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Kpusuit  ILJI. HocmimkeHHss  ocoOauBoCTeH 1 XapaKTepHUCTHUK
MYJBTUIUIEKCYBaHHSI Ta YacTOTHOTO PO3AUICHHS CHUTHANy B OINTOBOJOKOHHOMY
Ka0eni.

MeToro TOCHiIKEHHS € aHali3 METO/IIB Ta TEXHOJIOT1M MYJIbTUILJIEKCYBAHHS Ta
YaCTOTHOT'O PO3ILJICHHS CUTHAIB.

OO6’€eKT MOCHIKEHHS — Mpollec nepenadi iHdopmarllii yepe3 onTOBOJIOKOHHHIMA
kabens y BOCIL.

[IpenMeT mOCHITKEHHS — MYJIbTUIJICKCYBaHHS CHUTHAJIY Y BOJOKOHHO-
ONTUYHOMY CEpPEAOBHUIL, OCOOIMBOCTI YACTOTHOT'O PO3/1JIEHHS CUTHATY.

Y  nunnomHid poOOTI PpO3MISAAIOTBECS OCHOBHI XapaKTEPUCTHK Iepeaadi
CBITJIOBOI'O CHTHAJy B ONTOBOJOKOHHOMY KaOeil, MPOBOJUTHCS aHajl3 OCHOBHHX
METOJIB  MYJbTUIJIEKCYBaHHS Ta  YaCTOTHOIO  PO3JUIEHHS  CHTHal1y B
OTITOBOJIOKOHHOMY Kabeni, mpoBoauThcs mopiBHsAHHSA TexHonorii WDM  Tta PON,

IMIPOIIOHYETHCA AJIbTCPHATHBHA MOICIIb CUCTCMH MYJIbTUILIICKCYBAaHHA.

Kirouosi cnoa: onroBosiokHo; BOCII; BOK; mynsrumnnekcyBanus;, \WDM,
TDM; PON.
Jlunnomuaa po6ota mictuth 113 cropinok, 13 tabmuie, 31 pUCyHKIB, CITHCOK

miteparypu 20 HaliMEeHyBaHb.



ABSTRACT

Kryvyi P.D. Research of features and characteristics of multiplexing and
frequency-division signals in fiber optic cables.

The aim of the research is to analyze the methods and technologies of
multiplexing and frequency division of signals.

Object of research - the transfer of information through fiber optic cable in the
FOTS.

Subject of the research - signal multiplexing in fiber optical media, specificity
of the frequency-division of the signal.

In a research paper examines the main characteristics of the transfer of light
signals in fiber optic cables, the analysis of the main methods and frequency division
multiplexing signal in fiber optic cables, the comparison of technologies WDM and

PON, proposed an alternative model of multiplexing.

Key words: fiber optic, FOTS, FOC, multiplexing, WDM, TDM, PON.

Thesis contains of 113 pages, 13 tables, 31 figures, 20 references.
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BCTVII

AKTyaJbHiCTh TeMHU. TeekoMyHIKaIlli sSIBISIOTHCS OJIHIEIO 3 cdhep, 0 MAIOTh
HaWCTPIMKIMMNA po3BUTOK. Ha choromHimHIA qeHb, CUCTEMH mepenadi iHdopMmarrii €
HEBIJI’€MHOIO YaCTHHOIO HAIIOTO JKUTTS: SIK B aclieKTax Oi3Hecy Ta €KOHOMIKH, TaK 1
Ha MoOyTOBOMY piBHI. ['0JIOBHMMH BUMOTaMH JI0 CHUCTEM TeJIECKOMYHIKallli€ BUCOKa
MIBUKICTh Ta HAAIMHICTD Mepenayl iHpopmariii.

OnTuyHi JiHIT 3B'SI3KYy 3aCHOBaHI Ha 3aCTOCYBaHHI B SIKOCTI CEpeOBHIIA
nepenaydl ONTUYHUX BOJIOKOHHUX CBITJIOBOJIB, BMOHTOBAHUX B ONTHYHUN KaOElb.
OntuuHi kabeni 3B'SI3Ky MaloTh 3HA4YHI IMEpeBard mepej MIJHUMU KaOensiMu, a
ONTUYHUMN 3B'A30K MEpeja yciMa BUJaMU paaio3B'sa3Ky. Jlo HUX BIHOCATHCS: BHCOKA
MPOMYCKHA 3/1aTHICTh, 3aXUIIEHICTh B1Jl 30BHIIIHIX €JIEKTPOMArHiTHUX IMOJIIB, HU3BKI
BTpaTH 1, BIATOBIJHO, BEJIMKA JOBXHHA AUISIHKA pETpaHCIALil, Majl radaputu Ta
Maca, BUCOKa €KOHOMIYHICTb.

OCKIJIBKH 3 KO)KHUM POKOM IXHSI IPOITYCKHA 3AaTHICTh 3pOCTA€E, TOMY 3 METOIO
e(EeKTUBHOTO BUKOPUCTaHHS peCcypciB, BHHHKae TmoTpeda B  MIIKIIOYEHHI
MaKCHUMAaJIbHOI MOKJIMBOT KUTBKOCTI KOPUCTYBAYiB JI0 OJIHI€ET JIiHIT Ta MAKCUMAJIBLHOTO
BUKOPHUCTAHHS MOTEHIlaTy ONTOBOJOKOHHUX JIIHIN nepeaayi indopmaiiii. Came ToMy
JOCIIIKEHHSI METO/IIB Ta TEXHOJIOT1H MYyJIbTUIIJIEKCYBAHHS CUTHAJY € aKTyaJIbHUM.

Merta i 3agaui gochaizkeHHs. MeTO0 IOCIIKEHHS € aHalll3 0COOJIMBOCTEN
CepeloBUIlla ONTHUYHOI TMepefnadl JaHuX, a TaKo METOMIB 1 TEXHOJIOTIH
MYJIBTHIUICKCYBaHHS Ta YaCTOTHOTO PO3/IIJICHHS! CUTHAIIB.

JIst JOCSTHEHHS MOCTaBJICHOI METH HEOOX1THO OYyJIO TaKi 3a/1aui:

- [TpoBecTn anaii3z 0COOTUBOCTEHN 1 XapaKTEPUCTHK MYJIbTUIIIICKCYBAHHS
Ta YaCTOTHOTO PO3/IiJICHHS CUTHAITY B ONTOBOJIOKOHHOMY Ka0ei.

- PosrnsnyTtu siBuIa siki 6e3rmocepeIHb0 BIUIMBAIOTh Ha TIepeaady JaHuX.

[IpoBecT ananmi3 METOMAIB Ta TEXHOJOTIH MYyJIbTUIJICKCYBaHHS Ta
YaCTOTHOI'O PO3/1ICHHS CUTHAJIIB.
- 3M1ACHUTH MOPIBHAHHS ICHYIOUMX CUCTEM MYJIbTHUIUIEKCYBaHHS CHUTHATY

Ta BUIJIUTH IXHI IIEpeBary Ta HEAOTIKH.
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- Po3pobutu CTPYKTYpHY CXeMy aJIbTEpHAaTUBHOI CUCTEMHU
MYJBTUIUIEKCYBaHHSI Ta YacCTOTHOTO PO3AUICHHS CHUTHANy B OINTOBOJOKOHHOMY
Ka0ei.

O0’eKkT HocaizKeHHs1 — Tpoliec nepeaayl iHpopmarlii yepe3 OnTOBOJOKOHHUN
Ka0esb y BOJIOKOHHO-ONITUYHHUX CUCTEMaXx Mepeadi.

IIpenmer aocCaiIzKeHHsI — MYJIBTUIUIEKCYBaHHS (YIIUIBHEHHS) CUTHAY Y
BOJIOKOHHO-ONITUYHOMY CEpPEIOBHIILIl, 0OCOOTMBOCTI YACTOTHOTO PO3ALICHHS CUTHATY.

HaykoBa HOBH3HA 0/1epKaHUX Pe3y/IbTATIB:

- Brnepiie 3anpomnoHOBaHO BUKOPUCTAaHHS MNPUHLUIY MapajeiizMy B
BOJIOKOHHO-ONTHYHUX CHUCTEMax Imepenadl 1HpopMalii (BUKOPUCTAHHS KIIbKOX
KaHaJIiB repejayi, K OJTHOTO).

- Brniepre 3aificHeHO MakcCMManbHO €EKTUBHE BUKOPUCTAHHS TPYIIOBOTO
KaHaJly nepenadl iHpopMallli 32 paXyHOK BUKOPUCTAHHS IUHAMIYHHUX BIKOH 4acy IS
KOPHUCTYBaviB.

IIpakTyHe 3HA4YeHHS OJepP:KAHUX pe3yabTaTiB. Po3pobneHa cucrema
MYJIbTUIUIEKCYBAaHHS MOE 3aCTOCOBYBATHCH JUIsl MAariCTpajJbHUX JIHINA 3B S3KY,
OaratokpaTHO 3OUIBIIYIOYM MPOIMYCKHY 3[aTHICTh TPYMOBOrO TMOTOKY, Ta JUIs
oprasizailiii TOBHOLIHHUX ONTOBOJIOKOHHUX MEPEXK.

Anpobauis pe3yabTaTiB podoTn. OxpeMi pe3yiabTaTi poOOTH anpoOOBaHO HA
MDKHApOJIHIM HAyKOBO-TEXHIYHIA KOH(EpEeHIli MOJIOAUX YYEHUX Ta CTYJICHTIB
«AKTyadbHl 3aJadyl Cy4yaCHHUX TEXHOJOTi» TepHOMUIbCHKOTO HAI[lOHAIBLHOTO

TEXHIYHOTO YHiBepcuTeTy imMeHi IBana [Tymos, Tepromine (2013p.).
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PO3/1LT 1
AHAJII3 OCOBJIMBOCTEN MEPEJIAUI CBITJIOBOI'O CUTHAJY

Ha cywyacHOoMy eTami pO3BUTKY ONTUYHUX 1H(OPMALIMHUX TEXHOJOTIN
CIIOCTEPIraeThCsl CTPIMKE 3pocTaHHS 00’eMiB TpadiKy, 10 MEpeAAeThCs MO JIHISIX
3B’SI3KYy, MPH IIbOMY MOTpeda y 301IbIIEeHH] MPOMYCKHOI 3/JaTHOCTI MEPEXK 3B S3KY
HIOPIYHO MPHUOIU3HO TOJBOIOEThCS. Bupimenns 1iei mpobieMu 3A1MCHIOETHCS
IUIAXOM MOJEpHi3alli ICHYIHOUMX BOJOKOHHO-ONTHYHUX CHCTEM I€pelaBaHHs
(BOCII) i3 3actocyBaHHSIM HOBHX TEXHOJOTIH, IO JO3BOJISIIOTh MaKCHMAaIbHO
BUKOPHUCTOBYBAaTH €MHICTh B)KE€ MPOKIAJACHUX ONTUYHUX KaOelB Ta MOTPEOYIOTh
MEHIIMX TEPMIHIB peami3alii Ta TMOB’A3aHUX 3 I[IMM BUTpPAT TMOPIBHSHO 3
OyIIBHUILITBOM HOBUX BOJIOKOHHO-ONTUYHUX JHIA 3B’s3ky (BOJI3) 3 Oinbi
BHCOKMMH MIBUIKOCTSIMU TIEpeIaBaHHS JaHUX.

[luTaHHAMH BIPOBAXKEHHSI HOBUX TEXHOJIOTIA TEJIEKOMYHIKAIIA YKpaiHu
3aiiManuch Takl MPOBIAHI ykpaiHchki BYeHl, sik CrexnoB B.K., bepkman JILH.,

[Tandinos L.I1., Katok B.b.

1.1. ®i3nyHi 0CHOBH Nepeaavi M0 BOJIOKOHHO-ONTUYHUX CBITJI0BOAAX

EnexTpoMarHiTHOIO XBWJICIO HA3MBAETHCS 3MIHHE B 4Yaci €JIEKTpOMAarHiTHE
moJie, 0 PO3MOBCIOJIKYETHCA B MpocTOpi. EjekTpoMarHiTHI XBWJIl 3aJI€KHO BiJ

iXHBOTO CIIEKTpa MOALIAIOThH Ha Aianazonu (Taomums 1.1).[1]

Taomug 1.1

Buau BUnpoMiHIOBaHHA Ta IX Aiana3oHu.

BunpomintoBanHs JloBxumHa XBHIII
["amma-BUTIPOMIHIOBAHHSI <0,0012 um
PeHTreHiBcbKe BUITPOMIHIOBAHHS 0,0012 um 12 M
YabprpadiosneroBe BUTPOMIHIOBAHHS 12 um +~ 380 M
Buaume BunpomMiHioBaHHs 380 M + 760 HM
IndpauepBoHe BUNIPOMIHIOBaAHHS 760 HM + 1MM
Pamioxsumi >1MMm
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VY BUAMMOMY JIiana3oHi OCHOBHI KOJIbOPH € TakuMu: (piosieroBuit 380 HM + 455
HM; OnakuTHHE 455 HM + 492 HM; 3enenuid 492 aM + 577 HM; KOBTHHM Ta
»KOBTOrapsaunii 577 HM + 622 HM; yepBOHMI 622 HM + 760 HM.

Y BOJIOKOHHIN OINTHUIIl BUKOPUCTOBYETHCS OJIDKHIN Alama3oH iHGpauepBOHOTO
cnekTpy BunpomintoBanas 800 am + 1700 HM.

Jlns mepenadi CBITIIAa 1O BOJIOKOHHUX CBITJIOBOJAaX BUKOPUCTOBYIOTH €(EKT
MOBHOTO BHYTpilrHboro BinouTTs (IIBB).

3a 3axkoHoMm CHelniyca — BIJHOIIECHHS CHHYycCa KyTa MpPOMEHs, IO Majae Ha
TPAHUIIIO PO3JAUTY CEPEOBUIN 3 PI3HOI ONTUYHOI HIUIBHICTIO, JO CHHYCa KyTa
MPOMEHS, W0 TPOXOAUTh B 1HIIE CEPENOBUINE (3aJTOMIIIOETHCS), JIOPIBHIOE

BiIIHOHIGHHIO TTOKa3HMKIB 3aJIOMJICHHS MUX CCPCAOBUIL]

sing4 _n2 (1 1)

sing, nq
ae:
(1 — KyT NaJIHHA (KyT MK MPOMEHEM, 10 MaJa€, Ta NePHEHIUKYISIPOM 10 TPaHULl
PO3ILTY IBOX CEPEIOBUILL B TOYIIl T IHHS);
@, — KyT 3aJloMjeHHs (KyT MDK 3aJJOMJIEHUM IPOMEHEM Ta BHILE3raJaHuM
NEPIEHIUKYIISIPOM);
N, — MOKa3HMK 3aJIOMJICHHS MaTepially MepIioro CepeIoBHILa;
N, — NOKa3HUK 3aJIOMJICHHS MaTepially Ipyroro cepeioBUIIa.

Ao NpoMiHb MEPEXOJUTh 3 ONTUYHO OUIBII IIUIBHOTO CEPElIOBUINA 10
ONTUYHO MEHII UIIJILHOTO CepefoBHIlia, TOOTO My > N,, TO @, > ¢, . Toxal 3a
IIEBHOTO KyTa TAMIHHS ((1,p) HA TPAHUIO JBOX CEPENOBHUII, MPOMiHb, IO MAJAE,
Oyze MOBHICTIO BiAOMBATUCH (KYT BLAOUTTS = KyTy NaJiHHS), OTXKE, BCS MOTY)KHICTb
BUMPOMIHIOBaHHSI 3aJIUIIATUMEThCS B TIEPIIOMY CEepeOBUII, (MOAI0HE SBHIIE
MO>KHA CIOCTEpIraTH MpH 3aHYpPEHHI1 y BOAY, TOJI, HA MEBHINA IIMOWHI 3 BOAM CTa€

BUIHO HEOO JIMIIIE y BUTJISA/I KOJIa.) K Moka3aHo Ha puc. 1.1.
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Puc. 1.1 — Ilpuknaa mOBHOTO BHYTPIIIHBOIO BIIOUTTS

BaxnrBoro xapakTepUCTUKOIO MaTepialy B ONTHYHOMY J1ala30Hi € MOKa3HUK
3asiomyieHHs. [Toka3HHMK 3aJIOMJIEHHS MOKa3ye, B CKUIbKH pa3iB (pazoBa HMIBUIKICTD
€JIEKTPOMATHITHOT XBUJI B CEPEIOBHUIII € MEHIIIOK BiJl IMIBUAKOCTI PO3MOBCIOIKEHH S
cBiTia y Bakyymi. [{ns Ga3oBoi MIBUIKOCTI €JIEKTPOMATHITHUX XBUJIb B JI1€JIEKTPUKY

Maemo popmyiny:

1 c

1 c
9= = = =— 1.2
vEU VEr€oUrlo Vérlr n’ ( )
bi(H
& . . .
& = — — BUIHOCHA JIEICKTPUYHA IPOHUKHICTH CEPeTOBUIIIA;
0
Uy = ﬂi — BIJIHOCHA MarHiTHa MPOHUKHICTB;
0
. . 1 dapajga 12D
&y — JleIEeKTpUYHA IIPOHUKHICTE BAKYYMY | £ = =8,85-10 X
U P p yyMmy ( 0 47:9:10° MeTp ! /M !

1o — MATHITHa TIPOHIKHICTS BakyyMmy (o = 41+ 1077 =2 = 1,26 - 106 TH/,,):
yymy vetp M

1 1 1 1 1 M . .
Cc = = = = = - — IMBHUAKICTH CBITIIA Y
 €o'Ho ¢ rH a2-cex?  kr-m2 \/az'CGK4'KF'M2 \/cexz c
M M _krM2_ a2-cex? wrm#-a2-cex? e
M M
BaKyyMi;

n = /&, * U, — TOKA3HUK 3JIOMJICHHS.

C
Takum YMHOM, Ma€EMO: N = 5
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[Toka3HUK 3aIOMJICHHS 3aJI€KHUTH BiI[ JOBKHNHHU XBHJIl 200 YaCTOTH CBITJIOBOT

XBWJII, TEMIEPATypU Ta THUCKY B CEpeJOBHILI (OCTaHHE OLIBII CYTTEBE IS Ta3iB).

Hanpuknan, niga Bogu nipu 20 OC g nosxkuan xBui 404,7 um n=1,3428, a mis
678,0 M n=1,3308. 31 30i7bIIEHHSAM TEMIEpaTypu TMOKA3HUK 3aJIOMJICHHS
3MEHIITYEThCS, ajie 11l 3MIHU MOKa3HUKA 3aJIOMJICHHS € QYK€ HE3HAYHUMU (MUIbHOHHI
JI0JT1 Ha TPajycC).

JIoOyTOK TOKa3HWKAa 3aJlOMJIEHHS Ha TEOMETPUYHUN NLISX CBITIOBOTO
IPOMEHIO HAa3UBAETHCS ONTUYHOIO JOBKUHOIO MUISXY.

B ontuuHOMY BOJIOKHI TOKa3HHMK 3aJIOMJICHHS CEPIICBUHU B3JOBXK pajiyca
MOMEPEYHOro Mepepidy BOJIOKHA Mae OyTH OLIbIIMM BiJ] MOKA3HUKA 3aJIOMJICHHS
000JIOHKH (MPUHAWMHI B JIEKOTPOMY IIPOMIKKY 3MIHU paJialibHOI KOOPJAMHATH TOYKU
CEpIEBUHM).3aJIC)KHICTh BEJIMYMHU TMOKA3HUKA 3aJOMJICHHS 3a padiajdbHOIO BICCIO
CBITJIOBOJIa HA3UBA€EThCs MpodineM nokaszHuka 3anomieHHs (I113) Ta 3o0paxkena Ha

puc. 1.2.

n(r) A )
1; n;

r."z T nj EEw
[} 1

7 a

-~

a) CXOOUHKOBWIA 6) rpagieHTHUIA

Puc. 1.2 — Ilpodins moka3HUKa 3aJIOMJICHHS

[ToBHMIT onuc mpolecy po3MOBCIOHKEHHS CBITJIA 10 BOJIOKOHHOMY CBITJIOBOAY
(BC) nmae xBunbOBa  €JNEKTpOMarHiTHa  Teopis. Bona  moka3ye, 110
PO3MOBCIOKYBATUCH TIO BOJIOKOHHOMY CBITJIOBOJY MOXYTh JIUIIIE T1 TUITU XBUJIb, 110
dbopmyroTe y monepeudHomy mnepepizi BC pe3onHancHy xBwiro. Taki THIU XBUJIb
YTBOPIOIOTH MOJM XBUJICBOJLY.

Pexxum pobotn BC (ogHO- um 6araTomMo/I0BHI) BU3HAYAETHCS BEIIMYHUHOIO
HOPMOBAHOI YaCTOTH V:

_ 27T a .

v =222 (2 —n2)05, 13)

Ac:
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A — TOBXKWHA XBWJII BUTIPOMIHIOBAHHSI ONITUYHOTO JKEPEIa;
a — paniyc cepuesunu BC;

N,— MaKCHMasbHE 3HAYCHHS TOKA3HUKA 3aTOMJICHHS B CEpIICBUHI;
n ,~ MOKA3HHK 3aJIOMIICHHS B 000JI0HIII.

Axmo 0<v<2,4048, y BOJIOKHI 31 CXOJMHKOBUM MNpodiieM IMOKa3HUKA
3aJIOMJICHHS] BUKOHY€ETHCSI OJTHOMOJIOBHI PEKUM.

3a 6araToMoA0BOTO PEXKHUMY y BOJIOKHI PO3MOBCIOKYETHCS CYKYITHICTh MOJ
(TIpoMeHiB, IO BBEACHI y BOJIOKHO (3 MOro TOPIEBOI IMOBEPXHi) MiJ PI3HUMHU
kyramu). TumoBumu po3MipaMu (AlamMeTp CepLeBUHU/IiaMeTp OOOJIOHKH) I
0araToMoJIOBUX ONTHYHUX BOJIOKOH € 50/125 mxm Ta 62,5/125 mxm. Sk mpaBuio,
0araroMo/IoBI ONTWYHI BOJIOKHAa MAaloTh TpaJieHTHUN nOpodulb MOKA3HUKA
3aJOMJICHHS U1l 3MEHIIIEHHS MIXKMOJOBO1 nucnepcii. Havmormmpenimowo cdeporo
3aCTOCYBaHHS 0araTOMOJIOBHX ONTHYHHUX BOJIOKOH € JIOKQJIbHI ONTUYHI MEPEXi.

Ha BigMiHy Bijg 0araToMoJ0BX, OJHOMOJIOBI ONTHYHI BOJIOKHA(B KOTPUX HA
PI3HHUX JOBXXKHUHAX XBUJIb PO3MOBCIOKYETHCS OJHA MOJIa) MAOTh MEHIIMM JiaMeTp
cepueBuHu ((7+9)/125 mxm). BHacaigok po3MOBCIOKEHHS JIMINE OJHIET MOAW 3a
OJIHOMOJIOBOTO PEXUMY BIACYTHA MIKMOJIOBA JUCHEPCIs, KOTpa CYTTEBO 3MEHIIYE
JOBXUHY pereHepariiHoi JISTHKH.

EdekTuBHICTh BBEIEHHA ONTHUYHOIO BHUIIPOMIHIOBAHHS Y  CBITJIOBOJ
XapaKTepu3ye arnepTypa ONTHYHOTO BOJOKHA (MTapaMeTp Ma€ BaXKIIMBE 3HAYCHHS AJIs
0araToMoJIOBUX BOJIOKOH)

JIs OLIIHKY BEJTMYHMHM IHOTO IMapaMeTpa BUKOPUCTOBYIOTh TOHITTS YHCIOBOT
anepTypH, 110 I BOJOKHa 13 cxonuukoBuM 1113 BuzHauaeThes 3a popmyoro

NA = n; - sin ¢, (1.4)

A N — MOKa3HHK 3aJOMICHHS CEPElOBHINA, Y SIKOMY BHKOHYIOThCS BHMIpH (11
_ 0

TIOBITPS 32 YMOBH HOPMaJIBHOTO THCKY Ta Temneparypu 0 C MOKa3HHUK 3aJIOMJICHHS

n 0=1,OOO297), a @ — KyT Mix Biccto BC Ta TBipHOIO KOHYCa IPOMEHIB, 110 BUXOISTH 3

TOPIIS HA BUXO/1 CBITJIOBOY.

AneptypHi xapaktepucTuku BC BU3Ha4aloTh Aiana3oH KyTiB ¢, 3a IKUX CBITIIO
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PO3IMOBCIOJKYEThCS 0€3 BTpaT Ha BUIPOMIHIOBaHHA B 000J0HKY. [l kyTun
BHU3HAUYAIOTHCA YMOBOIO MOBHOT'O BHYTPIIIHBOTO BIIOUTTS HAa TPAHUII CEplIEBHHA-

000JI0HKA SIK TTOKa3aHo Ha puc 1.3.

Puc. 1.3 — Xix mpomeniB y BC 3a pi3Hux KyTiB MagiHHS

[Ipn npoMy BiChb KOHYCa CHIBIAJA€ 3 BICCIO ONTHYHOI'O BOJIOKHA, a TOPELh
ONTHYHOT'O BOJIOKHA MEPIEeHIMKYISIpHUE loro oci. Ha pucyHKy:

1,2 — npoMmeHi, IO MagalOTh Ha TOPEIb CBITIOBOAY MHiI KyTOM O<O

A

BIIOUBAIOTHCS BiJ TPaHUIll CEPIEBUHA-O00JOHKA Ta PO3MOBCIOIKYIOTHCS Y
. | 1 - . "

cepleBHHI BOJIOKHA K mpoMeHi 1 Ta 2 . e Tak 3BaHi "HampsimiroBaHi moau" (Ha

. 1 o
PUCYHKY NIPOMIHb | OCHOBUIA).
3 — mpoMmiHb, IO TMajJae Ha TOPElb CBITIOBOAY Il KyToM ¢ = OA,

BIIOMBAETHCA BiJ TpaHUIl CEPIIEBUHA-O000JIOHKA Yy CEpLEBUHY BOJIOKHA Ta

. . 1
PO3MOBCIOKYEThCS Y Hild. [IpoMiab 3 — I1e TakoK HapsIMITFOBaHA MOJa.
4 — 1e TpOMEHI, IO TMaJgaloTh Ha TOPEIb CBITIOBOAY TMiJ KyTOM ?>0,,
YaCTKOBO BIJOMBAIOTHCS BiJ TPaHUIl CEpIIEBUHA-000JIOHKA Y CEPIICBUHY BOJIOKHA, a

31€0IBIIOT0 3aJIOMIIIOIOTHCSI B OOOJIOHKY, JI€ BTpayarOTh CBOK €HEprilo, He

. .1
Mepealou €HEprilo CUrHaity, 1o posnoBcioxkyeTbes o BC. Ilpoment 4 — ue

«BUTIKAO4YX MOAM (MOAM 000JOHKH)». SKIo Maemo y sikomych Micii 3ruH BC, To

. 1 . .
IIPOMIHb 3 micnsg 3aJOMIJICHHS Ha Ir'paHuIIl CepHeBI/IHa'O6OHOHKa TaKk CaMO CTac€

YaCTKOBO BUTIKAIOUYOI0 MOJIOKO.
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5 — 11e TPOMEHI, 10 BUIPOMIHIOIOTHCS 3 000JOHKHA B OTOYYHOYE CEPEIOBHIIIE,
TOOTO «MOJIM BUIIPOMIHIOBAHHS.

[Ipu po3MOBCIO/IKEHH] CBITJIA IO ONTHUYHOMY BOJIOKHY B1J0YBarOThCS BTpaTH
ONTUYHOI MOTY>KHOCTi. BTpaTu cBiTia y BOJOKHI MOXHa YMOBHO PO3JUINTH Ha
BTpaTH y MaTepiayli BOJIOKHA Ta BTPATH, 33 PaXyHOK HEIOCKOHAJIOCTI TPaHMII MiX
CEpLIEBUHOI0 Ta O00O0JOHKOI. ['0JJOBHUMHU € BTpaTH B Marepiaii BOJOKHA, MIO
BU3HAYAIOTHCS JBOMA MPUIMHAMHU — PO3CIFOBAHHSM 1 TIOTJIMHAHHSM. [1]

Po3scitoBanHs (3MiHa HamlpsIMKY) CBITJIa MpUTaMaHHE BCIM CEpeloBUIIAM 1
BiJIOYBA€THCS HA ONTHUYHUX HEOTHOPITHOCTSIX — (DIYKTyarisix HUIBHOCTI 1 CKIIAIy
Ckjia (a y BOJIOKHaxX TaKOX 1 Ha MOPYIIEHHI F€OMETPUYHOI (POPMH CEpPLEBHHH 1
000110HKN). [Ipy 1IbOMy YacTHHA ONTHUYHOI €HEPTii PO3CIIOETHCS BIAHOCHO HANPSMKY
PO3MOBCIOIKEHHS (200 MOKUIA€ BOJIOKHO) 1 IEPETBOPEHHS €HEPIii BIACYTHE.

Komu r1«A (po3mip HEOJHOPITHOCTI 3HAYHO MEHIIMA 32 JOBXHUHY

MOIIKUPIOBAHOI XBUJI1), PO3CIIOBAHHSI HA3MBAETHCS PeleeBCHKUM 1 MOTO MOTYXHICTh

3MEHIIYETHCS 13 3POCTAHHSM JOBXHHHU XBUJI1 MPOMOPIIIAHO 1/%4. B npuponi ssumiem
PeneeBcbkoro po3citoBaHHS MOSICHIOETHCA HANPUKIIaA, OJaKUTHUN KOJIip HeOa, OLmmii
KOJIIp XMapUHOK 1 4epBOHUN KoJip COHIIS MpH MOT0 CXO/I1 Ta IPH 3aXO/].

[Ipu r~A mae Micue poscitoBanHsS Mi. B mpupoal MM MNOSCHIOEThCH,
HATPUKJIa, 3MiHa KOJIbOPY HeOa BiJl OJIAKUTHOTO B 3€HITI 10 TEMHOTO Ha 00pii. Mana
a00 TOBHA HEMPO30PICTb TyMaHy € HACIIIKOM CHJIBHOTO poO3CitoBaHHS Mi.
Ocnabnenns cpitina COHIIS HAa CXOJl Ta 3aXO0/1 TaKOX 3HAYHOIO MIpOI0 3YMOBJICHO
po3citoBaHHsIM Mi.

B onTuyHuX BOJIOKHAX BUCOKOI SIKOCT1 BIJICYTHI HEOJTHOPIAHOCT1 PO3MIpIB, 110
MOXYTh OyTH MOpPIBHSHHI 3 JOBXHHOIO XBHWJI. 3a CBO€I0 MPUPOJIOI CKJIO €
HEYTHOPSIIKOBAHOIO CTPYKTYPOIO, OJIHAK MIKPOCKOMIYHI BIIXWJICHHS BIJl CEPEIHBOL
IIUTPHOCTI MaTepially, a TaKOX JIOKAJIbHI MIKPOCKOIIYHI 3MiHU y HOro CKIaji, 3a
CBOIMM pO3MipaMy MEHIII 3a JOBXUHY XBUJII.

Oxkpim PeneeBcbkoro ta Mi po3CitOBaHb Y ONTHYHOMY BOJIOKHI MOXYTh
BUHUKATH PO3CIIOBaHHS, 10 OOyMOBIIeHI HemiHiiHUMHU edektamu. lle BumyIieHne

po3citoBaHHsl Pamana ta BuMyIeHe po3citoBanHs Manaenbintama-bpiuitoeHa.
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Btpatu Ha morfauHaHHSA 3yMOBJIEHI SIK BJIACHUM MOTJIMHAHHSAM Y CKJI, TakK 1
NOTJMHAHHAM 4epe3 Jjaomimku. [lpm 1poMy 4dYacTuHa eHeprii cCBiTia, MIO
PO3MOBCIOJIKYEThCSI B MaTepialli, MEPETBOPIOETHCA Ha TEILIO, 30UIBIIYIOUN TEIUIOBY
eHeprito matepiany. JIiHii mormMHAHHA KBapIly JeXaTh B YIbTpadioneToBid 4acTUHI
criekTpa (mepexoaud MK EHEPreTUYHUMH pPIBHSIMH €JEKTPOHIB y aroMax) Ta B
1H(pauepBoOHiN (MEpexoau MK KOJMBAJIBHUMM PIBHAMH aTOMIB y penIiTiii). Bonu
po3TarioBaHi JajaeKko Big obnacTi cmekTpa, mo Hac mikaButh (0,8 + 1,6 MKMm).
OpHak,BNacHEe TOMVIMHAHHSA HACTUIBKM BEJMKE, IO KIHII CMYyr MOTJIMHAHHSA
3aXOILTIOI0Th poO0Yy 00JIaCTh KBapLIOBUX BOJIOKOH 32 JOCUTh HU3BKOI'O PiBHS BTpAT.
BracHe nmornuHaHHs 1 PeneeBcbke po3citoBaHHSA Ha MIKpO-(IYKTyalisiX HIIJIbHOCTI
Marepialy  KBapllOBOI'O  CBITJIOBOJly  BH3HAYalOTh  MIHIMAJIbHO  JIOCSDKHI
(yHIaMeHTaJIbHI BTpaTu B Martepiaii cBiTiaoBoay. Ha puc. 1.4 nokazana criekTpajibHa
XapaKTepUCTHKa Koe(]illieHTa 3aracaHHss B KBapIlOBOMY CBITJIOBOJAI 3 HU3BKUM
piBaeM Butpar. O6mnacti: [ — (820860 um); II — (1280+1330 um); II — (1520+1580

HM) — BikHa ripo3opocTi.[2][4]
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o, o6/ xm
A
Y ol m
1,0}
™ 2 - [HppavepBOHe
NOrnUHaHHR
0,51 . 4 - MoeHi BTpaTH
. (ekcnepnmeHT)
0,3-}
3 - PeneiBcbke
03CilOBaHHSA
0.2+ .

5 - BrpaTh y HOBITHIX
BOMOKHaXx Npu
3MeHLWeHHi rpynn OH e

1 - YneTpadioneToBe
0051 MOFAMHAHHA T e
?

6 - Brpatu Ha
HeOodHOPIGHOCTAX

11 S —————.— R — O ——

0,02 | | | | | | | | | | >
08 09 10 11 12 13 14 15 16 17 A MKu

Puc. 1.4 — CnekrpanbHa XapakTepucTUKa Koe(illeHTa 3aracaHHs B CBITJIOBO/I.

KpuBa 1 — ynbTpadioneroBe mOrJIMHAHHS B Marepiani, KpuBa — 2
iH(payepBoOHE MOTJIMHAHHS, 3 — PeneeBcbke pO3CitOBAHHS.

Btpatu y cBiT/IOBOAI 30UTBIIYIOTBCS 4Y€pe3 HASIBHICTH JOMIIIOK. JloMimmku
MOXYTh OyTHU K HeOa)KaHMMH, TaK 1 CIEIialbHO BBEICHUMHU 10 ckiaay ckia. Lle
HEOOXITHO JJIs CTBOPEHHS MaTepiaiiB 3 PI3HUM 3HAYCHHSIM MOKa3HUKA 3AJIOMJICHHS —
OUThIIUM JIJIT Matrepiany CepleBUHU (I[bOMY CIYTYIOTh OKCHAM TE€pPMaHII0 YU
docdhopy) Ta MeHIIUM Il MaTepiaay OOOJIOHKM BOJIOKOHHOTO CBITJIOBOAY, IO
JOCATAETHCSI BBEJICHHSIM JI0 CKIIaay ckiia pTopy uu okcuay Oopy. Tpeba 3ayBaxuTH,
10 TOMIIIKK OOpYy HE 3aCTOCOBYIOTh, SIKILIO BOJIOKOHHUN CBITJIOBOJ OyJl€ MpaltoBaTU

Ha JOBKMHAX XBIJIb OJU3BKO 1,55 MKM.
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Haii6is1p11 HeOakaHUMU € JIOMIIIKU BOJY 1 IEPEX1THUX METAJIB MEPIoi IPYIH
(BaHafito, XpoMy, MarHiro, 3aji3i, K0OAIbTy Ta HiKem0). JIOBKHHN XBUIIb, Ha SKUX
MOTJIMHAIOTH JOMIIIKA METAJIIB , 3aJIeKUTh BiJI MIpU OKHCIICHHS 10HY MeTany. Jls

TOTO0, 1100 MPHUPICT NOTJIIMHAHHA HE TepeBulyBaB 1 n1b/kM, KOHIIEHTpaIlis TOMIIIOK

MOBUHHA OYTH HUXKUOTO BiJ 10_9.

