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AHOTAIIS

OnTuyHi CUCTEMHU 3B’SI3KYy € HEBII'€MHOI0 YAaCTUHOIO HAIIOTO XUTTS. barato
pedell y HamoMy >KUTTI TaK YM 1HAKIIE TOB’SI3aHI 3 BHUKOPUCTAHHSM I1HTEPHETY,
OCHOBOIO SIKOTO € ONTHYHI JiHII 3B’S3Ky. BUKOpHCTaHHS HOBHX METOIB MOOYIOBH
riOpUIHUX MEPEX, 3aCTOCYBaHHSI HOBUX MeTo/iB ¢inprpanii HBY curnamy B ontuuHi
001acTi — BCe 1€ € OCHOBOIO MMiJIBUIIIEHHS €(pEKTUBHOCTI CHCTEM Iepeaayi iHdopmaliii B
riOpUIHUX CUCTEMAaXx 3B SI3KY.

Mertoto pobotu € BIockoHaneHHs meTony ¢inpTpainii HBY curnany B onTu4HiM
JHI1T 3B’ SI3KY.

O0’€eKTOM JTOCIIIKEHHS € ONTHYHI JIHIT 3B’ SI3KY.

[Ipeamerom pocmixenHs € HBY ¢oronHl ¢GuabTpu B TIOpUIHHX CUCTEMax
3B’ SI3KY.

[IpakT4Ha WLIHHICTH MOJIATA€ B NPUCKOPEHIM Mepenayl AAHUX Y ONTHYHHUX

Mepexax nepeaadl JaHuX.
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BCTYII

B cyyacHOMy CBITI JOCHTh IIBUJAKO PO3BHUBAIOTHCS 1 YIOCKOHATIOIOTHCS CHCTEMH
HA3eMHOTO 1 KOCMIYHOTO 3B’SI3KY , TOMY aKTyaJIbHAM CTa€ MUTAHHS IOJI0 MPOIYCKHOT
3MQTHOCTI, IIBHJAKO[i1,MacIITA00BAHOCTI, KOMITAKTHOCTI 1 BaroBUX XapaKTEPUCTHK
BOyZI0BaHUX OJIOKIB 1 KOMIIOHEHTIB CrpsIMOBaHI Ha IiJBUINCHHS MIBUAKOCTI Mepenadl
JaHUX Yy BCIX CHCTeMax 3B'SI3Ky, BCE€ OUIbIIE 3aCTOCYBaHHsS 3HAXOJATh T1OpUIHI
TEXHOJIOT], 110 MMOEAHYIOTh PI3HI CEPEIOBUIIA IMOMUPEHHS CUTHATY: ONTHYHE BOJIOKHO,
NOBITPSHI 1 0€3MOBITPsIHI NpocTopy. Lle MmosicHI0e TOIIIBHICTh BUKOPUCTAHHS IEpEBar
ONTHUYHUX CHCTEM 3B'S3KY, TAKWX SK BHCOKA MPOMYCKHA 3aTHICTh KaHAJIB Iepeaadi
JAHUX 1 MEPEeIIKOI03aXHINEHICTh. | B 3B'I3Ky 3 IIMM MOCTAa€ MUTAHHS MPO MIHIMI3AIliIO

pPO3MIpIB CUCTEMH, IIBUAKOAIT BCEPENNHI CUCTEMH, a TAKOXK K 0OpOOKH 1HPOpMalii.

Jlo mouryky HOBHX PIIIEHb,SIK 1 paHille ICHYIOYMX 3a/Jay, TaKk 1 JOTEerep,Iio

3 BJIMCh B 00J1aCTi MPOEKTYBaHHA 1 00pOOKHM CIIpsIMOBaHA CydyacHa TEXHIYHA HayKa.

3acTocyBaHHS HOBUX CHOCO01B MOOY/I0BU TOPUIHUX MEPEXK, BUKOPUCTAHHS HOBUX
MetoxaiB ¢inpTpanii HBYU curnamy B ontuuHiii 061acti - Bce 1€ Beae J0 IMABUIIECHHS

e(EeKTHUBHOCTI CHCTEM Iepeaadi Ta 00poOku 1H(opMalii B FIOpUIHUX CUCTEMAX 3B'A3KY.

Texnonorii ontuyHoro (opmyBanHs pagionpominb, HBY ontuunux ¢iasTpiB

MOXYTb 3a0e3IeUnTH piI_HCHHSI BUIIIC3a3HAYCHUX 3aBIaHb.

B skocTi epeKTHMBHOTO TEXHIYHOTO PIIIEHHS BJOCKOHAJICHHS Ta ONTUMI3AIli
riOpuIHUX CHUCTEM 3B'SI3KY, IO MPENCTaBIsAIOTH c00010 «Pamio 1mo BOJOKHY» (aHTII.
Radio-over-Fiber) cucremun mocTymy, MOXyTh OyTH BHUKOPHUCTaHI ONTHYHI CIIOCOOH
dbopMyBaHHS paJllOCUTHAJIIB HA OCHOBI peadbHUX YacoBux 3aTpuMok 1 HBY doronHi

biTsTpH.

JlocBig 3apyOiKHUX 1 BITYM3HSIHUX BYECHUX B 00J1aCTi (POpMYBaHHS PaliONpPOMEHIB
BUIIPOMIHIOIOYHMX CHUCTEM ONTHYHUMH METOJaMH Ha OCHOBI THMYACOBUX 3aTPUMOK, a
TaKOXK NpuKiIaan po3poOok (oronnux HBY ¢inbrpiB B ontuyHid oOnacTi A
dbopMyBaHHS OaKAHOTO CIIEKTPY CUTHATY OyB BUKOPUCTAHUH B paMKaxX MaricTepcbKoro
JOCJTIIKEHHS TIPY BUPIIICHH] 3a3HAaYeHUX 3aBAaHb. JOCIIPKEHHSIM B 001aCTi ONTHYHUX

METO/1B OPMYBaHHS Pajio MPOMEHEBUX BUIPOMIHIOIOUUX CHCTEM MPHUCBIYECHI POOOTH
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takux BueHHX sk: Esman RD, Frankel MY, Vidal BR, Llorente RS, Tong D., Wu MC,
Marti J., Matthews PJ, Chang C., Goldberg L., Yao JP, i 6ararpox iHmmx. AHaii3 pooiT
B JaHid o003acTi TMOKa3aB, II0 HEJOCTaTHA YyBara MPUIISETHCS KOMIAKTHOCTI
peamizariii, 1 CHCTEMH HE 3aJ0BOJILHAIOTH BHMOTaM II0 Maco-TabapUTHUMHU
nokaszHukamu. Ilpencrasneni po6otu cinabo abo 30BCIM HE BPaxOBYIOTh MOKJIMBOCTI
pekoHdIrypariii ONTHYHUX CUCTEM (DOPMYBaHHS Padio MPOMiHb.

Teopernyni Ta ekcriepuMEHTaIbHI MOCTIKeHHS B obOmacti (oronnoi HBY
dinpTparlii Oyau npencrabiieH TakuMu BueHUMU sik: Campany J., Novak. D., Vidal BR,
Marti J., Wilner K., Moslehi B., Goodman J., Jackson KP, Taylor HF, Zmunda H.,

Minasian RA, Yao J., Pastor D., Mopo3zos O.I'., 1 6araTbMa 1HIIIUMH.



PO3A1JI 1. AHAJIT3 JIITEPATYPHUX JUKEPEJI

1.1 HBY ¢oToHHi TeXHOIOTIT

HesBakatoun Ha mepBICHY OpIEHTOBAHICTh Ha JANEKHH 3B'I30K, BOJOKOHHO-
ONTHYHI TEXHOJOTIi 3HAWIIIN 3aCTOCYBaHHS B IMHPOKOMY CHEKTpl oOjacTei, cepen
SAKUX MEpPEXl JOCTYIy, LEHTpU OOpOOKM JHaHMX, 30HIYBaHHS, BOJIOKOHHI Ja3epw,
OCBITJICHHS, Bi3yamizailis, 1 0arato iHImUX. [HIIOIO Ba)XJIMBOI 00JIACTIO BOJIOKOHHO-
ONTUYHUX TEXHOJOTIH € 1HTerpamis onTUYHuX 1 HagBucokodactotHnx (HBY)
TEXHOJIOT1M JIJIi TAKOr0 BUKOPHUCTAHHS, SIK pajapy, KOMYHIKAIiiH1 JiHIi, BICHKOBI
cucteMu Ta TmpuiagoOyayBaHHs. Ils oOnacTe cranma BigoMa SIK MIKPOXBUIILOBA
dboronika (MWP) [1-7]. Ile MDKIUCHUIUTIHAPHUN TOJIE MOXKE OTPUMATH BUTOIY BIJ
JTIOJIATKOBUX MO>KJIMBOCTEH, sIKI ONITHYHA TEXHOJOT1sA Moxke 3a0e3neunt B HBY ramysi
3B'si3Ky. JlomunbHicTe gociimkeHHs MWP MOSCHIOETBCS MOMJIMBICTIO ONTHYHUX
NPUCTPOIB MepefaBaTh KOPHUCHY 1HQOpMAll0 Ha BEJIMKI BIJICTaHI 1 MpaIoBaTH 3
IITUPOKUMH CTICKTPATBHIUMH CMyTraMu TiporryckanHs. L{s o0macte poToHiKH BKITIOYAE B
cebe poToHHy reHepailio 1 nepenauy, oopooky ta monitopunr HBY curnanis, a Takox
JOTIOMIXKHI (POTOHHI1 1 aHAJIOTOBO-IIM(PPOB1 MIEPETBOPEHHS.

Taki 0coOOMMBOCTI, IK HU3bKHI pIBEHb OCIA0JICHHS 1 IIUPOKA CMYyTa MPOIYCKaHHS
BOJIOKOHHO-ONITUYHUX TEXHOJIOTIH MOXYTh OyTHM BHUKOPHCTaHI JUisl peasizarlii
dbyukmionany 1 MmoxnuBocrer HBU cucrem [8] - [14], ki € BKpail CKIagHUMH a0o0
JIEKOJIM HE 3/A1MCHEHHUMH Oe3MocepelHb0 B MIKpOXBWIBOBIM oOxnacti. Lli mepeBarm
0COOJIMBO aKTyallbHI, KOJM BUCOKOYACTOTHI CUTHAIA CXWJIBbHI JI0 ICHYIOUMX OOMEKEHb
B 00J1aCT1 TeHepallii, 00poOKH 1 nepeaayi.

Tpaaumiiinuii Metron o0poOku pamiovactorHux (PY) curHamiB moka3zaHuii Ha
pucynky 1.1. Tyt PYU-curnan, 3reHepoBaHMil Ha BHCOKOYacCTOTHOMY reHepaTopi abo
OTpUMaHu# 3 aHTeHH, noctynae B PY Onok 00poOku curHamis, e abo B paaiodyacTor,
ab0 Ha MPOMIDKHIA 4YacTOTi, BiIOYBaeThcd MoOAabIIa HOro oO0poOka. Y Oyab-sKoMy
Bumnajky, PU 610k 0OpoOKHM CUTHAIIB 3JaTHUI BUKOHYBATH 3aBAaHHSI OOPOOKH TUIBKHU B
MeBHIA OOMeXeHIH CHeKTpaiabHOi cMy3i. Takuii MeTon MPU3BOAUTH 0 OOMEKEHOL
THYYKOCT1 CMYTH MPOMYCKaHHS 1 00pOOKM CUTHANIB, TaK AK OyIb-sKi 3MIHU 4YaCTOTHOT'O

Jiarna3oHy OOpOOJIFOBaHMX CHTHAIIB 3aKaJaroTh HOBOi kKoHpirypamii PY Omoky
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00pOoOKU CUTHAIIB 1, MOXKJINBO, BUKOPUCTAHHS 1HINIOI anapaTHoi TexHosorii. KpiM toro,
HaBITh SKIO YacTOTa HeCcy4oi Oyjae HEe3MiHHA, TO XapaKTeP MOJIYJIOI0YOTO CUTHATY
MOKE€ 3MIHUTHUCS, 110 BUMaraThuMme BiJ Ipoliecopa BEIUWKY CMYTy MpOMycKaHHs abo
OinpITy yacToTy Auckperusarllii. [le ocobiuBo akTyalbHO B pa3l AUCKPETHOI 0OpOOKHU
curHaiiB. Lli HemoMKM 9acTO HA3MBAIOTHCS B JITEpaTypl MO ONTUYHUX KOMYHIKAIid
TEPMIHOM « electronic bottleneck» , Mo B mepekiaal 3 aHTJINCHKOI O3HAYAE
«eTIEKTPOHHE TUIAIKOBe ropiedko» [8], [14]. Lle oOMexXeHHs € He €TUHUM JDKEPEIIOM
CIIOTBOPEHb, TOMY 1110 €JIEKTPOMArHiTHI Ta YaCTOTHO-3aJIE’KH1 BTPATH TE€XK BHOCATDH CBIl

BHCCOK.

