o

> 4

DOI:

LCC - Ne TA1501-1820

JOC/HNIZKEHHA BOJI3 3 HU3bKUMU BTPATAMMU NIOTY KHOCTI

Hannno Kpamuos!
1 Xepconchkuii HallioHaIBHKUM TEXHIUHMIE yHiBEpCUTET, YKpaiHa
Address for Correspondence: lanuino KpamMHOB, cTyaeHT

XepCOHCHKHIA HAIlIOHAIBHUH TeXHIYHUIA YHIBEPCUTET

E-mail: 2191215@mail.ru

Anoranis. CtaTTs NpUCBSYECHA JTOCIITKEHHIO BOJIOKOHHO ONTUYHMX JiHIKA 3B’s3ky (BOJI3) 3
HAaMEHIIIMMHU BTPATaMH ITOTYXHOCTI Cepe] CXeM, 110 HalWJacTille BAKOPHUCTOBYIOThCS IIPH HAJIATOHKCHI
MepexeBUX cucTeM. [IpoBeneHO IOCHiIKeHHS Ta pO3paxyHKH pereHepamiiamx auistHok BOJI3
BpPaxoOBYIOUM BTpATH MOTYXHOCTi. Ha mificTaBi OTpUMaHUX pe3yNnbTaTiB 3alpONOHOBAHO PIIICHHS, SKE
Oyze BIANOBIAAaTH BUMOTaM MiHiMi3anii ux BTpaT. HaykoBa HOBHM3HA OTPUMAaHUX PE3yJIbTaTiB MOJISATAE
B TOMY, 110 OyJ0 MOPIBHSHO XapaKTEPUCTHKH CHUCTEMH MiJICWIEHHsS Ha 3ajaHiil Tpaci BOJI3, mio
eKCIUTyaTyloThCsl OCTaHHIM uacoM. Ha miacraBi aHamidy JaHUX MOPIBHSHHS 3alpONOHOBAaHO
BUKOPHCTAHHS BU3HAUEHUX OONaHAHHSI, CUCTEMH mepeaadi Ta onTtuuHux kademnis (OK), Ha momiOHuX
Tpacax BOJI3, mo cyTTeBO 3MEHIIUTh BUTPATH Ha OYAIBHHUIITBO Ta OOCIYrOBYBaHHS, TUM CaMHUM
HIABUIIUTH NPUOYTKOBICTH JIiHII. 3 ypaXyBaHHSIM HOBITHIX HayKOBHX JIOCSITHEHb y BOJIOKOHHIM ONTHIII
Ta Ha IIJCTaBl MPOBEIEHUX PO3PaxXyHKIB KIUIbKOCTI pereHepauiiHuX AUISHOK, IPOMNOHYETHCS
BUKOPHUCTATH Ha JIaHi JiHi1 3B 3Ky ONTUYHUH MiICUIIOBAY, a caMe ONTUYHUIA MiJCUII0BaY Ha BOJOKHI,
neroBaHomy epbiem (EDFA).

Jlanuii ONTHYHMIM MTiICUITIOBAY Ma€ TPU ICTOTHUX TepeBaru nepen oopanum pereneparopom. Ilo-
nepiie, ONTUYHUHN MiJCUITI0BaY KOHCTPYKTUBHO MpocTime. [lo-apyre, onTuyHMii MiACUIIOBaY Ha BIIMIHY
BiJl pereHeparopa, He MPUB'A3aHUIA O MPOTOKOIY ab0 MIBUIKOCTI TMepenadi i MOKe MepeTBOPIOBATH
(mocuioBaTH) BXITHUHM curHan Oyab-sikoro ¢opmary. I[lo-Tpete, onTHUHMI miACHIIOBaY 3IaTHUHN
OJTHOYACHO TIOCHUTIOBATH BEIIMKE YHCIIO HE3aJeKHHUX CHEKTPaJbHO PO3IUICHHX KaHANIB, B TOW 4ac SK
pereHepaTrop Moxke 0OpoOJISITH TUIBKH OJIMH KaHAJI, OJHY AOBXHHY XBUil. OOpanuii miacumoBau EDFA
npamroe y maianazoHi 1550-1565 v, mo 3aq0BOJbHSIE BUMOTaM OOpaHOi cHUCTeMH mepedadi. BuximHa

