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AHANI3 METOAIB KOMIMEHCALUII AUCNEPCII
BOJIOKOHHO-OMTUYHUX JIHIA 3B’A3KY

Ananizyrlomscsa npunyuny Komnencayii oucnepcii, wo 3acnosanuli Ha Kepy8anHi npoCmMopo8UM po3noOLIOM Ou-
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BecTtyn

MocTtanoBka 3anmaui. IlIBunkicTe moOmUpEeHHS
XBHWJII 3aJIEKUTh HE TUILKM BiJl YaCTOTH, aji€ ¥ BiJ ce-
penoBuiia nomupeHHs. /i NosSCHEHHS BOTO SBHIIA
CIICKTPOHH YCEpPEAMHI aTOMIB 1 MOJIEKYJI PO3Iisiaa-
IOTBCSI B TEOpii Aucnepcii KBa3UIMpPYKHBO 3B'I3aHUMH.
[Ipu nmpoxomKeHHI Yepe3 PEeYOBHHY CBITIOBOI XBHII
KOXKHUHM €JIeKTPOH BUSIBISETHCS IIiJ] BIUIUBOM EJIEKT-
PUYHOI CHJIM ¥ TOYMHAE POOUTH 3MYIIEHI KOJMBAHHS.
KonuBHi enekTpoHn 30yKYIOTh BTOPHHHI XBHWII, IO
MOUIMPIOIOTHCS 31 IIBUIAKICTIO $IKa, CKJIAJAIOYUCh 13
MIEpPBUHHOI, YTBOPIOE pe3ynbTytouy xBuwmo. Illo Ha-
MPUKIHII TPU3BOAUTH 10 3MIHHM IapaMeTpiB BOJIOKOH-
HO-OINITUYHUX JIiHIH 3B’S3Ky Ta MOTpedye KOMIIeHcalli.
Tomy HOCHIPKEHHsSI 1HOT'O BIUIUBY € aKTyaJIbHOIO Ha-
YKOBO-TIPHKJIaIHOIO 3a/1auero.

Amnaui3z gitepatypu B Bigowmiii miteparypi [1 —
4] po3riIsIa€eThCs CBITIOBUN CUTHAN Y HU(PPOBHUX CHUC-
TeMax Iepenadi, sKi HaJAXOAATh Y CBITJIOBOX iMITYJIb-
camH, SIK BHACJIJOK HEKOT€PEHTHOCTI PealbHUX JUKe-
pel BUIIPOMIHIOBaHHS, 1[0 MICTAThH CKJIJIOBI 3 Pi3HOIO
yactoror. Haxans B 1i€l miTepaTypi He pO3riIsIaloTh-
csl MUTaHHSI KOMIIEHCAIlii pi3HUX BHUJIIB IUCIIEPCii CBIT-
JIOBOT'O CUTHAIY.

Mertorw cTaTTi € AOCITIIKEHHS MPUHIHUIIB Kepy-
BaHHS IPOCTOPOBUM PO3MO/IIOM AUCIEPCii BOJOKOH-
HO-ONTHUYHOI JIiHIi 3B'I3KY JUIsi 3a0€3MeueHHs] HYJIbOBO-
T'O CyMapHOTO 3HaYEeHHs AUCIEPCii IUIst BCi€T JIiHii.

OcHoBHMM MmaTepian

CBiTJI0BHI CHTHAJN Y U(DPOBUX CHCTEMaX Iepesia-
Yi HaJXOAWUTh Y CBITJIIOBOJ IMITYJIbCAMH, SIKI BHACIIIOK
HEKOT€PEHTHOCTI peajbHUX JDKEPEN BUIIPOMiHIOBAHHS
MICTATh CKJIaJOBi i3 Pi3HOIO 4YacToTON. Po3mmpeHHs
CBITJIOBOI'O IMITYJIbCY, BHKJIMKaHE BIIMIHHICTIO dYacy
MOMIMPEHHS WOr0 CHEKTPaJbHUX 1 MOJISIpH3aliiHAX
KOMITOHEHT Ta Ma€ Ha3BYy AMUCHEPCi.