RT, Obpobka gaHux B RE,,
EneKkTPUYHIA >
obnacrTi

Pucynok 1.1 — Tpagumiiinuii metos 00po6ku PY curnais

[Tepmi MWP cuctemMu BUKOpUCTOBYBANUCS ISl IEpeIayl eNeKTPUYHUX CUTHAJIB
B ONTHYHIA 00JIacTi, SIK TMOKa3aHO Ha MamoHKy 1.2. EmekTpoonTuuHOro mnpUCTpid
nepetBopenns (E /  O), sax mnpaBunmo, wmoxaynstop Maxa-Ilenaepa abo
€JIEKTPONOTIIMHAIOUYAN MOIYJISITOP IMEPEHOCUIIM KOPUCHUW EJIEKTPUYHUKM CUTHAJ Ha
oJIHy a00 OLIbIlle ONTUYHUX HECYUHX, AKI MEePeNaBaUCS MO ONTUYHOMY CEPEIOBHUII
(omTHYHE BOJOKHO), a TOTIM BIJHOBIIOBAIMCSA B EJIEKTPUYHIM O0O0JACTI IUISIXOM
JETEKTYBaHHS  OMNTO-  €JIeKTpoHHMMHU TmiepeTBoproBavamu (O / E), PIN-

dotonerexkropamu [15]. Taki cucremu Bigomi sik HBU-doToHH1 niHIi 3B'A3KY.

RF. l T RF..

¥

Y

)

Pucynok 1.2 — Ontruuna miHisg nepenadi PY curnamy
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CBoiMM OCHOBHHMMH I€pe€BaraMd BOHHM 3000B'i3aHI BJIACTUBOCTSIMHU CEpEIOBHUIIA
NOIIMPEHHS, TAaKUM SIK TOCTIHHUM HU3BKUN KOE(IIIEHT 3aracaHHi B YCbOMY
4aCTOTHOMY J1ara30H1 MOJYJTIOIOUMX CUTHAIIB CAHTUMETPOBOI 1 MUIIMETPOBOi 00J1acTi,
110 J03BOJISIE 3/I1MCHIOBATH Mepeiady CUTHATY Ha BEJIMKI BIJICTaHI 3 MaJIOi JIeTpajalli€ro
CUTHAITY; HE3aJIS)KHICTh BiJ (QopMaTy OaHWUX, IO O3HAYA€E, MO0 HU3BKOYACTOTHUH 1
BUCOKOYaCTOTHHM CUTHAJIU MOXYTb nepenaBaTUCs 3 0JIHaKOBOIO
NPOAYKTHBHICTIO; BEJIMKA CMyra MpOIyCKaHHS; aAalTUBHICTh JO PI3HUX CLEHapiiB
pearizalili Mepex BHACIIOK THYYKOCTI ONTHYHUX BOJIOKOHHHX KaOesiB; Majay Bary 1
00'eM; CTIMKICTB /IO €JIEKTPOMAarHiTHUX 3aBajl. [{i 0coOMMBOCTI O3BOIMIM peani3yBaTh
Radio-over-Fiber (RoF) mepexi nepenadi nanux [16-17], ski 3a0e3nedyioTh nepeaaqy
pagiocurHany, $K MpaBUJIO, CAHTUMETPOBOrO0 abO0 MIIIMETPOBOTO Jiala3oHiB, Bijl
nentpanbHoi ctanuii (L{C) na oguny ado Oubmie (BC) [18] . [lo mOHATTS T1OpUIHUX Ke
MEpexX IMepeaadl JTaHuX BapTO BIIHECTU TaKOX CYKYNHICTh ROF mepex 1 6e31poToBux
mepex mepenadi ganux [19]. Lleft minxix D03BOJSE CIPOCTHUTH CUCTEMY IILISXOM
BUKOPUCTAHHS IICHTPATi30BaHOI CTPYKTYpH, SKa BKIIOYA€ aHTEHHUW MOMYJIb,
po3ramoBaHuii  Ommkye 70 KiHIEBoro kopuctyBada [20]. OnTtuyHa Hecyda
MOAYJIO€ThC KopucHuM PY curnamom abo Ha MPOMIXKHIM 4acToTi, a0 OGe3rmocepeHbO

Ha YacTOTi BUINPOMIiHIOBaHHS. JlJI1 HAOYHOCTI LEH MpOIEeC MPOJEMOHCTPOBAHHMI Ha

|

; |
LleHTpansHa _ {OnTnuHwiE L PH — |

1

|

|

pucyHky 1.3.

CTaHUiA iHTepteic [|iHTepdeidc |+ |
Binanena Toyka goctyny |
A
'} A A %
Baseband-over-Fiber IF-aver-Fiber Radio-over-Fiber

Pucynox 1.3 — Ilpuxianu hopmyBaHHS MOy IHOBAHOTO CHTHATY B TIOPUIHUX MEpeKax

nepeaadi JaHux
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Haiikpamuii Bapiant Oyjae 3anexkatu Bix kiuibkocTi BC, xoua octanHiii crnoci6 (RoF)

HANOUTBII MOIMPEHU, TOMY IO J03BOJIsi€ BUKOPUCTOBYBaTH mpocTi bC

1.2 OnTrnyna 00podka curnadiB. [IOHATTSA TUCKPETHOI ONITHYHOI 00POOKHU

Bonokonna ontuka, kpim nepenaui HBY curnainis, Takoxx Moxe OyTH BUKOpUCTaHA
s o6podku HBY curnanip Ge3nocepelHbO B ONTHYHIN oOriacti. Bnepiie ontuyna
o0poobka HBY curnanie Oyna 3ampononoBana B 1976 1. [9]. Ontuuna o6poOka
CUTHAIIB (MamoHOK 1.4) nae yHIKalbHI MOIJIMBOCTI YHPABIIHHS HAJIIUPOKOCMYIOBI
HBY curnanamMu ¢GakTU4HO B YCil CHEKTpaibHOI 00JacTi CaHTUMETPOBOTO 1
MIJIMETPOBOTO JAlana3oHiB, MOBHICTIO YCyBalouu OOMEXEHHs « bottleneck» MOBHICTIO

CJIEKTPUYHUX TPHIIAJIIB

ONTHYHWA ONTUYHWA
BXiOHWN BUMXIOHKA
CUTHan CATHAN
RE 5 i
Y MpucTpiin |
fﬁ*‘neppﬂehfizm ~ i.],m; | ommwuHoi | i | onmwumwi | RT
- ' - 1 npuiomung
—BaHH :]Eip:]ﬁir_m p
CHUrHane

Pucynok 1.4 — Ontuuna cucrema 0opooku HBY curnanis

Kpim Toro, ontruna oOpoOka CHUTHANIIB MPH BUKOPUCTAHHI ONTHYHUX XBUJIEBOMIIB
MPOIMOHY€E HOBI PIIIEHHS, MOB'SI3aHI 3 MOOYAOBOIO KaHAIIB 3 BUCOKOIO MPOIYCKHOIO
3natHicTio [21]. Takum yuHOM, ONTHYHA OOPOOKA CUTHAIIIB IEMOHCTPY€E COO0I0 HOBUM
X1 10 MUTaHHS 00pOOKU CUTHATIB, KU JOMOBHIOE 1TU(PPOBY 0OpOOKY 1 aHATIOTOBY
00po0OKy 3 BukopuctanusiM HBUY-kommonenTis [11], [22-25]. Kpim Toro, o6pooxa HBU
CUTHaJIB Oe3nocepeHb0 B ONTHUYHOMY Jlalla30H1 [O3BOJISE YHUKHYTH JOPOTHX
OITOEJIEKTPOHHUX EPETBOPEHb, SKIO CUTHAIU BXKE B ONTHYHOMY CEpEIOBUIIII MOIIUP
CHHSI.

OObnacTi 3acTocyBaHHs ONTHYHOI OOpOOKM CHUTHaNiB BKIO4YaloTh B cebe HBY



12

binbrparnito [26], MI'b / ¢ nepii ananoro-mudposi neperBoproBadi [27-29], 3MinryBadi
Ta 4acTOTHI meperBoproBaui [30], kopensitopu curHamiB [31], reHepaTOpu CHUTHAIIB
noBUIbHOI Gopmu [32] , aHanoro-mudpoBi mepeTBOprOBadl B ONTHYHIA o0macTi [33],

[34] 1 popmyBaui pagionpoMinb PAP [35], cxematndHo 300pakeHuit HA PUCYHKY 1.5
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Pucynok 1.5 — CtpykrypHa cxema ¢popmyBanus JJH OAP

Ha BinmiHy Bin enekTpudHux (uIbTpiB, BIArYK QotoHHux HBY ¢inbTpiB He
3JIEKUTH BiJl YACTOTH E€JIEKTPUYHOTO CUTHAIY, TOMY IO LIEHTpaibHa YyacToTa (PuibTpa
3aJIeKUTh BUKIIFOUHO BiJl ONTUYHOI 3aTPUMKH, 110 BHOCUTHCA B CTPYKTYpy. Hacmpasi,
B MMPAKTUYHHUX CHCTEMAaX YaCTOTHA XapaKTePUCTHKAa OOMEeXeHa MPOIMYCKHOIO 3aTHICTIO
CJIEKTPOONTHYHUX 1  ONTOCJNEKTPOHHUX  MEpPETBOPIOBAYIiB  (MOIYJIATOpPH 1
dboroaerexktopu BianosigHo). Ilporiec 00poOku pagiocurHaidiB  Oe3MocepeHb0 B
ONTHUYHIN 00J1aCTI MOKHA Ha3BaTH IUCKPETHOI onTH4HOI 00poOkoro HBY curnanis. Bin
MoJIITa€ B JUCKPETU3aIlil BXIJHOTO MOJYJIHOBAHOTO ONTHYHOTO CHUTHANY, 0OpOOIl
BUOIPOK 1 HaJIaJll X CTPYKTYpyBaHHI 3a JOMOMOTOI ONTUYHUX JIIHINA 3aTPUMOK 1 1HIIIHNX
dbotonnnx mnpuctpoiB [36]. Jlami o0O0poONeHHMII ONTHUYHUNA CHUTHAN JETEKTYETHCS
ONTOEICKTPOHHUMH MPpUCTposiMU. KpiM miepepaxoBaHUX IepeBar, METOIHU JUCKPETHOI
ontuyHoi 00poOku HBY curnamiB MoxyTh 3a0€3ME€UUTH JykKE KOPOTKI YacoBl
3aTPUMKH, 1110 TPU3BOJAUTH J0 MOHAJ BUCOKIN yacToTi nuckperu3anii (monag 100 I'T B
NOPIBHSIHHI 3 JEKUJIbKOMa Tirarepiamu B o0nacTi uudpoBoi 00podku curHamiis). Kpim
TOTO, ONEpPyBaHHS B ONTHYHIM 00JIACTI JJa€ MOKJIUBICTh SK MPOCTOPOBOTO, TaK 1
YaCTOTHOTO MOy KaHamiB 3aBasiku WDM  texnonorism. Ha wmamronky 1.6

MPOJIEMOHCTPOBaHO 3acTocyBaHHsI WDM TexHoJIOr i,
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Pucynok 1.6 — bararonoproBi WDM-ontuuH1 Mepe:xi nepeaadi JaHuxX

B minoMy, po3risiHyTa TEXHOJIOTiSI € MpUBAOIUBOIO ISl TIOPUIHUX CHUCTEM
nepenadl gaHux [37], TOMy IO aHTEHOKO MPUHAMAETHCA HE TIIbKA KOPUCHUM CUTHAI,
ajie 1 pi3HI NePeKo/id, SIKl B MOAAIBIIOMY MPU3BOJIATH 10 IHTEP(EPEHLli B ONTHYHUX
JiHIAX nepenadi. MoauBICTh BIAQUIBTPpYBaTH HeOakaH! CUTHAIM OE3MOCEPE/IHbO B
ONTUYHIA O00JacCTi € YHIKaJbHOIO XapaKTepUCTUKOI (POTOHHUX (inbTpiB. Takox,
dboToHHMIT (PUIBTP MOXKE 3aCTOCOBYBATHCS B SKOCTI CMYroBoro ¢iabTpa s
NpOIyCKaHHs HeoOxigHoi cmyru yactoT [38]. binbim Toro, HeoOXigHa CHEKTpajibHa
CMyra MOXe€ 3MIHIOBAaTUCS MPU MOXIIMBOCTI peKoH(piryparii 1 nepedyaosu ¢inbTpa. B
000X BHMaJKax, BIKHO IPONMYCKaHHS MOXE€ 3MIHIOBAaTH BIiJ Jekiuibkox MIT mo

necatkis ['T.

