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PE®EPAT

JlumiomHa po0OoTa MICTUTh OCHOBHY YacTHHY Ha 78 cTopiHkax, 5 po3aiiis, 32
uTrocTpaitii, 29 Tabauie 1 17 mxepen B nepesiky MocuiiaHb.

OO6’€KTOM JOCHIIKEHHSI € TOIOJIOTisl BOJOKOHHO-oNTH4YHOI Mepexi «YPAH» B
M. Ilonraga.

[IpeameTom AochipPKeHHS € rpy0Oe CleKTpaibHE YIIUIBHEHHS ONTUYHUX KaHalliB Ha
PI3HMX HECYYHX JOBKHHAX XBUJII.

Mertoro poOoTH € po3poOka MOJAEPHI30BAaHOI TOMOJIOTIT BOJIOKOHHO-OIITHYHOI JIHIT
3B’s13ky B cermeHTi «YPAH» B M. [lonraBa 13 3acTOCyBaHHSIM TEXHOJIOTIT TpyOoro
CHEKTPaJIbHOrO YUIIJIbHEHHS KaHAJIIB.

Po3po6iieHo TOmoorito BOJIOKOHHO-OMITUYHOT MEPEKI 13 3aCTOCYBaHHSM TEXHOJIOT11
CWDM. Hoga niHis 3B’s13Ky 3a0e3Medye MiABEACHHS 10 KOXKHOTO a0OHEHTY HIOHAaMEHIIIe
no n8a kananu CWDM, o 10 I'6i1/c koxamii. Mepexka po3ropHyTa napajiesibHO iCHYyI0Uii
OJIHOKWJIbHIM ONTHYHINA JIiHII Tepeaadi, M0 Ja€ MOXJIMBICTh IUIABHOIO MEPEXoay Ta
MIJKJIIOUYEHHS KIi€HTIB. [lomatkoBo OyB po3poOjieHMi cTapTam MPOEKT BIPOBAIKEHHS
TEXHOJIOT1i rpy00T0 CHEKTPATBHOTO YIIUIbHEHHS y MICT1, MPOBEACHUI OTJISIT MOTEHIIIHHUX
KOHKYPEHTIB Ta aHaj3 PU3UKIB 1 MOKJIMBOCTEH.

Kirouosi cnoBa: BOJIOKOHHO-OIITUYHA JIIHIA 3B’SA3KY, CIIEKTPAJIBHE
YIMUIBHEHHSA, MYVIJIbTUIUIEKCOP, JOEMVIIbTUIIJIEKCOP, TPAHCHUBEP,
KOMYTATOP, TIOBXXMHA XBWJII, TOITOJIOI'TA.



ABSTRACT

Thesis contains the main part of 78 pages, 5 chapters, 32 illustrations, 29 tables and
17 links in the list of source references.

Object is the topology of the optical network "URAN" in the city of Poltava.

The subject of the study is coarse wavelength-division multiplexing technology.

The aim of study is to modernize the URAN optical network topology in Poltava
using coarse wavelength-division multiplexing technology.

The topology of fiber-optic network with the use of CWDM technology was
developed. The new communication line provides access to at least two CWDM channels
for each subscriber, up to 10 Gbit/s each. The network is deployed in parallel with the
existing bidirectional optical transmission line, which provides a gradual upgrade process
and customer connection. In addition, a start-up project for the implementation of coarse
wavelength-division technology in the metropolitan area was developed, with an overview
of potential competitors, risk and opportunities analysis.

Key words: FIBER-OPTIC COMMUNICATION LINE, WAVELENGTH-
DIVISION MULTIPLEXING, MULTIPLEXER, DEMULTIPLEXER, TRANSCEIVER,
SWITCH, TOPOLOGY.
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[NTEPEJIIK YMOBHUX ITO3HAYEHb, CUMBOJIIB, OAMHULb, CKOPOYEHD I
TEPMIHIB

CWDM - coarse wavelength-division technology.
BOJI3 — BOJIOKOHHO-ONITUYHA JiHIS 3B'A3KY.

CKC — cTpykTypoBaHa kabeibHa cUCTEMA.

BOK — BOJIOKOHHO-ONITUYHUHN KaOeb.

SDH - synchronous digital hierarchy.

OII — onTuyHI1 MiICKITIOBAYI.

SFP — small form-factor pluggable.

OADM - optical add-drop multiplexer.

MUX — multiplexer.

DEMUX — demultiplexer.

STP — spanning tree protocol.



BCTVII

TexHoOorisI MyJIbTUIIIICKCYBAaHHS CIEKTPaIbHOTO PO3MOJLUTY XBHUIIb, 10 BUHUKIA Y
1980-x pokax, CloyaTKy 3HaMIIIa CBOE 3aCTOCYBAaHHS Y MariCTpaJibHUX CIIOJYUYCHHSX, ajle
3 1990-x pokiB HIMPOKO BUKOPHCTOBYBANAacS B CTOJUYHHUX Ta PETIOHAIBHUX Mepexax.
P03BUTOK BOJIOKOHHOI ONTHKK Ta BOJIOKOHHO-ONITUYHUX CHUCTEM Tepesadi, BKIIOYAIOUU
TEXHOJIOT1I0 CIEKTPaIbHOTO YIIIJILHEHHS, HE3BAKAIOUM HA JIOCSATHYTI YCHIXHM, BCE IIIE
3HAaXOJIUTHCS B CEPEANHI HOTO IIIAXY.

3 4YacoM, PO3BUTOK 1H(OpPMAIIHHUX TEXHOJOTIA 30UIBIIKMB OOCSTH Ta KIJIBKICTh
JaHMX, 110 NepenarTbes mo Mepexi. [locTano nutaHHs HecTayl MPOIMYCKHOI 3JaTHOCTI B
MICBKMX Ta PET1OHAJIBHUX MaclliTadax. ¥ BUIMAIKy MICBKUX MEPEX, BapTICTh 00JIaJHAHHS €
BAXJIMBOIO CKJIAJOBOI0. BUIIIMBaouM 3 1bOro, SIK OJHE 3 PIlI€Hb MPOOIEMH, JUIsI HUX
L[1KaBOIO Ta MEPCIEKTUBHOIO TEXHOJIOTIEIO CTAJIO 'HEIIIJIbHE ' MYJIbTUILUIEKCYBaHHS — IpyoOe
YINUTbHEHHS 3a JoBxuHamMu XBuib (CWDM).

P03BUTOK MOAIOHUX CHCTEM CTAaB MOXIJIMBUM 3aBISKU BJIOCKOHAJCHHIO TE€XHOJOT]
ONTHUYHOTO BOJIOKHA, 10 03BOJIAJIO 30UTBIIMTH HOr0 CMYTY MPOITYCKAaHHS HA MOPSIIOK: Bijl
30 mo 340 um. 3aTyxaHHA B CMY31 MPOMYCKAaHHS 3MIHIOBAJIOCS MOCTYMOBO B MOPIBHSHO
HEBEJIMKOMY Jiana3oHl, 10 B CBOIO 4epry, 30UIbIIYE KPOK MiXK HECYYHMMH JOBKUHAMH
XBWJI, IoHaliMeHIe B 10 pa3iB, 1 TAM CaMUM 3HA4YHO CIPOINYE iX (UIBTPALiI0 HA CTOPOHI
OTpMMYyBaya, 3MEHIIYIOYM BapTICTh OOJaJHAaHHS. 3'SBUBCSA HOBHM KJac pIllICHb.
CrnekTpalibHe YIIUTbHEHHS T03BOJISIE TYITUIEKCHY Mepeady IpOTOKOIB PI3HUX TUITIB Yepe3
ONTHUYHE BOJIOKHO. TeXHOJIOT1sl BUKOPUCTOBYETHCS JJIsl O1IbI €()EKTUBHOTO 3aCTOCYBaHHS
ICHYI04901 BOJIOKOHHO-ONITUYHOI 1H(GPACTPYKTYpH Ta 3017IbIICHHS MPOITYCKHOI 31aTHOCTI
ONTUYHOTIO BOJIOKHA. Ii BUKOPHCTaHHS MOKE 3MEHIIMTH BapTiCTh BCTAHOBJIEHHS HOBOIO

ONTHYHOTO Kabemto, a00 MOKPAIIUTH €PEKTUBHICTh BXKE MPOKIIAICHOTO.



1. BOJIOKOHHO-OIITUYHA JIIHIA 3B'A3KY.

Bonokonno-ontuyna miHis 3B's3ky (BOJI3) - me Bua cuctemu mepenadi, B AKid
1H(hOopMaIis IepeIaeThes MO A1eIEKTPUYHUX ONTUYHUX XBUJIEBOAAX - ""ONTUYHE BOJIOKHO".
Ile iHdopmariiina Mepexa, CIIOIyYHUMHU €JIEMEHTaAMH MK BY3JIaMH SIKOi € OMTHYHI JIiHI{
nepeaayi.

Texnonorii BOJI3 oXOmimowTh MNUTAaHHSA, $KI CTOCYIOTBCS — €JIEKTPOHHOTO
nepeaBalIbHOrO OOJIaHAHHS, MOro cTaHAapTH3allii, MPOTOKOJIB Iepeaayl, TOMOJIOTil
Mepexi Ta iX moOy0BH.

B ocnoBHomy BOJI3 BUKOPUCTOBYIOTHCA TP MOOYIOBI 00'€KTIB, B SIKUX MOHTaX
cTpyktypoBaHoi kabenpHOi cuctemu (CKC) moBuHeH o0'emHaTH OaraTOIMOBEPXOBUI
OynuHOK, a00 B OyAiBJI1 BEJIMKOI MPOTSKHOCTI, @ TAKOXK MpHU 00'€THAHHI TEPUTOPIaTbHO-

po3pizHeHHX 00’ €KTiB. [1]

Mepexese i | Mepexese

/c: obnagHaHHA oénaAHaHHﬂ\
KiHUEBi WHYPH

ONTHU4HI po3'emu

MOHTaKHI WHYPH -

; KomyTayiiie obnaaHaHHa -

Kabenb BHYTPIWHBOI NPOKA3AKHK : -
| Mydtv nepexony kabenio 3oBHiwHbOl !
nj:oxnap,un Ha Kabenb BHYTPIWHBLOI NPOKNAAKK

Kabene 30BHILHBOI NPOKNAAKK
Mpoxigsa mydra

& Micua 38aptoBaHHA ONTHYHUX BONOKOH

Puc. 1.1. Ctpykrypna cxema BOJI3, sixa 3aCTOCOBY€THCS 1JIsI CTBOPEHHS TT1ICUCTEMHU

30BHIIIHIX MaricTpainei [1].



1.1.

["amy3i 3acTocyBaHHS 1 Ki1acu(ikaiisi BOJIOKOHHO-ONTHYHUX KaOeliB.

10

BonokonHo-onTHYHI Kabelni, M0 3aCTOCOBYIOTHCS MPU MPOEKTyBaHHI 1 MOHTaXi

CKC, npuzHaueHi s riepeiadi ONTHYHUX CUTHATIIB B OYAIBIISAX 1 MK HUMH.

3a BUI0M 3aCTOCYBaHHS, BOJJOKOHHO-ONTHYHI KAOeJi MOITSIOTHCS:

ka0eni 30BHIIHBOT mpoktaaku (outdoor cables);
kabem BHyTpimHbO1 nmpokiaaaku (indoor cables);

ka0eni AJid IHYPIB.

Kabeni 30BHINIHBOT MPOKIAJKH BUKOPUCTOBYIOTHCS TMPH CTBOPEHHI MiJICUCTEMHU

30BHIIIHIX Marictpajeil 1 MoB'A3yl0Th MiX c000I0 oOkpemi OynaiBii. OCHOBHA Traity3b

3aCTOCYBaHHS Ka0OeliB BHYTPIIIHBOI MPOKIAAKH, 1€ OpraHi3allis BHYTPIIIHKOI MaricTpai

OyniBii, KaOesi i MHYPiB MpU3HAYEHI JJI1 BUTOTOBJICHHS CIIOJYYHUX 1 KOMYTalllHUX

IIHYPIB, TAKOX TSI TOPH30HTAILHOT PO3BOAKY IpH pearizanii npoekri «fiber to the desk»

(BostokHO 110 poboyoro mictst) Ta «fiber to the roomy (BonokHo 10 kimHaTH) [1].

HYTPIHbLOI HNPOKJIAAK

OnrTa4HI

Kaodeai

CKC

30BHIMHALOI NPOKJIAAKH

3araabHoro | s 3'€HaAHHA

acrocyeamms| OyaiBean

Puc. 1.2. 3aranpna knacudikaiiis ontuaaux kademin CKC.
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1.2. Tlepesaru BOJI3.

BonokoHHO-ONTHYHI JiHII BOJIOAIIOTH TEPENTIKOM TMepeBar mepes IPOTIHUMHU
(MITHEMHM) 1 paJilOpeICHHUMH CUCTEMaMH 3B'SI3KY:

1)  mmpoka cMyra MPOITyCKaHHS IOB'S3aHA 3 HA/I3BHYAHO BUCOKOI HECYYOIO
gactotoo 1014 T'u. Le mae moTteHmian A €JUHOTO ONTUYHOTO BOJIOKHA ISl Tiepeadi
iHpopmMmarlii B JekiIbKoX TepabiTax 3a cekyHay. lle onHa 3 HaWBaXIHMBIIIMX IepeBar
ONTUYHOTO BOJIOKHA HaJl MiJIJII0 200 OyIb-SKMM 1HIIUM HOCIEM mepeaadl iHhopmariii.

2)  HH3bKE 0CJIa0JICHHS CBITJIOBOTO CUTHAY Y BOJIOKHI. B maHwuii yac mpoMHCIIOBI
OTNITUYHI BOJIOKHA, BITYUM3HSHUX Ta 3aKOPJIOHHUX BUPOOHUKIB, MatoTh 3aracanns 0,2-0,3 n1b
Ha moBxuHI XxBmwiIl 1550 HM Ha KijomeTp. Mase 3aTyxaHHS 1 Maja JUCTIEPCis TO3BOJISIOTH
OyayBaTH CeKlii JiHiNA 6e3 peTpancisiii 1oBxkuHOI0 10 100 kM 1 OLbIIIe.

3)  HU3BKHI PIBEHb MIYMY Y BOJOKOHHO-ONITHYHOMY KaOeJi JT03BOJISE 301IBITUTH
MPOITYCKHY 3JaTHICTh, MEpPEAaloyd pi3HY MOIYJISLII0 CUTHAIIB 3 HU3bKOI MIBHIKICTIO
KOJTyBaHHS.

4)  BUCOKMU IIyMOBUH iMyHiTeT. OCKUIBKA BOJIOKHO BHUTOTOBJISIETHCS 3
JEJIEKTPUYHOTO MaTepiaixy, BOHO HECHPHUSTIMBO JO E€JIEKTPOMATHITHUX TMEPENIKO Bl
OTOYYIOUMX MIJHUX KaOEIbHUX CHUCTEM Ta EJIEeKTPUYHOTO OOJaJHAHHS, IO 3/JaTHE
BUKJIMKATH €JIEKTPOMArHiTHE BUIIPOMIHIOBaHHs (JIiHIT eJIeKTpornepenayl, eleKTpOABUTYHH
TOIIO).

5)  nerka Bara ta 00'em. BOK maroTh MeHmie Baru Ta 00'€eMy B TIOPIBHSHHI 3
MIJTHUMU KaOelssMH 3 TOYKH 30pY OJHAKOBOI MPOIYCKHOI 3matHocTi. Hampuknan, 900-
napHuil TeneoHHUN Kabenb aiaMeTpoM 7,5 CM MOXKHA 3aMIHUTH OJHUM BOJIOKHOM
niametpoM 0,1 cm. SIkio BoJOKHO "oasrHEHE" B Pi3HI 3aXHMCHI OOOJIOHKH Ta TMOKPUTO
CTaJICBOIO CTPIUKOBOIO OpoHero, aiamerp Takoro BOK cranoButume 1,5 cM, 110 B KiJIbKa
pa3iB MEHIIIe, HIXK TeleQOHHUM Kabelb.

6)  Bucoka Oe3reka Bij HecaHKIIOHOBaHOTO AocTymy. Ockinbkun BOK npaktuvHo
HE BHUIPOMIHIOIOTH B pajiofiana3oHi, TMepeAaHy IO HUM 1H(OPMAIII0 BaXKO

MIJCIYyXOBYBaTH, HE MOPYLIYIOUH NpuitoM-niepeaady. CucteMu KOHTpoJIto (Oe3nepepBHUIMA
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KOHTPOJIb) IIITICHOCTI ONTUYHOI JIiHIT 3B'SI3KY, 1[0 BUKOPUCTOBYIOTh BJIACTHBOCTI BUCOKOI
YYTJIMBOCTI /10 BOJIOKHA, MOXYTh MHTT€BO BIJIKIIOYaTH '"37aMaHui" KaHanm 3B'S3KY 1
[0JJaBaT! BIANOBIIHUIN cUrHaN nonepeakeHHsl. CEeHCOpHI CUCTEMH, 110 BUKOPUCTOBYIOTh
iHTepdepentiiiai ehekT MNOUIMPIOBAaHUX CBITIOBUX CHUTHAJIB, MAalOTh OYXKE BHCOKY
YyTJIUBICTh JO0 KOJWBaHb Ta JO MaJIUX MaJiHb THCKY. Takl CHCTeMH HEOOXigH1 s
CTBOpEHHS JIHIN 3B'A3KYy y JAepKaBHUX, OAHKIBCHKUX Ta JACSIKUX 1HIIMX CIELCTYk0ax, sKi
BCTAHOBJIIOIOTH IM1IBUILIEH] BUMOTH JI0 3aXHCTY JTaHUX.

7)  rampBaHIYHA 130JIAIis €JIEMEHTIB Mepexki. Ll mepeBara onTHYHOTO BOJIOKHA
MOJISITa€ B MOTO 130JISLIMHINA BIACTUBOCTI. BOJOKHO JomoMarae YHUKHYTH €1EKTPUYHHX
"3a3eMIIIOBJIBHUX ULUKJIB", SIKI MOXYTb BUHHUKHYTH, KOJU JBa MEPEXKEBI IPUCTPOI
HEPO3/IIJIEHOT KOMITIOTEPHOT Mepexi, 3'€JHaHI MIIHUM Ka0eJeM, 3a3eMJIIOIOThCS B PI3HUX
TOYKax OY[IBJII, HAMPUKIIAJ, HAa PI3HUX MOBEpXax. Y LbOMY BHIIAJIKy MOXKE MaTH MICLE
BEJIMKA PI3HULS TOTEHIlaliB, IO MOXKE MOLIKOAUTH oOnanHaHHsA. JlJis BOJIOKHA IS
npobJieMa MpoCTO HE ICHYE.

8)  BuOyx Ta mokexkHa Oe3meka. Yepes3 BIJACYTHICTh ICKPOYTBOPEHHS, ONTHYHE
BOJIOKHO TIJIBHIIYE O€3MEeKy MeEpeki Ha XIMIYHMX, HadTomepepoOHMX 3aBojax Ta y
MIATPUMII TEXHOJIOTIYHUX MPOIIECIB BUCOKOTO PUBHKY.

9)  exoHOMiuHE MHUTaHHS. BOJOKHO BHTOTOBISIETHCS 3 KBapIy, OCHOBOIO SIKOTO €
KpEMHE3€eM, HIMPOKO MOLIMPEHUH 1, OTXKe, HEAOPOTUi MaTepial, Ha BiAMIHY Bi miai. B
JaHUH Yac BapTICTh BOJOKHA BIIHOCHO MIJTHOT Mapy BITHOCUTHCS SIK 2:5. Y IbOMY BUIIAAKY
BOK no3Bossie mepenaBaTé CUTHAIM Ha 3HAYHO OUIBINI BiJCTaHI 0e3 peTpaHCIAIii, 110
poOUTH oro O1IbII €PEKTUBHUM HA JOBIUX JUCTAHUIAX. UUCIIO peTpaHCIATOPiB Ha JOBTUX
JHIAX CKOPOUYy€EThCs. BUKOPUCTOBYIOUM CONNITOHHI CUCTEMH Tiepeaadi, Bigcrani y 4000 km
Oynu pocsrHyTi 0e3 pereHeparlli (BUKOPHCTOBYIOUM TIIBKH ONTHYHI TMIJCHIIOBaYl B
MPOMIXKHMX BYy3J1aX) MpH MBUAKOCTI nepenadi nonan 10 ['Git/c.

10) TpuBanMii TepMiH CIy)XOW. 3 YacoM BOJIOKHA Big4yBaioTh jaerpazamir. Lle
O3Hayae, 10 OCIA0JIEHHS B M'SIKOMY Ka0eni MocTynoBO 30uIblIyeThea. OHAK, 3aBASKA
BJIOCKOHAJICHHIO CyYaCHMX TEXHOJIOTi BHPOOHUIITBA ONTHYHOTO BOJIOKHA, LEH MpOIIEC

3HAYHO CIIOBUIBHUTHCS, & TEPMIH CIY>KOM CTAaHOBHUTHME MPUOIM3HO 25 poKiB. 3a 1ei Jac
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JCKiJIbKa TMOKOJIHB/CTAHIAPTIB NPUHMANbHO-TIEpEJaBAIbHUX CHCTEM MOXYTbh OYyTH
3MiHeHi [2].

11) BigmajcHMiA 00K JKUBICHHS. Y IEAKMX BHIAIKaX MOTPIOCH BiaganeHuii OJIOK
KUBJICHHA By3/1a i1H(popMamiiHoi Mepexi. ONTHYHE BOJOKHO HE 3[aTHE BHUKOHYBAaTH
¢byHukuii kabemnto xuBiIeHHA. [IpoTe B IUX BUMaIKax MOKHA BUKOPHCTOBYBATH 3MillIaHHA
Ka0enb, KOJIU MOPsA 3 ONTUYHUMH BOJIOKHAMHU MPOXOAHUTHh Kabenb 0OJaJHAaHUN MiTHUM

MIPOBITHUKOM.

1.3. Henmomxku BOJI3.

3BUyYaiiHO Oy/Ab-sIKa CHUCTEMa Ma€ CBOi HEJOJIIKM, XOua B HAIIOMY BHIIQJKy IX
KUTBKICTh 3HAYHO MEHIIIA 3a TIEpETiueH] BUIIE MTePEBaru:

1)  BigHOCHA KPUXKICTh ONTHYHOTO BOJOKHA. [Ipy CHIbHOMY BUTHHAHHI KaOEIto
(0co0nMBO, KOJIM B SIKOCTI CHJIOBOTO €JIEMEHTY BHUKOPHUCTOBYETHCS CKJIOIJIACTUKOBHI
MPYTOK) MOKJIMBA MOJIOMKA BOJIOKOH a00 iX 3aMyTHEHHS 4epe3 BUHUKHEHHS MIKPOTPIIIHH.

2) CKJIQJIHICTh 3’ €HAHHS Y BUMAAKY PO3PHUBY.

3) CKJIaJiHA TEXHOJIOT1Sl BUTOTOBJICHHS SIK CaMOI'0 BOJIOKHA, TaK 1 KOMIIOHEHTIB
BOJI3.

4)  CKJIaaHICTh NEPETBOPEHHS CUTHATY (B iHTepdelicHOMy ycTaTkyBaHHi) [2].

5)  BiIHOCHO BHCOKa BapTicTh KiHIeBoro pimenHs BOJI3. IIpote, ycTarkyBaHHS €
noporuM y abcomoTHux nudpax. CriBBITHOMICHHS IIHU 1 TPOIMYCKHOT CITIPOMOKHOCTI JIJIsI
BOJI3 kparrie, HiX 7151 THIIAX CUCTEM.