HOTYXHICTh CUTHAILY LIbOTO MijickiitoBaya 10 10 Bt
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Abstract. This article is devoted to the research of fiber optic communication lines (FOCL) which
provides minimization of power losses among the schemes that are most often used with setting up network
systems. The researches and calculations of regeneration sections of fiber optic cables are considered taking
into account power losses. Based on the investigation, a solution is proposed that will meet the requirements
of minimizing these losses. The scientific originality of the results is that the characteristics of the
amplification system at the given FOCL line, which have been operating in recent times, were compared in
this article. Based on the analysis of the comparison data, the use of certain equipment, transmission systems
and optical cables (OC) on similar lines of fiber optic fiber proposed to reduce the costs of construction and
maintenance, thereby increasing the profitability of the line. Taking into account the latest scientific
advances in fiber optics and based on the calculations made by the number of regeneration sites, it is
proposed to use an optical amplifier, which is called Erbium Doped Fiber Amplifier (EDFA).

This optical amplifier has three significant advantages over the selected regenerator. First, the optical
amplifier is structurally simpler. Second, the optical amplifier, unlike the regenerator, is not tied to the
protocol or transmission rate and can convert (amplify) the input signal of any format. Thirdly, the optical
amplifier can simultaneously amplify a large number of independent spectrally separated channels, while
the regenerator can handle only one channel, one wavelength. The selected EDFA amplifier works in the
range 1550-1565 nm, which meets the requirements of the selected transmission system. The output signal
of this amplifier is up to 10 Watts.

Keywords: optical cables, fiber optics, power losses, transmission systems, amplification systems,
EDFA, regeneration amplifier (RP).

Introduction. Benmka mnpomyckHa 31aTHICTh, BENUKa JOBXHHA pPETeHEpAIlifHUX IiISHOK,
HEYYTJIUBICTh /10 €JIEKTPOMATrHITHUX BIUIMBIB, BEJIMKA IIMPOKOIOJIOCHICTh, BIJCYTHICTh HEOOXITHOCTI
3aCTOCYBAaHHS KOJIbOPOBUX METAJIB — OCHOBHI IIEpEBAru BOJIOKOHHO-ONTUYHUX JiH1HM 3B'13Ky (BOJI3), mio
BU3HAYMIIM BUCOKI TeMmu ynpoBakeHHs BOJI3 1 cTaBisaTh iX y psa HalOUIbII NEPCHEKTUBHUX 3ac00iB
3B'SI3KY

Objective. O6'ekToM HOCTIIKEHHS AaHOI CTATTi € BU3HAYCHHS €()eKTUBHOCTI 3aCTOCYBAHHS HOBUX
cuctem nepenayi Ta OK B crBopeni BOJI3 3 HaliMeHII0I0 BTPaToOIO MOTYKHOCTI.

[IpeameToM MOCHIIKEHHS € XapaKTEPUCTHKH, MTOKa3HUKHU Ta BIACTHBOCTI 0OpaHOTO 00JIaTHAHHS
JIs1 BUBHAYCHHA MIHIMAJIEHO MOKJIUBUX BTparT 3a HOTY)KHiCTIO cepea BCIX 3aIIPpOIIOHOBAHUX CXCM

Materials and methods. Ha ocHOBI BUKJIaJIeHOTO MOKHA C(HOPMYITIOBATH 3aBIaHHSI JOCTIIKCHHS,