1.3 ®opmyBannsa HBY curnany B onTuuHiii o6aacri

Tpaaumiiino, popmyBanus HBY curnany BigOyBa€eThCs B €IEKTPUUHUX CXeMax 1
Mae 0araToCTyleHEeBUN XapakTep MepeTBOpeHHs dvacToTu. Lli cuctemu ckiagHi i
eKOHOMIYHO He BuriaHi. Jlo Toro , y Garatbox 3actocyBaHHsX 3reHepoBanuii HBU
CUTHaJI HEOOXIJHO TMepenaTd Ha BiJJajeHe BIJICTaHb, a BHUKOHAHHS 1€l [1i B
SJICKTPUYHIM 00JaCTl € HEMPAKTHYHUM BHACIIJOK BEJMKOTO 3aTyXaHHS MpHU mepenadi

1o KoakcianpHOMY Kabemto. PimenHsaMm 3anaui ciayxuth nepegadya HBY curnamy uepes



14

onTu4He BOJIOKHO [39]. OTke, cTae akTyanbHuM nuTaHHs reHepanii HBY curnany B
ONTUYHIHN 00sacTi.

Tpagumiiaum migxoaom a0 dopmyBanas HBY curnamny BBakaeThcsi reHepalis
HOTro Ha OCHOBI CYINEpHO3UIlli JBOX ONTUYHUX XBWIb 3 PI3SHUMHU YaCTOTaAMH, SKi
HaaxoaaTh Ha QoromerekTop. [loTiM QopmMyeThesi €IeKTpUYHUI CUTHATI 3 YacTOTOIO,
110 BIJIMOBI/Ia€ THTEPBAY JOBXKUH XBHJIb ONTHYHUX Jkepen [40]. Lled miaxia 1o3Bosise
OTPUMYBATH CUTHAJ B €JICKTPUYHOMY Jiana3oHi 3 yactoToro nonayn 111 giama3ony, ane
Ma€ ICTOTHUM HEJOJIK: BHACHIIOK HEKOT€PEHTHOCTI ONTUYHUX JKEpes, 3reHepOBaHUN
HBUY curnan 6yne matu 3HauHuit Pa3oBi mryMu. 3a OCTaHHIN 4ac OyJI0 3alpONOHOBAHO
BEJIMKY KiNbKicTh croco6is renepanii HBU curnamy. Ix moxna knacudikysatu Ha 4
kareropii: 1) 3amukae ontuuHe HakadyBaHHs [41, 42], 2) onTuyHa mnemis (a3oBoi
cuaxponizaii [43-49], 3) HBY renepartisi 3 BUKOPUCTAHHIM 30BHIIIHBOT MOTYJIALIT 1 4)
JIOBTOXBHJILOBOTO JKEPEJIO BUITPOMIHIOBAHHS .

[lepmmii cmoci® mnonsirae B TOMY, L0 JOTPUMYETHCS BUCOKAa KOT€PEHTHICTb
JoKepen BurpomiHioBaHHS. CxeMa peanizanii crnocoOy 300paxeHa Ha pUCYHKY 1.7
a. BHacigok 4acTOTHOT MOAYJIALIT HA KEPYHOUOMY Jla3epl, Ha MOro BUXO1 (popMyeThes
Hecydya 1 OOKOBI CKJIaJ0BI pi3HHX TOpAnKiB. [loTiM curHanm kepyrodoro jasepa
HAJXOJWUTh Ha JBa IHIIMX Jla3epa, IO HECYTh AKUX ONM3bKI 0 JABOX CHUMETPUUHHM
OOKOBHM CKJIQJI0BHM. TaKuM YHMHOM, HECy4a OJHOTO 3 Jia3epiB (PIKCYEThCs Ha O1YHIN CK
J1aJI0BOIO 2-TO TIOPSJIKY KEpPOBAHOTO Jiazepa, a Hecyda IHIIOTO Jlazepa (PiKCyeThCcs Ha
O14HIN CKJIaJIOBOIO 2-TO MOPSAKY KEPOBAHOTO Jazepa. 3 Oriisiiy Ha (pa3oBYy KOPEISIIiIO
KepoBaHUX Ja3epiB, 3reHepoBanmii HBY curman mae Huspkuii piBeHb (a3oBHUX
mrymiB. JIo Toro sk, mpH MeBHiM KoH]irypaii, yactota 3renepoanoro HBY curnany
MiCsl JCTeKTYBaHHS CTaHOBUTH IOMHOXEHY OCTadi dYacToTy Mojayitowuoro PU
CUTHAIY.

Hpyruit croci6 pocsarHeHHs ($a30BOi KOTEPEHTHOCTI JBOX ONTHYHUX JKEPEN
NOJIITa€ B CTBOPEHHI MeTil (Pa3oBoi CHHXpOHI3aIlll, SK MOKa3aHO Ha PUCYHOK 1.7
0. [licms nmerekTyBaHHS ONTHUYHOTO CHUTHAY JBOX JDKEPENT BUIIPOMIHIOBAHHS,
B110yBa€ThCsl TIOPIBHAHHS Horo (a3u 3 (Ha3oro onopHOro curHainy. a3oBuil AETEKTOP,

BUPOOJISIE CTPYM MPOMOpLIHHUN (Ha30BOT Pi3HUII, SIKUH HAAXOAUTH HA OJIMH 3 Jla3epiB
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10 JIiH1T 3BOPOTHOTO 3B'SI3KY JJIs1 KOPEKIli (pa3u BUIIPOMIHIOBAHHS 3a JIOTIOMOI'OK0 3MiHU
JTOBKHHHU Pe30HATOpa Jiazepa abo cTpymy imkekii. [Ipu mpaBmiibHOMY HajamTyBaHHI
MOCUJICHHS TI€TJI1 3BOPOTHOTO 3B'SA3KYy 1 yacy BIATYKY, BiJHOCHA ¢aza MK JBOMA
Jazepamu Oyjae 3HAYHO 3HIDKEHA, 1, OTXKe, (ha3a 3reHepOBaHOTO CHTHANY Oyne
BignoBimatu a3t omopHoro curHany HBY renepatopa. Bumororoo 10 BHCOKOTO
MOKa3HWKa €EeKTUBHOCTI JaHOI CHCTEMHU € YMOBa BY3bKO1 CIIEKTPAIBHOI IIUPUHH JTiHii
Ja3epiB, MO0 3a0e3MeynTH HU3bKOYacTOTHI (pa3oBi ¢urykryarii. Takox BimoMuil miaxif

CHUJILHOTO BUKOPUCTAHHS MEPIIOTo 1 Apyroro MeroaiB ¢popmysands HBY curnany [46].

s peanizanii TPETHOTO H1IX0y 3aCTOCOBYIOThCS 30BHIIIIHI
Moaynsitopu. HaliBimomimum 3 Hux € wmoxaynsatop Maxa-llennepa. Ane  ioro
BUKOPUCTAHHA TaKOX Ma€ HEJOJNIK, BUKIUKAaHUNA JApeidoM poOOYOI TOUKKM Ha
nepeIaBaibHOI XapaKTePUCTHUINl MOAyJsiTopa. PilmieHHsIM mpoOiieMu € BUKOPUCTAHHS
onTUYHOro (pazoBoro MojayisaTopa. OcTaHHIM BIAPI3HAETbCS THM, IO (GOpMyeE B
ONTUYHIA 00JIaCTI K HeCydy, Tak 1 OOuABI OI4YHI CKJIaJOBI, TOMY 3aCTOCOBYIOTh
BY3bKOCMYTOBU PEKEKTOPHUHN (PUIBTP AJIsi CKaCyBaHHS ONTHYHOI Hecy4yoi. Hempomikom
TaKOro MeTOoAy € Te, 1o mnepenaroTbess no SMF-BomokHy OiuH1 CkJafoBl OyAyTh
B1/IUYBATH BIUIUB XPOMAaTHUYHOI AUCIEPCIi, 110 B CBOIO 4epry Oyje 3MiHIOBATH (pa30oBUii
CHiBBiAHOIIEHH MK HUMU. [1[060 yHUKHYTH HETaTUBHUX HACIIAKIB HEOOXITHO
BUKOPUCTOBYBATH METOJIM KOMIICHCALIIT XPOMATUYHOI JUCIIEPCIi.

Ocrannit  crmoci® renepanii HBY curmamy BHKOPHUCTOBYE — JKEPEIO
BUIPOMIHIOBaHHS, 3JaTHUW 3re€HEPYBATH Bl HECydl 3 HEOOXIIHMM PO3HOCOM 10
4acToTi. 3 OIJIAly HA Te, 1110 BUIIPOMIHIOBaHHS Oy/e reHepyBaTUCs 3 OJAHOTO JKeperna,
KOTepEHTHICTh Hecyuux Oyne Ha BHCOKOMY piBHIi. [lepeBaroro peanizamii 1aHOro
Merony € BiacyTHicte HBY omopHoro reHeparopa, IO 3HAaYyHO 3JICHIEBIIIOE
cTpykTypy. KimtouoBumu enementamu B cxemi Ha mamioHKy 1.7B € BBP-1 3 gBoma
MOHA]] BY3bKMMH CMYTaMH IPOITyCKaHHS, BUTOTOBJIEHA 3a TEXHOJOTIEI0 BIIHOCHOTO
dazoBoro 3cyBy, 1 BBP-2, 3pobneHa 3a NOPUHIUIOM CYNEPHO3UINT JIBOX

crangapTHux BBP.
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Pucynoxk 1.7 — CtpykrypHi cxemu cucteMm popmyBanus HBY curnany B

OIITUYHOI 001acTl

1.4 TIpoextyBannsa HBY ¢oronnux ¢pinbrpin

[cCHyIOTh TEBHI acleKTH, fKi HEOoOXiJHO BpaxOBYBaTH B 4Yac MPOEKTYBAHHS
(GbOTOHHUX (LIBTPIB.
KorepeHTHICTh JKepei: B JaHOMY BHIIQJIKy HEOOXIHO PO3TJSHYTH JBa ICHYIOUUX
pexumy. KorepeHTHHI peskuM po3yMie Tij coO000 CTIHKY ONTUYHY (Ha30BYy KOPEIAIII0
BUMPOMIHIOBaHHS B BiJiBojax (pinbTpa. BHacHiIOK 11b0TO OyAb-sKi HE3HA4H1 3MiHU B
rmapaMeTpax CHCTeMH (JOBXKHMHA ONTHYHOI JNHII 3aTpUMKH, 3MiHAa IIOKa3HHKA
3aJIOMJICHHSI 4epe3 HABKOJMIIHBOTO BIUIMBY, Mojsipu3amis 1 iH.) MOXyTh 3HAYHO
BIUTMHYTH Ha BIATYK ¢iabTpa. HekorepeHTHU# pexxuM, Ha BIAMIHY BiJ MONEPEIHBOTO,
BIJIPI3HSAETHCSA THUM, IO ONTHYHI a3y MK BiBOJaMH (DUIBTpa IOBHICTIO HE3aJIeXkKHI
onuH Bia oxaHoro. [Ipu peanizaliiii HEKOrEpPEHTHOTO pPEeXUMY, KoedimieHTH (iIbTpa

MOXYTb HpHﬁMaTH IMO3UTHBHI 3HAYEHHS



[To3uTuBH1 KOEQIIEHTH: HEKOTEpeHTHI (OTOHHI (GIIBTPU € IIHIKHUMU IO
ONTUYHOI IHTEHCUBHOCT1, TAKUM YMHOM, BaroBl Koe(ilieHTH OyayTh NMPUUMATH TUIBKU

MO3UTHBHI 3HaYeHHs. Lleit ¢akT TarHe 3a co0010 1Ba BAXKJIMBUX HACTIIKH, SKI BUXOSIThH

3 Teopii mo3utuBHUX cuctem [11], [14]. [lepmie 1 HaWOiIBII BaKIUBE OOMEKEHHS
noJyiira€ B TOMY, IO Jiana30oH BUKOPUCTAaHHS TMepelaBaibHOI (YHKIIT BeIbMU
oOMexxeHui. Jlpyre oOMeXeHHSI B TOMY, IO HE3QJIEKHO BiJ] BEIMYMHHU CIIEKTPAIBbHOT
NePIOIMYHOCTI, TIepenaBaibHa (DYHKIIIS 3aBXKIM Ma€ PE30HAHCHY YaCTOTY B OCHOBHIiM
cMmy3l yacToT. OCTaHHE HE € CepHO3HUM HEAOJIIKOM, TOMY IO Ha ONTHYHOMY BHUXO/I1
npuiiMaya Moxe OyTH BCTaHOBJIEHUH (DUIBTP MOCTIHHOI HAIIPYTH.