6)  BTpara MPO30POCTI BOJIOKHA 3 YaCOM, BHACIIIIOK cTapiHHs [3].



1.4.

Cdepu 3actocyBanns BOJI3.

14

OcnoBHoto ceporo 3actocyBanHs BOJI3 € mepexi mepenaui iHbopMariiHuX

CUTHAJTIB (OOYMCITIOBAIBHI MEpEeXI, BIACOCTIOCTEPEIKECHHS, TEJICKOMYHIKAIIMHI CHUCTEMH

KOHTPOJIIO  JOCTYIly —Ta

1H.).

[Ipu 1pOoMy Ha piBHI

MaricTpajgbHuX (aXx [0

MDKKOHTUHEHTAJILHUX) JIIHIN Mepefadi CUTHAIIB, ONTHYHE BOJIOKHO 3aliMae BXKE 3apas

JIOMIHYIOUE CTAaHOBMIIE, TOJI SAK B IMIJICHCTEMax BHYTpimHIX wMarictpaieit BOJI3

BUKOPHUCTOBYETBCS MOPSA 3 BUTOIO MAPOIO.

Tabnuns 1.1. XapakTeprcTHKa THITY ONTHYHOTO BOJIOKHA. [2]

nucnepcii

I On. THu ONTHYHOTO BOJIOKHA
apaneTpi pv. | E C H A B | T | M| K
. 1310, 1530- 1460-
Po6oua qopkuHa XBHIII HM 1550 1560 1620 1310-1550 1625 1300 | 1300 | 1550
1300 am - - - - - <0.7| <0.7 -
Koedirient 1310 am <0,36 - - - - - - -
3aracanns (| 1550 am <0,22 | <0,22 |<0,22 - 0,25 - - -
Ka0eiB 3 1460 aM - - - - 0,35 - - -
g 1 nb/xMm
reJIEBUM B [iarasoHi <
< < 0.25-
SaHOBHGI-.IHflM pobounx i i 022-| = 0,25 022035 - ] ]
MOJIYJIiB) TTOBKUH 0,40
0,25
XBHUJTb
Koedimient | 1300 am - - - - <1,3| <13 -
3aracanns (| 1310 am <0,5 - - - - - - -
Ka0OeiB 3 1550 am <04 <04 |<04 - - <04
BOJIOKHaMU B |B niana3onilIb/km
. 04
IIUIBHOMY | poOouux i i <04 <0405 ) ) ) )
OydhepHOM JIOBKUH 0,5
MOKPUTTI) XBUJTb
JloBikHHa XBil BUICKHEHEA| | _ 1960 | <1250 <1260, <1260 | <1450 | - ; ;
B KaOemi
JloBikHHa XBI HYTEOBOT | 1 1390,10 (1556415 - | 1310410 |1422417| - -
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1.5.  OnTudHEe BOJIOKHO — ICTOpIS Ta €Talu PO3BUTKY.

Y 1842 poui mBednapchkuii (izuk 1 BuHaxigHUK Kan-laniens Kommagon
npojeMoHCTpyBaB B JKeHeBcbKild Akazemii 1ikaBe nociiikeHHs. CyTb HOro mnossraia B
MOKJIMBOCTI TPOXOJDKEHHS CBITIa MO HEOnpsAMid JiHII 3a NPUHIUIOM IOBHOTO
BHYTPIIIHBOTO BigoOpaxeHHs. Jlocmimxenns Oylno moka3zaHe Ha MPUKIAIAl BOASHOTO
CTPYMEHS, OCBITJICHOT'O COHSIYHHMM CBITJIOM, 1 OTpuMalio Ha3By «poHtad Kosmamonay abo
«cBiTOBU (QoHTan». lleil BuHaxid, He3abapoM, OyJO 3aCTOCOBAHO Ha MPAKTHULI: B
CTONUIAX €BPONU 3'ABIINCS YHIKAJIbHI (POHTAHHU, 110 CBITATHCA PI3HUMH KOJIbOPaMHU.

Maiixe yepes ctomitrs (B 1934 p) amepukanenr Hopman P. ®peny 3amnareHtyBaB
OpUTIHAJIBHUI BUHAXIJ: ONTUYHY CUCTEMY AJisl TeseoHHOro 3B'A3Ky. Ilepenbayanocs, mo
CJIOBECHI CUTHaJIM OynyTh NEpenaBaTUCs MO CUCTEMI CKIISIHUX KaOeJiB 3a JOIOMOTOI0
CBITJIOBHX TIpoMeHiB. [lepmii 3pa3ku ckioBosiokHa BUrotoBuB Jlapi KapTic - 3BuvaitHuii
CTYJ€HT MIYMTaHChKOTO YHIBEpPCUTETY. BIH CTBOpPHB [OCHIHY KOHCTPYKLIIO, MIO
CKJIA/Ia€ThCS 31 CKIIIHOTO CTPUXHS MOMIIEHOTO B OOOJIOHKY 1 BUTATHYTOTO B HAaWTOHIIE
BOJIOKHO.

CrpaBxHiIi HpPOpUB Y PO3BUTKY HAyKH BOJIOKOHHO-ONTHUYHOIO 3B'SI3Ky CTaBCS
3aBASKA BUHAXoay Jazepa B 1958 pomi amepukancbkumu BueHuMU LllaBnosa 1 TayHc, 1
OJIHOYAacCHO pajsHcbkuMu (¢izukamu IIpoxopoBum 1 bacoBum. [lxkepeno cBiTia ais
ONTUYHUX CHUCTeM OyJio 3HaiieHo. Tpoxu mi3Hilmie Oyiau CTBOPEHI HAMIBIPOBIAHHKOBI

Ja3epHi 1 CBITJIOII0/IHI BUIIPOMIHIOBaYi, BUHaCHI GoTomionau [3].

1.5.1. Eranu po3sutky BOJI3

Benuka yactuHa mpo06sieM 1 0JJHOYaCHO OCHOBHI JOCSTHEHHS Ta MoxutiBocTi BOJI3

MOB'sI3aHI 3 JIBOMAa €JIEMCHTAMH CHCTEM: BOJOKOHHHMMH CBITJIOBOJAMH 1 Jiazepamu. Y
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PO3BUTKY ONTUYHUX CHCTEM pO3POOHUKH TIparHyjid peami3yBaTH JBa TMPUHIINAIIN:
"mBuame" 1" mami".

1 eran. B cepeauni 70-x pokiB XX CTOMITTS 3'IBHIIMCS HAITIBIIPOBITHUKOBI JIa3epH 1
BOJIOKOHHI CBITJIOBOJIH 3 HEBEJIUKHUM 3aracaHHsM. [lepuri nazepu ans BOJI3 manu nosxuny
XxBWIl BurnpomiHioBaHHSA 850 HM (mepiie BIKHO TIPO30POCTI BOJIOKHA) 1 HEBHUCOKY
e(eKTUBHICTDH; BOJIOKOHHI CBITJIOBOJM Oynu 0araTOMOJIOBUMHU 1 MM 3aracaHHs B KiIbKa
ab/km. Tomy BOJI3 xo4a 1 mokasanu repeBaru nepej CiCTeMaMy Ha MiJHHX MPOBOJIAX, aie
MaJjIy IIBHAKOCTI 1 BIJICTaH1 Iiepeaayl JaJeKUMH BiJl OUIKyBaHUX. 301IBIICHHIO IIIBUIKOCTI
nepeaaudl B nepmux BOJI3 3aBakana TMM4YacoBa AMCHEPCIS MPOXOMKEHHS ONTHYHOIO
CUTHAJTY TI0 BOJIOKOHHOMY TPAaKTY.

[epiri BOJIOKOHHI CBITIIOBOIM (6araToOMOIOBI 13 CTYIMIHYACTUM MPOodisIeM MOKa3HUKA
3QJIOMJIEHHSI) YEPE3 BEJIIMKY MIKMOJIOBY JAMCIEPCII0 MAJIM CMYTY MPOMYCKaHHS HE OlIbIle
20 MI't/km. Ls mpobiiema Oyna JOCHTH IIBHAKO BHpIllIEHA PO3POOKOI0 0araToMOIOBUX
BOJIOKOHHHMX CBITJIOBOJIB 3 TPaJl€EHTHUM Tpo(diieM TMOKa3HUKA 3aJIOMJICHHS, SIKI
3a0e3neunii 30UTBIICHHST CMYTH MportyckanHs 10 160 MI'i/km [4].

2 eran. 30UTbIIIEHHS JaidbHOCTI nepenayi iHopmarii. s nporo Oyno HE0OXiTHO
3HM3UTH BEIMYMHY 3aracaHHs ONTHYHOTO CHUTHAIY B BOJIOKOHHOMY TpakTi. Po3poOka
npuiiMaabHO-TIepeaaBaIbHOI anapatypH, 1o mnpaittoe B apyromy (1300 HM) criekTpaibHOMY
niana3oHi (BiKHI), JO3BOJIMJIa 3HU3UTH 3aracaHHs B 0araToMoJ0BHUX BOJIOKHAX 3 3 nb/km
(850 um) mo 1 ab/xm (1300 HM). OHOYACHO Y 0araTOMOJOBHX BOJIOKOH ITiIBHINMJIACS i
cmyra nponyckanas 10 500 MI'/km.

3 eran. OAHOMO/I0B1 BOJIOKHA J03BOJIWJIM 3HAYHO MIJBUIIMUTH MIBUIKICTh NEepeaayi
iHdopMalli 3a paxyHOK BIJICYTHOCTI MIDKMOJIOBOi JUCHEpCii, a Mepexif JO0 TPEThOro
crniekTpanbHoro BikHa (1550 HM) 103BOJIMB 3HHU3UTH BTPATH B OJHOMOJOBHX BOJIOKHAX 3
0,35 ab/xMm (1310 uMm) g0 0,2 nb/km (1550 HM).

Bigkputi MOXIMBOCTI MO HApPOIIYBAaHHIO MIBUAKOCTI 1 MJaJBHOCTI Tepenadi
iH(dopMaIii MpUBEIM 10 3HAYHOTO Tporpecy uUuMdpoBUX cucTeM mepenayi iHdopmarlii
(Mepexi cuHXpoHHOI IUPpoBoi iepapxii - SDH). [Torpeba B po3BUTKY TakuUX CUCTEM Oyiia
Ty’Ke BUCOKOIO, TaK K 00csT TpadiKy, 10 MepeaacThcs 0e3nepepBHO 301IbITYBaBCS, 1 11€

CTUMYJIIOBAJIO pOOOTH 11040 Mojanbiioro BaockoHasneHHss BOJI3. byno mokaszaHo, 110
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30UTBINIEHHST MIBHIKOCTI 1 JaNbHOCTI mepenadi iHdopmallii B OJHOMOJOBHX CHCTEMax
MEePEIIKOKae XpOMaTUHA JUCTIepcis B BoJokHaX. Lls mpoGiema Oyia ycHilHo BUpileHa
IpH PO3pOOIIl ONITUYHUX BOJIOKOH 3 HYJIBOBOIO AUCIIEPCi€l0 B 00J1acTi 10BXHUH XBUjb 1310
HM (BojokHa Tumy (.652) 1 3mimeHor B obiacTi JOoBXUH XBWIb 1550 HM HyJIBOBOIO
nucnepciero (BojokHa tumy (G.653). [lns 30ublIeHHS AAJBbHOCTI mepenadi iHgopmarii
CTaJId BUKOPUCTOBYBATHUCS pEreHepaTOPU CUTHANY, SIKi EPETBOPIOBAIA ONTUYHUI CUTHAT
B CJICKTPUYHHM, BITHOBIIIOBAIH HOTO (hOpMY, a MOTIM (pOpMyBaIH ONTUIHUN CUTHAJ JJIs
MOJIAJIBLIIOTO MPOXO/HKEHHS IO BOJJOKOHHOMY TPAKTY.

4 eran. Bukopucranns ontuunux nigcuwitoBadiB (OIl), sxi mo3Boauid €heKTUBHO
30UTbIIUTH anbHICTh Tiepenayl. BOJI3 3 ontuynumu migcuitoBadamMu 1 BoJokHOM G.653
3abe3rneuyBany nepeaady iHdopmairii 31 meuAKoCcTIMH 110 40 ['61T/C HA BiICTaHb TOHA CTO
KIJIOMETPIB.

Po3po6mneni OI1 Binkpuin HaWBaKIUBILIKN €Tal B PO3BUTKY BOJIOKOHHO-ONITUYHOTO
3B'SI3KY — 3'IBUJIUCS] CUCTEMH 31 CIIEKTPaJbHUM YUIUTBHEHHSAM. Y HUX BHKOPHUCTOBYETHCS
TaKa BJIACTUBICTh BOJOKOHHUX CHUCTEM, SIK MOKJIMBICTh HE3QJIEKHOI Mepeaadl 1HPpopMarii
Ha PI3HHUX JOBXHHAX XBWIb, B pi3HUX KaHamax. [lepmn BOJI3 31 cnekTpambHUM
VIIITBHEHHSIM MpaloBaId B pi3HUX crnekTpainbHuX BikHax (1310 um 1 1550 um). Ane
CUCTEMH 31 CIIEKTPAJIbHUM YITIJIbHEHHSIM HaO1JIb1 €PEeKTUBHI B TPETHOMY CIIEKTPATILHOMY
BikHI (1550 HM), Tak sk B boMy Bunaaky oawH OII mocuiroe Bci iHGoOpMariitHi KaHaH,
po3TaroBaHi y BikHi [4].

Peanizaiisi yHIKaJbHUX MOMJIMBOCTEH TaKUX CHUCTEM (IIUIHHOTO CHEKTPAIbHOTO
MyJbTHILUIEKCYBaHHS — DWDM 1 HaauiiJIbHOrO CHEKTPaJIbHOTO MYJIbTHUIUIEKCYBAHHS —
HDWDM), B cBO10 4epry, 3axaaiia pileHHs 11e OJHOTo psiay GyHIaMEeHTaIbHUX 3aB/IaHb.

Haii6inpmn edextuBHuil nuisix nodynosu BOJI3 31 cnekTpaibHUM YIIUIBHEHHSIM —
30UIbIICHHST uMciia KaHamiB. I[lpu 30UIbIIEHHI AaNbHOCTI TMepenayl, JOBOAUTHCS
MOCUJTIOBATH ONTUYHI CUTHAIM B KOXKHOMY KaHaJi, 1 IPU BEJUKINA CyMapHii MOTY>KHOCTI, Yy
BOJIOKHI TMOYMHAIOTH MPOSIBIASATUCSA HeNiHIAHI epektu. [nss DWDM-cucteM HaiOLIbII
ICTOTHUM € €(PEeKT YOTUPHbOXXBUJIHOBOI'O 3MIILIEHHS, KOJH B CIIEKTPl CUTHAIY 3'SBIISIOTHCS
HebakaHl KOMIIOHEHTH, TiepexpecHl mnepemkonu. Ilpu cmekTpampHOMYy  criocoOi

nemu@pyBaHHS ONTUYHUX CUTHAJIB, 1€ MOXE MPUBECTHU JI0 3HAUHUX MOMWIOK B Mepeiayl
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iHpopMariii. YOoTHUPHOXXBUIbOBE 3MIIIEHHS HAMOLIbII CHUJIBHO MO3HAYAETHCS B pasi
PIBHOCTI MIBUAKOCTEH MOIIMPEHHS ONTHYHUX CUTHAIIIB B KaHaNax. 3 1i€i MPUYMHU ONTUYHI
BOJIOKHA 31 3MIIIEHOI0 HYIbOBOIO nuctepcieto (G.653) ne BukopuctoBytoThcsi B DWDM-
CUCTEMax, a JIJI 3MEHIIICHHS BIUIMBY YOTHPHOXXBUIHLOBOTO 3MIIIECHHS Oyiau po3poO0ieHi
BOJIOKHA 31 3MIIIEHOI0 HEHYJIhoBOI aucnepciero (G.655) 1 TexHooris KommeHcarlil
XpOMaTHYHOI TUcCHepCii.

KpiMm cnemianbHuX ONTHYHUX BOJIOKOH 11t DWDM-cuctem Oynu po3pobieHi
BUCOKOCTaOUTbHI JIa3epH 3 BY3bKOIO CHEKTPAJbHOIO JIIHIEID, a TaKOX CIEKTpalIbHI
MYJIBTHIUICKCOPH/IEMYIbTHILICKCOpH. [lelf mukm poOiT 3akajaB 3HAYHOTO IOCTYMY Y
(b13uIll, TEXHOJOT1 J1a3epiB 1 IHTErPaTbHO-ONTUYHUX CXEM.

[Momanbmuit po3sutok BOJI3 BigOyBaBcs mo NuUIAXy 301IbIICHHS YUCIa MOPIBHSHO
"Hu3pkomBUAKICHUX" (IeKiIbKa ['01T/c) kananie B DWDM- 1 HDWDM-cucremax, Tak 1 1o
NUISIXY TOJIABIIOr0 301IbIIEHHS IBUKOCTI Niepenadl iHpopmarllii B onTHIHOMY KaHaii. B
JaHUU Yac cepiiiHO BUITYCKAIOThCS CHUCTEMHM 31 MBHUAKICTIO nepenaudl 40 '6iT/c, BemyThes
excnepumentu Ha 100 I'6it/c. OnHak Bxke Ha mBUAKOCTAX moHan 10 ['6iT/c 3'aBagOTHCS
OoOMEKEHHS, MOB'sI3aHl 1€ 3 OJHMM BHJOM THMYAacOBOl JUCHEpCii — MoJsipu3alliitHo-
Mos0BOI0 guctiepciero  (PMD). Bupimennss 1i€i mpoOjieMu BUMarae mpOBEACHHS
byHIaMEHTAIBHUX JIOCHIPKEHb 1 3HAYHOTO TMPOCYBaHHS B 001acTi TEXHOJOTIT
BUT'OTOBJICHHSI BOJIOKOHHHMX CBITJIOBOJIIB 1 ONTUYHUX Ka0eJiB, MOHTaXY JIiHIT 1 KOHTPOJIIO
napameTpiB TPAKTY.

5 eram. MacoBi JIOKaJIbHI BOJIOKOHHO-ONITHYHI CHCTEMH TMepeaadi ITOBHHHI
3a0€3MEeUNTH 3aBAHTAXEHICTh perioHabHUX 1 MarictpanbHux BOJI3, miaBummTu
€(eKTUBHICTh  BOJIOKOHHO-ONTHYHUX  MEpEeX 3B'I3Ky. [lpm  1pOMy  JOIIBHO
BUKOPHCTOBYBATH 0araTOMOJIOB1 BOJIOKOHHI CBITJIOBOIH. [10sIBa HOBUX BUCOKOE(PEKTUBHHIX
Ja3epiB sl JIOKAJIBHUX MEPEXK, T03BOJISE€ 3HAYHO MiJABUIIUTH IIBUJIKICTH 1 AaJbHICTh
nepenaui iHpopmaiii B BOJI3 Ha ocHOBI OaratomMo0BuX BOJIOKOH. OAHAK TIPH I[HOMY
3'SBISIETHCS Mpo0eMa "IIEHTPaAbHOTO MpoBaly" B 0araToMOJOBUX BOJIOKHAX, NOB'A3aHa 3
HEIOCKOHAJICTIO TEXHOJOr1I BHUIOTOBJICHHS 3arOTOBOK JUIS IMX CBITJIOBOIIB. 3HaA4HI
BUIXWJICHHS TPO(UII0 TMOKa3HWKA 3aJIOMJICHHS BiJ ONTUMAJIbHOTO B IIEHTPI BOJIOKHA,

BUKJIMKAJIM pi3Ke 30UIbLIEHHS QUcHepcii B pa3l BUKOPUCTAHHSA CydacHMX JjasepiB. Lls
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npobsieMa 6araTOMOJOBOTO BOJIOKHA Oyjia BHpIlIEHa, IO BIAKPUIO HOBI MOXJIUBOCTI B
po3BUTKY JokanbHUX BOJI3 1 BOJIOKOHHO-ONTUYHUX CUCTEM B LIJIOMY.

Pimenns ¢yHmameHTanbHUX MpoOJieM OyJo MIAKPIIIICHO PO3BUTKOM CYIYTHIX
TEXHOJIOT1H, sKi 1 3a0e3neunyu npocyBanHs BOJI3 g0 crokuBadiB numsixoMm "MIBHIIIE-
nani". HaiOuIbII iICTOTHI YCIIXH CITIOCTEPITAIMCS B TEXHOJOT1i BUPOOHUIITBA BOJJOKOHHUX
CBITJIOBOAIB Ta KabOemiB. Ilpu 1pbOMy, 3pOCTaHHA BUPOOHHUIITBA ONTHUYHUX BOJIOKOH
6e3npeueneHTre: 3 6,9 M. kM y 1990 pori 10 76,6 miH. kM B 2000 p —B 11 pa3ziB. CyuacHi
TEXHOJIOT1l MOHTaXy 1 BHMIPIOBaHHS TIapaMeTpiB BOJOKOHHOTO TpPaKTy, IOBHICTIO
BIJINOBIJIAIOTh BUCOKOMY piBHIO cydacHux BOJI3. JlocuTh ckazatu, 10 3BaprOBalibHI
anapatu, 3a0e3neuyroTh €()eKTUBHUI MOHTa)XX BOJIOKOHHOTO TPAKTYy 3 BTpaTaMH B MiCII
3BaptoBaHHs — MeH1Ie 0,02 nb. 3aBasku 11bOMy, a TaKOX PO3BUTKY BUCOKHX TEXHOJIOTIN
BUPOOHMIITBA ONTHUYHUX IEpe/laBayiB Ta MNPUMAaUiB, MEPEKEBUX TEXHOJIOTIM Ta METOIIB

CIIEKTPAJIBHOTO YIIIJIbHEHH, 3a0e3MedeHi BUCOKi TeMmu po3BuTky BOJI3 [4].
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2. TEXHOJIOI'TA YILJIBHEHHSA OIITUYHUX KAHAJIIB.

['pyOe criexTpanbHe ymiiibHeHHs (aHri. coarse wavelength-division multiplexing,
CWDM) 3acHoBaHe Ha METO/[i BAKOPUCTAHHS ONITUYHKMX KaHAIIiB, BIJOKPEMJICHHX OIMH BiJ
onuoro Ha Biactani 20 HM. [IpuHIMI MeTOAy B TOMY, IO KOXKEH 1H(QOpPMAIIHHUI MOTIK
MepPEeAAE€THCS OTHAM ONITHYHUM BOJIOKHOM Ha PI3HUX JOBKUHAX XBWIb (HECYUHX YACTOTAX).
3a J0MOMOTOI0 CHEIlali30BaHUX MPUCTPOIB — ONTUYHUX MYJIbTUIIIEKCOPIB, MOTOKU
00'€IHYIOTbCS B OJWH ONTHYHHUN CHUTHAJ, SIKMH BXOJUTh B OINTHYHE BOJOKHO. Ha
npuiiMarouid CTOPOHI BiAOYBaeThbCS 3BOPOTHA Omepallisi — JIeMYJbTUILUIEKCYBaHHS, IO,
BIIMOBITHO, 3/IIMCHIOETHCS 3a JIONMOMOTOK ONTHYHUX JeMYJIbTHIUICKCOpiB. Lle BinkpuBae
HEBHYEPIHI MOKJIMBOCTI, SIK JUIsl 30UIbIIEHHS MPOMYCKHOI 3AAaTHOCTI JiHIi, Tak 1 AJis
oOYI0BU CKJIAAHUX TOTIOJIOTIYHUX PIIIEHb 32 JOTIOMOTOI0 OJTHI1€T BOJIOKOHHOT JKUJTH.