CBiTJIOBa XBWJIS, IO TOUIMPIOETHCS Y3/IOBXK Ha-
MIPSIMKY X, OITUCYETHCS PIBHAHHSM:

E(X,t)=A"- cos (- —kx), (1)

e A — aMIUTITy[ia CBITJIOBOI XBHIII; ® — il KyTOBa 4ac-
TOTa; K — XBHJILOBE YHUCIIO.

Sxuo ¢ikcoBane 3HaYeHHs a3y XBUIII:
® -t —k-x=const, (2)
Jie MBHIKICTh THepeMimeHHs (a3u B mpocropi abo ¢a-
30Ba IIBHIKICTb, OyIe:
v=w/k. 3)

CBITJIOBHH IMITYJIBC, IO TOIIAPIOETHCA B ONTHY-
HoMYy BosoKHi (OB) siBisie CO000 CyNepro3uito enek-
TPOMArHITHUX XBWJIb 13 YacTOTaMH, YKJIaJCHHUMH B iH-
TepBalli A®, 10 Ma€ Ha3By Irpynu XBwib (1).

Y MOMeHT 4acy t y pi3HHUX TOYKax JJIsi Pi3HHX X
XBWII OyIyTh MiJACHIIOBATH OJUH OIHOIO, IO IPHBO-
JUTH JI0 TOSBJICHHS MaKCHUMYMY IHTCHCHBHOCTI TPYITH
XBHWJIb (LIEHTP TPYNH XBHJIb), a00 ITOCTa0IeHHS.

LeHTp rpynu XBWIIb MEPEMIIIAETHCS 31 MIBUAKIiC-
TIO:
_do
Cdk

3nivicauBImg 3aminy k = 2mA y Bupasi (3), oxep-
JKUMO CITIBBIIHOIIICHHS, IO BUpA)XKa€ 3aJCKHICTh TPY-
ITOBOT IIBUKOCTI Bifl JIOBXKHHHU XBHUJIi:

u=v-2 2. 5)
di

Le i € npuymHOIO, sIKa TPUBOIHUTH O BiAMIHHOCTI
LIBHIKOCTEH TOIIMPEHHS YaCTOTHUX CKJIaJOBHX BHIIPO-
MIHIOBAHOT'O CIIEKTpPY TI0 ONITHYHOMY BOJIOKHY.

3a pe3yJIbTaToM IO Mipi HOIIUPEHHS 110 ONITHYHOMY
BOJIOKHY YaCTOTHI CKJIaJIOBI IOCATAIOTh MpHiiMaya B pi3-
HUI yac. BHacmiok 1bOro iMIyJIbCHUI CHTHAII Ha BUXO-
Il 00’€KTY BUMIPIOBaHHS BHI03MIHIOETBCS, CTAE «PO3MHU-
TUMY.

Ile siBuIme Mae Ha3By XBHJIBOBOI AMCIIEpCii, IO
00yMOBJIEHa TIOKa3HUKOM IIEPEJIOMJICHHS OINTHYHOTO
BOJIOKHA ¥ IIMPUHOIO CIIEKTPY BUIIPOMIHIOBAHHS JKepe-
na AA, sika Ma€ pO3MIPHICTb Jacy [4].

3anponoHoBaHa ¥ JOCHIIKCHA TII€BHA KiIBbKICTh
crocoiB KOMMeHcalii aucrepcii. Ix MoxkHa posaimuTh
Ha HACTYIIHI TpH KIacH [4]:

— crmoco0u KoMIIeHcalli Auctepeii, 3acHOBaHI Ha
YIIpaBJIiHHI TPOCTOPOBUM PO3MOJIIJIOM JAUCIIEpCii BOJIO-
KOHHO-ONTHYHOI JiiHii 3B'13ky (BOJI3) mis 3abe3medeH-
HS HYJIBOBOTO CyMapHOro (iHTErpOBaHOr0) 3HAa4YECHHS
JUcIiepcii moao yciel JiHii;

4)

u
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— CcrmocoOM KOMIICHCAIll AUCIepCii, 3aCHOBaHI Ha
yIIpaBJIiHHI TlepeaaBayeM abo mpuiiMadyeM BHIIPOMiHIO-
BaHHS;

— CIIOCOOM KOMIICHCAIIT TUCIEpCii, 10 BHKOPHC-
TOBYIOTh HENiHIHI ONTWYHI e(eKTH IS KepyBaHHS
MIPOCTOPOBO-YACOBUMHU XapaKTEPUCTHKAMH CBITIOBOTO
IMITYJTBCY.