CrnekTpalibHa MEPIOANYHICTh € HEBIJ €EMHOIO XapakTepuctukorw ¢portonnnx HBY
GbiIBTpIB, 10 € CEepHO3HUM HENOIIKOM, TOMY IO HE JO03BOJISE B IOBHIM MIpi
BUKOPUCTOBYBAaTH HIMPOKOCMYTOBl1 BIACTUBOCTI (hOTOHIKM. CTaBJIEHHSI MEPIOJUYHOCTI

Gb1apTpa 10 MUPUHU CMYTHU MPOITYCKAHHS € ICTOTHUM OOMEKEHHS

1.5 Knacudikaniss goronnnx QpiabTpis

Ilepmmii mocBim B 0O0JacTi ONTHYHOI (PUIbTpalli €JNeKTPUYHUX CUTHAIIB,
oTpuMaHuii B KiHIII 70-X POKIB, JaB 3pO3YMITH, III0 BHCOKAa MPOIyCKHA 37aTHICTh
MOJYJISALIl ONTUYHOTO BOJIOKHA 3 HU3BKMUMH BTpaTaMU MOXYTb OyTH BUKOPHUCTaHI AJIs
peamizauii JHIT 3aTPUMKM  IOUPOKOCMyroBoro pgianazony [9]. [lizHime Oynu
3ampOIIOHOBaHI CTPYKTYpH Ha OCHOBi1 OararomojoBoro BojiokHa [10], [11] 1 mepmri
pobOTH Ha OCHOBI OJHOMOAOBOro BojokHa [8], [13]. ¥V mnux panHix pobOoTax
PO3TIIAIAI0THCS Pi3HI KOH(Irypaiiii 1 MOTeHI1HHI 0OMEKEHHS, sIKI MPUCYTHI B OMITHYHIN
o0pob6i. [Ipore, i cxemu Oynau 3acHOBaHI Ha IMACHBHUX CTPYKTypax 1 HE Maiu
MOJIMBOCTI pekoHPirypartii. [Ti3Hime Oynau po3poOieHi pi3HI ONTUYHI KOMIIOHEHTH,
K1 JO3BOJWJIM PO3POOUTH OUIBLI THYYKlI CTPYKTYpPH, SIKI MalOTh MOXIIUBICTh
peryJifoBaHHS TOTYXKHOCTI (MOJKJIMBICTh JWHAMIYHO 3MIHIOBATH TMOJIOKEHHS CMYT
NpoIycKaHHs a0o HyJi (inbTpa) 1 pekoHpiryparii (34aTHICTh AUHAMIYHO 3MIHIOBATH
3HAUEHHS aMIUTITyIM 3ami3HUTUX BHOIpOK, TOOTO 3MIHIOBATH BaroBl KOEQIIIEHTH

binbTpa) .



®otonni HBY ¢inbTpu MoxkHa po3AiauTH Ha JAB1 kKareropii [98]: ¢bunbTpu, 110
MpaIiol0Th B KOTEPEHTHOMY pexuMi 1 (QUIBTPH, MO MPaLIOOTh B HEKOTEPEHTHOMY
pexumi. g moOyaoBu (QOTOHHMX (UIBTPIB, MIO MPALIOIOTh B HEKOT€PEHTHOMY
peXHMi, BUKOPHUCTOBYIOTHCS  JIIHII  3aTPUMKH 3  KIHIICBOIO  IMIIYJIbCHOIO
xapaktepuctrkoio (KIX) i HeckindeHHOI0 iMmybcHOIO XapakTepuctukor (BIX). [1[o6
YHUKHYTH ONTHYHOI 1HTep(hEpEHIii K JpKepena BUITPOMIHIOBAHHS BUKOPUCTOBYIOTHCS
HEKOTEepPEHTHI JpKepenia abo rpynu JasepiB. HamamryBanHs 1 pexkoHIrypalio Takux
GiIbTPIB  3AIMCHIOIOTH IIJISXOM 3MIHM YacOBUX JIHIM 3aTpUMOK ab0 BaroBuX
koedimieHTiB GuIbTpalli. ¥ KorepeHTHUX GUIbTpax, SK MPaBHIIO, MOTPIOHO €aUHA
Hecyda 1 mpoOsieMa ONTHUYHOI 1HTepdepeHIlii He BUHHKAE 3a CBOEK CYTTIO 4epe3
BIJICYTHICTb Oy/Ib-SIKHX JIIHIN 3aTPUMOK.

Takum dYMHOM, OCHOBHI (POTOHHI MIKPOXBHJIBOBI (UIBTPU MOXKYTh OyTH

3rpyINoOBaHI B HACTYIIHI KaTeropii.

1.5.1 HexkorepenTHi crpykrypu poronnux HBY ¢pinbTpis

Hekorepentni ¢oronni HBYU-¢uibTpu 3a3Buuail peanizyerbcsi Ha ocHoBI KIX
(pucynok 1.8) a6o BIX (pucynox 1.9) koudiryparii minii 3arpumku. DopmyBaHHsS
0aratoBUBIMHOTO (UIBTPa MOXJIMBO 3a pPaXyHOK CTBOPEHHS THUMYAacCOBUX JIHIN
3aTPUMOK 1 HasIBHOCTI JIEKUIbKOX HecyuyuX. JIiHIi THAMYacOBHX 3aTPUMOK MIXK CyCIAHIMU
BiIBOJaMU  (UIbTpa MOXYTh PpEAN30BYBATHCS 3 BUKOPUCTAHHAM SIK IIPOCTOTO
ONTUYHOTO BOJIOKHA, (pI3MYHA JOBKMHA SKOTO 30UIBIIYETHCS 3 KOKHUM HACTyITHUM
BIJIBEICHHSM (DIIbTpa, TaK 1 PI3HUX ONTUYHUX XBUJIEBOJIIB, B AKUX YaC MPOXOKEHHS
BUITPOMIHIOBAHHS 3MIHIOETHCSI B 3aJICKHOCT! BiJ JOBKMHU XBHJI 32 PaXyHOK €(eKTy

XPOMAaTUYHOI IUCTIEPCIi.
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Pucynok 1.8 — Ctpykrypa HBY ¢oronnoro KIX-dinpTpa Ha mpukiaai BAKOHAHHS 3

OJIOKOM THMYaCOBOI 34TPUMKH OIITHYHOI'O CUT'HAIY
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Pucynok 1.9 — Crpykrypa HBY ¢oronnoro BIX-¢inberpa Ha npukiaal BAKOHAHHS 3

0JIOKOM TUMYACOBO1 3aTPUMKHU ONTHYHOTO CUTHAILY Y BUTJISIZI ONTUYHOTO TOILJIbHUKA



TakuM YMHOM, PKEpENIOM BUIIPOMIHIOBaHHS B HeKorepeHTHux cxemax HBY
dboToHHUX (UIBTPIB MOXKe OyTH HaOIp Ja3epiB HA PI3HUX JIOBXKUHAX XBHJIb a00 11€ MOXKeE
OyTH IIMPOKOCMYTOBHMI JIXKEPENO BUIIPOMIHIOBAHHS 3 MPOpipKyBaHHAM. KitouoBum
npuctpoem B HBY portonHux inbTpax € MOAyJIb ONTUYHOI JiHIT 3aTPUMKH, KU MOXKE
CKJaaTuCs 3 MacuBY DBperriBckix pemriToK, BIOPSIKOBAHOT XBUJIEBOJHOI MpPHU3MH,
yiprnoBanoi pemritku bperra abo aucnepryroyoro BosokHa. s N -BiaBiaHOT miHIT
satpumkn HBY ¢oronnoro KIX-¢inerpa, Buxiguuit HBY curnan Ha doTtomerexkTopa
MO>Ke OyTH MpeICTaBICHUN B
HACTYITHOMY BUIJISIL

y(t) =byx(t) +bx(t=T) +b,x(t—2T) + (1.1)
+. b X(E-(N-DT),

ne by,b,b,,b, , — Barosi koedimienTn GinbTpa, T — TUMYACOBA 3aTPUMKa
MIXK CYCIIHIMH BiBoAaMH QiabTpa. 3acTtocyBaBiuu Pyp'e neperBopenHs 10 (1.1)
OTPUMYEMO:
Y(jo)=b, X (jo)+be' X(jo)+b,e” X (jo)+ (1.2)
+...+ by, eI X (jo)
[lepenaBasibHa GyHKIs GOTOHHOTO (PUIBTPA BUTIISIAAE HACTYITHUM YHHOM:

H(jo)=TUD e oo sb, er0

X(jo)

(1.3)

Crpykrypu HekorepeHTHUX KIX-binbTpiB, 3acHOBaHI Ha MepepaxoBaHUX
MeTomax (opMyBaHHS MOIYJISl ONITUYHOI 3aTPUMKH, HABEJCHI HUXKYE.

HanamryBaHHs CHEKTpaJIbHOTO BIATYKY (UIbTpa 3IIMCHIOETHCS HUISIXOM
3MIHH BEJIMYMHU THMYACOBOI 3aTPUMKH a00 IMIISAXOM 3MIHHM JIOBKMHH XBHJI MIX
HecyunMu. OTHUM 3 HeNoMiKiB BUKopuctaHHd BBP € Toil ¢dakt, mo BoHM He
nepeOy0oBYIOThCSA. TOMy BHUpIMICHHSM TPOOJIEMH MOXE CTaTH BHKOPHUCTAHHS
nepedyoBaHoro jazepa. BukopucranHs diprnoBaHa bperriBCbKUMH PENITKA TaKOX
po3rsiHYTO HIpk4e. IIIBUAKICTE TIEPECTPOIOBAHHS TAaKUX JIa3epiB MOXKE JOCATATH
MIKPO-CEKYHHOTO TMopora. Ajie, HE AWBISYUCH HA MIBUIAKOMAIIO, JESIKI JOJATKH

BUMAralTh OUIbII  BUCOKY IIBHJAKICTh HACTPOWKH B  HAHO-CEKYHIHOMY



niama3oHi. [[boro Mo)kHa JOCSTTH, BUKOPUCTOBYHOYM TPeOIHYACTHH HKEPesio

BUIPOMIHIOBaHHS, MIBUJIKO/IS SIKOTO JOXOAUTH 10 40 HC.

Ak 3ragyBanocs panimie, BaroBi koedimientu ¢dotonHoro HBY ¢inptpa 3
ONTUYHUMH JIIHISIMA 3aTPUMKH, IO MPAIIOE B HEKOTEPEHTHOMY pPEXuMi, OyIyTb
npuiiMaTH TUIBKM TIO3UTUBHI 3HaueHHs [24]. Cnuparouuch Ha TEOpil0 OOpOOKH
curHaiiB, HBY ¢ortonnuit ¢pinbTp 3 BUIIE3raganoi KoHgpirypaiiiero Oyze npaioBatu
B SIKOCT1 (1IIbTpa HIDKHIX 9acTOT. [t momonanHs nux ooMexxeHb Oysu po3po0iieHi
ONTHUYHI JIIHII 3aTPUMKH 3 MOMJIMBICTIO peaii3allli HEraTUBHUX 1 KOMILUIEKCHHX
BaroBUX KOE(IIIEHTIB, 10 B CBOI YEPry J03BOJMIIO JOMOITHCS AOBUIBHUX (OpM

GbiIpTpallii B HEKOTEPEHTHOMY PEKHMI.

1.5.2 KorepenTtHi ctpykrypu ¢poronnux HBY ¢inbTpis

Korepentnuii pexxum B HBYU poronnux ¢uiprpax moxe OyTH peanizoBaHUN
3a JOMOMOIOI0 JiKepena BUIIPOMIHIOBAHHS BUKOPUCTOBYE TIIBKU OJHY JOBXKUHY
xBuJl. 3 orysiny Ha Te, o B kKorepeHTHuX HBY dotonHux ¢inpTpax BIACYTHI JiHII
3aTPUMKH, ONTHUYHA 1HTEp(EpEeHILlisi HEraTUBHO HE IMO3HAYaTUCSA Ha CTaOUIbHOCTI
pobotu ¢ineTpa.

