBUSX, B IPOLIECCE CO3/AaHUs, YCTAHOBKU M AKCILTyaTaIlMH CI0KHBIX
aBTOMaTU3UPOBAHHBIX CHCTEM 00paboTKu nHpopMarmu 1 ynpasienus (ACOUnY), ciaumkom
J0POTO MPUXOAUTCS MIATUTH 3 MPUHSATHIE HEAOCTATOYHO OOOCHOBAHHO TEXHUYECKHE,
OpraHU3aIMOHHBIC U YIIPABJIEHYECKUE PpEIIeHUsl. JTO KacaeTcs, B YaCTHOCTH, BbIOOpa
apXUTEKTYpBl CUCTEMBI, BEIOOpa 000PYA0BaHMS U HACTPOUKHU ero pabounx mapaMeTpoB Ha
TpeOyeMblii pe:KuM paboThl, OIPEICTICHUS TAK Ha3bIBAEMbIX Y3KMX MECT BBIUMCIUTEILHON
CHCTEMBI U CIIOCOO0OB MX YCTPaHEHHS B MPOLIECCE MPOMBIIUIEHHON SKCIUTyaTallui CUCTEMBI,
BbIOOpa BapuaHTa MapluIpyTa MPOKIAIKU Kabeis, a Takke BbIOopa BapuaHTa 00CTyKIUBAHHS
CHCTEMBI.

CoBpeMeHHbIE CHENHMATUCTHI O AKCIUTYyaTalluu CUCTEMBbl JIOJKHBI HCIOJIb30BaTh B
NPaKTUYECKOH JeATeIbHOCTH MaTeMaTUYEeCKHi anmapar 1yt 000CHOBAaHHOTO BBIOOpaA
HAWIY4IIEero BapHUaHTa pelieHus MpoOIeMbl, BOSHUKILIEH MPU 00CTY)KMBAHUN CUCTEMBI, C
LEJIBIO €€ ONEPATHUBHOTO Pa3pelIeHHs

CoxparieHre BpeMeHH PeaKkIMyi CUCTEMBI Ha 3a1poc MOJIb30BATENs, YBEIHUCHHE
MPOMYCKHOM CIIOCOOHOCTH CHUCTEMBl M CPEJHETO BPEMEHH ee 0e30TKa3HOi paboThl — BOT Te
OCHOBHBIE MoKa3aTenu GpyHkrnonupoBanust ACONnY, noctpoeHHON Ha OCHOBE JIOKAJBHBIX
ceTel, K TOCTHKEHUIO KOTOPBIX IOJDKEH CTPEMUTHCA 1000 CIeMaIncT, y9acTBYIOIUN B
0OCITy>)KUBaHUH U COIIPOBOXKICHUN CUCTEMBI.

Lenp yueOHOrO MOCOOUS COCTOUT B COJCHCTBUM (POPMHUPOBAHUIO Y CTYACHTOB 0a30BBIX
3HAaHUH, yMEHUI U HAaBBIKOB B 00JIACTU HKCIUTyaTal[M COBPEMEHHBIX aBTOMATH3MPOBAHHBIX
cucreM 00paboTKu MH(POPMALUK U YIPaBICHUS, MOCTPOCHHBIX Ha 0a3e JOKaJbHBIX ceTel, a
TaKxke (OPMUPOBAHUIO Y CTYIEHTOB YCTOWYMBON MOTHBALMU K aHAJIM3y HAYYHO-TEXHUYECKON
uH(pOpMALUY U TAIbHEHIIEMY COBEPIIEHCTBOBAHUIO CBOMX 3HAHUIL.

VYuebHie nocodue MocBsIIEHO U3JI0KEHNUIO0 OCHOBHBIX MOHATHI, METO/I0B, MOJIX00B,
HOPMATHUBHBIX M PYKOBOJSILIUX TOKYMEHTOB, HEOOXOAMMBIX 0OCITYyKUBAIOIIEMY [IEPCOHAITY MTPH
poBeJieHuU paboT 1o skciuryaTarmun ACOUnY.

VYuebHoe nocobue nMeeT NPAKTUIECKYI0 HAPBICHHOCTh M COJIEPKHUT IPUMEPBI,
MIOMOTAIOINE YCBOUTH TEOPETUUYECKHI MaTepHall.

[TpuBeneHHbII MaTepuan MOXKET ObITh UCIIOJIB30BAH CTYJCHTAMHU IPH BHIIIOJTHEHUN

JOMAIITHUX 33JIaHUH, KypCOBBIX M BBIITYCKHBI3X KBaTU(UKAIIMOHHBIX PaOOT.



Jlexkuus 1. Heau u 3agaun fucuuminabl. HopMaTuBHBIE JOKYMEHTHI N0 KCIUTyaTalluu
ACOUnY. Cragnu coznanus u 3xciyaranua ACOUunY. OcHoBHBIE 3Tanbl
skcryarannu ACOUnY u 3apaum, pemaeMble Ha 3THX dTanax. Opranusanus
ABTOHOMHBIX, KOMILIEKCHBIX M IPUEMO-CAATOYHBIX HCIBITAHMI. ONBITHAS IKCILTYyaTAlUS
cuctrembl. [Ipombinuiennas sxcmiayaranus ACOUnY.

Iend u 3a0auu oucyunaunpl: HAYIUTh OYIyIIEro MH)KEHEpA IPUHUMATh 000CHOBAaHHBIE
TEXHUUYECKUE U OpraHU3al[MOHHBIE PEIIeHUs B Ipouecce 3kcIuryatauuu ACOUnY.
1.1 HopmaTuBHBIe JOKYMeHTHI IO 3Kciuryaranun ACOUnY
Jlnst oGecriedeHrs: Ka4eCTBEHHOTO MPOESKTUPOBAHUS U A(PPEKTUBHOTO HCIIOIB30BaAHHS
aBTOMaTU3UPOBAHHBIX CHCTEM 00paboTKH nHpopManuu 1 ynpasienus (ACOUnY), cozganHbIx
Ha ocHoBe JIBC 1 BKIIIOYAIONIUX anapaTHble, IpOrpaMMHbIE U MH(OpPMAIIMOHHBIE CPENICTBA,
pa3paboTaHbl ¥ MIMPOKO NIPUMEHSIOTCS Ha MPAKTUKE CIETYIONIE HOPMATUBHBIE IOKYMEHTHI.

1. TOCT 34.601-90 «Mudopmanmonnas rexuosorus. Komrekce ctaniapToB Ha
aBTOMATHU3UPOBAHHbIE CUCTEMbl. ABTOMAaTU3UPOBAaHHbIE cUcTeMbl. CTauu CO3/1aHus», BBEICHHBIN
B neiictBue ¢ 01.01.1992 r. Crannapt npenycmatpuBaeT 8 cTaauii, BKIIIOYAIOMINX 26 3TaroB
CO3/1aHusl, BBOJIA B JICHCTBUE U COMPOBOXK/ICHHS aBTOMATH3UPOBaHHBIX cucteM (AC).

2. T'OCT P 53622-2009 «HMudpopmanmonHsie TexHogoruu. MHpopmannoHHo-
BBIUMCIIUTENIbHBIE CCTeMbl. CTalu U 3TaIlbl )KU3HEHHOTO 1IUKJIA, BUJIbI U KOMIUIEKTHOCTh
JOKyMeHTOB», BBeieHHbIH B feficTBue ¢ 01.01. 2011 r. Crangapt npexycMatpuBaeT 6 cTaaui,
BKJIFOYaroIMX 12 3TanoB co3iaHus, BBOJa B ACHCTBUE U COMTPOBOXKACHUS HHPOPMALMOHHO-
BerunciuTenbHbIX cucteM (MBC). Cornacao T'OCT P 53622-2009 MBC cocTaBisifoT OCHOBY
aBTOMAaTU3UPOBaHHBIX cucTeM ynpasieHus (ACY),a ACOUnY- sto pazHoBuaHocts ACY.

1.2 Cragum co3nanus u 3xcniayaranuu ACOUnY
OcHoBHbIE cTaguu co3nannsa u ucnonb3oBauusd AC u VUBC mause! B Ta0m. 1.1.
Obanbl co3nanus U ucnosb3oBanust AC cOriacHO HOPMATHUBHBIX TOKYMEHTOB. Tabauya 1.1

Ne | Crangnu co3pganus AC corjracHO Cranun xu3HeHHoro nukia MBC
n/m I'OCT 34.601-90 cornacao 'OCT P 53622-2009
1 | ®opmupoBanue TpeboBanmii k AC Pa3paboTka aBaHIPOEKTa
2 Pazpabotka konnenuuu AC Pa3paboTka TEXHHUYECKOTO 3aJaHMs
3 | Texauueckoe 3agaHue [MpoektupoBanue (000CHOBaHME
TEXHHYECKUX PEIICHUH)
4 | DCKU3HBIN IPOCKT Brenpenue (3xcmuyaiius)
5 | Texuu4eckui MpoeKT ComnpoBoxieHue (CO3IaHUE U BEICHHUE
pabouUnX MPOEKTOB U3MEHEHHIA)
6 Pabouast noxymeHTanms CHsITHE C 3KCIUTyaTalluu
7 | Box B aeiictBue =
8 | CompoBoxnenue AC -
(rapaHTUITHOE U MOCIETapaHTUIHOE)

* ) HepequL OTAIIOB, BBIINNOJIHACMBIX Ha CTaJIuN 7, MPUBCCH HUKE
7.1. TloaroroBka 00bekTa aBTOMaTH3aIuK K BBoay AC B ielicTBuHE.

7.2. TloarotoBka mnepcoHana.
7.3. Kommekramust AC noctaBisieMbIMU IPOT PAMMHO-TEXHUYECKUMU U3ICTUSMH..

7.4. CtpoutenbHo-MoHTaxkHbIE paboTel (CMP). Co3nanue kaOeabHBIX KaHAJIOB. Y CTAaHOBKA H
MOHTaX KomIuiekca Texandeckux cpeacts (KTC).

7.5. Ilyckonananounbie paboThl. ABTOHOMHAs U komIuiekcHas Hamanka KTC u T1O.

7.6. IlpoBenenue npenBapUTENbHBIX HCIBITAaHUH. YcTpaHeHue HenoctaTtkoB. OdopmiieHue
akTa o npuemMke AC B ONBITHYIO KCIUTyaTalHIo.

7.7. IIpoBeieHne ONBITHOM 3KCIUTYaTallui U 0(OpPMIICHHE aKTa O €€ 3aBEePIICHUH.



7.8. IlpoBenieHre MPUEMOYHBIX UCTIBITAHUN. Y cTpaHeHne HenocTaTkoB. OdopmiieHne akra o
npuemMke AC B IPOMBIIITIEHHYIO KCIUTyaTalHIo.

1.3. Buabl padoT, BbINOIHsAEMBIX B pouecce 3kcmiayatanuu ACOUnY
Ananuz MMPUBCACHHBIX JOKYMCHTOB IMO3BOJIACT MPCACTABUTL MPOLECC SKCILTYyaTalluKu

ACOUnY B Bume Tpex cTaguid U 22 paboT, BHIOIHIEMBIX HA 3THX cTaausx (tadm. 1.2).

OcHoBHbIE BUBI paboT cocTaBistonue nporecce sxkcrnyatarun ACOUuY Tabauya 1.2

Ne
i Cragus OcHoBHBIE BUBI pabOT, BHIMOJIHAEMBIX HA CTa U
1 IToaroroska 1.1. AHanu3 NpOEeKTHOTO pelieHus 1o cucreme 1.2.
K 9KCILTyaTaluu YTouHEHUE apXUTEKTYpPhI CUCTEMBI U COCTaBa allapaTHO-

MPOrPaMMHBIX CPECTB.

1.3. CrpourensHO-MOHTaKHBIE paboThL. [lonroroBka
MOMEIICHUN, pad0YUX MECT U CO3JJaHNE KaOeThbHBIX KAaHAJIOB.
1.4. IloaroroBka nepcoHana.

1.5. YcraHOBKa TEXHUYECKUX CPEJICTB M MOHTAX KaOeJIbHOM
CHCTEMBI.

1.6. YcranoBka u HacTpoiika pabounx nmapamerpos UIIO
oOecrieyeHus.

1 7. Ilyckonananounbie padOThl. ABTOHOMHAS U
KOMIUIEKCHAsI HalaJKa TEXHUYECKUX U MPOrPaMMHBIX
CpPeZCTB.

1.8. IlpoBenenue mpeaBapUTEIbHBIX UCIIBITAHUH.
VYcrpaHneHue HelI0CTaTKOB.

1.9. [loaroToBka maaHa mepeBoia CUCTEMBI
B OIBITHYIO 9KCILUTYaTalHUIO.

2 BBox B aeiictBHe 2.1. TIpoBeeHUE OMBITHON IKCILUTYaTallUd CUCTEMBI.

2.2. VcnipaBieHue 3aMeyaHMii 0 pe3ysbTaTaM OTBITHON
skcrutyarauu. OdopmiieHne akTa 0 3aBepIICHUH OTBITHOM
HKCIUTyaTallHH.

2.3. [IpoBereHne MPUEMOYHBIX HCTIBITAaHUIA.

2.4. YcrpaHeHue 3aMEeYaHHUi 10 pe3yJIbTaTaM MPUEMOYHBIX
ucnbITanuii. OpopmiieHHE aKTa 0 MPUEMKE CUCTEMBI B
MPOMBIIIICHHYIO 3KCILTyaTaIHIO.

2.5. TToaroToBKa CHCTEMBbI K MPOMBIIIUIEHHOW SKCILTyaTaI[UH.
2.6. IlepeBos cucTeMbl B IPOMBIIIJICHHYIO SKCIUTyaTaLHUIO.
3 Ob6cnyxuBanue 1 | 3.1. BeimosHeHue MepcoHanoM TeKyIUX padoT o 3asiBKaM
COIIPOBOXKICHUE MOJIb30BATEIIEH.

3.2. BrInonHeHue nepcoHanoM perIaMeHTHBIX paboT 110
00CTyKHBaHUIO CUCTEMBI.

3.3. BeinonHeHue nepcoHanoM npoQuIakTHIeCKuX U
PEMOHTHBIX PabOT MO OOCITYKMBAHUIO CUCTEMBI.

3.4. BeinonHeHne epcoHanoM U MOCTAaBIIMKaMH padoT B
COOTBETCTBUU C TAPAHTUHHBIMU 00513aTE€IBCTBAMHU.

3.5. [TocnerapanTuiitnoe 00CTY)KHBaHUE CUCTEMBI U €€
4acTeu.

3.6. COop ¥ aHAIU3 CTATUCTUYECKUX JAHHBIX O paboTe
CHCTEMBI U €€ OTJCIIbHBIX YacTeH.

3.7. [IpunsTue pemeHus 1 nposeneHue padboT mo
MOJIEPHU3ALUU U PEOPTaHU3ALUHU CUCTEMbI UITU €€
OTJEJIbHBIX YacTel Ha OCHOBE JIAHHBIX O ee padoTe.

4



1.4. Onenka BpeMeHH BbINOJHEHHs padoT B npouecce 3xkcruryaranun ACOUnY

Jl1is onpeienieHus: JTMTENbHOCTHU BBIIOJIHCHUS OT/ICIBHBIX PabOT, MPUBEICHHBIX B Ta0J
1.2, o6nrynO ucnonb3yroT Meto PERT (Program Evaluation and Review Technique), T. e.
TEXHOJIOTHIO OIICHUBAHUSI BPEMEHU BBITIOJIHEHUS PaloT.
Ha npakTuke njs OlleHKH BPEMEHU BBITIOJIHEHUS OTJEIBHBIX PA0OT C MOMOIIBIO0 METOIa
PERT npuMeHsOT pazaunyHble noaxo sl (tadm. 1.3).
[Toaxonbl K OIlEHKE BPEMEHH BBITIOJTHEHHSI OTACIbHBIX padot, Tabauya 1.3

Cpennee 3HaueHue
Ne 3aKOH pacnpeaeseHus
U CPEHEKBAPATUYECKOE OTKIOHCHUE
/Tl | BPEMEHU BBINIOJHEHUS PaOOTHI
BpPEMEHH BBINIOJIHEHUS pabOThI
1 bera-pacnpenenenue t. =(t., +4t. . +t..)/6; o.=(t.,—t..)/6
WITH HOPMATBHOE [ (|1 12 |3) [ (|3 |1)
pacnpezeneHue
2 | TpuanrynspHoe t. =(t., +t.,+t.,)/3 c.=(t,-t.)/5
pacpeeneHue Vil 12 13 M3 1l
3 | MunnmMakcHoe pacnipesierneH e L= (3ti1+2ti 3)/ 5 G = (ti 3 _til)/ 5

B Ta6n. 1.3 npuHATHI ciexyonme 0603HaueHus:
ti — OXHUJaeMoe BpeMs BbIoHEHUS i-if padboTsl (1 =1, ..., n);

til — ONTHMUCTHYECKOE (MUHMMAJILHOE) BPeMsl BHITIOJIHEHHS I-i paboTHI,
ti 2 — HanOoJiee BEPOSTHOE BPEMsl BHITIOJTHEHHS I-i paboTHI,
ti3 — meccuMucTrYecKoe (MakCUMaIbHOE) BPEMsl BBIIIOJHEHUS I-i pabOTHI;

Gj — CPEAHEKBAPATHYECKOE OTKIOHEHNE BPEMEHH BBINOIHEHNA I-it paboTHI.

Meton PERT no3BoJisieT yuecTb HEONPEIEIEHHOCTb PEAIbHBIX ITPOIOJIKUTEIBHOCTEN
BBITIOJIHEHUS! OT/ICIBHBIX paOOT MPOEKTa, KOTOPBIE CYMTAIOTCS CIy4alHbIMHM BETHUYMHAMH, JUIS
OLICHKH Y BEPOSITHOCTHOTO aHAJIN3a CPOKOB BBIIIOJHEHUSI MPOEKTA B LIEJIOM.

JUist mocne[0BaTeIbHOCTH N HE3aBUCUMBIX paOdOT (GOPMYIIBI [Tl BEIYMCIICHUS BPEMEHHBIX
3HAYCHUH BBIITOJHEHUS KOMIUIEKCA 3TUX paOdOT UMEIOT CIEAYIOMUN BUI!

(1.1)

(1.2)

rae I — oxumaemoe Bpemst BBIOHEHUS TOCIIEI0BATEIBHOCTH PabOT, BEIYHUCIISCTCS KaK CyMMa
O’KU/Ia€MBIX BPEMEH BBITIOJIHEHUS 3TUX PadoT;

t; - oxummaemoe Bpems BIMoNHEHUs | — i paboTHI, ompezensemoe 1o Tabir.1.3 ;

G — ofIuee cpeiHeKBaApaTHYECKOE OTKIIOHEHUE BPEMEHHU BBITIOJIHEHHUS KOMILIEKCa padoT.

Giz - IMcTiepcHs BPEMEHH BHIIOJIHEHHs | — i paGoThI, onpenensemas 1o Tabi.1.3,

Ecnu xoMmiekc paboT BKIIIOYAaeT COBOKYITHOCTh TOCJIEI0BATEIBHBIX U apaIeIbHBIX
paboT, To BpeMeHHbIe 3HaueHus [ U G, 11 paccMaTpuBaeMoro KoMIuiekca paboT, OmpeessiioT
CIIEAYIOIIUM 00pa3oMm:

- JUIS KaX101 pabOThI BEIYUCIIAIOT CPEHEE BPEMsI €€ BBIITOJHEHUS U TUCTIEPCHIO 3TOTO
BPEMEHH, HCTIONB3Ys (hOpMYIIbl, IpUBEACHHBIE B Ta01.1.3



- CTpOSAT rpad, coaepKaluii KOMIUIEKC BCeX paboT ¢ yKazaHHEM CPEIHEr0 BPEMEHHU HX
BBITIOJTHEHUS,

- Ha rpade onpenensoT NPoA0IKUTEILHOCTH BCEX BO3ZMOKHBIX MTyTEH myTeM
CYMMUPOBAHUSI CPETHUX BPEMEH BBITMIOIHEHUS OTAEIbHBIX Pa0OT, BXOJAIIMX B 3TH MyTH,

- OTIPEACTSAIOT KKPUTUUECKUN MYTh», KOTOPBII COOTBETCTBYET IMYTH MOCIIEA0BATEIBHBIX
paboT HanbOBIIEH POAODKUTEIHHOCTH,

- OTIPEICIISAIOT BpeMeHHbIe 3HaueHus { u G s komruiekca pabot mo gopmymam (1.1) u (1.2),
IIPU 3TOM YYUTBIBAIOT TOJIBKO T€ pabOTHI, KOTOPBIE BXOAAT B COCTAB KKPUTHUECKOTO ITYTH».

JI1st OLIEHKH BEPOSITHOCTH 3aBEPIICHUS] KOMITIEKCa padoT B 33JaHHBINA AUPEKTUBHBIN CPOK

t, B meTone PERT ucnons3yior 3HaueHns GyHKIMH BEPOATHOCTH HOPMAILHOTO

pacnpenenenus P (X). IIpu 5ToM 3HaYenue apryMenTa X paccuMTHIBAIOT 10 (GOpMYIIE:

t, -t
X=-2 (1.3)
(6}
3unauenne P(X), cooTBercTByromee aprymenTy X, ompenensior u3 taém.1.4
Ta6nuua 3nagennii X u P(X) Tabnuya 1.4

X P(x) X P(x) X P(x) X P(x)
0,0 0,5 - - - - - -
0,3 0,6179 13 0,9032 2,3 0,9893 -0,3 0,3821
0,5 0,6915 1,5 0,9332 2,5 0,9937 -0,5 0,3085
0,8 0,7872 1,8 0,9640 2,8 0,9974 -0,8 0,2128
1,0 0,8412 2,0 0,9772 3,0 0,9986 -1,0 0,1588

P(1,2825)=0,9 P(16450)=0,95 P(2,3300)=0,99 P(2,5800)=0,995
Jliis penieHust oOpaTHOM 3aa4u, T.€. HAX0XKICHUST JTUPEKTUBHOTO CPOKA, 33 KOTOPHIH
OyZIeT BHITIONHEH KOMILIEKC paboT ¢ 3ananHoil BepositHocThio P(X), o ta6n.1.4 onpenensior
3HaYeHHe apryMeHTa X , KOTOPOE COOTBETCTBYET McxonHoMy 3Hauenmio P(X), a3arem
BeIUMCIAOT 1, mo cremyromeit Gopmye:
t,=t+X-o (1.4)
Ipumep 1.1. Onpenenute ¢ BeposTHOCTHIO 95% AMPEKTUBHBIN CPOK, 32 KOTOPBIA CUCTEMA
OyzeT BBeZIeHA B IIPOMBIIUICHHYIO SKCIUTyaTaluio. VICXoqHbIe JaHHBIE 10 BPEMEHH
BBITNOJTHEHHUS OT/ACIBHBIX HE3aBUCHUMBIX paOOT, BXOISIIUX B KOMIUIEKC IOCIIEA0BATEIBHBIX

paboT, MpeAmecTBYIOIINX BBOAY CHCTEMbI B IPOMBIIIUICHHYIO dKCIUTYaTallui0, MPUBEICHBI B
Tabdi. 1.5

Bupl paboT v BpeMeHa UX BBIMIOJHEHHUS /151 BBOJIa CUCTEMBbI B 3KcIUTyarauuto Taoauya 1.5
Ne Bun paboTtet Bpewmst BoinosiHEeHUS | — 1 paboThI (1HK)

OnTUMHCTHYECKOE Ileccumuctuueckoe

BpeMsI ti 1 BpeMsI ti 3
1  VYcranoska KTC u MmoHTax kabernei. 30 45
2  YcraHoBka pabounx mapamerpoB I1O. 10 20
3  Kowmmiekcnas namagka KTC u [10 20 30
4 OmnpITHas KCIUTyaTalUs CUCTEMBI. 90 120
5  IloAroToBKa CHCTEMBI K SKCILTyaTalMH. 20 35



Pemenue.
1. CornacHo UCXOIHBIM JaHHBIM MOJyYaeM, YTO 3HAUCHHUE P(X) =0,95
2.Ucnionb3ys (OpMYITbl MUHUMAKCHOTO pacIpe/ieieHrs BPEMEHH BBITIOJIHEHUS OT/ICIIbHBIX

pabot, npuBeaeHHbIE B Ta0.1.3, momyyaeM cpeaHee 3HaUCHUE U CPETHEKBAIPATHIECKOE
OTKJIOHEHUE BPEMEHHU BBITIOJIHEHUST KaX/10i paboThl, yka3aHHOH B Tabm.1.5.

t; =(90+90)/5=35 mmeii 61 =(45-30)/5=3 nns

t, =(30+40)/5=14 nneii 65 =(20-10)/5=2 mus

ty =(60+60)/5=24 nus 63 =(30-20)/5=2 nus

ty =(270+240)/5=102 mua o4 =(120-90)/5=6 nneit
t5:(60+70)/5=26 JHSE 65:(35—20)/5=3 Hs

3. Ompenensiem cpennee 3HaueHue { u cpeHexBagpaTnyecKoe OTKIOHEHUE O
BPEMEHH BBITIOJHEHHS BCETO KOMIUIeKca padbot o ¢opmynam (1.1) u (1.2)

ZG, =/62=7,9 nueit

4. Tlo Tabnuue 1.4 nns snauenns P(X) =0,95 onpenensem snauenue aprymenta.
[osnyyaem, uto X =1,645

5. OmpenensieM IUPEKTUBHBIN CPOK BBOJA CUCTEMBI B TPOMBIIUICHHYIO IKCILTYaTalUI0 C
BeposiTHOCTBIO 95% , ucnone3ys popmyiy (1.4). [Tonygaem, 4to

t,=t+Xx-0=201+1,645-7,9=214 nueii

t—zt_ZO].I[eHB c=
=1

1.5 Opranusanus padoT no ycranoBke M 3kcmiayaranuu ACOUnY
Bb1ienstior Tpy TUMOBBIX BapuaHTa OPTaHU3auH padoT M0 YCTAHOBKE U 3KCILTyaTalluu
ACOUnY. Cunraem, 4to A — opraHuzaiysi, TJie CUCTeMa yCTaHaBIMBaeTcs (3aKa3uuk), B —
OpraHu3alUA-NoAPTIHK.

Bapuanm 1. IloJHasi 3KCILTyaTalMsA CHCTEMbl — COTPYIHUKU OpraHu3anuu A
OCYILECTBJISIOT AKCIUTYaTallul0 CUCTEMBI.

Bapuanm 2. YacTHYHASA IKCITyaTallUs CUCTeMbl — aJMUHUCTPUPOBAHHE CUCTEMBI
OCYILECTBIISIOT COTPYIHUKN OpraHu3aluu A, a TEXHUYECKYIO MOAJIEPKKY — COTPYIHUKU
opranuzanuu B.

Bapuanm 3. 1oroBOpHAasi IKCILTYyaTAlMA CHCTeMbI — OpPraHU3aIus A 3aKII04aeT JOTOBOP
C opraHusanyei B Ha 3KkCIuTyaTanuio U COIpOBOXKICHUE CUCTEMBI.
BapuanTsl 2 u 3 st0 cBoero pona UT ayrcopcunr, korna oocinyxusanne ACOUnY
YaCTUYHO WJIM MOJIHOCTBIO OCYIIECTBISAET CIELMAIN3UPOBAHHAS OpPraHHU3aLMs.

IIpeumymectBa UT ayrcopcunra s 3aka3umka:
1) S5KOHOMHS CPEICTB, MOCKOJIBKY TIOCTOSIHHOE COZEPKAHKUE CIICIUAIMCTOB 110 HH(POPMAITHOHHBIM
TEXHOJIOTUAM O00XOJUTCS JOBOJBHO JOPOTO;
2) rapaHTHs BO3MEILEHHS YIepOa.lipu yTpaTe JaHHBIX HIIM BBIXOJIE U3 CTPOSI 000PY/IOBaHHUS;
3) KaueCcTBEHHOE O0CITY)KUBAaHUE CHCTEMBI CIICIHATUCTAMU;

OcHoBHble HenocTaTku UT ayTcopcuHra s 3aka3uuka:
1) ynaneHHOCTh 3aKa3duka OT (PHPMBI ITOCTABIIMKA YCIYT 1O dKcIuryaTanuu ACOUnY,;
2) (hUHAHCOBBIC PHCKH, CBSI3aHHBIC C TIOJIMTUKOW (DHPMBI MOCTABIIMKA YCIYT TO 3KCIUTyaTalluH

ACONnY;



3) HU3KHIT yPOBEHb MOTHBAIIMU COTPYJHUKOB 3aKa34MKa K COBEPIICHCTBOBAHUIO CBOCH
npodeccnoHanbHON A TETHHOCTH.

1.6 Buabl TeXHU4YECKOro 00cay:kuBaHusi odopynopanusa ACOUnY
PaznnuaroT cienyronye BUIbl TEXHUYECKOTO 00CTYKUBaHUS:

1) permameHTHOe OOCITY)KMBaHUE — OOCIY)KUBaHHE, MPOBOJMMOE TIPH IOCTHIKCHUH
napamMeTpamMHu HM3/eNHUsS  HEKOTOPBIX PErJIaMEHTHPOBAHHBIX IIOKa3aTesiel, yKa3aHHBIX B
HKCIUTYaTallMOHHOM JJOKYMEHTAIUH;

2) KaJeHJapHOe OOCITy)XMBaHWE — TMPOBEACHHE NPO(PUIAKTUYECKHX paboT B CTPOTO
oIpeJiesIeHHbIE KaJleHIapHbIe CPOKH;

3) KOMOMHHpOBaHHOE OOCITY)KMBAaHHE — COYECTAHHWE MO0 Mepe HEOOXOAMMOCTH MPUHIIUIIOB
periIaMeHTHOTO M KaJIeHIapHOTO 00CITYKUBaHUSI.

B nokymeHTax Takke ykasaHbl BHJABI MPO(UIAKTUYECKUX pabOT, KOTOpBIE IPOBOJASATCS
00CITy>KUBAIOIINM EPCOHATIOM:
1) exenHeBHas npo(UIAKTHKA - BKJIIOYACT B CeOS BHEIIHHN OCMOTP 000PYIOBAHHUS C I[CIIBIO
BBISIBJIICHHUS €70 KOMIUIEKTHOCTH, OTCYTCTBUS BHEITHUX MEXaHUUYECKHX MOBPEKICHUH,
BBISIBJIICHUS HE TIOJTHOCTBIO MTPUCOETMHEHHBIX 2JICKTPUUECKUX KaleeH;
2) exeHenelbHas NPOQHIAKTUKA - BKIIIOYAET MPOBEPKY PadOTOCHOCOOHOCTH 000PYAOBaHHS U
KaHaJIOB CBSI3W HA TECTaX B YCKOPEHHOM PEKHME;
3).exemMecsiuHast NPOPUIAKTUKA - BKIIOYACT €KCHEICIBHYIO TPOPHUIAKTUKY, a TAKKE
ClIeAyIOIINE pabOTHI:
- IOJIHOE TecTupoBaHue Beex ycrpoiictB ACONMY ¢ Bbladyelt MpOTOKOJIOB TECTUPOBAHUS;
- YCTaHOBKY OOHOBJICHHBIX aHTUBUPYCHBIX IPOTPAMM U TIOJHYIO IPOBEPKY CHUCTEMBI Ha
HaJIn4ie BUPYCOB,;
- OUMCTKY OT MBUIH U TPSI3U BHYTPEHHUX 00bEMOB YCTPOUCTB U CMa3Ky BCEX MEXaHMUYECKUX
y3JI0B.
4) momyrogoBasi MpOQHIAKTHKA - BKIIOYAET SKEHEICTBHYIO U ©KEMECSIHYI0, a TAKKe pabOThI
CBSI3aHHBIE C TIPOBEJICHUEM IOJTHON AUATHOCTUKH M TECTHPOBAHUS HCTOYHHUKOB
OecriepeOOHOTO MUTAHUS.

1.7 TapanTuiiHOe U MOcIerapaHTHiiHoOe 00cay:kuBaHue odopynoBanua ACOUnY

Ha mo60e o6opynoBaHue ero Npou3BOJUTENb YCTaHABIMBAET CPOK rapaHTHIHOTO
00CITy’)KUBaHUS — 3TO CPOK, B T€UEHHE KOTOPOTO, MPU HAJTMUMH Je(eKTa B Iporecce
IKCILTyaTalu 000py/IOBaHuUs, yCTPaHEHHUE ITOTO JedekTa (3aMeHa HEUCIPaBHBIX KOMIOHEHT
WM PEMOHT 000PYIOBaHUS) MIPOU3BOASATCS 32 CUET MPOU3BOAUTENS 000pynoBanus. Cpok
rapaHTUHHOTO OOCITY>KUBAaHUS UCUUCIIAETCS OT AaThl, KOTOpast Gpukcupyercs B I apaHTHiiHOM
TaJIOHE MPH MOKYNKE 000pYA0BaHUS.

rapaHTI/II\/'IHOC O6CJ'Iy)KI/IBaHI/Ie 060pyz[0BaH1/1;1 OCYHICCTBIIACTCA B aBTOPU30BAHHBIX
CCPBUCHBIX LICHTPAX, YKA3dHHBIX B FapaHTHﬁHOM TaJIOHC.

HOCHCFapaHTHﬁHOC O6CJ'Iy)KI/IBaHI/Ie O60py,HOBaHI/ISI OCYHICCTBIIACTCA IMOCJIC 3aBCPIICHUA
CpoOKa €ro FapaHTHﬁHOFO O6CJ'Iy)KI/IBaHI/IH n Tpe6yeT 3aKIIIOYCHHUA JOTOBOpPAa C aBTOPU30BAHHBIM
CCPBUCHBIM LICHTPOM, KOTOprfI 6y,£[eT OCYIICCTBJIATD 2TO O6CJ'Iy)KI/IBaHI/Ie.

1.8 Opranuszanus npoMbinlieHHoMH kciuryatanuu ACOUnY
Cornacno I'OCT P 53624-2009 «Mudopmarnmonnslie TexHogaoruu. MuapopmannonHo-
BBIUMCIIUTENbHBIE ccTeMbl. [IporpaMmHoe oOecnieuenue. CructeMbl MEHEKMEHTa KauecTBa.
TpeboBanus», MEXIy ClIELHMATUCTaMU, 3aHATbIMU dKcIuTyatanuein ACOUnY, nomkHbI ObITh
YETKO paclpeesIeHbl U OMMCaHbl B IOJKHOCTHBIX MHCTPYKIMAX HX MpaBa, 00s3aHHOCTH U
OTBETCTBEHHOCTb.



Jns oGecrieuenus s dexruBHOM padoTsl ACONNY B mepuoj ee mpoMBIIUIEHHOM
AKCIUTyaTalli 00CTYKHBAIOLIEMY IIEPCOHANTY PEKOMEHIYeTCs:
1 npoBoAMTH MPUEMOYHbIC UCHBITAHUS CHCTEMBI, U BBOJA €€ B IPOMBIIICHHYIO
HKCIUTYyaTalfio, B CTPOTOM COOTBETCTBUU C TPEOOBAHUSMH HOPMATHUBHBIX IOKYMEHTOB U
TEXHUYECKOTO 33JaHUS HA CUCTEMY;

2. BBINOJHATH TUIOBbIE IPABUJIA IO MTOUCKY U yCTpaHEHUIo omnbok B padore ACOUnY

3. cobumoaaTh 0COOEHHOCTH U MTPaBUiIa FAPAHTHUHHOTO U TOCIIErapaHTUIHOT'O OOCTYKUBaHHS
obopynoBanusi ACOUnY (cm. [Ipunoxenue 2);

4. coOmoaTh MpaBuiia MPOBEJACHUS PETJIAMEHTHBIX U TPO(PUIAKTHYECKUX PadOT, IPUBEICHHBIC
B HKCIUTyaTallMOHHBIX JOKYMEHTaX Ha 000pY/I0BaHUE CUCTEMBI,

S OCYILECTBIIATH MOCTOSHHBI MOHHUTOPUHT TEKYIETO COCTOSIHUSA CUCTEMBI, U3y4aTh TpaduK U
3arpy3Ky OTHAEIBHBIX Y3JI0B CUCTEMBI C LICJIBIO ONPEACIICHUS Y3KUX MECT U HAXOKICHUS
IIPUYUH UX BO3HUKHOBCHMS,

6. MMpOBOIUTD JeTalbHBIM aHAINU3 BapUaHTOB pCoOpraHru3alivi CUCTCMbI C LCJIbIO YCTPAHCHUA

Y3KHUX MECT U BBIPAOOTKHM PEKOMEHIAIMN M0 JaTbHEUIIIEMY Pa3BUTHIO H COBEPIIICHCTBOBAHUIO
ACOUnY;.

7.aKKypaTHO U KOPPEKTHO paboTaTh C JOKYMEHTAMH, UCIIOIb3yEMBbIMHU ITPU OOCITYKHUBaHUU U
COINPOBOXKACHUU CUCTEMBI.

Jlnist mpoMblnuieHHoH skcmtyataiun ACOUnY HeoOXoauMO UMETh CIIEAYIOIUN KOMITJIEKT
JOKYMEHTOB:
1) mrraTHOE pacnucaHre 0OCTY)KUBAIOIIEro MePCOHAlIa, COIepIKalIllee TOIHBIN epeYeHb
COTPYIHHUKOB, HX JIOJUKHOCTHbIE 00S3aHHOCTH, 30HbI OTBETCTBEHHOCTH U rpaduk padoThI;

2) WTAaTHOE pacnucanue padoThl 000PYI0BaHUsI, PErJaMEeHTHPYIOIIEe MOPSI0K
(YHKLIMOHUPOBAHHUS BCEX KOMIIOHEHT, BXOJAIMHUX B cocTaB ACOUnY;

3) TOKyMEHTAIIMIO Ha CTPOUTEIIbHO-MOHTa)KHBIC PA0OTHI, IPOBEICHHBIE B ITOMEIICHHSIX
3annMaeMbix ACOUnY, u cxeMbl MPOKIAIKU KaOEIbHONU CUCTEMBI,

4) HHCTPYKIOUHU K JEHUCTBUSAM B HEIITAaTHBIX CUTyalludX, B KOTOPBIX NOJI?KHbI OBITH
MMPUBCACHBI TUIIOBBIC BAPUAHTHI JEHCTBUH BCEX KaTel“OpI/Iﬁ COTPYAHUKOB;

5) JKYpHaJI HCIITATHBIX CPITy@.LIPIfI, B KOTOPOM HOJI?KHBI OBITh OTpa’XCHbI BCC HCUITATHLIC
CUTyalluH, ITPOUCXOAUBIINC B ACOI/II/Iy, a TaKKe Bce ACHCTBU, NpCAIPUHATBIC
O6CJ'Iy)KI/IBaIOIJ_II/IM MIEPCOHATIOM IJIs1 MX YCTPaAHCHUSI,

6) >KypHaJI perJIaMeHTHBIX pa0OT, MpeIHA3HAUCHHBIH JIJIsl 3AHECCHUSI CPOKOB MX BBITIOJHCHUS
U JINII, TPOBOJIUBILIUX 3TU PaOOTHI,

7) onepaTUBHBIN KypHaJl, B KOTOPOM JIOJKHBI OBITh 3a()MKCHPOBAHBI BCE COOBITHS,
npoucxogsamue B ACOUnY.



Jlexuus 2. Ilokazaresin oueHKH 3¢ (PeKTHBHOCTH NMPOMBILLIEHHOH IKCIIIyaTAlMH
ACOHNnY. Opranuszanus palioHAIbHON HHPPACTPYKTYPHI padounx NOMeleHHil IS
pa3sMelieHUs ePCOHAIA H TEXHHYECKHX CPEACTB.

2.1 Tloka3atenu oueHKHU 3P PeKTUBHOCTH NPOMBbILLIEHHOMH Kkctyatannu ACOUnY

Cornacno I'OCT 15467-79, «YmpaBneHue KayecTBOM MNPOAYKUUU. OCHOBHBIEC MOHSTHS.
TepMuHBl U ONpEnCICHUNY, Ka4ecTBO paboThI ACOMNuY nomKHO yAOBIETBOPATH
noTpeOHocTsM monb3oBarenedi, a ACOHNuY nomxHa oOecnednBaTh OOCITYKUBAIOIIEMY
MePCOHAY HaJKHOCTb U y10OCTBO €€ 3KCILTyaTalluu.

B o6wem ciydae 0606mennsi nokasarens (Y ) 3(p@peKTHBHOCTH QYHKIMOHMPOBAHMUS
ACOHnY MO0XHO IPEICTaBUTh C IOMOLIBI0 MHOTOMEPHOTO KOPTEXA CIEAYIOIIEr0 BUAA:

Y =(C,D,B,A/H)

e C - MHOKECTBO MOKa3aTeNel SKOHOMHYECKOM 3P(HEKTHBHOCTH, HAIPUMED, CPOK
OKYIaeMOCTH. TOJJOBOM SKOHOMHYECKUH dIPPEKT U T.1I.;

D - muoxecTBo mokasareneii JocToBepHOCTH 00pabaThIBaeMOoii HHPOPMALMY, HAPUMED,
BEPOSITHOCTH MOSBICHUS OUTOBOM OIIMOKY U T.1.;

B - MHOXecTBO MoKa3zaTeneil MHPOPMALUOHHOM GE30MACHOCTH, HAIPUMED, BEPOSTHOCT
MPEAOTBPAILEHUS YTPO3bl U T.[I.;.

A - MHOeCTBO MOKa3aTeleli annapaTHO-IIPOr PAMMHOM 3 (PeKTHBHOCTH, HAPUMED, BPEMS
peaKuy CUCTEMBI Ha 3alpocC M0JIb30BaTeNs, IPOU3BOAUTEILHOCTh CUCTEMBI U T. 1.

H - muoxectBo mokasarerneii AKCIUTyaTallMOHHOH (D (PEeKTHBHOCTH, HATIPUMED,
K03((UIIUEHT TOTOBHOCTH CHCTEMBI, KOA(D(MHUIIUEHT €€ TEeXHUYECKOTO MCIOIh30BaHUS U T.JI.

2.2 Tloka3aTe/u OLleHKH HaJleskHOCTH padoTthl ACOUnY
HanexxHOCTbh, KaKk KOMIIJIEKCHOE CBOMCTBO CHCTEM, BKIIIOYAET B c€0s1 B COOTBETCTBHH C
I'OCT 27.002-80 «HanexxHOCTb B TEXHUKE. TE€PMUHBI M OTIPE/ICIICHUS» CIIEAYIOLIIE TOKa3aTeIH:
1.6e30TKa3HOCTH PabOTHI - CBOMCTBO CUCTEMBI COXPAHATH PA0OTOCIOCOOHOE COCTOSIHUE B
TEUYEeHUE HEKOTOPOTO BPEeMEHH WJIM HapaOOTKH;

2. pPeMOHTOIIPUTOTHOCTD - CBOWCTBO CHCTEMbI OOHAPYKUBATh PHUYUHBI BOSHUKHOBEHUS
OTKa30B M BOCCTAaHABJIHMBATH PAOOTOCIIOCOOHOE COCTOSHUE ITYTEM MPOBEACHUS TEXHUYECKOTO
00CTY>)KHBaHUS U PEMOHTOB;:

3. JIONTOBEYHOCTH - CBOMCTBO CHCTEMBI COXPAHSTh, IPH YKA3aHHOM TEXHUIECKOM
00CTyKMBaHUU U PEMOHTE, PabOTOCIIOCOOHOE COCTOSIHME A0 TAKOT0 MOMEHTA, KOT/1a
JalbHEHII ee UCIIOTH30BAHNE CUCTEMBI 110 Ha3HAUCHUIO HEJOYCTUMO WIIH HEIeIeCo00pa3Ho.

2.3 Tloka3zaresu 6e30TKa3HOCTH padoTel ACOUNY
OCHOBHBIMH MOKA3aTEIISIMUA O€30TKA3HOCTU PAOOThI CUCTEMBI SIBJISIFOTCS:

* geposimHoCmb 0e30MKA3HOU pabombl — BEPOSITHOCTD TOTO, YTO B Mpe/esax 3aJaHHOTO
BpEMEHHU pabOThl 0TKAa3 B CHCTEME HE BO3HHKHET;

* 8EPOSIMHOCMb OMKA3d - BEPOSTHOCTH TOTO, YTO CHCTEMA OTKAKET B TCUYCHUE 3aTaHHOTO
BPEMEHHU PabOTHI;

* cpeonee spems napabomru na omxas ( MTBF — Main Time Between Failures) -
cpelnHee BpeMsi MEeX/1y OTKa3aMH;

* UHMEHCUBHOCMb OMKA3068 — CPEJHEEe KOJIMYECTBO OTKA30B B CIMHUILY BPEMEHH PaOOThI
CHCTEMBI.
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2.4 Tloka3aTey peMOHTONPUroAHOCTH padoThl ACOURY

OCHOBHBIMU ITIOKa3aTEIIMHU PEMOHTOIIPUTOAHOCTH pa60T51 CHUCTEMBI SIBJISIFOTCS.

* 8epoAMHOCMb 60CCMAHO6IEeHUs. PAOOTOCIOCOOHOTO COCTOSIHUS CUCTEMBI - BEPOSITHOCTh
TOr0, 4TO BpEMs BOCCTAHOBJICHUA pa6OTOCHOC06HOF 0 COCTOSAAHUA CUCTCMBI HC TPCBLICUT
3aJaHHOI'0 B TCXHUYCCKOM 3a1aHUU,

* cpeonee 8pems 60ccmaHnogienus paboTOCIIOCOOHOTO COCTOSIHUS CHCTEMBI - 3TO
MaTeMaTH4eCKOe OKUIaHNEe BPEMEHU BOCCTAHOBIIECHHS pab0TOCIIOCOOHOTO COCTOSTHUS CHCTEMBI;

2.5 Moxka3arenu goaroBedyHoctu padorst ACOURY
OCHOBHBIMU MIOKA3aTEIIMU JOJTIOBCYHOCTHU pa60T51 CUCTCMBI SBJIAIOTCA .
* cpeOHull pecypc - MaTEMATUUECKOE OKHIaHNE BPEMEHU padOThl CHUCTEMBI OT Hayaja ee
JKCIJIyaTallMuu J0 Mepexo/ia B MPeeIbHOE COCTOSHUE;
* CPOK cyscOBI CUCTEMBI - KalleHAapHas TPOA0DKUTEILHOCTE pa0OThI CUCTEMBI OT Havala
€€ SKCIUTyaTalluu JI0 IEPEX0/ia B MPEACIbHOE COCTOSHUE,

2.6 Iloka3aTe/u IKCILUIyaTallMOHHOM dppexTBHOCTH padoThl ACOUNY
Cornacno 'OCT 24.701-86 «Hane:xHOCTb aBTOMaTH3MPOBAHHBIX CUCTEM YIIPABJICHUS.
OCHOBHBIE TIOJIOKEHHUS» K YUCITy OCHOBHBIX KOMIUICKCHBIX TTOKa3aTee Ha/leKHOCTH U
HKCIUTyaTallMOHHOM AP pekTuBHOCTH (pyHKunoHUpoBanus ACOUunY ortHocsaTCs:

e kod(dumuent rorosaoctu cucremsl (K, );

e KO3 DULMEHT TeXHUYECKOTO McTonb3oBanus cuctemsl (K mu )i
e k03(h(ULHEHT OepaTUBHONW TOTOBHOCTH (KO. 2)
OTH NOKa3aTeH ONPEEISIOT O CIEAYIOIMM (hopMYyIIaMm:
Ty o
e~ (2.1)
T, ,+T
H.O 6
T
K, = 1.0 (2.2)
m.u :
TyotTgtTn.c
T T
— — H.O H.O
KO.Z - KZ Kmu - (23)

T, o1Tg T, otTg+Thn.c

rne T, , — cpenHee BpeMs HapaOOTKHU Ha OTKa3, T. €. CPETHEE BPEMS MEXKILY JABYMS COCETHUMU
OTKa3aMH;

T’y — cpennee BpeMs BOCCTAHOBJIEHHS CHCTEMBI IOCIIE OTKa3a,

T, o — cpenHee BpeMs IPOCTOS CHCTEMBI M3-3a IUIAHOBOTO TEXHUYECKOTO 00CITYKMBAHUSA 1

PEMOHTA, T. €. BpeMs NpopHIaKTHUECKUX padoT, epecunTaHHOE Ha OJJMH OTKA3.
BbruncnuTenbHble CHCTEMBI KIIACCU(PHUIUPYIOT MO YPOBHIO HAZIEKHOCTH B 3aBUCHMOCTH OT
3Ha4YeHHs Ko uIeHTa roroBHocTH (Tadm. 2.1).
Knaccupukamms ACOMuY no 3nauenuto koddunmenra roroHoct  Tabauya 2.1

Koagdurent MakcumanibHOE
rotosroct K 2 BpEeMSI IPOCTOS B IO Tun cueremst
0,99 35cyr=844 Oosrunas (Conventional)
0,999 8,51 Bricokoif Hafie:)KHOCTH
(High availability)
0,9999 1y Otka3zoycroitunBas
(Fault resilient)
0,99999 0,083 u = 5 muH besorkasnas (Fault tolerant)
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Jlns oGecriedeHns: TpeOyeMbIX 3HAUEHUH MMOKa3aTesell HaJe)KHOCTU TEXHUYECKUX CPEJICTB
ACONnY 00BIYHO UCTIONB3YIOT PE3EPBUPOBAHKE JTHOO 3TUX CPEACTB LIETUKOM, JHOO
OyOnupoOBaHUE OTIEIBHBIX KOMIIOHEHTOB, BXOJSIIUX B COCTaB 3TUX CpeAcTB. Bee 310
NpeyCMaTpUBACT HANUYNE H30BITOYHOCTH HJIEMEHTOB B COCTABE TEXHUUYECKHX CPE/ICTB
ACOUnY

2.7 Ouenka 3¢ (peKTHBHOCTH NMPOMBILLIEHHOH IKciIyaTanun ACOUnY
Jnst oueHkr 3P PEeKTUBHOCTH MPOMBIIIIICHHOH dKkcIutyataiun ACOUuY Ha nmpakTuke
UCTOJB3YIOT NOKa3aTelb - 001mas 3)(h)eKTUBHOCTH MPOMBIIIIICHHOM SKCIUTyaTaIl[ii CUCTEMBbI

(Overall Equipment Effectiveness — OEE), K, ;. KOTOpEIil yunTEIBaeT ONEpaTUBHYIO

rOTOBHOCTS - K, >, peanbHyI0 Ipou3BOANTENBHOCTE K p.n ¥ KaueCcTBO ¢e pabotsl K, p

Iloka3areins KO. E F DacCUMTBIBAIOT O ciemyromei Gopmyie

Koee=Ko.e " Kpn Kip (2.4)
Koappuuuenr K, » onpenemsror o dpopmyie (2.3);
Koadpduument K p.n OTPEIEIAIOT 1O dopmyie (2.5)
Kp.n. =1- 5c.n/zaH (2.5)

Tne: O, 0 - KOObGHUUECHT, YIUTHIBAIOINIA CHIKCHIE 00bEMa BBIIOIHEHHOI paboThI 110

CPaBHEHHUIO C IJIAHOBOM.

Koapdumment Ky p OTPEIEIIOT 10 dopmyiie (2.6)
KK.p =1- 5H8m (2.6)
Tze: O, - K09QOUIMEHT, YIUTHIBAOWIMI KOJIMIECTBO HEKOPPEKTHO BBITOTHEHHBIX

TpaH3aKIUK OT OOIIEro KOJINYecTBa u3-3a OMIMO0K B pad0Te MPOrpaMMHUCTOB M OTIEPATOPOB.

[Tocne pacuera nokazarens KO. g g kadectBo paboTel ACOMMY MOXKHO OLIEHHMTB IO JaHHBIM,

MPUBEJACHHBIM B Ta0II. 2.2

Tabauya 2.2
BepOanbHo-unciioBas mkaa oueHku kauectsa padbotst ACOUnY
3HAYCHHE 1OKA3ATEIS KO.E.E KauectBo padorsr ACOUnY
menee 0,65 O4eHb IIIOX0E
or 0,65 mo 0,75 MJI0X0€
or 0,75 go 0,85 YAOBIETBOPUTEIBHOE
or 0,85 g0 0,95 xopoliee
o6omee 0,95 OYeHb XOpolIee

Ipumep 2.1. Onpenenure nokaszarenab o0l 3(PPEKTUBHOCTH MIPOMBILIUIEHHON 3KCILTyaTalluu

ACOHMnY - K,  p ¥ qaiiTe Ka4ecTBEHHYIO OLICHKY paboThl paccMarpuBaemoii ACOMnY,

€CIIM OHA XaPaKTePU3YeTCs CIIEAYIOIUMHU MOKA3aTe MU
- cpeaHee Bpemsi HapaGoTku Ha otka3 1, ,=2480 u.;

- cpejHee Bpemst BoccTaHoBieHns rocye otkasa 1 =20 u;
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- cpefiHee BpeMs BBITIOIHEHHUs ILIAHOBBIX IPOPUIAKTUYECKUX PaOOT, IIEPECUNTAHHOE HA OUH
OTKa3, IpoCToii cuctemsl 1, .= 30 u.;

= KOJIMYCCTBO BBIIIOJIHCHHLBIX TpaHSaKL[I/II\/'I Ha 5% MCHBIIC IJIAHOBOT'O ITOKA3aTCIIA, HOBTOMy
6c.ngaH =0,05;

- KOJIMYE€CTBO HEKOPPEKTHO BHITIOJHEHHBIX TPAH3aKIIUA, N3-32 OMIHOOK B pabOTe OMepaTopoOB
W/WIU IPOTPAMMHUCTOB, cocTaBisieT 3,5% OT o0IIero KoJu4ecTBa BHITIOJHEHHBIX TPaH3aKIIHIA,

I03TOMY 6H6m =0,035

Pewenue 1. Onpenensem kodpduieHt onepatuHoi roroBHoctd ACOUnY no popmyie (2.3)

Ko.o=KxK T "o

mu— ;
TH.0+T6 TH_0+T6+TI’1.C
HOCHC IIOJACTAHOBKH UCXOOHBIX JAHHBIX NMEEM.

2480 2480 oo man.
Kor =2480+ 20 2480+ 20130 ~ 2 992:0.98=0,972

2. OnpenensieM ko3 duuneHT peanbHoi npousBoauTenbHocTn ACOUnY no popmyne
Ky =1~y =1-0,05=0,95

3. Onpenensiem kodpduuneHT kauecrsa padorst ACOUMY no gpopmyne

Ky, =18, =1-0,035=0,965

4.0OrmpenensieM nokaszarenb 3(QGEKTUBHOCTH MPOMBIIIEHHOH 3kcrnyaTauun ACONUnY

Koer = Koo XKpn*Kyp =0,972-0,95-0,965=0,891 (2.7)

5. CpaBHuBaeM paccuntaHHoe 3Hadenue nokasarens K, . . =0,891

C 3HAUEHHSIMH, IPUBEACHHBIMU B Ta0JI. 2.2,, W MOJy4aeM, YTO Ka4yecTBO pabOThHI
paccmarpuBaemoit ACOUnY — xoporuee.

Cornacuo 'OCT 15467-79 «YmpaBrneHue kauecTBOM NpoayKuuu. OCHOBHBIE TIOHSATHS.
Tepmuns! u onpenenenus» kadectBo padoTsl ACOMMY MOXHO OLIEHUBATh MO MTOKAa3aTEeII0
HKOHOMHUYECKON APPEKTUBHOCTH.

B sTOM Ccitydae mokasareis SKoHoMideckoit addextusHocTH ACOURY (K )
XapakTepU3yeT OTHOIICHMEM >KOHOMHUYeckoro sddekra (), HoaydaeMoro or paboThl

CHCTEMBI, K 3aTpaTaM Ha ee nprobperenue u ycranoBky (Cj, ), skcmryaraumto (C, ) u
yrumuszanuio (C y ).

K, = D (2.8)
Cp+Cy+Cy,

Cnenyer uMeTh B BUAY, 4yTO 3G PeKTUBHOCTH QpyHKIIMOHUpoBaHUs ACOWNY B 3HAYUTETHHON
CTETIEHU 3aBUCHUT HE TOJBKO YPOBHS KBaIH(UKAMK OOCITYy>KMBAIOUIET0 MEpCcoHaNa, HO U OT
OpraHu3alluK YCIOBHH €ro Tpyaa.

B TOCT P 53624-2009 «WudopmanmonHbie TexHonoruu. MHpopmarmoHnHo-
BBIUMCIINTENIbHBIE cHCTeMBbl. [Iporpammuoe obGecrieuenne. CuCTeMbl MEHEIKMEHTa KadyecTBa.
TpeboBanusi» pekoMeHAyeTcs  OOpaTuTh 0Co0O€ BHUMAaHME  Ha TO, 4YTOOBI pabouee
NPOCTPAHCTBO /ISl pa3MeEIlIeHUsl NepcoHana U 00OpyAOBaHUS COOTBETCTBOBAJIO CAHUTAPHO
TUTUEHUYECKHM TpeOOBaHMSAM 10 OXpaHe TpyJAa, CaHUTapHBIM HOpMam U HOpMam
6e3omacHocTd. B cBsA3u ¢ 3TUM uHOpacTpykTypa pabounx nomemenuii ACOHNMY nomxna
OTBEYATh OIpeaeIeHHOMY Habopy TpeOOBaHUH.
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2.8 Opranuzanusi panMoHAJIbLHONH HHPPACTPYKTYPbI paGo4uX NOMeIIeH il 1J1st
pa3sMeleHHs IePCOHATa U 000PyI0BAHUS.

WNudpactpykTypa pabouux NOMEUICHNH sl pa3MeIleH s IepcoHala U KOMIIbIOTEPHOTO
000pyZI0BaHUs JA0JIKHA YIOBIETBOPATH TPEOOBAHUSAM, M3JI0KEHHBIM B CAHUTAPHBIX HOpMaX U
npaBuiax (CHull), a Taxke B canurapusix HopMmax (CH). Dtu TpeboBaHMs KacaroTCsi pa3MepoB
IIOMELIEHUs1, OKPAaCKU CTEH, OCBEILCHUS U MUKPOKIMMATa B IOMELICHUY, a TAKXKE MEPOIIPUATHUH,
HaIpaBJICHHBIX Ha CHIKEHUE YPOBHS 1IymMa. PaccMoTpuM OCHOBHBIE TPeOOBaHMS.

e B coorBerctBuu ¢ TpeboBanusmMu CH 245-71 «CanurtapHble HOPMBI HPOEKTUPOBAHUS
MPOMBIIIUICHHBIX TPEANPHUATUI» 00beM MPOU3BOACTBEHHOTO MOMEIICHHUS Ha OJHOTO OMEepaTopa,
pabotaromiero ¢ [I9BM, nomxken cocraisth He MeHee 30 M®, [UIOIIA b TIOMEILCHHS — HE MCHEe
9 MZ, BBICOTA MOMEIIEHHS JJOJKHA ObITh B mpeaenax 3,0...3,5 m.

e Okpacka TmoOMeUIeHHH U MeOeln JOJDKHA CHOCOOCTBOBATH CO3JAHHMIO OJIArONMpPHUATHBIX
YCIOBUU AJISl 3pUTEIBHOTO BOCTIPUSATHS, XOPOILIEro HACTPOCHHUS.

B 3aBUCHMOCTH OT OpHUEHTAallMd OKOH PEKOMEHIyeTCs CIIeAYIoIlas OKpacka CTeH: eCld
OKHAa OPMEHTHUPOBAHbI Ha IOT, TO CTEHbI JOJIKHBI OBITH CBETIIO-TOJIYOOTo I[BETa, €CIM OKHA Ha
BOCTOK HJIM 3araji, TO KEJITO-3€JIEHOrO I[BETa, €CJM OKHAa Ha CEBEP, TO CTEHBI JOJDKHBI OBITH
CBETJIO-OPAHKEBOTO 1[BETA.

e [IpaBUIBHO CHPOEKTHPOBAHHOE OCBEIEHHE CHUXKAET YTOMIISEMOCTh, CIIOCOOCTBYET
MOBBIIIEHUIO TIPOU3BOIUTEILHOCTH TPY/IA.

Cornacno CHull 11-4-79, B nomMenieHUax BHIYUCIUTENbHBIX MOApa3AeIeHI He00X0AUMO
NPUMEHSTh CUCTEMY KOMOMHHUPOBAHHOTO OCBEIICHUS (€CTECTBEHHOTO M UCKYCCTBEHHOTO), TIPH
3TOM CBETUJIBHUKHU JOJKHBI PABHOMEPHO pacrojaraTbcs HajJ padouMMH MECTaMHU.

[Tpu BbIMONHEHUH OTIEpaTOpaMu paboT cpelHEe TOUHOCTH €CTECTBEHHAs OCBEIEHHOCTh
nomxHa coctaBnath 200 1k, a komObuHupoBanHast — 300 k.

e [lapamerpbl MUKpOKIMMaTa B MOMeNIeHHsIX omepatopa [[9BM momkHBI COOTBETCTBOBAThH
tpeboBanusim CH-245-71, a HopMa mOJauMl CBEXKEro BO3AyXa B TOMENIEHHUS JOJDKHA
cootBeTcTBOBaTh  TpeboBanusim CHull  2.04.05-86 «OTOIUIEHHE, BEHTWIILHUS U
KOHJIUIIMOHUPOBaHKE», [Ipy 3TOM MUKPOKIMMATHYECKUE IMapameTphl JOJHKHBI COOTBETCTBOBATH
I'OCT 12.1.005-88 CCBT «Bo3myx paboueid 30HBL. OOmUE CAHUTAPHO-TUTHEHUYECKHE
TpeOoBaHus». Temmeparypa BO3AyXa B MOMENIEHMH JOJDKHA cocTaBisate 22...25 °C, a
oTHOcHUTeNbHas BiaaxkHocTh — 40...60 %.

e YposeHb myma B nomemenusx ACOUuY npomken coorBerctBoBath TpedboBanusm ['OCT
27818-88 «MamuHbl BBIYMCIUTEIbHBIE U CUCTEMbl 00paboTku uHpopmaimu. JlomycTumbie
YPOBHHM IIymMa Ha pabouux mMectax U MeTonsl ux ompeaenenus», ['OCT 12.1.003-83 «Iym.
OOmme TpeOoBaHuUs O0e30MacHOCTH». YPOBEHb IIyMa (MM 3BYKOBOTO JIABJICHHS) Ha pabouem
mecte onepatopa [I9BM ne nomxen npessimate 50 1b, a B 3anax — 65 nb. lllym ¢ ypoBHeM
3BykoBoro naasieHus 30 — 35 nb mnpuBblueH a1 uyenoBeka U He OecrokouT ero. Illym B
npenenax 40 — 70 ab co3maer Harpysky Ha uenoBeka, a 6osnee 70 nb BpeneH. s cHUXKEHUS
YPOBHSI LIIyMa CTEHBI ¥ MOTOJIOK OOJIMIIOBBIBAIOT 3BYKOIOIIIOIIAIOIIMMH MaTepHaIaMH.