["'0710BH1 XapaKTEepUCTUKH Ha sIK1 HEOOX1THO 3BEPHYTH yBary:

1) Jiara3oH ONTHYHHUX KaHaIlB 3HaXOJAUThCS B Mexkax Big 1270 no 1610 aMm, ne
KUIBKICTh MOKJIMBHAX KaHaJIB — 10 18.

2)  ciijx 3BepTaTd yBary Ha THI BOJIOKHA, IO BUKOPUCTOBYEThCS. J1JIs TOTO, 100
KOPEKTHO Mifiopatu KiIbKICTh KaHamiB. Hanpuknan, y Bonokni tumy G.652b (BojokHa 3
BOJSTHUM IIKOM Ha JIOBXKHMHI XBWII 1383 HM), y Ipyromy BIKHI IPO30POCTI 301IBIIYIOTHCS
BTpaTH BUIPOMIHIOBAHHS, Y 3B'A3KY 3 UMM JI03BOJICHA BIJCTaHb Mepeaaydl 3MEHILYEThCS, a

KinbpKicTh KaHamiB CWDM Oyne MeHia.
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Puc. 2.1. Jliama3oH ONTHYHUX KaHAJIB.

Ha npuxnani pekomenmarii ITU-T G.694.2, B cuctemax CWDM npucyTHi aekiibKa
IITUPOKO BimomMux miama3oHiB: S (Big 1460 um q0 1530 am), C (Big 1530 a#M 10 1565 HMm), L
(Bim 1565 um go 1625 um). Takok BUKOPHCTOBYIOThCS mie aBa miamazonu. O (original,
ocHoBuuit) Big 1260 mo 1360 um 1 E (extensive, posmmpenwnii) Big 1360 mo 1460 M. V
CYKYITHOCTI BC1 [llalma30HU OXOIUIOIOTH o00sacth Big 1260 mo 1625 uM, B skiid

po3TamoByeThes 18 kaHamB 3 KpokoMm 20 HM.
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8 1260-1360 1360-1460  1460-1530 1530- 1565-1625
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0 1 | 1 1 i !
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[ OBXHWHa XBUMi, HM

Puc. 2.2. Posmoain kanamie CWDM BignosigHo 1o pekomenaamii G-694.2 [5].
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3aryxaHHs Ha MOoBkUHAX XBWIb 1270 HM Ta 1290 HM JOCTaTHRO BEIIUKE — TOMY IIeH
Jiana3oH pPiAKO BUKOPUCTOBYEThCS B cucteMax CWDM.

TexHousoris rpy0oro MyJbTUIUIEKCYBaHHS CTa€ BCE OUIBII MOMTUPEHOI0, OCOOJIMBO B
MICBKMX Ta PETIOHANBbHUX Mepekax. HailOoumpinl mocTayaqbHUKH TEIEKOMYHIKALIMHUAX
MOCIIYT Y MICTaX OHOBIIOIOTh MEPEXKY Ta, KPIM paHillleé BUKOPUCTOBYBAHUX MEPEK, TUITY
Ethernet/IP, mounnarote Bukopuctatu CWDM. Bono m03Bosisie BHpIMATH TpoOIeMu
HECTaul MPOMYCKHOI 3JaTHOCTi, OJHOYACHO MiJIBUIIYIOYH EKOHOMIYHY €(EeKTHUBHICTh
BUKOPHUCTAHHS MEPEKi Ta MiHIMI3YIOUH KalliTajdbHI BUTPATH Ha ii MOOYI0BY.

Micbkl Ta perioHaJibHi MEpexkl ABISIIOTh COOO0I0 HAMOUIbLII CErMEHTH PUHKY, SIK1
JMHAMIYHO PO3BHUBAIOTHh TEJIEKOMYHIKAII 1 TepeadadaroTh BUKOPUCTAHHS, JUIS Mepeadl
JAHUX, BEJIMKOI KUIBKOCTI Pi3HUX MPOTOKOJiB. Bynyun mpozopumu s Tpadiky, Oyab-
AKOTO TUIy Ta MmBHAKOCTI, mpuctpoi CWDM MOXyTh CTaTH YaCTUHOIO y 3B'SI3KY MIXK

MaricTpauIio Ta MEPEKero AocTymy [5].

2.1. YmoBu Bukopuctanus cucreM CWDM.

OCHOBHI BHUIIaJIKH, B IKUX BUKOPHUCTAHHS TAKUX CUCTEM € JOIUTEHUM:

1)  MichKi Ta perioHaJIbHI ONTHYHI MEPEXKi;

2)  Mepexa OyayeThesi B yMOBax Ae(ilUTy ONTUYHOTO BOJIOKHA (200 BUCOKA
BapTicTh opeHu OB);

3)  motpeba 30LIBIIUTH MPOIMYCKHY 31aTHICTh ICHYIOUHX MEPEX Ha OCHOBI
ONITUYHOTO BOJIOKHA,;

4)  HamaHHs 0araThOX BOJIOKOHHO-ONTHYHUX TOCIYT;

5)  opeHIa «BIpTyaJbHOI'0» BOJOKHA.

Pimennss CWDM He 3anexarh BiJl pi3HUX NPOTOKOJIB mepenadi iHbopmari. s
BJIACTHUBICTH JI03BOJISIE BUKOPUCTOBYBATH BEJIUKUN HAOIp TEIEKOMYHIKAaLIHHUX MOCIYT B

OJTHOMY TPAHCIIOPTHOMY CEPEIOBUIIII.
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Kpok L] LI [ ] CiTKa Hecy4ux
20 HM 1 .|| | [nOBXWH XBUNb
‘ ‘ Twun KaHany 3B'A3Ky

< ONTUYHUIA KaHan
—_— - Linchpose Bigeo
S ATM

— - Ethernet

HM

0o 8 KaHanis B 04HOMY BOMOKHI

MynbTUnnekcop

Puc. 2.3. lonaBanast CWDM B onTH4Hy TpaHCIIOPTHY cucteMy [6].

VYuriapHeHHS! CTBOPIOE 710 § JIOT1YHUX MMap KaHajliB, BAKOPUCTOBYIOUH Pi3HI TOBXKUHU
XBWJIb, 110 OJJHOMY BOJIOKHY. Lle mo3Bosisie yTBOproBaTH Oy/ib-sIKy KOMOIHAIIIIO CEPBICIB MO
OJIHOMY KabeJto.

CWDM € kpamuM pilieHHAM Ipu MoOyA0B1 KaHaiB NpOTsKHICTIO 10 80 kM. Sk
MpaBUJIO, JI0 L1€1 KaTEeropii HaJeXaTh JiHI1 3B'13Ky MK By3J1aMH JTOCTYITY 1 KOMyTaI[lHiHUMU
IIEHTpaMH Mepexi TIpoBaijepa. Takl pIilIEHHS J03BOJSIOTH IOMITHO 3a0IIauTH Ha
BUTpATax B Mpolieci Oy nyBaHHs 1 Moaudikailii BOJOKOHHUX JIiHIN, BY3J1iB, OPEH/IU BOJIOKHA,
3a0€3Meuyoud  BUCOKY CTymiHb €(EeKTUBHOCTI, O€3MeKH, CTIMKOCTI 1 SKOCTI
00CITyrOByBaHHSI 3'€ THAaHHS.

B cucremax rpy0oro CrneKkTpajabHOTO YIIUJIBHEHHS, BIAMOBIIHO JO0 PEKOMEHAIil
MCE G.694.2 cnin BUKOPUCTOBYBATH He Olnibiiie 18 HECydunX MOBXKUH XBUJIb 3 KpokoM 20
uM: Big 1270 mo 1610, ToOTO 3aranbHa MIMPUHA Alana30HY JOBXHH XBUJIb HE IEPEBUIIYE
340 am. HeoOximHO 3BEepHYTH yBary Ha Te, 11O Ha 000X KIHIAX, TaKOro HEMaJioro
MPOMIXKKY, 3aracaHHsl JOCTAaTHbO BEJIUKE, IO OCOOJIMBO TMOMITHO B 00JIACTI KOPOTKHX
TOBXUH XBWIl. OTpUMAaTH KUIbKICTh KaHaJiB 10 18, M03BOJIAIOTH BOJOKHA 3 HYJIbOBUM
BosiHUM TiikoM, Taki sk ZWPF (Zero Water Peak Fiber), LWPF (Low Water Peak Fiber).
Taxe BOJIOKHO Ma€ yCyHEHMI MIK MOMVIMHAHHS Ha JOBXMHI XBWiIl 1383 HM Ta BenuuuHa

3aracaHus cknajgae 6an3pko 0,3 1b/km, 110 mijakoM miaxoauts miisg cuctem CWDM.
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Bonokno G.653 BUSIBMIIOCS HEMPHUAATHUM JIJIs HOBOi TEXHOJIOTII CHEKTPaIbHOTO
mynbTuIuiekcyBanass WDM 13-3a HynboBoi aucnepceii Ha 1550 HM, 110 mpu3BOAMia 10
PI3KOTO 3pOCTaHHS BUKPHUBJICHb CHUTHATY BIJ] YOTUPHOX XBHJIEBOTO 3MIIIEHHS B ILUX
cucteMax. HaiOuIbI MPUCTOCOBAHMM ONTHYHUM BOJIOKHOM IS HIIJIBHOTO 1 BHCOKO-
nritekHoro WDM (DWDM 1 HDWDM) BusiBuiocst ontuuHe BojiokHO (.655, a s

po3pimkenoro WDM (CWDM) — HemogaBHO CTaHAApTU30BaHE ONTUYHE BOJIOKHO (G.656.

Tabmuus 2.1. 3acTocyBaHHS Pi3HUX THITIB BOJIOKOH [6].

Tur BosokHa OcCHOBHE 3aCTOCYBaHHS

G.652.C/D Cucremu SDH/CWDM/DWDM

MarictpanbpHa, 30HOBa, MiCbKa Mepeka, KabeabHe Telle0aueHHs,
PON, mepexi FTTH
3amina BosiokHa G.652.A/B 3 BikHOM npo3opocti Ha 1400 HM

G.655 Cucremu SDH/DWDM

Bix 2.5 no 10 Gbit/s Ha oquH ONITUYHUN KaHAT
MarictpanapHa, 30HOBa, MiCbKa Mepexa

(G.655, G.656 Cucremu SDH/CWDM/DWDM

Big 10 no 100 Gbit/s Ha OqUH ONTUYHUN KaHAII

MarictpanbHa, 30HOBa, MiCbKa Mepexa

CTBOpEHHS BOJIOKOH 0€3 "BOASIHOTO MIKY" JO3BOJIMIIO BUKOPUCTOBYBATH B CUCTEMAX
3B'SI3Ky yci XxBwil B miama3oHi Bim 1270 mo 1610 HM, — yacTWHA CHIEKTpPY, /€ ONTHUYHE

BOJIOKHO Ma€ HaHOiIbITy mpo3opicTs [6].

2.2. OoOnagganust CWDM.

CWDM cucreMu € CKJIaJIOBOIO MICIIEBOI MEPEXi 3B'SI3KY 1 BCTAHOBIIIOIOTHCS MIXK

nBoMa abo OuibIe By3namu 3B's3Ky. /s Toro, mo6 3abe3neunt poOOTYy TaKOi CHCTEMH,
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Ha BY3JIl 3B'SI3Ky MOTPiOHA HASIBHICTH aKTUBHOT'O MEPEKEBOT0 00JIAAHAHHS 3 JOCTATHHOIO
CYMapHOIO KUIBKICTIO MOpPTiB Juisi BcraHoBieHHs SFP-tpancusepiB (Small Form-factor
Pluggable). TlomiOnum MepekeBHMM — OOJaJHAHHSM 3a3BHYaili € KOMYTaTOpH 1
MapuIpyTU3aTopu. Y BUMAAKY Aedinuty oOiaagHaHHS 3 HEOOX1THOIO CYMapHOIO KUTbKICTIO
SFP mopTiB, MOXXJIMBE BUKOPUCTaHHS MeiakoHBepTOpiB 31 ciotamu mig CWDM SFP-
TPAHCUBEPH, 1110 € CKOHOMIYHO BUTIAHIIINM Y JESKUX BUITAIKAX.

OTxe, MOKEMO BUIUIMTH rojoBHI enemenT CWDM cucremu.

1)  MyJbTHILIEKCODP/IEMYJIBTUILIICKCOP (aHrI multiplexer/demultiplexer,
MUX/DEMUX) — n03Bosisie 3MillTyBaTH Ta PO3IUIATH ONTHYHI CUTHAIIH.

2) OADM wmonym (optical add-drop multiplexer) — MynapTHILIEKCOPH
BBEJICHHS/BUBEJICHHS, 103BOJISIFOTh 10AaTH 00 BUIUINTU CUTHAJI Y ONITUYHOMY BOJIOKHI.

3)  SFP monymni (TpaHcuBepu) — (HOPMYIOTH Ta IPUHMAIOTh ONTHYHI CUTHAJIN Ha
BU3HAYeHUX JoBkuHaX XxBUJi B CWDM cuctemi. BilHOCATbCA 10 aKTUBHOTO OOJIaIHAHHS,

MEPEBOIATH CUTHA 3 €JICKTPUYHOTO B ONTUYHHUN Ta HaBMaKy [7].

Komnniekc obnagHaHHa CWDM
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Puc. 2.4. Kommekc obnagnanass CWDM [7].

Bapro 3BepHyTH yBary Ha TOW (hakT, 110 MYJIbTHIUIEKCOPH/IEMYIbTUIUIEKCOPU Ta

SFP monym mpamroroTe y napax. Biamosinno, 1ie obnagnanus tumy [ ta 1. I{s motpeba
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MOB'I3aHa 3 TUM, IO KOXKEH KaHaJl Ha PI3HUX KIHISIX Ma€ A3EpKalbHI 3HAYEHHS IS

npuitomy (Rx) 1 mepenaui (Tx), ockinbku BiH GOPMY€ETHCS 3 TBOX JOBKUH XBUITb.

2.2.1. SFP momymi.

Puc. 2.5. CWDM SFP Tpancusepu.

SFP — 3arajgbHONPUNHHSTHI TPOMUCTOBHUI hopMaT Jjisi BAPOOHHIITBA MTEPECTABHUX
TpaHCUBEpiB. TpaHCHBEpPH IIUPOKO BHKOPUCTOBYIOTHCS B aKTHBHOMY MEPEKEBOMY
oOnagHaHHI: MapIIPyTU3aTOPHU, KOMYTaTOpH, MeiakoHBepTepH. Jlazepu 3 po3noauieHuM
3BopoTHiM 3B’si3koM (anri. Distributed Feedback, DFB), siki BUKOPUCTOBYHOTHCS B
cuctemax CWDM, He BUMararoTh TeMIepaTypHoi ctaluii3allii, TpOMI3JKUX Ta CKIaJIHHUX
CXEM KepyBaHH:, Ta BOJHOYAC € HEBEIIMKUMHM Ta eKoHOMIuHMMH. Tunmosuit DFB-nazep mae
TeMIepaTypHy CTIHKICThb, fKa JOMYyCKa€ KOJMBaHHS C(HOPMOBAHOI JOBXKWHU XBWUJII B
nianasoHi 6-8 HM B mpomixkky Temmneparyp Big 0 °C go 70 °C.

SFP TpancuBepu mnpusHaueHi juisi (pOpMyBaHHS «OCHOBHUX HECYYHX)» ONTHUYHUX
CUTHAJIIB 3 Jlilana3oHy rpy0oro cnekTpaibHOro yimuibHeHHs: Big 1270 1o 1610 HM 3 Kpokom
20 aM. KoxkeH mpucTpiii mpaifoe Ha JABOX BOJOKHAaX 1, HA BIAMIHY BiJ] CTaHJIAPTHUX
JIBOXBOJIOKOHHUX TPAHCUBEPIB, Ma€ JIB1 PI3HI TOBKMHU XBUJIL 3 JIBOX BIKOH MPO30POCTI —

nepeaTyuK Ha OJHIN, oTpuMyBad Ha iHIINA. [lpu cTBOpeHi JdiHII mepenayi y cucTemi
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CWDM SFP, npuitmansHo-niepeaBalibHI MPUCTPOT BCTAHOBIIOIOTHCS "monapHo"” tumy 1 1

tumy 2 (Type 1 ta Type II).

Tabmung 2.2. MapkyBanHs kKaHautiB jaHux B cuctemi CWDM SFP [7].

Koaip Type | Type Il

Cipwid Tx1470/Rx1310 Tx1310/Rx1470
diomeToBUi Tx1490/Rx1330 Tx1330/Rx1490
Cumniit Tx1510/Rx1350 Tx1350/Rx1510
3encHuit Tx1530/Rx1370 Tx1370/Rx1530
XKopruii Tx1550/Rx1390 Tx1390/Rx1550
[TomapanueBuii Tx1570/Rx1410 Tx1410/Rx1570
YepBoHuit Tx1590/Rx1430 Tx1430/Rx1590
Kopuunesuii Tx1610/Rx1450 Tx1450/Rx1610

Bnacaigok toro, mo CWDM cucremu mnacuBHi, 341HCHEHHS MOHITOPHHTY CTaHY

CWDM o0nagHaHHs Ta yCl€l Tpacu B PEeKHUMI PEATbHOTO Yacy BUKJIMKA€e TpyaHoull. J{is

online moniTopunary BukopuctoByioThcst CWDM SFP tpancuBepu 3 ¢ynkmiero DDM

(Digital Diagnostic Monitoring). Bona f03Bosisie B pekrMi peanbHOTO Yacy KOHTPOJIIOBATH

napameTpu, Kotpi Mmae SFP tpancusep:

1)  motyxHicTh BXigHOro curHany (RX);

2)  moTyxHicTh BuxigHoro curany (TX);

3)  TemmepaTypHi mapameTpu poOOTH TPaHCUBEPA.

MOHITOpUHT TTapaMeTpiB J03BOJI€ BHU3HA4YaTH MuTicHICTh Ta 3HOC CWDM minii.

DDM Takox KopucHa mpu omiHii ontuyHoro Oromxety CWDM pimenns. [lopiBHAHHS

JaHUX 3 TpaHCI/IBepiB Jae€ MO>KJIMBICTb BUBHAYUTH peaani BTpaTH 110 HECCYYUM JOBXKHWHAM

XBWJIb Y BOJIOKHI.

SFP TpaHcuBepu BIIpi3HAIOTHCSA MO BiACTaHSIM poOOTH (TIOTYKHOCTI CUTHaNY). Y

pimenasx CWDM, crangapTHuii KiTOMeTpaX 3HaXOAUThCs Ha mo3Havkax y 10 kM, 20 kwm,

40 kM, a6o HaBiTh 80 kM [7].
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OnTHYHI MYJIBTUIIIEKCOPU Ta IEMYJIbTUIIEKCOPU MPHU3HAYCHI A 00 €JHAHHS Ta

PO3/IIJIEHHS] ONTUYHUX CUTHAJIB BIJMOBIHO, MEPEIaHUX Ha JOBXHHI XBUJIb 3 Jlala3oHy

CHEKTPAJIbHOTO YINUIBHEHHS, 10 OJHOMOJOBOMY ONTHYHOMY BOJIOKHY. [lpumman

npusHaueHuit 1yt po6otu 3 CWDM SFP tpancuBepamu, yTBoproroun 4 abo 8 kaHalliB Ha

8-mu a60 16-Tu 1OBXXMHAX XBWJIH B OJJTHOMY BOJIOKHI, 00 710 32 KaHaIIB y IBOX BOJIOKHAX.

[IpucTpoi xapakTepHi HU3bKUM BiIOUTTSAM CUTHALY, BUCOKOIO 130JISIII€I0 KaHAIIIB Ta

HEBEJIMKUMU BTpatamu. MynbsTuriekcopuy WDM € nBoHampaBlieHUMH TPUCTPOSIMU, SIKi

MOKYTb SIK pO3IIEIUIIOBATH, TaK 1 CYMIIIATH ONTUYH1 cUurHaiu. [IprcTpoi 1ocTyIHI B pi3HUX

KOHCTPYKIISIX, 1110 J03BOJISIE iX BUKOPUCTOBYBATH B PI3HUX CHCTEMAaX Nepeaayl.

»

< 7 SFP
——:- 3 CWDM

<—:‘ SFP
h—ge- ¥ CWDM

< ? SFP
2 CWDM

% SFP
2 CWDM

! SFP
g 7 CWDM

7 SFP
- ¥ CWDM

e % SFP
- 2 CWDM

OnTUYHI
CUrHanu Ha
BMAINEeHiIn
LOBXXWHI XBUMI

doierAnoy

~ OnTUYHUKA

KaHan

STM1/4/16

Gigabit
Ethernet

Fast
Ethernet

Puc. 2.6. OnTuuHuit MyJIbTHUILUIEKCOP/ AEMYIBTUIIIIEKCOP.



29

B 3aJIeKHOCTI BiJl MPU3HAYECHHS KoH(DIirypairis CWDM
MYJIBTHILICKCOPA/IEMYIBTUIIEKCOPA BU3HAYAETHCS 32 HACTYITHUMHU XapPaKTEPUCTHKAMMU:

1)  nBoxXBoJOKOHHHUH MyibTHILTIEKcOp (2 fiber);

2)  onxHoBoJIOKOHHMHI MynbTUILIEKCOp (Single fiber abo bidirectional);

3) 4-x abo 8-Mu KaHaIbHUN MyJIbTUILICKCOpP (8 a00 16 HOBKUH XBHWIIbB), IIO
MIpaIfioe Ha OJTHOMY BOJIOKHI;

4)  8-mwu abo 16-Tr KaHAIBHUH, IO TPAIIOE HA IBOX BOJIOKHAX;

5)  myneruiuiekcop 3 aBoma "3araibHumu" (COMMON) BuBOIaMU JIJIs peati3ariii
"KIIBIIEBOI" TOMOJIOTI];

6)  3a TUIIOM TOIOJIOTII;

7) 3a tuniom konektopis (FC, SC, LC, ST, FA, SA);

8)  3aTumom MOHTaxy (B CTiliKy, B My(Ty abo Ha CTiHY).

2.2.3. bBynoBa MyJIbTUILIEKCOPIB/AEMYJIbTUIIIIEKCOPIB.

MUX / DEMUX npusHaueHi Jjisl TO€JHAHHS OKpEMUX OJuHNYHUX KaHaimB WDM y
TPYNOBUN CHTHAJ ISl OJHOYACHOI TIepenadi y MekaxX OJHOTO BOJIOKHA, a TaKOX IS 1X
nofiny (1eMyJabTUIIEKCYBAaHHS) HA CTOPOHI OTPUMYBaua. IX OCHOBHMMM KOMIIOHEHTAMH €
OJIHOKaHAJIbHI (IIBTPH, 3pOOJIEHI 3 BUKOPHUCTAHHAM 0araTtonrapoBUX TOHKOIUTIBKOBHX

¢inerpiB (anra. Thin Film Filter).
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\

9 8 564 1 2 76 3
Puc. 2.7. Ognoxananehi ¢pinstpu CWDM, BUTOTOBINIEH] 3 BUKOPUCTAHHAM
OaraTomapoBuX TOHKOIUIIBKOBHX (iasTpi Thin Film Filter.
OcCHOBHI CKJIaJIOB1 YaCTUHH: 1 - TOHKOIUTIBKOBUH GLIBTP, 2 - G NiH3a, 3 -IBOXBOJOKOHHUN
mirreiin, 4 - C nin3a, 5 - 0JHOBOJIOKOHHUH MITTei, 6 - CKIsiHa TpyOKa, 7 - KBapioBa

TpyOKa, 8 - cTajieBa a0 TIacTHKOBa TPpyOKa, 9 - 3aXMCHHIT HAKOHEUHUK [8].