HasBaicTh ioHiB rigpokcuiabnoi rpymu OH |, 1o BXOOWTHL 0 CKJIaAy BOIH,
MIPU3BOIUTH 0 30UTBINICHHS TTOTJIWHAHHS Ha JOBXHUHAX XBWiIb: 2,37, 1,39, 1, 24, 1,13,
0,95, 0,88, 0,72 MxkM. BoHu pa3om 3 mpo30pOI0 YACTUHOIO CIEKTpa 3yMOBIIIOIOTH
YTBOPEHHSI TaK 3BaHMX “‘BIKOH MPO30pOCT1” 3 MIHIMAJIbHUM MOTJIMHAHHAM Ha XBUJISIX
noxuuoro 0,85, 1,3 ta 1,55 mxm.Ixns IIUPUHA 3JICKUTh BIJ CKJIaay CKia

CEpIIEBHMHU OITUYHOIO BoJOKHA. Ha poGoumx pomxkumHax xBwib 0,8 + 0,9 Mk
: ) -7
KOHIICHTPAIIII0 BOJSHHUX MapiB gocTaTHbO 3HM3UTH A0 10 . Opnak, mpu A=1,2+1,6

MKM KoHIeHTparis rpynu OH  moBuHHa OyTH HE BHIIOIO Bij 10_8. JlocsarHyTH 1IBOTO
HaJ3BUYaliHO Baxko. OJHAK, OCTaHHIM 4YacoM PO3POOJIEHI ONTHYHI BOJIOKHA, MJIS
AKUX 1151 IpoOsiemMa BupimieHa (kpuBa 5 Ha puc. 1.4), 0 Ja€ MOXKIUBICTh BIIKPUTH
HOB1 poOoYi Jianma3oHM Ha JOBXKMHAX XBWIb B giama3zoHi 350 + 1450 um. VY
MOPIBHSAHHI 31 3BUMAWHUMH OJTHOMOJIOBUMH BOJIOKHAMH 3MEHIIICHHS BTpaT B MEXax
IILOTO BIKHA MPO30POCTI POOUTH MOXKJIMBUM CTBOPEHHS JIHIN mepenad 3 OUIBIIO
JIOBKUHOIO pereHepaliitHoi AUISTHKY 1 3/1IMCHIOBATH Tlepeady Ha BUCOKIM IIBUJIKOCTI
(10 I'6iT/c) mpubam3HO Ha BABIY1 OUIBIIY BiJCTaHb.

Brpatu y BOJIOKHI 30UIBIIYIOTHCSI TaKOX 4Yepe3 HU3KY MPUYMH (KpuBa 6 Ha
puc. 1.4), mo 3yMOBJIEHI HEJOCTAaTHHO JOCKOHAJIOIO TEXHOJIOTIE0 BUTOTOBJICHHS
CBITJIOBOAIB 1 KaOemiB: 3a0pyJHEHHSM BOJIOKOH Y MpOIleci iXHbOIO BUTSATYBaHHS,
KOJMBAHHSAM pPO3MIPIB TOIMEPEYHOro Mepepi3y B3IOBXK CBITIOBOAY, HEPIBHICTIO
TPaHUINl CepIIEBMHA-000J0OHKA, a TAaKOX 3IJIaJDKYBAHHAM III€i TPaHUINl TMia dYac
BUTATYBAHHS BOJIOKHA Yepe3 Mu(y3it0 JOMIIIOK, K1 BBOJATHCS JUIsl 3MIHH MMOKa3HUKA
3aJIOMJICHHS, BAHUKHEHHSIM MIKpO- Ta MAKPOBUTMHIB MPU BUTOTOBJIEHHI KaOelto.

ExcniepumenTtansia kpusa 4 (puc. 1.4) mae Tpu JTOKaIbHUX MIHIMyMH — BiKHA

PO30pOCTi Ha ToBkuHaX XBwib 0,85; 1,3 Ta 1,55 Mkm.
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Jlis  BU3HAUYEHHS BTPAT OMNTHYHOI TMOTYXHOCTI B OINTHYHOMY BOJIOKHI
HEOOX1IHO 3HATH MOTYXHICTh (200 piBeHb MOTYXKHOCTI) Ha BUXOJl BOJIOKHA, IIO
JOCIIKYETHCSI, Ta MOTY>XHICTh (200 piBEHBb MOTYXKHOCTI), SIKa MOJAETHCS Y BOJIOKHO,
0 JIOCHTIDKYEThCS. 3aracaHHs y KaOemi, IO BHMIPIOETHCS, BHU3HAYAIOTH 32
dbopmyoro:

Am) = 101g543, (1.5)

ne: A(A) — 3aracanHs B onTuaHOMY Kabeni, n1b. P1 Ta P, — BimoBiHO MOTY)XHOCTI Ha
BXO/I1 Ta BUXOJ1 ONTUYHOTO BOJIOKHA, [0 BUMIPIOEThCS, BT.

A — JTOBXHWHA XBWJIi, Ha SIKI TpoOBeNEeHI BUMIpIOBaHHS, MKM. [lOTyXHICTB
CUTHAJy 4acTO XapaKTepU3YIOTh MO BiAHOMICHHIO 10 | MBT, 1€ 3HaUeHHs Ha3UBaIOTh
pPIBHEM MOTY>KHOCTI, (PIBEHb MOTY>KHOCT1 BU3HAYa€ThCs B 1bM, 1ie JiTepa “m™ BKazye
Ha BEJIUYHHY MOTYXHOCTI 3 SIKOIO MOPIBHIOIOTh, B IAHOMY BUIAJKY MLUIIBAT, 1HKOJIA
pIBEHb MOTYXKHOCTI € BIOHOWIEHHSM 10 1 HBT 1 Bu3Hayaerbcs B 1bH). PiBeHb

MOTY>KHOCT1 BUBHAYAETHCS 32 (OPMYJIOIO:

1P1 , 1bM, (1.6)

p; = 101g o

ne P MOTYXHICTb, 1110 BUMIPIOEThCA Y MBT. 3aracanHsi y BOJIOKHI, 1110 BUMIPIOETHCH,

BU3HAYAIOTh 32 POPMYIIOLO:
A =p; —p,, 8b. (1.7)
KoedimienT 3aracanHss y BOJIOKHI, [0 BUMIPIOETbCS (JIOBXKUHOIO L),

BHU3HAYAETHCS 32 (HOPMYIIOHO:
a =2, (ab/xw). (1.8)

Po3moOBCIOKEHHIO CBITJIAa B CEPEAOBHINI TMPUTAMaHHI Taki SBUINA 5K
iHTEepdepeHLis, IMPpakiis, JUCHEPCis, MOIIpPU3aLis.

[aTepdepeniis — e 3MiHa CEpeIHBOI HIITLHOCTI MTOTOKY €HEprii, 3yMOBJICHA
CYTIEPIIO3UITI€I0 (HAKITATAHHIM) €IEKTPOMATrHITHIUX XBUJIb.

[aTepdepeniiss XBUilb BUHUKAE JIUINE TOMAI, KOJU XBWJII, IO B3a€EMOJIIOTH,
MalOTh OJIHAKOBY YAaCTOTy 1 HE3aJeKHUM Bl yacy 3CcyB (a3 B KOXKHINH TOYIII.

JI>xepena, 110 BUTTPOMIHIOIOTH TaKi XBHJI1, HA3UBAIOTHCSI KOTEPEHTHUMU.
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Judpakitist — 11e BIIXUICHHS CBITJIOBUX MPOMEHIB BiJl MPSIMOJIIHIHHOTO IUISIXY
OpU TMPOXOKeHHI MOOJM3y TpaHUIll TEpPEenoH, BHACTIJOK YOTO XBUJS OTHHAE
3yCTpIUHY TepenoHy (Mpu CTYJCHHI Biii MO)XHa OQuUTH TMOSBY Pi3HOKOJHLOPOBHUX
CMYT, 1110 BUHUKAIOTh BHACTIOK Mu(paKiiii, Bii B JaHOMY BUIIAJKy CTAIOTh aHAJIOTOM
IUQPPAKIIITHOT TPATKH).

Hucniepcist — 11e 3aJeKHICTh TOKa3HUKA 3aJIOMJICHHI BIJ JOBXKWHHU XBHJI1
(uactotn). BHacmiiok aucnepcii XBUIIL 3 Pi3HOIO YAaCTOTOIO MPOXOJUTHUMYThH PI3HUHN
ONTUYHUN IIIAX (KyTOBa AUCIEPCisl COHIYHOTO CBITJIA HA KPAIUISAX BOJU IICTS JTOILY
CIPUYHUHSE paliyry).

[Tonsipuzaniss — e XapakKTEpUCTHKA PIBHOMIPHOCTI PO3MOALTY 32 HAMPAMKOM
KOJMBaHb  BEKTOPIB  HANPYXKEHOCTI  €JIEKTPUYHOrO Ta  MArHITHOTO  TOJIS
€JIEKTPOMArHITHOI ~XBWJIl B  IUIOIIMHI, MEPHEHIUKYISIPHOI 10  HAIpsIMKY
PO3MOBCIOJIKEHHS €JIEKTPOMArHITHOT XBUIII.

CBiTJIOBa XBWJISA, B KOTPiM HAmpsIMOK BEKTOpa HAIPY>KEHOCTI €JIEKTPUYHOTO
MOJIsSI 3MIHIOETHCS BHUIMAJIKOBUM YHWHOM, HA3WBAETHCS HEMOJSIPU30BAHUM CBITIIOM,
HAMPUKJIaJ COHsYHE (PUPOJIHE) CBITIIO

XBuii, I8 KOTPUX BEKTOP HAMNPYXKEHOCTI EJIEKTPUYHOTO Toysl Oyne
3M1MCHIOBATH KOJIMBaHHSA B OJIHIM TUIOIIMHI Ha BChOMY HUISIXY PO3MOBCIOJIKEHHS
XBWJIl HA3WBAIOTh JIHIMHO TNOJsSpuU30BaHUMH. [lnommHa, B KOTpi 3HAXOIUTHCS
BEKTOP HANpPY>KEHOCTI €JEKTPUYHOTO TMOJs B JIHIAHO TMOJSPU30BaHIM XBUII,
HA3UBAETHCS TUIOMIMHOIO MOJISIPU3ALLii.

[Ipuctpoi, 10 3AIUCHIOITH, TEPETBOPEHHS MPUPOJHOTO CBITJIA B

IMOJIAPHU30BaHC CBiTJIO, Ha3HWBAIOTh IOJIAPHU3ATOPAMHU.

1.2. MyaTuiieKCyBaHHSA

MynbTUIIEKCYBaHHS — 1€ YIIUTbHEHHS KaHally TMepefadi JaHuX, ToOTo,
nepejava KiJbKoX MOTOKIB (KaHaJiB) JaHUX MO oAHOMY KaHany. Haituacrime nanumii
METOJI 3aCTOCOBYETHCS TOJ1, KOJIM €MHICTh KaHANy IMEpPEBHUIIYe MOTPEOH OHOTO

KOpHCTYyBaya, a BCTAHOBJICHHS JIiHIT niepeaayi € HaaTo 3aTtpatHum.[1][4]
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1.2.1. Metoa yactoTHoro ymijibHenusi (FDM)

Mpw YacToTHOMY MynbTUNAeKkcyBaHHi (FDM — Frequency Division Multiplexing) cmyra yactot

3aranbHOro KaHany Fk noAinAaeTbCs Ha AesKy KiNbKicTb cMmyr (nigkaHanie abo nigHecy4ymx), cmyra yactoT

AKMX BiZINOBiAaE OCHOBHIN CMy3i YacTOT BXiAHOro KaHany ( Afgx). Mpu ubomy

F. >10Af, , (1.9)

an< —k. Ui niakaHanm (4acToTHI CMyrn) MOXKHa BUKOPUCTOBYBATU /14 NepeaaBaHHA NOBiAOMIEHb Bif,

68X
N pxepen, opraHisysaslwM AnA LbOro NEPEHOC CNEKTPa CUTHANY Bifl KOXHOTO AXepena y BiaseaeHu

MoMy [iana3oH YacToT 3ara/sibHOro KaHasy, K MoKasaHo Ha puc. 1.5.

AR,

i Thowanan 1 TTigeadan 2 Thmxanan 3 TTigxadan IV i

| B 2k |

|

I I

| I | —i,
HanaHaﬂ 1 F F F F T—IaCTOTa
TTimsadan 2
TligaHan 3
TTigsanan N
-q—&j;x—r—

Puc. 1.5 - MNpuknag FDM.

TaKe 06’eAHaHHA CNEKTPIB NigKaHANIB B EAMHUNI CNEKTP 3ara/ibHOro KaHany 34iMCHIOETbCA
MPUCTPOEM NEePeTBOPEHHA CUrHaNy nepegasaHHsa (MMC). CTpyKkTypHa cxema nepesaBaHHA NOBiJOMIEHb

NPV YacTOTHOMY YLLLIIbHEHHI KaHaniB HagaHa Ha puc.1.6.

AL | TIICH —H — HIIIC [ Ol
Fanan sg'asiy

FATRR NN SRTRTEN N q [ L IIIIC; - Ol

AL, DHCNlj > DHCNI—D OIL,

Puc. 1.6 — CTpyKTypHa cxema nepeaaBaHHA NOBiAOMAEHb NPWU YAaCTOTHOMY YL iZIbHEHHI KaHaniB.
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AN — pkepeno nosigomneHHs; MMNC — npucTpit nepeTBopeHHs curHany; 0N — ogeprKkysay
NoBiAOMNEHHA

Ha mnpuiiMmansHOMYy OOIll ONTHYHA HECyda IMOCTymae Ha (OTOASTEKTOp, HA
BUXOJIl SIKOTO BHIISETHCS €NEKTPUYHUN TpymoBuil moTik. Ilicas migcuneHHs 3a
JOTIOMOTOI0  IIMUPOKOCMYTOBOTO  MIJCHJIIOBaya CHUTHAJ I[IOCTYNa€ Ha BXOAH
BY3bKOCMYTOBUX (PUIBTPIB, IIEHTPaAJIbHA YaCTOTA SKUX PiBHA MiIHECYUYUM YacTOTaM.

KoMmnoHeHTHUMH MOXYTh OyTH sIK ITM(pOBi, Tak 1 aHanmorosi curHaau. FDM

3aCTOCOBYIOTh y KaOCJIbHUX CHCTEMax 0araToKaHaJbHOTO TeleOaueHHs.
1.2.2. MeTo 4acoBOro yumiibHeHHsI

Mertox gacoBoro ymriiibHEeHHs iHpopMaiiiHux motokiB (TDM — Time Division
Multiplexing) 3acTocoByeTbes npH nepeaaBanHi iHpopMarllii B uGpoBOMY BUTIIAII.
CyTb iioro momsirae B HacTymHoMy. [Iporec mepemaBaHHs po30MBAETbCA HAa HHU3KY
YaCOBUX ITMKJIIB, KOKEH 3 SKHX Y CBOIO 4epry po3OuBaeThcs Ha N cyOIuKiiB, 1e N —
KUTBKICTh TIOTOKIB (200 KaHaJB), IO YIIUIBHIOIOTHCS. KOXXHMI CYyOITUKIT TOAUISAETHCS
Ha 4acoBl MO3HUlIi, TOOTO YacOBl IHTEPBAIM, BPOJOBXK SKMX IMEPEAAETHCS YACTHHA
iHdopMalli OJHOTO 3 YHIUIBHIOBAHMX MOTOKIB. OKpIM IIbOTO, JedKa KUIbKICTb
MO3ULIA  BIABOAUTHCA A 1AEHTU(IKAIMHUX CHHXPOIMIYJIBbCIB, BCTAaBOK 1
U(POBOTO MOTOKY CIIYKOOBOTO 3B’ SI3KY.

Cybmuknu posnisieHi Ha 264 dacoBux Biapi3ka (moswuiriii) TpuBaiictio 118.4
HC, 3 AKUX 8 MO3UIIN BIABOAATHCSA Ha 1I€HTU(DIKALINHI CHHXPOIMITYJIbCH, BCTABKH 1

udpoBU MOTIK CITYyKO0BOTO 3B’s3Ky. TpHUBAICTh KOXXKHOTO YacOBOTO BiJIpi3Ka 7,

JOPIBHIOE TAaKTOBOMY IHTEpBally, II0 BHU3HA4Ya€ TAaKTOBY YacTOTY (IJIs1 TPyHOBOTO
noToky 8.448 Moit/c)

f=to 1 _gasmry. (1.10)

r, 118.4-10°%c
MeTon 4acoBOro YUIUIBHEHHS PO3MONISETHCS HAa AaCHMHXpPOHHE abo
miesioxponne [II (PDH), ATM- ta cuaxponne CIII (SDH)-mynbrumiekcyBaHHs.

3posyminio, mo B PDH- ta SDH-cuctemax, 3acToCOBYIOTH METOIU YaCOBOIO
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MYJBTUIUIEKCYBaHHA.  MakcuMallbHa  IIBHUJKICTb  MEpedaBaHHs  IPYIOBOIO
(arperaTHOr0) MOTOKY B CHCTEMax, SKI 3HAWIUIM MIMPOKE BIPOBAIKEHHS MpHU

noOy/I0B1 CY4aCHUX CHCTEM IMepeaaBaHHs CKIajae Beauduny 6au3eko 2,5 I'61t1/c.

1.2.2.1. YacoBe MyJIbTHIJIEKCYBAHHS JABiiKOBUX NMOTOKIB

Mpun BUKOPUCTaHHI cucTem UndpoBoi TenedoHii s nepesaBaHHA AaHWUX Ha BXO4AX
MYJIbTUMNNEKCOPA NPUCYTHI BXXe CPOPMOBaHI NOTOKU ABIMKOBUX AaHUX, AKI NpeacTaBaeHi iMny1bCHUMU
curHanamu. Togi B LbOMyY BUMNAZKY CXEMA YacCOBOr0 My/IbTUMNIEKCYBAHHA NPaKTUYHO 36iraeTbes 3

QHaNOTIYHNUMM CXEMAMM, IO 3aCTOCOBYHOTbCA B KOMI'I'POTepHVIX cncremax.

Byaemo BBaxkaTH, Wo Ha [1 Bxogax MyabTMRAEKCcOpa MaEMO BXifHi ABiliKOBi nocnigosHocTi. Toai
KOMyTaTop My/bTUMNIEKCOPa NOCNiA0BHO Bigbupae byab-aKi N10riYyHO ocMUCEHHI NocnigoBHOCTI BiTiB Ta
dOopMYE 3 HUX 3aranbHy BUXiAHY NOCNiAOBHICTb. Llel npouec HasmnBaloTh iHTepAaiBiHrom (interleaving), abo

YyepryBaHHAM.
Po3pi3HAIOTbL TaKi TMNK iHTEpAIBIHTY:

. 6iT-iHTepniBiHr, abo u4epryBaHHA O6iTiB — HaA BWXi4 MyAbTUNAEKCOPa MNOCAIAOBHO
KOMYTYHOTbCA MO OAHOMY DiTy Bif, KOXHOIO KaHany;

° 6anT-iHTepAiBiHF, abo u4epryBaHHA 0alTiB — Ha BUXig MyAbTUNIEKCOpA MNOCAIAOBHO
KOMYTYIOTbCA NO 0AHOMY BalTy Bif, KOXKHOIo KaHany;

° CMMBOJIbHUI iHTepAiBiHI, abo u4epryBaHHA CUMBOJIIB — HA BMXi4 My/IbTUNNEKCOPA
NoCAifLOBHO KOMYTYIOTHCA MO OAHOMY CUMBOJIY Bif, KOXKHOMO KaHany;

° 610K-iHTepNiBiHF, abo uepryBaHHA ONOKIB — Ha BUXiA4 MyNbTUMJEKcOpa MNOCANIAOBHO
KOMYTYIOTbCA MO OAHOMY 610Ky (KM MOXKe MaTu OO0BMMHY B AeKinbka 6antis abo 6ytn nonem,
LiIOKPATHUM iHWOMY CTaHAAPTHOMY GOPMaTY) Bif, KOXKHOIO KaHany.

Cxema 4acoBOro My/IbTUMN/IEKCYBAHHA YOTUPbOX ABiAKOBUX NOTOKIB AaHWX 3@ BapiaHTOM biT-
iHTepAiBiHry noaaHa Ha puc.1.7. Lndpm 1-4 BignosigatoT Homepam 6itis, a ingeken K1— K4 — Homepam

KaHaniB.

IKaHa.H1|4 312[1

| Karan 2| 4]3]2]1

IKaHa.H3|4 312[1
IKaHa.H4|4 31201

Puc.1.7 — Tlpuknaa 4acoBoro MyJIbTHIIICKCYBaHHS JIBIHKOBHUX IMOTOKIB

-/

N o,

A e e oo Yt PredPacdZacd2ie]

N
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1.2.3. MoaoBe ymiijibHeHHsI

Y Jeskux CHUCTeMax I[epelaBaHHsA, M0 0a3yloTbcs Ha BUKOPHCTaHHI
06araToMoJ0BOTO ONITUYHOTO BOJIOKHA, 3HAXOUTH 3aCTOCYBaHHS MOJIOBE YIIIJIbHEHHS
(MDM — Mode Division Multiplexing). CyTb IIbOT0 METOJy YIIUILHEHHS IOJISITAE B
HACTYITHOMY. 3 T€OMETPUYHOT ONTUKU BIJOMO, IO KYT, MiJ SKUM IIPOMiHb BXOAHTD B

TUTOCKOIIApaJIe/IbHY TUTACTUHKY BUXOAMTD 3 HEl IMiJ] TUM caMuM KyToM (puc.1.8).

S5

Puc. 1.8 — I1puxmax MogoBoro (KyTOBOTO) YITITHHEHHS.

BonokHo MOkHa ySIBUTH €001 SIK JESIKY TJIOCKOMapaseinbHy IUIACTUHY, TOOTO
M1 SKUM KyTOM B1J] HOpMaJIi 10 TOPIlS Maja€ Ha BXO1 JiHII My4YOK, IMiJl TAKUM CaMUM
KyTOM J0 HOpMaJjl BiH Buije 3 1Hmoro ii 00ky. OTxe, BUKOPHUCTOBYIOYH KYTOBI
CEJIEKTOPM Ha BXOJl 1 Ha BHUXOJl 0araToOMoJI0BOIO BOJIOKHA, MOKHA 31HCHUTH
NepeaBaHHy He3aJIeKHUX 1H(QOpMAUIMHUX TMOTOKIB MO KaHajlaxX, pojb AKUX
BIJIIrPalOTh MOJM BOJIOKHA. MO/IOBE YIIIJILHEHHSI MOXE OYyTH BUKOPHCTAHE JIMIIE 3a
YMOBU HE3aJICKHOTO PO3IMOBCIOHKEHHS MOJI, BIJICYTHOCTI iX TEpeMIIIyBaHHS Ta
B3a€EMONEPETBOPEHb. Taki yMOBHM CKJIAQJAlOThCS TPU BIICYTHOCTI JIOKAJIBHUX
HEOJHOPIAHOCTEH Yy BOJIOKHI Ta MPU BIACYTHOCTI 3HAYHUX Woro BUTHHIB. [lomiOHi
BUMOTH MOXYTh OyTH BHTPHMMaHi, HAIIPUKJIad, y CHCTEMax aBTOMATHKH, JIe CUTHAIIN

MepPEeIAr0THLCS HAa HEBETUKI BiACTaH1 (0JM3bKO OAUHUITH — IECATKIB METPIB).

1.2.4. YiiiibHeHHs 32 MoJisipu3aiicro

VYiibHeHHST TOTOKIB 1HGOpMaIlii 3a JOMOMOIOK ONTHYHUX HECYYMX, SIKi

MarOTh JIHIWHY TOJSIpU3aIliio, HA3WBAIOTh YIIUIBHEHHSIM 3a mosspusariiero (PDM —
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Polarization Division Multiplexing). Ilpu 1pbOMy IUIOIIMHA MOJSPH3AIl KOKHOI
HECy4yoi po3TalloBaHa ITiJ CBOIM KyTOM. MYyJIbTHIUICKCYBAaHHS 3IIHCHIOETHCS 3a
JIOTIOMOTOFO CIEIliaIbHUX ONTHYHUX MPHU3M, Hanpukiaj npu3Mm Pommona. Ha Biamiay
BiJl IMONEPETHHOTO METOAY MYJbTHILUICKCYBAHHS SK CEPEIOBHINEG, 3a JOIOMOTOIO
SIKOTO TIEPEIAEThCS CUTHAJ, MOXe OyTH BUKOPHCTaHE OJHOMOJOBE BOJIOKHO. IIpoTe,
meTo; PDM Moske yCHiITHO 3aCTOCOBYBATHCS JIMIIIE Y BHITAJIKY, KOJH B CEPEIOBHIIII
BIJICYTHI JIOKaJdbHI HEOJHOPIAHOCTI, BUTHHH, SIKI BHUKIUKAIOTH JIOKAIbHY
noyigpu3aiiiiHy anizorpomito. OTXe, BKa3aHl MNPUYMHM, SKI BIUIMBAIOTh Ha
MYJIbTHUIUICKCOBAHUN CHUTHAJ, ICTOTHO OOMEXYIOTh TaKHi METOJA YIIUIbHCHHS

CUTHAILY.

1.2.5. Texnosaorias WDM

CrexTpanbHe yIIUTbHEHHS KaHaTIB mepeaadi, ado yIiabHEeHHS 32 JOBXKUHAMU
xBuib (Wavelength Division Multiplexing, WDM) — TtexHouoris, sika Jae 3MOry
OJIHOYACHO TepeaBaTh JEKUIbKa HE3aIeKHUX 1H(QOpMAIIHHUX KaHAJIB ONTHYHUM
BOJIOKHOM, BHMKOPHUCTOBYIOUM ONTHYHI HECy4l 3 pI3HUMU JOBXHUHAMHU XBHIIb.
Texnonoris WDM nae 3Mory iCTOTHO 30UIBIIUTH MPOMYCKHY 3JaTHICTh ONTHYHOIO
BOJIOKHA 32 PaXyHOK BUKOPUCTAHHSI BCi€T HOTO ONTUYHOI CMYTH MPOITycKaHHSI. [6]

XapakTepHOIO OCOOJUBICTIO 1 CyTTEBOIO TepeBaroro WDM texHosnorii €
MO>KJIUBICTh peatizalii B OAHOMY ONTHYHOMY BOJIOKHI 0araTbOX ONTHYHO MPO30PHUX
KaHaJliB, B KOXXHOMY 3 SIKHX MOKHa BECTH IepeAadyy CHUTHaJiB 3 OyAb-SKUM
¢opmaTtom. Takum 4UYMHOM, OJHHUM ONTHYHUM BOJIOKHOM MOKHA OJHOYACHO
nepeaaBaTH CUHXPOHHI, ACHHXPOHHI 1 aHAJIOTOB1 CUTHAJH, 1 HEMa€ MOTPeOr B €IMHIN
CTPYKTYpl CHUTHaIiB, K L€ €, HalpUKJIad, B CHCTEMax 13 YaCOBUM YIIUIbHEHHSIM

KaHaJIIB Tiepeadi.
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1.3. BUCHOBKH 10 po3aiiny

Ha nepenaduy CBITJIOBOIO CUTHANy Y OINTOBOJIOKOHHOMY CEpPEIOBMILI
BITUBAIOTH, SIK (DI3UYHI BIACTUBOCTI CBITJIa Ta CEPEIOBHINA NIEpeIadi, TaK 1 XIMIYHUMA
CKJIaJ Ta MEXaHIYHI OCOOJMBOCTI BOJOKOHHO-ONTHYHOTO Kabemto. EdexTuBHICTH
nepeaydl CBITJIIOBOTO CUTHAJIY B OCHOBHOMY 3aJICKHUTh B1J] HOTO JOBXKHHHM XBHJII Ta
KyTa Mojauyl y ONTOBOJIOKOHHUI kabemb. OgHOMOAOBI Ta OGaraToMoAoBi KaOeni
MaloTh MEBHI BIJIMIHHOCTI, 1110 0€3M0cepeaHbO BILUTUBAIOTH HA OCOOIMBOCTI Mepeaayl
CBITJIOBOT'O CUTHAIY.

Jnst 301ibIIEHHST MPOIMYCKHOI 3/IaTHOCTI ONTOBOJIOKOHHOI JIIHIT mepenayi
iHpopMallli BUKOPUCTOBYIOTH TEXHOJIOTIi MYJbTUIUIEKCYBaHHA. KokHa 3 JaHUX
TEXHOJIOT1A Mae cBOi ocoOnmBocTi. He BCl TeXHOJOTIi YHIUIBHEHHS € OJHAKOBO
e(eKTUBHUMHU. [[esK1 3 HUX BUMaraloTb BUKOPUCTAHHS BEJIMKOI KUTBKOCTI CKJIAJHOIO

o0J1aTHaHHS, aJIe HE 3aBXKJIU 3a0€3MeUyI0Th BUCOKY €()EeKTHBHICTD.
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PO3/1 2
METO/IU MYJIbTUIIIEKCYBAHHSI CUTHAJIIB

OckiIbKM OITUYHE BOJIOKHO, SK CcepeloBUIlle Tepenadi iHdopmarii, Mae
OaraTo mepeBar rnepej MigHUM KabejaeM (MEHIIY Macy, BUIIY MPOIYCKHY 3/IaTHICTh),
ajie 3HaA4YHO JI0POXKYe K y BUPOOHMIITBI, TaK 1 B MPOLIECl MOHTAXXy, BUHUKAE MOTpeda
y BUKOPHUCTaHHI CHUCTEM Ta METOIB YIIIJIbHEHHS CHUTHaTYy. MyJIbTHIUIEKCYBaHHS
3abe3reuye, sk 30UIbIICHHS MPOIYCKHOI 3JaTHOCTI OJTHOTO (PI3MYHOr0 KaHajy, TakK i

HaJla€ 3MOTY KOPUCTYBATUCh HUM OLIBIINA KIJTBKOCTI KOPUCTYBAUiB.

2.1. SDH, ATM, Ethernet.

B texnounorii SDH peainizoBano npuanun TDM (Time Division Multiplexing—
4acoBE PO3JIUICHHS KaHaTIB), 32 KOTPUM KOXHE BXIJHE MOBIAOMIICHHS BijJ PI3HUX
KOPHCTYBaYiB Ma€ CBiif MPOMIXKOK Yacy JiIs nmepeaadi (komyrallis kaHaiis). [12]

Texunonoris SDH (Synchronous Digital Hierarchy) 6azyetbcst Ha 1BoX 6a30BHX
MPUHITUTIAX

1) B sKOCTI BXIJHUX CUTHQJIIB BUKOPUCTOBYIOTHCS 1 MIATPUMYIOTHCS JIMIIIE
curHaid 3i crapgaptuzoBaHor mmBHakicTio (mis PDH (Plesiochronous Digital
Hierarchy) ne 2,048 Moit/c £102.4 6i1/c; 8,448 M6iT/c £253.4 6it/c; 34,368 MOiT/c
+688 011/c; 139,264 MOit/c £2089 0611/c, nia SDH me 155,52 Mo6it/c £3111 06it/c;
622,08 M6it/c; 2488,32 M6it/c; 9953,28 M6it/c; 39813,12 MOit/c). Bigxunenus
3JIKUTH BiJl TUITY TEHEPATOPHOTO 00IaJHAHHS CUHXPOHI13aIlii.

2) Bxiani curnamu psgy PDH o00’eqnyroThbest y BipTyalibHI KOHTEHHEpH, IO
MalOTh 3arojoBOK 1 MyibTUILIEKCYIOThcst Yy STM-1 (SynhronousTransportModule)
(CUHXpOHHUI TpaHCHOPTHUH MOIyNb nepmoro piBHsA iepapxii SDH), xotpuit
BinoBigae BxigHomy curHaimy SDH 155,52 MGit/c. Tak camo iHII BXiJHI CUTHAIA
SDH MynbTUIUIEKCYIOTHCS Y CUHXPOHHI TPAHCHIOPTHI MOy BUIIUX PiBHIB 4STM-
1= STM-4; 4STM-4= STM-16; 4STM-16= STM-64; 4STM-64= STM-256. Lle
BianoBigae BxiguuM cur"aigam SDH 622,08 Moit/c; 2488,32 Mb6it/c; 9953,28 Mo6it/c
ta 39813,12 MO6I1T/C BIIIOBIAHO.
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Ha Bigminy Big mporo B Texuosorii ATM (Asynchronous Transfer Mode)
(ACHUHXPOHHUH pEXUM TEPEHOCY) peandi30BaHO MPHUHIMII MIBUAKOI KOMYyTAIll
MaKEeTiB.

Cytp Ttexnomorii ATM mnonsrae B mepenaBaHHI MOBIAOMJICHb BiJ PI3HHUX
KOpHCTYyBauiB maketamMu ¢ikcoBaHoi TpuBajiocTi (komipkamu). Komipka wmae
TpUBAJICTh 53 Oaiita, 48 3 SKUX CKJIAIalOTh JaHl MOBIJOMJICHHS KOPUCTyBada Ta 5
0aifTiB 3ar0JIOBKY.

Ethernet € momiHyIO4OIO0 TEXHOJIOTIEIO B JIOKaNbHUX Mepexax. Ethernet e
IIPOCTOIO Ta HEAOPOTOI0 TEXHOJIOTIEI0 /IJIsl IepeIayl JaHUX Ha KOPOTKI Ta cepeiHi (710
coTeHb KuloMeTpiB) BiacTaHi. InTerpamis Ethernet B Taki mMepexeBl e€lIeMEHTH SK
MYJIbTUIUIEKCOPU BBeleHHs/BuBeneHHs SDH Ta omrtuuni miHidHI cuctemu WDM
Jal0Th 3HA4YHUM eKoHOMIYHMHM edekt. CywacHi ontuuHi iHTepdelicu Ethernet B
ob6nagnandi SDH migrpumytors mBuakicts 100 M6it/c; 1 T'6it/c; 10 I'6it/c. dns
o0’eaHanHs onTuyHuX mnoTokiB Ethernet y cramgapTHi TpaHCHOPTHI MOy
obnagHanHs SDH BukopucToByroTh combiner (komOaitHepu (00’eqnyBaul)). WDM e
HaWkpamor TexHojoriero mia mnepenadi 10 I'6it/c motokiB Ethernet. Ha punky
oOnagHaHHS IMMPOKO BUKOPUCTOBYIOThCS Taki iHTepdeiicu Ethernet sx 1 I'6it/c. Ak
MPaBUJIO BUKOPUCTOBYIOTHCS TaKl MpUiloMonepeaaBayi Jjisl HaCTYIHUX 1HTEPEHCIB:

o 1000Base-SX: mpaitoe Ha noBxkuHI XBwil 850 HM mo kalensix 3
0araToMoJIOBUMH ONITUYHUMH BOJIOKHAMH, JIJIS 3B’ 3Ky Ha HEBEJIHMKI BiJICTaHI.

° 1000Base-LX: mpamroe Ha goBxkuHi XBuwial 1310 HM mo kabensx 3
OJIHOMOJ/IOBHMH ONITUYHUMU BOJIOKHAMHU, JIJIS 3B’ 513Ky Ha BijcTaHi 10 10 kM.

o 1000Base-ZX: mpamroe Ha g0BXKMHI XBWial 1550 HM mo kabensx 3

OJTHOMOJIOBUMH ONITUYHUMU BOJIOKHAMM, JIJIs 3B’ 3Ky Ha BiAcTaH1 70 80 KM.
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2.2. Texnoaorigas DWDM ta CWDM.

Texnonorisst WDM mupoko po3moBCIO/KEHA B CBITI Y BUTJISA/IL JBOX OCHOBHHUX
THUIIIB CUCTEM:

o CucremMu 3 IIUTPHUM CHEKTPAJIBHUM po3AUIeHHSM KaHanie DWDM
(Dense Wavelength Division Multiplexing).

o CucreMu 3 HEIIUTBHUM (TPyOHM) CIIEKTpaIbHUM PO3/IIICHHIM KaHaiB.

CWDM (Coarse Wavelength Division Multiplexing) 3apa3 iCHyIOTb CHUCTEMH
WDM sk Ha Benuki Biacrani Long Haul (mns maricrpansaux BOJI3) Tak 1 mickki,
BHYTPIIIHKO 30HOBI Metro WDM cuctemu. [2][6]

Texnonoris CWDM 3HaxonuTh OUIBII IIMPOKE 3aCTOCYBAHHS Ha MICBKHX
Mepekax, 3aBJISKM MEHIIUM BUTpaTaM Ha ii BBEJCHHS, 30KpeMa, TOMYy IO He
noTpedye 3aCTOCYBaHHSI ONTUYHUX MIJACHIIOBAYIB (OKpIM BHUIAJKIB, KOJU MOTpiOHA
3R perenepartisi CUTHaJIy) Ta 3aBASIKA MEHIII €MHOCTI.

Posnecenns kananiB st cyyaciux DWDM cranosuts 100 I'TT] a6o ~0,8 HM.
Jlns CWDM posznijieHHsT KaHaIB 3/IMCHIOETHCS Ha 3HAYHO OUIBIIIN 4YacTOTHIHN
Bijgctani 2500 I'T'y a6o ~20 HMm.