[Tpu opranuzanuu pabouero mecta oneparopa II9BM crnenyet cobmonars TpedoBanust 'OCT
2297378 «Cucrema uenoBek — MarinHa. O0mmue TpedoBanus». [1pu aTom pabouee mecto
oneparopa [I13BM Taxke momkHo cooTBeTcTBOBaTh TpeboBaHusaM ['OCT 12.2.032-78 CCBT
«Paboyee MecTo npH BeINOIHEHUH paboT cusi». Jlanuslii 'OCT KoHTponupyeT Kak napaMmeTpbl
Kpecna u crona onepartopa [I9BM, tak u B3aumHoe pacnionoxenue onepatopa u [I9BM.

Jnis xomdopTHOi 1 3 dexTrBHOM paboTsl onepaTopa [I9BM HyXHO BBIOTHATH
CJIEAYIOIIME IPaBUIa, Kacarollrecss OpraHu3aliy ero pabovero Mecra:
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e BbICOTa paboueil MOBEPXHOCTH CTOJA JJOJDKHA PeryaupoBaThes B mpeaenax 67...80 cm;

e BBHICOTA MOBEPXHOCTH, HAa KOTOPYIO YCTAaHOBJICHA KJIaBHATypa, JOJDKHA OBITH OKOJIO 65 cM;
e BBICOTA CHUJCHBS JIOJDKHA PETYITHPOBATHCS HAJl yPOBHEM IoJia a mpenenax 42 cm — 55 cm.;
e PACCTOSIHUE OT IJ1a3 JI0 HKpaHa MOHUTOPA JOJKHO OBITH B mpenenax 70 cwm;

e PACCTOSIHHE OT TJIa3 JI0 JOKyMEHTa JIOJDKHO ObITh B mpeaenax 30 cm — 45 cwm;

e OCBEIIECHHOCTH pabouero mecrta onepatopa [I9BM nomkHa cocraBnsats He menee 100 k.

[Ipu opranuzanuy MOMeNeHUH A1 pa3MelieHus 0oopynoBanus cienyetr coomonars OCT
P 53246-2008 «Cuctemsbl kabesbHbIE CTPYKTYpUpPOBaHHbIE. [[poeKTHpOBaHNE OCHOBHBIX Y3JI0B
cuctembl. Obmue TpedoBanus». [loaTomy npu nocrpoennu ACOUnY na 6aze JIBC
HEO0XOIMMO MPETYCMOTPETH €I1Ie ABA TUIA CIY>KEOHBIX TOMEIICHUN —
TEJIEKOMMYHHUKAIIHOHHYIO U alllapaTHYIo.

[Tomerienue TEJICKOMMYHUKAITUOHHOU MpeIHa3HAYEHO TSt pa3MenieHus
KOMMYHHKAITMOHHOTO O0OPYIOBaHUS U IOJDKHO OTBEYATh CICAYIOIUM TPEOOBAHUSIM:

e MUHHUMaJbHbIE pa3mepsl aBepu — 90 cM B MIMPUHY U 2 M B BBICOTY, JIBEPb JIOJDKHA
OTKPBIBATHCS HAPY)KY U HE UMETh TIOPOTa,

e pa3Mephl TEIEKOMMYHUKAIIMOHHOW JOJDKHBI COCTaBIIATH OKOJO 6,6 M pH TUIOIAAN
obcmyxuBaemoro staxka B 500 MZ;

e TOMEIMICHHE JIOJDKHO OBITh 00OpYIOBAHO 3aMKOM JUIS IOCTYIA TOJBKO aBTOPH30BAHHOTO
MepCoHAaNa;

e CBETUJIBHUKU JOJDKHBI HAaXOTUTHCS Ha BBICOTE HE MeHee 2,5 M HajJ ypOBHEM IIoJia, a
YPOBEHB OCBEIEHHOCTH J0KEeH ObITh He MeHee 500 Jik;

e UMETh KaK MUHUMYM JIBE BBIJICIIEHHBIC HEOTKIIIOUAEMBIE AIEKTPUIECKUE PO3ETKH
TEXHOJIOTUYECKOTO MUTaHUs epeMeHHoro Toka 20 A ¢ HoMuHaNBHBIM HanpsbkeHnem 220 B,
MUTAaEMBIE OT Pa3HBIX (PUACPOB:

e UMETh OBITOBBIE PO3ETKH C MHTEPBAIOM 2 M 10 IEPUMETPY CTEH.

[Tomerienue anmapaTtHON MpeJHA3HAUYCHO JUIS Pa3MEIIeHUs] BBIYUCIUTENHLHOTO 000PYIOBAHUS.
[Ipu mpoeKTHPOBaHUK amMMapaTHON PEKOMEHIYETCs] PAaCCUHMTHIBATh €€ IO b TaKHM 00pa3oM,
yroObl Ha Kaxkiaple 10 M° 0OCTY>KMBAaEMOro MPOCTPAHCTBA, 3AHATOTO pPaOOYMMU MECTaMH,
npuxoaunock o 0,07 M’ [UTOMIA/IM TI0JTA TIOMETIEHHS] anmapaTHOM.

[TomenieHue anmnapaTHON JOKHO OTBEYATH CICAYIOIIUM TPEOOBAHUSM:

e 1npu yncie pabounx mect A0 100 miomanp anmapaTHOW MOMHKHA COCTaBIATH 15 M2, npu
ancie pabounx mect ot 101 1o 400 — 35 M, a mpu uncie pabounx mect or 401 1o 800 —
0K0JI0 75 M2;

e MHHHMAJIbHAS PEKOMEH/IyeMast IO b anapatHoii — 14 m%;

e pa3Mepsbl IBepH JOJKHBI ObITh 1,8 M B mMpuHy U 2,3 M B BBICOTY;

e TeMIlepaTypa BO3/AyXa B alapaTHON JoJKHA cocTaBiiTh 18...24 °C;

e OTHOCHUTENbHAS BIAXKHOCTH BO3/yXa MobkHA ObITh 30...55 %;

e pEKOMeH/yeMas MUHMMaJbHas BbICOTA (albLINoONa B ammapaTHbIX JOJDKHA COCTABIATH
300 MM, HO He MeHee 150 mM.

Cnenyer uMeTh B BUAY, YTO HA PpabOTOCHOCOOHOCTH U MIPOU3BOIUTENIBHOCTD TPY/Ia
anmunuctparopa JIBC u oneparopa [I9BM Bausier 60sbiioe 4nucio GakTopoB OKpyxKarouiei
cpefibl, OTMETUM OCHOBHBIE (DaKTOPBI: COOTBETCTBUE IMOMEIECHHUS CAHUTAPHBIM HOpMaM,
OKpacKa CTeH MOMEIIIEHUs, IIyM, OCBELIEHHOCTb B paboyeil 30He aAIMUHUCTPATOPA U OllepaTopa
uT. 1.

OueHUTh CTeNeHb BIMSHUSA OpraHM3aluu pabouero Mecra CelUaaucTa
(amMUHHCTpATOpAa, OnepaTopa M T.J.) Ha MIPOU3BOIUTEILHOCT €0 paboThI U BEIOPATh
HaWJIy4IIUi BapUaHT [l pa3MelIeHHs CIelHalucTa MOXKHO C MCIIOJIb30BaHUEM ClIeTyIOIIen
YIPOILIEHHON METOIUKH:
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2.9 YnpouleHHasi MeTOAMKA BbIOOpa paGoyero moMemieHuii 1Jisi pa3MeleHus nepcoHana
Oran 1. OnpenenseM uncio pabounx Mect cnenuanucra (Bapuantos, | =1,...M),

KOTOpBIE CIIeIyeT CpaBHUTH, 4TOOBI BHIOpATh Cpear HUX HAMIy4lIuil BapuaHt. OmnpenenseMm
na6op daxropos (I =1,...n), KoTopsle cneayeT yuUnTHIBATH IPU CPABHEHMU BAPUAHTOB.
OmnpenensieM peanbHbIE 3HaUEHUS (DAKTOPOB, KOTOPBIE COOTBETCTBYIOT Ka)KJOMY U3 BAPHAHTOB..

Oran 2. [IpucBanBaeM peaabHBIM 3HAUEHUSAM (PAKTOPOB CpaBHUBAEMBIX BApUAHTOB
CTpOTO OTIpe/IeTICHHBIE OAJUIbI, COTJIACHO BepOaIbHO-YHCIIOBOM 1IKaie, MPpUBEACHHON B Ta0u. 2.3
[Tpu sTOM Hammy4mas oneHka — 1 6asn, a Hauxy/amas olueHka — 6 0anoB.

Tabnuua 2.3
banbHas onenka 3HaueHU (PaKTOPOB, XapaKTEPU3YIOMUX HHPPACTPYKTYPY paboUnx
IIOMELICHUN.

®daxrtop banbHas onieHka 3HaueHus pakTopa
1 6amn 2 Gama 3 Gamia 4 Gaina 5 GamioB 6 6aymuioB
3HaveHue paxTopa
X1 30 < X1 28<X1 25<X1 22<X1 20< X1 X1<20
X1<30 X1<28 X1< 25 X1<22
X2 200<X2 190<X2 175<X2 160<X2 150<X2 X2<150
X 2<200 X2<190 X2<175 X2<160
X3 22<X3 24 <X3 20<X3 18<X3 26 < X3 28<X3
X3<24 X3<26 X3<22 X3<20 X3<28 X3<18
X4 45<X4 40<X 4 35<X4 X 4 <35 55<X 4 65< X4
X 4 <55 X 4 <45 X 4<40 X 4 <65
X5 X5<50 50< X5 53< X5 56 < X5 60< X5 62< X4
X5<53 X 5<56 X5<60 X5<62
X6 BOCTOK 3anan I0r0- 0T ceBepo- cesep
BOCTOK; BOCTOK;
I0ro-3ara/j ceBepo-
3amnaj

[TosicHenus k 0003HaUYeHUIO (PAKTOPOB
X1 — O0beM oMeIEHUsT Ha OJJHOTO CIIEI[HAINCTa M3;
X2 — EcrecTBEHHOE OCBEIIICHUE B IIOMEIICHUU JIK;
X3 — Cpennsist TemnepaTypa Bo3ayXa B IOMEIICHUH °¢c;
X4 — OtHOCHTENBHAS BIAKHOCTH BO3yXa B moMerieHuu %;
X5 — VYpoBeHs 1ryma B oMelieHun JIb;
X6 — Hampanenue pa3MenieHust OKOH B TIoMeleHiH (BOCTOK, 3araj u T. 1.)

Oran 3. Beraucisgem uarerpansayio ouenky (U i ) AN | — ro BapuMaHTa, OTPAKAIONIYIO

YCIOBUIA TPpy/ia CIeHUAaNucTa Ha | — M. pabodeM MecTe

n-1
Xij
. 6 — Xmax i

Tne X ax j~ HAMBBICIIAs OLICHKA B 6asutax, KOTOPYIO MOJIyYHJT HAaUXy UK (PaKTOp YCIOBHI

Tpy/a CHeIMaTNCTa s | — ro pabodyero MecTa;
Xij - OIICHKa B 0ajutax, KOTOPYIO Moxydu | - i pakTop ycaoBUN Tpyaa CrieruanucTa s | —
ro pabouero mecra,
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N - koiM4YecTBO (PAKTOPOB, KOTOPHIC YUUTHIBAIOTCA TPU OICHKE BIMSIHUS OPTraHU3ALMH
pabouero mMecra CrerUagTiucTa Ha ero MpOU3BOIUTEIHHOCTD

Oran 4. OnpezensgeM cTeleHb YTOMIICHHS CHEMAINCTa B ycI0BHEIX 6asmtax (Y i ) B TeUeHUE

pabouero 1Hs npu ero padote Ha | — M pabodyeMm MecTe

Y, - (2.10)

Tne @, - smnupudeckue K03QQHUIUERTHI, HCTIONB3yEMBIE JUTs IEPEBOIA UHTETPATHLHON
OLICHKH yCHOBI/Iﬁ TpyHda CliCciuainucCTa, BBIUHMCJICHHOM B YCJIOBHBIX 6aﬂHaX, B CTCIICHb
YTOMJICHUS CIIEUAIIUCTA, TAK)KE BRIPAXKEHHYIO B YCIOBHBIX Oaliax.

a=156  B=0,64

Otan 5. OnpenensieM ypoBeHb pabOTOCIIOCOOHOCTH ClIELHAINCTa B ycnoBHbIX Gamiax (R, )

1pu ero pabote Ha | — oM paboueM MecTe
PanxupyeM cpaBHMUBaeMble BAPHAHTHI 10 YObIBaHMIO TOKazatens R, , Hanpumep,

R =R >R,...... , Iput 5ToM BapuanT | — Hammyuammii.

Dran 6. OnpenensemM IpupocT npoussoauteasHocTd Tpyaa (P) cnenumamucra 3a oqun pa6ounii
JIeHb IIPU CPABHEHUH JIOOBIX IBYX BapHAaHTOB pa3MEICHHs €ro pabovyero MecTa.

PRy .y -100% (2.12)
R,
I'ne y - smnupuyeckuii k03(GGHULKUEHT, OKa3bIBAIOIIUII CTEIEHb BIUSHUSA POCTa YPOBHS

paboTOCIOCOOHOCTH CIIENUANNCTa, HA HIPOU3BOIUTENLHOCTS €ro Tpyaa. OOBIMHO CUMTAIOT, YTO
y =0,2 - neccumuctuueckas onenka; ¥ =0,3 - ontuMucTHYeCKas OlEHKA

Oran 7. IlpoBOIMM CpaBHUTEILHBIN aHATH3 MOTYYCHHBIX PE3yAbTATOB JJIs BRIOOpa
HAWJIY4IIero BapuaHTa pabodero Mecra CreuaaucTa Uity JJIs €ro peopraHu3aiim.
IIpumep 2.2. [IpoBeaute cpaBHEHHE ABYX BapUAaHTOB pabOUMX MOMEIIEHUH, O] KOJJOBBIMH
HauMeHoBaHUsMH Bl u B2, s pasMenieHus: aIMUHUCTpATOpa CUCTEMBI U BBIOEPUTE JTyUIITUi
BapuaHT. MlcXoHbIC TaHHbBIC IBYX BapuaHToB nomemnieHuii (Bl u B2) npuBenens! B Ta0n.2.4
(cronber 2 u 3)

AHanu3 BapuaHTOB MOMEIICHUH ISl pa3MeIleHUs aIMUHUCTPATOpa CUCTeMBbl Tabiuya 2.4

dakrop 3HaveHue paxTopa 3nauenue ¢paxropa (6asmn)
Bl B2 Bl B2

1 2 3 4 5
X1 25 28 3 2
X2 190 220 2 1
X3 23 25 1 2
X4 45 50 1 1
X5 52 54 2 3
X6 BOCTOK 0T 1 4

Pemenne

1. [TpucBanBaem QaxTopam, OTpaxarolIM 0COOEHHOCTH CpaBHHUBAaEeMbIX BapuaHTOB Bl u
B2 pabouux momerieHuii AJis pa3MeIieHus aJMUHICTPATOpa CUCTEMBbI, OaJIIbl, COTJIACHO
T1a0:1.2.3 ¥ 3aHO0CUM 3TH OaJUTEI B Ta0:1.2.4, cTonOIm! 4 u 5.
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2. BoluncisieM HHTErpaIbHbIC OLCHKH yenoBuii Tpyaa anmunucrparopa (U, ) u (U,),
COOTBETCTBEHHO JUIs BapuaHToB nomeniennit B1 u B2, mo gopmyne (2.9)

U, = 3+L.823 1037 U, = 4+3.892% 1046
3. Onpenemsiem B yenosusix 6amiax (Y, ) u (Y, ), COOTBETCTBEHHO [Isi BADHAHTOB

noMenienuii B1 u B2, crenens yromiieHus aIMUHUCTPATOpa B TeUeHUE pabovero aHs, 1O
dopmyne (2.10)

U -—a_37-156 .., y, 2Ya—o_46-156
B 0,64 B 0,64

Y, =
)

47,5

4. OnpenensieM B yenosusix 6awtax (R, ) u (R,), coorercrBenno mis BapuasToB

nomeniennii B1 u B2, ypoBeHnbs paboToCocoOHOCTH aIMUHUCTpPATOpa B T€UEHUE pabouero JAHA
no ¢popmyne (2.11)
R =100-Y, =66,56 R, =100-Y, =52,5

4. OnpenenseM npupocT npoussoauTensHoctd Tpyaa (P) agmumucrparopa 3a onun
pabouwnii 1eHs IpU ero pa3MelleHuu B noMmenieHnn Bl mo cpaBHeHuto ¢ nomeriennem B2 no
dopmyne (2.12)

INECCUMHUCTHNYCCKas OILICHKA

p=| R 1], 100%=] >0 _1|.0,2.1000 = 5,36%
R, | | 525 |

OHTI/II:/II/ICTI/I‘-IGEKaH OLICHKAa

p=| R 1], 100%=] 88> _1|.0,3-100% = 8,04%
R, | | 52,5

5. AHanM3 MOTYYEHHBIX PE3y/IbTAaTOB MOKA3bIBAaeT, UTO BapuaHT Bl pa3menienus pabodero
MeCTa aJIMUHUCTPATOPA HECKOJIBKO MPEANOYTUTENIbHEE BapuaHTa B2.11 IO3BOJISIET YBEIMYUTH
€ro eXKeIHEBHYIO IPOU3BOIUTENLHOCT TpyAa Ha 5% — 8%

2.10 Opranu3anusi pabo4yux NoMeleHuii 1Jsi pa3MelleHUusi 000py/10BaHMSA.
Crnenyer Takke UMETh B BUAY, UYTO IMOMEILICHHS, B KOTOPBHIX PAaCIOI0KEHBI CPEJICTBA
ACOUMnY, nomkHbl ObITH 000PYIOBaHBI TAKMM 00pa3oM, YTOOBI y4eCTh TPEOOBAHUS
I'OCT P 51275-2006 «3amura nadopmarun. OobexT nHpopmaTuzanuu. Oakropsl,
BO3/IeHicTBYONME Ha HHPOopManuio. OOIIMe NOI0KESHUS.
[ToMenieHus AOIKHBI 00ECTIEUUTh 3AIIUTY HaXOAIICHCs B HUX HHQOPMAIMU OT yTeueK IO
ONTUYECKUM, aKYCTUYECKHM, JIEKTPOMArHUTHBIM U MaTepUaIbHO — BELIECTBEHHBIM KaHaJIaM.

JUIst UCKITIOYEHHSI WM CYILIECTBEHHOT'O YMEHbBIIEHUSI BO3MOXHOCTH BBIXOJ1A

KOH(UASHIIMATBFHONH HHPOPMAIIH 3a MIpeiesibl KOHTPOIUPYEMON 30HBI CIICAYET: .

- YCTAaHOBUTh CBETOHENPOHUIAEMBIEC CTEKJIA ¥ 3aHABECKM Ha OKHAX;

- pasmemiatb MOHUTOPHI IIDBM B 30HE HEJOMYCTUMOIO MPOCMOTpa MH(GOPMAIIHH,
pa3MeIleHHON Ha HUX, MMOCTOPOHHMMU JIMIIAMH;

- HCIIOJIB30BaTh IPU OOJIMLOBKE 3BYKOHM3OJISIIMOHHBIC M 3BYKOMOIJIONIAIOIINE MaTepHaJIbl,

- ICIOJIb30BaTh CAMOCTOSITENIbHYIO BEHTWISIIMOHHYIO CUCTEMY;,

- DKPaHHUPOBATh M 3a3€MJISITh BCE TEXHHUYECKHE CPEJICTBA;

- co0roaTh IMpaBHJia BHYTPEHHETO pacropsika npu padoTe ¢ JoOKyMeHTauuei u
HOCUTEJISIMU MH(POPMAIHH.

Crnenyet npoBecTH 00s13aTEIbHYIO aTTECTALIUIO BCEX MOMEIICHUH, HCKITIOYAIOIIYIO
HaJIMYHME U BO3MO’KHOE MOSIBJIEHHE B aTTECTOBAHHBIX MOMEUICHUSIX KaHAJIOB yTEUKH
UH(pOpMAIIHH.
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Jlexuust 3. BbIOOp TeXHHYeCKHX cpPecTB U MporpaMMHoro ogecneyennss ACOUnY na
OCHOBE HCI0JIb30BAHHUS METOA0B CBEPTKH JIOKATbHBIX KPUTEPHEB.

3.1 OcHOBHBIE 3TaNbI U 0COOEHHOCTH BHIOOPA MOCTABUIMKA 000PY10BAHUS
ITpornece BbIOOpa 060PYHOBaHMS CONEPXKUT ABE cTaauu. llepBas cTaaus BKIIOYAET BHIOOD
(bupM-TIOCTaBIIMKOB 000PYIOBaHMsI, a BTOpas - BBIOOp crierudukanuu TpedyeMoro

00OpyOBaHUs, COTJIACHO CIPABOYHBIX MAaTEPUAIOB U KaTaJIOTOB (pUPMBI.

[epByto craguio, T. €. mpolecc BIOOpa (GupM - MOCTABIIUKOB 000PYIOBAHHS, MOXKHO
NPEACTaBUTh B BHJIE MOCIIEA0BATEIILHOCTH CIIEIYIOIIUX ATAIOB!

1) onpenenenue THNIOB TPeOyeMOro 000PYIOBaHUs], €ro TEXHHYECKUX U IKCILUTyaTallMOHHBIX
XapaKTEPUCTHUK;

2) mpenBapUTEIbHBINA aHAIN3 PHIHKA 000PYIOBAHUS;

3) cocraBiieHHEe CIMCKa (GUPM - MOCTABIIMKOB 000PYI0BaHMUS;

4) coctaBjeHUE BapUaHTOB crienn(UKaIUi Ha 000pyJOBaHKE MO CIPABOYHBIM MaTepUaiaM
¢upM - MOCTaBIIMKOB 000PYAOBAHUS,

5) pacchuika crienuduKamii upmMam - TOCTaBIIMKaM 000pYIOBaHHS U aHAJIN3 TIOJTyYSHHBIX
OTBETOB;

6) yrouHeHHe ¥ KOPPEKTHPOBKA creln(DUKAIIN;

7) cpaBHUTENbHAS OLICHKA KOMMEPYECKUX TPEI0KEHUH (PUPM - TOCTABIIMKOB
obopynoBaHus;

8) Bb10Op HanboIee MPEAMOYTHTENBHBIX (PUPM - TIOCTABIIUKOB 000PYIOBaHHS U 3aKITIOUCHHE
C HUMH JIOTOBOPOB Ha MOCTABKY COOTBETCTBYIOIIETO 000PYI0BaHHUS.

OOBI4YHO TIpH BBIOOPE (PUPM-TIOCTABIIMKOB 000PYIOBaHUS YIUTHIBAIOT CIEIyIOIIUe (haKTOPHI:
- (hakTop X1 - N3BECTHOCTH (PHPMBI IPOU3BOJAUTENSI 0OOPYLOBaHMS, KOTOPOE IMOCTABISAETCS Ha
POCCHICKHH PBIHOK;
- (paxtrop X2 - ypoBEeHb CEPBUCHOTO 0OCTYKUBAaHUSI, KOTOPBIA MOXKET MPEUIOKUTh (pupma -
MOCTaBIIMK 00OPYJOBAHUS;
- (pakrop X3 - ypoBeHb OpraHU3aLUH MPOJAK 000PYAOBAHUS, KOTOPBIN HMeEeT pUpMa -
MOCTaBIIMK O00OPYJOBAHUS;
- (pakTop X4 - COOTBETCTBUE MACTIOPTHBIX XaPAKTEPUCTUK MPUOOPETAEMOro 000pYyI0BaAHUS
peabHBIM BO3MOXHOCTSIM 3TOT0 00OpYyJOBaHUS;
- (pakrop X5 - mokazarens 3(h(HeKTUBHOCTB/IIEHAa MPpUOOpeTaeMoro 0o0opy0BaHus.

Kax npaBusio, rnpu Be100Ope GUpM-TIOCTABITMKOB 000PYI0BaHUSI OOBIYHO UCTIONB3YIOT METOA

9KCIEPTHBIX OLIeHOK. [locrne BpIOOpa (pupM-TIOCTABIIMKOB (WM OHOM (PHPMBI) CIICAYeT
IPUCTYIHUTH K BBIOOPY 000PYIOBaHUSI.

3.2 OcHOBHBIE 3TalbI H 0CO0EHHOCTH BbHIOOpPa 000pPYI0BAHMA
[TpunsTHe peenus o BI6OpY 000pyn0BaHMS MpeIyCMaTPUBACT HATMYNE LIEH U KPUTEPHEB

BBIOODA, a TAKKe ATbTEPHATUBHBIX BApUAHTOB, CPEIN KOTOPBIX MPOU3BOAUTCS BHIOOP HAMITYUILIETO
BapHaHTa 000pyAOBaHU [0 BBIOPAHHOMY KPUTEPHUIO.

Kputepuii — 370 ciocod cpaBHUTENIBHON OLIEHKH albTEPHATUBHBIX BAPUAHTOB, MOKa3aTelb
UX MIPEANOYTUTENBHOCTH. Pa3nnyator: ToKanbHbIe, HHTErpajbHbIE U KOMILJIEKCHbBIE KPUTEPUH.

JlokanbHble KPUTEPUH — 3TO, KK MPABUIIO, TEXHUYECKHE, U SKOHOMUUYECKUE MTOKA3aTeNIn
(YHKIIMOHUPOBAHHS PACCMATPUBAEMbIX aJIbTEPHATUBHBIX BAPHAHTOB 000PYIOBAHMS.

WHTerpaibHble KpUTEPUU MTPEACTABIISAIOT CO00M HA0OD JOKATIBHBIX KPUTEPUEB U
(bOpMHUPYIOTCS Ha OCHOBE Pa3JIMYHbIX MPABHUJI CBEPTKU 3TUX KPUTEPUEB B €AUHBIN KPUTEPHIL.

KoMrutekcHble KpUTEepUH MPEACTaBIAI0T cO00 HaOOp MHTErpaTbHBIX KPUTEPUEB U
(bOpMHUpYIOTCS Ha OCHOBE Pa3JIMYHbIX MPABHUJI CBEPTKH 3THX HHTETPAITbHBIX KPUTEPUEB B €IUHBIIN
KPUTEPHIA.
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IIpouiecc BbIOOpa BapraHTa 000PYIOBaHHS MOYKHO MPEACTABUTD B BUE ITOCIIEA0BATEIHLHOCTH
CIIETYIOIIUX 3TAIlOB:

1) cocraBrneHHe TEXHUYECKUX TPEOOBAHUI, IPEIBSIBIIIEMBIX K 000PYIOBaHUIO;

2) popmupoBaHue HabOpa aATbTEPHATUBHBIX BAPUAHTOB 000PYAOBAHHMS, TTOIJICIKALIHX
CPaBHEHHIO;

3) popmupoBaHue HabOpa JOKAIBHBIX KPUTEPUEB, T. €. MOKa3aTeNeH, C TOMOIIBI0 KOTOPBIX
OCYIIECTBISETCS CPAaBHEHUE aJTbTEPHATUBHBIX BAPHAHTOB, PEKOMEHAYETCs BHIOMpaTh He OoJiee
10;

4) popmupoBaHre HabOpa HEAOMUHUPYIOUIMX BAapUAHTOB, T. €. BAPUAHTOB, BXOIAIINX B
MHOkecTBO [lapero. Cpean HUX BBRIOMPAIOT HAWIYUIIUN BapHAHT;

5) onpenenenre k03(hOUINEHTOB BAXKHOCTH JIOKAJTBHBIX KPUTEPUEB, KOTOPHIC TOKA3bIBAIOT
CTeIeHb MPEBOCXOJICTBA OJTHUX KPUTEPUEB NIepe APYTUMH;

6) popmupoBanue HabOpa MHTETPALHBIX KPUTEPHUEB, T.€. MPABUII CBEPTKH JIOKAIBHBIX
KPUTEPHEB B €JMHBIN KPUTEPUHl, /U CpaBHEHHSI HEIOMUHUPYIOIIMX BAapHAHTOB U BbIOOpa
HAWJIYYILEero Cpeau HUX;

7) popMupoBaHue MOPs/IKA UCIIOIb30BAHKS UHTEIPATIBHBIX KPUTECPHEB;

8) mocnenoBaTenbHOE ONpPEEICHNE KOJTMYESCTBEHHOM OLICHKH CPaBHIUBAEMbIX BAPUAHTOB 110
KaXJIOMY U3 BbIOpaHHBIX HHTETPAJIBHBIX KPUTEPUEB;

9) popmMupoBaHUE KOMIIJIEKCHOTO KPUTEPHS, T. €. IPaBUIJIa CBEPTKHA MHTETrPATbHBIX
KPUTEPHEB;

10) BBIOOpP OKOHYATENHFHOTO BapHaHTa 00OPYIOBaHUS HA OCHOBE MHTETPAIbHOTO WIIH
KOMIUIEKCHOTO KpPUTEPHS.

OObIuHO MpH BEIOOpE 060PYAOBAHMS B KAYECTBE JIOKAIBHBIX KPUTEPUEB UCTIONIB3YIOT €T0
AKCITyaTallMOHHBIE XapaKTEPUCTHKU:
- TPOM3BOIUTEIBHOCTH (TpaH3aKIHii/C);
- cpenHee BpeMs 0€30TKa3HOM paboThI (ThIC.Uac);
- TAPAHTUIHHBINA CPOK PabOTHI (MecHIL);
- motpedasiemMast MOUTHOCTH (KBT);
, IPOCTOTA U YA0OCTBO HACTPOIKHN pabounX MapaMeTpoB;
- 3aTpaThl Ha MPOBEICHIE MPOPHIAKTHIECKUX paboT (yac);
- KQUeCTBO TEXHUYECKON U IKCIUTYaTallMOHHON JOKYMEHTAIlUH;
, CTOUMOCTb H T. [I.
3.3 Bbi0op mapeTo-oNTHMAJIBLHBIX BAPHAHTOB 000PY/10BaHMS.

Jnist orceBa HEA((HEKTUBHBIX ANbTEPHATUBHBIX BAPHAHTOB, T. €. BAPUAHTOB, KOTOPHIE HE
Jydlle IpyruxX paccMaTpUBAaEMbIX BAPHAHTOB 110 BCEM JIOKAIBbHBIM KPUTEPHUSM, CIETyeT
UCIIOJIb30BaTh METO 0TOOpa MapeTo-ONTUMANIbHBIX BAPHAHTOB. Takoi Moxo 1 mo3BoJIseT
COKpaTUTh YHMCIJIO BAPHUAHTOB, MOJUIEKAIIUX AaJIbHEUIIIEMY CPABHEHHUIO.

JIis mpakTH4ecKol peaqn3aiy 3TOro MeTo/1a PEKOMEH 1yeTCsl UCIIOJIb30BaTh CIE YOI
AJITOPUTM:

1) cTposAT TabAMIYy UCXOTHBIX BAPHAHTOB 00OPYIOBaHUS, ITOUICKAIINX CPABHEHUIO. B 3T0i

Tabmuie ykasbiBaror X j — UHMCICHHOC 3HAYCHHE J-ro BapuaHTa 000pYy0BaHUS 10 I-MY KPUTEPHIO;

2) crpost [lapeTo-onTuManbHy0 KBaApPaTHYO TaOIHIy A pasMepoM M x M, Te M — YKCio
CpaBHUBAEMbIX BapHaHTOB. [IprcBanBaIOT 1MaroHaJIbHBIM 3JIE€MEHTaM TaOIUIIbl 3HAUCHUS,

paBHbIC HYIIIO, a SNIEMEHTAM dj; — 3Ha4eHUs &; =1, ecim BapuaHT Bi mpeamournrensHee
BapuanTa Bj 1o Bcem Kputepusm, U g; =0, ecnu Bapuant Bi ycrymaer BapuanTy Bj x0Ts Obl

1o 0JJHOMY Kputepuio. Eciu B j-M cTonOue Tabauisl A BCe 2IEMEHTHI HyJIEBBIE, TO
COOTBETCTBYIOIIME BApUAHTHI OTHOCATCS K [TapeTo-onTumanbHbIM, a €Clii €CTh XOTsI Obl O7HA
eIMHUIIA, TO BaApUAHTHl UCKIIIOYAIOT U3 JaJbHEUIIEr0 pacCMOTPEHHSI KaK Hed((PEKTUBHEIE.
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3.4 Pacuer k03¢)(pHUHEHTOB BA’KHOCTH JIOKAJIbHBIX KPUTEPHEB
JInst BBraucIeHns: KO3 PUIHUEHTOB BaXKHOCTH (MJIM BECOBBIX KOA(PPHUIIUEHTOB) JIOKAJTBHBIX

KPUTEPHEB 11€7€C000pa3HO MPUMEHATh MeTo]1 6a30Boro Kpurepus. [Ipu ucrnons30BaHUM ATOTO
METO/Ia BBIMOJIHAIOT CIIEAYIOIINE ACHCTBUS:

1) pa30uBarOT Bce MHOXECTBO JIOKAJIbHBIX KPUTEPHEB HA IPYIIBI BAKHOCTH, IPH ATOM
caMbIe HECYIIECTBEHHBIC KPUTEPHH OTHOCHM K TIepBO# (0a30Boii) rpymie.

2) COCTaBISIIOT YPaBHCHUE HOPMHUPOBKHU JIOKAITBHBIX KPUTEPUEB, COTIIACHO KOTOPOMY CyMMa
KOA(PPHUIMEHTOB BAXKHOCTHU BCEX JIOKAIBHBIX KPUTEPUEB I0JDKHA OBITH paBHA €IUMHHULIE.

g
_Zlni ki ra=1 (3.1)
1=

I'me J - KOIMYECTBO IPYIII BaXKHOCTH JIOKAJIBHBIX KPUTEPUEB,;

Nj - KONUYECTBO JIOKATBHBIX KPUTEPHEB, KOTOPBIE BXO/AT B COCTAB I- O¥f rpymIBI

ki - KO3 PHUIMEHT, KOTOPHIH MMOKA3hIBAET CTEIIEHb IPEBOCXOICTBA KPUTEPHEB

I- 01 TPyl IO CPABHEHUIO C KPUTEPUSMU TIEPBOM TPYIIIIBI, TIPU STOM kl =1

@ - Ko>(pQUIMENT BaXHOCTH KPUTEPHEB MEPBOM FPYIIIBL, IPU 3ToM &y =0 - K, =«
3) ompenensitor K03 UIMEHT BXKHOCTH ( (X ) KPUTEPUEB MEPBOM IPYIIIIHI

g _
a=( 0 k) 1 (3.2)

4) onpenensror K03(pHUIIUEHTHI BAXKHOCTH (ai ) JIOKaJbHBIX KPUTEPHUEB, BXOMISIIMX B COCTAB
I- O¥f TpyIBI
Oli =a- kl (3.3)

5) BBINIOJIHSIOT MPOBEPKY YCIOBHSI HOPMUPOBKH JIOKAIBHBIX KPUTEPUEB

g
|

Cnenyet uMeTh B BUJLY, YTO

g
> N, =n (3.5)
=1
I'me N - KOJINYECTBO JIOKAIBHBIX KPUTEPUEB, 110 KOTOPHIM IIPOBOJUM CPaBHEHUE
aJIbTepHATHBHBIX BAPUAHTOB 00OPYIOBaHUSI.

3.5 Bb160op 000py10BaHMSA € HCNOJIb30BAHHEM HHTEIPAJIBHOT0 KPHUTEPHUSs
HawnGouiee yacTo MCIONB3YIOT CIEAYIONINE HHTETPATIbHBIE KPUTEPUU BBIOOpA HAMITYUILIET O
BapHaHTa 000pyIOBaHMs U3 HAOOpa abTepHATUBHBIX BapuaHTOB. [Ipu 3TOM JOKanbHBIMH
KPUTEPHUSIMH SBJISIOTCS IMOKA3aTeNd, MO KOTOPHIM MPOU3BOIAT CpaBHEHUE 000pPYIOBaHUS.
Kpumepuii 1 — B3BenieHHas cyMMa, MoKaszartenei cpaBHeHUsI 000py/JOBaHUS:
n
Y =max > aikjj. (3.6)
Jemi
rJe N — YHCIIO MOKa3aTelNeil CpaBHEHHST; M — KOJIMYECTBO BAPUAHTOB CPAaBHEHUS; CPABHEHHE |
BapuaHTOB 00opynoBanus ( j = 1, m) ocymectBisercs mo | mapamerpam (i =1, n); o —
k03 purreHT BaxxHOCTH I-r0 Mapamerpa cpaBHeHuUs. [Ipu 3TOM 00513aTENBHO JOJKHO OBITH
BBHITIOJIHEHO YCIIOBHE HOPMUPOBKH kputepues (2.4); Ki j — K02 GUIHEHT HOpMaH3ALMH,

OIpeIeIIsIET YPOBEHb COOTBETCTBUS I-T0 MapaMeTpa J-ro BapuaHTa HaWIydileMy 3HaYCHUIO,
0< ki j <1. Haumyummum BapuaHTOM 060pyI0BaHHUS ABNsETCS BapuaHT — | .
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[Tpu HOpMaNM3aIMK KPUTEPUEB THIIA «4eM OOJIbIle, TeM JIydine» (Hanpumep,
MPOM3BOAMTEIILHOCTD, TAPAHTUHHBIA CPOK pabOTHI U T. 11.) KOA(PPHUIUEHT HOPMAaIU3aIUN
HaXOJAT COTJIACHO BBIPAKEHUIO

X:.
|

JInst HopManu3aluy KpUTEpPHEB THIIA «4eM OOJIbIIe, TeM Xyxe» (Harmpumep, rabapuThl,
Macca, CTOUMOCTb U T. [1.) KO3(QPHUIIMEHT HOPMaIHU3aI[iH ONPEACISIOT U3 BHIPAKCHUS

X.—
ki ="1, 3.8
ij = X.. (3.8)
1)
rae Xi+ = max Xi i 3HAYEHHE I-TO JIOKAJIHLHOTO KPUTEPHs, COOTBETCTBYIOIIEE
J
MaKCHMAIbHOMY 3HAUCHHIO CPEIM CPABHUBACMBIX BAPHAHTOB pemenus; Xj = Min Xi j—
J

3HAYEHHE I-TO JIOKAJBHOTO KPUTEPHS, COOTBETCTBYIOIICE MHHUMAIILbHOMY 3HAYCHUIO CPEIH
CPAaBHUBAEMbIX BAPHAHTOB PELLICHHUSI.
Kpumepuii 2 — B3BelIeHHOE IPOU3BEACHUE MTOKa3zaTeNneil cpaBHeHUs 000pYyIOBaHUS:
n .
(04
Y, =max [T (ki;) ! (3.9)
I o Al
J em |:1
Kpumepuii 3 — mepa 61m30cTH TIOKa3aTesnell CpaBHUBAaEMbIX BapHaHTOB 000pYyI0BaHUS K
UiealbHOMY BapUaHTYy:

: n 2
Y| :mjm iéloti(l—kij) (3.10)

Kpumepuii 4 — mMakcUMUHHAas CBEPTKA WM FapaHTUPOBAHHbBIN PE3YNbTAT:

Y, :mj';lxmlin(aikij) (3.11)

Kpumepuii 5 — pamwxupoBaHue BapHaHTOB 000pyI0BaHUs 110 HAOOpy MoKa3aTesei
cpaBHeHUs (JIOKaJbHBIX KpUTEPHEB) M0 MeTony boppaa:

n
R.=3 K (3.12)
=
RI :mjin Rj (3.13)

roe I — padr (MecTo), KOTOPBIA UMEET |- BApUaAHT MO I-My ITOKA3aTEeIIo, IIPYA 3TOM 34 IIEPBOE
1

MECTO JaeTcs OJMH 0aul, 3a BTOpoe — JBa Oauia u T. . JlydmumM cuuraror Bapuant | ¢
HavMEHbLIEH CyMMOMN PaHIOB R| :

[Tpu HanMuMK Ka4yeCTBEHHBIX MOKa3aTenel CpaBHEHUsI HEOOXOIMMO MCTIONB30BaTh BEpOaTbHO-
YHCJIOBBIE LIKAJIBI, IO3BOJIIOLINE OCYILECTBIIATD IIEPEBO/] KAUECTBEHHBIX 3HAUCHUI B
KOJIMYECTBEHHbIE, HAIpHUMEpP THIIOBYIO BEpOAIBbHO-UHUCIIOBYIO HIKATY:

(00717 1¢ 15 (0 JNTU 1

OYEHB XOPOIIIO ..ccveeeeeriiiiiiiiiiieeeeeeenns 0,9
XOPOIIO vvveeeeiiiiiiiiiie e e 0,8
VY IOBIAETBOPUTEIBHO .......evvvvveeeeannnns 0,6
[TOCPEACTBEHHO ....ccveeeeiiiiiiiiiieeee 0,4
| 5300 ): <o T 0,2
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IIpumep 3.1. IIpoBenute cpaBHEHUE U PAHKUPOBAHUE TISITH BAPUAHTOB CEPBEPOB 10
IITU JIOKAJIbHBIM KPUTEPUSM, UCIIOJIB3Ysl B KAUECTBE MHTEIPAIbHOIO KPUTEPHS B3BELICHHYIO

CYMMY JIOKaJIbHBbIX KDUTEPUEB.

Cepsepa ¢ kooBbIMU HauMeHOBaHUsIMU B1—B5 cnengyer cpaBHUTH 110 YyeThIpeEM
KOJIMYECTBEHHBIM MapameTpaM (IIPOM3BOAUTEIILHOCTD, CpeIHEEe BpeMsi O€30TKa3HOM paboTHl,
CPOK rapaHTHH, CTOUMOCTh) U KaUeCTBEHHOMY NapamMeTpy (KauecTBO IKCILTyaTallHOHHOM
IOKyMeHTaIu) Bece mapameTpbl, 0 KOTOPBIM OCYIIECTBIISIETCSI CPAaBHEHHE CEPBEPOB, HMEIOT
OJIMHAKOBBIN KOA(PPHUIMEHT BaXKHOCTH, paBHbIH 0,2.

Vcxonubie JaHHbIe CPaBHUBAEMBIX CEPBEPOB MPUBE/CHHI B Ta0. 3.1.

1
IToxa3zarenu paboThl cepBepoB Tabnuya 3.
[MTokazarens pabOTHI 3HaueHue NoKa3aTessi paboThl BapuaHTa cepBepa
(JIOKaNbHBINH KPUTEPHIL)
B1 B2 B3 B4 B5
[Tpou3BOAUTENBEHOCTH 100 90 80 100 90
(TpaH3aKumii/c)
Cpennee Bpems 6€30TKa3HOM 450 500 400 450 500
paboTsI (ThICSY Yac)
Cpoxk rapantuu (Mecsiy) 24 18 36 24 12
KauecTBo nokymeHTanuu ot 04.X0p XOp XOp X0p
CroumocTs (yci en) 35000 33150 31500 | 35000 31500
Pewenue. B Tabn. 3.2 npuBeeHbI pe3yNbTaThl ONAPHOTO CPABHEHUS BAPUAHTOB C IIEJIbIO
0TOOpa CpeIy HUX MapeTO-ONTHMAIBHBIX BAPUAHTOB.
Tabauya 3.2
CpaBHeHHE BapHaHTOB TOYEK J0CTymna Ha [lapeTo-onTUManbHOCTh
BapuanTt Bapuant cpaBHeHust
CpPaBHEHHUS B1 B2 B3 B4 B5
B1 0 0 0 1 0
B2 0 0 0 0 1
B3 0 0 0 0 0
B4 0 0 0 0 0
B5 0 0 0 0 0
Pesynprar 0 0 0 1 1
CpaBHEHUSI
[Tapero- [a [a Ja Her Her
ONTHMAJBHOCTh
BapuaHTa

AHanu3 IpUBEICHHBIX JAHHBIX [TOKA3bIBAET, YTO BapuaHT B4 HU 10 0JTHOMY IOKa3aTeNto He
IIpeBOCXOAUT BapuaHT B1, a Bapuant BS Hu 10 01HOMY MOKa3aTEN0 HE IPEBOCXOANUT BapUAHT
B2. Tloaromy Bapuantsl B4 u B5 MOXHO UCKIIIOUUTH U3 JaibHEHIero paccMoTperust. Takum
o0pa3om, 3a/1a4a yrpoIaercs: Heo0X0IMMO CpaBHUTH TOJIbLKO TpH Bapuanrta (B1l, B2 u B3) mo
ISITH TTapaMeTpaM M BbIOpaTh CpeIy HUX HAWTYUYIINHA BapHaHT.

Jlnst mepeBo/ia KaueCTBEHHBIX TApaMETPOB B KOJIMYECTBEHHBIE UCIIONb3yeM BepOalIbHO-
YUCIJIOBYIO LKAy, IPUBEIECHHYIO paHee.

Hcnonb3ys Beipaskenus (3.7) u (3.8), mpeoOpazyeM UCXOIHbBIC 3HAUCHHS TIOKa3aTeIen
paboThI BAPHAHTOB CEPBEPOB, MIPUBEACHHBIE B Ta0. 3.2, B HOPMAJIN30BaHHBIC 3HAUCHUS,
KOTOpBIE MpUBEACHBI B Ta0MI. 3.3
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HopmanuzoBaHHble 3Ha4eHUs TTOKa3aresnel paboTel cepsepoB  Tabauya 3.3

[Toxa3zarens paboTHI Kospdunment HopmanuzoBaHHOE 3HaUEHHUE NTOKA3ATENSA
Ba)KHOCTHU paboThl BapuaHTa TOYKH JIOCTYIA
MoKa3ares B1 B2 B3
paboThI

[Tpon3BOAUTENBHOCTD 0,2 1,00 0,90 0,80

Cpennee Bpems 6€30TKa3HOM 0,2 0,90 1,00 0,80

paboThI

Cpok rapanTuu 0,2 0,66 0,50 1,00

KagecTBO OKyMeHTaIUU 0,2 1,00 0,90 0,80

CroumocTb 0,2 0,90 0,95 1,00

n
Yj _ leai kij 0,892 0,850 0,880

OrieHKa UHTETPAILHOTO KpUTEpHs 110 BeIpakeHuio (3.6) npuseneHa B Tadi. 3.3, Ananmms
TIOJTyYEHHBIX PE3YJITATOB MO3BOJISIET MPEICTABUTH PAHKMPOBAHUE CPABHUBAEMbIX BAPUAHTOB TI0
cTerneny ux npeanoututensHocty B Buge Bl > B3 > B2, npu stom B1 — nantyunmii Bapuan.

[Tpu cpaBHEHUH CEPBEPOB, B KaU€CTBE JOKAJIBHBIX KPUTEPUEB, PEKOMEHAYIOT
UCIOJIb30BATh CIEAYIOINE TEXHUYECKHE apaMeTphl cepBepa:
- TAaKTOBAas YacTOTa M YMCIIO MIPOLIECCOPOB U/UIIH SJEp B CEPBEPE;
- TakToBas yactota Kam namsitu yposueii L1, L2 u L3;
- 3aziepKku 1 00bembl Ko mamsitu yposneit L1, L2 u L3;
- TAaKTOBAas YacTOTA U Pa3psAHOCTh BHEIIHEH IIMHBI IIPOLIECCOPA;
- TaKTOBAs YacTOTa U pa3psiaHOCTb oneparuBHOU mamstu (OI1);
KOJIMYECTBO KaHaNOB foctymna u 0obsem (OIT);
TaKTOBAsl 4YaCcTOTa U pa3psiAHOCTH mHH cemerictBa PCI;
XapaKTepUCTUKU UHTEpdeiica )KeCTKOro JIUCKa;
CKOPOCTB BPAIICHUS IITUHACIS KECTKOTO JIUCKA,
- cpeaHee BpeMs JIOCTYIa K HWIMHAPY )KECTKOTO JIUCKa,
o0beM Komr-namsatu ¥ namMsiTH )KeCTKOTO JTUCKa,
YHCIIO0 TMCKOBBIX HAKOIMTENEH B CHCTEME.

3.6 BbiOop 000pya0BaHuUs ¢ MCIOJIb30BAHHEM KOMILIEKCHOTO KPUTepHs
KomruiekcHbIi KpuTepHii MOXKHO (POPMHUPOBATh HA OCHOBE JIFOOOTO MOJIX0/1a, UCIIOIB3YEMOTO
JUIsl TIOJTy4EHUs] HHTerpaibHOro Kputepus. Hanbomnee yacto npumenstor metoa bopra.
[TpuMeHeHne KOMIUIEKCHOTO KpUTEpHUs K BEIOOpY BapHaHTa 000py10BaHHS
IIPEyCMAaTPUBAET TOCIIEN0BATEIBHOE BBIIIOJHEHUE CIEAYIOLIUX ATAMOB.
Ortan 1. PopMHUpoBaHUE UHTETPAIHBIX KPUTEPHUEB U pacyeT HX YMCICHHBIX 3HAUCHUM
JUTSL KaXK/I0TO CPaBHUBAEMOT'O BapHaHTa 000pY/IOBaHUs C MCIIOJIB30BaHUEM BbIpaxkeHui (3.6 —
3.12).
Oran 2. [lonapHoe cpaBHEHHE HMCXOHBIX AIbTEPHATUBHBIX BAPMAHTOB 000PYIOBaHUS IO
BCEM MHTETpaJIbHBIM KpuTepusaM Ha [lapero — ontuManbsHOCTh U HckimtoueHue Ilapero -
HEONTUMAJIbHBIX BAPHAHTOB 000PYIOBaHUS M3 JAIbHEHIIEr0 PACCMOTPEHUS.
Ortan 3. PanxupoBaHue cpaBHUBAEMBIX BApUAHTOB 000PYIOBaHMS MO CTETEHU MX
IIPEIIOYTEHUSI 10 KaXKIOMY HHTETPAIbHOMY KPUTEPHUIO
Cocrasisiem TabnuILy, B KOTOPOH YHCIIO CTPOK (N) COOTBETCTBYET KOJIUYECTBY
UCIIOJIb3YEMBIX MHTETPAIbHBIX KPUTEPUEB, a YMCIIO cTOIOIOB (M )— KOJMYECTBY CpaBHHUBAEMBIX

aJIbTEPHATUBHBIX BAPHUAHTOB 000PYOBAHUSA. DINEMEHT TAOIHUIIbI (ri j ) pezcTaBiseT co0oi

paHr, KOTOPBIH COOTBETCTBYET j-My BapUaHTy 000pYJIOBaHHUS COTIACHO I-MYy UHTET PATLHOMY

kputepuio. 1< £ i <m
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[TpaBuio 3anosHeHNs TaOIUIBI OCHOBAHO Ha UCIIOJIB30BAHUN METOAA IPSIMOTO
pPaHXHPOBaHKS BApUAHTOB, COTJIACHO KOTOPOMY 3a IEPBOE MeCTO (HamIydllee 3HAYCHUE 110
paccMaTpruBaeMOMY KPUTEPHIO) IaeM OJWH 0ajul, 3a BTOpOe MECTO — JiBa Oauia u T. .

Oran 4. Pacuer 3HaueHUsI KOMIUIEKCHOTO KPUTEPUS AJIs KaXA0r0 BapHaHTa
CpaBHHUBAEMOI0 00OPYAOBaHUs, T.€. BEIUUCIEHHE CYMMapHOTO paHra 000py10BaHUs.

Cymmapnbiii panr (R i) ] -ro BapuanTa 060pyI0BaHHs ONpeAeAioT 1o dpopmyie (3.12),

UCIIOJb3Ys Kputepuil bopra.

Ortan 5. PamxupoBanue BapuaHTOB 000PYA0BAHHS COTIACHO KOMIUIEKCHOMY KPHUTEPHIO,
TIPM STOM HAWTYYIIMM BapHAHTOM BEIOOpa o6opynoBanus spuserca Bapuant (1), mns

KOTOPOTo BbINOJHSIETCS yeaoBue (3.13).

IIpumep 3.2. Pe3ynbTaThl cpaBHEHHS TPEX BAPHAHTOB CEPBEPOB I10 MATH MHTETPAIbHBIM
KPUTEPHM MPHUBEICHBI B Ta0I. 3.7. BriOepuTe HammydIIuii BapuaHT cepBepa U3 4ucia

CpaBHMBAEMBbIX, UCIIOJB3Yys noaxoa bopaa.

WHTerpanbHble KpUTEPUU CPABHEHUS CEPBEPOB Tabnuua 3.4
NHTrerpanbHblii KpUTEpUN 3HaueHUe KpUTEpus 1Jis BapuaHTa CEpBeEpa

Bl B2 B3

B3BemeHHast cyMMa JIOKaJIbHBIX KPUTEPUEB 0,92 0,90 0,88

B3BeneHHOe Npou3BeieHUE JIOK KPUTEPHEB 0,14 0,10 0,10

Mepa 0n130cTH OKazaTeneil CpaBHEHHS K 0,60 0,65 0,65

U/ICJIbHOMY 3HAYCHHIO

MakcuMUHHAs CBepTKa HJIM FapaHTHPOBAHHBIN 0,55 0,55 0,55

pe3yJbTat

CyMMa paHroB BapuaHTa CepBEpa C YYETOM €ro 11 9 10

JIOKaJBHBIX KPUTEPHEB 10 MeToay bopao

Pemenne. Ha ocHOBaHMY JaHHBIX, IPUBEACHHBIX B Ta0i. 3.7, cocTaBisieM TaOIHUIy paHTOB

CpaBHHMBaeMbIX BapuaHToB (cM. Tabi. 3.8 ), UCIONB3ys NPUBEICHHOE PaHee MMPABUIIO e

3aI10JIHEHHUS.
Panru BapuaHTOB 10 MHTETpabHBIM KPUTEPUIM Tabnuya 3.5
. . Panr Bapuanra cepsepa 1o
WuTerpanbHblil KpuTepuit
KPUTEPHIO
B1 B2 B3
B3BenienHas cymma rokasaresnieil CpaBHEHUS 1 2 3
B3BenienHoe npousBeieHue nokasarenei 1 2,5 2,5
CpaBHEHHS
Mepa Gn130cTH oKazaTeneil CpaBHEHHS K 1 2,5 2,5
ucaIbHOMY 3HAYCHUIO
MakcuMuHHas CBEpPTKa WM TapaHTUPOBAHHBIN 2 2 2
pe3ynbTar
Panr BapuanTa cepBepa 1o Habopy JOKATBHBIX 3 1 2
KpuTepues 1o meroay bopno
CyMMa paHToB BapuaHTa cepBepa 1o Habopy
UHTETpalbHbIX KpuTepueB KoMiiekcHbIi 8 10 12
5 n
kputepuii I i~ igl h i

3HaveHMsI KOMILICKCHOTO KPUTEPHs BEIYUCIICHBI 110 opmyie (3.12) u npuBeeHbI B Ta0II.
3.8., mocnenHsst crpoka. PamxupoBaHUE BapHaHTOB 000PYIOBaHMS, MPOBEJCHHOE COTIIACHO
3HAYCHUSI KOMILIEKCHOTO KpUTepUs 1O BeipakeHUio (3.13), moka3siBaeT, 4TO 000PYA0BaHHUE
CIIelyeT pacroyIoKuTh B ceayromeM nopsaake Bl > B2 > B3, npu stom Bapuant Bl

SABJISICTCA HAWJITYYIIHNM.
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Jleknus 4. CTpyKTYypupOBaHHbIEe Ka0eJbHbIe CHCTeMbl. ATMUHUCTPHPOBAHHUE
Ka0eJbHBIX cucTeM. MaTeMaTH4YeCKHe MeTOAbl BbIOOPAa MAPLIPYTAa NPOKJIAIKH
Ka0eJIbHBIX CHCTEM IIHHHOM M KOJIbIEeBOI apXUTEeKTYpPbI 1J1s1 opranusanun ACOUnY

4.1 OcHOBBI CTPYKTYPHPOBAHHBIX Ka0eJIbHBIX CHCTEM

CrpykrypupoBanHas kaOenbHass cuctema (CKC) mnpencraBinser co0oll 3aKOHYCHHYIO
COBOKYITHOCTbH KaOesel CBSI3UM M KOMMYTAI[MOHHOTO 000PY/I0BaHUs, OTBEYAIOUIYIO0 TPEOOBaHUAM
CJIEYIOIUX HOPMATUBHBIX JOKYyMEHTOB:

I'OCT P 53245-2008 «Cucrembl kKabenbHblEe CTPYKTYpHUpOBaHHBIE. MOHTaX OCHOBHBIX
Y3J10B CUCTEMBI».

I'OCT P 53246-2008 «Cucremsl kabenbHbIE CTPYKTypHpoBaHHbIe. [IpoexTupoBanue
OCHOBHBIX y3JIOB CUCTEMBD».

PaccMoTprM OCHOBHBIE TEPMUHBI, UCIIOIB3YEMBIE B 3TUX JOKYMEHTAX:

e kabenpbHass CcHCTeMa —  COBOKYINHOCTh  TEIIEKOMMYHMKALIMOHHBIX  KaOenedl u
TEJIEKOMMYHUKALMOHHBIX YCTPOMCTB, IpeHa3HaueHHbIX I noakitoueHus k UBC pasnuunbix
CETEBBIX YCTPOMUCTB;

e CTPYKTYpUpOBaHHasi KalOenbHas cucremMa — KaOenbHas cHCTEMa C ONpeAeTICHHOMN
CTPYKTYpO#, cOCTOsIIAsi M3 IMOJCUCTEM U CTaHJAPTHU30BAHHBIX 3JIEMEHTOB, O0OECIEYMBAIOIIAS
TEXHHYECKUE TapaMeTpbl KaOelbHbIX JMHUNA Ha 33aJaHHOM YpOBHE M CMOHTHUpPOBAHHAs
UCTIOJIHUTENIEM, UMEIOIIUM CEepTU(HKAT;

e [I0JIb30BATENh — MOTPEOUTENb, BIAACIOIINI KaOeIbHON CHCTEMON;

e KaHaJ — KaOeJb, COeTUHSIOMUIN 1BE TI00bIe €UHHUIIBI CETEBOTO 000PYI0BAHMS;

e TOpU3OHTaNbHas KalenbHas mojacucreMa — kabenbHas mojacucrema CKC, Biirouaromias
TEJIEKOMMYHUKAIIMOHHBIE PO3ETKH; TOPU3OHTAJbHbIE KaOenH, pacrpelenuTenbHble YCTPOICTBa,
YCTAHOBJICHHBIE B PACIPEACIUTEIIBHOM IIyHKTE;, KOMMYTALMOHHBIE IIHYPHl U IIE€PEMBIUKH,
ITOAKJIFOYEHHBIE K PACIIPEIEIUTEIbHBIM YCTPOMCTBAM B PACIPEAEIIUTEILHOM ITYHKTE;

e MarucrtpajibHas KabenpHas mojcuctema — kaOenpHas noacuctema CKC, Bkitodaromias
MarucTpajibHble Kabenu U oOecreunBaonasl B3auMOCBsI3b C BHEIIHUMHU CETSAMHU, CBS3b MEXIY
3IaHUAMU, a TAKXKE CBA3b MEXKAY Pa3HBIMU PACIPEAECIUTEIILHBIMU ITYHKTAMHU.