OinpTp TpaImroe 3a HACTYIMTHUM TMPUHIAIIOM: ONTHYHWA CHUTHAJI HAa YacTOTi, SKa
BiAMOBIIae oAHiN 3 ckinagoBux citku CWDM, Moxke neperaBaTrcs MK opTamMu (hiIbTpa
Pass 1 Com. 3atyxaHHs CUTHaIy MK IIMMU niopTamu ctaHoBuUTh Bij 0,3 n1bm no 0,8 nbwm.
[H1m noBxuHM xBUIb nianmazony CWDM He nepearoThes MiXK IIUMH TOPTaMH, TOOTO BOHU
¢binpTpyroThest Ta nepenarotbes Mk Reflection- ta Com-mopramu. BaeceHe 3atyxaHHs
ONTUYHOTO CUTHAIYy MiX HUMHU moptamu — Takox Big 0,3 nbm nmo 0,8 nbm. Pass- Tta
Reflection- mopTu i30/1b0BaHi OJWH BiJ OJHOrO, ONTHUYHHMHA CHUTHAJT MK HUMH HE

MePEIAETHCS.

Reflection

Pass

N

Puc. 2.8. Cxema B3aeMo/1ii MOPTIB PLILTPY.

Com
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[Tpu Bub6opi dpinsTpiB CWDM, okpemy yBary ciif MpUILTUTH YaCTOTHOMY J1alla30Hy

abo cmy3i npomyckanHa Mixk optamu Pass 1 Com, Ha sikuii HaamToBaHui QUIBTP.

LN - e A [ af ieg g *\ REF:D.00 dB
e 17 8 dlE

<% Agilent
T v ‘l

-1.00

-2.00

~3.00

-S00 (es0.00 157000 o 159000

[loBx¥KUHA XBWUNI, HM

Puc. 2.9. YacroTHuii nianma3zon adbo cmyra npornyckanHs Mix nopramu Pass i Com, Ha

KWW HayamroBanuid GpineTp [8].

[Ipu mepenayi curHajdy TPaHCHUBEPOM, MOT0O IIMPUHA CUTHATY CTAHOBUTH 1 HM.
Jlazepu, 10 BHKOPHUCTOBYIOTHCS B TaKUX MpHUAMalIbHO-TIEpeAaBaIbHUX MPHIAJIax, HE
MaroTh TEMIEpPATypHOI cTab1Ii3allii, TOMY 4acTOTa XBUJIl HOCISI B HUX MOKE 3MII[yBaTHUCh.
VY gKicHUX MpUMalIbHO-TIEPEIaBAIbHUX MPUCTPOSX JOBXKHHA XBHJII MOKE 3MIHIOBATHCS B
miamaszoHi Big 6 10 7,5 HM Bia IEHTPalbHOI YacTOTH HECY4Oi XBWII, OJHAK € 3pa3Ku
npuiiManabHO-TIepeAaBalbHUX MPUCTPOIB, /i€ LeW Jiana3oH € Habararo mupmuM. SKIo
4yacToTa Jia3epa He BIANOBIIaE poOOYOMy aiama3oHy (iIbTpa, MOXKE CTATUCS CUTYallis
(HampuKJIal, MpU HArpiBaHHI Jiazepa), KOJU MepelaHuil ONTUYHUNA CUTHAJ, 110 TPOXOIUTh
gyepe3 GuIbTp, Oye iICTOTHO ocnabieHuid abo MOBHICTIO moAaBieHuil GinbTpom. Came 1o
I TPUYXHI TIPU CTBOPEHHI Ta npoekTyBaHHI cucteM CWDM HeoOxigHO MOpiBHIOBATH

XapaKTEPUCTUKU TPAHCUBEPIB Ta BUKOPUCTOBYBAHUX (PLIBTPIB.
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2.2.4. TpanumiitHa cxema Mynbturuiekcopa CWDM

HﬁBeHeMO IIpHUKJIan HpHHHHHOBOi cXemu OIITUYHOTIO

MyJbTUIiekcopa/aemynpruriekcopa CWDM Ha 0CHOBI TOHKOIUTIBKOBUX (DUIBTPIB.

1410
1390
1370
1350
1330
1310

Puc. 2.10. Cxema 3 nociinoBauM 3'eqaanssaM ¢pinbTpie. MUX/DEMUX na 16 noBxuH

xBWIb a00 8 kananie CWDM).

Koxen ¢inpTp mnpamroe Ha Bu3HaueHid noexuHi xBwil 3 citku CWDM, Ta
3'€AHYIOTBCSI OAMH 3 OAHMM HacTynHuM ywHOM: mopt Com 3 moprom Reflection
HactymnHoro. ITopt Reflection nmepiioro ¢ineTpy B naHI031 mo3Havaetses sk Upgrade, mopt
Com octanHboro — sik Line, BIH BKJIIOYA€ThCS B JIiHIIO. BHeceHe 3aracaHHsi HA BChOMY

MYJIBTHILICKCOPI JUTSl KOSKHOTO KaHary N MOKHA po3paxyBatu 3a GopMyIioro:
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IL=1 |—Pass-Com'|'(I LRef-Com(N‘l)),

ne |Lpass-com — 3aracanus Ha AUIHIN Pass-Com inbTpy N, ILget.com — ycepennene
3Ha4YCHHS BHECEHOTO 3aracanHs Ha nuisHIl Reference-Com ognoro GuibTpy.

Takuit ycTpiii 103BOJIIE 3aCTOCOBYBAaTH [JIsi MpUHOMY Ta Tmepenayi Oyab-sKi
KOMOIHAIlli JOBXHH XBHWJIb, y OUIBIIIOCTI BHUIAJIKIB BOHH OOMPAIOTHCS BHUXOJISYH 13
xapakTepucTuk Tpancusepis CWDM [8].

B omruuHii miHil, BEIMYHHA BHECEHOTO 3aracaHHs 3ajJIEKUTh Bl JOBXXUHHU XBHIIL
(mampukiag, 11 1550 HM BoHO ckitagae npubauszHo 0,2 n1bm Ha kimometp, a i 1310 HM
— npu6in3Ho 0,4 n1bMm Ha K1TOMETp), HEOOXITHO PO3TAIIOBYBATH (DUIBTPU TAKUM YUHOM,
100 "HHXKH1" TOBKUHU XBUJIb PO3TALIOBYBAIHCS Oyrbkye /10 mopTy Com MyJIbTUILIIEKCOPA.
Takum YMHOM BHECEHE 3aracaHHs JJis KaHaIIB SIKi MPaIIOI0Th HA TaKiil 4acTOTI, € MEHIIIHM,
HDK 17 "BepXHiX" JOBXKWH XBWJIb. 3HAYEHHS MaKCUMaJbHOI'O BHECEHOTO 3aracaHhs,
BKa3aHe B TEXHIYHUX XapaKTEPUCTHKAX MYJIbTUILICKCOPA, PO3PAXOBYETHCS BUXOJIIUU 3

BEJIMUMHM 3aracaHHs JJid HaBinaaeH1moro Bia nopty Com GuibTpy.

2.2.5. Mynpetumiekcop CWDM 31 3MeHIIIeHMM BHECEHUM 3aracaHHsIM

KpiM KilacM4HOTO BapiaHTy, OMMCAHOTO Y PO3JAUII BHILE, TaKOX MPUCYTHI 1HII
pIIIeHHS, 30KpeMa 31 3MEHIIEHUM BHECEHHM 3aracaHHsM Ha Mmyibtuiuiekcopi CWDM,
(MUX/DEMUX Ha 16 nomxuH xBWIb). ByioBa CKllaaeThCst 3 IBOX OKPEMUX MPHUCTPOIB,
310paHux 3a TOCHiIoBHOIO cxemoro. Ilepma dactuHa ckiagaeTbesi 3 8-Mu (PUIBTPIB,
HaJAIITOBAHUX Ha JOBXWHU XBWJb Bif 1610 HM mo 1470 uM, apyra — Takox 3 8-Mu 3a
noBxuHaMu XBUJIb BiJ 1310 um 10 1450 HM. [Toptn Com 060X NMpUCTPOIB 3'€IHYIOTHCS 13

CMYT'OBUM TOHKOIUTIBKOBUM (D1IbTPOM.
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HM
1610

1590
1570
1550
1530
1510

1490

1470
MopT Com (Line)

1310

®inbTp 1260-1460/1460-1620

1330
1350
1370
1390
1410
1430

1450

Puc. 2.11. Konctpykiiiss MUX/DEMUX 3i 3MeHIIIEHHM BHECEHUM 3aracaHHsIM.

KoHcTpyKIliss cMyroBoro GiuIbTpy CXOXa 3 OJHOKaHaJbHHM, MOTO BIIMIHHICTD —
Jiama3oH JOBXKUH XBHIIb, SIKI MPOITyCKalOThes, Mk moptamu Pass i Com — Bixg 1260 mo
1460 umM, i mix mopramu Ref i Com — Big 1460 no 1610 awm. Lleit ¢iapTp aimuTh AianazoH
noexkud xBuwib CWDM naBmin. BHeceHe 3aracaHHs cMyroBoro (uIbTpy BIAMOBITAE
3HaYEHHIO OJJHOKAHAJILHOTO. MaKcuMalbHe BHECEHE 3aracaHHs HEBaKKO pPO3paxyBaTH 3a
HaBEJCHOIO B NIONIEPEIHBOMY ITYHKT1 (POPMYJI010, HOTO 3HAUEHHS Mailke y IBa pa3u MEHILE
B1JI TOTIEPEIHBOTO PIIICHHS, IPU OJHAKOBUX BUKOHYBAHUX (YHKITISIX.

B npuctpoi 31 3MEeHIlIEHUM BHECEHUM 3aracaHHsIM, PUCYTHS MOKJIUBICTh 301JIbILIUTH
nanbpHICTh podoTH cuctemu CWDM npubnuzno Ha 7,5 KiTOMETpiB A1 "HUKHIX" JTOBXKUH
XBWJIb 1 Ha 15 kinoMeTpiB ais "BepxHixX, 0€3 3aMIHM ONTUYHUX TpaHcuBepiB. [ToaiOoHMI
Mpujaj, 3 TAKOK CaMOI0 KUIBbKICTIO JOBKUH XBUJIb, MaTUME BUIIY IiHY. [Togi0He pieHHs
HaOyBae aKTyaJIbHOCTI MpPH HEOOX1IHOCTI 30UIBIIMTH BIJCTaHb NEpeaadi ONTUYHOIO

CUTHaJIy 0e3 BUTPAT Ha JIOJAaTKOBY pereHepairiro.[8]
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2.2.6. OADM pieHHs.

JlomaTkoBO 3BEpHEMO yBary Ha Moy BBeacHHs/BuBeacHHs (Add/Drop), mio
BUJUISIOTH TOBXKUHU XBWIb 3 CWDM 1noToky (onTHYHOT JiHiT).

OCHOBHI BITaCTUBOCTI:

1)  BBeacHss/BuBeAcHHS ogHOoro CWDM kanaiy;

2)  TacUBHUI €JICMEHT;

3)  HuBBKI BHeceHi BTpaTH it Tpan3utHux CWDM kaHaitis;

4)  BUAIJICHA JOBXXHHA XBHJII KIHIICBOMY KOPHCTYyBauy.

Pospizasrore OADM pimeHHss Ha oOJHOKaHaJIbHI Ta JBOKaHAJbHI. BiaMiHHICTB
MoJIsSITa€ B 3IaTHOCTI MPUWMATH Ta TepeaBaTH ONTUYHUN CHTHAJT BiJ OJHOTO ab0 BOX
MYJIBTUIUIEKCOPIB 1 (i3M4HO 0OyMOBJIEHA HASBHICTIO OJHOTO a0 JBOX MpHUIMabHO-
nepenaBaibHUX  OnokiB. OpHokaHanbHuit OADM  BiANOBIAHO Mae OJUWH  OJIOK
npuiiomMy/niepeaaydi Ta 3JaTHUM OPALlOBATA TUIBKK 3 OAHUM MYJbTHUIUIEKCOPOM B "OJMH
0ik". JIBokananbauit OADM Mmae fBa 6510ku npuitoMy/niepeadi Ta 31aTHAM MpaIoBaTy "B

JBI CTOPOHHK" 3 IBOMa MYJIbTHUILICKCOPaMHK/ IeMyJIbTUILICKcopamu [8].

o _ JBokaHanLHWA IlBoKaHanLHWiA
AHOKIHATEHAR OHOCTOPOHHIA [BOCTOPOHHIA
OADM OADM OADM
w: !
o | : '
RAE Y Y | I
; : A .
o o o o
|
KomyTtaTtop |I(omy'ra1'up I|(omy‘ra‘rnp

Puc. 2.12. bnok npuitomy/nepeaadi olHOKaHAILHOTO Ta JBokaHaasHUX OADM.



2.3. Tumnu TOMOJIOTIYHUX PIIIEHb.

2.3.1. Tonosorisa «Touka — Toukay.

36

B ocHOBHOMY Mepe:ki MICT HE 3a3HaBaJId 3MiH MPOTATOM TpUBAJIOTO Yacy. [locriiine

301bIIeHHs Tpadiky OpHU3BOAUTH A0 ACPIUTY ICHYIOUHMX pecypciB. «BucHaxeHHs

BOJIOKOH», TOOTO HEecTaya MPOMYCKHOI 3/aTHOCTI € Ti€l0 MpoOJIEMOI0, SIKYy OIlepaTopu

3B'I3KYy XOTLIM O BUpiUTH HeraiiHo. [lonaBannss CWDM cucremu 3 Tonosoriero "Touka-

Touka" B onTHYHY JiHIIO Tiepeayi, 1€ TPOCTe 1 EKOHOMIYHO BUTIAHE PIIICHHS MpoOieMu

HecTadl BOJIOKOH. CaMe Takuii THUI TOMOJIOT1] € HalO1IBII IIKaBUM IpU OOy AyBaHH1 HAIIO1

MEpEexi.

Mporoxonu

nepeaavi AaMux

y J—

2

Komnnexc oﬁnaquaﬂuﬁ CWDM

doieiAwo)y

i+

Xnwaaxnw
A

9

9 ABOHaNpaBneHux
KaHaniB 3B'A3Ky

noHag 100 km

>

XNW3axnw
S

p— . SEP

© p——>- 3 CWDM

Puc. 2.13. Cucrema 3 Tonojioriero «Touka-Toukay.

doieiAwo)y

JIiHii 3B’sA3Ky 3 MOMIOHOIO TOMOJIOTIE0 HAMOUIBII XapaKTepHI sl BUPIIICHHS

3aBJlaHb OJHOYACHOI Mepeiadl BeTMKO1 KUTbKOCTI MOTOKIB JAHUX, 301IbIIY€EThCS KITbKICTh
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OJIHOYACHO HaJaHUX CEepBICiB. B Takomy BHMagKy BHKOPHUCTOBYIOTH BOJIOKHA 1CHYIOUOT
ONTUYHOI TPAHCHOPTHOI Mepexi. [Hpopmallis mepenaeTbcss MO KaHalax MDK JIBOMa
TOYKAMHU. s nepeaadi JTAaHUX Ha BEJIHKI BIJICTaHl1 noTpioH1
MYJBTUIUIEKCOPH/AEMYIBTUILUIEKCOPU B THX BYy3J1aX, /¢ BiAOyBaTUMEThCS 00'€THAHHS
1H(popMaIiTHUX TTOTOKIB 1 MOJIAJIBIIE iX PO3'€THAHHS.

[Tpu mobymosi cuctremu CWDM 3 tononorieto «Touka — Touka» HEOOXiIHO
BukopuctoByBatt MUX/DEMUX Type I i Type Il Ta no aHux BiamosigHo nomapuo SFP
tpancuBepu Type [ 1 Type II.

2.3.2. Tononorisa «3'€IHaHHS 3 BITATY>KCHHSIM.

JlonaTkoBO MOXEMO BUJIUIUTH TOIOJOTIIO «3’€AHAHHS 3 BiArady>KeHHsM». Taka
apxXiTeKTypa peajizye nepenady iHGopmalli Bii OJHOTO By3Jja J0 1HIIOTO 3 MPOMIKHUMHU
By3JlaMHd Ha IbOMY IUISAXY, JI€ MOXJIMBE BBEIACHHS 1 BIJBEJACHHS OKPEMHX KaHaJIB 13
3acTtocyBaHHAM MoayiiB OADM. MakcumaiibHa KUIBKICTh BiJTaTy»K€Hb BU3HAYAEThCS
KUIBKICTIO MTYTUICKCHUX KaHaIB mepenadl (Hamnpukian, 4 abo §) 1 onTUYHUM OI0HKETOM
minii. [Ipu po3paxyHkax Tpeba mam'statu mpo Te, 1mo koxeH OADM Moaynb BHOCUTH
3aracaHHs, BHACJIIJOK YOro 3arajbHa MPOTSHKHICT TPAKTY BIAMOBIAHO 3HUKYETHCS.

OnTuyHUI KaHaJT MOKHA 3100yTU B OyIb-SIK1{ TOYIIl TPAKTY.

2.4. IlepeBaru cuctemMu 3 TpyOUM CHEKTPATbHUM MYJIbTHUILUIEKCYBAHHSM.

BianoBigHo 10 MaTepiaily BUKJIAAEHOTO BUIIE, MAEMO MOKJIUBICTh BUIJTUTH MEPEITIK
HACTYITHHUX TepeBar:
1) eKOHOMIsl onTHYHOTO BosiokHa — CWDM no3Bosisie epeaaBaTi Mo OJHOMY

BOJIOKHY JI0 8 pI3HMX KaHaJIIB Mepeiadl JaHuX.
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2) HE3aJICKHICTh BiJl KIIIEHTCHKUX MPOTOKOJIIB — Mepeada 10 8-Mu He3aneKHUX
CEpBICIB MO OJTHOMY ONTUYHOMY BOJIOKHY; MPO30PICTH JJIsi IPOTOKOJIB Nepeadi JaHUX.

3)  BIZHOCHA HE3AJCKHICTh BiJl EJICKTPOXKHUBICHHI — EJICKTPOIOCTAYaHHS
NOTpiOHE JUIIIE SISt aKTUBHOTO 00JIaIHAHHS.

4) BIJICYTHICTh CUTyaIlll "majiHHs", Iepe3aBaHTaXEeHb Ta 1H., TaK K CUCTEMA €
MACUBHOIO.

5)  BiAcyTHICTP HEOOXIAHOCTI Oprasizaimii TPUBAJIOTO JOCTYIy JO MiCIb
po3MiieHHs1 eneMeHTiB CWDM cuctemu — icHytoth Moayiai OADM y BUKOHaAHHI 1St
PO3MILIEHHS B ONTUYHUX My(Tax.

6)  3HMKEHHS BILIMBY "JIFOJCHKOrO YUMHHHKA". 3yMOBJICHO BiJICYTHICTIO aKTHBHHUX
KOMITOHEHTIB, IIJ0 BUMararTh HAJIAIITYBAaHHS, YIIPABIIIHHS Ta 1H.

7)  3HauYHE 3HWKEHHS BapTOCTI CKCILTyaTal[ifHUX BUTpAT.

8)  BIZIHOCHO HEBHCOKa COOIBapTICTh — MHUTOMA IiHA oHOr0 KaHairy B CWDM
CUCTEMI HMX4Ya, HI)K B BAPI1aHTI HA aKTUBHOMY 00JIaTHAHHI.

9) MakcuManbHa BimctaHb podotm CWDM cucremu ckimamae monan 80
KIJIOMETpIB.

10) HasgBHICTH PI3HUX BUJIB YCTATKyBaHHsI JUII MOHTaXy B PI3HUX yMOBax: Ha

CTIHY, Y CTOUKY, Y My(]TYy.

2.5. PiBens gocrymy.

3a cepBicH Ipyroro piBHIO, 3aXMCT MEPEXKI BiJl aTak 1 HeOaxaHOro Tpadiky 3 OOKy
aOOHEHTIB BIJIMOBIOAE piBE€Hb J0CTyny. KilbKicTh 00JagHAHHSA PIBHS JOCTyNy €
HaANOIBIIO0, BOHO BCTAHOBIIOETHCA Yy OymiBIsAX (Mia'i3mi KUTIOBOTO OYIUHKY YU
TEXHIYHUX NPUMIIIEHHSX ), Ta IOBUHHO BIAMOBIAATH HACTYITHUM BUMOTaM: HU3bKa BapTICTh
MOpTiB aOOHEHTIB, IOCTaTHS HAAIMHICTH (BIACYTHICTh PYXOMHX JAeTalleld, HaNpHUKIIaja
BEHTWIATOPIB, SIKI BUMAraroTh MEePIOANYHOTO OUYHINCHHS Ta 3aMIHHU), 3aXUCT BiJl CTATUYHOI

€JIEKTPUKH Ta IMIMPOKUNA TEMIIepaTypHU J1ala30H.
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PosrisHemo aexisibka peKoMEHAIlil Ta peajbHO ICHYIOYMX BapiaHTIB MOOYI0BU

PiBHS JOCTYIIy Ta TOTMOJOTIT MEPEXi.

o komyTarTopa
BMLLOIo piBHA

KomyTtaTtopmu
[ocrtyny

Puc. 2.14. Tomonoris "nagmor”.

Haiinpocrimmuii Bus 6y08u. MepekeBi pucTpoi (KOMyTaTOpH JAOCTYIY) CIIOJIYyYEHI
MOCJI1I0BHO.

["0710BH1 HEMOIIKK IBOTO PIIICHHS:

1)  BIACYTHICTH pe3epBYBaHHS;

2)  BIJACYTHICTH 3amoOiraHHsi BiIMOBM — HECIPABHICTh OJHIET YACTHHU MOXKE
MPU3BECTH JI0 BIAIMOBH YChOI'O JIAHIIIOT'A;

3)  B3aeMHUIl BIUIMB — IIKIUIMBHIA, a00 HeOakaHUil, Tpadik BIUIMBAE HA yBEChH
JIAHIIIOT;

4)  HaagMipHI BUMOTH IO KOMYTAaTOPiB — KOMYTaTOPH B JIAHIIOTY JOAATKOBO
00poOITIO0TE Tpadik iHIMX KoMyTaTopis [9].

3aMKHYBIITU KiHIIEBI IPUCTPOI B JAHIIOTY, MU OTPUMYEMO HACTYITHY TOTOJIOT1H0 —

"kinbue" (puc. 2.15).
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o enworo pieHA

KomyTaTtopu
AocTtyny

Puc. 2.15. Tomonoris "kinere".

€1uHa rmepeBara Takoi TOIOJIOTiT B TOMY, IO TYT MPUCYTHE JIESIKE PE3ePBYBAHHS: TIPH
BIJIMOB1 OJ[HI€T TOYKH IIIJIKOM MOXKJIHBa poOOTa 1HIIMX By3JiB. OqHaK 30epiraroThes yci
1HIIIT HEJOJIIKW JIAHITIOTa, a TaKOX JTOJAEThCS HEOOXITHICTh HAJAIITyBaHHS MEPEKEBOTO
npotokoiry STP (Spanning Tree Protocol), mo 103BoJisie YHUKHYTH YTBOPEHHS JIOTIYHHX
neTeNb, SIKAK MOTpeOye TOAATKOBOTO Yacy Ha CIPAIFOBAHHS MPHU BiIMOBI By3Jia B KUJIbIII.