[Ipuknan cnektpa rpynoBoro mnotoky mia 4-xkaHanibHoi CWDM cucremu
300pakeHo Ha puc. 2.1, a 32-kananmeHoi DWDM cucremu Ha puc. 2.2(Ha creKkTpax
BKa3aHO TakoX crekTp kaHaimy OSC, 1m0 3HaxXOIUTHCS OKPEMO BiJi OCHOBHOTO

IPYIIOBOTO MOTOKY).
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Puc.2.1 — Ipuknax crektpa miHiAHOTO curHainy cuctemu CWDM.
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Puc.2.2 — Ilpuxnan criekTpa JiHiHOTO cUrHAITy cuctemMu DWDM.

3 TMOSBOI ONTHYHHUX TMIJACWIIOBAYiB Ta ONTUYHUX MYJIBTUIIEKCOPIB
BBeneHHs/BuBeaeHHs OADM (Optical Add/Drop Multiplexer), kotpi maroTh
MOXKJIMBICTh MapIIPyTH3aIlii, 3’ IBJISAIOTHCS MOBHICTIO ONTHYHI TPAHCIOPTHI MEPExi

(OTM) — OTN (Optical Transport Networking).
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B cuctemax WDM 3acTOCOBYIOTH IIJIKOM BH3HAUCHI J1alla30HUA JTOBXUH XBUJIb
ONTUYHOTO BUIIPOMiHIOBaHHSA. HoMiHanmbpHI HEeHTpU NOBXHH XBwib 11 CWDM

CHUCTEM MpeJicTaBieH] y Tabaumi 2.1.

Taomung 2.1

HominaabHi neHTpH 10BxKUH XBWJIb A1 CWDM

HowmiHanbsHi IIeHTpaIbHI JOBKUHH XBWIIb, 3 PpO3HECCHHAM 20 HM
Jus citkm WDM
1271 1331 1391 1451 1511 1571
1291 1351 1411 1471 1531 1591
1311 1371 1431 1491 1551 1611

it DWDM, 3 pi3HOI0 BEJIMYMHOIO PO3HECEHHS HEHTPAIbHUX JOBXHUH XBUITh
32 4aCTOTO, BAKOPUCTOBYIOTh (POPMYIIN:

Hnst posnecenns 12,5 TT: 193.1 + n x 0.0125 (me n uine goaaTHE YHCIO,
BKJTFOUHO 3 0)

Hns posnecennst 25 ITu: 193.1 + n % 0.025 (me n wisie goxatHe 4YHCIIO,
BKJTFOUHO 3 0)

Hns posnecenns 50 I'Tm: 193.1 + n x 0.05 (me n 1uiIe gogaTHE YHCIIO,
BKJIFOUHO 3 0)

Hns posnecenns 100 I'Tm: 193.1 + n X 0.1 (me n 1ige xogaTHE YHCIIO,
BKJIIOUHO 3 0)

Bnacue camy DWDM texnounorito noausitor Ha DWDM ta HDWDM (High
Dense  Wawelength  Division  Multiplexing —  HagmijgpHe  CHEKTpaibHE
MYJIBTUIUICKCYBaHHS), 3a YaCTOTHUM PO3HECCHHSIM KaHAJIB II€ BUIJIAJAE, SK

[MOKa3aHo B Tadiui 2.2.
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Tabmuis 2.2

YacroTHe po3HeceHHs kaHadiB 1ia C Tta L giana3onis

HowminanbHi eHTpaabHi1 4acTOTH U1 PO3HECEHHS KaHaJIB Howminanphi
HEHTpaIbHI
JOBKUHU
XBWJIb, HM
HDWDM DWDM
12.5TTn 25TTy | 50ITn 100 I'Ty
C — mianason

195.9375 — — — 1530.04
195.9250 195.925 — — 1530.14
195.9125 — — — 1530.24
195.9000 195.900 195.90 195.9 1530.33
195.8875 — — — 1530.43
195.8750 195.875 — — 1530.53
195.8625 — — — 1530.63
195.8500 195.850 195.85 — 1530.72
195.8375 — — — 1530.82
195.8250 195.825 — — 1530.92
195.8125 — — — 1531.02
195.8000 195.800 195.80 195.8 1531.12
195.7875 — — — 1531.21
195.7750 195.775 — — 1531.31
195.7625 — — — 1531.41
195.7500 195.750 195.75 — 1531.51
195.7375 — — — 1531.60
195.7250 195.725 — — 1531.70
195.7125 — — — 1531.80
195.7000 195.700 195.70 195.7 1531.90
195.6875 — — — 1532.00
195.6750 195.675 — — 1532.09
195.6625 — — — 1532.19
193.2375 — — — 1551.42
193.2250 193.225 — — 1551.52




[TponorxenHs Tadmuii 2.2

HominanbH1 11eHTpaabHI 4aCTOTH JUISl PO3HECEHHSI KaHaJIIB HowmiuanpHi
IIEHTPaJIbHI
JIOBXKUHU
XBHJIb, HM
HDWDM DWDM
12.5 Ty 251Tn 50ITn 100 I'T'ix
C — miammazon
193.2125 — — — 1551.62
193.2000 193.200 193.20 193.2 1551.72
193.1875 — — — 1551.82
193.1750 193.175 — — 1551.92
193.1625 — — — 1552.02
193.1500 193.150 193.15 — 1552.12
193.1375 — — — 1552.22
193.1250 193.125 — — 1552.32
193.1125 — — — 1552.42
193.1000 193.100 193.10 193.1 1552.52
193.0875 — — — 1552.62
193.0750 193.075 — — 1552.73
193.0625 — — — 1552.83
193.0500 193.050 193.05 — 1552.93
193.0375 — — — 1553.03
193.0250 193.025 — — 1553.13
193.0125 — — — 1553.23
193.0000 193.000 193.00 193.0 1553.33
192.9875 — — — 1553.43
192.9750 192.975 — — 1553.53
192.9625 — — — 1553.63
L - miamazon

184.7750 184.775 — — 1622.47
184.7625 — — — 1622.58
184.7500 184.750 184.75 — 1622.69
184.7375 — — — 1622.80
184.7250 184.725 — — 1622.91




[TponorxenHs Tadmuii 2.2

HominanbH1 11eHTpaabHI 4aCTOTH JUISl PO3HECEHHSI KaHaJIIB HowmiuanpHi
IIEHTPaJIbHI
JIOBXKUHU
XBHJIb, HM
HDWDM DWDM
12.5 Ty 251Tn \ 50ITn 100 I'T'ix
L — miana3zoH

184.7125 — — — 1623.02
184.7000 184.700 184.70 184.7 1623.13
184.6875 — — — 1623.24
184.6750 184.675 — — 1623.35
184.6625 — — — 1623.46
184.6500 184.650 184.65 — 1623.57
184.6375 — — — 1623.68
184.6250 184.625 — — 1623.79
184.6125 — — — 1623.90
184.6000 184.600 184.60 184.6 1624.01
184.5875 — — — 1624.12
184.5750 184.575 — — 1624.23
184.5625 — — — 1624.34
184.5500 184.550 184.55 — 1624.45
184.5375 — — — 1624.56
184.5250 184.525 — — 1624.67
184.5125 — — — 1624.78
184.5000 184.500 184.50 184.5 1624.89

B Tabaumi 2.3 BKazaHI TpaHMIIl ONTHYHUX J1alma3oHIB ISl OJHOMOJOBOTO

BOJIOKHA, KOTPE BUKOPUCTOBYEThCS [t pyHKIionyBanas WDM.[2][4][6]
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Tadmuis 2.3
I'panuui onTHYHMX giana3oHIB
Cwmyra Hassa Miama3on (HM)
O Original 1260 +~ 1360
E Extended 1360 + 1460
S Shortwavelength 1460 +~ 1530
C Conventional 1530 + 1565
L Longwavelength 1565 +~ 1625
U Ultralongwavelength 1625 + 1675

[le Takox mokazaHo Ha puc.2.3, ne 300pakeHa CIEeKTpajbHa 3aJEKHICTh

IIOTOHHHX BTpAtT HOTY)KHOCTi OIITUYHOI'O0 CUTHAJIY B OTHOMOAOBOMY BOJIOKHI.

—
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\"""* N /
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—= P L b MR =] 00 W
o

=

MEM

Puc.2.3 — I'panutii onTHYHUX Jiana3oHiB.

barato cysachux DWDM cuctem BUKOpHUCTOBYIOTH C-aiama3oH, KOTpUH
BIJIMIOBIZITA€ MAKCHUMAJIILHOMY TIJICHJICHHIO BOJIOKOHHHMX ONTHYHHX II1JCUIIOBAYIB,
JIETOBAHUX 10HAMHU €Opiro.

B C-niama3oni MokHa BUKOpUCTOBYBaTH 10 80 ONTUYHUX KaHaiB. [y Toro
00 YHUKHYTH BTpPAT, BHACIIOK HEIIHIHHOT B3a€MO/Iil ONTHUYHUX KaHAJIB, a TAKOX
JOTPUMATUCh CaHITApHUX HOpM (TIpM  MIJABUIIEHHI TOTYXKHOCTI JIa3€pHOTO
BUIIPOMIHEHHA OyAyTh MOTPIOHI CIEianbHI 3aXMCHI MPUCTPOI A 3a0e3MeueHHs

nazepHoi Oe3reku), cymMapHa TOTYXXHICTh y ONTHYHOMY BOJIOKHI HE ITOBHHHA
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nepesuiyBatu 100 MmBt (20 nbm). Ile oOMexye MOTYyXHICTh HAa OJWH ONTHYHHMA
kaHan. Tak, ns 80 KaHANBHOT CUCTEMH PIBEHBb MOTYKHOCTI HA KaHai ckiajnae 1 nbm;
it 40 xananpHOI 4 1bwm; n1g 32 kaHambHOI 5 1bM.

TakuM YMHOM, HA KOXKHIN MiACUIIOBAJIBHIN AisSHIN 32 KaHaJIbHA CUCTEMa Mae
3amac 1 nb mopiBHsHO 3 40 kaHanbHOIO cucTemoro Ta 4 nb mopiBHsHO 3 80
KaHAJIbHOIO, a 3HA4YMTh, 1 JOBXKHMHA MIACHIIOBAIBHOI AUISHKU JUisl 32 KaHaJIbHOI

cuctemu OyJie O1IBIIOKO.

2.2.2. Bigminnocti WDM 1a TDM

CyuacHa mepexxa SDH, noOGynoBana Ha 6a3i TDM, midmoBmm 10 MIBUIAKOCTI
nepenaBanHss 10 I1'6iT/c, 3imTOBXHynach 3 MpoOJieMaMH XPOMATUYHOI Ta
MOJISIpU3ALHOT AucHepcii MOAM, KOTpi Ha mmBHIKOCTI, Bunii Bix 10 I'6Git/c,
MOYMHAIOTh CYTTE€BO BIUIMBAaTH Ha SKICTh mepenayi. TakuMm YMHOM, PO3UIUPEHHS
MPOMYCKHOI  3MaTHOCTI  3a  gonmomororo  TDM  BuUSIBISIETBCS ~ JOCHUTh
npooieMaTHIHUM. [2]

VY texnonorii WDM Hemae 6araThoX OOMEXEHb 1 YCKIATHEHb, BIACTHUBUX
texHosorii TDM. Jlns migBUIIEHHS MPONMYCKHOI 34aTHOCTI JIHIM 3B'S3KYy 3aMiCTh
30UTBIIIEHHS IIBUAKOCTI Mepeaadl y ONTUYHOMY KaHalll, SIK 11e pOOUThCS B CUCTEMax
TDM, B cucrtemax WDM #iayTe nuisixoMm 30UTBIIEHHS YHCIA KaHAMB (KOTp1
NEepeNalnThCsl Ha PIZHUX JOBXKMHAX XBWJIb), IO 3aCTOCOBYIOTBCS Yy CHCTEMax
nepeaayi.

Hns cuctem WDM € HeBaxiuBuM (opmaT AaHMX, IO TEPEeAAETbCsS Y
rpynoBomy curHam. Ha BinMiny Big SDH curnan, mo TpaHCOPTYeThCS B
rpynoBomy nororii WDM cuctem, He MIIa€ThCS MAaKyBaHHIO B KOHTEHHEPU, TOMY B
rpynoBomy mnorori WDM MoxHa Oe3nocepeHhO IepeaaBaTH PI3HOPIIHUM 3a

dbopmaTom Tpadik. CrpoIreHo e 300pakeHo Ha puc. 2.4.
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ATM | IP | Ethernet
SDH

ATM | IP | Ethernet ATM | IP | Ethernet

SDH WDM

OnTuyHe cepeoBUIIe .
. OnrtuuHe cepe/loBHUIIIE Mepeiadl JaHUX
nepeaayl JaHux

Puc 2.4 — ®opmar nanux B SDH ta WDM.

Bigminnicte WDM  Bigm TDM, koTpi peani3yorbcsi B cydyacHux SDH

CUCTEMAaX, MOXHA TaK0X MPOLTIOCTPYBATH HA PUC. 2.9.

TDM Ha ocHoei SDH

sTM-16 —l—l—H
STM-16 —A—Ah—A4— M STM-64
U —&—0—
sTM-16 —8—8H X
STM-16 ——O—O
WDM
sTm-16 —I—H
m A
STM-16 ——k—A M A2
- , K
STM-16 X id
STM-16 —O—O— 0

Puc.2.5 — Ilepenaua gmannx 8 SDH ta WDM.

To6to, TDM crtae nogatkom 10 WDM. Texnomnoris WDM n03BoJisie CyTTEBO
30UTHIIIUTH TPOMYCKHY 3[aTHICTh JIHIT 3B’S3Ky, Ja€ MOXJIUBICTh OpTraHi3yBaTH
JTBOCTOPOHHIO Tepeaady AaHUX I10 OJHOMY BOJIOKHY, IMPHUYOMY HapOIITyBaHHS
MPOMYCKHOI 37aTHOCTI MOXe€ BiAOyBaTUCh Ha BXXE ICHYHOYOMY BOJIOKOHHO-
ontuyHOMy kabenmi. Y cuctemi WDM curHamum pi3HMX JOBXKHH XBWJIb, IO
TeHEPYIOThCSI OJHUM a0o0 MEKiIbKOMa ONTHYHUMH TepeaaBadaMu, TOETHYIOThCS

MYJbTUIUIEKCOPOM Yy 0araToyaCTOTHHUH TPYHNOBUM ONTHUYHUN CUTHAN, IO
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MOIIUPIOEThCA  1ali 1o omgHoMomoBoMy OB. 3a Benukoi TOBXHHH BOJOKOHHO-
ONTHYHOI JIiHII 3B’S3Ky B HIA BCTAHOBIIOETHCS OJIWH ab0 KiTbKa ONTHYHHX
nigcumoBayis (OI1).

JleMybTHIIEKCOP BUALIAE 3 TPYMOBOTO ONTUYHOTO CHUTHAJIY MOYaTKOBI
YacTOTHI KaHajdW 1 HampaBlige€ iX Ha BIiANOBIAHI QorompuiiMadi. Ha mpomixHIX
By3JIax y JIiHIT a00 Mepexi 3B'SI3Ky JIesIKI ONTUYHI KaHAJU MOXKYTh OyTH J0aaH1 abo
BUJUIEHI 3 TPYNOBOTO ONTHYHOIO CHTHATY 3@ JIONOMOTOI0  ONTHYHHUX

MYJIbTUILIEKCOPiB BBeieHHs/BUBeieHHs (OADM).

2.3. PON — nacuBHi Mepexi 1ocTyny

Mepexa noctyny noOynoBaHa Ha ONTUYHUX MACUBHUX KOMIIOHEHTaX € OLIbIl
€KOHOMIYHO BUT1JIHA Ta JEIIEBIIA y BIPOBAKEHHI 1 €KCIUTyaTallli MOpPIBHSAHO 3
ONTHYHA MEPEKEI0 3 BUKOPUCTAHHAM AaKTHUBHOTO O0JIaJJHAHHS, TOMY IpHU MOOYI0BI
ONTHUYHUX MEPEX JIOCTYIMYy IIUPOKO BIPOBAKYIOTHCS PI3HI BapiaHTH TEXHOJOTIi

PON (Passive Optical Network).[3]

st no6ynoBu PON BUKOPUCTOBYIOTh HACTYITHI ONTHYHI TACUBHI €JIEMEHTH

o OnHOMOZIOBI ONITHYHI BOJIOKHA Ta Kaleni

o CTpiuky 3 ONTUYHUMHU BOJIOKHAMH Ta Kabell CTPIYKOBOT KOHCTPYKIIi1
o OnTuyHi po3HIMHU

o [TacuBHI1 pa3ranyKyBaJibHI KOMIIOHEHTH

o ITacuBHI ONITUYHI aTEHIOATOPH

o 3poleHHs

AxkTtuBHl  komrnoHeHTH PON  (migcwiroBaui, mepenaBayl, MOpuiMadl,
MeJIIaKOHBEPTOPH Ta 1HII) PO3TAMIOBYIOTHCS JIMIIIE B BY3J11 HaJIaHHS TIOCIIYT 3B’SI3KY
Ta aOOHEHTCHKOMY BY3II.

Edextunicte PON 0a3yeTbCsi Ha NPUHIUINT PO3IMOAIICHHS TMOTY>KHOCTI
ONTHYHOTO CUTHATY, KOTPUH IUIMTHCS JJIsi HAJAHHS TIOCIYT 3B’s3Ky OararboM
KOpUCTyBauaM. TOMYy MOTY>XHICTh BHUXIJHOTO ONTUYHOTO CUTHAIY € KIHOUYOBUM

napamerpom Tipu moOyaoBi PON. IloTyHICTh NMOBHMHHA OyTH JOCTAaTHBOIO IS
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0€3MOMUIIKOBOTO MPUIOMY CHUTHaly BCiMa KOPUCTyBauyaMu, WO TMiJ €IHaHI 0
Mepexi.

OckibKHM 301BIICHHS BEJIWYMHU ONTHYHOI TOTYXKHOCTI, IO BBOJMTHCS B
ONTUYHE BOJIOKHO MOX€E MPHU3BECTU 10 BUHUKHEHHS HEIIHIMHUX SBUII y BOJOKHI Ta
MOTIpIIEHHsT pOOOTH MEpexi, 3aais 3a0e3MeueHHs] eHEPreTHYHOTO OanaHcy Mepexi
NOTpIOHO HaMaraTuch 3MEHIIYBATH BTPATH IOTYXHOCTI B €JIEMEHTaX 3 KOTPHUX
nobynoana PON, npu 1iboMy 0COOJIMBY yBary 3BepTaTH Ha BTPATH Ha 3’€IHAHHSIX
KOMIIOHEHTIB MEPE’K1 3 BOJOKHOM Ta MPH 3’ €THAHHI CAMUX BOJIOKOH.

Opranizaiis JIBOCTOPOHHBOrO 3B’si3ky B PON Mepexax 3a1HCHIOETHCA
HACTYITHUM YHHOM:

IcHye nBa BapiaHTH Oprasisaiii JBOCTOPOHHBOIO 3B’s3Ky B Mepexax PON.
[Tpu meproMmy BapiaHTi BUKOPHCTOBYIOTBHCS JBa ONTHYHHUX BOJIOKHA, OJJHE BOJIOKHO
JUTA TIepejaBaHHsl CUTHATY BiJ By3Ja MEPEX J0 KOPUCTyBadya Ta JAPyre BOJOKHO AJIS
nepenaBaHHsl CUTHATY BiJ KOpHCTyBaua 110 Bysla Mepexi. Lle cmoci6 30uiblinye
BUTpPATH Ha po30yIOBY MepexXi 1 HE BUKOPUCTOBYE BCl MOMJIMBOCTI ONTHYHOIO
BOJIOKHA SIK CE€PEIOBUIIIA PO3MOBCIOIKEHHS CUTHAITY.

[Ipu npyromy BapiaHTi BUKOPUCTOBYeThbcs TexHoioriss WDM. Ilpu Takomy
BapiaHTl JJIsl JBOCTOPOHHBOIO 3B’SI3KY TOCTATHHO MAaTH OJHE BOJIOKHO MK BY3JIOM
Mepexi Ta kopuctyBaueM. Texuonoris WDM moxke OyTH BUKOpHUCTaHA HACTYITHUM
YHUHOM:

1. Konu HU3X1AHMUI MOTIK B By3Ja MEPEXi J0 KOPUCTyBada chOPMOBAHO
3a JIOMOMOTOI0 YaCTOTHOTO (XBUIIHLOBOTO) 00’ €aHAaHHS/po3auieHHs kKaHaniB (WDM),
a BUCXIJHUN TOTIK BUKOpUCTOBYe TexHousorito TDM. Bapiant Takoi opraxizaiii

3B’sI3KY MTOKa3aHO Ha puc. 2.6.



42

L OnTuYHKUIA MepexHA Tepmidan ONT
OnTUYHWIA NiHIAHKIA

TepmiHan OLT
A npuiimay
HwusxigHwin noTik 15%X HM
Sl 1970 o [MacueHwin nasep
LEE ey _I ONTHMHNA  — s
@ pasranyxysad [ ¢ 1310 HM
- L
1310 Hm BucxigHuii noTik 1xN hd A Npuiimady
npuimay 1310 HM 15%X Hm | ’7
h
T30 Al g fasep
D

Puc. 2.6 — Mogaens PON 3 3actocyBanusam WDM ta TDM.

2. Komu oOupaBa (BUCXIIHMM Ta HU3XIJHUM) TOTOKHM (OPMYIOTHCS 3a
TEXHOJIOTI€10 WDM. Bapiant TaKoi opranizarii 3B’SI3KY (3

pasrory>kyBaueMIyIUIEKCOPOM) TIOKa3aHo Ha puc. 2.7

L ONTUYHKIA MepexHUA TepmiHan ONT
ONTUYHWA NIHIAHKWA

TepmiHan OLT
, A npuimMad
A
BaraToxsu- HuaxigHuii noTik
NbOBUI = Alseoense/ix MacueHmit nasep
nasep (un) m ONTUUHUN [ —
@ pasranyxysad [ o Ay
Macws b . .
WDM , . 1xN he ;o A NpuiiMay
. . BucxigHuii noTik Axtl
npuiimadis A yt1assssss iy |
< nasep

Ay

Puc. 2.7 — Monens PON 3 3actocyBanasm WDM.

Jns noOynoBu PON Mepex BHUKOPUCTOBYIOTHCS TOMOJIOTIT TOYKA-TOYKA,
TOUYKA-MYJIbTUTOUKA 200 KUJIblIEBa TOMOJIOTS.

[Ipu ToOmOMNOrii TOYKA-MYJIBTUTOYKA MOXJIMBI TPU BapiaHTH PO3MIIICHHS
MACUBHOT'O pO3rajly’KyBaya: B MPUMIIIEHI ONTUYHOTO JIIHIHHOTO TepMiHaTy (B MiCLl
Jie PO3TAIIOBAHO IIEHTP HaJaHHS MOCIYT), B MPUMIIICH] € pO3TallOBAaHO ONTUYHUMN
MEPEeXXHHUIN TepMiHal (B MPUMINIEHHI KOPUCTyBaya), BYJUYHE PO3TallyBaHHs (Tpu
[bOMY HOTPIOHO NOTPUMYBATHCh BUMOI LIOJI0 KJIIMAaTUKU Ta 3aXUCTy OOJaJIHAHHSA
B1J1 pI3HUX 30BHIIIHIX BIUIMBIB).

Ha cborogni periaMeHTOBAaHO YOTHPU BapiaHTH TEXHOJOTII ONTUYHHUX

nacuBHux Mepex PON. (APON, BPON, EPON, GPON)).
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2.3.1 APON

APON (ATM PON) — mue mnepmmii cranmaptr PON. Sk TpaHcnopTHHI
MPOTOKOJ  BUKOPUCTOBYBasiach TexHosoris ATM. Bucximamii moTik (Bix
KOpPHCTYBaua JIo By3Jia Mepexi) repeaaBaBcs Ha JOoBkuH1 XBwi 1310 HM, MIBUIKICTH
nepeaaBaHHs iHdopMaliitHoro moToky 155 MO6it/c. HusximHuii motik (Big By3Ja
MEpeX 10 KOPUCTyBaya) TepenaBaBCs HA JOBXKWHI XBWiI 1550 HM 31 MIBHAKICTIO

nepeaaBanHs 155 Moit/c.

2.3.2 BPON

Sk TpaHCHIOPTHHI POTOKOJ BUKOPUCTOBYEThCA TexHonoriss ATM. daktuyHo
BPON € noganpimmm po3sutkom APON.

[IBuaKiCTH IEpEIaBaHHSA HU3X1IHUM MOTIK / BUCX1THUH MOTIK CTAHOBUTH:

155.52 Mbit/c / 155.52 M6it/c

622.08 Mbit/c / 155.52 M6Git/c

622.08 Moit/c / 622.08 MOit/c

1244.16 M6i1t/c / 155.52 Mb6it/c

1244.16 Mo0it/c / 622.08 M6iT/c

[lepenaBaHHsi TOTOKIB 3IMCHIOETHCS MO OJHOMY BOJIOKHY 3a JIOMOMOTOO
WDM Hna nosxunax xBwib 1550 am (1490 HM) aJig nepegaBaHHs HU3X1THOTO TTOTOKY
ta 1310 HM aya mepenaBaHHS BUCXIJHOTO TMOTOKY, a0 3 BUKOPHCTaHHSIM JBOX
ONTUYHUX BOJIOKOH IO OJIHOMY 3 SIKUX TEpPEeAacThCid HUBXIAHUN, a MO I1HIIOMY

BUCXIIHUI OTOKHU.

2.3.3 GPON

B Texnonorii GPON, sk TpaHCHOPTHUA MPOTOKOJ BUKOPHUCTOBYETHCS
texnosoriss SDH 3 mporokomom ¢opmyBanns makeriB GFP (generic framing
protocol).

Po3po6ka GPON cTaBuiia HacTyIHI 3aBIaHHS:
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* 3a0e3neuutu podoTy PON Ha riraGiTHUX MBUAKOCTSAX NEepeIaBaHHS.

* Busnauntu cneuudikaii GpismaHOTO piBHS I OLIBII BUCOKOI MPOMYCKHOI
cipomoxHocTi PON.

* Po3poOutu eeKkTuBHUIN CHEKTPaTbHUI MPOTOKOJL.

GPON € mamTaboBaHOIO CTPYKTYPOIO KaJpiB 31 MIBUAKOCTSAMHU TEpEIaBaHHSI
Bin 622 Moit/c go 2,5 I'6Gir/c. Crpykrypa mnotoky B GPON 0a3yerbcs Ha
YHIBEpPCAbHOMY TMPOTOKONY KajpiB, 3a0e3Meuylodd BCTaBKY B CHHXPOHHHIA
TPAHCHIOPTHUN MPOTOKON OYIb-SKH THI cepBicy, B Tomy uucai 1 TDM. fkmo y
SDH posnopainenHs pododoi cMmyru BinOyBaeThesi ctatuyHo, To GFP, 36epiraroun
CTpYKTYypy Kaapy SDH, nuHamMiuyHO po3noaijisie pooouy CMyTY.

B mepexax GPON st nepegaBaHHs JaHUX MOTPIOHO J1Ba PiBHS (HOpPMYBaHHS
nakeTiB (1HKamncyuAmii) (hopmMyBaHHS MakeTiB BiIOYBAa€TbCA HA JIPYroMy pIBHI
(xaHanpHOMY piBHI) Mozem OSI):

 Iadopmamiitni noroku TDM Ta kaapu Ethernet ymakoByroThCs B makeTu
GEM (GPON Encapsulation Method) 31 3MiHHOIO JOBXHHOIO (BiZOYBa€ThCS
dbparMeHTaiisi KaapiB Ui TIABUIIEHHS ©()EKTUBHOCTI BHUKOPUCTAHHS CMYTH
nepeaaBanns) nmoaioHo a0 ¢popmary GFP (Generic Frame Procedure).

« Komipku ATM Tta mnaketu GEM ¢dopmytots maketu GTC (GPON
Transmission Convergence), KoTpi nepeaaroTbest B Mepexki GPON.

Kontpons ta xepyBanns B cucremi GTC cknanaerbes 3 Tphox yactuH OAM
(Operations, Administrationand Maintenance), PLOAM (Physical Layer OAM) Ta
OMCI (ONU Managementand Control Interface). IToBizomaerass OAM HamaroTh
CMYTY Ta 3JIIHCHIOIOTh TWHAMIYHE KepyBaHHs mupuHO0 cMyrd DBA (Dynamic Band
width Assignment). Bonu 3Haxonsthest B 3aroioBky nakery GTC i mepenaroThest sk
y BUCXIIHOMY TaK 1 y HU3X1JHOMY ITOTOKaXx.

[[IBuaKiCTh TIEpeaaBaHHs HU3XITHUNA MOTIK / BUCXIIHHUM MOTIK (IJI BUMAAKY
konu kourueniii FTTH a6o FTTC ¢ynkmionywoTs cninpHO 3 TexHonoriero ADSL,
MOXYTh OyTH BUKOPUCTaHI MBUIKOCTI MeHII HixX 1,2 I'01T/C) CTAHOBUTB:

1244,16 M6it/c / 155,52 Mbit/c

1244,16 Mo6it/c / 622,08 Mb6iT/c
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1244,16 M6it/c / 1244,16 Mbit/c

2488,32 Mo6it/c / 155,52 Mbit/c

2488,32 Moit/c / 622,08 Mb6iT/c

2488,32 Moit/c / 1244,16 Mbit/c

2488,32 Moit/c / 2488,32 Mbit/c

PoGounii giana3oH AOBXKHUH XBWJIb JUISI HU3X1JHOTO MOTOKY JIJISi CHUCTEM, IO
MPALIOIOTh M0 OJTHOMY ONITUYHOMY BOJIOKHY moBuHEH OyTr 1480+1500 HM.

PobGounii fqiana3zoH JOBXHUH XBWJIb JUISL HU3XIJHOTO MOTOKY JUJISl CHCTEM, IO
IPAIIOIOTh 10 JBOX ONTHYHHUX BOJIOKHAX MoBHHEH OyTH 1260+1360 HM.

PoOounii miana3oH JOBXKWH XBWIb JJI BHCXIJHOTO IMOTOKY IOBHHEH OyTH

1260+1360 HM™.

2.3.4 EPON

EPON (Ethernet PON) — Busnauaetscsi cranmaptoM IEEE 802.3ah mis
CUCTEM 31 MBUAKICTIO TiepeAaBanHs iHdopmariii 1o 1 ['6iT/c, a TakoxX AJid CUCTEM 31
HBUAKICTIO nepenaBaHHs 1H(opmanii 100 MOiT/c opraHi3oBaHUX 3a HPUHIIUIIOM
TOYKa-TOYKA.

B sKOCTI TpaHCIOPTHOTO MPOTOKOJY BUKOPUCTOBYEThCA TexHouorisi Ethernet.
Husxignuit motik mnepenaerbest 31 mBUAKICTIO 1 1'6iT/c Ha gomxkuHiI XxBwmi 1550
2001490 HM, BUCXiTHUH TOTIK TepenaeTbes 31 mBUAKICTIO 1 ['6iT/c Ha MOBXKHHI
xBUiIl 1310 HM (ZomycKaeThesl NepeAaBaHHsl HU3X1IHOTO Ta BUCXIJHOTO MOTOKIB Ha
noBxuH1 xBwi 1310 HM)

Texnomorito EPON Ttakox HasuBaioTh GEPON (OCKUIBKH IIBHUAKICTH
nepenaBaHHs iHdopmarlii ctaHoBUTh 1 ['6i1/C)

Jlns yaukaenns komizii B crtamapti IEEE 802.3ah  BukopucTOBY€THCS
POTOKOJI KepyBaHHS 3 MHOXHHHUM goctyniom MPCP (multi-pointcontrolprotocol),
KOTpuil BUKOpUCTOBYE ABa Tunu koMmau: kaapu GATE ta REPORT, nei npotoko
3a0e3neyye BCTaHOBIEHHS e€auHOro vacy Ha romuHHukax OLT Tta Bcix ONT
(mepenatoui yacoBi MmiTku B komaHiaa GATE, mo Bu3Hayae yac B KOTPHUM JTaHMI

By30s1 ONT noBuHEH noyaTu rnepegaBaHHs Ta TPUBAIICTh NepelaBaHHs 1HGOpMAIIii..
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Komanan GATE nocunarotbest B HU3x1qHOMY ToTori 10 Bcix ONT (koTpi 3a
I1€10 KOMaH0I0 BU3HAYAIOTh Yac MOYaTKy Ta TPUBAJIOCTI MIEpeIaBaHHsl), Y BiAMOBIIb
KOPHUCTYBaul MOCUIal0Th KoMaHay nosigomieHHss REPORT.

Yacoi mitkun B koMauai GATE natote moxnuBicTh 3BipsATH ONT cBiid
TOJMHHUAK 3 YacOBOI MITKOIO KOMaHIW, IO JAa€ 3MOTY BHW3HAYUTH BIPHICTH
cunxponizamii ONT Ta OLT. Skuo po3xo/pKeHHs MEepEeBUIIyE BCTAHOBIECHY MEXKY,
To ONT nepeiige B pexuM iHiIiami3amii.

Ockinbku TexHoJoriss EPON nHa Biaminy Bix rexHosorii APON, BPON, GPON
HE MICTUTh MOKJIMBOCTI ()parMeHTailii KajpiB, TO SIKIIO0 HaCTynHU#, B Oydepi, Kaap
HE BMINIYEThCA Yy BIABEACHHM NPOMDKOK 4acy Mg MepelaBaHHs, TO Kaap Oyne
OYIKYBaTH HACTYITHOTO YaCOBOT'O 1HTEPBAITY JIJIsl BIIIPABICHHSI.

Jns  momryky Ta JIIKBigalli TOMMHJIOK BUKOPHUCTOBYETHCS — CIIYKOOBE
noBigomiieHHss OAM (Operation, Administration&Maintenance).

Bci 111 komanau nepenarThes B 3arajlbHOMY 1H(GOPMAIIITHOMY MOTOII Pa3oM 3
1H(hOpMaIHUMHU TOBIIOMJICHHSIMU.

Tpusanicts nepenaBanus kaapy GATE (3 npeambyroro), 72 Gaiita, CTaHOBUTh
6 Mkc. MakcumanbHa TpUBAJICTh TepenaBaHHs kaapy Ethernet (3 mpeamOyioro),
1526 6aiitiB, cranoBuTh 12 Mxc. TpuBanicte RTT (Ha 20 kM) ctanoBUTH 200 MKC.

®opmar kanpy Ethernet B texnomorii EPON Takuii camuii ik B TE€XHOJOTii
Ethernet crannapty IEEE 802.3, ane mone “npeamOyna” MICTHTh KUIbKa HOBHUX
CITy’KOOBHUX YaCTHH:

. SOP (start of packet) — 1 6aiiT, BKa3ye Ha MOYaTOK Kajapy

. Pe3epBHa yactuna — 4 Gaiita

. LLID (Logical link identificstor) — 2 0Oaiita, Bka3ye iHAMBITyaabHHI
inenTudikatop By3na EPON. Ilepmumii 6iT Bkazye Ha peXUM MOBJICHHS Kaapy
“Touka-Touka’ ado ‘“Touka-mynbTuTOuKa”. [HII 15 61T MICTATH aapecy By3i1a EPON.

. CRC (circle redundacy check) — 1 O6aiiT, xOoHTpoJbHA CyMmMa 3a

peaMOyJIoro.
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2.3.5. Opranizanisi nmepeaayi JaHUX B MACHBHMX ONTUYHHX MepesKax Ha

npuxiaaai GEPON

Ha croponi mposaiinepa BcranoBiroeTbest OLT (Optical Linear Terminal —
Ontuunnii  Jliniiaud Tepminam) — L2 cBiy, mo wmae Uplink moptm ( mis
migkaodeHas a0 L3 poyrepa) 1 Downlink moptu ( miast KI€HTCHKHX IMOTpPEO).
KepyBanuss OLT mpoBoauThbes SIK 4epe3 TepMiHAIBHHUIA MOPT, TaK 1 3a JIOIOMOTOIO
npotokoiiiB Tuiry SNMP, SSH i TELNET.[8]

Ha croponi kmienta BcranoBmoeTbest ONU ( Optical Network Unit — Ontuana
Mepexea Onunauiist), sky Takox iHoai imeHytot ONT ( Optical Network Terminal
— Onrtuynuit MepexeBuit Tepminan) — moBHOUIHHMA VLAN CBid4 HEBEJIHUKOTO
po3mipy. ONU craHgapTHO Ma€ OAWH ONTHUYHUHN TirabiTHUM mopT 1 4 MIJHUX
(100Mbps abo 1Gbps). € momeni ONU 3 koMOIHOBaHMM ONTHYHUM MOPTOM JIJIs
TenebaueHHs W MaHuX, 3 moptamu ais Tenedonii (SIP), 3 pi3HOIO KUIBKICTIO MiTHUX
noprtiB, 3 Wi-Fi agantepom, a Takox KoMO1Halli BCciX nepepaxoBaHux Buie. KoxxHa
ONU wmae BOynoBanuit ¢pinsTp Mac-anpec; npu oaepkanti nakera ONU nepeBipsie
MPUHAJICKHICTh TTAKeTa 1, SKIO MaKeT HAJIGKUTh He iH, Binkumae horo. KepyBaHHs
ONU BigOyBaeThes Oesnocepenubo 3 OLT, mpu mpomy OLT BBaxae ONU
«IMATOPTOMY» CBOTO TOPTY, IO MAa€ CBOi MOPTH, TOOTO AOTPUMYETHCS HACTYITHA
iepapxisi: [Topr OLT -> Ne ONU -> nopt ONU.