3arajibHa CTPYKTypa TMOOYAOBH KOTepeHTHOTO (uIbTpa 300pa’keHa Ha

pucynky 1.10.
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Pucynok 1.10 — Crpykrypa HBY doronnoro dinetpa amns popmyBaHHs
KOMILUIEKCHUX KOe(]iIll€HTIB, 3aCHOBaHA HAa ONTHYHOMY (ha30-00epTarouoMy

pagiocurHamy

By3bko cMmyroBuii curHaNl ja3epa HaaXOAWTh Ha (Pa3oBHl MOAYJISATOp, HA
BUXO/I1 SIKOTO (OpMy€eThcs Hecyda 1 AB1 O1uH1 ckiaaoBi. Ciif 3a3HAYUTH, IO O14HI
CKJamoBl He 30irarothcsi 1o (a3, Takum yuHOM, mpu OE3MOCEPEIHHOMY
JETeKTyBaHHI ()a30BO-MOJyJIbOBAHOTO CHUTHANy Ha (OTOAETEKTOP HEMOKIIHBO
OTpUMATH BUXITHUW paJiOCUTHAJ, 332 BUHATKOM TOCTIMHOI CKJIaIOBOI, TOMY IO
OUTTS MDK ONTHYHOI HECydoi 1 HUXHBOI OI4HOi CKJIaoBOi OyJie TOBHICTIO
KOMIIEHCYBAaTH OWUTTSA MK ONTHYHOI HECY4Oi 1 BEpXHBOi O14HOI ckianoBoi. IIpore,
SKIO0 BUJAIATH OAHY 3 OIYHHMX CKJIQJOBHUX, BUKOPUCTOBYIOUHM €XKEKTOPHIN (MIIbTP
Ha MPOoX0/i1, ad0 3aCTOCYBAaTH MOJIBIMHUI CMYTrOBU (PUIBTP B pEKUMI BIAOOpaKEHHSI
, 55 nanpuknag BBP abo kackag BBP, toai npu aerexktyBanHi OBM ammiTyiHO-
MOIYJILOBAHOTO CUTHAIY Ha OTOACTEKTOP CHOPMYETHCSI HEOOX1THUM paioOCUTHAI.

Ha pucynky 1.11 3006paxkena cxema korepertHoro ¢potonnoro HBY ¢inbrpa,
B SIKOMY ONTUYHUHN PEKEKTOPHUM (DiIBTP BUKOPUCTOBYIOTHCS ISl BUJATICHHS OJIHI€T
3 OIYHUX CKJIAJOBUX (Pa30BO-MOJYJIHOBAHOIO CHUTHATY, TUM CaMHM peai3yrouu
nepexis 3 $a3zo MOAYJbOBAHOIO CHUTHAIY B aMIUNTYJHO-MOJYJIbOBaHUN 3 OJHOTO
OluHMii cMyror. MokHa 3poOWTH BHCHOBOK, IO JaHa cxema ekBiBaieHTa HBY
biapTpy, CMyra TpPOMYCKaHHS SKOTO BH3HAYAETHCS CMYTOIO0 MPOITyCKaHHS
ONTUYHOTO pexekTopHoro ¢uibTpa (Ha ocHoBl BBP). IlenTpasbha uactora
BU3HAYAETHCS PI3HULICI0 YACTOT MK ONTHUYHOI HECYYOi 1 IIEHTPAJIbHOIO YaCTOTOIO
pexekiii. Takum uYmHOM, IeHTpaidbHa yactota cmyroBoro HBY  dinsTpa
HAJIAITOBYETHCS MUIIXOM 3MIHH IIEHTPATBHOT YaCTOTH PEKEKTOPHOTO (ibTpa abo
JIOBXKWHU XBUJI1 JXKepesia BUIIpoMiHiOBaHHs. CieKTpajibHa XapakTeprucTuka (QpiapTpa
B XOJli HAJAINTYBaHHsS 3aJMIIAEThCS HE3MiHHOW. lle mae cyTTeBy mepeBary B
MOPIBHSHHI 3 HEKOTePEHTHUMH CTPYKTypamMu (GOTOHHHUX (UIBTPIB, B SKHUX
CrieKTpaJibHa (hopMa 3MIHIOETHCS B XO/I1 HalMAIITYBaHHS (UIbTPa, 32 BUHATKOM CXEM

3 KOMIUIEKCHUMH Koe(illieHTaMu, sIK1 PO3TJISAAIUCS PaHIiIIe.
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Pucynox 1.11 — Crpykrypa korepentHoro HBY ¢oronnoro dinbtpa,
3acHOBaHa Ha BuKopuctanHi AM-OYII moxyssmii.

MoskiiiBa KOH(ITypalisi po3risHyTOI CXEMH 13 3aCTOCYBaHHAM 1BoX BBP, mio
IpALIOTh Ha BIAOOpaXKeHHs, OJHA 3 SKUX BUIUILE ONTUYHY Hecydy, a 56 iHIIa
IPOITyCKAa€ OAHY 3 OIYHUX CKJIal0BUX. HemomaikoM Takoro MeToay € MIUpPOKa cMyra
MPOIYCKAHHS, TOMY II0 BUKOPUCTOBYeThbcs ofHopigHa BBP. Cmyra mponyckaHHs
HBY ¢oronnoro ¢insTpa BU3HA4Ya€ThCS MpOMycKHOIO 3AaTHICTIO BBP nns BuGopy
O014HOi cMyru. BuUKOpUCTOBYIOUM iX, MOXHA KUIBLEBOIO pPE30HATOpPa  MOXE
3MEHIIUTH WIMPUHY CMYTH, ajieé BUOIPKOBICTh Takoro (ibTpa 3aIUIIUTHC

HETIPUUHATHOIO JIJIs1 0araThoX JI0JaTKIB.

BucnoBok. B nanomy poszaini Oyno mpeacraBieHo 0a3oBy iHpopmarlito, ska
NOoTpiOHA MJI TOCHIIKEHHS €(PEKTUBHOCTI METOIB TOPUAHUX CUCTEM 3B’SI3KY Ha
OCHOBI IUCKPETHUX ()OTOHHUX OMTOBOJOKOHHUX MIKPOXBUIHLOBUX (PLIHTPIB.
Osznatomunuck 3 HBY doToHHMMH TeXHOJOTIsSIMH,a caMe 3 iX OCOOJMBOCTSIMH ,
nepeBaramMu Ta HejoJiikaMu. Takoxx Oyia npencrapieHa iHGopMallis o010 BIIOMUX
cnioco6iB poektyBanHss HBY doTonaunx ¢insTpiB. B ogHOMY 3 mMiapo3/aiaiB MOKHA
O3HAHOMUTHUCh 3 Kijacu@ikamiero (GOTOHHUX (UIBTPIB, a KOHKpETHIE 3

HEKOTEpEeHTHUMH Ta KorepeHTHUMH cTpyktypa HBY Qoronnux @inbrpamu.



PO3ALJI 2. PO3POBKA METOAY NNPUAYIEHHSA HEPIOANYHUX
CHEKTPAJIBHUX CMYT ITPOITYCKAHHA HBY ®OTOHHUX ®LJIbTPIB B
I''bPUIHUX CUCTEMAX 3B'A3KY

2.1 IlocraHoBKa MeTH PO3POOKH MeTOAY NPHUAYLICHHS MNepioAuYHHX

cnekTpaasHux cmyr HBY ¢oronnux ¢iabTpis

OCHOBHOIO METOI0 JOCIIKEHHS € pO3p0oOKa METOy MiABUIIECHHS €(EeKTUBHOCTI
riOpuaHUX CUCTEM 3B'sI3Ky. BaknuBe 3aBIaHHsT B CydacHMX TIOpUIHUX Mepexax
BUKOHY€ (UIbTpALisl, aje IMIJBUIIEHHS OOCATIB 1 IIBUAKOCTEH Mepenadl JaHHuX
MIJBUINYE TUTAHKY HEOOXIJHOI IIBUIAKOII cuCcTeM. PO3TisHyTHH CIociO migBUILCHHS
e(eKTUBHOCTI O€3IpOTOBUX CHUCTEM 3B'A3KYy, TPYHTYBaBCS Ha CHHTE31 IPOTHO3YE
GbiIbTpa B €JIEKTPOHHIM 00JacTi. AJle B 3B'S3KY 3 IIJIBUIICHHSM BHUMOT JIO IITBUIKOIIT,
pimeHHst 3amadi  guibTpanii PY curhHamiB mepeHocSTh B ONTHYHY OOJIACTh, i€
npoektytoTecss HBY doTonni gpinbtpu. Metoro peamzanii poronHoro HBY dinbrpa €
MIJBUIIEHHS CHEKTPadbHOI €(PEKTUBHOCTI TIOPUAHMX CHUCTEM 3B'SI3KY IUIIXOM
30UTPIIEHHS! KUIBKOCTI YacCTOTHUX KaHadiB. OUIHUTA OTPUMaHWl BUTpAll MOXXHA 3a
JIOTIOMOT'O0 MIOKa3HUKA CIEKTPAIbHOI €)EKTUBHOCTI CUCTEMU 3B'SI3KY :

R (2.1)

7= AR

ne R — mBuakicTs nepenayi ganux, 061t/ ¢; AF — cmyra gactot kanaiy, ['11.



[Toka3HUK CHEKTpajIbHUN €PEeKTUBHOCTI XapaKTepu3ye KIIbKICTh OIT B CEKyHAY,

K1 ipumaaaoTh Ha 1 ' cMyTu 9acToT KaHamy.

KpiM migBuIieHHs crekTpaibHOi e(EeKTUBHOCTI CUCTEMH 3B'A3KY, aKTyaJbHUM €
3aBJaHHS TPUIYIICHHS TOBTOPIOBAHUX CHEKTPAIbHUX CKIIagoBuX (ortoHHux HBY
GUIBTPIB BHACHIIOK TMEPIOAUYHOCTI CTPYKTYPH YACTOTHOI XapaKTEPUCTHKU (IIBTPIB,
MOB'S3aHOT 3 JUCKPETHOIO MPUPOJIOI0 TUMYACOBOi 00poOKu curHamiB. e BmacTuBicTh
MepeNIko/Kae peanizaiii cMyroBuil ¢iuabTpalii 3 MIHPOKOI CIEKTPaIbHOI CMYTOIO
NPUIYIICHHS, HEOOX1THOT B 0ararb0X BaXKJIMBHUX 3aBJAHHSX CEJIEKI[li CUTHAIIB, 110 B
CBOIO Uepry OOMEXy€e MOKJIMBICTh BUKOPUCTAHHSA IIMPOKOCMYTOBUX BIIACTUBOCTEH
dboToniku. BimHomennss MK crnektpanbHoi nepioguyHicTio (FSR) 1 mmpunoro
NpomyckaHHs ¢uUibTpa ISl JaHOTO YHCJA BIABOAIB CIYXUTh OOMEXYBaJIbHUM
YUHHUKOM 3aCTOCOBHOCTI JaHOTO mijfxony ¢iasTpariii. ToMmy po3poOka HenepioandHO1
cTpykrypu cmyroBoro HBY ¢oronHoro ¢ginsTpa B 3ajaHOMYy YaCTOTHOMY Jlana3oHl 3
HU3BKUM PIBHEM LIYMIB € aKTyaJIbHOIO 1 BAXKJIMBOIO 33a4€IO.

[Ile onHi€0 TPUYMHOIO aKTyaJIbHOCTI peajizailii MOCTaBJICHOTO 3aBJaHHS B
ONTUYHIN 00JacTi € TOU (HaKT, 10 Micis mpoiecy (HOTOAETEKTYBAHHS BXXE HEMOXKIIUBO
no30yTrcs HebaKaHMX TMEPIOMYHO TOBTOPIOBAHUX CHEKTpaibHUX ckianoBux HBY
CUTHAITY.

TakuM dYWHOM, MOCATHEHHS TIIOCTaBJIEHOT METH JOCHIDKCHHS Yy BUTIISII
MIJBUIIEHHS CIEKTPAIbHOI €(PEKTUBHOCTI TIOPHIHOI CUCTEMHU 3B'S3KYy, MOXJIUBO 3a
paxyHOK BUPIIICHHS 3aBAaHHS pO3pPOOKH METOAY MNPUAYIICHHS NEPIOJUuYHUX
CHEKTpalbHUX cMyT mpomyckaHHs (GoronHoro HBY ¢ineTpa B 3a1aHOMYy 4aCTOTHOMY

miamnasoHi.

2.2 Po3poOka maTteMaTu4HOI MojAeJi koMOiHOBaHOTO oTonHoro HBY ¢inbTpa

B minomy, Bimomi ctpykTtypu (GOTOHHUX (DUIBTPIB MOKHA KiacH(iKyBaTH 3a
TaKUMU OCHOBHHUMHU METOJaMHU TOOYJOBH: HEKOT€PEHTH1 OaraTtoBiABIIHI METOH,

3aCHOBaHI Ha peanizamii KiHIEBOi iMmynbcHOI xapaktepuctuku (KIX-dinbetpn), i1



KOT€pEHTHI METOIU NPOEKTyBaHHS (HOTOHHUX (PIIBTPIB 3 BUKOPUCTAHHAM ONTHYHUX
Gb1IBTPIB 3 MOAATBIINM MEPEHECEHHSIM iX nepefaBanbHoi ¢yHkiii B HBY nianazon

baratoBuBinni KIX-ineTpu nerko mnepeHanamToBYIOThCA 1 PeKOH]IrypoBaHi,
1mo30aBJIeHI YacTOTHOI HECTaOlIBbHOCTI, HEYYTJIWBI JI0 3MIH HaBKOJHUIITHBOTO
CepeIOBHILA BHACTIIOK HEKOTEPEHTHOTO CTPYKTYPH, IIO B CYKYMHOCTI MPHU3BEIO 0
MO3UTUBHUX PE3yJIbTaTIB MPH iX IHTETpallii B ONTHYHI CUCTEMH.