Cornacao 'OCT P 53246-2008, ympouieHHYI0 cXeMy B3auUMOJAEHCTBUS (DYHKIMOHAIBHBIX
3NIeMEeHTOB, BXxoasamux B coctaB CKC, MOXKHO MpeCcTaBUTh B CIAEAYIOLIEM BHUJIE!
0-—-0---0---0---0---0

MC IC HC CP TO WA

rae: Work area — WA — (pabouee MecTo);
Telecommunications outlet - TO — (TenekOMMYyHHKAIIMOHHAS PO3ETKA) ;
Consolidation point - CP — (koHconugalioHHas TOYKa);
Horizontal cross - HC — (ropu3oHTaibHbIi KPOCC);
Intermediate cross- IC — (mpoMexxyTOYHBIH KpOcc);

Main cross - MC — (rimaBHBII Kpocc).
CKC conepkuT cremyromiie BUabl KaOeIbHbIX TOICUCTEM:

e KkaOenpHas MOJCUCTEMa paboyero Mecta, coenunsromas po3etku (TO) ¢ obopynoBaHuem
Ha pabounx Mectax (WA);

e TOpU3OHTAJbHAS KaOeibHas MOJCHCTEeMa, COeUHsomas ropusoHTaibHbie kpocchl (HC) c
TEJICKOMMYHUKAIMOHHBIMU po3eTkamu (TO);

e MarucTpajibHas KaOejibHas MOJCHCTEMa BTOPOTO YPOBHS, COCIHMHSIONIAS MPOMEKYTOUYHBIC
kpoccsl (IC) ¢ ropusontansabiMu kpoccamu (HC);

e MarucTpajibHas KaOellbHas MOJCHCTEMa IIEPBOTO YPOBHS, COCIHMHSIOIIAS TJIABHBIA KpPOCC
(MC) ¢ npomexyrounbivu kpoccami (1C).
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4.2 TlpaBuj1a NOCTPOEHHUS CTPYKTYPHPOBAHHBIX Ka0eIbHBIX CHCTEM

PaccmoTpum ocHoBHBIE nTpaBuiia noctpoenus CKC:

® MarucrpajibHas KaOenbpHas moACucCTEMa MOXKET COACPKATh TOJIBKO OJUH IJ1aBHEII KpOCC,

® BCC TOPU3OHTAJIBHBIC KPOCCHI COCAUMHAIOTCA C TIJIaBHBIM KpPOCCOM HAMNpsIMYIO MWK 4YCpPEe3
IMPOMEXKYTOYHEIC KPOCCHI,

® MCKIY TTFOOBIM TOPU3OHTAJIBHBIM KPOCCOM U TJIaBHBIM KpPOCCOM IOJIZKHO ObITH HE OoJee OJHOro
MPOMEXYTOYHOI0 KpOcca;

® MCKAY HABYMA TIOOBIMM T OPHU3OHTAJIBHBIMU  KpOCCaMHU  MOXCT ObITh He Oolee TpEeX
KOMMYTAIIUOHHBIX IECHTPOB,

® KOMMYTAallMOHHBIC ICHTPLI MaFHCTpaHBHOﬁ KaOembpHOM MOACUCTEMbBI HNOJIKHBI pPACIiojiaraThbCsa B
IIOMCHICHUAX TGHCKOMMYHHKaHHOHHOﬁ nim annapaTHOﬁ;

e 000OpyZOBaHHME TOPU3OHTAIBFHOTO Kpocca MAOKHO pa3MelaTbesi B TEIEKOMMYHUKAIIMOHHOM,
MPOMEXYTOUHOTO Kpocca — B alnapaTHOH, a 00OpydoBaHWE TIABHOTO Kpocca — B IOMEIICHUH
TOPOJICKOTO BBOJA,

e 30Ha, OOCIYy)XHMBaeMas KOHCOJNUJALIMOHHOM TOYKOW, JOJDKHA conuepxarb He Oonmee 12 paboumx
MECT,

e xabenbHas noncucrema pabodero mecta (TO — WA) nomxna umersb aiuny He Oonee 10 m;

e ropusoHTaNbHas KabenbHas noacucrema (HC — TO) nomwkHa umers auuny He 6oiee 90 m;

e wmaructpanbHas nogcucrema 3aanus (IC — HC) nomxna umers muny He 6onee 300 m;

® COBMECTHAs MarucTpaibHas nojacucrema 3nanus u kamnyca (MC — HC)  nomkHa uMmeTh JMHY
He 6onee 2 000 m.

4.3 IlpenmylecTBa U HEAOCTATKH CTPYKTYPHPOBAHHBIX Ka0eIbHbIX CHCTEM
CTpyKTypUpOBaHHbIE KaOelbHbIE CHCTEMBI II0 CPaBHEHHIO C OOBIYHBIMHM KaOeIbHBIMHU
crucTeMaMM 00J1a/1at0T CIeNYIOIUMH PEUMYIIECTBAMM .

e HaJIU4YMEM €IUHOM KaOeJIbHOM CUCTEMBI JJIA TIepeavu JaHHBIX, I0JIOCa U BUJCO,

¢ IIPUMCHCHUCM Ha pa60‘-II/IX MECTaX YHHUBCPCAIBbHBIX PO3CTOK,

® BO3MOKHOCTBIO IJIUTEILHOM SKCIUTyaTaqun KaOeIbHOU CUCTEMBI,

¢ YMCHBIICHUCM 3aTpaT BPECMCHU HA ITOUCK U YCTPAHCHHUC HCHCHpaBHOCTeﬁ;

¢ MOAYJIBbHOCTBbIKO HOCTPOCHUA CKC, YTO MNO3BOJIICT HAapallUBATh YHUCJIO KOMIIOHCHTOB H
IO AKJIFOYAaTh 060py,HOBaHI/Ie B I1000H TOYKE 3JaHUA 0e3 CYIIECCTBCHHBIX 3aTpaT Ha
JAOIIOJITHUTCIIbHBIC MOHTAaXXHBIC pa6OTBI;

® MCIOJb30BAHUEM CTAHAAPTHBIX KOMIIOHCHTOB M OCHACTKH,

e MHUHHMAaJbHON YHCICHHOCTHIO O6CJ'Iy)KI/IBaIOH_[CFO IepcoHaa,

® BO3MOXXHOCTBIO CO3JaHHA CETH C KOM6I/IHI/Ip0BaHHOI71 Cpr’[(TypOfI, KOTrJa B OJHOM CETU
HCIIOJIb3YIOTCH BOJIOKOHHO-ONTHYECKHUM U MEIHBIN Ka6en1/1;

e MUHHUMH3AIHEH (I)I/IHaHCOBBIX 3aTpaT npu U3MCHCHHUU KOH(I)I/IpraI_II/II/I KaOeIIbHON CHCTEMBI

B CJIydac €€ MOACPHU3alIMU WIHW PCOPraHU3aInu.

K nenocrarkam CKC cnenyer 0THECTH BBICOKYIO CTOUMOCTD CO3JaHUS U
OOJIBIIOI CPOK OKYAEMOCTH.

CrpykTypupoBaHHbI€ KaOeIbHBIE CUCTEMBI LI€IECO00pa3Ho co3aBaTh B ocHOBHOM Jutst JIBC,
HacuuThIBaromux He MeHee 50 padounx mect. [pu noctpoennu CKC kabenb 00bI4HO
PEKOMEHIYIOT POKJIAIbIBATh y MOTOJIKA B MOABECHBIX KaOEIbHBIX JIOTKAX WM B KOPOOax Mo
(banbLInonoM.

CpaBHUTENIbHBII aHATIN3 PA3THYHBIX BAPUAHTOB MPOKIIANKH KaOes MOKa3bIBaeT UX
CIEAYIOLINE JOCTOMHCTBA U HEJJOCTATKH:

e IIpU NPOKJIAJKE Y MOTOJIKA B MOJBECHBIX KaOSMBHBIX JIOTKAX Kabenb Oosiee TOCTYIeH A
yCTpaHEHUs HENOJIaJ0K, HO TpeOyeTcst 00JIbIIOE KOJUUECTBO KPEMEKHBIX IPUCIIOCOOICHUH;

e IIpH NPOKJIAJIKE MOJ (hagbILINONIOM yCTpaHCHHE HENOJAaZOK MOXKHO IPOBOAUTH TOJBKO B
Hepabouee BpeMsl, HO IIPU 3TOM TpeOyeTcsl HEOOIIbIIIOE YHUCIIO0 KPEHEKHBIX IIPUCIIOCOOIEHNUIL.
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4.4 Buapl rapaHTHH CTPYKTYPHPOBAHHBIX Ka0eJbHbBIX CHCTEM
[Tpouzsoautenn CKC 0OBIYHO NpPEAOCTaBISAIOT TPU BUJA TapaHTHHHBIX 0053aTENBCTB!
0a30ByI0 rapaHTHIO, CUCTEMHYIO TapaHTHIO, TAPAHTUIO PAOOTHI MPHIOKESHHH.

bazoBasi rapaHTusi 03HAYaeT, YTO HU OJWH KOMIIOHEHT KaOelbHOUH CHUCTEeMbl HE HMEET
MIPOU3BOJICTBEHHBIX J€(PEKTOB M TMPH HCIOJB30BAaHUM B COOTBETCTBHH C TEXHUYECKUMU
YCIIOBUSIMU IIPOCIIYKUT BPEMsl, YKa3aHHOE IIPOU3BOJIUTEIIEM.

Cucremnas rapanTtus npepocrasisiercss Tonbko Ha CKC, ycTraHOBIEHHYHO IO BCEM
npaBwiaM. CpoK 3TOro BHJA TapaHTHM ONPENENAETCS NPOU3BOIUTEIIEM U MOXKET COCTaBIAThH

15-25 ner.

'apantust pa®oOThl NPUIOKEHUH O3HAYACT, UTO TMPABWIBHO CMOHTHPOBAHHAs U
ycranoBieHHas CKC crioco6Ha noaiepkuBaTh paboTy MPHI0KEHHUH .

JlokymenToM, noareepxaatormuM Hanuuue y CKC rapanTuu Toro wim MHOTO BUJA, SBIISETCS
cepTU(HKAT MPOU3BOAUTEINS YCTAHOBICHHOTO UM 00pasia.

4.5 YcTaHOBKA M IKCILUIYaTAUMsl CTPYKTYPHPOBAHHBIX Ka0eJbHbIX CHCTEM
Okcruryaranus u oocimyxuanue CKC tpeGyeT MeHble CpeCTB MO CIIEYIOUIMM IPHYNHAM

e YMCHBIIIACTCS IITAT COTPYAHUKOB IO OOCITYKHBAaHUIO KaOSIbHON CHCTEMBI;

e MHUHMMH3HPYIOTCS 3aTPaThl HAa MIOMCK HEUCIIPABHOCTEH B KaOCIIBHOM CHCTEME
M BOCCTaHOBJICHHE €€ pabOTOCIIOCOOHOCTH,

e MHHMMU3HPYIOTCS 3aTPaThl Ha MIEPEKOH(PUTYPAITHIO KaOCITHbHON CUCTEMBI;

e MHHHMH3HPYIOTCS 3aTPaThl HA IMOIKIIOYCHUE HOBOTO 000PYAOBaHUS MPH
MOJCPHHU3AIMHN U PEOPraHu3aIiu CETH.

Cornacao HopMaTtuBHBIM JoKyMeHTaM, B CKC pexoMmeHayeTcss ncnoyib30BaTh
CJIEAYIOIIHNE TUIIbI KaOeeun:

o Ka0enu «HedIKpaHWPOBAHHAS BHUTAs Mapa» karteropwii 3, 5, 5E, 6 u T. 11.;

e Ka0enu «IKpaHWPOBAHHAS BUTAsS Mapay;

e BOJIOKOHHO-ONITUYECKHE Ka0eln, KOTOPbIE KOHCTPYKTHBHO JOJDKHBI  OBITH
IIOCTPOCHBI HA OCHOBE MHOI'OMOJOBBIX ONTHUCCKUX BoJoKoH 50/125 wmm 62,5/125
MKM HJIH OJTHOMOJIOBBIX ONTHYECKHX BOJIoKoH 10/125.

['OCT P 54429-2011 3ampemiaeT HCMONBb30BaHHE B KOHCTPYKIMH KaOeneil
CKC «BuTas mapa» NpOBOAHUKOB C JUAMETPOM TOKOIMPOBOMSIIEH KWIIBI MEHEE
0,5 MM., mpu 3TOM nocTaTouHO MHPOKO B coctaBe CKC mcmonb3yroTcs kadenn
23AWG c¢ nuamMeTpoM TOKOIPOBO e Kmibl TipuMepHo 0,56 MM.

[lepeunciiiM OCHOBHBIE PEKOMEHALINU 110 yCTaHOBKE U MOHTaxXy CKC:

e Tunn kabGenbHoU mnpoBogku CKC cnenyer BbpIOMpaTh € yYETOM BCEX
MpEeabABIAEMbIX K HEMl TpeOoBaHUH U yKcia paboOYynuX MECT CETH;

e CKC cnenyer ycTaHaBIMBaTh C yUETOM yBEIWYEHUE YHUCIa pabOUYnX MECT Ha
30 % u o6beMa nHPOPMAITMOHHBIX TIOTOKOB B 2 pasa,;

e KaJ0€ pabouee MECTO JOJHKHO OBITh OCHAIIEHO JIByMsS aOOHEHTCKUMU
posetkamMu Tuna RJ45, mosromy Kk TakoMy paboueMy MecTy HeoOX0IUMO
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MPOJIOKUTH JIBa KaOessl TUIIAa «BUTAs Mapa» JJisi COEJUHEHUS YKa3aHHBIX PO3ETOK C
KOMMYTAIIMOHHOW MaHeNblo;

e CIEIYyEeT MPEelyCMOTPETh PE3EPBHBIC pabOUne MECTa C PO3ETKAMHU,

e niepen MoHTaxoMm kaOeneir CKC cremyer ux IpoBEpSITh Ha COOTBETCTBHUE
MaCMOPTHHIM 3HAUYCHUSM KJIFOUEBBIX XapaKTEPUCTUK TAHHOTO TUIA Kabes,

e TIpU MOCTPOEHUU CKOPOCTHBIX ceTell, mocTpoeHHbiXx Ha 0Oaze CKC, crnenyer
YUUTBIBATh JOMYCTUMYIO JUIMHY KaOenpbHOTO TpakTa. Tak, Hampumep, 1uis JIBC 10
Gigabit Ethernet ma O0a3e kaOeneii «BHWTass mapa» KaTeropuu 6, 3a CUeT
YBEIIMYEHHOTO0 3aTyXaHWsl CUTHaJa B KaOele, cymMMapHas MPOTSKEHHOCTb
y4acTKa, COCTOSIIIErOo W3  KaOelbHON MOJICUCTEMBI pabdouero MecTa IUTIoC
TOPHU3OHTAIBHOM KaOeIbHOH MOJCUCTEMBI, JOJDKHA OBITh CHMXKEHA 10 37 M WU
55 M (B 3aBHCHMOCTH OT YPOBHS IIOMEX ) IO CpaBHEHMIO ¢ 00baHbIMU 100 M.;

e WCXOJHOE 3aroJHeHnEe KOpoOoB KabemssMu MoJKHO ObITh He 60mee 50 %;

e mpuoOpeTas WM apeHays 3JaHue U nomenieHus ¢ yxe ycranoineHHoit CKC,
00s13aTeIbHO M3YYUTE CTPOUTEIBHYIO, TEXHOJOTMYECKYI0 U DKCILTYyaTallHOHHYIO
nokyMeHTario Ha CKC, 4ToObl MUHUMHU3UPOBATh 3aTpaThl Ha €€ IKCILTyaTallHIo,
MOJEPHU3ALMIO U JAIbHENIIEE PA3BUTHE;

e npu yctaHoBke CKC He crmenyer HapymaTh IpaBwia 3JIEKTPOMAarHUTHOMN
coBMecTUMOCTH. Bce mpoume kabenu U Aaxke JaMiibl JHEBHOTO CBETA JOJIKHBI
HAXOJUTKCS HA paccTosTHUH HEe MeHee 60 cM oT HH(MOPMAITMOHHBIX KaOele;

e TpOKJIaaKa culloBbIX kabenel B kopobax CKC He nomyckaercs;

e He ponyckaercs npokiaaka CKC BOIM3M OTONUTENLHON CUCTEMBI;

e st CKC HY>XHBI T€XHOJIOTUYECKUE TOMEIIIECHHUS;

e Ha TMPAKTHKE C YYETOM TMEpPCHEKTUB pPa3BUTHUS (PUPMBI 11€I€CO00pa3HO

UCII0JIb30BaTh METOAUKY MOATANHOro BHeApeHus u punancuponanus CKC.
3a cpok skcruryaraun ACOUnY ¢ 1enbio yA0BIETBOPEHUS MOTPEOHOCTEN MOIb30BaTeNIei
4acTo MepexoAT Ha OoJiee NPOU3BOIUTENBHYIO M OTKa30yCTOMYMBYIO IIATHOPMY, HCIOIB3YIOT
OIITOBOJIOKHO.
[Ipu ycranoBke u ucnonp3zoBanuun CKC o1Ha U3 OCHOBHBIX MPOOJIEM — ATO YCKOpPEHHE
npoliecca cepTudukannu KabeabHol HHYPACTPYKTYpHI.

4.6 Ilpouecc cepTuGUKAIUN CTPYKTYPHPOBAHHBIX Ka0eJbHBIX CHCTEM
PaccmoTpuMm ocHOBHBIE 0coOeHHOCTH Tpolecca ceprudukanun CKC
[Tpouecc ceprudukanmu CKC Bkmouaet mects dtanoB: 310 muanupoBanue CKC, nactpoiika
CKC, TtectupoBanne CKC, nmarHoctuka u ycrpaneHue HeucnpaBHocTell CKC, cocraBnenue
otueTHocTH, npuemka CKC B 3kcruryaranuio;

e ianupoBanne CKC Bxmouaer pa3pabotky cxembl mnpoxinaaku CKC, ycTaHoBKy u
MOHTaX Ka0eIbHON CHCTEMBI, T.€. €€ HHCTAIUIALHIO;

¢ nactpoiika CKC npeanaznadyena ans koHpurypupoBanus Bcex cpeacts CKC B enunyro
CHCTEMY B COOTBETCTBHUH C 33/IaHHbIMU T1apaMETPaMH U C y4eTOM TpeOOBaHUH TEXHUYECKOTO
3a/laHus,;

e tectupoBanue CKC mnpenHazHaueHO s OLEHKM KadecTBa (DYHKIMOHUPOBAHHUS
Ka0enbHOW CHCTEMBbl M IIOJHOTO COOTBETCTBUS IapaMeTpoB KaOeiabHOM HHOPACTPYKTYpbI
TpeOOBaHUAM TEXHUYECKOTO 3aaHuU;

e quarHoctuka u ycrpaneHue HeucnpaBHocTed CKC mnpennazHaueHo — ans IIOUCKA
OTJEJIbHBIX HEKOPPEKTHOCTEN U HECOOTBETCTBUIM KaOENbHOW CUCTEMbl TEXHUYECKOMY 3aJ1aHUIO,
BBISIBJICHUSI IPUYHUH HEMCIPABHOCTEH, JOIYLIEHHBIX B Ipolecce ycTaHoBku u MoHTaxa CKC,
OBICTPOMY U KBAJTU(HULIUPOBAHHOMY UX YCTPAHEHUIO,
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e COCTAaBJICHHE OTYETHOCTH INPEJHA3HAYECHO IS oopmieHHs, COTJIACOBaHUSA U
YTBEPXKACHUS TEXHUYECKOM M DKCIUTyaTalMOHHOM JOKYMEHTAlUU, KACAIOLIEWCs YCTaHOBKH,
MOHTaXa, TECTUPOBaHMs, OOCIYyKMBaHUS  KaOeNbHON  cHCTEMBl UM TMOAJCp)KAHUS
paboTocriocoOHOCTH Beel KabenbHOM HH(pacTpyKTypsl B Ipoliecce ee (yHKIMOHUPOBAHUS;

e npuemka CKC B skcIuryartanuio mpeacraBisieT coOoi MpoBeleHHE MPUEeMO-CAATOYHBIX
UCTIBITAHUN KaOEThHOW CUCTEMBI B COOTBETCTBHHU C YTBEPKACHHON METOJIUKON MX MPOBEIACHUS,
opopMmieHHEe W YTBEpXKAECHUE JOKYMEHTOB, IMOATBEP)KAAIONIMX MPAaBOMEPHOCTh BBOJA
Ka0eIbHOW CUCTEMBI B IPOMBIIIICHHYIO HKCILTYaTaluIo.

Ontumuzanus npouecca ceptudukannn CKC u yckopenue mpouecca ciaud KaOeabHOM
CUCTEMBI B 3KCIUTyaTallUIO [IPEyCMAaTPUBAIOT BBIIIOJIHEHUE CIEAYIOUIMX PEKOMEH AU
e COCTaBJICHUE U YETKOE BHINIOJHEHHUE MaH-rpaguka npouecca ceprudpukanmu; CKC,;
e JCIIOJIb30BaHUE KBAJIU(UIIMPOBAHHBIX CIICIHATUCTOB,;
e COIIACOBAHHOCThH JICWCTBUI BCEX CIELUAIMCTOB, OTBEYAIOIIMX 34 YCTAaHOBKY KaOelbHOM
uHopactpykrypsl ACOUuY u ee oOciyxuBaHHE, B YAaCTHOCTH MEHEKepa IPOEKTa,
MHCTAUIATOpA KaOeIbHOM CHCTEMBbl, WH)XEHEpPa MOHTAXXHUKA, MHXKEHEpa MO O0OCTyKMBAHMIO,

aJIMUHUCTPATOPA CETH.

4.7 AIMUHHCTPUPOBaHMe Ka0eJbHbIX CHCTEM

AJIMUHHCTpUPOBAaHUE KaOEIBHBIX CUCTEM BKJIFOYAET METOJIbl MAPKUPOBKH,
UACHTU(DHUKAIMH, JTOKYMEHTHPOBAHUS U SKCILTyaTalluy, HEOOXOAMMBIE JUISl OTPasKEHUS
M3MEHEHHH, MPOUCXOASIINX B KabelIbHOH cucteme.

C ToukM 3peHUs aIMHUHHCTPHPOBAHUS BO3MOXHBI JBa THUIMA KaOEIbHBIX CHUCTEM:
pacripeie/ieHHbIE U LIEHTPAIU30BaHHbIE.

B pacnpenenenHbIx cucTeMax KOMMYTalMs OTAEIbHBIX CEIMEHTOB CETH MPOU3BOIUTCS B
ATAXHBIX PACHPECTUTEIbHBIX MYHKTAX, KyJa CXOIATCS OTAEIbHbIE Ka0enu oT pabounx MecT U
IJIe COCPEOTOYEHBI KPOCC - ITAHEH U aKTUBHOE CeTeBOe 000pYyI0BaHUE.

B nentpanu3oBaHHBIX CcHCTeMax aJMUHUCTPHUPOBaHMA Bce Kabeian OT pabouumx MecT
HampaBJeHbl B OJHO MecTo 37aHus. Ilpu 3ToM Ha 3Takax MOTYT OBITh OCTaBJEHBI KpOCC -
MaHeIu WM Jpyrue KOMMYTAallMOHHBIE CPEICTBaMH, HE TPeOYIoIe 00CIy>KUBaHUS

[TpomsbinutenHast sxcruryataust ACOWuY mocTosHHO BBI3BIBAET HEOOXOIUMOCTh
BHECCHMS U3MEHEHHMH B CXeMY MOJKIIOUeHHsI 000pyJOBaHHUS, @ TAKKE KOPPEKIUIO CXEMbI
kabenbHOTO X03s1cTBa. [loaTomy anmunuctpatop CKC 00s13aH OTClIeKMBaTh BCE U3MEHEHUS,
IIPOUCXOJAIINE B CHCTEME, U OTPAKATh UX B COOTBETCTBYIOIIMX KypHAJIaX y4era.

OcHoBHOe HazHaueHue cucteMbl aqMuHucTpupoBanus CKC - 310 CHUXKeHHE Pacxo10B Ha
oOciykuBaHue kabenpHOU cucrembl. AamunuctpupoBanue CKC mpeanosaraet BbIOJIHEHUE
CJICAYIOIIUX MTPOLEYD:

- IPUCBAaMBaHUE YHUKAJIBHBIX UAEHTUPHUKATOPOB KomnoHeHTaM CKC;

- oopmiieHre 3anuceii (MacmopToB) I BCEX MPUCBOCHHBIX UICHTU(UKATOPOB;

- OIpe/IeJICHUE B3aUMHBIX CCBUIOK 3alMcedl C LeNbl0 IOJIydeHHs COJepikalleiics B HHUX
UH(pOpMAIIHH.

Beenem psin nosicHeHu.

Wnentudukarop npucsanBaercs kaxaomy siaemeHTy CKC st co3ganus cBs3U 3TOro
3JIEMEHTA C €r0 3aIHUChIO0.

3amnuce - 310 nonHasg uHpopmarus 06 onpeneneHHoM aemente CKC.

CCBIIKY - 3TO JIOTHYECKHE CBSI3U MEXAY UICHTU()UKATOPAMU U 3aITUCIMU WA MEXTY
JBYMS 3alIUCSIMH B TOM Clly4yae, KOTJla CYILIeCTBYeT HEOOXOUMOCTh MPHUBSI3KUA OJTHOTO
UACHTUDHUKATOPA K JPYTOMY.
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MapxkupoBka — 310 HaneceHue Ha sneMeHT CKC naentugukaTopa, KoTopast J0JKHA

BBIIIOJHATHCA OJHUM M3 JIBYX MCTOAOB: HAAC)KHBIM KPCIJICHUEM MCTOK K 3JICMCHTY WU
HAaHCCCHUECM MAapPKUPOBKH HCIIOCPCACTBCHHO HA 3JICMCHT

[Tpy agMUHUCTPUPOBAHUK KaOETbHOMN CUCTEMBI CIeyeT COOMI0IATh CIECAYIOIIHEe

PEKOMEH/IALNU:

UJICHTUYHBbIE Kalelu, COETUMHEHHBIE C IMOMOIIBI0O MEXaHHYECKOI'O CpalIUBaHMS, CIEIyeT
paccMaTpuBaTh Kak OJMH KaOelb;

KaX/IbIi TOPU30HTAIbHBINA Ka0elb T0JKEeH ObITh MAaPKHPOBAH C 000MX KOHIIOB,;

kaxaomy 3nemenTy CKC nomkeH ObITh IPUCBOEH YHUKAJIBHBIA HACHTU(DHUKATOD;

Kabenu cieayeT MapKupoBaTh HA JIMLIEBOW MaHEIH PO3ETOK.

K dynxmuonansuem snemertam CKC, moaiexxanmm aIMUHUCTPUPOBAHHIO, OTHOCSATCS:

TOpPU30HTANIbHAS Ka0ellbHas TIO0ICUCTEMA,
MarucrpaiibHas kaOenbHasl MOJACUCTEMA,;

Tpacchl ¥ MOMEIIEHNUS, 1€ pacnooxeHbl 3nemMenTsl CKC.

OcHOBHBIE NPaBUJIa aIMUHUCTPUPOBAHMSA TPacc:

KaXJ10H Tpacce peKOMEHIyeTCsl MPUCBAaWBaTh YHUKAIBHBIA UACHTH(PHUKATOD,

€CIM Tpacca COCTOUT M3 HECKOJIbKUX CEIMEHTOB, TO PEKOMEHIYETCS IPUCBAUBATh
YHUKAJIbHBINA UACHTHU(PHUKATOP KaXJIOMY U3 3TUX CETMEHTOB,;

PEKOMEHAYETCA HAHOCUTh MapKUPOBKY Ha BCE KOHIBI Tpacc, PpaclOJIOKEHHBIX B
TEJIEKOMMYHUKALMOHHBIX, allllapaTHbIX U TOPOJCKUX BBOJIAX;

B IPOMEXKYTOYHBIX TOYKaX, TIA€ COCAMHSIETCS HECKOJBKO Tpacc, PEKOMEHYETCSA
MapKUpOBaTh KOHEL] KaX10i Tpacchl;

B 3allUCH TPACCHl PEKOMEHYETCS PErUCTPUPOBAThH: HACHTU(PHUKATOP TPACCHI U TUM TPACChI;

OcHoOBHbIE MPABWJIA AAMUHUCTPUPOBAHHUS MPOCTPAHCTB/TIOMEIIEHMIA:
MIPOCTPAHCTBA/TIOMEIICHUS — 3TO alMapaTHbIe, TEICKOMMYHUKAIIMOHHBIE, paboune MecTa,
TOPOJICKHE BBOJBI, T. €.00J1aCTH, B KOTOPBIX MOXKET OBITH PACIIONIOKEHO
TEJIEeKOMMYHUKAIIMOHHOE 000pyIoBaHNe U KabenbHasi CUCTEMA;

B CJIy4ae BHECEHUS U3MEHEHU B IPOCTPAHCTBA/TIOMEIICHHUS BCE COOTBETCTBYIOIIUE 3aMTUCU
JIOJKHBI OBITH OOHOBIIEHB,

3aMycy MPOCTPAHCTB/TIOMEIICHH JOIHKHEI COAepKaTh HHPOPMAITUIO O KaOEIIbHON CUCTEME,
KOMMYTallUOHHOM OOOPYIOBaHUU U CUCTEME 3a3eMJICHUSI, KOTOPhIE B HUX PACIIOIO0KEHBI;.

OcHoBHbBIC NPaBHJIa AIMUHUCTPHPOBAHUS Ka0eJbHOM CHCTEMbI:
B COCTaB 3allUCH D3JeMEHTa KaOelbHOM CHCTEMBbl PEKOMEHAYETCS  BKIJIIOYATh IOJIHYIO
MH(OPMAIINIO, OTHOCAIIYIOCS K 3TOMY JIEMEHTY;
Ha TOSTaXHBIX IUIAHAX JIOJDKHBI OBITh TIOKa3aHbl MECTa PACIHOJIOKEHHMS BCeX
TEJIEKOMMYHUKALMOHHBIX PO3ETOK;
Ha YepTekax PeKOMEH]IyeTCsl MOKa3bIBaTh MAapLIPYThI MIPOXOXKIECHHUs BceX Kabenel u Mecta
pacIoyiokeHus Bcex My(Jr;

OcHoBHbBIC IPABUJIa AIMUHUCTPHPOBAHUsS KaleJiei:

KaKIAOMY Ka0ero JOJIDXKCH OBITh MMPHUCBOCH, U HAHCCCH Ha Ka6eﬂb, yHHKaHBHLIﬁ
I/II[CHTI/I(I)I/IKaTop JJIsL oOecrneyeHus CChLIKH Ha 3aIlUCh Ka6eﬂﬂ;
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° UJCHTUYHBIC KaOenH, COeIMHEHHBIC C TIOMOIIBIO My(ThI, TPH AAMUHUCTPUPOBAHUN
JOJKHBI paccMaTpUBAThCS KaK OAMH Kabeb,

° aJIMUHHUCTPUPOBAHUE /11 KOMMYTAIIMOHHBIX U alllapaTHBIX MIHYPOB HE Tpedyercs,

° Ka0e rOpU30HTAIBHON M MarucTpaIbHON MOJCUCTEM JOJKHBI OBITH MAPKHPOBAHBI C
JIBYX KOHIIOB,

o PEKOMEHYETCSI MApKUPOBATHh KAOEIH C MOMOIIBI0 METOK, MPUKPEIUISIEMBIX Ha KOHITaX
Kxaleist, a He caM Ka0elb,

OcHOBHbIE MPAaBWJIA A/IMUHUCTPUPOBAHUSA KOMMYTALMOHHOTO 000PYy10BAHUS :

® KaXJI0H eIuHHIIE KOMMYTAllHOHHOTO 000PYAOBAaHMS TOJDKEH OBITh MPHUCBOCH, YHUKAIbHBIN
UACHTU(PHUKATOP, KOTOPBIA TODKEH CIYKUTh CCBUIKOM HA 3aIHMCh, OTHOCSIIYIOCS K 3TOMY
KOMMYTallMOHHOMY 000pYy/IOBaHHUIO;

e HIeHTU(UKATOP JODKEH OBITh HAHECEH Ha KaXKAYI TO3HIHI0O KOMMYTALMOHHOTO
obopynoBaHus;

® B 3aMUCH, OTHOCSIICHCS K KaXI0H eIMHUIE KOMMYTAllMOHHOTO OOOpYIOBaHHUS U
MPUHAICKAINX MY MTO3UIUH, J0JIKHBI ObITh 3aPETUCTPUPOBAHBI
- UJCHTU(UKATOP KOMMYTAIIMOHHOT'O 00OPYAOBaHUS,
- CCBUIKM Ha 3aIlUCH Kabeneii,
- CCBUIKM Ha 3aIIMCHU NOMEIICHUH.

AJIMUHHCTPUPOBAaHUE KAOCIBHBIX CUCTEM CBOJUTCA K BHIPAOOTKE MpaBMl 0POPMIICHHUS
TEKYILIUX U3MEHEHHUH U MPUMEHEHUIO CPEACTB MAapKUPOBKH, IOMOTAIOIIMX U30eXkKaTh Xaoca B
KabenpbHOM cucTeMe. DTo NpenycMaTpuBaeT MHBeHTapu3anuio cpeacts ACOUnY, akkypaTHyio
UACHTU(HUKAIMIO SJIEMEHTOB U THIATEIbHOE BEJICHHUE 3aIUCEH 10 BCEM KOMITIOHEHTaM,
COCTaBJIAIOLIUM Ka0EIbHYIO0 CUCTEMY.

Anvunucrpatopam CKC pexomMeHIyeTcst HCIONb30BaTh 0a3bl IAHHBIX, MOCKOJIBKY B
3TOM Clly4yae OHU MMEIOT BO3MOXKHOCThH OIEPATUBHO IMOJIYYUTHh MH(OPMALHIO 110 LEIOMY PSAY
3alpoCoB, HalpUMeEp:

e  €CTh JIu CBOOOAHBIE TUHUU B KOMHaTe Ne XXX?
e Kk kakomy nopty VVV kakoro kommyraropa WWW mnonkitoden nonb3osarens YYY?
e Kakue NMopThl ycTpoiictBa ZZZ cBOOOHBI?

K TumoBeiM cnocobam yBenuueHHs 3((EKTUBHOCTH aJIMHUHHCTPUPOBAHUS KaOEIbHBIX
CUCTEM CIIElyeT OTHECTH CIIEIYIOIINE!
e I[BETOBAasg MAapKHPOBKAa HCIIONb3yeMasi B COOTBETCTBUU C TOJIOKEHUSIMH CTaHIapTa
TIA/EIA-606-A;
e TEKCTOBas WJIM CUMBOJbHAs MapKUPOBKA;
e MHJMBMJyajbHas MapKUpOBKa KOMIIOHEHTOB, McHoib3yeMas Ha stane MoHTaxa CKC B
COOTBETCTBUH C YTBEPKACHHBIM ITPOEKTOM.

Tax g1 0603HaueHust 10-rurabuTHOrO 000PYAOBAaHUS HCIIONIB3YETCS LIBET MOPCKOM BOJIHBI,
KaK B Clly4ae HCIOJIb30BaHUs KONTOBOJOKHA», TaK U «BHTOU mape». B cranmapre TIA/EIA-
568-B HOpMHpOBaHa 1IBETOBas KOJUPOBKA ONTHUYECKUX PAa3bEMOB.

KonndecTBo TUITOBBIX MAaPKUPYIOIUX I[BETOB B 000PYA0BAaHUH PA3INYHBIX TPOU3BOAUTENICH
CKC 00bI4HO BapbUpyeTCsl OT YETHIPEX O BOCBMH, PEKE UCIOIb3yeTCs NaauTpa u3 12 nseTos.
Pacmupenue nanuTpbl IBETOB BOZMOXKHO, HO HEIENeco00pa3Ho, TaK KaK KOHTPACT MEXIY yKe
HOPMHUPOBAHHBIMUA M BHOBb BBOJMMBIMH I[BETAMU OKa)eTCsl HEBENUK. [103TOMY CyIiecTBEeHHBIM
HE/IOCTaTKOM KJIACCMYECKOW IIBETOBOM KOJAMPOBKHM SBJISIETCS €€ 4Ype3BblUaifHO Masas
HKCIUTyaTallMOHHAs THOKOCTb.

DJeMeHTBl TEKCTOBOW M CUMBOJILHON MapKUPOBKU OOBIYHO MCIIONB3YIOT ISl OOJIerYeHust
MOMCKA HY)KHBIX PO3€TOK U Pa3beMOB KOMMYTALIMOHHOMH MaHeINu.
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Jleknus 5. OCHOBHBIEC IPHHIUIIBI M MIPABUJIA MOHTAKa Ka0eJbHbBIX CHCTEM HA OCHOBE
BUTOM Napbl M ONTOBOJIOKHA. OnleHKa KayecTBa QYHKIIMOHMPOBAHHUA Ka0eJbHBIX CHCTEM
HA OCHOBE BHUTOMH Napbl M ONTOBOJIOKHA.

5.1 OcHoBHBIEC MapaMeTpbl Ka0eJbHBIX CHCTEM HA BHUTOH mape.

B ACOUnY, nocrpoennsix Ha 6a3e JIBC Ethernet, B kauecTBe (huznueckoii cpep
nepeiauu JaHHBIX YacTO UCIOJIb3yeTCs Kabelb «HedKpaHHupoBaHHas BuTas mapa» (HBII),
o6o3navaembrit kak UTP (Unshielded Twisted Pair), nnu kabenb «3kpaHupOBaHHAasi BUTAsI ITapa»
(OBII), obo3nauaemsrit STP (Shielded Twisted Pair).

Xapakrepuctuku kadeneit «suras napa» s JIBC Ethernet npuBenens: B tadm. 5.1

Tabauya 5.1
3Ha4yeHus1 mapaMeTpoB KaOeJIbHOM CUCTEMBI «BUTAs Tapay
3HaveHKe napamerpa Jiisi KATerOPUKM BHUTOM Iaphbl

[TapameTp xabenbHOM 5 | 5E | 6 | 6A | 7 | TA
CHCTEMBI 3HaueHKe napaMeTpa Ui Kjacca BUTOH nmapsbl

- D E EA F FA
Jlnamna3on yacror, MI'1 1-100 1-100 |1-200 |1-500 1-600 1-1 000
[epexonHoe 3aTyxaHue 25,3 30,1 39,8 39,8 62,9 64
CUT'HAJIa Ha OJIMYKHEM KOHLIE
kaberns1, n1b
OrtHomenue curnan/ mym, n1b 10 12 18,6 18,6 421 46,1
Buocumebie notepu, nb 25 24 21,1 20,9 20,8 20,3
Bosspatnbie notepu, 1b 8 10 12 12 12 12
Juametp kabens, MM 5,6 5,6 5,72 9,00 7,24 8,36
MuUHUMAaITBHBIA panyc 20,00 20,00 25,40 36,00 58,00 67,00
n3ruda kadeis, MM
Cpok 3KcIuTyaTaluy, Jiet 5-8 8-10 10 10 15 25

K kareropusm 5, 5E, 6A u 7A otHocsarcs kabenmu HBII, a k kareropusim 6 u 7 — kabenu
OBII. Ocobennoctu kabeneit DBII 3akm04aroTCs B CIEAYIOMIEM:

e kabenb KaTeropuu 6 uMeeT 001Kl 3kpaH, (ojbra oOMoTaHa BOKPYT BCEX YEThIpeX map;

e kalenp Kateropuu 7 MMEET WHIVBHIyaJIbHBIC YKpaHbl Y Kaxao# napsl (posibra ooOMoraHa
BOKPYT' Ka)KI0# BUTOH mapbl) u o01muii skpaH ((oabra oOMoTaHa BOKPYT BCEX YETHIpEX Map);

Kabenb «BuTast mapa» COCTOUT U3 YETHIPEX Map MPOBOJIOB, T. €. BOCBMHU IPOBOJIOB,
CKPYYEHHBIX MTOTIAPHO.

PaccMOTpUM OCHOBHBIE JIEKTPUUECKHUE MTapaMeTphl kabens «BuTtas napa». Hanpumep,
kabens HBII kareropuu 5A umeer cnenyromme napaMmeTpsl:

e 00ImIMIi AUAMETP YETHIPEX Map MPOBOIOB 6 MM;

e JMaMeTp MeIHOTO mpoBoja (oaHow xuibl) 0,51 MM;

e BOJIHOBOE conpoTtuBieHue napsl pasHo 100 + 15 Owm;

e conpotuBienue kuibl 30 OM/kMm;.

e EMKOCTh BUTOH mapsl 46 nd/m.

CKopocThb pacrpocTpaHeHHS AIEKTPUYECKOTO curHana B kabene paBHa 200 M/MKC, mOATOMY
B kabene mmHoit 100 M curnan O6yzet 3aaepxkuBathbest Ha 0,5 MKc.

5.2 HaBojaku B kaleJbHBIX CHCTEMaX Ha BHUTOIi mape.
B kabene «BuTas mapa» UMEIOT MECTO BHYTPUKAOETbHbBIE U MEKKAOEThHBIE HABOIKH.

BayTpukabenbHbIe HABOJKH:
e HABOJIKU Ha OJIM)KHEM KOHIIE KaOessl OT COCeTHUX BUTHIX Iap 3TOTO ke KabeJs;
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e HABOJAKH Ha JAJIbBHEM KOHIIC Ka0ejst oT COCCAHUX BUTBIX IIAP 3TOrO KEC Kabens.

MexkaOenpHbIE HABOJKU:

® [IOMEXH, HABOJMMBIC HA CUTHAIBI, MEpelaBaeMble MO KaOer, CUTHAIAMHU OT COCEIHUX
Ka0eel, MPOJOKEHHBIX B 3TOM K€ KaOelIbHOM KaHalle;

® [IOMEXH, HABOJAWMBIC HA CHUTHAJIBI, TIepeAaBacMble MO Kabenro, CUTHajJaMHu OT KaOeleH,
MPOJIO’KEHHBIX Ha HEJIOMYCTUMO OJIM3KUX PACCTOSHUSAX OT 3TOTO KaOes.

K ocHOBHBIM crioco0aM CHIKEHUS! MEKKAOSITbHBIX HAaBOJOK OTHOCSIT:

e YBEIIMYEHUE PACCTOSHUS MEXKIy BUTHIMH MapaMu (Tak yCTPOEHBI KaOenu Kareropuu 6A,
KOTOpBIC MMEIOT YBEIIHMUYCHHBIN BHELTHUH TUAMETD);

e YMEHBIICHHUE Iara CKPYTKH (Tak yCTPOCHBI Kabean KaTteropuu 6A u 7A);

e DKpaHMPOBAHHE BUTHIX Map Kabes (Tak ycTpoeHbl Kabenu Kateropun 6 u 7).

5.3 O0:xuM NMpoBoOAOB KaOeJBLHBIX CHCTEM HA BHTOIi mape.
OGxxum mpoBoioB kadenst HBIT kareropun 5 B pazbeme R}-45 npoBouTCSl B COOTBETCTBUH CO
crangapramu 1568A u T568B (Tab. 5.2).

Tabauya 5.2
Cranyaptel 00KMMa IPOBOJIOB «BHTasl mapa»
Crangapt TS568A Crangapt T568B
HomMmep xoHTakTa Homep Homep
IIBer mpoBoAa - IIBer mpoBoaa —
1 beno-3enensiii 3 beno-opanskeBblii 2
2 3eneHbli 3 OpanxeBbIit 2
3 beno-opankeBblil 2 beno-3enensiii 3
4 I'omy0Ooii 1 I'omy0oii 1
5 beno-romy06oii 1 beno-romy0boii 1
6 OpanxeBbIit 2 3eneHbli 3
7 beno-xopu4HeBbIi 4 beno-kopu4HeBbIi 4
8 KopuuneBblit 4 KopuuneBbiit 4

B JIBC 10Base-T u JIBC 100Base-TX napa 2 xabenst «<BUTas napa» UCHOIb3yeTCs Ha
nepenauy, a napa 3 — ua npueM. B JIBC 100Base-T4 ucnons3yrotcs mapsl 1-4 kabens «BUTas
napa»: napsl 1 u 4 — Ha npueM u nepeaavy, napa 2 — TOJIbKO Ha Tepeaauy, napa 3 — TOJIbKO
Ha TIPUEM.

Jlnst ompeiesieHus MPaBUIbHOCTH MOIKIFOUCHUS IPOBOJIOB Kabess K KOHTaKTaM pa3zbema Rj-
45 mpUMEHSIOT KalelbHbIE TECTEPbl M TECTEPhl, KOTOPHIC IO3BOJIAIOT HAWTU CIIEAYIOIUE
OJNHOYHBIC OH_II/I6KI/I MOHTAaXa.

e 0OpBIBBI U KOPOTKHE 3aMbIKaHUS IPOBOJIOB B Mape;

e 3aMBIKaHKME MEKY IPOBOJAMU PAa3HBIX I1ap;

e HEMPaBWJIbHYIO MOJIIPHOCTh Tapbl NpoBOAOB (MpoBoJa B mHape IEperyTaHbl C OIHOM
CTOPOHBI);

e IiepenyTaHHbIC Mapbl MPOBOJOB (IBE Hmapbl MPOBOJOB C OJHOW CTOPOHBI MOJIKIHOYCHBI
NPaBUIILHO, HO MEPEyTaHbl MECTAMHU C JPYrOl CTOPOHBI);

e mepenyTaHHbIC MPOBOJA MEXKy MapaMu MPOBOJOB (B KaXI0W M3 JBYX Map OJUH MPOBO/I
nepernyTaH ¢ IPOBOJIOM JPYroii mapsi).

5.4 IlpaBWia MOHTaxka KadeJbHBIX CHCTEM Ha BHTOIi mape.

Jlns obecrieueHus HaiexKHOM paboThl KabenpHOU cucteMbl JIBC HY)HO cOOTIONATh CIEIyIOITIe
PEKOMEH ALY T10 MPOKIIaIKe Kabenei:
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e kaleJILHBIN KaHAJ TOJDKEH OBITH 3aIloiiHeH Kademamu He 6onee ueM Ha 40..50% ma toro,
4TOOBI U30€KaTh PACTSHKEHUS KaOellss 1 M3MEHEHUS er0 TEXHUYECKUX XapaKTepUCTHUK;

e B TpyOompoBoae nuamerpoM 21 MM cienyeT HpOKiIaabiBaTh He Oojiee OByX KaOenei
KaTeropuu 6 wim He 60Jee 0JHOTO Kabemns KaTeropuu 6A;

e JUIsS TMPOKJIAJKU IBYX KaOesell kareropuu 6A TpyOOmpoBOJ MODKEH MMETh TUaMETp He
MeHee 25,4 MM, a yeThIpex Kabeneit — He MeHee 32 MM;

® TOYKHU KpPEIUICHHUs KalOens IMpu ero MOHTaXXe JTOJDKHBI OBITh PAcIioNIOKEHbl Ha PACCTOSTHUU
He Oonee yeMm 1,5 M oHA OT ApPYyroif, mMpu 3TOM PACCTOSHUE BBIOMPAIOT TakK, YTOOBI HArpyska
kabens He pesbimana 0,7 xr/wm;

e IIpU CTSDKKE HECKOJBKUX Kalesel B eIMHBIN KI'yT IIMPHHA YCTPOHCTBA, HCHOIB3YEMOTo IS
CTSDKKH, JOJDKHA COCTaBIITEL 0oJiee 4 MM;

e JIOMYCTUMBIN pamuyc n3ruba kabens OrpaHu4MBaeTCs A TOPU30HTAIBHOW KaOelbHOM
MIPOBOJIKM YETHIPbMS BHEIIHUMU JAHaMEeTpaMH Kabessi, pu 3TOM M3rub Kabemns J0JKeH ObITh He
menee 90°;

e npokianky kabens JIBC u cuinoByro NpoBOJKY CieAyeT pacrojaraTh B pa3sHbIX KOpoOax.
PaccTosinue Mex 1y STUMU IPOBOJIKAMU JIOJIKHO OBITH!

— 6onee 50 cM, ecnu ANTMHA UX TapaUIeTFHOT0 MOHTaKa MeHbIIe 1,5 Mm;

— Oonee 1 M, ecu AMHA MX TApAJIETILHOTO MOHTaXKa Oosbiie 1,5 M;.

e pEKOMEHJyeTcs NpeaycMaTpuBaTh CO3/aHUE 3amaca Kabeiass Ha OOOMX €ro KOHIAx ¢
1eJIbI0 00ecTeyeHns: BO3MOKHOCTH BHECEHHS U3MEHEHUI B OyayleM, Mpu 3TOM 3arac Kadems
cienyet naenath B Buje "'U"-00pa3HbIX NeTeb ¢ COOM0eHHEM MUHUMAIBHOTO pajnyca u3ruoa,

e IIpU UCHOJB30BAHUH (DANBIINOTOIKOB KaOeNbHbIE JIOTKHU JIOJDKHBI OBITh PACHOJIOKEHBI
Ha BBICOTE HE HIDKE 2,4 M HaJl ypOBHEM UUCTOTO T0JIa;

e HE PEKOMEHJYeTCsl HCIIOJIb30BaTh B KAaueCTBE CPEJCTB MOJJICPKKU KaOess 3JIeMEHTHI
CTPYKTYpPHI (hasbIINOTONKA;

e B IIOBEPXHOCTHBIX KOp0oOax paanyc n3ruda kabenei T0JKeH COCTAaBIATh HE MEHee 25 MM
IIPU MAaKCUMAJIBHO JIOIYCTUMOM K03((ULIueHTe 3an0JTHEeHHUS;

e IIpU NOPOTSDKKE Kalens 4epe3 3aKkphITyro Tpaccy JumMHOM cBbimie 30 M WM Tpaccy,
uMeroIyo Ooisiee 1ByX MOBOpoToB ¢ yriaamu 90°, peKoMeHAyeTcsi UCIOIb30BaTh CIeHUaAIbHbIE
MPUCTIOCOOICHUS,

e [I0CJIe MOHTaXa Kabesst He JJOMYCKAETCs ero HAaTsHKeHHE 32 UCKIIOUYCHUEM BEPTUKAIbHBIX
CETMEHTOB, KOT/Ia OCTaTOYHOE HATSHKEHUE MOXKET ObITh BBI3BAHO COOCTBEHHOM Maccoil kabens.

HpI/IBeI[eHHLIe PEKOMCHAANH 10 IMTPOKIIAAKE KaOeneii «BUTas Tapa» HalpaBJICHBI.

- Ha OpeAOTBpAIICHUC PA3JIUYHBIX MCEXAHUYCCKUX HaHpH)KeHI/Iﬁ B Ka6ene, BbI3bIBACMBIX
HATsKCHUEM, PC3KUMU H3rudamMu u YpC3MCPHBIM CTATUBAHUEM ITYUKOB Ka6eJ'IH;

- Ha YCTpaHCHHC BHCIIHCTO HCIaTUBHOI'O BO3ACHCTBUS Ha Ka6eJ'IL, BBI3BIBACMOI'0 €TI0
NEPCKPYUYUBAHUECM BO BpPCMA MOHTAKa, PACTATMBAHUCM KaOeIIbHBIX IMy4YKOB IIOJ JefCTBHEM
COOCTBEHHOTr'O BECa, TYTO 3aTAHYTbIMU KaOeJIbHBIMU XOMYyTaMHu, pE3KUMU n3rudamu Kaodes.

5.5 Iloka3aresin OlleHKM Ka4decTBa Ka0eJbHBIX CHCTEM HA BHUTOM mape.

Ka6ens HBII ¢ pazbemamu Rj-45 Ha ero xoHmax, coequnsironuii 18a ysia JIBC, Ha3biBaroT
KaHanoM cBsi3u. [Ipu TecTupoBaHuM KaHala CBS3U OOBIYHO OMPENEISIIOT CIEAYIOLIUE eTO
napaMeTpsl:

e M0OJIOCY MPOIYCKaHUs, ONPEACINSIONyl0 pado4Yuili Nuana3oH YacTOT CHHYCOUJAIBHOTO
CUTHaja, MpU KOTOPBIX ATOT CUTHAN TepeaaeTcs Mo kabemo 0e3 3HAUYMTENbHBIX HMCKaKEeHUH,
MI'y;

e 3aryxanue curHana (4. -Attenuation), ompenenseMoe Kak YMEHBIICHHE MOITHOCTH
CUTHaJja MpH Meperadye ero oT UCTOYHMKA K aJpecaTy Mo KaHaly CBA3M Ha 3aJaHHOU 4acToTe,
ab;

e [IOMEXOYCTONYHUBOCTH, OMPEACISAIONIYIO CIOCOOHOCTh Kabemsl yMEeHbIIaTh YPOBEHB MOMEX,
CO3/1aBaeMbIX BHEIIHEH cpefioli Ha BHYTPEHHUX MPOBOAax kabens, ab;
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e a0CONIOTHBIM YPOBEHb MOIIHOCTH CUTHAIA, UCXOSIIEr0 U3 UCTOYHMKA, MBT. B kadecTBe
0a30BOT0 3HAYCHUS MOIITHOCTH CUTHAJIA MPUHUMAIOT 3HaYCHHE, paBHOE 1 MBT;

e a0CONIOTHBIM YPOBEHb MOIIHOCTH CHUTHAJA, MOCTYMAIOIIEr0 Ha BXOJ aapecara, MBt. B
KadyecTBe 0a30BOTO 3HAUCHHS MOIITHOCTH CUTHAJIA IPUHUMAIOT 3HaYeHUE, paBHoe 1 MBT;

e MEPEKPECTHOE 3aTyxaHWe curHajia Ha OmwkHeM koHie kabemns (NEXT — Next End
CrossTalk), onpenernstoriee moMex0yCTOMYMBOCTh Kalelsi K BHYTPSHHUM HUCTOYHUKAM TIOMEX y
HUCTOYHHUKA, 1Ib;

e MEPEKPECTHOC 3aTyXaHWE CHUTHajla Ha jaajdbHeM konie kabenss (FEXT — Falie End
CrossTalk), onpenernstoriee moMex0yCTOMYMBOCTh Kalellsi K BHYTPCHHUM UCTOYHUKAM TIOMEX y
anpecara, 1b;

e OTHOIICHWE MOIIMHOCTH CHUTHAJIa K MOIIHOCTH IIymMa Ha Bxoje ucrounuka (ACR —
Attenuation to CrossTalk Ratio), ab;

® TPOIYCKHYIO CIIOCOOHOCTB, XapaKTePU3YIOUIYI0 MaKCUMalbHO BO3MOXHYIO CKOPOCTb
nepeaavy JaHHbIX 10 Kabento, OuT/c;

e JIOCTOBEPHOCTh MEpEIavyd JaHHBIX, OTPAXKAIOUIYI0 BEPOSTHOCTh MOSBICHHS OIIMOOK B
kanayie. Onpenensercss BEMMIMHON, 00OpaTHON CpeHEMY KOJIMYECTBY OUT, KOTOPBIC IEPEAAt0TCS
6e3 omuboK, 6ut .

HapaMeTpLI KaHaJia CBSA3U BBIYUCIIAIOT COTJIACHO CICAYIOIIUM BBIPAKCHUSIM.
¢ 3aTyXaHUC MOIIHOCTH SJICKTPUYCCKOTO CUT'HAJIa B Ka)XJI0i BUTOM nape:

P
A: =10 Ig(ﬁﬂ'fL <0, (5.1)
rac PI/I — MOIIHOCTH CUT'HAJIa HAa BBIXOJAC€C MCTOYHUKA, MBT; Pa — MOIIHOCTH CUTHAJIa HA

BXOJIe aapecara, MBT;
e IEPEXO/JHOE 3aTyXaHHe Ha OJIMIKHEM KOHIIe Kabess, T. €. Yy HCTOYHHKA!

NEXT =10 |g(Eg—HHJ<o, (52)

rn€ Pay — MomHoCTh curHaa, KoTophiii HABOJWTCS Ha COCENHEHN BUTOM Iape y MCTOUHHMKA,

T. €. B HAUaJIC KaHaJIa CBA3HU,
® TICPCXOAHOC 3aTyXaHUC HAa JaJIbHCM KOHIIC Ka6e.]1}1, T. €. y agpecara.

FEXT =10 |g(EgH@J <0, (5.3)

rie Pga — MOIHOCTE curHana, KOTOphIi HABOAUTCS HA COCEHEN BUTOM Mape y aapecara, T. €.
B KOHIIEC KaHaja CBs3H,

¢ OTHOIICHUE MOIIHOCTH CHI'HAJa K MOIIHOCTH IIyMa (3aIIMIIEeHHOCTh Kalens Ha OJKHEM
KOHIIE, T. €. Y UCTOYHHUKA):

P
ACR = Ac —NEXT =10 |g(§L (5.4)
A

Jlnst obecriedeHus Ka4eCTBEHHOM TIepeiauy TaHHBIX Yepe3 KaHal CBSI3U 3HAYCHUE
k03 durmenta ACR momxHo coctaBisath He MeHee 10 1b, moAToMy MOIIIHOCTH BXOHOTO CHTHAIA
JIOJDKHA OBITH OOJIBIIIE MOIIIHOCTH CUTHAIIA, KOTOPBIN HABOJIUTCS OT cocenHei mapsl, B 10 pa3 u
6onee.

CrnenyeT UMeTh B BHJIy, YTO YMEHBIIIEHUE B 2 pa3a MOITHOCTH CUTHAJA, TepeiaBaeMoro 10
KaHaJly CBS3H, COOTBETCTBYET €ro ociadieHuto Ha 3 1b, Harpumep:

¥ 100

Ac =10 |g(EH1 =10 Ig[ 200110 (110019 200) =10 Ig2=-3 x5

Ipumep 5.1. Onpenenute 1 JIBC 100 Base TX kauecTBo kabesns, HOCTPOSHHOTO Ha 6aze
HBII kateropuu 5 npu cieayromux UCXOIHBIX JaHHbBIX:

e 3aTyXaHuUe CHTHajIa B Kabese Ha paccTosaun 100 m AC =—22 1nb;
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e [EPEX0JIHOE 3aTyxaHue Ha ONMKHEM KOHIIE Kabes NEXT =

=-3515.

PemeHue. OHpG,Z[CJISIGM OTHOIICHHUEC MOIITHOCTHU CUT'HAJIa K MOIITHOCTHU H_IYMa I/ICHOJIBBYH
dopmymy (3.4)

ACR=10 |g(%J: Ac - NEXT = (=22) — (-35) =13 15
H

Hockomsky ACR > 10 1B, kabens xopomrero kauecrsa u JIBC pabotocnoco6Ha.

5.6 CumBosHnyeckoe 0003Ha4YeHHe KadeJLHBIX CHCTEM Ha BUTOIl mape.

CuMBoIMYeCcKas 3auch 0003HAYEHHS YKPAHUPOBAHHBIX BUTHIX AP UMEET BUJI
XIYTP, rae X — Hajguuhe oOLIero sKpaHa Juid BceX dYeTblpex map; Y — HaJudue
WHJIUBUIyaJIbHOIO 3KpaHa ISl KaKI0W BUTOM Naphl.

Tumnsl skpanoB: S — omeTka; F — ¢onbra; F2 — nBoitHas gonbra; U — HET sKpaHa.
Tunoseie BubI Kabeseii «Burtas napa» UTP, STP, S/STP, S/FTP, F/STP, F/FTP.

Ipumep 5.2 [IpuBeuTe CUMBOJIMUYECKYIO 3aMUCh 0003HAUYEHUS SKPAHHUPOBAHHOW BUTON
napsbl, y KOTOPOH OOIIMM 3KpaHOM JJIsl BCEX YeThIpeX map siBisercs (oibra, a
MHIUBUIAYaJIbHBIM 3KPaHOM /ISl KaXJA0M BUTON Iapbl — OIIETKA.

Pemenne. Butasi mapa uMeeT clie1yroIIyr0 CMMBOJIHYECKYto 3anuch F/STP

5.7 CocTaB M CTPYKTYpa KadeIbHbIX CHCTEM HA OCHOBE ONITOBOJIOKHA.
B kaHnau cBsi31 Ha OCHOBE OITOBOJIOKHA BXOJSAT
- onrtnueckuid npuemonepenarduk (OINII) ans nmepeBoa AMEKTPUUECKOTO CUTHANA B
CBETOBOI U HA00OPOT;
- ontnueckuid kKoHHekTOop(KH) /115t cBSI3M mpuemonepenaTyrka ¢ ONTHYECKUM KaleneMm;
- omnroBoJoKOHHBIHN Kabenb (OK) s nepeaaun cBETOBOrO CUrHaa.

. OOGBIYHO UCTIONB3YIOT ONITUYECKUE TTPUEMOTIEPEAATINKHY CIIESTYIOIINX TUIIOB!

e JIA3€pHBIN O, CO3MAOIINI CKOHIIEHTPUPOBAHHBIN ITyYOK JIyYel ¢ JNIMHOW BOJIHBI
A =1550 um (1,55 mxm) wmm A = 1310 um (1,31 Mkm);

e CBETOBOI 1Mo (CBETOIMO/), CO3IAIONINIA PACTIBIIICHHBIH My4OK JIydel ¢ JUIMHON BOJIHBI
A = 1310 am mau A = 850 um (0,85 Mkm).

Jost moaxmrouenus OINIT k OK ucnonb3ytoT koHHEKTOp. KOHHEKTOPHI OBIBAIOT MIIOCKUMHU
(SC), xpyrabsimu (ST) u pe3pboBbiMu (FC) 1 UMEIOT OTHONMPOBAaHHBIN HakOHEYHUK. OT BUIA
MOJINPOBKY 3aBUCUT Ka4€CTBO KOHTaKTa KOHHEKTOpa. OCHOBHBIE BU/IbI IOTUPOBKH KOHHEKTOPOB
puBEACHHI B Ta0d. 5.3

Bupl monupoBku KOHHEKTOpoB  Tabauya 5.3

By monmupoBKy KOHHEKTOpa KoHTakT KOHHEKTOpa
PC (Physical Contact) OObIuHBIN QU3NYECKUN KOHTAKT
SPC (Super PC) CyTnepKOHTaKT

UPC (Ultra PC) KonTakT BBICIIEr0 KauecTBa
APC (Angle PC) KoHTaKT HauBBICIIEro KauecTsa

OnTOBOJIOKOHHBIM  Kabemb MMEET CIOXKHYK CTPYKTYPY U COJCPKUT CJCIYIOIIHE
KOMIIOHEHTBI:

® OINTUYECKHUE BOJIOKHA;

e 3aIOJHUTENU B BUJIE IJTACTMACCOBBIX HUTEH;

® YIIPOUHSAIOIINE 3JIEMEHTHI;

e APMUPYIOIIKNE IEMEHTHI, YBEIIMYUBAIOLIUE CTOMKOCTh Ka0es;

e HapyXHOE 3alIUTHOE IMOKPHITHE, T. €. 000JI0UKY, MPEJOXPaHSIONIYI0 Kabenb OT BIArd,
BPEHBIX BEILIECTB U BHEIIHUX MEXaHUYECKUX BO3JICHCTBUM.
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Takast KOHCTpyKIHMS Kabensi oObsACHACTCS TeM, 4TO Cpok ciayx0b1 OK moimkeH cocTaBisTh HE
menee 25 set. Pazmuyator OK 1 BHYTpeHHEH U U1l HAPYKHOM TPOKIIa IKH.

B 3aBucumocTy OoT KOHCTpYKTHBHOTO McnionHeHust OK ObIBaloT Tpex BUAOB: MPO(UIBHEIE,
TpyOUaThie U JCHTOYHBIE.