MK KIIEHTOM 1 TIPOBAIEpOM PO3TAIIOBYETHCS MACHBHA ONTHYHA MEPEKa,
sSKa Ma€ TOnoJIoriio JepeBai 11 moxigHi. OCHOBHMMH KOMIIOHEHTAMH ITaCHBHOI
ONTHYHOI MEpeXi € ONTHYHE BOJOKHO 1 cmuritepu (Splitter — po3aiibHHK), IO
MPAITIOIOTh Y PEKUMI «PO3TATYXKyBad» y HAMPSMKY MPOBANACP-KIIEHT 1 B PEKUMI

«3MilryBau» y 38B0poTHOMY HanpsiMky. Moaens GEPON 300paxeHna Ha puc. 2.8.
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Puc. 2.8 — Moxeas GEPON.

[TacuBHa onTHUYHA MEpeka BKIIIOUYA€E B ce0e BEIUKY KIJIbKICTh a0OHEHTIB, TOMY
3 6oky OLT nie TDM, a 3 6oky ONU — TDMA (Time Division Multiple Access —
Muoxunnuit loctyn 3 [loginom 3a Yacom). Ilpu npomy Husxigauii notik (Big OLT
no ONU) nepenaetscst Ha noBxuH1 XBuial 1490uMm, a Bucxignuii (nmotik Big ONU 1o
OLT) — na momxuni xBuimi 1310uM. 3poOieHe 1e IS TOro, 00 3aJIMIIMTH MicIe
st CATV (ananoroBe TenebaueHHs), K€ TaKOXX MOKHA MycTUTH 1o aepeBy PON
no abonenta. IlepenaBaui CATV 3miiicHIO€TbCS Ha JOBXWHI XBHm 1550HM a6o
13108Mm.

Bapro Bim3Hauutn, mo cravgapr GEPON Bigpizuserbcs Bin Ethernet
CTPYKTYPOIO KaJpy.

Crnijt oKpeMo pO3MISTHYTH TeXHOJIOoT1t0 00MiHy nqaHnumu Mixxk ONU 1 OLT:

. Oynp-sika ONU Bimae TUIbKM B MOMEHT 4acy, BiaBenenuit 1 uei OLT;

. st Oynae-sika ONU y wmepexxi OLT Bu3Hauae yacoBUM MPOMIXKOK,
npoTsirom sikoro ONU Moke BilaTu;

. 3anoBo migkiaroueHa ONU Bsaemomie 3 OLT mo mportoxoay MPCP (
Multi-Point Control Protocol — I[Tporokon KepyBanus bararonorokoBum OOMiHOM);

. Ooynp-ska ONU He Moxe 3B’s3yBarucs 3 iHmmMH ONU 6e3 yyacrti y
3B’s13ky OLT. Yci maketu myst Oynb-KOTO agpecara IeHTPpali30BaHO 00po0Jsie OaHe

obnagHanHas B Mepexi — OLT.



49

JUisi TMATPUMKU TPUCBOEHHS TUMYAacOBHX JOMEHIB 3a pgonomororo OLT,
rpynoto IEEE 802.3ah 6yB po3pobnenuit mnpotokon MPCP. Ileit mpotokon
0azyetbcs Ha nBox moBimomieHHsX Ethernet: GATE 1 REPORT. IlosigomienHs
GATE mnaacunaetscsi Bif OLT mo ONU 1 BHKOPHUCTOBYETHCS ISl TPUCBOEHHS
tumuyacoBoro gomeHa. [loBimomnenHs REPORT BukopuctoByethess ONU s
iHdopmyBanHss OLT npo cBiil ctan (3amoBHIOBaHHA Oydepa 1 T.1.), 100 JOMOMOITH
HOMy TPHUIHSATH MpaBWIbHE PIMICHHS TPO BUIIJICHHS THMYAacOBOTO JOMEHa. Sk
GATE, tak i Report-IToBinomienns € kaapymu kepyBanus MAC (tun 88-08).

Crannapthi Ethernet kagpu B PON moaudikyroTecs i cnernudiky poOOTH B
TDM cepenoBuiii, ogHak, OLT monudikye BuUXiJHI MaKeTH TakK, 10 HAa BUXOMI 3
PON Buxoauth crangaptauii Ethernet motTik. ¥ 3BOpOTHOMY HaNpsIMKY CHUTYyallis
ananoriuna. Ctpykrypa ctangaptHoro Ethernet xanpy (IEEE 802.3), PON kanpy
(IEEE P802.3ah) i kepyrouoro kaapy IEEE P802.3ah mpencraBnena na puc. 2.9.

a) Kanp IEEE 802.3

[Mpeambyna 3aronoBok
SFD DA SA | T MNone gaHux PAD | FCS
7 1 6 6 2 46-1500 4 2
JopxuHa kaapy 64-1518 Gaiit

6) Kaxp |EEE 802.3ah

SOP [Pe3sep.|LLID| CRC | DA SA L/T Mone gaHmx PAD | FCS
1 4 2 \1 6 6 2 46-1500 4 2
OB)XHHA Kaapy 64-1518
M(1)| LLID(15) A Py

0) Kepyrounii kaap |IEEE 802.3ah

SOP [Pe3ep.|LLIDCRC DA SA L/T | Optcode| TS lMone gaHux FCS

1 4 2 1 6 6 2 2 4 40 2

HosxwuHa kaapy 640aiitu

Puc. 2.9 — Kaapu PON Ta Ethernet.



50

[TpeamOyna ctanmaptHoro kaapy Ethernet (Kagp IEEE 802.3), moaudikyeTbes
J0JIaBaHHAM JAeKibKox ciryx0oBux mouis (Kaap IEEE 802.3ah):

. SOP ( Start Of Packet) — 1 0aiiT, Bka3ye Ha IMOYaTOK Kapy;

. Pes3epBHe norne, 4 Oaiira;

. LLID (Logical Link Identificator) — 2 Gaiita, BKa3sye iHAMBIAyaJIbHHIA
inentudikatop By3na EPON. LLID notpiOHO myig emynsiii 3'€lHaHb B MEPEXKI
EPON. Ilepmmii OiT moisi BKa3zye pekuM mepenadi kaapy (unicast abo multicast).
[am11 15 61T MicTATh 1HAUMBIAYalbHA anpeca By3na EPON;

. CRC (Circle Redundancy Check) — 1 O6aiiT, KOHTpoJibHA CyMa IIO
npeamOyni (crangapt P802.3ah).

[Tpu Buxoni kaapy 3 mepexxki GEPON mnpeamOyna kaapy HepeTBOPUTHCS [0
CTaHAAPTHOTO BUIJISIAY — Ter JKkBiAyeTbes. Hanpuknan, y npsmomy morout OLT
Moaudikye mnpeamOyny koxkHoro BximHoro B PON kagpy 802.3, 30kpema, y
npeaMOyiry momaerhes criemanbHui Ter LLID. Ile#t Ter BUaiIseTbCs BiAMOBIIHUM
nigpiBHeM Ha ONU, ne BigOyBaeThcs BimHOBIEHHS mnpeamOynu. Byszonm ONU vy
HOPMaJIbHOMY PEXHMI poOOTH, TOOTO KOJH BXKE 3apEeECTPOBAHMM, 00pOOIISIE TIIBKH
T1 KajapH, y npeamOyii skux igeHTudikarop LLID 36iraerbes i3 Bnacaum LLID. Tami
nosst kaapy EPON 36iratothest 3 mojsiMu cranaapTHoro kajapy Ethernet:

. DA (Destination Address) — 6 O6aiit, Bkasye Mac-Anpeca craHiii
npuzHadyeHHs. [le Moxe OyTu eauHa ¢izuuHa aapeca (unicast), rpymoBa ajapeca
(multicast) abo mmpokoMoBHa ajapeca (broadcast);

. SA (Source Address) — 6 Oaiit, Bkazye Mac-Aapeca CTaHIIii
BIJITPABHUKA;

. L/T ( Length/Type) — 2 Gaiita, MicTUTh iH(pOPMALIiIO PO TOBXKHHY 200

THUII KaJpy;
. ITone ganmx, 3MIHHOT JOBKUHM;
. PAD (HamoBHIOBaY) — M0JIE BUKOPUCTOBYETHCS [IJIsl IOMOBHEHHS Kaapy

710 MIHIMQJIBHOTO PO3MIpY;
. FCS ( Frame Check Sequence) — 4 GaiitTa, KOHTpOJIbHA CyMa Kaipy,

oOumnciIeHa 3 BHUKOPUCTAHHAM I_[I/IKJ'Ii‘-IHOFO HaJIMIKOBOI'O KOY,
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. Opcode ( Optional Code) — 2 0Oaiita, yTOYHIOE THIT KEPYIOYOro Kajpy.
[cHyIOTB JB1 KaTeropii Kepyrounx KapiB, IO BIAPI3HAIOTHCS 3HAYEHHSAM LbOTO TOJIS:
noBigomiieHHs GATE, sike renepye OLT, 1 nosigomnenuss REPORT, sike renepye
ONU;

. TS (Time Stamp) — 4 GaiiTa, MiCTUTh YacOBY MIiTKY BiJIITPaBHUKA;

. message — 40 OaiiTiB, caMe B IIbOMY IIOJII BTPUMYETHCA CIIY)KOOBa
iH(dopmartis, HeoOxigHa a1 poOoTH mpoTokory MPCP.

OLT 1 ONU 3a0e3nedytoTh 1HKanCyssiiio AaHux y moaudikoBani Ethernet
kagpu cradgapty IEEE P802.3ah, mpu 1mpoMy BHUKOPUCTOBYETHCS KaHAJbHE
koayBaHHs 8B/10B (8 61T kopucTyBaua nepeTBopAThCs B 10 KaHaIbHUX).

Octatounuii anroput™m podotu Mepexi PON micist HajmamTyBaHHS BUTIISIAE
TaKHM YAHOM:

. ONU «cnyxae JiHi0»;

. OLT onepxye nmaket crannapty IEEE 802.3 Bix Bumoro o6iagHanus i
Moaudikye ioro mia ctanaapt IEEE P802.3ah;

. OLT Biacwmiae maket KoHKpeTHOMY ajapecaroBi (ONU);

. VYeci ONU oaepxyroTh TaKeT, ajie TUIBKU ajpecaTr 3aJIMIIae Horo cobi —
1HIIT1 TaKeT BIAKUIAIOTh;

. ONU wmoaudikye maker crangapty I[EEE P802.3ah min crannmapt IEEE
802.3 1 Bigaae ioro kiieHTcbkomy [1K;

. ONU 13 kmientceskoro I1K, momudikye ix 31 crangapty IEEE 802.3 min
cranaapt IEEE P802.3ah i Oydepusye;

. OLT no3Bonsie nepenavy nanux KoHkpetnoi ONU;

. ONU Bimae neBHy KUIbKICTh Yacy, a MOTIM 3aMOBKA€ i 3HOBY «CIyXae»
JIHIIO;

. OLT onepxye Bix ONU maker crangapty IEEE P802.3ah, moaudikye
vioro mix ctannapt IEEE 802.3, micns 4oro nepenae iMoro BUIIOMY 00J1aJHAHHIO.

Anroput™ pob6otu Mmepexki PON 1o mnepeTBOpeHHI0 MaKeTiB 3 OJIHOTO

CTaHJapTy B 1HIINI mpencTaBiaeHuit Ha puc. 2.10.
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A . ARy

Puc. 2.10 — [1epeTBopenns nmakeriB B PON.

2.4. OcHoBHi MeTOAM IM(PPOBOro KOAYBAHHS

NRZ — Non Return to Zero (6e3 moBepHEHHS 10 HYJIs).

bitu «0» nepenarotbes HyaboBoro Hampyroto (0 B). bitu «1» mepenarorbes
HANpyrorw +V.

[leit meTon KoAyBaHHA € HAMOUIBII MPOCTUM 1 € 0a30BUM 1Jid MOOYAOBU
OUIBII JOCKOHAJIUX AJITOPUTMIB KOJTYBaHHSI.

KonyBanuto 3a metonom NRZ nputamanHui MMM psii HEAOTIKIB (BUCOKHIA
PIBEHb MOCTIHHOT HAIPYTH, IIUPOKUIN CIEKTP CUTHAITY Ta 1HIIIL. )

3aranbHUN BHU]I JBIMKOBOTO psily, MpencTaBieHoro B koqi NRZ, moka3zano Ha

puc. 2.11.

+W

Puc. 2.11 — Meton uudposoro kogyBanHs NRZ.

RZ — Return to Zero (moBepHEHHsI 10 HYJIS).
bitn «0» nepenaroThcs Hyab0BOW Hampyror (0 B). bitu «1» mepemarorbest
Hampyroro +V B Mepliii YaCTHHI Ta HyJbOBOIO HANPYTOIO0 Y APYTii YACTHHI YaCOBOTO

IHTEepBaIly.
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[TopiBHSIHO 3 TIOTIEPETHIM METOIOM e METOJI Ma€ MepeBaru:

. CepeNHs HampyTa B JIiHIi € BABIYl MEHIIIOIO

. 3a YMOBH Tiepeaadi O6e3repepBHOi MOCTITOBHOCTI «1» cUrHa B JIiHIT HE
3aJUIIA€THCS TTOCTIHHUM.

OpHak MUpHHA CIIEKTPa CUTHANY € O1IbII0I0 HIkK Y NRZ

3aranpHUM BUJ JBIMKOBOTO psIy, IPEAcCTaBleHOro B Koal RZ, mokazaHo Ha

puc. 2.12.

= T

Puc. 2.12 — Meton mmdpoBoro koayBaHHs RZ.

NRZ | — Non Return to Zero Invertive (iHBepcHe KOJyBaHHs 0€3 MOBEPHEHHS
110 HYyJIs).

bitu «0» nepenatorbes HynboBoro Hampyrowo (0 B). bitu «1» mepenatorbes
HyJb0BOIO Hanpyrow (0 B) abo Hanpyrow +V B 3aJeXKHOCTI Bijl TOro, SIKa Hampyra
Oyna B momepeanporo Oita. Skmio Hampyra momepennboro Oita Oyma (0 B), To
OoIMHUIL Oyjie IpeICTaBIeHa HAMPYTrow +V, SKIo HampyTa NonepeaHporo oita Oyra
+V, To ogunuLs Oyzae npeacTasieHa Hanpyrorw (0 B).

[lepeBara 1150T0 KOOy MOJSITATUME B TOMY, IO IIMPUHA CHIEKTPY CUTHATY Oye
ak y NRZ, a 3a ymoBH niepeiaui 6e3nepepBHOI OCIITOBHOCTI «1» cUrHan B JiHIT He
3QIIAIIAETHCS TTOCTIMHUM.

3aranpHU BU ABIHKOBOTO Psiy, mpeacTaBieHoro B kojai NRZ I, mokazano Ha

puc. 2.13.
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+W

Puc. 2.13 — Meton mmudpoBoro koayBanus NRZI.

2.5. BUCHOBKHM 10 po3iiay

OCHOBHUMH CHCTEMaMH MYJIBTHIUICKCYBaHHS CHUTHAIY B OINTOBOJIOKOHHOMY
kabeni € WDM ta PON.

WDM cucremu peani3oByIOTh PO3IIMPEHHS MPOMYCKHOI 3/JaTHOCTI KaHaTy
METOJOM PO3IUICHHS CUTHAITY 3a JOBXKHHOI XBWII. JIJIS ITbOTO BHUKOPHCTOBYIOTH
nepeaBadi, 1o MepeIaroTh CBITIOBUM CUTHA PI3HOT JOBKHWHM XBWJIl. B 3amexHOCTI
B1Jl HEOOX1IHOI KIJIBKOCTI KaHaliB 3acTocoBYylOThcs CWDM a6o DWDM cuctemu.
Ane oOMEXEHHs 3arajbHOi TMOTY)XHOCTI CHTHalIy, N[0 TIEPEIAEThCI B
ONTOBOJIOKOHHOMY KaOeJl CTBOPIOE TEBHI OOMEXKEHHS: 4YWM Oljibllla KUIBKICTb
KaHaIiB mepenaul iHdopmallii, TUM MEHIIAa MaKCUMajlbHa BIJCTaHb Iepenaadl
CUTHAITy; 11€ 3000B’43y€ BUKOPUCTOBYBATH ONTHYHI IT1ICUITIOBaYl CUTHATY.

B macuBHMX ONTHYHHX MeEpeXax 3aCTOCOBYIOTHCS TIACHMBHI  ONTHYHI
KOMITOHEHTH, III0 3HA4YHO CIIPOIIYyE iX BCTAHOBJICHHS Ta 3HIKYE BapTICTh.
MynbpTUIUIEKCYBaHHS CHTHaly peani3oByeTbcsi TexHoioriimu WDM, TDM Ta
nepedopMaryBaHHsIM KajpiB. HuU3XimHMI Ta BHUCXITHUNA TOTIK MEPEAAIOTHCS
OJIHOYAaCHO Ha pi3HMXx yactoTax. IIpu mepemaui iHdopmamii Bimz ONU mo OLT
peanizoByerbcsi ATDM — kokHa cTaHIlis nepenae iHGOpMaIliio B CBii mepiof dacy.
[Ipu orpumanni iHpopmauii, OLT nepenae maketu omHouacHo BciMm ONU, ane

MPUIMAIOTh X JIMIIE Ti, KOTPUM BOHU HaJIEXKAaTh.
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PO3/11 3
PO3POBKA CTPYKTYPHOI CXEMHU AJIbTEPHATUBHOI
CUCTEMM MYJbTUIIJIEKCYBAHHS

3.1. lopiBHSIHHSA Cy4YaCHUX CHCTEM MYJIbTUILIEKCYBAHHS

Ha ocHoBi posrmsHyToi iH(OpMalii MOXHA MPOBECTH HACTYIHE MOPIBHSHHS
TEXHOJIOT1M MyJbTUIIJICKCYBaHHS.

Y tabmumi 3.1 waBenmeHi Buau crtangaptieB PON 3a iXHIMH OCHOBHUMH
XapaKTEepUCTHKAMU: IIBUAKICTh IepedaBaHHA 1H(opMalli Mo BUCXIAHOMY Ta
HU3X1IHOMY IOTOKax, 0a30BUH NPOTOKOJ, BHUJ JIHIMHOIO KOAY, MaKCHUMalbHHUN
pamiyc Mepexi, MaKCUMajbHa KUIBKICTh aOOHEHTCHKMX BY3JIIB Ha BOJIOKHO,
3aCTOCYBAaHHS, KOPEKI[isS TMOMHJIOK, JOBXXMHU XBHJIb BHCXIJHOTO Ta HHU3XITHOTO
MOTOKIB, MOKJIUBICTh JUHAMIYHOTO PO3MOJITY CMYTH, HasBHICTH [P-dparmenrarii,
cnocid 3axXMCTy JaHUX, HAsABHICTh pPE3EPBYBAaHHS, OIIHKA MIATPUMKA MOBHHUX

3acTocyBaHb Ta QoS.

Tabmuus 3.1
IopiBHSIJILHI XapaKTePUCTHKHN MACHBHUX ONTHYHUX MePex
EPON
XapaKTepruCTUKA APON (BPON) (GEPON)/ 10G GPON
EPON
IEEE 802.3ah
CraHgapT ITU-T G.983.x ITU G.985/ ITU-T G.984.x
IEEE 802.3av
[LIBuAKicTD 155/ %252/52222/ 1557 | 100071000 (G)/ | 1244/155, 622,
niepelaBaHHs, 15 BPON ToaKosKc: 10Ghit/10Gbit; 1244;
PSIMUI/3BOPOTHIM A (1244/155; " | 10Ghit/1Gbit 2488/622,
notik, Moit/c 1944 /622)’ (10G) 1244, 2488
bazoBuii mpoTokon ATM Ethernet SDH
JliH1liHAI KO NRZ 8B/10B NRZ
MaKCHMMBHHH paniyc 20 20 20
MEpexi, KM
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[Tponorxenus Tadmuii 3.1

EPON
XapaKTepUCTUKU APON (BPON) (GEPON)/ 10G GPON
EPON
MakcumanbHa KiJILIfiCTB 32 (G)/
a0OHEHTCHKUX BY3JIiB Ha 32 64 (10G) mo 128
BOJIOKHO
3acToCyBaHHs bynp-ski IP, nanHi bynp-ski
Kopexkirist nomusniok FEC nependayeHa HEMae HeoOXi/IHa
fgf};‘i‘;l‘:;’;’jﬁxmmm 1550/1310 1550/1310 1550/1310
: (1480/1310) (1480/1310) (1480/1310)
IOTOKIB, HM
JluHaMi4HUN pO3MIOALT . PN— .
CMYTH
IP-dbparmenTartis € HEMAE €
mupyBaHHs mrppyBaHHS
3aXHUCT TAHUX BIJIKDUTUMH HEMAe BIJIKDUTHUMH
KITF0OYaMu KITIOYaMH
PesepByBaHHs € HEMaE €
O11iHKa MITPUMKH
MOBHHX 3aCTOCYBaHb Ta BHCOKA HU3bKa BHCOKA

QoS

Takum YHUHOM, MOJXHAa 3pO6I/ITH BHCHOBOK, IO CCPCA ITACMBHUX OIITHYHHX

MepeX HaWKpaluuMH JUIsl 3aCTOCYBaHHS, SIKl BIJIMOBIJAIOTh CyYaCHUM IOTpedaMm €

GPON Ta EPON (10G EPON).

Cnin Biamituty, o y GPON e psig nepesar y nopiBHsinHi 3 EPON:

- Buma mBuakicts nepenayi ganux (2,4 I'6it/c).

Mae MOKJIMBICTB TaKOXK nepcaaBaT CUIrHall aHaJI0IroOBOI'O TeeOaueHHs.

- MakcuMalibHa KUTBKICTh aOOHEHTCHKUX BY3JiB 128, 1m0 mnepeBaxkae

HaBiTh TexHoJoriro 10G EPON.

Texnonoris GEPON mae psin mepeBar:

- [lepenbauye BUKOpPUCTaHHS BUTOI Mapu, IO CYTTEBO 3HUXKYE 3aTpaTH

IIPY BCTaHOBJICHHI.

- 3abe3reuye HaMBUIY MIBUAKICTH Mepenadl cepej] MaCUBHUX ONTHYHHUX

mepex (10G EPON).

3arajbHi NnepeBaru NaCUBHUX OIITHYHHUX MCPCIK:
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- Hwusbka BapTicTh 00aHAHHS.

- [Ipormec BCTaHOBJICHHS, HANAIMITYBAHHS MEPEXKI Ta IMiIKIIOYCHHS HOBUX
a0OHEHTIB € JOCUTh MPOCTUM.

- OpHoyacHa mepefaya BHUCXIHOTO Ta HU3XIAHOTO MOTOKIB MO OJHOMY
BOJIOKHI.

- Mepexka CKIaaeThCs 3 MAJIOi KiJIbKOCTI KOMITIOHEHTIB.

Takum uymHOM, TexHonoriss PON d9ymoBo migXOAuTh JJs Oprasizaiii
KOMIT'IOTEPHUX MEPEX B MEXKaxX HACEIIEHOTO MyHKTY. AJle OCHOBHUM HEJOJIKOM
naHoi cuctemMu € Te, mo aboneHTcbkuit By301 (ONU/ONT) npu oTpumaHHi JaHUX,
KpIM CBOIX, OTPUMY€ TaKOX JaHl IHIIMX BY3J1B, IIO MIJKIIOYEHI A0 TOrO X
CILTITTEpAa, IO 1 BIH. X04 cHcTeMa aOOHEHTCHKOTO By3ja 1 aHaJi3ye MaKeTH1 JaHi,
nepesalour  KOPUCTYBadyeBl JIMINE MHOro MJaHi Ta ITHOPYKOYHM 1HIN, aje Marouu
BIJITTOBI/IHI HABUKU MO>KHA OTPUMYBATH JTOCTYII 10 1H(OPMAIIii 1HIIUX KOPUCTYBAUIB.

B tabnui 3.2 nogaHuii CIUCOK Cy4aCHUX CUCTEM CIEKTPAJIbHOTO YIIUTbHEHHS
Ta 1X OCHOBHI XapaKTEPUCTUKH: KIJTbKICTh KaHAJIIB, J1alla30H JOBXKWH XBUJIb Ha SIKUX

BiIOyBa€eThCA Tepenaya, BiACTAaHb MIXK CYCIIHIMH KaHajaMH, JIiHIHHA MIBUAKICTH

nepeaadi.
Taomurg 3.2
OcHoBHIi xapakTepucTuku cydacHux WDM cucrem.
HaitmanyBanns . Tianason BII[C.TaHB Tisiiina
ta TiI cuctemu | Kommnanisg Yucio OEIKIHH MK BHIKICTE
(DWDM a6o BUPOOHMK | KaHaTIB JIXBH . CYCITHIMH e l; i
CWDM) 1 KaHaJIaMu pest
100 Moit/c
1626 1530 + 1570 -25
LightManager Alcatel % (192) HM 0,4 Hm ['6it/c, 10
['011/c
100 Moit/c
1530 + 1560 -25
1696 MetroSpan Alcatel 32 . 0,8 aM I6it/c, 10
['6it/c
1696 1530 + 1560 100_1\;[2”/0
MetroSpanComp Alcatel 8 o 0,8 HM I6it/e, 10
act .
I'oit/c
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[TponorxenHs Tadmuii 3.2

HavimanyBanns . Bincraus C s
: Jiama3oH . JliniiiHa
Ta THUII CUCTCMHU KOMHaHI}I Yucno OBSKHH MI1XK - KiCTB
(DWDM abo BUPOOHUK | KaHaIiB A CyCIIHIMHU AICT
CWDM) XBUJIb KAHATIAME nepez{aql
100 Moit/c
1692 1470 + 1610 -25
MetroSpanEdge Alcatel 8 HM 20 mm I'6it/c, 10
['6it/c
1529 + 1561
HM 100 I'Ty 2,501t/
XDM (DWDM) ECI 80 1570 ~ 1603 | (0,8 um) 10 I'6it/c
HM
1291 + 2500 I'T )
XDM (CWDM) ECI 16 16118m (20 1) 2,5 T'6it/c
DWDM
CommonPhotoni | Nortelnetw -36 C- 100 I'T'xy 10 T6it/c
cLayer (CPL) orks DWDM Jiarma3oH 50ITn
-72
DWDM C 1
L
OPTeraMetro DWDM | 1528,77am
5200 NortelNetw -32 +1605,73 am | 200 ITn 10 I'Git/c
OPTeraMetro orks CWDM CWDM 20HM 2,5 T'6it/c
5100 -8 S+C+L
1470 + 1610
HM
) 1520 +1610 | 100IT1x1 160 x 10
SURPASS 7500 Siemens o 160 . 50 Tt C6it/c
SURPASS 7540 | Siemens | 0160 | 228777 | sorrn | 12.5T6ic
1607,47 1M H ’
SURPASS . 1537,39 + )
7540C Siemens o 80 1563.86 M 50IT 2,5I'611/c
FSP 3000 Metro i 1530,33 + )
DWDM Siemens 64/ 32 160231 v 200 I'T'y 10I'6it/c
160
JOBXUH 160
xBHIb 10 KaHaJiB X
SURPASS 7550, Siemens I'6it/c 1528,77 + 100 I'T'1y i 10 T6it/c
DWDM-cucrema 80 1607,47 am 50IT )
OB 80 xaHamiB
% x 40 I'011/c
XBWIb 40

['6i1/c
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[TponorxenHs Tadmuii 3.2

HavimanyBanns . Bincraus C s
: Jiama3oH . JliniiiHa
ta Tin cuctreMu | Kommanigs | Ywucio MIK i
(DWDM abo BUPOOHUK | KaHaIiB FIOBIHH CyCIIHIMHU HIBHAKICTD
CWDM) XBUJIb CAHATTAMI nepemadi
Tellabs 7200 1535,82 + 32 (16)
Optical Transport Tellabs 32 1560,61 um 100 I'T'xg CAHATIE X
System 16 1536,61 + 200 I'Tx 10 T6it/c
DWDM-cucrema 1560,61 am
40 (20)

) 1530,33 + KaHaJIB X
Metropolis® Lucent 401 1561,42 1 (2,5 T6ir/c)
WSM Technologi | 20 | 1470 = 1610 | 100 TT 10 Feire
DWDM-cucrema e 8 . 200 I'T R KAHATIB X
CWDM-cucrema CWDM (CWDM) 2.5 [6i/c

(CWDM)
128
JIOBKUH 198
LambdaXtreme Lucent X?gb /10 Bi : KaHaJlB X
™ Transport Technologi 611{ © L= Jiaraso” JACYTHI 10 I'Git/c
DWDM-cucrema es flasi 40 xaHaiiB
AOBIH x 40 T'6ir/c
xBuIb 40
I'6it/c
160
WaveStar® OLS LﬁceTt . | JTOBXHUH Biacyrni Bincyrai 16(.)
1.6T Technologl XBWIb 10 JTaHl TaHl KaHaJlB X
es : 10 I'6iT/c
I'6it/c
SpectraStream 18 , . )
128 Optelecom | noBXkUH 1270 = 1450 20 uMm BIHCY?HI
CWDM-cucrema XBHJIb HM AdSE
8
JIOBKUH 8 xaHaJiB X
Cucrema xBuIb 10 , 200 I'T1x 10 I'6it/c
“ITYCK” HTI%E? “| Teire 1530H‘Ml605 (1050 | (10160
DWDM-cucrema (mo 160 I'T) KaHaJIIB X
JTIOBXKWH 10 I'6it/c)
XBUJIb)
Cucrema 12 )
“ITYCK-M” HTO-UPD- | nosxun | 1548 +~ 1562 100 I 12 KaHa.JIlB
ITnroc XBUJIb 10 HM x 10 I'6iT/c

DWDM-cucrema

['oit/c
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TaknuM YMHOM MO>KHA BU3HAYUTHU Psifi HACTyNHUX nepeBar WDM cucrem:

- Bucoxka mBuakicts nepeaadi indopmartii (no 10, a inoxi go 40 I'Git/c).
- Benuka kiapkicTh KaHaMiB niepeaadi ganux (1o 160).

- [lepenaya indopmariii Ha Biactani A0 160 k.

Henomixkun WDM cucrem:

- 3a331/1qa1?1, KaHall BHI[iJ'ISICI‘I)CSI Ha OIHOI'O KOpHUCTYyBaia.

Bucoka BapTicTh 001aHaHHS.

- Benuka KinbKicTh KaHaliB 3a00B’s3y€ BUKOPUCTOBYBATH BEIIUKY
KUIBKICTh MiJCUIIOBAYiB CUTHAIY.

- Cucrema  BHMarae TOCTIHHOTO  KOHTPOJIKO Ta  PErYJISPHOrO
00CITyrOBYyBaHHS.

BignoBigno, BukopuctanHs WDM cucteM 3Ha4HO e€QEKTUBHINIE IS

peanizanii MaricTpalabHUX JIHINA epenadl iHGopmarii.

3.2. CTpyKTypHa cXxeMa aJIbTEPHATHBHOI CHCTEMH MYJIbTHILIEKCYBAHHS

CUTHAJTY

B pe3ynbTaTi aHanizy iCHyIOUMX METOAIB MYJIbTUILUIEKCYBaHHS Ta YaCTOTHOI'O
PO3IUICHHS CUTHaJIB B  ONTOBOJIOKOHHOMY  Ka0eni, BAAJIOCh  PO3POOUTH
aNbTePHATUBHUM METOJ MYJbTUIJICKCYBaHHS CUTHaly. JlaHuwii MeTon BKIIOYaE B
cebe 3MiHU JIMIIe Ha PiBHI OOMaJHAHHS CUCTeMH Tepenadi iHdopmarllii 1 J03BOJISIE
BUKOPHCTOBYBATH B)KE€ 1ICHYIOUI JIHIT 3B SI3KY.

B oCHOBiI MeTOmy 3aCTOCOBYIOTBHCSI METOJ XBUJIHOBOTO YIIITBHEHHS CHTHATY
(WDM) Ta yacoBoro MmynbTuIuiekcyBaHHs (TDM).

B WDM cucremax koXHa Hecyda XBUJISL SBJISIE COOOI0 OKpEMMM KaHaj
nepenayl iHdopmarii(1o 3HWXKye ii MPOJYKTUBHICTH B Ti MEPIOJIU Yacy, KOJIM KaHa
He mepenae >xoaHoi iH(opmarii), mpu TDM MyIbTHUIIEKCYBaHHI, KOXKEH IaKeT
nepeacThCa B 3adaHui mepion yacy (puc. 3.1). B Hamomy Bumaaky BCl XBWII
3alpONOHOBAHO  BUKOPUCTOBYBATH, SIK OJWMH KaHal TMepeAadl JaHuxX 3

BukopuctanuaM TDM (puc. 3.2). ToOTo, makeTHI JaHHI KOpHCTyBada OyIyTb
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PO3/IIJIEH] Ha PIBHI YaCTUHM MDK KaHaJlaMH Ta MepelaBaTUMYThCsl oJHo4YacHo. llei
METO]T HaJJaCTh 3MOTy 0araToKpaTHO 30UIBIINTA MaKCUMAIIbHY MPOIMYCKHY 3AaTHICTh

OJIHI€T JTiHIT TIepeaadl iHpopMmarrii.

NERERENE 0000 ggog «
AN m LD AAA »
HIA OO0 oot k

OO0 i
0001 M

Puc. 3.1 — Ilepenaua nanux 3 BukopuctanasiMm TDM ta WDM.

DEEEN ga
N Y
ool ma
o001 Ha

A\2/2

OOI0O

PucyHnok 3.2 — AnbTepHaTUBHUI BaplaHT MYJIbTUILIEKCYBaHHS.

PosrisitHemMmo cxeMy MyJIBTUIUIEKCYBaHHSI CHUTHally 3 PO3JAUICHHSM 3a

JTOBXXHUHOIO XBHIII Ha puc. 3.3.

OnTnyHi nigcuntoBaui
TE-1 L-1 > » TE-1
TE-2 L-2 > ‘/ \4 > TE-2
TE... L... > | »| TE..
TE-n L-n » TE-n
M/D M/D

Puc. 3.3 — Cxema WDM.
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B maniit cxemi (puc 3.3): TE — tepminansue obmagnanns, L — mazep, M/D —
MYJbTUIUIEKCOP / AEMyJbTUIIEKCOp. B  1boMy BUIAAKYy KOXKEH TepMiHAI
3’€HY€ETHCS 3 Ja3epOM MYJBTHIUICKCOpA I TIepenadi JaHWX Ha CBOIN JIOBXKHHI
XBHWJI1 Y OMTOBOJIOKHI.

VY HaioMy BUIMaJIKy cXeMa MaTUME MeBHI BiMIHHOCTI (puc. 3.4). [lepr 3a Bce,
B CXeMy BBEJEHO noAaTkoBuii enemeHT — CM — koHTponbHuii Momyns. Came 3
KOHTPOJBHUM MOJIyJieM OyJe 3’€JHYyBaTUCh TEpMiHalbHE OOJIaJHaHHA. MoyIb
MOBUHEH BUKOHYBATU HACTYIHI (DYHKIIII:

- Peectparniio 3’€JHaHb 3 TEpMiHATIAMH.

- ®opmyBaHHS Yepru.

- Ilpuiiom nakeTiB BiJ BiAIPaBHUKA.

- Po3noaineHHs: oTpUMaHKUX MAKETIB MIXK JIa3epamH.

- 3’eHaHHS OTPUMAHUX BiJ MPUHMAaYIB MMAKETIB.

- Ilepenauy makeTiB oJiepKyBauy.

AnTuyHi nigcmntoBavi
TE-1 L-1 > TE-1
TE-2 ~) - L-2 /\4 k ( TE-2
cw > P ov K
TE.. ) L. > 7 O TE...
TE-n L-n TE-n
M/D M/D

Puc. 3.4 — Cxema 3anponoHOBaHOI MO/IEI MYJIbTHUILIEKCYBaHHS.

B mporueci po3noaineHi MakeTHUX AAHMX MK NepenaBayaMu, BapTO BKHUTH
3aXO0iB, IO JO3BOJATUMYTh BIPHO 00’€HATH PO3MIICHI JaHl JO 1X MOYAaTKOBOTO
BUTJISITY. JIJIsl bOTO BapTO BUKOpUCTATH MeETOJ iHKamcyssmii. [laker, sikuit Oyje
BIIMPABJICHUN Ha TMepeaaBady IMOBUHEH MICTUTH JBa JOJATKOBUX TMOJIS: TIepIe
BIJIMOBIAATUME TOCTiOBHOMY HOMEpY YaCTHHHU, APYre — Ha CKUIBKH YacTHH OYiH

PO3/ILICH] JIaHi.
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Bubip Merony xBuiboBoro yuiiiasHeHHS (CWDM un DWDM) 3anexuts Bijg
TOTO, CKUIBKM TIEpeIaBadiB CHUTHAITY mMOTpedye (Moxe moTpedyBaTtu) cucTema
nepeaadi. Aje OCKUIbKH KUTBKICTh NepeaaBadiB Oy/e Maike KpaTHOIO 301IbIICHHIO
MaKCHMaJIbHOI IBHUIKOCTI mepenadi iHdopmaliii MOKHA BUKOPUCTOBYBATH €JIE€MEHTU
CWDM cucreM — 11e CyTTEBO 3MEHIIIUTH BapTICTh JAHOTO 001 HAHHS.