[MpuHnun xomneHcanii mucriepcii, siKiii 3acHoBa-
HUI Ha YIpaBJiHHI MPOCTOPOBUM DPO3IOALIOM JHCIEp-
cii BOJIOKOHHO-ONITHYHOT JIiHIT 3B'SI3KY, TOJISITA€E B TOMY,
mo y BOJI3 Mix AisTHKaMu TeJIeKOMyHIKaIiiHOrO BO-
JIOKHa BCTAaHOBIIIOIOTBCS TPHUCTPOI, TUCHEPCis SKHUX
JIOPIBHIOETHCS 32 BEIMYMHOIO i POTHIIEKHA 32 3HAKOM
Jcnepcii MonepeaHboi TUISHKY TeJIeKOMYHIKaniiHOro
OK. MoxHa po3risigaTd XpOMaTHYHY JUCIIEPCIIO SIK
(ha3oBe 3pyIIEHHS MiX PI3HUMHU JIOB)XMHAMHU XBUIIb CH-
rHaiy. Y BOJIOKHI, II0 KOMIIEHCYE, ()a30Be 3pyIICHHS
MOCTiHHE, 10 NPUIYCKA€ TINBKA CTaTUYHUH METON
KOMITEHCAITi].

B ineanpHOMY BHnanky (a3oBuii 3pylIeHHS CIIEK-
TpaJbHUX KOMIIOHEHTIB IIOBHICTIO KOMIIEHCYETHCS B
MIPUCTPOI - KOMIIEHCATOP1 XPOMaTHYHOI JUCTEpCii.

Le#t npunIun nosicHioe puc. 1.

OIITHYHE BOIOKHO

IHCTIepCia, TIe/HM

BiICTaHb, KM

Puc. 1. 3acrocyBaHHS IPUCTPOIO
KOMIICHCAIIi1 nucmepeii

BinburicTs THIIB TENEKOMYHIKaliHHOTO BOJIOKHA B
pobouiii 00acTi CHEKTpy Ma€e MO3UTHBHY JUCIEPCIIO,
TOMY JUISL IX KOMIIEHCAllil BUKOPHCTOBYIOTHCS TIPUCTPOL
3 HETraTUBHOIO JAHCIIEPCIETO.

HaiinommpeHimmMyu IpuCcTpOsIMU JIJIsE KOMITEHCa-
uii qucnepcii BOJI3 e:

— BIZPI3KK BOJIOKHA, IIO KOMIICHCYE IUCIEPCIIO
(DCF);

— IIPUCTPOI Ha OCHOBI OPETOBCHKUX TUPPAKIIHHIX
rpar

— 3 MIHJINBUM TI€PiOJIOM IpaT;

—IMHTEpPEPOMETPUYHI TIPUCTPOI.

Knac mpuctpoiB, siki 3aCHOBaHMX Ha YIIpaBJiHHI
MIPOCTOPOBHM  PO3IMOJUIOM JHUCHepcii,  BOJOKOHHO-
ONTHYHOI JIiHI1 3B'I3Ky AJsl 3a0e3leueHHs] HYJIbOBOTO
CYMapHOr0 3HAYCHHS MUCIEPCil I BCI€l JiHii, € Hai-
OUTBII 3PYyYHUM 1 3HAXOAUTH HAWOLIBIIEC MPAKTUYHE
3acTocyBaHHs. J{o Apyroro kiacy craBisiTbCSl IPUCTPOI,
[0 BUKOPUCTOBYIOTH 200 MOAYJIAIIIO TIEPEIaHOr0 CHI-
Haly, abo cremniajdbHy 0OpOOKYy CHTrHajiB Ha (HOTOIl-
puiiMadi 1y BigHOBieHHs iHQopMarii. HaiibGinbme

IIMPOKO B I[bOMY KJacli 3aCTOCOBYIOTHCSI IIPHCTPOIO
KOMIICHCAII1 JucIepcii, 3acCHOBaHI Ha BHECEHHI JIiHIHN-
HOi YaCTOTHOI MOJYJNAIII MEepeJaHoro CHrHaiy, 3HaK
SIKOT MMPOTHIICKHUI MOIYIsLi1, o BuHKKae B OB.