[Ipo¢unbHeIi Kabenp — 3TO IUIACTMACCOBBIA CTEP)KEHb C MPSIMOYrOJbHBIMH Ia3aMH, B
KOTOPBIX PACIIONIOKEHBI ONTHYECKUE BOJOKHA.

TpyOuatslii kabenb UMeeT BUA TPYOKH, TJIe pACIIONI0KEHBI ONTUYECKHE BOJIOKHA.

JlenTouHbIi Kabenp MpeAcTaBiIseT COOOW IUIOCKYIO JIGHTY € HapaljieNbHO YIIOKEHHBIMU
ONTUYECKUMHU BOJIOKHAMHM Ha OIPENIEICHHOM pAacCTOSIHMM Jpyr oT japyra. OOblYHO Kabenmu
coJiepkar oT 2 10 24 BOJIOKOH, HO BBIITYCKAIOT Ka0ely U ¢ OOIBIINUM YUCIOM BOJIOKOH.

Ka6enp umeer nHebonpioi BuenrHuii quametp. Tak, OK, coctosmuii u3 144, BOJIOKOH UMeEET
BHEIIHUI AUaMeTp 0KoJIo 12 mm.

PasznuuaroT cienyroiue TUIBI BOJIOKOH, BXoaamux B coctaB OK:

e 0JHOMOJIOBOE BOJOKHO (SM), B koTOpoM amamerp cepAleBUHBI paBeH 10+1 MKM, a
IMaMeTp HAapyXHOW 4YacTH OOOJIOYKH, BHYTPU KOTOPOI pacIpOCTpaHSETCs CBET, COCTABISET
125 + 3 mxm. O603HAUEHHE TAKOTO 0THOMOOBOTO BOJIOKHA uMeeT Bun 10/125;

e MHOTOMO0BOE BoJIOKHO (MM), B KOTOpOM MameTp cepleBUHBI paBeH 62,5+ 3MKM HIIH
50+3 MKM, a AMAMETp HapyXKHOW 4acTH 000JIOUKH, BHYTPU KOTOPOW paclpOCTPaHSETCs CBET,
cocraBigeT 125+ 3 MxkM. O0O03HAYEHHE MHOTOMOZIOBOTO BOJIOKHA, COOTBETCTBEHHO, UMEET BUJL
62,5/125 wmu 50/125. C 3TUM BOJOKHOM HCIOJIB3YKOTCS B OCHOBHOM CBETOJIMOJIHBIC
IIPUEMOIIEPENATUNKY, PEXKE JIa3€PHEIE.

B 01HOMOIOBBIX BOJIOKHAX MPUMEHSIOTCS KOHHEKTOpHI ¢ Bumamu nonupoBku PC, SPC, UPC,
APC, a B MHOrOMO10BBIX — TOJIBKO BHUa PC.

O001104Ka OIITHYECKOr0 Ka0elst Ha 0a3e 0JHOMOIOBOIO BOJIOKHA UMEET JKENITHIN IIBET, a Ha 0ase
MHOTOMO/IOBOTO BOJIOKHA — OPaHKEBHI.

JlambHOCTh KaHajla CBSI3M IO ONTHYECKOMY KaOelll0 3aBHCHT OT THIIA BOJIOKHA M THIIA
UCIIOJIB3yeMOro npremMornepeaaTanka (taoi. 5.4).
Tabauya 3.4
JlanbHOCTh KaHaJIa CBSI3M KaOEJIbHOW CHCTEMbI HA OCHOBE ONTOBOJIOKHA
JlanbHOCTh KaHaja CBS3H, KM, B 3aBUCHMOCTHU OT
THUIIA KCIIOJIb3YEMOTO MPUEMOTICpEIaTUNKA
(mMoma) ¥ BOJIOKHA

Twun BoJIOKHA

Ceronuon JlazepHsblit quon
MHOTOMO10BO€ BOJIOKHO 1-2 8-10
OIHOMOIOBOE BOJIOKHO He ucnonssyercs 35-40

5.8 MapkupoBka Ka0eJIbHbIX CHCTEM HA OCHOBE ONITOBOJIOKHA.
Jlna mapkupoBku OK MCHOIB3YIOT CUMBOJIMKY CIEAYIOLIETO BUA:
a-b-c-d-e,
rlie & — CUMBOJI, 0003HAYAIOIINI TUII OIITHYECKOTO Ka0eIs;
b — cuMBoJI, yKa3bIBAIOIINN JUAMETP CEPALICBUHBI ONITUYECKOTO KaOes;
C — CHMBOJI, YKa3bIBAIOIIUI BapUaHT Pa3pabOTKH ONTHIECKOTO KaOes;
d — cuMBOJI, yKa3bIBAIOIIMI BEJIMUUHY 3aTyXaHUsI CUTHAJIA KaOessi Ha pacCTOSHUM 1 KM;
€ — CHMBOJI, YKa3bIBAIOLIUI KOJIMYECTBO BOJIOKOH B ONTHYECKOM Kabere.
Ecm mapkupoBka kabens umeet Bug OH-50-1-5-2, To 910 03HaUaer:
e ONTUYECKUU KaOeb TUHEHHBII;
e nuametp cepareBrHbl 50 MkM (MHOTOMOZIOBOE BOJIOKHO);
e Kkabenb pa3paboTku BUjAa 1 ¢ HapYyKkHOI 000JI0UKOH U3 MOJTMBUHIIXIIOPHIA,
e 3aTyxaHHe CBETOBOrO CHTHaJIa B kabene He Oonee 5 n1b/kwm;
e kabenb COCTOUT U3 IBYX ONTHYECKUX BOJOKOH.
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5.9 Pacuyer nmoTepu MOIIHOCTH B Ka0eJLHOM cHCTeMe HA OCHOBE ONTOBOJIOKHA.
[Ipu mepenade CBETOBOTO CHUTHAJA MO ONTUYECKOMY KaOEII0 OCHOBHBIE MOTEPU MOIIHOCTH
ATOTO CUTHAJIA B KAHAJIEC CBSI3U CKJIAILIBAIOTCS U3 CICIYIOMINX COCTABIISIOIIHX.
1. TToTepu MOIIIHOCTH CBETOBOTO CUTHAJIA B KOHHEKTOPE (U1 OJTHOTO KOHHEKTOPA)
MpUBEACHHI B Tabm. 5.5.

IloTepr MOIIHOCTH CUTHana B KOHHEKTOPE OINTOBOJIOKHA Tabnuya 5.5
Tun BoslokHa
Coueranue napaMeTpoB
MHoromo10B0€ OnHomoOn0BOE
[ToxpbITHE KOHHEKTOpA PC PC SPC UPC
IToTepu MOIIHOCTH CUTHAJIA
pi Mot 0,75 0,4 0,3 0,2
B KOHHEKTOpE, 1b

2. [ToTepu MOIIHOCTH CUTHAJIA [0 MEPE MPOXOKACHHS MO ONTOBOJIOKHY (TpaHHYHbIE
3HaueHust ATUX noteps Ha 1 km umHbl OK npuBeneHs! B Tabdi. 5.6).

Tabauya 5.6
[ToTepu MOITHOCTH CUTHAJA OT AJIMHBI CBETOBOW BOJIHBI M TUAMETPA BOJIOKHA
Tun BoJIOKHA Huametp JlnmiHa cBeToBOM 3aTyxaHue
BOJIOKHA, MKM BOJIHBI, HM curHana, n1b/km
MHOroMo0B0O€ 62,5 850 <28
1310 <0,6
MHoOroMo0B0O€ 50,0 850 <24
1310 <05
OnHOMOI0BOC 10,0 1310 <04
1550 <0,25

ITorepu momHocTH P, cBeToBOro curnana B OK, npuxoasimuecs Ha 1 kM ero 1iauHsel, B

3aBUCHUMOCTH OT JUIMHBI BOJIHBI A, U3JIy4acMOM IPUEMOIIEPEAATUUKOM, ONIPEACIIAIOTCS U3
BBIPAXKCHUS

P, =K px—4, (5.5)

e K p= 0,8 mkm* - 1B/kKM — K03((HUIMEHT PACCESHNUS OITOBOIOKHA H3 KBaPIIA.

[Toaromy umeem

Px =0,8- 0,85_4 =154 nb/xkm, ecim Bomokno mHOromomoBoe ¢ A =850 uwm;

Px = 0,8-1,55_4 =0,14 ab/xM, ecnu Bomoxuo ogHoMomoBoe ¢ A =1550HMm.
Yem Gostbliie JIMHA BOJIHBI, KOTOPYIO JACT MPUEMOTIEpPEIaTUHK, TEM MEHBIIIE 3aTyXaHHEe CUTHAIA

10 MOITHOCTH U 0oJIBIIIE JaJIbHOCTb CBA3U.

3. [loTepy MOLTHOCTH CBETOBOI'O CUTHANA Ui pa3beMHbIX coenuHenuid B OK. Otu norepu Ha
OJIHO COEIMHEHUE COCTABIISIOT:
e 0,1 nb, ecnu coenuHeHNE KaYeCTBEHHOE;

e 01 0,2 10 0,3 1b pu coeMHEHNHU CPEeTHETO KauecTBa.

4. TloTepu MOIIHOCTH CBETOBOI'O CUTHAJIA /ISl HEpa3beMHbIX coenuHenuit B OK. Ha norepu
MOIIHOCTH CHUTHAjIa B MECTE COEIUHEHNS BOJIOKOH, Koraa curuai uaet ot BojiokHa OBl x OB2,
BIIMSIIOT CIIEeIyIOUIMe (PaKTOPHI:

e HECOOTBETCTBUE JAMAMETPOB CEP/IIEBHH BOJOKOH COEIMHAEMBIX ONTHYECKHX Kabeneil. B

3TOM CJIy4ae MOTePU MOIIHOCTH CBETOBOTO CHUTHAJIA OMPEACISIOT 1o opmyrie
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rae dl u d2 — JMaMeTpsl cepaneBrH onTruueckux BoJokoH OBl u OB2 cooTBeTCTBEHHO.
Eciu d2 > dl’ TO MOTEPU MOIIHOCTHU CBETOBOI'O CUTHAJIA OTCYTCTBYIOT;

e HECOOTBETCTBHUE OJUH JApyromMy KO3((OUIMEHTOB TMPEIOMIICHHS TOPLOB CEPLEBUH
COCIMHSIEMBIX ONTUYECKUX BOJIOKOH. B 3TOM cilydae moTepu MOIIHOCTH CBETOBOTO CHTHaja

ompeAenstoT mo hopmyre

2
—N
P =10lg/1-2 bl (5.7)

+N
"+
rae Ny ¥ Ny, — ko3dduIMeHTHI MpenoMIeHus cepauesrH Bojokon OBl u OB2;.

® CMEILICHUE OHON OTHOCUTEIILHO APYrOM LEHTPAIBHBIX OCEH COSAUHAEMBIX ONITUYECKUX

BoJsiokoH OB1 u OB2. B 3ToM cimyuae moTepy MOIITHOCTH CBETOBOTO CUTHAJIA OTIPEICIISIOT IO

bopmyie
P. =10 lgl—o/d) (5.8)

rre & — aOCcoIoTHAs BeIMYMHA CMEILEHUS LIEHTPAIbHBIX 0CEH COeINHAEMBIX ONITUYECKUX
BosiokoH OB1 n OB2; d — auameTp cep/ieBUHbI COCTMHIEMBIX ONTHYECKUX BOJIOKOH.

5. [NoTepu MOLTHOCTH CBETOBOTO CUTHAJIA BCJIEICTBUE MOJOBOM AUCIIEPCHH, KaK MPAaBUIIO, HE
npessimaet 0,1 ob.

6. JlucriepcuoHHbIE MOTEPU MOIIHOCTH CBETOBOTO CUTHAI, KaK MTPABUIIO, OYCHH MAJIbl U HE
yuuThIBatOTCS. OHAKO OHU OIPaHUYMBAIOT JAJILHOCTh NEPEAAUH, T. €. HE MO3BOJISIOT ClIeTaTh
JAIbHOCTH KaHAaJIa CBSI3U OECKOHEUHOM.

7. DKCIUTyaTallMOHHBIH 3a1ac, KOTOPBIH YUUTHIBAET NOTEPU MOLIHOCTH CBETOBOI'O CUTHAJIA,
CBSA3aHHBIE C U3MEHEHHUEM OKPYKAIOLLEH Cpe/ibl, HAIIPUMEP TEMIIEpaTyphl U BIaKHOCTU BO3/1yXa
u T. 1. PekoMeHayeTcs BbIOUpATh CIIEAYIOMNN SKCIUTyaTallHOHHBIN 3anac:

o cciu OK mponoxken BHe 3nanus, 10 P, = 1...3 nb;

e eciu OK mposioskeH B 31aHUU, TO J0CTaTovHo 3amaca P, = 1 nb.
Crnenyetr uMeTh B BUJY, YTO CHI)KEHHE MOIITHOCTH B 2 pa3a COOTBETCTBYET €€ YMEHBIIICHHIO

Ha 3 1b, TOCKOIbKY, HAIPUMeEp, JJIsSi OTHOIICHUS BBIXOIHON MOITHOCTH K BXOJTHOM UMeeM

100 mBt

101021 —_10.(0.2) = _
200 By ~1010271=-10-(0.3 =3 5. (5.9)

P=10Ig

JInst mepeBoia MOLTHOCTH M3 MWLIMBATTOB (MBT) B norapudmudeckyro mkany aenuOenoB Ha

MUJUTUBATTHI (1BM) UCTIONB3YIOT BHIpaKEHHUE

——— nbwM. A
MTHM (5.10)
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IIpumep 5.3 Onpeaenure NOTEPIO MOITHOCTH CHTHAJIA B ONITHYECKOM Kadele, B TOUKe
COCIMHEHUS BOJIOKOH, €CJIM a0CONIOTHAS BEIWYHMHA CMEIICHUS [EHTPATBHBIX OCeit
COEIIMHSIEMBIX ONITUYECKUX BOJIOKOH cocTaBisieT 0,1 oT nuameTpa cepIiieBUHBI 3TUX OMTHUECKUX
BOJIOKOH
Pemenue.

1. Ucnonw3ys popmyny (5.8) monaydaem BeMYMHY MOTEPU MOIIIHOCTH CUTHAJIA PC B TOUYKE

COEMHEHUS BOJIOKOH, KOTOPas paBHa
P. =10 lg(1-8/d) =10 Ig1—0,1) =—0,457 B
2.Ecmn P.gy ¥ Pgpx COOTBETCTBEHHO MOIIHOCTU CUTHAJa Ha BXOJE M BBIXOJIE TOYKH, B

KOTOpOfI COCIUHAKOTCA BOJIOKHA, TO TOrJa UMEEM
P P
Peppix =10 |9M =-0,457 16 wnu IQM =—-0,0457 1B
CBX CBX

PeBbix 1
= 100.0457 =0,9

PCBX
B Touke coeauHeHHs BOJIOKOH niepenaercs Tobko 90% MOIIHOCTH BXOJHOTO CHTHANA, IOITOMY
MOTePsi MOIITHOCTH CUTHAJIA B TOYKE COCTUHEHUS BOJOKOH cocTtaBiseT 10%.

Ipumep 5.4 Tlepesenure mommuoctu P =300 mBr; P, =200 MBr u P; =150 MBr u3

MWUIMBATTOB B JIOTApU(PMUYECKYIO MIKATy ISIHOSTIOB Ha MUJLTUBATTHL.
Pemenne. Vcnone3ys Beipaxenue (3.10) nmeem:

10 1300 MBT _ 10-(193.100) =
PL=10 Ig=7" == =10 19300=10-(Ig3-100) =

=10(lg3+19100)=10(0,47 +2) = 24,7 nbw;
B 200 MBt _ B - B
P, =10 Igi1 BT =10 1g200=10(lg2-100) =
=10(lg2+19100)=10(0,3+2) =23 nbwm;
B 150 mBt _ B - B
P3=10 Igi1 BT =10 19g150=10(lg1,5-100) =
=10(lg1,5+19100)=10(0,17+2) =21,7 nbm.

Hepe‘{I/ICHI/IM OCHOBHBIC TOHATHUS BOJIOKOHHO-OIITUYCCKOTO KaHaJla CBs3U.

e BLIXOJHAs MOIIHOCTb IHepeaaTdyuka Pgblx_

M3J1y4YCHHUA, KOTOPOC HAIPABIIICTCA B OIITUYCCKOC BOJIOKHO,

9TO MOHIIHOCTH HCTOYHHKaA CBECTOBOI'O

¢ YYBCTBUTCJIBbHOCTH NPUCMHHKA Pll.n — 3TO MHUHHMAJIbHasid MOIIHOCTH CBCTOBOI'O CHUT'HAJIA,

KOTOPBIA MOXKET IOJy4UTh IPUEMHUK;

¢ MOIIHOCTb HACBIIICHHUA MPUCMHUKA PHn — 3TO0 MAaKCUMAJBbHOC 3HAUYCHHUC MOIITHOCTHU

CBCTOBOI'0 CHI'HAJId, KOTOPOC IMPUBOAUT K HACBIIICHUIO NPUCMHUKA. Ecmu BXO,HHOﬁ CUTrHaJ1
6y£[eT 60HLHI€ 9TOro 3HA4YCHHA, TO HNPUCM BXOAHOI'O0 CUTHAJIA MOXCT BBIBCCTU NPUCMHHUK U3
CTpoS;

e OIOJUKET MOIIHOCTH ONTHYECKOTO KaHala CBS3H Ps , ONpememsercss Kak pasHOCTh

3HAUCHUH BI:IXO,HHOI\/JI MOITHOCTH nepeaaTyruka n YYBCTBUTCIIbHOCTH IIpUCMHHKA.

P =P_—P (3.11)

M Teoix ~ Tun
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e JIONMYCTUMbIC IOTEPH MOIIHOCTH CHTHAJa B ONTHYECCKOM  KaHane cBssu P,
OTIpEICIISAIOTCS 110 hopMyIIe
(Pebzx - PHn) < Pz)on < P5_M1 (3.12)

IIpumep 5.5 Brraucnure Or0KeT MOIHOCTH U JOMYCTUMBbIE TOTEPH MOIIHOCTH CUT'HAJIA B
ONTUYECKOM KaHaJE CBS3M, €CIIU U3BECTHBI CICAYIOIINE UCXOAHBIEC JaHHBIC!

- BBIXOaHAs MomHOCTb nepenatunka P, =300 mBT
p B8blX

- uyyBcTBHTENBHOCTS IpueMunka P, =50 mBr

- MomHocTh Hackimenus npuemunka P, = 200mMBT
p H.n

Pewrenue.
1.0OmpenensieM OFOJDKET MOITHOCTH ONTHYECKOTO KaHala cBsizu 1o Gopmyite (3.11)
P6.M = P@bzx - Pttn =250 mBr

[Tpu 5TOM MakcHUMasbHAs IOTEPS. MOITHOCTH CUTHAJIA B ONITUYECKOM KaHaJIe CBSI3H JIOJDKHA
obITh MeHee 7,781 nb, cornmacuo Gopmyisr (3.12) ,

P;...=101g S0 MBr _ 7,781 b,

0 mBT
Poyon <P, ,,=7,781 1b

TaK KaK HHA4YC YYBCTBUTCIIbHOCTH NPUCMHUKA HC ITO3BOJIUT NPUHATH CUTHAJI.

2. OnpenensieM TOTEPIO MOLTHOCTH CUTHANIA B ONITUYECKOM Kabere, He MO3BOJISIOIIYIO
NPUEMHUKY BOWTH B PEXKHMM HACBIIICHUS, UCTIONB3Ys popmyay (3.12)

Py, > P, — P, =300—200=100 mBr

[ToTepst MOIIHOCTH CUTHAJIA B KaHAJIE CBSI3U JIOJDKHA OBITH Oosiee 1,761 nb, nHaye npueMHUK
BBIAJIET U3 CTPOL.

P..—P, =10 |g§(§’0Mm ~10 190, 66667 = —1,761 15

0 MBt
P@on > (Pebzx - PHn) :1, 761 ab

3. B pe3ynbpTraTe mpoBeIEHHBIX PACUETOB MOJIYYaeM, YTO JOMYCTHUMAs MOTEPs] MOIIIHOCTH
CUT'HAQJIa B ONITUYECKOM KaHAJIE CBSI3U JOJDKHA yIOBJIETBOPSTH CICAYIOIIEMY YCIOBHIO:

1,761< P,,, <7,781 1B

5.10 IpaBuia MOHTAKA U JOCTCHHCTBA Ka0eJbHBIX CHCTEM HA OCHOBE ONTOBOJIOKHA.
OTMeTHM cJicayromue J0CTOMHCTBA OIITUYCCKOTO KaGGJISI:
e QOJIbIIIasi CKOPOCTH Mepeiadn TaHHBIX:

C
V= \%z 200000 xn/c,

rie Gy — CKOpOCT CBETa B Bakyyme, Cy = 300 000 kM/c; € — mudneKkTpUdecKas MOCTOSHHAS

Marepualia ONTOBOJIOKHA, 0OBIMHO paBHa 1,4,

e HEBOCIPUUMYHMBOCTH IEPEIABAEMOT0 CBETOBOTO CHUTHAja K BHEIIHUM 3IIEKTPUYECKUM
MIOMEXaM U HaBOJKaM;

e OTCYTCTBUE HEOOXOJUMOCTH CO3aHUs 3a3eMIISIONINX KOHTYPOB,;

o wmanas Macca (OK ¢ 0HO# LIeHTpaNbHOM KUJI0H UMeeT Maccy Bcero 9 r/m);

e KOH(UACHIIMATBLHOCTH Nepeiaun HHPOpMaluy,
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® KOPPO3HMOHHAsI CTOMKOCTH K BO3JICICTBHUIO arpeCCUBHBIX CPEJl U BIIATH;
paboTaeT mpu TemrmepaType okpyxatormieit cpeast ot —60°C no +85 °C;
KOHHEKTOP Kabens momyckaeT a0 500 moakimoueHuil B pa3beM ajganrtepa,
MIPOCTOTA HapallMBaHUs KaHaja CBSI3H.

[lepeuncinuM OCHOBHBIE NTPaBUIIA MPOKJIATKH ONTUYECKUX KaOeseu:
e JI0 Hayaja MpOKJIaAKH Kabens HeoOXOAUMO yOenuThCsl, UTO KaOelbHbIe KaHAIbl M JIOTKH
HE UMEIOT OCTPBIX KPaeB;
e pamuyc u3ruda xabens He JI0JKEeH MPEBbIIATh YeThIpeX AUaMEeTPOB Kabes;
e HEIOMYCTHMO O0pa3oBaHME METeIb U CKpyuYUBaHHE Kales;
e Ha Kaleib He CIeayeT KIacTh MOCTOPOHHUE MPEIMETHI,
e CJIeyeT MPOTATUBATh KaOelb MPSMO C KaTyIIKH.

CHG,Z[yCT HUMCTH B BUAY, YTO IIPpHU CO3AaHHUUN KaOEeIbHBIX CUCTEM Ha OCHOBE OIITOBOJIOKHA, IMPpU
BLI60pC OITUYECKOTO Kalelst CICAYyCT YYMTBhIBAThL. 3aTyXaHHWC CHUI'Halla B Ka6ene, KOJIMYCCTBO
BOJIOKOH B Ka6ene, BHCIIHUH AUaMCETp KaGGHﬂ, AOIIYCTUMOC pacTaAruBaromice ycuine u
AOIIYCTUMOC YCIIOBUC CTATUBAHUA, MACCY Ka6en;1, MaKCUMaJIbHO JOIYCTUMYIO AJIUHY.
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Jlexuusi 6. [IpuHOMIBI, MPABUJIA YCTAHOBKH, MOHTAKA, IKCILUTyaTAIINH H
monepum3anuu ACOUnY, nocrpoennnix Ha 6a3e JIBC cemeiictBa Ethernet, Fast Ethernet
Gigabit Ethernet, 10 Gigabit Ethernet.

6.1 Cranpaptsl ceteii cemeiictBa Ethernet nust nocrpoenns ACOUnY
Kaxk npaswuno, nenrpanusoBanabie ACOUnY crpost Ha 6a3e JIBC cemeticta Ethernet.
Knaccudukanus JIBC, ucnons3yemsix npu noctpoennu Takux ACONUuY, npusenena B Tadi.
6.1.
Tabauya 6.1
JIBC cemeiictBa Ethernet, ucrionp3yemele 1iist mocrpoenus reHTpanuzoBanibix ACOUnY

Kmnacc JIBC Cemeiictso JIBC Ethernet Crannaptsl JIBC Ethernet
HuszkockopocTHbie Ethernet, 10Base5, 10Base2, 10BaseT,
ckopocth 10 Mbur/c 10BaseF
(cranmapt IEEE 802.3)
CpeaHecKOpOCTHBIC Fast Ethernet, 100BaseTX, 100BaseT4,
ckopocth 100 Mbut/c 100BaseFX, 100BaseSX
(cranmapt |IEEE 802.3u)
CkopocTHbIe Gigabit Ethernet, 1000BaseLX, 1000BaseSX,
ckopocTh 1 I'6ut/c 1000BaseT, 1000BaseTX
(cranpmapt IEEE 802.3z)
CBepXCKOpPOCTHBIE 10 Gigabit Ethernet, 10GBaseSR, 10GBaseLR,
ckopocth 10 T'out/c 10GBaseER
(cranmapt |IEEE 802.3ae)
CynepckopocTHbIE 40 Gigabit Ethernet, 40GBaseSR4
ckopocTth 40 T'out/c 40GBaseLR4
(cranpmapt IEEE 802.3ba)
VYIIbTpacKOpOCTHBIE 100 Gigabit Ethernet, 100GBaseSR10
ckopocth 100 I'6ut/c 100GBaseLR10
(crannapt IEEE 802.3ba)

Crannmapt |EEE 802.3 (Institute of Electrical and Electronics Engineers) —pa3pa6oran
HHCTUTYTOM MHIKEHEPOB I10 3JICKTPOTEXHUKE U DJIEKTPOHHUKE.

6.2 IocTpoenne u 3xcmryaranusit ACOUnY na 6aze JIBC cemeiicrBa 10/100 Base

JlokanbHble BHIYUCIUTENbHBIE ceTH cTaHaapToB 10BaseS, 10Base2 B nacrosiee BpeMs
NPaKTUYECKU He MpUMEHsoTcs. Jlanee OyneM HCIoIb30BaTh CACAYIONME MOHITHSA:

e Jyd CeTH — Kabelb, COCAMHSIONIMKA y3el1 CEeTH C KOHICHTPaTopoM, WM KaOeb,
COEIMHSIONIN 1Ba COCETHMX KOHIIEHTPATOPA;

e JUIMHA CETH — CYMMa PacCTOSHHUM BCeX Jydel, COSUHSIONMX Yepe3 KOHLIEHTPAaTOPHI JBa
Haun0oJiee yaJeHHBIX IPYT OT Jpyra y3jia CeTH,

e A — JUIMHA CBETOBOM BOJIHBI, KOTOPAs M3IY4aeTCs] ONTHUYECKUM MPUEMOIEPEIATINKOM U
U3MEpSIEeTCS, HM.

PaccmoTpuM ocHOBHBIE MpaBmia yctaHOBKH U MoHTaxka JIBC Ethernet

JIBC Ethernet cmanoapma 10BaseT:

e CTPOSAT Ha 0a3e KOHIICHTPATOPOB;

e B ceTH ucnonb3ytoT kabens HBII TpeTweit kareropuu;

e JUIMHA Ty4a ceTu He npesbimaeT 100 m;

e B kaleme  Jy4a  CeTH  3aJCHCTBOBaHBl  TOJILKO  JBE  Hapbl  IMPOBO-
OB M3  UeThIpeX; OJHAa  Tmapa UCTIONIB3yeTCS  JUId  [Mepeiadd  CHUTHaja
(mapa 2 — opamxeBas), a apyras — i npuema (mapa 3 — 3enenas). [lapa 1 (romybas) u mapa
4 (xkopr4yHEBas) HE UCTIONB3YIOTCS,
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e MEXIy JTIOOBIMU IBYMS Y3J1aMH CETH JOJKHO OBITH HEe 00Jiee YeThIpeX KOHIIEHTPATOPOB U
[IATH JTy4YeH;

e MaKCHMallbHas JUIMHA CeTH He NoJpKHA npeBbimath 500 M.

JIBC Ethernet cmanoapma 10BaseF:

e CTpOAT Ha 06a3e KOHIIEHTPATOPOB,;

e B ceTH ucnoiib3yoT OK Ha 0CHOBE MHOTOMOIOBOI'O BOJIOKHA,;

e B CETEBBIX aJanTepax y3JI0B CETH UCIOIB3YIOT CBETOIUOIHBIN MTPUEMOTIEpEeIaTUUK, ITTHHA
CBETOBOM BOJIHEI cocTaBisteT 850 HM;

e JIMHA JTy4a ceTH He JospkHa npeBbimarh 1 000 m;

e MEXIy JTHOOBIMU IBYMS Y3J1aMH CETH JOJKHO OBITH HEe 00Jiee YeThIpeX KOHIIEHTPATOPOB U
ST JTy4eid, To3ToMy anuHa cetd He 6osiee S5 000 M.

JIBC Fast Ethernet cmanoapma 100BaseT4:

e CTpOAT Ha 06a3e KOHIIEHTPATOPOB,;

e B ceTH ucnonb3yloT kabens HBII TpeTweii kareropuu;
JUIMHA JTy4a CEeTH He oinkHa npeBbimath 100 m;

e B KaleJe JTy4yel ceTu 3aJeiCTBOBAaHbI BCE YEThIPE Maphl POBO/IOB,;

e MEX]y JIOOBIMU JBYMSI y3JIaMH CETH JIOJDKHO OBITH He OoJiee JBYX KOHLEHTPAaTOPOB U
TpeX JIy4eH;

e MaKcHMalbHas JJIMHA CETH He JA0JDKHA MpeBbImath 205 M.

JIBC Fast Ethernet cmanoapma 100BaseTX:

e CTpOSAT Ha 06a3e KOHIIEHTPATOPOB,;

e B CeTH UCHONb3YIOT Kabens HBII nsaToit kareropuu;
JUIMHA JIy4a CEeTH He JoynkHa npeBbimath 100 Mm;

e B Ka0elie CeTH 3a/IeHCTBOBAHBI JIBE Maphbl MPOBOIOB (BTOpasi U TPETHS);

e MEXIy JIIOOBIMH JBYMS y3JIaMHU CETH JOJDKHO OBITh He OoJiee JBYX KOHIIEHTPATOPOB U
TpeX JIy4eH;

e MaKcHMalbHas JJIMHA CETH HE JA0JDKHA MpeBbImarh 205 M.

JIBC Fast Ethernet cmanoapma 100BaseFX:

e CTpOAT Ha 6a3e KOHIIEHTPATOPOB,;

e B ceTu ucnoib3yroT OK Ha 0OCHOBE MHOTOMOJIOBOTO BOJIOKHA,

e B CETEBBIX aJanTepax y3JI0B CETH HCIONb3YIOT CBETOIUOIHBIN MTPUEMOTIEpeIaTuUK, ITHHA
CBETOBOM BOJIHBI KOTOpOTO coctaBisieT 1 310 uwm;

e JIMHA JTy4a CeTH He JoJpKHa npebimath 200 m;

e MEXIy JIOOBIMHU JBYMS y3JIaMHU CETH JOJDKHO OBITh He OoJiee JBYX KOHIIGHTPATOPOB U
TpeX JIy4eH;

e JUIMHA CETH HE MOJKHA MpeBbImaTh 412 M.

JIBC Fast Ethernet cmanoapma 100BaseSX:

e CTpOAT Ha 6a3e KOHIIEHTPATOPOB,;

e B cetu ucnoab3yroT OK Ha 0OCHOBE MHOTOMOIOBOTO BOJIOKHA,

e B CETEBBIX aJanTepax y3JI0B CETH HCIONb3YIOT CBETOIUOIHBIN TPUEMOTIEpeIaTuUK, ITTHHA
CBETOBOM BOJHEI cocTaBisteT 850 HM;

e JJIMHA JTy4a CeTH HE J0JDKHA IpeBbimarh 160 wm;

e MEXIy JIOOBIMHU JBYMS y3JIaMHU CETH JOJDKHO OBITh HE 0oJiee JBYX KOHILIEHTPATOPOB U
TpeX JIy4eH;

e MaKCHMaJIbHas JUIMHA CETH IOJDKHA OBITH He Oojee 325 M.

6.3 IlocTpoenue u 3xcniayaranusi ACOUnY na 6ase JIBC cemeiicta 1G Base

JIBC Gigabit Ethernet u 6onee ckOPOCTHBIE CETH CTPOSIT TOJIBKO HA KOMMYTaTopax,
CIIOCOOHBIX MApAJUIETBHO MepeiaBaTh Kaapbl Cpa3sy MEXy BCEMHU TapaMy CBOMX ITOPTOB
00BeMHATH pabovre CTAaHIIUU OTJCIBHBIX CETEH B €IMHYIO CETh C TIOMOIIBIO BCTPOSHHOM
(GYHKIIMH MapIIpyTH3alUH MTAKETOB.
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ITpu 3TOM, Kak MpaBUIIO, K OTJAEIBHBIM CKOPOCTHBIM MIOPTaM KOMMYTATOpa IMOAKIIOYAI0T
CEpBEPBHL.

OCHOBHBIE KCIUTYaTalMOHHbIE XapaKTEPHUCTHKH CKOPOCTHBIX U CBepXcKopocTHBIX JIBC,
UCTIONB3YeMbIX Ipu noctpoeHnu ACOUnY, npuseneHs! B Tad. 6.2.

Tabauya 6.2
OcHoBHbI€ dKCILTyaTanoHHble Xapakrepuctuku JIBC cemeiictBa Ethernet 1GBase
MakcumainbHas
Crangapt Cpena nepenaun
JUTHA JIy4a CeTH, M
JIBC Gigabit Ethernet
1GBaseL X OK Ha 0CHOBE 0JTHOMOJJOBOTO BOJIOKHA, 5000
CBETOJMOIHBIH MpHeMoTnepeIaTynuK
¢ »=1310 am
1GBaseSX OK Ha 0CHOBE MHOTOMO/IOBOTO BOJIOKHA, 500
CBETO MO IHBIH npuemonepenaruuk ¢ A =850
HM
1GBaseT KabGenb «BuTas mapa» kareropuu SE 100
(3ameiicTBOBaHBI YETHIPE MaphI)
1GBaseTX Kabenpb «BuTast mapa» kareropuud 6 100
(3azeiicTBOBAHbI JIBE MAPHI)

6.4 IlocTpoenne u 3xkcmiryaranust ACOUnY na 6aze JIBC cemeiictBa 10 GBase
OcHOBHBIE FKCIUTyaTallMOHHbIE XapakTeprucTHKH ckopocTHbIX JIBC cemeiictBa 10GBase,
UCTIONIb3YeMBIX IipH noctpoeHnn ACONnY, npuseneHs! B Tadi. 6.3

Tabauya 6.3
OcHoBHbIe dKcIUTyaTaimoHHble xapakrepuctuku JIBC cemeiictBa Ethernet 10GBase
MakcumasnnHas
Crannapt Cpena nepenaun JUIMHA JIy4a CETH,
M
10GBaseER OK Ha 0CHOBE 0JJHOMOJOBOTO BOJIOKHA, 40 000
na3epHbIil IpUeMonepeaTuuK ¢ A =
=1550 um
10GBaseLR OK Ha 0CHOBE MHOTOMOJIOBOI'O BOJIOKHA, 10 000
na3epHbIil IpueMonepeaTiuK ¢ A =
=1310uam
10GBaseSR OK Ha 0CHOBE MHOTOMO/IOBOI'O BOJIOKHA, 26
CBETOMOHbIH mpuemonepenarunk ¢ A =850
HM

6.5 IMocTpoenue u dxcmiayaranusi ACOUnY Ha 6a3e JIBC cemeiictBa 40/100 GBase
OCHOBHBIE JKCIUTyaTallMOHHbIE XapakTeprucTuku ckopocTHbIX JIBC cemericta 40/100 GBase,
UCTIONB3YeMbIX Ipu noctpoennn ACONunY, npuseneHs! B Tadi. 6.4
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Tabauya 6.3
OcHoBHbIe dKcIuTyaraimoHHbie xapakrepuctuku JIBC cemeiictBa 40/100 GBase
MakcumanbHas
Crangapt Cpena nepenauu JUIMHA JIy4a CETH,
M

JIBC 40 Gigabit Ethernet
40GBaseSR4 OK mapku OM4 Ha 0CHOBE MHOTOMOIOBOTO 150
BOJIOKHA, conepikamiero 8 Bomokon, VCSEL-
JIa3epHBIN puemonepenaTyuk. I1o Bosokny
nepegaeTcs cBeToBoi iyd ¢ A = 850 HMm.
Kaxnplii myd nepeaet no BOJIOKHY IaHHBIE CO
ckopoctrio 10 ['6ut/c
Crannaptasiii 12-BonokonHsli pazsem MPO Ha
Ka0eb.

40GBaseSR4 OK mapku OM3 Ha 0CHOBE MHOTOMOJIOBOTO 100
BOJIOKHa, conepskamiero 8 Bomokon, VCSEL-
JIa3epHBIN puemonepenaTyuk. 1o Bookny
nepegaeTcs cBeToBoi iyd ¢ A = 850 Hwm.
Kaxnp1ii myd nepeaet mo BOJIOKHY IaHHBIE CO
ckopocthio 10 ['6ut/c

Crannaptasiid 12-BonokoHHsIi pazbem MPO Ha
Ka0eb.

JIBC 100 Gigabit Ethernet
100GBaseSR10 OK mapku OM4 Ha 0CHOBE MHOTOMOJIOBOTO 150
BOJIOKHa, conepxkamiero 20 BonokoH, VCSEL-
JIa3epHBIN puemonepenaTyuk. I1o Bookny
nepenaeTcst cBeToBoi tyd ¢ A = 850 HMm.
Kaxnplii 1yd nepeaet no BOJIOKHY IaHHBIE CO
ckopoctrio 10 ['6ut/c

Crannaptabiii 12-BonokoHHsIi pazbem MPO Ha
kabenb. (*)

JIBC 100 Gigabit Ethernet )
100GBaseSR10 OK mapku OM3 Ha 0OCHOBE MHOTOMOJIOBOTO 100
BoJIOKHa, conepxkamiero 20 BonokoH, VCSEL-
JIa3epHbIN npuemonepenaTduk. [1o BosokHy
nepenaeTcst cBeToBoi tyd ¢ A = 850 HMm.
Kaxplii myd nepeaet mo BOJIOKHY IaHHBIE CO
ckopocTthio 10 '6ut/c
CrannaptHbiii 24-BoJ0KOHHBIN pazbeM MPO Ha
Kabenb. (*)

(*) Onrtuueckuit konnexkrop MPO (Multi-fiber Push On) ocymiectsisier coequaeHne
ONITHYECKUX BOJIOKOH C KOMMYHHKAIIMOHHBIMY MaHeIsIMU (Kpocc-TiaHesIMU), UMEeT
HeOoJIbIIMe pa3Mepsl U 00J1a1aeT XOPOIIMMHU ONITHYECKUMH XapakTepucTukamu. Tak, B 12-tu
BOJIOKOHHOM pazbeMe MPO notepst MOLTHOCTH CUTHaA, MPOXOISIIEr0 Yepe3 HEero, COCTAaBIIsET
okouto 0,35 nb. l1Inyps! (KOpOoTKHE ONTHYECKUE BOJIOKHA JITMHOM 10 15 M), KOTOpbIE
npeaHasHaueHsl s nepexoaa ¢ konnekropa MPO na pazpembl Tuma ST, SC wnu LC, umeror
BHOcuMBIe otepu Menee 0,15 gb.
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MexnyHnapoaHou 3ekTpoTexHudeckoit komuccueit (International Electrotechnical Commision
- IEC) pa3zpaboTaH u yTBepKICH MEKIYHAPOAHBIH CTaHAapT Ha KOHHeKTObl MPO, KoTOpBIN
onpeneneH kak |[EC-61754-7. «uTepdeiichl BOJOKOHHO-ONTHYECKUX coequHuTenei. YacTs 7.
Cepus coequnurenet Tuna MPO»

Crnenyer OTMETHTB, UTO B HACTOSIEE BPEMs pAIOM (UPM paccMaTPUBAETCS BOSMOXKHOCTD
peanusanuu JIBC 100 Gigabit Ethernet ¢ ucrons3oBaHHEeM ONTHYUECKOTO Ka0esi, COCTOSIIETO U3
BOCBMH MHOTOMOJIOBBIX BOJIOKOH, IIPU 3TOM CKOPOCTb MEPeauy JaHHBIX JOJKHA COCTABIATh 25
['GuTt/c Mo KaXK7OMy BOJIOKHY B OJTHOM HarpaBJICHHH.

6.6 IocTpoenue n 3xcrryatanmusa ACOUnY na 6aze JIBC Ethernet

Ha xpynubix npennpusitusx ACOUnY crpost Ha 6a3e cereit cemeiicTBa Ethernet B Buze
UEpPapXUYECKOU CTPYKTYPBI:

- Ha BepXHEM ypOBHE MEpapXuu pacrojoxeHa ceTb Ethernet cemeiictea 10GBase;.

- Ha cpeHeM YpOBHE UepapXuu pacrosioxeHbl cetd Ethernet cemelictea 1GBase;

- Ha HW)KHEM YpOBHE Mepapxuu pacnoiioxensl cetu Ethernet cemeiictea 100Base.

Cepsepsl JIBC BepxHEero ypoBHs 00CITYKHBAIOT BCEX COTPYAHUKOB OPTaHU3ALIUH 110 MEpe
HeoOxoaumoctH; cepepbl JIBC cppenHux ypoBHEH 00CTyKUBaIOT COTPYIHUKOB TEX
NOJIpa3eeHui, TIe YCTaHOBIICHBI (yIIpaBieHus, oTaeneHus), a cepepbl JIBC HmkHero
YPOBHSI OOCITY)KHBAIOT COTPYAHUKOB TTOJIPA3ICNICHNH, I/Ie YCTaHOBJICHBI (OTHEIHI,
TabopaTopun).

Bsaumopericteue JIBC pa3HbIX ypoBHEH OCYILIECTBISETCS YEPE3 KOMMYTATOPHI €

(GYHKUIMSAMEU MapHIpyTH3ALHH.

6.7 IllocTpoenue u 3xcniayaranus ACOUnY na 6a3e JIBC cemeiicta 100Base

[Tockonbky noBobHO yacto ACOUuY crposr Ha 6aze JIBC 100BaseTX, 100BaseT4 unu
100BaseFX, nMmeroniux HecTaHAAPTHBIE apXUTEKTYpHBIE PEIIeHus, TO 71t Toro, 4yTo0bl JIBC
HECTaHAPTHOU apXUTEKTYpPhl OblJIa paboTOCTIOCOOHOH, HEOOXOIUMO BBITIOJIHEHUE YCIIOBUS

PDV <5128BT, 6.1)
rne PDV (Path Delay Value) — makcumanbHoe BpeMsi 1BOIHOTO 060pOTa CUrHANA, T. €.
BpeMs, B TECUCHUE KOTOPOTO CUTHAJ PAaCIPOCTPaHSETCs M0 KaOeIro CeTH OT y3JIa HCTOYHUKA K
y3JIy aaipecaTty u oOpaTHO MPU YCIOBHH, YTO ITH Y3JIbI HAXOSATCS OJUH OT IPYroro Ha
HauOOJBIIIEM PaCCTOSHUH,
BT (Bit Time) — anuTensHOCTs OHOTO 6UTa Manubx, BT =10 nc.
3nayenne PDV onpenensercs us cienyrommero BoIpakeHus:

n m
PDV=2Ty+T o+ 3 T+ 3 Tj |, (6.2)
=1 =1
rae Ty, Tq — BpeMs 3aJepKKK CUTHAJIA B CETEBOM ajianTepe y3la UCTOUHUKA U ajapecaTa
COOTBETCTBEHHO; | j — BPEMs 3a/IEp/KKU CHTHasIa B i-M KOHIIEHTpaTope; T j — Bpems
3aJICP)KKH PacpOCTPAHEHUSI CUTHAJIA B |-M JIyde KaOeJis, KOTOPhI pacroiosKeH Ha MYTH OT
UCTOYHHUKA K azpecary, Ha paccrosuuu 100 M ono pasno 500 ne wim 50 BT |, 1. e. 3amepixka
curnana Ha oguH Metp cocrasiser 0,5 BT ; N — umcno konuenTparopos Ha myTn

MAaKCUMaJIbHOM JJIMHBI OT UCTOYHMKA K aIpecary; M — 4KCIIo JIydel Ha IIyTH MaKCUMaJIbHOU
JUIMHBI OT UICTOYHUKA K aJpecary.
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IIpumep 4.1. Ouenure padorocriocoonocts JIBC 100Base TX, ecnu u3BECTHO, UTO MEXKIY

IBYMs HauOoJiee yaleHHbIMU y3JaMH CeTH HaXOMATCS:
e TpU KOHIIGHTPATOpa, 3aJIep’KKa CUI'HaJla B KayKJ0M KoHIeHTpaTope paBHa 30BT;
e yeThIpe Jiyya UIMHOM 50 M KaKIbIi.
3azepiKKa CUI'HAJIA B CETEBBIX aJanTepax MCTOYHMKA M ajipecara oJlMHakoBa u pasHa 25 BT .

Pewenue:
1) 3aiepkKa cuTHaNA B CeTeBBIX agantepax Iy =14 =25BT =

2) sanepxka curHana B kouuentparopax I, ;=T »=T,3=30BT ;

3) 3ajiepKKa cHrHaIa B KakJ0M Kabele, BXOIAIIUM B yTh MAKCUMAJIBLHOI JUTMHBI,
T,=T,=T3=25BT;

4) obmias 3a/iepKKa CMTHaIa OT UCTOYHUKA K aJpecaTy Ha MyTH MaKCUMAJIbHOM JUTHHBI,
COIJIACHO BhIpaXkeHUto (4.2),

PDV =2(25BT +25BT +3x30BT +4x 25BT)=480BT;
5) ockonsxy PDV <512BT , JIBC pa6otocnoco6Ha.
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Jlekumsa/. IlpuHuuMnel, mnNpaBWJa YCTAHOBKH, MOHTa)Ka, JKCIUIyaTalMH M
moaepHusanun ACONUnY, nocrpoennnix Ha 6a3e JIBC koabuesoii apxurektypbl. CeTb
FDDI. IlpaBuia ycTAaHOBKH M 3KCILIYaTAllMH KOMMYTATOPOB B MoaeMoB B ACOUnY.

7.1 OcOeHHOCTH IKCIIyaTallMH ceTeil KoabueBoil apxutektypsl FDDI
OtnenbHbIE TEppUTOpHANBbHO-pacnpenenennsie JIBC, Bxoasmue B cocraB ACONnY,
JOBOJIBHO YacTO OOBEANHSIOT B €IMHYIO PACTIPEACICHHYIO CHCTEMY C TIOMOIIbIO THIIOBOK
TEXHOJIOTUH: BOJIOKOHHO-ONITUYECKUI HHTEepdelc pacnpeaeneHHoi nepenaun nanusix (Fiber
Distributed Data Interface - FDDI).

[lepeunciauM 0OCHOBHBIE OCOOCHHOCTH YCTAaHOBKH U MOHTaxa cereit FDDI.

e FDDI — 310 0TKa30ycTOMYMBAs CETh KOJIBIIEBOM apXUTEKTYpPbl, UMEIOLIasl IBa KOJIbIa
(ocHOBHOE 1 pe3epBHOE). K KakaoMy KOJIBIY MOXKHO MOAKII0UUTH 10 500 ycrpoiicTs (y3110B ceTn),
MakcuMabHas JuHa Konbila — 100 kM, a ckopocTs nepenaun napopmaiuu o koasiry — 100
Mowurt/c.

e [lonkmioueHue y3JIO0B K KOJbIY CETH, B TOM 4YHCI€ KOMMYTaTOpOB, MOCTOB U
MapuUIpyTU3aTOPOB, OCYILECTBIISICTCS ¢ TOMOIIbIo anantepos FDDI.

e Ilpu montaxe cern FDDI Ha 6aze onHOro Kojblia cieayeT MCIONb30BaTh Y3Jbl THIIA SAS
(Single Attached Station), umeromue ofHy CETEBYIO IUIATy JUIS ITOIKIIFOUCHHUS K KOJIBILY CETH, a TIPH
MOHTaXK€ ceTu Ha 0Oase aByx kojenr — y3ubl Tuia DAS (Dual Attached Station), umeromue nBe
CETeBbIE IJIAThI VIS MOJIKIIOYEHHS y371a K 000MM KOJIbIIaM CETH.

e Cerp FDDI MOXHO cTpouTh Kak Ha OJHOM KOJblle, TaK U Ha JBYX. BTopoe KoiblO
paboTaeT TOJNBKO TOT/a, KOT/Ia MepBOE KOJbLO BBHIXOAUT M3 CTPOS, MO0 B MEPUOJ MEPErpy3Ku
nepsoro koinbia. B cetn FDDI Ha 0a3ze AByx koJjer nepenaya MHGOpPMALIUU MO 3TUM KOJIbIaM
BEJIETCS B IPOTHUBOIOIOKHBIX HAlPaBJICHUIX.

e Ceru FDDI B xauecTBe cpezpl nepenad HHGOPMAIMH 110 KOJIBILY UCIIOIb3YIOT ONTUYECKHI
kabernb Ha 6a3ze ogHoMo0Bor0 (10/125 MKM) mitn MHOTOMOI0BOTO (62,5/125 MKM) BOJIOKHA U
CBETOAMOIHbIE TIPHEMOTIEPEATYNKH, UMEIOLINE COOTBETCTBEHHO [UTMHBI BOJH CBETOBOT'O JTydya

A=1310uM u A =850 HMm.

e PaccrosiHue Mexny AByMsi coceIHUMU ycTpoiicTBamu B cet FDDI 6e3 nanuuust ycunureneit
NP UCTIONIB30BAaHUU OJJHOMOJIOBOTO BOJIOKHA HE JIOJDKHO MPEBBIIATh 35 KM, a IIPH UCIOIb30BAHUH
MHOT'OMOJIOBOTO BOJIOKHA — 2 KM.

e YPOBEHb MOIIHOCTH CBETOBOIO CHUTHAJIA, NMPOXOJALIETO IO KOJbIYy CETH, Ha BXOJE y3ia
ceTu He JoJpkeH ObITh MeHee 31 nbm. Ilpu 3ToM noa ypoBHEM MOIIHOCTH NOHUMAIOT BEJTUYMHY,
BBIYKCIIAEMYIO B JJorapudmuueckoii mkane no popmyne P (mbm) =10 Ig P(MBT),

rjae P — MOIIIHOCTh CBETOBOI'O CUTHajIa B MUJIMBATTax, MBT.
MaxkcuManbHO JOMYCTUMBIH YPOBEHb IMOTEPh MOIIHOCTH CBETOBOTO CHUTHAlla B KaOene He
JOJKEH npeBbiarh 11 nbm.

e B ceru FDDI mnpenycmorpena nepenava Tpaduka AByX THUIIOB:

— CHHXPOHHOTO Tpaduka IJis MepeJadyr MPHI0KEHUH, KOTOpble TpeOYIOT MpeaoCTaBICHUs
UM TapaHTUPOBAaHHOM TMPOIMYCKHOM CHOCOOHOCTH, T.€. Ui Tepeiaud rojoca H
BujeonsoOpaxkenuit. Jlns Takoro Tpaduka KaKAOMY Y3y CETH  IPeNOCTaBIseTCs
(uKCHpOBaHHAS YaCTh MPOIYCKHON CIIOCOOHOCTH KOJIbLIA;

— aCHHXPOHHOTO TpaduKa AJIs Imepelaun JAHHBIX, KOT/1a He IPeabBIsSeTCsS TpeOOBaHUH K
3ajiep KKaM 0OCITY)KMBaHUs. Y3ell MOXKET IepeaBaTh aCHHXPOHHBIE Kapbl TOJIBKO B TOM
cllyyae, eclid y Hero ocTajach Kakas-To 4aCTh HEM3PACXOJOBAHHOM MPOMYCKHOM CIIOCOOHOCTH.

Takum o6paszom, cets FDDI nmo3Bossier nogaepxuBaTh NIPHOPUTETHYIO 00paboTKy Tpaduka:
BBICILII IPHOPUTET Y CHHXPOHHOTO TpaduKa IJis mepeauu rojoca u BUAEO, a HU3IMUH — y
ACMHXPOHHOTO TpaduKa /Ui nepeaayu JaHHbIX.
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e Ilpu pabGore ceru FDDI B Heli MOXHO YCTaHOBUTH HECKOJBKO MapKepoB, KOTOpbHIE
UCHOJNB3YIOTCS Ul OJHOBPEMEHHOW mneperaun uHpopmauuu. Kaxaomy y3iay MOXeT ObITh
BBIJICJICHO OTPAaHMYCHHOE BpeMsl BJIAJCHHS MapKepoM, KOTOpOe 3apaHee JIOJDKHO ObITh
ONpEAENeHO aIMUHUCTpaTopoM ceTu. Iloka y3enm BiaageeT MapKepoM, OH MOXKET IepeciaTh
HECKOJIbKO KaapoB. Ilo 3aBeplieHuu nepenaun Mapkep aBTOMaTHYECKHM MEPEAAETCS APYrOMY

y31y.

B nporuecce nHUIMATH3ALUK CETH aIMHUHUCTPATOP ONPENIEIISET U YCTAaHABIUBACT 0XKHIAEMOC
BpeMsi 00X0/1a KoJiblla MapkepoM, T. €. Bpemsi T TRT (Targer Token Rotation Time). [1pu stom
Ka)XXJIOMY Y371y, IIOJIy4HBIIEMY MapKep, BbIIEISETCS TapaHTUPOBAHHOE BPEMS ISl TIepejaun
JaHHBIX B KOJIBLIO, IO HCTEUCHUH KOTOPOT'O y3€ll I0JDKEH 3aKOHUUTh Iepeiady, MOoCIIe 4ero
MapKep NePEXOJHT K APYrOMY Y3IIy.

B MoMeHT nepexoia Mapkepa BKIIIOYAETC TaUMep, PETUCTPUPYIOILHM BPEMS OT MOMEHTA
MOCBUIKKA MapKepa B KOJIBIIO 10 MOMEHTA €ro Bo3BpalieHus, T. €. Bpems TRT (Token Rotation
Time). Ecin mapkep Bo3BpaTuTCs K y3J1y paHblie 0kuaaeMoro Bpemenu ooxona TTRT, To
nepeaya JaHHBIX OT y3J1a B KOJIBIIO MOKET OBITh MPOJIOJKEHA U [0 OKOHYAaHUU BPEMEHH,
BBIJICJICHHOTO JJISi CAHXPOHHOMH Iepeayu.

I[OHOJ'IHI/ITCJIBHOC BpEMs niepeaaiu paBHO pa3HOCTU MCKAY OKUIACMBIM U pCAJIbHBIM
BPECMCHEM 06XOI[a KOJIbIIa MapKEPOM. Ecnu y3€J1 IepeaacT Majlo JaHHBIX, TO HCUCIIOJIb30BAHHOC
UM BpEM CTAHOBUTCA NOCTYIHBIM JAPYTI'UM Y3JIaM.

CrannaptHbiii pa3mep nakera cetu FDDI paen 4500 Gaiit, a MakcUMalbHBINA pa3mep,
KOTOPBII MOXKET YCTaHOBUTH agMUHUCTpaTop, paBeH 20 000 GaidT.

DddexTruBHOCTD yeTaHOBKM U MOHTaxa cetr FDDI onieHnBarOT Ha OCHOBaHWU PacyeToB,
MIPOBEJICHHBIX C UCIIOJIL30BAHUEM CIIEIYIOMUX POpMYI:

Tq) <2T; (7.1)
_n(MT-D).
2= (T +D)’ (7.2)
Tmaxg = (n—l)T + 2D, (73)
D= Ltp +nt, (7.4)

rae Ty = TRT — daxruueckoe Bpems 00X0/1a KOJIbIla MapkepoM (Mc);
T = TTRT — oxunaeMoe BpeMsi 06x01a KOJiblia MapkepoM (Mc); O — KO3 UIIMENT 3arpy3Ku
KaHaJIa, enarenbHo, utoosr D > 0,9; n — uncno y3nos B cet; D — 3aepskka Mapkepa B KOJbLE

cetu npu nosHoM obopote (mc); L - nnumua xombua cetu (km); Tm ax 3 — MakCHMallbHOE BpeMsi

3aJICPIKKH JOCTYIIA y371a K ceTH (MC);
tp - cpefiHee BpeMs pacnpocTpaneHus curnana Ha 1 km (mkc); Uy - cpesnee Bpemst 3a/1epikku

CHUT'HAJIA B y3J1€ ceTh (MKC).

IIpumep . Onenure napameTpsl GYHKIIMOHUPOBAHUS CETH MPU CIESTYIOMIUX UCXOTHBIX
TaHHBIX: T = 5 MC - o)kugaemMoe BpeMs 00X0/1a KOJbIla MapKepoOM;

t, = 5 MKC/KM — BpeMsl paclipoCTpaHEHUsI CUTHAA,

t, = 1 mkc/ y3en — BpeMst 3aJIepXKKU CUTHaJIa B y3JIE CETH;

N =16 — 4mncno y3JI0B B CETH,

L = 20 kM - mIHMHA KOJIbLIA CETHU.

Pewenue: 1) onpenensieM 3aiepKKy MapKepa B KoJIblie ceT 1o ¢popmysie (4.6):

D= L'[p +nt; =20-5+16-1=116 mxc=0,12 mc;
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2) HaxouM ko3¢ ¢urment 3¢ dekTuBHOCTH pabOThI ceTH (3arpy3ky KaHaja) rmo Gpopmyiie

(4.4):
5 _N(T-D) _16(5-0,12)
~(n”T+D) (16-5+0,12)
3)BBIYHCIIIEM MaKCUMAJIbHOE BPEeMS 3aJISp KKK JOCTYIa y311a K ceTH 1o opmyie (4.5):
Tmaxsz =("-DT +2D=(16-1)5+2-0,12=75,2 mc

Cnenyer umetsh B Buay, uto npu N >100, popmyiy (7.2) MoxkHO ynpocTuTh 1 TOrIa
nMeeM 2 =1-D/T

Ananus popmyin (7.3) u (7.4) mokaspIBaeT, 4To BpeMs 3aJCP)KKH JIOCTYIA y3Jia K CeTH
FDDI 3aBucHT OT OT 4YHUCa Y3J0B B CETU M JUIMHBI KOJbIIA.

=0,975=97,5 %;

7.2 Bb160p MapuipyTa NpoKJaJKi KadeJssi ceTH KOJIblLeBOI apXUTEKTYPHI.

Jlnst BBIOOpa Mapuipyta npokianku kademns cetu FDDI, koTopblii MUHUMU3UPYET IITUHY
KOJIbLI, MPOXOISIIET0 Yepe3 BCe Y37bl CETH, CYIIECTBYET OOJIBIIOE YUCIO MATEMAaTHYECKUX
METO/I0B.

Bb10op MapuipyTa npokJaaKu Kadess 1Jisl CeTH KOJIbIEBOH apXHTEKTYpPbl
¢ HCHOJIb30BAHHEM METO/Aa MU B OJMKHHUH y3eu».

Metoa “unu B OM>KHUE y3en” caMmblil MPOCTON Cpear METOI0B, UCTIOJIb3YeMbIX il BEIOOpa
MapuipyTa IpoKIagku Kabess, W OCHOBaH Ha MpaBUJie, COIJIACHO KOTOPOMY Kalelb MPOXOIUT
yepe3 Bce y3JIbl CETH TOJIBKO OJMH pa3 M KaXAbIM y3e]1 MOKET OBITh COCIMHEH TOJBKO C JBYMS
COCEIHUMU Y3JIaMH.

[Topsimox perieHus 3a1a4i METOA0OM “UAU B OMIDKHUH y3en HMEET CIEIyIOIINN BUI:
1 OmpenensieMm MHOXecTBO y3710B (V), yepe3 KOTOpbIe JOKESH MPOUTH Kabeib
2. OmpenensieM pacCTOSIHUSL MEK/Y BCEMH y3JIaMU CETH, MEKIY KOTOPHIMU MOKHO TPOJIOKUTh
kabenb (hopmupyeM TaOJUIy PACCTOSHHUN MEXKIY y3JaMHU CETH);
3. ®opmupyemM ouepenb, 3JIEMEHTaMU KOTOPOH SIBISIOTCS TYTH, ONPEICISIONINE PaCCTOSHHS
mMexay y3namu cetd. Ouepens (opmupyercss Tak, 4ToObl, OT Hayaja OuYepelr K €€ KOHILY,
PacCTOSHHS MEXKAY DJIEMEHTaMHU B Ouepe/u (UIMHBI yT) HE YBEITHYHBAJIHCH.
4. TlocnenoBaTenbHO NPOCMATPHBAEM BCE JJIEMEHTHI OuepeAr (ITMHBI Jyr, Ha4WHAs C JyI'H
HaMMEHbIICH JUTMHBI) ¥ (GopMuUpyeM MapuIpyT MpoxoxkIeHus kadems. Ecnm BeiOpaHHas myra
MO3BOJISIET TOJICOSTUHUTh K OKOHEYHBIM y3/1aM (POpMHUpPYEeMOro MapIipyTa CETH HOBBIE Y3JIbI,
He 00pa3yst HUKIOB (WM METeNb), TO COOTBETCTBYIOLIME Y3JIbI CETH COCAMHSIEM 3TOW IIyroi,
WHaye Jyry OTOpachlBaeéM U HE BKIIOYAeM B MapIIpPYT.
5. 3aBepmiaeM HpOCMOTP OYEPEAM PACCTOSHHNA MEXKIY Y31aMHU CETH, €CIH BCE Y3IIbl CETH
BKJIIOUEHBI B C()OPMHUPOBAHHBIA MapIIpPYT MPOKIaaKu Kabems. Jlanee coenuHseM KpaitHHE y3i1bl
MOJYYEHHOTO MapIIpyTa MPOKIAJAKK KaOels M MOoTydaeM KOJbIIEBOH MapIIpyT.