YacoBe yIIUIBHEHHS MOXHA peali3yBaTH IMOJIOHO JIO TOro, sIK BOHO
3nifcHIoeThest B TexHosorii GEPON: Posnoain yacoBux KOMIpok Oyzie TpOBOAUTUCH
B pexuMi 4epru (peectpailii), ToOTO, 4aCOBHUX KOMIPOK Oyae CTUIBKH, CKIJIbKH
KOPHUCTYBauiB KOPUCTYIOTHCSI CHUCTEMOIO B JaHUl MOMEHT uacy, a He (ikcoBaHa
KUTbKICTh. [lpy migKITIOUEHHI HOBOTO KOpUCTyBada OOJIaJlHAHHS TepMiHAIY Oyze
HAJICWJIATA TOBIAOMIICHHS TIPO MIJAKIIOYEHHS 1 OTPUMYBATU CBIM MOPSIKOBHI HOMED
y 4ep3l (po3MilLyBaTUCh B KiHI[ Y€prH), MPU BIAKIOYEHH] — CTaHLIA HAJICUIIaTUME
TepMiHaiaM, W0 3HAXOAWJIMCh B 4ep3l MICAS BIAKIOYEHOTO TEpMiHATY
«Y3TOKyroue» TOBIJOMIICHHS MO 3MIHY iXHbOrO yacoBoro BikHa. lle mo3BosuTh
OL1bII €EKTUBHO BUKOPUCTOBYBATH JIIHIIO 3B A3KY, HE 3aBAHTAXKYIOUH 11 «IIyCTHUMI
MaKeTaMH.

[lepenaua indopmamii B maHili cUCTEMi 3JIMCHIOETBCA 3a TPUHIIUIIOM
napanenizMy, TOOTO Mepenaya B TPYNMOBOMY KaHaml 3IIHCHIOETHCS METONIOM, SIK
XBUJIbOBOTO, TaK 1 4YacoBOIo VHIUIbHEHHS. BiAmoBigHO, SKII0O MaKCHUMalbHa
mBuakictb npu TDM 0e3 cnorBopeHHs curHany popiBHioe 10 I'6it/c., TO
MaKCUMajbHa WIBUAKICTH TPYHMOBOTO TOTOKY Oyne 10*(kimbKicTh TiepenaBadiB)
I'6it/c. Ane ne Oyne MakcMMalnbHA IIBUAKICTH TEpeadl MpU 1IeaIbHUX YMOBax,
aJpke TIeBHMM Yac OyJie 3aTpavyaTiCh Ha IHKATCYJIAIIIO Ta JEKATCYJISIII0 TaHUX.

Jlana cucremMa TakoXX Mae OYTH MPOCTOK y BIOCKOHAJCHHI, MPH MOTpeOi
30UTbLIEHHSI TMPOIYCKHOI 3JaTHOCTI YM MAKCHUMAaJbHOI KIUJIBKOCTI KOPUCTYBayiB.
Takum YUHOM MOKHA BUKOPHUCTOBYBATH OJIMH 3 JIBOX BapiaHTIB BJOCKOHAICHHS:

- 30unbIIeHHS KUTBKOCTI TiepeaBadiB (puc 3.4).

- JlogaBaHHS KOHTPOJIBHOTO MOYJIs (puc. 3.5).



TE-1

TE-n

\/

TE-1

TE-n

[~
/

v

L-1
™M <

L-n

L-1
CcM <

L-n

M/D

NTUYHI Nigacunos

Y \

Adi

M/D

64

CM

TE-1

VAN

TE-n

e N/

CM

TE-1

TE-n

Puc. 3.5 — Cxema cucrema MYJIbTUIITICKCYBAHHA 3 KIJIbKOMa KOHTPOJJIOYHNMHU

MOOYJIAMMU.

3.2.1. Peanizanisi CTpPyKTYPHOI cXeMH

s

MYJbTUIIJICKCYBAHHS,

320€e3I1eYeHHSI

MaKCUMAaJILHOI1

e(EeKTUBHOCTI

JTaHO1

CIiJI YHUKHYTH TIaCUBHUX PO3Tally>KyBauylB.

CHUCTCMH

HartowmicTs,

KOKHOMY KOpPUCTYBay€BI YW TpyHl KOPHCTyBauiB OyAe BUAUISITHUCh OKPEMHA

onTUYHUN KaHal. JlaHa CTpyKTypHa cxeMa 300paskeHa Ha puc. 3.6.

M/D

M/D

Main Terminal

M/D

(B

Puc. 3.6 — CTpykTypHa cxema Mepexi.



65

Ha puc. 3.6 300pakeH1 HACTYITHI €JIEMEHTH MEPEXKI:

. U — MeperxeBe 001aIHaAHHS KOPHCTYBAYa;
J M/D — MynbTHILIIEKCOP/ IEMYIBTHILIEKCOP;
o Main Terminal — mepeskeBe 00JIagHAHHS MPOBaiiepa.

JI71s1 KO’KHOTO MepeKeBOro O0JIaJIHAHHS KOPUCTyBaya BUIIJICHA OKpeMa JIiHis.
Ilepenaua 1HpopMarIii M1XK KOPHUCTYBa4yeM Ta MYJIBTUILIEKCOPOM
(IeMyJIBTUILIEKCOPOM) 3I1MCHIOETHCS Ha AOBXKHUHI XBWIl 1550 HM (I8 HU3X1AHOTO)
ta 1310 HM (11 BUCX1AHOTO TIOTOKY). B CBOIO 4epry MynbTUILIEKCOp MpUiMae JTaHi
KopucTyBaua, Oydepusye ix, odikye uepru Jyisi JaHOTO KaHally, Iepefae JaHi
KOpPHUCTYBaua JjIsl PO3MOJUTY MDK KaHalaMmH (B 3aJ€XKHOCTI BiJ iX KUIBKOCTI) Ta
nepegae  MepexxkeBoMy  oOyianHaHHIO — mpoBaiigepa.  CTpykTypHa — cxema

MYJIbTUILIEKCOpa 300pakeHa Ha puc. 3.7.

KaHanu n-n Eyd)ep
KOpUCTyBauyis n-n
1
NiHia
3B’A3KY
KoHTponbHMI
Mmoayb
64
Puc. 3.7 — cTpykTypHa cxeMa MyJIbTUILIEKCOPA.

Ha puc 3.7 300pakeHi Taki eIeMEHTH:

° [1-I1 — npuiimau Ta nepenasay;

o Bbydep — Oydep oOMiHy Ta pe3epByBaHHS JTaHHX;

o KonTponbauii Moayns — cucteMa opraHizauii oOMiHy, 1HKancymsmii Ta

JeKarcysii JaHuX.
Crnixg 3a3HaunTH, 10 NpUiMadvi-miepedaBadi A poOOTH 3 JIHIEIO 3B’SI3KY
BIIMIHHI B THX, L0 MPAIIOIOTh 3 MEPEKEBUM OOJaJHAHHAM KopucTyBaya. Jlis

poOOTH 3 KOpPHUCTYBaueM Yy MYJbTUILNIEKCOPI B SKOCTI MepeJaBaya MOXHa
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BUKOPHCTOBYBATH HAITIBIPOBITHUKOBI CBITJIO A10JIM (SKIIO BiJICTaHb 0 0OJIa{HAHHS
70 2 KM.), Kl BUAAIOTh CUTHANI 3 JMOBXHMHOKO XBwi 1550 mm. [IpuitmMau moBuHEH
NpUAMaTH CBITJIOBUM CHUTHaN JoBxuHOr xBwiai 1310 BM. Jlnsg MepekeBoro
oOnagHaHHS KOPUCTyBa4ya — HaABMAKU. BHUKOpHUCTaHHS Cl1adImIOro 3a TMOTYXHICTIO
oOjazHaHHS JIO3BOJIUTH 3MEHIIMTH Horo BapTicTb. s oOmiHy iHopmarii
MYJIBTUIUIEKCOpPA 3 MEPEKEBUM OOJaJHaHHIM TIpoBaiiepa NPUHHATO pIlIEHHS
BUKOPUCTOBYBaTH TIOBHOI[IHHI HAMiBOPOBIAHUKOBI Jazepu. Jlani mpwuiimayi-
nepenaBadl, 3aJI€KHO B1J] IX KIJIBKOCTI IIPAIIOIOTh HA PErJIaAMEHTOBAHUX HOMIHAIBHHUX

nopkuHax xBuib 111 CWDM (ta6a. 2.1) ado ains DWDM (ta6a. 2.2).

3.3. BumipioBaHHsi Ta MOHITOPUHT

BumiproBanns npu exciutyaraiii WDM cuctem noaiuistoTh Ha:

1. BumiproBaHHS 1111 9ac Oy 1IBHUIITBA:

. BxigHuit KOHTPOJIb;

. OuiHka $KOCTI MOHTaXXHO-OYIiBENbHHUX POOIT Ta MPUBEICHHA
napaMeTpiB 10 BCTAHOBJIEHUX HOPM;

. [IpuiimanbHO-31aBaIbH1 BUITPOOYBAHHS.

2. BumiproBaHHs mij yac eKCIuTyaTarfii:

. [IpodinakTuyHi BUMIpIOBaHHS;
. BumiproBaHHs mij yac Ta miclisg aBapiitHO-B1IHOBIIOBAIILHUX POOIT;
. besnepepBHUiT MOHITOPUHT MapaMeTPiB CUCTEMH;

[Ticns BBemenHss B aito WDM cucremu HaWOLIbIIOrO 3HAYeHHS HaOyBae
Oe3repepBHUIT MOHITOPUHT MMAPAMETPIB CUCTEMHU.

Momnitopunr cucteM WDM — 1e 6e3nepepBHUII KOHTPOJb CTaHy aKTUBHUX
KaHaJIiB 3a JOMOMOIOI0 BiJMOBIIHOTO HAOOPY TeCTiB. MOHITOPUHT MPU3HAYCHO IS
BUSBY PI3HUX BIIXWJICHb B ONTHYHHUX XapaKTEPUCTUKAX MEPEXi, MO0 MOXKYThb
BIUIMHYTH Ha 11 poOOTO3/aTHICT. MOHITOPUHT MpPU3HAYEHO HE JHUIIEe IS
BIJICTIIKOBYBAHHS MOTOYHOTO CTaHy CUCTEMH, ajie 1 JUIsl aHalli3y LbOro CTaHy JUIs

3aro0iraHHs BUXOy CUCTEMH 3 JIay UM MOTIPUICHHS 11 MOKa3HUKIB SKOCTI.



67

Mo>kHa BUAUIATHA TUIIA MOHITOPUHTY:

. MOHITOPHHT aKTUBHHUX BOJIOKOH:

J103BOJIsSIE KOHTPOJIIOBATH MTOTOYHHMM CTaH CUCTEMH 1 11 XapaKTEepPUCTHUK.

. MOHITOPUHT 3 BUKOPUCTAHHSAM KaHay KOHTPOJBHOTO OINTHYHOTO
kanany (OSC).

OnTuyHuil cny>k00BUM KaHal — 1€ KaHaJ Ui KOHTPOJIIO MOKa3HUKIB SKOCTI
JIHIAHOTO TpakTy Ta JUIsl TEpelaBaHHA CHUTHANIB TEXHIYHOTO OOCITYyrOBYBaHHS
BOCITI.

Kanan OSC no3Bojsie BUKOPUCTOBYBATH BC1 HEOOX1/IHI TECTH O€3MEpEepBHO Ta
0e3 BiaKIIOUeHHS KaHaliB. OCKUIbKY JOoBkKHA XBI KaHary OSC 3HaX0IUTHCS 1032
cmyroto miacwmoBadya EDFA, To Buxin mijcuitoBava 3 Jiaqy HE BIUIMBA€E Ha
uuticHicTs kanainy OSC.

. MOHITOPUHT 3 BUKOPUCTAHHAM OAHOTO 3 pOOOUYMX KaHAJIB.

ToToxHI# KOHTPOIIO 3 BUKOpUCTaHHsAM KaHaiy OSC, onHak BUXiH 3 Jamy
nigcumoBadya EDFA npu3BoauTs 10 MOPYIIEHHS IITICHOCTI KaHaTYy.

. MOHITOPUHT 3 BUKOPUCTAHHSAM CUCTEM JUCTAHI[IHHOTO TECTyBaHHSI.

CucTeMa MOHITOPHHTY 3a JIONMTOMOT'OK0 JIMCTAHIIMHOTO TECTYBaHHS MOCTIMHO 1
aBTOMAaTUYHO BEJE KOHTPOJIb XapaKTePUCTUK IMapaMeTpiB B MEPEKi 3B s3KY,

OTIepaTUBHO 3HAXOJAUTh HECTIPABHOCTI 1 BU3HAYAE iX.

3.3.1. KopoTkuii or/isii ONTUHYHOI0 MOHITOPUHTY

KepyBanns icayrounmu SDH Mepexkamu 0a3zyeTbCsi Ha KOHTPOJI LU(PPOBUX
napameTpiB Tumy koedimierta mommiiok 3a Oitamu (BER), koedimienta cexynna 3
nommikamu (ESR), xoedimienta cekynn 31 3Haunumu nomuikamu (SESR), xotpi
BUMIpSAHI Ha eneKTpuyHOMY piBHI (B 3R perenepariii).

[Moni6uuit miaxing BukopuctoByeThess B OTN 1y1s1 MOHITOPUHTY 3 €IHAHHS 3
KIHIIS B KIHEIIb Ta 1XHIX 3’€IHaHb HA €JIEKTPUYHOMY PiBHI.

[li Meronu € HagIMHUMHU KPUTEPIIMHU OLIHKH XapaKTEPUCTUK ONTHYHOTO

KaHaly, OJIHaK BOHU HE MOXYTb OyTH 3aCTOCOBaHI1 BCEpEIUHI MPO30pOI ONTUYHOI



68

IUISTHKY, e Hemae 3Rpereneparopis, 10 3aKIHYYIOTh CTPYKTYpY Lukiy. ToMy Taki
METOAM HE MOXYTh JaTH JOCTaTHHOI iH(OpMaIlli s BUSBICHHS MEPIIONPUIHH
BUHHKHEHHS TTpobsieM B DWDM wmepexax.

OxpiM TOTO PICT MBUAKOCTI MEPEIaBaHHSI, YHCIIa KaHAJIB, JOBKUHHA ONTHIHUX
ninstHOK Ha Mepeskax DWDM npu3BoauTh 10 301TBIIIEHHS BIUTMBY HEMIHIHHUX SIBUIII,
10 pOOUTH OUIBIN CKIATHOIO 3a7]a9y MOHITOPHUHTY CUCTEMHU.

OnTuMaabHUM  BHPIMIEHHSM [IJI1  ONTHYHOI TPAHCHIOPTHOI MeEpexi €
KOMIUICKCHE 00’ €THaHHS TPHOX ITiIXO/IB:

. [IpoexTyBaHHSI MEpEXi TAaKUM YHUHOM, 100 OOMEXKUTHU JKepena Iymy
Ta JUCIEPCIIO.

. BignoBigHa cucrema 1HAWKAIi Mpo aBapii JUIS aKTUBHUX ONTHYHUX
KOMIIOHEHTIB B MeXax Mepexi (sl 3HaXOXKCHHS TTOIIKOKEHHS).

. BukopucrtanHss ~ BIANOBIIHOTO  ONTUYHOTO  MOHITOPUHTY  (Jis
3HaXOM)KCHHsI aHoMaiii, nedekTiB, Jnerpanamii 1 MTOMHWIOK, €(QeKT CTapiHHS,
BUMIPIOBaHHS LIyMy, TEMIEPATypH 1 BOJOrOCTi, IO 3a4iNal0Th SKICTh ONTHYHOIO
pIBHS) TO BCii MepeXl g KOHTPOJIO KPUTHUYHUX ONTUYHUX T[apamMeTpiB.
(OnTrnunnii MOHITOPUHT 03BOJISIE€ 3HU3UTH €KCIUTyaTalliifHl BUTPATH, X04a HEPIJIKO
3a paXyHOK BUTpAT Ha OOJagHAHHS).

MeTonu MOHITOPUHTY KIacCH(IKYIOThCS HACTYITHUM YHHOM:

1. CurnanizaiiiHuii MOHITOPHUHT .

Bxnroyae B cebe MOHITOPHMHT 3a YacCOBHMMH 1 YaCTOTHUMH IapaMeTpamMu
(maitnpocrima ¢opMa CHEKTPATBHOTO aHAI3y - MPOCTHH MOHITOPUHT MOTYXHOCTI
KOXHOTO KaHaiy). SIKICTh MOHITOPUHTY 32 IIUMHU NapaMeTpaMu YyTJuBa A0 €(eKTiB
CIIOTBOPEHHS Ta JUCTIEPCIi.

2. MOHITOpHHT 32 HEMIPSIMUMH METOIaMHU.

Hemnpsimi MeTOIM BUKOPUCTOBYIOTH EMIIPUYHY KOPEJALII0 MIXK aBapisiMu
oOnagHaHHS Ta SKICTIO CUTHAITY. HempsiMi MeTOIM TOJIOBHUM YWHOM BKa3yIOTh Ha Te€,
IO CUCTEMA MPAILIOE 1 MO SKICTh CUTHATY MOTIPUIEHO, KOJIMU MapaMeTp 00JiaHaHHS,
10 BUMPOOYETHCSA, 3HAXOAUTHCS 33 TPAHUIIIMU HOPMOBAHOTO Jialla3oHy.

3. MOHITOPUHT 3 IONOMOT0I0 BOYI0BAaHOTO 00JIaTHAHHS
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BUKOPUCTOBYIOTh 11 JUCTAHIIMHOTO KOHTPOJIIO IapamMeTpiB  MEepexi.
[cHYIOTH crieriiani3oBaHi CHCTEMH MOHITOPHHTY.

4. MOHITOPHHT 3 JIOTIOMOT'0I0 30BHIIITHBOT'O 00JIaTHAHHS

MOHITOpUHT 3a JOMOMOTOI0 30BHIIIHBOTO OOJaJHAHHS 3IHCHIOETHCS SIK
JTUCTAHIIIHHO TaK 1 HAa MICISIX B KOHTPOJBHHUX TOYKaxX cucTeMu. Hailwactime s
MOHITOpUHTY mnapamerpiB WDM cucreMu BUKOPUCTOBYIOTh pedIeKTOMETPH,
ONTUYHI aHAJI3aTOPHU CIEKTPa, TeCTEPH KOe(ili€HTIB TOMUIIOK (KOTPi 5K MPABHIIO €

CKJIQJIOBOIO YaCTUHOIO MEPEXKHUX aHAJI3aTOPIB), BUMIPIOBAYl ONTUYHOI MOTY>KHOCTI.

Tabmums 3.3
YuHHUKH, [0 BIVIMBAKOTH HA AKICTH B ONTHYHINA YacTUHI cucTeMH
Bup noripiienss BignocHa gactora
BUHUKHEHHS
3aracaHHs Yacto
3MiHa ONTUYHOI TMOTY)XKHOCTI B  KaHajl BHACIIJIOK Yacto
BUMIPIOBAHHS  Koe]ill€HTa NIACUICHHS B KaHaJl
Bigxunenns  Big HOMiHaiIy dYacToTH (200 JOBKHUHH Yacto
XBHJI1)
[Tonspuzamiiina aucnepcis  Momu  (PMD) (mepmoro Cepennbo
a00 BUILMX NOPSIKIB)
Yor1upuxsuibose 3minryBanHs (FWM) CepelHbO
[Tincunena cnonranHa emicis (ASE). lllym B onTHYHMX CepenHbo
M ICHITFOBaYax
XpomaTH4Ha JUCTepCis CepellHbO
Haxwun xpomatuunoi nucnepcii CepellHbO
BigOurtsa CepeaHbo
[Iym mazepa CepellHbO
BryTpinmHboKaHATBHI IEPEX1THI 3aBaIH CepellHbO
IaTepdepenmiitai mepexiaHi 3aBaau CepellHbO
[lepexpecHa dhazoBa moxysiist (XPM) Pinko
Camomonymsiuisa ¢azu (SPM) Pinko
Bumymene bBpuumoeniBebke po3scitoBanHs (SBS) Pinko
Bumymene PamaniBcrke posciroBanHs (SRS) Pinko

PiBH1 BiTHOCHOT YaCcTOTH IOSIBU MOTIPIIIEHHs BKa3aHi B Ta0HIi3.3:
* Pigko: xomm WMOBIpHICTH €(EKTy, IO CIPUYHUHIOE JIOCTaTHBO CYTTEBUU

mrpad, X 1b, =1 Bunanok B 10 pokis.
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* CepenHbo: KOIM WMOBIPHICT €(EKTy, L0 CIOPUYUHIOE JTOCTATHHO
HecnpuaTauBui mrpad, X ab, <1 BUMagoK B pikK.

* UYacro: konu WMOBIPHICTH €QEKTy, 1[0 CIPUYMHIOE JIOCTATHBO
HecnpuaTauBui mrpad, X ab, =10 BUNagokK B pik.

BuiieBkazaHi BeIMYUHU BITHOCATHCS JI0 MEPIOY YCTAICHOTO PEKUMY SKUTTS
CUCTEM.

Bunanox, mo npuszBoauTh a0 nosisu mrpady Xnab, crocyeThcs SK OJHOTO
KaHaJly Tak 1 6araTb0X KaHaiB.

[TapameTpamu 17151 ONTUYHOTO MOHITOPUHTY €:

- [loTyxHICTh B KaHaJl

- [loBHA NOTYXHICTh

- Koedimient ontuynoro BigHomieHHs curHai/mym (OSNR), konu B kaHani
BIJICYTHIM 3HAYHUI IIyM

- Q-dakTop

Tabmuus 3.4
3B’830K Mik edekTamMu, 10 NPU3BOIATH 10 NMOTIPIIEHHS, TA

napaMeTrpaMu ONTHYHOI0 MOHITOPHUHTY.

[Tapametpu [ToBua |IlotyxHicTs | [loBxkuHa OSNR Q-dakrop
MOTYXKHICTh | B KaHai XBUJT
KaHaiy
BumiproBanHs X X X X
3aracaHHs
BigxwuneHus Bia X X X X

HOMIHAJTY 4acTOTH
(260 mOBXKUHU
XBHJT1)

3MiHa ONTHYHOI X X X
MOTY>KHOCTI B
KaHaJl BHACI1AOK
BUMIPIOBAHHS
KoedirieHTa
MMJICUJICHHS B
KaHaJl
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3.3.2. PeduexkToMerpu 3a BHMIPIOBAHHSI MNapaMeTpiB ONTHYHHUX

KOMIIOHEHTIB

Merton pediiekTomeTpii Mae Baromi nepeBarv MOPiBHSIHO 3 1HIIMMH METOJTaMHU
KOHTpouo mapameTpis BOJI3:

. Bumipu mnpoBoasThcs Ha OAHOMY KiHIU JiHIT (a00 3 OJHOrO KIHIISA
ONTUYHOT'O BOJOKHA)

. € MOXJIUBICTh BHU3HAYEHHS JIOBXKUHHM BIJpi3Ka BOJOKHA (Kabeloo) 0

MICIIS TIOIIKO/KEHHS (HeoJHOpIIHOCTeH, TpinuH OB, MIKpOBUTHHIB)

. Bumiproe BTpaTH Ha 3’€THaHHAX
. Buwmiproe xoediiieHT 3BOPOTHHOTO BIJJOUTTS.
. [IpoBoauTh OIIHKY CTaHy CHUCTEMH 3 IUIMHOM 4Yacy, MOPIBHSHHAM

MEPBUHHUX Ta OTPUMAHUX MOTOYHHUX PEQIICKTOTpaM.

MoskHa BUAUIUTA TPU BUAM pedIESKTOMETPIB 3a MPHUHIUIIOM Jii Ta cdeporo
3aCTOCYBaHHS:

1. ImynbcHMi pedekromerp.

2. YacTtoTHuii pedaeKkTomMeTp.

3. bpintoeHiBChKHM pedaeKkToMeTp.

PoGoTa pediiekromerpa mossrae B AOCIIIKEHHI BIJOMTOTO CHUTHATY, KOTPHI
BUHHMKA€E BHACIIJIOK 3BOPOTHOIO PO3CIIOBAHHS B ONTUYHOMY TpakTi. JIazep mojae B
ONTHYHY JIIHIIO CBITJIOBUH IMITYyJIbC 3 TIEBHUM IE€Pi0JIOM MOBTOPEHHS, Yepe3 TEBHI
MIPOMIKKH Yacy MPHJIaJl BU3HAYAE MOTY>KHICTh OTPUMAHOTO 3BOPOTHOTO CUTHAITY.

XapakTepuctukaMu pediiekromerpa €:

. JluHaMiuHUE J1ana30H — BH3HAYAETHCS SK PI3HUIS MK CHTHAJIOM Ha
Mo4aTKy peQeKTorpaMu Ta CEPeIHbOKBAIPATUYHUM 3HAYEHHSM IIIYMIB B KIHIII
pedaexkrorpamu (el mapamMeTp BIUIMBA€ HA MaKCHMAaJIbHY BiJCTaHb, 3 KO MOXE
MpaloBaTi IpUIad, YUM BiH OUIBIIHMKM, THM OLIbIIA BiJICTaHH POOOTO3TATHOCTI
npuiamy)

. ['panumi 3MiHM TPUBAJIOCTI IMIYJIbCY (AJI1 KOPOTKHUX JiHIM MOTPiOH1

KOPOTKOTPUBAJIl IMITYJIbCH, aJ’KE€ CHJIbHUN CIIJIECK BiJ PO3HIMHOTO 3’€JHYyBaya Ipu
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BIIOUTTI MOXK€ 3pOOWUTH TMpuiMad MNpWiaay HEYYTIWBUM, BHACHIAOK YOro
3 SBJISIETBCSI «MEPTBA 30Ha», TOOTO BIJCTaHb, HA KOTPil MOKA3H MpHUIaay HE MOKHA
BBaKaTU JAocTOBipHUMHU. (MepTBa 30Ha mnpuiiay BUMIPIOETBCS 32 IMITYJIBCOM
HAaWMEHIIOT TPUBAIOCTi. PO3pI3HAIOTH MEPTBI 30HU MO BIIOUTTIO Ta MO 3aracaHHIo,
K II¢ TIOKa3aHO Ha PUCYHKY. BemnmunHa MepTBOi 30HU 3JICKUTHh HE JIMINE BiJ
TPUBAJIOCTI IMITYJIbCY, @ TAKOX 1 BiJ KoedilieHTa BIIOUTTS BiJl HEOJAHOPITHOCTI Ta
BIJICTaHI /0 HEOJHOPITHOCTI)

. PozninpHa 31aTHICTD pedieKToMeTpa.

. MOoJIMBICTh KOMIT I0OT€pHOT 0OPOOKH pe3yNbTaTiB (1110 Ja€ 3MOTY O1IbII
e(PEeKTUBHO OOpOOISTH OTpUMAaH1 Pe3yJIbTaTh)

MeptBi 30HM peduiekToMeTpa — 1€ JUIBHUIN IOOJH3Y BIIOHMBAIOYHX
€JIEMEHTIB, B KOTPUX HE MOKHA JOCTOBIPHO POBOJUTH BUMIpH. JUTbHHULIIO TOOIN3Y
B1IOMBAIOYOi IMOJIi, B MEXKaxX SKOi HEMOXXJIMBO BHUSIBUTH 1HIIY BIJOMBaIO4y MOJIIO,
Ha3WBalOTh MEPTBOIO 30HOI BiAOWUTTA. JligHKa mMoONM3y BIIOMBarO4YOi MOjii, B
MeXax KOTpPOi HEMOXKJIMBO JOCTOBIPHO BUMIPSTH PIBEHb MOTYKHOCTI 3BOPOTHOTO
PO3CIIOBaHHS, HA3UBAETHCS MEPTBOIO 30HOIO 3aracaHHs.

MepTBa 30Ha BiIOWTTS BH3HAYAETHCS BIACTAHHIO MK IOYATKOM BIIOUTTS Ta
TOYKOIO Ha CHaji MKy BIAOUTTS 3 piBHEM MeHIIMM Ha 1,5 n1b BigHOCHO MiKY.

MepTBa 30Ha 3aracaHHsl BU3HAYA€ThCS BIJICTAHHIO BiJ MOYATKy BIIOUTTS 0
TOYKH, B KOTpI piBEHb CUTHANy (QoTonpuiiMaya BiApPI3HAETHCA HE OUIbLIE HIK Ha

+0,5 nb Bix piBHS 3BOPOTHOIO po3citoBaHHs (puc.3.8).
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Puc.3.8 — Ilpuxnan BuU3HaYeHHSI MEPTBUX 30H.

Haxun xpuBoi Ha pediekTorpami xapakTepu3ye KOeQILIEHT 3aracaHHs
BosiokHa B ab (puc.3.9). Ha nminsHkax, BUIBHHMX BiJ BiZOMBAIOYHMX UM IOTTTHHAIOYHX
00’€KTiB, Il CIaJHa TpsiMa JIiHISA, 32 SKOK JOCUTh TOYHO MOKHA BU3HAUUTH
KOoe(illeHT BIAOUTTS, HE TUBIISTYMCH HA T€, [0 BUMIPIOBAHHS POBOAUTHCS HEMPSIMO,
3a 3aracaHHsM BigOuTOrO CcBiTia. Ha peduexrorpami TakoX BUIHO MICIS 3’ €THAHHS
BOJIOKOH Ta TOYKOB1 Ae(PeKTH. 3a JOMOMOIOI0 peQeKTOrpaMyd MOXHA BU3HAUMTH
BIJICTaHb Ta THII MOJAIOHOI HEOJHOPITHOCTI, @ TAaKOX BEJIMYMUHY BTpaT Ha HuX. [liku
Ha 3’€JIHAHHAX 3YMOBJICH1 ()pEHETIBCHKUM PO3CIFOBAHHIM Ha TOPIX BOJOKOH, MOsIBA
TaKOro MKy Ha MICISIX 3BapHUX 3’€IHAHb CBIIYUTH MPO MOTaHy SIKICTh 3BAPIOBAHHSL.
3BapHi 3’€THAHHA 5K MMPABUJIO HE € BIIOMBAIOYMMH 1 BTPATH HA HUX CXOXK1 Ha MICIIA

MIKpOBUTHHIB.
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Puc 3.9 — Ilpuknan TumoBoi pediekTopamu.

[Tpu BuMiproBaHH1 peIEKTOMETPOM B MICLSX 3’ €HAHb BOJIOKOH PI13HOTO THUITY
MO>KJIMBA TTIOMUIJIKA B 00po0O1Ii pe3ynbrartiB (puc.3.10), mrepenoM SKoi € BiIMIHHICTb
KOe(IIIEHTIB 3BOPOTHOTO PO3CIIOBaHHS 3’€IHAHUX BOJIOKOH. BuMipsiHe 3a
pedaeKkTorpaMor0 3HaYeHHs BTPAT Ha 3’€JHAHHI BIAPI3HATUMETHCA BIJ pPEaIbHOrO
3HAUYEHHS Ha BEJIMYMHY pI3HULI KOE(QILIEHTIB 3BOPOTHOTO pO3CiIOBaHHA B Ab.
Hanpuxknan, 3’eqnanns aiisHok I ta Il Burmsnmae sk ginsHka, Ha KOTPik BiIOYJIOCH
M1JICUJICHHS CUTHaNY, a JaisHka Ha 3’eqHanHi I ta 11 — sk Taka, 1110 BHOCUTH BTpaTH,
K1 IEPEBUIIYIOTh IXHIO pEAJIbHY BEIUYHHY.

BumiproBanHs pedieKToMeTpOM BTpAT Ha 3’€IHAHHI BOJIOKOH JIa€ TIPaBUJIBHUI
pe3yabTaT y BUMAAKY, KOJIU KOe(]IIliEHTH 3BOPOTHOTO PO3CIIOBAHHS JBOX BOJIOKOH
piBHi. [Ipy pi3HHX BenmnyuMHAX MUX KOe()IIi€HTIB MOTPIOHO KOPETyBaTH pe3yibTaTH,
ab0 s OUIBIIOI TOYHOCTI OOYMCIIOBATH pe3yibTaT 3a JIONOMOTOK JBOX
pednexkTorpaM, 3HATHUX 3 MPOTWICKHUX KIHINB, B TAaKOMYy BHWITQJIKy BTPaTH Ha
3’€JHAHHI JOPIBHIOBATUMYTh TMIBCYMI BHUMIpPIB 3 JBOX pedIeKTorpaM, 3HATHX 3

PI3HHUX KIiHIIIB.



75

FieeHk nomywHocTi, ob

-30

>

0 10 BinctaHe, kM 30

Puc.3.10 — Ilpukian nmosiBU MOMIJIOK NP aHaTi31 pedIeKTorpam.

Meton 4yactotHoi peduexkromerpii OFDR (Optical frequency domain
reflectometr), e Ha3MBaIOTh METOJOM YacCTOTHO-MOAYJIbOBAHOTO 30HIyBaHHs. 3a
TaKOro METOAY B ONTHYHE BOJOKHO BBOJWUTHCA HE IMIYJIbCHE ONTHYHE
BUIIPOMIHIOBaHHS, a O€3MepepBHMI CHUTHAJ, YacTOTa KOTPOTO MPOMOAYIhOBaHA
CUTHAJIOM, 1[0 3MIHIOETHCA 32 3aJaHUM 3aKOHOM (SIK MPaBUJIO BUKOPHUCTOBYETHCS
JiHIAHA MOAYJISLIS YACTOTH CUTHANY).

BigOutuii B ONTUYHOMY BOJIOKHI CHUTHAJ TOBEPTAETHCS 1 3MIMIYETHCS 13
30HYIOYMM OIMOPHUM CHUTHajoM. B pe3ynbTaTi popMyeThCS MOCIITOBHICTD 3 OUTTS,
YaCTOTHHUH CIEKTP SKOi OMHUCYE 3MiHY 30HIYIOYOTO CHUTHATY B3J0BX BOJOKOHHOTO
Tpakty. Ilpu wnpomy wactota curHainy Ourtds F mnoB’s3aHa 13 3aTPUMKOIO
MPOXO/DKCHHS 30HAYIOUOTO IMITYJIbCY IO TOYKH 3 KOOPAWHATOI X Ha TPaKTi

HaCTYITHUM YHUHOM:

F=y-1=Q w-E)- (2'”"‘), (3.1)

C
bi (S5
® — JIeBiaIlisl YaCTOTH 30H/IyIOUOTO CUTHAITY,

Y=2®0Fn — MBUAKICTh 3MiHU 9aCTOTH 30HYIOYOTO IMITYJILCY CUTHAIY;
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Fm — wactora moBTOpeHb (YHKII MOAYJSALII 30HIYIOYOTO CHUTHAIy ONTHYHOIO
BOJIOKHA,;
N — MOKa3HUK 3aJIOMJICHHS CEPIIEBUHA,;
C — MIBUJKICTH CBITJIa y BaKyyMi.

bpintoeHiBcbknii peIeKTOMETp BHUKOPUCTOBYETHCS ISl BUSABICHHS MiCLb 3
BEJIMKUM HATSATOM BOJIOKOH. Taki MiCUs € TOTEHIIMHUMHU MICHSMH BUHUKHEHHS
MIKpPOTPILINH Ta 0OpUBY BOJIOKOH. BHUSIBIEHHS TakuX MICIb 0 MOHTaXXy ONTUYHOTO
Ka0emo J03BoJIsiE yOE3MeuuTH Kabenb Bij MIBUAKOTO CTApIHHS 1 BUXOAY 3 Jaiy
BHACIIJIOK BUHUKHEHHSI TPIIIIMH Ta 0OpYBY BOJIOKOH. 3BUYAtHO, BCI 1HII TapamMeTpu
BOJIOKOH IIPH IbOMY MOXYTb OyTH B HOpPMi, O/IHAaK 3aliBHi HATST BOJOKOH IPU3BEIC
710 BUXOy LIIJIKOM Mpane3aaTHOro Kademro 3 Jiafy.

BbpintoeHiBChkHil pedaeKToMETp Mae B CBOIN KOHCTPYKIIIL MPUCTPIH 3CYBY 3a
4acTOTOI0, € 30HAYIOUMW CHUTHAJl OTPUMY€E 3CYB Ha BEJIMYMHY Av, y BOJIOKHI

BHHHUKA€E CHUI'HAJ, 3CYHyTPII>i 3a 4aCTOTOKO Ha BCIIMYHHY AVB, IO IIOBCPTAETHCA Ha

bOTONETEKTOP, HA KOTPHUM TaKOXX TMOCTYMAa€ OMOPHHUM CUTHAJ, BHACHIAOK YOrO

bOTOETEKTOP peecTpye OUTTS 3 HACTOTOKO Av— Av..