KIX ¢inbTpu 3a cBo€ro npupooro € ¢puibTpamu 3 nepioanynoi AUX, 1o B cBOO
yepry Oyjae oOMexKyBaTH CMYTY MPONMYyCKaHHs (PUIbTpa JJIs BUPIIICHHS [IbOT03aBIaHHs
IPOMOHYETHCSI BUKOPHCTOBYBATH KOMOiHalilo HekorepeHTHoro KIX-¢iuapTpa 1
korepeHtHoro Jlaiior  ¢ineTpa. [le  103BONMTE  JOMOTTHCS  CTaOLIBHOCTI 1
npoaykTuBHOCTI KIX-(inbTpiB 6e3 0OMexkeHb, BUKIUKAHUX 1X TEPI0IUYHOI MPUPOIOIO.

[Tigxin, sKWii 3aCTOCOBYETHCS B TAHOMY JOCIIXKEHHI, TOJIIra€e B KOMOIHYBaHHI
HekorepeHTHoro KIX-¢dinbrpa 3 KorepeHTHUM ONTHYHUM (QUILTpOM Uist (hOpMYyBaHHS
KaCKaJIHOTO CIEKTPaIbHOIO BITYKY BCi€i CUCTEMH. 32 YMOBU TOYHOT'O HaJalllTyBaHHS
BIIFYKIB 000X (pUITPIB OyAe NOCATHYTUM OYIKYBaHHI e€(EeKT MPUIYIICHHS HeOaKaHUX
CHEKTPAIbHUX MOBTOPEHB, TOOTO BIOYIETHCS MPUIAYIICHHS TapMoHiK. [IpopimxyBaHHs
CHIEKTpa JOCITAETHCS 32 PaXyHOK PI3HOTO CIIEKTPAIBHOTO BIJCTaH1 MK TapMOHIKaMH, 1
ToMy oTpuMane 3HadeHHs FSR Oyze Ounbllle mOYaTKOBOrO 3HAYEHHS 3aBISKH €(DEKTy
BepHbEpPHU. MeTos, po3poOsieHnid B JaHOMY JOCTIIKCHHI, 3aCHOBAaHWWA Ha e(exTi
BEPHBEPHU, CYTh AKOTO MPEACTABICHA HA PUCYHOK 2.1.

3o0kpema, A peaiizallii 1aHoro MeToxy OyB OOpaHMil KOT€peHTHHM ONTHYHUN
JlaioT (dinbTp yepe3 MPOCTOTH peatizallii, MOXKJIMBOCTI peKoH(Iryparii 1 HaIHOCTI,
sKa TOSICHIOETHCSI TUM, IO BCl ONTHUYHI CUTHANU OyAyTh MPOXOJIUTH IO OJHOMY

G13MYHOMY KaHaly nepezayi.
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Pucynox 2.1 [lpuniun edekty BepHbEPH: a) YACTOTHUM BIATYK nepiioro ¢inbrpa; 0)
YaCTOTHUM BIATYK APYroro GuibTpa; B) pe3yiabTYIOUH YaCTOTHUHI BIATYK QLIbTpa,
3aCHOBAHMI HAa €EKTI BEPHbEP

bararoBinBinni  KIX-dinbTp 3acHOBaHMII Ha BUKOPUCTaHHI BJIACTHUBOCTEH
(GOTOHIKM 1JI1 3aTPUMKH, OI[IHKM Ta KOMOiHyBaHHS HaOopy mnoBTopeHb HBY
CUTHaIY. SIK MpaBuio, 3aTPUMKa BHOCUTHCS JUCIIEPCHOI CEPEAOBUIIEM MOLIUPEHHS 115
BUKOPUCTAaHHS BIACTUBOCTEH mapaneniaMy ¢otoHiku. s peamizamii metomy OyB
oOpanuii ontuyHuil JlalloT PinbTp 3BakarOuM Ha MPOCTOTY peajizailii, MOMXJIHBOCTI
nepeOyI0BM YacTOTH 1 CTIMKOCTI, sIKa 3a0€3Meuy€eThCsl MOUTUPEHHSIM BCIX ONTHYHUX
CUTHAIIB B 3arajibHiil ¢i3muHiil cepemopuili. Ctpykrypa Jlaitor dinbTpa ckinamaroTh
CYKYITHOCT1 JBOIIPOMEHEBOTO MEPEIOMITIOIOYOT0 CEPEIOBUINA 3 BOYI0BAHUMHU TOJSIPU3
aTopamu. J[BompomeHeBa mepeioMITIiol0Ya BiCh KOXKHOTO 3 CETMEHTIB OpiEHTOBaHA Ha
45 rpaayciB M0 BIIHOIIEHHIO 0 HAMPSIMKY OC1 IOJIsIpU3aTopa.

Mertoto po6oTu € Bukopuctanns KIX ¢insTpa ns orpuMaHHsS HEOOX1IHOT TPOITY
CKHOi CHPOMOKHOCTI 1 (popMu OOBiIHOi, 1 BUKOPHUCTAHHS OUIBIIOI MEPIOIUYHOCTI
Jlaitot pinbTpa AN NpUAYIIEHHS He0aKaHUX TaPMOHIK.

[lepenaBanpHa pynkuist KIX-¢pinptpa ans HBY piana3ony Burisgae HaCTyITHUM

YUHOM .

2.2
‘ H incoherent ( f )‘ = ( )

i P e—j[27zf(k—1)Ar]
k=1 “




ne P, — immynecHa xapaktepuctuka (uibTpa, N — KUIBKICTH BIABOAIB( B
HAIIOMYy BHIIaJKy ONTHYHHUX HECYYHX), AT —TUMYacoBa 3aTpUMKa MK ONTHYUMHU

HECYYHMMH, KA BU3HAYAETHCA 32 TaKOI0 (hOPMYJIOLO:
Atr=D-L-AZ (2.3)
ne D — mokazHMK ~ XpOMaTU4yHOI  JUCIepCli  CcepelloBUINA  IMOUIUPEHHS,

L — noBxuHa IuCTIepCiiHOTO cepenoBuia i A4 —BIACTaHb MIXK ONITHYHUMH HECYIHMHU.

IlepenaBanbHa dyHKIlsa JIalioT (hiIbTpa BUTIIAIA€ HACTYITHUM YHHOM !

DGD- f 2.4
‘H cjherent ( f )‘ = COSZ (Lj ( )
ne DGD-ne BennuuHa nudepeHLianbHOI IPYHNOBOI 3aTPUMKU 1N - HOPSIOK
JlaiioT ¢inbTpa.

3nauenHs FSR 060x ¢GiabTpiB MOBUHHI BiJIMTOBIIATH HACTYIIHIN BUMO3I:

FSR =m- FSR,

incoherent

(2.5)

coherent
Benmuuuna FSR nmns nexorepentHoro KIX-¢inbTpa BHU3HAYa€ThCSd HACTYIHHUM
BHUPA30M:
FSR _ 1 (2.6)
incoherent AT
ne A7 -TUMYacoBa 3aTPUMKA MK ONITUYHUMU HECYUHMH.
Benuuuna FSR st korepeHTHOTO (DisIbTpa B 3arajibHOMY BUTJISIIL OI PEEISIeTCS
TaKWAW BUPA3:
FSR 2 (2.7)
coherent ﬁ
Benuunna DGD kokHOTro HacTymHoro einemeHTa 3arpuMku B JlaloT QinbTpi 3i
30UIBIIEHHSAM TOPSAKY OyJe 3MEHIIyBaTHCS B 2 pa3d, TUM CaMHUM PETyJIOIYH

BennurHy FSR,a Takok MMpPHUHY CMYTH POy CKaHHS.



2.3 Po3po0ka cTpyKTYpHOI cxeMu koMOiHoBaHoro (poronHoro HBY ¢inbTpa

CTpyKkTypHa cXeMa 3alpolOHOBAHOI CHCTEMHU MpPEJCTaBIeHa HAa PUCYHKY 2.2
[IyHKTHUPHOIO JIIHIEI0 Ha MaTIOHKY BHUAICHO pO3poOJieHHN KOMOIHOBaHUN (HOTOHHUMN
biapTp, MmO ckiIagaeTbes 3 HekorepeHTHOro KIX-¢dinmpTpa 1 kxorepentHoro JlaioT
binpTpa. Jns mpuaymieHHs HeOaxaHHMX TrapMoOHIK KkorepeHTHu# Jlailor dineTp
MJKJITF0YAETHCA MOCT1T0BHO 10 HeKorepeHTHoro KIX-dinsTpa
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Pucynok 2.2 - CTpykTypHa cXxeMa CUCTEMH 3 BUKOPHUCTAaHHSAM KOMOIHOBAHOTO
¢dboToHHOTO (DisIBTPa
JleTanbHa CTPYKTypHa cXxema po3pobiieHoro (iibTpa HaBeIeHA HA PUCYHOK 2.3.
YMOBHO ii MOXHa PO3AUIMTH Ha JBI YACTUHU: MEplla YaCTHHA - 1€ HEKOT€pEHTHUM
HBY ¢otonnnit KIX-¢pineTp, peanizoBaHuMii Ha ONTO-BOJIOKOHHOI JIIHIT 3aTPUMKH,
JIpyra 4dacThuHa - 1€ KorepeHTHuM ontuunuii Jlaitor ¢inetp. Jlaitior ¢insTp Ha
CTPYKTYpPHIN cXeMl BUJIJIEHO MYHKTUPHOIO JIIHIEIO 1 CKIAAAEThCS 3 HA0OPY MPUCTPOIB
DGD. MoxnuBe 3aCToCyBaHHS IPUCTPOIB 3aTPUMKH 3 BOYJOBAHUMH TOJIIPU3ATOPAMH,

a00 BUKOPUCTOBYBATH OKPEMI MOJISIPU3ATOPH, K 1€ MOKA3aHO HA CTPYKTYPHIN CXEMI.
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Pucynok 2.3 — CtpykTypHa cxema po3po0jeHOro KoMOiHOBaHOT'O (JOTOHHOTO

HBUY ¢insTpa

VY poni ontuunoro BuripominioBada (Optical Source) moxke Buctynatu DFB uu
1HIIIOT HEKOTEPEHTHUH JKeperio BulipomiHioBanHa. 3minryBau (Coupler)
BUKOPHCTOBYETHCS B CXEMI JIJIsI XBUJIILOBOTO YITIJTLHEHHS ONTHYHUX Hecyunx. PY
CUTHAJI HQJAXOJUTh Ha €JIeKTPO-0NTHYHOI MoayJaTop Maxa-I{ennepa (MZM
Modulator) 3 BU reneparopa, sikuii BOy/10BaHH B BEKTOPHHUI aHAII3aTOP JIAHITIOT1B
(VNA). [ns xommneHcarii onTHYHUX BTpaT B cxemy noaanuit EDFA-niacumoBay.
[Monsipuzatopu (P1, P2 ... PN) HeoOXi1Hi JijIsl Opl€HTAIlli MoJsipU3aIiiioi oci Ha 45
rpanycis. [Ipuctpoi 3arpumku (DGD1, DGD?2 ... DGDN) € komnonentamu Jlaiior
¢b1apTpa 1 KUIBKICHO BU3HAYAIOTh OPAIOK (GUIbTpa. Y poiii ONTOEIEKTPOHHOTO
nepeTBoproBaya Moxke Buctymnatu gorosaion (PD). JletekTyBaTu curHan HaaxoauTh Ha

BEKTOPHUI aHaJi3aTop JAHIIOTIB, A€ BIIOYBAETHCS MOTO MOAJIBIINN aHAITI3.