Jlo xacy HeniHIHHO-ONTHYHUX METOMIB KOMIICH-
cauii XpoMaTHYHOI AMCHepCii CTaBUTHCS 1HBEPCis CIIEK-
TPy CBITJIOBUX CHTHANIB Yy CEpeIHHI IiHIT 3BBKY.
[MpuHOun poboTH iHBEPTOPIB CHEKTPY 3aCHOBAaHHMH Ha
siBHMII 00iry XBwiboBoro ¢gponty (OX®), sike momsrae
B IIEPETBOPEHHI OJIHI€T XBHJII B iHIIY 3 IIEHTHYHUM PO-
3MOIIIOM aMIUTITYnu W a3y W i3 NpOTHISKHHM Ha-
npsiMkoM nommperHs. OX® oxepkyroTh METOIOM YO-
TUPBOXXBHJIBOBOIO 3MimaHHs [2]. ¥ mpomy Meroxi B
HEJHIHHIM CepeIoBUILI iIHTEPPEPUPYIOTh YOTUPH CBIT-
JIOBI Ty4YKH.

Tpu 3 HUX MONAIOTHCS 330BHI: O0'€KTHHI IyYOK,
SIKMH TIOTPIOHO 3BEpHYTH, i JBI omopHi xBWii. OnopHi
My4KH, IO TOIIUPIOIOTECS HA3YCTPi4 OAWH OJHOMY,
MalOTh 3BHUYANHO TUTOCKHUI XBHUJILOBUH (PPOHT i OJHAKO-
BY 4YacTOTy, Ty X, IO i 00'ekTHUH my4ok. OO'eKTHUI
ITy4OK MOJKE HATPABIISITHCS B CEPEIOBUILE 3 OyIb-IKOTO
HAIpPSIMKY.

UYerBepTuii — My4OK, 110 T€HEPYETHCS, 00EpHEHHI
CTOCOBHO 00'€KTHOTO.

VY pesyibTaTi NMPOXOMKEHHS IMPHUCTPOIO iHBEpCil
IMITyJIbC 30epirae cBow ¢GopMmy, aje mepeaHiii GpoHT
CTa€ JIOBIOXBHJIBOBHM, a 3aJHil ()POHT — KOPOTKOXBH-
JLOBUM. [HBEPTOp YCTAHOBIIOETHCS B CEPEIUHI JIiHIT
3BSI3KY, TOMY uepe3 AWCIEPCil0 B JIPYTHid MOJOBUHI
JIHIT BiTHOBJIIOETHCS TIEpBiCHA ()OpMa ONTHYHOTO IMITY-
JBCY.