PaccmoTpuMm pemienue 3amauu BeIOOpa MapuIpyTa NPOKIAAKH KaOes sl CETH KOJIBIIEBOI
apXUTEKTYPBI C MPUMEHEHUEM METO/Ia UM B ONVDKHUI y3€I1» Ha IPHUMEpe.

IIpumep. Creayer mposIoXKUTH Kabesb Ui CETH KOJIBLIEBOM apXUTEKTYphI, COCTOALICH U3
IATH y370B. PaccTosiHus MeXIy y3laMHu CeTH JaHbl B Tadn 7.1

PaccrosiHre Mexay y3JaMu CeTH Tabnuma 7.1
Vanmer |1 2 3 4 5

1 * 4 6 2 13

2 4 * 3 2 13

3 6 3 * 5 13

4 2 2 5 * 8

5 13 13 13 8 *
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Pemenne. CorjnacHO NpPHUBEICHHOMY MOPSAKY PEILICHUS 3aJadud METOJIOM “WIu B OJIMKHUN
y3€ll” UMEeeM:
1. Cetb umeeT IAATH y3710B, COOTBETCTBEHHO ¢ HOMepamu OT 1 110 5.
2. PaccrostHust MeXy y3JaMH CeTH TpuBeaeHbl B Ta0n.114.1
3. ®opMupyeM odepesib PACCTOSIHUN MEXIY y3JaMH CETH, YIOPSIIOYEHHYIO HE MO yOBIBAaHUIO
JUTUH JTyde MeX]ly y3JlaMUu CETH, KOTOpas UMEET CIIETYIOLTHI BHI

Qu=2, Q2=2, Qz=3, Qu=4, Q=5 Q5=6, Q=8

Q35=13, Q»=13, Q5=13.
4  TlpocmarpuBaeM ouepeapr M (opMUpyeM MapuipyT HOpoKiIaaku Kabens. B nHauame
paccmarpuBaem nyry 14. Coemunsiem y3nbl 1 u 4. u nomydaem mapupyr (1-4). [anee
paccMaTpuBaeM CICAYIOLIYIO YTy U3 ouepeau — ayry 24.
CoenunsieM y3ibl 2 1 4 u nonydaem Mapupyt (1 — 4 - 2). Ilocne paccmatpuBaem ayry 23,
coeauHsieM y37bl 2 ¥ 3 U nosrydaeM Mapuipyt (1 —4 -2 - 3).

Hanee paccmarpuBaeM ayry 12. ITockonbKy y3i1bl 1 M 2 y)ke BXOJST B COCTaB Mapuipyra, a
NEeTJIM 00pa30BBIBATH HEIB3s, TO OTOpackiBaeM ayry 12.

PaccmarpuBaem cnemytomyto ayry 34. Ilockonbky y3iel 3 ¥ 4 yXe BXOJSIT B COCTaB
MapIIpyTa, a ety 00pa3oBbIBATh HENb3s, TO AYTY 34 Takxke 0TOpachIBaeM.

PaccmarpuBaem ayry 13., Coemunuth y31b61 1 U 3 Henb3s, MOCKOJBKY TOT/IA MOIYYHUM
KOJIBLIEBOM MapIIpyT, B KOTOPOM OTCYTCTBYET y3el 5, moaTomy ayry 13 Taxke oTOpachiBaeM.

PaccmarpuBaem nyry 45. V3en 4 yxe 3a1eiCTBOBaH U HE SIBISETCS KpalfHUM B MapIIpyTe,
MO3TOMY 3Ty JIyI'y OTOpachIBaeM.

PaccmarpuBaem ayry 35. CoeauHseM y3ibl 3 U 5 U MOJlydyaeM MapLIpyT, MPOXOJIAIINN
yepe3 cineaytomue y3iuel:  (1-4-2-3-5).

[TockoabKy BCe y37bl BXOAST B COCTaB MapIIPYTa, TO KOJIBLEBOW MapIIpyT UMEET BU:

y3en 1 y3en 4 yzen2  ysen3 yzen5  yzeml

JlinHa wMapmipyra TpOKIAAKH KaOensl KOJIbLIEBOW apXHWTEKTYphl paBHA CyMME JUIMH
Ty4el, BXOISIINX B COCTaB KOJILIIEBOTO MaplipyTa
L= 2+2+3+13+13=33 equHutinl

Bb10op MapuipyTa npokJaAKu Kadess 1JIsl CeTH KOJbIEBOi apXUTeKTYpPbl
¢ ucnoab3oBanuem meroaa Ilpuma-diiaepa

Meton [lpuma-Oiinepa ucnonsszyer anroput™ [Ipuma u Meron Oiinepa, [uisl peleHUs

3aJja4d KOMMUBOSDKEDA.
[Topsinok pemenus 3agaun Merogom I[lpuma — Ditnepa uMeeT cneayromuil BU:

1. Onpenensiem MHOKeCcTBO y3110B ceth (V),
2. OnpenensieM pacCTOSHUE MEXIY BCEMH Y3JIaMU CETH, MEXAY KOTOPBIMU MOYKHO IPOJIOKHUTh
kabenb. DopMupyeM TabIHIly paCCTOSIHUM MEXTy y3JIaMHU CETH

3. C nomoursio anroputma IIpuma ctpoum octoBoe aepeBo. Ilpu sToM cHauana dopmupyem
ouepelb PacCTOSHUM Mexay y3namu cetd. Ouepens Qopmupyem Tak, 4ToOBI OT Havaia
ouepelu K €€ KOHIY HE YMEHBIIAJIUCh PACCTOSHUS MEXIy y3jlamu, T.e. JUIMHbI ayr. Jlanee
MOCIIeI0BaTeIbHO BEIOMpAEM M3 OYepeH JUIMHBI Jyr, HauuHas ¢ Iyr'M MHHUMAJIBHOW JJIMHBI,
u crpouM rpad. Bepmmnamu rpada sBISIOTCS y31IbI CETH, a TyTaMU — PAaCCTOSIHUS MEXK]Ty STUMHU
y3nmamu cetd. OT KaXJ0ro y3jga MOXET BBIXOJUTH JH000€ YMCIIO JIyr, HO HE JIOMyCcKaercs
00pa3oBaHus KOJIELl U METEb.

4.CtpouM MynbTUTpad, KaKA0H JUIMHE IyTH COMOCTABIIsIEM €l HICHTUYHYIO.

5.CtpouM B noxyueHHOM MyibTUrpade. mapupyt Ditnepa [Ipu nocrpoennn mapuipyra Ditnepa
OJIMH y3ell cuhTaeM 0a30BBIM, U3 KOTOPOTrO OCYILECTBIIIEM KOJBLEBOM 00X0a MyabTHUrpada,
IIPU 3TOM YAQJIIEM B KOJIBLIEBOM MapILIPYTe BCE Y3JIbl, KOTOPbIE IOBTOPHO BCTPEYAIOTCS HA IIyTU
00x0/1a 3TOr0 MyabTUTpada.
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PaccmoTpuM mpumep perieHus 3a1a4u BbIOOpa MapIipyTa MpOoKJIaAKu KaOemns A CeTH
KOJIBLIEBOM apXUTEKTYpHI ¢ IpUMeHEHHEM MeToa [Ipuma-Oiinepa Ha mpumMepe.

IIpumep. Crenyer NnpoiaokHUTh KaOelb AJs CETH KOJBIIEBON apXUTEKTYpPbl, COCTOSIIEH 13

ST Y3710B. PaccTosiHUS Mex1y y3JlaMu ceTH JaHbl B Tadu 7.1.

BriOpats mapuipyT npokiaaku kademns cetu meronom [Ipuma-Oitnepa.
Pewenue.
1. CeTb uMeeT IATH Y3JI0B, COOTBETCTBEHHO ¢ HOMepamu OT 1 1o 5.
2. PaccrostHust MeXy y3JaMH CeTH IpuBeaeHbl B Ta0n.114.1
3. ®opMupyeM odepesib PACCTOSIHUN MEXIY y3JaMH CETH, YIOPSIOYEHHYIO HE 10 yOBIBAaHUIO
JUIMH AYT MEXAY y3JIlaMU CETH, KOTOpas UMEET CIEAYIOLINI BU:

Qu=2, Q2=2, Q=3 Qu=4, Q=5 Q15=6, Q=8

Q35=13, Q2=13, Qi5=13.
Hcnone3ys anropurm llpuma, ctpoum 0cTOBOE AEPEBO, IPUBEACHHOE HUKE

y3en 1 y3en 4 y3en 2 y3en 3

y3en 5

4. Ctpoum mMynbTUTpad, OTPaXKAIOUHI OCTOBOE AEPEBO, KOTOPHIM UMEET CIICIYIOIINN BU/I:

y3en 1 y3en 4 y3en 2 y3en 3

5. B monyyenHoM MynbTHrpade, UCIoab3ys MeTol Jiepa, CTpOUM 3aMKHYTBIH MapIipyT,
IIOCJIEIOBATEIILHO IIPOXOIs YEPE3 BCE Y3JIbl, KOTOPBIA UMEET CIEAYIOIINAN BU!
5-4-1-4-2-3-2-4-5
Jlajiee U3 3TOro Mapupyra MCKIHOYaeM IIOBTOPHBIE IPOXOKIACHUS Y3II0B U
MOJIydaeM pAalMOHAIBHBIN MapLIPyT MPOKJIAAKU KaOelsl CEeTH KOJBLEBON apXUTEKTYPHI,
KOTOPBIA IIPOXOJUT 4YEpe3 CIECIYIOLIUE Y3JIbL:
S=5-4-1-2-3-5
ITpu sTom mnuna mapmpyra L = 8+2+4+3+13 = 30 eaunung

7.3 Iu¢poBble a00HEHTCKHE JIMHUN 1J1s pacnpeaeieHHbIx ACOUnY
Jnst co3panust pacnpeneneHubix ACOUuY crnenyer oOparuth 0co60e BHUMaHHE Ha
OpraHM3aLMI0 KaHalla CBS3U C IPOBaiIepoM MpeloCTaBIIsseMbIX YCIyr. s 3THX 1eneid 0ObIYHO
ucnosb3yT nudposyro abonentckyro aunuto (Digital Subscriber Line — DSL). Texuosoruu
DSL oGecnieunBaroT 3HaYUTEIbHBIE CKOPOCTH TIEPEIadyy U TO3BOJISIOT MIEpeAaBaTh roJoc,
JIaHHBIE U BUICOCUTHAJI 10 METHBIM MapaM Tele(OHHbBIX MPOBOJOB 6€3 HEOOXOAMMOCTH
MOJIEpHU3ALUU A00HEHTCKUX TeICPOHHBIX JTMHUH.

PaznunuatoT cnenyromue Texnonorun DSL:
- accumerpuuHas nudposas abonentckas suHust (Asymmetric Digital Subscriber Line —
ADSL), B texnonorun ADSL ucmonbe3yercst oiHa BUTast mapa MpoBOJOB, CKOPOCTh Mepeaadyn
JAHHBIX OT CETU K MOJIb30BATEINI0 3HAUUTENIBHO BBIIIE, YeM CKOPOCTh Mepeauu JaHHBIX
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OT TOJIH30BATENs B C€Th. [IpM MaJbHOCTH CBS3M /10 3 KM. CKOPOCTH COOTBETCTBEHHO
cocraBisiior 6 MouTt/c n 640 K6ut/c.

Hcnonp3yrorcs cneayromue pasHoBuanoctu TexHojorun ADSL: ADSL, ADSL2 u
ADSL2+. Cxopocts nepegaun ADSL2 Gonbire, uem ADSL, 3a cuet ymeHbiieHust oobema
nepeaaBaeMoil ciyxeOHOH MHPOPMAIK, UCIIOIb30BaHUS YIYUIIEHHOTO MEXaHU3Ma
KBaJpaTypHO - aMIUIUTYJHONH MOIYJISILIMU, COKPAILCHHS BpEMEHN MHUIIMAIA3AlUN
ycraHoBieHHs coenuHenns. B ADSL2+ nans yBenuyeHus CKOpPOCTH Iepeiadu MOYTH B 3 pasa,
no cpaBHeHuto ¢ ADSL, pacuiipeH yacToTHbIN nuanaszoH 1o 2,2 Ml u peanuszoBaHa
BO3MOKHOCTh OOBEJMHEHUS JIBYX JIMHHUM B OJIMH JIOTHUECKUI KaHAII.

- BRICOKOCKOpOCTHasi nugpoas abonentckas ymaus (High Bit-Rate Digital Subscriber Line —
HDSL). O6ecneurBaeT CHMMETPUYHBIE CKOPOCTH TEePeadn JaHHBIX OT TI0JIb30BATENS B CETh

U M3 CETH K moJib3oBarento (2 Mout/c Ha paccTosiHus He Oosee 3,7 KM) 3a CYET MCIOJIb30BaHHUs
JABYX IIap NpOBOJOB,

- opaHosinHeiHas nudposas adonenrtckas ymHus (Single-Line Digital Subscriber Line -SDSL)
Texnonoruss SDSL  oOecnieunBaeT CHMMETpPHYHBIE CKOPOCTHM Tepelaud JaHHBIX OT
MOJIb30BaTENs B CETh U U3 CETH K MOJIb30BATENI0, HO MMeeT OTJIn4us oT TexHojorun HDSL: Bo-
MEPBBIX, MCIONB3yeTCS TOJBKO OJIHA BUTAas Mapa MPOBOJAOB, a BO-BTOPBIX, MaKCUMaJIbHOE
paccTosiHue Tiepeiaur JaHHBIX HeCKOJIbKO MEHBIIE, OTPAHUYCHO 3 KM;

- nudpoBas abOHEHTCKasl IMHUS ¢ ajanTanueii ckopoctu coequnenus (Rate Adaptec Digital
Subscriber Line — RADSL). Texunonorust R-ADSL ncnonb3yer oHy BUTYIO Tapy MPOBOJIOB U
o0ecIieunBaeT TaKyro ke CKOPOCTh Mepeadyn JaHHbIX, 4To 1 TexHosorus ADSL, Ho npu 3ToM
MO3BOJISICT aAalTHPOBATh CKOPOCTh MEPEIauu K MPOTSHKEHHOCTH U COCTOSIHUIO HCIIOIb3YeMOM
BUTOI mapbl mpoBoaoB. CKOPOCTH Mepeaayn JaHHBIX BBIOMPAETCs IPH CHHXPOHU3AINHY JIMHUH,
BO BpEeMsl YCTaHOBJICHUS COCAMHECHHS,

- cBepxckopocTtHas abonenTckas nunus (Very High Bit Rate Digital Subscriber Line — VDSL).
Texnonorust VDSL peanuzoBaHa Ha 07jHOI BUTOI Iape MPOBOJOB U €€ MOYKHO paccMaTpHBaTh
KaK 9KOHOMHUYECKH 3(p(PEeKTUBHYIO albTEPHATUBY MPOKIIAABIBAHUIO BOJIOKOHHO-ONITHYECKOTO
Ka0eJsst 10 KOHEYHOTO T0JIb30BaTeNs P paccTosHUIX 10 1 km.. C yBeTHMueHHEM pacCTOsIHUS
MEX]y TI0JIb30BaTEIEM U IPOBAWIEPOM YCIYT CKOPOCTh Mepeau JaHHBIX K I10JIb30BaTEII0
PE3KO Majaer.

Texnonoruss VDSL2 ob6ecneunBaet ckopocts nepenayu 10 100 M6ut/c B o6oux
HalpaBJICHUSX, [IPU YCIOBUH, YTO PACCTOSHUE MEXIY MPOBaiiIepoM U MOJIb30BaTEIeM HE
npesbimaeT 350 M. [Ipu paccrosHusx 1o 5 km ckopocts VDSL2 nafgaer, HO He omyckaercs
Hke 12 Mour/c.

XapakTepUCTUKU IIUPPOBBIX A00HEHTCKUX JIMHUNA CBSI3U NPUBEJEHBI B Tabn.7.1
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Tabmuma 7.1

XapakTepucTUKU U (POBBIX AO0OHEHTCKUX JIMHUM CBSI3U
Ne | Tun udpoBoii abOHEHTCKOI CkopocTs neperauu JanbHoCTh
JIUHH CBSI3U (Mb6wur/c) cBs13M (KM)
1 OT IIOJIL30BATEIIS 640 Kour/c < 3.
ADSL K II0JIb30BaTEIIO 6,5 <3
To xe 1,5 < 595
2 OT IIOJIL30BATEIIS 640 Kour/c < 2
K II0JIb30BATEIIO 12 <1
ADSL2 To xe 10 < 2
« 5 <3
3 OT IIOJIL30BATEIIS 640 Kour/c <2
K II0Jb30BATEIIO 24 <1
QI?OSCLZ To xe 19 <1,5.
« 12 <2
« 5 <3
4 HDSL OT II0JIL30BaTEIA 2 <3,7.
K II0Jb30BATEIIO 2 <3,7
5 SDSL OT II0JIL30BaTEII 15-2 <3
K II0JIb30BaTEIIO 15-2 <3
6 OT IIOJIL30BATEIIS 2,3 <0,3.
To xe 1,5 <15
VDSL K II0JIb30BaTEIIO 50 <0,3.
To xe 25 <0,9.
« 12 <1,5.
7 OT IIOJIL30BATEIIS 100 <0,35.
To xe 12 <5
vDSL2 K II0JIb30BaTEIIO 100 <0,3.
To xe 50 <0,9.
« 12 <5

HB npakTuke HanboJiee MIMPOKO UCTIONB3YIOTCS ADOHEHTCKUE UG POBBIC TUHUH CBSI3H,
noctpoeHHsle 1o TexHonmorusm ADSL2, ADSL2+u VDSL..

7.4 TexHooru4eckue pemieHus 1Jis1 00beIMHEeHUsI 0PUCOB B ¢IMHYI0 CHCTEMY.

Jns 00benHEHUS OTIACTbHBIX YIAICHHBIX 0(DUCOB B €AMHYIO CUCTEMY UCIIOJIB3YIOT
CIICAYIOIINE TEXHOJIOTHUECKUE PEIICHUS
®  TEXHOJIOT'HMsI MHOT'OIIPOTOKOJIBHOM KOMMYyTaluu ¢ momortisio merok (Multiprotocol Label
Switching - MPLS), npu xotopo#i npoBaiinep npenocrasiusier IP agpeca, a rexnonorus MPLS
MO3BOJICT a]MUHUCTPATOPY Ha3HAYaTh IaKeTaM METKH MOTOKA U JOCTaBIATh makeThl u3 JIBC
ucrouynuka k JIBC aapecary;
® CBsI3b [10 TYHHEILHOMY IPOTOKOJNY Touka-rouka (Point-to-Point Tunneling Protocol -
PPTP), paboTaroieMmy Ha KaHaJbHOM YpPOBHE, ¥ ITO3BOJISIFOLIIEMY CO3/IaBaTh TYHHEIH, T. €.
BuptyaibHbie yacTHbie cet (Virtual Private Network-VPN), B cetsx IP. Bee nannsbie,
nepenasaembie o VPN cetu, 00b19HO HIM(PYIOT A7 3aIUTHl OT HECAHKIIMOHUPOBAHHOTO
nocrtymna. udpoBanue Tpaduka — 0JHO U3 OCHOBHBIX MPEUMYIIECTB UcToNb30Banus VPN
cetu. Jlist co3aanus CBSA3M MEeXAY orucamu He00X0AUMO B Kaxa0oM oduce yctaHoButh VPN
cepBep, A YIPaBICHUS MOJKIIOUEHUEM KOMITbIOTEpOB noabs3oBaTeneid kK VPN certu.

® CBs3b 110 HAOOPY MPOTOKOJIOB 3ALIUTHI AAHHBIX, IEPEAABAEMBIX 10 MEKCETCBOMY
npotokoiy IP (Internet Protocol Security — IPSec), u ocymecTBisiomux mugpoBaHue,




ayTeHTU(UKAIUIO U IPOBEPKY LENOCTHOCTH |P makeToB /i oGecrieyeHus: ux 3aliuThl MpH
TpancnopTHpoBke. [IpoTokobl paboTaloT Ha CETEBOM YPOBHE.

Tepputopuaneuble ceT, paboTaromue Ha Oase IP TexHomormu, HCHONB3YIOT  CTEK
npotokosioB TCP/IP (Transmission Control Protocol/Internet Protocol — TCP/IP). Dtu cetn
oObenuusIoT pacnpenencHHsie ACOUuY B eAMHYIO CUCTEMY M OKa3bIBalOT OOJBIIOE YHCIIO
yCIyT, OTMETUM HanboJIee BayKHBIC:

e niepenava (aiinos Ha 6a3e nporokosa FTP ( Fail Transfer Protocol);
o I[P Tenedonus Ha Gase mportokosnoB SIP ( Session Initiation Protocol) u RTP (Real-time

Transport Protocol);

e yJaJCHHBI MOHUTOPUHI M ympaBieHue Ha 0Oa3e mportokonoB SNMP (Simple Network

Management Protocol) u RMON (Remote Monitoring).

7.5 Onenka kavyecTBa (PYHKIMOHHPOBAHHS YAAJTCHHON CBA3H 0HCOB.
[TopoOHBIi MOIX0A K OIICHKE KayecTBa (yHKIMOHKUpOBaHus IP cereii naH B
pexomenganusax ITU-TG.114, cornacHo 3TOMy JOKYMEHTY B IEPBYIO OUepeb CIeIyeT
YUYUTBHIBATh CIIEIYIOLIHE JIBA TapaMeTpa paboThl CeTe: MO0 MOTEPSHHBIX TAKETOB U 33/IEPKKY
nepeayy MakeToB MEX/1y HCTOYHUKOM U agpecaToM. IIpu 3ToM 10151 MOTEepSIHHBIX TAKETOB
noJpKHA ObITh He Oosiee 5 %, a 3a1eprKka makeTa MeX,y HCTOYHUKOM U aJpecaToM JOJKHA
cocTtaByAThk He 6osee 150 mc.

3aBHCHMOCTh KauecTBa nepcaavun rojJIoCOBbIX MMaKECTOB IP cetst OT BETMYMHBI CpCOHCTO
BPCMCHHU 3aJICPKKHU MMAKCTa MCKIY UCTOYHUKOM U aIp€CaTOM, NPHUBCICHA B Tadm 7.2

Tabmuna 7.2
KauectBo mepenaun rosiocoBbix nakeron IP cetn
Cpennee Bpemst 3anepxku IP makera (mc) KauectBo pabotsr IP cetn
0-150 OYEHBb XOPOIIIee
150 - 300 Xopolee
300 - 400 YIOBJIETBOPUTEIHHOE
ceeimie 400 HEY/IOBJIETBOPUTEIHHOE

3aziepkKa roJIoCOBOTO TaKeTa MpH ero mepeaade OT UCTOYHUKA K afpecaTy BKIIIOYAeT
CJIEYIOIIME IIECTh BUJIOB 3aCPHKEK:

- aNTOPUTMHYECKAs 3aJIePKKa, CBSA3aHHAS C 00PabOTKOI rOJI0COBOTO COOOIIECHHUS TUITOBBIMH
KOJIEKaMH, OOBIYHO COCTABIIIET OKOJIO 5 MC;

- 33/Iep)KKa MaKeTU3aIuH, BKITFOYAIOIasi BpEMs IIOMEIICHHsI TOJIOCOBBIX AaHHBIX B P maker,
00BIYHO cocTaBiIsIeT OKoao 25 — 30 Mc;

- uHTepdeiicHas 3aIepiKKa, T. €. 3aJeprKKa MakeTa MpH Mepenade B KaHaIl CBS3H, 3aBUCUT
OT MPOITYCKHOM CIMIOCOOHOCTH KaHaja CBSI3M U COCTABIISIET HE Ooiee 5 Mc;

- 33/Iep>KKa MaKeTa B BBIXOJHOW OYepe/Id UCTOYHUKA, BEI3BAHHAS OXKUJAHHEM 00CTyKUBAHUS
MPEABIAYIINX MTAKETOB, BPEMS 3aJIEP’KKH 3aBUCHT OT 3arpy3KH BBIXOJIHOTO KaHAJIA,
MPUOPUTETHOCTH 0OCITYKUBAHHS 3aIIPOCOB U MOKET H3MEHATHCS B IMIUPOKUX Mpeienax OT
€AUHUI] MC 1O COTEH MC;

- 3a/IepkKa pacrpocrpanenus |P makera mo kaHamy cBsi3u, KOTOpasi B 3HAYUTEIHHOM
CTETICHU 3aBUCHT OT PACCTOSIHUS MEX]y HCTOYHUKOM U aIpECaTOM U COCTABIISIET 5 MKC/KM;

- 33/IepKKa MaKeTa y aapecara JJis ero NpeoOpa3oBaHus U BOCTIPOU3BECHHUS B BHJIC
rOJI0COBOTO COOOIIEHMS, 0OBIYHO Ha MPAKTUKE OHA COCTABIISICT BEIMUYUHY COM3MEPUMYIO C
CYMMapHbBIM 3HAUEHUEM BEJIIMYMH MEPBBIX YETHIPEX U3 MSATH PACCMOTPEHHBIX 3a/IePIKEK

B pexomenpammsx ITU-T Y.1540 nan nepedeHp KIIOYEBBIX MapameTpoB (Moka3arenei
KadyecTBa) paboThl IP ceTell Ha MeXIyHApOIHBIX JIMHUAX, a B pekoMenaanusax I TU-T Y.1541
oTpesieNieHbl YMCIOBBIC 3HAUEHUS ITUX MapamMeTpoB. K OCHOBHBIM MOKa3aTensiM KadecTBa
pabotsl IP cereii oTHOCATCS:
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e cpexanee BpeMms 3anepkku IP makera (Internet Protocol Packet Transfer Delay-IPTD);

e BepxHHMIi peen pruTTepa 3anepxkku |P makera (Internet Protocol Packet Delay Variation -
IPDV), T.e. MakcUMaIbHOE OTKIOHEHHE OT CPEIHETr0 BPEMEHH 33ICPIKKH TTaKeTa;

e BeposTHOCTH otepsb |IP makeros (Internet Protocol Packet Loss Ration - IPLR);

e BeposATHOCTH mosiBiieHus |IP maketoB ¢ ommbOkamu (Internet Protocol Packet Error Ration -
IPER).

B Tabn 7.3 npuBeaeHbl peKOMEHyeMble HOPMBI Ha ITEPEYNCICHHBIE TIOKA3aTEeNIN KauecTBa

pabots! mis IP cereit kiaccos ot 0 10 5.

Tabmnuua 7.3

3HaueHUs TUIOBEIX MMOKa3areneii kauectsa IP cetu
ITokasarenn Kitacc IP cetn
KayecTBa Kitacc-0 Kiacc-1 Kiacc-2 Kitacc-3 Kinacc-4 Kiacc-5
IP cetn

IPTD 100 mc 400 mc 100 mc 400 mc lc

IPDV 50 mc 50 mc * * *

IPLR 10—3

_ *
IPER 10 4

* OrpaHM4eHHUs HA IapaMETpP B PEKOMEHALUAX OTCYTCTBYIOT

AHaiu3 JaHHBIX, IPUBEACHHBIX B TA0J 7.3, MO3BOJISIET JaTh CIEIYIOLINE PEKOMEHIALNH 10
UCIIOJIb30BaHUIO TEPPUTOPHUATIBHBIX ceTel, padoTaromux Ha 6ase IP Texnomoruu, s
opranu3zaiuu padotsl pacrpeneneHHbix ACOUnY:

e IS TIepe/lauy PeyuH, OpraHu3aluy BU1e0 KOH(PEPEHINHA CIeyeT CI0Ib30BaTh CETH KIacCOB

Oul;

e IS TIepe/iauy YIpaBJIAoLIe nH(opMaIiy ciieyeT UCI0JIb30BaTh CETH Kilacca 2;

e 1151 pabOThI C MHTEPAKTUBHBIMU MPUJIOKEHUSAMHY, IIPH YCIOBUU HEBBICOKHX TPEOOBAHUN K
3ajiep>KKaM MaKeTOB, MOYHO HCIIOJIb30BaTh CETH Kilacca 3;

® JIs TIepe/iayn MOTOKOBOTO BUEO CIIEYeT MCIONIB30BaTh CETH Kiacca 4;

e IS 1OCTYyNA K ceTH VHTepHeT, Korja OTCYTCTBYIOT JKECTKHE TpeOoBaHus K KauecTBy |P
ceTel, MOKHO MCIOJIb30BaTh CETH Kiacca S.

7.6 OcHOBHbIE MapaMeTPbl KOMMYTATOPOB ceTei.

ACOMUnY, nocrpoennnsiec Ha 6ase JIBC Ethernet, B kauecTBe 0IHOTO U3 BaXKHbBIX
KOMITOHEHT BKJIFOUAIOT KOMMYTaTop. KoMMyTaTop — 3T0 yCTpOICTBO, MMEIOIIee
KOMMYTAIIHOHHYIO MaTPHILY, TTO3BOJISIONIYI0 aBTOMAaTHYECKH KOMMYTHPOBATH JAPYT C APYTOM
OTJIeNbHBIE CBOU MOPTHI, U CIOCOOHOE MapaljIeIbHO TIEPEAaBaTh KaJIpbl Cpa3y MEKIY BCEMH
napaMu CBOUX MOPTOB.

K ocHOBHBIM mapameTpaM KOMMYTATOpa JITHOCSTCS:
e TUI KOMMYTaluH , 6e3 Oydepuzanuu UM ¢ NoiIHoi Oydepusanuei;

 pa3mep Oydepa (0ydepoB) kaapos;
e TIPOM3BOAMTEIILHOCTh BHYTPCHHEH [IIMHBI;
e MPOU3BOIUTEIHLHOCTD MPOIECCOPA HIIH POLIECCOPOB;

e pa3Mep BHYTPEHHEH aJpeCHOM TaOIUIIBI.
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BHyTpeHHss anpecHas TabiuIla KOMMYTAToOpa — 3TO TabJIHIla COOTBETCTBHS TIOPTOB
kommyratopa MAC- aapecam ycTpoiicTB, KOTOPbIE K HUM TOIKIIIOYEHBI, IS YIIPABICHUS
noctyrnoMm k cpene ( Medium Access Control — MAC). Oty Tabnuiy cootBerctBust (content-
addressable memory - CAM) kommytatop gopmupyeT B porecce "caMmooOy4eHus" 1o
CIIIYIOLIEMY NPUHIIMITY: CTOMT MOPTY HOJYYUTh OTBET OT YCTPOICTBA C ONPEeICHHBIM
¢dusnueckum anpecoM , kak B CAM Tabnuiie nosBiseTcsi COOTBETCTBYIOIIAS CTPOUKA
COOTBETCTBHUSI.

Pasmep BHyTpeHHEU afpecHO# TaOIHIIBI KOMMYTaTOpa — 3TO MaKCUMAalIbHAst EMKOCTh
aJIpeCcHOi TabNIUIIbI, KOTOpas onpeaenseT npeaensHoe komuaectBo MAC anpecos s
yIpaBIeHUS TOCTYIIOM K Cpefie, ¢ KOTOPBIMHU MOKET OJTHOBPEMEHHO MOXKET ONEPUPOBATH
KOMMYTATop.

MAC-aapec mo3BOIsSeT YHUKAIBHO UACHTHU(PHUIIMPOBATh KAXKIBIN y3€1 CeTH U JOCTaBIATh
JaHHBIE TOJBKO 3TOMY y31y. Takum obOpaszom, MAC-agpeca ¢opmupyroT OCHOBY ceTeil Ha
KaHAIBHOM YPOBHE, KOTOPYIO HMCIIOJIB3YIOT IMPOTOKOJBI 00jee BBICOKOTO, HAllpUMeEp, CETEBOTO
YPOBHS.

B cersix TCP/IP anst mpeoOpazoBanuss MAC-aapecoB B ajpeca CETeBOro ypoBHS H 00PaTHO
NPUMEHSIOTCS CIIENUalIbHBIE IPOTOKOJIBI. Hampumep, npoTtokon paspemrenus aapecos (Address
Resolution Protocol-ARP) wucnosib3yercs s AuHaMuveckoro npeodpasosanus IPv4 — anpecos
B ¢muueckue (anmaparasie) MAC- aapeca ycTpoicTB JOKanbHOU cetH, a mpoTokon (Reverse
Address Resolution Protocol - RARP) pemaer oOpaTHyro 3amady, T. €. HpeoOpa3oBaHUE
(bU3NYECKUX aPECOB B JOTMUYECKHE..

B cersix Ethernet ucnonb3ytorcss MAC-anpeca tuma MAC-48, xotopslie coctosT u3 6 Oaid,
T. e.. u3 48 6uT, TakuM 06pasoM, axpecHoe npoctparnctBo MAC-48 HacuutsiBaer 2*° (nmm 281
474 976 710 656) anpecos.

Kaxp1if mopt xpanut Tosbko Te Habopel MAC- afipecoB, ¢ KOTOPBIMHU OH paboTal B
nociuenHee BpeMs. 3HadyeHne MakcuMaiabHoro yucia MAC-aapecoB, KOTOPOE MOKET 3alIOMHHUTh
Ipoleccop NOpTa, 3aBUCUT OT 00JIACTH MPUMEHEHHsI KoMMyTaTtopa. KomMmyraropsl s pabounx
TPy ¥ MajJbIX 0pUCOB 00BIYHO MojaepxkuBatoT Tadbinuiy MAC-anpecoB emkocThio 10 8K.

KommyTaTops!l KpynHbIX pabouux rpynin noaaepxubarot tadiauny MAC-anipecoB eMKOCTBIO OT
8K 1o 16K, a kommyTaTopbl MarucTpaneil cereit — kak npasuio, ot 16K no 64K agpecos u
Oouee.

HenocraTouyHass eMKOCTb az[peCHoﬁ Ta6J'II/II_U>I MOXKCT CIIYXKUTb HquHHOﬁ 3aMCAJICHUA pa6OTBI
KOMMYTATOpa U 3aCOPCHUA CCTU M30BITOYHBIM Tpa(bI/IKOM.

Ecnu agpecnas Tabnuia mopTa MoJHOCTHIO 3aNI0JTHEHA, a OH BCTPEUaeT HOBBIHM aJipec B
MOCTYIHBIIEM MAaKeTe, MPOLECCOP MOPTA JOJKEH BEITECHUTD U3 TaOJIUIIBI KAKOH-THOO CTaphIii
aZipec ¥ MOMECTUTH HA €r0 MECTO HOBBIN. JTa ONepanys OTHUMET y IIPOLIECCOpa 4YacTh BPEMEHU
Y CHUXKAET €ro MPOU3BOAUTENILHOCTD, KOTOPAs TAKXKE CHIXKAETCS U MPU NOCTYIUICHUH KaJpa C
aZipecoM Ha3HaueHUs, KOTOPBII paHee MPUILIOCH YAATUTh U3 aipecHOM Tabmuibel. Tak Kak agpec
Ha3HAYEHMs KaJpa HEM3BECTEH, TO KOMMYTATOP AOJDKEH MepeaTh 3TOT KaJip Ha BCE OCTAJIbHbIC
nopThl. DTa onepanus OyneT co3aaBaTh OOJIBLIYIO JIUIIHIOK pabOTy /s MPOLIECCOPOB HOPTOB
JIPYTUX KOMMYTaTOPOB.
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Buytpennss OydepHas maMaTe KOMMYTaTopa Hy)KHa 11 BpDEMEHHOT'O XpaHEHUs! KaJIpoB
JAHHBIX B TE€X CIIyYasix, KOTJla MX HEBO3MOKHO HEMEUICHHO MepeaTh Ha BHIXOAHOM MOPT.
Bydep npennasnayen s CriaKuBaHUS KPaTKOBPEMEHHBIX Iylbcaluii Tpaduka. Yem Oombiie
o0BbeM OydepHOi mamMsATH, TEM MEHEee BEPOSTHBI IOTEPU KaAPOB MpH neperpyzkax, OObIYHO
KOMMYTaTOPbI I0JKHBI UMETh Oy(hepHYyI0 aMsTh B HECKOJIBKO JECATKOB HJIM COTEH KUJI00aNUT
Ha MOPT U JKEJIATeIbHO UMETh BO3MOXXHOCTh TEPepaclpeeisiTh 3Ty NaMATh MEXITy
HECKOJIbKUMU MOPTaMH, TaK KaK UX OJTHOBPEMEHHBIE IEPErPy3KH MajOBEPOSTHHI.

7.7 OcHOBHBIE NOKAa3aTeJu padoThbl KOMMYTATOPOB CeTeH.
OCHOBHBIMH TOKa3aTENISIMU PabOTHl KOMMYTATOPA, XapaKTEPU3YIOIIMMH €0
MIPOU3BOIUTEIBHOCTS, SBIISIOTCS: CKOPOCTh (PUIBTPALIMU KaJPOB, CKOPOCTh IPOABHKECHUS
KaJIpOB, MPOITyCKHAs CIIOCOOHOCTB, 3a/IepKKa Mepeiaun Kazpa.

Cropocmo punempayuu (filtering) onpenensier ckopocTb, ¢ KOTOPOH KOMMYTATOP BBITIOJHSET

CJIeAyIOIIKe 3Tarbl 00pabOTKH KaJIpoB:

e MIpHEM Kajpa B CBOM Oydep;

e TIPOCMOTP &IPECHOM TAOIHIIBI C ETbI0 HAX0XKACHHS TOPTA ISl apeca Ha3HAYCHUSI KaJpa;

e YHUYTOKCHHUE KaJpa, TaK KaK ero MopT Ha3HAYCHHs U MOPT UCTOYHUKA MPHHAICHKAT OJHOMY
JIOTUYECKOMY CETMEHTY.

Cropocmb npoosudxcenus (forwarding) onpenenser ckopocTs, ¢ KOTOPO KOMMYTaTop
BBITIOJTHSET CICAYIOLIHE ITaIbl 00pabOTKH KaIpOB.

e MIpHEM Kajpa B CBOI Oydep;

e TIPOCMOTP &IPECHOM TAOIHIIBI C LETbI0 HAX0XKACHHS TOPTA A a[jpeca Ha3HAYCHUSI KaJpa;
e Tepezaua Kajpa B CeTh uepe3 HallICHHBIN 10 aIpeCHOM TabHIe MOPT Ha3HAYCHHUSI.

CkopocTh (pUIbTpaAIK U CKOPOCTH MPOABMKEHHST OOBIYHO U3MEPSIOTCS B KaJpax B
cekyHay. B kauecTBe 0CHOBHOTO MoKa3aTessi CKOPOCTH pabOThl KOMMYTAaTOpa HUCIOJb3YIOT
KaJJpbl MUHUMAaJIbHON JJIMHBI, TOCKOJIBKY TaKHe KaJphl CO3AA0T Il HEro HanboJsiee TsHKeIbli
PEeXUM pabOTHI IO CPAaBHEHHIO € KaJpaMH Ipyroro gpopmara

IIponycknas cnocobHoCmb KOMMYMamopa U3MepsieTcs KOJIMYeCTBOM I0JIb30BaTEIbCKUX
JAHHBIX NIEPEIaHHBIX B SJMHUIY BPEMEHH uepe3 ero noptsl (00braHO MOaiiT/c).

3aodepoicka nepedauu kadpa N3MepsIETCs Kak BpeMs, MpolLIeliee C MOMEHTa IPUX0aa
nepBoro OaiiTa kaapa Ha BXOJHON MOPT KOMMYTaTOpa A0 MOMEHTA MOsABIEHUS 3TOT0 OaiiTa Ha
€ro BBIXOJHOM IMOPTY. 3a/1epKKa CKJIaJIbIBAETCS U3 BPEMEHH, 3aTpaulBaeMoro Ha Oydepusanuio
OaiiT Kazpa, a TaKKe BPEMEHH, 3aTPavylBaeMoro Ha 00paboTKy KaJapa KoMmMyTatopoM. Bpems
00paboTKH Kajipa B KOMMYTaTOPE BKJIIOYAET: IPOCMOTP aAPECHOM TaOIULIbl, IPUHATUE PEIICHUS
0 (uIbTpaLMK WK MPOJBIKEHUH KaJipa U NOJIY4YEHHUE s Kaipa JOCTyIa K BBIXOJAHOMY IOPTY.

BenuunHa 3a1ep>KKke, BHOCUMOW KOMMYTaTOPOM B MPOIIECC IBUKCHUS KaApa, 3aBUCUT OT
pekuma paboThl KOMMYTaTOpa: P KOMMYyTauuu Oe3 Oydepuzanuu 3a1epixka 0ObIYHO
HEBEJIMKa U COCTaBJAIOT OT 5 710 40 MKc; a mpu moyiHO# Oydepusannu KaapoB 3aBUCUT OT
pa3Mepa Kajpa, CKOPOCTU CETH M MIPOU3BOTUTEIILHOCTH 000PYAOBAHUS KOMMYTATOPA.

[Ipu BEIOOpE KOMMYTaTOpa HEOOXOJUMO COOMIOAATH CIEAYIOIINE OCHOBHBIE ITPaBUIa!
- ofmas NpoM3BOAUTENBPHOCTH KOMMYTAaTopa JIOJDKHA OBbITH OOJNbIIe CYMMapHOH HMHTEHCHBHOCTH
nepenaBaeMoro Tpaguka;
- MPOU3BOAMTEIBHOCTh BHYTPEHHEH IIMHBI KOMMYTAaTopa JIOJDKHA OBITh OOJbIE WHTEHCHUBHOCTH
cyMMapHoro Tpaduka, neperaBaeMoro Mex,1y HopTamu,
- MakcuUMallbHasi MPOM3BOIUTENBHOCTh KAKIOr0 MOpPTa KOMMYTaTopa IOJDKHA OBITH Oonblie cpenHeil
MHTEHCHUBHOCTH CYMMapHOro Tpa)uka, MPOXOIsIIEro 4epes nopr.
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7.8 IlpaBuja yCTAaHOBKHM M HACTPOIiKH KOMMYTAaTOPOB

ITpu paboTe c KOMMYTaTOpaMu CIIEAyeT CTPOTO cOOII0IaTh OCHOBHBIC MIPaBUIa UX
YCTAHOBKH, HACTPOUKH pabOyuX mapamMeTpoB U OOCITYKHBAHMUS.
Oco6oe BHUMAaHUE CIIEAYET YACIATh BOIPOCAM YCTAHOBKM KOMMYTAaTOPOB, MOHTUPYEMBIX B
ctoiiky. Cienyer coOmoaaTh CleayIoniie MpaBuia X MOHTaXa U OOCITyKUBaHHS .

1) o Hayana yCTaHOBKM KOMMYTAaTOPOB B CTOMKY, HEOOXOJMMO MPEIBAPUTEIBHO
MPOU3BECTH YCTAHOBKY M HACTPOIKY MepeHUX U OOKOBBIX CTAOMIM3aTOPOB YCTOHUYUBOCTH
CTOMKH, IPH 3TOM CJIelyeT IOMHUTH, YTO OOKOBBIE CTAOUIN3ATOPHI OOBIYHO MCIIOIB3YIOTCS
TOJIBKO NMPHU 00bENHEHUH HECKOJIBKUX CTOEK;

2) 1mocie yCTAaHOBKY M HACTPOMKH CTa0MIM3aTOPOB YCTOHUMBOCTH CTOMKH CIIEAYET
yOeAUTHCS, YTO OHU HAJIE)KHO U IIPOYHO MPUKPEIUIEHBI K CTOHKE H K I0JTy, M BECh BEC CTOMKHU
OIIMPAETCA HA I10J1, @ CTOMKA HAXOAUTCS B YCTOMYMBOM I10JIOKECHUH,

3) 3arpyKarb CTOMKY KOMMYTaTopaMH CIIeIyeT CHU3Yy BBepX. [lepBbIM cienyer
YCTaHABJIMBATh CaMOE€ TSDKEJIO€ YCTPOUCTBO, OCTOPOKHO BCTABIIAS €TI0 MOJI03bAMH I10
HaIIPaBJAIOIIMM U MEJICHHO 3aJIBUrasi B CTOMKY;.

4) YHUCJIO KOMMYTAaTOpPOB B CTOMKE HE JOKHO AOIYCKATh NEPCrpy3Ky UCTOUYHUKA TTUTAHUA
KOMMYTAaTOpPOB CTOKH, €TO 061_1_[8.5[ Harpy3ka HC OOJI’)KHa IMPEBBINIATH 80 IMPOLCHTOB OT
MaKCHUMAJIbHO HOHyCTHMOﬁ;

5) HC JOMYCTHUMO 3aKPbIBATh BCHTUIISIIIUOHHBIC OTBCPCTUA B CTOlIKE;

6) He cieyeT OmMpaThCs HA CTOMKY M YCTPOWCTBA B CTOMKE MPU MPOBEACHUH
00CITy>)KUBaHUSI KOMMYTaTOPOB;

7) HC PCKOMCHAYCTCA OAHOBPEMCHHO BbIHMMAThb IBa U Ooiee yCTpOfICTB W3 CTOMKHU MO
HaIpaBJIAIOIINM, 4TOOBI HE JOIIYCTUTD I[eCTa6I/IJ'II/I3aI_II/IIO YCTOI\/'I‘{I/IBOTO IMOJIOKEHUS CTOMKH,

8) maccu KOMMYTaTOpPOB JIOJKHO OBITh HEMOCPEACTBEHHO 3a3eMJICHO Ha paMy cTolku. He
ClIeZIyeT OTKJII0YATh 3a3eMIISIOIINHN MPOBO U paboTaTh C KOMMYTaTOpPaMH MPU OTCYTCTBUU
3a3eMJIEHUS,

9) anekTpuYecKas po3eTKa J0JKHA ObITh PACIIOIOKEHa Ha PacCTOSHUM He Oosee uem 1,82 m
OT KOMMYTaTOPOB,;

10) Bce pabOTHI ¢ KOMMYTaTOPaMH, YCTAHOBICHHBIMHU B CTOMKY, TOJKHBI BBITIOJHSATHCS B
COOTBETCTBUU C YTBEPKICHHON UHCTPYKIIUEH.

[Tocne ycraHOBKM KOMMYyTaTropa Ha pabouee MECTO HEOOXOIMMO YCTaHOBUTH (hpruzndeckoe
COEJMHEHUE MEeXJy HHM U pabodeil cTaHuuell, ¢ KOTOpoil OydeT OCYyLIeCTBIATHCS €ro
HAaCTpOMKa.

ITonxon k HacTpoiike KOMMYTaTOpPOB PAacCMOTPUM Ha MpHUMEpPEe KOMMYTATOPOB KOMIAHHUU
D-Link. B kommyraropax xommanuu D-Link moxHO mcmons30BatTh cienyromme BUABL CBSI3U
pa0oueil cTaHIMK C KOMMYTaTOPOM JJIsi HACTPOMKH U YIIPaBJIEHHsI KOMMYTaTOPOM:

e CBsI3b Uepe3 KOHCOJIBHBIN MOPT. YpaisieMble komMmyTaropel D-Link B 3aBucMMOcTH OT
MOJIeIM KOMMYyTaTopa MoryT umMeTh pazbeM DB-9 nnm RS-232, unu o6a. C nomorrsio
KOHCOJIBHOTO KaOeJlsi, BXOJAIIEr0 B KOMIUIEKT MOCTaBKH, KOMMYTATOp MOJIKIIOYAIOT K

61



MOCIIeIOBATEIbHOMY IOPTY KOMIbIOTepa. KOHCONBHBIN NOPT 0OBIYHO MCIONB3YETCs IS
NEPBOHAYAIBHOM KOH(PUTYpallui KOMMYTATOpa,;

e cBsi3b uepes nopt Ethernet Rj-45, mo npotokonam Telnet, Secure —Shell nnu yepez Web-
unTepdeiic I1pu noaKIIOueHNN UCTIONB3YeTC YeThIpeX MapHbIA Kabenb TUIA «BUTAs Mapa»
kateropuu 5, 5e s Fast Ethernet wiu kareropuu 6 ans Gigabit Ethernet. ITockonbky
koMmyTaTopbl D-LinK moaep:kuBaroT (QyHKIHIO aBTOMAaTHYECKOTO OIPEICICHUS MOISPHOCTH
(Medium Dependent Interface /Medium Dependent Interface with Crossover- MDI/MDIX), to
MO’KHO HCIOJIb30BaTh KakK MPSMOMN, TaK U KPOCCOBBIM THIIBI KaOeJIs.

Jns nongxmodenuss k mopry Rj-45 Ethernet  npyroro kxommyraropa Takke MOXHO
UCIIOJIb30BATh  KaK MPSMOM, TaK M KPOCCOBBIM THUIBI KaOels, MPU YCIOBHM, YTO IOPTHI
KOMMYTaTOpa MOJJICPKUBAIOT aBTOMATHYECKOE OIpEeAeICHUE MOISIPHOCTH. Eciu mopTel He
noanepxkuBaoT Qyakiuo MDI/MDIX, To cieayer UCmosbp30BaTh TOJIBKO KPOCCOBBII KaOeb.

[TpaBUABHOCTH MOAKIIOYEHUS KOMMYTAaTopa K pabouell CTaHLIUMU MOXHO OIpPENeTUTh 10
CBETOJIMOJIHOM MHIMKAIMK KOHCOJBbHOTO mopta (i nopra RJ-45). Ecnm cooTBeTcTBYROLIMIA
MH/UKATOp TOPUT, TO CBSA3b MEXJY KOMMYTAaTOPOM U MOJKIIOYEHHBIM K HEMY YCTPOWCTBOM
ycraHoByieHa. EciM MHAMKATOp HE TOPHUT, TO BO3MOXHO, HE BKIIOYEHO MUTAHHE OJHOTO U3
YCTPOMCTB MM BO3HHUKIM MPOOJIEMBI C aJalTEepOM MOAKIIOYEHHOTO YCTPOICTBA, MM UMEIOT
MecTO Hemosiaaku ¢ kabeneMm. Eciu umHIuMKaTop 3aropesics M Iorac, TO,  BO3MOXKHO,
CYIIECTBYIOT MPOOJIEMBI C aBTOMATUYECKUM OIPEeNICHUEM CKOPOCTH M PEKUMOB PAOOTHI.

7.9 OcHOBHbIE QYHKIMOHAJbHbIE BO3MOKHOCTH KOMMYTATOPOB .

Cpenu Gombioro yucia GyHKIMH, BBIIOIHAEMBIX KOMMYTaTOpaMH, CJIeIyeT OTMETUTh
cleAyronme, Kak HanOoJiee BaKHbIE M YacTO UCIOJIb3yeMble aIMUHUCTPATOPaMH MPH
HACTPOWKEe KOMMYTaTOPOB:

1) peanu3zanus BUpTyanbHbIX JokanbHbIX ceredt ((Virtual Local Area Network - VLAN),
MO3BOJISIONIAS C IOMOIIbI0 KOMMYTaTopa BHYTPU OJHOW (PU3UYECKOM CETH MOCTPOUTH
HECKOJIBKO BUPTYaJbHBI (JIOTHUECKHX) CETEH, YTO MOXHO CAEATh CICTYIOMIUMH CIIOCO0aMHu:

- Ha ocHoBe craHaapta |EEE 802.1Q, xorma ucmnonb3yeTcs AOMOJHHUTEIBHOE MOJIe Kajapa
pasmepom 12 6ut ans XxpaHeHus: UH(GOpPMAIMK O IPUHAIIEKHOCTH 3Toro kaapa k VLAN mpu
ero rnepeMelIeHn 1o CeTH,;

- Ha ocHoBe ctanaapta |[EEE 802.1 ad, koraa ucnonb3yroTcst 1Ba TOTIOTHUTEIIBHBIX TIOJISI KaIpa,
Kaxoe pazmepom 12 6ur,

- Ha OCHOBE MOpTOB KoMMyTatopoB (port-based VLAN), korna kaxaplii mOpT Ha3HAYaCTCs
ctporo onpezaeneHHoit VLAN, He3aBUCHUMO OT TOTO, KAKOH KOMIIBIOTEp MOIKIIOUYEH K 3TOMY
nopty. [Ipu 3TOM KOHUTrypalus NOPTOB - CTATUYECKas U MOXKET ObITh U3MEHEHA TOJIBKO
BPYYHYIO.

- Ha ocHoBe rpynnupoBku MAC — afpecoB KaJpoB, peanu3anus KOTOpoi TpeOyeT 00JIbIIOro

KOJIMUECTBA PYYHBIX OTIEpaIliii OT aAMHHUCTPATOPA CETH TPH CBSI3UM MHOTHUX YCTPOWCTB B OJHY
VLAN. u 1. 1.

Vcnonp30BaHNe TEXHOIOTUH BUPTYAIbHbIX CETEH MO3BOJISIET:
e YBEIMUUTH NpousBoauTenbHOCTh ACOUMNY 3a cueT BO3MOXKHOCTH MapaslieIbHOW paboThI
kaxgou u3 JIBC, BxonsIel B ee cOCTaB;
 YBEIUYUTh HaJEKHOCTh paboTel ACOUMY 3a cuet uzomsauuu JIBC npyr ot npyra u co3naHust
3alIUTHBIX 0ApbEepOB Ha MyTU JABM)KEHMS MAKETOB MEX/y 3TUMU CETSAMU,
» 00ecnieunTh 0€30MaCHOCTH Mepelaun JaHHbIX Mexay coenunsieMbiMu VLAN cetsimu;

2) npuoputuzanus Tpaduka (Priority tags), mo3sostonias KoMMyTaTopaMm 00eCTIeUUTh
HIOJ/IEPXKKY TeXHOJIOrHid KaduecTBa oocmyxuBanus (Quality of Service - Qo0S) ¢ momomibto
NPUOPHUTETHOM 00paOOTKH NOCTYNAIOMINX KaJPOB, OTCOPTHPOBATH BECHh TPA(UK IO CTETIEHH €T0
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BaXHOCTH, BBICTaBUB NpUOpHUTETHL. Kaapsl, uMeroie 0ojee BEICOKYIO BaXKHOCTh, OyIyT
OTIIPaBIICHBI B NEPBYIO ouepeb. [Ipuoputer 06paboTKH Kajapa MOXKET OBITh 3a/1aH pa3IMYHBIMU
crioco0amu:

- HAIMYMEM B KaJIpe HOMepa MPHOPUTETA, 331aBaeMOro corliacHo crannapta Ha Ethernet IEEE
802.1p B 1OMOJIHUTENBLHOM TOJIE, cocTosAmeM u3 3 6ut. Ilpuopurer kaapa 3aaercs HOMepaMHu
ot 0 1o 7, rae 7 — HauBBICIIUN TTPUOPHUTET;

- HaureM B 3aroJioBke IP makera B ogHOOaiiToBOM moJie Tui cepBuca (Type of Service — TOS)
HOMEpa MPHOPHUTETHOW 00pabOTKM 3TOTO IMaKera,

- HAIMYMEM [IPHOPHUTETa y IOPTa KOMMYTATOpa, Ha BXOJ KOTOPOT'0 MOCTYIAET KaJp;

3) KOHTpPOJIb JOCTYyIa KOMITbIOTEPOB B ceTh Ha ocHoBe ux |P u MAC — anpecos, a Taroke mopra
noxnkmouenus (IP MAC Port Binding — IMPB). Dto mo3BosisieT aIMUHICTPATOpy CO3/1aBaTh
cricku yrpasnenus noctynom (Access Control List- ACL), cesispiBatonme IP u MAC- agpeca
KOMITBIOTEPOB € OPTaMH MOAKIIIOUCHHsI KoMMyTaTopa. CIHUCKH YIIPaBICHUS TOCTYIIOM COCTOSIT
u3 npoduneit nocryna (Access Profile) u mpasun (Rule). I[Tpodunu noctyna onpeaessoT THITI
KpUTEpUEB (QPHUIBTPALIUH, KOTOPBIE JOJKHBI TPOBEPSATHCS B MakeTe qaHHbIX (Harpumep, MAC-
anpec, |P-anpec, Homep mopra ¥ T.21.), a B IpaBHiIax yKa3blBaIOTCS HEMTOCPEICTBCHHBIC
3HaYeHMsI UX napameTpoB. KaxkapIil mpouiib MOKET COCTOSTh U3 MHOYKECTBA IIPABHIL.
KomMmyTaTop nmpoBepsieT mapaMeTphbl IOCTYMAIONIIUX ITAKETOB JJAHHBIX Ha COBIA/ICHHE C
KpuTepusiMH QuibTpaiuu, onpeaeneHHbiMA B ACL, 1 BBITIOJNHSAET Ha/l TAKETaMH OJTHO U3
nevictBuii: Paspemuts (Permit) noctyn B cets win 3anpetuts ( Deny) goctym B cets;

4) arperupoBanue kananoB (Link aggregation for parallel links) moBbItraeT nponyckayro
CIIOCOOHOCTh KaHala, 00BEIHHSST HECKOIBKO (PU3MUECKHUX MTOPTOB B OJMH JIOTUYECKUI.
Cornacno crangapra |EEE 802.3ad. makcumainbHast mporryckHasi cHoCOOHOCTh
arpernpoBaHHOrO KaHaja MOXeT jgocTturath 8 ['our/c

5) ympasnenue nmorokom (Flow Control), mpenycmarpuBaet cornacao nporokorna IEEE
802.3X, coriacoBaHHe NPUEMa-OTIIPABKH JAHHBIX MEXKIY OTIPABISIONIMM YCTPOUCTBOM H
KOMMYTaTOPOM IPU BBICOKUX Harpy3kax, Ui TOro, YT00bl U30€XkKaTh MOTEpPh ITaKeTOB;

6) yBenuueHHbIi pazmep nmakera (Jumbo Frame), mo3BossieT yBETHUUTh pa3Mep HaKeTa 0
9216 GaiiT M yCKOPHTH Tepeady NaHHBIX 32 CUET YMCHBIIICHHS KOJUUECTBA MepeIaBaeMbIX
MAKETOB U 00beMa CIyKeOHOM HH(POPMALIHH, a CIICJIOBATEIIEHO U BPEMEHH 3aTPaunBacMOro Ha
ux 00paboTKy. DTy PYHKIHIO OCOOCHHO IIeNIeCO00pa3HO UCTIOIb30BaTh B KOMMYTATOPaX,
MMEIOIIUX CKOPOCTU TMOPTOB OT 1 ['6ut/c u BhIIIE;.

7) HOBBIIICHHAs OTKa30ycToH4YMBOCTH Beel JIBC 3a cyeT UCIoyIb30BaHus CIICIYIOIIX
MIPOTOKOJIOB!

- MPOTOKOJI CBsi3yroIero Aepesa (Spanning Tree Protocol - STP), cranpapr IEEE 802.1d,
ABJIAETCS MPOTOKOJIOM 2-10 ypoBHs Moaenu OSl. [To3BosieT cTpouTs ApEeBOBUAHBIC, CBOOOIHBIE
OT MeTenb, KoH(Urypanuu cBszu Mmexay kommyraropamu JIBC. Crpykrypa JIBC uznavyansHo
CTPOUTCS C M30BITOYHBIM KOJTMYECTBOM JTMHUH CcBs3u. "JIuiiHue" TUHUY CBSI3HU, BO H30exkaHUE
3aKOJIBIIOBBIBAHUS, JAHHBIN MPOTOKOJI BPEMEHHO OTKIIFOYAET, MPUBOS BCIo cTPyKTYypy JIBC k
IpeBoBHIHOMY BuAy. [Ipu 0OpbIBe KaKOH-THOO AEMCTBYIONICH TMHUN CBS3U MIPOTOKOI
CaMOCTOSITEIBHO HMILET HOBBIW KpaTyailliuii MyTh CBA3HM, BOCCTAHABJIHMBAS TEM CaMBIM paboTy
JIBC;

- CKOPOCTHO¥ MPOTOKOI cBsizyrolero aepesa (Rapid Spanning Tree Protocol - RSTP),
cranapt |IEEE 802.1w. YcoBepiieHCTBOBaHHBIH TPOTOKOI 10 CPABHEHUIO C MPOTOKOIOM STP,
obnamaer 60Jee BHICOKOW YCTOWYMBOCTHIO U MEHBIIIUM BPEMEHEM 'BOCCTAHOBIICHUS JTHHHUH
CBSI3H;.
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- pacIIUpEeHHBINA CKOPOCTHOM MPOTOKOJ CBs3yIOIIero aepesa mpotokos (Multiple Spanning
Tree Protocol -MSTP), cranmapr |IEEE 802.1s. SIBnsercst Hanbojiee COBpEMEHHBIM
MPOTOKOJIOM, YYUTHIBAIOIIMM BCE JOCTOMHCTBA U HEJOCTATKH MPEABIIYIINX TPOTOKOJIOB.
[To3BomsieT HacTpauBaTh OTIENIbHOE CBsA3yromee nepeBo A moooi VLAN unu rpynnst VLAN,
cO3J1aBasi MHO’KECTBO MapLIPyTOB Mepeiadn Tpaduka 1 Mo3BOJISIsL OCYIIECTBIISATh OaTaHCUPOBKY
Harpy3ku Mexay otaenbHeiMu VLAN..