[lepeitnemo 10 HacTynHO1 Tononorii «3ipka» (puc. 2.16).
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KomyTaTtopm
AocTyny

KomyTartop
BMLLOro
piBHSA

Puc. 2.16. Tonooris «3ipkay.

[i oco6muBicTE B TOMY, IO TYT HPUCYTHili KOMyTaToOp BHILOIO PiBHS iepapxii —
arperaiii. Komyratopu A0CTymy 130Jb0BaHI OJWH BiJl OJHOTO 1 €JUHOI0 TOYKOI 1X
3'€/THaHHA € BY3JIOBUH KOMYTaTOp.

Jlo mepeBar MOXeMO BIJTHECTH:

1)  BiACYTHICTh B3aEMHOTO BILJIHBY;

2)  BiacyTHicTh HeOakaHOTo Tpadiky Yepe3 KOMyTaTop AOCTYIY;

3)  CTIMKICTh A0 BiJMOB;

4) i30S WK IIMBOTO Tpadiky;

5)  mpocToTa BU3HAYCHHS HECIPABHOCTI;

XonHne pimeHHs HE 3AMUIIUTHCS 0€3 MepeiKy HeAOTIKIB!

1)  BiACYTHICTh PE3epBHOTO 3B’SI3Ky MiXK PIBHSAMH arperariii i JOCTyIy;

2)  €IMHA TOYKA BiIMOBH — KOMYTATOp arperaiii.

Jlnst ycyHeHHsT BKa3aHMX HEHOJIKIB 3aCTOCOBYEThCS MonauikoBaHa Bapiailis —

«IToagiitHa 3ipkay» (puc. 2.17).
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KomyTaTopu BMLLOro piBHA

KomyTtaTtopu
aocrtyny

Puc. 2.17. Tonomnoris «IloasiiiHa 31pKay.

Came 1€ pilIeHHS € HAMOUIBII I[IKaBUM Ta aKTyaJlbHUM Ui Hamoi podotu. Tyt
MPUCYTHS JOJATKOBA 3B'A3HICTh MK KOXXHHUM 13 KOMYTaTOpIiB JOCTYIy Ta BY3JIOBUMH

KOMyTaTopaMH. J[Ba By3JIM CIPUAIOTh YCYHEHHIO €IMHOT TOYKH BiaMOBH [9].
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3. «YPAH» — VYKPAIHCBKA HAVYKOBO-OCBITHA
TEJEKOMYHIKAIIMTHA MEPEXA.

3.1. IcTopis pO3BUTKY MEpEKi.

Acormiamis «YPAH» (Ukrainian Research and Academic Network, URAN) icuHye 3
1996 poky. Came ctBOpeHHs BifgOynocs B 1997 poui CroinbHOw mocraHoBoro Ipesumii
Harmionansnoi Akanemii Hayk Ykpainu 1 Komerii MinictepctBa ocBitu Ykpainu. B 2006
potii nepepeectpoBana Ha miactai Haka3zy MinictepcTBa ocBiTH 1 Hayku «IIpo cTBOpeHHs
Bceykpaincbkoi Acomiarii YPAH» Bin 13 6epesnst 2006 poky Ne 181.

["onoBHa MeTa CTBOPEHHS 1 AISUIBHOCTI Acouialii — KOOpAUHALIS A1 Ta 00 ‘e THaAHHS
3ycwiib YseHiB Acouianii 1sl CIPUSIHHS 10 CTBOPEHHS, PO3BUTKY Ta BUKOPUCTAHHS €IMHOT
HalllOHAJIbHOI HAYKOBO-OCBITHBOI TEJIEKOMYHIKALIMHOI Mepexl YKpainu — «Komn'torepHa
Mepeska 3aKi1a/iiB BUILOT OCBITH 1 HAYKHA Y KpaiHW», U1l I ABULIEHHS PIBHS OCBITH Ta HAYKH,
PO3BUTKY 3acaj 1H()OPMAaLIHHOTO CyCHUIbCTBA, [MOBHOIPABHOIO BXO/UKEHHSI YKpaiHM B
riobanbHui 1H(GOpMaIITHUN TPOCTIp 1 MPEACTaBHULTBA 1HTepeciB UneHiB Acowiaiii B
opraHax Jep>KaBHOI BIIaJy, a TaKOX B YKpAaiHCBKUX Ta MIDKHAPOJHHMX OpraHizaiisx.
Acomiarlisi € BIIKPUTOO JJ1s1 HOBUX WIEHIB 1 Ai€ BiAMOBIAHO 10 CTaryTy.

VY 2007 poui mepexy «YPAH» Oyno BU3HAHO HAlLIOHAJBHOIO MEPEXKEI0, 10 AAJI0
3MOTY CTATH TIPEACTaBHUKOM YKpainu y mpoekti GEANT, Ta 1ano TeXHiuHy MOXKIHBICTb
HAYKOBIISIM 3 YKpainu Opatu y4acTs y ciiyibHUX 3 €C MpoeKTax 3 BUCOKUMHU BUMOTaMH 10
MPOITYCKHOI 3/IaTHOCTI KaHATIB mepenadl JaHux 3 €BPOMEUCHKUM IEHTPOM SIIEPHHUX
nocnimxens [IEPH (IlIBefitiapist), mst peanizaiiii CHUTBHUX MPOEKTIB 3 (PI3UKM BHCOKHX
€HEPIrii.

3 2010 poxy kopucTyBaudli OTpUMald JOCTYNl 1O CEPBICY NPOBEICHHS BiIEO
KOH(EpEeHII1i, TOCTYM /10 AKUX € 0€3KOMTOBHUM. KiJIbKICTh KOPUCTYBAYiB JJIs1 OTHOYACHOI
y4acTi y KOoH(epeHIlii, 0OMEXKYEThCS JIMILE JIILEH31€I0, IKa ChOTOAHI aBTopu3ye a0 30

3'€JTHaHb 1 32 MOTPEOU MOXKe OYTH PO3IIHPEHA.
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Croromni 10 Acorriaiii BXoAsaTh 83 HAyKOBUX, OCBITHIX Ta KYJIbTYPHHUX 3aKJIAJiB 3

ycix perioniB Ykpainu [10].

3.2. TexHiuHI XapaKTEPUCTHUKH.

Poznan
(GEANT & .
Internegk)s

Frankfurt
(Internet)

w— 100 Mbps
essssse 1 Gbps

e 10 Gbps ;
CesacTtonons QQ CiMdpeponons

Puc. 3.1. Kapra nokputts mepexi « YPAH» B YkpaiHi.

Croronni mepexa YPAH ¢iznuno 06 ‘ennye monaa 80 HayKOBO-TOCIITHAIIBKUX Ta
OCBITHIX 3aKjiaaiB, mpuoOau3HO 180 TOUOK MiAKITIOYEHHS, Ta €KCIUTYaTy€e BJIaCH1 BOJIOKOHHO-
onTuyHi JiHiT B 15 MicTax YkpaiHu 3aranbHOI0 TOBXHHOIO O01u3bko 230 kM. 30Kpema, 10
Mepexi miI'eaHaHo NpuOIM3HO ToJoBMHA BCiX ykpaincekux BH3 (IHI—IV piBHiB
aKpenuTallii), B IKHX HaBYA€THCS OJIM3bKO 66 % BCIX CTYAEHTIB KpaiHU.

CerMeHT OyayeTbes 3a 1€papXIYHUM MPUHLIMIIOM: B KO)KHOMY MICTI, IO € 3HAYHUM
OCEpEeIKOM HayKOBOI Ta OCBITHBOI JISITIBHOCTI, CTBOPIOETHCSI PET1OHANBHUN BY30J MEPEXi

Ha 0a3i yHIBepCUTETY a00 HAYKOBOI YCTAaHOBHU MICTa.
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[TigkaroueHHs A0 Mepexi BiAOYBA€THCSA BUKIIOYHO Y€pe3 BUIAICHI JiHIT 3B SI3KY IO
BOJIOKOHHO-ONITHYHUX a00 MigHMX >Xujax. KopucTyBadi MarmTh 3MOTY BHUKOPHCTATH
MIIKIIOYEHHS Ha MaKCUMaJlbHO MOXKJIMBIM (DI3WYHIA MIBHUAKOCTI, BOHA OOMEXYEThCS
BHUKJTIOYHO TEXHIYHUMH XapaKTEPUCTUKAMH KaHATy, MI’K JBOMA TOYKAMH 3B SI3KY .

Jlo mepeniky TOCIYr MOXJIMBO BIJHECTH: OIEPATUBHHM JOCTyHn Ta OOMIH
iHpOopMalli€ro, 11 pPO3MOBCIOKEHHSI Ta HAKOMMYEHHs1, 00po0OKa /I MPOBEACHHS HAYKOBUX
JOCIIKEHb, TUCTAHI{IHEe HABYaHHS, BUKOPHUCTAHHS METO/IIB TEIEMATHKNA, BUKOPUCTAHHS
€JICKTPOHHUX 010J110TeK, BIPTyallbHHX Jaboparopid, MpOBEACHHS BiJeO KOH(EPEHIH,
peaitizaris TUCTaHI[IHHIX METO/IIB MOHITOPHHTY, Tomo [12].

OpHouyacHO Mepeka BUKOHYE TOJIBIMHY (DYHKIIIIO:

1)  KOpHIOpPaTHUBHOI TEICKOMYHIKAIIIITHOT Mepexi, sika 3a0e31euye CepBiCH 3B’ 3Ky
Ta 00’€JHye HAyKOBO-OCBITHI 3aKjJaJd MIX COOOI0 1, 4epe3 IaH'€eBpONEHChKY HayKOBO-
OCBITHIO TeleKoMyHiKamiitHy Mepexy GEANT, 3 HaykOBO-OCBITHIMH YCTAaHOBAMH KpaiH
CBpony;

2)  Mepexi moctymy B IHTepHeT, sika 3a0e3rneduye KIi€HTaMm Tojady Tpadiky
CTOPOHHIX IHTEPHET-MPOBaNIepiB uepe3 oJuH 3 icHyrounx 1umo3iB YPAH y rinoGansHy

mepexy [11].
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3.3. Cerment mepexi YPAH y micti [TonTaga.

ﬂ 0 0.5 1 1.5 2 2.9 km

Puc. 3.2. I'eorpadiuna cxema mepexi YPAH y m. [Tonraa [12].

[lepenik TOUOK MiAKIOYCHHS:
1. By3ou mixkmickkoro 3B's3ky: ¢imist 3AT Jlararpyn — Bys. ABro6asiBcrka, 2/9.

2. [TonTaBchkuii BIICEKOBHI IHCTUTYT 3B’ SI3KY — BYJI. 31HKIBChbKa, 44.



47

3. [TonTaBcekuii yHiBepcuTeT ekoHomiku 1 Toprisii (IIYET, munyn. ITYCKY) —
Byn1. KoBass, 3.

4, [TonTaBchbka nepkaBHa ArpapHa akajaemis — Bys. CkoBopou, 1/3.

S. [TonTaBchkuii HallOHAIBHUM TeAaroriyHuil yHiBepcuteT iM. B. Kopomnenka
(ITHITY) — Byn. Octporpaachskoro, 2.

6. [TonTaBchkuii HalioOHANBHUN TexHiUHUN yHiBepcuTeT iM. FO. Konapatioka

(ITHTY) — [lepmoTpaBHeBuii mpocil., 24.

7. [TonTaBchbKa nepskaBHA OpUANYHA akajaemis — [lepmorpaBHeBuii nmpocrr., 14.
8. YkpaiHcbka MEAUYHA CTOMATOJIOTiYHA akaaemis — Byd1. [lleBuenka, 23.
Q. [THTY, LlenTp micasauriaoMHoi ocBiTU — ByJI. JKoBTHEBa, 42.

10. MixHapogHuil HAYKOBO-TEXHIYHMI yHIBepcuTeT, [lonTaBChbKuUM 1HCTUTYT
013Hecy — ByJ. CiHHa, /.
11.  TIHITY, ctyaeHTChKI TypTOXKUTKY — ByJ. MoHacTupcbka, 7, ByJ. Ko3aka 3a, 5.

12.  TIHITY, cryaeHTchKuil rypTOXHUTOK — ByII. Ko3aka, 10 [12].

Ak 1y iHmmx mictax Ykpainu, [lonTaBa mae perioHajgpbHUN BY30J MEpPEXi, IO
3HaXoAUThCs y IlonTaBCbKOMY YHIBEPCUTETI €KOHOMIKM Ta TOPriBil (MUHYyJIAa Ha3Ba
[TonTaBchkMii YHIBEPCUTET CHOKMUBUOI Koorepailii), B nogaisimomy [TYCKY. Cerment
MicTa 0a3yeTbCsd Ha MPOKIAIEHOMY, Yepe3 HallOuIblll HAyKOBO-OCBITHI 3aKJIaJd MicCTa,
BOCBMUKUJILHOMY BOJIOKOHHO-ONITUYHOMY KaOeJti.

Ha manuit MOMeHT Mepeska B MICTI OOy I0BaHA 3a MIPUHITUIIOM "OKpeMe BOJIOKHO BiJ
BYy3JIa MEPEXK1 JI0 KOKHOIO 13 CIIOXKUBaviB", TOOTO sBJIsIE COOOI0 OJHOKUIIBHY BOJIOKOHHO-
ONTUYHY JIHIIO 3B’S3Ky, J€ IO OAHIA >XKWJII TEepPedaroThCcsl CUTHAIM B JBOX BIKHaX
po30pocTi. mepemadya — B ooOmacti 1550 HM, mpuiiom — 1380 HM, 1 HaBmaku. Taka

TexHoJoris HazuBaeThes Bi-Di (bi-directional), To6To y nBa HanpsMku,
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4. BOJIOKOHHO-OIITUYHA JIIHIA 3B’A3KY 13 3ACTOCYBAHHAM
TEXHOJIOI'TI CWDM Y M. ITIOJITABA.

4.1. AHaJi3 HasIBHOI TOIOJIOTII Mepeki Ta OOTPYHTYBaHHS pO3pOOKH MOAEpHI3aIlii

3 Bukopuctanasim CWDM.

Ax Oynmo 3a3HaueHo panime, cermMeHT y IlonTaBi moOymoBaHWN Ha OCHOBI
BOCBMIDKUJILHOT JI1HIT 3B’ s13Ky. [Ipu cTBOpeHH1 HOBOI Mepeski CIIiji BpaXOBYBaTH T€, 1[0 YUM
JIOBIIIA BiJICTaHb MK TOUYKAMH ITAKIIOYEHHS, TUM MEHIIE BUIbHUX JKHJI B HAC 3aJIUIITAETHCS.
Tax stk Mu 30MpaeMOCsi BAKOPUCTATH MIJKIIOUYEHHS TUITY «TOYKA-TOYKA, IPU IPOKIIAICHHI
MapHipyTy BiJ By3Ja [0 HAWBIJQJICHINIOTO KIIE€HTA, >KHJIA IMOCTYNOBO 3alMaroThCs

IHIITUMH a0OHEHTAMMU.

L 11e- [THNY aypm4
12 - [THAY aypm3 & — _«

2 B : ‘
. : :
o a4, f
36 [Y1] = [IYCKY-2 5- [IHAY ] 116 = [IHY 2ypm2
2-1BI3  3a- fIYCKY-1 R 4- MAA f ,
-“—J-AV-‘T I ECEEEEEEREEEEEER IUIHV'W BEERE PR B IEEEEERE p
| a1 ——
| ‘ | Ch i A S ﬂJ\_' f 1 |
T T T T | T | B ‘ .
| ! ! i R | T 11a- [IHIY 2ypm1
| ! | | porh | e
} ] .| | L | T Ly ‘
=] === L
g i e l—rfM 1! My | *
e & i i
T : — e iy ;
| |
} ‘ ‘
| 10 - ibi3 ‘ 8- YMCA 7 - fOpAkad 6- [IHTY
{441 } | I
|
TOUKM MKIKUEHHA 9- HTY-UNo | | |
1. Byaon miwiceroro 38'ssky: thinia 3AT Jararpyn - AstoSasiscexa, 213 | | |
2. MoNTaBCH KA BIRCLKOBIAN HCTATYT 35 A3KY - SiHKackKa, 44 A ! T |
3a. MonTaECsiMA YH-TET CROsKABYDT roonepauil {(MYCKY), cTapa cepsepra - Kosana, 3 o i o T
35. NYCKY, Hosa cepeepna - Kosans, 3 . | 3 4 |
4. Tonrascara nepw. Arpapha aiapenis - Crosopoan, 113 | MY L 4 Qe M I
- A pr— e —— — — g — — — =g —
25. MonTaeceki HALL NEAArcriYHIA yH-TET iv. B.KoponeHka (MHNY) - OcTporpagcekoro, ONMTUHHI MYSTH 3 : - .
ngﬂmﬂnzrz'aachmm Hal, TexHiHHKi yH-TeT i, K. KonapaTioka (MHTY} - NeplwoTpasHesuin M 6Gina MEI3
7 n Jr—— axagenis - Mepuo nposn. 14 M2 e nigeani (npasmey] NYCKY
! M3 & nigeani (npramiy) MIAA
8. ¥WpalHCkka MEANYHa CTOMETONOMMHA akaaenis - Weavenia, 23 a4 / L AHAY
9. MHTY, LiewTp nicnsaunnomHoi oceity - YKosTHesa, 42 e ?IZ“IEIEE”“""/“;":("!’J
10, MIKHAPOAHUA HaYKOBA-TEXHIMHUR YH-TET, NRNTABCEKNA IHCTUTYT SiaHecy - CiHHa, 7 P VEMHf YPHHEHKE [1AHYT
11a. MHMY, eryaenTceryil ryproxATak Ned - Menactvpcska. 7 M Bire viaea
116, MHNY. cryaeHTcoki rypromuror Ms2 — Kosaia, 33 s 6'”“ AR oo 14
118, MHNY, cTyASHTCHKWA MypToXUTOK Med — [oaaka, 5 MB 6'"“ ’_IHDWKE”
12, TIHIY, cryaeHTcaiwi ryprascator Ne3 — Keaaa, 10 ina
i-4ar

Puc. 4.1. Tononorisa mepexi «YPAH» B m. [lonrasa.

[lepermik Ta MiCIIE3HAXOKEHHS ONITUYHUX MY(T:

1. M1 — oua TIBI3.
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M2 — y miaBami (mpusmky) ITYCKY.
M3 — y miaBani (npusmky) [TJTAA.

M4 — y migBam (mpusimky) [THITY.

M5 — TK Byx. [lymkina/P. Kupuuenko.
M6 — 6111 YMCA.

M7 — 6ins FOpunnuHoi Akanemii.

M8 — Gins [THTY.

O N o g bk~ DN

Ha nanuii MOMEHT y MICTI NMPUCYTHIM perioHaJbHUN BY30JI, SIKUH 3HAXOIUTHCS Y
npuMimeHHsax [TYCKY. ®aktuuno miakiatoueHUMH aboHeHTamu sBsitoThes [TYCKY,
[THITY ta ITHTY, mo 300paxeHo Ha pUCYHKY 4.1, a Takox yci yotupu ryptoxutku [THITY.
[IpuenHanHs TYpPTOXKUTKIB PO3AUICHO HA JIBI YAaCTUHM, MEpIIa TOYKA MIAKIIOYCHHS Yy
rypToXUTKY Ne2, B IKOMY JIiHISI Iepeiadl po3noAUIIETbCs MK HaOmmxunmu — Nel ta No4,
JIpyra TOuka — TypTOXHUTOK Ne3, mo Mae okpeme 3’€JHaHHS, MPUYUHA — JIOCTaTHBO
BIIaJICHE MICIIE3HAXOKEHHS.

Hama Mera — cTBOpUTH MPOEKT MOJEPHI3aLli ICHYI0YOi MEPEXl BUKOPUCTOBYIOUH
TEXHOJIOT1I0 TpyOOro CHEKTPAIbHOrO YINUIBHEHHS, 3a0€3MeYMBIIN IIABEACHHS [0
OCHOBHMX KJIIEHTIB, 1I¢ HanOuibi yHiBepcuTeTd B MicTi (IIYCKY, ITHITY ta [THTY) Ta
rypToKUTKH [lenaroriyHoro yHiBepcuUTeTy. 3’€IHAHHS Ma€ MICTUTHU HIOHAWMEHIe 1o 2
kaHam CWDM ("epe3 KOKHHI 3 SIKHX MOKHA TigBecTd kaHan iHTepHeT 10 20 I'6iT/c).
[Tix’eqnanHs A0 1HIIMX 3aKi1aAiB Oyjae BiIOYBAaTUCS MO MOMKIJIMBOCTI Ta HASIBHOCTI BUTBHUX
KWJT ONITUYHOTO BOJIOKHA.

[IpoekT MonepHizalii TMOBHMHEH OyTH MAaKCUMaJbHO MPOCTHUM, JIOCTATHBO
€KOHOMIYHUM Ta BUKOPUCTATU MIHIMYM HEOOXITHOTO 00JIaTHAHHS, BUKIIIOUAOUH TTAaCUBHI
MpUCTPOi  (po3raimyKyBadi), $KI YCKIATHIOIOTh TOTOJOTII0 Ta BHOCATH JOJATKOBE
3aracanHs. ToOTO HOBa Mepexa OyJe BUKOPUCTATH BXKE MPOKJIAICHE ONTHYHE BOJIOKHO.
€IvHI MOXJIMBI 3MIHH, SIKHX MOXXE 3a3HATHU ICHYIOUMU TPaKT, 1€ TEePEBAPIOBAHHS KU
BOJIOKHA Y My()Tax, TPy BUHUKHEHH1 BEJTMKOI HEOOX1THOCTI.

OpHi€ero 3 BUMOT NMPOBEICHHS MOJICPHI3allii € 3a0e3MeYeHHs HeTIEPEPBHOCTI CEPBICY.
ToOTo, MU HE MAaEMO MOKJIIMBOCTI PO310paTH ICHYIOUHM KaHaJ, a MOTIM MiAKITIOYUTH HOBE

oOnagHaHHs. Y BUIAJIKy HECITPABHOCTI HOBOI MEPEX1, KJIIEHT HE MOBUHEH 3AJIUIIUTHUCS 0€3
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ceppicy Ha gnoBruii yac. [loTpiOHO crutanyBaTH poOOTHM TaKMM YHUHOM, 100
BUKOPHCTOBYIOUH HE3aisTHI KUIH, (PaKTHYHO MOOYTyBaTH MapajielibHy MEpPEexy, 1 JIHIIe
MOTIM BIAKJIIOYATH JIIFOYY.

['07TOBHUM OpPIEHTHPOM 10 CTBOPEHHS HOBOI TOIMOJIOTii, Oyja oOpaHa «IOJBiiiHA
3ipka». Take pileHHs yTBOPIOE OUIBII CTAOUIBHY MEPEXKY 3 JOAATKOBHM pPE3epPBYBAHHIM
Ha BUIAJIOK BiJIMOB, Ta KPamiow ¢GiabTpaIi€ro mapasuTHoro Tpadiky.