BucnoBok. B nanomy po3mini 6ysio po3poOieHo MeTo ] NpUAYIIEHHS NEP10IUIHUX
CHEKTPATBHUX CMYT MPOMYCKaHHS (POTOHHOTO HEKOTEPEHTHOTO OAraTOBUBIIHOTO
KIX-¢inbrpa ,3acHoBaHull Ha €(hEeKTI BEPHBEPHU, IO BIAPIZHAETHCS MOCIIJOBHUM
BKJIFOYEHHSIM KOT'€PEHTHOT'O ONTHUYHOTO (DUITPA, 110 J03BOJIsIE€ NEPeOy0BYBaATH
YaCTOTHY XapaKTEPUCTUKY BCEPEAMHI poOOUOTO /iana3oHy YacTOT MPOMyCKaHHS Ha
Buxoi oronHoro HBY ¢insTpa. Takox po3poOieHO CTPYKTYpPY PEKOHPITYPOBAHOTO
koMOiHoBanoro HBY ¢inbpTpa, sika 3acHoBaHa Ha (DOTOHHIM TEXHOJIOTI1, 1110
BIJIPI3HIIETHCS BUKOPUCTAHHSIM KOTEPEHTHOTO ONTUYHOTO JIa0UT PibTpa CHIIBHO 3

HEKOrepeHTHUM OaraToBUBIIHOTO (oToOHHUM KIX-diasTpom.



PO3/1JI 3. MoaeaoBaHHSI

3.1 MoaenwBannsi HekorepeHnTHoro ¢goronnoro HBY KIX- ¢giabTpa.

3riiHo 3 OTPUMAaHOIO NepeaaBanbHOi PyHKIT HekorepentHoro HBY doronnoro
KIX-dinbTpa (2.2) 6yno nmpoBeaeHO MOIeTIOBaHHs B cepenoBuini Matlab.

B sikocTi BXigHUX mapaMeTpiB I MojemtoBaHHs HekorepeHTHoro KIX-dimsrpa
Oys oOpaHi BITHOCHA MOTYXKHICTh JKEpeJl ONITUYHOTO BUIMPOMIHIOBAHHS, 1X KUJIBKICTD,
BiJICTAaHb MIDK ONTUYHUMH HECYYMMH, JOBXKHHA ONTHYHOTO BOJIOKHA 1 BEIWYMHA
nucnepcii. HeoOxiaHOI0 yMOBOIO oTpuMaHHs OakaHoro BiAryky ¢goronnoro HBY KIX-
binpTpa € OJIHaKOBa MOTYXHICTh BCIX JKepea BurpomiHioBaHHs. Ha pucynky 2.2
300pakeHHU ceKTpaibHUM BIATYK 4-x BiaBigHoro ¢goronHoro HBY KIX-¢dinbrpa, B
SKOMY TOTYXHOCT1 ONTHYHUX BUIPOMIHIOBAYIB Oyiu oOpaHi 3 koedimientamu [1 0.5

0.5 1], To0to 2-mii i 3-mit BunpominroBadi Oyym Ha 50% ciabe.
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Pucynox 3.1 — MogentoBaHHS CIEKTpaIbHOTO BiATyKy GoronHOro KIX-dinerpa

Ha pucynky 3.2 mpenacraBieHui CHEKTpadbHUM BIAryK Toro x (oronnoro HBY

¢binpTpa, aje MOTYKHOCTI ONTHYHUX BHUIPOMIHIOBAYiB Oyl oOpaHl OJHAKOBHUMHU

[1111]
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Pucynok 3.2 — MojentoBaHHs CIEKTPaIbHOTO BIATYKY oronHoro KIX-dinerpa

SIx BUAHO 3 LMX MAJIOHKIB, PIBEHb OIYHMX TapMOHIK y BUIAJKY 3 OJHAKOBUMH
HNOTY>KHOCTSIMU ONTHUYHUX JDKEPES BUIPOMIHIOBAHHA Ha 6 n1b HmK4e, HIK B BUNAAKY 3

koedimientamu [1 0.5 0.5 1].

Takum ynHOM, piBeHb npuaylIeHHs O014HuX rapMmoHik HE Oyne MakcumanbHuM,
Ko He OyJe BHKOHYBATHCS YMOBa PIBHOCTI IMOTY>XHOCTEH JKEeped ONTHYHOIO
BUIIPOMiHIOBaHHS. JlaHa ymMOBa € Ba)XJIMBUM acClEeKTOM BHPIIICHHS IOCTaBICHOTO

3aBJaHHA.

MopentoBaHHs J03BOJISIE JOMOITHCSA IyXe€ BY3bKOI cMyru IpomyckaHHs KIX-
¢binpTpa. Ha Mamonky 3.3 300pakeHMi CHIEKTpaibHUI BIATYK (PinbTpa 3-TO MOPSAKY,
TOOTO 3ajigH1 3 JKepesa ONTUYHOTO BUMpoMiHioBaHHs. [IupuHa cMyru mpoIycKaHHS

dbinpTpa cranoBuTh 18 MI'm, a 3HaueHHs FSR 58,2 MI'ng
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Pucynok 3.3 — MojentoBaHHs ClieKTpalibHOTO BIATYKY doToHHOTO KIX-dhinprpa:

a) 300pakeHHs Ha iHTepBam 10 1 I'T,

0) 30uTbLIIEHE 300pa’KEHHS IBOX MEPioaiB (LIbTpa



Jlani moka3HWKA OyidM OTpUMaHi TpPU HACTYIMHUX YMOBHU: KIJIBKICTh JIKEpe
ONTUYHOTO BUMPOMiHIOBaHHSA - 3,AA - 10 HM, T0BXKMHA ONTUYHOTO BoJIokHA- 100 kM, 1
BenM4MHA nuctepcii 17.

Ha pucynky 3.4 300paxxenuit cnektpanbauii Biaryk KIX-odinerpa 10-ro

nopsaky. lllupuna cmyru npomyckanus ¢inbTpa ctaHoBUTh 70 MI'11, a 3HaUeHHS

FSR cranosuts 780 MI'11.
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Pucynox 3.4 — MoaentoBaHHsI CieKTpaIbHOTO BiATYKY oToHHOTO KIX-dinbrpa:

a) 300pakeHHs Ha iHTepBam 10 7 [T,



0) 3011bIIEHE 300pakeHHs Mepioay GiIbTpa

JlaH1 MOKa3HUKU OyJIM OTPUMaHI MPH HACTYITHUX YMOBH: KUIBKICTh
JUKEpesl OonTUYHOro BumpowmiHtoBanHs - 10, AA - 2.5 HM, OOBKHHA ONTHYHOTO
BoJIoOKHA- 30 KM, 1 BelnuuHa aucnepcii 17.

Pesynbrat MopemOBaHHS TOKa3aid, IO IMHPUHA CMYTH TIPOITYCKAHHS
dotornoro HBY KIX-dinbrpa, a Takox Bemmunna FSR 3amexaTs Bif
KUTBKOCTI JKEpeJl BUIIPOMIHIOBAHHS, BIJICTaH1 MK ONITUYHUMHU HECYUHUMH 1 JOBKHUHOIO
ONITUYHOTO BOJIOKHA, HA IKOMY Peai30BaHU TPOCKTOBaHUH (DiIbTP.

31 30UIBIICHHSIM KIJTBKOCTI ONTHYHUX JKEPEN BUIIPOMIHIOBAHHS, TOOTO 3
MIJBUIIEHHSM KUIBKOCT1 BiJIBOJIB (IIBTPa, CHOCTEPITAETHCS 3MiHA MIUPUHU CMYTH
MPOITYCKAHHS T'OJIOBHOIO TAPMOHIKHU B 01K 3BY>KEHHSI, aJie CIIEKTpajibHa
nepioInyHICTh 30epirae konuurHe 3HadeHHs. Ha Bennunny FSR BrimmBaroTh Taki
napamMeTpH, SIK BIICTAaHh MK ONTUYHAUMH HECYUYHUMH, IOBKHUHA ONTHYHOTO CEPEIOBHUIIA
NOIIMPEHHS 1 BeJMYMHA i1 aucnepcli. Tak gk BeTMYMHA TUCIEPCli € HE3MIHHOK IS
0o0OpaHOr0 THUIy ONTHYHOTO BOJIOKHA, TO PEryJhOBAaHUMHU IapaMeTpaMy € JIOBXKHHA
CEpeloBUIla TIOMMPEHHS 1 PO3HOC JOBKHH XBWJIb ONTHYHUX Hecyunx. llpwm
OJIHOYACHOMY  30UIBIIEHHI [HMX T[apaMeTpPiB  CIOCTEPIraeTbCs  30UIBIICHHIM
CHEKTPaJIbHOI MNEPIOJAUYHOCTI BIATYKY (UIbTpa 1 3BYKEHHS CMYTH MPOITYyCKaHHS

rOJIOBHOIO TAPMOHIKH.

3.2 MoaearBaHHS KOT€PEeHTHOro0 onTu4Horo Jlaior ¢inbrpa

Jlaitor ¢inpTp sBISE COOO0 ONTHUYHHUM (UIBTP, 3aCHOBAHHMIM Ha BJIACTUBOCTI
nosisipu3aiii cpitina. Jlailor ¢uibTp, SK TpaBUIIO, CKIANAETHCA 3 JIBOIPOMEHOBO
MEePEIOMITIOIOUNX TUIACTHH, TOBIIMHA KOXKHOI HACTYIMHOI 3 SIKUX B J[Ba pa3d MEHIIE
nonepeHboi 1 nossipuzaTopiB cBiTia. [lonspu3zamiiiHa BiCh KOXHOI 3 JIBOIIPOMEHOBO
MepeIOMITIOIOUNX TUIACTUH OPIEHTOBAaHA IIiJT KyTOM B 45 TpaaycCiB MO BIJHOIIEHHIO 0
oci moissgpuzatopa. CBITJIO, MO TMOIIMPIOETHCS B KPUCTATl, MOXXHA MPEACTABUTH Yy

BUTJISA/II IBOX KOMIIOHEHT, 1110 MalOTh Pi3Hi (pa30B1 3aTPUMKH.

Harpy:xeHicTb eIeKTpUYHOTO MOJIsl, 10 MOIIUPIOETHCS B



TOPU30HTAJIBHOI 00JIACTI B X -HANPSAMKY 3 KyTOBHM YaCTOTOIO @ 1 3HAYEHHSAM

XBHJILOBOTO BeKTOpa K = ‘k , TAKOXK 3QJIKUTH BiJ 4acy t 1 BUpaXaeTbCs HACTYTTHUM

YHUHOM:
E(x,t) = E, cos(at —kx) (3.1)

HanpyxeHicTb monst B NEPHEHANKYJSAPHIN IUIOMMHI TOUIMPEHHS MOXHA

npcaACTaBU T TAKUM BUPA30M:

E = E, cos(a), + E,sin(a)e, = E, & +E &  (3.2)

0z>z oy "y

ne €, 1 € - OMHUYHUM OA3MCHUM BEKTOD, 0~ KYT MDK IUIOIIMHOK MOJISIpU3aLii

cBiTia 1 onTu4HOi Bicco. Ha pucyHky 3.5 cxeMaTMdyHO 300pakKeHO MOJOKEHHS
BEKTOPIB BUIPOMIHIOBAHHS A0 1 MICHS MPOXOHKEHHS ABOMPOMEHOBO MEPETOMITIOIOUHMX
cepelloBuIla, A€ BIIOyBaeThcs AudepeHiianbHa rpynosa 3arpumka [140]. Tomy s
OTPUMaHHS aHAJOTIYHOrO €(EeKTy, ABOMPOMEHOBO MEPEIOMIIIOIUHMX IUIACTHHH OYJU
3amineHl mpuctposMu DGD (mpuctpiii rpynoBuil nudepeHmiagbHOl 3aTPUMKH), K1
HAJal0Th 1JIEHTUYHUN e(eKT Ha W0 MPOXOAUTh BHUIIPOMIHIOBAHHS, 1 € OUIbII
yHiBepcanbHuM. [Topsinok JlaiioT ¢inpTpa, B JAHOMY BHUIIAJIKy, BU3HAYAETHCS KUIBKICTIO
Bukopucranux npuctpoiB DGD. lle o3navae, mo npu HEoOXiAHOCTI pekoHpiryparii
JlalioT ¢inpTpa msg OTpUMaHHS IHIIMX 3HAa4YeHb FSR nMocuTh MIAKIIOYUTH B CXEMy

JIOIAaTKOBHUI TPUCTPi, a00 k 3MiHUTH BenuuuHy DGD y Bumanky 3 €JIeKTpOHHUM

IPUCTPOEM.
Bxon Brixoxn
)
BricTpas EH:
och A A ! At
- A
|
]
]
MeieHHas :
OCb /
a) = 0)
Pucynok 3.6 - IlonoxkeHHS BEKTOPIB BHIIPOMIHIOBAaHHS 3 THMYAaCOBOIO

3aTPUMKOIO MOIIUPEHHS: a) Ha BXO/I1, 0) HAa BUXO/I1



[lepenatHa xapaktepuctuka (2.3) BHUKOPUCTOBYBaJlacs JJii CTBOPEHHS
iMiTamiiHOi Mojeni B cepemoBuill Matlab 1 oTpuMaHHS CHEKTPaIbHOTO BIATYKY
ontu4Horo Jlanot ¢iasTpa B HBY obnacti. BXigHumu mapameTpamu Jijis iMITaIiiiHOTO
MojieoBaHHsl Oynu oOpani BennunHa npuctpoi DGD 1 mopsaok dinbTpa (KUTBKICTh
npuctpois 3aTpuMkn). Ha pucynky 3.7 300paxkeHuii criekTpanbHuid BiAryk JlaioT
¢binbTpa 2-ro (a) 1 4-ro (6) mopsaky. lllupuHa monocu TMpomyckaHHS (iabTpa 2-TO
nopsaky craHoButh 1,95 I'Tr, a 3nauenns FSR cranoButs 11,94 I'Tw; ¢insrpa 4-ro

nopsiiky cranoBuTh 500 MI', a 3Hauenns FSR ckimanae 12,549 I'T,
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Pucynox 3.7 — Cnekrpansauii Biaryk Jlaiiot ¢insTpa: a) 2-r0 nopsaky; 0) 4-ro
MOPSIIKY

Jlani moka3HUKHW OyJIM OTPUMaHI MPU HACTYITHUX YMOBAaX: a) BEJTUYHHA IMEPIIIOTO
npuctporo DGD - 637,5 nic; 6) Benuuuna niepiioro npuctporo DGD - 167,5 nc.