AKe noJsirae B po3paxyHky auistHku BOJI3 3 HaliMeHIIMMH BTpaTaMu MOTYKHOCTI.
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Jiis HaBeIeHHS MPUKJIIALy 3MEHILICHHSI ONTHYHUX BTPAT 32 paXyHOK BUKOPUCTAHHS HOBITHIX CHCTEM

MTOCHJICHHS, BUPIIIICHO PO3IJISIHYTH CIIOJIyYeHHS Mik myHKTaMu A ta b. BctanoBumo, mo mixxk Humu 1000
kitoMeTpiB. IIpoTskHICTH IMi€l BifcTaHiI Ja€ 3MOTY HArIsAAHO MPOJEMOHCTPYBATH 3ajICKHICTh BTpAT
CUTHaJly Big oOpaHoro oOiagHanHsA. HalrojgoBHIIIMM KpUTEpiEM € 3HAYCHHS ONTHYHUX BTpaT Ta
ekoHoMiuHa BurimHicTh BOJI3 3 ypaxyBaHHSM BUTpaT Ha OYIiBHUIITBO, PEKOHCTPYKIIiIO, MMOAAIBIIEC
00cITyroByBaHHsI JiHi1, MaiOyTHE 3pocTaHHs aOOHEHTChKO1 0a3u Ta mpuOyTOK Big Hel [1].

Jns Bubopy ontumanbHoro Bapianty BOJI3 mpoanamizyeMo nekinbka BapiaHTIB, KOKHHH 3 SIKUX
Ma€ CBOI NepeBary i HeIOIKH.

1. OKJIBr BonoKHO 3 MynbTUILIEKCOpOM STM-4 .

2. OKJIbBr BosokHO 3 onTHuHUM miacuiroBadueM EDFA.

KoucTpykTuBHuii ckiaa oOpaHoro Tumy kadenro HaBeaeHo y Tabmumi 1.

Tabmums 1.
Kounctpykrusnnii ckinag OKJIbr
No KoMmnonent Ckiang
1 OnTuusi Bosiokaa mo MCE G.652 HasBHI 4 BOJIOKHA 3a/I0BOJIGHSFOYI CTAaHAAPT
2 OnTuyHul MOZYJb nonioyrunenrepedranar (I1I6T)
3 [{eHTpaIbHUI CUIIOBUI €JIEMEHT CKJIOIIJIACTUK
4 3anoBHIOIYHMI KOMIIAyH]T MOJTYJIs TUKCOTPOIIHUY TeIlb
5 3anoBHIOIYHI KOMIIAYH]T OCEPIS riapodhoOHU 3aI0BHIOBAY
HUTKHU KallpOHOBI,

6 CkpinHuii map miJ 060JI0HKO0 )

rnBka [IET-E

OCHOBHI TEXHIYHI XapaKTEPUCTUKN CUHXPOHHOTO MyJbTUILIeKcopa STM - 4 nmpuBeseHi B Tabui

2.
Tabmums 2
OcHoBHI TexHI4HI XxapakTepuctuku STM — 4
HaiimenyBaHHS OKa3HUKIB Opunung Bumipy | Mynetumiekcop STM 4
JTigiiiHA MBUAKICTE Moit/c 622.08
Jliarma3oH JOBXKWHM XBHIIL HM 1500-1570
MaxkcUMaJILHUNA YaCTOTHUI Jialta30H HM 0,5
[ToTyxHiCTh Iepenadi nb -3-0
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MiHiMaTbHAI KOS(IIIEHT ONTHUYHOI IIITFHOCTI nb 10
3aryxaHHs BinoOpakeHoro curnairy BOK nb >24
JlomycTiMa XpoMaTU4yHa AUCTIEPCis HM 3500
JlomycTrMe ONTHYHE 3racaHHs nb 10-32
MiHimManbpHa BXiJHA YyTIUBICTb nb -39
BrixigHa ONTHYHA MTOTYXHICTh nb 2:-8
MakcumasibHE BIIOUTTSI CUTHATTY nb 20

Brpartu, BU3BaHi IyMOM IepeaaBaya i qucrepcii nb <1
Jxepeno BUTPOMIHIOBAHHS OnHOMOI0BHI J1a3ep

[TopiBHIOBaTH BapiaHTH Oy1eMO MO KPUTEPIAX: MOKA3HUKH 3AJIOMIICHHS, YUCIIOBA arlepTypa, BTPaTh

CHUTHAILy.