Crnepury npoBOAUTHCS BUMIP KUIBKOX pe(IeKTOrpaM 3a pi3HUX BEIUYUH 3CYBY
Av. TloTiM BU3HAYA€THCS MOJIOKEHHS MaKCUMYMY KPHUBOI PO3CIIOBAHHS ISl KOXKHOT

JIOBXHHH BOJIOKHA, KOTPE 1 BiAMOBIAae bpintoeHIBChbKOMY 3CYBY YaCTOTH AvB. [ToTim

KOMIT IOTEPHO OOYHCIIIOETHCS HATAT 3a 3¢yBOM 4yacToTu. KoedimieHT mponopiiifHOCTI
3QJICKUTH Bl TEMIIEpATypH BOJIOKHA Ta MOKa3HUKA 3aJIOMJICHHS, 1 111 JJaH1 BBOJSATHCS

B IIporpamy 3a3Jajierijb.

3.3.3. OnTu4Hi aHaNi3aTOpPU CcHEKTPa NPH BUMIPIOBAHHI NapaMeTpiB

ONTHYHUX KOMIIOHEHTIB

Ontuuni anamzaropu cnekrpa OSA (Optical Spectrum Analyzer) 10BOSIOTH
KOHTPOJIIOBATH TakKl MapaMeTpH SK IEHTpajbHa JOBXHHA XBWUJI, BIJACTaHb MIXK

CYCIIHIMM KaHaJlaMH, MOTY>KHICTbh, BIIHOIICHHS CUTHAJI/IITYM Ta 1HIIII.
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[IpuHMn poOOTH ONTHYHOIO aHali3aropa CIEKTpa MOJIArae B PO3JIJICHHI
CBITJIOBOTO TIOTOKY Ha MOHOXPOMAaTHYHI KOMIIOHCHTH 3 TMOJAJIBIIAM BHUMIpPOM
MOTYXHOCTI KOXHO1 ckiaaoBoi. OSA 1mae  MOXIMBICTH JIOCHIIUTH  BECh
CHEKTpaJbHUN MPOQUIb CUTHATY B MOTPIOHOMY Jiama3oHi JOBXKWH XBHIb. Jl7s
CHUTHaJy, M0 MpoXoauTh 1o BolokHy DWDM cucremn, MoxyThb OyTH
POaHai30BaHl ONTUYHI XapaKTEPUCTHUKUA KOXHOTO KaHaly Ta B3a€EMHUN BILIUB
PI3HUX KaHAaJIB.

CyuacHi mozaeni OSA MIMPOKO BUKOPUCTOBYIOTHCS JUIsl aBTOMATH30BAHOTO
MoHiTopuHry WDM cucrem.

BaxnmBumu xapakrepuctukamu OSA e:

. Koedirmient ontuunoro BigxmieHnHs (Optical Rejection Ratio, ORR) —
XapaKTepHU3ye MAKCUMaJbHE 3HAUYEHHS BIHOLIEHHS CUTHAN/IIyM, KoTpe OSA Moxe
BUMIPSTH B JAHOMY Jiana3oH1 3a MKOBOTO 3HAYEHHS CUTHaly. YuM Olbllie KaHaJB
Ta YUM MEHIIUW IHTEpBal MDK KaHaJlaMHM 1 IHMpUHA BiacHe KaHaimie DWDM
cucteMu, TUM 1oTpiOeH Ounbmmii ORR nms BimoOpaxeHHS mapaMeTpiB ONTHYHOIO
CUTHAIYy.

. JluHaMIYyHUN [1ara30H 3a TOTYXHICTIO — XapaKTepus3ye MPOMyCKHY
3[aTHICTh ONTUYHOTO JAeTekropa OSA (3maTHICTH BUMIPATH BCl Pi3HI PIBHI
noTyxHocTi). [lprmman, 1mo Mae MMUpOKUN JUHAMIYHUHN J1arma3oH, Ja€ MOXJIUBICTD
TOYHO BUMIPSITU CUTHAJIM SIK BUCOKOI TaK 1 HHU3bKOI MOTYKHOCTI — 1€ Ja€ TOBHE
300pakeHHSI CTIEKTpa.

. Jliama3oH MOBXWH XBWJIb — XapakTepusye 3matHicth OSA aHamizyBatu
CUTHAJIA Y BU3HAUYEHINA 00JIacTi CIIEKTpa.

. BupimryBanpHa 37aTHICT, 32 JIOBKHWHOI XBHJII — XapaKTEpPHU3YE
MOKIHUBICT OSA pO3pI3HATH CUTHAU 3 OJTU3BKUMU 3HAYCHHSIMU JTIOBKUHU XBUJII.

Jlnst otpumanHs oBHOT KapTuHU npo ctaH DWDM cuctemun OSA notpibHo

BUKOPHCTOBYBATH Pa30M 3 aHATI3aTOpaMH OITOBUX TIOMUJIOK.
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3.4. BUCHOBKHM /10 po3iiay

Ha cporojmHimmHii JaeHb cepel TAaCUBHUX OINTUYHHUX MEpPEeXK HaNOUIbII
3actrocoBannMu € TexHosiorii GPON, EPON (GEPON) ta 10GEPON. Lli Texromorii
3a0e3neuyroTh nepenady indopmarii 3 mBuakictio 1 — 10 I['6it/c. [TacuBHI onTH4HI
MEpexi € TPOCTUMH Y BCTaHOBJIEHHI, €KCIUIyartarii Ta oOCIyroByBaHHIi. A€
roJJoBHUM HemosrikoM TexHonorii PON e nHesaxumieHicTs iHMopmarii. Tobto Bci
ONU otpumytots Bin OLT iHkancynroBaHy iH(OpMaIlil0 BCIX CTaHIIIM, ajie KOKEH
ONU nepenae KopucTyBaydeBi Jidiie Horo iH(popMallio, irHOpyroUdu Ty, 0 HOMY He
HaJIC)KUTh.

Cyuacai WDM cucremu Tex MarmOTh BHUCOKY MIBHAKICTH mepemadi 1 — 10
I'6it/c. (a oxkpemi no 40 ['6it/c.) Ta MOXKYyTh 3a0e3meuntu 10 160 kaHamiB mepeaayi
iHpopmanii. Ane opranizamis HWDM ta HDWDM cucrem Bumarae BeJMKOi
KUIBKOCTI TOYHOTO amapaTHOTO 3a0e3nedeHHs. BiamoBigHO, KpiM HOro BHCOKOT
BapTOCTI 00JIaIHAHHS BUMArae MoCTIHHOrO MOHITOPUHTY Ta 00CITyrOBYBaHHS.

3anponoHOBaHW AJIBTEPHATUBHHUM BapiaHT TNPOIMOHYE JEHI0 BIAMIHHY
CUCTEeMY MyJIbTHILUIEKCYBaHHS. Cucrema npairoe 3a npuniunom WDM ta TDM, ane
3 MeBHUMHU 3MiHaMH. BCl kaHamu, 10 po3AiieH] 3a JOBXKUHOIO XBUJI1, MPAIOIOTh, K
onuH. ToOTO MakeTHI JaHl OJHOTO KOPUCTyBada PIBHOMIPHO PO3MOAUISIIOTHCS MIXK
yciMa TiepenaBadyaMu, TEPENarOThCS Ta 3 €IHYIOTBCA y iX TICPBUHHHUN BUTJISI.
Texnonoris TDM peanizoBana Ha npukiani nepenadi curHany Bim ONU no OLT B
MAaCMBHUX ONTUYHUX MEpexax, JaHl KOKHOTO 3 KOPHCTYyBauiB OyyTh MepeaaBaTuCh
y BUIUJICHUM JIJI HUX Tiepio yacy. Po3moain nmepio/iiB yacy Ta MociaiJJoBHOCTI B uep3i
BiIOYBaTUMETHCS 3a «Yy3TOJDKEHHSM», TOOTO uepra Oyme GopmyBaTHCh JHIle 3
aKTUBHUX KOpHCTyBadiB. [[aHWii MeTOa MYJbTUILICKCYBaHHS MOJKHA 3aCTOCOBYBATH
AK JJ Opradizamii ONTHYHMX MEpeX, Tak 1 Jis mnepenayi iHpopmaiii B
MariCTpaJIbHUX JIHISAX 3B’S3Ky, 10 JIO3BOJUTH 0ararokpaTtHO 30UIBIIATH

MaKCHUMaJIbHY IIBUJIKICTh Mepeiayl iHpopMarlii rpyrnoBoro moToky.
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PO3/11 4
OXOPOHA TIPAIII TA BE3NEKA B HA/3BUYAWHNX CUTYAIISAX

4.1. 3axucT Bil €JIeKTPOMAarHiTHOr0 BUINPOMiHIOBAHHS

EnexTpoMarHiTHI MoOJisi HETaTWBHO BIUIMBAIOTh HA OpraHi3M JIIOJIMHU, SKa
0e3MmocepelHbO  TMpaIoe 3  JDKEpesioM  BHUMpOMiHIOBaHHsA. (OOmamHaHHS, SKE
3aCTOCOBYETHCSI B ONTOBOJIOKOHHUX CHCTEMax repenadi iHpopMallii BKIrO4Yae B cede
MOTYH1 HaIIBIPOBITHUKOBI JIa3epH Ta 1HIII CKIIAJ0BI, K1 € jprkepernamu EMIL.

CryniHp BIUIMBY €JIEKTPOMAarHiTHUX BHUIPOMIHIOBAaHb HA OpPraHi3M JIIOJAUHU
B3arayi 3aJe)KUTh BIJl Jlala3oHy 4YacTOT, TPHUBAIOCTI OMPOMIHEHHS, XapaKTepy
ONPOMIHEHHS, PEKUMY ONPOMIHEHHS, pO3MIPIB MOBEPXHI TLA, IKE OMPOMIHIOETHCH,
Ta 1HJAUBIIyaIbHUX 0COOIMBOCTEH opraHizmy.[16]

VY pesynbrati nii EMII Ha nroauHy MOXIIMBI TOCTpl Ta XpOHIYHI (popmu
nopyuieHHst ¢izionoriyHux (yHKUiM opranizmy. Lli mopyllieHHs BUHUKAIOTH B
pe3ynbTati Ail enexkTpudHoi ckimanoBoi EMII Ha HepBOBY cucteMy, a TakoX Ha
CTPYKTYpPY KOpU TOJOBHOTO Ta CIMHHOTO MO3KY, CEpIEBO-CYJAMHHOI CHCTEMH.
VY OuabmIOCTI BUMAAKIB Takl 3MIHM B JISJIBHOCTI HEPBOBOI Ta CEPLIEBO-CYJIMHHOT
CUCTEMH MAalTh 3BOPOTHIA XapakTep, aje B pPe3yJbTaTi TPUBAJIOI Jii BOHH
HAKOMUYYIOTHCS, MiJCHITIOIOTHCS 3 TUTMHOM 4acy, aje, K MpaBUio, 3MEHIIYIOThCS Ta
3HMKAIOTh TMPU BUKIIOUEHHI BIUIMBY Ta TMOJINIICHHI YMOB mTpaii. TpuBanmii Ta
inTeHcuBHMM BIMB EMII mpu3BoauTh 70 CTIMKHMX MOPYIIEHb Ta 3aXBOPIOBAHb.
Ha nouatky 60-x pokiB y HAyKOBO-TE€XHIUHIHN JITEpATypi 3'sIBUIUCS MEPIIl B1IOMOCTI
po Te, 1O JII0JU, onpoMiHeHl iMimynbcoM HBY konnBaHb, MOXKYTh MOCTIHHO UyTH
SAKUUCH 3BYK. 3aJIeKHO BiJl TPUBAJIOCTI Ta YaCTOTH MOBTOPEHb IMIYJBLCIB LIEH 3BYK
CIIpuMMAaEThCs SIK 1M1e0eT, IBIPIHYAHHS YU JBIOPKIT y JEAKid TOYlll BCEPEIrHI YU
333y ToJIoBU. Lle siBUIlle BUKIIMKAIO IHTEPEC BUCHUX, SAKI PO3MOYATN CHCTEMATHYHI
JOCJIIDKEHHS Ha JIFOASX Ta TBapuHax. [1ij yac qocmiaiB 10U MOBIAOMIISUTH TIPO CBOT

BITUYTTSI.



80

OTxe, €JIEKTpOMarHiTHE BUIIPOMIHIOBAHHS SIK XBOPOOOTBOPHUN YMHHUK CJI1T
PO3TISAATH Ha MIJCTaBl KIHIYHUX Ta €KCIEPUMEHTAIbHUX MaTepianiB. CyMicHY Jito
UX BUIPOMIHIOBAHb HIMPOKOrO [1alla30HYy MOXKHA KIACHU(PIKyBaTU SAK OKpEMY
PamgioXBIWILOBY XBOpoOy. TSKKICTh 11 HACHIAKIB 3HAXOAUTHCSA Y TPSIMIN 3aJIEKHOCTI
Bin HampyxeHocti EMII, TpuBamocti BIumBY, (i3UYHHX OCOOJMBOCTEH pi3HUX
Jlara3oHiB 4aCTOT, YMOB 30BHIIIHBOTO CEPEIOBHINA, & TAKOXK B/l (PYHKIIIOHAIBHOTO
CTaHy OpraHi3My, WOTO CTIHKOCTI J0 BIUIMBY PI3HUX YWHHHKIB MOMJIMBOCTCH
ajarnTanii.

[Topsin 13 pagioXBHIBOBOIO XBOPOOOIO (SK crenupiyHuM pe3yiabTaToM i
EMII) 3pocTae pu3MK BUHUKHEHHS 3arajlbHUX 3aXBOPIOBaHb, 3aXBOPIOBAHb OpPTaHIB
JUXaHHs, TpaBiaeHHs Tomo. Lle BimOyBaeThCcs TakoX 1 32 Jy>Ke Majioi IHTEHCUBHOCTI
EMII, sika He3HAYHO NEPEBMINYE TirieHiuHi HOPMATHBH. VIMOBIpHO, IO NMPHUYMHO
TYT € MOPYLIEHHS HEPBOBO-TICUXIYHOI JISUIBHOCTI SIK TOJIOBHOI y KEpPYBaHHI BCIMa
(GYHKIISIMU OpPTaHi3MYy.

VY pe3ynbrati 1ii HA OpraHi3M JIIOJUHU €JIEKTPOMArHiTHUX BUIIPOMIHIOBAaHb B
miarmazoni 30 kI - 300 MI'p criocrepiraeThes: 3arajbHa CIa0OKICTh, ITIJIBHINCHA
BTOMa, COHJIMBICTH, MOPYIIEHHS CHY, TOJOBHUW OuUTb Ta Olb B JUISHIN CepIis.
3'SIBASETBCSA PO3APATOBAHICTh, BTPAYAETHCS yBara, CHOBUIBHIOIOTHCS PYXOBO-MOBHI
peakiii. Bunukae psii cUMIITOMIB, SIKI CBIAYaTh MPO MOPYIICHHS POOOTH OKPEMHUX
OpraHiB - LUIYHKY, NEYiHKH, MIANUTYHKOBOI 3ano3u. [loripuryroTbCsi XapyoBi Ta
cTateBl pediekcu, AISUIBHICTD CEPIEBO-CYAMHHOI CHUCTEMH, (DIKCYIOThCS 3MIHU
MOKA3HUKIB OUIKOBOIO Ta BYIJVIEBOAHEBOTO OOMIHY, 3MIHIOETHCS CKJIaJ KpOBI,
3aikcoBaHi 3MIHU Ha PiBHI KJIITHH.

[Tpu cucrematnuniii nii EMII Brcokoi Ta HaaBHCOKOI 4acTOTH Ha OpraHi3M
JIOJMHU  CIIOCTEPIra€ThCs IMIJBUILEHHA KpPOB'SHOINO THUCKY, TpOo(iuHi sBUIIA
(BumamiHHsA BoJoccs, JaMKicTh HIrtiB). EMII BukiukaroTh 3MiHY MNOJsSpU3alii
MOJICKYJI Ta aTOMIB, SIKi € CKJIAJJOBOIO YACTUHOIO KJIITHH, B PE3yJbTaTlI YOI0 BUHUKAE
HeOe3neyHui Harpis. HagmipHe Tersao Mo)ke HaHECTH HIKOAY SIK OKPEMHUM OpraHaw,
Tak 1 BChOMY Opra”iamy moAuHu. I[IpodeciiiHi 3axBOpIOBaHHS BUHUKAIOTH Y

MPaliBHUKIB IPU TPUBAIOMY Ta IHTEHCUBHOMY OIPOMIHEHHI.
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BB BunpomintoBanb HaaBucokoi vactotn (HBY) Ha opranizm mroauHu
MIPUBEPTAE yBAary BEJIMKOI KUIBKOCTI JOCTITHUKIB 1 BiIOOPaXKAEThCS Yy UYUCICHHUX
HAyKOBHX JIOMOBIISIX 1 myOmikamisax. B onHIM 13 HMX HaBeJeHI BIJOMOCTI IIpo
kimiHiyHl nposBu Al HBY 3amexHo Bl iHTEHCHMBHOCTI ompomiHeHHs. [lpu
iHTeHCUBHOCTI O6113pK0 20 MKBT/cM2 criocTepiraeThCsi 3MEHIIIEHHS 9aCTOTH ITYJIbCY,
3HIDKEHHSI apTepialibHOTO THUCKY, TOOTO sBHa peakilisi Ha ompoMiHeHHs. Bona
CWJIBbHIIIIA ¥ MO’KE€ HaBITh BUpAXaTHUCA Y MIABUIICHHI TEMIIEPaTypH LIKIpU B 0Ci0, SKi
paHile NOTPAIUIUIN MiJT 110 OIIPOMIHEHHS.

I3 pocTOM IHTEHCHBHOCTI BIOYBAIOThCS €JeKTpoKapaiorpadiyHi 3MiHU, TIPH
XPOHIYHOMY BIUIMBI - T€HAEHIISl 0 TIMOTOHIi, O 3MIH Y HEpBOBIi cuctemi. [lotim
CIIOCTEPIraeThes IPUCKOPEHHS yJbCY, KOJIMBaHHS o0'emy KpOBI.
IIpu inTeHCcHBHOCTI 6 MBT/CM2 momiYeH1 3MiHU y CTaTeBUX 3a7103aX, y CKJIaJl KPOBI,
MIOMYTHIHHS KpHIUTanuka. Jlami - 3MIHM y 30aTHOCTI KpOBI 3C1IaTHUCA, YMOBHO-
pedIeKTOpHIN MisUIBHOCTI, BIUIUB HA KIITHHU TEYIHKHU, 3MIHU Yy KOpl TOJOBHOTO
MO3Ky. [10TIM - MiABUILIEHHS] KPOB'STHOTO TUCKY, PO3PHUB KaIIsAPiB 1 KPOBOBUJIMBHU Y
JIETeHI Ta MEYIHKY.

BunpomintoBanus iHTeHCUBHICTIO 10 100 MBT/cM2 BUKIMKAIOTH CTINKY
TIMOTOHII0, CTIHKI 3MIHHM CEpILEBO-CYAMHHOI CHUCTEMH, JIBOCTOPOHHIO KaTapakTy.
[Topasnpiiie OrTpoMiHEHHS MOMITHO BIUIMBA€ HAa TKAHWUHH, BUKJIUKAE OOJIbOBI MOYYTTS.
Skmo iHTEeHCUBHICTh nepeBullye 1 BT/cM2, 11e cpUUYMHIOE TyK€ IIBHUJIIKY BTpaTy
30py, 110 € ogHUM 13 cepiio3nux edekrtiB aAii HBY na opranism moauan. Ha Gimbin
HU3BKMX YacTOTax Taki e(eKkTH He BiI0yBarOThCs, 1 TOMy iX Tpeba BBakaTu
cneuudiuaumu it HBY  giamazony. CrymiHb MOIIKOJKEHHS 3aJI€KHUTh, B
OCHOBHOMY, BiJ] IHTEHCUBHOCTI Ta TPUBAJIOCTI OMIPOMIHEHHS.

IntencuBne HBY onpoMiHeHHs BiJipa3y BUKIIMKAE CIIbO30TEUY, MOAPA3HEHHS,
3By)KeHHs1 31HHIIl oka. Ilicms koportkoro (1-2 no0Ou) mDpuXoOBaHOTO MEPiOTy
CIIOCTEPITAETLCS TOTIPIIEHHS 30py, IO TOCHUIIOETHCA Il Yac TIOBTOPHOTO
OMPOMIHEHHA 1 CBIJYUTH MNP0  KyMYJSITUBHUH  XapakTep  MOLIKOKECHb.
CroctepexxeHHss 3a JIOJbMHU JIOBOASTH ICHYBaHHS MeEXaHI3My BiIOyAOBU

MOIIKO/PKEHUX KIIITUH, KU BuMarae Tpuanoro 4acy (10-20 mi6). 31 3pocTaHHsIM
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4acy Ta IHTEHCMBHOCTI BIUIMBY MOIIKO/KEHHS! HA0yBalOTh HE3BOPOTHOIO XapaKTepy.
VY pa3i mpsMOTO BIUIMBY Ha OKO BHIPOMIHIOBAHHS BiJOYBA€THCS MONIKOIKCHHS
POTIBKH. AJle cepesl yCi1X TKaHWH OKa HalOUIbITy 4yTauBICTh B aiana3zoni 1...10 I'T'y
Mae Kpuitaiuk. CUabHI TOIKOMKEHHS KPUIITATUKA 3yMOBJICH] TETIOBUM BIUTHBOM
HBUY (npu mineHOCTI moTOKY eHeprii moHaa 100 mBt/cM2). 3a manoi iHTEHCUBHOCTI
MIOMYTHIHHSI CIIOCTEPITalOThCA TIIBKM Yy 3aJHIM JIJISHIN, 32 BEJIMKOI - MO BChOMY
00'eMy KpHUIITAJIMKA.

KarapoyTBOpeHHsI NOSCHIOETbCA HE TIIbKU TEIUIOBOKO €10, BOHO 3aJI€KUTh
TaKOXX BiJ] Py IHIIMX HE MOBHICTIO BCTAHOBJIEHUX YMHHUKIB. 3HaYHY POJIb MOXKYTh
BIJIIrpaBaTl KOHLEHTpALis MOJS y CEpeJOBUUIAX 3 OKPEMUMH JI€IEKTPUYHUMHU
BJIACTUBOCTSIMHU Ta 00'eMHI pe3oHaHCHI edektu. s monepemkeHHs npodeciitHux
3aXBOPIOBaHb, SIKI BUHUKAIOTH Yy pe3yJbTaTl TPHUBAJOi [ii eJIEeKTPOMAarHITHUX
BUIIPOMIHIOBaHb, BCTAHOBJIEHI TPAHUYHO JOIYCTUMI pIBHI €JIEKTPOMAarHiTHUX
BuripominioBanb. BignosigHo no 'OCT 12.1.006-84 «CCBT. DnekTpoMarHuTHOE
M0JIE PaAioyacToT».

Pieaui EMII HeoOXximHO KOHTpoOJrOBaTH He pimme 1 pasy Ha pik. SKmio
BBOJUTKLCS B [0 HOBHI 00'€KT a00 3A1HCHIOETHCS PEKOHCTPYKIIiSI CTApUX 00'€KTIB,
TO 3aMipy PIBHS €JIEKTPOMATHITHUX BUIIPOMIHIOBaHb MPOBOASTHCS MEPE] BBEICHHIM
iX B eKCILTyaTaIio.

Bubip Toro um iHmoro cmnocoOy 3axucTy BiA [ii €JIeKTPOMArHITHUX
BUIIPOMIHIOBaHb 3aJICKUTH BiJ] p0OOUYOTO Jiana3oHy YacTOT, XapaKTEePy BUKOHYBAHHUX
poOIT, HaNpy»KEHOCTI Ta WIIIbHOCTI MOTOKY eHeprii EMII, HeoOximHOro crymeHs
3aXUCTY.

Jlo 3axomiB I1I0AO 3MEHILIEHHS BIUIMBY Ha mnpaiiBHukiB EMII Hanexats:
oprasizailiifHi, IH>KEHEpHO-TEXHIUHI Ta J1KapChKO-TPO(PIIaAKTHYHI.

Opranizaiiiini 3axoau 31MCHIOIOTh OpPraHW CaHITApHOTO Harjsay. BoHu
MPOBOAATH CaHITapHUN HArjsi 3a 00'€éKTaMM, B SIKMX BUKOPHUCTOBYIOTHCS JKepena
€JIEKTPOMAarHiTHUX BUIPOMIHIOBaHb.

[mKeHepHO-TeXHIUHI 3aX0au TependavdaroTh TakKe pO3TAIlyBaHHSA JDHKepen

EMII, sxe O 3Bogmiio 10 MIHIMYMY iX BIUIMB Ha MpPAIlOI0OYUX, BUKOPUCTAHHS B
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yMOBaxX BHUPOOHMIITBA JIMCTAHLIMHOTO KEpPyBaHHS amapaTryporo, L0 € JHKEepesroM
BUIIPOMIHIOBAHHS, €KpaHYBAaHHS JPKEpEN BUIIPOMIHIOBAHHS, 3aCTOCYBaHHS 3aco0iB
1HIMBIAYaJIbHOTO 3aXUCTy (XanaTiB, KOMOIHE30HIB 13 MeETali30BaHOI TKaHWHHU, 3
BUBOJOM Ha 3a3eMJIOlOuuil  mpuctpiif). [nsg 3axucty ouedl  JOULUIBHO
BUKOpUCTOBYBaTH  3axucHi  okymsipu  3I15-90. Ckmo  okymsapiB  BKpPHUTO
HaIBNPOBITHUKOBUM OJIOBOM, IO TMOCJA0IIOE IHTEHCHUBHICTh €JIEKTPOMArHiTHOI
€Heprii Ipu CBITIONPOITyCKaHH1 He HUX4Ye 75%.

B3zarauii, 3aco0u 1HIMB11yaIbHOTO 3aXUCTy HEOOX1THO BUKOPUCTOBYBATH JIUIIIE
TOMi, KOJIM IHIIl 3aXHMCHI 3acO0M HEMOXJIMBI YU HEJOCTaTHHO €(PEKTHUBHI: TPH
MIPOXO/I’KEHHI Yepe3 30HU ONPOMIHEHHSI MIJBUIIEHOI IHTEHCUBHOCTI, IPU PEMOHTHHX
1 HaJaro/pKyBaJIbHUX POOOTaX B aBapiiHUX CUTYyaIlifX, MiJ Yac KOPOTKOYACHOTO
KOHTPOJII0O Ta MNpPU 3MiHI IHTEHCHUBHOCTI ONpOMiHEHHs. Taki 3acoOuM He3pydHI B
eKcIuTyaTali, OOMEXYIOTh MOJJIMBICTb BHUKOHAHHSA TpPYJOBUX  ONEparlii,
MOTIPIIYIOTh TT1€HIYH] YMOBH.

VY pangiogacToTHOMY Jliania30H1 3aCO0M 1HAMBITYaaIbHOTO 3aXUCTy MPAIIOIOTh 3a
PUHITMIIOM €KpaHyBaHHSI JIIOJIMHU 3 BUKOPUCTAHHAM BiIOWTTs 1 mornuHaHHs EMIIL.
st 3axucTy TUIa BUKOPUCTOBYETHCS OJAT 3 METAN30BaHUX TKAHUH 1
paAIoNONIMHAIYMX MaTepiaiiB. MeTtanizoBaHy TKaHUHY pPOOJIATH 13 OaBOBHSHUX
HUTOK 3 PO3MIIICHHM BCEpPEIMHI HUX TOHKHM IPOBOJOM, a00 3 OaBOBHSHUX YH
KalpOHOBUX HHUTOK, CHIpaJlbHO OOBUTHX METAJIEBUM JPOTOM. Taka TKaHWHA, HA4e
MeTaJIeBa CiTKa, NMPH BiJcTaHl MiX HUTKaMu a0 0,5 MM 3HAYHO MOCIIA0JIIOE IO
BUurnpoMiHioBaHHs. [Ipu 3mMBaHHI AeTanell 3aXHCHOTO OJTy Tpeba 3abe3neunTu
KOHTaKT 130JIbOBAaHUX MPOBOAIB. TOMYy eneKTporepMeTu3allilo MIBiB 31MCHIOIOTH
EJICKTPOIIPOBITHUMHU MacaMH YM KJIESIMH, K1 3a0€3MeUyl0Th TaIbBaHIYHUI KOHTAKT
a00 30UTbLIYIOTh EMHICHUH 3B'I30K HEKOHTAKTYIOUHMX MTPOBO/IIB.

JlikapchKko-Tipod1IaKTUIH1 3aX011 nepeadavarTh MPOBEICHHSA
CUCTEeMAaTUYHUX MEAUYHUX OTJIS/IIB MPAIiBHUKIB, 5IKi epeOyBatoTh y 30H1 aii EMII,
oOMeXeHHs B Yaci mepeOyBaHHS JIOJied B 30HI MIJABUIIEHOI 1HTEHCHBHOCTI

€JIEKTPOMArHITHUX  BHUIPOMIHIOBAaHb, BHAAYy  MPALIOIOYUM  O€3KOIITOBHOTO
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JTKApChKO-MPO(PITAKTUYHOTO  XapuyyBaHHSA, TEPEepBU  CaHITAPHO-03/I0POBUOTO

XapaKkTepy.

4.2. 3aXUCT NPOrpaMHOro 3ade3nevyeHHs BiJl HAA3BUYAWHUX CUTYyaLil

[IporpamHe  3a0e3leueHHS —  CYKYIHICTh IPOrpaM CUCTEMH  OOpPOOKH
iHpOopMaIlii 1 IPOrpaMHUX JOKYMEHTIB, HEOOXIIHHUX ISl €KCIUTyaTallli [UX MPOrpaM.
OcHoBHOIO  (GyHKIIE0 Oyab-SIKOTO TMpOorpaMHOro 3abe3reueHHs € o0poOka
iHdopmalli Ta KepyBaHHs amapaTHUMU KOMIIOHEHTaMHU KOMIT'toTepa. [0JI0BHOIO
HeOE3MEeKOI0 ISl MPOTrpaMHOro 3a0e3MeYeHHs], [0 MOXKE 3aBaJUTH HOMY MPaBUIBLHO
BUKOHYBATH CBOT (DYHKIIii a00 3HUIIUTH HOTO — 11 KOMIT FOTepHi Bipycu.[17]

[Ilo6 edexkTnBHO OOpOTHCA 3 BIpycaMH, HEOOXIJTHO MAaTH YSBJICHHS IIPO
BJIACTMUBOCTI BIPYCIB 1 OpIEHTYBaTHCSi B MeTOoAax NpoTuaii BipycaMm. Bipycom
HA3MBA€ETHCS CHELIAIbHO CTBOPEHA Iporpama, 3/1aTHa CaMOCTIHHO IMOIIWPIOBATUCS B
KOMIT'FOTEPHOMY CEpEAOBHILI. SKIO BIpyC MOTPANKB B KOMI'IOTEP Pa3oM 3 OJIHIEIO 3
nporpam a6o 3 (aitsiom ToKyMeHTa, TO Yepe3 JACSIKUN Jac iHIi nporpamMu abo daitnm
Ha I[bOMY KOMITIOTEpl OyayTh 3apaxkeHl. SIKIIO KOMIT'IOTep MIAKIIOYEHUN 10
JIOKaJIbHOI a0 TJIOOAIbHOI MepeXkl, TO BIPYC MOKE MOIIMPUTHUCA 1 Jajii, Ha 1HII
KOMI'tOTEpU. ABTOpPHU BIPYCHUX IPOrpaM CTBOPIOIOTH iX 3 PI3HUX CIIOHYKaHb, IPOTE
pe3yabTati poOOTH BIPYCIB BUSBISIIOTBHCS, SIK TPaBUIIO, CXOXUMHU — MCYIOTh
IpOrpaMu 1 JOKYMEHTH, 110 3HAXOJATHCSA Ha KOMIT'IOTEpI, 110 YaCTO MPHU3BOAUTH A0
ix BTpatu. Jlesiki BipycW 37aTHI 3HUIIYBATH B3arajii BCIO 1H(OpMAIliI0 Ha JUCKaX
KOMIT'IOTEPIB, BapTICTh SKOi MOXE B JIECATKH 1 COTHI pa3iB MEPEBUIIYBATH BAPTICTh
CcaMoro KoMII'roTepa.

JI71st 3aXUCTy BiJl BipyCiB MOXHA BUKOPUCTOBYBATH:

. 3aranpH1 3ac00M 3aXUCTy 1HPOPMAIlii, sIKI KOPUCHI TAKOXK 1 SIK CTPaxOBKa
BiJl (Di3MYHOTO TICYBaHHS JUCKIB, HEMPABWIHHO MPAIIOIOYUX MPOTPAM UM XUOHUX JIH
KOPHCTYBayiB,;

. [IpodinakTuyni 3axoau, IO JO3BOJIAIOTH 3MEHIIUTH WMOBIPHICTD

3apakKeHHS BIPYCOM;


http://ua-referat.com/%D0%9C%D0%B0%D1%82%D0%B8
http://ua-referat.com/%D0%9C%D0%B5%D1%80%D0%B5%D0%B6%D1%96
http://ua-referat.com/%D0%A0%D0%BE%D0%B1%D0%BE%D1%82%D0%B8
http://ua-referat.com/%D0%92%D1%96%D1%80%D1%83%D1%81%D0%B8
http://ua-referat.com/%D0%97%D0%B0%D1%81%D0%BE%D0%B1%D0%B8_%D0%B7%D0%B0%D1%85%D0%B8%D1%81%D1%82%D1%83_%D1%96%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D1%96%D1%97
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. CrerianizoBaHi IporpaMu Jijisl 3aXKMCTY BiJ BIPYCiB.

3aranpHi 3aco0M 3axUCTy iH(pOpMAaIi KOPUCHI HE TIIBKH IS 3aXUCTy BiJ
Bipycy. € BI OCHOBHI P13HOBUIM IIMX 3aCO01B:

. KomitoBannst iH(popmariii — CTBOpeHHs Komik (aliaiB 1 CHCTEMHHX
o0JtacTell TUCKIB,;

. Po3MexyBaHHsI JTOCTyIy — 3amo0ira€ HECaHKI[IOHOBaHE BUKOPHCTAHHS
iHpopMarlii, 30kpeMa, 3aXUCT BiJ 3MIH MpOrpaM 1 JaHUX BipycamH, HEMPABUIBHO
MPAIIOI0OYMMHU [TPOoTrpaMaMy Ta TOMHUJIKOBUMHU JIIsIMU KOPUCTYBAaviB.

[cHYIOTBH TpU M1 3aXUCTY BiJ] KOMIT'IOTEPHUX BIPYCIB:

. 3anoOiraHHs HaJXOPKEHHS BIPYCIB;
. 3ano6iraHHs BIPYCHOI aTakH, SKIIO Bipyc Bce-Taku noctynus Ha [1K;
. 3anobOiranHsi pyMHIBHUX HACIIJIKIB, SKIIO aTaka BCe-TaK Bi0YJacs.

[cHYIOTBH TpU METOAM peaizalii 3aXUCTYy:

. [Iporpamui 3acobu 3axucTy;

. AnapaTH1 METO/IU 3aXUCTY;

. Oprani3ariiiiii METOJU 3aXUCTY.

OcHOBHHM 3acobom 3aXUCTY iHdopmarii € pe3epBHE

KOIIIOBaHHS HAWILIHHIIIMX JaHuX. Y pa3l BTpatd iHGoOpmMalii MO KOXHIA 3
nepepaxoBaHUX BHIINE MPUYUH KOPCTKI JUCKH mepeopmMaToBYIOTh 1 TOTYIOTh 10
HOBOI  ekcruryaramii. Ha  BiagopmaroBaHuii  JUCK  BCTAHOBIIIOIOTH — BCE
HeoOX1/IHE MporpaMHe 3a0e3MeUYeHHs, SKe TeX OepyTh 3 NUCTPUOYTHBHHX HOCIIB.
BigHoBIeHHS KOMIT'IOTEpa 3aBEPIIYEThCS BITHOBJICHHSM JaHUX, SKI OepyTh 3
PE3EpBHUX HOCIIB.

[Tpu pe3epByBaHHs JaHUX BapTO TAaKOXX MaTH Ha yBa3l i Te, 110 Tpeba OKpeMo
30epiraT BCl peeCTpaliifHi 1 MapoiabHI AaHl AJIA JOCTYNMY A0 MEpPEXKHHUX CIIyKO
Iatepuery. Ix He cmig 36epiraty Ha KoMm'roTepi. 3a3Buyail Micie 30epiradHns —
CITy00BHI1 MOACHHUK y cei]i KepIBHUKA TAPO3ILTY.