OnTUYHE BOJIOKHO 3 KOMIICHCAIIEIO IHCIEpCii €
OCHOBHUM KOMITOHEHTOM MpPH CTaTUYHIM NPHIYyLICHHI
XpOMaTH4HOI aucrepcii. Moro HeraTHBHa XpoMaTHUHA
JIICIIepCist B KiJIbKa pa3 MEpeBUILYE MO3UTUBHY XpOMa-
TUYHY TUCIIEPCIF0 OMHOMOIOBOIO BOJIOKHA. JlomaBaHHS
IIJSTHKM BOJIOKHA 3 KOMIICHCAIE0 TUCIIEPCii MEeBHOI
JIOBKUHHM KOMIICHCYE MUCIEPCito JiHil mepenadi, odep-
TarouM i B Hyab. HeraTwBHa mucriepcis, sSK MPaBHIIO,
3a0e3meuyeThcsi 3MEHIICHHSIM [[laMeTpa CEpLEBHHHU i
cabKUM XBHJIEBOJHHMM momupeHHsM. Ha sxanb, Hemo-
JIIKOM TaKWX BOJIOKOH 31 CJIAOKUM KaHAJIOBAHHIM CBIT-
JIa € 30UTBIICHHS 3aracaHHs i BTpaT Ha BUrnHU. OIUH 3
HENOJIKIB BUKOpUCcTaHHA BoiokHa DCF mis komneHca-
wii Ucrnepcii nonsrae y XBHIbOBIH 3aJI€KHOCTI XpoMa-
tuuHoi aucnepcii D(1). YV niHiiHOMY HaOIMKEHHI ITfO
3aJIOKHICTh OIMKMCYE MapaMeTp S — HaXwil JUCHepCiHHOI
kpuBiii. KomneHcamis aucrepcii, HapuKiIaa, CTaTHY-
HUM METOJIOM Ha OJHIM JOBXHHI XBWJII NpHBENE IO
HETOYHOI KOMIIEHCAlil Ha IHIIMX JOBXWHAX XBHJIb Yy
cucremax DWDM. J[71s1 KiIbKiCHOTO TTOPIBHSHHS SIKOCTI
KOMITEHcallii aucnepcii 4acto BUKOPUCTOBYIOTh ITOHST-
TS JOOPOTHOCTI BOJIOKHA, II0 KOMIICHCYE. JI00pOTHICTIO
BOJIOKHA, IO KOMIICHCY€E, HA3WBAETHCS BiJHOLICHHS
a0COJIFOTHOTO 3HAYEHHS Jucrepcii, BHPaXXEHOrO B
IIC/HM/KM JI0 3aracaHHs, BUpa)keHOro B 10/kM. J1oopor-
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HICTh HE €MHUI MOKa3HUK SIKOCTI, [0 KOMIIEHCYE JNC-
mepcito BoiokHa. HeoOXiHO BpaxoBYBaTH, 30KpeMa,
HACKIJIBKM BHCOKA YYTJIUBICTh IO BTpAaTaM Ha BUTHHAX.
ToMy, mpu BUKOPUCTAHHI 3HAYCHHS JOOPOTHOCTI IS
MIOPIBHSHHS PI3HUX BHUJIB ONTHYHUX BOJIOKOH MOTPiOHO
MParHyTH JI0 TOTo, 00 BUMIPIOBATH JOOPOTHICTh Y THX
yMoBax, y skux OB Oyne peanpHo mparroBat. OnTiy-
Hi BoiokHa DCF 3 BHCOKHM MOKa3HHUKOM JOOPOTHOCTI
BHUKOPHUCTOBYIOTBCS SIK TOJATKOBI CJIEMCHTH JIiHIT 3B's13-
Ky, BOHU 30LIBLIYIOTH BTpaTd B JIiHiI, MpUOIH3HO, HA
30%. Tak, nis mponboTy A0BXKUHOIO 300 KM MOXe 3Ha-
noburrcs Omu3bko 50 KM BOJOKHA 3 KOMIIEHCAIIEO
JUCIIepCii, TPH IIbOMY JTONATKOBI BTPAaTH MOTYXHOCTI
ckiIanyth 18 6.

Puc. 2. TloBeninka HaKOMMYEHOI AuCTepCii B JIiHIT
(mepion 80 kM SMF + DCF) 3 koMIeHcami€o
JUCTIepCii TS OHIET TOBKUHU XBHJTI

Js xomneHcanii aucnepcii 3aCTOCOBYETHCSI Ta-
KO)X HOBHMI THII ONITHYHOTO BOJIOKHA, HA3BAHOT'O OITH-
YHUM BOJIOKHOM 3i 3BopoTHOI0 nucnepciero (RDF). Bo-
nokHo RDF Mae koedinieHT aucnepcii, kit npudiIn3Ho
JIOPIiBHIOE IO BEJIMYWHI Ta € MPOTWICKHUM MO 3HAKY.
IO BiJIIOBi/Ia€ MapaMeTpy CTaHIAPTHOTO OJJHOMOJIOBO-
r'O BOJIOKHA.