[Toxa3HHUKM 3aJI0MJICHHS CepIIeBUHU Il 1 000JIOHKHM T2 PO3paxoBYIOThCS 10 Gopmyii CenbMeriepa

[2]:

S, A*A
nz(z){uz > _(2} (1.1)
i=1 i
ne A -3amaHa JOBXKHMHA XBHUIIi, MKM.
Koepimientu A, 1 /, BKa3yloTbCs y IacnopTax 00J1aJHAHHS:
i=01.2 A=155 AA=0,05
0,723 0,085
) A* AP
A=[0411| ¢=[0102| ni(A)= 1+Z W : n,(A) =1,455
0,792 9,377 = i
0,686 0,072 g
A=0,434 ¢ =[0115 n’ (1) :[1+Z W} n, (1) =1,456
0,896 10,008 = ’

AL
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", _m(A+A4) -n(4) 7, = -0,012
AL

2" _ 427107
AL

Taxum unaom n1=- 0,011, no=-0,012.

BinmHOoCcHa pi3HHIIS OKA3HHUKIB 3AJIOMJICHHS A BU3HAYA€ETHCSI CITIBBITHOIIICHHSIM:

A=l (1.2)

n

ne n,,n, - NOKa3HUKHU 3aJIOMJICHHSI CEpLIEBUHU 1 000JOHKH BiJIIOBITHO.

~ 1,45631-1,455046
145631

~ 0,0008

UwrcrnoBa arepTypa BU3HAYAETHCS CITIBBITHOIICHHSIM:
NA =/n} —nZ ~n+2A (1.3)
NA =1,456,/2*0,0008 = 0,06

Brpatu curnany a B8 OK o0yMoBiieHi BIacCHUMH BTpaTamH o B MaTepiani OB 1 qogaTkoBuMu

BTpaTaMHM O, 1110 BUHUKAIOTh B pe3ynbTaTi BUpoOHuITBa OB, ix ckinaaku B OK 1 npoknaakax OK B rpyHT
[3]:

a=a,+a, (1.4)

BnacHhi BTpatu B OB BHU3Haua€eThCs y BUTIISAIIL!

a,=a,, +a, +, +dy, (1.5)
i€ a,, — PENEiBChbKE PO3CIOBAHHS, IKE MOKE OyTH BU3HAYEHE 110 Gopmyri:

a,, ~(6,3*10" / 2*)* (1+ 215A),05 / kx, (1.6)

Toni:
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a,, ~(6,3*10"/1550")* (1+ 215%0,0008) = 01305/ cm

Brparu B MaTepiani Oy, MOB'SI3aHI 3 BTpaTaMu Ha MOJSIPU3ALLII0, JIHIHO POCTYTh 13 3pOCTaHHAM

H4aCTOTH:

a,, =mtgol A (1.7)
1 MOXKyYTh OyTH BU3HAYEHI SIK:

a,, ~2,55*10 % exp(4,63*10%/ 1),05  ku
a,, ~ 2,55%10exp(4,63*10° /1550) = 0,0505/ xcm

Brparu curnaniB mos's3aHi 3 MOTIMHAHHSAM B iH(pauepBoHii 001acTi COEKTPY Oy, OOYMOBIIEH]

XBOCTaMH PE30HAHCHUX IOTJIMHAHB 10HIB (aTOMIB) 1 BU3HAYAIOTHCS:

a,, ~7,81%10" exp(—4,85*10* / 1),05 | km. (1.8)
Toni,
a,, =~ 7,81*10" exp(—4,85*10* /1550) = 0,0205/ xm.
HaiicunpHilie 11i BTpaTH BUSBISIOTHCS HA TIPOKCHIBHOMY 3auIKy Boau [4] - OH, 3HaYeHHS SKHUX
PpiBHI:

&y =0,0305 1 km, sximo A=1550HM.