OTpumaHuil pe3yiabTaT CUMYJIAIIT JIEMOHCTPYE €IUHY CMYTY MpPOIyCKaHHS Ha
3aJlaHOMy YacTOTHOMY piama3oHi. Twm camum, B 3adaHiii cMy3i MOXKHa JOMOTTHCS
ebekty cmyroBui ¢unpTparii. 3a morpedbu pexoH@irypaiii OTPUMAHOrO BIATYKY,
HEOoOX1THO 3MiHUTH mnopsaok Jlaiior ¢uieTpa abo Benmunuuny mnpuctpoiB DGD. Ha

MaJgioHKy 3.8 TmMoka3aHi pi3HI BapiaHTH MepeOyJoBHM YacTOTHOTro BiAryky Jlaior

dinpTpa.
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Pucynox 3.8 — JleMoHcTpaliisi MOKIUBOCTI pekoHdirypariii Jlaitor ¢inbTpa a) B

mama3oni 5-10 I'T1x

0) B mianazoHi 10 5 I'T'1r1 B obsacti 10 I'Tx

3.3 MoaenoBanHs kom0iHoBaHoro ¢poronnoro HBY ¢insrpa

Ha ocHOBiI oTpMMaHOi MaTeMaTU4HOI MOJENl 1 PO3pOOJIEHOI CTPYKTYpPHOI

cxeMu KOMOiHOBaHOTO (poToHHOTO (PhiIbTpa OYJI0O MPOBEACHO MOJEITIOBAHHS B

cepenouil Matlab.

KinneBuid 4acToTHHI BIATYK po3po0sieHOro (uUIibTpa Mae HACTYMHHMA

BUTJISI

‘H ( f )‘ = ‘H incoherent ( f )‘ ) ‘ H coherent ( f )‘ (33)
I[e H incoherent ( f ) - Bi,Z[I‘YK KIX_(biHLTpH

H oo (T) —Binryx Jaiior dinbrpa..

OtpuManuii Bupa3 OyJi0 BUKOPUCTAHO JjIsl TTIOOYI0BH YaCTOTHOTO BIATYKY

KoMOiHoBaHoTO (hoToHHOTO (piTbTpa B HBY mianazowi.



OtpuMaHi pe3yJabTaTH MOJEIIOBAHHS TNpeAcTaBieHi Huxk4de. OCHOBHOIO
YMOBOIO OTPHMAaHHS HEOOXiTHOI CHEKTPaJbHOI XapaKTEPUCTUKH MPOCKTOBAHOTO
bipTpy € ymoBa (2.4). Ha mamionky 3.9 300paskeHHi CHEKTpalIbHHUNA BIATYK
KOMOiHOBaHOTO (hOTOHHOTO (iIbTpa, OTPUMAHUW B PE3yJbTaTi IOCIIAOBHOTO
3'enHadHsl HeKorepeHTHoro ¢oronnoro HBY KIX-dinerpa 1 JlaitoT dinbrpa 4-T0

HOPAIKY, K1 Oy PO3TISIHYTI B IOTIEPEAHIX PO3/iIax.
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Pucynok 3.9 — CnekrpaibHuil BIATYK KOMOIHOBAaHOTO (POTOHHOTO (BiIbTpa

[upuna cmyru npormyckadds ¢iabTpa cranoButh 80 MI'n, a 3HauenHs FSR
ckimagae 12,549 ITu. Otpumanuil pe3ynabTaT AEMOHCTPYE €OUHY CMYTY
MPOMYCKaHHS B 3aJlaHOMy 4YacTOTHOMY jmiama3oHi. [llupuwna mnpomyckaHHs
rOJIOBHOIO TAPMOHIKHM 3MEHILIUJIACs B MOPIBHSAHHI 3 MIMPUHOIO TOJIOBHOT TAPMOHIKH
Jlatior ¢inpTpa 4-rO0 MOPAAKY, IO JEMOHCTPYE TIABHINCHHS JTOOPOTHOCTI
KoMOiHOBaHOTO (inbTpa. JJOOpOTHICTHE (GIIBTPY PO3pPaXOBYETHCS BIAMOBIAHO 10

HACTYMHOT'O BUPA3y:

_FSR (3.4)
Q= AQ

ne AQ — mupuHa CMYTH NMPOMYCKAaHHS TOJIOBHOIO TapMOHIKM (iibTpa 3a
piBHeM -3 nb.
BucnoBok. B gmanomy po3auti Oyjlno MPOBEAEHO MOJETIOBAHHS

HekorepenTHoro goronHoro HBY KIX-dinbrpa, ne BUIHO, 1110 MIUPUHA CMYTH



npomnyckanHs poronnoro HBY KIX-dineTpa, a Takoxx Bennuunna FSR 3anexatsb
BiJl KIJTBKOCTI JKEpesl BUITPOMIHIOBAHHS, BIJICTaHI MK ONTUYHUMU HECYUUMH 1
JOBXHHOIO ONTHYHOTO BOJIOKHA, Ha SKOMY pEali30BaHUN MPOEKTOBAHUN
bimeTp.B HacTymHOMY miApo3ALTT MPOBOJIUIOCH MOJEIIOBAHHS KOTEPEHTHOTO
ontu4yHoro Jlaor ¢ginbTpa, A€ OTPUMAHHN PE3yJabTAaT CUMYJIAII JEMOHCTPYE
€IMHY CMYTY TPOIMyCKaHHS Ha 33JJaHOMy YaCTOTHOMY Jiama3oHi. TuM camuM, B
3a/laHiii cMy31 MOXHa JOMOTTHCS edekTy cMmyroBuil Qinbrparnii. 3a nmoTpedu
pekoH(pirypaiii OTpUMAHOTO BIATYKY, HEOOXiTHO 3MIHUTH TopsAmoK Jlaior
¢inmpTpa abo Benuuuny npuctpoie DGD. Ta mnpoBeneHo MojientoBaHHS
koMOiHoBaHoTO (hoToHHOTO HBY (inbTpa
PesynpraTn MopemoBaHHsT B cepenoBuil Matlab mnokasyrors, 1mo 3a
nornomoroto goronHoro HBY KIX-dinsTpa MOXIUBO OTpUMATU BY3bKY CMYTY
IPOIYCKAHHS TOJIOBHOI TapMOHIKHM, aj€ HEJOJIKOM, B TOM € Yac, € BHCOKa
CHEKTpajbHa MEPIOJUYHICTh, SIKa HE JI03BOJISIE B IMOBHIM Mipi BUKOPUCTOBYBATH
BECh YaCTOTHUM mianma3oH kaHamy. Jlns mocwmienHs poai FSR dinsTpa mobpe
NIIXOJUTh PO3MJISIHYTHM KOrepeHTHU onTU4HHMi JlailoT (inbTp, BIATYK SKOrO B
HBY npiana3oni Mae HaOarato Ounbine 3HaueHHs FSR B mopiBHsSHHI 3
HekorepeHTHUM KIX-dinsTpom. Hemomik mupokoi cMyTu mpomycKaHHs TOJIOBHOIO
rapMoHiku Jlalor (inbTpa KOMMEHCYETbCS 3a paxyHOK HEKOI€pEHTHOTO

KIXdinprpa.



BuchoBok

[To pe3ynbraramMm MpOBEAEHOTO IOCHIKEHHS MO>KHA CTBEP/XKYBaTH, IO
MOCTaBlieHa MeTa JOCATHYTa, apke po3po0JCHO METOA MPUAYLICHHS
NEPIOIMYHUX CHEKTPAIbHUX CMYT MPOIyCKaHHS (POTOHHOTO HEKOT€PEHTHOIO
Oarato BuBigHOoro KIX-¢inberpa B riOpuaHux cucTemMax 3B'S3Ky 3aCHOBaHHH Ha
edexTi BepHbepu, 1m0 BiAPI3HAETHCS MOCTIIOBHAM BKIIFOUCHHSM KOT€PEHTHOTO
ONTHUYHOTO (PiIBTpa 3 HEKOTEPEHTHUM (PLIHTPOM, 110 T03BOJISIE TIepeOy10BYBaTH
UX BcepenuHi poO0YOro aiarna3oHy 4acTOT MPOITyCKAaHHS Ha BUXOA1 (DOTOHHOTO
HBY ¢inpTpa, 1m0 103BOJMB 301IBIIMTH CIHEKTPAIbHY €(GEKTUBHICTh KaHATy
3B'sI3Ky B 6-8 paziB. Came 11eif METOJI MPUAYIICHHS MEPIOAUYHUX CHEKTPATbHUX
CMyT' TPOIYyCKAHHS JO3BOJSIE€ 30UIBIIUTH poOouMil nmiama3oH (HOTOHHUX
MI1KPOXBUJIHOBUX GbipTpiB TUTSt MOBHOI[IHHOTO BUKOPHUCTAHHS
HIMPOKOCMYTOBOT'O MPUPOJIU (POTOHHUX TEXHOJIOT1MH,

Po3pobneno  cTpyktypy pekoHdirypoBaHux kombOiHoBaHoro HBY
¢biapTpa, 3acHOBaHA Ha ()OTOHIB TEXHOJOTII, O BIAPI3HAETHCS BUKOPUCTAHHIM
KOrepeHTHOro omntuyHoro JlailoT ¢uibTpa Jpyroro MNOPSAJIKY CHUIBHO 3
HeKorepeHTHUM Oarato BuBimHUM ¢GoToHHUM KIX-(dinerpom, mo mgo3BoNMIA
MIIBHUIIUTH CTIAKICTh MEpea MepemkogaMyd Ha 5 ab 3a paxyHOK MiJIBHIICHHS
n0OpOTHOCTI  po3pobsieHoro  ¢oronHoro ¢iasTpa. Illomo po3pobieHoro
KOMOiHOBaHOTO (oToHHOTO (IIBTpPa, TO BIH 3JaTHUH KOHKYpyBaTH 3
KJIaCUYHUMU (iibTpamu, 3acHoBanuMH Ha HBY TexHomorisx.

Takoxx mpoBefeHO NeKiabka MojentoBaHb pizHuX TumB HBY ¢inerpa, 3
OTPUMAHUX JIaHUX MOJICIIOBAHHS, BUIHO MPUAYIICHHS HeOaKaHUX TapMOHIK, a
TaKOXX BY3bKYy CMYTY IPOITyCKaHHS CMyTroBOTO (DiibTpa B 3a/laHOMy YaCTOTHOMY
nianaszoHi. . Pe3ynbTaTH MOJENIOBAHHS TaKOX IMOKa3yOTh, M0 KOMOIHOBAaHUU
CHEKTpaIbHUI BIATYK BOX (DUIBTPIB € By3bKO CMYTOBUM 1 MEpEHANAIITYBAJIbHUM.
Po3paxoBana BenmuumHa n00poTHOCTI JlaioT dimbTpa 4-ro mopsaky 3rigHo (3.4)
CcTaHOBUTH 25,1, a BenuunHa 1o0poTHOCTI HeKorepeHTHoro KIX-¢inbTpa,skuii OyB
BUKOPUCTAHUN B CKJIaAl KoMOiHOBaHOro (GuibTpa, nopiBHioe 11,1. Bennunna
T0OpOTHOCTI po3pobieHoro kKomOiHOBaHOTO GinbTpa mopiBHIOE 156,9. Takum

YUHOM, BEJIMYMHA JOOPOTHOCTI 30imbImmiiacs B 6,25 pa3u IO BIJIHOMIEHHIO 0
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