8) 3ammra OT "merens” obecneyrBaeT NOMOTHUTENBHYIO 3alIUTY OT 00pa30BaHUs METEIb Ha
ypoae 2 mozenu OSI. CymectByeT Be peanu3anuy 3Toi GyHKUIUU:
- pynxuus LoopBack Detection STP npeanasnadyeHa sl OTCIASKUBAHUS TAKUX CUTYAIMH U
BPEMEHHOTO OJIOKUPOBAHMSI T€X TOPTOB KOMMYTATOPa, Ha KOTOPHIX OOHAPYKEHBI METIH, TEM
caMbIM IpeoTBpalnas npobiaeMsl B cetn. KomMmyTarop onpenenser HaIuuue neTid, Koraa
OTIpaBJICHHBIH UM KaJp oOmeHa nHpopmarueii (Bridge Protocol Data Units-BPDU) B
npotokosie STP, BepHyscs Ha3an Ha APyroi ero nopt. B 3ToM ciyuae mOpT-UCTOUHUK KaJpa
BPDU u nopT-nnpueMHuK Oy1yT aBTOMaTH4ECKH 3a0J0KMPOBAHBI U a/IMUHUCTPATOPY CETH OyJeT
OTHpaBJICH CITyKeOHBIN makeT-yBegomienue. Ciemayer oTMeTuTh, 4ro ¢pynkius LoopBack
Detection STP He onpezensieT neTo, Koraa otnpasiecHHbIN kagp BPDU BepHyiics Hazan Ha
3TOT K€ TOPT.
- pynkms LoopBack Detection Independent STP. onpenensier neTiito, KOria OTIPaBICHHBIH
kazp BPDU BepHyscst Ha3a Ha 3TOT ke MOPT KOMMYTaTopa.

9) aBTOOMpEIEICHUE THIIA TTOIKIIOYCHUS HHTEP(EUCHOTO Kabels K KOMMYTaTopy, IpsIMOoe
i nepekpectHoe. CylnecTBYeT /Ba Tuma HHTepdeicoB: uHTepdeiic, 3aBUCAIINI OT CpeIbl.
(Medium Dependent Interface — MDI) wu unTepdeiic, 3aBuUCSIIMIA OT CPEbI, C
nepekpenuBanrem (Medium Dependent Interface crossove - MDIX ), B kaXIOM U3 KOTOPBIX
napbl KOHTaKTOB 1-2 u 3-6 UMEI0T pa3HOe HAa3HAUCHHE B peKUMe npueM/nepenada. DyHKIHS
(Medium Dependent Interface/ Medium Dependent Interface crossove - MDI/MDIX),
BCTPOCHHAsI B KOMMYTaTOp, aBTOMATHYECKH OIpeesieT Ha3HaAYeHUEe KOHTAKTOB, T.€. TaOIHILy
T-568A wunmu T-568B cranmapra EIA/TIA-568, corimacHo KOTOpOW MPOBEICH 00XKHM
pa3bEMOB BHUTOM Maphl U MO3BOJISIET IPABUIILHO paboTaTh UHTEP(HEHCHBIM KaOesiM B CeTH
HE3aBHCHUMO OT TOI'0, KaK OHHM 00KaTEbl.

10) moazeprkKa TEXHOJIOTHHU Mepeayn HIECKTPOIUTAHUS 110 HEHCIIOIb3YEMbIM Mapam
kabens tuna «sutas napa» JIBC Ethernet (Power over Ethernet - POE) ogaoBpemeHHO ¢
nepenaveii nanubix, cranaapt |EEE 802.af. Oto no3Bonser ncnonp3oBate KOMMYTaTOPBI TSI
NUTAHUS TOAKIIIOYEHHBIX K UX OPTaM Pa3HbIX YCTPOICTB, HAapUMep, TOUEK OECIIPOBOIHOIO
JocTyna u T.J.

11) ynpaBiieHHe CKOPOCTBIO BpallleHUs] BEHTHIIATOPA, T.€. MoAAepKka pyHkuun Smart Fan,
O1aroapst KOTOPOH BEHTUJIATOP MOXKET aBTOMAaTHYECKH U3MEHATh CKOPOCTh BpaIlleHus, T. €.
YBEJIMUYUBATh €€ IPU YBEJIMYCHUHN TEIUIOBBIICICHNS B KOMMYTAaTOPE U YMEHBIIATh B IPOTUBHOM
ciyyae.

12) npumenenue sHeprocOeperatonieit Texnosoruu (Green Ethernet), mo3sosnsier
KOMMYTaTopaM cyiiecTBeHHo, Ha 50% u Gosee, COKpaTUTh HEOOOCHOBAHHBIC PACXOIBI
anektposHeprun [Ipumenenue texnosoruu Green Ethernet mo3sosisier koMMyTaTopy myrem
OTIPOCa COCTOSIHUS TIOPTOB MOJIy4aTh HH()OPMAIUIO 00 X aKTUBHOCTH H, TIPU HEOOXOJMMOCTH,
ABTOMATHUYECKH OTKJIFOUaTh HEAaKTUBHBIC TIOPTHI. KpoMe TOro, TaHHAst TEXHOJIOTHSI
npeyCMaTpUBACT aBTOMATUYECKOE U3MEHEHHUE YPOBHS MEPEaBaéMOro CUTHAIA B 3aBUCUMOCTH
OT JUTMHBI UCTIONIB3yeMbIX Kabernei. [Tomydaercs, uro Texuomorust Green Ethernet npemaraer
aJIMUHUCTPATOPY CETH J[Ba CIIOCO0A ISl CHIDKEHHS SHEPTONIOTPEOICHUSI KOMMYTaTOpa.
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13) 3amuTa KOMMyTaTopa OT BUPYCOB M BPEJJOHOCHOTO MPOTPAMMHOTO 00eCTICUeHHSI
(SafeGuard Engine), mo3BoJisieT MOBBICUTH OE30MACHOCTh HAJCKHOCTh M CTAOMIIBHOCTD PaOOTHI
kommyTaropa. [Ipencrasiser co6oi MeXaHU3M 3aIUTHI IIEHTPAIBHOTO polieccopa
KOMMYTaTopa 0T 00pabOTKH BPEJOHOCHBIX IIPOrpaMM KM 0OECTIE€YeHUsI CBOCBPEMEHHOM
00pabOTKHU MaKeTOB CIY)KEOHBIX MPOTOKOJIOB.

7.10 YciaoBus 3KCIIyaTauu KOMMYTATOPOB
[Tocne HacTpoOMKK U BBOJIa KOMMYTAaTOPOB B paboTy cleayeT cOOMI0AaTh CIeAYIOIINe
TUIOBBIC YCJIOBUS MX JKCIUTyaTallUu:
e Temreparypa okpyxaromei cpeast ot 0 10 40 °C;
e Temmeparypa xpanenuss ot - 10 °C g0 70 °C;
e OTHOCHTENbHAs pabodas BIaXHOCTH Bo3ayxa oT 10 % mo 90 %;
e pexuM paboThl OOBIYHO KPYIJIOCYTOUYHBIN, NPH ATOM CpeaHee BpeMsi HapaOOTKH Ha OTKa3
cocrasiisieT He MeHee 200000 yacos;

® HCIOJB30BAaTh CUJIOBOM (PMIIBTP, JTUHEWHBIA BBINIPSMUTEIb WIK UCTOYHHK OecrepeOoiHOro
MIATAHMS IS 3aLUATHI YCTPOUCTBA OT BHE3AIIHBIX CKAUYKOB 3JIEKTPOIIUTAHUS.
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Jlekuuss 8 YcTaHOBKAa, MOHTAXK, JKCIUIyaTalus M MOJEPHHU3ALMS PpacnpeaeeHHbIX
ACONY, nocrpoeHHbIX Ha 0a3e cereil OecnpoBOAHOM Nepegadyu JaHHBIX. becnipoBoaHbIe
ceTH nepcoHadbHbIX JBM, OecnipoBoaHbIe JIOKAJIbHBIC CeTH, 0eCNIPOBOIHBIC TOPOACKHE U
pervoHajbHbIEC CeTH, CIYTHUKOBBIE CETH.
8.1. Tunbl 6ecipoBoAHBIX ceTeii 1151 moctpoennss ACOUnY

[To paguycy AeiicTBYS M HA3HAUYEHUIO COBPEMEHHBIE OECIPOBO/IHBIE CETH MOKHO Pa3/IeiIUTh
Ha CJIEAYIOLINE TPYIIIBL:

1) nepconanshbie (Wireless Personal Area Network — WPAN);

2) noxanbueie (Wireless Local Area Network — WLAN);

3) ropoackue (Wireless Metropolitan Area Network — WMAN);

4) riobanbubie win peruonanbabie (Wireless Wide Area Network — WWAN);

5) cnyraukoBeie (Wireless Spytnik Area Network — WSAN).

8.2 BecnpoBoaubie cetu [ID9BM

BecnipoBoniHbIE TEpCOHANBHBIE CETH UCIONB3YIOT IS CBsI3U [IOBM 1 OTAENBHBIX yCTPOHCTB,
PacronoXeHHBIX Ha HEOOJBIIOM PaCCTOSIHUU APYT OT Apyra.
Texnonorus Bluetooth, Bce ycrpoiicTBa, BBIIOTHEHHBIE 110 3TOH TEXHOJIOTMH, pabOTAIOT HA YacTOTEe
2,40...2,48 [Tu.  Pasnuuaror cienyronmue criennpukanun Bluetooth:
- Bluetooth 1.0 co ckopocThto nepenauu nanHbIxX g0 720 KOuT/c u ganbHOCTHIO epeaaun 6e3
npensterBuil 1o 100 M, a B ciydae npenstcTBuid — 10 10 m.

PazmmuatoT Tpu knacca texuonoruu Bluetooth 1.0, xapakrepuctuku KOTOpbIX IpUBeAeHb! B Ta0.8.1

Texanueckue xapakrepuctuku texnosnornid Bluetooth 1.0 Ta6muma 8.1

Kiacc MaxkcuMasibHast MOITHOCTb NEpeAaTUKa Panmuyc neiictus (M)
MBT nbm
1 100 20 100
2 4 6 10
3 1 0 0,1

YyBCTBUTENBHOCTH MPUEMHIKA OJDKHA ObITh He Xyxke (- 70abm.) . XKenarenbHo, 9T00bI IPHEMHHUK HMEI
MHIMKATOP MOIIHOCTH BXOIHOTO curHajia. Ommobka nprema oura (Bit Error Ratio - BER) st mpreMHnKa MOJKHA
HaxonuThcs Ha ypoBHe MeHee 0,1%
- Bluetooth 1.2 co ckopocTbto nepenauu 10 1 MOUT/C 1 yIydIIEeHHBIM KaueCTBOM Iepeiadu Tooca,;
- Bluetooth 2.0 +EDR ¢ yckopenHoit nepenaueii nanusix (Enhanced Data Rate -EDR), ¢ HomuHanbHOi
CKOpOCThIO 10 3 MOUT/C, HO MPaKTHYECKH CKOPOCTH nepenaun He Oonee 2,1 Mout/c.
- Bluetooth 2.1+EDR ¢ yckopeHHO# nepenayeii JaHHBIX U HATMYMEM peXHMa dHeprocoeperaronieit
TEXHOJIOTUH, TI03BOJISIIOIIEr0 CHU3UTH MOTPEOJICHNE SHEPTUH B 5 pa3s,
- Bluetooth 3.0 + HS ¢ 6onbioit ckopocteio nepenaun nanubix (High Speed-HS), teopetnuecku
BO3MOKHAsI CKOPOCTB 10 24 MOUT/C, MpaKTUUECKH MEHbIIIE;
- Bluetooth 4.0 Bkirouyaer B ce0st KIIacCHYECKH, BBICOKOCKOPOCTHOW M C HU3KUM
sHepromnorpedneHreM. CTaHIapT NpeayCcMaTpPUBAET BpeMsl yCTAHOBIICHHS COSANHCHUSI MEKAY IBYMS
Bluetooth-ycrpoiicTBamMu MeHe uem 3a 5 MC, CKOpOCTh Iepenadu JaHHbIX B 1 MOut/c nmpu pa3mepe
nakera JaHHbIX 8—27 6aiT. u paccrosanu nepenadu 10 100 m.
8.3 BecnpoBoaunbie JIBC
becripoBoanbie nokansHbie cetd (BJIBC) ncnonp3yrores ais o0benuHenus B cetb [I9BM,
PacHONIOKEHHBIX Ha 3HAYUTEBHOM paccTossHuM ApYr oT apyra (mo 100 m). Takue GecripoBoIHbIE ceTH
HasbiBaroT cersimu Wi-Fi (Wireless Fidelity —Wi-Fi). Pazpa6otkoii crannaproB Wi-Fi cereit 3anumaercs
MHCTUTYT MHXEHEPOB 110 dJIeKTpoTeXHUKe U 3ekTponuke (Institute of Electrical and Electronics
Engineers - IEEE). Texunuueckue xapakrepuctuku cereit WI-Fi crannapros cemeiicta IEEE 802.11
npuBeAcHHI B Tabm. 8.2
Texunueckue xapakrepuctuku Wi-Fi cereit crannaprtos cemeiicta |IEEE 802.11 Tabauya 8.2

CrangapT MakcumaibHasi TEOpeTHYECKast CKOPOCTh
IEEE 802p.11 Hacrora, I'Tn Hepez[atHI/)I JIAHHBIX, b
802.11b 2,4 11 Mb6ut/c
802.11a 50 54 Mobwurt/c
802.11g 2,4 54 Mowurt/c
802.11n (*) 2,4;5,0 600 Mo6ut/c
802.11ac (*) 50 6,9 I'out/c
802.11ad (**) 2,4;5,0; 60 7 T'but/c
802.11as (**) 135 20 I'but/c
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(*) — cranmapr |EEE 802.11n npunsr B 2002 roxy, a crannapt IEEE 802.11ac npunsr B ssuBape 2014 roxa.

(**) — cTanmapTel HAXOAATCA B CTa MK JOPabOTKHU U TIOKA HE PUHSATHL
JlanbHOCTH CBsI3H (T. €. paJnyc ACHCTBUS CETH) U BCEX CTaHAapTOB, kKpome |IEEE
802.11ad u IEEE 802.11as, oamnaxoB u paBeH 100 m. [lns IEEE 802.11ad u IEEE802.11as

AAJIbHOCTL CBSA3H OI'paHUYCHA pasMEpaMi KOMHATEI.

B mmpoxo ucnonszyemoit BJIBC cranpapra IEEE 802.11n npumensiercst rexnonoruss MIMO
(Multiple Input Multiple Output) — HeckoJIbKO BXOJOB U HECKOJIBKO BBIXOJIOB Y TOUKH JIOCTYyIA U
y371a ceTh. DTOT CTaHJapT JomyckaeT oovequuHenne AByx 20 MIl kaHaioOB B OJMH C HIMPUHON
noyiocsl mporryckanust B 40 MI'm, B mpexkHux cranmaprax oHa Bcerma cocraBmsuia 20 M. B
nuanazone 2,4 [T u3-3a ucnonbszoBanus 40-merareprieBbIX MOJIOC YUCIO PeaTbHO JOCTYITHBIX
KaHaJIOB OIPpaHUYeHO TpeMs, a B auanaszoHe 5 [T moctymnsl 23 kanana mmpuaoi 20 Ml wim
11 xananoB mwupuHoi 40 MI .

Hcnonb3oBaHue  MPOCTPAHCTBEHHOTO MYJIbTHIUIGKCHPOBAHMSI — TO3BOJSCT  IepelaBaTh HECKONBKO
MOTOKOB JIAHHBIX Ha OJHOM M TOM >K€ YaCTOTHOM KaHaJle, YTO JaeT BO3MOXKHOCTH YBEIUYUTH MPOITYCKHYIO
criocobHocTh Kanana go 150 Mo6ut/c. [lpu ucnonb3oBaHuM JBYX KaHAJOB CKOPOCTb Iepelayd AaHHBIX
nocruraer 300 Mowut/c., Tpex - o 450 Mout/c, a yerbipex - 1o 600 Mout/c.

B BJIBC cranpmapra |IEEE 802.1lac ans mepenaun AaHHBIX OOBEIUHSAIOT YK€ YEThIpE
napajuienbHbIX KaHana B oauH, mmpuHoi 80 MI'n. [Toatomy BJIBC crangapra |IEEE 802.11ac
UMEIOT 60Jiee BHICOKYIO CKOPOCTh Iepeayl JaHHBIX MO0 CPAaBHEHUIO C IPEKHUMH CTaHIapTaMH,
Oosiee HAJEKHBI U TMOMEXOYCTOMUYMBBHI, MOCKOJBKY, €CIM OOBIYHBIN KaHan mupuHoil 20 MI'n
MOJIHOCTBIO TMOJABJISCTCS IOMEXaMH, [aHHbIE IEpelaloTcs Mo TpeM ApYyruM KaHaimam. B
crangapre |EEE 802.11ac mmeem msath HemepekpbiBatomuxcsi 80-merarepueBbiX KaHalIOB H
JIoTTycKaeTcsl 00beIMHEHNE JIBYX KaHAJIOB B OAMH KaHan mupuHoit 160 MI'l, HO 3TO BO3MOKHO
TOJIBKO JUTSI IBYX KaHAJIOB U3 MATH HENEPEKPBIBAIOIINXCS.

B BJIBC cranmapra |IEEE 802.11ac ucnonb30BaHa yCOBEpIIEHCTBOBAHHAS TEXHOJIOTHS
MIMO, HasbiBaemass MHoromoss3oBareiabckas MIMO, 1. e. MU-MIMO (MultiUser-MIMO)
KOTOpasi O3BOJISIET, BO-TIEPBBIX, Pa3/IeIUTh OJMH KaHaJ MEX/ITy HECKOJbKUMH KIHEHTaMH, a BO-
BTOPBIX, MO3BOJISIET IMHAMUYECKU MEHSTh AHarpaMMy HaIllpaBJICHHOCTH HETIOABHKHBIX aHTCHH B
3aBUCHMOCTH OT MECTOITOJIOKEHHUS YCTPOICTBA M yCUIIMBATh CUTHAJ B HY’)KHOM HarpaBJIeHUN

dopMHUpOBaHUE AMATPAMMBI HAIPABIEHHOCTH IO3BOJIET, C OJHON CTOPOHBI, YBEIUYUTH
JMAIBHOCTh M CKOPOCTh COCIUHEHMS] Ha OTKPBITON TEPPUTOPUHU, & C JPYrod — MPeoJI0yieBaTh
npensaTcTBus B Buae creH. Ilockombky ans auanazona S5 I'Th, B kotopom pabortator BJIBC
cragpapta |IEEE 802.11ac, ocnabrneHue curHaia mo MOIIHOCTH HAMHOTO CUJIbHEE, 4eM B
nuana3oHne 2,4 I'T'u, To 3To oueHb BakHas U cyliecTBeHHas Moaudukaius texuonoruu MIMO.
MU-MIMO  noanepxxuBaer TEXHOJIOTHIO (POPMUPOBAHUS HANPABICHHOTO CHUTHANA
(beamforming), xoropast mO3BOJNSET OMPENCTUTH TMOJOKEHHE YCTPOWCTBA B CETH H
I[EJICHAIIPABJICHHO MepelaBaTh Ha 3TO YCTPONUCTBO HECKOJIBKO MOTOKOB JAaHHBIX OJHOBPEMEHHO.
[Tonnepsxka Texnosmoruu beamforming umeercs u B crangapre IEEE 802.11n, Ho ona pabotaet
tosibko Mexay Wi-Fi apanTepamu 0JJHOTO MPOU3BOIUTEIS.

Ecnu crangapt IEEE 802.11n npenycmarpuBaeTr 10 4eThIpEX MPOCTPAHCTBEHHBIX MMOTOKOB,
to B |IEEE 802.11ac ux moxet ObITh 10 BochbMu. CormacHo crangapta |[EEE 802.11ac, Touka
JocTyna ¢ 8-10 aHTeHHaMU CrocoOHa d(pPEeKTUBHO B3aUMOJICHCTBOBATh C 4-Msl Pa3IUUHBIMU YCT-
poicTBaMHM, KaXJ10€ U3 KOTOPHIX OCHAILEHO 2-Ms aHTEHHAMH.

[TosToMy ToYka JIOCTynma MOKET OJHOBPEMEHHO IepelaBaTh JaHHbIE MO 8-MH KaHajaM..
[lpn mmpune xanana 160 MI'm (8 kanamoB mo 20 MI'm) ckopocTh mepenadyd MO KaHAy
cocrassier 864 Mowut/c.(54 Mout/c *2*8=864 Mowut/c).
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[TosTomy mpu 8-mm KaHanax, mpH IIUpUHE Kaxkaoro kanaima 160 MI'n, makcumanbHas

TEOPETHYECKAsi CKOPOCTh MEPeauu JaHHbBIX U1 TOYKHU JOCTYIa COCTABIISCT
864*8=6912 Mowut/c, noutu 7 ['out/c.

bnaronaps xopoleil noMexoycToH4uBOCTH, peanbHas fanbHocTh cBsizu bJIBC crannapra
IEEE 802.11ac Taxxe yBenuuuBaeTcs 1o cpaBHeHuto co cranaaprom |EEE 802.11n, urto
KpaiiHe NPUBJIEKATENbHO U BaXKHO C TOUKH 3PEHUS IPAKTUUECKOTO HCIOJIb30BaHUS.

PeanbHast ckopocts V nepenaun naHubix B BJIBC Bcerna meHblle TeopeTuieckon
BCJICJICTBHE BIUSHHS HA HEE CIIEAYIOIUX (PaKTOPOB:
v=Tf(C,L,N,PB,PP,M, K), (9.1)
rne C — ciyxebHas uHpopmanus; L — paccrosHue Mexay y3JI0M CeTH U TOuKoi noctymna; N
— KOJIMYECTBO M TUIIBI PETPaJ, PACIIONIOKEHHBIX MEKILY y3JIOM CETH U TOYKOM noctyna; PB
— pPaaMoYaCTOTHBIE IOMEXHU OT APYrux Touek nocryna; PP — momexu ot nepekpriBaromuxcs
YaCTOTHBIX KaHasoB; M — Tum Mojenu Touku gocryna; K — koHurypauus ceTu.

ITpu skcrmyaTanyuy 6eCpoOBOIHOM CeTH Uit 00eCTIeYeHUs €€ KaueCTBEHHOTO
(byHKIIMOHUPOBaHUS TPEOyeTCs COONII0AATh CIEAYIONIIEe PEKOMEHAALMH 110 Pa3MEIIEHUI0 TOYEK
JOCTYyTa, HACTPOMKe UX pabounX MapaMeTpOB U KOMITJICKTALUU YCTPOMCTB aHTEHHAMH

1. Cocennue TOUKH JOCTyMa CeayeT HacTpauBaTh Ha HEMEPEKPHIBAIOIINECS YaCTOTHBIE
KaHaJIbl ¥ pacrojiaraTh UX B BEpIIMHAX PABHOCTOPOHHETO TPEYTroJIbHUKA OOCIY>KUBAEMOT'0 UMH
IPOCTPAHCTBA, YTOOBI YMEHBIIUTH B3aUMHOE BIMSHUE PAJIHOYACTOTHBIX TIOMEX.

2. CocenHue TOYKHM JOCTyINa, paboTalolMe Ha OJAHOM M TOM J>K€ YacTOTHOM KaHale,
PEKOMEHIyeTCst pa3MeraTh Ha PacCTOsIHUM HE MeHee
35 M Jpyr oT Apyra, 4YToObl MX CUTHAJIBI HE OUY€Hb CHIIBHO NEPEKPHIBATUCE.

3. Ilpu pa3merieHun TOYEK JIOCTyIa cieayeT UMETh B BHUAY, YTO CHUTHAJIBI 000PYIOBaHUS
crangapra IEEE 802.11a (wactora 5I'T') HAMHOTO XYK€ MPOXOJAT CKBO3b CTEHBI M TMOTOJIKHU
yeM curHajibl ooopynoBanus crannapros IEEE 802.11b u IEEE 802.119.(wactora 2,4 I'T'n), uto
CYIIECTBEHHO COKpallaeT JalbHOCTh cBsi3u. OmHako mis ceteir crangapto |[EEE 802.11b u
IEEE 802.119 ucTOYHMKaMM pPagUOYaCTOTHBIX IOMEX MOTYT OBITh MHOTHE YCTpPOICTBA,
paboraromue Ha yactote 2,4 I'T'11, uTo Takke COKpallaeT JalbHOCTb CBS3H.

4. I[J'IH 3aKPBITBIX MIOMEIICHU npu OOJIBIIIOM YHCIIe Y3JI0B CCTH CIICAYCT IIPOBOANUTD
O6CJ'IC,Z[OB8.HI/I€ MOMEIIEHUN IJIS1 ONITUMAJIbHOTO pasMCICHUd TOYCK JOCTYIIA U KOppCKTHOﬁ
HaCTp01>'IKI/I MOIIMHOCTHU paIMOCUTHAJIIOB, U3JIyHaCMBbIX TOYKOH JA0CTyIla U (I/I.III/I) Yy3J1aMH, YTOOBI
YMCHBIIUTH CTCIICHb BJIUAHWA B3AUMHBIX ITIOMEX Ha pa60Ty YCTPOﬁCTB 6CCHp0BOHHOﬁ CCTH.

5. I1pu BeIOOpE THTIA AHTEHHBI [T TOYKHU JOCTYIIA CIeyeT UMETh B BH]LY, UTO
aHTEHHA - 3TO ¥ U3JIy4aTeslb PaAlOBOJIH, U UX IPUEMHUK KOHCTpyKILUs aHTEHHBI ONpEAeIseT
30HY MOKPBITUS TOUKHU JOCTYyNa OECIPOBOJHOM CETH, T.€. Ty 30HY, B KOTOPOW CHTHaJ,
U3Ty4aeMblii TOUYKOM JOCTyMa, CIOCOOHBI MPUHATH YCTPOiicTBa OecripoBoiHOM ceTu. Jlist cereit
Wi-Fi cymecTByIOT HanpaBJIeHHBIE U CEKTOPHBIE aHTEHHBI, KOTOPBIE MOTYT OBITh KaK
HapyXHbIMH (BHEIIHUMHM U Pa3MEIICHHBIMH Ha CT€HAX 3[IaHMs), TaK U BHYTPCHHHMH,
pa3MEILEHHBIMA BHYTPU IIOMELICHUMN.

Jlis aHTeHH, peIHa3HauYEHHBIX U1 Pa0OTHI B YCIOBUSAX BHEIIHEH cpejibl, 00BIYHO
YKa3bIBalOT MAaKCUMAJILHO JIOMYCTUMbIE TIOPBIBBI BETPa, TPaHULIbI paboyeil Temneparypsl U
BJI&XXHOCTB OKpYXatomiel cpensl. Tak ais BHemrHel anTeHHbl pupMbl D-Link ¢ kogoBbiM
Ha3zBanueM ANT70-0800 yxazanubie [apaMeTPEL COOTBETCTBEHHO MMEIOT CIIEYIONIHE
3HaueHud: 55,5 m/c; ot — 40° C no +80°C; or 5% mo 95 %.
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HampaBieHHble aHTeHHBI (POPMHPYIOT 30HY pACIpOCTPAaHCHUS CHUTHAlIAa B BUJE KOHYyca C
yrinom 10-15 rpanycoB u 0061y94aroT TOJIBKO BBIIEICHHOE HAMIPaBJICHHE.

CexkTOopHBIE AHTEHHBI UMEIOT CJIOXKHYIO JuMarpaMMmy HaIllpaBJIEHHOCTH, OXBaThIBAIOIIYIO
TOPU30HTAIBHYIO U BEPTUKAIBHYIO IJIIOCKOCTU. Tak, B TOPU30HTAIBHOM MIIOCKOCTH 3TO OOBIYHO
cektop ¢ yrinom 30-90 rpangycoB, a B BEpTUKAIBHON MIOCKOCTH 3TO CEKTOp ¢ yriom oT 60 mo
120 rpagycoB. OOBIYHO JJIs1 CEKTOPHOM AaHTEHHBI YKa3blBAIOT MIMPUHY JUArPaMMBI
HANPaBJICHHOCTHU KaK JJIsl TOPU3OHTAIBHOM IIIOCKOCTH, TaK U JJISl BEPTUKAIBHON MIIOCKOCTH.

OCHOBHO€ NPEUMYILECTBO CEKTOPHBIX  AHTEHH II0 CPAaBHEHUIO C HAINpPaBICHHBIMU
aHTEHHaMH COCTOUT B TOM, YTO OHH OOJIyyaroT 0oJjee IIMPOKUN MPOCTPAHCTBEHHBIA CEKTOP.
Hanpumep, 4To0bI TOKPBITH BCIO KOMHATY CHUTHAJIIOM OT O€CIIPOBOAHOM TOYKH JIOCTYIA, B YLy
9TOM KOMHATBI CIIeIyeT IMOCTaBUTh TOYKY JocTyna ¢ cektopHoit Wi-Fi anTeHHO# C yriiom
PacKphITUs IO TOpU30HTAIBHOHU mockocTH 90 rpagycos

HarmpaBiieHHbIE aHTEHHBI CIIEAYET YCTAHABIMBATD B YIJ1y KOMHAT 3[JaHUs Y BHELIHUX
CTEH C HaIlpaBJICHMEM aHTEHHBI BHYTPb 3/1aHUS TaK, YTOObI MUHUMHU3HPOBATH 30HY 0XBaTa
BHEIIHEH YacCTH 3/1aHUsI U HEeXKEJIaTeNIbHBIX pab0ounX MOMEIICHUH.

6. [Tpu BeIOOpE aHTEHH OJTHON U3 BAXKHEHIINX UX XapaKTEPUCTUK sBIseTCA Ko3(duimeHt
YCUJICHHS aHTEHHBI, KOTOPBI M3MepsieTcss B M30TPOMHBIX Aenubdenax (dBi).
Ko duuneHT ycunenus aHTEeHHBI ONpPEeNseT, HACKOIbKO AenOen MOTOK SHEPTHH,
M3Ty4aeMblii aHTEHHOU B OTIpe/IelIEeHHOM HalpaBjeHUH, 00JIbIIe TOTOKA YHEPTUH, KOTOPBIH ObLI
ObI 3a)KCUPOBAH B 3TOM HAIIPaBJICHUHU B CIy4ae UCIOJIb30BAHUS U30TPOITHON aHTEHHBI.

W3oTporHas aHTeHHA - 3TO HealbHasl, yCIOBHAs, aHTEHHA, TOYEYHBI HCTOUHUK
AIIEKTPOMATHUTHBIX BOJIH, U3Ty4arollasi pAaBHOMEPHO 110 BCEM HAIMPABJICHHM, JUarpamma
HaIMPaBJICHHOCTH KOTOPOU MpeAcTaBIseT co0oii chepy, a kKodDOUIIUEHT YCUITCHHUS] KOTOPOi
paBEH €IMHULIE.

Tak, Harpumep, eciiu KOA(PPUIMEHT YCHICHUSI aHTeHHBI cocTaBisieT 5 dBi, To umeercs B
BUJy TO HalpaBJICHHE, B KOTOPOM JIOCTUTAETCsl MaKCUMaJIbHAash MOIIHOCTh W3TydeHHs (TIIaBHBIN
JICTIECTOK TMarpaMMbl HallPaBJIEHHOCTH). JTO 03HAYAET, YTO B 3TOM HANPaBJICHUH MOIIHOCTh
u3ny4yeHus Ha 5 1b GoJblie, YyeM MOITHOCTh M3JIydeHHsI HeaTIbHON H30TPOITHON aHTEHHBI

51b COOTBETCTBYET YBEIMYEHUIO MOUTHOCTH B 3,16 pa3za MOCKOJBKY UMEEM:

5=10Lgk, /1=10Lgk, k, =316
a 10 nb cootBercTBYeT yBenuueHuro MomHoOcTH B 10 pa3, mockoibky HMeeM:
10=10Lgk, /1=10Lgk, k, =10

Tak, Harpumep, PH UCIIOIB30BaHUH OECIIPOBOIHON TOYKH JIOCTYIIA C MOITHOCTBIO MepeiaTIyiKa
20 dBm (unm 100 MBT) 1 HanpaBnenHoW anTeHHOU ¢ KoaddunrenTom ycwienus 10 dBi
MOIIHOCTh CUTHAJIa B HAIIPABJICHMH MaKCUMAJIbHOTO YCUIICHHSI aHTCHHBI COCTaBUT

20 dBm + 10 dBi = 30 dBm
(unm 1000 MBT), To ecthb B 10 pa3 Gouibliie, 4eM B ciiydae MIPUMEHEHUS H30TPOITHON aHTCHHBIL.

Koadduunent ycunenus Hapy>KHbIX aHTEHH 00bIYHO OOJIbIIE, YeM KOA(PPHUIMEHT YCUICHUS
BHYTPEHHUX, a KO3()(UIIMEHT yCUIICHUS HAlIpaBJIEHHBIX aHTEHH OoJiblie 4yeM ko3dduiment
ycuiieHus ceKTopHbIX. Tak mus GonpummHcTBa anteHH cereit Wi-Fi pupmer D-Link
K03 (HUIMEHT yCuIIeHHs HapyXHBIX aHTeHH coctaBisieT ot 9 dBi mo 21 dBi, a koadpuument
yCUIJIEHHs BHyTpeHHHX aHTeHH ot 6 dBi xo 9 dBi.
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7. Hactpoiiky pabounx napameTpoB OECIpOBOJHOM TOUKU AOCTYIA IPOU3BOIST
nocpeacTBoM HHTepHET-Opay3epa (Web Browser, nanpumep, Mozilla Firefox), pasmemennoro
Ha paboyeM KOMITbIOTEpe, MOAKIIOYEHHOM K TOUKE JOCTYTIA.

[Tocne 3amycka Opaysepa cieayet oOpaTuThes 1o aapecy http://192.168.1.1. IMocie Toro
KaK MOSBUTCA OKHO Hadyajla HaCTPOMKH, CIIEAyeT BBECTH M3 I0JIb30BATEINS U IAPOJIb, KOTOPBIE
MOYKHO HaWTH B PYKOBOJICTBE I10JI30BATENs TOYKH JOCTYIA WU Ha €€ 3aaHen nadenu. Ha
OTKPBIBIIEHCS CTPAHUIIE MOKHO O3HAKOMUTBCS ¢ UIMEIOILIUMHUCS HACTPONKaMU.

Hactpoiika 6ecripoBOAHOM TOUKH AOCTYIIA SBISIETCS MHOTOMIAPaMETPUIECKOM .
nocJseoBarenbHo 3anatot |P-anpec ycrpoiictBa, Macky noacery, IP-aapec moto3a, yucio
MOJIKJIIOYAaEMBIX Y3JI0B, PEXKHUM OOCITY>KUBAaHUS KIUEHTOB U T. ..

ITpu HacTpoliike pabounx mapamMeTpoB TOUYKHU JTOCTYIIA TAKIKE CIEAYET:

e ycraHoBUTH cranaapt cetu Wi-Fi, koTopslii oHa moiepKkuBaer;

e YCTaHOBHUTH HOMEpP YAaCTOTHOI'O KaHajia OECIPOBOHOM CBSI3H, IPU 3TOM Il OJHM3KO
PAacIoNI0KEHHBIX COCETHUX TOUEK JOCTYIa. PEeKOMEHAYETCs UCTIOIb30BaTh HOMEpa U3 Habopa
HETEePECEeKAIOINXCS YACTOTHBIX KAHAJIOB, YKA3aHHBIX B MHCTPYKIMH I10JIb30BaTEIs;

e 3ajarth uiueHTUUKaTop OecripoBonHOI cetH, T. €. SSID (Service Set Identifier -SSID),
KOTOPBIH MpeacTaBiseT co00il yclIoBHOE Ha3BaHHE OECIIPOBOIHON CETH, UMS TOYKHU JIOCTYIIA.

W neHTudukatop MOXKET UMETh JUIMHY A0 32 CUMBOJIOB U coJepkaTh OyKkBbl 1 iu¢psl. Cienyer
MIOMHUTB, YTO TOYKA JIOCTYMA MEpeaeT CBOM ACHTU(PHUKATOP CETH C TIOMOIIBIO CIIEHUAIBHBIX
nakeToB co ckopocTbio 0,1 M6ut/c kaxpie 100 mc. DT0 MO3BOJISAET ¢ OAHON CTOPOHBI
OOHApPYXHUTh €€ U JIETKO MOAKIIOYUTHCS, a C APYTOi CTOPOHBI MOKET MPEIOCTABIATh YIpo3y
6e3omacHocTH ceTH. [ToaToMy Ipy HEOOXOTUMOCTH MOKHO CKPBITh TOUKY JOCTYIA, OTKIIOYUTh
PEKUM IUPOKOBENaHus, Ucob3ys komanay (Disable SSID Broadcasting);

e 33/1aTh B SIBHOM BHJI€ CKOPOCTh NE€peIauu JaHHBIX 10 OECIPOBOAHOMY KaHAy CBS3U WM
YCTaHOBUTH PEXHM aBTOMAaTHUECKOTO ONpPEIEIeHNUs 3TOM CKOPOCTH;

e 33/1aTh MOIIHOCTh paboThl mepenaruuka, HO He Oonee 100 mBT, mockonsky B Poccum
paspemaercsi ucnoib3oBarhk cetn Wi-Fi 0e3 nuiensun u paspemennit, ecimu Wi-Fi yctpoiicTBo
MMeEEeT SKBUBAJICHTHYIO H30TPOITHO-U3TY4aoNIyto MoIHOCTh He 6onee 100 MBT.

8. Ilpu HacTpoiike pabouux nmapaMeTpoB MapIIpyTH3aTOPa C MOAKIIOYEHHON K HEMY TOUKH
JOCTyNa clielyeT KOPPEKTHO YCTAaHOBUTH A1l HUX |P-anpeca, 4ToObl MapuipyTusarop, K
KOTOpOMY HOJIKII0UEHa ToUKa JIocTyna, umen IP-agpec u3 Toif xe nmojxceTu, 4To U TOUKa
nocryna. Eciu, Hanpumep, Touka noctyna umeet IP-anpec 192.168.1.254, Toraa

MapuIpyTu3aTopy He0OX0AMMO IPUCBOUTH cTaTrdeckuil IP-anpec 192.168.1.x (Hanpumep,
192.168.1.100) ¢ mackoii moacetn 255.255.255.0.

9. [lng ynpaBieHus MOAKIOUYEHUSIMU KOMIIBIOTEPOB K TOYKaM JocTyna oecrpoBoaHbix JIBC
cienyer co3fasarh npodwin. [Ipodunas - 370 HaGOp HACTPOEK, KOTOpPbIE ONPEAEISIOT, Kak
KOMIIBIOTEP IMOJKIIIOYAETCS K TOUKe JocTyna OecrnpoBogHol cetd. [Ipodunb, pa3MerieHHblil Ha
KOMITBIOTEpe, BKItO4YaeT ums npoduis (Hanpumep, HOME) u uaentudukatop GecripoBoaHOM
ceru (SSID), koTopslii ObLT 3aJaH IPU HACTPOWKE COOTBETCTBYIOLIECH TOUKH AocTyna. [Ipodumn
XpaHATCS B KOMIIBIOTEPE M MCIIOJB3YIOTCA IPHU KAXKIOM IOJAKIOYEHUH K OecrpoBOJHOM
JoKanbHOU ceTH. B mpodune comepxurcs Bcs MHGOpMAIMs O CETH, a TaKKe HACTPOMKH
3aluThl. B KoMmIbrOTEpe mosb30BaTeNss Kaxkjaas OecpoBOJAHAs CETh, K KOTOPOH OH MOXKET
HOJKIIOYUTECS, JOJDKHA HMMETh COOCTBEHHBIM MpOoGuMiIb Ui yIpaBleHHs MOAKIIOYEHHEM K
sTo# cetu. [Ipodum MoKHO cO3/1aBaTh, U3MEHATh U YIAIATh.

10. HpI/I OLICHKEC HOHYCTHMOﬁ AaJIbHOCTU PasMCIICHUA y3Jia CCTU OT TOUKHU NOCTYyIa CICAYCT
HCII0JIb30BATh OCHOBHYIO (I)OpMy.TIy paaruoCBA3U, KOTOpad yCTaHABJIUBACT 3aBUCUMOCTD IIOTCPb
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MOIITHOCTH CUTHAJa P, OT NPOHIAEHHOTO UM PACCTOSIHUA L M IIMHBI BOJIHBI A M UMEET
CIEAYIOIIUIA BUL!

P. =10 Ig(4nL/A)? =10 lg(4nLf /cg)%, 8.2)

rie PH_ MOTEPH MOIIHOCTH CHTHAlla Ha MyTH OT TOYKH JIOCTyNma 10 y3iaa ceT, ab; L —
pPacCTOSAHNUEC MCKIAY TOYKOU AO0CTYIIa U Y3JIOM CCTH, M, 7\4 = CO/ f — IJIMHA BOJIHBI, H3quaeMOﬁ
nepesaTinkoM, M; Cy — CKOPOCTb CBETA B BaKyyME, C0=300 000 xm/c; f — wacrora

nepenayu paguocursana, ['Tm.

Ha IPAKTUKE NPUMCHAIOT CICAYIOIIMEC TUIIOBBIC 3HAYCHUA JAJIMHBI BOJIHEIL.

ecmt f =14 I'Ti, o A=30-107/14-109 =2,1.10—2
ecn f =5 TTy, 1o A=30-107/5-109 = 6,0-10~2 u:
ecn f =2,4 TTu, o A=30-107/2,4-109 =12,5-10~2 u.

[Tocne npeobpa3oBanus BeipakeHus (9.2) momydaem

P;=20 Ig(4an/c0):20[lg(4n)+lg L+Igf —Ig CO]' (8.3)

C yuyerom enunuil gaabHOCTH (M), yactotsl (I'T') u MomHOCTH (1B) HMeem

—P.,—32,5

rne P; <0.

IMpumep 8.1. Onpenenute MaKCUMaIbHOE PACCTOSTHHUE, HA KOTOPOM B MIOMEIIICHHUH, Ha
ckopocTtu 54 M6ut/c, Oyaer crabunbHo paborats 6ecripoBogHas JIBC cranmapra 802.11g.
JlomycTHMBIE TOTEPH MOIIHOCTH CHI'HAJIa COOTBETCTBEHHO PAaBHBI. JUISI IEPBOTO BapUaHTA

P ' —74 1B u 11g BTOPOro BapuanTa PH2 =—79 1B, a vacrora pabotsi cetn T =2,4 I'T.

Pewenue. 1) ucnionn3ys Beipaxkenue (9.4), 1uis mepBoro BapuaHTa MMeeM

—P;—325 ] 74-32,5
— === g f —lg24 _
2) ucnosb3ys BeipakeHue (9.4), st BTOpOro BapraHTa UMEEM
P25 gq (1935 g4 o
Lmax =1o[ 20 ~100 20 | ~10(2325-0380) _gg,

3) IaILHOCTH PAJMOCBSI3H yBEINYMIACh TOYTH B 1,8 pasa.

8.4 BecnpoBoJHbIE TOPOJACKHUE CETH
BbecripoBoanbie cetr MaciTaba ropoaa paboTaroT Ha OCHOBE TEIEKOMMYHHKAITMOHHON

[TUPOKOTIOJIOCHOHM TEXHOJOTUH MPE0CTABICHHS TIOJIB30BATENSIM OSCIIPOBOIHOTO JIOCTYMA B
ceth, u3BectHoit kak WiMAX. (Worldwide Interoperability for Microwave Access), Ota
TEXHOJIOTHS TIO3BOJISIET, HCIIOJIBb3Ysl 0a30BbIC CTAHIIMH, OOBEUHHUTD B CE€Th OTAeNbHBIE [[DBM,
PacToNIOKEHHBIC IPYT OT ApYra Ha PACcCTOSTHUHN B HECKOJIBKO KUIIOMETPOB.

30Ha paguooxBara KaxkJ10i 0a30Boii ctaHuu coctasisieT 10 80 KMZ, a paxuyc ee IeUCTBUs
[PY HATUYHU IPSMON BUIUMOCTH 10 25 KM., a IPH OTCYTCTBUU 0 5-8 KM.

[Tpy HEBO3MOXKHOCTH OPTaHU3ALMH IPSIMOM BUIIMMOCTH OECIIPOBOIHOM CBSA3H MEXITY
0a30BBIMU CTAHIIMSMH, OHH MOTYT OBITh COSMHEHBI MPOBOHOW TUHHUEH CBSI3U.
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Pazpabotkoii crannaproB cereit WiIMAX 3aHumaeTcss aMepUKaHCKUI HHCTUTYT UHXKEHEPOB TI0
anekTporexHuke u 3ekrponuke (IEEE). Omy0nukoBaHo 1 IPUHSTO HECKOJIBKO CTAHIAPTOB HA
ceru WIMAX, usBectusie kak |[EEE 802.16 becnipoBoHbIe ceTH, TOCTPOSHHBIEC Ha 0a3e ITUX
CTaHJAapTOB, MPEAOCTABISAIOT MOIb30BATEIAM IIMPOKKUE BO3MOKHOCTH: BUJCOTENEPOHUIO,
nepegady rojaoca 1 J1aHHbIX.

OTH cTaHAapThl OTIUYAIOT CIIEAYIOIUE 0COOSHHOCTH.

e Cranmapr IEEE 802.16d WIMAX, DOtu ceTu NpeaoCcTaBisiOT YCIYyTH TOJIBKO
HETIO/IBW)KHBIM (CTallMOHAPHBIM) a0OHEHTaM B JIBYX pPaJMOYacTOTHBIX Auana3oHax 3,5 [T u 5
I'Tu.. CkopocTb nepeaayn JaHHbIX B 30HE HOKPBITUS CETH, IPH OTCYTCTBUH ITOMEX, MOXKET
nocturath 75- 100 Mout/c, a mpu HanmMuuu momex cHrkathes 1o 10 Mowut/c.

e Crannapt IEEE 802.16e Mobile WIMAX, kacaetcsi MOOHIIBHBIX OECIIPOBOJIHBIX CETEH
WIMAX. B P® mis aTux cereit ucnob3yercs nuana3on yactot 2,5 ['T. Moowisubiiin WIMAX
MIPEJOCTABIISAET MOJIb30BATENSIM BO3MOXKHOCTD TIEPEIBUTaThCs B 30HE MOKPBITUS CETH CO
ckopocthio 10 120 km/gac. Ipu pacronoxeHuu noyik30BaTeNeil Ha pacCTOSHUM JI0 S KM OT 6a30BOi
CTaHIIMU, CKOPOCTh MEPEIauu TAHHBIX B CETU MOXKET cocTaBisATh 10 40 Mout/c C yBenmueHnem
CKOPOCTH NepeIBHKEHUS TI0JIb30BaTeNIEH B 30HE MOKPBITUS CETH /WM PACCTOSIHUS M0JIb30BaTeNen
oT 0a30BOM CTaHIIMU CKOPOCTH MEpe/lauk JAHHBIX YMEHBIIAETCS U MOXKET JOCTUTaTh BCETO
HecKoJIbKux Mowut/c.

e Crangapr IEEE 802.16m WIMAX 2, u3BeCTHBIN KaK yCOBEPILIEHCTBOBAHHAS
OecnipoBoHast ceTh MaciiTaba ropoaa (Wireless Metropolitan Area Network Advanced -
WMAN Advanced), npunst B 2010 rony. Cranaapt kacaercst 0eCpOBOIHBIX CETEH,
OpPUEHTHUPOBAHHBIX HA pabOTy KaK CTAlMOHAPHBIX, TAK U MOOMIIBHBIX MOJIb30BaTeNneil. buut
o(uIMaNbHO BKIIIOYEH B YHCJIO CTAHAAPTOB CBA3U OECHPOBOJHBIX CETEH YETBEPTOTO MOKOJICHHS
(fourth generation- 4G), mocKoIbKY OTBEYaeT OCHOBHBIM TPEOOBAHHSIM, ITPEIbSBIISIEMBIM K
NEePEeIOBBIM MEXKYHAPOIHBIM MOOMIBHBIM TEICKOMMYHHKAMOHHBIM cucteMam (International
Mobile Telecommunications Advanced — IMT Advanced ). CoriacHo 3Tux TpeOOBaHHMIA CETH
yerBepToro nokosieHust (4G) MOMKHBI I CTAIIMOHAPHBIX 00BEKTOB U 0OBEKTOB,
nepeMeInaromxcs co ckopocthio 10 10 kM/4ac, obecrieunBaTh CKOPOCTh Nepeaun He MeHee 1
['Gut/c, a 1151 MOABMXXHBIX OOBEKTOB, MEPEMEIIAIONINXCS cO CKOopocThio oT 10 km/yac 1o 120
kM/4ac, He MeHee 100 Mout/c Ilostomy GecnipoBoansie cetn WIMAX 2 — 310 cetr
YETBEPTOTO IMOKOJICHHS.

e Crannapt IEEE 802.16n (6ecnipoBoanas cets crangapra WiIMAX 3.0) Haxoautcs B
craauu pa3pabotku. becipoBonnas cets crannapra WIMAX 3 noinkHa npeiocTaBUTh
M0JIb30BaTENSIM (PAaHTACTUYECKHUE CKOPOCTH 0OMeHa MH(opMaIieii: B cilyyae CTallMOHapHOU
cBsi3u A0 10 ['Out/c, a mpu moOmibHOM cBs3u 110 1 I'6ut/c.

8.5 BbecnpoBojHble pernoHaJbHbIE CETH

PernonanpHple ceTH OOCTY)KHUBAIOT 30HBI pa3MEpPOM B JIECATKA U COTHU KHUJIOMETPOB U
paboTaroT Ha 6aze CIeIyIOIUX TEXHOIOTHH:

e GSM (Global Standard for Mobile Communications) — rnoGanbHBIN CTaHAAPT IS
MOOMJIBHOW COTOBOM CBSI3M C pa3ZielieHHeM KaHajla, KOTOpbIM 00ecrednBaeT CKOpOCTh Ieperadn
Ia”HbIX 10 9,6 Kout/c;

e GPRS (General Packet Radio Service —GPRS) mnakeTHas mepenada JaHHBIX [0
pamuoceTsiM OOIIEro TMOJIb30BaHUs), SBISCTCS HAJICTPOMKOW HaJ TEXHOJOTHEH MOOWIBHOM
pamuocBszu GSM u mo3Boiser mepenaBaTh JaHHBIE Ha CYIIECTBEHHO Ooliee BBICOKUX
cKOopocTsiX, 4eM B 00byHOH GSM ceru. OOecrneunBaeT MaKCUMAIbHYIO TEOPETUUYECKYIO
CKOpOCTh Tepeaaun AaHHbIx 10 170 k6ut/c, mpaktuuecku 1 115 Mout/c. I'onocoBoii Tpaduk u
JaHHBIE COOMPAIOTCS B MAKETHI, IIPU ITOM T'OJIOCOBOM TpadhUK UMEET IPUOPHUTET
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AbGonenTy, noakmodeHHoMy kK GPRS, npenocrasisiercss BUpTyaiabHBIN KaHall, KOTOPBIH Ha
BpeMsI [lepejauu MaKeTa CTAHOBUTCS PEATbHBIM, a B OCTAJILHOE BPEMS HCIIOJIb3YETCS TS
nepeiavyr MakeToB JAPYrux nmoJibzoBaTeneil. [IockoibKy 0OJMH KaHaI MOTYT HCIIOJIb30BaTh
HECKOJIbKO a0OHEHTOB, TO BO3MOKHO BO3HMKHOBEHHE OYEepe/IN Ha Iepeady MakeToB, U, KaKk
CIIC/ICTBUE, 3a/IePXKKa Mepeiayn MaKeToB.

o EDGE (Enhanced Data for Global Evolution) — yaydmennble ckopocTH nepeiaun JaHHBIX
st sBosor GSM-cTangapra. DTa TeXHOJIOTHS HalpaBiieHa Ha obecrieueHre 0oJiee BEICOKUX
cKopocTel mepenaud JaHHbIX 1o cpaBHeHMI0O ¢ GPRS. Ilo3BosseT mOIy4uTh CKOPOCTH
nepenaun naHHbIX 70 384 Kout/c — 473,6 KOut/c. 3a cueT Bcex HOBLIECTB yIaJIOCh YBEIUYUTh
ckopocTh nepenaun qaHHbix B ceTsix EDGE, no cpaBuenuto ¢ GPRS, moutu B Tpu pasa

e HSDPA (High-Speed Downlink Packet Access) —BrICOKOCKOPOCTHAsI TIaKeTHAs mepeaada
JaHHBIX OT 0a30BOM CTaHIMUM K MOOWJIBHOMY YCTPOWCTBY. DTa TEXHOJIOTHS, HCIIOJB3YeT
KBaJpaTypHO - aMIUIMTYIHBIA MeTon moxayiasuuu  (Quadrature amplitude modulation — 16
QAM), a Takke CKOpPOCTHYIO CHCTEMYy aBTOMAaTHYECKMX MOBTOpPHBIX 3ampocoB (Hybrid
automatic repeat request- HARQ), koTopas npeaHa3HaueHa JJisi OCYLICCTBJICHHS MOBTOPHBIX
3aMpoCOB JUJIsI MOTEPSHHBIX JTMOO0 MCIOPUYEHHBIX OMKMOKaMH makeToB. KoMruiekc HOBOBBEICHHM
M03BOJIMII O0Jiee YeM B 7 pa3 yBEIMUUTh CKOPOCTH Mepelauu JaHHBIX B HAIIPABJICHUH OT 0a30BOM
CTaHIMHM K MOOMJIBHOMY YCTpOMCTBY, B 4YacTHOCTH K Tenedony. Texnosoruss HSDPA
o0ecrneunBaeT TEOPETUUECKYIO CKOPOCTh Nepeadun AaHHbIX 10 14,4 M6ut/c. OqHako peanbHas
CKOpOCTh Iepeiaul JaHHBIX B CETAX ¢ mojnepxkoit rexnonorun HSDPA coctasiisier He Gonee
3,6 MOuT/c, HO ¥ 3TO MO3BOJISET MOJIH30BATEN0 MOOUIBHOTO YCTPOICTBA UCIIONB30BATh YCIYI'H
BUJICOCBSI3H, B YACTHOCTH, OCYIIECTBIIATH IPOCMOTP BHIE0 BHICOKON YETKOCTH

e HSUPA (High-Speed Uplink Packet Access) - BbICOKOCKOPOCTHOW MaKETHBINA JAOCTYI B
BOCXOJSIIIEM HANpPaBJICHUHU, T.e. BBICOKOCKOPOCTHAs MakeTHas TIepegada JaHHBIX OT
MOOMJIBHOTO YCTPOHCTBA K 0230BOM CTaHIUHU.

e UMTS (Universal Mobile Telecommunications Service) DTo TexHOJIOTHS MOOWUIBHOMN
cBsi3u TpeTbero nokosenus (third generation — 3G) mockoJbKY MO3BOJISIET B THAMA30HE YaCTOT
okosio 2 I'T'y mepenaBarh JaHHBIE, TOJIOC, a TAKKe BUACOMH(pOpPMALUIO (CMOTpeTh (DUIBMBI Ha
MOOMIIBHOM Tesie(pOHE) CO CKOPOCTHIO J1o 7,2 Mowut/c.

[Ipu co3manuu peruoHaIbHBIX ceTeil Ha 0a3e pacCMOTPEHHBIX TEXHOJIOTHIA, KaK MPaBUIIO,
UCTOJB3YIOT pagropenciiabie auaun cBsizu (PPJIC) — 1ienouku npueMornepeaTynKkos,
PaCTONOKEHHBIX B MPSMON BUAMMOCTH Ha paccTostHuH 25...100 kM 1 UMEIOLUX MOIIIHEIE
AHTEHHBI.

Juametp anteHH coctabiser 3,5...5,0 M, a BeicoTa anteHH — 20...200 m.

Koad¢unument ycunenus anteHH Haxoautcs B npeaenax 30...45 nb.

PaccTostHne Mexay COCEIHMMHU INpUEMONEpPEAATYMKaMU B Clydae HOpsIMOMl BHIMMOCTHU
NpUOJIMKEHHO OTIPEACTISIOT B KUJIOMETpax 1o ¢opmyie

L=3,57(\/ﬁ+\/@), (8.4)

rae hyu hy — BBICOTHI QHTEHHBIX OTIOD, M.

Crenyer uMeTh B BUAY, YTO HOpMajbHas pedpakiys paIuoBOIH UCKPUBIISET UX TPACKTOPUHU
B CTOPOHY MOBEPXHOCTU 3€MJIH, YTO YBEJINUUBAET JAIbHOCTh PAIUOCBS3H, U TOI 1A

L=4,12(ﬁ+\/@). (8.5)

Jl7is1 opraHu3aiuy MarucTpaaIbHOU PaIuOPENCHHON CETH CBSI3U UCTIOIB3YIOT TPOTOCHEPHYIO
CBsI3b. B 3TOM ciiy4yae anbHOCTh PaIMOCBSI3H OTpeAensieTcs mo Gopmyre

L=4,12( by + [y + [g), (8.6)

rne hs— HWKHAS TpaHUIa BUAMMOM pueMorepeiaTyukaMu 006J1acTu Tpornocgepsl,

ha =10 000-13 000 w.
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8.6 becipoBoaHbIe CNYTHUKOBbIE CETH

CryTHHKOBBIE CUCTEMBI CBSI3H HCIIOJIB3YIOT CIICTYIOIINE TUITHI OPOUT:

e TcOCTAlMOHAPHBIE OKoJIo3eMHbIe opOuThl (Geostationary Earth Orbit — GEO), kotopsie
XapaKTEePU3YIOTCS TEM, YTO €CIM HaXOAANIMecs Ha HEHl CIIyTHHKH JBWXKYTCS C YIJIOBBIMH
CKOPOCTSIMH, PaBHBIMH YIJIOBOW CKOPOCTH BpamieHUsT 3eMJIM BOKPYr CBOEH OCH, TO C
MOBEPXHOCTH 3eMJIM OHU KaXXyTCsl HETIOABIKHBIMU. BricoTa aTx opout okxoso 35 000...36 000
KM, a 33JIep)KKa paclpOoCTpaHEHHs CHTHajla OT a0OHEHTa K CIIYTHUKY M OOpaTHO COCTaBIISICT
oxouto 300 mc;

® CpeIHEBBICOTHBIE OKOJI03eMHbIe Kpyrosbie opouTsl (Medium Earth Orbit — MEO),
pacrionoxxennsie Ha BeicoTe 5 000...15 000 kM oT moBepxHocTH 3eMiH. J{uaMeTp 30HBI
oOciyxuBanus goxoaut 10 15 000 kM. /IBoiiHast 3aepKKa pacpOoCTpaHEHUs CUTHAIA Yepe3
CIIYTHHUK-PETPAHCIATOP cocTaniser He Oonee 140 Mc, 4TO MpakTUYECKH HEYJIOBUMO ISt
YeJIOBEYECKOI0 yXa.

e HU3KOBBICOTHBIC KpyroBbie opoOuthl (Low Earth Orbit — LEO), naxoxmsmuecs Ha
paccrostaun 700...1 500 kM oT moBepxHOocTH 3emiu. J[BoiiHas 3ajepKKa pacnpoCTpaHEHHS
curHana coctasiisieT 10 30 Mc, 30Ha OOCITy)KUBaHUs KaXI0ro crimyTHuka — He 6osee 8 000 km.

3aziepiKKa CBSI3U MEXK/Ty IByMsI HA3eMHBIMU a0OHEHTaMH, PacrofiO)KEHHBIMH HETIOCPEICTBEHHO
0] CITYTHUKOM, KOTOPBIH HAXOJUTCS Ha KpyroBoii opoute Ha BeicoTe 35 700 kM Haz
MOBEPXHOCTHIO 3eMITH, B JICHCTBUTEIIBHOCTH CYIIIECTBEHHA U cocTanJseT (2 x 35 700) / 300 000 =
0,24 c.

MakcumanbHOE BpeMs 33Iep)KKU CUTHaja OT UCTOYHHMKA K aJpecary MpU UCIOJIb30BaHUH
CIIyTHUKOBOH CHCTEMBbI CBSI3HM, KOTJa CIYTHHK HAXOJUTCS Ha TIeOCTAllMOHApHOH opoOwuTte,
OTIPEEIISIETCS U3 BBIPAKCHUS

2R

2L_2H |, 2R 2R? 2H
tmax = I+ +——5 1+,
rzie L — paccTosHue OT HCTOYHHMKA CUTHAJA JI0 CyTHUKA (MM OT CITyTHHKA JIO aJ[pecara),
L=y/R2+(R+H)2. (8.8)
Tockonbky cKOpocTb cBeTa B Bakyyme Cq = 300 000 km/c, pamayc 3emmu R =6 370 kM,

PacCcTOSIHUE OT MOBEPXHOCTH 3EMJIH JI0 T€OCTAIHOHAPHON OPOUTHI
H=35700 xM TO UMeeM

2H / R 2-35700 / 2-6 370 _ _
tmax = ~"300 000 1+ 35 700 ~0,28 ¢ =280 mc.

Jliis cIryTHUKA, Bpamalomerocsi 10 T€OCTALMOHAPHOM OpOUTE M pabOTAOIIETO HA YaCTOTE

14 ITu (A=0,0214 w), 3aryxauue curnama, uaymiero ¢ 3eMid K HeMy MM 0OpaTHO,
ompenenstor mo Gopmyine u cocrasiseT okono 200 ab.

Jlnist HOpMasabHOTO (PYHKIIMOHHPOBAHUS CIIYTHUKOBOW CETH CBSI3M JIOJKHO OBITH BBINIOJHEHO
yCI0BHE

@a < @C,
rie ®y — mMpuHa AMarpaMMbl HaIpaBIeHHOCTH aHTeHHBb, ®¢ — npeiid cnyTHHKa, 06BIYHO
B npegenax O¢ <5°

3nayenne 3 onpeneNAIOT M3 CIIEAYIOMEro BHIPAKEHHS
@y = 57,3\
7D ,

rac Ar— JJIMHA BOJIHBI CUTHAJIA, UAYIICTO CO CITYTHHUKA,

(8.10)
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% __300 000 000 /e
f 14-109 T
D — nuamerp anteHHs! Ha pabdoueit ctanuuu, D = 150...350 cm.