ToMy mepImM MUTAHHSIM MOCTAE — PO3MIIIEHHS JBOX HOBUX BY3JI0BHX KOMYTaTOPIB
y MicTi. AHaJi3 TOMOJIOTII Ta mepeOupaHHs PI3HUX BapiaHTIB MPHU3BENIM JI0 HACTYITHOTO
pitmeHHsT — 11 e(EKTUBHOTO BHKOPHUCTAHHS ONTHYHOTO BOJIOKHA, PO3MICTUTH TIEPIIHMA
By301 y [IYCKY nopyu i3 gitounm, a apyruii — y [THITY.

Etanonna mozens takoro pimenHs y M. [lonTaBa moBuHHA BUTJISAATH HACTYITHUM

yuHOM (puc. 4.2.):

i ettt | E
: —_— R — 2. —— — |
MUX/DEMUX —| MUX/DEMUX [ HKomyratop — MUX/DEMUX MUX/DEMUX i
| (NBI3) : :
L IIIIIIToIITTIITIoooIIIIIIio |
—_— I 4, — I !
MU)(;‘DEMUXHMU)UDEMUX — Homyratop MUX]DEMUXH UX/DEMUX |
; (NOAA) ; :
CIIIIIIIIIIIIIIIIIIIIIIIIIIIToIIToiiIiiiiiiiiiiiiiz |
— (1 | — i |
B MU)(,’DEMU)(HMU)(;DEMUX — HomyTatop MUNDEMUXHMUXJDEMUX :
: ! (IBI3) ! -
ByanoBui e o e e : By3anoBuii
KOMYTaTOp I 3 R T KOMyTaTOp
(MYCRY) MUX/DEMUX [~ MUX/DEMUX [~ Komyratop | MUX/DEMUX [ | MUX/DEMUX (MHNY)
! (YricA) !
e
R i — 7. —_— i —
MUX/DEMUX HMUXJDEMUX — HKomyratop MUX;‘DEMUXHMUXJDEMUX
! (MAOA) |
FTIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII I
- __ ! E— B. |l ! —
MUX/DEMUX [ MUX/DEMUX [| HKomyratop || MUX/DEMUX [ MUX/DEMUX
! (MHTY) !
I;::Z:::::::::::::::ZZZZZ"_":::::::::::::::::::::::::::
— 11. ]
MUX/DEMUX T MUX/DEMUX [ KomyTatop [ MUX;‘DEMUXHMUXJDEMUX
i (rypT.MHMY) i
COTIITIIIITIIITIIITTIIIOTIIITOIITTIITIIIIIIII NI
T | ——— ] 12. T —
MU)(,-‘DEMU)(—" —| MUX/DEMUX [~ Komyrarop || MUX/DEMUX MUX/DEMUX
: (rypT.MTHIY) :

1.By3on mixkmicbKOro 3B'asKy

Puc. 4.2. Ineansna moaens mepexi «YPAH» y micti [lonraga.
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KoxeH Ki€eHT OJHOYACHO TiA’€JHAHMNA OO JBOX BY3JIB, a TaKO0X BY3JOBI
KOMYTaToOpu 3’€JHaHI MDK CO0OI0 Ha pe3epBHOMY MAaKCHMAaJIbHO IIMPOKOMY KaHajl Ta
BUKOPHUCTOBYIOTh IPOTOKOJ STP. OcHoBHUM 3aBnaHHsM STP € mpuBeneHHs mepexi 3
MHOKWHHUMH 3B'SI3KaMH 70 JI€PEBOIOAIOHOT TOMOJOTI], 10 BUKIIIOYAE ITUKIU TMAKETIB.
BinOyBaeThcs 1€ IIIIXOM aBTOMAaTUYHOTO OJIOKYBaHHS HEMIOTPIOHUX B TaHUN MOMEHT, JIJIs
MOBHOI 3B’A3HOCTI, MOPTiB. [Ipu BTpaTi 3’€AHAHHS 3 OJIHIEIO 13 TOYOK MEPEXi, KOMYTaTOP
PO30JI0KOBYE TIOPTH, 110 HE BUKOPUCTOBYIOTHCS, JIJIsl TOLTYKY OOX1JHOTO HUIIXY TOCTaBKU
[aKeTIB JaHMUX J0 ajapecaTa. TUM caMMM TUMYacOBO 3MIHIOIOUH aKTUBHY TOIOJIOTIIO.

KoxHa miHis nepegadi Mae MyJIbTUILIEKCOP/AEMYJIBTUILIIEKCOP HA 000X KIHIISX, JJIS
MOETHAHHS IEKUIBKOX ONTUYHUX CUTHAIB B OJIHIM JKUJIl BOJIOKHA.

[Topanpina po3podKa HOBOT TOIMOJIOTIT 3aJI€KUTh BiJl 0OpaHOTro 00JaHAHHS Ta HOTo

0COOJIMBOCTEN.

4.2. O6namnanns ans peanizanii CWDM mninii 3B°13Ky.

Mepexa 3 BukopuctanusmM CWDM pimens mnoTpedye 0coOIMBOro BUOOPY
oOnaHaHHS:

1)  OnTuyHi  MYJBTHUILUICKCOPU/AEMYIIBTUILIEKCOPH, € KICTAKOM TEXHOJIOTIi
CHEKTPAJIBLHOTO YIILIbHEHHS.

2)  SFP+ TpancuBepu. Moayii, MO TEPETBOPIOIOTh CIEKTPHUYHUIA CHUTHANT Ha
ONTUYHUNA Ha 0O0paHiii moBxuHi xBwil. [lIBuaKicTe mepemadi AaHUX y MOAIOHOTO
TpaHcuBepy nocsirae 10 I'6it/c.

3)  Komyraropwu Buioro piBHs (By3/10Bi), iX 3aa4a — rio0ajbHa MapIIpyTH3ALIis
Tpadiky Mi>k a0OHEHTaMH.

4)  KowmyramiiiHi kaOenmi (maTy-KOpAW, MIrTelinn). BUKOPUCTOBYIOTHCS IS
00’€THaHHS OKPEMOT'0 ONITUYHOTO BOJIOKHA 3 1HIIIKMM, 32 JOTIOMOT'0F0 CTeIiabHUX PO3’€EMIB,

a00 IMIKITIOUCHHS TIPHIIAJIIB MIXK COOO0¥0.



52

Tak six 30Ha HamIOl BiAMOBIAATIBHOCTI OOMEXYETHCS ONTHYHUMHU 3aco0aMu, BHOID
KOMyTaTopa JOCTYIY 3aJIUIIAEThCS 3a KIIEHTOM. TOOTO Halma KOMIETEHITS 3aKIHIY€EThCS
Ha PO3’€Mi ONTHYHOrO KaOeiro, IO HAIXOJUTh JIO MICIS pO3MileHHs a0oHeHTa. Mu
MOKEMO HaJaTH PEKOMEHJAIlii MO0 MPUCTPOIB JUIsl OTPUMAaHHS ONTHYHOTO CHUTHAIY Ta
1oro 0OpoOKH B MOJATIBIIIOMY, BKa3aTH SIKI MYJbTUILUICKCOPH/IEMYIbTUIIIIEKCOpU Ta SFP+
MepeIar0Th CUTHAI, Ha KA TOBXKUHI XBHIII.

JlomaTtkoBoO, CIiJT 3BEpHYTH yBary Ha Te, II0 B OCHOBI JiHIii 3B’s3ky B IlonraBi
BUKOPHUCTOBYETHCS OJJHOMOJIOBE ONITUYHE BOJIOKHO 3 BOJSIHUM MikoM. Lle o3Haudae, mo Ham
Kpallle YHUKaTH BUKOPUCTAHHS MPUCTPOIB 3 TOBXKUHOK XBWI1 y niama3oHi Big 1400 HM 10

1500 M 151 TOTO, 1100 HE 3ITKHYTHCS 3 BEJIMKUM 3aracaHHsM curxaiy [13].

4.2.1. JIBOXBOJIOKOHHHM ONITHYHHUHN MYJIBTHILICKCOP/IEMYIbTUILIEKCOP.

[lepmt 3a Bce, HeoOXxigHO Bu3HauuTHCI 3 ocHoBoro CWDM — ontuyHuM
MYJIbTUILIEKCOPOM/ IEMYJIbTUIIIEKCOPOM.

O3HaOMUBIINCH 3 PSAIOM PEKOMEHAIlN Ta JOCTYTHUMU Ha PUHKY MOJICTISIMU, OYJI10
BU3HAUCHO, 1110 JUII KOPEKTHOTO KoMOiHyBaHHS enemeHTiB y cuctemi CWDM, Heob6xigHO
BUKOpucTaTh ABoXBoJokoHHMIH MUX/DEMUX.

Takuif BUOip 3HaUHO 30UTBIITYE BUMOTH J0 KIJTBKOCTI BUTBHUX ONTUYHUX KU, 1110 B
MOJABIIIOMY MPUBEAE 0 YACTKOBOTO OOMEKEHHS MIIKJIIOYEHHS JCSKUX 3aKJIa/liB Ta
YaCTKOBOI peastizallii 3arIaHoBaHO] TOMOJIOTI.

Ham BuOip 3ynunuBcs Ha 4 Channels 1510-1570nm Dual Fiber CWDM Mux Demux,
Moieb po3pooku kommanii FS.COM (puc. 4.3).
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Puc.4.3. Yotupboxkananbauii 18oxBojokoHHui CWDM MUX/DEMUX 3 nianmazonom

xBwIb 1510-1570 uM, po3pobku FS.COM [14].

Jana Mozienp miaATpuMye JOBXKUHU XBWIb BiJ 1510 HM 10 1570 HM 3 kpokoM 20 HM.
le rayuke «plug-and-play» mepexeBe pilieHHs IS MBUIAKOTO MiKIOYCHHS Ta MOYaTKy
poboTH, 103BOJIsIE orneparopaM 3aomaautyd Ha peanizaiii WDM-3’eqHalb THIY «TOYKa-
TOYKa» a00 «KIJBLEY.

["onoBHI 0COOIMBOCTI:

1)  MynbTHILIEKCYBaHHS 10 4 KaHAIIIB y OJIHIA BOJIOKOHHO-ONITUYHIH Tapi.

2)  Hwu3sbke BHECEHE 3aracaHHs.

3)  HusbkonpodiabHHUNE MOIYIBHHMA AU3AMH.

4) Nymnexcui LC/UPC, miarpumye AyIIeKCHI TaTY-KOPIX JJIS M IKIIOYCHHS J10
TpaHCHUBEPY.

5) Cranmaptanii yotupboxkaHaapauii CWDM nianazon 1510 am — 1570 M 3
KpOKOM 20 HM.

6)  bBa3syerbcst Ha TEXHOJOTIT TOHKUX ILTIBOK.

7)  TlacuBHuil npuiaa, He MOTPEOYE EICKTPUIHOTO KUBJICHHS.
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=

4CWDMDF

Puc. 4.4. CWDM MUX/DEMUX Bun 3 niepeny.

Po3'emn, posramoBani Ha mepeanid maneni Mmoxyiaie CWDM MUX/DEMUX,
MMO3HAYEH] Ta MAIOTh TOW CaMUU KOJIp, IKHH BUKOPUCTOBYETHCS JIJISI TO3HAYCHHS JTOBKHHU
xBuiI okpemux CWDM tpancuBepiB. Po3'eMu Ha TpaHCHUBepax MO3HAYEHI aHAJIOTIYHO, 110

CIIPOIILY€ TPOIIEC MiAKIIOYCHHS 70 BIAMOBIIHOTO MOPTY MpHcTporo [14].

Tabnuus 4.1. TexHi4HI XapaKTEPUCTHKH YoTUpboxkaHaabHOro MUX/DEMUX [14].

[TapameTp Ox. Bum. 3Ha4YeHHS
IleHTpanpHa TOBKWHA XBUJI1 HM 1510, 1530, 1550, 1570
Kpoxk Mixx kaHanamu HM 20
[IpomyckHa cmyra KaHaimy HM +6.5
Buecene 3aracanasa nb <2.2
[Topt kimieHTY — Hymnexkc LC/UPC
TexHoOTIS — TFF (Thin Film Filter)
3BOpPOTHI BTpaTH nb > 45
PoGoua Temniepatypa °C -5~+75

4.2.2. SFP+ TpancuBepu.

[Ticns Toro sik Haur BuOip 3ynuHuBCs Ha ABoxBosiokoHHNX MUX/DEMUX, nocraio
MUTAHHS 3MEHIIEHHSI BapIaTUBHOCTI MiJAKIIOYEHb KIIIEHTIB, MO MPUYHHI HEAOCTATHHOT

KIJTBKOCT1 BUIBHUX KHUJI BOJIOKHA. TOMY JIedKl 3 aOOHEHTIB MaTUMYTh IiAKIIOUEHHS JTUIIIE
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70 OJHOTO BYy3/Ja. 3 METOI peali3yBaTH IUIAHW I0J0 BCTAHOBJIEHHS MaKCHUMAJTbHO
IIUPOKOT0 KaHaTy Tepenadi 3 HaWOUIbIIMMM 3aKjiajaMu, BUHUKAE HEOOXIiTHICTD
BUKOPHCTATH yci YoTUpH KaHaau repeaadi y MUX/DEMUX mist migBeaeHHs JiHIT 3B’ I3Ky
10 40 I'6iT/c 3 ogHi€ET CTOPOHHU.

Jns uporo HaMm 3HanoOmsAThCS 4 SFP+ TpaHcuBepa, 10 TPaHCIIOOTh CUTHAJ Ha
oOpaHHMX Hecydnx JoBkHHax xBwii 3 miamazony MUX/DEMUX Bka3zaHoro Buiie, a came
1510 uMm, 1530 HM, 1550 HM, 1570 HM. YoTnpboxKaHATBHUN
MYJIBTUIUICKCOP/IEMYIBTUILIEKCOP, KU € OCHOBOIO HAIIOi CUCTEMH, Ma€ IMIMPOKUHN PST
pexoMeHaanii cepen cyMmicaux 3 Hum Moayimie. Dell Forcel0 CWDM-SFP10G (puc. 4.5)
3aI[iKaBUB HAC BEJIMKUM BHOOPOM JOCTYIMHUX JOBXKHUH XBWI, nmoyuHatouu 3 1350 HM Ta

3yNUHAOYNUCH Ha 1610 HM.

Puc. 4.5. 3osuimniit Burisg Dell Forcel0 CWDM-SFP10G [15].

OnTtuunuii npuctpiid cepii CWDM-SFP10G-20L npu3HaueHuit 1uist 3aCTOCyBaHHS y
BOJIOKOHHO-ONTUYHUX  KOMyHiKauiax, Takux Ak 10G  Ethernet. Ileit wmoayns
BUKOPHUCTOBYETHCS I OJJTHOMOJIOBOTO BOJIOKHA 1 MPAIIO€ HA HOMIHAIBHINA JIOBXKUHI XBUJI
3 citku CWDM. [locTymiHi YOTUPHAAIATH EHTPAThHUX JTOBXKUH XBHIIb Bif 1350 mo 1610
HM 3 KpokoM 20 HM. Moayns ocHamieHuit po3'emom SFP+, 100 3a6e3neunTit MOKIIUBICTh

mBuakoro migkiaroueHHs (hot plug). IlpuitmMau naHOTO MPUCTPOIO MOXKE OTPUMYBATH Ta
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o0poOnsaTH OyIb-aKUil onmTWUHWN curHaN 3 gianazony 1260-1620 awm. Ile 3nauutk, 110
GyHKIST TO BUIUICHHIO OKpPEeMOi JOBXHHHM XBWJII 3HAaXOJWUTHCS Ha CTOPOHI
JIeMYJIbTHILIEKCOpa, a pecuBep SFP+ Moy npuiiMae Ta KOHBEpTY€e Oyab-SIKHA CUTHAI 3

BKa3aHOTO MPOMIXKY, 1110 TIOTPAINKB Ha HOTO MOPT.

Tabnuus 4.2. Texuiuni xapakrepuctuku oopanux Dell Forcel0 CWDM-SFP10G-20L

[15].

[Tapamerp On. BuM. 3HaYEeHHS
dopmpaxTop — SFP+
IleHTpanpHa TOBKHWHA XBUJI1 HM 1510, 1530, 1550, 1570
[IponyckHa cmyra KaHainy HM -6...+7.5
Jiana3zoH mpuitmaya HM 1260-1620
[aTepdeiic — LC nymnekc
MakcumainbHa MBUJIKICTh TIepeiadi ['6it/c 10
[ToTy>xHICTh MepeaTyYnKa nbMm -6~0
UyTnuBicTh MpuiiMaya nbm <-14.4
Po6oua Temmneparypa °C 0~70

4.2.3. By310oB1I KOMyTaTOpH.

KomMyTaTopu Bumioro piBHs BIAMOBITAIOTH 32 MapHIpyTHU3aIlil0 Tpadiky B MEpexi.
Haira Bumora 10 HUX — JOCTaTHS KUIBKICTh CJIOTIB JJIs MiAKIr0odeHHsT SFP+ Moy, 3a
MONEPETHIMUA PO3paxyHKaMHU, JJIsl peajiizallii eTaJIOHHOT MOJIEJl MEepexKi, 110 IPEeICTaBIICHA
BUIIIE, HAM 3HAJO00UThCA MO 19 TpaHCHBEPIB 31 CTOPOHU KOXHOTO BYy3Ja, HEOOXITHO
OpIEHTYBATUCA CaM€ Ha 1€ YUCIIO IPU BUOOPI.

BucoxkomBuakicauii  komyrtarop S5850-32S2Q (32*10GE+2*40GE) po3pobku

FS.COM (puc. 4.6) BiamnoBijgae BKa3aHUM MOTpeOaM.
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Puc 4.6. 3oBnimmnii Burisi S5850-32S52Q [16].

S5850-32S2(Q BHUCOKOMIBUIKICHI KOMYTaTOPH, 110 33JOBOJIBHSIIOTH BUMOTH MICBKHUX
mepex (anra. Metropolitan Area Network, MAN). Bin mae 32-nioproBuit 10GbE SFP+ i 4-
noptoBuit 40GbE QSF+ B xommnaktHOMYy dopm-pakTopi. S5850-32S2Q mocTaBisieTbes 3
MOBHUM CHCTEMHHUM NIPOTPaMHUM 3a0€3MEYCHHSIM, 3 KOMIUIEKCHUMH MPOTOKOJIAMHU 1
J0/IaTKaM¥ JUIsl IPUCKOPEHHST PO3TOPTaHHS Ta YIPaBIiHHS CIy>KOaMu IS TPaAUIIiHUX
L2/L3 mepex (2/3 piBasi). KomyraTop € ekoHOMiuHO eexktuBHOIO Ethernet mmardopmoro
noctymy Ta arperaiii 10 L{O/I (meaTp 06poOKu JaHMX ) Ta 1/1eaTbHO I IXOIUTh JIJI1 BUCOKHX

poOOUMX HABAHTAKEHb.
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Tabmuns 4.3. Texuiuni xapakrepuctuku S5850-32S52Q (32*10GE+2*40GE) [16].

[Tapamerp On. BUM. 3HavYeHHs

Kitac komyTaTopy — L2/3, HOA, Metro
[Toptu 10GbE SFP+ IIT 32

[Toptu 40GbE QSF+ T 4
bydepna nam’a1hb M6 9
Non-blocking nponyckHa 31aTHICTh I'6it/c 400
Komyramiiina 31aTHICTb I'Git/c 800
3aTpumka HC 612
TunoBa crio’kvBaHa MOTY>KHICTh Bt 120
MakcumanbHa CIIOKMBaHA MOTYKHICTb Bt 150

4.2.4. PekoMEeH1I0BaHI KOMYTaTOPH PiBHSI IOCTYILY.

KomyTtaTopu L2, 1110 BCTAaHOBIIIOIOTHCS O€3MTOCEPEIHBO Y MICITi pO3MIIIICHHS KITI€HTA,
HE BXOJSTh y 30HY HAIIO1 BIAMOBiAIbHOCTI. TOMYy 3 HaIIOi CTOPOHU MU MOXEMO JIMIIIE
HAJAaTH PEKOMEHIallli, XapaKTepUCTUKH CUTHAIIIB Ta O0JalHAHHS, 110 1X Tepeac.

Sk mpuknang mu oOpamu OaratomoproBuii S3800-48T4S (48*10/100/1000Base-
T+4*10GE SFP+) po3pooku FS.COM (puc. 4.7). Jlana Moienb € HaHKpalyM pillleHHSIM
JUISl BCTAHOBJICHHSI Y TYPTOKUTKY, J€ MPUCYTHS BEIUKA KUIBKICTh OKPEMUX AOOHEHTIB.
Takox B Hpomy npucyTHi yotupu 10GE SFP+ noptu ayis oTpumMaHHs ONTUYHOTO CUTHATY

3 MPOMYCKHOO 3aaTHICTIO 10 40 '611/C.
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i s i e s e el i o ek

Puc. 4.7. 3osuimHiit Burisag S3800-48T4S [17].

BucoxomBunkicuuit Metro Ethernet xomyrtatop S3800-48T4S pospobienuit aiis
3aJI0BOJICHHS] BAMOT €EKOHOMIYHO €(DEKTUBHOIO IOCTYIy ab0 arperaiii Juisi KOpnopaTUBHUX
MEpeX Ta KJIIEHTIB MEPEKEBHUX OINepaTopiB. BiH Mae BUCOKONPOIYKTUBHHI IMPOLIECOp 3
HU3BKMMH BUMOTaMH JI0 KUBJIEHHSI, 1100 3a0€3MeYUTH BUCOKY IIBUIKICTh MapIIpyTHU3aLlli.

S3800-48T4S miaTpumye Kinbka pekuMiB KOHQITYpaIlii, 10 MOJETIIy€e YIpaBIiHHS
MEpEKeI0 Ta TeXHIYHEe 00CIyroByBaHHs. BiH MpomnoHye rHydky KOMOIHAIliIO MOPTIB, 1100
CIOPOCTUTH KOPUCTYBaHHS, JJIsl 0€3MO0CEPEeIHBOT0 MiAKIIOUEHHS A0 BUCOKOUIBUIKICHOTO
cepBepy 30epiraHHs JaHUX a00 PO3ropTaHHS BUCOKOIIBUAKICHOI JIIHIT 3B'I3KY /10 1HILIOTO

KOMYTAaTopy.
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Tabmuus 4.4. Texuiuni xapakrepuctuku S3800-48T4S [17].

[Tapametp On. BuUM. 3HavYeHHs
Kitac komyTaTopy — L2+
IToptu 10/100/1000Base-T IIT 48
[Toptu 10GE SFP+ T 4
®unemr naM’sTh M6 16
Kowmyrariiiina 31aTHiCTh ['6it/c 176
Tunosa crokvBaHa MOTYXHICTb Bt <25
MakcumanbHa CIIOKMBaHA MOTYKHICTb Bt <60

4.3. Po3poOka Ttomosorii mepexi «YPAH» y wm. IlontaBa i3 3acTocyBaHHSM

CWDM.

Bu3HaumBIIKCH 3 yCIM HEOOXITHUM OOJIaJHAHHSAM, MEepe]l HAMHU MOCTAJIO IMUTAHHS
PO3MIILIEHHSI HOBOI MEPEX1 MTPU BUKOPUCTAHHI ABOX JKUJI ONTUYHOTO BOJIOKHA MI’K TOUKAMHU
MiIKITI0YeHHS. J{aHnii pakT iICTOTHO 3MEHIITY€E KUTbKICTh MOKIIUBUX 3’ €JTHAHb Ta YCKIIATHIOE
i1’ €HAHHS JICSKUX 3aKJIaliB, 0e3 nepeOy0BU MEpeki 1 MPOKIaAKU HOBOTO ONTHYHOTO
BOJIOKHAa. Tomy B AaHiii po3poOiri Oys0 MpUUHATE PIMICHHS, MEPIIOYEProBO Mij1 €aHATH
aKTMBHUX Ha JaHWM MOMEHT Ta HauOumemux kmeHtiB: ITYCKY, TIHITY, ITHTY Ta
ryproxxutku [THITY, a iHmmx — 3a HassBHOCTI BUIBHUX JKHIL.