OOMiproBaHe 3Ha4eHHs BTpaT Ha BUrMH B RDF Bo-
JIOKHI BUSIBWJIOCS MeHIle, YuM B cTtanaaptHomy OB. Lle
JI03BOJIsIE BUTOTOBJIATH onTH4HI kabem 3 RDF Boiok-
HoM. KaGenb Ha ocHOBI RDF BonokHa 3'ennyernsest 3 OK
Ha oCHOBI ctanaaptHoro OB npuOIM3HO Ti€l XK JOBXH-
Hu. JlucniepciiiHuii Koe(illieHT Takoro 3'€THaHHS He
nepepunrye +0,5 MC/HM/KM y CMy3i JIOBXKHH XBHJIb

1530 um — 1564 am. Ockinbku 3aracanas RDF Bonokna
0,25 n0/kM mpW 3aracaHHi CTaHIAPTHOTO BOJIOKHA
0,2 16/kM, cepemHe 3aracaHHs B JIHIT  PIBHO
0,225 no/xm. Ille omuiero mepeBaroro RDF BonokHa €
MeHm1a B nopiBHsHHI 3 DCF HemiHIHHICTS.

Po3risiHyTi BHIE pi3HI THUNH, IO KOMIEHCYIOTH
JIUCIIEPCII0 BOJIOKOH J03BOJISIIOTH JOCHTH A00pe KoMIIe-
HCYBaTH JUCIEPCII0 W HAXWJI TUCIIEPCIHHOI 3aJI€KHOCTI
CTaHJAPTHOI'O ONTHYHOTO BojokHA (SMF).

VY neii yac y OUIBIIOCTI MOYIIB KOMIIEHCAIlIT AH-
cnepcii BukopuctoByerbesi DC BONIOKHO, TOMY IO Taki
MOIYJi HEe CIIOXKHMBAIOTh MOTYXKHICTh, MAlOTh Maiy Bap-
TICTB 1 3py4Hi B 3aCTOCYBaHHI (3BUYAIHO PO3MIIIAETHCS
Ha BUXOJII ONTHYHOT'O MiICHIIOBAYA).

BucHoBKMu

1. Ilpu B3aeMoii eNeKTpOMarHiTHOI XBUIII 31 3B's-
3aHUMH €JIEKTPOHAMH BiJI'YK CEPEIOBUINA 3AJICKUTD Bij
YaCTOTH CBITJIOBOTO IMITYJIbCY, IO 1 BH3HAYAE 3AJIEK-
HICTh ITOKAa3HMKA MEpPEIOMJICHHS BiJ JOBXHHU XBHJI,
sIKa XapaKTepU3ye AMCICPCIHI BIACTUBOCTI ONTUYHHUX
MaTepiaiiB:

2. Pe3ynbpryroua qucriepcist CKIalaeThes 3 XBUIIbO-
Boi 1 MaTepiajbHOI W HA3UBAETHCS XPOMATUYHOIO JWC-
MIepCi€lo, M0 XapaKTepU3yeThcss KOe(IiIliEHTOM qucIep-
cii a00 MUTOMOIO JUCTICPCIETO.
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AHAIIU3 METOAOB KOMMNEHCALIMW OUCNEPCUU
BOJIOKOHHO-OMNTUYECKUX JINHUN CBA3U

0O.B. Bononaxko, C.O. Kongpatenko

Ananusupylomes npunyunbl KOMneHcayuu OUCnepCuy, OCHOBAHHbIE HA YNPAGLEHUU NPOCMPAHCMEEHHIM pachnpedeie-

HUuem Oucnepcuu B0JIOKOHHO-ONMU4eCKUux 1uHuu CeA3U.
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ANALYSIS METHODS DISPERSION COMPENSATION
FIBER-OPTIC COMMUNICATION LINES

0.V. Vodolahcko, C.O. Kondratenko

The principles of dispersion compensation based on spatial distribution of the dispersion-tion fiber-optic com-

munication lines.
Keywords: dispersion, distributing, fibre, spectrum.
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