CTBOpIOIOUM IIJIaH 3aXO/JIIB 3 PE3EPBHOTO KOIMIIOBaHHS 1HQOpMaIlii, He0OX1HO
BpaxoByBaTH, 110 pe3epBHI Komii moBuHHI 30epiratuca okpemo Bix IIK. ToOTto,

HANpUKIIaJ, pe3epByBaHHA 1HGOpMAIi Ha OKPEMOMY >KOPCTKOMY MAHMCKY TOTO X
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KOMIT'IOTepa TUIBKH CTBOPIOE 1II03110 Oe3neku. BigHOCHO HOBMM 1 JIOCUTH
HAJIMHUM NPUiOMOM 30epiraHHsl IIHHUX, aje HEKOH(PIACHLUIWHUX MJaHuX € IX
30epiranHs B Web-nankax Ha BuAaJIeHUX cepBepax B IHTepHeTi. € ciyx0Ou, 1o
OE3KOIITOBHO HAMAIOTh MPOCTIp (A0 HmeKiapbkoX MOaiT) ams 30epiraHHs JaHUX
KOpHCTyBaya.

Pe3epBHi komii KOHGIICHIIINHUX AaHUX 30epiraroTh Ha 30BHIIIHIX HOCIAX, SKi
30epiratorb y ceidax, OaxkaHo B okpemux mnpuminieHHsx. [Ipum pospoOrri
OpraHizaliifHoro TIUTaHy pEe3epBHOrO0 KOMIIOBAaHHS BPaxOBYIOTh HEOOXIJIHICTb
CTBOPEHHSI HE MEHIIIE JIBOX PE3EPBHUX KOIIM, Kl 30epiraroThCs B PI3HUX MICIIX.
Mix KomissMH 31MCHIOIOTH poTalito. Hanpuknan npoTsaromM THXHS MIOHS KOIMIIOIOTh
JaHl Ha HOCIi pPE3epBHOTO KOMIUIEKTY A, a uepe3 THXKIECHb iX 3aMIHIOIOThH
KOMILJIEKTOM b, 1 T.71.

JlonoMibKHUMH 3aco0amMHu 3axXucTy 1H(OpMaLli € aHTUBIPYCHI MNpPOrpaMu Ta
3aco0u amapaTtHOTo 3axucTy. Tak, HaAMpPUKIIAJl, MPOCTE BIAKIIOYEHHS MepeMHUKadya Ha
MaTEepPUHCHKIN IMIaTi HE JO3BOJIMTH 3AIMCHUTH cTUpaHHs Mikpocxemu I3V (dhaem-
BIOS), He3zanexHo Bil TOTO, XTO Oy/le HaMaraTucs 1€ 3pOOUTH: KOMII'IOTepHUN
BIpYC, 3JIOBMHCHHUK 200 HEOOEPEIKHUN KOPUCTYBAY.

IcHye nmocuth Oarato mporpaMHuX 3acoOIB aHTUBIPYCHOTO 3axucty. Bonwu
HAJIal0Th HACTYITHI MOYKJIUBOCTI.

1. CTBOpeHHSs1 00pa3zy KOPCTKOTO JUCKA HAa 30BHIMIHIX HOCISAX (HApUKIIAI, HA
THYYKHX JTMCKax). Y pa3i BUXOAY 3 JIaly JAHUX B CUCTEMHHX OO0JIACTSIX YKOPCTKOTO
TMcKa 30epekeHuii "obpa3 aucka" MoXKe JT03BOJIUTH BIIHOBHUTH SIKIIIO HE BCl JaHi, TO
NpUHaiMHI X BeJIUKY 4acTuHy. Lle »x 3aci0d Mo)ke 3aXMCTUTH BiJl BTpaTH JIAaHUX MpU
anmapatHux 300X 1 Mpu HeaKypaTHOMY (hopMaTyBaHH1 )KOPCTKOTO JUCKA.

2. PerymspHe ckaHyBaHHS >KOPCTKHX JHCKIB Yy TIONIYKax KOMIT'FOTEPHUX
BipyciB. CkaHyBaHHS  3BHUYAHO  BHKOHYETHCS aBTOMATUYHO MPU  KOKHOMY
BKJIFOUCHHI KOMITHOTEpa 1 MPU PO3MIIICHHI 30BHINIHBOTO JHUCKa B MpHUCTpoi. [Ipu
CKaHyBaHHI CJiJl MaTH Ha YyBa3l, [0 AaHTUBIpyCHAa IporpaMa IIyKae BIPYC
[IIXOM MOPIBHSIHHS KOy IPOrpaM 3 KOJIaMu BIAOMUX i BIpYCiB, 110 30epiratoTbcs

B 0a3i manux. fAxmio 6a3a gaHWx 3actapiyia. A Bipyc € HOBUM, CKaHylO4Ya Mporpama
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fioro He BUSBUTH. i1 HaIHOI pOOOTH CHiJl PEryJsipHO OHOBJIIOBATH aHTUBIPYCHY
nporpaMy. baxxaHa nepioAUYHICTh OHOBJICHHS — OJJUH pa3 Ha JBa TH)XKHI; JOMyCTHMa
— OJIVH pa3 Ha TPHU MICSIII.

3. KonTposnb 3a 3MiHOIO pO3MIpIB Ta HIIKUX aTpuOyTiB (aitniB. OCKUIBKH AEsKi
KOMIT'IOTEpPHI BIPYCH Ha eTari pO3MHOXKEHHS 3MIHIOIOTh TapaMeTpu 3apaskeHuX
daiiniB. KoHTpomroroua mporpamMa MOXKE BHUSBUTH iX JISUIBHICTH 1 IOINEPEIUTH
KOpHCTyBaya.

4. KoHTpoJsb 32 3BEPHEHHSAMH JI0 JKOPCTKOTO aucka. OCKUIbKM HaOUIbII
HeOe3IeyH1 ornepaiiii, MoB'si3aHi 3 poOOTOI0 KOMIT'IOTEPHUX BIPYCIB, TaK YM 1HAKIIIE
3BEpHEHI Ha MOJU(IKAII0 JAHMX, 3alMCAHUX Ha KOPCTKOMY JIMCKY, aHTHUBIPYCHI
IPOrpaMu MOKYTh KOHTPOJIIOBATH 3BEPHEHHS JI0 HBOTO 1 TIOTIEpeHKaTH KOPUCTyBaya
PO M1JI03p1Ty aKTUBHICTb.

He3Baxatouu Ha Te, 110 3arajibHl 3acoOM 3aXUCTy iH(pOpMaIil Jy’Ke Ba)KJIHUB1
JUISL 3aXHCTYy BIJI BIpYCiB, BCE€  TakM iX OJIHUX HemocTtaTHbo. HeoOxigHO 1
3aCTOCYBaHHS CIELIAI30BaHUX MporpaMm uisl 3axucTy Bia BipyciB. Lli mporpamu
MO>KHA PO3IUTUTH Ha KIJIbKa BUJIB: AETEKTOPHU, JOKTOpH (daru), pesizopu (mporpamu
KOHTPOJIO 3MiH y aigax 1 CHCTEeMHHX OO0JacTsSX MAHCKIB), JIOKTOPH-PEBI3OPH,
(G1abTpH (PE3UAESHTHI TPOTpaMu JIs 3aXUCTY BiJ] BIPYCIB) 1 BAKIIMHU (IMMYHI3aTOpH).

[Iporpamu-neTekTopu JO3BOJSIOTH BHUSBUTH (ailiv, 3apakeHi OJHUM 3
KUJTBKOX BIJIOMHUX BIpYCIB.

[Tporpamu-nokropu, ado daru, "maikyoTh" 3apaxeHi mporpamu abo JWCKH,
BUJIAJISIOUN 13 3apa)XKEHUX MPOrpaM TUIO BIpyCy, TOOTO BiTHOBJIIOIOYU MPOTPaMy B
TOMY CTaH1, B SKOMY BOHa IiepedyBaja J0 3apakKeHHS BIpyCOM.

[Iporpamu-peBizopu crioyaTKy 3amam'sTOBYIOTh BIJOMOCTI PO CTaH Mporpam i
CUCTEMHHUX O0JlacTeil JUCKIB, a MOTIM MOPIBHIOIOTH iX CTaH 3 MovarkoBuM. [lpu
BUSIBJICHHI HEBIJMOBIIHOCTEH MPO 11€ MTOBIIOMIIIETHCS KOPUCTYBAUEBi.

JlokTOpU-peBI30OpU — 1€ T1IOpUAM PEBI30PIB Ta TOKTOPIB, TOOTO MPOTpaMH, SKi
HE TUIBKM BHUSBIIAIOTH 3MiHU Yy (aifyiax 1 CHCTEMHUX OOJIACTAX JMCKIB, @ H MOXYTh Y

pa3i 3MiH aBTOMaTHYHO MOBEPHYTH iX y MOYAaTKOBUMN CTaH.
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[Iporpamu-GpiasTpu pPO3TAIIOBYIOTHCS PE3UIEHTHO B OINEpPATUBHIN maM'saTi
KOMIT'IOTEpa 1 TMEpPEeXOIUTIOIOTh Ti 3BEPHEHHS [0 OMEpaIifHOl CUCTeMH, SKi
BUKOPHCTOBYIOTBCSI  BipycaMd JUIi PO3MHOXEHHS 1 HAHECEHHS IIKOAM, 1
MOBITOMJISIFOTH TIPO HUX KOPHUCTYBAUeBi.

[Tporpamu-Bakuunu, abo iMMyHI3aTOpH, MOAUGIKYIOTH TPOrpaMu 1 TUCKU
TaKUM YMHOM, III0 I1€ HEe BIIOMBAETHCA HA pOOOTI MpoOrpam, aje TOH Bipyc, BiJl IKOTO
BUPOOJIIETHCA BAaKIMHAIIS, BBAXKA€ I TporpamMu abo AWCKU Bxke 3apakeHnmu. [li
nporpamu BKpai HeeeKTHBHI 1 Jajli HE PO3TJIAIal0ThCS.

Jlo amapatHux 3aco0iB 3aXHCTYy BiJ BIPYCIB HaJE€XKaThb MEPEKEBI E€KpaHU
(obpannmayepu, ¢aepBomu (Firewall)). Ile mpunag po3poOneHuid s mepeBipKu
NAaKeTHUX JaHUX, SKI OTPUMYE KOPUCTYBay 3 JIOKAJIbHOI YU TIO0OATBHOI MEpexi.
MepexxeBuil eKkpaH MNIIKIIOYAEThCA TMEPE] MEPEKEBOI0 KapTow 1 OJIOKye BIpPYCHI
MpOrpamMu, YUM 3aro0irae IXHbOMY MOTPAIUITHHIO Ha KOPCTKHM JTUCK.

3axucT mporpamMHOro 3abe3nedyeHHs BiJl BIPYCHHUX NPOrpaM € Ba)IJIUBOIO 1
HEOOXITHOIO TMpPOLEAyporo, Juisl 3a0e3neyveHHs e(eKTUBHOI 1 BipHOI poOOTH
KOMIT 10TepHOT cucTeMu. OCKUTbKH MO30yTUCH BIpYCHUX MpOTpaM OyBa€ TSKKO 1 11€
MOXK€ 3alHATH Oarato dacy, CJiJi JAOTPUMYBATHUCh MPO(PUIAKTUYHHX 3acO0IB.
HaiikpammM MeTo10M 3aXHCTy € BCTAaHOBJICHHSI MEPEKEBOTO €KpaHy, Ta MPOTrpaMHUX

AHTUBIPYCHHUX 3aCO0IB, 110 3aM00IraloTh MOTPATUISIHHIO BIPYCIB HA KOMIT IOTEP.

4.3. BUCHOBKHM /10 po31ity

[Ipu pobGoTi 3 Oyab-IKUM €JICKTPOHHUM OOJaJHAHHSAM OpraHi3M JIIOJAUHU
MOTpAIIL€ TiJ JiF0 EJIEKTPOMArHITHOTO TIOJIA, IO BHUIPOMIHIOETHCS JTaHUM
oOnamHanusM. EMII B 3anexHOCTI BiJ HOro 1HTEHCHUBHOCTI 1 4aCTOTA MOKE I10
PI3HOMY BITMBATH HA OPTaHi3M JIIOJIMHU, aji¢ Iel BIUIMB € HETaTUBHUM. TOMYy TIpH
po0oTiI un oOcyroByBaHi obnagHaHHs, 1m0 € mrepenom EMII cnig motpumyBaTtuch
NEBHUX MpaBU: oOMexyBaTH 4ac pobotu 3 mkepenamu EMII, BukopuctoByBatu

3aXUCHI €KpaHU, KOPUCTYBATHUCh CIIELOAATOM, 110 3anobirae BrumBy EMII, Tomro.
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['0;10BHOIO BHMOTOIO 10 MpPOrpaMHOrO 3a0e3neueHHs € MHOro TOYHICTh Yy
3nikcHIOBaHHI 0Opoku 1H(opmarii. SKmo mnporpamMHe 3a0e3MedeHHs Miaanoch
BIUIMBY BipyCHOTO MPOTPAMHOTO 3a0e3MedeHHs, BOHO MOXXE BHHUTH 3 Jagy abo
BUKOHYBAaTH CBOi (QYyHKIT 3 moMuikamu. [Ipy BUHMKHEHHI Haa3BHYaHOI CHUTYyaIlii
CITT BXHTH HEOOXIMHUX 3acO0IB IO OYHCTIIl XKOPCTKOTO MHUCKY BiJ BIPYCHOTO
HIpOTrpaMHOro  3a0e3MeYeHHSI. JUis  momnepepKeHHsT TOJIOHMX — Haa3BUYAHUX

CUTYAI[I{ CJIiJl 3aCTOCOBYBAaTH aHTUBIPYCHI MPOTrpaMy Ta MEPEKEB1 EKpaHHU.
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PO3/11 5
OBI'PYHTYBAHHS EKOHOMIYHOI EOEKTUBHOCTI

MeTor0 AUIMIIOMHOTO MPOEKTY € JOCTIIKEHHSI 0COOIUBOCTEN 1 XapaKTEPUCTHK
MYJIBTHIUICKCYBaHHSI Ta YaCTOTHOTO PO3IUICHHS CHUTHAIY B ONTOBOJOKOHHOMY
kabeni. ['0JIOBHOIO METOI0 pO3JUIy € BCTAaHOBJICHHS EKOHOMIYHOI JOIIBHOCTI

IMPOBCACHHS JaHOT'O I[OCJ'IiI[)KCHH?I.

5.1. Po3paxyHOK HOPM 4acy HA BUKOHAHHS HAYKOBO-10CJIiIHOT po0oTH

EdekTrBHE BUKOpUCTAHHS 4Yacy Ma€ BEIUKE 3HAYCHHS TOMY, IO KOeiIlieHT
KOPHCHOI i1 3aJIe)KUTh BiJ] ONITUMAJILHOTO BUKOPHUCTAHHS Yacy.

Po3poOky mnoaiisitoTh Ha JEKUIbKa eTamiB, M0 JJ03BOJUTH TMOJETIIUTH 1
CTPYKTYpPHU3yBaTH BUKOHAHHS PO3POOKH.

OCHOBHI eTanu npy BUKOHAHHI pO3pOOKU BeO-CaliTy HACTYIIHI:

1. IligroroBka omucy 3ajadi.

2. 30ip HeoOxigHOi 1H(OpMaIi MO OCOOJMBOCTI Mepenadi CUTHAIy B
CBITJIOBOJIaX.

3. 301p HeoOxiaHOI 1H(MOpPMAITil MO ICHYIOYMX METOJaX MYJIbTUILIICKCYBAHHS
Ta YaCTOTHOTO PO3/IIJICHHS CUTHAITY.

4.  Awmaniz otpumanoi iHpopMarii.

5. [IlopiBHSHHS METOIIB MYJbTHUIUIEKCYBaHHS 3a iXHIMH OCHOBHUMH
XapaKTEPUCTHKAMMU.

6. Po3poOka ambTepHATUBHOT CUCTEMHU MYJIbTUILICKCYBAHHS CUTHAITY.

JInst  OIIIHKM TPUBAJIOCTI BHUKOHAHHS OKpPEMUX pOOIT BUKOPUCTOBYIOTh
HOPMAaTHUBH 4Yacy a0o MOIMepe/IHIi T0CBi.

BuxonagsiieM ycix omnepariiii o JaHOTO JAOCTIIPKCHHS SBISETHCS THKEHED.

Butpatu yacy mo okpemMux ornepaiisix TEXHOJOTTYHOT0 MPoIiecy BigoOpakeHi

B Ta0mu 5.1.
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Taomung 5.1

Omnepanii TeXHOJIOTIYHOT0 MPoLECY Ta YA€ IX BUKOHAHHS

Cepenniit vac

Ne
Hassa omepartii (crazuii) BukoHaBensr| BHUKOHAHHS
n/n _
omepaiiii, TO/I.
1. (IliaroToBKa omuCy 3ajadi. [mxenep 8

30ip HeoOXxiaHOI 1H(pOpMAaIlil MO 0COOIUBOCTI
2. . . Irmxenep 16
nepenavyi CUTHaIY B CBITJIOBO/IAX.

30ip HeoOxigHOi 1H(OpMaNIi MO ICHYIOYHUX
3. |MeTomax MyJIbTUIUIEKCYBaHHS Ta 4acTOTHOro| IHkeHep 16

PO3IJICHHS CUTHAITY.

4. |Anani3 orpuMaHoi 1HpOpMaIii. [Hxenep 24

[TopiBHAHHS METOAIB MYJBTUILIEKCYBAaHHS 32
S. _ [mxenep 16
IXHIMH OCHOBHUMH XapaKTEPUCTUKAMH.

Po3pobka aJbTEpPHATUBHOI CUCTEMU
6. [mxenep 32
MYJIbTUIIEKCYBAHHS CUTHAITY.

Paszom 112

5.2. BuzHaueHHs1 BUTPAT HA OIJIATY Mpaui Ta BiApaxyBaHb Ha coLiaJIbHi

3ax01H1

Biamosinuo no 3akony Ykpainu “Ilpo omnmarty mpaii” 3apo0iTHa rjiaTa — 11e
“BUHAropoja, oOYMCIIEHa, SK MPaBWIO, Y TPOIIOBOMY BHpa3i, sIKy BJIAaCHUK abo
YIOBHOBaXEHUI HUM OpraH BUILIAUy€ MPAIIBHUKOBI 32 BUKOHaHY HUM pOOOTY” .

Po3Mmip 3apo0iTHOI MiaTH 3ajJeXWUTh BiJ CKJIAJHOCTI Ta YMOB BHUKOHYBaHO{
poboTu, mpodeciiiHO-AIIOBUX SAKOCTEW MpaliBHUKA, Pe3yJbTaTiB HOro mpaii Ta
rOCIIOAAPCHKOT MISUTBHOCTI MANpUEMCTBA. 3apo0iTHA TUIaTa CKIAJAETHCS 3 OCHOBHOI

Ta JOJATKOBOI OIJIATH TIparil.
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OcHoBHa 3apo0iTHa IJlaTa HApaxOBYEThCA Ha BHUKOHAHY poOOTYy 3a
Tapu(pHUMH CTaBKaMH, BIAPSIHUMH PO3IIHKAMU YH TOCAJOBUMHU OKJIaJaMu 1 He
3QJICKUTH BiJl PE3yIbTaTIB TOCIOAAPCHKOL MISUTBHOCTI MiAIPUEMCTBA.

JlonaTkoBa 3apo0iTHa MmaTa — 1€ CKJIaJ0Ba 3apoOITHOI MJIaTH MpalliBHUKIB,
70 SKOi BKJIFOYAIOTh BUTpPATH Ha OIUIATy IMpalli, HE IOB’S3aHI 3 BHUIUIATAMH 32
dakTHuHO BiampalboBaHuil yac. HapaxoByroTh J0JaTKOBY 3apO0iTHY IJIaTy 3aJI€KHO
Bl JOCATHYTHX 1 3aIJTAaHOBAaHWX TIOKA3HHKIB, YMOB BHUPOOHHMIITBa, KBasi(ikarrii
BUKOHABIIB. J>KepenoM nmoAaTKoBOI oruiatTd mpaii € ¢GOoHA MaTepialbHOTO
CTUMYJIIOBAHHS, SIKHI CTBOPIOETHCS 32 PAXYHOK MPUOYTKY.

[Ipu po3paxyHKy 3apOO0ITHOI IUIATH KUIBKICTh POOOYMX JHIB y MICALI CIiJ B
cepenHboMy mpuitmatu — 24,5 axi/mic., a6o x 196 roa./mic. (TpuBanicTe poOOYOro
THS — 8 TOJ.).

MicayHuii OKJIaJ KOKHOTO IMpaliBHUKA CIIIJT BPAXOBYBATH 3T1IHO 1CHYIOUHX
Ha JaHuii Yac TapudHUX OKiIaaiB. PekomeHmoBaHi TapudHI CTaBKH: KEPIBHUK
MIPOEKTY - 4,5...8,0 TpH./TOS., 1HXEeHep — 3,0..5,0 IpH./TO].,
KOHCYJbTaHT — 3,5...5,5 rpH./rox., TexHik — 3,0...4,5 rpH./rox., na6opant — 2,0...3,5
TPH./TO/I.

OcHoBHa 3ap0o0iTHa TUIaTa pO3PaxoOBYETHCS 3a (HOPMYIIOIO:

30CH. = Tc ' Ke; (51)

ne:
T, — TapudHa cTaBKa, IpH.;
K. — KITBKICTh BiANparibOBaHUX TOJIHH.
OckiJIbKH BC1 BUJIM POOIT B JAHOMY BMIMAJKy BUKOHY€E 1HXKE€HEP, TO OCHOBHA
3apo0iTHA 11aTta 0y/e pO3pax0oBYBATUCh TIILKH 32 OHIEI0 (POPMYJIIOIO
3oen=235+112=1560 rpH.
HonaTtkoBa 3apo6iTHa miara ctaHoButh 10-15 % Bim cymMu OCHOBHOI

3apo0OITHOI IJIaTH.
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3000. = 3ocu. : K()onﬂ.; (52)

ne Koonn — KOoe(illleHT T0JaTKOBUX BHIUIAT TpaliBHuKaMm, 0,1-0,15 (Bi3zbMeMo ioro
piBaum 0,1).
3@00 =560 - 0,1 =56 T'PH.
3BiJicM 3arajibHi BUTpaTd Ha orjaty npami (B,,) BHU3HAYaIOThCSA 3a

dbopmyoro:

Bo.n. = BOCH. + 3()0(). (53)

Bon =560 + 56 =616 rpH.
Kpim Toro, ciiji BU3HAYUTH BiipaxyBaHHs Ha COLIAJIbHI 3aX0/IH:
1. ¢dong crpaxyBanHs Ha BUMaa0k 6e3poditTsa — 1,3 %;
2. ((onx o TuMuacoBii BTpaTi mpare3aaTHocTi — 2,9 %;
3. mencivianii poug — 32,3 %.
VY cymi 3a3HaueHi BiipaxyBaHHs CTaHOBIATH 37,5 %.

Otxe, cyma BiJipaxyBaHb Ha COIIAIBHI 3aX0A1 Oy/1e CTAHOBHTH:
Bes = @y, - 0,375, (54)
ne @,, — HoHJ oTUIaTH TIpaIli, TPH.

B.;, =616-0,375=231 rpH.

[IpoBeneHi po3paxyHKH BUTPAT HA OIUIATY Mpalli 3BeIeMO y TaOiuio 5.2.
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Taomung 5.2
3BeeHi po3paxXyHKH BUTPAT HA OILIATY Mpami
0 - Bceworo
CHOBHA 3apo0iTHA TJIaTa, TPH.
' JlogaTtkoBa BUTPATH
Kareropis . Hapaxys.
Ne _ T K @ 3apo0iTHa Ha TJIaTy
NpaIiBHI— apudHa — aKTUYHO ra OOII, .
/11 . JIaTa, nparii,
KiB CTaBKa, | CTbBIANpa— | Hapax. IPH.
TpH. TpH.
TpH. I[bOB. TOA. | 3/TL., TPH.
6=3+4+5
A b 1 2 3 4 5 6
1. | imxeHep 5 112 560 65 231 847

5.3. Po3paxyHok marepiajJilbHUX BUTPAT

MartepianbHi BUTpaTH BU3HAYAIOTBCS SAK JOOYTOK KUIBKOCTI BUTPAvYE€HHX

MaTepiaiiB Ta iX IIHU:

Ie:

M@i:qi'piy

Ji— KUIbKICTh BUTPAYEHOT'0 MaTepiay i—TO BUIY;

pi — LliHa MaTepiany i—To BUAY.

3BiJCH, 3arajibHI MaTepiajabHl BUTPATH MOKHA BU3HAYUTH:

3]14.8. = Z Mei-

[IpoBeneHi po3paxyHKH 3aHECEMO Y TaOIuIIo 5.3.

(5.5)

(5.6)
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TaOmurg 5.3
3BeeHi po3paxyHKH MaTepiaJibHUX BUTPAT
Tpanc-
3aranpHa
HavimenyBann . TOPTHO-
Hopma | [lina3a | 3arpatu _ cyma
o Onum. 3aroTiBElIb
. . BUTpA | OJMH., marep., . BUTpAT Ha
MaTepiaJIbHUX | BUMIPY -H1
. T TpH. TpH. marep.,
pecypciB BUTPATH,
IpH.
IpH.
1 2 3 4 5 6 7
1. OcHOBHI MaTepianu
Bukopucranus
Mepexi TOJIUHA - 100 100 — 100
Internet
Pazom: 100

5.4. Po3paxyHOK BUTPAT HA eJIeKTPOCHEPTil0

3aTpaty Ha eNeKTpPOeHeprito 1111 001aHaHHS BU3HAYAIOTHCA 32 POPMYIIOLO:

ne:W — HeoOxiHa OTYKHICTh, KBT;

3,=W-T-§,

T — KiMBKICTh TOAUH POOOTH 00JIaTHAHHS;

S — BapTICTh KUIOBAT-TOAUHU €JIEKTPOEHEPT1i.

(5.7)

BapricTh KijOBaT-roAMHM €JIEKTPOCHEPTIl CIIi MPUIMATH 3T1THO ICHYIOUMX Ha

nanuit gac Tapudis (0,1556 rpu. + 20% I1JIB 3a 1 kBT). O1xe, 1 kBt 3 I1/IB xomrye

0,1868 rpH.

[ToTyXHICTh KOMIT'IOTEPA AJI1 CTBOPEHHS MpoekTy — 550 BT, KiNbKICTh TOAUH

pobotu 06naaHaHHs 3riaHO Tabauil 3.1 —112 roguHmu.

Tomi,
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3,=0,55-112-0,1868 = 11,51 rps.

5.5. Po3paxyHok cymu aMOpTH3aliHHUX BiipaxyBaHb

XapakTepHOIO OCOOJMBICTIO 3aCTOCYBaHHS OCHOBHMX (OHTIB y TMporieci
BUPOOHUIITBA € 1X BIHOBJICHHS. J[JI1 BIIHOBJICHHS 3ac001B Ipalll y HaTypaJbHOMY
BHpa3l HEOOX1HE X BIJIIKOIYBaHHS y BapTiCHIA QopMi, SKe 3AIHCHIOETHCS HUITXOM
aMopTHu3aIlii.

AMopTH3allisi — 1€ TMPOIEC IMEePEHECEHHS BapTOCTI OCHOBHUX (OHIB Ha
BAPTICTh HOBOCTBOPEHOI MPOIYKIIIi 3 METOIO IX MOBHOT'O B1IHOBJICHHS.

JIns1 BU3HAUEHHSI aMOPTH3allIMHUX BlJpaxyBaHb 3aCTOCOBYEMO (POpMYyITy:

b, -H,
4 =" 100% 9
ne:A — aMopTHU3aliiiHl BiIpaxyBaHHS 3a 3BITHUM NEPiOJ, TPH.;
bp — GamancoBa BapTiCTh TPy OCHOBHMX (DOH/IB Ha MOYATOK 3BITHOTO MEPiONy,
TpH.;
H, — nopma amoprtu3zariii, %.
KoM totepu Ta oprrexHika HaJeKaTh J0 Y€TBEPTOi IpyNnu OCHOBHUX (OHIIB.
Jlust 1i€i rpynu pivHa HOpMa amopTu3allii gopiBHIOE 60 % (kBapTambHa — 15 %).
JI71s JaHOTO HPOEKTY 3ac060M PO3POOKH € KoMIT'I0Tep. Mloro cymMa cTaHOBHTH
3600 rpa. OTKe, amMOpTHU3aIliiHI BiIpaxyBaHHs OyIyTh PiBHI:
A=3600 - 5% /100% = 180 rpH.
Ockisibku poO0Ta BUKOHYBajachk 172 ToauHu, TO aMOpTU3AIliHI BiIpaxyBaHHS
OyAyTh CTAHOBHTH:

A=180-112/112 =180 rpH.
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5.6. O04HCIeHHS HAKJIAJHUX BUTPAT

Hakiagxi BUTpaTH 1oB’si3aHi 3 00CIyroByBaHHSIM BUPOOHUIITBA, YTPUMAHHIM
amapary ympaBIIiHH CITUIKOIO Ta CTBOPEHHS HEOOXITHUX YMOB TIparfi.

B  3amexxHocTi  BiA  OpraHizamiifHO-mpaBoBOi  (OpMH  JiSTIBHOCTI
roCroJaprooyoro cy0’ekra, HakjIaJHI BUTpAaTH MOXYyTb craHoButu 20—-60 % BiA

CYMHU OCHOBHOT Ta JJOJIATKOBOT 3apOOITHOI TUIaTH MPAaLliBHUKIB.
H,=B,,-02...0,6, (5.9)
ne H, — HaknaH1 BUTPATH.
OTxe, HaKJIa/IHI BUTPATHU:
H,=616-0,2=123,2 rpH.

5.7. CkaaiaHHsl KOWITOPUCY BUTPAT Ta BU3HAYeHHHA cobiBapTocTti H/IP

Pe3ynpTaTi mpoBeIeHUX BUIIE PO3PAXYHKIB 3BEAEMO Yy TabIuIIlto 5.4.
Tabnuns 5.4

Kowrropuc Burpatr na H/{P

. B % no 3aranpHO1
3MICT BUTpAT CymMma, rpH.
CyMu
1 2 3

Butpartu Ha omaty npaiii (OCHOBHY 1

_ g 616 48,8
J0JIaTKOBY 3apOOITHY IJIaTy)
BinpaxyBaHHs Ha coliaJibHI 3aX01 231 18,3
MarepianbHi BUTpaTH 100 7,9
Butpatu Ha enekTpoeHeprio 11,51 0,9
AMopTu3aliiiHi BiipaxyBaHHS 180 14,3
Hakmanni Butpatu 123,2 9,8
Co0iBapTicTh 1261,71 100
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Co6iBapTicth (C,) TPOrpaMHOTO MPOIYKTY PO3paxyeMo 3a (hOpMYJIOr0:
C@ = BO.}’!. + BC.3. + 3,14.6. + 36 +A + HS . (5-10)

OTxe, co01BapTICTh MPOTPAMHOTO MPOAYKTY JIOPIBHIOE:

Cs=616+231+100+ 11,51+ 180+ 123,2=1261,71 rpH.
5.8. Po3paxyHoK LiHU MPOBEIEHOT0 10CTiKeHHSI

Hiny HIP MokxHa BU3HAYUTH 32 (DOPMYJIIOIO:

_ CB (1 +PpeH)+K.BH.i.

- 0 +maB), (5.11)

iy

ne Ppe,. — piBeHb peHTabensHocTl, 30 %;
K — KibKICTh 3aMOBJIEHB, OJ. (BCTAHOBIIOETHCS JIUIIE TIPU PO3pOOIl MPOrpPaMHOIO
POAYKTY Ta MIKPOITPOIIECOPHUX CUCTEM);
B, — Baprictb Hocis 1H(OpMaIlii, I'pH. (BCTAHOBIIOETHCS JIMIIE TPHU PO3pOOLI
IPOTPAMHOTO MPOAYKTY);
I1J[B — ctaBKa MojaTKy Ha JI0JaHy BapTicTh, (20 %).

OCKIJIbKY JTOCIIJIKEHHSI € TPUKIATHUM, 1 BAKOPUCTOBYBATUMETHCS TUTBKU JIJIS
OJTHOTO MIIPUEMCTBA, TO JUIsl PO3PAXYHKY IIIHA HE MOTPIOHO BKAa3yBaTH KOEQIIIEHTH
K ta By, OCKIIbKM 1X B JaHOMY BUITQJIKy HE TTOTPi1OHO.

Toxi, popmyna asist OOUMCIICHHS I[IHU TOCIIKSHHSI Oy 1€ MaTH BUTJIS;

=Cy-ll+p, ) @+1118) (5.12)

3BijCH 11iHA HA MPOEKT CKIIAJIE:

I7=1261,71- (1+0,3) - (1 +0,2) = 1968,27 rpH.
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5.9. BuzHayeHHsI eKOHOMiYHOi e(eKTHMBHOCTI i TepMiHy OKYNHOCTI

KalmiTaJbHUX BRJIAACHDb

EdexTuBHICT BUpOOHHMIITBA — II€ y3arajibHEHE 1 TIOBHE BiIOOpaKeHHS
KIHILIEBUX PE3yJIbTaTiB BUKOPUCTaHHsS poO0U0i CHiiM, 3ac00iB Ta MPEAMETIB Mpall Ha
I1ITPUEMCTBI 32 TIEBHUM MPOMIKOK Yacy.

Exonomiuna edektuBHIicTs (£,) mOJSIrae y BIIHOLICHHI pe3yJbTaTy

BUPOOHMIITBA JIO 3aTPAauCHUX PECYPCIB:
17
E, =—, 5.13
e (5.13)

ne:I1 — npubyTok;
Cp — cOOIBapTICTb.
[TnanoBu#t npudyTox (/7,,) 3HaX0AUMO 3a (HOPMYIIOI0:

I, =1 C,. (5.14)

Po3paxoByeMo miiaHOBUI MPUOYTOK:
I1,, = 1968,27 — 1261,71 = 706,56 TpH.

OTtxe, GopMyIa i1 BU3HAYEHHS €KOHOMIYHOT €()EKTUBHOCTI HA0Yy1€ BUTTISAY:

b4
Eﬁﬁ- (5.15)

Toni,
E,=706,56/1261,71=0,56 .
[Topsn 13 eKOHOMIUHOIO €()EKTHBHICTIO PO3PAXOBYIOTh TEPMIH OKYITHOCTI

KamiTanbHUX BKIaneHsb (7))
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Tpy=—". 5.16
"L (5.16)

TepmiH OKYITHOCTI TOPIBHIOE:

7,=1/0,56 = 1,8 poku

5.10. BucHOBKH 10 po3aiiay

B opraHizamiiiHo-eKOHOMIYHIM YaCTHHI JUINIOMHOTO MPOEKTy  OyIIo
PO3paxoOBaHO OCHOBHI TE€XHIKO-€KOHOMIYHI MOKA3HUKHU JOCIIHKEHHSI 0COOIUBOCTEH 1
XapaKTePUCTUK  MYJbTUIUIEKCYBAaHHS 1 YaCTOTHOTO PO3JUICHHS CHUTHATY B
OINTOBOJIOKOHHOMY Kaberi (Tabmuiis 5.5).

Po3paxoBaHne 3HauU€HHSI €KOHOMIYHO1 €()eKTUBHOCTI, sIke CTaHOBUTH (0,56, 1110 €
BHUCOKWM 3HAYEHHSIM.

Tak camM0 HOpMaJIbHUM € TEPMIH OKYIHOCTI, SKUI MOBUHEH KoJMBaTucs Bij |
10 3 pOKiB, TOAI pO3poOKa BBAXKAETHCS JOLULILHOIO 1 €KOHOMIYHO BUTiIHOMO. Jl7st

JTAHOTO TIPOJYKTY BiH CTAHOBUTH 1,8 POKIB.

Tabmuis 5.5
TexHiko—ekonomiuHi mnoxkazuuku H/AP

Ne
- IToka3Huk 3HavYeHHs

1. | CobiBapTicTh, TPH. 1261,71

2. | IlnanoBwuii npuOyTOK, TPH.. 706,56

3. | Uina, rpH. 1968,27

4. | ExoHomi4Ha €(pEKTUBHICTh 0,56

5. | TepMiH OKYITHOCTI, pIK 1,8




101

Omxe, MaHWA TPOEKT MOXKe OyTH BIOPOBAPKEHUH Ta MaTH IMONATBIITHIA
PO3BUTOK, OCKITBKM BiH € E€KOHOMIYHO BWTIJHHUM 3a BCiMa OCHOBHHMH TEXHIKO-

€KOHOMIYHUMH MOKa3HUKAMU.
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PO3/1T 6
EKOJIOT'ISA

6.1. Bukopuctanusi B YKpaiHi ajJbTepHATUBHUX JzKepeJ eHepril

B tenepimHiii yac MOXkHa CriocTepiraTd 3HaYHUN 1HTepeC BUYCHUX PI3HUX KpaiH
710 TOCTIDKEHHS Ta BUKOPHCTAHHS albTEPHATUBHUX JIKepen eHeprii. Hacammepen e
OB 513aHO 3 BEJTMKOKO HEOOX1IHICTIO OXOPOHHU HABKOJIMIITHBOTO cepeoBuiia.[18]

PymriitHoro cuiior0 1BOro TPOLIECY SABJISIOTHCS BUHUKAKOYl 3MIHH B
€HEPreTUYHIN MOJITHUIl KpPaiH 13 CTPYKTYpOr NepeOya0BH NaJIUBHO-EHEPTreTUYHOTO
KOMIIJIEKCY, IOB’S3aHOI0 3 €KOJIOTIYHHM CTaHOM, SIKMM BHHHMKA€ B HaIll 4ac SK
nepexiy Ha eHepro30epirawdi Ta pecypco3oepiraroyi TEXHOJOT1T B eHEPreTHIll, TaK 1
B IPOMUCIIOBOCTI Ta )KHTIOBOMY KOMILIEKCI.