BukopucTtanHs ABOX BY3J1iB, B IOTOYHOMY CTaHI CpaB, HE 1a€ HaM 3MOTY B TIOBHOMY
00cs131 peaslizyBaTi yci IiepeBaru TOIOJOTIi «IO/BiiiHA 31pKa», OJHAK, 3 1HIIOI CTOPOHHU,
3a0e3nedye MAKIIOYeHHS a0OHEHTIB B MICIIX, A€ e Oyno 6 (i3uYHO HEMOXKIIMBO MPHU
HasIBHOCTI OJJHOTO BY3JIA.

OuiHUBIIM AEKIUJIbKAa PI3HUX BapiaHTIB PO3MILIEHHSI MEPEXi, HAaMU OyJjia BU3BHAUYEHA

HaloNTHMAaJbHIIIAa MOJENIb BOJIOKOHHO-ONITUYHOI JIiHIT 3B’53KYy 13 3acTtocyBanHsiM CWDM

(puc. 4.8.):
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Puc. 4.8. Monens ninii 38’a3Ky i3 3actocyBanHsiM CWDM B cermenTi mepexi «YPAH» B

M. [lonrasa.

Kosxna Jinisg Mmixk MUX/DEMUX ta komyTatopom BiioOpakae KijdbKiCTh ONTHYHHX
ka"HamiB (mo 10 T'6it/c KOXeH), a TakoX 300paXeHO TMIAKIIOYEHHS  MIXK
MYJIbTUILIEKCOPAMU/ IEMYJIBTUILIEKCOPAMHU MO IBOX >KHJIaX BOJIOKHA.

Sx MOXKIIMBO 3pO3yMITH 3 PUCYHKY, BKa3aHl KJII€EHTU MIJKIOYEHI HA MAaKCUMAaJIbHO
HEOOX1/IHI} IBUIKOCTI, SIK BiJ ABOX BY3J]iB, Tak 1 BiJl oaHOTO. [liABe1eHHS KaHAITy JIMIIIe 3
OJIHIET CTOPOHM Ta 3MEHIIIEHA KIJIBKICTh 3B’ SI3K1B MI’K TOUKAMHU T1KJIFOYEHHS, TTOSICHIOEThCS
HEJIOCTAaTHHOIO KITBKICTIO BUTBHUX KHJI ONTUYHOTO BOJIOKHA. Ha mpukiIagi rypTOXUTKIB,
3aMICTh BCTAHOBJICHHS JBOX JiH1HM nepenadi o 20 ['6it/c, Ha cTOpoHi 0AHOTO By3Ja OyAyTh
BCTaHOBJIEH1 ofApa3y dyotupu SFP+ monaymi, yrBoprotoun 40 I'0it/c 3 ogHOrO OOKY, fIKI

OynyTh BUKOpucTatu yci yotupu kaHamu MUX/DEMUX (1510 uwm, 1530 uM, 1550 HwM,
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1570 vm). IHmni, me maKIIOYEHHS Bil OAHOTO BY3J10BOro kKomyrtaropa — go 20 I'Git/c,
MaTUMYTh 0 J1Ba Moyl 3 KpokoM 40 M (1530 um, 1570 um).

[lepmuMm etarmoM po3poOKKM HOBOI TOIOJIOTI € MONIYK ONTHUMAIBHOTO MUISXY JUIS
oprasizamii JiHii mepegadi MK HOBHM By3710BHUM Komytaropom y ITHITY Tta By3mom
MDKMICBKOTO 3B’SI3KY, @ TaKOXX ITIAKIIOUCHHS BCIX KJIIEHTIB MapajeabHO ICHYIOUIN Mepexi.

OT:xe, TOIOJIOTIS MEPILIOTO eTaly MaTUMe HACTYIMHUN BUTIIAL (puc 4.9):
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2. MonTaBCe kN BIACLIOBMA HETUTYT 383Ky - BiHKBCHE, 44 1 I
3a. MonTaBcskA YH-TET cnoMWBYyCT koonepauil {MYCKY). cTapa cepeepHa - Kosann, 3 1 - |
- | M Nig
36. MYCKY, Hosa cepaepha - Kepans, 3 | 1
4. lontaecoka nepx. ArpapHa akagemis - Crosopegn, 143 e — — —— — — — — P == = =
5. MonTaBCkKWA HaL, NeaarcriyHni yH-TeT i, B KoponeHka (MHMY) - OcTporpancakoro,
5 ONTHYHI My$TH
6. MONTABCHKAR HaL|, TEXHIHKR YH-TET i, K. Konapatioka (NHTY} - NeploTpasHesii W1 6ina [1B13
npocn., 24
7. MonTapceka Jeps. I0pnAMMHa aKanens - MeploTpasHeami npocn., 14 mg EEEZﬂ E:E:ixg] Hﬁigy

5. MHTY, LiewTp nicnsgunnomHol ocaiti - oeTreea, 42

10, MiKHAPOAAIR HayKOBO-TEXH MR yr-TeT, [TonTaBCs WA inoTATYT Bistecy - Cinna. T M5 TKTywidna | P.KapA-eKKs (mHyn,

8. YkpaiHcbka MEAVYHA GTOMATONOMMHA akadswin - LLesysnka, 23 M4 B nigsan! (npAsMKy) MHIY ‘

P Niokcemsypr)

11a. MHMY, CTYASHTCEKMA rypToXMTOK Ne1 — MoHacTHpceka, 7 .

110, MHNY. eryaenteemma rypromnTor Ne2 - Kosaa, 3a mi g:g: EMCQKE

118, MHITY, CTYAEHTCEKAR [YPTOHUTOK Ned — Kozaka, § Mo 6 Hr?w A

12, THIY, cryashmesimi rypraxnrok Ne3 — Kasaia, 10 " 1-4r

Puc. 4.9. Tononoris 13 3actocyBanasim CWDM y mepexi « YPAH» B m. [lonTaBa

(po3mileHa napajneabHO 3 ICHYIOUOK MEPEXKEI0).

Jnst opranizamii 3B’s3ky Mk [IHITY Ta Mixmicekum By3j0M, Oyio BUPIIIEHO
BUKOHATH 3BapPIOBAHHS ONTUYHUX XKWy MyPpTi M5, 111 TOoro, mio0 oTpuMat OpsiMy JIiHIO
nepeaadi, CKOPOTUTH BIJCTaHb Mk TOYKAMM MIIKIIOUECHHS Ta OPTaHi3yBaTH JI0JAaTKOBE
BosokHo MK ITHTY Ta 1bi13.

3BaproBaHHs ONTHYHHUX BOJIOKOH, Ha CHOTOJIHINIHIN J€Hb, HAWOUIbII JOCKOHAJIa
TEXHOJIOT1s MOCTIMHOTO 3'€THaHHS BOJIOKOH. CydacHUM amapart Jijisl 3BapIOBaHHS ONMTHYHUX

BOJIOKOH JI03BOJIsIE OTPUMATH AYX€ HU3bKI BTpaTH Ha 3BapHOMY 3'eqHanHi — 0,01-0,02 nb.
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Le#t cnoci6 MUPOKO BUKOPUCTOBYETHCS ISl MMOCTIMHOTO 3'€IHAHHS OaraTomMoJ0BOro abo
OJTHOMOJIOBOT'O BOJIOKHA PI3HUX THIIIB.
Takoxx B MICIIX, J€ TPUCYTHS HEOOXITHICTh 3’€JHATH JBa KiHIl OKPEMHUX >KHUJI,

BUKOPHUCTOBYIOTHCSI ONITUYHI MaTy-Kopau (mirteitnm) (puc 4.10).

Puc. 4.10. OnHOMO10BUI CUMITJIEKCHUM ONTUYHUM HaTY-KOPI.

[lirreiin siBasie coOOI0 BIJIPI30K KaOeto, Ha KiHI SKOTO 3HAXOJUTHCS KOHEKTOP
MEBHOTO THUMY. 3'€THAHHA ONTHYHOIO MITTEIJy 3 BOJOKHOM KaOelo 3MIMCHIOETHCS 3a
JOTIOMOTOK0 3BAapIOBaHHS a00 MEXaHIYHUX HEpo3'eMHHMX 3'€lHaHb. BHeceHe 3aracaHHs
TaKoTO pileHHs 3a3Bu4ait He nepeBuinye 0.3 nb.

Ha Bkazaniii Tomosorii, kKaHaJIM MOMEePeTHBOT MEpeXki BIAMIYEHI CHUHIM KOJHOPOM.
[Tigkr09eHHSI HOBOTO BY3JIOBOTO KOMYTAaTOPY, SIKUM 3HAXOAUTHCS TIOPYY 3 3apa3 aKTUBHUM
y IIYCKY, BinOyBaTUMEThCS MPOCTUM TMEPEMHKAHHSM ONTHYHOTO Kabento. 3BUYAITHO
TaKWii METOJ] MPU3YIIMHUTH TIOCTaYaHHS CEPBICY HA HEJOBTUH Yac, ajie B pa3i HECIIPaBHOCTI
HOBOi MEpexi, MU MaTHMEMO MOXJIMBICTb MUTTEBO TMOBEPHYTHCS O MOMEPEAHBOI Ta
MIPOJIOBKUTHU HANTAIITYBAHHS.

[Ticnst 3aBepieHHsT TECTyBaHb Ta BBEACHHS HOBOI JiHIT 3B’A3KY Yy IOCTIHHY

eKCIUTyaTalli0, 3’SIBUTHCSI MOJIMBICTh 3a[IATH KUJIH, K1 Oyl 3alHATI MONEPETHBOIO
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Mepexkero. Ha npomy erami MaeMO MOXIIMBICTD MPEACTABUTH OCTATOYHHM BapiaHT
TOTIOJIOT1i BOJIOKOHHO-ONITHYHOI JIiHIi 3B 53Ky 13 3actocyBanHsM CWDM y m. [TonraBa

(puc. 4.11.).
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2 ONTUYHI MYSTH
6. MONTABCEKNA HALL TEXHIUHIA YH-TET . KD, KoHapaTioka (THTY) - MepLIoTpaBHERIR
npocn., 24 M1 Gina NBI3
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12, MHNY. cryaenteerna ryprosnTor Ne3 - Kozaka, 10 M8 Gina NHTY i- ﬂr

Puc. 4.11. Tononoris HoBoi Mepexi «YPAH» 13 3acrocyBanusasm CWDM y M. [onrasa.

3BITbHEHHS JBOX YKUJI ONTUYHOTO BOJIOKHA A€ HAM MOYKJIMBICTh OPTaHi3yBaTH Mmapy
J0JIaTKOBHUX MiAKIIO4eHb. [lo mepiie, 1ie mpsme 3’eqHanHs MK By3sioM y [TYCKY ta
I[THTY, mo no3Bossie HaM M1’ € AHATH HAHO1IBIIIOTO KIIIEHTA JIO IBOX BY3JIIB OJTHOYACHO Ha
mBuakocTi 10 20 ['6i1/c 3 koxkHOi croponu. Ilo apyre, nie migkmrodenus [IJIAA no By3ny B
ITHITY. XXwuny, oo 3BumeHmIacs Mixk ITYCKY Ta ITHITY, 3BaproeMo 3 OfHI€EIO 13 KU MIXK
[IJAA Ta HTY-UIIO y mydti M3. OTtpumMyemo apyry mpsiMy JiHIIO Ha HUISIXY MIXK
ArpapHoto akajgemiero Ta [legaroriuauM yHIBEpCUTETOM.

HonatkoBo ciija 3BepHyTH yBary Ha Te, mo HTY-IIIO senserbcs yactunoro [THTY,
TOMY PpIIIEHHS O HAasSBHOCTI Ta THUI HOTO MIAKIIOUEHHS 3aJIMIIAETHCS 3a TeXHIYHUM
yHiBepcuTeToM. B Mekax Hamioi BiAMOBIJATHHOCTI — BUAUICHHS ONTHYHOTO BOJOKHA JJIS

3’€IHAHHA MK HUMH, a caMe kuiau Ne6 B ITHTYVY.
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Amnanoriuna cutyauig 3 [IIYCKVY-1 (3a na pucynky 4.11). lns #ioro miakmtoueHHs
sasmiaemo xkuity Nel y ITYCKYVY-2, came TyT 3HaXOIUTHCS TIEPIIUI BY3JIOBHII KOMYTaTOP.

['yproxkutkun Ne 1, 2 ta 4 IIHIIY, maioTh BiacHy BHYTPIIIHIO MEPEXKY, TOMY
TOJIOBHUM ONTHYHUN KaHAJT HAAXOAUTh y rypTOXUTOK Ne2 (116, puc. 4.11) ta 3 HpOrO
posmnoiaserbest 10 Nel Ta Ne4,

B nmaniiif po3po011i Ham Baanocst opranizyBatu CWDM mepexy, mpueaHaBmm 10 Hel
MOTOYHMX KJTIEHTIB 3 MAKCUMAJIbHO HEOOX1HOIO MPOITYCKHOIO 3aTHICTIO. Takox A0 HOBOI
JIHIT 3B’ 3Ky OyiM noaydeHi aBa goaatkoBi 3akiany: [1BI3 ta TTJTAA.

[Ipy mpokianaHHi ONTUYHOrO TpakTy B MicTi [lonTaBa, BUKOpUCTOBYBaBCS came
T CTHAIISTHKUITBHUN KaOesIb, BICIM JKHIT 3 IKOTO 3HAXOIAThCs y Bi1acHOCTI « Y PAH», came
iX MM BHUKOpUCTaNM Yy Hamiid poOOTi, 1HII BiCIM — Oprasizaiii, mo 3aiimanach
MIPOKJIaIaHHSM BOJIOKHA. J[0CTaTHRO MOBIHH YaC 111 )KWJIA 3HAXOAATHCS B IPOJAKY, IO A€
HaM JIOJAaTKOBI BaplaHTH JJIs IMIJAKIIOYEHHS 1HIIMX 3aKjiIaJiB a00 HalallITyBaHHS HOBUX
3’€/IHaHb IPU BUHUKHEHHI TaKO1 HEOOX1THOCTI.

[Ipocrota y HanamryBanHi Ta MOAyIpHICTE CWDM npucTpoiB gae 3MOry HIBUIKO
Ta 0e3 3ailBUX TPYJHOIIIB 3MIHIOBAaTH TOTOJOTII0 MEPEXi 3a JOTIOMOIOI0 MEePECTaHOBKU
obOnannanHs. Benuka kinbkicTh cnoTiB SFP+ y By3noBHX KoMyTaTropax 3a0e3nedye

BEJIMKWI 3a11ac MOTY>KHOCTI JIJIS ITOJAJIBIIIOTO PO3BUTKY.
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5. PO3POBKA CTAPTAIlI IIPOEKTY HA OCHOBI MATICTEPCBHKOI
JIMCEPTALIII

5.1. Onmnwuc ixei npoekry.

Merta npoekty: CrtBopuTH npoekT MojaepHizaiii mepexi YPAH B m. IlonTasa, Ha

0a3i icHyro4oi ogHoXkmiIbHOT BOJI3.

Tabmuig 5.1. Onwmc i1ei cTapTan-npoeKTy.

3micr izmei Hanpsamvxku 3actocyBaHHsA Buroau niia kopucrysaya

[IpocTe Ta EKOHOMIYHO BUTITHE PilICHHS
npoOieMy BUCHaXEHHS BOJIOKOH. [To icHyrouomy
ONITUYHOMY BOJIOKHY MO>KE€ TIPOBOJIUTHCS
JI01aTKOBE 0OCIYyroBYBaHHs Oe3 MepepuBaHHs
00CITyroByBaHHS BXKE HasIBHUX aOOHEHTIB.

1. MicbKi Ta perioHanbHi
ONITHUYHI MEpPexi

MopepHizartis - ;
) . . Pimenns rpyooro crekTpaibHOTO yUIUIbHEHHS
ICHYFOYO1 ONITUYIHOT

e ) 2. 301IbIIEHHS TPOIMYCKHOI HE3AJIeXKHI IO PI3HUX MPOTOKOJIAX Mepeaadi
TiHIT 3B A3KY 13 .. . ..
3IATHOCTI ICHYIOUUX MEPEexK iHpopmarii. Lle mo3BosIE CTBOPIOBATH Pi3HI
3aCTOCYBaHHSAM . o .
yB Ha 6a31 BOJI3 TEJIEKOMYHIKallliH1 TOCIyTH B OJIHIN
texHosorii CWDM .
TPaHCIOPTHOMY CEpEeIOBHILI
M. ITonraBa P P Y o°p

3. Ctsopents 10 8 IIpo3opicTs ans npotokomis Bix 100 M6iT/c 10

40 I'6iT/ ¢
Bynpb-sxa komOiHallisg cepBICIB IO OAHOMY 1 TOMY

JIOT1YHUX Iap BOJIOKOH
(xaHaJiB),BUKOPUCTOBYIOUH
Pi3Hi JOBXKHUHU XBHIIb, TIO

K Kabero
OJTHOMY BOJIOKHY
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Ta6nuis 5.2. BusHaueHHs CUJIbHUX, CTA0KUX Ta HEUTPATbHUX XapaKTePUCTHK 171ei

IPOEKTY.
£ (MOTEHLiHH1) TOBAPU/KOHIIENII KOHKYPEHTIB | S
- . . S5l 53 E3
< TexHiIKO-€eKOHOMIYHI1 5 E’é é g, é E é
XapaKTCPHCTHHI el Miit KonkypenT 1 KonkypenT 2 = 2 & 2 =82
IIPOEKT 2 ol B ol pn o
Z
1. | Exonomiusi 19000 y.o. 18775 y.o. 20000 y.o. +
2. | IlpuzHaueHHs [TigBumenss [TigBumenus [TigBumenus
MPOIMYCKHOT MPOITYCKHOL MPOITYCKHOL +
3/1aTHOCTI 3/1aTHOCTI 3/1aTHOCTI
3. | Hanmiinocri JoBroBiunicTh: | JloBroBiuHicTh: | JlOBrOBIUHICTS: N
15 pokiB 15 pokiB 15 pokiB
4. | Texnomxoriuui Monepnizanis | MoaepHizaris MonepHizaiis
icHyI04Oi ICHYI0YO1 icHyI04O1
ONTHUYHOI JIiHIi | ONTUYHOI JIIHIT | ONTHYHOI JIiHIT +
3B’SI3KY 3B’SI3KY 3B’SI3KY
5. | Epronomiuni - - - +
6. | OpranonenTuyHi - - - +
7. | Ecretnuni - - - +
8. | TpancnoprabenpHOCTI | - - - +
9. | Exonoriuynocti Exkomnoriuno Exonoriuno Exonoriuno +
10 | besneku besneuno besneuno besneuno +




5.2. TexHONOTIYHUN ayJUT 1€l IPOCKTY.
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Tabmuis 5.3. TexHooriyHa 311MCHEHHICTB 171€1 TPOEKTY.

ONTUYHOI JiHIT
3B’SI3KY Mepexi
«Ypan» B
M. [TonraBa

N HasBHicTh JlocTymHiCTh
Ines mpoekTy Texnomorii 1i peamizarii . .
TEXHOJIOT1H TEXHOJIOT1H
Texuoioris 1
. CWDM- Coarse WDM 1o 4 kanamu )
MoaepHizauis . B nagsnocrti HocrynHa
. i TyJIM/Ha3aJl, Ha YaCTOTaX 3 IHTepBAIAMU
ICHYI049O1

20 aM

TexHomoris 2
DWDM- Dense WDM - o 40 aco 100
KaHaJiB Tyau/Ha3aj, po3HeceHux Ha 0.8 B masBHOCTI
HM, BUKOPHUCTOBYETHCS HA MariCTpaIbHUX

MDKMICBKHX KaHajax.

JlocTymHa ajne 3Ha4HO

nopoxue 3a CWDM,

B MICTI, 3a3BH4Yaii, HE
oTpiOHA.

Ob6pana Texnomoris peamizanii inei mpoekty: Cucremu nepexadyi CWDM

Texnonoris CWDM mnpoaoBxkye 9ac <«KHUTTS» ICHYIOUMX BOJIOKOHHO-ONTHYHUX

MEpeX MUITXOM 3aCTOCYBAaHHS CITKM YacTOT, II0 HE BUKOPHCTOBYIOTHCS TPaJULIMHUMHU

MPUEMO-TIEpEAATYNKAMM.

5.3.  Amnani3 pyHKOBUX MOKJIUBOCTEH 3aMyCKy CTapTal-MPOCKTY.

Tabmuus 5.4. [TonepenHs xapakTepuCTHKa MOTEHIIIHHOTO PUHKY CTapTaI-TIPOCKTY.

Ne
y [Toka3HUKH cTaHy PUHKY XapakTepucTuka
/1
1 KinpkicTh TOJIOBHUX TPaBIIIB, O 3
2 3aranpHui 00CAT MPOJAXK, TPH/YM.OJT 10 30,0 Tuc. y.o
3 JluHamika pUHKY (SIKICHA OIIIHKA) Punok 3pocrae
4 HasBHicTh 00MEXEHB 715 BXOY Hemae
_ N HasiBHicTh 103BiTBHOL
5 CreuniyHi BUMOTH 10 CTaHAapTU3allli Ta cepTudikarii
JOKYMEHTAITi1
6 CepemHsi HOpMa PeHTA0CIBHOCTI B Tamy3i (200 1o puHKY), % 150

PuHOK € mpuBaOIMBUM JIJIs1 BXOIKEHHS.
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Tabnuis 5.5. XapakTepucTruka NOTSHIIMHUX KITIEHTIB CTapTaI-MPOEKTY.

LinsoBa BigminHoCTI Y
ayIUTOPIs | MOBEMIHII PIZHUX
[Torpeba, mo dhopmye Y . P ) P .
(inbpoBi MMOTEHIIMHUX Bumorwu crioxuBadiB 10 TOBapy
HHOK )
P CErMeHTH IJTBOBUX TPYII
PHUHKY) KJIICHTIB
1) 10 npOAYKIl: MBUAKICTH Mepeaadi
maaux 100-1000 Moit/c.
) 3akitaan ) [IBuaKicTh Mepeaavi Ha MiCbKHUX
InTerparnis BH3, B [ToBeninky
. . HayKH, ) CerMEHTaX He 0OMEXY€EThCS, a MMOCIIYTH 3
3arajTbHOEBPOIICHCHKHIA ; KIlieHTa opmye ) )
N ) OCBITH Ta nepenavi 1aHuxX He TapudiKyrOThCs.
HAyKOBHI MPOCTIp. PUHOK.
KYJBTYpH. 2) 10 KOMIIaHii- mocTavaabHHKa:
Oe3nepeOiiiHe mocTavaHHs MOCITyTy 0e3
3HUYKEHHS IIBUIKOCTI.

Tabmuig 5.6. @akTopu 3arpos.