BnacHhi BTpatu B OB Bu3zHauatotbes (1.4):

o, ~013+0,05+0,02+0,03=0,2305/xm

Conclusions. Ha minctaBi OTpUMaHHMX pe3yJIbTATiB 3alpPOINOHOBAHO BHUKOPUCTATH ONTHYHHIA
nigcumoBad EDFA niis migBuIieHHs MOTY>KHOCTI BUXITHOTO CUTHATY. Take KOHCTPYKTUBHE PIIICHHS Ja€
3MOTY BIJIMOBUTHCH BiJl BUKOpucTaHHs PII, THM camMuM MOJINIIMTH €KOHOMIYHICTh Ta HAIIWHICTh JiHIT
3B’SI3KY
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Results Query Domains (original links)
UThD e MNpoEeneHo JOCNIT#EHHS Ta POZDPAXYHKM DEreHepauliiHu: AinAHok BOM3 EpaX0BYHOYM ETPATH
0 NOTYHHOCT] B
UThD e Ha nigcraei oTprMMaHKy pesynsTaTie 2anponoHOEaHO pilueHHA, Axke Oyae BianoeigaTy EMMOram )
q MiHiMi3aUii uMx BTpAT
Unigue [aHKiA ONTHYHKIA NIOCKNKESY MAE TDW ICTOTHKX Nepesari nepen oGpaHuM pereHepaTopom -
Unigue Mo-nepiie, ONTHYHKUA NINCKMDBAY KOHCTRYETHEHD NPOCTilLS o
Unigue OGpanmid nincumosad EDFA npalpoe v Aianasodi 1550-1565 HM, 110 3a0080NLHAE BUMOTaM
00panol cucTemn nepenavi B
Unigue BuxioHa NOTY#HICTE CUTHANY ULOT0 NiQCHNKDES -
Unigue DOLLCC - N2 TA1501-1820ocnimxenya BOJ3 3 HUILKMMK BTDATAMKW NOTY#HOCTIIaHuno
KpamHOE11 XepCOHCEEMIA HALIOHANEHKIE TEXHIMHWI YHIBESDCHTET, YrpaiHaAddress
Unigue CTaTTA NpUcBAYEHA AOCNITKEHHID BONOKOHHO OMTWYHWX NiHiA 38'A3xy (BON3) 3 HaiMeHWMMKU
ETpaTami MOTYXHOCTI Cepen CXem
Unique HayxoBa HOBW3HA OTDWMAHKY PE3YNLTATIE NONATEE E TOMY, W0 OyNo NopiEHAHO
XapaKTEPWCTHEN CHCTEMM NJCMNEHHA HA B
UREE (0K}, Ha noaibHwmx Tpacax BOM3, wo cyTTEBO 3MEHLIWTL BUTPaTH Ha OyAIBHWLTED Ta
q OOCMYTOBYEAHHA, THM CAMHM -
Unigue pereHepaliiHux QiNAHOE, NPONOHYETLCA BUEOPMCTATA Ha NaHIA NiHIl 38 A3KY OMTUYHKA
NiACHMIOEaY, 3 Came OMTHWYHWIA NIACUNIoEaY Ha B
UThD e MNo-apyre, ONTHYHWA NIACKNKEAY HA BIAMIHY EiO pEreHepaTopa, He NPUE'A3AHWA 40 NPOTOKONY )
q abo weKaKoCTI Nepenayi
Unique Mo-TpeTe, ONTWYHWA NiJCUMIDBAY NATHWH OHOYACHO MOCUMOBATH BENWKE YWCTO HE3AMENHUX

CNEKTPaNBHO PO3AINEHWX KAHANIB, B TOW