Ipumep 8.2 Onenure KauecTBO pabOTHl CIHYTHHUKOBOW CETH CBS3M, €CIM OHA MMEET
cleaylolue XapakTepucTuku: apeiid cnyrtuka ¢ =5° wactota paboThl nepenarumka

=0,0214 m M

f =14.109 I'u, nuametp HasemHoit antennsl D =150 cwm.
Pewenue. Tlocne nocTaHOBKU MCXOIHBIX TAaHHBIX B BhIpaskeHue (4.23) noimyuum
57,3\ 57,3¢ 57,3-300 000 000 o
Oy = D - Df - 9 =0,8°.
150-14-10
[Mockonbky ycnoBue g <®c Bemonneno, Taxk kak 0,8°<5° 10 paccmarpusaemas
CIIyTHHKOBAsi CETh CBA3M (PYHKIMOHUPYET HOPMAJILHO.
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Jlekuust 9. YcTaHOBKA, MOHTAXK, JKCIUIyaTaluss W MOJEPHHM3alUs CcepPBepoOB
ACOHNnY u nx ocHOBHbIX KOMNOHeHT. IlpaBuiia npoBeneHusi perJaMeHTHBIX padoT 1o
00cJT1y’KMBaHHUIO cepBepoB. Metoasl  yBeJH4YeHHS NPOU3BOIUTEIbLHOCTH H
O0TKA30yCTOMYMBOCTH CEPBEPOB, OLICHKA BPEMEHHBIX M HAJEKHOCTHBIX XapPaKTePHCTHK
CepBepoB.

9.1 Knaccudukanus 1 0CHOBHbIE 0c00eHHOCTH cepBepoB ACOUNY
CepBep — 310 anmapaTHO-porpaMMHblii  koMnoHeHT ACOUuMY, KOTOpbI BBINOJIHAET
3alpoChl KJIMEHTOB,  IIPENOCTaBJIAsl UM JIOCTYH K paspeuieHHbIM pecypcaMm. CepBepbl
ACOHNnY M0xHO KJIacCH(PUUIMPOBATH MO CIACAYIOUIMM TPEM IPU3HAKAM: IO KOHCTPYKTUBHOMY
UCIOJHEHHUIO, QYHKIIMOHAIBHOMY W OPraHHU3alMOHHOMY HAa3HAYEHUIO.

Mo KOHCTPYKTHBHOMY HMCIIOJIHEHUIO Pa3JMYalOT: cepBep Oamns (tOwer server), cepsep,
MOHTHPYEMBIH B CTOMKY, (rack-mount server) u cepsep nes3Bue (blade server — 6neiin cepsep).

CepBepbl THNA OalIHsl pAcCUUTaHbl Ha HEOONbIIME KOMIIAHMM WA OQHCH], I
UCTOJIb30BaHUs 0€3 CepBEpPHOI KOMHATHI, YCTAHABIMBAIOTCS HEMIOCPEICTBEHHO B MMOMELICHUSIX,
rae paboratror moau. COOTBETCTBYIOT HOTPEOHOCTAM (UPM ¢ HEOOJBIIMM MITAaTOM M He
CTpEMSIIMXCS K  PACHIMPEHHI0O W HapallMBaHUIO BBIYMCIMTENBHBIX MoOIIHOCTEH. JlaHHas
KOHCTPYKIIMSI CEPBEPOB MO3BOJISIET COKOHOMHTH Ha pa3Mepax MOMEIEHUs, TOCKOJIbKY He TpeOyeTcs
YCTaHOBKH IIKa(OB U CTOEK.

Kak npaBuio, cepBepbl JaHHOTO THMNA Ul OOeCreYeHHs HaIeKHOM M OTKa30yCTOMUYMBOIL
paboThl TO3BOJSIIOT OCYIIECTBJIATH 3aMEHY KOMIIOHEHT B TOpSYeM pEKUME U YCTAHOBHTH
HECKOJIBKO OJIOKOB IMUTAHMSL.

CepBepbl CTOEYHOI0 THIA IpeHA3HAYEeHbl 1 OQHCOB U (DUPM, KOTOPBIM Tpedyercs
KOHLICHTpAIIUS B OHOM IOMEILEHUHU OOJIbIION BEIYMCINTEIbHON MOIIHOCTH W/WITH TOCTOSHHOE €€
HapamuBaHue.. CepBepbl  BKJIIOYAIOT  KOMIIOHEHTBI, OOeCIeyrBaroIime HAJIOKHYI0 U
OTKa30yCTOMUMBYIO paboTYy.

JUis ~ yCTaHOBKHM CEpPBEpOB JIAHHOTO THIAa HEOOXOIUMO MpPHOOpECTH CHEelHaTIbHYIO
cepBepHyI0 CTOMKY, [Ipu HapalMBaHWU BBIYMCIUTENIBHBIX MOIIHOCTEH JIOTIOJHUTEIbHbIE
CepBEpbl YCTAHABIMBAIOT B YK€ HMEIONIIYIOCS CTOHKY, M TMpU O3TOM He Tpedyercs
JOMOMHUTENBHBIX  IUIOIIAJeH I  pa3MerieHuss oOopynoBaHus.. B cToiiku  Takke
yCTaHaBIMBACTCA U JONOJIHUTENbHOE 000pYyIOBaHME, HANpPUMEp, UCTOYHUKH Oecriepe0oiHOro
MUTAHUS U OXJIAKICHHUS.

BepTukanbHblii pa3Mep CepBEpHBIX CTOEK U CEPBEPOB CTOCYHOTO TUTIA U3MEPSETCS B
0a30Boil equHMIIEC M3MEpeHUs, Ha3biBaeMol toHuTO# (Unit- U), B kotopoii 1U pasen 1,75
nroiiMa 1ist ctoek U 1,719 mroiiM 1yist cepBepoB. (roiiM paBeH 25,4 Mm).

Toraa BepTUKaIbHBIA pa3Mep HUIIHM CTOMKHU ISl yCTAHOBKU CepBepa C OJHOIOHUTOBBIM
KOpmycoMm paBeH 44,45 MMm., a HUIIIKA CTOWKH JIJIsl YCTAHOBKU CepBepa C JIBYXIOHUTOBBIM
Kopmycom OyneT B 2 pa3a 6osblie, T. €. 88,9 Mmm. Pazmep HUIIM CTOVKYU A7l yCTAHOBKHU
cepepoB ¢ kopmycamu 3U, 4U u SU kparen nenomy uuciy roHUT. COOTBETCTBEHHO
BEPTHUKAIBHBIN pa3Mep cepBepa C OJHOIOHUTOBBIM KOPIycoM paBeH 43,7 MM., a cepBepa C
JIBYXIOHUTOBBIM KOpPITycoM OyJeT B 2 pa3a Ooublie, T. €. 87,4 Mm. /{1 cepBepoB ¢ Koprycamu
3U, 4U, 5U ux BepTUKalbHBIC pa3Mepbl COOTBETCTBeHHO paBHbI 131,1 mm , 174,8 mm u 218,5
MM.

[Tpu ycTaHOBKE CEpBEPOB B HUIIIM CEPBEPHON CTOWKH UMEIOT MECTO BEPTHUKAIIBHBIE 3230pHI,
KOTOpBIE MO3BOJIAIOT €3 0COOBIX YCHIUHN U JOCTATOYHO MPOCTO U3BIIE€YH/YCTAHOBUTH CEPBEP B
OTCEK CTOWKHM 0e3 M3BIICUCHHUS COCeHEro (CBEPXY W/WIIH CHU3Y) cepBepa.
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B cooTBeTCTBUY CO CTaHAAPTOM AaCCOLMAIMH IEKTPOHHOM npoMeInuieHHocTd (Energy
Information Administration - EIA) kapkac cepBepHO# CTOHKH JI0OJDKEH UMETh CIICIYIOIIUE
pa3mepsl: mupuHa — 482,6 mm (19 mroiimoB) riyouna 600 mm, 800 mm i 900 MM, BeicoTa —
KpaTHa IIeJIOMY YHCIY IOHUT, T. ¢.Beauurne 44,45 mm. (1,75 mroitma)

BeprukanpHblil mar pasmerieHus 000pyA0BaHUS B CTOWKE cocTaBisieT oauH oHHUT (1U).
Hanpagssirorye mono3bst CTORKU T0JKHBI uMeTh mupuny 450,85 mm (17,75 nroiima),

s ynobcTBa KOpIyc cepBepa yCTaHABIMBAIOT B CTOMKY Ha canaskax.. Kopmyca cepBepoB
pasmepom B 1U m 2U, kxak npaBuio, OrpaHHYEHbl KOJMYECTBOM YCTAaHOBJICHHBIX B HHUX
poLeccopoB 10 AByX mTyK. Kopmyca ceBepoB pasmepom 3U u Golnee mo pekuMy OXJIaKISHUS
paccuMTaHbl Ha 4eThIpe M OoJiee MpPOIeCCOpOB. BepTHKaNbHBIM pasMep CTOMKH MO3BOJISET
pa3mecTuTh 10 42 cepBepoB C OJHOIOHUTOBBIM KOpIycoM, 70 21 cepBepa ¢ JBYXIOHHUTOBBIM
KopmycoMm, 10 14 cepBepoB ¢ TPEXIOHUTOBBIM KOPITYCOM H T. 1. B 0/IHO# CTOHKE €CTeCTBEHHO
MO>KHO pa3MeIlaTh U CEpBEpa ¢ pa3HbIMU BEPTUKAJIBHBIMU pa3MepaMu KOpITyca.

[Ipu ycraHoBKe cepBepOB B CTOWKY M UX OOCIYXHBaHHM CIEIYET YYUTHIBAThH CIEIYIOLIHNE
0COOEHHOCTH KOHCTPYKIIUU CTOHKH:
- MaKCHMaJlbHasl IIUPUHA CepBEpa C KPOHIITEHHOM JIOJIKHA COCTaBIIATh He Oosee 482,6 Mwm;
- MaKCHMaJbHas IIUPUHA CEPBEPa, KOTOPBIA MOMXKHO TOJIOKUTh Ha MOJIKY B CTOLIKE, JH0JIKHA
cocTtaBiaTh He Oosee 450 mw;
- paccTOsIHUE MEXY OCSIMHU OTBEPCTHH KpEIUIEHUs! CTOEYHOTO cepBepa BHHTAMH K NMPOQUISIM
CTOMKM paBHO 465.1 MM., a IpH KpEIUIEHUH cepBepa MCIIONIb3YIOTC Talku ¢ pe3pOoit M6.

Baeiin-cepBepbl OTIIMYAIOTCS KOMITAKTHOCTBIO U MMPOCTOTOM YBEITMUCHHS BBIYUCITUTEIBHOM
MOIITHOCTH CEPBEPHOT0 000PYI0BaHUS U OCOOCHHO 3 (EKTUBHBI JIJIsl OpraHU3allK KiacTepa
cepBepoB.. breiin-cepsep npescrasiser coboi maTy (Je3BUe), BKIFOYAOIIYIO TPOIECccop,
NaMsTh U IHUHBI, KOTOPasi BCTABIISAETCS B CeIMaIbHOE Oyei-iaccu. Tak TUmoBoe OJei -
maccu pupmbr Hewlett-Packard (HP) pasmepom 10U mo3Bossier ycTaHOBUTH 10 16 Oreiin-
cepBepoB. Illaccu ¢ HaGopom Ouneii-cepBepoB HasbiBatoT Oneitn-cucremoii (blade system).

[Tpu 5TOM 17151 Becex Omeiii-cepBepoB, BXOISIINX B COCTaB OJIEHI-CUCTEMBbI, UCIIOIB3YETCSI
00111t Habop BHEUTHUX KOMIIOHEHT, 00ECTICUNBAIONIUX BCIIOMOTaTeIbHbIC (QYHKIIMH: €IUHBIN
050K muTaHusl, oOUINil 00beTMHEHHBIN ceTeBOl nHTep(delic, 00IIe HAKOMUTENN Ha )KeCTKUX
IHUCKaX U T.[I..

Bce 3Ti KOMIOHEHTBI MOTYT OBITH CMOHTUPOBAHBI JIMOO B KOpITyce OJeia-CUCTeMB,, T00
Ha OTJENIbHBIX BBIICJICHHBIX Onela-cnoTax Takas KOHCTPYKIUS 00ecieuuBaeT IKOHOMUIO
MIPOCTPAHCTBA, YHEPrOMOTPEONICHHUS U YKCTIa SJICKTPOHHBIX KOMIIOHEHTOB ISl CEPBEPOB ATOTO
THIIA.

CJ'ICI[yeT OTMCTUTD CICAYIOIMUC NPCUMYIIECTBA UCITOJIb30BAHHUA 6JICI>'II[-CI/ICTCM 110
CpaBHCHUIO C APYTHUMM THIIAMH CEPBEPOB::
- YMCHBIICHUC 3aHUMACMOTI'0O 00BEMHOT0 IIPOCTPAHCTBA,
- YMCHBUICHUC DHEPT OHOTpe6J'IeHI/I$I U BBLACIISIEMOTIO TEIJIA,
- BBICOKAs ¥ THOKas CTCIICHb MaCI_HTa6I/IpyCMOCTI/I;
- IIOBBIIICHUC yI[O6CTBa YIIpaBJICHUA CHCTEMOM,
- COKpalICHUE KOJIMYECTBA KOMMYTAIIMOHHBIX IIPOBOJIOB;
- COKpaICHNUEC CTOMMOCTHBIX PACXOJ0B HA 3JICKTPOIIUTAHUC, OXJIAKACHUC, 06CJ'Iy>KI/IBaHI/Ie

YacTo mpenmymiecTBa OJeI-CHCTEM OMMCHIBAIOT ¢ MOMOIIBIO NpaBmia «1234». OHo
3BYUYHUT TaK: [10 CPAaBHEHMIO C OOBIYHBIMM CEpPBEpPaMU IPU CPAaBHUMOM MPOU3BOAUTEIBHOCTH
Blade-cucrembl 3aHUMAIOT B JIBa pa3a MEHbILIE MeCTa, HOTPEOIISIOT B TPU pa3a MEHbILE YHEPTUU
U 00XOJIATCS B UETHIpE pa3a JelIeBIe.
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K ocHOBHBIM HeslocTaTKaM HUCIOIB30BAHUs OJICHI-CUCTEM ClelyeT OTHECTHU CIIAyIOIIHe:
HEed((PEKTHUBHOCTh WX UCIIOIB30BAHUM IIPU MAJIOM YHCIIE OJieii-cepBepoB (B 3TOM ciiydae
BBITOJTHEE MCIIOJIb30BaTh OOBIYHBIC CEPBEPHI, HE MEPEILIaunBas 3a IACCH) , & TAKXKE
OTCYTCTBYIOT BO3MOKHOCTH BHYTPEHHEH pacIIUpsieMOCTH OJieii1-CepBEpOB.

breiin-cucteMbl peKOMEHIyeTCs HCIIOJIb30BaTh B TEX CIy4asiX, KOTJa, 0 Mepe pa3BUTHUSA
¢bupMsl, TpeOyeTcs IIAHOMEPHOE U MOCTOSIHHOE YBEITMUEHUE BHIYMCIUTEIBHOW MOLITHOCTH
cepBepa U HEOOXOJMMa KilacTepu3anus uX padoThL..

Crenyer uMeTh B BUJLY, YTO MaciiabupoBaHue (j100aBjieHne HOBOTO cepBepa) B OJieit-
CHCTEME BBITIOJHSIETCS 3HAUUTENIFHO OBICTpEe, YeM Mpolielypa YCTaHOBKU CTOEYHOTO CEpBEpa,
KOTOpas BKJIIOYAET B ce0si MOHTaXK CepBepa B CTOMKY, MPOKIAIKY Kabenel, yCTaHOBKY
OIEpalMOHHOM CUCTEMBI, HaCTPOIKY noakiatoueHui k JIBC.

s oGecrieyenus: 3(pPeKTUBHOTO pa3BEepTHIBAHUS, MOHUTOPUHIA U KOHTPOJIA 32 paboTON
OneiI-cucTeM HCHOJIB3YIOT CeUaNIbHbIE TPOrPaMMHBIE CPECTBA.

Mo pyHKIMOHAIHLHOMY HA3HAYEHHIO, B 3aBICUMOCTH OT YCTAHOBJIEHHOTO IIPOrPAMMHOTO
00eCIieueHHss 1 BUJIa BBITIOJIHAEMOM CepBEPOM pabOThI, Pa3INYaroT:
- (paliIOBBIN cepBep, HMCIOJIB3YETCs Ul XpaHEHHs Pa3IMYHON HH(POPMAIMK B (aiiiax U mankax,
ero paboTOH yrpaBisieT onepanoHHas cuctema, Harmpumep Windows Server 2008;
- cepBep 0a3bl JaHHBIX, XPAHHUT B CBOCH MaMSTH JaHHBIC, OPTaHU30BAaHHbIC B 0A3bl JAHHBIX.
VYupagnser paboTo# cepBepa mporpaMMHOe obecnieyeHne, nMeHyemoe Cucrema Y npaBieHus
bazoit nanubix (CYB/), Hanpumep, CYB/] Microsoft SQL Server, koropoe obecrieurBaeT mo
3aIpoCy MOJIb30BaTENeH OMCK/3aMNUCh HY)KHBIX TaHHBIX B 0a3¢ JaHHBIX..
- cepBep NPUIIOKESHUH, BHIITOTHSET MPOU3BOJUTENBHYIO 00paboTKy HH(POPMALIUK IO 3aIpocam
NI0JIb30BATENEH C MOMOIIBIO TPOTPaMM, HAXOISIIUXCS HA CEPBEPE WM MOCTYMAIONINX OT
N0JIb30BaTEJIel BMECTE C 3aIPOCaMHu;
- cepBep meyaru, OOCITY)KHBAaeT 3aIlpoCkl MoJIb30BaTeIel, paboTaloINX B CETH, Ha MeYaTh |
o0ecrieunBaeT UM JOCTYI K OOIIMM CETEBBIM IIPHHTEPAM;
- IOYTOBBIH cepBep, 0OecrneYrBaeT Mpruem/mepeaady nepcoHaIbHbIX MMCEM T0JIb30BaTeNeH, a
TaK)Ke UX MapLIpyTH3AIIHIO;
- Web-cepBep, mpenocrasiser moss3oBarensim cetd HTepHeT MH(pOpMAannio B COOTBETCTBHU
C MX 3aIlpocamu,
- CepBep YAAICHHOTO JI0CTyMa, 00eCleunBacT CBsI3b MMOJIb30BaTeNeH ¢ ceThio VIHTEepHeT nin
KOPIOPATUBHOM CEThIO MO KaHajlaM CBSI3H U T. JI.

Ilo opraHu3auMoOHHOMY Ha3HAYeHHIO, B 3aBUCHUMOCTH OT 4YHCIAa MOJB30BaTeleH,
00CTyKMBAaEMBIX CEPBEPOM, PA3ITHYAIOT:

- cepsep paboueii rpymmbl (10 25 mosib3oBaTenei);

- cepBep Macmirada otaena (ot 25 mo 100 nosnb3oBareseii);

- cepsep Macirada npeanpustus (ot 100 no 500 nonb3oBareneii);

- cepsep Macirada kpynHoro npeanpustas (ot 500 mo 1000 nonb3oBareneii);

cepBep Maciutada koproparuu. ( 6onee 1000 monb3oBaTerneii).

9.2 IIpousBoaurteabHOCTh cepBepa ACOUNY
[TpoussomutensHoCcTh (Performance - P) cepBepa — 3TO OTHOIIIEHUE OOIIETO YKCIia
WHCTPYKIIUH IPOrPaMMHOTO KOJia |, BEIIOTHEHHBIX CEPBEPOM, KO BPEMEHU MX BBITIOTHEHHUS T
I
P=—. 9.1
T (9.1

J1J1s TOBBINIICHU ST IPOU3BOAUTEILHOCTH CEPBEPa HEOOXOAMMO:
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1) rcrnoJik30BaTh MHOTOIPOIIECCOPHBIE CHCTEMBI I MHOTOSIIEPHBIC TIPOIIECCOPHI;
2) yBEIMYMBATh TAKTOBYIO YaCTOTY M Pa3psIHOCTB IIPOLIECCOpa,;

3) UCMOJIb30BaTh MPOLIECCOPHI C YCOBEPIIICHCTBOBAHHBIMUA MEXaHU3MaMH MTPEICKa3aHUs
Mepexo 0B KOMaH/I;

4) yBenmUUUBaTh MPOITYCKHYIO CIIOCOOHOCTh BHEUTHEH IMHBI IPOLIECCOPA, T. €. €€ TAKTOBYIO
4acTOTY U Pa3psaHOCT;

5) ycTaHaBiIMBaTh [0 BO3MOXKHOCTH 00JIbIlIee 3HaUCHHE KOO DUIIMEHTa BHYTPCHHETO
YMHOEHUS TAKTOBOW YaCTOTHI MPOIleccopa U3 Habopa AOMyCTUMBIX;

6) ucnosbp30BaTh KAIIU BCEX YPOBHEH ¢ MAKCUMAaJIbHO BO3MOXKHBIM 00BEMOM HX MaMSITH

Texnunueckue xapakrepuctuku KOUI namsti Tabnuya 9.1
Ne n/nt 3arnoMHHaKoLIEE YCTPOICTBO Obsem Bpewms nocrymna, He
naMsITH

1 Ko 0-ro ypoBHs 6 Koaiit 1-2
(1St MEKpOOTICpAITHiA)

2 Kbur 1-ro ypoBHs (/151 TaHHBIX U (32+32) 1-2
UHCTPYKIIHIA) Koaiit

3 Kbsm 2-ro ypoBHs 1-4 MGaiit 4-10

4 Ko 3-ro ypoBHs 6-8 Moaiirt 12-22

5 OmneparuBHas NamMsITh 1-4 TI'Gaiit 35-50

7) MOBBIIIATH TPOU3BOAUTEIHLHOCTD ornepaTiBHOM mamsitu (OI1) Gmaromapst HCHOIB30BaHHIO
MHOTOBXO/IOBOM MaMSTH, CHHXPOHHU3AIIUH €€ paboTHI C MIPOLECCOPOM, TAKETHO-KOHBEHEPHOTO
pekuma paboThl, YBETUUEHUS €€ TAKTOBOM YacTOTHI M Pa3psaIHOCTH, HACTPOUKH TAaMHUHTOB
NaMsATH;

8) yBenmumBaTh HpoIycKHyro criocobHocTs (Vo)) KananoB poctyma k OIT 3a cuer
yBeNHYeHNs X TakToBoil yactorsl (. ), paspsianoctu (L ), konnuecrsa nepenau naHHbIX 110
kaHaity 3a ouH TakT ( K ;) 1 kommaecTBa kananoB nepenaun ganusIX. (K ), mpn stom

[ToBbIIIICHUS TIPOU3BOUTEIBHOCTH MOXKHO TIOCTHYb IPH YBEIMUYCHUH TaKTOBOM yacTtoThl OIT

UCTIONIb30BaHNH MTAKETHO-KOHBEHEPHOTO peKMMa ee paboThI.

Crnenyer uMeTh B BUJY, YTO HacTpoiika taitmunros s OIl, paboTaromieit Ha yactoTtax 800,
1066 nnu 1333 MI'1, Taxke obecriednBaeT NpUPOCT IPOU3BOIUTEIHLHOCTH, MIPaBaa HEOOIBIIOH,
COOTBETCTBEHHO Ha 6%, 2,5% u 2 %:;

9) opramm3anus palMoOHAILHON CTPYKTYPBI JUCKOBOI MOJICHCTEMBI CepBepa

9.3 IIpou3BOAUTEILHOCTH TMCKOBOIi MoacucTeMbl cepBepa ACOUnY
YMeHbIIaTh BpEMs pCaKIIM MCXaHHU3Ma I[I/ICKOBOI\/'I HOACUCTEMbI Tp Ha 3aI1poC JaHHbIX

MOJKHO OJ1arosapst HCIOJIb30BAHUIO OBICTPBIX JUCKOB U OBICTPBIX JUCKOBBIX HHTEP(EHCOB!

Tp :(1—a)Tp1+aT (9.2)

p2:
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rac o — BEPOATHOCTH HAXOXKICHUA Tpe6yeMHx JAHHBIX B K3II-TIaMITU OAUCKA, Tp 1, sz —

CpeiHee BpeMs peakluu AUCKOBON MOJACUCTEMBI Ha 3a1pOC TpeOyeMbIX JaHHbBIX MpU
HAaXO0JICHUH UX COOTBETCTBEHHO HA IIOBEPXHOCTH JUCKA WIIU B K3II-ITAMATH JUCKA,

Tplsz[+Tc+T : (9.3)
(T J —— CPeAHee BpeMsl I0CTyINa K JaHHBIM Ha JINCKE; T ¢ — CpenHee BPEMs CUMTLIBAHUSA

JaHHBIX C TIOBEPXHOCTH JMCKA U MEPEJAYN UX B KOHTPOJLIED AUcKa; 1. u — CpenHee Bpems

nepenayy JaHHBIX M0 TUCKOBOMY HHTEp(deiicy).

CpenHee BpeMst I0CTyIa K JaHHBIM Ha JTUCKe 1 j — 9TO CyMMa Cpe/IHEro BpeMeHH
MO3UIUOHUPOBAHUA MAIrHUTHBIX T'OJIOBOK, T.C. IOMCKA HUJIMHAPA T y CPCAHCTO BPpCMCHU
BBIOOpA TPeOyeMOit MarHUTHOM TOJIOBKH 1 r Y CPCIHEro BPCMCHHU 3aE€PKKHU JOCTYIIA K Hadaly
HYXHOI'O CCKTOpPa Ha JOPOIKKE T y KOTOPOC paBHO NNOJIOBUHC BPCMCHU 060p0Ta JIMCKa.

TH:TH+TF+T3. (9.5)

TunoBble 3HAUYEHUS CPEIHEr0 BPEMEHH 3a/ICP>KKH JIOCTYIA K Hadaly HYy>KHOTO CEKTOpa B
3aBUCHMOCTH OT CKOPOCTH BpAaICHHsI IITTUHAEIS JUCKA IPUBEICHBI B Tabm. 9.2

Tabauya 9.2
3aBUCHUMOCTb CPETHEr0 BPEMEHH 3aJICPXKKH JIOCTYIA K CEKTOPY JIUCKA OT CKOPOCTH
BpAIlEHUsS TUCKA

CKOpOCTb BpallleHHs IITHHJIEIS IUCKa, C
o6 /MHH penHee BpeMs 3aJ€PKKU JOCTYIa, MC
3600 8,333
4 500 6,666
5400 5,555
7200 4,166
10 000 3,000
15 000 2,000

3HaueHus CPEIHUX BpEMEH 1 e Ty, T sBnAIOTCA TEXHMUECKUMU XapaKTEPUCTHKAMHU

JKCCTKOT'O JUCKA U 3aJar0TCA B €TI0 MAaCIIOPTHBIX JaHHBIX.

CpenHee BpeMsi CUMThIBAHHS JaHHBIX (MH(OpMAIIMK) C TOBEPXHOCTH JUCKA BBIYUCISAIOT B
MUJUTACEKYH/IaxX 1Mo (hopmyre

L, -60-103
T, = .
a CKOPOCTh CYMTBHIBaHM JaHHBIX (MH(MOpMaIK) B MerabaiTax Ha CeKyHIy — 10 (popmyIe
nLv
=1, 9.7)
© 60-106

rae Ly, — pasmep nepenasaemoit o auckoBomy nntepdeiicy nupopmarmu, Moaiit; n —

YHCIJIO CEKTOPOB Ha JOPOXKKE TUCKA; L — eMKOoCTh cektopa (0aiT), KoTopast OOBIYHO PaBHA HIIH
KkpatHa 512 6aiiT; V. — CKOpOCTb BpallleHHs IMUHEIS TicKa (KOJIHMYeCcTBO 00OPOTOB B
MUHYTY) 00/MHH; .

Cpennee Bpems Iepeiau JaHHBIX 110 TUCKOBOMY MHTep(eiicy BBIYUCIAIOT 10 Gopmyie
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L, -103
TI/I :#, (98)

rae Vi — CKOpOCTh Mepeiadyn JaHHBIX 10 JUCKOBOMY UHTepdeiicy, Mobaiit/c.

Ipumep 9.1. Onpezenute cpeHee BpeMs peakii JMCKOBOM MOICHCTEMBI CEpBEpPa Ha 3aIpoc
TpeOyeMBIX JAHHBIX, €CIIH €€ TapaMETPhl MMEIOT CIICTYFONIIE 3HAYCHHS:
TH =3,7134 mc; T =0,1mc; T;=4,166 mc; v=7200 muH 5, N=688 cexropos;
L =512 6aiit; Vit =100 Mo6aiir/c.
[Tapamerpsl 3anpoca umetoT cienyromme sHasenns: o0.=0,5; L;; =352 256 Gaiir.

Pewenue. cnonw3ys Beipaxenus (5.2) — (5.8), momyuum:

1) T, =3,734+0,1+4,166 =8 wc;
352 256-60-103

2 Te="5gg.512.7 200 ~ 333 ve;
3) V. = 688-512-7 200 = 42,3 M6ait/c;
¢ 60-106
103

YT, :0,352120506 103 460 e
5) T, =8+8,333+3522-19,855 nc;
6) T, =3522

~11.688 sc.

7) Tp = O,5Tpl + 0,5Tp2

9.4 OcHoBHbIE peKOMEHJAINH N0 IKCILTyaTanuu censepa ACOUnY
[Tpu BeImoNHEHUH PaldoOT, CBSI3aHHBIX C IKCIUTyaTalllel cepBepa, ciaelyeT BHUMATEIbHO
U3YYUTh MHCTPYKINIO «PyKOBOACTBO IO SKCIUTYaTallMU CEPBEPa», MOCTABISIEMYIO BMECTE C
CepBEpOM, U NPEIHA3HAYCHHYIO IS JIML, OTBEYAIOUINX 32 YCTAHOBKY U TEXHHUYECKOE
oOCITy>)KUBaHUE CEPBEPOB, C LIEJbIO BBHITIOJHEHUS YCIOBUH, HEOOXOIUMBIX Ui 00ecieyeHUs
Ha/IeKHOHU U Oecriepe0oiiHOi paboThl cepBepoB, BXoasmux B coctaB ACOUnY.

Kak npaBuio, 3TOT JOKYMEHT COAEPKUT CIAEAYIOIINE TUIIOBbIE PEKOMEHAALUU T10
JKCIUTyaTallui CepBepa:

1. HavyanpHyI0 TpaHCIIOPTUPOBKY CepBepa CIeNyeT OCYIECTBIATh TOJIBKO B 3aBOJICKOM
YIAKOBKE U COXPAHATH €€ AJI BO3MOKHOM MOCIIENYyOIEN TpaHCIIOPTUPOBKY TpaHCOPTHPOBKA,
CKJIaIMPOBAHME U XpPAHEHHUE CEPBEPOB JOJKHBI IPOU3BOAUTHCSA B COOTBETCTBUU C
TpeOOBaHUAMU 3HAKOB, HAHECEHHBIX HA YIAKOBKY M3JEIHS.

[ ]

e 2 [lepen pacnakoBKoii 1 BKITIOYEHMEM CepBepa HeobXoaMMO €ero BbiaepaTb npu
KOMHAaTHOI TemnepaType He MeHee OHOro 4aca.

3. ﬂpem,u,e 4YeM BKITH4YUTb LWHYP Onoka nuTaHus cepBepa B pO3eTKy, cnenyer y6e,El,I/ITbCF|
B TOM, 4YTO HanpsXxeHune, ykasaHHOe Ha 3TUKETKe cepBepa, COOTBETCTBYET HAlNpPAXEeHUo
MECTHOWN ANeKTpoceTn.

. an NOAKIMKYEeHNN cepBepa K CETU INEKTPONNUTaHNA cnenyet CTporo cobntogatb
cnegywuime npasuna:

e - KCeTu aneKkTponntaHus, rlpe,u,Ha3HaquH017| Ona cepeepa, He 4onyCTuMO NMoAKNK4YaTbh
Takoe 060py/:|,OBaH|/|e, Kak, HanpumMmep, KOHAMUMNOHEPLI N OTONUTEJIbHbIE I'Ipl/l60pbl;
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e -[Ns 3awWwuTbl cepBepa OT UMMYNbCHBLIX MOMEX 3NEKTPOCETN crneayeT UCrnorbL30BaTh
ceTeBble PUNBTPbI UM NCTOYHKKN BecnepebonHoro nutaHua (UBIT) koTopble
NnocTaBnATCA OTAENbHO.

[ ]

o 4, I'Ip|/| BKIMKOYEHHOM 3MEKTPONMUTaHun cepeepa HeNb3A CHUMMaTb KOXYX cepBepa U
KacaTbCA BHYTPEHHUX yacTtemn cepBepa, BO n3bexaHne nopaxxeHna 3NEeKTpU4EeCKMM TOKOM.

5. CepBep Tuma OanrHs ciieayeT pa3MenaTh B MOMEIIECHHH Ha POBHOM MOBEPXHOCTH TaAKUM
00pa3oM, yTOOBI 00ECTIEUUTh JOCTATOUYHO CBOOOTHOTO MECTa BOKPYT CepBepa s €ro
0OCIy)KMBaHUsI U HaJUIeKaIel BeHTWsiuuy. [Ipy Hannuum B KOMILIEKTE cepBepa MOCTaBKU
WU CTICIMATIBbHBIX HOXKEK, HEOOXOAMMO 3aKpPEIUTh UX BUHTAMH Ha HYDKHEH TTOBEPXHOCTH
cepBepa. TobKo mocie TOoro, Kak MojCTaBKa WIH HOXKKH 3aKpeIUICHBI Ha KOPITyce cepBepa,
cepBep CleqyeT YCTaHOBHUTBH B BEPTUKAIbHOE padoyee MOJI0KEHHE.

6. CepBep CTOCUHOIO THIA CIEAYET YCTaHABIMBATh B CTOWKY Ha CIIELUAIbHBIX PEIbCcax
(10J103b5IX), KOTOPBIE MO3BOJIAIOT JIETKO BBIABHUIATh CEPBEP M3 CTOMKH ISl OOCITY)KUBAHUS U
3aJIBUTaTh 0OPaTHO B CTOMKY. PenbChl BKIIIOYAIOT HAIPABISAIONINE, KOTOPBIEC KECTKO KPEIsATCS
K CTOMKE, M I0JIO3bsl, KOTOPBIE KPESTCs K Kopiycy cepBepa. CepBep C MOJI03bSIMU CIEAYET
YCTaHOBUTH B HAIIPABIIAIOIINE U 3aJBUHYTH IIOJHOCTBIO B KOPIIYC CTOMKHU. MTHCTpyKLHS 11O
KPETUICHHIO M0JIO3bEB K CepBepy OOBIYHO BXOAMT B KOMILJIEKT IMOCTABKH CEpBEpA.

1. HpI/I YCTaHOBKEC CCPBECPOB B CTOﬁKy 0oJiee TSDKEIBIE 10 BECY CCpBCpa HYXKXHO pasMClIaTb
B HIDKHEH 4acTU CTOMKHM, a JJETKHE B €e BCpXHeﬁ 4acCTH, IIpHU 3TOM
BCPTUKAJIBHBIC PA3MEPLI ITOJIOK CICAYET U3MCHATH C YUYCTOM pasMeEpa CCPBECPOB U KpPATHO
BCJIIMYHNHC IOHUT,

8. Jlnst ¢usmueckoil 3aiuThel CEPBEPOB, Pa3MEIICHHBIX B CTOWKE, CIEAYeT 3aKphIBAaTh JBEPIIbI
CTOMKHU.

9. Knumaruueckue ycloBus JUIsl cepBepa JOJDKHBI OTBEYATh CIIEAYIOIIMM TPeOOBaHUSAM:

- TemIepaTypa OKpy»Karolei cpeabl Ui pabouero pexxuMa cepBepa J0KHA COCTABISTh OT
+10°C 1o +35°C, a BnaxsoCTh Bo3ayxa 10 80 % npu 25°C

- TeMIIepaTypa OKpy>Karollel cpebl JUIsl XpaHeHUs cepBepa B OTAIIMBAEMOM ITOMEILCHUN
nomkHa coctaBnaTh oT +5°C 1o + 40°C, BnakHOCTS BO31yXa He Goree 80%.

- TPAHCHIOPTHPOBKA CEPBEPa MOXKET OCYIIECTBIATHCS IPU TEMIIEPAType OT

- 50°C o + 50°C u BnaskHoCTH 1o 90% mpu 30°C.

10. Cnenyer u30erarhb JMIIHUX BKIIOUEHHUH/BBIKIIOUEHHUH cepBepa, Tak Kak 3TO BEJET K
M3HOCY MEXaHUUYECKUX JIeTaIel, BXOJALINX B COCTAB KECTKUX JTUCKOB CEPBEPA, U BBIXOAY UX U3
CTpOA.

11. Heo6xonumo obecrieuynTs cTabruiIbHOE AIEKTPOIIUTAHNE CEpBEPa, 0COOCHHO HANpPsHKEHUS
12B, oT KOTOPOro NUTAKOTCS JABUTATEIb U IPUBOJ MATHUTHBIX F'OJIOBOK KECTKOTO HCKa
cepsepa.

12. He nomyckaetcs neperpes KECTKOIo JUCKa. CepBepa, TeMIepaTypa Kopiryca AUcKa He
nospkHa npesbiiiath 60 °C. HarpeB noBepxHoctH aucka 6osee 45 °C kpaiiHe HexemaTeseH,
MIOCKOJIbKY B CHJTY a3pOAMHAMUYECKUX 3(P(PEKTOB, MarHUTHbIE TOJIOBKH BCET/Ia HATPEBAIOTCS
CHJIbHEE, YeM MOBEPXHOCTh AKCKa, Ha 5...15 °C. Ileperpes pe3ko cokparaer BpeMs: HCIPaBHOM
paboThI >KECTKOTO JIMCKA.

13. B HOpMaJbHBIX YCIIOBHAX KECTKUI JIMCK cepBepa IOJDKEH paboTaTh MpH OTHOCUTEIbHOMN
BJIQYKHOCTHU OKpY»Karoliero Bozayxa okoisio 40 %. C pocToM BIaKHOCTH BO3/yXa CIIeIyeT
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UCIIOJIL30BATh JIOTIOJHUTENIBHBIE BEHTUJIATOPHI, YTOOBI yMEHBIIATh TEMIIEpaTypy Harpena

kopmyca qucka. CepBep C MOJIHBIM HAOOPOM BEHTHJISITOPOB, HE JIOJDKEH CO371aBaTh MyM OoJiee
55 nb

14 ®opmaTupoBaHHUE KECTKUX TUCKOB CEpPBEpa CICIYET BBIMOIHAThH TOJBKO B CIyvae
HEeOOXOAUMOCTH.

15. ledpparmMeHTanunio JaHHBIX HA KECTKUX JUCKAX CEpBEpPa BBINOJIHATH B TOM CIIydae, €Ciu
JUCK CTall pa6OTaTL MCOJICHHEC BCICACTBUC pa36poca JaHHBIX, HAXOAAIIUXCA Ha HEM, U Ha
JMCKe ocTanock MeHee 25% cBoboaHoro npoctpancTsa. [lpu nedparmeHTanum JaHHBIX
MarHuTHast FOJIOBKA ’KECTKOTO JUCKa ITePEMEIIAeTCs 10 MOBEPXHOCTH JUCKA, B PE3YJIbTATE YETO
AAHHBIC YIIOPAAOYUBAKOTCA U YMCHBIIACTCA BPpEMSA JOCTylld K HUM, T.C. YBCIIMIUBACTCH
MMPOU3BOJUTCIIBHOCTDb JUCKa,

16. MUKpOKJIMMAaTHYECKHE TapaMeTPbl U BO3/YIIHAS Cpe/ia IOMEIICHHUS, B KOTOPOM
paboTaroT cepBepsl, JOHKHA COOTBETCTBOBAThH TpeboBaHusaM, peabsasiasiembiM ['OCT 12.1.005-
88 CCBT «Boznyx paboueit 30HbI. OOIIME CAHUTAPHO-TUTUEHHUYECKUE TPEOOBAHUS.

9.6 OTtka3oycToiiuuBbI€e CepBePbI

Jlis yBenMueHHs 0TKa30yCTOMUYHMBOCTH CepBEpa HEOOXOIUMO:

1) ucnonp30BaTh MHOTOTNIPOIIECCOPHBIE W/ MHOTOSIIEPHBIE CUCTEMBI 1 MHOTOMOTYJIBHYIO

onepatuBHyto namsath (OI1) ¢ koppekuueit ommook (Error Correction Code - ECC)

2) ucnonb3oBaTh Ol Tuma DDR4 nnu DDR3, npu stom DDR4 ¢ ynyurieHHbIM MeXaHH3M
koppekiuu omuook. (Improved error correction code — IECC) , npeiHa3HaY€HHBIM JIJIs1
MOBBIIIEHUS HAJEKHOCTH 00pabOTKU TaHHBIX B CEPBEPAX;

3) HCnoIb30BaTh OTKA30yCTOMUYMBBIE TUCKOBBIE MacCHBHI, HarpuMep ypoBHs RAID-(1+0),
RAID-1, RAID-5u T.1.;

4) ¥CcroNb30BaTh ISl TUCKOB ChEMHYIO KAII-TUIATy OOJIBIOrO pa3Mepa co BCTPOSHHOH
OaTtapeeil ¢ 11eJIbI0 YMEHBIICHUS Yncia OOpalieHui K AUCKY;

5) ucnoabp30BaTh ABYXBXOA0BBIE TUCKOBBIE KOHTPOJUIEPHI;

6) ycTaHaBIMBATh pe3EPBHBIC BEHTHIISTOPHI;

7) ycTaHaBIMBATh PE3EPBHBIN OJIOK MUTAHUS CEPBEPA;

8) nmpeaycmaTpuBaTh pe3epBHOE AIEKTPOIUTAHUE ITPOIIECCOPOB CEPBEPA;

9) ucnosap30BaTh UCTOYHKUKH OecriepeboiiHoro nekrponuranus (MBIT);

10) ucronp30BaTh TEXHOJIOTHIO 3aMEHBI Y3JI0B BO BpeMs padoTsl (Hot Plug);

11) ayonupoBath ceteBbie amantepbl u muHbl PCl EXpress;

12) nyomuposats BIOS u ncnonezoBats cepsepa ¢ 3aBoackum BIOS, pacnonoxeHHbIM B
NOCTOSTHHOM MaMsITH,;

13) ucnonb30BaTh peKUM CaMOJAMArHOCTHKH TUCKOB — TexHojoruio SMART (Self
Monitory Analysis And Reporty Technology).

SMART — »9T0 TexXHONOTHsS aHalu3a HAASKHOCTH pabOTHl KECTKUX JUCKOB H
UH(OPMHUPOBAHUS TOIB30BATENSA JIJIS IPEIOTBPALICHHS TIOTEPH JAAHHBIX, KOTOpasi COAECPIKUT JIBE
TPYIIIBI TapaMeTPOB.

IlepBas rpymnna napaMeTpoB XapaKT€pU3YeT IIPOLIECC ECTECTBEHHOIO CTapEHNUs
JKECTKOTO JINCKA U COJIEPIKHUT:

® YHCIIO IUKIJIOB BKIIIOYEHHS-BBIKIIFOUEHHS (CTApT-CTOII);

e yucj0 000pOTOB JIBUTATENS 3a BpeMsl paboTHI;

® YKCJIO IIEPEMELICHUI MOJI0OBOK.

Bropas rpynna napameTpoB HHGOPMUPYET MOJIB30BATENSA O TEKYILEM COCTOSIHUU
KOMITOHEHTOB KECTKOI0 Jucka. K 3TuM mapamerpam OTHOCSTCS:
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e BBHICOTA 'OJIOBKH HaJl HOBEPXHOCTHIO JAUCKA,;

e CKOpOCTbh OOMEHa JJAaHHBIMHU MEX]y JUCKOM M K3UI-IaMAThIO HA JHCKE;
e YICJIO TUIOXUX CEKTOPOB, epeHa3HAUYCHHBIX HA XOPOLIHE;

e YHCJIO OIIMOOK MPH 3aIUCH Ha JMCK;

e YICJIO OMMOOK MpH Mepeiaue JaHHBIX 110 HHTEpdeiCy;

® CKOpPOCTb MTOUCKA JIaHHBIX Ha JIUCKE.

Kaxnprit mapamerp (aTpu0yT) )KECTKOTO AUCKA OOBIYHO M3MEHSETCS B JMana30He 3HAYCHUH
0...100. 3nauenne 100 cBUAETENBCTBYET O XOPOILIEM COCTOSIHUM JAHHOTO MapaMeTpa u
OTCYTCTBUH B HEM U3MEHEHUH.

ITo Mepe yMeHbIIEHUS 3HAUEHHS ITapaMeTpa UMEET MECTO CTapEHHE COOTBETCTBYIOLIETO
KOMIIOHEHTA KECTKOT'0 JTUCKA.

JU1st KayKI0To TapameTpa MpOM3BOAUTENb ONpeiesisieT MUHUMAIbHO BO3MOYXKHOE
(momycTuMOe) 3HaUCHHE, IPH KOTOPOM I'apaHTHpYyeTcsi Oe30TKa3Hast paboTa jKecTKoro aucka. Eciu
3HaYCHHUE MapaMeTpa HUKE IOMYCTUMOT0, BO3MOXKEH cOOM MITH MOJIHBINA 0TKa3 B pab0Te KECTKOTO
JIHCKA.

Bce u3menenus napamerpoB ukcupyrores B xxypHaie SMART, B KOTOpoM yKa3bIBaroTCs
3HAYEHUsI BCEX apaMeTPOB. HAuYalIbHOE, JIOMTYCTUMOE U TEKYIIIEe.

C TOYKH 3peHHs OTKA30yCTOMUMBOCTH CEPBEPa, UX PA3IMYAOT MO MOKA3aATEN0 — KO PUIIMEHT
rotoBHOCTH (K2 ), U BBIIEISIOT CIEIYIONIIE IPYTITIBI CEPBEPOB:
- cepep 00bIuHOM roToBHocTH K2 = 0,99 (3,5 cyrok npoctos B rox);

- cepeep otkasoycroiumpeii K2 =0,999 (0,35 cyrok npocros B rog);

9.7 Omuenka oTka3oycToiiuuBocTu cepsepa ACOUnY
C TOuKM 3peHus OIICHKH HAJeKHOCTH paboThHI cepBepa, CIleayeT CUYMTATh, YTO BCE €TO
OCHOBHBIC (I)YHKI_II/IOHaJILHLIe 9JICMCHTBI COCAMHCHBI TOCJICAOBATCIBHO, ITOCKOJIBKY BbIXO/ U3
CTpOst TF0O0TO U3 STUX PJIEMEHTOB NMPUBOIUT K OTKa3y B paboTe cepaepa.
Kaxnplii pyHKIMOHATBHBIN 3JIEMEHT CEpBEPA XapaKTEPU3YETCsl CIASTYIOIIUMHI

napamMeTpamHu:

li (1/gac) - MHTEHCUBHOCTH OTKA30B I-TO 3JIEMEHTa CepBepa,;

‘UI - MHTEHCHUBHOCTH BOCCTAHOBIIEHHS I-TO DJIEMEHTA CEpBEPAa,

T 1/, " cpeAHee Bpems 0e30TKa3HOI pabOTHI I-TO JIEMEHTa CepBepa WM CpeHee BpeMs
Hol A

HapabOTKH Ha OTKa3,

Tpi =1/ y; - cpezHee BpeMsi BOCCTAHOBJICHHS pabOTOCIIOCOOHOCTH I-rO AJIEeMeHTa cepBepa.

KoaddummeHT roToBHOCTH I-T'0 3JIEMEHTa CepBepa ONPEACISAIOT U3 CICAYIOIETO BEIPAKEHHUS:

T . .
Ko = noi  __ M 09
Tuoi t TR Hit4
OreHKa HaIGKHOCTHBIX XapaKTEPUCTUK CepBepa OCYILICCTRIISICTCS B JIBa dTama’
- Ha HepBOM 2Talric OHpe[[eHHIOT HAACKHOCTHBIC XapaKTepI/ICTI/IKI/I TEX DJIECMCHTOB CepBepa,
KOTOPBIE PE3EPBUPYIOTCS, MOJIyYar0T XapaKTEPUCTHKAMK 000OIIICHHBIX JIEMEHTOB, KOTOPBIC

PaCCUUTBIBAOT HA OCHOBAHUU CIICAYIOIUX Bblpa)KGHI/II‘;I:
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- K03 (HUIHEHT TOTOBHOCTH I-r0 000OIIEHHOTO dJIEMEHTa cepBepa

Kzi :K2i1+K2i2 —Keil-KeiZ (9.10)
- HHTEHCUBHOCTbH OTKa30B I-r0 0000IICHHOTO 3JIEMEHTa cepBepa
P (1 Keip ) + Aip Koy (1= Koy ) 011

1 _ . )
K2i1+l{2i2 Reil Kelz

- MHTEHCUBHOCTh BOCCTAHOBJICHUsSI | -TO 00O0OIIIEHHOTO 3JIEMEHTa cepBepa

A-Ke.
H; = b (9.12)
I 1— KZ | '
I'ne Kei 1° K03 pULIHEeHT TOTOBHOCTH | — 0 OCHOBHOTO JTeMeHTa cepBepa Npu HAIMYUH

PE3epBHOTO JJIEMEHTA,
Kei 2" K03(puireHT roTOBHOCTH | —TO0 pe3epBHOTO JIEMEHTa cepBepa,

- Ha BTOPOM 3Talle OMpPeIesIIOT HaIeKHOCTHBIE XapaKTePUCTUKH CEpBEPa; CUUTAIOT, YTO
CepBep COCTOUT TOJIBKO U3 N MOCIeN0BATEILHO COSAMHEHHBIX TPOCTHIX M/WIIH 0000IIEHHBIX
JJICMCHTOB.

Jlnis pacueTa mokaszateneil HaIeXKHOCTH padOThl cepBepa UCIOJB3YIOT CIICAYIONINE
BBIPAKECHUA:

n
- K03(p(HHUIIUEHT TOTOBHOCTH CepBEpa Ke=T] Kei ; (9.13)
=1

n
- HHTEHCUBHOCTH OTKA30B CEpBEpa A= Zl )1 ; (9.14)

1=

A-Ke

- MHTEHCHUBHOCTH BOCCTaHOBIICHHUs cepBepa H = m (9.15)

Ipumep 9.2 Onpenemure K03()HUIEHT TOTOBHOCTH cepBepa, ecu Ko3(PUIeHTsI
TOTOBHOCTH €r0 MOJICHCTEM COOTBETCTBEHHO PABHBI:

- IICHTpaJIbHAsI MOJICUcTeMa (BKITFOYACT MPoLieccopbl, k3t mamsitu, OIT) Kzl =0,995;
- IMCKOBas MozicucTeMa (BKITIOYAET KOHTPOJLIEPHI AUCKOB, TUCKOBbIC HHTEP(EHCHI, TUCKOBYIO

[IaMsITh) KZZ =0,992;

- KOMMYHUKAIIMOHHAs MOIcucTeMa (BKJIIOYAET CETEBbIC alanTephl ¢ pazbeMamu Rj-45, mopTer

Wi-Fi) K23 =0,994;
- moAcucTeMa BBoJa- Beioja (Bkmrouaetr USB paswemsl, mpusoas DVD) Ke e 0,993;

- MOJICUCTEMA 3JIeKTpONHTaHus (BKIIOYACT ABAa UACHTUYHBIX IOCTOSTHHO BKJIFOUCHHBIX OJIOKA
AIIEKTPOIIUTAHUS . OCHOBHOM U PE3EPBHBIN), MPU 3TOM K251 = K252 =0,988.

Pewenue Vcnonpsys Beipaxkenue (5.14) onpenensemM Ko3pPUIMEHT TOTOBHOCTH
000011IeHHON TIOJICHCTEMBI HJIEKTPOITUTAHUS:

Kep = K251 +K252 —K251-K252 =0,999856

Hcnonbsys Beipakenue (5.17) onpenensiem ko3 QUIMEHT TOTOBHOCTH cepBepa:

5
Ke=T] Kei =0,975091
i=1
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Jlexuus 10. Opranu3anusi ¥ 3KCNJIyaTaAlHs JMCKOBbIX MOJACHUCTEM CEPBEPOB, MOCTPOEHHBIX
HA OCHOBE 0TKA30yCTOMYHUBBIX JTUCKOBBIX MaccuBOB ypoBHeii RAID.

10.1 OcHoOBHBIE YPOBHH OTKA30yCTOWYMBBIX JAMCKOBBIX MACCHBOB CepPBEpPOB
Jlnst oGecrieyeHrs: 0TKa30yCTOWYMBON pabOThI CEpPBEPOB U HATAECKHOTO XPAHEHUS
uHpOpMaAMKU OOBIYHO MCIIOIB3YIOT OTKA30yCTOMYMBBIE TUCKOBBIE MACCHBBI C PE3EPBUPOBAHIEM
W/Uu TyOnupoBaHUEM JAUCKOB, KOTOphie HasbiBaroT RAID maccuBebl.

RAID cranu pacmmppoBbsiBaTh Kak H30BITOYHBIH (pE3epBHBIN) MAaCCUB HE3aBUCHMBIX
muckoB «Redundant Array of Independent Disks», moTtoMy 4To /iJisi AUCKOBBIX MACCUBOB CTaIU
UCIOJIb30BaTh AOPOroe 000py10BaHKe, YTOOB! YBEIHYUTH HE TOJIBKO OTKAa30yCTOWYMBOCTh
JMCKOBOH MOJICUCTEMBI 32 CUET €€ N30BITOYHOCTH, HO U MPOU3BOAUTEIBHOCTD 32 CUET
napauienbHOi 00pabOTKH 3aIIPOCOB B «OBICTPHIX» TUCKAX.

Cospemennbie quckoBbie MaccuBbl RAID naroT BO3MOKHOCTB OCYIIECTBIATH ONEpaIiy
3allUCH U YTEHUS (PAKTUYECKH OJHOBPEMEHHO HAa HECKOJIBKUX JUCKAX.

OcHoBy TexHOJIOTUH TUCKOBBIX MaccuBOB RAID cocraBiisieT M30BITOYHOCTH
uH(pOpMaIIHY, TTO3BOJISIONIAs B CiIydae cO0si BOCCTAHOBUTH YTpaueHHBIC JaHHbBIC

OcHoBHBIM KOMIIOHEHTOM MaccuBa RAID sBnsieTcst KOHTPOIUIEp, KOTOPBIN BBIMIOTHSIET
(GYHKIHIO pa3MeIleHusl JAaHHBIX [0 MAaCCUBY H MO3BOJISIET MPEACTABUTH BECh MACCUB KaK OJHO
JIOTUYECKOE YCTPOUCTBO.

PasznuyaroT cnemytromue ocHOBHBIE ypoBHU MaccuBoB RAID, koTopeie 4acTo UCTIONB3YIOT B
MPAKTHYECKOH padorTe.
o RAID 0 — nuckoBbIil MacCHB MOBBIMIEHHOW MTPOU3BOUTENILHOCTH € YepeoBaHueM, 0e3

obecrniedueHns 0TKa30yCTOMYNBOCTH,

o RAID 1 — 3epkanbHbIil TUCKOBBII MacCHUB;

o RAID 2 — nucKkoBbIif MacCHBOB, UCIOJIB3YIOIIHIA KO XeMMUHTa, (MTPaKTHYECKH HE
UCIIOJIB3YeTCS)

. RAID 3 u RAID 4 — nuckoBble MacCHUBHI C YEPEOBAHHEM U BBIICTICHHBIM JUCKOM
4ETHOCTH,

. RAID 5 — nuckoBbIi MacCUB ¢ YepeOBAaHUEM U HEBBIJCIICHHBIM JUCKOM YETHOCTH,

. RAID 6 — nuckoBbIil MacCUB ¢ YepeOBaHUEM, C IBYMsI HEBBIJICIICHHBIMU JTMCKAMHU,

HCHOJIBBy}OL[IHﬁ ABC KOHTPOJIbHBIC CYMMBbI, BEIYHUCIIACMBIC IBYMS HC3aBUCUMbIMU

croco0amuy;
. RAID (1+0) — maccus RAID 0, noctpoenssiit u3 maccusoB RAID 1;
. RAID (0+1) — maccuB RAID 1, noctpoennsiii u3 maccuo RAID O;
. RAID 51 — maccus RAID 1, noctpoennsiii u3 maccusos RAID 5;
. RAID 30 — maccuB RAID 0, noctpoennsiit u3 maccusos RAID 3;
. RAID 50 — maccus RAID 0, noctpoennsiit u3 maccuBos RAID 5;
. RAID 60 — maccus RAID 0, noctpoennslii u3 maccusos RAID 6.
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10.2 duckoBble MaccuBbl ypoBHst RAID-0
JuckoBbie MmaccuBbl ypoBHsA RAID-0. Ha camoMm nienie oM He SIBISIOTCS
OTKa30yCTOWYUBBIMHU, TaK KaK B HUX OTCYTCTBYIOT H30BITOYHBIE TUCKH, IO3TOMY OTKa3 JH000T0
JMCKa MPUBOAUT K OTKa3y BCET0 AUCKOBOI'O MacCHUBaA.

OnHako OHU UMEIOT HAUOOJBIITYI0 TPOU3BOAUTEIBHOCTD CPEAH BCEX MCKOBBIX MACCHUBOB.
KonTtposiep nenut noctynarouryo nHhpopMaluio, Hanpumep, ¢ain Ha O0J10KH, KOTOpbIe
napasuiesIbHO 3alMChIBAET Ha OTJCNbHBIE (U3UYECKUE TUCKH WU CYUTHIBACT C HUX.

[Tpu sToM npousBoguTenbHOCTh RAID-0, npu yTeHnn JaHHBIX, HE BCET/a YBEINYMBACTCS
JMHEWHO C YHUCIIOM HMCIOIb3YEMbIX IMCKOB. DTO CBSI3aHO C TE€M, YTO Y IMCKOB, BXOSIINX B
JMCKOBBIM MacCHB, OTCYTCTBYET CHHXPOHM3AIM BPAIICHUS IIMUHACICH, MO3TOMY BpallleHHe
KaXJI0TO TUCKa U MOMCK HH(POPMAIMK Ha HEM OCYLIECTBIISACTCS UHIUBUIYAIBHO,
CJICZIOBATENILHO CYMTHIBAHUE JAHHBIX C JIUCKOB MOXKET MJITH C HEKOTOPHIM CABHIOM.

MuHHMMaIBHOE YUCIIO JUCKOB B 3TOM MAaCCHBE PAaBHO JBYM.
JuckoBbie MaccuBbl ypoBHSI RAID-0 nmpenHasHaueHs! 1711 cUCTeM, TPEOYIOIUX 00O
MPOM3BOIUTEIILHOCTH OT TUCKOBBIX MAaCCHBOB CEepBepa.

10.3 duckoBbie MaccuBbl ypoBHsi RAID-1
JuckoBbie MaccuBbl ypoBHs RAID-1  paGoTtatot 1o cucreme 1y0ampoBaHUst OCHOBHBIX
JICKOB, KaXJIbIH M3 KOTOPBIX MOXKET UMETh HECKOJIBKO AyOIUPYIOIIHX JUCKOB.
OOBIYHO Ka)K/IbIii OCHOBHOM JAMCK UMEET OJIMH TyOIMPYIOIIUIA TUCK.
Kaxap1ii 1yOnupyronmit JMCK XpaHUT MOJHYIO KOIMIO OCHOBHOTO JIUCKA.

HpI/I 3allMCHU JAHHBIC PAa3ACJIbHO 3alIMChIBAOTCA Ha OCHOBHOM JUCK U Ha JIUCK, KOTOpBIﬁ €ro
,[[y6J'II/IpyCT. Ecmm CIIy4acTCAa cOOM MJIM OTKa3 OHOI'0 U3 OCHOBHBIX TUCKOB, TO KOHTPOJUICP
3aMCHSICT €0 COOTBCTCTBYIOIITUM ILY6J'II/Ipy10H_II/IM JHUCKOM.

ITo3TOMYy OTKa3 BCEro TUCKOBOTO MacCUBa MPOUCXOIAUT TOJIBKO B TOM CIIy4ae, €CIIU OTKA3bIBAIOT
OCHOBHOM U TyOJIUpYIOUIMIA €r0 TUCKU.

BpeMﬂ 3aIllMCH JaHHbIX Ha JUCKU B 3THX JUCKOBBIX MaCCHBAaX HECCKOJIbBKO 6OJ'ILI_I_IC, 4eM 1A
OJHOro JucCKa.
MuHUMAaNTBHO AOIMYCTUMOC YHCJIO JUCKOB B TMCKOBOM MACCHBC PABHO ABYM.

OcHoBHOM HEOOCTATOK TaKHUX JHUCKOBBIX MACCHUBOB — BBICOKasd IICHA, TaK KaK JJId UX
peamm3anuu IpuxoauTcs yABanBaTb 00BeM HCO6XOHHMOﬁ JHMCKOBOH IMaMSTH.

JuckoBbie MaccuBbl ypoBHsE RAID-1 npenHazHaueHs! 7151 CUCTEM, TPEOYIOIIUX BBICOKOM
HaJIe)KHOCTH JIMCKOBBIX MacCHBOB CEpBeEpa.

10.4 duckoBble MaccuBbl ypoBHst RAID-3

JMuckoBbie MaccuBbl ypoBHSA RAID-3  uMEIOT OCHOBHBIE JUCKH H TOJBKO OAMH
W30BITOYHBIH, T. €. BBIJICIICHHBIN JOMOIHUTENBHBIN AUCK [T XPaHEHHS PE3yIbTaTOB KOHTPOIIS
YCTHOCTH.