Jenani OLabpIIe MU MOKEMO CIIOCTEPIraTv 3 TEJEBI3IMHUX €KpaHiB 32 HOBUMU
KOH(EepeHLIsIMU, CUMIIO31yMaMH Ta 3yCTpIlYaMH BUYEHHUX IIOAO PO3IJISAJIaHHS CTAaHY 1
NEPCTIEKTUB PO3BUTKY BUKOPUCTAHHS aJIbTEPHATUBHUX JKepen eHeprii. Ha moro
IYyMKYy, JaHE THUTaHHS BapTe pO3MVISIIaHHS HE TUIBKKM Yepe3 Te, IO JIIOJICTBO
HaOJIMKAEThCA 10 TAK 3BAHOI €HEPreTUYHO1 KPU3H, ajle i uepe3 MUTaHHs €KOJIOTIi.

[Tutanusa exosorii Bce Oulbllie 1 OUIbIIE BIUIMBAIOTH HA HAIIe >KUTTSI. Sk
B1JIOMO, 3710poB’st toauHu Ha 20% 3alieKuTh BIiJ €KOJIOTii, a 1 Olablie, HIXK Bij
piBHS po3BUTKY wMeaunuHu. CydacHi HaWOUIBIT BUKOPUCTOBYBaHI JpKepesa
€ICKTpOeHEeprii - Ie TiApo -, TEIJIO - 1 aTOMHI €JIEKTPOCTaHINi. AJie BOHHM HE
€KOJIOT1YHI.

AnpTepHaTHBHA €HEpPreTHUkKa, MOoOyJIOBaHA Ha BUKOPUCTaHHI HEBUYEPITHUX
JOKEpeN eHeprii, MoXe CTaTH THUM €JIEMEHTOM, sKe JOMOMOXEe YKpaiHi cTaTh
HE3aJIC)KHOIO B Ta30Bii Ta MaJMBHIN cdepax.

PosrisitHemo okpemi BUAM ajdbTEPHATHBHOI €HEPTii, Ky MOXXE BUKOPUCTATH

Hallla KpaiHa:
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Bitep — omuH 3 HeTpaaMIiWHUX JpKepen eHeprii. Bitep, po3rismaerbes
CHeIiaicTaMu, K OJWH 13 HalOUIbII MEPCHEKTUBHUX DKEPENl CHeprii, SKUil MOXKe
3aMIHUTH HE TUIBKU TPAIUIIIMHI JKepenia, ajie ¥ SAepHy eHepreTUKy.

Hait6inem mpunatHumu juis BiTpoBux enekrtpoctanmii (BEC) na VYkpaini
SBJISTFOTHCA TTiBHIUHI 006JacTi Ta Kpum. Ha mouaTok 2008 poky cymapHa MOTYKHICTh
BEC VYkpainu cknanana 89 MBT.

[rimiioBanuit B 2004 pomi mpoektr OynyBanHs BEC B AP Kpum nomyckae
BBEJICHHs 3arainbHux notyxHocteid g0 300 MBt. BEC ski Oynu posramioBaHi B
Yopuomopcekomy paiioni — 100 Typ6in notyxHnictio 200 MBT Ta B JIeHiHCBKOMY
paiioni — 50 TypO6iH motyxHicTio 100 MBT. Bubip nux paiioHiB 00yMOBJIEHUMN
Kpammu  yMoBamu  migkioueHHs o JIEII  Tta  kpamwmMu  BiTpOBUMU
xapaktepuctukaMu. CiiiJl 3a3HaYUTH, 110 TOJOBHUMHU BUPOOHUKAMH €JIEKTPOEHEPTii
Kpumy sBastoreest TEC, siki BUKOPHCTOBYIOTH BYTULIS Ta MPaLIOOTh Ha rasy, B
peXUMI BUPOOHMIITBA €JIEKTPOCHEPTii Ta Temia. 3 I[bOr0 BChOTO BUIUIMBAE, LIO
BUKOpUCTaHHS B KpuMy BITpOBHX €JIEKTPOCTaHIIM 3HAYHO MOJETUTh €EKOHOMIYHE
CTAHOBHIIIC JTAHOT'O PET10HY.

['enmioeneprerrka ab0 COHSYHA E€HEPreTHKAa — 1€ HEe3aJe)KHE BUKOPHCTAHHS
COHSIYHOI'O BUMPOMIHIOBAHHS, 111 OTPUMaHHS Oy/b-KOMY BUly €HEprii.

3emuti IOCTaTHbO BUKOPUCTATH TUCSYHY JOJIO €HEprii COHAYHUX MPOMEHIB.
Tak, piuHI 3HAY€HHA IHTEHCUBHOCTI  COHSYHOIO  BHUIIPOMIHIOBAHHS  Ha
TOPU3OHTAJIBHIN MOBEPXHI TUIomEel0 1 M? CKIIamaroTh: JJiA €KBaTtopy, mupora 0° -
2200 kB1/r, cepenni mmupotH, 45° - 1900 xBt/r, IlenTtpansna Anrmisg, 52° - 1400
kBT1/T, 66,5° - 1200 xB1/T.

Byxe 3apa3 BUKOPHCTaHHS COHAYHUX Oarapeil eKOHOMIUHO BUIIpaBAaHE AJIs
3a0e3Me4YeHHs] aBTOHOMHHUX  CIIOKHBayiB  ejlekTpoeHeprii. B MailOyTHhOMY
reTlioeHepreTrKa, 3a OUIBIIICTIO MPOTHO30BaHUX OIIHOK, MOBMHHA CTaTH OCHOBHHUM
criocobom oTpuManHs enekTpoeneprii. AP Kpum € camum COHSYHMM PETioHOM B
VYkpaiHi, TAKUM YMHOM HOMY IPOCTO BHUMAAA€ YHIKAIbHA MOMXJIMBICTh CKOPUCTATUCS

JTAaHUM BUJIOM QJIbTEPHATUBHOI €HEPT1i.
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JlaHuii HanpsIMOK HE HOBUH, B YKpaiHi BXX€ ICHYIOTh TJIpOEJICKTPOCTaHIIli Ha
MajauxX pidykax. [CHy!OTh HaBIiTh Il PETIOHU, JI€ JKUTTS HACEJICHHS 3aJICKUTh BIJ
JIOCTaBKHU BYTJIEBOJIHEBOTO MaJMBa, a B TOM e Yac Ha MICIIl € MaJil PikH, SKi MalOTh
JocTaTHI 3amac Boau. Tomy U JOLITBHO PO3BUBATH Mally EHEPIEeTUKY SK
aNbTepHATUBHE JKEPEJIO EHeprii.

J1o 00’€KTIB MaJIOi T1IpOeHePreTUKH BiAHOCIATHCS MiHI-I' EC — moTyxHIicTIO 10
100xBTt, mikpo-I'EC — 1o 100 kBT Ta Bnacui mami ['EC — 15-25 MBT.

Buxoasun 3 BuUIlle CKa3aHOTO MO’KHA BIIEBHEHO CTBEP/KYBaTH, L0 HaIla
KpaiHa Oarata Ha aJbTEPHATHBHI JKEpesia €Heprii Ta, He3BaKaloYu Ha iX BHCOKY
L[IHy, MU BC€ X MOBHUHHI BUKOPUCTOBYBATHU JIaHI JpKepesa €Heprii, TOMy IO 3a HUMHU

HaIe MaiiOyTHE — K pO3BUHYTO1, HE3aJIEKHOI BiJl €KCIIOPTEPIB KPaiHU.

6.2. Opranizaniiini  ¢opvu, BuaM i cHocodM  CTATHCTHYHOIO

CIOCTEPEKEeHHA B €KO0JIOTil

CraTtucTUYHE CIIOCTEPEXKEHHSI B €KOJIOTiT — II€ TUTAaHOMIPHUM, HayKOBO-
opraHizoBaHuii 30ip MacoBUX JaHUX TPO EKOJIOTIYHI SIBUIA 1 MPOIIECH.
3MIICHIOETBCSL IIUIIXOM PEECTpallii 3a 3a3Jajieriib PO3POOJECHOI0 MPOTrPaMor0
crioctepexenHs.[19]

Y cTaTMCTMYHUNA TPAKTUI 3aCTOCOBYIOTH JBI OprasizauiiiHi  (opmu
CIIOCTEPEIKEHHS: 3BITHICTD 1 CIEIIaJIbHO OPTaHI30BaHI CTATUCTUYHI CTIOCTEPEKCHHS.

3BITHICTH 11€ (pOpMa CTATUCTUYHOTO CIIOCTEPEKEHHS, MPU AKIA CTaTUCTUYHI
JaHl HAAXOASATh Y CTAaTUCTUYHI OpPraHM BijJ MIANPUEMCTB 1 YCTaHOB Y BUIJIAII
00OB'I3KOBHX 1 TAKHX, 1110 MAIOTh IOPUINYHY CHITY 3BITIB IIPO iX poOOTY.

3BITHICTh MIANPUEMCTB, YCTAaHOB Ta OpraHi3aliid € TOKH I10 OCHOBHHUM
JOKEPEJIOM CTaTUCTUYHO1 1H(opMmarllii. Y HiM nepeadadaeTbcsi cUcCTeMa TBEPIO
pPErJIaMeHTOBAHUX TIOKA3HUKIB, SIKI XapaKTepU3YIOTh MiSIBHICTH TAIPUEMCTB,
yCTAaHOB Ta oOpradizamii. 3micT 3BITy, ¢opMa 1 TEpMIH TMOJIAHHSI TaKOXK
BCTAHOBITIOETHCS BUIIMM CTATHCTUYHUM OPTaHOM. 3BITHICTh CKJIaJar0Th HA OCHOBI

JOKYMEHTIB TEPBUHHOTO OMNEPATUBHO-TEXHIYHOTO 1 OyXraiaTepchbKoro oOJiKy.



105

BiporigHicTh TapaHTYe€ThCS TaKOX HOPHANYHOK BIANOBIJAIBHICTIO KEPIBHHKIB
MII3BITHUX IMIAMPUEMCTB Ta OpraHi3aIlii.

3a pI3HUMHM O3HaKaMU CTATUCTUYHY 3BITHICTh MOJUISAIOTH HA OKpPEMI BU[IU.
Hacammepes po3pi3HSIOTh TUTIOBY 1 CIICTiaIi30BaHy 3BITHICTD:

— THUIIOBA 3BITHICTh Ma€ €UHY (HOPMY 1 3MICT JUIsl BCIX MIANPUEMCTB OKPEMOT
rajry3i abo BChOTO HapOJHOTO TOCIOIAPCTBA.

— cCrhemiajgizoBaHa 3BITHICTh BIACTHBa THUM MIJIPUEMCTBAM YU OKPEMHM
BUPOOHHUIITBAM, 1110 MAalOTh CBOI crienrdiuHi 0COOTUBOCTI.

3a TOPSJIKOM TPOXOJKEHHS 3BITHICTh MOAUISIOTE Ha IIEHTPANi30BaHy 1
JELEHTPaJ130BaHy:

— LEHTpajJi30BaHa 3BITHICTh MNPOXOJUTh YEpe3 CHUCTEMY JAEpPKaBHOI
CTaTUCTHUKH, 7€ OOPOOISETHCS 1 IEPEAETHCS BIAMOBIIHUM OpraHaM YIpaBJIiHHS;

— JICLICHTpaJII30BaHa OIpPallbOBYEThCS Y BIAMOBIIHUX MIHICTEPCTBAX YU
BIJIOMCTBAX, a 3BEJICHHS MO/IAI0Th CTATUCTUYHUM OpPTaHaM.

Jpyroro 3a 3HayYeHHSM OpraHi3aliiiHOI0 (OPMOIO  CIIOCTEPEKEHHS €
CHELlaJIbHO OpPraHi30BaHE CTATUCTUYHE CIIOCTEPEKEHHSA. 3aCTOCOBYIOTh MHOro y
BUIAJKaX, KOJM HE MOXHaA 3acTOCyBaTH 3BITHICTh a00 CKJIaJaTH 3BITHICTh
HEpaIiOHATBHO; KOJM HEOOXiHO eTalbHO BUBYUTH SIBHILIE TOPSA 3 BHBYCHHSIM
fioro y ¢opmi 3BITHOCTI a00 MOTPIOHO MEPEBIPUTH BIPOTIIHICTh JAHUX 3BITHOCTI.

CreniaJibHO OpraHi3oBaHE CTATUCTUYHE CIOCTEPEKEHHS MOEIHYE B cOO1 Takl
oprasizairiitHi ¢opmu: a) mepenuc, 0) CyIiJIbHE 1 HECYIIJIbHE OOCTEKEHHS.

Buau 1 cmocobu criocrepexeHHs. Pi3HOMaHITHICTh COIIaIbHO-EKOHOMIYHUX
SABUI MOTPeOy€E PI3HUX BUAIB CIIOCTEPEKEHHS.

Pi3HOBHJ cHOCTEpeXEHHS BH3HAYAETHCS O3HAKOI TPYIMyBaHHS: OXBaTOM
OJIMHUIL CYKYITHOCTi, 4acOM IPOBEIEHHS, CIOCOO0OM OJep)KaHHS CTaTHCTUYHHUX
TaHUX.

3a 0XBaTOM OJUHUIIL CYKYMHOCTI CIOCTEPEKEHHS MOMAUISIOTh Ha CYLUIbHE 1
HECYIIJIbHE:

— IPU CYIUIBHOMY CIIOCTEPEXKEHHI OOCTEKEHHIO 1 peecTpallii miyaraTh yci

0e3 BHHATKY €JIEMEHTH CYKYIHOCTI; MPUKJIAJaMHU CYIIBHOTO CIOCTEPEKEHHS €
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CTaTUCTUYHA 3BITHICTh, fKYy CKJIAJalOTh 1 MOJAIOTh JepKaBHI 1 KOOIEpaTUBHI
MIITPUEMCTBA YA YCTAHOBH, a TAKOXK MEPEITUC HACETICHHS;

— TIIPU HECYIIJILHOMY CHOCTEPEKEHH1 OOJIIKY IMiJISIraloTh HE BCl €JIEMEHTH
CYKYITHOCTI, HAalIPUKJIaJ OOCTEKEHHS OI0PKETIB HACEICHHS.

HecyminpHi crmocTepekeHHs] TMOAUISIOTh HAa TaKi BUIU: CIIOCTEPEKCHHS
OCHOBHOT'O MacHBY, BUOIpKOBE, MOHOTpadiuHEe 1 aHKETHE:

— CIIOCTEPEKEHHS OCHOBHOTO MACHBY OXOIUTIOE TEPEBAKHY YACTHHY
€JIEMEHTIB CYKYITHOCTI, OOCSIT 3HaUY€Hb ICTOTHOI O3HAKH Yy SIKMX BHU3HAYAE PO3MIP
aputia. lleit MeTo BUKOPUCTOBYIOTH IPY BUBYEHI €KOJIOTTYHOTO CTaHY PETiOHIB.

— IpU BUOIPKOBOMY CIIOCTEPEKEHHI TAKOXK OOCTEKYIOTbCS HE BCl €JIEMEHTH
CYKYyIHOCTi, a TI€BHA, BUMNAJKOBO BijiOpaHa ix wacTuHA. Take CHOCTEpeKEHHS
3aCTOCOBYIOTh ISl BUBYEHHS SIKOCTI MpUpoAHUX cdep, exonoriunoro crany HIIC,
3a0pyIHEHOCT1 00'€EKTIB CEPEOBUIINA TOIIIO;

— MoOHOTpadiuyHEe CIOCTEPEKECHHs Tependayae AeTallbHE OOCTEKEHHS JIHUIIe
OKpPEMHUX THUIIOBUX €JE€MEHTIB CyKynHocTi. Jlo 1bOoro BHAIOTBCS 3 METOIO
MOTJMOJICHOTO BUBYEHHSI TUX CTOPIH €KOJIOT1YHUX SIBWII, SKI HE OyJIM BUCBITIIEHI
MAacCOBHUM OOCTECKECHHSIM;

— AHKETHI CHOCTEpPEKEHHS! PO3MOBCIOJKEHI B COLIAJIBHUX 1 JAeMOrpapiyHuX,
IIPpY BUBYEHI TPOMAJICBKO1 JYMKH IIOJ0 PI3HOMAHITHHUX COILIAIBHUX IMHWTaHb, TAKUX
AK YMOBHM TMpaull 1 BIANOYUHKY, >KHUTJIOBI YMOBH, Oprasi3auis TpOMaJICbKOro
xapuyBaHHs TOIIO. [{e BITHOCHO AeIIeBIINiA BU CIIOCTEPEKEHHS, aJIe MEHIII TOYHHH,
OCKLJIBKH BIJIIOBIA1 HA TUTAHHS aHKETH JTAIOTh MTEPEeBaXKHO 3alliKaBJICH]1 0OCOOH.

3a yacoM NPOBEJEHHS CTAaTUCTHUYHE CIIOCTEPEKEHHS IMOJISIOTh Ha MOTOYHE,
nepioIuyHe 1 0JTHOPA30BE:

— MOTOYHE CIOCTEPEKEHHS MOoJsirae B Oe3nepepBHiil peectpalii (pakTiB Mo Mipi
iX BUHUKHEHHsA. Tak 3HINUCHIOEThCS OOJIK BHUKHUJIB IIKIJJIMBUX PEUYOBUH B
aTMocdepHe MOBITPs, TPUPOIHI BOJAOWMHU, TPYHTH;

— MEeploIUYHE CIOCTEPEKEHHS MPOBOAUTHCS PETYISIPHO, 31€0LIBIIOT0 Yepes

PiBHI IPOMIXKKH Yacy;
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— OJTHOpPA30BE CIIOCTEPEKEHHS IMPOBOJATH E€Mi30JUYHO 3 METOI BUPIIICHHS
MEBHUX COIIaTbHO-EKOHOMIYHUX 3aBAaHb. [Ipukiamom € o6cTexxeHHs mpu aBapiiHuX
Ta IHIIUX HAJI3BUYAHHUX CUTYaIlisIX.

3a crmoco0oM ofep» aHHS CTaTUCTUYHHUX JAHUX BUIULIOTH: Oe3mocepenHin
001K (haKTiB, JOKYMEHTAJIbHHI 00K 1 OMUTYBAHHS PECIIOH/ICHTIB:

— OesmnocepeHid 00K (akTiB mepeadadae Oe3MocepeHIi OTJisil, MEpeikK,
BHUMIPIOBAHHS, 3Ba)XyBaHHS TOIIO. Tak MPOBOMATH IHBEHTApH3AIlil0 BUKHJIB Ha
HiANPUEMCTBAX;

— JIOKyMEHTAJIbHHUM OOJIIK TPYHTYETHCS HA JIAaHUX PI3HOMAHITHUX JOKYMEHTIB
MEepBUHHOTO O0JiKy. HallOutbll MMPOKOTO BXUTKY BIH HaOyB NIpH CKIIAJIaHHI
CTATUCTUYHOI 3BITHOCTI, €KOJOTIYHUX TMACIMOPTIB, MAaCIOPTIB 3a0pyIHIOIOYNX
PEYOBHUH TOIIIO;

— ONUTYBaHHS PECHOHJIEHTIB — II€ TaKE CIIOCTEPEKEHHS, IIPU SIKOMY BIJAIOBIII
Ha TNUTaHHA (opMyisipa 3amUCYIOTh 31 CIIB pecrnoHaeHTa. OnuTyBaHHS OyBae
eKCTIEeAUIIIHE, CaMO peecTpallisi, KOPECIOHICHTChKE 1 aHKETHE:

— MPU EKCIETUIIHHOMY OMHUTYBaHHI CHEIIaJIbHO MIATOTOBJICHI PEECTPATOPU
3aMOBHIOIOTHh (YOPMYJISIPH CIIOCTEPEKEHHS 1 OJHOYACHO TEPEBIPSAIOTH MPaBIUBICTD
BIAITOBIICH HA MUTAHHS,

— camMoO peecTpalis — 1€ ONHUTYBAaHHS, MPH SIKOMY PECHOHJIEHTH cami
3aMOBHIOIOTh CTATUCTUYHI (popmyssipu. [IpalliBHUKKM CTaTHCTHUYHUX OPraHiB JIMIIE
THCTPYKTYIOTh X 1 IEPEBIPSAIOTH MOBHOTY Ta MPABWIBHICTh OJCPKAHUX BIJJOMOCTEH;

— KOPECHOHJEHTChKE OINMUTYBAHHS 3AIMCHIOIOTH CIEliaibHI JOMHUCYBayl, SKi
3aMOBHIOIOTH  (POPMYJIIPU  3TiAHO 3 IHCTPYKIED 1 TMEPeNarTh BiJOMOCTI
CTaTUCTUYHHUM OpraHaMm;

— MPY aHKETHOMY OIUTYBaHHI aHKETU PECIOHACHTaM BPy4alOTh 0COOMCTO abo
BUCUJIAIOTH NOIITO0. ONMUTYBaHHS MOXKE IPOBOJUTUCH TaKOXK Yy (popMi iHTepB't0. Lle
croci® JomycKae MOBLIBHICTH BIJMOBIAEH PECIOHCHTIB Ha TOCTABIICHI MUTAHHS,

3'sICyBaHHS iX TYMOK.
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Pi3HOMaHITHICTP ~ €KOJIOTIYHUX  sBHII, 1X cHOenudika, 0COOJIUBOCTI
CTAaTUCTUYHOTO BUMIPIOBAHHS MOTPEOYIOTh MOETHAHHS 3a3HAYEHUX CIOCOOIB 1 BUIIB

CIIOCTCPCIKCHHAI.

6.3. MoHiTOPpUHT aTMOC(EPHOro NOBITPs

3MIHM Yy HaBKOJHUIIHBOMY MPUPOJAHOMY CEpPEAOBUII BIIOYBalOThCS IIiJT
BIUIMBOM IPHUPOJHUX 1 QAHTPONOTE€HHUX (3yMOBJIEHUX MISUIBHICTIO JIFOJUHH)
O0lochepuux dakropiB. Ili3HaHHS [UX 3MIH HEMOXJIHMBE O€3 BHOKPEMJICHHS
AHTPOIIOIEHHUX TMpoLeciB Ha (OHI MNPUPOJHUX, I YOro ¥ Opra”i3zoBYHOTh
CHeriajgbHl CIOCTEPEKEHHS 3a pI3HOMAHITHUMHU mapaMmerpamu Oiocdepu, ki
3MIHIOIOTBCSI BHACTIIOK JIIOJICHKOT M1sNIbHOCTI. CaMe y CIIOCTEPEKEHH1 3a TOBKIIISIM,
OLIIHIOBaHHI MOro (PaKTUYHOrO CTaHy , MPOTHO3YBAHHI MOro PO3BUTKY IMOJISTA€
CYTHICTh MOHITOpHUHTY.[20]

MoHITOpUHT aTMOC(HEPHOTO MOBITPS. — L€ CHCTEMa CIOCTEPEkKEHb 332 CTAHOM
atMocdepu, Horo 3a0pyIHEHHSIM 1 TPUPOAHUMU SIBUIAMH, SIKI BiIOYyBalOThCS B
HBOMY, a TaKOX OIIIHKA 1 TPOTHO3 CTaHy aTMOC(HEPHOTro MOBITPS (KOHTPOJIb, aHATI3,
BHCHOBKH).

MOHITOPUHT y Tay31 0XOPOHH aTMOC(HEPHOTO MOBITPSI MPOBOJAUTHCS 3 METOIO
OTpUMaHHs, 30upaHHs, 00poOJIeHHS, 30€peKEeHHS Ta aHAI3Y 1H(opMalli Npo piBEHb
3a0pyIHEHHST aTMOC(EpPHOTO TOBITPS, OIHKM Ta MPOTHO3YBaHHS HOTO 3MIH 1
CTyIeHs HeOe3MeYHOCTI Ta po3poOJIeHHS HAayKOBO OOTPYHTOBAHMX PEKOMEHIAIlIN
JUISl IPUMAHSTTS pILIEHb y raigy3l oXopoHu atMmocdepHoro mosiTps (cT. 32 3akoHy
VYkpainn “TIpo oxopony armochepHoro moBitps’). BiH € CKIagoBOIO YaCTHHOIO
JIEp>KaBHOI CUCTEMU MOHITOPUHTY JIOBKULISA Y KpaiHH.

Jlo 00’€KTIB MOHITOPUHTY aTMOC(HEpPHOTO TOBITPS HAJEKHUTh: arMochepHe
MOBITPS,, y TOMY YHCII aTMoc(epHi omaau; BUKHAU 3a0pYJHIOIOYHMX PEYOBUH B
aTMoc(depHe MoBITPS.

CyO’extamu, sKi 3A1MCHIOIOTH MOHITOPUHT aTMOC(HEpPHOro MOBITPS, €:

Miunnpuponun VYkpainu, MHC Vkpainu, JlepxkaBHa caHITapHO-€MiAeMIOIOTIYHA
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cnyk6a MO3 VYkpainu, iX opraHu Ha MICISX, MIANPUEMCTBA, YCTAHOBH, OpraHi3aliii,
JOISUTBHICTh  SIKMX TPU3BOAUTH a00 MOXE TMPHU3BECTH O TOTIPIIEHHS CTaHy
aTMOoc(epHOro MOBITPSI.

[TpoBeneHHsT MOHITOPUHTY aTMOC(EpPHOTO MOBITPS MAa€ Ha METI OTPUMAHHS:
NEPBUHHUX JIaHUX KOHTPOJIO 332 BHUKHIAMU Ta CIIOCTEPEXKEHb 3a CTaHOM
3a0pyIHEHHSI; y3araJbHEeHHUX JIaHUX MPO PIBEHb 3a0pyAHEHHS Ha MEeBHINA TepUTOPii 3a
MEBHUN MPOMDKOK 4Yacy; y3arajdbHEHHX [aHUX NP0 CKIaJ Ta OOCSATH BUKHIIB
3a0pyIHIOIOYUX PEYOBHUH; OIIIHKU PIBHA Ta CTYNEHs HEOEe3MeYHOCTI 3a0pyAHEHHS IS
JTOBKUUIS Ta >KUTTENISILHOCTI HACEJICHHs; OLIHKHU CKJIaay Ta OOCSTIB BHKHU/IIB
3a0pyIHIOIOUUX PEUOBHH.

Miunpupoau VYkpaiHu 3IIHCHIOE CBOIO JISUIBHICTE Y Taly3l OXOpOHU
aTMOC(EpHOro MOBITPS CHUIBHO 3 CaHITAPHO-EMIAEMIONIOTIUHOK ciayx0or0 MO3
VYkpaiHn Ta HOro OpraHaMM Ha MICISX Yy YacTHHI JOJEpKaHHS HOPMAaTHUBIB
€KOJIOT1YHOT O€3MeKH Ta 1HIIMX MPaBUJI 1 HOPMATUBIB, CIPSIMOBAaHUX Ha 3amo0iraHHs
HEraTUBHOMY BIUIMBY Ha 370pOB’s Jtojiei; Jlepx’aBHOIO aBTOMOOIILHOKO 1HCIEKIIEO
MBC VYkpainu Ta ii opranamMu Ha MICISIX y YaCTHUHI JOJEP>KaHHS HOPMATHBIB BMICTY
3a0pyIHIOIOYUX PEUOBMH Y BIAMPAIbOBAHKUX ra3ax Ta IIKIJIMBOTO BILTUBY (PI3UUHUX
(akTOpiB, BCTAHOBJICEHUX ISl BIAMOBIJHOTO THUIy aBTOMOOUIBHOTO TPAaHCIOPTY Ta
CUIbCBKOTOCTIONIAPCHKOT TEXHIKM, I1HIIUMHU JIEP)KAaBHUMU OpraHamMH, a TaKoX
OpraHaMu MiCLIEBOTO CAMOBPSIIyBaHHS BIAMOBIIHO /10 3aKOHOAABCTBA Y KpaiHM.

MiciieBi opraHu Jep>KaBHOI BHUKOHABUOi BJAAM  KOHTPOJIOIOThH, SIK
BUKOHYIOTBCSI 1 JIOTPUMYIOTHCS TIpaBWJIa IO O3JOPOBJICHHIO HABKOJIHUIITHHOTO
CepeNoBHINa, K 3IIHCHIOETHCS CaHITapHA OXOpoHA aTMoc(epHOro MoBiTps. Bonu
3a0e3MeyyloTh MPOBEACHHS 3aXOIB LI0J0 OXOPOHHM HABKOJHUIIHBOIO CEPEeIOBHUIIA,
3ano0iraHHs, 3HWKEHHSI IHTEHCUBHOCTI W YCYHEHHS IIYMY Y BUPOOHUYMX, XKUIHMX 1
IPOMAaJICBKUX MPHUMIIIEHHSX, Y IBOPAX, HA BYJIHIISX 1 TUIOIIAX HACETICHUX MyHKTIB.

3rimHo 31 cT. 29 3akony Ykpainu “IIpo oxopony arMmochepHOTO TOBITpPS
BUPOOHUYUN KOHTPOJb Yy Tally3l OXOpOHHU aTMOC(HEpHOTO MOBITPS 3I1HCHIOIOTH
Cy0’€KTH TOCIMOJApIOBaHHS, fKI B CBOIM MAISUTBHOCTI BUKOPHCTOBYIOTH JDKEpena

HIKI/UTUBUX XIMIYHUX, O10JIOTTYHUX 1 (PI3UYHUX BIUIMBIB Ha aTMOc(hepHe MOBITPS 1 sKi
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PU3HAYAIOTh OCI0, 110 BIAMOBIJAIOTH 3a MPOBEJEHHS BUPOOHMYOIO KOHTPOJIO B

rary3i OXOpOHH aTMOC(EPHOTO MOBITPSI.

6.4. BucHoBKHM 10 po3aiiny

BukopucTtanHs anbTepHATUBHUX JIXKEpEN €HEprii € OCHOBHOIO CKJIAJOBOIO Y
BUpIIICHHI SIK €KOJOTrIYHOi, Tak 1 eHepreTuyHoi Kpusu. B mepury uyepry
BUKOPUCTAHHSI aJbTEPHATUBHUX JDKEPEN €HEprii BUMarae€ MEHIIUX 3aTpaT 1 Mae
OuIbIy €PEeKTUBHICTh y CTPATETiUHOMY IJIaHl. TakoK BUKOPUCTAHHS €HEPrii COHII,
BITpY, IPUIUIUBIB Ta BIAIUIMBIB HE MPUHOCHUTH IIKOAM €KOJOTii, a IpHU CHAJTIOBaHHI
najauBa y atMmocdepy noTparuisie BeJuKka KiJIbKICTh ByTJeKuciioro raszy. s Ykpainu
anbTepHaTHBHA  CHEPreTHKa €  TOTCHIMHOI  3alMlOpyKOK  €HEePreTUYHOI
He3asiexkHOCTl. Ha chOroaHilHIA J€Hb ajdbTEpHATHBHA €HEPreTuka YKpaiHu €
cJ1a00pO3BUHYTOIO, aJIe MA€ BEJIMKUM MMOTEHIIIAJ.

CraTUCTHYHE CIIOCTEPE)KCHHS B EKOJIOTiI — Il IUTAHOMIpHHN, HayKOBO-
opraHizoBaHuii 30ip MacoBUX JaHUX TPO EKOJOTIYHI SIBUIIA 1 MPOIIECH.
3MIICHIOETBCS IUIIXOM PEECTpalii 3a 3a3Jalieriib POo3poOJEHOI0 IPOTrPaMoOI0
cnoctepexeHHs . CaMe CTaTUCTUYHE CIOCTEPEKEHHs 3a0e3rnedye OuIbIly YacTHHY
iH(dopMaIli Npo EKOJIOTIYHUM CTaH Ta MOKE CIPOTHO3YBAaTH 3MIHY €KOJIOTIYHOTO
cTaHy B MailOyTHboMy. Ha OCHOBI CTaTUCTMYHMX JOCTIIKEHb MPUUMAIOTHCS
pIIIIEHHS! PO TIPOBENICHHS 1HIIMX BUAIB €KOJIOT1YHUX JOCIHIKEHb UM 3aCTOCYBaHHI
3aXOIB JJI YHUKHEHHS €KOJIOTTYHHUX KaTacTpod.

MOHITOPHUHT y rany3i 0XOpOHU aTMOC(EPHOTO MOBITPS MPOBOJUTHCS 3 METOIO
OTpUMaHHS, 30upaHHs, 00poOJICHHS, 30€pEeKEeHHS Ta aHa3y 1H(OpMAaIlii Mpo piBEHb
3a0pyHEHHSI aTMOC(EpPHOTO TIOBITPS, OIIHKKA Ta MPOTHO3YBaHHS MOro 3MiH 1
CTYINEHs HeOe3MEeYHOCTI Ta po3poOJIEHHS HAyKOBO OOIPYHTOBAHMX PEKOMEHAIlIM

JUTSI TIPUAHATTS PIIEHB Y TATy31 OXOPOHU aTMOC(EPHOTO MOBITPSI.
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BUCHOBKHA

B aunnomniii po6oTi Oyno poO3TisSHYTO SBHINA, K1 BIUTUBAIOTH HA TEpenavy
CBITJIOBOTO CHUTHaJy y ONTOBOJOKOHHOMY cepefoBullli. B pe3ynpTaTi anaimizy
METOJIIB MYJbTUIUIEKCYBaHHSI Ta YaCTOTHOTO PO3JUICHHS CUTHAIIB  OyJo
BCTAHOBJIEHO, 1O:

- Ha ¢i3uyHomMy piBHI MOKpAIIUTH SKICHI XapaKTEPUCTHUKH OINTHYHOTO
KaHaly mnepedadi iHdopmallli, MOXXHaA peani3yBaTH JIMIIE BJIOCKOHAJICHHSIM
TEXHOJIOT'1] BUTOTOBJIEHHS ONITOBOJIOKOHHOT'O Ka0eto.

- OOpyHTOBaHO, 1m0 A  30UIBIIEHHS  MPOMYCKHOI  3AaTHOCTI
ONTOBOJIOKOHHOI  JiHIT mepenaydl iH(opmamii BHUKOPUCTOBYIOTh  TEXHOJOTII
MYJIbTUILIEKCYBAHHS, 1110 MOKYTh BUKOPUCTOBYBATH BKE HasIBHI JIiHIT 3B’ SI3KY.

- BusBneHo HeIONIKM METOAIB MOJOBOIO MYJIbTHUIUIEKCYBaHHA Ta
VIIUTBHEHHSI 3a TMOJSPU3AI€l0, 0 3yMOBJICHI HEOJHOPIAHOCTAMH Yy CTPYKTYpi
BOJIOKOHHO-ONITHYHOTO Ka0eJIIo.

- [Ipy TOpIBHSHHI ICHYIOUMX METOAIB MYJIBTUIUIEKCYBaHHS  OyJ0
BUSIBJICHO, 1110 HAWKpAITUMHU XapaKTepUCTUKaMU BOJIOA110Th cuctemu WDM T1a PON.

- Ha ocHOBI mnpoBeneHOro aHamizy po3po0JICHO CTPYKTYpHY CXEMY
TbTEPHATUBOI CUCTEMHU MYJIbTHUIUIEKCYBAHHS CHUTHAJY, SIKa MPAIIOE 32 TPUHIIUIIOM
WDM ta TDM, ane 3 BUKOpPUCTAHHSM MPUHIUITY TapaeTizMy.

- OOryHToBaHo, W0 JaHU METOJ  MYJbTUIUIEKCYBAaHHS  MOKHA
3aCTOCOBYBATH SIK JIJIsl OpPTaHi3allli ONTUYHUX MEPEX, Tak 1 A nepenadi iHdopmariii
B MariCTpajbHUX JIHISX 3B’S3Ky, W10 JO3BOJUTH OaraTrokpaTHO 30UIBIIUTH
MaKCHUMaJIbHY IIBUKICTH Mepeaayl iHpopMallii rpyrnoBoro moToky.

- Cucrema 103BOJsIE 301IBIIYBATH MPOMYCKHY 3AAaTHICTh TIPYINOBOTO
KaHaly 3a MoTpe0or0, BCTAHOBJEHHSM JOAATKOBOI'O arapaTHOro OOJaJHaHHS

(mepenaBauiB/mpuiiMadiB).
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