Ne
i ®daxTop 3micT 3arpo3u MoxBa peaxiisi KoMITaHii
HasBHicTh TexXHOJIOTis € HAYKOEMHOIO TOMY [Tomyk nepconany y
1. | BucokokBamiikoBaHUX | TOTPeOye BUCOKOKBATI(PIKOBAHOTO HAYKOBUX IHCTHTYTax Ta
KaJIpiB MepCcoHaITy npodiTbHUX OpraHi3allisax
[ToTpeba B MarepianbHo - TEXHIYHE [Tomyk HEOOX1AHUX
2. MartepiajlbHO- 3a0e3neueHHs Ta YMOBH IS MaTepialbHO-TEXHIYHUX
TEXHIYHUX pecypcax | TECTYBaHHS Mpale3AaTHOCTI MPOAYKTY pecypciB
Tabnuis 5.7. @akTOpU MOKIUBOCTEH.
Ne . ) MosxnuBa peakiiist
dakTop 3MICT MOKJIMBOCTI
n/m KOMITaHi1
OCBO€HHS HOBUX PUHKIB 200 3017bIIEHHS YaCTKU
PHUHKY; CKOPOUYEHHS 4acy, JJisl BUILYCKY 1HHOBAIlii; [ToxparmienHs
1. | KonkypeHuist | MiJBUILEHHS THYYKOCTI; 3MEHILEHHS BUTPAT Mpalll | XapaKTepUCTUK TEXHOJIOT11
Ha OJIMHUITIO MPOJIYKIIi{; 3SMEHIIIEHHS MaTepiabHUX Ta 00CIYrOBYBaHHS
BUTpAT.
[ToxpanieHHs
5 n IcHyBaHHS CTIHKOrO MOMUTY O3HAYA€ - OUTBLIICTh | XapaKTEPUCTUK TEXHOJIOT]
' ot KJIIEHTIB 3allIKaBJIEH1 y MOKPAIlleHH1 TEXHOJIOT1i Ta 00CIIyrOBYBaHHS,
pekiama
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Ta6nuis 5.8. CTyneHeBuil aHaI13 KOHKYPEHIllT Ha pUHKY.

Oco0muBocTi
KOHKYPEHTHOTO
CepeIoBHINA

B yomy nposiBiseTses 1aHa
XapaKTEePUCTUKA

BruiuB Ha misUIBHICTE
MiIPUEMCTBA (MOXKIIUBI i
KOMIIaHii, mo6 0ytu
KOHKYPEHTOCIIPOMOXHOIO)

1. Tun KoHKypeHIIii —
OJIIrOTIOJTiSt

Ha puHKY npuCyTHS HEBEIHKA
KUIBKICTB (hipMm, icHYE dipma — Jiaep
sKa 3aliMa€ 3HAYHY YaCTKy PHHKY

[TigBuIyBaTH SKICTH
00CJIyrOBYBaHHS 32 PaXyHOK
BUKOPHCTAHHS IIEPEIOBUX
TEXHOJIOTIH Ta 3aTy4eHHs
KBaJTi(DiKOBAHOTO TIEPCOHAITY

2. 3a piBHEM KOHKYPEHTHOL
0OpOTHOM - HAIlIOHATLHUH

Micue3naxopkeHHs Gipm
00MEXYETHCSI TEPUTOPIATHHO B MEXKax
KpaiHy;

MapkeTHHroBi MPOCyBaHHS
CBOTO MIPOEKTY

3. 3a rayry3eBor0 03HaKOI —
BHYTpIIIHBOTAITy3€eBa

Exonomiuna 60poTs0a B O/1HIM ramysi
CKOHOMIKH, TPOMOHYIOThCS
TEXHOJIOT1, 10 33JI0BOJILHSIOThH OHY
moTpedy, ajie MarOTh BIIMIHHOCTI y
BUPOOHWYHX 3aTpaTax, sIKOCTI, IiHi,
TOIIIO.

Perynspui nocnipkeHHs 3a
POAYKTaMU KOHKYPEHTIB

4. KoHKypeHIIis 32 BUIaMU
TOBapiB — TOBAPHO-BHUIOBA

KonkypeHiis Mixk OJIM3bKUMHU OJTHA 710
OJIHOI TEXHOJIOT]

[TokparmryBatu sSIKicTh
00CITyroByBaHHs

5. 3a xapaktepom
KOHKYPEHTHUX MepeBar —
IIHOBa

[Tepenbauae mpoaax MpoAyKLii 3a
O1IbII HU3LKUMH I[IHAMH, HIXK
KOHKYPEHTH.

[TpomaBatu mociyru 3a
MPUHIIMIIOM: I[iHA-SKICTb.

6. 3a IHTEHCUBHICTIO —
HEMapOYHa

Ponb TOproBoi Mapku He3HayHa

Pexama texnomnorii

Tabmuus 5.9. AHani3 KoHKypeHIii B ramy3si 3a M. [loprepom.

[IpsMi KOHKYpPEHTH IMoTeHtiiini . Tosapu-
2 P yp [TocTavanbHUKH Knientn . P
E B rajiysi KOHKYPEHTHU 3aMIHHUKHU
s
= IT
‘B . 0JIa€ThCS . .
g «Optinety, P . | 3amiHHUKIB
= . Hemae Oe3nocepeHbO Bumoru 1o sxocti
= «Triolany HEeMae
2 PO3pOOHUKAMHU
@)
g [TocTauanbHUKHN HE O6cmyroByBaHHs
2 | KoHkypeHTH BxKe ) O6mexeHb
= Hemae JUKTYIOTb YMOBU Mae OyTH SIKICHUM
S | JaBHO Ha PUHKY HeMae
= poOOTH Ha PUHKY Ta JICHIEBUM
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Ta6nuis 5.10. O6rpyHTYBaHHS (PaKTOPIB KOHKYPEHTOCIIPOMOKHOCTI.

OOrpyHTyBaHHs (HaBEJICHHS YNHHUKIB, 110
Ne @®akTop KOHKYPEHTOCTIPOMOKHOCTI poOIIATH (akTOp I MOPIBHSHHS KOHKYPEHTHUX
wn MIPOEKTIB 3HAUYIIIUM)
1 [MoxpareHHst XapakTepuCcTUK MBHIKOCTI | KoHKypeHTH He MaloTh AaHOTO (HaKTOpPy, IO MAE
Ta 0e3nepeOiiHOCTI. BEJIMKE 3HAYCHHS JUIsl MOJIEPHI3aIlil CUCTEMH.
HKICTB,pOSpO6I.<H > TORH ?opy ) MonepHi3alis Ma€ BI1aBaTu CTaOLIIbHO BUCOKY
2. MOKA3HMKIB SIKOCTI Ta JJOBFOBIYHOCTI ..
o HIBHJIKICTh IHTEPHETY.
MoJIepHi3aIlii
JUi1st TOKpaIeHHs! SKOCT1 BIIPOBAPKEHHS
3. HasiBHiICTh HayKOBHX pecypciB HeoOX1THOT MoJIepHi3allii - piHaHCOBI Ta HAYKOBI
pecypcu
4, Exonomiunuii (11iHa MoepHizariii) [ina monepHi3zalii He Mae OyTH 3aHAATO BUCOKA.
Tabmuusg 5.11. TopiBHsUIbHMI aHAII3 CUJIBHUX Ta CJIA0KUX CTOPIH TPOEKTY.
PeliTHHT KOHKYpPEHTIB Y OPiBHIHHI
/i ®DakTOp KOHKYPEHTOCIIPOMOXKHOCTI bamt
1-20 | 3 | -2 | -1 |0 | +1 | +2 | 43
1 CrymiHp TOKpAIIEHHS XapaKTEPUCTHK CHCTEMH 20 N
micJist MOJIepHi3allii.
5 SkicTh po3pOOKH 3 TOUKH 30pYy MOKA3HUKIB 14 N
SIKOCTI Ta JIOBTOBIYHOCTI
3. HasiBHICTh HayKOBHX pecypciB 17 +
4. ExoHoMIiuHUI1 (BapTICTh MOJEpHI3aLlii) 15 +

Tabmus 5.12. SWOT-anaini3 crapTan-mpoeKTy.

CunpH1 CTOPOHHU:
[ToxpareHHs XapaKTepUCTUK CUCTEMH MiCIs
MOJIepHi3aLii.

Cnalxki CTOPOHHU:
ExoHoMiuHUi (BapTiCTh MOZEpHI3aIIiT)

MoxIHMBOCTI:
Binpira mBUAKICTE Ta CTa0IIBHICTh 1HTEPHETY.

3arpo3su:
3011b1IEHHS c001BapTOCTI MOJIEpHI3aLii 3a
paxyHOK 301IbIIIEHHS BAPTOCTI PECYPCIB 1

KOMIIOHEHTIB
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Tabnuusg 5.13. AnbTepHaTUBH PUHKOBOT'O BIPOBAKEHHS CTAPTAI-TIPOEKTY.

. . . . VIMoBipHicTh
Ne AnbpTepHaTuBa (OpIEHTOBHUIN KOMIUIEKC 3aX0/11B) PUHKOBO] Crpoku
. OTPUMAaHHS S
/o MTOBEIIHKHI . peasizarii
pecypciB
JlocikeHHs TOBEAIHKH CIIOYKUBAYiB, OUTYK HAYKOBUX PECYPCIB,
03po0Ka MpOrpaMHOro 3a0e3MeueHHs, CTBOPCHHS PEKIaMH
1. POSpOBIa HPOTP: ’ P P L 80 % 2 poKH
HONIYK 1HBECTOPIB, MOIIYK HAYKOBHUX Ta TEXHIYHUX PECYPCIB,
HaJIaro/DKEHHsI CHCTEMH, BUX1Jl HA PUHOK
[Tomryk iHBECTOPIB, MOIIYK HAYKOBUX Ta TEXHIYHUX PECYPCIB
2. e PIE, YI HayK JIHX PECYPEIE, 60% 3 poku
HAJIaro/KEHHS CUCTEMHU HaJIAIITyBaHHS, BUX1J HA pUHOK
OO0paHo anbTepHATUBY PUHKOBOI OBeAIHKN No 1.
5.4. Po3poOneHHs pUHKOBOT CTPATETii MIPOEKTY.
Ta6muns 5.14. Bubip nUIbOBUX IPyI MOTEHIIIHHUX CIIOKUBAYIB.
. ['oTOBHICTB OpieHTOBHUI .
Onuc npodinro . InTeHcuBHICTL [Ipocrora
Ne . . CMOXXHMBAYiB MIOTTUT B MEXax
IiTBOBOT IPyITH . . . KOHKYpEHLIIi B BXOJI
n/n . Pyt CIIPUIHATH JIbOBOI IpyIU YPEHH vy
MOTEHIIHHUX KIIIEHTIB CerMeHTI CErMEHT
MPOJYKT (cermeHTy)
3akyaau HayKu, OCBITH ) .
1. Yt I'oToBi Bucoxnii Cepenns Cepenns
Ta KyJIbTYpH.

SAxi miboB1 rpynu 00paHo: 00paHo IiTKOBY Ipymy Nel.
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Ta6nus 5.15. BuznauenHs 6a30B0i cTpaTerii po3BUTKY.

Oo6pana . .
: Ki1r040B1 KOHKYPEHTOCIIPOMOKHI bazosa
Ne aJbTEepHATHBA Crparerisi 0XOIUJICHHS .y . . .
MO3HLi{ BiATIOBITHO 10 0OpaHoi cTpaTeris
/o PO3BUTKY PUHKY
IbTEPHATHBH PO3BHUTKY
MIPOEKTY
o Typ6ota npo po3BUTOK CBOET :
B sxocTi 1inboBoro P POP . Crpareris
KOHKYPEHTHOI IlepeBart,
PHUHKY BUOMPA€e OMH . 3aHATTS
1. 4 ) (hopMyBaHHS JIOSITBHOCTI 1 .
a00 JeKisIbKa PUHKOBHUX . . KOHKYPEHTHO{
. HNPUXWIBHOCTI CHIOXKHBAYIB, .
CErMEHTIB. ) . , Hilll
MiATPUMKA BXiTHUX Oap’€piB.
OOpaHo CTpaTerio 3aHATTS KOHKYPEHTHOI HillIl.
Tabnuusg 5.16. BusHauenHst 60a30B0i cTpaTerii KOHKYPEHTHOI TOBEIHKH .
Yu Oyne kommnaHist .
Yu Oyne xommaHist .
Yu € mpoekT IIYKaTH HOBUX . . Crpareris
Ne . KOIIIOBaTH OCHOBHI )
«TIEPLIOTTPOXOIIEM)» CTOXHBaYiB, a00 KOHKYPEHTHO{
n/m ) XapaKTePUCTHKH TOBAPY .
Ha PUHKY? 3a0upaTu ICHYIOUUX Y . IIOBE1HKH
) KOHKYPEHTA, 1 sIK1?
KOHKYPEHTIB?
1 Hi T [Toka3HUKY MIBUAKOCTI Crpareris 3aHATTS
. i aK ) . .
Ta CTaOlIBHOCTI KOHKYpPEHTHO{ Hili
Tabnuus 5.17. BusHaueHHs cTpaTerii HO3UIIOHyBaHHS.
5 Kirouosi BuOip acomianii, siki MaroTh
a3oBa
Ne | Bumorwu o ToBapy ) KOHKYPEHTOCTIPOMOK chopMyBaTH KOMIUIEKCHY
. . CTparceriia . .
/T | OiJTbOBOT ayAuTOPii P Hi TIO3UIIiT BJTACHOTO | TIO3HMIIIIO BJIACHOTO MPOEKTY (TpH
O3BUTK
P Y CTapTaI-rnpoeKTy KJIFOUOBUX )
. Crpareris . o
Bucoka mBuakicTs, CrymniHb NOKpaIIeHH OnTuManbHe CHiBBIAHOILIECHHS
o 3aHATTS . . .
1. CTaOUIbHICTh . XapaKTePUCTHK L[iHa/SIKICTh, ONITUMI30BaHe
o KOHKYPEHTHO] . _
JIOBTOBIYHICTb y IHTEepHeTY. 00CIIyroByBaHHS, CITIBIIpALIs.
Hili
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5.5. Po3po0sneHHs MApKETUHIOBOI MPOTPaMu CTapTaI-MPOEKTY.

Ta6mur 5.18. BuzHaueHHsI KJIIOUOBHX TepeBar KOHIIEIIT MOTEHIIIHHOTO TOBapy.

KittouoBi nepeBaru nepejn
No Burona, sxy npononye . . .
[ToTpeba . KOHKypeHTaMmu (icHyroui abo Taki,
/o TOBap\TEXHOJIOTis )
110 MOTPIOHO CTBOPUTH)
1 [TokpareHHs: XxapakTepUCTHK 30UTBIIICHHS] IIBUIKOCTI, 301TbIICHHAS IBUAKOCTI,
' IHTepHETY CTabUIbHOCTI POOOTH CTabUIbHOCTI POOOTH
2 Haniiinicts JloBrorpuBasne BUKOPHUCTAHHS CTalibHICTh MPOIIECY

Tabmuus 5.19. Onuc TpbOX piBHIB MOJIEIII TOBApY.

PiBHi TOBapy

CyTHICTB Ta CKJIQJIOBI

I. ToBap 3a 3axymom

MonepHi3zaltisi BOJOKOHHO-ONTHYHOT JTiHi{ 3B’ 43Ky 13 3aCTOCYBaHHAM
texnosorii CWDM

II. ToBap y peasibHOMY
BHKOHAHHI

BnactuBocTi/XapakTepucTUKI

1. [TigBUIIEHHS IIBUIKOCTIL
2. JTuckpeTtHa mina kopuctyBanus 2100-2400 rpa\mic
3. Bucoka cTabinbHICTB.
4. JIOBrOBIYHICTb.

SIKicTh: JOBroBiUHICTh 15 poOKiB,

[TakyBanns: -

nn

Mapka:

[II. ToBap 13 miAKpPIMIIEHHAM

Jlo mpoaaxxy: rapaHrisi.

[Ticas nponaxy: 06CcIyroByBaHHS.

3a paxyHOK 4OTO MOTEHIIIWHUN TEXHOJIOT1I0 Oy/Ie 3aXUIIIEHO B1J KOMIIOBAaHHS: TATEHT

Tabmuis 5.20. BusHaueHds MeX BCTaHOBJIEHHS I1HH.

Ne | PiBens mid Ha
/11 3aMIHHUKHA

PiBens min Ha
aHaJIOTH

. . . BepxHs Ta HUXKHS MEX1
PiBeHb 10X0IB HITBOBOT .
BCTaHOBJICHHS I[IHU HA

U CIIOKUBAUiB
pyn MOCIyTy

- 2100-2400 rpu
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Tabmuig 5.21. dopmyBaHHS cUCTEMU 30YTY.

Crnernudika 3aKkyIiBeJIbHOL

OyHK1ii 30yTy, K1 Mae

Ne . . ['mubuna xanamy OntumanbHa
HOBE/IiHKH ILJIbOBUX BUKOHYBaTH
/1 . 30yTy cucrema 30yTy
KJTI€HTIB NOCTa4YaJIbHUK TOBAPY
3aka3 ToBapy Ha caiTi abo Po3pobuuk 30yBae
Bcranosiienns konTakry, | Kanan HynbsoBOro .
0e3MmocepesIHbO y . . TEXHOJIOTII0
. iHpOpMyBaHHS piBHS
PO3pOOHUKIB KOpUCTyBaYaM
Ta6mur 5.22. KoHueniriss MapKETHHTOBHUX KOMYHIKAITIH.
) Kananu .
Crenudika . Kirouosi
. KOMYHIKaIliH, ) 3aBmaHHsg )
Ne [IOBEIIHKH no3wuiii, oopaHi Konuemnmis pexkinaMHOro
, SIKUMH PEKIIAMHOTO
n/n IbOBHX TSt , 3BEPHCHHSI
. KOPHUCTYIOTBCS ) TIOB1TOMJICHHS
KJTI€HTIB . o MO3UIIIOHYBaHHS
JIbOBI KITIEHTH
: 3BepHCHHS 3aCHOBaHE Ha
[Ipsimi - kanan [Hommpenus . .
N BIIMIHHOCTSIX MIXK
KOMYHIKaIlii, 3HaHb PO
: pEKJIaMOBaHUM TOBapOM
KOJIU HIiPUEMCTBO, | .
[Totpeba . ) . 1 THIM, IO TIPOTIOHYIOTh
, iHpopMarris Hwuspka nina Ha HOIINPEHHSI
CIIO’KMBAYiB B : . . KOHKYPEHTH.
NepeaeThCs 301IBIICHHS BiZloMOCTEeH
BUCOKOIIIBH/]T . ) 3BEpHEHHSI IPYHTYEThCS
. 0e3rmocepe/IHbO | MIBHIKOCTI Ta PO CepBRic, :
KiCHOMY . . . Ha TOMY YH HIIOMY
) ) B1J CTaOlIIBLHOCTI. 0€3yMOBHOTO 2 ) .
IHTEepHETI . MOTHUBAIITHOMY MiIXO0/Ii,
iHpOpMaTopa /10 BUKOHAHHS
) ) MOKJINKaHOMY BILJTHBATH
iHpOpMOBaHOT B3SITHX Ha cebe !
, Ha CIIOKUBYI MTEPEeBaru
ocobu 3000B's13aHb. ) .
3aXOIUICHHS 1 aJIbTPYi3M.
Texnonoris CWDM 3a0e3nedye THYYKICTh CHCTEMM Tiepeaadl iHdopmarii 1

MO>KJIUBICTh peai3allii pi3HUX BUIIB TOMOJOTI.

PunakoBa KomepItiaizaris JaHOT TEXHOJIOTIT € JOCHTh BUCOKOO Yepe3 3HAYHY IIHY B

KOHKYPEHTIB Ta MPUCYTHICTh KOHKYPEHTHHUX XapaKTEPUCTUK. TaKoX, pUHOK pO3BUBAETHCS

JOCTaTHBO IIBUJKO, 110 MIABUIIUTH IIAHCH 3amyyuTH came cucremy CWDM, sika moxe

BUPIIIUTU TPOOJIEMH HECTadl MPOMYCKHOI 3JaTHOCTI MpH 30UIbIIEHHI €KOHOMIYHOI

e(EeKTUBHOCTI BUKOPUCTAHHS MEPEKI Ta MIHIMI3allli KanmiTalbHUX BUTPAT Ha 1i OOYI0BY.
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BHUCHOBKU

3 KOXXKHUM JHEM BHUMOTH JIO MPOITYCKHOI 3JaTHOCTI Mepexi Oe3yMUHHO POCTYTh.
KinpkicTh crokuBaHoro Tpadiky Ta po3MIpH JaHUX, IO NEPENAIOTHCS, YTBOPIOIOTH
HEOOX1IHICTh y MOJIAJILIIOMY PO3BHUHEHI JIIHIHN 3B’ SI3KY.

Hamu Oynma po3poOiieHa MozepHI30BaHa TOMOJIOTIS Mepexi cermMeHTy «YPAH» y
micti [lonraBa, mo Oa3yerbcs Ha BukopucTaHHi TexHojorii CWDM. Take pimeHHS
JI03BOJISIE ICTOTHO 3OLIBIIMTH TPOIMYCKHY 3[aTHICTH JIiHII mepenadi, 0e3 101aTKOBOTO
MPOKJIaIaHHS. ONTHYHOTO BOJIOKHA. BHKOPHUCTOBYIOYM NPOKIAIEHUH BOCHMIDKHILHUAN
ONTUYHUN KaOeJb, HAM BJIaJIOCS PO3POOUTH HOBY TOTIOJIOT1IO JIiHIT 3B’ A3KY 3 MIAKIIOYEHHSIM
710 HaUO1IBIIMX a0OHEHTIB, 3a0€3MeUnBIIU MiABEACHHS moHaMenIe 1o 2 kanaau CWDM
(10 I'6it/c koXHUMIA) 11O OAHIN onTUYHIN >kwii. [loyaTkoBuit 3amyck JiHIT 3B’SI3Ky Oyze
BUKOPHUCTATH BUIbHE BOJIOKHO, TOOTO cucTeMa Oyjie BCTaHOBJIEHA MapasieNIbHO ICHYIOYiH,
JUTST HAJaro/PKCHHs Ta TECTyBaHHA Oe3 IepepuBaHHS HAJaHHS CEPBICY IMOTOYHUM
aOOHEHTaM.

Hoga Tormosorist € 0CHOBOIO JIJIsl TOJIATIBIIIOTO PO3BUTKY MEPEXi Ta MPOCYBaHHA y 01K
YTBOPEHHSI «MOJBIMHOI 3ipkn». OOpaHe oOgagHaHHS Ma€ BEJIIMKUH 3amac MOTYXKHOCTI Ta
BapIaTUBHOCTI JUIsl MalOYTHHOTO MiJKJIIOYEHHS HOBHX KiieHTiB. 3actocyBanHs CWDM
pllIEHb 3HAYHO CHPOILY€E BHECEHHS 3MIH Y JIIHIIO 3B 3Ky 3aBASKH MOAYJIbHOCTI Ta JIETKOMY
MPOIIECY BCTAHOBJICHHS! KOMIIOHEHTIB.

3anpornoHoBaHa BOJIOKOHHO-ONTUYHA JIiHIA 3B 53Ky 13 3aCTOCYBaHHSIM TpyOOro
CIEKTPaJIbHOTO YIIUTBHEHHS B M. [loniTaBa € epeKTUBHUM PIIIICHHSM aKTyaIbHUX Ha TaHUN
MOMEHT TMHTaHb, TAKUX SK BUCHAKCHHS BOJIOKHA Ta HECTaya MPOIYCKHOI 37aTHOCTI B
yMOBax MiChbKO1 Mepexi. J{o if mepeBar Tako MOXJIMBO BIIHECTH MPOCTY B peasizallii Ta

JOCTATHIO HAAIMHICTh B IPOLIECT €KCIUTyaTallli.
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