[Tpu 3amucu JaHHBIX B 3TOT AUCKOBBIA MacCHB KOHTPOJIIEP BBHITIOIHSET CIIEAYIONNe (DyHKIIUH:

- pa3ouBaeT gaHHbic ((aiibl) Ha 610KU (OAKTHI);

- (hopMHpYET U3 MOCIIENOBATENHHO CIEIYIOLINX APYT 3a IPYroM OaiT rpymibl GalT, YHCIIo
KOTOPBIX COOTBETCTBYET YUCTY OCHOBHBIX JUCKOB MacCHBa,

- TApaJUIeITbHO 3aIUChIBACT OANTHI KKIOH IPYIIITBI HA Pa3HBIC IUCKH MAaCCHBA;
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- IS KQXKIOW TPYIIITBI 3aIMCaHHbBIX OalT MPOBOAUT BHIYMCICHUS HA YETHOCTh U PE3YIbTaThI
BBIYMCIICHUH 3alIMCBIBACT B BU/IE OaifTa Ha TOMIOTHUTEIbHBIN JIUCK.
JHuckoBbie MaccuBbl RAID-3 001a1a10T BHICOKMM YPOBHEM HaJISKHOCTH XPAHEHUS TaHHBIX
U BBICOKOW CKOpOCThIO X uTeHus. CkopocTs 3amucu y RAID-3 MeHbIe, MocKoiabKy TpedyeTcs
BpeMs JUIs IPOBEICHHUS pacueTOB HA YETHOCTh OAlT, 3aIIMChIBAEMbIX Ha TUCKH.
s pabotel maccuBa RAID-3 HeoOXoAMMO MHHMMYM TpH JMCKA: JIBa sl XpaHEHUs

JAHHBIX U OJIUH JUIS XpaHeHus: HHGOPMAIIUU O YETHOCTU STUX JaHHBIX.

10.5 /IuckoBbie maccuBbl ypoBHsaA RAID-4
JuckoBbie MaccuBbl ypoBHsA RAID-4 Bo mHOrOM cxoxu ¢ maccuBamu RAID-3, Ttakxke
UMEIOT OCHOBHBIC JMCKM M TOJBKO OJUH H30BITOUHBIM, T.€. BBIJCICHHBIN JOMOIHUTEIbHBIN
JMCK Ul XpaHEHUs! KOHTPOJISI YETHOCTU OJIOKOB JIaHHBIX, 3alIMCHIBAEMBIX Ha OCHOBHBIC JHCKH.
Kontposep takxke pazdbuBaer JaHHbIE Ha OJIOKH, 3aMIMCHIBAET MAapaJUIEIbHO OJOKH HA OCHOBHBIE
JMCKH, OCYILECTBISCT BBIYUCICHHE KOHTPOJS YETHOCTH OJOKOB, pe3yJabTaTbl KOTOPOTO
3alMCBIBACT HA JOTIOTHUTEIILHBIN AUCK.

Opnako pasmep Omoka B maccuBe RAID-4 namuoro 6Gombiie, uem B RAID-3, oH kpaTeH
pa3Mmepy CeKTopa IMCKa M MOXET UMeTh BenuuuHy a0 128 Koaiir.
ITpu oTkaze M0060ro JMCKa 3TOrO AUCKOBOIO MacCHBa €ro COJAEPKUMOE MOKHO BOCCTAHOBUTH
1o UH(pOPMAIMHK, KOTOpasi IMEETCs Ha OCTAIBHBIX UCIPABHBIX JAUCKAX.
OTka3 MCKOBOTO MacCHBa MPOMCXOIUT TOJIILKO B TOM CITy4ae, €CIM MPOUCXOAUT OTKA3 JIFOOBIX
JIBYX TUCKOB, BXOJISIIIIUX B €O COCTaB.

JuckoBbie MaccuBbl RAID-4 061aiatoT o4eHb Xopoleil Mpou3BOAUTEIbHOCTBIO ITPH padoTe
C JaHHBIMU OOJIBIIIOTO pa3Mepa, KOr/ia napajjiesibHo paboTaloT Bce qUckU. [loaTomy, kak
npasuiio, RAID-4 ucnonb3yioT B cepBepax NpU PeLIeHUH 3aay, CBA3aHHBIX ¢ 00pabOTKOM
OOJIBLINX MACCUBOB JIAHHBIX U HEOOJIBIIOW HHTEHCUBHOCTBIO MX MOCTYIICHHS.

MuHuMaIbHO AOMMYCTUMOC YUCIIO JUCKOB B 3TOM JUCKOBOM MACCHUBC PABHO TPEM.

10.6 . {uckoBbie MaccuBbl ypoBHsA RAID-5
JuckoBbie MmaccuBbl ypoBHsI RAID-5 nMeroT 0CHOBHBIE TUCKU M TOJIBKO OJUH
HM30BITOYHBIN, HO HEBBIAEIEHHBIN JOIOIHUTEILHBIM.
BbIuncnieHHbIN KOHTPOJIb YE€THOCTU OJIOKOB, pacHpesieisieTcs o BCeM JAUCKaM MacCHBa,
BKJIFOYAst OCHOBHBIE M JIOTIOJTHUTEILHBIH.

3nech Het, B ominune oT MaccuBOB ypoBHs RAID-3 u RAID-4, 4eTko BBIICIEHHOTO JIFCKA C
KOHTPOJIEM YETHOCTH.

KOHTpOJ'IJ'Iep p336I/IBaeT OCHOBHBIC JAHHBIC U JAHHBIC KOHTPOJISI YCTHOCTH HA 6J'IOKI/I, KOTOPBIC
3aIlIMChIBACT HA PA3HBIC JUCKU. DTO MO3BOJISET BBITOIHATH HECKOIBKO onepaunﬁ 3alliCu U
CUMTBhIBAHUSA OAHOBPEMCHHO.

JuckoBbie MaccuBbl ypoBH RAID-5 oTnnyarorcs eiie u TeM, 4To UX KOHTPOJLIEP UCTIONB3YeT
OonpIKe pa3mMepbl OJI0KOB JaHHBIX, 3aMKUChIBAEMbIX HA AUCK. [109TOMY B 3THX TUCKOBBIX MAaCCHUBaX
uH(pOpMAIHS, OTHOCSIIASICSA K OHOMY 3allpOCy U MOjIeXkAaIast 3aicy HIH CYUTHIBAHUIO, KaK
MIPaBUIIO, Pa3MeIaeTcs B IBYX OJI0KaxX JaHHBIX: B OJHOM OJIOKE OCHOBHBIE IaHHBIE, a B IPYTOM —
JTAHHBIE KOHTPOJIS] YETHOCTH.

Ha 06pa60TKy KaXXJI0ro 3a1poca 3aZIcCTBOBAHO, KaK MMPABUJIO, /IBa JHUCKA.
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[Tpu BBIMOTHEHHMHM OTIEPAIIHii 3aITUCH Ha IUCK KOHTPOJUIEP MOKET MapajlieIbHO 00padaThiBaTh
10 N/2 3anpocos, rie N — uuncio 1uckoB B tuckoBoM MaccuBe (detHoe). Eciu .N-HeueTHoe, TO
yucio oOpabarsiBaeMbix 3ampocoB  (N-1)/2.

KoHnTposuiep Tarxxe 0THOBPEMEHHO MOXET BBINOJIHSATH OTICPAIIMK 3allUCH U CUMTHIBAHUS HA
pa3HbIC JIUCKH.

HpI/I OTKa3e J11000ro AUCKa 3TOIr0 IMCKOBOT'O MacCuBa €ro COACPKUMOC MOIKHO
BOCCTAaHOBHMTbD I10 I/IH(l)OpMaI_II/II/I, KOTOpasA UMECTCA Ha OCTAJIbHBIX UCIIPABHBIX AUCKAX.

Otka3 JAUCKOBOT'O MaCCHBa NPOUCXOJUT TOJIBKO B TOM CJIy4dac, €CJIH IMMPOUCXOAUT OTKA3
JIFOOBIX ABYX ONUCKOB, BXOJAIIUX B €TI0 COCTAB.

MunuMaIbHO A0IIYCTUMOC YHCJIO JUCKOB B 3TOM JUCKOBOM MACCHUBC PABHO TPECM.

JluckoBbie MaccuBbl ypoBHSI RAID-5 B 0cHOBHOM OpHEHTHUPOBAHbI J1Isl pabOThI B
MHOTOTIOJIb30BATEIBCKUX CHCTEMaX ¢ HEOOIbIIMMHI 00bEMaMHU JAHHBIX, HATPUMED, TSI CUCTEM
00paboTKH TpaH3aKIUH.

10.7 TuckoBble mMaccuBbl ypoBHsi RAID-6
. luckoBble MmaccuBbl YpoBHS RAID-6 umeroT 1B8a 30BITOUHBIX,
HO HEBBIJICJIEHHBIX JOMOIHUTEIBHBIX AUCKA IS BEJACHUS TBOMHOTO KOHTPOJIS. YETHOCTH.

I[J'Iﬂ KaXXa01ro 0J0Ka JaHHBIX UMCCM JIBa OJI0Ka KOHTPOJIA YECTHOCTH, KOTOPBIC
BBIYMUCIIIFOTCS 10 pa3HbIM aJITOPUTMaM.

KonTpomnep pazouBaeT naHHbIe Ha OJIOKU Tak ke, Kak U B MaccuBax ypoBHs RAID-5.
brnoku maHHBIX ¥ 6JIOKU KOHTPOJIS Y€THOCTH KOHTPOJIEP paclpe/ieNsieT M0 BCeM JUCKaM
MacCHBa U 3aITUCBIBAET UX BCE MapaUIeNbHO HA pa3HbIe JUCKU. ITO MO3BOJISIET KOHTPOILIEPY
BBITIOJTHATH OTEPAIMH 3aHCH U CYMTHIBAHUS OTHOBPEMEHHO.

CnenyeT HMCTH B BUY, YTO 3TOT JHUCKOBBII MAaCCUB UMEET OUECHb HU3KYIO
MMPOU3BOJAUTCIIbHOCTD IIPU 3alIUCU JAHHBIX HAa JUCK, TaAK KaK JJIA KaXXJ10T0 O10Ka HCO6XOI[I/IMO
MMPOBECTU paACUCT ABYX 0JIOKOB KOHTPOJIA YETHOCTHU..

HpI/I OTKa3¢€ OJHOI'0 WJIN ABYX AUCKOB JUCKOBOI'O MAaCCHUBa €ro COACPKUMOC MOKHO
BOCCTAHOBMUTHL I10 I/IH(I)OpMaL[I/II/I, KOTOpad UMECTCA Ha OCTAIIbHBIX UCIIPABHBIX JUCKAX.

Ortkas JAUCKOBOI'O MacCHBa NPOUCXOOUT TOJIBKO ITPHU OTKA3€C JHOOBIX TpEX JUCKOB, BXOJAIIIUX B
€10 COCTaB.
MuHuMaIbHO AOITYCTUMOC YUCJIO JUCKOB B 9TOM JUCKOBOM MACCUBEC PABHO YCTLIPEM.

JuckoBbie MaccuBbl ypoBHsI RAID-6 npennazHaueHs! 7151 CUCTEM, KOTOPbIE COAEpKaT
OounbiIe 00beMbl HHPOPMAIUK U TPEOYIOT BHICOKON HAJIE)KHOCTHU OT JAUCKOBBIX MAaCCHBOB
cepBsepa.

10.8 JuckoBbie mMaccuBbl ypoBHst RAID-(0+1)
JuckoBbie MaccuBbl ypoBHsi RAID-(0+1) oTHOCAT K KJlacCy KOMOMHHPOBAHHBIX JIUCKOBBIX
MAacCHBOB, TOCKOJIbKY OHH OOBEIMHSIOT U UCTIONB3YIOT CKOPOCTHBIE MPEHMYIIIECTBA MACCUBA
RAID-0 u HagexHocTs, npucyiyto MaccuBy RAID-1.
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JuckoBbiii MaccuB RAID-(0+1) — 310 MaccuB, COCTOSIIIHIA U3 BYX UICHTUYHBIX MACCUBOB
RAID-0, xotopsie 00bemHenbl B MaccuB RAID-1. TTosromy mone3nsiit 06bem mMaccuBa RAID-
(0+1) paBeH mosIOBUHE CyMMbI OOBEMOB BCEX BXOISIIMX B MACCUB JIHCKOB.

Kaxap1ii 1uck nmeeT ayOnupyronmii TUCK, Ha KOTOPOM HaXOJHUTCA Ta K€ HHpOpMaLus, 4TO U
Ha HEM.

B ciydae otkaza ogHoro u3 auckoB MaccuB ypoBHsi RAID-(0+1) cpasy npespariaercs B
maccuB yposHs RAID-0.

Ortka3 quckoBoro maccuBa ypoBHs RAID-(0+1) mpoucxomur B TOM citydyae, €Ciu OTKaXyT
XOTs1 OBI 110 OJTHOMY JTUCKY, BXOJSIIUX B COCTaB pa3HbIX MaccuBoB ypoBHs RAID-0.

MUHHUMAaIBHO JIOIYCTUMOE YHCIIO AUCKOB B 3TOM JMCKOBOM MACCHBE PaBHO YeThIpeM. Yucio
JIMCKOB B MaCCHUBE BCETJa YETHOE.

JluckoBbie MmaccuBbl ypoBHSI RAID-(0+1) 00bIYHO MCIIONB3YIOT IS CUCTEM, COJCPIKALIIX
HeOoubIIe 00BEMbI 0UeHb BRXKHBIX JJAHHBIX, KOTOPbIE HY)KHO 00pabaThIBaTh C BEICOKOM
MIPOU3BOIUTEIBHOCTBIO.

10.9 duckoBbie mMaccuBbl ypoBHsi RAID-(1+0)
JuckoBbie MaccuBbl ypoBHsI RAID-(1+0) 00BeIUHSIOT U UCTIONB3YIOT CKOPOCTHBIC
npeumyiiecTsa MaccuBoB ypoBHsi RAID-0 u HagexHOCTh, pucyIyto MmaccuaMm ypoBHs RAID-1.

JuckoBsiii MmaccuB ypoBHsi RAID-(1+0) — 3to maccus ypoBasi RAID-0, cerMeHTamMmu KOTOPOTo
ABJIAIOTCS MaccuBbl ypoBHs RAID-1.

ITpu ero cozmanny cHavyasia AUCKU MOMApHO OObeIMHAIOT B MaccuBbl ypoBHs RAID-1, a 3atem
UCTIONB3YIOT JUIS HUX TIONIEPEMEHHYIO 3aIlich, Kak B MaccuBax ypoBHs RAID-O0.

JuckoBblit MaccuB ypoBHsi RAID-(1+0) criocoOeH paboTaTh Ipu OTKa3e 10 MOJOBUHBI
JTUCKOB MAacCHBA, MPAKTUYECKH HE TePsisi CBOCH MPOU3BOAUTEILHOCTH.

Ortka3 auckoBoro maccuBa ypoBHs RAID-(1+0) mpoucxomur Toneko B cirydae
OJIHOBPEMEHHOT0 OTKa3a JIByX JTUCKOB, 00pa3yoliX 3epKajbHYIO apy B COCTaBE JII0OOT0
maccuBa ypoBHs RAID-1.

[Tone3nas emkocTh MaccuBa ypoBasi RAID-(1+0) cocraBiisier 50 % cymmapHO €MKOCTH €ro
JIMICKOB.

MuHuMaIbHO AOITYCTUMOC YUCJIO JUCKOB B 9TOM JUCKOBOM MACCUBEC PABHO YCTHLIPEM. Yucmo
JHUCKOB B MaCCHBC BCCTraa Y€THOC.

JuckoBbie MaccuBbl ypoBHsi RAID-(1+0) 00bIYHO UCTIOB3YIOT JIJIsl CUCTEM, COJIEPIKAIIUX
HeOOombIIe 00BbEMBI OUEHb BKHBIX IAHHBIX, KOTOPBIE HYKHO 00pabaThiBaTh C BBICOKOM
MPOU3BOIUTETHHOCTBIO.

10.11 JIuckoBbie maccuBbl ypoBHs RAID-15
JuckoBbie MmaccuBbl ypoBHsi RAID-15 (Muoraa ux HassiBawt RAID-51).

MaccuB 00BEIMHIET HAAEeKHOCTb, MpHUCYILyI0 MaccuBaM ypoBHei RAID-1 u RAID-5. Ilpu ero
CO3/IaHMHM CHavasa GopMUpYIOT 1Ba MaccuBa ypoBHsi RAID-5, koTopsle 3ateM 00bEUHSIOT B O/IUH
maccuB ypoBHs RAID-1.

3TH MacCUBBI UIMEIOT HE TOJIBKO OUY€Hb OOJIBIIYI0 OTKAa30YCTOMUMBOCTb, HO U OOJIBILIYIO
M30BITOYHOCTH JICKOB, a CIEA0BATENBHO, M OOJIBIIYI0 CTOMMOCTh pealn3aliiH.

JuckoBbie MaccuBbl ypoBHs RAID-15 ucnons3yroT A CUCTEM, COJIePKAIUX HEOOTbIIINe

00BEMbI CBEPXBAXKHBIX JAHHBIX.
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10.12 CpaBHeHHe IMCKOBBIX MaccUBOB YypoBHeil RAID
P€3yJII>TaTBI CpaBHCHUA HauboJIee 4acTo HCIIOJIb3YCMbIX JUCKOBBIX MACCHUBOB IMOKA3bIBAIOT
clexyouiee:

Ilo HanexxHoCTH (cpenHee BpeMst 0€30TKa3HOM pabOThI TUCKOBOT'O MacCHBa):

Hl> H(1+O) (0+1) = H > HO nyammit RAID -1

ITo HpOI/IBBOI[I/ITeHbHOCTI/I'

P >P(l O) (O 1)>P >P5 nyammii RAID -0

Ilo crommocTH :

Car0)*C041)> 4 >C

5 ayqmnii RAID -5

IlosicHeHust

e HAJCKHOCTh TUCKOBOTO MaccuBa ypoBHs RAID-(1+0) nHemuoro mensiie, uem y RAID-1,
HO Ooubire, yem y RAID-(0+1) unu RAID-5, xoTopble 0TKa3bIBaIOT NPU OTKa3e JHOOBIX IBYX
JIMCKOB MacCHBa,;

e CKOpPOCTh paboThl auCKOBOro maccua ypoBHs RAID-(1+0) cyiecTBeHHO MEHbIIE, YeM Y
RAID-0, no namnoro 6onsie, yem y RAID-1,;

e B nuckoBoM MaccuBe ypoBHs RAID-(1+0) wndopmanms pacmpenensercss cTporo Mo
3epKaIMpPOBaHHBIM JKCKaM, a B MaccuBe ypoBHs RAID-(0+1) mmeer mecto 3epKaiupoBaHHE
pactipenenenHoii uHpopmarmu. [lostomy muckoBbiii MaccuB ypoBHs RAID-(1+0) wumeer
OOJIBIIIYIO HAJIS)KHOCTh, YeM JUCKOBBINA MaccuB ypoBHsi RAID-(0+1).

Pexomenaruu o BeIOOpY ypoBHs auckoBoro Maccusa RAID, B 3aBucumoctu ot
IpeabsBIsIEMBIX K HEMY TpeOoBaHui, nansl B Tada. 10.1

Tabauya 10.1

Pexomenaru o BeIOOpY ypoBHs AuckoBoro maccua RAID

IlepBb1il OKa3aTenb Bropoii nokaszarens PexomeHyeMblil ypOBEHb
BbIOOpA MaccuBa BbIOOpA MaccuBa jmckoBoro Maccnsa RAID
[IpousBoaurensHOCTh | HU3Kas crouMocTh RAID-0
HanexxHocThb RAID-(1+0)
Huskasa croumocts [Ipon3BoAUTENBHOCTD RAID-0
Hane:xxHOCTH RAID-5 umu RAID-4
HanexHocTh [Tpou3BOAUTENHHOCTH RAID-(1+0)
Huskas croumocts RAID-5 unu RAID-4
4*Echpa3Mep 0710Ka MEHbILIE pa3Mepa nepeaBaeMoi HHPOPMaIuH, cIeIyeT
BbIOMpaTh MaccuB ypoBHA RAID-4, ecniu Hao6opoT — maccus yposast RAID-5.

Kak nmpaBuiio, ams mo6oro auckoBoro maccua RAID n3BecTHBI cieqyromme MUCXoIHbIe
napameTpsl ero (PYHKIIMOHUPOBAHUS:

P — BEpOSITHOCTH 0€30TKa3HOH pabOThI OJTHOTO JIUCKA,

( — BEpOSITHOCTh OTKa3a OJJHOT0 AKCKa, = 1 —p;

d — MUHHMAaJIBHOE YUCIIO AUCKOB AUCKOBOTO MaccuBa RAID, 0Tka3 KOTOPBIX PUBOINT K
0TKa3y paboThl AucKoBoro maccusa, 1 RAID-4 u RAID-5d = 2, s RAID-6 d = 3;

N — YHCI0 JUCKOB B JUCKOBOM Maccuse 0e3 RAID;

N — unciio AUCKOB B cocTaBe AucKkoBoro maccusa RAID.

Jlnst oueHKM HajaekHOCTH P (T. €. BeposTHOCTH 0€30TKa3HO# pabOThI TUCKOBBIX MACCUBOB
RAID), cienyeT ucnoJib30BaTh CICAYIONINE BHIPAKCHUS:
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m1a RAID-0
g RAID-1

P=ph,
P=1-@-p))"

s RAID-4, RAID-5 u RAID-6  popmyny bepnymnmu, Toraa

1
Jlin RAID-4, RAID-5 p= ¥ ckgkpN-k,
kK=o N

Jiin RAID-4, RAID-5 P= % CXakpN-k

Jst RAID-51 M0HO cuuTaTh, 4TO CUCTEMA OTKAXKET TOT'/1a, KOTJa OTKAXYT
OJIHOBPEMEHHO JIBa OCHOBHBIX JIFICKA M JIBA JUCKA, NyOIUPYIOIINE 3TH OCHOBHBIE TUCKH, MPHU
ATOM II0JIaraeM, YTO BEPOSATHOCTH OJHOBPEMEHHOT'O BBIXO[a M3 CTPOS MATH U O0JIee TUCKOB

npaktuuecku Hynesas. P~ (1—(1— p)4)A, (5.12)
_~2 _ () (n+Dn
me A= CoaThontaT 2

CpaBHUTENBHBIN aHATU3 AUCKOBBIX MaccuBOB ypoBHel RAID mo BepostHOCcTH Ge30TKa3HOM

paboTel mpuBeneH B Tabm. 10.2

3Ha4yeHus1 BEpOATHOCTH 0e30TKa3HOM paboThl 1ucKOBBIX MaccuBOB ypoBHel RAID Tabauma 10.2

3HavYCHUs RAID-0 RAID-1 RAID-5 RAID-6 RAID-51
«n» , «pP» N=n N =2n N=(n+1) N=(n+2) N =2(n+1)
n=2 p=0,9 0,81000 0,98010 0,97200 0,99630 0,99970
n=3 p=0,9 0,72900 0,97030 0,94770 0,99144 0,99940
n=4 p=0,9 0,65610 0,96060 0,91854 0,98415 0,99900
n=5 p=0,9 0,59049 0,95100 0,88574 0,97431 0,99850
n=2 p=0,95 0,90250 0,99501 0,99275 0,99952 0,99998
n=3 p=0,95 0,85737 0,99252 0,98598 0,99884 0,99996
n=4 p=0,95 0,81451 0,99004 0,97741 0,99777 0,99994
n=5 p=0,95 0,77378 0,98756 0,96723 0,99624 0,99991

CuMTaloT, YTO BEPOSATHOCTHh 0€30TKa3HOM paboThI IMCKOBOrO MaccuBa ypoBHs RAID

COOTBETCTBYET KOI(PPHUIIMEHTY TOTOBHOCTH 3TOTO JMCKOBOTO MACCHBA.

Ni:n+n

I'me Ni - KOJIM4eCTBO UCKOB B coctaBe RAID 1-T0 ypoBHs..

N - KOJIMYECTBO OCHOBHBIX AUCKOB, KOTOPBIE UCIIOJIB3YIOT A co3nanust RAID.

ooni

nmin - MUHUMAJIBHOE KOJIMYECTBO OCHOBHBIX JIUCKOB, KOTOPOE MOKHT ObITh B RAID 1-T0
YPOBHS..
n=n_. .
minli
n donij~ KOHMUECTBO NOTIOMHATEILHEIX HCKOB, KOTOPOE CIIEAYeT N00aBUTh K OCHOBHBIM JIJIs

coznanusi B RAID i-ro ypoBHs..
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CocraB u ocobernoctu RAID cucrewm.

Tabmauua 10.3

VYposens RAID n . n . N. Orka3z RAID cucremsl
min oonl I
RAID-0 n Orka3s mro6oro qucka RAID
2 0
RAID-1 OoTKa3 OCHOBHOTO U JAYOIUPYIOILIETrO
1 n 2n ero aguckos.RAID
RAID-3 Otkaz  moOBIX  ABYX  JIUCKOB,
2 1 n+1 Bxomamux B RAID
RAID-4 Otkaz  moOBIX  ABYX  JIUCKOB,
2 1 n+1 Bxomamux B RAID
RAID-5 Otkaz  moOBIX  ABYX  JIUCKOB,
2 1 n+1 Bxomamux B RAID
RAID-6 Otkaz  mOOBIX  Tpex  JIMCKOB,
2 2 n+2 Bxomamux B RAID
RAID-(0+1) OTk3 x0T OBl MO OJHOMY JIHCKY,
2 n 2n BXOJSIIMX B COCTAaB pa3HbIX MAacCHUBOB
yposus RAID-0.
RAID-(1+0) OTka3 JABYX IUCKOB, OOpa3yromInx
2 n 2n 3epKaJIbHyI0 Tapy B cocTaBe Jr000Tro
MmaccuBa ypoHs RAID-1.
RAID-15 Otka3 [ByX Mmap OCHOBHOTO H
2 n+2 2(n+1) | nyOnupyroUIero ero AMCKOB.
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Jleknms 11. Opranusanus daexktponutanuss ACOUnY. Beibop, ycTaHoBKa 1
IKCIUIyaTalMs CUCTEM U HCTOYHUKOB Oecriepe0oiiHOro NUTAHUS 1JIsl TEXHHYECKHX CPeACTB
ACOHUmY.
11.1 Opranmuzanus 3JIeKTPONMTAHHUSA CEPBEPOB

KadyecTBO  amekTposHepruu  BiUsSeT Ha  pabOTOCIOCOOHOCT, U 3((EKTUBHOCTH
¢bynkumonuposanusi obopynoBanusi ACOUnY, ocobenno cepsepo, u Hopmupyetrcs ['OCT
13109-97 «Hopmbl KauecTBa D3JEKTPOIHEPrMH B CHCTEMax dJICKTPOCHAOXKEHHUS O0OIIero
Ha3zHaueHUs». TpeOoBaHUS K HAJEKHOCTH DJICKTPOCHAOKEHUS NMPHUBEIEHbl U B HOPMATUBHOM
nokymeHTe. «IIpaBuiia ycTponcTBa dIEKTPOYCTaHOBOKY.

Ot OGecriepe0oiiHOM 1 cTaOMIBLHON pabOTHI YNEKTPONUTAHUS 3aBUCUT KOPPEKTHAs paboTa
BCEX OCTAJIbHBIX KOMIIOHEHT CepBepa.

Jliist oGecriedeHns HaIe)KHOM M OTKa30yCTOMYMBON PabOThI cepBepa, €ro OJOK NMUTAHUS
JOJDKEH COOTBETCTBOBAaTh TPEOOBAHUSIM CTaH/AapTa «Y COBEPIICHCTBOBAHHAS MEpeoBast
texnoJsiorus» Bepcuu 2.2 (Advanced Technology Extended — ATX 12V) . TpeboBaHusi 31Oro
CTaH/JapTa PerJIaMEHTHPYIOT LEIbIN Psil HapaMeTpoB OJIOKa MUTaHMUsI, B YaCTHOCTH,
NOJIOKEHHE OJIOKA MUTaHUs B KOPITyCe CepBEpa, BU/IbI 3AIUT OJIOKA TUTAHUS, dJICKTPUICCKUE
XapaKTEPUCTUKU OJIOKa MUTaHUS M UX JIOITYCTUMbIC OTKJIOHEHHUSI, MUHUMAJIbHBIA yPOBEHb
k03¢ ¢punmenta nonesnoro aercreus (KII1/1) Gioka mutaHus u T. 1.

CepBep 10/7KeH MMeTh CepTHGUIMPOBAHHBIN 010K MUTAHUS.
DTOT OJIOK MUTAHMS JIOJDKSH 00ECTICUnBaTh CIICAYIOIINE BUIBI 3aIUT CepBEpa:
-- 3ammTa oT kopotkoro 3ambikanus  (hort Circuit Protection — SCP);
— 3amqura ot 6oubioro roka OCP (Over Current Protection — OCP);
— 3amuTa oT noHmwkeHHoro Hanpsbkenus ( Under Voltage Protection- UVP);
— 3amuTa oT noBeimieHHOro Hanpsokenus: (Over Voltage Protection —OVP);
— 3amuTa ot neperpy3ok  (Overload Protection —OLP);
— 3amura ot neperpeBa  ( Overheating Protection —OTP).
Kpome atoro 6110k mUTaHUs cepBepa J0JIKEH MO3BOJIATh paboTaTh Ha XOJIOCTOM X0y 0e3
narpysku ( No Load Operation — NLO)
Jlyist cepTUHUIIMPOBAHHOTO OJIOKA MUTAHMS CEpBEpa W3MEHEHHS 3HAYCHUI €ro BBIXOIHBIX
HAMPSHKCHUN JTOJDKHBI HAXOUThCS B CICAYIONUX TPaHHIAX::
- i Hanpspkenust +3,3B (ot + 3,14B no + 3,47B);
- i Hanpspkenust +5B (ot + 4,75B no + 5,25B);
- i Hanpspkenust +12B (ot + 11,64B 1o + 12,60B);
- Ui Hanpspkenust - 12B (ot -11,40B 1o - 13,08B);

CepruduipoBaHHbIi OJIOK MUTAaHUS cepBepa TaKkKe JTOJHKEH COOTBETCTBOBATH CIIEAYIOIIUM
TpeOOBaHUSM:
- cTabuwibHO paboTaTh MPU HOpMaAIBbHOM HanpsbkeHuu 220B B quanazoHe M3MEHEHUs
BxojHOTrO Hanpsbkenus oT 180B no 264B.
- ko3¢ dunueHt nonesHoro neicteus Oonee 80%;
- cpeanee BpeMs 6e30Tka3zHou paboTel 60ee 100 Thics4 4acoB;
- YIep’KUBaTh BBIXO/IHOE HAIpsDKEHUE, B MpejiesiaX TOYHO 33JaHHbIX 3HAUYCHUH, 1ocie
OTKJIFOYEHMSI BXOJHOr0, He MeHee ueM 20 Mc
- IIyM, CO3/IaBa€MbIii BEHTHJIATOPAMU OXJIQXKICHHs], HE I0JDKEH MPEBbIATh 55 Ab.

bnok nutanus cepBepa 0OBIYHO MOJKIIOYAOT K CETU AJIEKTPONHUTAHUS HE
HETOCPEICTBCHHO, a uepe3 UCTOYHUK Oecriepeboitnoro nmutanus (MBIT). 3To cBsA3aHO ¢ TeM, YTO
€CIIM B CETH AJIEKTPONHUTAHUS BO3HUKHYT HETIONAIKU, TO WX BIUSHHUE HE MOBPEAUT padoTe
cepsepa.
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11.2 OcHoBHBbIE BU/bI HEMOJIAJIOK BO BXOJHO¥ dJiekTpuieckoii cetu ACOUnY
OcHOBHBIMY BHaMHU HETIONIAJI0K BO BXOHOM dnekTpuueckoit cett ACOUuY sistrores:
1) uc4e3HOBEHME HATIPSDKEHHS 110 IPHYUHE aBapHH;
2) «IpoBa» HANPSHKEHUSI BCIICICTBHE MEPETPY30K;
3) KpaTKOBPEMEHHOE YBEIIMYCHUE HANPSDKECHHS B PE3yJIbTaTe YMEHBIICHUS HATPY3KU;
4) KpaTKOBPEMEHHOE YMEHBIIICHUE HANPSKCHUS B PE3YJIbTATE YBEIHMUYCHUS HATPY3KH;
5) nosiBieHHE BBICOKOBOJBTHBIX HAHOCEKYHJHBIX HMMITYJIbCOB MO IPHYMHE TIPO3OBBIX
pa3psaoB;
6) mosiBIICHME  AJICKTPOMAarHUTHBIX W PaJMOYACTOTHBIX  TIOMEX,  OOYCJIOBJICHHBIX
pacroio’keHueM BOJIM3H 000py0BaHUs PabOTAIOIIUX MIEKTPOIIPUOOPOB;
7) KpaTKOBPEMEHHOE OTCYTCTBHE HAIIPSHKCHHUsSI BCIICACTBUE IEPEXOAHBIX MPOLIECCOB IPH
KOMMYTAlHH,;
8) MCKakeHHE CHHYCOWAAIbHOCTU HANPSDKCHHUS B pe3ylbTare IMEperpy3kd HEUTPalIbHOTO
IIPOBOJA;
9) HecTaOMJIBHOCTB YaCTOTHI TUTAHMSI, BHI3BaHHAsI COOSIMU B CUCTEME YIIPABJICHUSI.
Bo BpeMsa Henosagok BO BXOJHOM JJIEKTPUYECKOW CETU MCHOJB3YIOT HCTOYHUKH
oecnepedoitnoro nutanus (MBIT) wiu cucremsr BIT (CBIT), kotopeie coctost u3 Habopa UBII..

10.3 OcHoBHBIE XapaKTePHCTHKH HCTOYHHKOB (ecrepefoiiHoro nuTanus

OcHoBHbIME XapakTepuctukamu WBII sBistoTes cienyromue:

NeKmpuyecKue:.

e HamNpsHKEHHE MUTAaHUS U JOMYCKU Ha 3TO HaNpsHKEHUe,

e pazMmep okHa (pa3HOCTh MEXIY MAaKCUMaJbHBIM MU MHHUMAIbHBIM 3HAYEHHSIMU BXOJHOTO
HanpsbkeHus, npu kotopsix MBII mepexitouaercs Ha pesxuM paboThl OT OaTapen M Harpyska
NOJIyJaeT NUTaHUe OT ATOH OaTapen);

¢ (opMa BBIXOJHOTO CHTHAJIA (CHHYCOHMJAIBHAS WITH TIPSIMOYT OJIbHAS)

e yacroTa HanpspkeHus nmutanus (I'm) snekrpudeckoii cetu;

SHepeemuiecKue:
e BbIxosHas MorHocTh UBIT (BA);
e ko3 dunuenT nosiesnoro aevictsus MBI (oTHOMIEHHE BEIXOIHOM MOIITHOCTH K BXOIHOM);

8peMeHHble:

e BpeMs 3apsaaku akkymynstopHo# Oatapen (AKB) (u);

e BpeMs MepekioueHus Ha pexum padotsl UBIT ot 6atapen (Mmc);
¢ Bpems padoter UBII ot 6atapen (Mun);

9KCNILyamayuoHHvle:

e KknuMaTHdeckue ycnmoBus pabotel UBII, T. e. BrIcOTa HajJ ypoBHEM MOpS U BIAXKHOCTH
(06bruno 710 90 %);

e 3aIUTa OT BHEIIHUX BO3JICHCTBUIL;

e rabapursl, macca UBII Ge3 Gatapeu u c barapeeii;

e SHEProBOOPYKEHHOCTH 3, KOTOPYIO ONPEIEIISIIOT 10 popmyIie

rae | xp — Bpemst pabotst MBIT oT akkyMymisITOpHO# GaTaper, MUH;

M g — Macca UBIL, k.
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10. 4 OcnoBHble TUNBbI UBII 1 MX CpaBHUTEIbHBIH aHAJIN3

Haubonee mupoko ncnomns3yo MBI crexyromux Tpex TUIOB:

e UBIl tunma On-Line, koTopbie TMPAKTHUSCKU 3alMINAIOT HArPy3Ky OT BCEX paHee
MIEPEYHCICHHBIX JIEBATH OCHOBHBIX BUIOB HETIONAOK;

e UBII tuma Off-Line, koTopbie mpreMIIeMO 3alUINAIOT HATPY3KY TOJBKO OT MEPBBIX ISITH
BUJIOB HETOJIAZIOK U OYEHb c1a00 OT HEMOJAJO0K, CBA3aHHBIX C IMOSBICHHEM BBICOKOBOJIbTHBIX
HAHOCEKYHTHBIX UMITYJIbCOB, SJIEKTPOMArHUTHBIX M PAAMOYACTOTHBIX MTOMEX.

e UBII tuna Line Interactive, koTopble MpuUeMIIEMO 3alUINAIOT HArPy3Ky OT HEMOJaI0K
MIEPBBIX CEMH BHJIOB.

CpaBHutenbHbIN aHanu3 ocHoBHBIX TunoB UBIT npusenen B Tabm. 11.1
CpasHumenvbHblll aHATU3 NAPAMEMPOB OCHOBHBIX munos UBI1 Tabnuya 11.1

Tun UBIT
Hapaverp MBI On-Line Off-Line Line Interactive”
Pasmep oxHa 120 63 120
Bepxusist rpanuna okaa, B 295 260 295
HuxHsis rpanuna okHa, B 175 197 175
Cunyco- ITpsmo bnnskas
®opma BBIXOTHOTO HANPSHKEHUS .
UIaIbHAs yrojpHas  |CHHYCOMIAIbHOU
KI1 [ 0,7-0,8 0,93-0,95 0,85-0,92
Bpewmst nepekiioueHns: Ha peskuM MPaKTUYECKU
15-30 2-5
pabotsl ot AKB, mc HyJb

* WBII tuna Line Interactive — Hamnyummii BapuanT Juis ucnoib3oBanus B ACOUmnY.

10.5 Pexomenmanuu no Boioopy HBIIL

Hcrounuku Oecriepe0OiHOro muTaHus BEIOMPAIOT ¢ Y4eTOM TpeOyeMol MOIIHOCTH PI/IBH u

TpeGyeMoro BpeMeHH paboThl OT aKKyMYJIATOPHOI 6aTapen | AKE 1O crenyomuM hopMynam:

_ KaanPa _L4Ry _pp

P =
e Ky 07
rae P]/IBH — TpeOyeMasi MUHUMAaJIbHO HeoOxoumMast MortHocTh UBIT, BA; PH — CyMMapHasi MOILLIHOCTb
Harpy3kd, nonkmodaemori k WBII, Br; K3an — ko3¢ ¢uument 3anaca WBII mo momHocTH, OOBIYHO
K 3a1 =1,4; KM — ko3¢ unment monHocty VB, yunThiBaronmii iepeBo1 eHUT] MOITHOCTH U3 BaTT

B BOJIbT-aMIICPhI, 111 KOMIBXOTCPHOIO O60py,Z[OBaHI/I$I KM = O, 7,

; _Eun
AKB — P !
H
roe | 4Kk5 — Bpems paborer UBII or akkymynsaroproii Garapen, 4; E — eMKOCTh akKyMyJsSTOPHON
Oarapen, A-4; U — HampspKeHUE DIIEKTPONHUTAHUS aKKyMYJISTOpHOU Oarapeun, B; n — xosdunment

none3noro aevcrsus WUBII.

Ipumep 5.3 Onpexnenure Bpemst padotsl MBI ot akkymynsiTopHO# Gatapeu, eciii OH UMEET CIeTYIONHe
napameTpel: £ =17 A-4,U=12B, N= 0,85, a MOIIHOCTb MOAKIIIOYEHHON K HEMY Harpy3Ku PH =600

Br.
Pewenue. Tlocne moaCcTaHOBKY UCXOIHBIX JaHHBIX B (hopmyiy (5.22) nmeem

T = N =112:085_ 4 569 4 17,35
R 600
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10.6 Pexomenganuu no Boioopy apxutektypbl CBII

s obecnieuenus HanexxHoro ¢yHkiponnpoBanuss ACONnY otnensubie MBI 00beMHSIOT B cHCTEMY
oecniepedoitnoro muranus (CBI).
Apxutextypy CBI1 00bI4HO OMUCHIBAIOT C TOMOIIBIO BHIPAKEHHS
M (N + K),
riae M — aucno rpynm UBII, xoTtopsie pe3epBUPYIOTCS TapajuIebHO;
N — wugncio ocuoBHbIX UBIT;
K — aucno pezepsubix UBII.

Cpennee Bpemsi HapaboTku Ha oTka3 y coBpeMeHHbIX WBII coctasnser okono 50 Teic.4, a y CBIl —
1o 500 teic.y u Oosee.

Yersipe ypoBHs 3amuTsl o0opynoBanus ACONmMY c¢ ucmonb3oBaHHEM CHCTEMBI OecrepeOoHHOro
MUTaHWs IPUBENEHBI B Ta0m. 11.2

Tabnuya 11.2
3HaueHus MapaMeTpoB ypoBHEN cucTeMsl 3auTel ACOUnY

[Tapamerp YpoBHu cuctemsl 3amuTel ACOUnY
CHCTEMBI 3aIUTEI 1 2 3 4
Bpewms npoctos 3a rox, 4 28,9 21,8 1,75 0,435
Koaddumment rorosaoctu, % 99,66 99,75 99,98 99,995
Apxurekrypa CBII N (N+1) (N+2) 2(N+1)

Hns obecriedenust 3amuThl obopyaoBanua ACOUMY pekoMeHIyeTcs HCHOJb30BaTh Ha BXOIE

CHCTEMBI CIIeyIoIre BapuaHThl apxuTekTypsl CBII:
o juist ypoBHst 3aumthl 1 — MBI trma Off-Line wm Line Interactive;
e juis ypoBHs 3ammthl 2 — WBIT Line Interactive ¢ oqHEM pe3epBHBIM DIIEMEHTOM,;
e juis ypoHs 3ammtel 3 — WBIT Line Interactive ¢ aBymst pe3epBHBIME 3JIEMEHTAMH;
® JUIs YPOBHS 3aIIUTHI 4 — JIBe TPYMITBI NapauienbHo padoraronmx MBI tuma Line Interactive, kaxnas
C OZIHUM PE3EPBHBIM 3JIEMEHTOM.

I'pynner UBII nomydaroT muTaHuE OT pa3HBIX MCTOYHUKOB. [lonkmroueHHWe M MeEpEeKIIouYeHue IIHMH
MUTaHUS OCYIECTBIISICTCS C TOMOIIBIO aBTOMAaTHYECKOT0 BKIIFoUeHus pesepsa (ABP).

10.7 MpaBuaa 3xcmnyatanuu UBII

Pexomenyetcst cobmoaate cieayromue npasuia sxcruryarau VBII.

1. Ilpexne yem Bkimovyath HOBBIM WBII, HyxHO 3apsauTth ero Oarapero. Pekomenmyemoe
Bpems nepBoii 3apsaaku AKb — okouo 24 u.

2. K UBII cnepyer mojkiarodaTh TOJIBKO Ty HAarpy3ky, KOTopas NEHCTBUTENIBHO TpeOyer
6ecniepeboitnoro nuranus. He ciieayer moakio4aTh TPUHTEPHI.

3. He cnenyer neperpyxars UBII, onr He MOTyT paboTath C eperpy3Kou.

4. Jlnsa KayecTBEHHOIO IMOJABIICHUE IMOMEX COMPOTHBIEHHE 3azemistoiiei muHbsl WBIT
OJDKHO COCTaBIATh MeHee 4 OM.

5. Crnexyer KOppEeKTHO YCTaHOBHUTH Tpanullbl okHa VIBIT (niu «rpaHuiibl 9yBCTBUTEILHOCTHY
WBII), T.e BepxHee M HW)KHEEC 3HAYCHUS HANPsDKCHHS NUTAaHUS W3 HaOOpa IOMYyCTUMBIX
3HadeHuit g nepesoga WUBII na pexum padotel ot AKBb u 06paTHO, 4TOOB MUHUMHU3UPOBATh
YHCIIO0 IUKJIOB TAKUX MEPEKIIIOYCHUH C 11eTIbI0 yBenndeHus cpoka ciyx0sl AKDb u UBII.

6. s UBII momtHOCTRIO Gostee 2 KBA perynsipHO, OMH pa3 B KBapTall, CleayeT IPOBOIUTh
CEpBUCHOE 0OCITyKHBaHHE.

7. Caenyet cobm0AaTh PEKOMEHIYEMBI TeMIIepaTypHBIA PEKUM OKPYKaIOIIeH cpe/ibl

0...25 °C ansa HopmanbsHoi pabotsl BIT. Henb3s nepeoxnaxaates UBIT u monseprath
€ro BO3IECHCTBHIO BJIArH.

8. PerymupoBky u HacTpoiiky pabGounx mnapamerpoB. WBII cnemyer ocymiecTBisTe B
ABTOHOMHOM DPEKUME.
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TecrupoBanue UBII

B npornecce TectupoBanus padotsl MBI mpoBepsitoT ciemyromnye napaMmerpsl:

e JIONMYCTUMbIE 3HAUCHMsI JUala30Ha HAIPsDKEHUN Ha BXOJE, HE BBI3bIBAIOIIME NIEPEX0/A Ha
ABTOHOMHBIN PEXKUM;

e HampspKeHue Ha Oarapee;

e HaIpsDKEHME Ha BBIXOJI€ MHBEPTOPA;

e TOK 3apsiia OaTapew,

® EMKOCTh aKKyMYJSTOPOB (PEKOMEHIYeTCs IPOBOIUTH OJIUH Pa3 B TOJ).

ITo pesynbraram TectupoBanus padotsl UBII nemarot BEIBOA:
e UBII paboTaeT HOpMAIIBHO:

e TpeOyercs netanbHas quarnoctuka VMBI,

e Tpebyetcs 3ameHa 6atapeu B UBII.

10.8 Axkymy.asTopHbie 6aTapen B coctaBe UBII n npaBuia uX 3KCIUIyaTanuu

B cocrase WBIl, kak mnpaBuio, IIMPOKO MCHOJNB3YIOT CBHUHIIOBO-KHCIOTHBIE Oarapey,
obecrnieunBaronye amTenabHoe gakruyeckoe Bpems padotel MBIT or AKB. OpHako oHM UMEIOT U
LIENBIA PsIT HENOCTATKOB:

e Ooublme pazmepsl U 6onblryro Maccy (6osee 20 kr);

e HE OYEHb OOJBIIYIO SHEPreTUYECKYIO IUIOTHOCTH OaTapew, T. €. OTHOIIEHHE E€MKOCTH
Oarapeu B (ammep-dacax) Kk Mmacce Oatapeu B (KT);

e He OYeHb OOJIBIIYIO SHEPrOEMKOCTh OaTapeH, T. €. oTHoleHue Bpemenu padbotsl UBIT or AKB
B MUHYTax K Macce 6aTapeu B KWJIOrpaMMax;

e HEOOJBIIONH CPEeAHUN CPOK CiykObl (OKOJIO 5 JeT), Jaxe MpH HOPMAJbHBIX YCIOBHUSX
paboThI (Temneparypa B momeineHnn — He 6omee 25 °C);

e 0OJBIIYI0O YYBCTBUTEIBHOCTh CPOKa CIYXObI OaTapen K YCIOBHUSAM OKPY)KalOIIEeH Cpebl.
Tak, Qaxtuuyeckuii cpok padorsi AKB mnpu moctosHHOW Temmeparype B momerienun 35°C
YMEHBIIIAETCs HOYTH B
2 paza (no 2,5 ner).

MOHO BBIACTIUTH CIEIYIOIME OCHOBHbIE (DaKTOPHI, BIUSIOIIME HAa CPOK  CIIYXKOBI
aKKyMYJIITOPHBIX OaTapei.

1. Temnepatypa okpyxatomieit cpeapl. [IpeBbimienre remneparypsl Ha kaxasie 8...10 °C no
cpaBHeHMIo ¢ 25 °C ymensiaet cpok ciayx0bl AKDB B 2 paza.

2. HuknmuuHocTs nepe3apsiiku 6arapen. Kaxaplil pa3psia u nepesapsi 6araper HEMHOTO
CHIDKaeT eMKOCTh. KonnuecTBo mosiHbIX IUKIIOB paspsiaa-3apsiaa AKB B cpemHeM cocTaBisieT oT
300 no 400 3a Bpems ee paboThI 10 3aMEHBI Ha HOBYIO.

3. Pexxum obcnmyxuBanus 6arapeu. [lepuonuueckue npodunakruyeckue paboThl, MOPAIOK
IPOBEACHUS KOTOPBIX YKa3aH B MHCTPYKIUH I10 3KCILTyaTalllH, POJJIEBAIOT CPOK CITYKOBI
Oarapeil.

4. KayectBo 3apsaHoro ycrpoiicrsa. [IpaBusbHast paboTa 3apsiqHoro ycrpoiictsa MBI — 3to
3anor JuutensHoi pabotel AKDB. I'naBHoe, utoOb1 AKD He nepesapsikanach 60JIbIe HOPMBI
(nampumep, 471 12-BOJIBTOBOrO aKKyMYJISITOpa HAPSDKEHUE 3apsiia He IOIDKHO MPEBBIIIATh

13,8 B).

5. Ymensblenue Harpy3ku Ha VIBI1 no3Bossier yBennuuth cpok ciayx0s1 AKb u Bpems
pabotsl IBII ot AKB. Hanpumep, ymMeHblleHHE HArpy3Ky B 2 pa3a 1o CPaBHEHHUIO €
JIOITyCTUMOM MO3BOJISIET YBEIUUYUTH BpeMs paboTsl oT AKB opreHTHpoBoyHO B 3 pasa.
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PexoMenanuM W NMpaBHJIa IKCIJIYaTALMHM CBUHIOBO-KUCJIOTHBIX AKB:
1. Paspsoxennsie AKB cnenyer xpanuts npu Ttemmeparype 10 °C wnm naxe Himke. B
nporecce xpanenuss AKB crenyer 3apskarh Kaxiaple 6 MecsleB, MHau€ MX E€MKOCTb OynieT
YMEHBIIATHCS.

2. AKKyMyISTOpHBIE OaTaped COCTOSIT W3 OTACTBHBIX JJIEMEHTOB HampsbkeHueM mo 2 B
Kaxapld. J[ns cozmanust 6atapen Oojiee BHICOKOTO HAMPSDKEHUS OTACIBHBIC SJIEMEHTHI HYKHO
COCNUHATh mocienoBarenbHo. Tak, B 12-BonbTOBOH OaTapee HYXHO TIOCIEIOBATEIBHO
COCJIMHUTH IIECTh JIEMEHTOB.

3. [loaroroBnenusie k ycranoBke B IBIT AKB nomkHbI OBITH 110 BO3MOXXHOCTH OJTHOTO THIIA,
OZHOTO MPOU3BOAMUTEINS, U3 OJHOM NTAPTUU U OJJMHAKOBOW EMKOCTH.

4. HamexXHOCTh TPYNIBI U3 TOCIEIOBATEIILHO COCIMHEHHBIX AJIEMEHTOB OMPEIeseTCs
HAJIe)KHOCTBIO HAUMEHEE HAJEXKHOro 3jieMeHTa. [[o3ToMy, Korga ouH U3 3JEMEHTOB BBIXOIUT
U3 CTPOS, BEIXOJIUT U3 CTPOsi U OaTapesi B IEJIOM.

5. Ecnin GaTapest He MCIIOJIb3YeTCsl, TO OHA TOABEPraeTcsi caMopaspsiy, CKOPOCTh KOTOPOTO
cocCTaBJIseT OK0JI0 3 % B MecsIl P TeMIepaType oKpyxkatorent cpezpl okoso 20 °C.

6. IMeroT MecTo cleayromre CocoObl 3apsaKi aKKyMYJISTOPHOM OaTapeu:

e 3apsJKa MPH MOCTOSHHOM HAIPSHKEHUH;

e 3apsiKa MpH MOCTOSIHHOM CHUJIE TOKA,;

e JIBYXCTyIEHYATasl 3apsJIKa MPH MOCTOSIHHOM HAMPsHKEHUH.

HaubGonee mnpeanmouturensHbiM crocobom siiusiercs 3apsaka AKbB mpu  mocTrossHHOM
HaMPsUKEHUH, TTO3BoJIsomas ee 3apsaauTh 10 90...95 % ee HOMUHABHOM €MKOCTH.

Cnenyer ctporo coOmonaTh npasuia skciuryarauuu AKB, mockoiabKy cTouMocTh 6atapen
cocrasiser 10 30 % nepBonavyanbHOU cToumocTt UBII.

Hanee paccMoTpeHsl npumepsl Boidopa MBJI
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CpaBHureabHblil anaau3 Tunos UBII
IIpumep 1 Cpasuuts Tpu Tna MBI, ncxoansle naHHbIe KOTOPBIX MpuBeAeHB! B Ta60.11.1.1

Hcxoouvie dannviex munos UBIT Tabauya 11.1.1
Tun UBIT
[Tapamerp WBII On-Line Off-Line Line Interactive”
B! B2 B3
K1 Pa3mep okna (B) 120 60 120
K2 ®opma BbIXOHOTO Cunyco- IIpssmo binskas x
HaIPSDKEHUSI uIaIbHas YrojbHas  |CHHYCOMJIAIBHON
K3 KIIJ] 0,76 0,95 0,9
K4 Bpewms nepexitodeHus Ha
pexum pabotsl ot AKB, (mc) 0,25 14 25
K5 Croumocts (yci en) 200 100 125

Pewenue. B tabn. I11.2 npuBeneHs! pe3yabTaThl IONAPHOTO CPABHEHUS BAPUAHTOB C

LEJIbI0 0TOOpa CPEeIU HUX MapeTO-ONTUMANIBHBIX BAPUAHTOB.

Tabauya I11.2
Cpasnenue BapuantoB MBIl na [lapero-onTuManbHOCT

Bapuant UBII

BapuanTt UBII Bl B2 B3

B1 0 0 0

B2 0 0 0

B3 0 0 0

PesynpTar cpaBHEeHUS 0 0 0

[Tapero-onTrmanbHOCTh Ja [a Ha
BapuaHTa

AHanu3 JaHHBIX, TpUBENEHHBIX B Tadm. [11.2 MOKa3bIBAET, 4YTO BCE BapHUAHTHI

cpaBauBaembix MBIl sBastorcss [lapero-onTuManbHBIMU M TpeOyeTcs MPOBEACHHE UX

JATbHEUIIIETO CPABHEHUS.

Hcnonpzyem kpurepuil: B3pelleHHas cymMmMa JIOKIbHBIX KPUTEPUEB

n

I
Olj - BeCOBbIC KOO(DOULUHMCHTBI JIOKAIBHBIX KPUTEPUEB BBIYUCISIEM € [OMOLIBIO 5a30BOro
KpUTEpUs

kij - HOPUTPOBAHHbIC 3HAYCHUS BAPUAHTA | TI0 UTEPHIO | BBIYHCISEM CIEAYIOIINUM 00pa3oM:

Hns K2, K3 u K4 wucnonsiys BepOanbHO-UYUCIOBBIE IIKAJIBI

X.. —
Jlns K1 mo opmysie kI j JX |+ Jlns K5 no dopmyste kI j Xij :
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rie Xi+ = max X.. — 3HayeHne i-ro JOKAJILHOTO KPUTEPHs, COOTBETCTBYIOILIEE

I
MaKCHMaJIbHOMY 3HAYCHHIO CPE/IM CPABHUBAEMBIX BAPHAHTOB PEIICHHS;
Xi =min Xi j — suadenue i-r0 JIOKAJILHOTO KPUTEPHUS, COOTBETCTBYIOIIEE
MUHHMAJILHOMY 3HAUYCHHIO CPEI CPABHUBACMBIX BAPHAHTOB PEIICHHSL.
Tabauya 111.3
BepbOanpHo-uncnoBas mkana juis kpurepus K2 (bopma BIXOIHOTO HANIPSHKEHMS)
CuHyco- Ouensb O6mu3kas k | bimskas k| He O6nmuskas k | Jlanekas ot | Ilpsimoyross
uaagbHasg | CHHYCOMJAIBHOM | CHHYCOMIQI | CHHYCOMAATIb | CHHYCOHMJANb Hast
BHOU HOU HOU
ki=1 | k;=009 ki=08 |ki=07 |k;=06 |k =05
J J 1 1 1 1
Tabauya I11.4

Bep6anbHo-uncnosas mkana s kpurepus K3 (koaddunment nonesnoroneiictusi)

20,95 0,9<k <0,95 0,8<k<0,9 0,7<k<0,8 0,6<k<0,7 | 0,5<k<0,6

Tabauya I11.5
Bep6anbHo-uncioBas mxkaina uist Kputepust K4 (Bpemst nepexiroueHens Ha padboty ot 6aTapen)

Menee Or 05 mc oo | Or 5mec go 10 |Or 10 mc mo Ot 15 wmc mo | Bomee 20 mc
0,5 mc 5 Mc MC 15 mc 20 mc

Tabruya I11.5

HOpMUpOGCZHHble SHAYEHUS CPABHUBAEMDBIX3 6APUAHM OB

B . Tun UBIT
Kpurepuii Koi(&?ggﬂmm On-Line Off-Line Line Interactive”
B B! B2 B3
K1 0,4 1 0,5 1
K2 0,2 1 0,5 0,8
K3 0,2 0,8 1 0,95
K4 0,1 1 0,7 0,9
K5 0,1 0,5 1 0,8
n
Yi=xoik 0,91 0,67 0,92
n
Y| = maxzi)ocikij
PanxupoBaHue BapUaHTOB 110 IPEIIIOYTUTEIBHOCTH B3> Bl1> B2
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Boi6op mapku UBI1 Ttuma Line Interactive

Ipumep 2 CpaBuuts Tpu Mapku (Tpu aBpuanta) MBIl tuma Line Interactive.

Hcxonubie nannble npuseneHsl B Tadn.11.2.1

HUcxoonwie oannviex munos UBI1

Tabauya I12.1

Tun UBIT Line Interactive
ITapamerp UBII Mapxka 1 Mapxka 2 Mapka 3~
B! B2 B3
K1 Pa3mep okna (B) 125 100 100
K2 JloxymenTauus Ouenp xopomasg | OTiinuHas Xopomas
K3 KIIJ| 0,93 0,94 0,95
K4 Bpewms nepexinroueHus Ha
pexum pabotsl ot AKB, (mc) 25 25 1>
K5 Croumocts (ycia en) 100 125 125

Pewenue. B tabn. I11.2 npuBeneHsl pe3yabTaThl IONAPHOTO CPABHEHUS BAPUAHTOB C

LEJIbI0 0TOOpa CPeI HUX MapeTO-ONTUMANIbHBIX BAPUAHTOB.

Cpasnenue BapuantoB MBII na [lapero-ontuManbHOCT

Tabauya I12.2

Bapuant UBII
BapuanTt UBII Bl B2 B3
Bl 0 0 0
B2 0 0 0
B3 0 0 0
PesynpTar cpaBHEeHUS 0 0 0
[Tapero-onTumanbHOCTH [a [a Ha
BapHaHTa

AHanu3 JaHHBIX, TPUBEACHHBIX B Tabm. [1.2.2 moka3pIiBaeT, 4T0 BCE BapUAHTHI
cpaBuuBaembix UBII sBisrores [TapeTo-onTumanbHeIMU U TpeOyeTcsi IPOBEACHUE UX

JAJTbHEUILIETO CPABHEHUS.

Hcnonezyem kpurepuil: B3pelieHHas cymMmMa JIOKIbHBIX KPUTEPUEB

n

Olj - BECOBbIC KOIYOULUHUCHTHI JIOKAIBHBIX KPUTEPUEB BBIYUCISIEM € [OMOLIBIO (a30BOro

KpUTepus kij - HOPUTPOBAHHBIC 3HAUCHHS BAPUAHTA | TI0 UTEPUIO | BBIYUCIISAEM CIIEAYIOIIHM

obpazom:
Hns K2, K3 u K4 wucnons3ys BepOanbHO-UYUCIOBBIE IIKAJIBI
X:. —
X.
Hnst K1 1o dopmyre ki j =XJ:+ Jus K5 mo dopmyne ki j :7(%,

rue X+ = max X..
| J 1]

MaKCUMaJIbHOMY 3HAYECHHIO CPEIU CPAaBHUBAEMBIX BAPUAHTOB PEILICHMUS,;
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Xi =min Xi j — suadenue i-r0 JIOKAJILHOTO KPUTEPHUS, COOTBETCTBYIOIIEE
MHHUMAJILHOMY 3HAYEHHIO CPEM CPABHMBAEMBIX BAPUAHTOB PEIIECHHUSI.

Tabauya 11.2.3
BepOanpHo-uncioBas mkaina Juist Kputepust K2 (moxkymenTanms)

Ominunas  |OueHb Xopo1as Xopouas He  coscem | Yoosnersopu | Ilnoxas
Xopolas TeJIbHas
Tabnuya I1 2.4

Bep6anpHo-uncnoBas mkana it kpurepus K3 (koaddunmeHT noie3Horo neicTBys)

>0,95 | 0,94<k<0,95 | 0,93<k<0,94| 0,92<k<0,93| 0,91<k<0,92 | k<0,91

Tabnuya I11.5
Bep6anbHo-uncnoBas mxkaina it Kputepust K4 (Bpemst nepexiroueHens Ha paboty ot b6aTapen)

T<15 MC 15<T <2 McC 2<T <25 mc 2,5<T <3 Mc | 3<T <35 mMc | bonee 3,5 mc

Tabruya I[12.5
Hopmuposannvle 3HaueHus CpasHu8aemvix3 8apuUaHmos

Becoson Lo MBIT
Kpurepnii Mapxka 1 Mapxka 2 Mapka 3~
KOA(pPUIHEHT BI B2 B3
K1 0,4 1 0,8 0,8
K2 0,1 0,9 1 0,8
K3 0,2 0,8 0,9 1
K4 0,1 0,8 0,8 1
K5 0,2 1 0,8 0,8
n
Yi=xoik 0,93 0,84 0,86
n
Y| = maxzi)ocikij
PanxupoBaHue BapUaHTOB 110 IPEAIIOYTUTEIBHOCTH Bl1> B3> B2
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